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(57)  Adualfuel injector for an engine includes a main valve body. The first fuel nozzle is in communication with

housing, an outer valve body coupled to the main hous-
ing, an intermediate body and a needle valve. The outer
valve body has a first fuel nozzle and a first valve seat.
The intermediate body is disposed linearly movable in
the inner chamber of the outer valve body. The interme-
diate body has a second fuel nozzle and a second valve
seat. A first pressure chamber and a first control chamber
are formed between the intermediate body and the outer

the first pressure chamber through the first valve seat.
The needle valve is disposed linearly movable in the inner
chamber of the intermediate body. A second pressure
chamber and a second control chamber are formed be-
tween the needle valve and the intermediate body. The
second fuel nozzle is in communication with the second
pressure chamber through a second valve seat.
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Description
Technical field

[0001] This application relates to fuel injectors, and in
particular to dual fuel injectors for an engine.

Background

[0002] Dual-fuel engines employing a conventional fu-
el and an alternative fuel play a positive role in optimized
use of energy source and environmental control. In a dual
fuel engine, such as a diesel-natural gas engine, with
gaseous fuel as an alternative fuel, the fuel injector there-
in cannot be used for a dual fuel engine that uses liquid
fuel as an alternative fuel. Therefore, there is a need to
provide a dual fuel injector for the engine for use with
liquid fuel as both traditional fuel and alternative fuel, and
the use of a dual fuel injector without retrofitting an engine
and fuel injector mounting interface, such that the liquid
replacement fuel may be effectively utilized.

Summary

[0003] In one aspect, the invention provides a fuel in-
jector for an engine. The fuel injector includes a main
housing; an outer valve body coupled to the main hous-
ing, the outer valve body having a first fuel nozzle and a
first valve seat; an intermediate body, the intermediate
body being disposed linearly movable in an inner cham-
ber of the outer valve body, the intermediate body having
a second fuel nozzle and a second valve seat, the inter-
mediate body and the outer valve body forming therebe-
tween a first pressure chamber and a first control cham-
ber, the first fuel nozzle being in communication with the
first pressure chamber through the first valve seat; a first
input channel in communication with the first pressure
chamber; a first return channel in communication with
the first control chamber; a needle valve, the needle valve
being disposed linearly movable in an inner chamber of
the intermediate body, the needle valve and the interme-
diate body forming therebetween a second pressure
chamber and a second control chamber, the second fuel
nozzle being in communication with the second pressure
chamber through the second valve seat; a second input
channel in communication with the second pressure
chamber; a second return channel in communication with
the second control chamber; wherein the intermediate
body is linearly movable relative to the outer valve body
between a first intermediate body position and a second
intermediate body position; when in the first intermediate
body position, the intermediate body abuts against the
first valve seat to block a fluid communication between
the first pressure chamber and the first fuel nozzle; when
in the second intermediate body position, the intermedi-
ate body is spaced from the first valve seat, to allow com-
munication between the first pressure chamber and the
first fuel nozzle; the needle valve being linearly movable
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relative to the intermediate body between a first needle
valve position and a second needle valve position; when
in the first needle valve position, the needle valve abuts
against the second valve seat, to block a fluid communi-
cation between the second pressure chamber and the
second fuel nozzle; when in the second needle valve
position, the needle valve is spaced apart from the sec-
ond valve seat, to allow communication between the sec-
ond pressure chamber and the second fuel nozzle.
[0004] Preferably, the first input channel is formed in
the outer valve body and arranged along a first radial
direction of the outer valve body; the second input chan-
nel is formed in the outer valve body and arranged along
a second radial direction of the outer valve body, the sec-
ond radial direction is angularly offset relative to the first
radial direction along a second circumferential direction
of the outer valve body about a longitudinal axis of the
fuel injector.

[0005] Preferably, the fuel injector according to the
present invention further comprises an annular feed
groove formed between the outer valve body and the
intermediate body; an annular return groove axially offset
relative to the annular feed groove; and a second control
chamber in communication between the annular feed
groove and the annular return groove, the second input
channel including a primary input section formed in the
outer valve body and a secondary input section formed
in the intermediate body, an outlet of the primary input
section and an inlet of the secondary input section are
respectively in communication with the annular feed
groove, the outlet of the secondary input section is in
communication with the second pressure chamber,
wherein the secondary input section is arranged along a
first radial direction of the outer valve body.

[0006] Preferably, a radial distance between the inlet
of the secondary input section and the longitudinal axis
of the fuel injector is greater than a radial distance be-
tween the outlet of the secondary input section and the
longitudinal axis of the fuel injector, the outlet of the sec-
ondary input section being disposed along the longitudi-
nal axis between the inlet of the secondary input section
and the secondary fuel nozzle, such that the secondary
input section is arranged obliquely relative to the longi-
tudinal axis and is arranged converged in a direction to-
ward the second fuel nozzle.

[0007] Preferably, the annular feed groove comprises
a first inner groove formed surround an inner wall of the
outer valve body; and a first outer groove surround an
outer wall of the intermediate body, the first outer groove
being aligned with the first inner groove along the longi-
tudinal axis.

