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(54) REGULATING METHOD FOR GAS AND LIQUID INTERNAL COMBUSTION ENGINE

(57) The inventive method relates to regulation of a
gas and liquid engine when a rotation frequency is reg-
ulated by changing the delivery of igniting' fuel. The in-
vention is characterized by that a gas delivery is
changed within a range which ensures the obtainment
of a desired dose of the igniting fuel on one hand, and

prevents the overfueling in cylinders on the other hand.
In case of the gas deficiency or the deficiency of the

energy component thereof, the power of the engine is
provided by increasing the igniting dose of liquid fuel.
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Description

[0001] The invention relates to machine building,
more specifically, to regulating gas and liquid internal
combustion engines.
[0002] The method is known (Yu.N. Vasiliev, L.S. Zol-
otarevsky, S.I. Ksenofontov. "Gas and Gas Diesel En-
gines". Moscow, VNIIEgazprom Publishers, 1992, pp.
75-77) according to which a Sulzer gas and liquid inter-
nal combustion engine is regulated by changing the de-
livery of gas and gaseous fuel. When doing so, the ro-
tation frequency is changed through varying the gas
supply, a desired igniting dose of fuel is changed by
means of a device regulating the igniting-fuel stop posi-
tion in cases of gas pressure drops or power deficiency
due to changes in the chemical composition of the gas.
[0003] The above method allows startup of liquid-fuel
engines only, and in the case of a power deficiency or a
gas pressure drop, it fully switches over to a liquid-fuel
operation mode, or starts operating on gas containing
up to 40% of nitrogen.
[0004] However, this method is employed mostly un-
der shipboard conditions. Under conditions of frequent
transients or in the case of stringent requirements to the
quality of rotation frequency regulation (e.g., when the
engine forms part of a power plant), regulating the rota-
tion frequency through changing the gas supply may re-
sult in detonation during transients, under- or over-
speeding due to non-linearity and highly delayed action
of gas/air supply systems when outside the allowable
range of excess air factor values.
[0005] A method is known (USSR Author's Certificate
No. 1784737 A1, Classes F 02 D 19/08, F 02 M 43/00,
Application No. 482412.06, filed 14.05.1990, published
30.12.1992, Bulletin issue No.48) according to which
the power of a liquid/gas internal combustion engine is
regulated through gas supply variation in ranges of high
and low loads, while that in the range of medium loads
is regulated by changing the rate of gas/air mixture sup-
ply. When doing so, the dose of igniting fuel is kept con-
stant in the ranges of high and medium loads whereas
that in the range of low loads is raised by means of a
movable positive stopper made in the form of a swivel
lever driven by a d.c. motor.
[0006] This method allows optimizing the composition
of the fuel/air mixture in a wide range of operating re-
gimes of automobile engines (generally, naturally aspi-
rated ones), and thereby improving the fuel efficiency
and reducing the toxicity of waste gases. However,
when using a supercharged engine under conditions
posing high requirements to the quality of regulation (e.
g., when the engine is employed as part of a power
plant), this method results in inadmissible hardness of,
or even detonation in, operation of the engine due to
inadmissible over- or underspeeding due to non-linear-
ity and highly delayed action of gas/air supply systems
because of unallowable excess air factor values.
[0007] Highly sophisticated control systems imple-

