Office de la Propriete Canadian CA 2843842 A1 2013/02/14

Intellectuelle Intellectual Property
du Canada Office (21) 2 843 842
v organisme An agency of 12y DEMANDE DE BREVET CANADIEN
d'Industrie Canada Industry Canada CANADIAN PATENT APPLICATION
13) A1
(86) Date de dépét PCT/PCT Filing Date: 2012/08/02 (51) Cl.Int./Int.Cl. F25D 717/00(2006.01),
(87) Date publication PCT/PCT Publication Date: 2013/02/14 B01J 19/00(2000.01), € 70G 2/00(2006.01)

F22B 29/02 (2006.01), F22D 5/28 (2006.01)

(85) Entree phase nationale/National Entry: 2014/01/31 . _

(71) Demandeurs/Applicants:
(86) N° demande PCT/PCT Application No.: JP 2012/069692 JAPAN OIL, GAS AND METALS NATIONAL
(87) N° publication PCT/PCT Publication No.: 2013/021908 CORPORATION, JP;

INPEX CORPORATION, JP;

(30) Prionte/Priority: 2011/08/05 (JP2011-171812)

(72) Inventeurs/Inventors:
KATO, YUZURU, JP;
YAMADA, EIICHI, JP;
MORITA, KENTAROU, JP

(74) Agent: GOUDREAU GAGE DUBUC

54) Titre : SYSTEME DE REGULATION DE TEMPERATURE
54) Title:. TEMPERATURE CONTROL SYSTEM

AA WATER SUPPLY
BB VAPOR

(57) Abréegée/Abstract:

This temperature control system collects reaction heat within a reaction apparatus wherein a heat generation reaction occurs,
controlling temperature within the reaction apparatus. The temperature control system comprises: a coolant drum wherein vapor
and liguid coolants are stored in a vapor-liquid equilibrium state; a heat removal unit which Is disposed with the reaction apparatus
and which vaporizes some of the liguid coolant which Is supplied from the coolant drum with the reaction heat; a return pipe which
returns a multiphase fluid of vapor which arises in the heat removal unit and the liguid coolant to the coolant drum; a vapor exhaust
pipe which supplies the vapor in the coolant drum externally to the assembly; and a supplement tube which supplies supplemental
water to the return pipe at a guantity which is estimated from the quantity of vapor which Is discharged externally to the assembly.

S SNV ENEEN
O - 2.7 20 a0

J "..
KT
e
A

» . _
‘ l an a dH http:/opic.ge.ca + Ottawa/Gatineau K1A 0C9 - hmp./cipo.ge.ca o p1C
OPIC - CIPO 191




(71) Demandeurs(suite)/Applicants(continued): JX NIPPON OIL & EN

JAPAN PETROLEUM

=XPLO

RATION CO,, LTD., JP; COSMO OIL CO., LT
NIPPON STEEL & SUMIKIN ENGINEERING CO., LT

D., JP

D., JP;

CA 2843842 A1 2013/02/14

ey 2 843 842
13) A1

—RGY CORPORATION, JP;



10

CA 02843842 2014-01-31

23

ABSTRACT

A temperature control system of the invention recovers reaction heat in a reactor
in which an exothermal reaction occurs, to control the temperature in the reactor. The
temperature control system includes: a refrigerant drum in which vapor and a liquid
refrigerant are stored in a vapor-liquid equilibrium state; a heat removing section arranged
in the reactor to evaporate a part of the liquid refrigerant supplied from the refrigerant
drum by the reaction heat; a Return line that returns mixed phase tluid ot vapor and the
liquid refrigerant generated 1n the heat removing section to the refrigerant drum; a Vapor
outlet line that supplies vapor in the refrigerant drum to outside of the system; and a
Replenishing line that supplies makeup water in an amount matched with an amount of

vapor discharged to the outside of the system, to the Return line.
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DESCRIPTION

TEMPERATURE CONTROL SYSTEM

5 TECHNICAL FIELD

[0001]

The present invention relates to a temperature control system that can perform
precise temperature control of a reactor by making the temperature in a refrigerant drum
such as a steam drum uniform.

10 Priority is claimed on Japanese Patent Application No. 2011-171812, filed August

5, 2011, the content of which is incorporated herein by reference.

BACKGROUND ART
[0002]
15 Conventionally, as a water supply system for a steam drum, there are those
described for example in Patent Documents 1 and 2. The water supply system described in
Patent Document 1 supplies water to a drum via a water supply line from an economizer

upon reception of flue gas, and generates steam by vapor-liquid separation performed by a

vapor-liquid separator for an evaporator. However, at the time of low load operation such

20 as at startup, the temperature at the feed water outlet of the economizer increases and

becomes higher than the saturation temperature with respect to drum pressure. In the case
in which such air water is to be directly supplied to the drum, because the pressure thereof
1s higher than the internal pressure of the drum, a vapor-liquid separator for vapor-liquid
separation is provided to perform vapor-liquid separation in order to prevent steaming in

25  the drum.
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Moreover, in the water supply system described in Patent Document 2, an internal
feed line is provided in the drum instead of a vapor-liquid separator, and a small hole 1s
formed in an upper half thereof and a through hole having a larger diameter than that 1s

formed in a lower half thereof so that vapor and feed water tflow out.

