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chemical heat storage material (30).
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DESCRIPTION

REACTION VESSEL FOR CHEMICAL HEAT STORAGE WITH PARTICULAR FLOW PATHS

Technical Field

[0001]" The present invention relates to a reaction vessel.

Description of the Related Art |

[0002] As described, for-example, in Japanese Patent Application Laid-Open (JP-A) No.

7-180539, reaction vessels are known that are furnished with a porous tube, the interior of the
porous tube being filled with plural calcium oxide molded bodies, and heat resistant porous
members being layered between each of tile plural calcium oxide molded bodies.

[0003] The above reaétion vessel is configured with a single or plural water supply tubes

simply connected to a reaction vessel external wall portidn, and an operation is assumed in
which water supplied to the reaction vessel penetrétes to the interior of the reaction vessel by
passing through spaces formed by the heat resistant porous members disposed inside the
 reaction vessel.

[0004] However, with such a configuration, as the water passing through the pore spaces in
the heat resistant porous member flows towards the ‘interior of the reaction vessel, it also at
the same time comes into contact with the calcium oxide molded bodies, and hydration
reaction takes place instantaneously in the vicinity of the supply openingé, so that some of the
supplied water vaporizes into water vapor due to the reaction heat. The vaporized water
vapor impedes the penetration of the water to the interior of the reaction vessel making it
difficult to achieve a uniform water supply to the whole of the calcium oxide molded bodies.
In otﬁcr words, water vapor generation performance is low with conventioﬁal technology

| employing heat resistant porous members.

Summary of the Invention
[0005] A subject of the invention is to provide a reaction vessel that is able to achieve a
uniform supply of water to a chemical heat storage material and to increase the water vapor
genération performance. '
[0006] A first aspect of the present invention is a reaction vessel including: a chemical heat
storage material for generating water vapor by reaction heat generated when the chemical heat
storage material reacts with water, and stofing heat by heating to separate water from the

chemical heat storage material; and a heat exchanger that internally houses the chemical heat



WO 2012/133600 ) _ PCT/JP2012/058274

storage material, wherein the heat exchanger includes a heat storage material housing space in
which the chemical heat storage material is housed, a water flow path configured including
plural ejection outlets in communication with the heat storage materi’al housing space, a main
fube connected to an external water supply section and a branch tube in chmunication with
the main tube and the plural ejection outlets, and a heating medium flow path through which
the heating medium is caused to flow for heating the chemical heat storage material.

[0007] According to such a reaction vessel, water can be uniformly reacted with the whole
of thé,chemical heat storage material by providing the water flow paths to the interior of the
heat ex’chahg‘er and supplying water to the whole of the chemical heat storage material
through the plural ejection outlets. Also, such a configuration enables a greater number of
ejection outlets to be easily provyided and hence the water penetration distance can be reduced.
. It can be greatly suppressed for the water vapor which has been generated by hydration
reaction heat‘ to block flow paths of water and impede penetration of the water into the
chemical heat storage material. Since uniform reaction with the whole of the chemical heat
storage material can accordingly be achieved, the reaction speed can be increased, and as a
result the ability to generate water vapor can be further enhanced by the efficiently obtained
reaction heat.

[0008] A reaction vessel of a second aspect of the present invention is the reaction vessel of
the first aépecf wherein the branch tube is formed in a tree shape including plural branching
sections. '
[0009] According to such a reaction vessel, water can be disfributed using dynamic pressure
due to the branch tube being configured in a tree shape having many branching sections.
Water can accordingly be ejected frdm plural ejection outlets at the same time. |

[0010] A reaction vessel of a third aspect of the present invention is the reaction Véssel of
the first aspect or the sé'cond aspect wherein the plural ejection outlets are arrayed in a
staggeréd formation.

- [0011] According to sﬁch a reaction vessel, water can be uniformly supplied to the whole of
the chemical heat storage material using the minimum number of openings due to the plural
ejection outlets being arrayed in a staggered formation.

'[0012]' A reaction vessel of a fourth aspect of the present invention is the reaction vessel of
any one of the first aspect to the third aspect wherein: the heat storage material housing space
extends along a vertical direction and includes a discharge outlet at a vertical direction top
side end section of the heat storage material housing space for externally discharging water

vapor generated by the chemical heat storage material; and the direction of flow of supplied
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water in the branch tube is aligned with the direction in which the water vapor is discharged.
[0013] According to-such a reaction vessel, the direction of flow of water supplied into the
branch tubes is aligned with the discharge direction of water vapor externally discharged from
the heat storage material housing space. Any unfavorable influence that might be caused by
misalignment between the temperature distribution for water vapor generation and the water
supply direction can accordingly be suppréssed. | |
[0014] A reaction vessel of a fifth aspect of the present invention is the reaction vessel of
any one of the first aspeét to the fourth aspect wherein the heat exchanger includes a water
flow path forming wall section in which the water flow path is formed.

