
DESCRIPTION SPIRAL TYPE SEAWATER DESALINATION APPARATUS 5 TECHNICAL FIELD
[0001]The present invention relates to a spiral type seawater desalination
apparatus capable of reducing the fluctuation in reverse osmosis membrane
elements housed in a pressure vessel. 10 BACKGROUND ART [0002]An
evaporation method by which seawater is evaporated, and a reverse osmosis
method by which seawater is pressurized to pass through a type of a
filtration 15 membrane called a reverse osmosis membrane (RO membrane) to
filter fresh water while the salt content of the seawater is concentrated
and discharged, have been used as conventional methods to obtain fresh
water from seawater that is raw water. 20The later reverse osmosis method
is superior to the evaporation method in energy efficiency. However, the
reverse osmosis method has such problems that a careful pretreatment (a
treatment using "an ultrafiltration membrane (OF membrane)" or "a
microfiltration membrane (MF 25 membrane)" that reduces a turbid content in
seawater that is raw water) is required so as not to clog the RO membrane
with microorganisms and deposits in seawater, and that maintenance or the
like is costly. [0003]Examples of reverse osmosis membrane apparatuses 30
include: a "hollow string membrane" type reverse osmosis membrane apparatus
molded into a hollow string-like shape with a substantially pasta-sized
width, and filters from outside to inside; and a "spiral membrane" type
reverse  



osmosis membrane apparatus in which a sheet of a filtration membrane is
overlaid with a strong mesh support to keep its strength with their edges
bonded to form an envelope, the envelope is then wound in a Swiss roll
fashion, and 5 pressure is applied from its cross-section direction. For
the pressure application, for example, high-pressure pumps such as turbine
pumps and plunger pumps are used.  [0004]The reverse osmosis method has
difficulty to obtain water quality as high as that obtained by the 10
evaporation method. Therefore, a plurality of reverse osmosis membrane
apparatuses needs to be combined to obtain high purity water quality.
An embodiment of a seawater desalination apparatus of a conventional spiral
reverse osmosis membrane apparatus is 15 represented in Fig. 8 (Patent
Document 1: Japanese Patent Application Laid-open No. 2001-137672).
[0005]As shown in Fig. 8, a reverse osmosis membrane module unit is
constituted with a plurality of reverse osmosis membrane modules 103 (three
modules in this 20 embodiment) provided in parallel through a permeated
water pipe 104. Each of the reverse osmosis membrane modules 103 has a
plurality of reverse osmosis membrane elements 101 that is serially
connected to each other and is housed in a cylindrical pressure vessel 102.
25In Fig. 8, numeral 105 denotes raw water (supplying water), 106 denotes
permeated water, 107 denotes concentrated water, and 115 denotes a brine
seal.  [0006]As shown in Fig. 9, for example, each of the reverse osmosis
membrane elements 101 has a structure in 30 which an envelope-shaped
reverse osmosis membrane 113 including a passage material 112 is wound
spirally with a mesh spacer 114 around a collecting pipe 111, and the brine
seal 115 is provided at one end of the reverse osmosis  membrane element
101. Each of the reverse osmosis membrane elements 101 leads supplying
water (sea water) 116 with a predetermined pressure supplied from the
front-side brine seal 115 into the space between adjacent surfaces of the 



5 envelope-shaped reverse osmosis membrane 113 through the mesh spacer 114
in turn. Permeated water (fresh water) 117 passed through the reverse
osmosis membrane 113 by reverse osmosis is brought out from a rear seal 118
through the collecting pipe 111. Concentrated water 119 is also 10 brought
out from the rear side of the reverse osmosis membrane element 101.
[0007]When using such a spiral reverse osmosis membrane element 101 for
seawater desalination, about six to eight of the reverse osmosis pressure
membrane elements 101 are 15 housed in a single pressure vessel 102 to be
used. [0008]A Christmas tree type reverse osmosis (RO) device constructed
with a plurality of elements has also been developed (Patent Document 2:
Japanese Patent Application Laid-open No. 2007-125527). 20[0009]The reasons
the elements are housed in the pressure vessel 102 are described below.  1)
When the number of reverse osmosis membrane elements 101 housed in a single
pressure vessel 102 is increased to reduce the number of pressure vessels
102, the number of 25 high pressure branched pipes is reduced, which cuts
construction costs:  2) Reducing the number of pressure vessels 102
installed leads to the reduction of an installation area required.  3) By
reducing the number of pressure vessels 102, a 30 supplying water amount
flown into a single reverse osmosis membrane element 101 averagely
increases. Because of this, concentration polarization phenomenon, by which
the concentration is elevated at a membrane surface, can be 