100031

However, the above-described configuration is for a general boiler, and 1f the
temperature of the makeup water is lower than that of the vapor phase in the steam drum, a
temperature difference occurs between the vapor phase and the liquid phase. If the
feed-water temperature of the makeup water to the steam drum 1s low, the temperature of
the liquid phase becomes lower than the saturation temperature. Hence, if this
configuration is applied to temperature control of an FT (Fisher-Tropsch) reactor, control
becomes unstable. Moreover, there 1s another problem 1n that the amount of generated
vapor becomes unstable because the temperature of the liquid phase decreases due to the
amount of water supplied to the steam drum.

[0004]

Recently, as one of the FT synthesis reaction (Fisher-Tropsch synthesis reaction)
methods used 1n the FT reactor, a GTL (Gas To Liquids: iquid fuel synthesis) technique
has been developed in which natural gas 1s reformed to generate synthesis gas containing
carbon monoxide gas (CO) and hydrogen gas (H;) as the main components, this synthesis
gas 1s used for the F'T synthesis reaction (Fisher-Tropsch synthesis reaction) as a raw
material gas to synthesize liquid hydrocarbon, and the liquid hydrocarbon is hydrogenized
and refined, thereby producing liquid fuel products such as naphtha (crude gasoline),
kerosene, light o1l, and wax.

In such an FT synthesis reaction, a reactor converts synthesis gas containing rich

hydrogen gas and carbon monoxide gas to hydrocarbon by using a catalyst. The FT
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synthesis reaction is an exothermal reaction, and the temperature range for an appropriate

reaction is very narrow. Accordingly, the reaction temperature in the reactor needs to be
controlled precisely, while recovering the generated reaction heat.
[0005]

As a temperature control system using the above-described FT reactor, for
example, the one shown in FIG. 7 is known. This temperature control system 100 supplies
water accumulated in a steam drum 101 1n a vapor-liquid equilibrium state by a pump 102
from the bottom to a heat removing tube 104 in a reactor 103 in which a Fisher-Tropsch
synthesis reaction (exothermal reaction) 1s performed. Water 1n the heat removing tube
104 1s partly evaporated and heat-recovered by reaction heat generated 1n the reactor 103
accompanying the exothermal reaction, and this vapor-water two-phase fluid passes
through a Return line 105 to the steam drum 101 and is returned to the steam drum 101.
The vapor then passes through a Vapor outlet line 107 and 1s supplied to a vapor user
outside of the system.

Meanwhile, makeup water in an amount matched with the vapor supplied to the
outside of the system is replenished to the steam drum 101 through a Replenishing line 106.
Supply of makeup water 1s adjusted so that the liquid level becomes constant based on a
measurement result obtained by a level measuring section 108 that measures the water
level in the steam drum 101.

[Prior Art Documents]
| Patent Documents]|
[0006]
| Patent Document 1| Japanese Examined Patent Application, Second Publication

No. H3-53521

|Patent Document 2| Japanese Unexamined Patent Application, First Publication
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No. H6-257703

DISCLOSURE OF INVENTION
[Problems to be Solved by the Invention|

10007]

However, in the temperature control system 100 described above, because an
opening of the Replenishing line 106 is submerged under the water surface in the steam
drum 101, makeup water having a large specific gravity and comparatively low
temperature directly flows to the bottom of the steam drum 101, and a temperature
difference occurs between the vapor phase and the water phase in the steam drum 101.
Then, the correlation between the vapor phase pressure in the steam drum 101 and the
temperature of the water phase collapses, and hence control by the temperature control
system 100 may not be performed with high accuracy.

[0008]

In view of the above situation, it is an object of the present invention to provide a
temperature control system that can control the temperature with high accuracy, by
maintaining the vapor-liquid temperature in the steam drum at saturation temperature.

[Means for Solving the Problems|
[0009]

A temperature control system according to the present invention recovers reaction
heat in a reactor in which an exothermal reaction occurs, to control the temperature in the
reactor. The temperature control system comprises: a refrigerant drum in which vapor and
a liquid refrigerant are stored in a vapor-liquid equilibrium state; a heat removing section
arranged in the reactor to evaporate a part of the liquid refrigerant supplied from the

refrigerant drum by the reaction heat; a Return line that returns mixed phase fluid ot vapor
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and the liquid refrigerant generated in the heat removing section to the refrigerant drum; a

Vapor outlet line that supplies vapor in the refrigerant drum to outside of the system:; and a

Replenishing line that supplies makeup water in an amount matched with an amount of
vapor discharged to the outside of the system, to the Return line.

[0010]

Moreover, the temperature control system may include: a control unit that
determines the amount of makeup water by dividing the reaction heat in the reactor by the
heat capacity per unit quantity of refrigerant determined based on a difference between a
comparatively high temperature in the refrigerant drum and a comparatively low
temperature of makeup water, and physical values (specific heat, evaporative latent heat)
of the refrigerant; and a makeup water adjusting device that sets the amount of makeup
water to be supplied from the Replenishing line to the Return line according to the amount

of makeup water determined by the control unit.