[0015] A reaction vessel of a sixth aspect of the present invention is the reaction vessel of
the fifth aspect wherein the water flow path fofming wall section is provided with an
ejection-outlet unformed region at the discharge outlet side and the plural ejection outlets are
formed further to the vertical direction lower side than the ejection-outlet unformed region.
[0016] In réaction Vessels,\ideally heat generation and water vapor generation is performed
at the vertical direction lower side of the reaction vessel, and heat generation and
super-heating of water vapor is performed at the vertical direction uppef side of the reaction
vessel.

[0017] Accordingly, when the plural €] ection outlets are formed further towards the vertical
direction lower side than the unformed region at the discharge outlet side of the water flow
path forming wall section, as in such a reactor vessel, the temperature at the peripheral edge
portion of ;[he discharge outlet can be suppressed from fallihg as water is not supplied towards
the peripheral area of the discharge outlets, enabling efﬁ_cierit collection of heat generated in
the hydration reaction at the vertical direction lower side for use in super-heating water vapor
at the dischafge outlet side. _ o
[0018] A reaction vessel of a seventh aspect of the present invention is the reaction vessel of
the sixth aspect wherein a héat transfer section is provided betweeﬁ the ejection-outlet
unformed region of the water flow path forming wall section and the cheinical heat storage
material. ' o

[0019] According to such a reaction vessel, by providing the heat transfer section between
the ejection-outlet unformed region of the water flow péth forming wall section and the
chemical heat storage material, héat exchange by convection can be promoted between the
chemical heat storage material that is in a heat generating state and the water flow path
forming wall section, and more efficient hi gh temperature water vapor generation can be

achieved.
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[0020] . A reaction vessel of an eighth aspect of the present invention is the reaction vessel of
any one of the first aspect to the seventh aspect wherein a shielding portion is provided at the
vertical direction bottom side of each of the plural ejection outlets to block water vapor -
flowing towards the vertical direction top side inside the heat storage material housing space.
[0021] There is a tendency shown at vicinities of the ejection oﬁtlets that the water supplied
by the ejection outlets and the water vapor generated at a lower side from the ejection outlets
interfere with each other so as to impedé dissipation of the supplied water from the ejection
outlets. The supplied water is ejected from the ejection outlets disposed in a distributed
array and there is a need for the supplied water to be uniformly dispersed so as to fill in areas
betWeen the ejection outlets (wetting out). However the water vapor generated at the lower
side flows within the heat storage material housing spaces while the flow amount and speed
of the generated water vapor increase. _

[0022] Consequently, when the shielding portio‘n is provided at the vertical direction bottom
~ side of each of the plural ejection outlets to block the water vapor flowing upwards in the
vertical direction inside the heat storage material housing space, as in such a reaction vessel,
interference of the water vapor which flows from the lower side is suppressed so as to enable
efficient dispersed watervsupply from the ejection outlets. |
[0023] Areaction vessel of a ninth aspect of the present invention is the reaction vessel of
any one of the fifth aspect to the eighth aspect wherein a water vapor flow path is formed at
portions of the water flow path forming wall section other than at locations where the plural
ejection outlets are formed, the water vapor flow path being in éommunication with the heat
storage material housing space and letting water vapor generated by the chemical heat storage
material flow through.

[0024] In such a reaction vessei; since the water vapor flow path is formed at the water flow
path forming wall section so as to allow the water vapor generated by the chemical heat
storage material to flow through, the cross-sectional area of flow paths for the water vapor is
enlarged; and smooth discharge of the water vapor can be accomplished as there is a reduction
in pressure losslaccomp.anyi.ng flow of internal water vapor toward neighborhood. -
Furthermore, the water vapor with a higher temperature can be obtained since water vapor
created at the lower side is supplied toward the chemical heat storage material that was
supplied with water and has generated heat. | | '

[0025] Since the water vapor flow path is formed at portions where the plural ejection
outlets are not located, the generated water vapor in the water vapor flow path can be

suppressed from flowing into the ejection outlets and impeding water supply from the ejection
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outlets to the chemical heat storage material.

‘[0026]' A reaction vessel of a tenth aspect of the present invention is the reaction vessel of -
any one of the first aspect to the ninth aspect wherein the branch tube includes a pressure
increasing portion that, on progression along the flow direction of the water, has a stepped
reduction in cross-sectional area orthogonal to the water flow direction.

[0027] According to such a reaetion vessel, a pressure of water flowing in the branch tube -
can be controlled i‘n steps by the pressure increasing portion which has a stepped reduction in
cross-sectional area orthogonal to the water flow direction on progression along the water _
flow direction. | | |

[0028] A reaction vessel of an eleventh aspect of the present invention is the reaction vessel
of any one of the first aspect to the tenth aspect wherein the plural ejection outlets include a

~ circular shape portion and plural elongated holes formed in a shape radiating out from an
outer periphery of the circular shaped portion.

