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(57) Abréegée/Abstract:

The Invention relates to a method and apparatus for producing and carrying hot air to a point of application. The method comprises
the use of a gas generator (3), connected to an gjector unit (17) which Is fitted in an air duct (14) and which includes a nozzle (12),
the gas generator (3) being used In the method for generating pressurized combustion air which is conducted to the nozzle (12),
the gas mixture flowing out of its orifice (15) into the air duct (14) surrounding the nozzle (12) and applying an ejector principle to
entrap some of the air present in the duct, said air being delivered to a point of application. The nozzle used Iin the method of the
Invention comprises an accelerating nozzle (12), which is supplied from fuel feed elements (10) with fuel which burns In the
accelerating nozzle (12) essentially completely for heating a gas mixture flowing out of the orifice (15) of the accelerating nozzle
(12) to give the same of substantial extra speed.
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(57) Abstract

The invention relates to a method and appa-
ratus for producing and carrying hot air to a point
of application. The method comprises the use of a
gas generator (3), connected to an ejector unit (17)
which is fitted in an air duct (14) and which includes
a nozzle (12), the gas generator (3) being used in
the method for generating pressurized combustion air
which is conducted to the nozzle (12), the gas mixture
flowing out of its orifice (15) into the air duct (14)
surrounding the nozzle (12) and applying an ejec-
tor principle to entrap some of the air present in the
duct, said air being delivered to a point of applica-
tion. The nozzle used in the method of the invention
comprises an accelerating nozzle (12), which is sup-
plied from fuel feed elements (10) with fuel which
burns in the accelerating nozzle (12) essentially com-
pletely for heating a gas mixture flowing out of the
orifice (15) of the accelerating nozzle (12) to give the
same of substantial extra speed.
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Method and apparatus for producing heated air for
different applications of use

The present invention relates generally to a method and
apparatus for producing hot air for various
applications. One particular object of the invention is
the heating and recirculation c¢f air intended for
drying a paper web. Another particular object of the
invention is a method and apparatus for the heating and
recirculation of air intended for heating large spaces
and/or for drying various products. Yet another
particular object of the invention is a method and a
burner assembly for feeding fuel and combustion air in
a combustion assembly fitted with a firing chamber.

In prior art solutions, the drying of e.g. a paper web
is typically performed by using assemblies provided
with heavy-duty blowers, said blowers delivering
pressurized combustion air into a burner, the
combustion of fuel therein being followed by
circulating the heated combustion air to an intended
application and then back to the blower. The system
includes necessary air ducts for supplementary air in
order to compensate for the oxygen consumed in the
burner. Such prior art systems require the use of bulky
blowers and burners, which increase manufacturing costs
and take up a lot of space. The US Patent 3,668,785,
Rodwin, discloses a paper web drying apparatus
utilizing a gas generator. On the other hand, the
combustion assemblies, having an output of e.g. 1 MW -
100 MW, also employ such typically bulky blowers, which
are expensive and take up a lot of space. The published
EP application 0 011 230 A3 describes a burner unit
making use of an ejector device.

Thus, one object of the present invention is to provide

a relatively simple method and apparatus for the

heating and recirculation of air intended for heating a
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variety of large spaces and/or for drying a variety of
products, the present solution enabling a substantial
reduction in the size of the apparatus and, thus, a
significant reduction in installation costs and
investment costs. Yet another object of the present
invention is to provide a likewise relatively simple
and effective method and burner assembly for feeding
fuel and combustion air in a combustion apparatus
fitted with a firing chamber, said apparatus being more
compact and less expensive in terms of costs than those

designed to include traditional blowers.

In order to fulfil these objects, a method of the
invention is characterized by what is set forth in the
characterizng clauses of the independent method claims
T and 5. On the other hand, an apparatus of the
invention is characterized by what is set forth in the
characterizing clauses of the independent claims 9 and
12.