(0011]

Moreover, it is preferred that the amount of makeup water determined by the

control unit be calculated according to the following equation:

WL3 =Q/{Cp x (tl -13) + 1}

where WL3: amount of makeup water

Q: reaction heat in reactor
Cp: specific heat of liquid refrigerant

t1: temperature in refrigerant drum and heat removing section of reactor
t3: temperature of makeup water
r: evaporative latent heat of liquid refrigerant.

[0012]

Moreover, the Replenishing line may be connected to the Return line at an acute
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angle along a traveling direction of mixed phase fluid in the Return line at a junction of the
Return line and the Replenishing line.

Furthermore, the Replenishing line may be provided with a seal portion that
prevents back flow of vapor.

Alternatively, a spray nozzle that sprays makeup water into the Return line may be
provided in the Replenishing line at the junction of the Return line and the Replenishing
line.
|Effects of the Invention]

(0013]

The temperature control system according to the present invention 1s provided
with the Replenishing line that supplies makeup water in an amount matched with an
amount of vapor discharged to the outside of the system, to the Return line that returns
mixed phase fluid of vapor and the liquid refrigerant generated in the heat removing
section in the reactor, to the refrigerant drum. Accordingly, makeup water in an amount
matched with the amount of vapor discharged to the outside of the system, 1s merged into
the Return line and directly mixed with vapor in the Return line at saturation temperature,
thereby enabling to heat the makeup water to saturation temperature before being supplied
to the refrigerant drum. As a result, the gas-liquid temperature in the refrigerant drum can
be maintained at saturation temperature at all times.

Moreover, as compared with the conventional temperature control system 1n
which the makeup water is directly supplied to the refrigerant drum, the complexity of the
structure and enlargement of the equipment can be avoided, and the temperature 1n the
refrigerant drum can be made uniform.

As a result, since the temperature in the refrigerant drum can be made uniform

efficiently, temperature control of the reactor can be performed with high accuracy and
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precision.

10014 ]

Moreover, the temperature control system includes: the control unit that
determines the amount of makeup water by dividing the reaction heat in the reactor by heat
capacity per unit quantity of refrigerant determined based on the difference between a
comparatively high temperature in the refrigerant drum and a comparatively low
temperature of makeup water, and physical values (specific heat, evaporative latent heat)
of the refrigerant; and the makeup water adjusting device that sets the amount of makeup
water to be supplied from the Replenishing line to the Return line according to the amount
of makeup water determined by the control unit. Consequently, the control unit can
accurately calculate the amount of makeup water so as to be equal to a flow rate of vapor
supplied to the outside of the system, and can accurately limit the amount of makeup water
so as not to exceed the flow rate of vapor. As a result, hammering due to complete
condensation at the junction can be reliably prevented.

[0015]

Because the amount of makeup water determined by the control unit 1s

specifically calculated according to the following equation, the amount of makeup water

can be accurately calculated so as to be equal to the flow rate of vapor supplied to the

outside of the system, and can be limited so as not to exceed the flow rate of vapor.
WL3 =Q/{Cp x (t1 -t3) + r}
where WL3: amount of makeup water
Q: reaction heat 1n reactor
Cp: specific heat of liquid refrigerant
t1: temperature in refrigerant drum and heat removing section of reactor

t3: temperature of makeup water
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r: evaporative latent heat of liquid refrigerant.

10016]

Moreover, in the temperature control system according to the present invention,
the Replenishing line is connected to the Return line at an acute angle along the traveling
direction of mixed phase fluid at the junction of the Return line and the Replenishing line.
Consequently, makeup water in the Replenishing line can be supplied along a flow
direction of the mixed phase fluid at the time of merging makeup water to the mixed phase
fluid of vapor into the liquid refrigerant in the Return line. As a result, generation of
hammering due to an impact when makeup water collides with the mixed phase fluid at the
time of joining can be prevented.

[0017]

Moreover, the seal portion for preventing back flow of vapor 1s provided 1n the
Replenishing line. Consequently, when the supply amount of makeup water 1s small, a
situation where vapor in the Return line flows back into the Replenishing line and
condenses causing hammering, can be prevented.

[0018]

Furthermore, the spray nozzle that sprays makeup water into the Return line 1s
provided in the Replenishing line, at the junction of the Return line and the Replenishing
line. Consequently, when makeup water is supplied from the Replenishing line to the
Return line at the junction, if makeup water is sprayed by the spray nozzle and dispersed
uniformly to be brought into contact with vapor in the mixed phase fluid, rapid vapor

condensation due to an imbalance of makeup water can be suppressed, and the occurrence

of hammering can be prevented.

BRIEF DESCRIPTION OF THE DRAWINGS
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(0019]

FIG. 1 is a schematic configuration diagram of a temperature control system
according to a first embodiment of the present invention,

FIG. 2 is an explanatory diagram showing circulation paths of water and vapor,
flow rates thereof, and temperatures thereof, in the temperature control system according
to the embodiment.

FIG. 3 is an explanatory diagram showing a junction of a Return line and a
Replenishing line in a reactor according to a first modified example.

FIG. 4 is an explanatory diagram showing the junction of the Return line and the
Replenishing line in the reactor according to a second moditied example.

FIG. 5 is an explanatory diagram showing the junction of the Return line and the
Replenishing line in the reactor according to a third modified example.