[0029] According to such a reaction vessel, due to each of the plural ejection outlets ‘
including the elongated holes formed in a shape radiating out from the outer periphery of the
circular shaped portion, a wet surface area of wall faces of the chemical heat storage material
where the pilural ejection outlets open can be expanded by the amount of the plural elongated
holes. ‘

[0030] A reaction vessel of a twelfth aspect of the present invention is the reaction vessel of
any one of the fifth aspect to the ele_venth aspect wherein a heat insulating portion is provided
between the water flow path forming wall section and the chemical heat storage material.
1003 1] According to such a reaction vessel, due to providing the heat insulating portion
between the water flow path forming wall section provided with the water flow path and the
chemical heat storage méterial, tne heat of the chemical heat storage material can be
suppressed from being transmitted to the water flow path and water vapor generated inside the
water flow path can be suppressed. _

[0032] A reaction vessel of a thirteenth aspect of the present invention is the reaction vessel
of any one of the fifth aspect to the twelfth aspect wherein: the heat exchanger further

. includes a separating wall section between the heating medium flow path and the heat storage
material housing space; arnd the chemical heat storage material is restrained by the separating
wall section and the water flow path forming wall section. | |

[0033] According to such a reaction vessel, since the chemical heat storage material is
restrained by the separating wall section, which is provide_d between the heating medium flow

path and the heat storage material housing space, and the water flow path forming wall
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section, the chemical heat storage material can be .suppressed from disintegrating due to
changes in volume accompanying hydration and dehydration reactions.

[0034] A reaction vessel of a fourteenth aspect of the present invention is the reaction vessel
of any one of the first aspect to the thirteenth aspect wherein: the branch tube includes a |
pressure regulation section formed by a capillary tube or orifice.

[0035] According to such a reaction vessel, since the branch tube includes the pressure
regulation section formed from a capillary tube or orifice, an amount of water flowing in each
portion of the branch tube can be made uniform as the internal pressure of the branch tube is
adjusted by the pressure regulation section. ' _ -

[0036] A reaction vessél of a fifteenth aspect of the present invention is the reaction vessel
of any one of the fifth aspect to the fourteenth aspect wherein plural fine grooves are formed
on a wall face at the heat storage material housing space side of the water flow path forming
wall section, wherein the fine grooves are éonnected to the plural ejection outlets and a width
dimension of each of the fine grooves is smaller than a diameter dimension of the plural

_ejection outlets. 4
[0037] According to such a reaction vessel, water can be supplied by capillary action in the
fine grooves to the whole of the chemical heat storage material due to the plural fine grooves
formed on the wall face at the heat storage material housing space side of the water flow path
forming wall section as the fine grooves are connected to the plural ejection oﬁtlets and have a
width dimension smaller than the diameter dimension of each of the plural ejection outlets.
[0038] A reaction vessel of a sixteenth aspect of the present invention is the reaction vessel
of the fifteenth aspect wherein the plural fine grooves extend from the plural ejection outlets
towards the vertical direction upper side. .

[0039] According to.such a reaction vessel, the plural fine grooves-are formed on the wall
face at the heat storage material housing space side of the water flow path fonniﬁg wall
section while the fine grooves extend from the plural ejection outlets towards the vertical
direction upper side. Accordingly, the water not only can be supplied to the whole of the
chemical heat storage material by utilizing the capillary action of the fine grooves, but the
flow of Wéter fromvthe‘ﬁne grooves towards thé veftical direction lower side can also be

| suppressed. » |

[0040] ~ Areaction vessel of a seventeenth aspect of the present invention is the reaction

vessel of the fifteenth aspect wherein the plural fine grooves extend in a ho_rizontal direction

 from each of the plural ejection outlets. | |

[0041] According to such a reaction vessel, the plural fine grooves are formed on the wall
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face at the heat storage material housing space side of the water flow path forming wall
section while the fine grooves extend out in a horizontal direction from each of the plural
ejection outlets to.  Accordingly, water retention ability not only can be enhanced in the wall
~ face at the heat storage material housing space side of the water flow path forming wall
section, but also the flow of water from the fine g;ooves towards the vertical direction lower
side can be suppressed.‘ | |

[0042] According to the present invention as described in detail above, the water vapor

generating performance in the reaction vessel can be enhanced.