The invention will now be described with reference made

to the accompanying drawings, in which:

fig. 1 shows one schematic exemplary embodiment of

an apparatus suitable for the implementation

of a method of the invention,

figs. 2 and 3 show in the same scale a comparison
between the spaces required by an apparatus
of the invention and a similar prior art

apparatus, respectively, and

fig. 4 shows schematically a burner assembly

suitable for the implementation of another

method of the invention.

The apparatus embodiment shown in fig. 1 displays a

system for the heating and recirculation of air

PCT/FI97/00779
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intended for drying.a paper web in accordance with the
invention. The scheme is not made to scale but it only
shows in principle the disposition of certain elements
needed in this particular exemplary embodiment of the
invention. The system includes a return air duct 14
provided with a distribution box 26, whereby the drying
air is distributed into two superimposed drying air
nozzle boxes 1, the paper web to be dried being adapted
to advance in a gap 2 therebetween. In the nozzle boxes
1, the air is circulated by way of the paper web
surface into an intake side duct, the drying air being
blown to either side of the web and discharged from the

same given blowing side.

According to the invention, the apparatus further
includes a gas generator 3 fitted with a compressor 4
and a turbine 5, connected together with a shaft 16,
and an ejector unit 17 fitted in the return air duct
and provided with an accelerating nozzle 12 functioning
as a firing or combustion chamber. The compressor 4
feeds air into a firing chamber 6, included in the gas
generator 3 and supplied with fuel along a conduit 8
from a fuel jet 7. The combustion occurring in the
firing chamber 6 results in the generation of a heated
and pressurized combustion gas flow, which is delivered
by way of the turbine 5 to a turbine 21, which is
included in a second compressor-turbine unit 20 linked
to the gas generator and which operates a compressor
22, which in turn feeds ''cold" pressurized combustion
alir along the conduit 8 into the accelerating nozzle 12
fitted inside the return air duct 14. The '"cold"
combustion air may be air at ambient temperature or
possibly preheated return air. In this context, the
term "cold" combustion air refers to the fact that it
has a temperature which is considerably lower than that
0f the heated combustion air generated in the firing
chamber of the gas generator, the latter being
typically about 500-700°C. The return air is heated by

PCT/FI97/00779
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feeding fuel into the accelerating nozzle 12 along a
conduit 9 from a fuel jet 10. The accelerating nozzle
12 is used to effect a substantially complete
combustion of the fuel delivered therein. The
achievement reached by such a solution is that the
return air cannot entrap any particles that could
impair the quality of a paper web. As a result of the
combustion taking place in the accelerating nozzle 12,
the gas mixture discharging from an orifice 15 heats up
and acquires a considerable extra velocity, said gas
mixture then passing through a throttle portion 13,
said throttle portion 13 being designed in a section of
the return air duct 14 downstream of the accelerating
nozzle 12. This flow from the accelerating nozzle 12
creates an ejector action, which aspirates return air
present in the return air duct 14 into the heated gas
flow emerging from the accelerating nozzle 1.2. Thus,

said return air warms up while being conducted to the

nozzle boxes 1.

The heated and pressurized gas flow supplied to the
turbine 21 of the second compressor-—turbine unit 20 1is
delivered further along a conduit 25 to an additional
nozzle 24, which can be used to effect an extra
combustion for an increased heating effect and/or for
incinerating the impurities possibly present in the
combustion gases. Inside the additonal nozzle 1is fitted
a fuel jet 26 for delivering the fuel flowing along a
conduit 27 inside the additional nozzle 24. The
additional nozzle functions as a firing chamber the

same way as the accelerating nozzle 12.

