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(57) Abstract: Method and system for operating a compression engine on ether containing fuel obtained by conversion of a pri-
mary fuel based on alcohol comprising the steps and means for: (a) continuously withdrawing the primary fuel based on alcohol
from a fuel tank and pressurising the primary fuel based on alcohol in its liquid form to a final engine injection pressure; (b) con-
tinuously introducing the pressurized primary tuel based on alcohol into a fuel accumulation chamber; (¢) continuously distribut-
ing the pressurized primary fuel based on alcohol into pipes connecting the accumulation chamber with fuel injectors of the en-
gine; (d) prior to the fuel injectors continuously converting the pressurised primary fuel based on alcohol to an ether containing
fuel by contact with an alcohol dehydration catalyst being arranged in each of the pipes upstream the fuel injectors; (e) continu-
ously injecting the ether containing fuel at injection pressure into the engine; and (f) continuously withdrawing a part of the intro-
duced primary fuel based on alcohol from the accumulation chamber; and (g) depressurising and recycling the withdrawn primary
fuel based on alcohol to the fuel tank.
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Title: Method and System for Operating a Pressure Ignition

Engine

The present invention is directed to a method of operating
compression ignition engines and in particular to the op-

eration of those engines with ether containing fuel.

The invention provides furthermore a system for use of the

invention.

The most typical example of a compression ignition engine
is the Diesel engine operating with high cetane numbered
Diesel fuel. To reduce environmental pollution arising from
combustion of Diesel fuel several attempts has been made in
the past to replace Diesel fuel with alternative fuels hav-

ing reduced impact on the environment.

Ethers, in particular ethers prepared by dehydration of
lower alcohols, such as dimethyl and diethyl ether, have

shown to be a superior Diesel fuel.

Use of lower ethers as Diesel fuel has been described in
number of publications, e.g. US Patent Nos. 4,892,561,
5,900,064 and 7,449,034.

Despite of its clean combustion characteristics and high
efficiency in a Diesel engine, the main disadvantage of
ether based fuels is difficult storage and handling on
board of wvehicles. At ambient conditions, dimethyl ether is

in the gaseous form. To transform the dimethyl ether fuel
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to its more convenient liquid form the fuel has to be

stored and handled under pressure.

Though diethyl ether is in the liquid form at ambient con-
ditions, this ether has a high vapour pressure and has a

high risk of explosion when in contact with air.

Modern Diesel engines are provided with a common rail fuel
system. The system consists of a high pressure pump and a
fuel accumulation chamber storing fuel at high pressure of
above 2,000 bars. The accumulation chamber supplies multi-
ple fuel injectors with high pressure fuel. Surplus fuel is
withdrawn from the chamber, depressurised and recycled to

the fuel tank.

Such a system in connection with use of ether as fuel for
the Diesel engine is described in US Patent No. 6,340,003.
By the method of this patent, a primary methanol fuel is
pressurised and converted to ether containing Diesel fuel
prior to be introduced into the accumulation chamber. The
disadvantage of this method arises when ether containing
surplus fuel must be removed from the chamber and recycled
to a fuel tank, which requires two tanks, one for the alco-

hol fuel and one for the converted ether containing fuel.

The general object of this invention is to provide a method
of converting a primary fuel based on a lower alcohol or a
mixture of lower alcohols on board of a vehicle to a secon-
dary fuel containing ether for operating a compression ig-
nition engine being provided with a common rail fuel system
without the difficulties of handling and storing of the

secondary fuel in particular in vehicles.
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In accordance with the above object, this invention is a
method of operating a compression engine on ether contain-
ing fuel obtained by conversion of a primary fuel based on
alcohol, comprising the steps of:

(a) continuously withdrawing the primary fuel based on al-
cohol from a fuel tank and pressurising the primary fuel
based on alcohol in its liquid form to a final engine in-
jection pressure;

(b) continuously introducing the pressurized primary fuel
based on alcohol into a fuel accumulation chamber;