suppressed to improve desalination performance. [0010]Patent Document 1:
Japanese Patent Application Laid-open No. 2001-137672 5Patent Document 2:
Japanese Patent Application Laid- open No. 2007-125527 DISCLOSURE OF
INVENTION PROBLEM TO BE SOLVED BY THE INVENTION 10 [0011]When the number of
reverse osmosis membrane elements 101 housed in a single pressure vessel
102 is increased (ten elements, for example), the difference between the
water quality flown in the front reverse osmosis membrane element (1-th)
and the water quality flown 15 in the rearmost reverse osmosis membrane
element (10-th) increases. This results in a problem as shown in Fig. 10.
The amount of the produced water obtained from the rearmost reverse osmosis
membrane (10-th) is extremely smaller than the amount of the produced water
obtained from the front 20 reverse osmosis membrane (1-th). [0012]As shown
in Fig. 10, the membrane of the front reverse osmosis membrane element
(1-th) produces a larger amount of permeated water than the membranes of
other elements. As a result, only the front membrane is 25 extremely likely
to be stained. On the other hand, the membrane of the rearmost reverse
osmosis membrane element (10-th) produces the extremely small amount of
permeated water, which leads to a problem that the membrane cannot be
utilized effectively. 30[0013]Therefore, the fluctuation of the using
condition of the individual reverse osmosis membrane element 101 increases,
so that the reverse osmosis membrane element 101 



becomes inefficient as a whole. Thus, it is currently  general to house, in
a single pressure vessel 102, equal to or less than eight elements, more
preferably equal to or less than six elements. [0014]For the above reason,
a spiral type seawater 5 desalination apparatus capable of reducing the
fluctuation in the reverse osmosis membrane elements 101, of increasing the
housing number of reverse osmosis membrane elements 101 housed in a single
pressure vessel 102, and of increasing the production efficiency of
seawater desalination, has 10 been desired to be developed. [0015]The
present invention has been made in view of the problems, and an object
thereof is to provide a spiral type seawater desalination apparatus capable
of reducing the fluctuation in reverse osmosis membrane elements housed 15
in a pressure vessel. MEANS FOR SOLVING PROBLEM [0016]According to an
aspect of the present invention, an spiral type seawater desalination
apparatus includes: a 20 spiral type pressure vessel in which a plurality
of reverse osmosis membrane elements having spiral reverse osmosis
membranes to obtain permeated water by reducing a salt content from raw
water is connected through a permeated 



water pipe; a raw water supplying line that supplies the 25 raw water into
the pressure vessel; a concentrated water discharging line through which
concentrated water concentrated in the pressure vessel is discharged to
exterior; a plug that blocks the permeated water pipe at a center of the
reverse osmosis membrane elements in the 30 pressure vessel; a front-side
permeated water line and a rear-side permeated water line through which
front-side permeated water and rear-side permeated water are discharged to
exterior, respectively, which are separated  fore and aft, respectively, at
the permeated water pipe blocked by the plug; a pressure regulating valve
that is mounted in the raw water supplying line supplying the raw water and
regulates a supply pressure of the raw water; a 5 flow regulating valve
that is mounted in the concentrated water discharging line through which
the concentrated water is discharged, and regulates a discharge flow rate
of the concentrated water; and a pressure regulating valve that is mounted
in the front-side permeated water line through 10 which the front-side
permeated water is discharged, and regulates a flow rate of the front-side
permeated water. [0017]Advantageously, the spiral type seawater
desalination apparatus further includes a second reverse osmosis membrane
apparatus that is mounted in the front- 15 side permeated water line and
produces permeated water through a reverse osmosis membrane using the
front-side permeated water with high pressure. [0018]Advantageously, in the
spiral type seawater    desalination apparatus, concentrated water obtained
from 20 the second reverse osmosis membrane apparatus is returned to the
raw water supplying line. [0019]Advantageously, the spiral type seawater 



