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- PRESSURE REDUCING DEVICE, HOT AND COLD WATER SUPPLY SYSTEM

USING SAID PRESSURE REDUCING DEVICE, AND METHOD OF SELECTING

THE PRESSURE REDUCING DEVICE USED IN SAID SYSTEM

BACKGROUND OF THE iN\fENTION
Field of the Invention

This invention concerns a pressure reducing device, a
hot and cold water supply system using this pressure reducing

device, and a method of selecting a pressure reducing device

-to be used in this system.

Description of the Prior Art

With a conventional, pressure-fed type hot and cold water
supply systemn, a céld water supply pipe and a hot water supply
pipe are connected at a combination faucet and hot/cold water
of a preset temperature is supplied from a water tap} such as
a faucet or shower or bath tap, etc., at the service terminal
in each household (room).

However_', with the abovementioned sy;stem, a vé.riation of
the cold water supply load or hot water supply load in the cold
water supply pipe or hot water supply pipe accompanies a
pressure variation and thus gives rise to a variation of water

temperature at the water tap of each household, etc.
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A cause of this lies in the direct-acting type pressure
reducing valve that is connected to the piping at the discharge
side of a pump that is installed at each of the cold water supply
pipe and hot water supply pipe.

Since the discharge pressure of a pump ié high, the
pressure reducing valves are installed as.mentioned above in
the cold water supply pipe and hot water supply pipe to reduce
the pressure to a level that enables use af a cold water supply
pipe terminal or hot water supply pipe. terminal of each
household, etc. |

Thus with an abovementioned pressure redﬁcing valve, the
variation of the wvalve-outlet pressure with respect to the
consumption émount of hpt/cold-water ié large and when the
consumption amount of hot/cold water changes due to use of Ithe
respective water taps, sihce the variations of the respective
‘valve-outlet pressurés of the cold water supply pipe and hot
water supply pipe are large,.the flow rates of the cold water
from the cold water supply pipe and the hot water from the hot
water supply pipe, which are iﬁ accordance to the preset
temperatures, vary, causing the pressure at the cold water
supply side or hot water-supply side to drop or rise suddenly
during use and thereby causing hot/cold water that is lower

or higher in teinperature than the preset temperature to be
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© supplied.

‘Though in order to secure the respective flow rates of
hot water and cold water with such a pressure reducing valve,
the ratio of the effective diameter of the diaphragm with

respect to the valve port diameter of the pressure reducing

" valve must be made large, this cannot be put into practice as

it will make the pressure reducing valve itself.become too

large.

SUMMARY OF THE INVEi\ITION

An object of this invention is to provide a ﬁressure
reducing dewvice, a hot water supply s&sf:em using this pressure
reducing device, and a method of _selecting a pres’sui:e reducing
device to be used in this system, with which pressured water
can be supplied in a stable ménnér even when the consumption
amount wvaries.

In view of the above theme, with this invention, by
providing a main valve, wherein a master valve, which opens
and closes a valve port that puts into communication a
valve-inlet pressure chamber aﬁd a valve-outlet pressure
chamber that are provided in the interior of the main body of
the main valve, is urged in the closing direction by means of

a spring and a diaphragm that is coupled' to the master valve
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partitions a diaphragm chamber, which is provided at the rear
side of the diaphragm) and the valve-inlet pressure chamber, |
disposing a pilot pipeline, having a pressure reducing valve
interposed therein, between the abovementioned valve-inlet
pressure chamber and valve-outlet pressure chamber, and in this
pipeline, connecting a branch pipeline, provided at the
valve—'inlet side (upstream side) of"'the pres's'ure r_educlng valve,
to the abovementioned diaphragm chamber and disposing a
restriction means' upstream_ the br-anch'ing point to restrict,
by means of the restriction means, the amount_ of water'that
is passed from .the valve—inlet presSur'e chanber of the main
body to the valve-lnlet pressure chamber of the pressure
reduc1ng valve and the dlaphragm chamber, the pressure J.n the' :

dlaphrag"m chamber is made to drop to thereby cause the maln .

. body to open when the pressure_red_uc_lng valv_e is opened by the

use of water.'

‘That 1s, when by the use of water, the valve outlet'

| pressure falls below the preset value, the same amount of water
'_as the amount of water used passes through the maln body so_"
_ that the valve outlet pressure wxll not be decreased greatly. .
'Supplylng of water at a stable pressure 1s_ t_hus enabled even ..