(c) continuously distributing the pressurized primary fuel
based on alcohol into pipes connecting the accumulation
chamber with fuel injectors of the engine;

(d) prior to the fuel injectors continuously converting the
pressurised primary fuel based on alcohol to an ether con-
taining fuel by contact with an alcohol dehydration cata-
lyst being arranged in each of the pipes upstream the fuel
injectors;

(e) continuously injecting the ether containing fuel at in-
jection pressure into the engine; and

(f) continuously withdrawing a part of the introduced pri-
mary fuel based on alcohol from the accumulation chamber;
and

(g) depressurising and recycling the withdrawn primary fuel

based on alcohol to the fuel tank.

The invention provides furthermore a system for use in the
above method, comprising

a compression engine;

a fuel tank adapted to store a primary fuel based on alco-

hol;
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a high pressure pump to pressurize the primary fuel based
on alcohol;

an accumulation chamber adapted to receive and to store the
pressurized primary fuel based on alcohol;

connection pipes for connecting the accumulation chamber to
fuel injectors for fuel injection into the compression en-
gine;

an alcohol dehydration catalyst arranged in each of the
connection pipes between the accumulation chamber and the
fuel injectors; and

a recirculation line for recirculation surplus of primary
fuel based on alcohol from the accumulation chamber to the

fuel tank.

The advantage of the method and system according to the in-
vention is that all of the formed ether fuel is instantly
used for combustion in the engine and storage of surplus
ether fuel is avoided. Surplus of primary fuel based on al-

cohol is recycled to the fuel tank.

Formation of the ether fuel is accomplished by catalytic
dehydration of the alcohol to its corresponding ether ac-

cording to the reaction:

2CpH (20n+2)0 & ConH(an+2y + H20

The dehydration of alcohols to ethers generally is cata-
lyzed by liquid or solid acids, such as sulfuric acid, alu-
mina, silica alumina, a zeolite, sulfonic acid, zirconia-

tungstates, alumina phosphates.
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Alcohol dehydration is an equilibrium reaction. Thus, egui-
librium limitations prevent 100% conversion of the alcohol

to ether and water.

At a reaction temperature for e.g. a primary fuel based on
ethanol consisting of 95 w% ethanol and 5 w% water, the
equilibrium compositions at dehydration temperature between
150 and 350°C are 9-21 w$% ethanol, 19-22 w% H,O and 59-71
w% diethyl ether. To ensure that the composition remains
homogeneous it may be advantageous to include an emulsifier
which is substantially unconverted by the dehydration cata-
lyst, either as an additive as the primary fuel is supplied
to the accumulation chamber or as an additive to the pri-
mary fuel, either in the fuel tank or as the primary fuel

is supplied to the vehicle.

Besides methanol and ethanol also mixtures of these and
other alcohols are suitable alcohols on which the primary

fuel may be based in the present invention.

Preferred alcohol mixtures are a mixture of methanol and

ethanol.

Other appropriate primary fuels based on alcohol include
methanol as well as blends of alcohols and hydrocarbons,
such as gasoline. The latter includes the commercially
available E85, typically containing 85% ethanol, 13% gaso-
line and 2% MTBE (methyl tertiary butyl ether), but also
other compositions of alcohol, gasoline and gasoline addi-
tives may be used in the invention. While these may be ref-
erenced as mixtures of alcohol and hydrocarbons, gasoline

and gasoline additives may contain minor amounts of non-
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hydrocarbons, such as organometallic combustion catalysts.
The primary fuels may also comprise water provided that the
primary fuel is miscible with water or that an emulsifier
is present such that the water is distributed homogeneously

in the primary fuel.