The solution shown in fig. 1 and provided with the
compressor—turbine unit 20 enables the generation of a
relatively high pressure (e.g. in the order of 100-400
kPa) inside the accelerating nozzle 12 for an action as
effective as possible. The embodiment of fig. 1 can

also conceivably be construed as a simplified version,
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wherein the heated and pressurized combustion air
generated by means of the gas generator 3 would be
delivered from the turbine 5 to the accelerating nozzle
12, the additional nozzle 24 and the compressor-turbine
unit 20 thus being unnecessary. In such a solution,
however, the pressure existing in the accelerating
nozzle is in the order of 10-15 kPa and, thus, the
apparatus will have a lesser capacity than the
embodiment of fig. 1. In this solution, it could be
conceivable to design the accelerating nozzle as
something other than a firing chamber, e.g. in such a
design that the heated and pressurized gas flow
emerging from the gas generator acquires an accelerated

speed upon leaving the accelerating chamber 12.

The apparatus and method of the invention are also
applicable to the heating and/or dehumidification of
various 1industrial buildings and similar large spaces,
whereby the return air duct .14 is not connected to the
nozzle boxes 1 but instead with the relevant space or
drying apparatus to be heated in such a manner that the
return air progresses from the first end of the return
alr duct to this particular space or drying apparatus
and thence to the second end of the return air duct and
further along the return air duct to the first end of
salid return air duct. The air duct 14 can also be
adapted only to carry heated outdoor air into the
discussed space, the air exhausted from the space not

being returned into said space.

Figs. 2 and 3 demonstrate the dimensional comparison
between an apparatus configuration corresponding to the
embodiment of fig. 1 and an apparatus according to the
prior art. As shown in these comparison figures, the
demand for space is reduced significantly with the
configuration of the invention. In fig. 2, reference
numeral 30 indicates a compensating air duct and

reference numeral 31 an exhaust air duct, while in fig.
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3, reference numerél 32 indicates a blower and
reference numeral 33 a burner. The rest of the

reference numerals are consistent with elements

illustrated in fig. 1.

The solution of the invention is also conceivably
implemented e.g. in such a way that the drying air
migrates through a web material to be dried or through
a stream of products constituted by bulk goods from a
nozzle box on one side of the web/stream of products to
a nozzle box on the opposite side thereof and further

comprises a burner assembly 102, which 1s connected
with a firing box 118 of a combustion apparatus 101 and
which includes a gas generator 103 provided with a
compressor 104 for pressurizing and feeding the
combustion air into a firing chamber 106 of the gas
generator 103. The firing chamber 106 is supplied with
fuel along a conduit 115 from a first fuel jet 111 and
the heated and pressurized combustion air resulting
from combustion is conducted by way of a turbine 105 to
a turbine 131, mounted on the back of the gas generator
103 and included in a separate compressor-turbine unit
130, said turbine 131 driving a COmpressor 132 which
feeds pressurized combustion air to an accelerating
nozzle 107 of an ejector unit 135, which nozzle 1is
mounted on the inside of an inlet air duct 117
extending to the firing box 118. Inside the
accelerating nozzle 107 is fitted an additional fuel
jet 108 for feeding fuel coming along a conduit 114.
The accelerating nozzle 107 effects at least partially
the combustion of fuel fed from the fuel jet 108 and
the combustion energy produced by this combustion
results in the gasification of the rest of the fuel

present in the accelerating nozzle and the outflow of a

PCT/F197/00779
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gasified and possibly still burning gas mixture from an

orifice 110 of the accelerating nozzle 107 into an
inlet air duct 117 surrounding the accelerating nozzle
107. The inlet air duct 117 is provided with a throttle
portion 116 downstream of the orifiCe 110 of the
accelerating nozzle 107 in the combustion air flowing
direction, the accelerating nozzle 107, the throttle
portion 116, and the inlet air duct 117 together
constituting an ejector unit 125. Furthermore, the
embodiment of fig. 4 includes an atomizing nozzle 136
fitted in the inlet air duct 117 downstream of the
throttle portion 116. This atomizing nozzle functions
for diffusing and blending the main fuel with
combustion air emerging from the ejector unit 125. The
atomizing nozzle 136 is supplied with the heated
combustion air generated by the gas generator 103 by
way of the turbines 105 and 131, said combustion air
being supplied with fuel through a conduit 138 and a

