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Description
TECHNICAL FIELD

[0001] The presentinvention relates to a saturator for
adding water vapor to a gas. Moreover, the present in-
vention relates to a natural gas reforming system provid-
ed with the saturator and to a method of operating the
saturator.

BACKGROUND ART

[0002] In the methanol synthesis process and a proc-
ess to synthesize liquid hydrocarbons such as kerosene
and gas oil (Fischer-Tropsch process), a hydrocarbon
gas, such as a natural gas, is added with water vapor so
as to be reformed, thereby producing a synthetic gas
containing hydrogen, carbon monoxide, and carbon di-
oxide, as described in JP 2003-34660A and JP
2004-277186A. Methods for adding water vapor to a gas
in the above processes include a method for humidifying
a natural gas using a saturator as well as a method for
directly adding steam to a natural gas

[0003] There is also a case in which a saturator is dis-
posed in a gas turbine, in which water vapor is added to
a combustion gas, so as to humidify the combustion gas.
[0004] A saturator recovers heat from another heat
source (gas) in a heat exchanger, uses the recovered
heat to heat gas flowing through the internal of the sat-
urator, and sprays water into the gas to vaporize the wa-
ter, so as to add water vapor to the gas.

[0005] US 2004/089438 A1 describes a fuel cell sys-
tem, which comprises inter alia a heat exchanger for hu-
midifying a CH,/air mixture with H,O and for heating the
CH,/air mixture in heat exchange with an oxidized anode
tail gas, a humidifier for further humidifying the heated
CHy/air mixture and a heat exchanger for heating the
humidified CH,/air mixture in heat exchange with a refor-
mate produced by an autothermal reformer and a high
temperature shift reactor. The heat exchanger incorpo-
rates a stack of heat exchanging units. The three relevant
fluids are the CH,/air mixture, the reformate, and the ox-
idized anode tail gas.

SUMMARY OF INVENTION
Technical Problem

[0006] There is a need in the above saturator to more
efficiently recover heat from another heat source. For
example, in a case where a saturator is disposed for a
process to reform a natural gas, employed is a saturator
which is configured in such a manner that a low-temper-
ature natural gas into which water has been sprayed is
heated by heat exchange with a high-temperature syn-
thetic gas, and then discharged as high-temperature nat-
ural gas containing water vapor having saturation vapor
pressure. However, it has been considered that there is
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room for even more efficient recovery of heat from syn-
thetic gas which is in a lower temperature range.
[0007] Also, to reliably reform a raw material gas with
water vapor, it is necessary to add surplus water vapor
relative to the carbon content. In cases where the tem-
perature of the saturated raw material gas is low after
passing through the saturator, it is necessary to sepa-
rately add water vapor before feeding the saturated raw
material gas into the reformer, because the quantity of
water vapor contained therein is insufficient to the quan-
tity required. Consequently, it is desirable for the above
saturator to discharge a saturated gas with a higher con-
tent of water vapor, obtained by being humidified at a
high temperature.

[0008] An object of the present invention is to provide
a saturator that makes it possible to more efficiently re-
cover and use heat from a heat source to maximize the
quantity of water vapor added to a gas (fluid).

Solution To Problem

[0009] An aspectofthe presentinventionis a saturator
that comprises the features of claim 1.

[0010] Inthe above aspect, itis preferred that the flow
path be one column for accommodating the first heat
exchange unit and the second heat exchange unit.
[0011] Alternatively, itis preferred in the above aspect
that the flow path be piping for connecting a plurality of
vessels with one another, in which the firstheat exchange
unit and second heat exchange unit are accommodated
in the respective vessels.

[0012] In the saturator of the above aspect, a plurality
of heat exchange units is disposed in the flow path. In
the second heat exchange unit, the third fluid having a
high temperature, which is the same gas as the first fluid,
is used to heat and humidify the first fluid immediately
before being discharged from the saturator. The third fluid
also flows into the flow path of the saturator as the first
fluid and is used to cool the second fluid in the first heat
exchange unit.

[0013] Employing the above configuration makes it
possible to increase the temperature of the first fluid
which is discharged from the saturator, and makes it pos-
sible to decrease the temperature of the second fluid.
Consequently, the efficiency of heat recovery inside the
system isimproved. Additionally, decreasing the temper-
ature of the second fluid is preferable because it leads
to decreasing the quantity of waste heat from the second
fluid in a post stream of the saturator.

[0014] Anotheraspect of the presentinventionis a nat-
ural gas reforming system thatis provided with areformer
that causes a natural gas constituting the first fluid to
react with water vapor to produce a synthetic gas con-
stituting the second fluid and containing hydrogen, car-
bon monoxide, and carbon dioxide, a tank for storing a
natural gas constituting the third fluid, and the saturator
of the above aspect.

[0015] For example, in a case where the saturator is
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disposed in a natural gas reforming system, it becomes
possible to decrease the quantity of water vapor added
from outside the system (e.g., from a boiler) to the hu-
midified natural gas (first fluid), whereby the operating
efficiency of the system can be improved.

[0016] The invention also provides a method of oper-
ating the saturator of the invention.

Advantageous Effects of Invention

[0017] According to the present invention, the temper-
ature of the first fluid that is discharged from the saturator
is further increased, and the temperature of the second
fluid is further decreased. Namely, the saturator of the
present invention is capable of heat recovery better than
conventional products, resulting in improved thermal ef-
ficiency of the overall system.

[0018] If the saturator of the present invention is dis-
posed in a natural gas reforming system, the quantity of
water vapor added from outside the system to the natural
gas that is a raw material gas can be reduced, and the
consumption of the natural gas that is a raw material for
production can also be reduced.