For the purpose of the present disclosure, a secondary fuel
shall be defined as a fuel mixture formed from a primary
fuel as defined above. The secondary fuel contains an ether
and is suited for use in compression ignition engines with
useful ignition and combustion characteristics. This in-
cludes the above mentioned diethyl ether/ethanol/water mix-
ture and dimethyl ether/methanol/water mixtures with a
methanol content of up to 20% and water content of up to
20%, as well as similar mixtures which in addition also
comprises hydrocarbons such as gasoline. In US Patent No.
7,449,034 a Diesel fuel containing dimethyl éther, methanol
and up to 48% water have been shown to be efficient fuels
in compression ignition engines. When the primary fuel con-
tains gasoline (including additives) these will also be
contained in the secondary fuel, as no significant conver-
sion of gasoline is considered to take place at the dehy-

dration catalyst.

Within the above ranges of the secondary fuel compositions,
the operating conditions of the inventive method will typi-
cally be adjusted to an injection temperature of between
150°C and 350°C and an injection pressure of between 200
and 2,400 bars. Thereby, conversion of alcohol to a mixture
of ether, water and alcohol proceeds in adiabatic manner at
appropriate reaction rate in presence of the dehydration

catalyst.
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In order to rise the temperature of the primary fuel based
on alcohol to the dehydration reaction temperature, the
fuel must be heated from ambient temperature. This is pref-
erably performed by passing the pressurized fuel through a
heat exchanger in indirect heat exchange with hot exhaust
gas from the engine, prior to the primary fuel based on al-

cohol being accumulated in the accumulation chamber.

From the accumulation chamber the primary fuel based on al-
cohol is passed into each of the pipes connecting the cham-
ber with the fuel injectors and brought in contact with a

catalyst catalysing the above discussed alcohol dehydration

at an appropriate temperature.

The dehydration catalyst may be arranged in form of cata-
lysed hardware on side wall of the pipes as disclosed in US
Patent No. 6,319,877 or within a reactor chamber being
mounted on each of the pipes between the accumulation cham-

ber and the fuel injectors.

In an embodiment of the invention, the catalyst is electri-

cally heated to the reaction temperature.

During start up of the engine, the exhaust gas may be at a
temperature, which is insufficient to heat the primary fuel
based on alcohol to the necessary reaction temperature. At
those conditions, it is preferred to include a further step
in the above operation method of additionally heating the
pressurized fuel e.g. by means of an electrical heater

mounted in the accumulation chamber or an engine heater.
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Operating conditions in the inventive method will be ad-
justed to obtain an ether fuel with desired ignition prop-

erties.

The above features and aspects of the invention are ex-
plained in more detail in the following description by ref-
erence to the drawings in which the sole Figure schemati-
cally shows a system with a common rail fuel injection unit
provided with alcohol dehydration reactors for use in the

inventive method.

A compression ignition engine with a common rail fuel in-
jection system for use in a specific embodiment of the in-
vention comprises a fuel tank for primary fuel based on al-
cohol 2 connected through line 3 to a high pressure pump 4.
The primary fuel based on alcohol is pressurized in pump 4
to the final injection pressure and passed to accumulation
chamber 6 of the common rail system. Prior to being intro-
duced into chamber 6, the pressurized primary fuel based on
alcohol is heated by indirect heat exchange with hot ex-
haust gas 7 from the engine (not shown) in heat exchanger

8.

The pressurised primary fuel based on alcohol is indirectly
preheated in heat exchanger 8 to the alcohol dehydration

reaction temperature, e.g. 150°C to 300°C.

During normal engine load cycles, the preheated and pres-
surized primary fuel based on alcohol is passed continu-
ously to accumulator chamber 6 and distributed through line

9a,9b,9c and 9d to fuel injectors 1lla,llb,1llc and 11ld.
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Prior to introduction into the fuel injectors the primary
fuel based on alcohol is dehydrated in presence of a dehy-
dration catalyst arranged in each of lines 9a to 9d. The
dehydration catalyst can be in form of catalysed hardware
in lines 9a to 9d or as shown in the Figure be arranged as
fixed bed in reactors 10a,10b,10c and 10d. By contact with
the dehydration catalyst the primary fuel based on alcohol
is partially converted to the above mentioned secondary
fuel mixtures comprising ether, alcohol and water, and pos-

sibly gasoline.

