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Description

Field of the invention

[0001] The present invention pertains to the technical
field of once-through vertical heat exchangers/evapora-
tors.

General background of the invention and prior art

[0002] Itis known that, in a concentrated energy solar
power plant (CSP), an intermediate thermal fluid is often
used. The reason resides in the easiness of circulation
of these fluids, working at high temperature, but at low
pressure.

[0003] The solarradiation is directed and concentrated
by means of parabolic or plane mirrors towards a heat
exchanger containing the thermal fluid.

[0004] The circulation of the thermal fluid brings the
heat back to a water/steam exchanger transforming the
heat captured by the thermal fluid into a steam that can
be used in a steam turbine.

[0005] The turbine is part of a classical steam cycle in
a power plant and is coupled to a generator producing
electric current.

[0006] The thermal fluid/water steam heat exchangers
are mainly classified in two families:

- the boiler evaporator: a bundle of tubes is dipped
into a boiler reservoir (or tank) and is run through by
the thermal fluid. The water contained in the reservoir
is thus heated and transformed into steam ;

- the bundle exchanger: the heating fluid is contained
in areservoir and water/steam runs through a bundle
of tubes embedded in the reservoir.

[0007] In the first case, the evaporator is able to gen-
erate only saturated steam that has then to be super-
heated in a separate exchanger, which is also fed with
thermal fluid.

[0008] In the second case, the water can be trans-
formed into superheated steam, which can be directly
used inaturbine, with only one passage: itis thenreferred
to a mono-tubular or once-through boiler.

[0009] The bundle exchanger allows to work at high
pressure, which guarantees a better yield, while allowing
control of the cyclical thermal constraints.

[0010] In priorart Siemens AG developed a bundle ex-
changer, according to the once-through (or so-called
Benson) technology, which is used in numerous classical
power plants. But the heat exchanger of this conception
shows disadvantages such as its cost and its almost im-
possibility of being maintained.

[0011] In a so-called "shell and tubes" heat exchang-
er/evaporator of prior art, a cylindrical shell houses a bun-
dle of parallel tubes extending between two end mani-
folds or collectors so that a first fluid, generally water
intended to be transformed into steam in the shell, can

10

15

20

25

30

35

40

45

50

55

tightly pass through the pipes. For example, feed water
is supplied to the lower ends of the pipes in the bundle
of tubes through the lower collector. The steam is dis-
charged from the upper end of the bundle of tubes
through pipes sections into the upper collector. A second
fluid (for example liquid sodium in document US
3,628,507) is supplied to the casing in its upper part
through an upper inlet and, after flowing downwardly in
counterflow relationship with the first liquid flowing in the
pipe bundle, is discharged through an outlet located at
the lower part of the shell.

[0012] To provide an improved heat exchange be-
tween the two fluids, the flow path of the second fluid is
determined by intermediate baffles forming respective
passages so that the second fluid flow changes its direc-
tion in passing from one passage to the next one. The
baffles are under the form of partial circular segments or
annular rings and disks, installed perpendicular to the
longitudinal axis of the shell to provide a zigzag flow of
the second fluid.

[0013] In orderto improve the efficiency of the transfer
rate, document WO 2009/148822 discloses baffles
mounted in the shell to guide the fluid into a helical flow
pattern, with different helix angles when the baffle is prox-
imate the inlet and the outlet respectively.

[0014] Document US 2003/0116306 discloses a heat
exchanger/evaporator very similar with a shell and tubes
exchanger of prior art with tubes sheets, collectors, etc.
for the first fluid and baffles perpendicular to the longitu-
dinal direction of the casing for changing the direction of
the second fluid. Moreover the tubes conveying the first
fluid are provided with internal baffles converting the
straight tube channel into two semi-circularly sectioned
spiral channels. These channels define a spiralling flow
path for the vapour generated in the heat exchange tube
from the vapour-liquid mixture entering the tube.