_when the consumptn.on amount changes.

"And by equlpplng a hot and cold water supply system w:Lth '



a pressure reducing device that has been selected based on a .
fixed set of conditions, hot water of the desired temperature
can be supplied in a stable manner, thereby solving the
above-described problems. ..

Thus with the first aspect of the invention, since pilot
pipeline 3, in which pressure reducing val've._4 is inte.r.pos'ed,
is installed bet_ween the valve—inlet pressure chamher 8 and
valve-outlet pressure chamberi 9 of main valve 2 lof the
above—described arrang.ement and'since in pilot pipeli'n_e 3,
branch pipeline 3a, which is installed at the 'valve'—:i_.nlet s_i_de'
of pressure reducing valve 4, is conne_cted .to diaphragzn chamb_er |
14 and restricti'on means 20 is install-ed ups’tream the branching e
po:.nt M, the pressure reduc:Lng valve 4 opens when, due to the’"'
consumptlon of water at the valve outlet 51de of maln body 2,
the valve-outlet pressure 1?4 fall_s belo_w _the preset_prlessure
P., and at this time, si'nee ‘the flow volume o from. valv'e-inl.et

pressure chamber 8 of ma:Ln body 2 to valve-:.nlet pressure

chamber 25 of pressure reduc1ng valve 4 and dlaphragm chamber S

14 is restrlcted by restrlctlon means 20, that .‘LS, s:.nce an'

arrangement is made 50 that the flow rate Q1 at pressure reduc:Lng ; o

valve 4 when the valve—outlet pressure P4 falls from its preset -
. pressure P, to the. lower llmlt PL of the allowable range will .'

“exceed the flow rate Qz_restrllcted by _r_est_ri_ctlon means 20, :



the pilot valve-inlet pressure P, and the pressure p; of
dlaphragm chamber 14 drop drastlcally at once, enabling main
valve 17 to be dlsplaced in the opening direction and be opened
along with diaphragm 13.

The same amount of w_ater as the consumption amount can
thereby be made to p_a's's through valv'e_port" 11 and since the
consumption amount and _the ainoun_t .of water p'als"'sing thr_“oug'h the
valve port is substantially matched, the valve'—outllet pressure
P, will not drop greatiy. That is, by. satiszing the
above-described condition of flow rate Q1 > flow rate Qz,
'pres'sure control of pressure reducing device 1 by pre's'sure

reduc:l.ng valve 4 is enabled from the preset valve—outlet

pressure P, to the lower llmlt Py of the allowable range of the_...

valve outlet pressure P4 when the consumptlon amount is less
than or equal to the maximum consumptlon amount Fm, _and thus -
the w:.dth of pressure varlatlon in this control process can
be narrowed s:.gn1f1cantly in comparlson to the prlor art, w:.th .
which the . valve—outlet. pressure- drops ' greatly as the':

3 consumptlon amount 1ncreases. o | . - |
Thus - by the present 1nventlon, pressured water can be' '

suppl:.ed in a stable manner even when the consumptlon amount_"

. varies.

Moreover, s1nce pressure reducmg dev1ce 1is arranged '



from a pressure reducing valve 4, which controls the opening
-and closing of main body 2 upon detection of the valve-outlet
pressure P;, and main body 2, which regulates the flow rate
in accordance to the instruction of pressure reducing valve
4, theratioof the valve port diameter to the effective diameter
- of diaphragm 13_ of main body. 2 can be made small in comparison
to that of the prior art and main bodv 2 can thus be made more
compact. | |

With the se-cond aspect of the invention, since the .
separate restriction means 21 is installed in branch pipeline

3a of the above—described pressure reducing device 1, the flow

volume that enters and ex:Lts between valve—:.nlet ‘pressure -

chamber 25 of pressure reduc:Lng valve 4 and dlaphragm chamber
14 via restrlctlon means 21 can be restrn.cted s0 that the"'-
pressure P3 inside di aphragm chamber 14 will not change suddenly _ |
even when the pllot valve- 1nlet pressure Pz of pressure reducn.ng B

valve 4 changes due to consumptlon of water or stoppage of

consumption at the valve—outlet s:.de of maln body 2. The_'