jet 137. The atomizing nozzle 136 effects at least

partially the combustion of the fuel delivered from the
fuel jet 137 and the combustion energy produced by this
combustion results in the gasification of the rest of
the fuel present in atomizing nozzle and the outflow of
a heated and possibly still burning gas mixture at a
high velocity. A jet 109 for the main fuel coming along
a conduit 113 is fitted in the atomizing nozzle 136
just upstream of its orifice, whereby the main fuel
blends effectively in a gas mixture flowing at a high
velocity out of the atomizing nozzle and does not burn
for the most part until in the firing box 118. It is
also conceivable that the main fuel jet 109 be mounted
outside the atomizing nozzle, immediately or further
downstream of the atomizing nozzle in the inlet air
duct 117.

The inlet air duct 117 is preferably provided with a

flap valve 121 for controlling the amount of incoming
alr arriving in the inlet air duct. As the power demand
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is exceptionally low, e.g. within the range of 250 kW -
1 MW, the power demand can be sufficiently satisfied by
using a gas generator with a nominal value of 1 MW,
whereby the entire required amount of combustion air
can be passed therethrough and the flap valve 121 can
be completely shut. In fig. 4, the supply of fuel 1is

conceived to take place along a conduit 112, the
conduits 113, 138, 114, and 115 branching therefrom to

the fuel jets 109, 137, 108, and 111, respectively.
Naturally, the fuel could be fed individually to each
jet and possibly a different fuel could be used at

different points.

The embodiment of fig. 4 provided with a compressor-
turbine unit, wherein the orifice 110 of the
accelerating nozzle 107 has preferably a pressure of
about 100 kPa, enables mathematically the achievement
of a combustion capacity of up to about 50 MW by using

‘'a 1 MW gas generator. The mathematical feed rates of

fuel, when using a 1 MW gas generator, are as follows:
about 20 1/h from jet 111 to gas generator 3, about 100
1/h from jet 118 to accelerating nozzle 107, about 80
1/h from jet 137 to atomizing nozzle 136, and about
5000 1/h from main fuel jet 109. The gas mixture has a
mathematically calculated flow rate of about 600 m/s at
the orifice of the accelerating nozzle 107 and the
atomizing nozzle 136. The gas mixture has a calculated
temperature of about 1100°C at the orifice of the
accelerating nozzle 107 and, respectively, about 500-
1100°C at the orifice of the atomizing nozzle 136.

It is also conceivable that the embodiment of fig. 4 Dbe
implemented without the compressor-turbine unit 130 and
the atomizing nozzle 136, the heated and pressurized
combustion air generated by the gas generator 2 being
conducted directly to the accelerating nozzle 107, from
which it is carried forward by way of the throttle
portion 116 into the firing box 118. Thus, the

PCT/F197/00779
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accelerating nozzle functions as shown in the exemplary
embodiment of fig. 4, boosting extra speed for the gas

mixture flowing out of the nozzle 107.

The above describes a few preferred exemplary
embodiments for a method and apparatus of the
invention, the purpose of which is by no means to limit
the scope of protection defined by the appended claims.
For example, the ejector unit can be a traditional
ejector as shown in figs. 1 and 4 or some other type of

ejector, such as a Vortex ejector.
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Claims

1. A method for producing and carrying hot air to its
point of application, said method comprising the use of
a gas generator (3), connected to an ejector unit (17)
which is fitted in an air duct (714) and which includes
a nozzle (12), the gas generator (3) being used in the
method for generating pressurized combustion air which
is conducted to the nozzle (12), the gas mixture
flowing out of its orifice (15) into the air duct (14)
surrounding the nozzle (12) and applying an ejector
principle to entrap some of the air present in the
duct, said air being delivered to its point of
application, characterized in that the nozzle used in
the method comprises an accelerating nozzle (12), which
is supplied from fuel feed elements (10) with fuel
which burns in the accelerating nozzle (12) essentially
completely for heating a gas mixture flowing out of the
orifice (15) of the accelerating nozzle (12) to give

the same a substantial extra speed.