Brief Description of the Drawings
[0043] Fig. 1 ié a diagram illustrating an overall configuration of a water vapor generating
system employing a reaction vessel according to an exemplary embodiment of the present
invention; ' |
Fig. 2 is a perspective view of the reaction vessel shown in Fig. 1;
Fig. 3 is a plan view of the reaction vessel shown in Fig. 1;
Fig. 4 is a cross-section taken on line A-A of Fig. 3; -
Fig.Sisa ¢ross-section taken on line B>-B‘ of Fig. 3;
Fig. 6 is a diagram of the water flow path forming wall section shown in Fig 4 as viewed from
the direction of arrows C-C;
Fig. 7 is an exploded perspective view illustrating a modified example of the reaction vessel
shown in Fig. 1; ‘
Fig. 8 isa cross-section illustrating a modified example of the water flow path illustrated in
Fig. 1; ‘ | . .
Fig. 9 is a cross-section illustrating another modified example of the water flow path ‘
illustrated in Fig. 1; |
Fig. 10 is a diagram illustrating a mo}diﬁed‘example of an ejection outlet shown in Fig. 6;
'F ig. 1l isa cross-sectioh illustrating another modified example of the reaction vessel shown
in Fig. 1; B
Fig. 12 is a diagram illustrating a modified example of the water flow path forming wall
section shown in Fig. 6; ' ‘
Fig. 13 is a diagram illustrating water Vapor flow along the water flow path fdrming wall
section shown in Fig. 12; ‘ '
Fig. 14 is a diagram illustrating a modified example of the ejection outlet periphery portion |

shown in Fig. 13;
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Fig. 15 is a diagram illustrating a modified example of the water flow path forming wall
section shown in Fig. 6;

Fig. 161s a cross-section taken on line D-D of Fig. 15;

Fig. 17 is a diagram illustrating a modified example of the water flow path shown in Fig. 5;
Fig. 18 is a perspective view illustrating another modified example of a reaction vessel shown
in Fig. 1; | | '

Fig. 19 is an enlarged diagram of a relevant portion of Fig. 18;

Fig. 20 is a perspective view illustrating another modified example of a reaction vessel shown
in Fig. 1; | | |

Fig. 21 is an enlarged diagram of a relevant porﬁon of Fig. 20; _ |

Fig. 22 is a perspective view illustrating another modified example of a reaction vessel shown
in Fig. 20; |

Fig. 23 a diagram illustrating another modified example of a water flow path forming wall
section shown in Fig. 6; | _ |

Fig. 24 is an enlarged diagram of a relevant portion of Fig. 23; and

Fig. 25 is an enlarged diagram of a relevant portion of Fig. 23.

DETAILED DESCRIPTION OF THE INVENTION

. [0044] Explanation follows regarding an exemplary embodiment of the present invention.
[0045] As shown in Fig. 1, a reactor vessel 10 according to an exemplary embodiment of the
preseﬁt invention is applied to a water vapor generation system S. The Wéﬁer vapor
generation system S includes a water tank 12, a water supply tube 18 provided with a liquid
feed pump 14 and a valve 16, and a water vapor discharge' tube 20 in addition to the reactor
vessel 10. |

[0046] Water 22 is stored inthe water tank 12. The reactor vessel 10 is connected by the
water supply tube 18 to the watef tank 12 in an airtight state. Water‘ vapor is generated when
- the reactor vessel 10 is supplied with water from the water tank 12, and water vapor is
supplied through the water vapor discharge tube 20 to a water vapor using device, not shown
in the drawings. A specific example of the reactor vessel 10 is configured as follows.

[0047] Namely, as shown in Fig. 2 to Fig. 5, the reactor vessel 10 includes a chemical heat
storage material 30 and a heat exchanger 40 for internally housing the chemical heat storage
material 30. The chemical heat storage material 30 generétes water vapor through reaction
heat arising when the chemical heat storage material 30 has reacted with wafer, and stores

heat by heating so as to separate water from the chemical heat storage material 30. A plate
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shépe molded form or a granular form may, for example, be employed for the chemical heat
storage material 30.
[0048] In the present exemplary embodiment, calcium oxide (CaQ) that is an alkali earth
metal oxide, is employed as the chemical heat storage inaterial 30.  Therefore in the reactor
vessel 10, a reversible hydration reaction and dehydration reaction is obtained as set out
below. |

Ca0 + 1,0 € Ca (OH),
[0049] Showing the endothermic and exothermic amounts Q on the above formula gives:

Ca (OH), + Q — CaO + H,O

Ca0 +H,0 — Ca(OH), +Q
[0050] The heat exchanger 40 includes ‘heat.storage material housiﬁg spaces 42 in which the
chemical heat storage material 30 is housed, é water flow path 44 in communication with the
water supply tube 18 referred to above (see Fig. 1) and the heat storage material housing
spaces 42, and heating medium flow paths 46 for letting a heatiﬁg medium flow through to
heat the chemical heat storagei material 30. | |
[0051] The heat storage material housing spabes 42 éxtend along a vertical direction and end
sections at the vertical direction top side are served as discharge outlets 48 for externally
discharging water VapOI‘. generated by the chemical heat storage material 30. The discharge
outlets 48 are connected to the water vapor discharge tube 20 (see Fig. 1).
[0052] The water flow path 44 is configured with plural ejection outlets 50 in ,
communication with the heat storage material housing spaces 42, a méin tube 52 connected to
the water supply tube 18 serving as an example of an extémal water sﬁpply section, and
branch tubes 54 that are in communication with the main tube 52 and the plural ejection
outlets 50. »
[0‘053] The branch tubes 54 are, as shown-in Fig. 6, formed in a tree shape having many
branching sections. The plural ejection outlets 50 are arrayed along the vertical direction (Z
direction), and in the present exemplary embodiment are arrayed as an example in a staggered
formation.