_ operatlon of main valve 17 of ma:m body 2, wh:.ch is opened and'
closed by thlS change of pressure P3 ‘can thus be made gradual L
‘and the water hammer ‘and other problems ‘that occur at the

upstream side of main body 2 when maln valve 17 is opened or

closed suddenly can be prevented



The third aspect of the invention provides hot and cold
water supply system Z, with which cold water supply pipe X1
and hot water supply pipe Y1, which branch downstream the
pressure reducing devices 1. of cold water suppiy pipeline X
and hot water supply pipeline Y of the above-described
arrangement, are joinedat a con_xbi_nation faucet o and connected
to water tap W, and since each pressure reducing device .1' is
selected so that the valve-outlet pressure P, will be within
the allowable range at consumptien amounts less. than or equal'
to the maximum consumption amount Fm, _even when the consumption '

amount of hot water or cold water changes due to consumption

at the respectlve faucets c, the valve-outlet pressure P4 varles' I

only. w1th1n the allowable range and the flow rates 1n accordance_ . o

to the preset temperature of the’ cold water from cold water
supply pipe X and hot water from hot water supply p:Lpe Y do.‘
not wvary. Hot/cold water of the preset temperature is thus
supplied in a stable manner from water tap W. |

' The fourth aspect of the 1nvent10n prov:Ldes hot and cold': '
water supply system z1, w:.th whlch cold water supply p:Lpe Xl'_
and hot water supply plpe Yl,}whlch branch between the'
respectlve pressure reduc:.ng dev:.ces 1 and’ flow regulatlon
means X3 and Y3 of cold water circulation line Xa and hot water

circulation line Ya of the above-described arrangement, are.



joined at a combination faucet C and connected to water tap
W, and since each pressure reducing device 1 is selected so
that the valve-outlet pressure Pg will be within the allowable
range even when the consumption amount exceeds the preset
max;mum consumptlon Fm of hot water or cold water and the
respectlve c:.rculatlon flows of celd water c1rculatlon line .
Xa and hot water c1rculatn.on line Ya are set with in a flow _
rate range derived from the difference between the consu_mpt:.on.
limit Fs, based on the abeve-described allewabl_e range, and
the maximum consumption amount Fm, the variation width'_ef the
valve—outlet pressure P, with respect to the consuinption amount -

-.can be malntalned w;Lth:Ln the allowable range up to the'

consumptlon llmlt Fs, whlch exceeds the max:Lmum consumptlon" S

amount Fm of hot/cold water, even when the cxrculatlon flow.'_-
rate is set to less than or equal to the d:_Lffere_nce- .between
the consumption lim_i.t Fs and the maximuin' consuinption'..amount

Since the .'Lnltlal value of the valve outlet pressure Py

:Ls thereby lessened by the pressure correspondlng to the preset

: c:chulatlon flow rate, the varlatlon w1dth of the valve outlet_'-"
pressure Py can be narrowed correspondlngly to further'

stablllze the flow rates accordlng to preset temperature of

the cold water from.cold wat.er. supply ,plpe ‘X and hot water from' B o



hot water supply pipe Y and thus further stabilize the supply
of hot/cold water of the preset temperature.

Also, with cold water supply pipe X and hot water supply
pipe Y of hot and cold water supply system Z, even in the case
where use of the 'respecti_ve water taps,W'is stopped at once
and the pilot valve-inlet press'ure P, ri_ses due to the resuiting
closure. of pressure reducing valve 4, the pressure P. at
diaphragm chamber 14 is prevented from rising limmediat-ely' and
main valve 17 .is made to open slowly by restriction me.ans 21,
and there is thus a possib'ility for the valve—outlet side of
main body 2 to tend torise in pressure to the preset valve—lnlet '
‘pressure Pg due- to the passage of water from the valve—lnlet
_s1de to the valve—outlet s:Lde of maln body 2 1n the J.nterval '
until the closure of the valve. However, w1th hot and cold
water supply system Z1, since water is constantly c:chulated'
at preset (c:.rculatlon) flow rates in each of the eold water-' B
c1rculatlon llne Xa and hot water c1rculatlon line Ya, the .
pressure at the val ve-outlet s:.de of maln body 2 Wlll not rise
to the preset valve—lnlet pressure Pf even in the above case._ o