[0008] Preferably, the first inner groove and the first
outer groove are in a fitting engagement with each other
at a first segment gap between the outer valve body and
the intermediate body, to form a liquid communication
between the annular feed groove and the first segment
gap.

[0009] Preferably, the annular return groove compris-
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es a second inner groove formed on and surround an
inner wall of the outer valve body; and a second outer
groove formed on and surround an outer wall of the in-
termediate body, the second outer groove being aligned
with the first inner groove along the longitudinal axis.
[0010] Preferably, the second inner groove and the
second outer groove are in a fitting engagement with
each other at a second segment gap between the outer
valve body and the intermediate body, to form a liquid
communication between the annular return groove and
the second segment gap.

[0011] Preferably, the second return channel is formed
in the outer valve body and arranged along a third radial
direction, the third radial direction is angularly offset rel-
ative to the first radial direction and the second radial
direction along a third circumferential direction of the out-
er valve body about the longitudinal axis of the fuel in-
jector.

[0012] Preferably, the second return channel compris-
es a primary return section formed in the intermediate
body and a secondary return section formed in the outer
valve body, an inlet of the primary return section being
in communication with the second control chamber, an
outlet of the primary return section and an inlet of the
secondary return section are respectively in communi-
cation with the annular return groove, the primary return
section and the secondary return section being arranged
along the third radial direction.

[0013] Preferably, the fuel injector according to the
present invention further includes a first control channel
in communication with the second input channel and the
first control chamber, the first control channel forming a
first damping through-hole between the second input
channel and the first control chamber.

[0014] Preferably, the first control channel is arranged
along the third radial direction.

[0015] Preferably, the intermediate body includes a
second control channel in communication with the sec-
ond input channel and the second control chamber, the
second control channel being arranged along the third
radial direction.

[0016] Preferably, the dual fuel injector according to
the present invention further includes a second damping
through-hole between the second input channel and the
second control chamber, wherein the second damping
through-hole includes an aperture sized for providing a
pressure difference between the second input channel
and the second control chamber.

[0017] Preferably, the inner chamber of the intermedi-
ate body has a guiding inner surface, the needle valve
has a plurality of guiding ridges parallel to a longitudinal
axis of the fuel injector, the plurality of guiding ridges
being linearly movable relative to the guiding inner sur-
face cooperatively and being distributed circumferential-
ly, a connection portion is formed between respective
adjacent guiding ridges, a radial gap is formed between
the respective connection portions and the guiding inner
surface, the radial gap forming a liquid channel.
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[0018] Preferably, the guiding ridges abut against the
guiding inner surface of the intermediate body.

[0019] Preferably, a portion of the needle valve corre-
sponding to the guiding inner surface of the intermediate
body comprises a prismatic segment, the prismatic seg-
ment comprising a plurality of guiding ridges distributed
circumferentially and a connection portion between re-
spective adjacent guiding ridges.

[0020] Preferably, an envelope surface of the guiding
ridges forms a tight translationally movable fit with a cy-
lindrical inner surface of the inner chamber of the inter-
mediate body, such that the intermediate body provides
guiding support to the needle valve.

[0021] Preferably, the fuel injector according to the
present invention further includes a secondary housing;
afirstfuel inlet opening on a top portion of the secondary
housing; and a second fuel inlet opening on a side wall
of the main housing, the second fuel inlet being disposed
between the first fuel inlet and the first fuel nozzle.
[0022] Preferably, the fuel injector according to the
present invention further includes a return outlet opening
on the main housing, wherein a communication between
the return outlet and each of the first return channel and
the second return channel is turned on or turned off con-
trollably through a respective solenoid valve.

Brief description of the drawings
[0023]

FIG. 1 is a perspective view of a dual fuel injector for
an engine according to one embodiment of the
present invention;

FIG. 2 is an exploded view of the fuel injector shown
in Fig. 1;

FIG. 3 is a schematic diagram of the corresponding
sectional view and other views of the interface be-
tween the housing and the valve body of the fuel
injector;

FIG. 4 is a partial exploded sectional view of the fuel
injector shown in FIG. 1, showing a longitudinal sec-
tion along the section line A-A as shown in FIG. 3;
FIG. 5is a partial exploded sectional view of the fuel
injector shown in FIG. 1, showing a longitudinal sec-
tion along the section line B-B as shown in FIG. 3;
FIG. 6 is a partial exploded sectional view of the fuel
injector shown in FIG. 1, showing a longitudinal sec-
tion along the section line C-C as shown in FIG. 3;
FIG. 7 is a partial sectional view of the fuel injector
valve body shown in FIG. 1;

FIG.8isacombined sectional view of the fuelinjector
valve body shown in FIG. 1, showing the cross-sec-
tions of different flat planes along the first radial di-
rection, the second radial direction and the third ra-
dial directions superimposed on the same plane;
FIG. 9A is an enlarged view of part 9A of the fuel
injector valve body shown in FIG. 8;

FIG. 9B is an enlarged view of part 9B of the fuel
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injector valve body shown in FIG. 8;

FIG. 10A is an enlarged sectional view of the valve
body portion of the fuel injector as shown in FIG. 2,
showing a longitudinal section along the section line
D-D as shown in FIG. 3;

FIG. 10B is a partially exploded view of FIG. 10A;
FIG. 11 is an enlarged front sectional view of the fuel
nozzle portion of the fuel injector as shown in FIG.
1, wherein both the intermediate body and the needle
valve are in a closed position;

FIG. 12is an enlarged front sectional view of the fuel
nozzle portion of the fuel injector as shown in FIG.
1 with the intermediate body in an opened position;
FIG. 13 is an enlarged front sectional view of the fuel
port portion of the fuel injector as shown in FIG. 1
with the needle valve in an opened position.

