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(57) Abstract

A heat exchanger in the form of a vessel for heat exchange of 2
pulverulent solid material and a gas, e.g. for preheating raw materials
prior to a burning process by use of the hot exit gases fed to the vessel
consists of a hollow cylindrical central part (1) with a tangential gas
inlet (3), a conical base (2) with a material outlet (5), and a downwar-
dly orientated gas outlet (4), a concave upper part (7, 7’) facing the
central part and with at least one material inlet (8); the downwardly
orientated gas outlet (4) is mounted initially axially as a central pipe
inside the vessel and is provided with a skirt (6); the height of the up-
per part, the distance of the material inlet from the vertical axis of the
heat exchanger and the inclination of the inlet to the horizontal
plane, the height of the central pipe gas inlet (4) above the lower end
level of the central part (1) of thé vessel afid the inclination of the
skirt (6) are all dimensioned so as to provide optimum conditions,
partly for heat exchange in radial countercurrent between material
and gas, partly for separation of material from gas inside the vessel
due to the downwardly orientated axial and tangential gas velocities.
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Heat exchanger.

The present invention relates to a heat exchanger of the type used
for obtaining heat exchange of a pulverulent solid material and a
gas. Such heat exchangers are used e.g. for preheating mineral raw
material which is subsequently subjected to a burning process; the
preheating being effected by use of the hot exit gases from the
burning process.

Preheating of the pulverulent solid material may be carried out in a
cyclone system consisting of several cylindric cyclones having a
vertical or horizontal main axis and a conical bottom ending in an
outlet for the solid material as it is known from e.g. chapter 20 of
Duda: Cement-Data-Book, volume 1, ed. 3 (1985), Bauverlag GmBH;
Wiesbaden und Berlin.

Prior art cyclones having a vertical axis are generally delimited at
the top by a circular top plate or a circular opening in a downwards
concave cyclone top part. A gas outlet pipe or a "central pipe" may
extend through the plate or opening down into the cyclone cylinder.
Solid material suspended in gas is supplied tangentially via a
suspension inlet into the cylinder. Owing to the circulating move-
ment of the gas therein the solid material is flung towards the
vessel wall by the centrifugal force where it is stopped og subse-
quently slides down the wall onto the conical bottom and out through
the material outlet while the gas leaves the vessel through the
central pipe. Such heat exchange cyclones are disclosed in i.a.
patents Nos. DE 1,913,305; SE 221,971; 4,245,981, and DE 1,286,696.
Heat exchange in cyclones of this type is effected as a co-current

heat exchange in that the material during the _heat exchange is
circulated together with the gas flow in the cyclone. In order for
the material to obtain the temperature desired for preheating prior

~ to a burning process it is generally necessary to employ a plurality

of such co-current heat exchangers in series, typically four or five
stages for preheating of e.g. cement raw material, thus causing this
part of a kiln plant to have a considerable height of construction.
demanding an equally considerable consumption of construction

materials.
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In case of counter-current heat exchange, as it is knbwn from iia.
GB-A-988,284 or from DK patent application No. 1600/85, the centri-
petal'trave11ihg direction of the tangentially introduced gas is
used counter to fhe'céntrifuga] travelling direction of the material
introduced close to the cyc]one'axis_in order to obtain an increased
heat exchange effect as compared to conventional cyclones having a
vertical axis, and the use of horizontal counter-current cyclones in
preheaters may contribute to delimit the construction height of the.
preheater. Horizontal cyclones, however, suffer from the drawback .

'that,,typically, their separation rates are smaller than those of

conventional cyclones.

Therefore, it is an object of the present invention to provide a
heat exchanger having a vertical main axis and operating according
to the counter-current principle and which heat exchanger is suffi-
cient1y'efficient as to heat exchange as well as to material separa-
tion to replace at least two of the hitherto used stages of a
cyclone preheater. .