Slnce a flxed amount of water is thus constantly passed.
through main body 2, the chatterlng that occurs when the
consumptlon amount at a water tap W is low can be prevented, '

and since cold water and hot water are c1rculated through cold

10
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water circulation line Xa and hot water circulation line Ya,
respectively, hot/cold water of the preset temperature can be
used immediately at water‘ tap W. This makes the supply system
extremely easy to use and convenient for hospitals, hotels,
etc., where hot/cold water are used_throughout the day on the
average. _ | | |

With the fifth aspect of the invention, since the flow' |
characteristics curves a to c of varlous main valve candldates,
indicated in flow characteristics graph II, are converted and
indicated in flow characteristics graph I, in which, base_d on

determined items (the maximum consumption amount Fm of hot

water or cold water, preset valve-:.nlet pressure Pf, preset- '

valve outlet pressure P,, '_ and _ varlatlon w:Ldth of the
valve-outlet pressure P, w1th respect to the consumptlon of:
hot/cold water) of a hot and cold water supply system Z or Zl,

the flow characterlstlcs curve A of a pressure reduc1ng valve '

4 is 1nd1cated, having a restrJ.ctJ.on means 20 connected to the _

upstream s:Lde, and since’ a maln valve 2, wh:Lch corresponds to
the flow characterlstlcs curve a w:Lth whlch the 1ntersect:.on
coordlnates, among the coordlnates Ra to Rc of 1ntersectlon'
of the fiow characterlstlcs ‘curve A of the abovementloned
pressure reduc:mg valve 4 w:.th the flow characterlstlcs curves

-a tocof the main valve candldates, exceed the abovementloned

1
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maximum consumption amount Fm and is lowest in the difference |
with respect to the preset valve-outlet pressure P, is selected)
a main valve 2 of a capacity .that Iﬁeets the various setting -
conditions_ can be éelected simply and the capacity of pressure
reducing device 1 can be ascertained by means of flow
characteristics graph I. | | .
Especially in the selection of the respective pressure
reducing deviceé 1 tobe uséd in hot and cold water supply syStem .
Z1l, when a main valve of a capa;ity such that the valve-outlet
bressure Ps will 'lié within the allowable rangé even when the
maximum consumption amount Fm of hot water of cold water is..-'

‘exceeded " is selected,  that - thé -difference between - the

consumption limit Fs," based on thé-'ailowéblé ‘range, and the =

preset maximum @:ox?sﬁxﬁptibri amount Fm 1s w1th1n the r.'éng'e'-.df"
the respective circulation flows of cold wat_ez._':j circulatiop'_line_' -
Xé. and hot water circulatioh_ liné Ya can be read fi‘om gré__lﬁh '
I and the circulation flows can thus be determined within this

range.

Also, though the flow ch_ar..acte__r'iétics" cﬁ_fv_e Aof pres___sure"‘ o

reducing valve 4, which is illustrated in flow characteristics
graph I, is drawn. 'by makingfm.e'as'urements_.'tipon: connecting a.
‘restriction means 20 at the upstream side of pressure reducing -

- valve 4, which has been 'se_l_ected under the _COndition-that _thé_

12



e e

Preset valve-outlet pressure Ps lies within the pressure
adjustment range, and arranging so that (the flow rate of
pressure reducing valve 4) Q; > (supply flow rate restricted
by restriction means 20) Q. wheh the valve-outlet pressure Py
‘reaches the lower limit P of the allowable range, since under
the condition, 'Ql > Q,, the flow characteristics curve Alv.\rill
be a straight lihe, which has a slightl"y rig.,htwarc.i—decliningl |
slope and is substantially'parallel to the x-axis of graph I,
and since this slope will be fixed for any pressure reducing "
valve 4, it 1is sufficient to simbly indicate 'a ‘flow
characteristics curve A having the preset value P, of the
valve-o"utlet pre'ssure'P4 corresponding-to a flow rate of 0 as-
the startlng po:Lnt and hav:Lng the abovement:.oned slope. -
With the s:thh aspect of the 1nvent10n, since the flow
characteristlcs curve A of pressure reduc:.ng valve 4 that is

indicated in flow characterlstlcs graph Iis substantlally the

same as the horizontal stralght llne (parallel to the x- ax1s, )

which expresses th'e flow rate_ in graph 1) that.pass_es _through )

the lower limit Py of the'aljll._e'wabie: 'ran_-ge, of the valve—_eutl'e't':-. :
Pte'ssure P, as has been c:ies"crihed.' ahcfr_e, .-'_th_ere wil'l be no
prohlems in the selection .o.f maih 'vaiv_e 2 even w'h.en.fiow rate
characterlstlcs curve A is replaced by the stralght l:me

indicated by the alternate long and short dash l:Lne 1n F:Lg.