Brief Description of Drawings
[0019]

FIG. 1 is a schematic diagram of a natural gas re-
forming system.

FIG. 2 is a schematic diagram of a saturator in Case
1 of a first embodiment.

FIG. 3 is a schematic diagram of a saturator in Case
2 of the first embodiment.

FIG. 4 is a schematic diagram of a saturator in a
comparison example.

FIG. 5 is a schematic diagram of an example of a
saturator of a second embodiment

Description of Embodiments

[0020] The saturator of the presentinvention is applied
to a methanol synthesis system or liquid hydrocarbon
synthesis system that adds water vapor to a raw material
gas, or to a gas turbine that adds water vapor to a com-
bustion gas or combustion air.

[0021] Embodiments of the saturator of the present in-
vention and a comparison example will be described be-
low, offering an example of a natural gas reforming
(steam reforming) system.

[0022] FIG. 1 is a schematic diagram of a natural gas
reforming system. A natural gas reforming system 1 is
provided with areformer 2, awaste heatboiler 9, a natural
gas supply line 10, and a saturator 20.

[0023] The reformer 2 is provided with a reaction tube
3, a reforming furnace 4, a waste heat recovering unit 5
and a chimney 6. The reaction tube 3 is disposed in the
reforming furnace 4. The reaction tube 3 has a catalyst
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(e.g., nickel-based catalyst and the like) filled therein.
The reaction tube 3 is connected with the saturator 20
via piping 7. The piping 7 is constructed so as to pass
through the waste heat recovering unit 5. Additionally,
with piping 8, the reaction tube 3 is connected with the
saturator 20 via the waste heat boiler 9.

[0024] Combustion gas (e.g., natural gas) and air are
supplied to the reforming furnace 4 from piping (not illus-
trated). The reaction tube 3 is heated to around 850 to
900°C by combustion of the combustion gas in the re-
forming furnace 4. Combustion exhaust gas in the re-
forming furnace 4 is conveyed through the waste heat
recovering unit 5 to the chimney 6, and discharged out-
side the reformer 2 from the chimney 6.

[0025] The naturalgas supply line 10 is connected with
the saturator 20. The natural gas supply line 10 is con-
nected with a natural gas supply source (not illustrated).

[First Embodiment]
(Case 1)

[0026] FIG. 2 is a schematic diagram of a first embod-
iment (Case 1) of the saturator of the present invention.
The saturator 20 in Case 1 has first heat exchange units
22a, 22b and a second heat exchange unit 23 disposed
in a column 21. A first fluid flows through the column 21
downward from the upper side of the page. Namely, the
column 21 is a flow path through which the first fluid flows.
In a case where the saturator is disposed in the natural
gas reforming system, the first fluid is a natural gas.
[0027] Thefirstheatexchange units22a,22b are shell-
type heat exchange units. In the shell-type heat ex-
change unit, a plurality of tubes is disposed at the pe-
riphery of the column 21, and a second fluid flows through
the tubes. In a case where the saturator is disposed in
the natural gas reforming system 1, the second fluid is a
synthetic gas that is fed from the reaction tube 3. In the
first heat exchange units 22a, 22b, heat exchange occurs
between the first fluid and the second fluid in a non-con-
tact manner.

[0028] One or more first heat exchange units are dis-
posed along the flow direction of the first fluid. The sat-
urator 20 in Case 1 is constructed so as to have two first
heat exchange units provided therein. When a plurality
of first heat exchange units is disposed, first heat ex-
change units 22a, 22b located adjacent to each other are
connected by piping 24. The second fluid flows through
the piping 24. In the saturator 20 in FIG. 2, the second
fluid flows into the saturator 20 from the first heat ex-
change unit 22b located on a downstream side of the first
fluid, and is discharged outside the saturator 20 from the
first heat exchange unit 22a located on a upstream side
of the first fluid.

[0029] The second heat exchange unit 23 is disposed
on the downstream side of the first fluid of the first heat
exchange units 22a, 22b. The second heat exchange
unit 23 is a shell-type heat exchange unit, wherein a third
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fluid flows through tubes disposed at the periphery of the
column 21. In a case where the saturator is disposed in
the natural gas reforming system 1, the third fluid is a
natural gas (raw material gas). The third fluid is supplied
from the natural gas supply line 10. In the second heat
exchange unit 23, heat exchange occurs between the
first fluid and the third fluid in a non-contact manner.
[0030] The secondheatexchange unit23is connected
with the upper portion of the column 21 through a con-
veyance path 25. The third fluid flows through the con-
veyance path 25. The third fluid flows into the column 21
from the upper portion of the column 21, and flows
through the column 21 as the first fluid.

[0031] Humidifying units 26a, 26b, 26c¢ are disposed
in the first heat exchange units 22a, 22b and the second
heat exchange unit 23, respectively. The humidifying
units 26a, 26b, 26c are provided with spraying units (not
illustrated) that spray water into the first fluid flowing
through the column 21, storage units 27a, 27b, 27c¢ that
recover and store excess water after spraying and con-
densed water, and pumps 28a, 28b, 28c that circulate
water in the storage units 27a, 27b, 27c¢ to the spraying
units. The spraying units are disposed on the upstream
sides of the first fluid of the first heat exchange units 22a,
22b and second heat exchange unit 23.

[0032] Piping 29 is connected on the upstream sides
of the first heat exchange units 22a, 22b and second heat
exchange unit 23. Water is supplied from outside the sat-
urator 20 into the first fluid through the piping 29. Water
supplied through the piping 29 may be industrial water,
or may be condensed water produced when the second
fluid discharged outside the saturator 20 from the first
heat exchange unit 22a is further cooled.

