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(57)  Thepresentinvention is related to an evaporator
section (3) in a steam generator comprising aninlet head-
er (11), an outlet header (13), a plurality of heating tubes
(12) connected in parallel at a first end to said inlet header
(11) and at a second end to said outlet header (13), at
least a feeder pipe (10) terminated by a feeder nozzle

Header distributor for two-phase flow in a single pass evaporator

(14) connected to said inlet header (11) and a header

distributor (16, 20) for conveying a biphasic fluid through
the inlet header (11) from the feeder pipe (10), charac-
terized in that said header distributor (16, 20) comprises
means (17, 18, 19, 21) to perform an equalization of the
biphasic fluid distribution inside said plurality of heating
tubes (12).
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Description

Field of the invention

[0001] The present invention is applicable to any
steam generator, but more particularly to horizontal once-
through heat recovery steam generators, where a two-
phases flow has to be equally distributed inside all heat-
ing tubes through an inlet header.

Background art

[0002] In horizontal heat recovery steam generators,
the evaporators bundles are usually formed with multiple
paralleltubes arranged in successive rows perpendicular
to the gas flow direction. Each row of tubes is connected
at its lower side to an inlet header and at its upper side
to an outlet header.

[0003] Horizontal heat recovery steam generators
which are designed with a once-through evaporator may
have this heat exchanger split in two sections in series.
[0004] Inthis case, the heating tubes of the first section
once-through evaporator are fed with hot water coming
from an economizer and discharge water-steam mixture
with a partial steam fraction.

[0005] That fluid is transferred from the first to the sec-
ond section by means of manifolds, pipes, distributors
and feeders.

[0006] The heating tubes of the second section once-
through evaporator are then fed with two-phases fluid
and discharge superheated steam.

[0007] Itis very important to assure that the feeding of
the two-phases flow is equally distributed over all heating
tubes of the second evaporator section in order to
achieve an uniform temperature profile of the steam over
allheating tubes outlets. If a particular tube receives more
water than the average, the steam temperature at its out-
let shall be lower than in the other tubes and its mean
metal temperature shall also be lower inducing unexpect-
ed specific tensile thermal stress in said tube. The oppo-
site behavior (so receiving less water than the average)
also induces unexpected specific compressive thermal
stress. Depending upon the tube configurations, those
thermal stresses could also generate at the tubes-to-
headers connections high bending stresses with detri-
mental effects in respect of lifetime.

[0008] In steam generators as described in document
WO-A-2006/107315, once-through evaporator sections
are usually provided under the form of multiple single-
row header-and-tube assemblies. As in such assem-
blies, each row of tubes is connected to a linear inlet
header with a central water inlet tube, there is a risk that
portions of the tubes where steam is created run dry. It
may also occur in such a configuration that water is seg-
regated in the outlet sections of the central tubes of the
row, while steam is segregated in the outlet sections of
the external tubes of the row. This produces higher tem-
peratures in some tube walls and less efficient heat trans-
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fer. The highertemperatures require then the use oftubes
made of expensive high alloy steels

[0009] In document WO-A-03/048638, heated water
flows through the tubes of a once-through section at a
rate sufficient to maintain the interiors of its tubes fully
wetted while enabling steam to develop in that water.
This is possible because the once-through section is fol-
lowed by a circulation section delivering saturated steam
tothe superheater, while in a steam generator comprising
only a once-through evaporator, no liquid water should
leave the evaporator. In this case, as the fraction of steam
remains always below 100%, the tubes of the once-
through section remain fully wetted.

[0010] In document US-A-2004/0069244, a steam
generator has a once-through evaporator which converts
liquid water into steam in tubes over which hot gases
flow. To overcome the drawback of tubes running dry,
each tube contains a metal tape which is twisted into a
helical configuration to induce turbulence in the mist pro-
duced by the boiling, and these turbulences insure that
the mist wets the inside surfaces of the tubes, thus pro-
ducing good heat transfer and moderate temperatures
in the tubes.