desalination apparatus further includes an energy recovery apparatus that
is mounted in the front-side permeated water 25 line and recovers energy of
the front-side permeated water with high pressure. The pressure regulating
valve that is mounted in the front-side permeated water line is replaced
with a flow regulating valve. [0020]Advantageously, in the spiral type
seawater 30 desalination apparatus, a three-way valve is interposed between
the flow regulating valve that is mounted in the front-side permeated water
line and the energy recovery apparatus.  [0021]Advantageously, the spiral
type seawater desalination apparatus further includes: a pressure
conversion apparatus that converts pressure energy of the front-side
permeated water into pressure energy of the 5 rear-side permeated water;
and a second reverse osmosis membrane apparatus that produces permeated
water through a reverse osmosis membrane using the rear-side permeated
water whose pressure is increased. [0022]Advantageously, in the spiral type
seawater 10 desalination apparatus, a three-way valve is interposed between
the flow regulating valve that is mounted in the front-side permeated water
line and the pressure conversion apparatus. 15 EFFECT OF THE INVENTION
[0023]According to the present invention, the fluctuation in reverse
osmosis membrane elements can be reduced, and the number of reverse osmosis
membrane elements housed in a single pressure vessel can be 20 increased
(ten elements, for example), which enables to increase the production
efficiency of seawater desalination. [0024]When substantially the same
number of reverse 



osmosis membrane elements as before (six to eight elements) are housed in
the pressure vessel to be used, the 25 fluctuation in the reverse osmosis
membrane elements housed in a single pressure vessel can be reduced. The
amount of the produced water obtained from the front element is reduced so
that the element becomes hard to be stained, and the rearmost element is
also used more effectively, which 30 enables to prolong the life of a
membrane and to reduce the washing frequency of the membrane. Furthermore,
the number of pressure vessels in a whole desalination plant can be reduced
by as much as the room is made in the front element.  BRIEF DESCRIPTION OF
DRAWINGS [0025][Fig. 1] Fig. 1 is a schematic of a spiral type seawater
desalination apparatus according to a first embodiment.        [Fig. 2]
Fig. 2 is a schematic of a spiral type seawater desalination apparatus
according to a second embodiment.          [Fig. 3] Fig. 3 is a schematic
of a spiral type 10 seawater desalination apparatus according to a third
embodiment.        [Fig. 4] Fig. 4 is a schematic of a spiral type seawater
desalination apparatus according to a fourth embodiment. 15[Fig. 5] Fig. 5
is a schematic of another spiral type seawater desalination apparatus
according to the third embodiment. [Fig. 6] Fig. 6 is a schematic of
another spiral type      seawater desalination apparatus according to the
fourth 20 embodiment. [Fig. 7] Fig. 7 is a graph of the amount of the
produced water obtained from each element in the spiral type seawater
desalination apparatus according to the first embodiment. 



25[Fig. 8] Fig. 8 is a schematic of the seawater desalination apparatus of
a spiral reverse osmosis membrane apparatus according to a conventional
art.          [Fig. 9] Fig. 9 is a part exploded schematic of the spiral
reverse osmosis membrane apparatus according to a 30 conventional art.
[Fig. 10] Fig. 10 is a graph of the amount of the produced water obtained
from each element in the spiral type seawater desalination apparatus
according to a  conventional art. BEST MODE(S) FOR CARRYING OUT THE
INVENTION [0026]The present invention will be described in detail 5 with
reference to the accompanying drawings. The present invention is not
limited to the embodiments. Constituting elements of the embodiments
include elements readily convertible by a person skilled in the art, or
elements being substantially the same as those. 10 First Embodiment [0027]A
spiral type seawater desalination apparatus according to an embodiment of
the present invention will be described with reference to the accompanying
drawings. Fig. 15 1 is a schematic of a spiral type seawater desalination
apparatus according to a first embodiment. As shown in Fig. 1, a spiral
type seawater desalination apparatus (desalination apparatus) 10A 