[0033] A process for humidifying gas using the satura-
tor 20 in Case 1 will be described below, with an illustra-
tion of an example of humidifying natural gas.

[0034] A natural gas having a high temperature flows
into the second heat exchange unit 23 as the third fluid.
The third fluid is heated by, for example, passing from
the natural gas supply line 10 through the waste heat
recovering unit 5 in the reformer 2. Specifically, before
flowing into the second heat exchange unit 23, the third
fluid is heated to around 380°C to 400°C (temperature
T,4). Further, the third fluid contains almost no water va-
por.

[0035] In the second heat exchange unit 23, heat ex-
change is performed between the first fluid (temperature
Ty) flowing through the column 21 and the third fluid. This
heat exchange cools the third fluid to a temperature T,.
[0036] Cooled to the temperature T,, the third fluid
flows through the conveyance path 25 and flows into col-
umn 21 from the upper portion of the column 21 as the
firstfluid. The first fluid flows through the column 21 down-
ward from the upper portion of the column 21.

[0037] The spraying unit of humidifying unit 26a sprays
water into the first fluid before flowing into the first heat
exchange unit 22a. The sprayed water comes in contact
with the first fluid (temperature T,) and then vaporizes,
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adding water vapor to the first fluid. At the same time,
the first fluid is cooled to a temperature T5 by the heat of
vaporization. It is advantageous that if the first fluid con-
tains water vapor with saturation vapor pressure at this
time, it leads to increasing heat recovery efficiency and
decreasing the quantity of water vapor added from out-
side the system, which will be described below, thereby
increasing the energy efficiency of the overall natural gas
reforming system 1.

[0038] A synthetic gas is produced as the second fluid
by the reaction tube 3 of the reformer 2.

[0039] A natural gas (including hydrocarbons whose
main component is CH,) humidified by the saturator 20
through the process described below is supplied from
the piping 7 to the reaction tube 3. In the reaction tube,
the hydrocarbons in the natural gas reacts with water
vapor to produce carbon monoxide (CO) and hydrogen
(H,). The CO thus produced further reacts with water
vapor to produce carbon dioxide (CO,) and H,. Namely,
the synthetic gas contains H,, CO, CO,, and water vapor.
[0040] After being cooled in the waste heat boiler 9
through the piping 8, the synthetic gas discharged from
the reaction tube 3 is conveyed to the saturator 20. Spe-
cifically, by routing synthetic gas discharged from the re-
former 2 at from 850 to 900°C through the waste heat
boiler 9, the synthetic gas is cooled from around 300 to
400°C (temperature T44), and then supplied to the first
heat exchange unit 22b in the saturator 20.

[0041] The synthetic gas flows into the first heat ex-
change unit 22b as the second fluid. The second fluid
that has flowed through the first heat exchange unit 22b
then flows via the piping 24 into the first heat exchange
unit 22a. The second fluid that has flowed through the
first heat exchange unit 22a is then discharged outside
the saturator 20.

[0042] In the first heat exchange units 22a, 22b, heat
exchange is performed between the first fluid and the
second fluid flowing through the column 21. The first fluid
is heated by this heat exchange. Meanwhile, the second
fluid is cooled. In Case 1, the first fluid is heated in the
first heat exchange unit 22a from an inlet temperature T4
to an outlet temperature T4, and then heated in the first
heat exchange unit 22b from an inlet temperature T5 to
an outlet temperature Tg. The second fluid is cooled in
the first heat exchange unit 22b from the temperature
T44 to atemperature T3, and then cooled in the first heat
exchange unit 22a from the temperature T,5 to a tem-
perature Tqy.

[0043] Inthe saturator 20 in Case 1, the spraying units
of the humidifying units 26a, 26b spray water into the
column 21 from the upper sides of the first heat exchange
units 22a, 22b. As passing through the first heat ex-
change units 22a, 22b, the sprayed water is vaporized
by the heat of the first fluid and the second fluid. This
process heats the first fluid while maintaining saturation
vapor pressure, as the first fluid passes through the first
heat exchange units 22a, 22b.

[0044] Excess water after spraying and condensed
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water are recovered in the storage units 27a, 27b and
circulated to the spraying units in the humidifying units
26a, 26b by the pumps 28a, 28b.

[0045] The first fluid, having passed through the first
heat exchange unit 22b and reached a temperature T,
flows into the second heat exchange unit 23 with a tem-
perature To. The first fluid is heat-exchanged with the
third fluid and is heated from the temperature T4 to a
temperature T, in the second heat exchange unit 23.
[0046] The spraying unit of the humidifying unit 26¢
sprays water into the column 21 from the upper side of
the second heat exchange unit 23. As passing through
the second heat exchange unit 23, the sprayed water is
vaporized by the heat of the first fluid and the third fluid.
As passing through the second heat exchange unit 23,
the first fluid is heated while maintaining saturation vapor
pressure due to this process.

[0047] The first fluid, having passed through the sec-
ond heat exchange unit 23, is discharged, together with
water vapor having saturation vapor pressure, from the
saturator 20 and is conveyed through the piping 7 to the
reaction tube 3 of the reformer 2. Further, a natural gas
is reformed in the reaction tube 3 described above so
that a ratio of the quantity of water vapor with respect to
the quantity of carbon is about 2 to 3 times. Water vapor
may also be added to the first fluid in the middle of the
piping 7 in order to reach the above water vapor ratio.