According to the invention this object is achieved by a heat exchan-
ger comprising a cylindrical central part having a downward tapering

conical base, a concave upper part facing the central part and

constituting the upper delimitation of the heat exchanger, a'tangénf
tial gas inlet in the wall of the cylindric part, and an at least
initially axially mounted gas outlet or central pipe said inlet and
outlet contributing jointly to form a spi?al gas flow inside the
vessel, at least one material inlet mounted in the upper part, and a
material outlet at the Tlower part of the base; the material inlet
and outlet being placed so as to impart to the pulverulent solid

 material introduced into the heat exchanger a centrifugal momentum

thereby conveying the matérial, while heat exchanging with the gas,
through- the heat exchanger counter-currently to the gas which moves
centripéfa]]y towards the gas outlet pipe; and which heat exchanger
is characterized in that the axially mounted gas outlet is a down-
wardly orientated pipe which extends from its at Teast initially
central position inside the vessel down through the conical base; in
that the radius b of the central part is comprised within the range

..1,5<b<3,0d, where d is the diametervof the gas outlet pipe; and .in -

that the distance a between the upper end of the gas outlet pipe and -
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the top of the upper part of the heat exchanger is within the range
2d<ag<hd.

The design of the upper heat exchanger part with the above-specified
dimensions means partly that the axis of the heat exchanger becomes
Tonger thus entailing Tower radial gas velocities inside the vessel
towards the gas outlet pipe and hence decreasing the entrainment of
the treated material which increases the separation rate of the heat
exchanger, partly that, compared to prior art heat exchanger con- -
structions, an improved axial material flow-is obtained due to the-
resulting force exerted on the particles, and which is composed of
centrifugal and gravititional forces, carrying the particies coun-
ter-currently to the gas flow in radial as well as axial direction.

The gas outlet pipe of the heat exchanger isadownward1y orientated :
in order to ensure optimum interaction between the axial and tangen-
tial gas velocities and extends therefore out through the conical
base. Owing to the downward axial velocity which may be generated in

the heat exchanger the material is sucked into and distributed in
the heat exchanger and due to the tangential velocity the material

is flung towards the wall of the vessel where it encounters the.
hottest gas and it is separated from the gas. These two effects are-

_adapted to each other by -adjustment of the distance between the

upper end of the gas outlet pipe and the top of the upper part of -
the heat exchanger proper.

The heat exchanger is provided with at least one material inlet. -in
the top of the concave upper part at a distance in the horizontal
plane from the cyclone axis of up to 1.5 times the diameter of the
gas outlet pipe and has an inclination to the horizontal plane of
less than 90° in the gas flow direction. This flow forms a radial -
centrally orientated potential vortex from the gas inlet to the
central pipe and therefore, the material is introduced close to the
centre of said vortex thus causing in radial direction a counter-
current movement of material and gas to the material particles, with
a far higher density than the gas, being flung towards:the vessel -
wall by the centrifugal force.

The gas outlet pipe or central pipe of the heat exchanger -is mounted- -

1 1DOTIT! rer
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so that the upper inlet end of the pipe inside the heat exchanger is
placed at a distance of from 0 to 2.0 times the internal diameter of
the central pipe above the lower end level of the cylindrical
central part. Close to the inlet opening itself the pipe may be
provided with a skirt of a heat resistant material and inclining
from the pipe 1in order to increase the heat exchange. The skirt may
form an'anQTe of from 40°-to 70° with the horizontal plane and
extend towards the inner wall of the conical base so as to form an
annular slit between said wall and the circumference of the skirt

. through which s1it the separated material may pass towards a mate-
- rial outlet. The skirt provides more symmetrical conditions for the °
gas and material movements inside the heat exchange chamber, the- -
disturbing effects upon the movement at the outlet of the central :
‘pipe through the conical part being eliminated and the skirt at the -
~ same time contributing to forcing the material towards the inner

wall of the vessel into the area with the highest gas temperature. -

According to a further embodiment of the heat exchanger -a shortened
conical base, the underside of the skirt, and the gas outlet pipe

constitute together the Tlower delimitation of the vessel thus- - -

ensuring -that a substantial reduction of the height of the heat
exchanger israchieved; In that case the annular slit between -the
skirt and the conical base part conveys the separated material “tg an -
aerated trough conveyer for hot material.