[0054] The heat exchanger 40 also includes water flow path forming wall sections 56 in

- which the water flow path 44 is formed. "The plural ejection outlets 50 referred to above are . -

- formed in the water flow path forming wall section 56 further to the vertical direction bottom
side than an unformed region 58 at the vertical direction top side (the side of the discharge
outlets 48) of the water flow path forming wall section 56

[0055] Fins 60 are provided in the heating medium flow paths 46, as shown in Fig. 4.
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Separating wall sections 62 aré formed between the heating medium flow patﬁs 46 and the
heat storage material housing spaces 42.

[0056] Explanation follows regarding operation and effect of the exemplary embodiment of

the present invention. ‘ f

[0057] According to the reactor vessel 10, the water flow path 44 is provided inside the heat
| exchanger 40 and water is supplied from the plural ejection outlets 50 to the whole of the
- chemical heat storage material 30. Water can thereby be uniformly reacted with the whole
of the chemical heat storagé material 30. - Adopting such a configuration enables a greater
number of ejection outlets 50 to be easily provided and hence thé water penetration distance
can be reduced. Accordingly, it can be gréatly suppressed for the water vapor which has
been generated by hydratibn reaction heat to biock the flow paths and impede penetration of
water into the chemical heat storage material 3. Since uniform reaction with the whole of
the chemical heat storage material 30 can accordingly be achieved, the reaction speed can be
increased, and as a result the ability to generate water vapor by the efficiently obtained
reaction heat can be enhanced. ‘ ' -
[0058] The branch tubes 54 are configured in a tree shape having many branching sections,
and so water can be distributed using dynamic pressure. Water can accordingly be ejected
from plural ejection outlets 50 at the same time.
[0059] The plural ejection outlets 50 are also arrayed for the chemical heat storage material
30 in a staggered formation and so water can be supplied uniformly to the whole of the
chemical heat storage material 30 using the minimum number of openings.
[0060] The direction of flow of water supplied into the branch tubes 54 is aligned with the
discharge direction of water vapor extefnally discharged from the heat storage material |
housing_ spaces 42. The more the water vapor flows upward, the higher the temperature
distribution of the generated water vapor becomes. ~ The temperature of the water is initially
low when the water is supplied into the branch tubes 54. By aligning the water supply
direction in a bottom-up direction so as fo be consistent with the temperaturev distribution of
the generated water vapor, unfavorable phenomena can be avoided, such as the generated
water vapor being liquefied as the water vapor is cooléd by water having a low temperature
that has just been supplied into the bfanch tubes 54 at the vertical direction upper side in the
reaction vessel or, inversely, water 'Fhat has just been supplied into the braﬁch tubes 54 being
boiled by the water vapor at a higher temperature at the vertical direction lower ‘side in the
reaction vessel. ’

[0061] Ideally, heat generation and water vapor generation is performed at the vertical
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direction lower side in the reaction vessei, heat generation and super-heating of the water
‘vapor is preferably performed at the vertical direction upper side in the reaction vessel.
[0062] Accordingly, when the plural ejection outlets 50 are formed further lower side in the
vertical direction of the water flow path forming wall section 56 than the unformed region 58
which is provided at the vertical direction top side (the side of the discharge outlets 48), as in
the reactor vessel 10, the temperature at the peripheral area of the discharge outlets 48 can be
suppressed from falling as water is not supplied towards the peripheral area of the discharge
outlets 48 enabling efficient collection of heat generated in the hydration reaction at the
vertical direction lower side for use in super-heating water vapor at the vertical direct‘ion top
side (portions at the periphery of the discharge outlets 48).

[0063] Explanation follews r‘egarding a modified example of an exemplary embodiment of
the present invention. | } '

'[0064] As shown in Fig. 7, plural water vapor flow paths 70 may be formed at portions of
the water flow path forming wall section 56 other than the locations of the plural ejection
outlets 50. The water vapor flow paths 70 are in communication with the heat storage
material housing spaces 42 and are formed for letting water vapor generated in the chemical
heat storage material 30 flow through. In such a modified example, the plural wéter vapor
ﬂowﬁ paths 70 may be formed so as to exiend in the vertical direction (Z direction) and to be
arrayed in a row along the horizontal direction.v

[0065] When such a configuration is adopted, the cross-sectional area of the flow paths for
water vapor is enlarged and pressure loss accompanying flow of internal water vapor towards
neighborhood is reduced, whereby smooth discharge of water vapor can be accomplished.
Furthermore, water vapor at a higher temperature can be generated since generated water
vapor can further be supplied to the chemieal heat storage material 30 which has been
supplied with water and generated heat.