13



"9, Significant practical effects, such as the enabling of
graph I for this selection to be prepared readily, etc., are

thus provided.

DETAILED DESCRIPTION OF THE PREFFERRD EMBODIMENTS

An embodlment of this invention shall now be descrlbed
' based on the drawings. - |

Fig. 1 shows a.sectional view of a p'illot-actuate_d type
pressure reducing device. This pressure reducing device 1 is
mainly comprised of the main valve main body .2, which is
1nstalled in each of a cold water supply pipe and a hot water
supply pipe, anda pressure reducing va.‘LVe 4, _wh::.ch is connected
: to main body 2 by a- pllot plpellne 3 -

The valve box 5, prov1ded in main body 2, has an 1nlet
'6 and an outlet 7 opened at its right -_and left sides,
" respectively, and a valve—inlet pres_'sure."ch'amber' 8 _'_and a .
valve-outlet pre'ssure chamhef 9, which 'are' in comuhicat'ion
w:.th inlet 6 and outlet 7, respect:.vely, are prov1ded in the

1nterlor of valve box 5. Valve-lnlet pressure chamber 8 and

valve outlet pressure chamber 9 are partltloned and formed at -

the outer 51de and inner 51de, respectlvely, in the 1nter3.or
of valve box 5 by _a partition wall 10. A valve port 11, which

is difected upwards in the 'direction- orthogonal to 1nlet-6 is

14
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formed in partition wall 10, and valve-inlet pressure chamber
8 and valve-outlet pressure chamber 9 are put in communication
with each other via this valve port 11. |

‘Also, an .opening 5a',. which is in communication with
valve-inlet pressure chamber 8 and valve po_rt 11, is provided
at the upper part of valve box 5, and this opening 5a_ is _closed
by a diaphragiﬁ 13, which is interposed betvveen valve'bou"S -'and_
a bonnet 12, capped onto valve box 5. | o

Bonnet 12 is provided at its inner side with a recessed -
space, which is partitioned from the interior of valve box 5

by diaphragm 13, and this space corresponding to the rear side .

of dlaphragm 13 is used as a dlaphragm chamber 14. A port-'15, Lo

' whlch is connected to pllot plpellne 3 is provz_ded at the center
of the upper part (correspondlng to bonnet .12) of this dlaphragm' '
chamber 14. ' o | | |
At the lower surface of dJ.aphragm 13, a master valve 17
is arranged by prctrudlng the lower surface of dlaphragm 13 A

ina substantially annular manner so as to correspond to a valve

seat 16 prov.lded along the c.chumference of valve port ll, and o

by thus formlng master valve 17 to be 1nteg.’ral Wlth dlaphragm

13, master valve 17 and dlaphragm 13 are coupled.

Dlaphragm pressers 18 and 18a of substantlally disk-

"llke shape are jomed respectlvely to the upper surface of _ '

15
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diaphragm 13 corresponding to master valve 17 and the lower
surface of diaphragm 13 at the inner side of master valve 17.

A spring 19 is interposed in the compressed condition
between the upper part of diaphragm chamber 14 and diaphragm
presser 18, andmaster valve 17 isurged in the closing direction
by this spring 19. | d

Pilot pipeline 3 connects the perts 15a and 15b, prov'i:dedl
in valve-inlet pressure chamber 8 and valve-outlet pressure
chamber 9, respectively, of main body 2, to the exterior, -and
in pilot pipeline 3, a branch pipel.ine 3a is provided at the
valve-inlet side (upstream side) of the pressure reducing valve
4 interposed in the pipeline 3. ThlS branch plpellne -3a is
connected to port 15 provrded.on dzaphragm.chamber 14, and in
'pllot pipeline 3, restrlctlon.means 20 and 21, ‘each comprlsed
of a needle valve, are prov:!.ded respectlvely at a part at the
upstream side of branchlng point M and a part :Ln branch plpellne :
3a.

The flow capacity (flew rate Qi) of presSure‘ reducing'. )
valve 4 is set to ='exceed' the supply.cap.alci'ty '(fiew'.:rate'Qz)
restrlcted by restrlctlon means 20 when the valve-outlet
pressure P, drops from its preset pressure P to a lower llmlt'.
value Py of an alldwable range (range in whichlhot/cold.water

can be supplied at a stable pressure).