Reference numerals:

[0024]

90 longitudinal axis

100 fuel injector

102 main housing

104 secondary housing

106 valve body

108 connecting holes

110 valve body cross section
111 first radial direction

112 second radial direction
112a second circumferential direction
113 third radial direction

113a third circumferential direction
120 outer valve body

120a top surface

122 first fuel nozzle

123 first valve seat

126 first pressure chamber
127 first control channel

129 first control chamber

130 first input channel

131 first fuel inlet

140 first return channel

150 intermediate body

152 second fuel nozzle

153 second valve seat

155 annular feed groove

155a first inner groove

155b first outer groove

155¢ first segment gap

156 second pressure chamber
157 second control channel
158 annular return groove
158a second inner groove

158b second outer groove

158c¢ second segment gap

159 second control chamber
1501 first intermediate body position
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1502 second intermediate body position

160 second input channel

161 second fuel inlet

162 primary input section

162a inlet of the primary input section

162b outlet of the primary input section

1621a  radial distance between the primary input sec-
tion inlet and the longitudinal axis

1621b  radial distance between the primary input sec-
tion outlet and the longitudinal axis

164 secondary input section

164a inlet of the secondary input section

164b outlet of the secondary input section

1641a radial distance between the secondary input
section inlet and the longitudinal axis

1641b  radial distance between the outlet of the sec-
ondary input section and the longitudinal axis

170 second return channel

172 primary return section

174 secondary return section

176 return outlet

178 return channel

180 needle valve

182 radial gap

184 guiding ridge

185 prismatic segment

186 connecting portion

1801 first needle valve position

1802 second needle valve position

191 first solenoid valve

192 second solenoid valve

193 first elastic member

194 second elastic member

Detailed Description

[0025] It will be appreciated that components of the
embodiments as generally described and illustrated in
the drawings herein may be arranged and designed in a
variety of different arrangements in addition to the de-
scribed exemplary embodiments. Accordingly, the exem-
plary embodiments shown in conjunction with the accom-
panying drawings and the following detailed description
are representative of example embodiments only, and
do not limit the scope of claims of the embodiments.
[0026] Reference in this specification to "one embod-
iment," "another embodiment" or "an embodiment" (or
similar terms) means that a particular feature, structure,
or characteristic described in connection with the embod-
iment is included in at least one embodiment. Thus, ap-
pearances of the phrases "in one embodiment” or "in an
embodiment," etc. in various places throughout this spec-
ification are not necessarily referring to the same embod-
iment.

[0027] Furthermore, the described features, struc-
tures, or characteristics may be combined in any suitable
manner in one or more embodiments. In the following
description, numerous specific details are provided to
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provide a thorough understanding of the embodiments.
One skilled in the relevant art will recognize, however,
that the various embodiments may be practiced without
one or more of the specific details, or with other methods,
components, materials, etc. In other instances, some or
all known structures, materials, or operations may not be
shown or described in detail.

[0028] As shown in FIG. 1 and FIG. 2, a dual-fuel in-
jector 100 for an engine according to an embodiment of
the present disclosure includes a main housing 102, a
secondary housing 104 connected to a side portion of
the main housing 102, and a valve body disposed along
a longitudinal axis 90 of the fuel injector 100 and con-
nected to the main housing 102. A first fuel inlet 131 is
formed on the main housing 102, and a second fuel inlet
161 is formed on the secondary housing 104. The fuel
injector 100 also includes a first solenoid valve 191 cou-
pled to the main housing 102 for controlling the first fuel
injection, and a second solenoid valve 192 coupled to
the secondary housing 104 for controlling the second fuel
injection. The secondary housing 104 includes several
mounting holes for coupling with the engine, such as bolt
holes 108. In the disclosure, the term "couple" refers to
two or more independent components in the dual fuel
injector 100 of the present invention which are directly or
indirectly connected, assembled, combined or installed,
including the connection, assembly, combination or in-
stallation of parts in a detachable manner between the
two or more independent components, such as connec-
tion, assembly, combination or installation through
threaded structure, mechanical tolerance fit structure,
etc., and the two or more independent parts connected,
assembled in a non-detachable manner, such as con-
nected, assembled, combined or installed by welding,
riveting, etc.