[0066] Since the water vapor flow paths 70 are formed at portions where the plufal gjection
outlets 50 are not located, the generated water vapor can be suppressed from flowing into the
ejection outlets 50 and impeding water from being supplied from the ejection outlets 50 to the
chemical heat storage material 30.

[0067] A porous body 72 may be provided between fhe water flow path forming wall section
56 and the chemical heat storage material 30 so as to finely break up the openings of the
plufal ejection outlets 50 and the openings of the water vapor flow paths 70 on the heat
storage material housing spéce 42 side. As an example, a mesh made froni stainless steel

may be employed as such a porous body 72. By adopting such a configuration, any matter
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ejected by the chemical heat storage material 30 reacting can be suppressed from clogging up
the plural ejection outlets 50 and/or the water vapor flow paths 70.

[0068] As shown in Fig. 8 and Fig. 9, the branch tubes 54 may include pressure increasing
portions 74 that, on progression albng the flow direction, have stepped feductions in
~ cross-sectional area orthogonal to the direction of flow.

[0069] When such a cénﬁguration is adopted, the pressure of water flowing in the branch
tubes 54 canv be controlled gradually by the pressure increasing portions 74.

[0070] As shown in Fig. 10, each of the plural ejection outlets 50 may be configured to
include a circular shaped portion S0A and plural elongated holes 50B formed in a shape
radiating out from the outer periphery of the circular shaped portion 50A.

[0071] When such a configuration is adopted, the wet surface areas provided by opening of
the ejection outlets 50 on wall portions of the chemical heat storage material 30 can be
expanded by the amount of the plural elongated holes 50B. |

[0072] Heat insulating portions 76 may also be provided between the water flow path
forming wall section 56 and the chemical heat storage material 30, as showh in Fig. 11.
[0073] When such a configuration is adopted, the heat of the chemical heat storage material
30 can be suppressed from being transmitted to the water flow path 44 (the branch tubes 54)
‘and water vapor can be suppressed from .being generated inside the water flow path 44.
[0074] Projection shaped restraining portions 77 may also be formed to the water flow path
forming wall section 56, as shown in Fig. 11, such that the chemicél heat Storége material 30
is restrained by the separating wall section 62, which is provided between the heating medium
flow paths 46 and the heat storage matefial housing spaces 42, and the restraining portions 77 |
(the water flow path forming wall section 56). |

[0075] When such a configuration is adopted, the chemical heat storage mvatérial 30 can be
suppressed from disintegrating due to changes in volume accompanying hydration and
dehydration reactions. |
[0076] Heaf transmitting sections 78 may also be provided between the unformed region 58
of the water flow path forming wall secfion 56 and the chemical heat storage material 30, as
shown in Fig. 11.  Fins or a porous body can be employed, for exafnple, as such heat
transmitting sections 78. | _

[0077] When such a configuration is adopted, heat exchange by convgction can be promoted
between the chemical heat storage material 30 that is in a heat generating state and the water
flow path forming wall section 56, and the water vapor at a higher temperature can be more

efficiently generated.
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[0078] A funneling section 80 may also be formed to the discharge outlets 48 so as to reduce
in size on progression towards the vertical direction top side, as shown inF ig. 12.

[0079] When such a configuration is adopted, smoother discharge of water vapor can be
performed (see Fig. 13) by reducing pressure loss accompanying flow of internal water vapor
towards the neighbofhood as the internal cross-sectional area of the flow path for water vapor
spreads out below the discharge outlets 48." A drop in temperature due to liquid water
remaining can be suppreésed by reducing the water vapor space at the discharge outlets 48.
'[0080] Configuration may also be made with shielding portions 82 provided at the vertical
direction bottom side of each of the plural ejection outlets 50 to block water vapor, which
flows in the vertically upwards direction, from flowing inside the heat storage material
housing quées 42, as shown in Fig. 14. In sﬁéh a modified example, the shiélding portibns
82 may be formed with circular arc shape pfoﬁles projecting downwards in the vertical
direction. | | '

[0081] There is a tendency shown at the vicinity of the ejection outlets 50 that the water
supplied by the ejection outlets 50 and the water vapor generated at the vertical direction
lower side from the ejection outlets 50 to interfere with each other so as to impede dissipation
of the supplied water from the ejection outlets 50. Water supply.‘ is accomplished by ejection
from ejection outlets disposed in a distributed array, and there is a need for ejiected water to be
uniformly dispersed so as to fill in areas between the gjection outlets 50 (wetting out).
- However water {/apor generated at the vertical direction lower side flows within the heat
storage material ﬁousing spaces 42 whilc the flow amount and speed of generated water vapor
increases.