menting the above methods lead to a high cost of con-
version of a diesel engine into a gas & liquid one, as well
as to reducing the reliability of engine operation on the
whole and the maintainability of such engines.
[0008] A method of regulating a gas & liquid internal
combustion engine is available (Patent RU 2076225 C1)
according to which the rotation frequency is regulated
by varying the supply of igniting fuel, a desired igniting
dose of fuel being fixed through changing the delivery
of gaseous fuel, based on the absence of a disagree-
ment between the actual igniting dose of fuel and a de-
sired one.
[0009] Besides, regulating the variation in delivery of
gaseous fuel is performed at least two times slower as
compared to the case of a positive disagreement, or as
fast as possible in the case of a negative disagreement
between the actual dose of igniting fuel and a desired
one. The disagreement is considered positive if the ac-
tual dose of igniting fuel exceeds a desired one, and
negative if the actual dose of igniting fuel is lower than
a desired one. The high quality of regulating the opera-
tion of a gas & liquid engine, improvement of the accel-
erating ability are achieved by that, in the course of en-
gine operation, maintaining a specified rotation frequen-
cy is provided through rapid variation in the supply of
igniting fuel as more adapt for combustion in internal
combustion engines, and burning in a satisfactory fash-
ion in a much wider range of excess air factor values as
compared to gaseous fuel. Moreover, the process of liq-
uid fuel combustion is accompanied by no detonation.
[0010] As this takes place, the delivery of igniting fuel
after the transient sets in conformity with the balance of
power and energy carried into by liquid gaseous fuel.
Adding some gas into the engine cylinders disrupts this
balance, the rotation frequency rises, and the rotation
frequency regulation loop reduces the supply of liquid
fuel to until a balance is re-established. The supply of
gas in the case of a positive disagreement between the
actual dose of igniting fuel and a desired one is in-
creased to until the disagreement becomes zero. In the
case of a positive disagreement, regulating the variation
in gas supply at least 2 times slower than regulating the
supply of igniting fuel allows avoiding instable operation
of the frequency regulation loop with increasing the air
excess factor. In the case of a negative disagreement
between the actual supply of igniting fuel and a desired
one, the gas supply is reduced as fast as possible to
avoid unstable operation of the engine due to a low de-
livery of igniting fuel.
[0011] In the case of a gas pressure drop or gas com-
position deterioration (as far as the energy value is con-
cerned) with the fully open gas supply control, the de-
livery of igniting fuel sets in in conformity with the bal-
ance of power and energy delivered into with gas and
igniting fuel. The quality of engine regulation and the
useful power output keep invariant.
[0012] The above method has a shortcoming of prin-
ciple, viz., when increasing the engine load, the rotation
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frequency drops, which results in a rise of the dose of
igniting fuel. This leads to enrichment of the mixture in
the cylinders.
[0013] At the same time, a positive disagreement of
the igniting dose arises, which brings about an increase
in the amount of gas supplied to the cylinders. With the
existing delay in response of the air supply system (in
particular, the system includes a turbosupercharger),
depending on the extent of overfueling in the cylinders,
increasing the rate of gas supply may lead to that the
amount of air at a certain moment of time will become
lower than the desired level, which results in a reduction
or even rise in the power and recovery of the engine
rpm. In some cases, the power and the engine rpm may
even diminish.
[0014] Overfueling is contributed by overriding the en-
gine, when the igniting dose of fuel is injected to both
achieve a desired power and restore the rpm (by kinetic
energy).
[0015] To preclude adverse overfueling, the mixture
is monitored, and once some overfueling is detected,
the supply of gas is stopped, for a while or completely,
even in the case of a positive disagreement of the ignit-
ing dose. Such monitoring of the mixture condition can
be performed in a number of ways. For instance, there
is a method of direct control of gas composition at the
engine outlet, or a method of indirect control of power
variation or cyclic delivery (igniting dose) in cases of
short-term rises in the gas supply rate.
[0016] The invention is aimed at ensuring the ab-
sence of abrupt drops of the rotation frequency of a gas
& liquid engine under conditions of load surges.
[0017] This objective is achieved with the help of a
method of regulating a gas & liquid engine wherein ro-
tation frequency variation is regulated through changing
the supply of igniting fuel, while the supply of gas is var-
ied within a range ensuring a desired igniting dose of
the fuel, on the one hand, and preventing overfueling in
the cylinders, on the other hand.
[0018] The method differs in that the supply of gas is
varied within a range ensuring a desired igniting dose
of the fuel, on the one hand, and precluding overfueling
in the cylinders, on the other hand.
[0019] A second modification of the method consists
in that, in the case of a deficiency of gas or deficiency
of the energy component thereof, a desired engine pow-
er is provided through increasing the igniting dose of liq-
uid fuel.
[0020] The invention is illustrated in the drawings be-
low.
[0021] Fig. 1 displays a control system allowing the
implementation of the proposed method of regulating a
gas & liquid internal combustion engine.
[0022] Fig.2 displays timing charts describing the reg-
ulation of an internal combustion engine according to
the invention.
[0023] The control system allowing the implementa-
tion of the proposed method of regulating a gas & liquid