(Case 2)

[0048] FIG. 3is aschematic diagram of another variant
(Case 2) of the saturator of the First Embodiment. The
saturator 30 in Case 2 has the same configuration as the
saturator 20 in FIG. 2, except that three first heat ex-
change units (22ato 22c) are disposed, and a humidifying
unit 26d is disposed in the first heat exchange unit 22c.
The first heat exchange units 22a to 22¢ are connected
by the piping 24.

[0049] In Case 2, the first fluid is heated from an inlet
temperature T; to an outlet temperature Tg in the first
heat exchange unit 22c. The first fluid having the tem-
perature Tg reaches the second heat exchange unit 23
with the first fluid having a temperature Tq. Since the
humidifying unit 26d sprays water from the upper portion
of first heat exchange unit 22c, the first fluid passes
through the first heat exchange unit 22c, while maintain-
ing saturation vapor pressure and being heated.

[0050] Additionally, the second fluid flows from the re-
action tube 3 of the reformer 2 into the first heat exchange
unit 22c via the waste heat boiler 9. The second fluid is
cooled from the temperature T4, to a temperature T4, in
the first heat exchange unit 22c, cooled from the temper-
ature T, tothe temperature T3 in thefirst heat exchange
unit 22b, and then cooled from the temperature T, to
the temperature T4, in the first heat exchange unit 22a.
The second fluid having the temperature T4, is dis-
charged from the saturator 20.

[0051] The thermal efficiency of the overall system is
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improved in Cases 1 and 2 because the second heat
exchange unit is disposed and the first fluid is heated
using the heat of the third fluid that is the same gas and
has a high temperature. A temperature differential AT
between the temperature Ty of the first fluid and the tem-
perature T, of the third fluid can be optionally set under
conditions that satisfy T, > To. Making this temperature
differential AT smaller increases the heat recovery effi-
ciency of the overall system since the heat of the third
fluid can be used to heat the first fluid, which is the same
as the third fluid.

[0052] A smaller temperature differential AT leads to a
lower temperature T,. The lower the temperature T, of
the third fluid, the more the temperature T; of the first
fluid can be decreased after water has been sprayed at
the upper portion of the first heat exchange unit 22a in
the column 21. The lower the temperature T of the first
fluid, the more heat recovery from the second fluid is
increased.

[0053] As the number of first heat exchange units to
be disposed increases, the more heat can be recovered
from the second fluid, the more the temperature T4, of
the second fluid discharged from the saturator 20, 30 can
be lowered, and the more the temperature T, of the first
fluid can be raised. However, in order for heat to be re-
covered, the temperature of the second fluid must be
higher than the temperature of the first fluid in each of
the first heat exchange units. The number of first heat
exchange units to be disposed is appropriately set within
the range at which this temperature relationship is
achieved.

(Comparative Example)

[0054] FIG. 4 is a schematic diagram of a saturator as
acomparative example serving to explain certain aspects
of the invention. The saturator 40 in this comparative ex-
ample has one first heat exchange unit 42 disposed in a
column 41, and does not have a second heat exchange
unit disposed.

[0055] In this example, the third fluid (temperature T,:
380 to 400°C) flows into the column 41 from the upper
portion of the column 41 as the first fluid. As in Case 1,
water is supplied from outside the system through piping
49 to a spraying unit 50 of a humidifying unit 46, and the
water is sprayed into the first fluid from the spraying unit
at the upper portion of the first heat exchange unit 42.
The spraying of water cools the first fluid to the temper-
ature T and humidifies the first fluid to saturation vapor
pressure. Inthe comparative example, excess water after
spraying and condensed water are recovered in a stor-
age unit 47, and circulated by a pump 48 to the spraying
unit of the humidifying unit 46.

[0056] While the first fluid is flowing through the first
heat exchange unit 42, heat exchange is performed be-
tween the first fluid and the second fluid. Due to this proc-
ess, the first fluid is heated from the temperature T5 to
the temperature T, while maintaining saturation vapor
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pressure, and is then discharged from the saturator 40.
The second fluid is cooled by the above heat exchange
from the temperature T4, to the temperature T44, and is
then discharged from the saturator 40.

[0057] Examples of the temperatures T, to T, in the
saturators in Cases 1 and 2 and in the comparative ex-
ample are shown in Table 1. The temperature T, of the
third fluid and the temperature T4, of the second fluid,
which flow into the saturators, in Cases 1 and 2 are the
same as those in the comparative example.

[Table 1]
Case 1 | Case2 | Example

T 385 385 380
T2 186 192
T3 127 126 157
T4 151 145
T5 153 147
T6 182 161
T7 162
T8 187
T9 181 187
T10 188 192 183
T11 352 352 352
T12 184
T13 200 159
T14 160 154 200

[0058] Since the second heat exchange unit 23 is dis-
posed and the heat of the third fluid having a high tem-
perature is used to heat the first fluid in Cases 1 and 2,
the temperature T, of the first fluid after being humidified
by the saturator is higher than that in the comparative
example.

[0059] In the case of the natural gas reforming system
1, the first fluid that has been discharged from the satu-
rator and further added with water vapor is fed to the
reaction tube 3 of the reformer 2 in order to reach the
quantity of water vapor necessary to produce the syn-
thetic gas as described above. Since the quantity of water
vapor in the first fluid is equivalent to saturation vapor
pressure in Cases 1 and 2 and in the comparative exam-
ple, the quantity of water vaporin the first fluid discharged
from the saturator is greater in Cases 1 and 2 than in the
comparative example. Therefore, when the saturators
20, 30 are disposed in Cases 1 and 2, the quantity of
water vapor to be added from outside the system can be
decreased.