includes: a spiral type pressure vessel (pressure vessel) 20 15 in which a
plurality of reverse osmosis membrane apparatuses (hereinafter,
"desalination elements" or "elements") 13-1 to 13-10 having spiral reverse
osmosis membranes (RO membranes) to obtain permeated water 12 that is fresh
water by reducing a salt content from raw water 25(seawater) 11 that is
supplying water, is connected through a permeated water pipe 14, and is
housed in a connected state; a raw water supplying line L1 through which
the raw water 11 is supplied into the pressure vessel 15; a concentrated
water discharging line L2 through which 30 concentrated water 16
concentrated in the pressure vessel 15 is discharged; a plug 17 that blocks
the permeated water pipe 14 at the center of the reverse osmosis membrane
apparatuses 13-1 to 13-10 in the pressure vessel 15; a  front-side
permeated water line L3 and a rear-side permeated water line L4 through
which front-side permeated water 12-1 and rear-side permeated water 12-2
are discharged to the exterior, respectively, which are 5 separated fore
and aft, respectively, of the permeated water pipe 14 blocked by the plug
17; a pressure regulating valve 20 that is mounted in the raw water
supplying line LI and regulates the supply pressure of the raw water 11 (70
kg/cm2); a flow regulating valve 21 that is mounted in the 10 concentrated
water discharging line L2 and regulates the discharge flow rate of the
concentrated water; and a flow regulating valve 22 that is mounted in the
front-side permeated water line L3 and regulates the pressure of the
front-side permeated water 12-1 (10 kg /cm2 to 15 kg/cm2). 15 In Fig. 1,
numerals 23 to 25 denote flowmeters.       The elements are substantially
the same as the elements in Fig. 9 as described above. Each of the elements
leads the raw water 11 with a predetermined pressure supplied from the
front-side brine seal into 20 between the space between adjacent surfaces
of the envelope-shaped RO membrane through a mesh spacer in turn. Permeated
water (fresh water) 12 passed through the RO membrane by reverse osmosis is
brought out from the rear seal through the permeated water pipe 14. The
membranes 25 are shown as sloped lines for convenience of drawing. [0028]In
the present embodiment, the plug 17 provided at the center of the pressure
vessel 15 separates supplying 



water into an upstream side (raw water supplying water side) and a
downstream side (concentrated water discharging 30side).       Therefore,
the front-side permeated water 12-1 and the rear-side permeated water 12-2
can be obtained separately from the pressure vessel 15 through reverse
osmosis  membrane apparatuses (elements) 13-1 to 13-5 arranged at the front
side and reverse osmosis membrane apparatuses (elements) 13-6 to 13-10
arranged at the rear side of the plug 17.       Providing the plug 17
allows applying a different back pressure to the permeated water 12
obtained from the front elements and the rear elements.       The flow
regulating valve 22 is mounted in the front-side permeated water line L3
for the front-side permeated 10 water 12-1 obtained from the front elements
that produce the permeated water 12 readily. [0029]The desalination
operation is performed as follows. (Step 1) A pump 18 is started to supply
the raw water 11 15 into the pressure vessel 15. The flow rate of the
concentrated water 16 is regulated by the flow regulating valve 21 that is
mounted in the concentrated water discharging line L2 so as to be a set
value (70 kg/cm2, for example). 20(Step 2) The pressure at the inlet of the
RO membrane in the pressure vessel 15 (60 kg/cm2 to 70 kg/cm2, for example)
is regulated by the pressure regulating valve 20 that is mounted in the raw
water supplying line 1,1, so that the permeated water 12 reaches a design
value. 25(Step 3) The back pressure (10 kg/cm2 to 15 kg/cm2, for example)
is applied, so that the flow rate of the rear-side permeated water 12-2
obtained from the pressure vessel 15 through the rear-side permeated water
line L4 reaches a set value, by regulating the flow rate by the flow
regulating 



