04/031663 A1 I 0K OO0 00O

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization
International Burcau

(43) International Publication Date
15 April 2004 (15.04.2004)

AT YO 0 O

(10) International Publication Number

WO 2004/031663 Al

(51) International Patent Classification’: F24H 3/10,
F23D 14/10
(21) International Application Number:
PCT/T2003/000589

(22) International Filing Date:
30 September 2003 (30.09.2003)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:

MI2002A002081 2 October 2002 (02.10.2002) IT

(71) Applicant (for all designated States except US): TECN-
OCLIMA S.p.A. [IT/IT]; Viale dell’Industria, 19, I-38057
Pergine Valsugana (Trento) (IT).

(72) Inventor; and

(75) Inventor/Applicant (for US only): VESCOVI, Alfonso
[IT/IT]; Via Bellavista II, 35, I-38068 Rovereto (Trento)
IT).

(74) Agent: PELLEGATTA, Ottorino; c/o Calvani, Salvi &
Veronelli S.r L., Piazza Duca d’Aosta, 4, 1-20124 Milan
In.

(81) Designated States (national): AE, AG, AL, AM, AT, AU,
AZ,BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU,
CZ, DE, DK, DM, DZ, EC, EE, ES, FI, GB, GD, GE, GH,
GM, HR, HU, ID, IL,, IN, IS, JP, KE, KG, KP, KR, KZ, LC,
LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW,
MX, MZ, NO, NZ, OM, PH, PL, PT, RO, RU, SC, SD, SE,
SG, SK, SL, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ,
VC, VN, YU, ZA, ZM, ZW.

(84) Designated States (regional): ARIPO patent (GH, GM,
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW),
Burasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European patent (AT, BE, BG, CH, CY, CZ, DE, DK, EE,
ES, FI, FR, GB, GR, HU, IE, IT, LU, MC, NL, PT, RO,
SE, SI, SK, TR), OAPI patent (BF, BJ, CF, CG, CI, CM,
GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:
with international search report

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations” appearing at the begin-
ning of each regular issue of the PCT Gagzette.

(54) Title: HOT AIR GENERATOR

\

GA

=~
6———
3— Eﬁ
r_”ﬁ.,\_mq‘_,}ﬂ i
000000000h0

<l

n—

1

(57) Abstract: The hot air generator comprises a combustion chamber, a liquid or gas fuel burner, an air-flue gas heat exchanger, a
fan providing for the forced circulation of the combustion products and a fan providing for the forced circulation of the combustion
products and a fan providing for the forced circulation of the air to be heated and is characterized in that the burner has an external
surface having a curricular cross-section and a series of holes arranged on an upper semicircular arc of the external surface of the
burner and having variable diameter in order to generate flames having decreasing heights from the end of the semicircular arc to
the upper midpoint, and the heat exchanger is formed by arrays in series of plates connected one another in parallel, the number and
distance between the plates forming each array being proportional to the inverse the temperature of the combustion products flowing
into the heat exchanger, so as to keep the flow velocity of the combustion products constant.
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Description

Hot air generator

Technical field
The present invention generally relates to the field of heating of
industrial and civil facilities and, in particular, it relates to a new type

of hot air generator.

Background Art

it is known that hot air generators generally comprise a
combustion chamber where the combustion of a liquid or gas fuel
takes place, an air-flue gas heat exchanger, a fan assembly that
provides for a forced circulation of air, and a supporting frame on
which the enclosure panels are applied, usually internally covered
with a thermal insulating‘méte[ial to limit the thermal radiation from
the furnace to the outside environment.

The combustion chamber is delimited by a housing in the interior
part of which a liquid or gas fuel burner is located. A manifold
communicating with the combustion chamber collects the flue gas
and conveys it to the heat exchanger.

The heat exchanger is generally formed by a series of plates or
tubes the surfaces of which are touched internally by the hot stream
formed by the flue gas, and externally by the air stream to be heated.
A final manifold collects the flue gas running through the heat

exchanger and diffuses it through an outlet into the surrounding
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atmosphere. The fan can be of the axial or centrifugal kind and
provides for an air circulation through the heat exchanger. Air in
contact with the heat exchanger is heated and sent back to the
surrounding environment.