FIG. 6 is a graph showing a change in a vapor percentage at the Return line after
being joined to the outlet of the reactor in an example.

FIG. 7 is a schematic configuration diagram of a conventional temperature control

system.

BEST MODE FOR CARRYING OUT THE INVENTION
[0020]

In a temperature control system 1 shown in FIG. 1, for example, water 1s
accumulated at a saturation temperature as a liquid refrigerant in a gas-liquid equilibrium
state in a steam drum 2, which is a refrigerant drum, and vapor is filled in a saturated state
on an upper side of a liquid level in the steam drum 2. A supply line 3 1s connected to the

bottom of the steam drum 2, and water is fed to a Heat removing line 7 (heat removing

section) in an FT reactor 5 (hereinafter, referred to as “reactor”) in which a
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Fischer-Tropsch synthesis reaction (exothermal reaction) is performed, by a water supply
pump 4 via the supply line 3. Water is partially evaporated in the Heat removing line 7 due

to reaction heat accompanying the exothermal reaction generated by the reactor 5, and the

reaction heat is recovered.

10021]

Furthermore, two-phase fluid (mixed phase fluid) containing vapor generated by
evaporation of a part of the water in the Heat removing line 7, and water, 1s returned to the
steam drum 2 via the Return line 8 for the steam drum 2, and a discharge opening of the
Return line 8 is opened in an area of vapor on the upper side of the liquid level in the steam
drum 2. Then vapor is supplied to a vapor user (not shown) outside of the system via a
Vapor outlet line 9. A vapor discharge amount measuring unit 11 that measures the
discharge amount of vapor to the outside of the system is provided in the Vapor outlet line
9.

10022]

Moreover, there is arranged a Replenishing line 10 for replenishing the steam
drum 2 with a liquid refrigerant, for example, makeup water, in an amount matched with
the discharge amount of vapor supplied to the outside of the system. The Replenishing line

10 is connected at a junction 6 in the middle of the Return line 8. Consequently, makeup

water having a comparatively low temperature (for example, a temperature t3) 1s directly

mixed with vapor having a comparatively high temperature (for example, a temperature t1;

t1>t3) evaporated in the reactor 5, in the Return line 8 and heated to reach saturation
temperature. A replenishing temperature measuring section 16 that measures the
temperature of the makeup water is provided in the Replenishing line 10.

The makeup water in the Replenishing line 10 reaches saturation temperature 1n

the Return line 8, and is supplied to the steam drum 2.
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[0023]

A reaction heat temperature measuring section 14 that measures the temperature
in the reactor 5, and a reaction heat calculating section 15 that calculates the amount of
reaction heat Q, are provided in the reactor 5 in which the exothermal reaction 1s
performed.

Moreover, a pressure control section 18 that controls the pressure in the steam
drum 2 based on a measurement result of the reaction heat temperature measuring section
14 that measures the temperature in the reactor 5 in which the exothermal reaction 1s
performed, is provided to adjust the amount of vapor discharged from the Vapor outlet line
9 to the outside of the system by cascade control, thereby controlling the temperature 1n the
reactor 5 in which the exothermal reaction is performed. The reaction heat temperature
measuring section 14 may include, for example, a plurality of temperature sensors
arranged away from each other in a vertical direction in the reactor 5, so that a mean value
of the respective temperatures measured by these temperature sensors can be designated as
the temperature 1n the reactor 5.

[0024]

A vapor phase (gas phase) and a water phase (liquid phase) in the steam drum 2
are in the vapor-liquid equilibrium state. Therefore the vapor phase pressure and the
temperature of the water phase in the steam drum 2 are in a certain correlation.
Consequently, when a deviation occurs in the actual temperature in the reactor 5 measured
by the reaction heat temperature measuring section 14 with respect to a temperature set

value of the reactor 5 in which the exothermal reaction is performed, the pressure control

section 18 is operated to change the vapor phase pressure in the steam drum 2.

(0025

Here, the pressure control section 18 includes; the Vapor outlet line 9, a pressure
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adjusting valve 19 provided in the Vapor outlet line 9, and a pressure setting section 21 that

controls the pressure adjusting valve 19 to set the pressure in the steam drum 2 via the
Vapor outlet line 9. The temperature measurement result of the reaction heat temperature
measuring section 14 1s input to the pressure setting section 21. The pressure setting
section 21 calculates a deviation of the actual temperature in the reactor 5 with respect to
the temperature set value based on the temperature measurement result, and controls the
pressure adjusting valve 19 based on the deviation to change the vapor phase pressure in

the steam drum 2.

(0026]

By changing the vapor phase pressure in the steam drum 2 in this manner, the
temperature of the water phase in the steam drum 2 (that is, the temperature of the water
supplied to the Heat removing line 7 in the reactor 5 in which the exothermal reaction is
performed) is changed, thereby enabling to change the amount of heat recovered by the
Heat removing line 7, and the temperature in the reactor 5 in which the exothermal reaction
1s performed can be made to approach the temperature set value.