internal combustion engine, comprises rotation frequen-
cy regulator 1 connected to igniting liquid fuel supply
control 2, igniting fuel supply control position detector 3,
gas supply regulator 4, gaseous fuel supply control 5
supplying gas to engine 6, to which load 7 is coupled.
[0024] The implementation of the method is illustrated
in Fig.2, where "a" is the motor shaft resistance moment,
Mc; "6" is the rotation frequency, nAB; "B" is the position
of the igniting liquid-fuel dose control, Hp; "r" is the open-
ing of the igniting liquid-fuel dose control, δnr; "τ" is the
process time.
[0025] The proposed method of regulating a gas & liq-
uid internal combustion engine is implemented as fol-
lows.
[0026] At the initial moment of time "0", the engine
operates at a power level as low as possible for the gas
diesel cycle, the external resistance moment being
Mcmin ("a" in Fig.2).
[0027] At the moment of time τ1 (Fig.2), a resistance
moment surge (external load) at the motor shaft occurs,
Mc1 ("a" in Fig.2). As this takes place, the rotation
frequency nAB ("6" in Fig.2) drops by ∆nAB1 ("6" in Fig.
2), and rotation frequency regulator (Fig.1), via igniting
liquid fuel supply control 2 (Fig.1), raises the supply of
igniting fuel, Hp3A ("B" in Fig.2) to a value of Hp1

3A.
Then, gas supply regulator 4 (Fig.1), via gaseous fuel
supply control 5 (Fig.1), in the case of a zero overfueling,
raises the delivery of gaseous fuel to δnr1 ("r" in Fig.2)
which ensures a desired igniting fuel dose Hp3A ("B" in
Fig.2). At the moment of time τ2 ("r" in Fig.2), a
resistance moment surge at the motor shaft occurs,
Mc2

max ("a" in Fig.2). As this takes place, the rotation
frequency nAB drops by ∆nAB2 ("6" in Fig.2), and rotation
frequency regulator 1 (Fig. 1) keeps a specified rotation
frequency nAB

HOM ("6" in Fig.2) via igniting liquid fuel
supply control 2 (Fig.1) to a value of Hp=100% ("B" in
Fig.2). As this takes place, the availability of overfueling
in the engine cylinders is determined based on results
of analysis of the igniting fuel supply control position, or
analysis of exhaust gases, or results of analysis of the
engine power growth rate. In case some overfueling is
possible, gas supply regulator 4 (Fig.1) prevents
gaseous fuel supply control 5 (Fig.1) from increasing the
delivery of gaseous fuel and thereby ensures the
absence of overfueling in the cylinders.
[0028] A required moment developed at the motor
shaft at this moment of time is provided through an in-
creased delivery of igniting fuel. Besides, in the case of
a gas deficiency or deficiency of its energy component,
a required engine power is provided through an in-
creased igniting dose of liquid fuel.
[0029] By moment of time τ3, the possibility of raising
the delivery of gaseous fuel without overfueling in the
cylinders is determined based on results of analysis of
the igniting fuel supply control position, or analysis of
exhaust gases, or results of analysis of the engine pow-
er growth rate. Via the gas supply control, gas supply
regulator 4 (Fig.1) changes the delivery of gas to a value
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of δnr2 ("r" in Fig.2) which ensures a desired igniting dose
of liquid fuel Hp3A ("B" in Fig.2) at the moment of time
τ4 (Fig.2).
[0030] Therefore, owing to this method, the engine
rotation frequency remains within the allowed range
∆nAB

Aon ("6" in Fig.2).
[0031] This method can be implemented efficaciously
when supplying power consumers featuring a sharply
variable load curve (e.g., drilling rigs).

Claims

1. A method for regulating a gas and liquid engine
when a rotation frequency is regulated by changing
the delivery of igniting fuel, and characterized by
that the gas delivery is changed within a range
which ensures a desired dose of the igniting fuel on
one hand, and prevents overfueling in cylinders on
the other hand.

2. A method according to claim 1, wherein in the case
of gas deficiency or deficiency of energy component
thereof, the power of the engine is provided by in-
creasing the igniting dose of liquid fuel.
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