[0060] Additionally, since the third fluid having a lower
temperature flows into the upper portion of the column
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21in Cases 1 and 2, the temperature T5 at the upstream
of the first fluid of the first heat exchange unit 22a can be
decreased more than that in the comparative example.
The quantity of heat recovered from the second fluid by
heat exchange in the first heat exchange units 22a to 22c
can be increased in Cases 1 and 2, improving the thermal
efficiency of the system and making it possible to vastly
decrease the temperature of the second fluid discharged
from the saturator. The second fluid (synthetic gas) dis-
charged from the saturators 20, 30 is further cooled in
the natural gas reforming system 1, but the quantity of
waste heat from the second fluid on the post stream side
can be decreased by Cases 1 and 2.

[Second Embodiment]

[0061] FIG. 5is a schematic diagram of an example of
the saturator of a Second Embodiment. In FIG. 5, the
same symbols are used for the same constituents as in
the First Embodiment.

[0062] A saturator 60 of the Second Embodiment is
provided with a plurality of vessels 61a to 61c. Shell-type
first heat exchange units 22a, 22b are accommodated
inside the vessels 61a, 61b, respectively. A shell-type
second heat exchange unit 23 is accommodated inside
the vessel 61c.

[0063] The vessel61aandthe vessel 61b are connect-
ed by piping 62a. The vessel 61b and the vessel 61c are
connected by piping 62b. Consequently, the vessel 61a,
piping 62a, vessel 61b, piping 62b, and vessel 61c con-
stitute a flow path through which a first fluid flows.
[0064] The second heatexchange unit23 in the vessel
61c is connected through a conveyance path 25 to the
upper portion of vessel 61a. A third fluid flows through
the conveyance path 25. The third fluid flows into the
vessel 61a from the upper portion of the vessel 61a, and
flows through the flow path as the first fluid.

[0065] The vessel61aandthe vessel 61b are connect-
ed with one another by piping 24. A second fluid flows
through a tube disposed at the periphery of the vessel
61b which accommodates the first heat exchange unit
22b, flows through a tube disposed at the periphery of
the vessel 61a which accommodates the first heat ex-
change unit 22a, and is then discharged outside the sat-
urator 60.

[0066] Humidifying units 26a to 26¢ are disposed for
the respective vessels 61ato 61c. Piping 29 is connected
to each of the vessels 61a to 61c. The locations at which
the piping 29 is connected are on the upstream sides of
the first fluid of the first heat exchange units 22a, 22b and
second heat exchange unit 23.

[0067] An example of a case in which two first heat
exchange units are disposed is illustrated in FIG. 5, but
one or three or more first heat exchange units may be
disposed.

[0068] Heatexchange is performed in the saturator 60
of the Second Embodiment in the same manner as in
Case 1 of the First Embodiment.
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[0069] Namely, heatexchangeis performed inthe sec-
ond heat exchange unit 23 in the vessel 61¢ between the
first fluid (temperature Tg) and third fluid flowing through
the flow path. This heat exchange cools the third fluid to
a temperature T,.

[0070] Cooled to the temperature T,, the third fluid
flows through the conveyance path 25 and flows as the
first fluid into the vessel 61a from the upper portion of the
vessel 61a.

[0071] A spraying unit of the humidifying unit 26a
sprays water into the first fluid before flowing into the first
heat exchange unit 22a. The sprayed water comes in
contact with the first fluid (temperature T,) and vaporizes,
adding water vapor to the first fluid and bringing the tem-
perature of the first fluid to a temperature Ts.

[0072] A synthetic gas discharged from a reaction tube
3 as the second fluid is cooled to a temperature T4
(around 300 to 400°C), and then supplied to the first heat
exchange unit 22b in the vessel 61b.

[0073] Heat exchange is performed between the first
fluid and the second fluid in the first heat exchange units
22a,22b. Thefirstfluidis heated in the first heat exchange
unit 22a from an inlet temperature T, to an outlet tem-
perature T4, and is then conveyed through the piping 62a
from the vessel 61a to the vessel 61b. The first fluid is
heated from an inlet temperature T to an outlet temper-
ature Tg in the first heat exchange unit 22b.

[0074] The second fluid is cooled in the first heat ex-
change unit 22b from the temperature T, to a tempera-
ture T3, and is then conveyed through the piping 24 from
the vessel 61b to the vessel 61a. The second fluid is
cooled from the temperature T43 to a temperature T4 in
the first heat exchange unit 22a. The second fluid is dis-
charged from the saturator 60 with the second fluid hav-
ing the temperature T,.

[0075] In the Second Embodiment as well, water
sprayed from the spraying units of the humidifying units
264, 26b is vaporized by the heat of the first fluid and the
second fluid in the first heat exchange units 22a, 22b.
Accordingly, as passing through the first heat exchange
units 22a, 22b, the first fluid is heated while maintaining
saturation vapor pressure.

[0076] Having passed through the first heat exchange
unit 22b and reached the temperature Tg, the first fluid
passes from the vessel 61b, through the piping 62b, and
flows into the vessel 61c with the first fluid having the
temperature Tq. The first fluid is heat-exchanged with the
third fluid in the second heat exchange unit 23 in the
vessel 61c, so as to be heated from the temperature T
to atemperature T,,. Since wateris sprayed by the spray-
ing unit of the humidifying unit 26¢ from the upper side
of the second heat exchange unit 23 at this time, the first
fluid passing through the second heat exchange unit 23
is heated, while maintaining saturation vapor pressure.