[0029] FIGS. 3 to 10B illustrate an internal structure of
the fuel injector 100 in a perspective view, a plan view,
a cross-sectional view, and an exploded view, respec-
tively, wherein FIG. 8 is a cross-sectional view of the fuel
injector valve body shown in FIG. 1 in an assembled
state, and the cross sections of the first, second and third
radial directions located in different planes are superim-
posed in the same plane as shown in FIG. 4, FIG. 5, and
FIG. 6. FIG. 10A is a longitudinal cross-sectional view of
the valve body 106 as shown in FIG. 2, wherein the outer
valve body 120 is sectioned along the B-B direction
shown in FIG. 3, and the intermediate body 150 is sec-
tioned along the D-D direction shown in FIG. 3. As shown
in FIG. 3to FIG. 10B, in one embodiment, the valve body
106 includes an outer valve body 120 coupled to the main
housing 102, an intermediate body 150 is disposed lin-
early movable in an inner chamber of the outer valve
body 120, and a valve core, for example, a needle valve
180, is disposed linearly movable in an inner chamber of
the intermediate body 150. The outer valve body 120 has
a first fuel nozzle 122 and a first valve seat 123. The
intermediate body 150 has a second fuel nozzle 152 and
a second valve seat 153. A first pressure chamber 126
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and a first control chamber 129 are formed between the
intermediate body 150 and the outer valve body 120. The
first fuel nozzle 122 is in communication with the first
pressure chamber 126 through the first valve seat 123.
A second pressure chamber 156 and a second control
chamber 159 are formed between the needle valve 180
and the intermediate body 150. The second fuel nozzle
152 is in communication with the second pressure cham-
ber 156 through the second valve seat 153. The first fuel
inlet 131 opening on a top side of the secondary housing
104, and the second fuel inlet 161 opening on a sidewall
of the main housing 102. The second fuel inlet 161 is
disposed between the first fuel inlet 131 and the first fuel
nozzle 122. A first elastic member, such as a first coil
spring 193 is disposed in the first control chamber 129,
and a second elastic member, such as a second coil
spring 194 is disposed in the second control chamber
159.

[0030] The fuel injector 100 includes a pair of first input
channel 130 in communication with the first pressure
chamber 126, and a first return channel 140 in commu-
nication with the first control chamber 129. The first input
channel 130 is formed in the main housing 102 and the
secondary housing 104, and is in fluid communication
with the first fuel inlet 131. The first input channel 130
forms a fluid communication between the first pressure
chamber 126 and the first fuel inlet 131. The first return
channel 140 is formed in the main housing 102, to form
a fluid communication between the first control chamber
129 and the first solenoid valve 191.

[0031] The fuel injector 100 also includes a pair of sec-
ond input channels 160 in communication with the sec-
ond pressure chamber 156, and a second return channel
170 in communication with the second control chamber
159. A second input channel 160 is formed in the main
housing 102 and in fluid communication with a second
fuelinlet 161. The second input channel 160 forms a fluid
communication between the second pressure chamber
156 and the second fuel inlet 161. A second return chan-
nel 170 is formed in the main housing 102 and the sec-
ondary housing 104, to form a fluid communication be-
tween the second control chamber 159 and the second
solenoid valve 192.

[0032] An annular feed groove 155 and an annular re-
turn groove 158 offset relative to the annular feed groove
155 along the longitudinal axis 90 are formed between
the outer valve body 120 and the intermediate body 150.
The annular feed groove 155 includes a first inner groove
155a formed surround an inner wall of the outer valve
body 120, and a first outer groove 155b formed surround
the outer wall of the intermediate body 150, the first outer
groove 155b is aligned with the first inner groove 155a
along the longitudinal axis 90. The annular return groove
158 includes a second inner groove 158a formed on and
surround an inner wall of the outer valve body 120, and
a second outer groove 158b formed on and surround an
outer wall of the intermediate body 150, the second outer
groove 158b is aligned with the first inner groove 155a
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along the longitudinal axis 90. The second control cham-
ber 159 is in communication between the annular feed
groove 155 and the annular return groove 158. The first
inner groove 155a in a fitting engagement with the first
outer groove 155b to form an annular feed groove 155
for containing and transporting the liquid fuel therein. At
the same time, the first inner groove 155a and the first
outer groove 155b are in a fitting engagement at a first
segment gap 155c disposed between the outer valve
body 120 and the intermediate body 150, forming a liquid
communication between the annular feed groove 155
and the first segment gap 155c, allowing the liquid fuel
in the annular feed groove 155 to penetrate into the gap
155c. Similarly, the second inner groove 158a is in a fit-
ting engagement with the second outer groove 158b to
form an annular return groove 158 for containing and
transporting the liquid fuel therein. At the same time, the
second inner groove 158a and the second outer groove
158b are in a fitting engagement at a second segment
gap 158c disposed between the outer valve body 120
and the intermediate body 150, forming a liquid commu-
nication between the annular return groove 158 and the
second segment gap 158¢, allowing the liquid fuel in the
annular return groove 158 to penetrate into the gap 155c¢.
The liquid fuel penetrating into the gaps 155¢c and 158c
provides lubrication between the outer valve body 120
and the intermediate body 150, assisting in a smooth
linear movement of the intermediate body 150 relative to
the outer valve body 120.