[0082] Consequently, when the shielding portions 82 are provided at the Veftical direction
bottom side of each of the plural ejection outlets 50, as in the present modified example, such
that water vapor flowing upwards in the vertical direction inside the heat storagé material
housing spaces 42 is blocked, interferenée to the ejection outlets 50 by the water vapor
flowing from the lower side is suppressed, so as to enable efficient dispersed water supply
(wetting out) from the ejection outlets 50. ‘

[0083] As shown in Fig. 15 and Fig. 16, configuration may be made such that a thinned
portion 84 is forméd' in the water flow path fo’rfping wall séction 56 at portions other than
locations where the water flow path 44 is formed, such that the cross-sectional area of the heat
storage material housing spaces 42 is effectively expanded on progression towards the vertical
direction top side (the discharge outlets 48 side). For ease of understanding, the thinned

portion 84 is illustrated by the region indicated with a dot pattern in Fig. 15.



WO 2012/133600 . 14 ‘ PCT/JP2012/058274

[0084] With the reactor vessel 10, an increase in flow speed of the water vapor is caused
along the flow direction due to the amount of generated water vapor increasing and the
temperature of the generated'watef vapor rising.  Accordingly, in such a modified example,
the heat storage material housing spaces 42 have a cross-sectional area that expands on
progressibn towards the discharge outlets 48, and smooth water vapor discharge can be
performed since the pressure loss accompanying flow of internal water vapor towards the
neighborhood is reduced.

[0085] Since the thinned portion 84 is formed at ioortions in the water flow path forming
wall section 56 other than the locations where the water flow path 44 has been formed, the
cross-sectional area of the heat storage‘material housing spaces 42 expands while still
securing the cross-sectional area é'f the water flow path 44. The pressure loss accompanying
flow of the internal water vapor towards the neighborhood is hence reduced and smooth water
vapor discharge can be performed.

[0086] As shown in Fig. 17, conﬁguratioﬁ may also be made with branch tubes 54 that
include a pressure regulation section 86 formed from a capillary tube or orifice.

[0087] When such a configuration is adopted, since the‘ internal pressure of the branch tubes
54 is.adjusted by the pressure regulation section 86,' the amount of water flowing in each
portion of the branch tubes 54 can be made uniform.’

[0088] Configuration may also be madé, as shown in Fig. 18 and Fig. 19, with plural fine
grooves 88 (microgrooves) are formed in the wall face on the heat storage material housing
space 42 side of the water flow path forming wall section 56. The ﬁné grooves 88 connect
the plural ejection outlets 50 and are formed with a width dimension smaller than the diameter
dimension of each of the plural ¢j ection outlets 50. '

[0089] When such a configuration is adopted, water can be supplied by .capillar‘y action of
the fine grooves 88 to the whole of the chemical heat storage material 30 (see for example Fig.
4. -

[0090] The plural fine grooves 88 may also be configured so as to extend out from each of
the plural e-j.ection.outlets 50 toward the vertical direction top side, as shown in Fig. 20 and
Fig. 21. '

[0091] 'When such a configuration is adopted, not only can water be supplied to the whole of
the chemical héat storage material 30 by utilizing the capillary action of the fine grooves 88,
but the flow of water from the fine grooves 88 towards the vertical direction bottom side can
also be suppressed.

[0092] Configuration may also be made, as shown in Fig. 22, in which the plural fine
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grooves 88 extend out in a horizontal direction (X direction) from each of the plufal gjection
outlets 50. _
[0093] When su_ch a configuration is adopted, not only can a water retention ability be
secured for the wall face on the heat storage material housing space 42 side of the water flow
path forming wall section 56, but also water from the fine grooves 88 can be suppressed from
flowing towards the vertical direction bottom side. | .
[0094] As shown in Fig. 23 to Fig. 25, the branch tubes 54 with the plural ejection outlets 50 |
may be formed in the following manner. Namely, in such a modified example, the plural
ejection outlets 50 are provided so as to be provided for an area having the largest surface area
(in this dase an area spread in YZ directions) within 3 surface areaé spread in XY directions,
XZ direction, or YZ directions of the plate shaped (rectangular body) heat storage material
housing spaces 42. A greater number of the plural ejection outlets 50 can thereby‘ be
-provided, and uniform water supply to the whole of the chemical heat storage material 30 (see
for example Fig. 4) can be achieved. Alternatively, by fofming the heat storage material
housing spaces 42 in thin plate shapes, water can also be readily supplied to the most inner
side of thé chemical heat_ storage material 30. | |
[0095] In such a modified example, in order to uhiformly supply water to the plural ejection
_ outlets 50, the branch tubes 54 are branched into plural flow paths formed as a whole in a tree
shape. In order to utilize the dynamic pressure of water being transported to distribute the
water without stagnation occurring, the shape of each 6f the braﬁched portions of the branch
‘tubes 54 is preferably made at as acute an angle as pQSsible with respect to the direction of
water flow. The plural ejection outlets 50 are provided at each location of the branch tubes
54. The flow path pressﬁre loss of'the branch tubes 54 is accordingly set so as to be
sufficiently smaller than any pressure loss caused by decreased flow or increased flow of the
 water at the plural ej ectibn oﬁtlets. Water can accordingly’be supplied to the chemical heat
storage material 30 from all of the plural ejection outlets 50.
[0096] Suitable combinations may be implemented of combinable modified examples from
the above plural modified ekamples.
[0097] While explanation of fhe present invention has been made by way of exemplary
- embodiments above, the present invention is not limited thereto and various other
modifications may be implemented within a scope not departing from the spirit of the present
invention. | ' o _
'[0098] Japanese Patent Application No. 2011-80217 is incorporated herein by reference.