The invention is explained in more detail in the following with
reference to the accqmpapyingrdrawings, which are diagrammatical-and

illustrate non-limiting examples of embodiments and in which

Figure 1 shows é’vertica] axial elevation of a heat exchanger
having a conical base,

Figure 2 is a vertical axial elevation of a heat exchanger having
: an upper part design different from the one shown in
~ Figure 1, ' '

Figure 3 is the heat exchanger shown Figure 1 éeen from -above, and

Figure 4 shows a heat exchanger having a shortened coniéat base. : - -
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The heat exchanger shown in Figures 1 and 2 consists of a vessel
having a hollow cylindrical central part 1 with a vertical axis, a
downward tapering conical base 2 having a material outlet 5, a gas
inlet 3 in the wall of the central part 1 for tangential feeding of
the gas into the vessel, and an upper part shaped as a concave cover
7 or 7' facing the central part. The heat exchanger shown in Figure
1 has an e]]ipsoida].upper part while the one shown in Figure 2 has
a frusto-conical shaped upper part. Inside the vessel is mounted an
axial- gas outlet pipe or central pipe 4, which extends downwardly
out'ﬁhrough the side wall of the conical base 2. The radius b of the
vessel is within the range 1,5¢b<3,0d, where d is the - internal

diameter of the gas outlet pipe inside the vessel. The -distance a - -
- from the 'upper end of the gas outlet pipe 4 inside the central part

1 -to the top of the upper part of the heat exchanger: proper is -
within the range 2d<a<5d. . o

At its top the upper part has a material inlet 8. The inlet opening

itself is placed at a distance g within the range 0<g<l,5d in the
- horizontal plane from the vertical axis of the vessel. The inlet is

designed as a circular pipe which does not extend into.the vessel
and which forms an angle B of less than 90° with the horizontal
plane the inclination having the same direction as the travelling
direction of the spiral gas flow inside the vessel. The distance g
and the inclination B contribute to the establishment of the optimum
countercurrent movement in radial direction between material and gas
inside the vessel. Only one of several possible material inlets at
the tob of the upper part is shown in the figures.

In Figure 3 a dash-dotted arrow line indicates the movement of the
tangentially introduced gas flow through the gas inlet 3 towards the
axially positioned gas outlet 4 inside the central part 1 of the
vessel and a dotted arrow line indicates the centrifugal movement of
the added material from the material inlet 8 towards the vessel

wall.

In order to create optimum gas flow velocities for the heat éxchange
the gas outlet or the central pipe 4 extends downwards out through
the conical base 2. Also in order to ensure optimum movement condi-
tions for gas and material inside the vessel the central pipe within
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— .- the vessel is provided with a skirt 6 close to the gas inlet proper

~ of the pipe which skirt forms an angle @ within the range 40°<a<70°

in relation to the horizontal and extends towards the inner wall of

the conical base 2 so as to form jointly an annular slit 9 through

5 which separated material may pass downwards to the material outlet

5. The annular slit may for instance have a width of 150 mm. When

using a skirt the inlet proper of the central pipe 4 inside the

vessel conveniently has a height f compriséd within the range
0<f<2,0d above the lower end level of the central part of the cylin- - -

10 drical vessel. I

The alternative embodiment for the heat exchanger according-to:--the - - :

present invention shown in Figure 4 and with a frusto-comical upper --.
part 7', a material inlet 8 and a gas inlet 3, is characterized dn.---
15 having a considerably shortened conical base 2 so that said -shorte-. ---
ned base, the underside of the skirt 6 and the central pipe 4 -
constitute the Tower delimitation of the heat exchanger::In this -

embodiment éeparated material pass from the annular sdit:-9 to a-.. : ::
not-shown aerated trough conveyer for transportation of hot material -:-- - .:
20  to a subsequent treatment stage of the plant. o TLoro liTlet o