Hot air generators of this type, which are manufactured in
accordance with the known art, generally have some defects relating
both to their design and to their thermal efficiency. More particularly,
as far as the design of the hot air generators known in the art is
concerned, it is worth noting that the plates or pipes of the heat
exchanger are generally welded, thus requiring rather a ‘long
manufacturing time and high costs. In addition, before using the semi
finished parts of the heat exchanger, an accurate quality check of the
welding must be performed, thus further increasing the cost of the
semi finished parts. As to heat exchange, it should be noted that the
hot air generators known in the art generally show a modest
efficiency because the heat exchange is penalized by the
circumstance that the flue gas velocity inside the heat exchanger is
not constant, but decreases instead in direct proportion with respect
to the specific volume, thus decreasing the efficiency of the Eeat
exchange.

Disclosure of Invention

The purpose of the present invention is to provide a hot air
generator of new type having a number of novel characteristics
capable of improving both its design and its performance. According

to this invention, the hot air generator comprises a combustion

PCT/IT2003/000589
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chamber, a liquid or gas fuel burner, an air-flue gas heat exchanger,
a fan providing for the forced circulation of the combustion products
and a fan providing for the forced circulation of the air to be heated,
and is characterized in that:

- the burner has an external surface having a circular cross-
section and a series of holes arranged on an upper
semicircular arc of the external surface and having variable
diameter in order to generate flames having decreésing
heights from the end of the semicircular arc to the upper
midpoint, and

- the heat exchanger is formed by arrays in series of plates
mutually connected in parallel, the number and distance
between the plates forming each array being proportional to
the inverse of the temperature of the combustion products
flowing into the heat exchanger, so as to keep the velocity of

the combustion products constant.

Brief description of drawings

The invention will now be described in more detail with reference
to the attached drawings, in which:

Figure 1 is a side elevation view of the interior of the hot air
generator according to the present invention,

Figure 2 is a cross-section view of the hot air generator along line

{I-l of figure 1,
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Figure 3 is a cross-section view of the hot air generator along line
II-il of figure 1,

Figure 4 is a longitudinal section view of the burner of the hot air
generator according to the present invention,

5 Figure 5 is a cross-section view of the burner of the hot air
generator along line V-V of figure 4,

Figures 6 and 7 are a plan view of the upper part, respectively of
the lower part, of a plate of the heat exchanger of the hot air
generator of the present invention,

10 Figure 8 is a cross-section view of the plate of figure 6 taken
along line VHI-VIlI of figure 6,

Figure 9 is a longitudinal view of the plate of figure 6 taken along
line IX-IX of figure 6,

Figure 10 is a section view of a connection element between a

15 pair of plates of the heat exchanger of the hot air generator according
to the present invention,

Figure 11 is a partial section view of the connection element of
figure 10,

Figure 12 is s plan view of the connection element of figure 11,

20 and
Figure 13 is a longitudinal section partial view of the heat

exchanger of the hot air generator according to the present invention.

Best mode for carrying out the Invention
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Referring now to figures 1, 2 and 3, these figures show a hot air
generator according to the present invention, indicated generally with
GA.

The hot air generator comprises an atmospheric type liquid or
gas fuel burner 1 mixing a correct amount of fuel, fed by an electrical
valve 2, with oxygen contained in air taken in through intake
connector 3 and creating a radial type flame 9. Gases produced by
the combustion, after an inversion of their stream inside the
combustion chamber 4, are conveyed to successive arrays of
elements of flue gas exchange pipes, connected in parallel and
forming an horizontal exchanger 5. The combustion products are
sucked through a centrifugal type fan 6 and, after having transferred
their heat to the air inside the heat exchanger, they are ejected
outside through the outlet connector 7. Air to be heated is forced
through the heat exchanger by an axial or centrifugal type fan 8 and
streams along the surface of the heat exchanger, warming up in
contact therewith.