All publications, patent applications, and technical standards mentioned in this specification -
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are herein incorporated by reference to the same extent as if each individual publication,
patent application, or technical standard was specifically and individually indicated to be

incorporated by reference.
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CLAIMS:

1. A‘reaction vessel comprising: |

a chemical heat storagé}material for generating water vapor by reaction heat that is
-generated when the chemical heat stofage material reacts with water, and storing heat by
heating to separate water from the chemical heat storage material; and

a heat exchanger that internally houses the chemical heat storage material, wherein
the heat exchahger comprises: V

| a heat storage material housing space in which the chemical heat storage

material is housed,

a water flow path comprised with a plurality of ejection outlets in
communication with the heat storage material housing space, a main tube connected to an
external water supply section, and a branch tube in communication with the main tube and the
plurality of ejection outlets, and \ | |

a heating medium flow path through which a heating medium is caused to

flow for heating the chemical heat storage material.

2. The reaction vessel of claim 1 wherein the branch tube is formed in a tree shape

comprising a plurality of branching sections.

3. The reaction vessel of ‘cIaim 1 or claim 2 wherein the plurality of ejection outlets are

arrayed in a staggered formation.

4. The reacﬁo_h VCSSCIN of any one of claim 1 to claim 3 wherein:

the heat storage material hdusing space extends along a vertical direction and
corﬁprises a discharge outlet at a vertical direction top side end section of the heat storage
material housing space for externally discharging water vapor' génerated by the chemical heat
storage material; and ’ ‘ -

a direction of -ﬂ,c')w‘_lof supplied water in the branch tube is aligned With a direction in-

* which the water vapor is discharged.

5. The reaction vessel of any one of claim 1 to claim 4 wherein:
the heat exchanger comprises a water flow path forming wall section in which the

water flow path is formed.-
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6. The reaction vessel of claim 5, wherein the water flow path forming wall section is
provided with an ejection-outlet unformed region at the discharge outlet side and the plurality
of ejection outlets are formed further to the vertical direction lower side than the

ejection-outlet unformed region.

7. The reaction vessel of claim 6, wherein a heat transfer section is provided between the
ejection-outlet unformed region of the water flow path forming wall section and the chemical

heat storage material.

8. The reaction vessel of any one of claim 1 to claim 7, wherein a shielding portion is |
provided at a vertical direction bottom side of each of the plurality of ejectfon outlets to block
water vapor that flows towards a vertical direction top side inside the heat storage material

housing space.

9. The reaction vessel of any one of claim 5 to claim 8, wherein a water vaporl flow path is
formed at portions of the water flow path forming wall section other than af loca‘tions‘w‘here
the plurality of ejection outlets are formed, the water vapor flow path being in communication
with the heat storage material housing space and letting water vapor generated by fhe

chemical heat storage material flow through.

10. The reaction vessel of any one of claim 1 to claim 9, wherein the branch tube comprises
a pressure increasing portion that, on progression along the flow direction of the water, has a

stepped reduction in cross-sectional area orthogonal to the flow direction.

11. The reaction vessel of any one of claim 1 to claim 10, wherein the plurality of ej ection
outlets comprise a circular shape portion and a plurality (')frelongated holes formed in a shape

radiating out from an outer periphery of the circular shaped portion.

12. The reaction vessel of any one of claim 5 to claim 11, wherein a heat insulating portion
- 1s provided between the water flow _p'éth forming wall section and the chemical heat storage |

material.

13. The reaction vessel of any one of claim 5 to claim 12 wherein:

the heat exchanger further comprises a separating wall section between the heating -
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medium flow path and the heat storage material housing space; and
the chemical heat storage material is restrained by the separating wall section and the

water flow path forming wall section.

14. The reaction vessel of any one of claim 1 to claim 13 wherein:
the branch tube comprises a pressure regulatlon section formed by a caplllary tube or

orifice.

15. The reaction vessel of any one of claim 5 to claim 14, wherein a plurality of fine

- grooves are formed on & wall face at the heat storage material housing space side of the water
flow path forming wall section, wherein the fine grooves are connected to the plurality of
.ejection outlets and a width dimension of each of the fine grooves is smaller than a diameter

~ dimension of the plurality of ejection outlets.

~16. The reaction vessel of claim 15, wherein the plurality of fine grooves extend from the

plurality of ejection outlets towards the vertical direction top side.

17. The reaction ve§sel of claim 15 wherein the plurality of fine grooves extend in a

‘horizontal direction from the plurality of ejection outlets.
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