In the present embodiment, the temperature of the water phase in the steam drum
2 can be measured by a water-phase temperature measuring section 23 provided at the

bottom of the steam drum 2. In the present embodiment, the steam drum 2, the supply line

3, the Heat removing line 7, and the Return line 8 constitute a system in which water as a

liquid retrigerant circulates. Moreover, because makeup water is supplied to the Return

line 8, the temperature in the steam drum 2 is at saturation temperature at all times under
any pressure, thereby enabling to control the temperature in the reactor precisely and
highly accurately.

(0027)

Moreover, the temperature control system 1 includes a control unit 25 that
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controls the amount of makeup water so that the amount of makeup water from the
Replenishing line 10 does not exceed the amount of vapor discharged from the Vapor
outlet line 9 to the outside of the system. The control unit 25 receives respective
measurement values obtained by; the water-phase temperature measuring section 23 that
measures the water phase temperature in the steam drum 2, the reaction heat calculating
section 135, and the replenishing temperature measuring section 16 that measures the
temperature of the makeup water in the Replenishing line 10, and calculates and
determines the amount of makeup water so that it does not exceed the amount of vapor
discharged from the Vapor outlet line 9.

[0028]

Data of the calculated amount of makeup water is output to a flow rate adjusting
device 26 provided in the Replenishing line 10. The flow rate adjusting device 26 adjusts
an aperture of a flow rate adjusting valve 13 to control the amount of makeup water. A
level measuring section 12 that measures the water level (liquid level) in the steam drum 2,
1s provided in the steam drum 2. When the valve aperture of the flow rate adjusting valve
13 output based on a measurement result of the level measuring section 12 is smaller than
a valve aperture corresponding to the calculated amount of makeup water, that aperture is

selected 1n order to prevent excessive water supply to the steam drum 2 (prevent overflow).

Accordingly, the amount of makeup water is controlled so as not to exceed the

flow rate of vapor.
[0029]

Next 1s a description of an example of a calculation method of an amount of
makeup water by the control] unit 25.
As shown 1n FIG. 2, 1t 1s assumed that the vapor amount discharged by the Vapor

outlet line 9 is WV, the temperature thereof is t1, the flow rate of water supplied via the
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supply line 3 to the reactor 5 is WL4, the temperature thereof is t1, the amount of vapor
discharged from the reactor 5 to the Return line 8 is WV2, the flow rate of water 1s WL2,
each temperature is t1, the flow rate of water supplied from the Replenishing line 10 to the
Return line 8 is WL3, the temperature thereof is t3, the amount of vapor returned from the
Return line 8 after being merged into the steam drum 2 i1s WV 1, the flow rate of water 1s

WL4, and each temperature is t1. It is further assumed that the flow rate of water 1s in units
of kg/h, the flow rate of vapor 1s 1n units of kg/h, and the temperature 1s °C.

Moreover, 1t 1s assumed that the amount of reaction heat in the reactor 5 1s Q
(kcal/h), the evaporative latent heat of water is 1 (kcal/kg), and the specific heat of water 1s
Cp (kcal/kg/°C).

10030]

According to the material balance, the vapor generation amount WV1 discharged
by the Vapor outlet line 9 and the amount of makeup water WL3 are equal, and hence, the
following equation (1) is established.

WV1 =WL3 (1)

A procedure for deriving the above equation (1) is explained below.

In FIG. 2, at first the flow rate WL4 of water at temperature t1 supplied from the

steam drum 2 becomes the flow rate of vapor WV2 + the flow rate of water WL2 at
temperature t1, by recovering the reaction heat in the reactor 5. Accordingly, the material

balance of input and output involving a change of phase in the reactor 5 is expressed by the
following equation (2).

WL4 =WV2 + WL2 (2)

Moreover, by supplying the amount of makeup water WL3 from the Replenishing
line 10, the material balance (water supply + change of phase) at the junction 6 of the

Return line 8 and the Replenishing line 10 becomes as shown in the following equation (3).
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WV2+ WL2 + WL3 =WVI1 + WL4 (3)

By substituting equation (2) into equation (3) and rearranging, the tollowing
equation 1s obtained.

WV1=WL3 (1)

5 [0031]

Furthermore, the temperature of the amount of makeup water WL3 i1s the low
temperature t3, and other temperatures are at the high temperature t1 (>t3). At the junction
of the Return line 8 and the Replenishing line 10, the amount of vapor condensation =
water supply preheat amount /evaporative latent heat. Hence,

10 (WV2-WV1)xr=WL3 x Cp x (tl - 13) (4).

The relation between the amount of reaction heat Q and the vapor generation
amount WV?2 1n the reactor 5 is as described below.

WV2=Q/r (5)

By substituting equations (1) and (5) into equation (4) and rearranging,

15 WL3 =Q/{Cp x (t]1 - t3) +r} (6)

Thus, the amount of makeup water WL3 can be obtained based on the relation
between the amount of reaction heat Q and the water supply temperatures t1 and t3.

The amount of reaction heat Q can be obtained from a product of; the reaction
amount 1n the reactor 5 measured and calculated separately or a temperature difference

20 between the steam drum 2 and the reactor 5, the heat transfer area of the Heat removing
line, and the overall heat transfer coetticient.
10032]
The temperature control system 1 according to the present embodiment has the

above-described configuration. Next is a description of a control method thereof.