Figures 4 and 5 show a burner of the hot air generator according
to the present invention. The burner 1 internally exhibits a Venturi
pipe 10 having such a geometry as to permit operation with a
prevailing amount of primary air P and reduced amount of secondary
air S. In addition, the external surface 11 of burner 1 shows a series
of holes 12 having variable diameter, so as to permit the formation of
a flame distributed along a semicircular arc of the burner cross-

section and to display a maximum height of the flame at the extremity

PCT/IT2003/000589
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of the semicircular arc and a minimum height of the flame at the
midpoint of the semicircular arc. In this way, an efficient heat
distribution is achieved inside the combustion chamber 4.

Figures from 6 to 9 show a plate 13 of the heat exchanger. Plate
13 has a series of cross type turbulence inducing imprints 14 for the
gas that assure high efficiency and limited loss of pressure and a pair
of buckling preventing spacing imprints 15 that allow to keep the
upper and lower parts of the plate mutually spaced. In order to
facilitate the plate assembly, height sizing imprints 16 are provided as
well as circular connection connections 17 for the mutual connection
of the plates in order to form the heat exchanger.

Figures from 10 to 12 show the connection element 18 that
allows mutual connection of a pair of plates 13 of the heat exchanger
horizontally placed one on top of the other. This connection element
18 assures a seal to the plétes 13 even in the absence of welding.
The connection element shows heat dissipating fins 19 as well as a
tapered portion 20 having a wide contact surface. The connection
element is configured in such a way as to act as a manifold for the
combustion products flowing from the lower to the upper plate of the
heat exchanger. The connection between the plates of the heat
exchanger is obtained through pressure contact between the
surfaces of plates 13 and that of the connection element 18. The
circular drawing of plates 13 is carried out on the external surface in
order to provide for an efficient cooling of the material, an excellent

mechanical resistance to compressive stress and a low pressure

PCT/IT2003/000589
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loss. In addition, because of the conical shape of the drawing, the
contact surface with the connection element is as wide as possible
and allows to offset normal manufacturing tolerances.

As it can be seen from figure 13, the compressive force holding
together the plates of the heat exchanger is achieved through springs
21, tie bolts 22 and spacers 23. The tie bolt 22, together with spacers
23, assures a correct positioning of plates 13 at a fixed mutual
distance and the springs 21 surrounding tie bolts 22 provide for a
constant lateral compressive force on plates 13, offsetting normal
expansions originating from temperature changes.

According to the present invention, it is possible to change the
number and distance of the plates forming each array in order to
keep the velocity constant of the combustion products when their
temperature and specific volume decrease, as a result of the thermal
exchange with air. This allows to maximize the performance of the
thermal exchange and to gear the heat exchanger to different

requirements of thermal exchange.

PCT/IT2003/000589



10

15

20

WO 2004/031663 PCT/IT2003/000589

Claims

1. Hot air generator comprising a combustion chamber, a liquid or
gas fuel burner, an air-flue gas heat exchanger, a fan
providing for the forced circulation of the combustion products
and a fan providing for the forced circulation of the air to be
heated, characterized in that:

- the burner has an external surface having a circular
cross-section and a series of holes arranged on an upper
semicircular arc of the external surface of the burner and
having variable diameter in order to generate flames
having decreasing heights from the end of the
semicircular arc to the upper midpoint, and

- the heat exchanger is formed by arrays in series of plates
mutually connected in parallel, the number and distance
between the plates forming each array being proportional
to the inverse of the temperature of the combustion
products flowing into the heat exchanger so as to keep
the flow velocity of the combustion products constant.

2. Hot air generator according to claim 1, characterized in that
the plates of each array of the heat exchanger are mutually
connected by connéction elements located at the outlet and
inlet openings of the combustion products in the plate and are
kept into contact with the connection elements by means of

the compression applied by tie bolts provided with
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compression springs and kept at a fixed mutual distance by

spacers.

. Hot air generator according to claim 1, characterized in that

the plates of the heat exchanger have cross type turbulence
inducing imprints in order to increase the efficiency of the
thermal exchange between combustion products and air to be

heated.

. Hot air generator according to claim 3, characterized in that

the cross type turbulence inducing imprints have an elongated

shape.

. Hot air generator according to claim 1, characterized in that

the fan is a suction fan.

. Hot air generator according to claim 1, characterized in that

the fan is a pusher fan.

PCT/IT2003/000589
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