[0077] The first fluid, having passed through the sec-
ond heat exchange unit 23, is discharged, together with
water vapor having saturation vapor pressure, from the
saturator 60 with the firstfluid having the temperature T ¢,.
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[0078] Since the saturator 60 in FIG. 5 performs heat
exchange similar to that in Case 1, as described above,
the temperatures T, to T4 are nearly the same as those
of Case 1in Table 1. Namely, in the second embodiment
as well, the temperature T, of the first fluid after being
heated by the saturator can be made higher. The tem-
perature Tj of the first fluid at the upstream of the first
heat exchange unit 22a can also be decreased.

Reference Signs List
[0079]

1 Natural gas reforming system

2 Reformer

3 Reaction tube

4 Reforming furnace

5 Waste heat recovering unit

6 Chimney

7,8, 24, 29, 62a, 62b Piping

9 Waste heat boiler

10 Natural gas supply line

20, 30, 60 Saturator

21 Column

22a, 22b First heat exchange unit
23 Second heat exchange unit
25 Conveyance path

26a, 26b, 26¢, 26d Humidifying unit
27a, 27b, 27¢ Storage unit

28a, 28b, 28¢c Pump

61a, 61b, 61c Vessel

Claims
1. A saturator (20;30;60) comprising:

a flow path through which a first fluid can flow;
one or more first heat exchange units (22a-c)
disposed along a flow direction in the flow path
of the first fluid, the one or more first heat ex-
change units (22a-c) configured to cause heat
exchange between the first fluid and a second
fluid;

a second heat exchange unit (23) disposed on
a downstream side of the one or more first heat
exchange units (22a-c) along the flow direction
in the flow path of the first fluid, the second heat
exchange unit (23) configured to cause heat ex-
change between a third fluid and the first fluid
after passing through the one or more first heat
exchange units (22a-c) ;

a humidifying unit (26a-d) configured to add wa-
ter to the first fluid flowing through the flow path
on upstream sides, along the flow direction in
the flow path of the first fluid, of the one or more
first heat exchange units (22a-c) and second
heat exchange unit; and
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a conveyance path (25) configured to convey
the third fluid after the third fluid has been heat-
exchanged in the second heat exchange unit
(23) from the second heat exchange unit (23) to
the upstream side, along the flow direction in the
flow path of the first fluid, of the one or more first
heat exchange units (22a-c) so as to flow the
third fluid into the flow path as the first fluid;
wherein the configuration is such that, in oper-
ation, in the first heat exchange unit (s) (22a-c),
the first fluid can be heated and humidified, and
the second fluid can be cooled and discharged
outside; and

such that, in the second heat exchange unit (23),
the first fluid can be heated and humidified to
saturation vapor pressure, and discharged out-
side, and the third fluid can be cooled.

2. The saturator (20;30) according to claim 1, wherein
the flow path is one column (21) accommodating the
one or more first heat exchange units (22a, 22b, 22c¢)
and the second heat exchange unit (23).

3. The saturator (60) according to claim 1, wherein the
flow path is piping (62a, 62b) for connecting a plu-
rality of vessels (61a-c) with one another; and
wherein the one or more first heat exchange units
(22a,22b,22c) and the second heat exchange unit
(23) are accommodated in the respective vessels
(61a-c).

4. A natural gas reforming system (1) comprising:

a saturator (20;30;60) described in any one of
claims 1 to 3;

a reformer (2) for causing a natural gas consti-
tuting the first fluid to react with water vapor to
produce a synthetic gas constituting the second
fluid and containing hydrogen, carbon monox-
ide, and carbon dioxide; and

a natural gas supply line (10) for supplying a
natural gas constituting the third fluid.

5. Amethod of operating a saturator (20;30;60) accord-
ing to any one of claims 1 to 3, comprising:

flowing a first fluid through a flow path;

causing heat exchange between the first fluid
and a second fluid at the one or more first heat
exchange units (22a-c);

causing, at the second heat exchange unit (23),
heat exchange between a third fluid and the first
fluid after passing the first fluid through the first
heat exchange unit (s) (22a-c);

adding, by means of the humidifying unit (s)
(26a-d), water to the first fluid flowing through
the flow path on upstream sides, along the flow
direction in the flow path of the first fluid, of the
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one or more first heat exchange units (22a-c)
and the second heat exchange unit (23); and
conveying, through the conveyance path (25),
the third fluid after being heat-exchanged in the
second heat exchange unit (23) from the second
heat exchange unit (23) to the upstream side of
the first fluid of the one or more first heat ex-
change units (22a-c) so as to flow the third fluid
into the flow path as the first fluid;

wherein, in the one or more first heat exchange
units (22a-c), the first fluid is being heated and
humidified, and the second fluid is being cooled
and discharged outside; and

in the second heat exchange unit (23), the first
fluid is being heated and humidified to saturation
vapor pressure, and discharged outside, and the
third fluid is being cooled.

Patentanspriiche

1.

Ein Saturator (20;30;60) mit:

einem Strdmungsweg, durch den ein erstes Flu-
id stromen kann,

einer oder mehreren ersten Warmeaustau-
scheinheit(en) (22a-c), die entlang einer Stro-
mungsrichtung in dem Strdmungsweg des ers-
ten Fluids angeordnet ist/sind, wobei die eine
oder mehreren erste(n) Warmeaustauschein-
heit(en) (22a-c) konfiguriert ist/sind, um einen
Warmeaustausch zwischen dem ersten Fluid
und einem zweiten Fluid zu bewirken,