During start or at low load cycles of the engine, the en-
gine exhaust gas temperature may not be sufficiently high
to provide appropriate heat in heat exchanger 8. At those
engine cycles the pressurized primary fuel based on alcohol
is further heated in the accumulation chamber 8 by means of
an electric heater 12 being arranged in the chamber. Alter-
natively or in addition thereto, the catalyst may be heated

by electrical heat (not shown).

As the above described system works continuously, surplus
of primary fuel based on alcohol must continuously be with-
drawn from chamber 6. This is accomplished by means of
valve 14, which is hydraulically or electromagnetically op-

erated.

The withdrawn primary fuel based on alcohol is depressur-

ized 8 in line 16 to fuel tank 2.

The above description is given in the light of engines with

common rail injection systems, but those skilled in the art
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will realise that the invention will also be suitable for

use in other types of compression engines.

The above description and the Figure is purely schematical,
parts and means being otherwise conventional in a compres-
sion engine will be obvious to those skilled in the art and

are not shown in the Figure.
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CLAIMS

1. Method of operating a compression engine on ether con-
taining fuel obtained by conversion of a primary fuel based
on alcohol comprising the steps of:

(a) continuously withdrawing the primary fuel based on al-
cohol from a fuel tank and pressurising the primary fuel
based on alcohol in its liguid form to a final engine in-
jection pressure;

(b) continuously introducing the pressurized primary fuel
based on alcohol into a fuel accumulation chamber;

(c) continuously distributing the pressurized primary fuel
based on alcohol into pipes connecting the accumulation
chamber with fuel injectors of the engine;

(d) prior to the fuel injectors continuously converting at
least partially the pressurised primary fuel based on alco-
hol to an ether containing fuel by contact with an alcohol
dehydration catalyst being arranged in each of the pipes
upstream the fuel injectors;

(e) continuously injecting the ether containing fuel at in-
jection pressure into the engine; and

(f) continuously withdrawing a part of the introduced pri-
mary fuel based on alcohol from the accumulation chamber;
and

(g) depressurising and recycling the withdrawn primary fuel

based on alcohol to the fuel tank.

2. The method of claim 1, including the further step of
preheating the primary fuel based on alcohol by indirect

heat exchange with hot exhaust gas from the engine.
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3. The method of claim 1 or 2 including the further step
of heating the pressurized fuel within the accumulation

chamber.

4, The method of claim 1, 2, or 3, wherein the primary
fuel based on alcohol contains a mixture of different alco-

hols.

5. The method of claim 1, 2, or 3, wherein the primary

fuel based on alcohol contains methanol and/or ethanol.

6. The method of claim 1, 2, 3, 4 or 5, wherein the pri-

mary fuel based on alcohol comprises gasoline.

7. A system for use in a method according to claim 1,
comprising

a compression engine;

a fuel tank adapted to store a primary fuel based on alco-
hol;

a high pressure pump to pressurize the primary fuel based
on alcohol;

an accumulation chamber adapted to receive and to store the
pressurized primary fuel based on alcohol;

connection pipes for connecting the accumulation chamber to
fuel injectors for fuel injection into the compression en-
gine;

an alcohol dehydration catalyst arranged in each of the
connection pipes between the accumulation chamber and the
fuel injectors; and

a recirculation line for recirculation surplus of primary
fuel based on alcohol from the accumulation chamber to the

fuel tank.
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8. The system of claim 6 further comprising a heat ex-
changer for heating the primary fuel based on alcohol by
indirect heat exchange with hot exhaust gas from the com-

pression engine.

9. The system of claim 7 or 8 further comprising heating

means arranged within the accumulation chamber.

10. The system of claim 7, 8, or 9 further comprising

heating means for heating the dehydration catalyst.

11. The system of claim 7, 8, 9 or 10, wherein the dehy-

dration catalyst is provided as catalysed hardware.
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