[0015] DocumentCN200993535Y discloses avertical
steam-water heat exchanger designed to exhaust the in-
condensable gases accumulating in the upper region of
the exchanger shell, causing circulation hindering and
finally overheating and destruction of the heat exchange
tubes. The exchanger shell is made of tube sheets or
plates assembled to pass alternate baffle plates. A draw-
back of this configuration is that the heat exchange is
reduced in the middle of the shell.

Aims of the invention

[0016] The present invention aims at avoiding the
drawbacks of prior art.

[0017] More particularly, the invention aims at propos-
ing a new kind of heat exchanger of the type bundle or
one-through.

[0018] The invention also proposes an exchanger of-
fering a lower costand a maintenance rendered possible.
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Summary of the invention

[0019] The presentinvention relates to a vertical heat
exchanger/evaporator comprising a cylindrical shell
housing a bundle of parallel vertical tubes in which, in
use, is flowing a first fluid, said tubes extending between
alower end plate and an upper end plate, said lower end
plate being fed with said first fluid by an inlet collector
and said upper end plate delivering superheated steam
of said first fluid at an outlet collector, said shell being
provided respectively in its upper part with an inlet and
in its lower part with an outlet for a second fluid, so that,
in use, said second fluid is flowing downwardly in coun-
terflow of the first fluid flowing in the tube bundle, said
shell being provided with horizontal baffles dividing the
enclosure in several floors vertically superimposed, char-
acterised in that said shell also comprises a central cy-
lindrical baffle having closed ends, forming at each floor
aringed space run through by the second fluid, said tubes
being arranged in the shell externally the central cylin-
drical baffle, with passages designed between two con-
tiguous floors, so that the second fluid alternately flows
in reverse rotation in said two contiguous floors.

[0020] According to preferred embodiments of the in-
vention, the vertical heat exchanger/evaporator also
comprises one or a suitable combination of the following
characteristics :

- the first fluid is a mixture of water and water steam ;

- said tubes are arranged in circles in the shell exter-
nally the central cylindrical baffle ;

- said tubes are provided with external fins arranged
in a spiral ;

- the first fluid inlet collector is provided with an ex-
pansion joint so that to allow for differential expan-
sion between the tubes and the shell ;

- the junction between the tubes and at least one col-
lector comprises a flexibility lyre so that to allow dif-
ferential expansion between the tubes of the bundle ;

- the collectors are provided with cavities allowing ac-
cess for controlling, repairing or replacing any tube
or assembly.

Short description of the drawings

[0021] FIG.1 schematically represents a longitudinal
cross-sectional view of the heat exchanger according to
the invention.

[0022] FIG.2 schematically represents three trans-
verse cross-sectional views of the heat exchanger of FIG.
1.

Detailed description of the invention and preferred
embodiments

[0023] The objectof the invention is a heat exchanger,
as depicted in FIG. 1, having reciprocating flow in which
the tubes 2 of the heat exchanger 1 are run through by
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water/steam. The amount of tubes 2 depends on the flow
of steam taken into consideration, on its pressure and on
its chosen temperature. All the tubes 2, making a bundle,
are installed in parallel, vertically, and are "once-
through"-designed, between an inlet collector 3 and an
outlet collector 4.

[0024] The tubes 2 are advantageously provided with
transverse or longitudinal fins (not shown) arranged in a
spiral in order to increase the surface of external ex-
change, which is in contact with the thermal fluid.
[0025] The whole bundle of tubes is contained in a ver-
tical essentially cylindrical enclosure (or envelope or
shell) 9, run through by the thermal fluid. A shape of the
enclosure departing to some extent from the strictly cy-
lindrical shape can also come within the scope of the
invention.

[0026] The cylindrical enclosure comprises horizontal
baffles 5, dividing the cylindrical enclosure in different
floors 7. The baffles 5 each comprise an opening allowing
the passage of the thermal fluid.

[0027] A cylindrical baffle 6 with a closed end is in-
stalled at the centre of the cylinder 9, thus forming a ring
space which will be run through by the fluid.