einer zweiten Warmeaustauscheinheit (23), die
an einer stromabwartigen Seite der einen oder
mehreren ersten Warmeaustauscheinheit(en)
(22a-c) entlang der Strémungsrichtung in dem
Stromungsweg des ersten Fluids angeordnet
ist, wobei die zweite Warmeaustauscheinheit
(23) konfiguriert ist, um einen Warmeaustausch
zwischen einem dritten Fluid und dem ersten
Fluid zu bewirken, nachdem dieses durch die
eine oder mehreren erste(n) Warmeaustau-
scheinheit(en) (22a-c) getreten ist,

einer Befeuchtungseinheit (26a-d), die konfigu-
riert ist, um Wasser dem ersten Fluid, das durch
den Strdmungsweg stromt, an Stromaufseiten,
entlang der Strdomungsrichtung des Strémungs-
wegs des ersten Fluids, von der einen oder den
mehreren ersten Warmeaustauscheinheit(en)
(22a-c) und der zweiten Warmeaustauschein-
heit hinzuzufligen, und

einem Transportweg (25), der konfiguriert ist,
um das dritte Fluid, nachdem das dritte Fluid
einen Warmeaustausch in der zweiten Warme-
austauscheinheit (23) ausgefihrt hat, von der
zweiten Warmeaustauscheinheit (23) zu der
stromaufwartigen Seite, entlang der Stro-
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mungsrichtung in dem Strémungsweg des ers-
ten Fluids, von der einen oder den mehreren
ersten Warmeaustauscheinheit(en) (22a-c) zu
transportieren, derart, dass das dritte Fluid in
den Strdmungsweg als das erste Fluid ein-
stromt,

wobei die Konfiguration so ist, dass im Betrieb,
in der/den ersten Warmeaustauscheinheit(en)
(22a-c) das erste Fluid erwarmt und befeuchtet
werden kann und das zweite Fluid gekiihlt und
zur AulRenseite ausgetragen werden kann, und
derart, dass in der zweiten Warmeaustau-
scheinheit (23) das erste Fluid auf Sattigungs-
dampfdruck erwarmt und befeuchtet werden
kann und zur Auflenseite ausgetragen werden
kann und das dritte Fluid gekuhlt werden kann.

Der Saturator (20;30) gemaR Anspruch 1, wobei der
Strémungsweg eine Saule (21) ist, die den einen
oder die mehreren ersten Warmaustauschein-
heit(en) (22a,22b,22c) und die zweite Warmeaus-
tauscheinheit (23) aufnimmt.

Der Saturator (60) gemaR Anspruch 1, wobei der
Strémungsweg eine Rohrleitung (62a,62b) zum Ver-
binden einer Vielzahl von Gefaen oder Behaltern
(61a-c) miteinander ist, und

wobei die eine oder mehreren erste(n)
Warmeaustauscheit(en) (22a,22b,22c) und die
zweite Warmeaustauscheinheit (23) in den jeweili-
gen Gefalken oder Behaltern (61a-c) aufgenommen
sind.

Ein Erdgasumwandlungssystem (1) mit:

einem Saturator (20;30;60), derin einemder An-
spriiche 1 bis 3 beschrieben ist,

einem Umformer (2) zum Bewirken, dass ein
das erste Fluid bildendes Erdgas mit Wasser-
dampf reagiert, um ein Synthetikgas zu bilden,
das das zweite Fluid bildet und Wasserstoff,
Kohlenmonoxid und Kohlendioxid enthalt, und
einer Erdgaszufiihrleitung (10) zum Zuflihren ei-
nes das dritte Fluid bildenden Erdgases.

5. Ein Verfahren zum Betreiben eines Saturators

(20;30;60) gemaf einem der Anspriiche 1 bis 3, mit:

Strdmenlassen eines ersten Fluids durch einen
Strémungsweg,

Bewirken eines Warmeaustauschs zwischen
dem ersten Fluid und einem zweiten Fluid an
der einenoder den mehreren ersten Warmeaus-
einheit(en) (22a-c),

Bewirken, an der zweite Warmeaustauschein-
heit (23), eines Warmeaustauschs zwischen ei-
nem dritten Fluid und dem ersten Fluid, nach-
dem das erste Fluid die ersten Warmeaustau-
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scheinheit(en) (A-c) getreten ist,

Hinzufiigen, mittels der Befeuchtungsein-
heit(en) (26a-d), von Wasser zu dem ersten Flu-
id, das durch den Strémungsweg stromt, an
stromaufwartigen Seiten, entlang der Stro-
mungsrichtung in den Strdmungsweg des ers-
ten Fluids von der einen oder den mehreren ers-
ten Warmeaustauscheinheit(en) (22a-c) und
der zweiten Warmeaustauscheinheit (23), und
Transportieren des dritten Fluids nach dem
Warmeaustausch desselben in der zweiten
Warmeaustauscheinheit (23) durch den Trans-
portweg (25) von der zweiten Warmeaustau-
scheinheit (23) zu der stromaufwartigen Seite
des ersten Fluids von der einen oder den meh-
reren ersten Warmeaustauscheinheit(en) (22a-
c) so, dass das dritte Fluid in den Strémungsweg
als das erste Fluid einstromt,

wobei, in der einen oder den mehreren ersten
Warmeaustauscheinheit(en) (22a-c) das erste
Fluid erwadrmtund befeuchtet wird und das zwei-
te Fluid gekUhlt und zur AuRenseite ausgetra-
gen wird, und

in der zweite Warmeaustauscheinheit (23) das
erste Fluid auf Sattigungsdampfdruck erwarmt
und befeuchtet wird und zur AuRRenseite ausge-
tragen wird und das dritte Fluid gekuhlt wird.