2 A method as set forth in claim 1, characterized in

that the gas generator (3) is used for generating
pressurized and heated combustion air, which 1is

conducted to a turbine (21) of a separate compressor-
turbine unit (20) associated with the gas generator (3)
for driving a compressor (22) connected therewith which
delivers the pressurized combustion air to the
accelerating nozzle (12), and that the heated and
pressurized combustion air, delivered to the turbine
(21) of the compressor-turbine unit (20) and arriving

from the gas generator (3), is conducted to an
additional nozzle (24) which is fitted in the duct (14)
at a point downstream of the ejector unit (17), said
additional nozzle effecting extra combustion for
producing extra heat for the heated air flowing 1n the

- " boaa s Brmre s T : e e e
C o earmete Selkin S L

A 7, s = by [ L
e “M-




CA 02272885 1999-05-18

WO 98/27391 PCT/F197/00779

10

15

20

25

30

35

11

air duct and/or for burning the impurities possibly

present in combustion gases.

3. A method as set forth in claim 1 or 2 for producing
hot air, said hot air being intended for drying a web
material or a stream of products constituted by bulk
goods, characterized in that the method comprises the
use of an arrangement which includes at least two
superimposed drying air nozzle boxes (1), the web or
stream of products to be dried being adapted to run in
a gap (2) therebetween, said nozzle boxes (1) being
connected together by said air duct (14), said heated
air passing from the first nozzle box through the web
or stream of products to the second nozzle box and
further along the air duct (14) back to the first
nozzle box.

4. A method as set forth in claim 1 or 2 for producing
hot air, said hot air being intended for drying a paper
web or similar web material, characterized in that the
method comprises the use of an arrangement which
includes a drying air nozzle box (1) mounted at least
on one side of the web, said web to be dried being
adapted to run past said box and said nozzle box being
fitted with said air duct (14), the heated air passing
from the nozzle box (1) against the web surface and
back to said nozzle box (1) and further into the air

duct (14).

5. A method for feeding fuel and combustion air in a
combustion apparatus (101) fitted with a firing box
(118) and a burner assembly (112) connected therewith,
said burner assembly comprising a gas generator (103)
and duct elements (117) connected with the firing box
for conducting the incoming air serving as main
combustion air into the firing box (118), said method
being implemented by using an ejector unit (125),
fitted in the incoming air duct (117) and including a
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nozzle (107) which is supplied with the pressurized
combustion air generated by means of the gas generator
(103) and flowing out of an orifice (110) of the nozzle
(107) into the incoming air duct (117) surrounding the
nozzle (107) entrapping said incoming air on an ejector
principle, and said method being effected by feeding
the amount of main fuel required by the power demand
into the combustion air coming to and/or emerging from
the ejector unit (125), characterized 1n that the
nozzle (107) used in the method comprises an
accelerating nozzle (107) fitted with feeding means,
wherein the combustion air is supplied with additional
fuel which burns at least partially in the accelerating
nozzle (107) and the combustion energy achieves the
gasification of the rest of the fuel present in the
accelerating nozzle (107), the gas mixture flowing out
of the orifice (110) heating up and picking up

considerable extra speed.

6. A method as set forth in claim 5, characterized 1in
that the gas generator (3) is used for producing the
heated and pressurized combustion air which 1is
conducted (134, fig. 4) to a turbine (131) of a
separate compressor—-turbine unit (130) connected with
the gas generator (103), said turbine driving a
compressor (132), connected therewith and feeding (133,
fig. 4) the pressurized combustion air to the
accelerating nozzle (107) of the ejector unit, and that
the heated and pressurized combustion air, coming from
the gas generator (103) and fed to the turbine (131) of
the compressor-turbine unit (130), is conducted (135,
fig. 4) to an atomizing nozzle (136) fitted in the
incoming air duct (117) downstream of the accelerating
nozzle (107) for effecting combustion identical to what
occurs in the accelerating nozzle (107), and the gas
mixture produced by means of this combustion and
flowing out of the atomizing nozzle at a high velocity
is used for diffusing the main fuel and for mixing it

=aan s 1vewemd dradba d Mt il > AVacriws - b Tt YRR L Ny g OO e M acammy s o b s gnabfumil tre At 4] L ted Pl LA SR . cet = 0 .
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~with the main combustion air coming from the ejector

unit.