16
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That is, pressure reducing valve 4 is set to satisfy the
condition Q; > Q. |
Pressure reducing device 1 thus enables the valve-outlet
pressure P, to be controlled within the allowable range at or
below a preset ﬁaximum consumption amouut Fm in a hot and cold
water supply system in which_pressure' reduc‘intj deVice.l is -
iricorporated. ' | | | : o
Pressure reducing valve 4 has an inlet'23 and an outlet
24, eonnected to pilot pipeline 3, opened at the right and left .
sides, respectively, of its valve box 22; and a valve-inlet
pressure chamber 25 and a valve outlet pressure chamber 26,
which are in communlcatlon w:Lth inlet: 23 and - outlet 24,
respectlvely, are prov:.ded in the 1nterlor of valve box 22
Valve-inlet pressure chamber 25 and valve outlet pressure"'
chamber 26 are respectively partitioned and formed at the rlght '
side and left s:.de, respect:.vely, in the 1nter10r of valve box '
. 22 by a partition wall 27. A valve port 28, whlch is dlrected
I_ downwards in the dlrectlon orthogonal to 1nlet 23 1s formed'-
in partltlon wall 27, and the pressure chambers 25 and 26 are
put in communlcatlon W.'Lth each other v:.a thls valve port 28.
At the upper -part of valve box 22 is prov1ded a rece.ssed.
part 29 of substantially plateflike' shape that is _open__ed in

the upward direction. A -part of the bottom of this recessed

17



‘part 29 is opened and communicated with valve-outlet pressure

chamber 26, and recessed part 29 is closed by a diaphragm 31,
which is interposed between recessed part 29 and a spring cover
30, v&hich is capped onto recessed part' 29.

An adjustment spring'35 is interposed in the 'compressed_
condition between a diaphragm presser 32, vvh_ich is bonded to
the upper surface of diaphragm_31, and an adjnstment screw 34,
which is screwed onto a cylindrical female thread part 33 that
is formed in the interior of spring cover 30 so as to descend
from the upper end of spring cover 30. The resilient force :
of adjustment spring 35 is a_djusted by moving adjustment screw
34 up or down.‘j' | T | :

At the center of the 1ower part of recessed part 29 that"_'.j,-
corresponds to valve port 28 is prov1ded an openlng 36 for
communlcatlon with valve—lnlet pressure chamber 25, and a
cylindrical part 37 of a predetermlned length is prov1ded so'
as to extend downwards in contlnuatlon from openlng 36 |

_ 'Me.anwhile, a valve rod 38, whlch 1s :Lnserted through .
cyllndrlcal part 3'7 and valve port 28, 1.s formed ina descend:.ng :
manner at the center of dlaphragm 31, and a valve plug 39, h:.ch '
opens and closes valve port 28, is prov:Lded at the lower end

of valve rod 38.

Valve plug 39 1s prov:Lded ina manner enabllng attachment -

18



to and detachment from a valve seat 40, which is provided at

the circumference of valve port 28 so as to receive the

" valve-inlet pressure in the valire-opening direction, and the

opening of valve plug 39 is arranged to be controlled by the
displacement of diaphragm 31.

Also, a piston 41, which slides along the inner wall of
cylindrical part 37 is provided in an Outwardly protruding
manner on an intermediate‘ portion of valve rod 38, and an o—ring
42 is provided on the c1rcumference of plston 41 so as to
partztlon valve-inlet pressure chamber 25 and recessed part
28 (valve—outlet pressure chamber 26) in a watertlg-ht manner.

A dlaphragm presser 32a, Whlch 1s joined to the lower

_surface of d:.aphragm 31, :Ls formed to be larger in diameter

than opening -36_, and in the condlt_:Lon where.'dlaphragm 3_1 is -
displaced to the lowermost limit, this dia_phra'gm presser 32a

becomes seated along the peripheral_'e_dge of opening 36 so as

‘to close opening 35 and restrict the liftihg-of valve plug 39 -

in thJ.s cond:.tlon.

Pressure reduc:.ng valve 4 :Ls not lim:Lted to that of the' _
above-descrlbed arrangement as long ‘as J.t has a pressure :
reducing function and it 1s suffic:Lent that 1t functlons_a_s'

a pllot valve of maln body 2.