Revendications

Saturateur (20; 30; 60) comprenant :

un trajet d’écoulement, par lequel un premier
fluide peut s’écouler ;

une ou plusieurs premiéres unités (22a-c)
d’échange de chaleur disposées suivant un
sens d’écoulement dans le trajet d’écoulement
du premier fluide, la une ou les plusieurs pre-
miéres unités (22a-c) d’échange de chaleur
étant configurées pour provoquer un échange
de chaleurentre le premier fluide et un deuxieme
fluide ;

une deuxiéme unité (23) d’échange de chaleur
disposée en aval de la une ou des plusieurs pre-
miéres unités (22a-c) d’échange de chaleur
dansle sensd’écoulementdans le premier trajet
d’écoulement du premier fluide, la deuxiéme
unité (23) d’échange de chaleur étant configu-
rée pour provoquer un échange de chaleur entre
un troisieme fluide et le premier fluide, aprés
passage dans la une ou les plusieurs unités
(22a-c) d’échange de chaleur ;

une unité (26a-d) d’humidification configurée
pour ajouter de I'eau au premier fluide s’écoulant
dans le trajet d’écoulement en amont dans le
sens d’écoulement dans le trajet d’écoulement
du premier fluide de la une ou des plusieurs pre-
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miéres unités (22a-c) d’échange de chaleur et
de la deuxiéme unité de chaleur et

un trajet (25) d’acheminement configuré pour
acheminer le troisiéme fluide aprés que le troi-
sieme fluide a échangé de la chaleur dans la
deuxiéme unité (23) d’échange de chaleur de la
deuxiéme unité (23) d’échange de chaleur au
coté en amont, suivant le sens d’écoulement
dans le trajet d’écoulement du premier fluide de
la une ou des plusieurs premiéres unités (22a-
c) d’échange de chaleur, de maniére a faire
s’écouler le troisieme fluide dans le trajet d’écou-
lement en tant que premier fluide ;

dans lequel la configuration est telle que, en
fonctionnement, dans la premiére unité ou les
premiéres unités (22a-c) d’échange de chaleur,
le premier fluide puisse étre chauffé et humidifié
et le deuxieéme fluide puisse étre refroidi et éva-
cué a l'extérieur et

de maniere a ce que, dans la deuxiéme unité
(23) d’échange de chaleur, le premier fluide
puisse étre chauffé et humidifié jusqu’a la ten-
sion de vapeur de saturation et évacué vers I'ex-
térieur et le troisieme fluide puisse étre refroidi.

Saturateur (20; 30) suivant la revendication 1, dans
lequel le trajet d’écoulement est une colonne (21),
dans laquelle sont logées la une ou les plusieurs
premieres unités (22a, 22b, 22c) d’échange de cha-
leur et la deuxiéme unité (23) d’échange de chaleur.

Saturateur (60) suivant la revendication 1, dans le-
quel le trajet d’écoulement est une tuyauterie (62a,
62b) de mise en communication d’une pluralité de
cuves les unes avec les autres et

dans lequel la une ou les premiéres unités (22a, 22b,
22c) d’échange de chaleur et la deuxiéme unité (23)
d’échange de chaleur sont logées dans les cuves
(61a-c) respectives.

Systeme (1) de reformage de gaz naturel
comprenant :

un saturateur (20; 30; 60) décritdans I'une quel-
conque des revendications 1a 3 ;

un reformeur (2) pour faire qu’un gaz naturel
constituant le premier fluide réagisse sur de la
vapeur d’eau pour donner un gaz synthétique
constituant le deuxiéme fluide et contenant de
'hydrogéne, du monoxyde de carbone et du
dioxyde de carbone et

une ligne (10) d’alimentation en gaz naturel pour
'alimentation en un gaz naturel constituant le
troisieme fluide.

5. Procédé pourfaire fonctionner un saturateur (20; 30;

60) suivant 'une quelconque des revendications 1
a 3, dans lequel :
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on fait s’écouler un premier fluide dans un trajet
de fluide ;

on provoque un échange de chaleur entre le pre-
mier fluide et un deuxiéme fluide dans la une ou
les plusieurs premiéres unités (22a-c) d’échan-
ge de chaleur ;

on provoque, dans la deuxiéme unité (23)
d’échange de chaleur, un échange de chaleur
entre un troisieme fluide et le premier fluide,
apres passage du premier fluide dans la premié-
re ou les premiéres unités (22a-c) d’échange de
chaleur ;

on ajoute, au moyen de l'unité ou des unités
(26a-d) d’humidification, de I'eau au premier flui-
de s’écoulant dans le trajet d’écoulement en
amont suivant le sens d’écoulement dans le tra-
jet d’écoulement du premier fluide, de la une ou
des premieres unités (22a-c) d’échange de cha-
leur et de la deuxiéme unité (23) d’échange de
chaleur et

on achemine, par le trajet (25) d’acheminement,
le troisieme fluide, aprés qu’il a échangé de la
chaleur dans la deuxiéme unité d’échange de
chaleur, de la deuxieme unité (23) d’échange
de chaleur au c6té en amont du premier fluide
de la une ou des plusieurs premieres unités
(22a-c) d’échange de chaleur, de maniére afaire
s’écoulerle troisieme fluide dans le trajet d’écou-
lement en tant que premier fluide ;

dans lequel, dans la une ou les plusieurs pre-
miéres unités (22a-c) d’échange de chaleur, le
premier fluide est chauffé et humidifié et le
deuxieme fluide est refroidi et évacué a I'exté-
rieur et

dans la deuxieme unité (23) d’échange de cha-
leur, le premier fluide est chauffé et humidifié
jusqu’a la tension de vapeur de saturation et
évacué a I'extérieur et le troisieme fluide est re-
froidi.
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