25

30

- 35



WO 89/08813 : PCT/DK89/00024

10

. 15

20

25

30

35

Claims

1. A heat exchanger in the form of a vessef having a cylindric
central part (1), a downward tapering conical base (2), a concave
downwards orientated upper part (7) facing the central part and
constituting the upper delimitation of the heat exchanger, a tangen-
tial gas inlet (3) in the wall of the cylindric central part and an
at least initially axially mounted gas outlet (4) contributing to

-~ form a spiral gas flow inside the vessel, at least one material

inlet (8) mounted in the upper part of the vessel, and a material
outlet (5) at the lower part of the vessel; the material inlet and
outlet being placed so as to impart to the pulverulent 'solid mate-
rial-introduced into the heat exchanger a centrifugal momentum thus

- conveying the material, while heat exchanging with gas, through the -
- heat exchanger counter-currently to the gas which moves centripe- =

tally towards the gas outlet pipe, characterized in
that the axially mounted gas outlet is a downwardly orientated pipe
(4) which extends from its at least initially axial central position
inside the vessel down through the conical base (2) of same; in that
the radius b of the central part (1) is within the range 1,5<b<3,0d,
where d is the diameter of the gas outlet pipe (4); and in that the
distance a from the upper end of the gas outlet pipe (4) to the top
of the upper part (7) of the heat exchanger is within the range
2d<aghd.

2. A heat exchanger according to claim 1, character -
i zed in that the material inlet (8) at the top of the upper part
(7) is inclined in the same direction as the travelling direction
for the spiral gas flow inside the vessel; and in that its inclina-
tion B to the horizontal plane is less than 90°; and in that the
material inlet proper in the horizontal plane is at the distance g
within the range 0<g<l,5d from the vertical axis of the heat exchan-

ger.

3. A heat exchanger according to claimlor 2, character -
i zed in that the upper end of the gas outlet pipe (4) inside the
cylindrical central part (1) is at a distance f within the range
0<f<2,0d from the lower end level of the cylindrical central part
and which close to said upper end is provided with a heat resistant

ClIRCTIT! I'TrE
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skirt (6) inclining at an angle « of between 40° and 70° with the
horizontal plane and which skirt extends towards the inner wall of
the conical base (2) so as to form an annular slit (9) between said
base and the circumference of the skirt.

-

4. A heat exchanger according to any one of the preceding claims, . -

characterized in that the conical base (2) of the
chamber is shortened; and in that the shortened conical base and the
underside of the skirt (6) forming .together the annular slit (9)

~ jointly with the pipe (4) constitute the lower delimitation of the -

vessel. - R

51 INAYSIen) e
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AMENDED CLAIMS
[received by the International Bureau
on 3 August 1989 (03.08.89)
original claims 1-4 feplaced by amended claims 1-3 (2 pages)]

1. A heat exchanger in the form of a vessel having a cylindric
central part (1), a downward tapering conical base (2), a concave
downwards orientated upper part (7) facing the central part and
constituting the upper delimitation of the heat exchanger, a
tangential gas inlet (3) in the wall of the cylindric central part

“and an at least initially axially mounted, downwardly orientated gas

outlet (4) contributing to form a spiral gas flow inside the vessel,
at least one material inlet (8) mounted in the upper part of the
vessel, and a material outlet (5) at the lower part of the vessel;
the material inlet and put1et being placed so as to impart to the
pulverulent solid material introduced into the heat exchanger a
centrifugal momentum thus conveying the material, while heat
exchanging with gas, through the heat exchanger counter-currently to
the gas which moves in a substantially horizontal direction
centripetally from the gas inlet (3) towards the gas-outlet pipe
(4); characterized in that the radius b of the central
part (1) of the vessel is within the range.1,5<b<3,0d, where d is
the diameter of the gas outlet pipe (4); and in that the distance a
from the upper end of the gas outlet pipe (4) to the top of the
upper part (7) of the heat exchanger is within the range 2d<a<5d;
and in that the upper end of the -downwardly orientated gas outlet
pipe (4) extending from its at least initially axial central posi-
tion inside the vessel down through the conical base (2) of same is
at a distance f within the range 0<f<2,0d inside the cylindrical
central vessel part (1) from the Tower end level of said part; and
which gas outlet pipe (4) close to its upper end is provided with a
heat resistant skirt (6) inclining at an angle o of between 40° and
70° with the horizontal plane.

