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The lower drum communicates with the inlets of the tubes for the coil. The
outlets of the tubes communicate with the upper drum. A drain line connects
the bottom of the upper drum with the lower region of the lower drum, so
that water will flow from the upper drum to the lower drum. Water, which is
primarily in the liquid phase, enters the lower drum through an inlet line and
mixes with water from the upper drum. The mixture flows through into the
coil. Here some of it transforms into saturated steam while the rest remains
as saturated water, The saturated steam and saturated water flow into the up-
per drum where the steam escapes and the water flows back into the lowet
drum to recirculate through the coil. Owing to their moderate sizes, the
drums can withstand high pressures without having excessive wall thickness,
and this enables the evaporator to be set into operation with minimal or no
hold points. Yet the two drums provide a retention time - and the protection
that it provides - of a single large capacity drum having substantial wall
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MULTIDRUM EVAPORATOR

Related Application
This application derives priority from and otherwise claims the benefit of U.S.

provisional patent application 61/478695 filed 25 April 2011, which is incorporated
herein by reference.

Technical Field

This invention relates in general to the transformation of liquid water into
saturated steam and more particularly to an evaporator for producing saturated
steam and to a process utilized by the evaporator.

Background Art
The gas turbines that power electrical generators discharge exhaust gases at

extremely high temperatures. Heat recovery steam generators (HRSGs) extract the
heat from the gases to produce steam that powers steam turbines that in turn drive
more electrical generators.

The typical HRSG includes multiple heat exchangers located one after the
other in the flow of a hot exhaust gas from a gas turbine. Among heat exchangers
are an economizer for elevating the temperature of feed water, an evaporator for
converting the higher temperature feedwater discharged by the economizer into
saturated steam, and a superheater for converting the saturated steam into
superheated steam. Many HRSGs have more than one economizer, evaporator,
and superheater operating at different pressures.

Some HRSGs utilize circulation-type evaporators. The typical circulation-type
evaporator, which relies on density differences to circulate water through it, includes
an overhead steam drum and a coil composed of tubes located in the flow of the hot
gas, with the lower ends of the tubes being connected to the drum through a
downcomer and the upper ends being in communication with the drum through
risers. Heated water delivered by a pump through an economizer flows into the




10

15

20

25

WO 2012/148656 PCT/US2012/032828

steam drum where it mixes with steam and water already in the drum. The water
from the drum flows downwardly through the downcomer into lower ends of the
tubes. The water thereupon rises upwardly in the tubes and absorbs enough heat
from the gas flowing through the coil to become saturated. A portion of the saturated
water converts to saturated steam. Both the saturated water and saturated steam
flow upwardly into the steam drum. The saturated steam separates from the water in
the steam drum and flows on to a superheater. Where a circulation-type evaporator
has the tubes of its coil oriented horizontally, a pump may be needed to circulate the
water through the coil.

Some HRSGs have large natural circulation-type evaporators of high capacity
that operate at high pressures. These evaporators have large steam drums to
accommodate the high capacity and thick walls to withstand the pressure. Indeed, a
steam drum for a large capacity, high pressure, evaporator may have an external
diameter of 80 inches and walls that are six or seven inches thick. The large
capacity of the steam drum translates into a large volume and provides the drum
with retention time, that is to say, it enables the drum to supply water to the coil in
the absence of the delivery of water to the drum. This protects the coil from damage
should the supply of water to the evaporator fail.

In order to avdid overstressing components of the HRSG, particularly the
steam drums of its evaporators, the HRSG must undergo an extended start-up
during which the heat-up rate is controlled, often by introducing hold points into the
start-up procedure. The extended start-up delays operating the HRSG at peak
efficiency. Moreover, the delay lengthens the time required to bring the HRSG — and
any gas turbine with which it may be coupled -- into compliance with emissions
requirements.

Brief Description of the Drawings

Figure 1 is a schematic sectional view of an HRSG equipped with a
conventional natural circulation-type evaporator and also with a natural circulation-
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type evaporator constructed in accordance with and embodying the present
invention; and

Figure 2 is a schematic elevation view of the evaporator of the present
invention.

Best Modes for Carrying Out the Invention

Referring now to the drawings, (Fig.1), a heat recovery steam generator
(HRSG) A has components, which are basically heat exchangers, organized in
succession within a duct-like housing 2 for supplying superheated steam at low and
high pressures. The housing 2 has an inlet 4 and an outlet 6. Hot gas, which may
be the exhaust from a gas turbine, enters the housing 2 at the inlet 4 and within the
housing 2 flows through the several components which extract heat from the gas and
convert liquid feedwater into low and high pressure superheated steam.