[0033] The second input channel 160 includes a pair
of primary input sections 162 formed in the outer valve
body 120 and a pair of secondary input sections 164
formed in the intermediate body 150. The inlet 162a of
each primary input section 162 opens on a top surface
120a of the outer valve body 120. The outlet 162b of each
primary input section 162 and the inlet 164a of each sec-
ondary input section 164 are respectively in communica-
tion with the annular feed groove 155. As illustrated in
FIG. 10A and 10B, a radial distance 1621a between the
inlet 162a of the primary input section 162 and the lon-
gitudinal axis 90 of the fuel injector 100 is greater than a
radial distance 1621b between the outlet 162b of the pri-
mary input section 162 and the longitudinal axis 90 of the
fuel injector 100, that is, the outlet 162b of the primary
input section 162 in comparison to the inlet 162a is closer
to the longitudinal axis 90, such that the primary input
section 162 is arranged obliquely relative to the longitu-
dinal axis 90 and is arranged converged in a direction
towards the second fuel nozzle 152.

[0034] Each outlet 164b of the secondary input section
164 is in communication with the second pressure cham-
ber 156. The annular feed groove 155 and the second
pressure chamber 156 are arranged at different height
positions along the longitudinal axis 90, so that the sec-
ond pressure chamber 156 is located between the an-
nular feed groove 155 and the second fuel nozzle 152.
The radial distance 1641a between the inlet 164a of the
secondary input section 164 and the longitudinal axis 90
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of the fuel injector 100 is greater than the radial distance
1641b between the outlet 164b of the secondary input
section 164 and the longitudinal axis 90 of the fuel injector
100, and the outlet 164b of the secondary input section
164 is disposed between the inlet 164a of the secondary
input section 164 and the second fuel nozzle 152 along
the direction of the longitudinal axis 90. Thatis, the outlets
164b of the pair of secondary input sections 164 is closer
to the longitudinal axis 90 than the respective inlets 164a,
so that the secondary input section 164 is arranged ob-
liquely with respect to the longitudinal axis 90 and is ar-
ranged converged in a direction towards the second fuel
nozzle 152.

[0035] Referring to FIGS. 3 to 6, as an example, a pair
of first input channels 130 are arranged along the first
radial direction 111 of the outer valve body 120. A pair
of second input channels 160 are arranged along the
second radial direction 112 of the outer valve body 120.
The second radial direction 112is angularly offset relative
to the first radial direction 111 along the second circum-
ferential direction 112a of the outer valve body 120 about
the longitudinal axis 90 of the fuel injector 100. The sec-
ond return channel 170 is arranged along the third radial
direction 113. The third radial direction 113 is angularly
offset relative to the first radial direction 111 along the
third circumferential direction 113a of the outer valve
body 120 about the longitudinal axis 90 of the fuel injector
100. The third circumferential direction 113a and the sec-
ond circumferential direction 112a are angularly offset in
opposite directions relative to the first radial direction 111.
A second input channel 160 and a first control channel
127 are also formed in the outer valve body 120. The
second input channel 160 and the first control channel
127 are in communication with the first control chamber
129. The first control channel 127 is arranged along the
third radial direction 113. The first control channel 127
has an aperture sized for providing a pressure difference
between the second input channel 160 and the first con-
trol chamber 129, thereby forming a damping through-
hole between the second input channel 160 and the first
control chamber 129. According to the above arrange-
ment, a pair of first input channels 130, a pair of second
input channels 160, and a second return channel 170 are
all formed in the outer valve body 120, and the structural
space provided by the outer valve body 120 is obtained
and reasonably utilized, so that the overall structure of
the fuel injector 100 is compact, which can adapt to the
external dimensions of the existing engine housing, so
that there is no need to substantially modify the existing
engine and fuel injector installation interface.

[0036] The second return channel 170 includes a pri-
mary return section 172 formed in the intermediate body
150 and a secondary return section 174 formed in the
outer valve body 120. The inlet of the primary return sec-
tion 172 is in communication with the second control
chamber 159, and the outlet of the primary return section
172 and the inlet of the secondary return section 174 are
respectively in communication with the annular return
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groove 158. The secondary return section 174 is ar-
ranged along the third radial direction 113 (FIG. 6).
[0037] The intermediate body 150 includes a second
control channel 157 in communication with the second
input channel 160 and the second control chamber 159.
The second control channel 157 is arranged along the
third radial direction 113. The second control channel
157 includes a second damping through-hole between
the second input channel 160 and the second control
chamber 159, and the second damping-through hole has
an aperture sized to provide a pressure difference.
[0038] The fuel injector 100 further includes a return
outlet 176 opening at a side of the main housing 102,
and a return channel 178 in communication between the
return outlet 176, the first solenoid valve 191 and the
second solenoid valve 192. The return channel 178 is in
communication with the first return channel 140 and the
second return channel 170 through the first solenoid
valve 191 and the second solenoid valve 192 respective-
ly.