The actlons of pressure reduc1ng dev:.ce 1 shall now ‘be

1
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described based on Fig'. 1.

In the following, a description shall be given with:

the valve-inlet pressure P, being the pressure at the
upstream side connected to valve-inlet pressure chamber 8 of
_maln body 2,

the valve-inlet pressure P, being_ the preSSure at the
downstream side connected to v.alve-outlet.pressure chamber 9
of main body 2, |

the pilot valve~inlet pressure P, being -the_. pressure.at
the upstream side connected to valve—inlet pres'Sure chamber
25 of pressure reducing valve 4 in pilot pipeline 3,

" the dlaphragm pressure P3 be:Lng the pressure ‘inside
dlaphragm chamber 14 of ma:Ln body 2, I L
| P: {(referred to herelnafter as preset valve-—lnlet'.'
pressure P¢) being the preset pressure at the valve-:mlet_s:.de
of main body 2, and - | o

P. {may also referred to herelnafter as preset valve-
outlet pressure P,) belng the (pressure) value of valve outlet
pressure Py that 1s set by pressure reduc:Lng valve 4, as shown' .

.f

| in Flg. 1. _ _
When the valve—outlet side of main body 2 is close'd, main’

.body 2 and pressure reduc1ng valve 4 are respect:.vely closed__

and the follow1ng condltlons are malntalned for the respective

20
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pressures of Fig. 1:
P1=P2=P3=PfandP4=P,

When the valve-outlet side is opened from the above-

described closed condition, since the valve-outlet pressure

P; drops from its preset pressure Ps, pressure reducing valve
4 opens, caus:.ng pllot valve J.nlet pressure P, to fall from
the preset valve-inlet pressure Pf and a flow to form in pressure.' '
reducing valve 4. | |

In this condition, since the flow volume from _the _upstream
side (valve-inlet pressure chamber 8 of main body 2) to
valve-inlet pressure chamber 25 of pressure reduc:.ng valve 4

and. dlaphragm chamber 14 is restrlcted by restrlctlon means

© 20, when the valve-outlet pressure P, falls below the preset"_". "

value Pg, the _(pllot) valve-lnlet pressure Pz of pressure g

'reducing valve 4, which is in the opened condltlon, w_:.ll'

decrease drastically at once, and ‘in accompan:.ment, t_he
diaphragm chamber pressure P; of main' body 2 _will llkew1se_drOp_
and main valve 17 'will be dis.pla'ced ih the opening' d'n;.re'ction :
and be opened,- caus:Lng valve—lnlet pressure chamber 8 and'-
valve—outlet pressure chamber 9 to be in commun:l.catlon and' '_
water to be passed from the valve—ln_let 51de_to the valve-_ _
outlet side via maln body 2. | '

S:ane the flow volume from dlaphragm chamber 14 to the'
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valve-inlet pressure chamber 25 of pressure reducing valve 4
is restricted by restriction means 21, the pressure drop of
the abovementioned diaphragm chamber pressure P; will progress
more gradually than that at valve-inlet pressure chamber 25.
| The opening of main vale 17 is thus made to occur gradually
and the occurrence of water hainmer and 'otner problems at the
upstream side of main body 2 dué to the 'opening of main valve
17 is thus prevented. |
Here, the abovementioned condition of O1 > QO was_lmad.e
to be satisfied when the valve—outlet pressure Py drops to .the
lower limit Py o_f the allowable range. Since, with pressure
_reduc1ng dev:Lce 1, it may be- necessary for the maximum -

consumption amount Fm to. be supplled when the valve-outlet _'

pressure P, has dropped to the lower l_lmlt P of. the allowable S

range, and in this case, in order to open nmain body 2 to supply
the maximum consumpt:.on amount Fm from pressure reducingdevice
. 1,' a drop of the pilot valve-lnlet pressure Pz that is adequate
for the opening of ma:Ln valve 1‘7 cannot be expected unless the.'
. _'_flow capacity. (flow rate Ql) of pressure reduc1ng valve 4 when -
valve-outlet pressure P4 has dropped to the lower l:.m:Lt P;, of
the allowable range exceeds the’ supply capac1ty (flow rate Qz)

that flows fro_m restrictionmeans 20 . '.l‘hus by setting the above '

‘condition, pressure reducing device 1 can perform stable -
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control by means of pressure reducing valve 4 in the range from
the preset valve-outlet pressure Ps to the lower limit P, of
the allowable range of the valve-outlet pressure P, at a
consumption amount less than or equal to the maximum
consumption. amount Fm.