25 For example, by driving the water supply pump 4, water at temperature t1 is
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supplied at the flow rate WL4 from the steam drum 2 to the reactor 5. A part of the water
flow rate WL4 is evaporated in the Heat removing line 7 due to reaction heat
accompanying the exothermal reaction generated in the reactor 5 to become two-phase
fluid having the vapor flow rate WV2 and the water flow rate WL2 at temperature t1. The

two-phase fluid (mixed phase fluid) is fed by the Return line 8.

(0033]

In the vapor phase and the water phase in the steam drum 2, because the water
level decreases by discharging water at the flow rate WL4 toward the reactor 5 by the water
supply pump 4, the amount of makeup water WL3 determined by the control unit 25 1s
adjusted and supplied by the flow rate adjusting valve 13.

Meanwhile, in the Replenishing line 10, the amount of makeup water WL3 at the
comparatively low temperature t3 determined by the control unit 25, is replenished and
merged into the two-phase fluid (WV2 + WL2) in the Return line 8 at the junction 6 with
the Return line 8. At the junction 6, the amount of makeup water WL3 at temperature t3 1s
directly mixed with the vapor WV2 at the high temperature t1 in the Return line 8 and
heated up to saturation temperature t1. Further, a part of the vapor is condensed at the
junction 6, and the flow rate of water in the Return line 8 becomes the same as the flow rate

WL4 of water supplied from the steam drum 2 to the supply line 3.

In the Return line 8 downstream of the junction 6, the flow rate becomes the tlow
rate WV 1 of vapor and the flow rate WL4 of water at temperature t1, and the two-phase

fluid is discharged to above the water surface in the steam drum 2.

10034]

Here is a description of a control method for the amount of makeup water WL3

performed by the control unit 25.

The temperature t1 measured by the water-phase temperature measuring section
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23 that measures the water phase temperature in the steam drum 2, the amount of reaction
heat Q calculated by the reaction heat calculating section 15, and the temperature t3 of the
makeup water measured by the replenishing temperature measuring section 16 1n the
Replenishing line 10 are input to the control unit 25. The control unit 25 then calculates
the amount of makeup water WL3 according to the above equation (6).

The calculation value for this amount of makeup water WL3 is output to the flow
rate adjusting device 26 to operate the flow rate adjusting valve 13 and supply makeup
water 1n the amount of WL3 to the Replenishing line 10 to merge into the Return line 8 at
the junction 6, and be discharged to the steam drum 2.

[0035]

Then 1n the steam drum 2, the correlation based on the vapor-liquid equilibrium

state between the vapor phase pressure and the temperature of the water phase is always

maintained.

Moreover, vapor 1s supplied at the flow rate WV1 from the steam drum 2 to the
outside of the system by the Vapor outlet line 9, and makeup water in the amount of WL.3
merges into to the vapor-water two-phase fluid at the junction 6 with the Return line 8 and
1s supplied to the steam dfum 2. Because the amount of makeup water WL3 is controlled
by the control unit 25 to be equal to the flow rate of vapor WV 1, the water level in the

steam drum 2 is maintained constant.

[0036]

As described above, according to the temperature control system 1 of the present
embodiment, the amount of makeup water WL3 equal to the flow rate of vapor WV1 to be
supplied to the outside of the system by the Vapor outlet line 9 and at the comparatively
low temperature t3, can be joined to the Return line 8 from the Replenishing line 10, and

can be directly mixed with vapor at the flow rate WV2 at saturation temperature t1 in the
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Return line 8. Therefore the makeup water can be heated instantaneously to saturation

temperature.

Consequently, the vapor-liquid temperature in the steam drum 2 can be always
maintained at saturation temperature. As a result, the reactor temperature can be
controlled precisely and highly accurately.

Furthermore, the control unit 25 can calculate so that the amount of makeup water
WL3 becomes equal to the flow rate of vapor WV 1 to be supplied to the outside of the
system, and can accurately limit the amount of makeup water so that the amount of
makeup water WL3 does not exceed the flow rate of vapor WV1, thereby enabling to
prevent hammering due to complete condensation at the junction 6.

[0037]

In the conventional temperature control system, the configuration 1s such that
makeup water is directly supplied to the steam drum 2. Therefore, heating of the makeup
water 1s performed by heat transfer (condensation of vapor) in the steam drum 2. In order
to increase the temperature of the makeup water up to saturation temperature, the amount
of makeup water in the Replenishing line 10 needs to be divided into as small an amount ot
supply water as possible, or a sufficient residence time needs to be ensured 1n the steam
drum 2, thereby making the structure complicated and the equipment large, which leads to
a cost increase. In this regard, with the present invention, the complexity of the structure

and enlargement of the equipment can be avoided, and the temperature 1n the steam drum 2

can be made uniform.

(0038]

The present invention 1s not limited to the embodiment described above, and
various changes can be made without departing trom the scope of the invention.

Next 1s a description of a configuration for preventing hammering when the
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Replenishing line 10 flow joins to the Return line 8 flow at the junction 6, as a moditied

example with reference to FIG. 3 through FIG. 5.