[0039] In one embodiment, as shown in FIG. 7, the
inner chamber of the intermediate body 150 has a guiding
inner surface, such as a cylindrical inner surface. The
needle valve 180 comprises a prismatic segment 185 at
a portion corresponding to the guiding inner surface of
the intermediate body 150, thus forming a plurality of
guiding ridges 184 circumferentially distributed and con-
necting portions 186 between respective adjacent guid-
ing ridges. The guiding ridge 184 abuts against the guid-
ing inner surface of the intermediate body 150, and the
envelope surface of the guiding ridge 184 forms a tight
translationally movable fit with a cylindrical inner surface
of the inner chamber of the intermediate body 150, such
that the intermediate body 150 provides guiding support
to the needle valve 180. At the same time, a radial gap
182 is formed between the connecting portion 186 and
the inner guide surface. The radial gap 182 is form as a
liquid channel. The radial gap 182 forms part of the sec-
ond pressure chamber 156. After the second solenoid
valve 192 is switched on, the second fuel can pass
through the radial gap 182 during the flow from the an-
nular feed groove 155 to the second pressure chamber
156, and be ejected from the second fuel nozzle 152.
[0040] The intermediate body 150 is linearly moveable
relative to the outer valve body 120 between a first inter-
mediate body position 1501 and a second intermediate
body position 1502. When in the first intermediate body
position 1501, as shownin FIG. 11, theintermediate body
150 abuts against and closely engages the first valve
seat 123 to block a fluid communication between the first
pressure chamber 126 and the firstfuel nozzle 122. When
in the second intermediate body position 1502, as shown
in FIG. 12, the intermediate body 150 is spaced apart
from the first valve seat 123, to form a communication
between the first pressure chamber 126 and the first fuel
nozzle 122. Independent from the linear movement of
the intermediate body 150 relative to the outer valve body
120, the needle valve 180 is linearly moveable relative
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to the intermediate body 150 between afirst needle valve
position 1801 and a second needle valve position 1802.
When in the first needle valve position 1801, as shown
inFIG. 10, the needle valve 180 abuts against and closely
engages the second valve seat 153 to block a fluid com-
munication between the second pressure chamber 156
and the second fuel nozzle 152. When in the second
needle valve position 1802, as shown in FIG. 12, the
needle valve 180 is spaced apart from the second valve
seat 153 to form a communication between the second
pressure chamber 156 with the second fuel nozzle 152.
[0041] When the fuelinjector 100 is in operation, a first
fuel, such as liquid methanol, is provided by a first fuel
high-pressure pump or afirst fuel storage vessel, to enter
the first input channel 130 and the first pressure chamber
126 through the first fuel inlet 131. A second fuel, such
as liquid diesel, is provided by a second fuel high-pres-
sure pump or a second fuel storage vessel, to enter the
second input channel 160, the first return channel 140,
the second return channel 170, the first control chamber
129, the second control chamber 159, the first control
channel 127 , the second control channel 157 and the
second pressure chamber 156 through the second fuel
inlet 161.

[0042] The first solenoid valve 191 is used to control
the ejection and to block the ejection of the first fuel. The
opening of the first solenoid valve 191 causes the second
fuel in the first control chamber 129 to flow to the return
outlet 176 through the first return channel 140 and the
first solenoid valve 191, thereby causing the liquid pres-
sure in the first control chamber 129 to be lower than the
liquid pressure in the first pressure chamber 126, and at
the same time, under the damping effect of the first con-
trol channel 127, a liquid pressure difference is formed
between the first control chamber 129 and the first pres-
sure chamber 126. When the liquid pressure difference
between the first control chamber 129 and the first pres-
sure chamber 126 towards the direction away from the
first fuel nozzle 122, exerts on the intermediate body 150
a thrusting force larger than the elastic force of the first
elastic member 193, the intermediate body 150 is actu-
ated by the first fuel in the first pressure chamber 126,
to move linearly from a first intermediate body position
1501 (FIG. 11) to a second intermediate body position
1502 (FIG. 12). The intermediate body 150 at the second
intermediate body position 1502 forms a communication
between the first pressure chamber 126 and the first fuel
nozzle 122, such that the first fuel can be ejected from
the fuel injector 100 through the first fuel nozzle 122, to
provide the first fuel to the engine of which the fuel injector
100 is installed on. After the first solenoid valve 191 is
closed, the second fuel flows to the first control chamber
129 through the first control channel 127, such that the
pressure in the first control chamber 129 increases.
When the pressure difference between the first control
chamber 129 and the first pressure chamber 126 is small-
er than the elastic force of the first elastic member 193,
the intermediate body 150 returns to the firstintermediate
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body position 1501 (Fig. 11), closing the communication
between the first pressure chamber 126 and the first fuel
nozzle 122, thereby blocking the ejection of the first fuel
from the first fuel nozzle 122.