[0011] Document JP-A-2007/298245 is related to an
economizer designed to pass almost evenly liquid water,
i.e. a monophasic fluid, through a row of heat transfer
pipes.

[0012] Considering the properties of the two-phases
flow, it is very difficult to easily achieve an equal distri-
bution inside all the heating tubes because the water and
the steam have highly different densities.

[0013] Inthatrespectan appropriate distributor device
should be installed in the interconnecting pipes in order
to supply an identical steam fraction inside each feeder.
[0014] A feeder is connected on an inlet header for
feeding several heating tubes. A specific distributor de-
vice must be installed either inside the inlet header or in
each feeder nozzle to facilitate the equalization of the
distribution.

Aims of the invention

[0015] The main object of the present invention is to
drastically improve the distribution equalization of the wa-
ter-steam flow inside all the heating tubes of the second
evaporator section.

[0016] More particularly for a once-through evapora-
tor, the invention intends to allow achieving a more uni-
form steam temperature profile at the outlet of the heating
tubes and then to improve the lifetime of the components.
[0017] Among other objectives, the invention aims at
accommodating with different geometries and dimen-
sions of the heating tubes and the inlet headers.

[0018] The invention also intends to easily eliminate
the stratification effect existing in the feeder nozzles due
to water centrifugation induced by the feeder pipe routing.
[0019] A further goal of the invention is to permit its
use as a retrofit in existing exchangers in order to restore
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acceptable operating conditions.

Summary of the invention

[0020] A first object of the present invention is related,
as indicated in Claim 1, to an evaporator sections in a
steam generator comprising an inlet header, an outlet
header, a plurality of heating tubes connected in parallel
at a first end to said inlet header and at a second end to
said outlet header, at least a feeder pipe terminated by
a feeder nozzle connected to said inlet header and a
header distributor for conveying a two-phases or biphasic
fluid through the inlet header from the feeder pipe, char-
acterized in that said header distributor comprises means
to perform an equalization of the biphasic fluid distribution
inside said plurality of heating tubes.

[0021] Preferred embodiments of the invention further
contain, in combination with the features of Claim 1, one
or several of the following features disclosed in the sec-
ondary claims :

- said header distributor is tubular, passing through
the feeder nozzle at the connection of the feeder pipe
to the inlet header, and having a protruding section
inside said inlet header, said protruding section be-
ing provided with an end cap and having at least two
diametrically-opposed main orifices located on the
lateral surface of the distributor ;

- said main orifices are partly located in the protruding
section of the distributor inside the inlet header and
partly inside the feeder nozzle ;

- said end cap is provided with at least two secondary
orifices aligned along the inlet header axis ;

- the size of the secondary orifices is smaller than the
size of the main orifices ;

- thelinejoining the centres of the main orifices is per-
pendicular to the axis of the feeder pipe at the loca-
tion the latter is entering the inlet header ;

- said header distributor is a conical or plug-like dis-
tributor, substantially comprising an inverted plug
passing through the feeder nozzle connecting the
feeder pipe and the inlet header and having a termi-
nal part protruding into the inlet header ;

- said evaporator is a once-through evaporator ;

- the plurality of heating tubes is arranged along a sin-
gle row of tubes connected to the inlet header and
to the outlet header ;

- said biphasic fluid is a mixture of steam and water.

[0022] Still another objet of the present invention con-
cerns, as indicated in Claim 11, concerns a heat recovery
steam generator (HRSG) comprising an exhaust gas
duct connected to a hot gas source, an economizer, a
first section and a second section of aonce-through evap-
orator and a superheater, means comprising manifolds,
pipes, distributors and feeder pipes for transferring a wa-
ter-steam mixture, i.e. a biphasic flow, from said first sec-
tion to said second section of the evaporator, said dis-
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tributors being configured for equally spreading the bi-
phasic flow into the feeder pipes, characterized in that
said second evaporator section is an evaporator section
as in Claim 1.

Short description of the drawings

[0023] FIG.1 is a schematic cross-sectional view of a
horizontal once-through heat recovery steam generator
(HRSG) constructed in accordance with and embodying
the present invention.