[0028] The tubes 2 are preferably arranged in circles
within the cylinder 9, except for two zones 8 (or 8’, 8")
which are dedicated to the passage of the fluid from one
floor 7 to another (see FIG. 2).

[0029] The thermal fluid runs through the bundle of
tubes 2 horizontally at each floor 7 with an essentially
horizontal velocity vector, then goes to the next floor 7,
77, 7", etc. and, in reverse rotation, i.e. in alternately
clockwise and counterclockwise rotation from one floor
7 to the next one, runs again through the bundle of tubes
and so on.

[0030] The water inlet collector 3 comprises an expan-
sion joint 10 in order to allow the differential expansion
between the tubes of the bundle and the cylindrical en-
closure 9. Furthermore, the junction (tubes) 11 between
the collectors and the tubes of the bundle can comprise
a lyre of flexibility (not shown) in order to allow for the
possible differential expansion between the tubes.
[0031] The conception of the exchanger according to
the present invention allows the use of tubes with fins
(not shown), so that to optimize thermal exchange.
[0032] With access 14 to the bottom and top cavities
in respective collectors 3, 4, all the tubes and all the welds
are visible, accessible and can be controlled or main-
tained. By cutting a sleeve in a tube (not shown), it is
possible to carry out an endoscopic inspection of the
whole tube. By removing the higher bottom, it is possible
to replace any tube.

List of reference symbols

[0033]

1. heat exchanger
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2. tube

3. inlet collector

4. outlet collector

5. horizontal baffle

6. vertical cylindrical baffle with closed end

7. floor

8. passage zone between two floors

9. cylindrical shell

10.  expansion join

11.  junction between collector and tubes

12.  thermal fluid inlet

13.  thermal fluid outlet

14.  collector access door

Claims

1. Vertical heat exchanger/evaporator (1) comprising
a cylindrical shell (9) housing a bundle of parallel
vertical tubes (2) in which, in use, is flowing a first
fluid, said tubes extending between alower end plate
and an upper end plate, said lower end plate being
fed with said first fluid by an inlet collector (3) and
said upper end plate delivering superheated steam
of said first fluid at an outlet collector (4), said shell
(9) being provided respectively in its upper part with
an inlet (12) and in its lower part with an outlet (13)
for a second fluid, so that, in use, said second fluid
is flowing downwardly in counterflow of the first fluid
flowing in the tube bundle, said shell (9) being pro-
vided with horizontal baffles (5) dividing the enclo-
sure in several floors (7) vertically superimposed,
characterised in that said shell (9) also comprises
a central cylindrical baffle (6) having closed ends,
forming at each floor (7) a ringed space run through
by the second fluid, said tubes (2) being arranged in
the shell (9) externally the central cylindrical baffle
(6), with passages (8, 8', 8") designed between two
contiguous floors (7), so that the second fluid alter-
nately flows in reverse rotation in said two contiguous
floors (7).

2. Heat exchanger/evaporator (1) according to Claim

1, characterised in that the first fluid is a mixture of
water and water steam.
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Heat exchanger/evaporator (1) according to Claim
1, characterised in that said tubes (2) are arranged
in circles in the shell (9) externally the central cylin-
drical baffle (6).

Heat exchanger/evaporator (1) according to Claim
1, characterised in that said tubes (2) are provided
with external fins arranged in a spiral.

Heat exchanger/evaporator (1) according to Claim
1, characterised in that the first fluid inlet collector
(3) is provided with an expansion joint (10) so that
to allow for differential expansion between the tubes
(2) and the shell (9).

Heat exchanger/evaporator (1) according to Claim
1, characterised in that the junction between the
tubes (2) and at least one collector (3, 4) comprises
a flexibility lyre so that to allow differential expansion
between the tubes (2) of the bundle.

Heat exchanger/evaporator (1) according to Claim
1, characterised in that the collectors (3, 4) are pro-
vided with cavities allowing access (14) for control-
ling, repairing or replacing any tube or assembly.
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