[0043] Independent from the control of the first sole-
noid valve 191, the second solenoid valve 192 is used
to control the ejection or to block the ejection of the sec-
ond fuel. The opening of the second solenoid valve 192
causes the second fuel in the second control chamber
159 to flow to the return outlet 176 through the second
return channel 170 and the second solenoid valve 192.
This causes a decrease in the liquid pressure of the sec-
ond control chamber 159, and is lower than the liquid
pressure in the second pressure chamber 156, and at
the same time, under the damping effect of the second
control channel 157, a liquid pressure difference is
formed between the second control chamber 159 and
the second pressure chamber 156. When the liquid pres-
sure difference between the second control chamber 159
and the second pressure chamber 156 towards the di-
rection away from the second fuel nozzle 152, exerts on
the needle valve 180 a thrusting force larger than the
elastic force of the second elastic member 194, the nee-
dle valve 180 is actuated by the second fuel in the second
pressure chamber 156, to move linearly from the first
needle valve position 1801 (FIG. 11) to the second needle
valve position 1802 (FIG. 13). Needle valve 180 at sec-
ond needle valve position 1802 forms a communication
between the second pressure chamber 156 and the sec-
ond fuel nozzle 152, such that a second fuel may be
ejected from the fuel injector 100 through the second fuel
nozzle 152, to provide the second fuel to the engine of
which the fuel injector 100 is mounted to. After the second
solenoid valve 192 is closed, the second fuel flows to the
second control chamber 159 through the second control
channel 157, such that the pressure in the second control
chamber 159 increases. When the pressure difference
between the second control chamber 159 and the second
pressure chamber 156 is smaller than the elastic force
of the second elastic member 194, the needle valve 180
resets to the first needle valve position 1801, closing the
second pressure chamber 156 and the second fuel noz-
zle 152, thereby blocking the ejection of the second fuel
from the second fuel nozzle 152. As mentioned above,
through the independent and/or coordinated opening and
closing operations of the first solenoid valve 191 and the
second solenoid valve 192, the injection of the first fuel
and the second fuel can be controlled or blocked, thereby
providing the engine with a first fuel and a second fuel.

[0044] As used herein, the singular "a" and "an" may
be construed to include the plural "one or more" unless
expressly stated otherwise.

[0045] Thisinvention has been presented for purposes
ofillustration and description, notexhaustion or limitation.
Various modifications and changes will be apparent to
those of ordinary skill in the art. The exemplary embod-
iments selected and described herein are for explaining
principles and practical applications, so that those skilled
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in the art can understand various modifications suitable
for various embodiments of the present invention, so as
to achieve expected specific technical effects.

[0046] Accordingly, while illustrative example embod-
iments have been described herein with reference to the
accompanying drawings, it is to be understood that such
description is not limiting and that those skilled in the art
may make other modifications without departing from the
scope or inventive concepts and embodiments of the in-
vention. It is subject to various other changes and mod-
ifications.

Claims

1. Adualfuelinjector for an engine, the dual fuel injector
comprising:

a main housing;

an outer valve body coupled to the main hous-
ing, the outer valve body having afirstfuel nozzle
and a first valve seat;

an intermediate body, the intermediate body be-
ing disposed linearly movable in an inner cham-
ber of the outer valve body, the intermediate
body having a second fuel nozzle and a second
valve seat, the intermediate body and the outer
valve body forming therebetween a first pres-
sure chamber and a first control chamber, the
first fuel nozzle being in communication with the
first pressure chamber through the first valve
seat;

a first input channel in communication with the
first pressure chamber;

a first return channel in communication with the
first control chamber;

aneedle valve, the needle valve being disposed
linearly movable in an inner chamber of the in-
termediate body, the needle valve and the inter-
mediate body forming therebetween a second
pressure chamber and a second control cham-
ber, the second fuel nozzle being in communi-
cation with the second pressure chamber
through the second valve seat;

a second input channel in communication with
the second pressure chamber;

a second return channel in communication with
the second control chamber;

wherein the intermediate body is linearly mova-
ble relative to the outer valve body between a
first intermediate body position and a second
intermediate body position; when in the first in-
termediate body position, the intermediate body
abuts against the first valve seat to block a fluid
communication between the first pressure
chamber and the first fuel nozzle; when in the
second intermediate body position, the interme-
diate body is spaced from the first valve seat to
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allow communication between the first pressure
chamber and the first fuel nozzle;

wherein the needle valve is linearly movable rel-
ative to the intermediate body between a first
needle valve position and asecond needle valve
position; when in the first needle valve position,
the needle valve abuts against the second valve
seat to block a fluid communication between the
second pressure chamber and the second fuel
nozzle; when in the second needle valve posi-
tion, the needle valve is spaced apart from the
second valve seat to allow communication be-
tween the second pressure chamber and the
second fuel nozzle.

The dual fuel injector according to claim 1, wherein
the first input channel is formed in the outer valve
body and arranged along a first radial direction of
the outer valve body; the second input channel is
formed in the outer valve body and arranged along
a second radial direction of the outer valve body, the
second radial direction is angularly offset relative to
the first radial direction along a second circumferen-
tial direction of the outer valve body about a longitu-
dinal axis of the fuel injector.