[0024] FIG.2 is a schematic perspective view of the
second section of the evaporator with vertical heating
tubes and embodying the present invention.

[0025] FIG.3 is a schematic cross-sectional side view
of the inlet header embodying the present invention.
[0026] FIG.4 is a fragmentary schematic cross-sec-
tional front view of the inlet header embodying a tubular
distributor.

[0027] FIG.5 is a fragmentary schematic cross-sec-
tional plan view of the inlet header embodying a tubular
distributor.

[0028] FIG.6 is a fragmentary schematic cross-sec-
tional plan view of the inlet header and the feeder pipe
which could have a non-perpendicular orientation in re-
gards of the inlet header axis.

[0029] FIG.7 is a fragmentary schematic cross-sec-
tional front view of the inlet header embodying a conical-
type distributor.

Description of a preferred embodiment of the inven-
tion

[0030] Referring to FIG. 1, a steam generator accord-
ing to a preferred embodiments of the present invention
includes an exhaust gas duct 1 connected to a hot gas
source such as a gas turbine. The hot gas flows in series
respectively through a superheater 2, a second section
3 of a once-through evaporator, a first section 4 of said
once-through evaporator and an economizer 5.

[0031] The water flows in the opposite direction and is
forced by the feedwater pump 6 to the cold side of the
economizer 5. The heat extracted from the hot gas ele-
vates the temperature of the water which leaves the first
exchanger hotter than when entering.

[0032] The liquid water then flows to the first section
of the evaporator 4 which converts part of the water into
steam at saturated conditions after further extraction of
heat from the hot gas.

[0033] The water-steam mixture (i.e. a two-phases flu-
id) is transferred from said first section 4 to said second
section 3 by means of manifolds 7, pipes 8, distributors
9 and feeders 10. The two-phases flow is equally spread
into the feeders 10 by means of the distributors 9.
[0034] In the second section 3 of the evaporator, the
extracted heat from the hot gas terminates the evapora-
tion and slightly superheats the steam.

[0035] Finally the heat extracted inside the superheat-
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er 2 raises the temperature of the superheated steam up
to the live steam conditions needed for powering a steam
turbine or any other process.

[0036] Referring to FIG.2, the second section 3 of the
once-through evaporator includes a plurality of heating
tubes 12 arranged along a single row - however a multiple
tube rows arrangement is also possible - connected on
the inlet header 11 at the lower side and on the outlet
header 13 at the upper side.

[0037] The inlet header 11 has one or several feeder
nozzles 14 onto which the feeders 10 are connected and
receiving the two-phases flow from the distributors 9.
[0038] The outlet header 13 has one or several con-
nector nozzles 15 for conveying the superheated steam
to the superheater 2.

[0039] FIG.3toFIG.7 illustrate preferred embodiments
of the device of the invention which is called a "two-phas-
es flow header distributor" for a tubular-type 16 or a con-
ical-type distributor 20 respectively, where said two-
phases flow is passing through the feeder nozzle 14 and
entering partly inside the inlet header 11.

[0040] Referring to FIG.3 to FIG.5, the tubular distrib-
utor is fitted with an end cap 17 in order to eliminate any
water jet effect impacting the distribution equalization,
especially in the nearby heating tubes 12 and more gen-
erally in all other heating tubes.

[0041] The distributor 16 is fitted in this example with
two opposite main orifices or openings 18 located along
the inletheader 11 axis. The purpose is to spread equally
the water onto the sides of the inlet header 11 regardless
of the possible water stratification in the feeder pipe 10
and feeder nozzle 14 sections. The type, number, dimen-
sions and position of those openings 18 may vary ac-
cording to the heating tubes-inlet header 11, 12 config-
uration, to the feeder pipe 10 routing and to the real op-
erating conditions.