30 valve 22 that is mounted in the front-side permeated water line L3.
[0030]The back pressure is applied to the front-side permeated water 12-1.
As a result of this, it is difficult  for the front-side permeated water
12-1 obtained from the front elements (13-1 to 13-5) to be discharged.
Therefore, as shown in Fig. 7, the fluctuation between the front elements
(13-1 to 13-5) and the rear elements (13-5 to 13- 510) can be reduced.
Because of this, the fluctuation of each element can be alleviated as
compared with that in Fig. 10 that indicates the case where successive
connecting type elements are installed as is conventionally done. 10
Furthermore, even if seven or more elements are housed in the pressure
vessel 15, membranes can be utilized effectively because the amount of the
permeated water (amount of the produced water) increases. [00311According
to the present invention, the number of 15 RO membranes to be housed in a
single pressure vessel 15 can be increased, which enables to reduce the
construction costs and the installation area. Even if a similar number of
elements as before (six to eight elements) are housed in the pressure
vessel 15, by 20 enabling to reduce the fluctuation in the reverse osmosis
membrane elements 13-1 to 13-10 housed in a single pressure vessel 15, the
front element 13-1 produces less water to be unlikely stained, and the
rearmost element 13-10 is used effectively. As a result, the prolonging
life of a 25 membrane and the reduction of the washing frequency of the
membrane can be expected. Furthermore, the number of pressure vessels 15
housed can be reduced by as much as the room is made in the front element
13-1. 30 Second Embodiment [0032]A spiral type seawater desalination
apparatus 



according to an embodiment of the present invention will be described with
reference to the accompanying drawings. Fig.  2 is a schematic of a spiral
type seawater desalination apparatus according to a second embodiment. As
shown in Fig. 2, a spiral type seawater desalination apparatus 10B
includes, in addition to the 5 apparatus shown in Fig. 1, a second reverse
osmosis membrane apparatus 30 that is mounted in the front-side permeated
water line L3 and provides second permeated water 12-3 using the front-side
permeated water 12-1 with a high pressure (15 kg/cm2). In the figure,
numeral 26 denotes a 10 flowmeter, 31 denotes the concentrated water
obtained from the second reverse osmosis membrane, and 32 denotes a flow
regulating valve that regulates the flow rate of the concentrated water
obtained from the second reverse osmosis membrane. A first reverse osmosis
membrane apparatus 15 relative to the second reverse osmosis membrane
apparatus 30 means the reverse osmosis membrane elements 13-1 to 13- 10
housed in the pressure vessel 15 (hereinafter the same meaning shall
apply). In this apparatus, the front-side permeated water 12-1 20 has a
high pressure (15 kg/cm2), so that desalination is performed at the second
reverse osmosis membrane apparatus 30 by utilizing the pressure
effectively.       The more desalinized second permeated water 12-3 can be
obtained by performing desalination by the second 25 reverse osmosis
membrane apparatus 30. The second reverse osmosis membrane apparatus 30 may
be either of a hollow string membrane type or a spiral type. [0033]In the
present embodiment, the pressure regulating valve 20 installed in the
front-side permeated 30 water line L3 for the front-side permeated water
12-1 



applies a back pressure, so that the permeated water 12 obtained from the
front elements 13-1 to 13-5 is difficult to be discharged. As a result of
this, the fluctuation of  the elements between the front side and the rear
side can be reduced. [0034]In the first embodiment, the back pressure of
the front-side permeated water 12-1 is consumed at the valve. 5 However, in
the present embodiment, the second reverse osmosis membrane apparatus 30
treats the front-side permeated water 12-1 once again by using its back
pressure. Therefore, the more desalinized high-purity second permeated
water 12-3 can be obtained. 10[0035]Typically, two pumps are required to
apply pressure when a treatment is performed using reverse osmosis membrane
apparatuses in two steps. In the present embodiment, only a single pump 18
is required, so that the system efficiency is improved. 15[0036]The
concentrated water 31 obtained from the second reverse osmosis membrane
apparatus 30 is dilute compared with the raw water 11. Therefore, the raw
water 11 that is supplying water is diluted by circulating the concentrated
water 31 to the inlet side of the pump 18. As 20 a result, a process in
which energy consumption is lower during desalination can be attained.
Third Embodiment [0037]A spiral type seawater desalination apparatus 25
according to an embodiment of the present invention will be described with
reference to the accompanying drawings. Fig. 3 is a schematic of a spiral
type seawater desalination apparatus according to a third embodiment. As
shown in Fig. 3, a spiral type seawater 