The dual fuel injector according to claim 2, further
comprising an annular feed groove formed between
the outer valve body and the intermediate body; an
annular return groove axially offset relative to the
annular feed groove; and a second control chamber
in communication between the annular feed groove
and the annular return groove, the second input
channel including a primary input section formed in
the outer valve body and a secondary input section
formed in the intermediate body, wherein an outlet
of the primary input section and an inlet of the sec-
ondary input section are respectively in communica-
tion with the annular feed groove, wherein the outlet
of the secondary input section is in communication
with the second pressure chamber, wherein the sec-
ondary input section is arranged along a first radial
direction of the outer valve body.

The dual fuel injector according to claim 3, wherein
a radial distance between the inlet of the secondary
input section and the longitudinal axis of the fuel in-
jector is greater than a radial distance between the
outlet of the secondary input section and the longi-
tudinal axis of the fuel injector, wherein the outlet of
the secondary input section is disposed along the
longitudinal axis between the inlet of the secondary
input section and the secondary fuel nozzle such that
the secondary input section is arranged obliquely rel-
ative to the longitudinal axis and is arranged con-
verged in a direction toward the second fuel nozzle.

The dual fuel injector according to claim 3, wherein
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10.

1.

the annular feed groove comprises a first inner
groove formed surround an inner wall of the outer
valve body; and afirstouter groove surround an outer
wall of the intermediate body, the first outer groove
being aligned with the first inner groove along the
longitudinal axis.

The dual fuel injector according to claim 5, wherein
the first inner groove and the first outer groove are
in a fitting engagement with each other at a first seg-
ment gap between the outer valve body and the in-
termediate body to form a liquid communication be-
tween the annular feed groove and the first segment

gap.

The dual fuel injector according to claim 5, wherein
the annular return groove comprises a second inner
groove formed on and surround an inner wall of the
outer valve body and a second outer groove formed
on and surround an outer wall of the intermediate
body, the second outer groove being aligned with
the first inner groove along the longitudinal axis.

The dual fuel injector according to claim 7, wherein
the second inner groove and the second outer
groove are in a fitting engagement with each other
at a second segment gap between the outer valve
body and the intermediate body to form a liquid com-
munication between the annular return groove and
the second segment gap.

The dual fuel injector according to claim 3, wherein
the second return channel is formed in the outer
valve body and arranged along a third radial direc-
tion, wherein the third radial direction is angularly
offset relative to the first radial direction and the sec-
ond radial direction along a third circumferential di-
rection of the outer valve body about the longitudinal
axis of the fuel injector.

The dual fuel injector according to claim 9, wherein
the second return channel comprises a primary re-
turn section formed in the intermediate body and a
secondary return section formed in the outer valve
body, an inlet of the primary return section being in
communication with the second control chamber, an
outlet of the primary return section and an inlet of
the secondary return section being respectively in
communication with the annular return groove, the
primary return section and the secondary return sec-
tion being arranged along the third radial direction.

The dual fuel injector according to claim 9, further
comprising a first control channel in communication
with the second input channel and the first control
chamber, the first control channel forming a first
damping through-hole between the second input
channel and the first control chamber.
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The dual fuel injector according to claim 11, wherein
the first control channel being arranged along the
third radial direction.

The dual fuel injector according to claim 9, wherein
the intermediate body includes a second control
channel in communication with the second input
channeland the second control chamber, the second
control channel being arranged along the third radial
direction.

The dual fuel injector according to claim 13, wherein
the second control channel comprises a second
damping through-hole between the second input
channel and the second control chamber, wherein
the second damping through-hole includes an aper-
ture sized for providing a pressure difference be-
tween the second inputchannel and the second con-
trol chamber.

The dual fuel injector according to claim 1, wherein
the inner chamber of the intermediate body has a
guiding inner surface, wherein the needle valve has
a plurality of guiding ridges parallel to a longitudinal
axis of the fuelinjector, the plurality of guiding ridges
being linearly movable relative to the guiding inner
surface cooperatively and being distributed circum-
ferentially, a connection portion being formed be-
tween respective adjacent guiding ridges, a radial
gap being formed between the respective connec-
tion portions and the guiding inner surface, the radial
gap forming a liquid channel.

The dual fuel injector according to claim 15, wherein
the guiding ridges abut against the guiding inner sur-
face of the intermediate body.

The dual fuel injector according to claim 16, wherein
a portion of the needle valve corresponding to the
guiding inner surface of the intermediate body com-
prises a prismatic segment, the prismatic segment
comprising a plurality of guiding ridges distributed
circumferentially and a connection portion between
respective adjacent guiding ridges.

The dual fuel injector according to claim 15, wherein
an envelope surface of the guiding ridges forms a
tight translationally movable fit with a cylindrical inner
surface of the inner chamber of the intermediate
body such that the intermediate body provides guid-
ing support to the needle valve.

The dual fuel injector according to claim 1, further
comprising a secondary housing, a first fuel inlet
opening on a top portion of the secondary housing
and a second fuel inlet opening on a side wall of the
main housing, the second fuel inlet being disposed
between the first fuel inlet and the first fuel nozzle.
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1"

20. The dual fuel injector according to claim 1, further

comprising a return outlet opening on the main hous-
ing, wherein a communication between the return
outlet and each of the first return channel and the
second return channel is turned on or turned off con-
trollably through a respective solenoid valve.
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