[0042] Moreover two small holes or orifices 19 are fit-
ted on the distributor end cap 17 along the inlet header
11 axis. The purpose is to allow a direct and controlled
water feeding of the nearby heating tubes 12 if they are
partially hidden by the distributor according to the ar-
rangement. The type, number, dimensions and position
ofthose openings 19 may also vary according to the heat-
ing tubes-inlet header 11, 12 configuration, to the feeder
pipe 10 routing and to the real operating conditions.
[0043] Referring to FIG.6, the orientation of the feeder
pipe 10 has a direct impact on the water stratification
inside the pipe due to the centrifugation effect taking
place in the last pipe elbow. The header distributor 16
shall be preferably oriented for having the lateral open-
ings 18 perpendicular to the last elbow in order to force
the water film present on the extrados side of the up-
stream elbow to remix in the pipe end cap before being
equally spread through the openings. The type, number,
dimensions and position of those openings 18 may also
vary according to the heating tubes-inlet header 11, 12
configuration and to the real operating conditions.
[0044] Referringto FIG.7, a conical-type distributor 20
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is an alternate design for the same purpose. It consists
substantially in an inverted cone 21 passing through the
feeder nozzle 14.

Claims

1. Evaporator section (3) in a steam generator com-
prising an inlet header (11), an outlet header (13), a
plurality of heating tubes (12) connected in parallel
atafirstend to said inlet header (11) and at a second
end to said outlet header (13), at least a feeder pipe
(10) terminated by a feeder nozzle (14) connected
to said inlet header (11) and a header distributor (16,
20) for conveying a biphasic fluid through the inlet
header (11) from the feeder pipe (10), characterized
in that said header distributor (16, 20) comprises
means (17, 18, 19, 21) to perform an equalization of
the biphasic fluid distribution inside said plurality of
heating tubes (12).

2. Evaporator section (3) according to Claim 1, char-
acterized in that said header distributor (16) is tu-
bular, passing through the feeder nozzle (14) at the
connection of the feeder pipe (10) to the inlet header
(11), and having a protruding section inside said inlet
header (11), said protruding section being provided
with an end cap (17) and having at least two diamet-
rically-opposed main orifices (18) located on the lat-
eral surface of the distributor (16).

3. Evaporator section (3) according to Claim 2, char-
acterized in that said main orifices (18) are partly
located in the protruding section of the distributor
(16) inside the inlet header (11) and partly inside the
feeder nozzle (14).

4. Evaporator section (3) according to Claim 2, char-
acterized in that said end cap is provided with at
least two secondary orifices (19) aligned along the
inlet header axis.

5. Evaporator section (3) according to Claim 4, char-
acterized in that the size of the secondary orifices
(19) is smaller than the size of the main orifices (18).

6. Evaporator section (3) according to Claim 2, char-
acterized in that the line joining the centres of the
main orifices (18) is perpendicular to the axis of the
feeder pipe (10) at the location the latter is entering
the inlet header (11).

7. Evaporator section (3) according to Claim 1, char-
acterized in that said header distributor (20) is a
conical or plug-like distributor, substantially compris-
ing an inverted plug (21) passing through the feeder
nozzle (14) connecting the feeder pipe (10) and the
inlet header (11) and having a terminal part protrud-
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ing into the inlet header (11).

Evaporator section (3) according to Claim 1, char-
acterized in that said evaporator is a once-through
evaporator.

Evaporator section (3) according to Claim 1, char-
acterized in that the plurality of heating tubes (12)
is arranged along a single row of tubes connected
to the inlet header (11) and to the outlet header (13).

Evaporator section (3) according to Claim 1, char-
acterized in that said biphasic fluid is a mixture of
steam and water.

Heat recovery steam generator comprising an ex-
haust gas duct (1) connected to a hot gas source,
an economizer (5), a first section (4) and a second
section (3) of a once-through evaporator and a su-
perheater (2), means comprising manifolds (7),
pipes (8), distributors (9) and feeder pipes (10) for
transferring a water-steam mixture, i.e. a biphasic
flow, from said first section (4) to said second section
(3) of the evaporator, said distributors (9) being con-
figured for equally spreading the biphasic flow into
the feeder pipes (10), characterized in that said
second evaporator section (3) is an evaporator sec-
tion (3) as in Claim 1.
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