30 desalination apparatus 10C includes, in addition to the apparatus shown
in Fig. 1, an energy recovery apparatus 41 that is mounted in the
front-side permeated water line L3 and recovers the energy of the
front-side permeated water  12-1 with a high pressure (15 kg/cm2).
[0038]The front-side permeated water 12-1 has a high pressure (15 kg/cm2),
so that the energy recovery apparatus 41 utilizes pressure energy
effectively. 5The energy recovery apparatus 41 is installed in the
front-side permeated water line L3 connected to the front elements 13-1 to
13-5 from which the permeated water 12 is obtained readily. The recovered
energy can be utilized for, for example, the operation performed by the
first reverse 10 osmosis membrane apparatus. [0039]Examples of the energy
recovery apparatus 41 that can be used include a known recovery apparatus
such as a Peiton Wheel energy recovery apparatus, a Turbocharger energy
recovery apparatus, a Pressure Exchanger (PX) energy 15 recovery apparatus,
and a Dual Work Exchanger Energy Recovery (DWEER) energy recovery
apparatus. [0040]The PX energy recovery apparatus alleviates the load of
the pump 18 by switching the direction of the piston flow of the front-side
permeated water 12-1 in the 20 cylinder of a plurality of revolver-shaped
cylindrical rotary bodies to transmit the flow to the raw water 11, thereby
utilizing the exchanged pressure (15 kg/cm2). [0041]The DWEER energy
recovery apparatus uses a plurality of cylindrical pressure vessels. In
each 



25 cylinder, the front-side permeated water 12-1 and the raw water 11 are
partitioned by partition walls, and the flow direction is switched
alternately to transmit one pressure (15 kg/cm2) to the other. Thus, the
load of the pump 18 is alleviated by utilizing the exchanged pressure (15
kg/cm2). 30 Fourth Embodiment [0042]A spiral type seawater desalination
apparatus according to an embodiment of the present invention will be
described with reference to the accompanying drawings. Fig. 4 is a
schematic of a spiral type seawater desalination apparatus according to a
fourth embodiment. As shown in Fig. 4, a spiral type seawater 5
desalination apparatus 100 includes, in addition to the apparatus shown in
Fig. 1, an energy conversion apparatus 50 mounted in the front-side
permeated water line L3 that converts the energy of the front-side
permeated water 12-1 with a high pressure (15 kg/cm2) into the energy of
the 10 rear-side permeated water 12-2. [0043]The energy of the front-side
permeated water 12-1 with a high pressure (15 kg/cm2) is converted into the
energy of the rear-side permeated water 12-2 obtained from the rear
elements by installing the energy conversion 15 apparatus 50 that converts
the pressure directly. By utilizing the pressure (15 kg/cm2), the converted
energy may be used for the treatment by the second reverse osmosis membrane
apparatus 30. [0044]Examples of the energy conversion apparatus 50 



20 that can be used include a PX energy recovery apparatus and a DWEER
energy recovery apparatus. [0045]The PX energy recovery apparatus switches
the direction of the piston flow of the front-side permeated water 12-1 in
the cylinder of a plurality of revolver- 25 shaped cylindrical rotary
bodies to transmit the flow to the rear-side permeated water 12-2. The
exchanged pressure (15 kg/cm2) is utilized for the desalination by the
second reverse osmosis membrane apparatus 30. Treating the rear-side
permeated water 12-2 improves 30 desalination performance as a whole
process, because the water quality of the rear-side permeated water 12-2 (a
salt concentration of 300 mg/L) is worse than the water quality of the
front-side permeated water 12-1 (150 mg/L).  [0046]The DWEER energy
recovery apparatus uses a plurality of cylindrical pressure vessels. In
each cylinder, the front-side permeated water 12-1 and the rear- side
permeated water 12-2 are partitioned by partition 5 walls, and the flow
direction is switched alternately to transmit one pressure (15 kg/cm2) to
the other. [0047]As shown in Fig. 5 and Fig. 6, the desalination
apparatuses 100 and 10D include three-way valves 42 between the front-side
permeated water 12-1 and the energy recovery 10 apparatus 41 (or the energy
conversion apparatus 50) to ease the control of the start-up. In Fig. 5 and
Fig. 6, numeral 27 denotes the flowmeter of discharging water 43.
When starting the pump 18, the whole flow is set to be flown to the
discharging water 43 side, and after the rear- 15 side permeated water 12-2
is obtained, the flow is set to flow gradually into the energy recovery
apparatus 41 (or the energy conversion apparatus 50) by operating the
three-way valves 42. 