Among the low pressure components of HRSG A are an economizer 10 for
elevating the temperature of the feedwater, an evaporator 12 for converting the
water from the economizer 10 into saturated steam, and a superheater 14 for
converting the saturated steam from the evaporator 12 into superheated steam. The
economizer 10, evaporator 12 and superheater 14 typically operate at a low
pressure. The evaporator 12 may take the form of a conventional natural circulation-
type evaporator, and as such, it will have a single steam drum 16 of cylindrical
configuration located above a coil 18 through which the hot gas flows. The gas may
be the exhaust from a gas turbine that powers an electrical generator.

In addition to its low pressure components, the HRSG has similar high
pressure components — namely an economizer 20 for heating feedwater that is
initially in the liquid phase, a high pressure evaporator 22 that receives the heated
water from the economizer 20 and converts it into saturated steam, and a high
pressure superheater 24 that converts the saturated steam from the evaporator 22
into high pressure superheated steam. Preferably, with reference to the flow of hot
gas through the housing 2, the superheater 24 lies upstream from the evaporator 22,
and the evaporator 22 lies upstream from the economizer 20. The evaporator 22
has the capacity to withstand high pressures reaching 2800 psig., yet can be brought
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up to its operating temperature without excessive hold points. Indeed, it may be set
into operation without hold points.

Actually, an evaporator constructed as the evaporator 22 may be substituted
for the evaporator 12. The HRSG A may have more than two sets of economizers,
evaporators, and superheaters, or it may have a single set.

The evaporator 22 includes (Fig. 2) two steam drums of cylindrical
configuration, located at a slightly different elevations -- namely, a lower storage
drum 32 and an upper separation drum 34 that may also function as a storage drum.
The longitudinal axes of both drums 32 and 34 extend horizontally, and are
preferably parallel. Both are smaller than a traditional single steam drum for an
evaporator designed for similar capacity and pressure and retention time as well.
Moreover, they have walls that are thinner than those of a single steam drum. The
two drums 32 and 34 are connected through a drain line 36 that extends between
the bottom of the upper drum 34 and the lower region of the lower drum 32, that is to
say, below the midpoint of the side of the drum 32. They are also connected through
a vent line 38 that extends between the top of the lower drum 32 and the upper
region side of the upper drum 34 -- indeed near the top of the drum 34. The lower
drum 32 connects with an inlet line 40 that opens into its lower region. Water, which
is primarily in the liquid phase, is directed into the inlet line 40 and thence into the
drum 32 by a pump that is connected to the economizer 20, with the supply being
controlled by a conventional three-element control system. However, the inlet line
40 may instead connect with the lower region of the upper drum 34. The upper drum
34 has an outlet line 42 connected to it at its very top, and the outlet line 42 leads to
the superheater 24 located upstream in the flow of hot gas from the evaporator 22.
Within its interior the upper drum 34 contains primary and secondary steam-water
separation devices 44 and 46, respectively. The two drums 32 and 34 may be
located either within or above the housing 2.

In addition, the high pressure evaporator 22 has a coil 50 that lies within the
interior of the housing 2, so that the hot gas will flow through it. The coil 50 includes
lower headers 52 and upper headers 54 as well as multiple tubes 56 that extend
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vertically between the headers 52 and 54 in several rows. The lower headers 52 are
connected to the bottom of the lower drum 32 through a downcomer 60. The upper
headers 54 communicate with the upper drum 34 through risers 62 that open into the
bottom of the upper drum 34.

In the operation of the evaporator 22, water, which is primarily in the liquid
phase, is delivered at high pressure from the economizer 20 to the lower drum 32 at
the inlet line 40 or it may flow into the upper drum 34 if the inlet line 40 is connected
to it. If the latter, the water will find its way into the lower drum 32 through the drain
line 36. Actually, the water that arrives through the inlet line 40 mixes with saturated
water that enters the upper drum 34 through the risers 62 and then flows from the
upper drum 34 through the drain line 36 into the lower drum 32. The water in the
lower drum 32 discharges into the downcomer 60 and flows downwardly through the
downcomer 60 into the lower headers 52. From there it enters the tubes 56 of the
coil 50 at the lower ends of the tubes 56, which serve as inlets for the tubes 56. The
hot gas flowing over the tubes 56 heats the water in the tubes 56 to the boiling
temperature at the pressure at which the coil 50 operates, and some of that water
transforms into saturated steam. The rest of the water in the upper elevations of the
tubes 56 remains as saturated water and keeps the interior surfaces of the tubes 56
wet so that the coil 50 does not overheat. The mixture of saturated steam and
saturated water leaves the tubes 50 at their upper ends, which are outlets, and flows
upwardly through the risers 62 and into the upper steam drum 34. There the steam
separates from the water and leaves through the outlet line 42 which directs it to the
superheater 24 located upstream in the flow of the gas from the evaporator 22. The
saturated water flows through the drain line 36 to the lower drum 32 to be
recirculated through the downcomer 60, the coil 50, and the risers 62. Some
saturated steam may accompany the saturated water that flows through the drain
line 36 into the lower drum 32, but it passes back into the upper drum 34 through the
vent line 38. The natural circulation of water through the evaporator 22, including its
coil 50, may rely entirely on natural convention.
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The two drums 32 and 34 together have the same capacity as a single drum
on an evaporator of equivalent retention time operating at the same pressure, yet
each is considerably smaller in diameter and as such can withstand the high
pressure with a substantially thinner wall, which each has. Whereas the wall of a
single drum for a high capacity, high pressure evaporator may be 6 or 7 inches thick,
the walls of the drums 32 and 34 for the evaporator 22 operating at an equivalent
pressure and capacity, need only to be 4 or 5 inches thick or even less. While
affording the retention time of a single drum, the two drums 32 and 34 require less
time to heat up and reach the operating temperature for the evaporator 22. This in
turn shortens the start-up cycle for the HRSG A.