FIG. 3 shows a configuration of the junction 6 according to a first moditied
example. In FIG. 3, the Replenishing line 10 1s connected and merged at an acute angle o

5  with respect to the flow direction of the two-phase fluid in the Return line 8. Consequently,
makeup water smoothly joins to the vapor-water two-phase fluid flowing in the Return line
8, and hence, hammering does not occur due to an impact when the makeup water collides
with the mixed phase fluid at the time of joining or rapid condensation of the mixed phase
fluid.
10  [0039]

At the junction according to a second modified example shown 1n FIG. 4, the
Replenishing line 10 1s connected and joined at an acute angle with respect to the flow
direction of the two-phase fluid in the Return line 8. Further, for example, a substantially
U-shaped depression 10a 1s formed 1n the Replenishing line 10 on an upstream side of the

15 junction 6, and a water seal portion 27 in which water is residually filled in the depression
10a, 1s provided in the Replenishing line 10 as a seal portion.

According to this configuration, when the amount of makeup water WL3 is small,
even 1f vapor in the Return line 8 tries to flow back into the Replenishing line 10, the vapor
1s stopped by the water seal portion 27. Consequently, a situation where vapor in the

20  Return hine 8 flows back into the Replenishing line 10 and hammering occurs due to
condensation can be prevented.

As the seal portion for preventing back flow of the vapor, a check valve can be

provided 1nstead of the water seal portion 27.

10040]

25 FIG. 5 shows a configuration of the junction 6 according to a third modified
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example. In FIG. 5, the Replenishing line 10 is connected at an acute angle with respect to
the flow direction of the two-phase fluid in the Return line 8, and a spray nozzle 28 that
disperses and sprays makeup water in the Return line 8, 1s formed at the end of the
Replenishing line 10. As a result, makeup water that joins the vapor and water 1n the
Return line 8 is widely sprayed by the spray nozzle 28, and hence, rapid vapor
condensation is suppressed to prevent hammering.

In the temperature control system 1 according to the present embodiment, any two
or three configurations of the first to the third modified examples can be combined.
[Example]

[0041]

Next 1s a description of an example of the temperature control system 1 according
to an embodiment of the present invention.

First, in FIG. 2, 1t 1s assumed that the temperature 1nside the steam drum 2, the
respective water temperatures t1 of the water to be supplied at the flow rates WL4 and

WL?2 via the supply line 3, and the temperature t1 of vapor at the flow rates WV1 and WV2

are all a saturation temperature of 195°C. It is also assumed that the water temperature t3

of the makeup water in the amount of WL3 1s 110°C.

Moreover, 1t 1s assumed that
reaction heat Q = 8000000 kcal/h

evaporative latent heat of water r = 470 kcal/kg (physical property (constant))
specific heat Cp of water = 1 kcal/kg/°C (physical property (constant))

pressure 1n steam drum = 1.3 MPaG

circulation amount WL4 of water supply pump 4 = 68000 kg/h.

[0042]

Under the above conditions, the control unit 25 of the temperature control system



10

15

20

25

CA 02843842 2014-01-31

21

1 determines the amount of makeup water WL3 which becomes equal to the flow rate of

vapor WV 1 to the outside of the system, according to the above equation (6), so as to make
the temperature in the steam drum 2 uniform and keep the liquid level constant. That 1s to
say, substituting for the respective numerals in equation (6) gives,

WL3 =Q/{Cp x (t]1 -t3) + r}

= 8000000/{1 x (195 -110) + 470}

=14400 kg/h.

[0043]

Furthermore according to equation (1), the tlow rate of vapor WV 1s equal to the
amount of makeup water WL3, and hence

WV = WL3 = 14400 kg/h.
Moreover, obtaining the vapor generation amount WV?2 1n the reactor 5 according to
equation (5) gives

WV2=Q/

= 8000000/470

= 17000 kg/h.
Furthermore, obtaining the flow rate of water WL2 at the outlet of the reactor 5 according
to equation (2) gives

WL2 = WL4 - WV2

= 68000 - 17000

= 51000 kg/h.
[0044]

Next, FIG. 6 1s a graph for an example showing a change in vapor percentage at
positions betore and after the junction 6 between the Return line 8 and the Replenishing

line 10, 1in the temperature control system 1.
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In FIG. 6, the horizontal axis denotes the percentage of vapor WV2 generated 1n
the reactor 5 with respect to the water circulation amount WL4 to be supplied from the
steam drum 2 to the reactor 5 (WV2/WL4), and the vertical axis denotes the percentage of
vapor content in the two-phase fluid in the Return line 8 at positions before and after the
junction 6 as a percentage of the gas phase portion.

When the percentage of vapor WV2 generated in the reactor 5 with respect to the
water circulation amount WL4 (WV2/WL4) is changed, the percentage of vapor content
(gas phase portion) in the two-phase fluid is calculated for before and after the junction 6 in
the Return line 8.

10045]

In FIG. 6, the broken line M denotes a change 1n the percentage of gas phase
(vapor) at the outlet (Return line 8) of the reactor 5 (WV2/(WL2 + WV2)), and the sold
line N denotes a change in the percentage of gas phase (vapor) in the Return line 8 after
where the Replenishing line 10 1s joined thereto (WV1/(WV1 + WL4).