In this case, at Step 2, the pressure regulating valve 20 20 installed at
the raw water 11 side controls the sum of the permeated water 12 and the
discharging water 43 to be a set value. [0048]As a result of this, also
when the energy   recovery apparatus 41 or the energy conversion apparatus
50 25 is installed, the desalination with high energy efficiency is
available. INDUSTRIAL APPLICABILITY [0049]As described above, with the
desalination 30 apparatus according to the present invention, the
fluctuation in reverse osmosis membrane elements can be reduced, and the
number of reverse osmosis membrane elements housed in a single pressure
vessel can be  increased, which improves the production efficiency of
seawater desalination. EXPLANATIONS OF LETTERS OR NUMERALS [0050]10A to
10Dspiral type seawater desalination apparatus 11raw water (seawater)
12permeated water 12-1 front-side permeated water 10 12-2 rear-side
permeated water 



13 (13-1 to 13-10) reverse osmosis membrane apparatus having spiral reverse
osmosis membrane (RO membrane) (desalination element) 14permeated water
pipe 15 15pressure vessel 16concentrated water 17plug 20pressure regulating
valve 21, 22flow regulating valve  CLAIMS 1.A spiral type seawater
desalination apparatus comprising: a spiral type pressure vessel in which a
plurality of 5 reverse osmosis membrane elements having spiral reverse
osmosis membranes to obtain permeated water by reducing a salt content from
raw water is connected through a permeated water pipe;            a raw
water supplying line that supplies the raw water 10 into the pressure
vessel;        a concentrated water discharging line through which
concentrated water concentrated in the pressure vessel is discharged to
exterior;          a plug that blocks the permeated water pipe at a 15
center of the reverse osmosis membrane elements in the pressure vessel; a
front-side permeated water line and a rear-side 



permeated water line through which front-side permeated water and rear-side
permeated water are discharged to 20 exterior, respectively, which are
separated fore and aft, respectively, at the permeated water pipe blocked
by the plug;       a pressure regulating valve that is mounted in the raw
water supplying line supplying the raw water and regulates 25 a supply
pressure of the raw water in association with a flow rate of the front- and
rear-side permeated waters respectively discharged from the front- and
rear-side permeated water lines; a flow regulating valve that is mounted in
the 30 concentrated water discharging line through which the concentrated
water is discharged, and regulates a discharge flow rate of the
concentrated water in association with a flow rate of the concentrated
water; and a pressure regulating valve that is mounted in the 35 front-side
permeated water line through which the front-side permeated water is
discharged, and regulates a flow rate of the front-side permeated water in
association with a flow rate of the rear-side permeated water.  2. The
spiral type seawater desalination apparatus according to claim 1, further
comprising: a second reverse osmosis membrane apparatus that is     mounted
in the front-side permeated water line and produces 5 permeated water
through a reverse osmosis membrane using the front-side permeated water
with high pressure. 3. The spiral type seawater desalination apparatus
according to claim 2, wherein concentrated water obtained from the second
reverse osmosis membrane apparatus is 10 returned to the raw water
supplying line. 4. The spiral type seawater desalination apparatus
according to claim 1, further comprising: 



an energy recovery apparatus that is mounted in the front-side permeated
water line and recovers energy of the 15 front-side permeated water with
high pressure, wherein the pressure regulating valve that is mounted in the
front-side permeated water line is replaced with a flow regulating valve.
5. The spiral type seawater desalination apparatus 20 according to claim 4,
wherein a three-way valve is interposed between the flow regulating valve
that is mounted in the front-side permeated water line and the energy
recovery apparatus.       6. The spiral type seawater desalination
apparatus 25 according to claim 1, further comprising: a pressure
conversion apparatus that converts pressure energy of the front-side
permeated water into pressure energy of the rear-side permeated water; and
a second reverse osmosis membrane apparatus that 30 produces permeated
water through a reverse osmosis membrane using the rear-side permeated
water whose pressure is increased. 7. The spiral type seawater desalination
apparatus  according to claim 6, wherein a three-way valve is interposed
between the flow regulating valve that is mounted in the front-side
permeated water line and the pressure conversion apparatus. 