Instead of a single lower drum 32, the evaporator 22 may have two or more
lower drums 32. Also, the tubes 56 of the coil 50 may open directly into the upper
steam drum 34, thus eliminating the upper headers 54 and risers 62. Moreover,
while the drums 32 and 34 are cylindrical, one or both, while being elongated, may
have other cross-sectional configurations. The natural convection in the evaporator
22 may be supplemented with a pump.

Actually, the evaporator 22 need not rely on natural convection at all to
circulate water through it, but may instead rely on forced circulation provided by a
pump. The evaporator 22 as so modified may have the tubes 56 of its coil 50
extended horizontally in the flow of hot gas through the housing 2, with the inlets of
the tubes 56 opening into a header that connects with the lower drum 32 and serves
as the downcomer 60 and the outlets of the tubes 56 opening into another header
that leads to the upper drum 34 and serves as the riser 62.
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Claims:

1. An evaporator for converting water, which is primarily in the liquid
phase, into saturated steam, said evaporator comprising:

an upper drum oriented horizontally;

at least one lower drum oriented horizontally and located at an
elevation less than the upper drum;

a drain line connecting the lower region of the upper drum to the lower
drum;

an inlet line opening into one of the drums;

an outlet line leading out of the upper region of the upper drum;

a coil having tubes located in a flow of a hot gas and provided with
inlets and outlets, with the inlets of the tubes being in communication with the
lower drum and the outlets of the tubes being in communication with the
upper drum. ,

2. An evaporator according to claim 1 wherein tubes of the coil are in
communication with the lower drum at the bottom of the lower drum.

3. An evaporator according to claim 2 wherein the tubes of the coil are in
communication with the upper drum at the bottom of the upper drum.

4, An evaporator according to claim 3 wherein the tubes extend vertically
and have their inlets at their lower ends, and further comprising a downcomer
connecting the lower drum with the inlets of the tubes.

5. An evaporator according to claim 4 wherein the outlets of the tubes are
at the upper ends of the tubes and further comprising at least one riser connecting
the outlets of the tubes with the upper drum.

6. An evaporator according to claim 3 wherein the inlet line opens into the
lower drum.

7. An evaporator according to claim 3 wherein the drain line opens into
the lower region of the lower drum.

8. An evaporator according to claim 1 wherein at least one of the drums is
cylindrical.
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9. An evaporator according to claim 1 wherein the upper and lower drums
are cylindrical.

10. A heat recovery steam generator comprising:

a housing having an inlet into which a hot gas is directed and an outlet

5 through which the gas is discharged, whereby the gas flows through the

housing from its inlet to its outlet;

an economizer located in the housing such that the gas flows through
it, the economizer being connected to a source of feedwater that is essentially
in the liquid phase for elevating the temperature of the feedwater;

10 the evaporator of claim 1 having its coil located in the housing
upstream, in the flow of gas, from the economizer, with the inlet line of the
evaporator being connected to the economizer to receive from the
economizer water that has undergone heating in the economizer; and

a superheater located in the housing upstream, in the flow of the gas,

15 from the evaporator, with the outlet line of the evaporator being connected to
the superheater, all such that the superheater converts the saturated steam
from the evaporator into superheated steam.

11. A process for converting water into saturated steam, said process
comprising:

20 introducing a flow of water that is primarily in the liquid phase into one
of two horizontal steam drums, one of which is located higher than the other
and at its lower region is in communication with the lower drum so that the
lower drum contains water that is in the liquid phase;

heating a flow of water from the lower steam drum sufficiently to
25 transform the water into saturated water and saturated steam;
directing the saturated water and steam into the upper steam drum;
directing the saturated water in the upper steam drum back into the
lower steam drum; and
withdrawing the saturated steam from the upper steam drum.
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12.  The process according to claim 11 wherein the heating occurs in a coil
over which a hot gas flows.

13. The process according to claim 11 wherein the steam drums are
elongated and have longitudinal axes that are horizontal.

14. The process according to claim 13 wherein the steam drums are
cylindrical.

15.  The process according to claim 13 wherein the water as it is heated
and ftransforms into saturated water and saturated steam flows by natural
circulation.
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