2. A heat exchanger according to claim 1, character-
i zed in that the opening of the material inlet (8) at the top of
the upper part (7) join into the wall proper of this part and in
that the inlet duct is inclined in the same direction as the
travelling direction for the spiral gas flow inside the vessel; and
in that its inclination B to the horizontal plane is less than 90°;



WO 89/08813 10 " PCT/DK89/00024

and in that the material inlet proper in the horizontal plane is at
" the distance g within the range 0<g<1,5d from the vertical axis of
the heat exchanger. '

5 3. A heat exchanger according to any one of the preceding claims,
characterized in that the conical base (2) of the
chamber is shortened; and in that the shortened conical base and the
underside of the skirt (6) forming together an annular slit (9)

. jointly with the bipe (4) constitute the lower delimitation of the
vessel. -
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STATEMENT UNDER ARTICLE 19

In the amended claim 1 the invention has been characterized on the
background of the hitherto known technique as described in the open%ng part
of the original application description with the addition of DE 1913305, FR
736458 and US 3740865 as now cited in the International Search Report of
1989-06-26 which are together considered the most pertinent prior art
references. Consequently the hitherto characterizing feature of the axially
mounted gas outlet (4) being "downwardly oriented” has been moved to the
preamble of the claim in the mention of said gas outlet while the wording
of the characterizing part of the claim has been amended to also include
the features of hitherto claim 3 and with the insertion of the wording
"[the gas outlet pipe (4)] extending from its initially axial central
position inside the vessel down through the conical base of same ..." as a
feature known per se from separator constructions but in the present
invention contributing to a new and surprising heat exchanger effect.
Thereby the characterizing clause of claim 1 has been Timited substantially
to the new geometry proper of heat exchanger starting with "characterized
in that the radius be of the central part (1) of the vessel is ...".
Further in adding the wordings "in a substantially horizontal direction”
and "from the gas inlet (3)" to the mention in the preamble of claim 1 of
how the gas moves from the tangential gas inlet centripetally to the gas
outlet pipe within the heat exchanger vessel the counter-current movement
of the material in relation to the gas has been stressed and thus further
distinguish the heat exchanger according to the invention from especially
the separators according to the citations.

In claim 2 the wording below in []Qbrackets have been added to the
characterizing part of the claim to underline the nature of the material
inlet of the heat exchanger, said materia] inlet hereby distinguishing
clearly from inlets according to the Y-citations of the International

Search Report:

" . characterized in that [the opening of] the material inlet (8) at the
top of the upper part (7) [join into the wall proper of this part and that
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the duct] is inclined ..." the above citations either disclosing heat
exchangers with gas exhaust pipes the lowermost ends of which penetrates a
certain distance into the heat exchanger entailing the drawbacks of
reducing the effective heat exchange volume within the vessel and demanding
constructional steps to heat protect the lowermost pipe ends and having
either an annular material inlet or a material inlet in the riser pipe
proper (DE 1913305 and DE 1508570) or disclose a separator with no separate
material inlet (FR 736458) or disclose  a combined dryer-
pulverizer/separator also with no separate material in]ef (US 3740865).

The original claim 3 has been deleted and its characterizing clause
included in new claim 1 with the exception of the three Tast lines of the
claim starting by "... and which skirt extends" has been deleted in view of
the citation FR 736458. |

In original claim 4 renumbered as new claim 3 the mention of the "annular
sTit (9)" has been editorally altered according to the above deletion.

In the description mention of the Y-citations should be made in the first
~paragraph of pagé 2 in addition to the already referred technique in this
paragraph and in paragraph 3 of the same page amendments should be made to
make the wording of this paragraph correspond to the suggested new claim 1.
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