7. A method as set forth in claim 5, characterized in

that the main fuel is fed (109) into the gas mixture
flowing out of the atomizing nozzle (136) inside the
atomizing nozzle or at a point downstream of the

‘atomizing nozzle in the incoming air duct (117).

8. A method as set forth in any one of claims 5 to 7,
characterized in that the amount of incoming air to be
conducted into the incoming air duct (117) is requlated
(121) according to a power demand.

9. An arrahgement for producing heated air and carrying
it along an air duct (14) connected to a point of
application for the heated air, said arrangement
comprising a gas generator (3) and an ejector unit
(17), connected with the gas generator and fitted in
the air duct (14) and provided with a nozzle (12) which
is supplied with pressurized air from the gas generator
(3), characterized in that the accelerating nozzle (12)

includes fuel feed elements (10), said accelerating
nozzle (12) functioning as a firing chamber for burning

the fuel supplied from the feed elements (10), and the
gas mixture flowing out of the accelerating nozzle (12)
at an increased velocity entrapping and heating the air

present in the duct (14).

10. An arrangement as set forth in claim 9,
characterized in that the arrangement further includes
a separate compressor-turbine unit (20), connected with
the gas generator (3) and provided with a compressor
(21) which feeds the pressurized combustion air to the
accelerating nozzle (12) of the ejector unit (17), and
that downstream of the ejector unit (17) the duct (14)
is provided with an additional nozzle (24) fitted with

fuel feed elements (26).
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117. An arrangement.as set forth in claim 9 or 10 for
producing heated air and carrying it to an apparatus
for drying a paper web or a similar web material,
characterized in that the drying apparatus includes at
least one drying air nozzle box (1), the web to be
dried being adapted to run past the same, and the
nozzle box (1) is fitted with said air duct (14), the
heated air passing from the nozzle box (1) into contact

with the web surface and back to said nozzle box (1).

12. A burner assembly for a combustion apparatus (101)
provided with a firing box (118), said burner assembly
comprising a gas generator (103) provided with first
fuel feed elements (106), and duct elements (117)
connected with the firing box for conducting combustion
air into the firing box (118), said burner assembly
(102) comprising an ejector unit, fitted in the air
duct (117) and including a nozzle (107) for feeding
pressurized combustion air, and said burner assembly
further comprising second fuel feed elements (109) for
feeding main fuel into the combustion air coming to
and/or emerging from the ejector unit, characterized in
that inside the accelerating nozzle (107) are fitted
third fuel feed elements (108), said accelerating
nozzle (107) functioning as a firing chamber for
burning the fuel delivered from the feed elements
(108), and the heated gas mixture flowing out of the
accelerating nozzle (107) at an increased velocity

entraps and heats some of the air present in the duct
(117).

13. An assembly as set forth in claim 12, characterized
in that the assembly further comprises a separate
compressor-turbine unit (130), connected with the gas
generator (103) and provided with a compressor for
feeding the pressurized combustion air to the
accelerating nozzle of the ejector unit, and that

downstream of the accelerating nozzle (107) the

PCT/FI97/00779
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incoming air duct (117) is provided with an atomizing
nozzle (136) for diffusing the fuel.

14. A burner assembly as set forth in claim 12 or 13,
characterized in that the incoming air duct (117) is
provided with regulating elements (121) for controlling
according to a power demand the amount of air coming

into the incoming air duct (117).
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