In the graph shown 1n FIG. 6, the evaporation percentage in the reactor 5 1s 0 at the
start point (WV2/WL4 = 0). However, the generation amount of vapor WV?2 increases
with temperature rise in the reactor 5. Normally, an operation 1s performed at a percentage
of the evaporation amount WV?2 to the circulation flow rate WL4 1n the reactor 5
(WV2/WL4) of 30%. This 1s designated as the normal operation point. In this state, if the
tlow rate of vapor WV 1 and the amount of makeup water WL3 are well balanced, a change
from the percentage of the amount of vapor WV?2 generated at the outlet of the reactor 5

(WV2/WL4) to the percentage of the amount of vapor WV in the Return line 8 after
joining the makeup water WL3 (WV1/(WV1 + WL4)) 1s only a decrease by about 1%.

(0046

Moreover, over the entire range in which the ratio of the evaporation amount
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WV2 to the circulation flow rate WL4 in the reactor 5 (WV2/WL4) exceeds 0 and 1s up to
35%, even if the ratio of the vapor amount shown by the broken line M (WV2/(WL2 +
WV2)) changes to the percentage ot the vapor amount shown by the solid line N 1n the
Return line 8 after joining (WV1/(WV1 + WL4)), 1f the flow rate of vapor WV1 and the
amount of makeup water WL3 are well balanced, the change is as low as in a range of

about 1% to 3%, and hence, hammering does not occur.

If complete condensation of the vapor WV2 in the Return line 8 occurs at the

junction 6 between the Return line 8 and the Replenishing line 10, hammering may occur.

However, 1n the embodiment of the present invention, if the flow rate of vapor WV1 and
the amount of makeup water WL3 are well balanced, the change in the percentage of the
vapor WV 1 1n the Return line 8 after joining the amount of makeup water WL3 is in the

range of about 1% to 3%, and hammering does not occur.

(0047]

In the embodiment described above, the FT reactor in which the Fischer-Tropsch
synthesis reaction is performed inside the reactor 5 is used. However, if an exothermal
reaction 1s performed 1in the reactor 5, the reaction need not be the Fischer-Tropsch

synthesis reaction.
In the present embodiment, the respective modified examples, and the examples,

water 1s adopted as the liquid refrigerant. However, the liquid refrigerant need not be

waltcer.

INDUSTRIAL APPLICABILITY

10048]

The present invention relates to a temperature control system that can perform

precise temperature control in a reactor by making the temperature in a refrigerant drum
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such as a steam drum uniform.

According to the present invention, the temperature can be controlled highly

accurately by maintaining the vapor-liquid temperature 1n the steam drum at saturation

temperature.

| Description of the Reference Symbols]
[0049]
1 ‘Temperature control system
2 Steam drum
10 3 Supply line
4 Pump
> Reactor
6 Junction
7 Heat removing line
15 8 Return line
9 Vapor outlet line
10 Replenishing line
11 Vapor discharge amount measuring unit
12 Level measuring section

20 13 Flow rate adjusting valve

14 Reaction heat temperature measuring section

15 Reaction heat calculating section
16 Replenishing temperature measuring section

23 Water-phase temperature measuring section

25 25 Control unit
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26 Flow rate adjusting device
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CLAIMS

1. A temperature control system that recovers reaction heat in a reactor in which an
exothermal reaction occurs, to control the temperature in the reactor, comprising:

a refrigerant drum in which vapor and a liquid refrigerant are stored in a
vapor-liquid equilibrium state;

a heat removing section arranged in the reactor to evaporate a part of said liquid
refrigerant supplied from said refrigerant drum by said reaction heat;

a Return line that returns mixed phase fluid of vapor and the liquid refrigerant
generated in the heat removing section to said refrigerant drum;

a Vapor outlet line that supplies vapor in said refrigerant drum to outside of the
system; and

a Replenishing line that supplies makeup water in an amount matched with an

amount of vapor discharged to the outside of the system, to said Return line.

2. A temperature control system according to claim 1, further comprising:

a control unit that determines said amount of makeup water by dividing the
reaction heat in said reactor by a unit refrigerant heat amount determined based on a
comparatively high temperature 1n said refrigerant drum, a comparatively low temperature
of makeup water, and physical values (specific heat, evaporative latent heat) of the
refrigerant; and

a makeup water adjusting device that sets the amount of makeup water to be

supplied from said Replenishing line to the Return line according to said amount of

makeup water determined by said control unit.
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3. A temperature control system according to claim 2, wherein the amount of
makeup water determined by said control unit is calculated according to the following
equation:

WL3 = Q/{Cp x (t]1 - t3) +r}
where WL3: amount of makeup water

Q: reaction heat 1n reactor

Cp: specific heat of liquid refrigerant

t1: temperature in refrigerant drum and heat removing section of reactor

t3: temperature of makeup water

r: evaporative latent heat of liquid refrigerant.

4. A temperature control system according to any one of claim 1 through claim 3,
wherein said Replenishing line 1s connected to said Return line at an acute angle along a
traveling direction of mixed phase fluid in said Return line at a junction of said Return line

and said Replenishing line.

5. A temperature control system according to any one of claim 1 through claim 4,

wherein said Replenishing line i1s provided with a seal portion that prevents back flow of

vapor.

6. A temperature control system according to any one of claim 1 through claim 5,
wherein a spray nozzle that sprays makeup water into said Return line is provided in said

Replenishing line at the junction of said Return line and said Replenishing line.
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