Fig. 6 is a flow characteristics graph (with the x-axis
being the consumption amount (flow rate) and 'y-axis'béihg the
valve-ocutlet pressure) of a solitary pressure reducing valve
{(without restrictionmeans 20 connected) selectedwith a preset'
valve-outlet pressure P, of O.BOMPa. In the cas.e where the

maximum consumption amount Fm must be supplied wheh the lower

limit PL of the allowable range of" the Valve outlet pressure S

P, is 0.27MPa, 51nce from F:Lg. 6, the flow rate o) of pressure -

re_duc:mg valve 4 when the valve-outlet pres_sure P, is 0.27MPa
is 81/min, control in the above manner 'can'be perfo"rme_d by
setting the flow rate Q. restricted by restriction means 20
to less than 81/m1n o :
Thus when the valve-outlet pressure Py falls below the
. preset pressure P due to use of water at the valve outlet s:.de, '

' the valve port 11 of main body 2 opens to enable the same amount

of water as the consumptlon amount to pass through valve port S

11, and since the consumptlon amount substantlally matches the

.amount of water passing through the valve port, the va].Ve—'
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outlet pressure P; does not drop much and the variation width
of this pressure is therefore significantly narrow in
comparison to that of a pressure reducing valve of the prior
art.

This can also be understocod clearly from the flow
characteristics graph (Fig. 7}, uhiCh shows the relationship
between the consumption:amount (x-axis)'and.the-valve—outlet.
pressure (y—axis) of?pressure reducing device 1, and the flow
characteristics graph (Fig. 13), whichpshows tne relationship
between the consumption amount {x~axis) and the valve-outlet
pressure (y—-axis) of a prior;art direct—acting type pressure
‘reducing valve (referred to hereinafter as the “prior'art”)

" The grapns of 'Figs.. 7_ and 13 are the results of
measurements made with the max1mum consumptlon amount belng_
‘set to 3001/min, the preset'valve lnlet pressure beelng set
to 0.50MPa, and preset valve outlet pressure P, of pressure
reducz.ng valve 4 of pressure reduc:.ng dev:.ce 1 and of the prlor -
art being set to 0.30MPa. | "

_ Wlth.pressure reduc1ng dev1ce 1 (Flg. 7), the varlatlon'
'Wldth of the valve-outlet pressure P4 between a consumptlon.'
amount of 0 to 3001/m1n- is the dlfference between the |
valve-outlet pressure P4 (é 0. BGMPa) at Ol/min and 'the

valve-outlet pressure Py (— 0. 2TMPa) at 3001/m1n, that is,
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approximately 0.03MPa.

In contrast-, with the prior art (Fig. 13), the difference
between the valve—outlet pressure P, (= 0.30MPa} at 0l/min and -
‘the valve-outlet pressure P, | (= 0.10MPa) at 300l1/min is
approxrmately 0.20MPa and it is qulte apparent that the
variation width of the valve -outlet pressure P, is narrower
_wn.th pressure _reducrng dev:.ce than w:.th ‘the prior art. -

When the opening of the valve-?outlet side is stopped from
the above—described water passing condition,' the valve-outlet
pressure Py, which was lower than the preset'valve-outlet -
pressure P; when water was belng passed through, rises due to

-the supply of water from ma1n body 2, and at the same’ tlme that N

this pressure reaches the preset value P,, ‘the valve plug 39

of pressure reducing valve 4 _closes, and due to_thls closure,
the pilot valve—inlet pressure .Pz rises to the preset
valve-inlet pressure Ps. | | _

Here, s:.nce the amount of water passed through dlaphragm _
14 is restrlcted by restrlctlon means 21 J.n branch 1line 3a,
the dlaphragm chamber pressure P3 rlses gradually, maz.n valve'
17 becomes slowly dlsplaced in the c1051ng dlrection along w1th '
dlaphragm 13 in acco_mpanlment _w:Lth_thls pressure rise, and _when o
the diaphragm chamber pressure _P3_becoines equal to the prese_t

valve-inlet pre's'sur'e Ps, main va_lve 17 closes to stop the-

25



P indcicirama: et et S S SO e e e
S i i

passage of water.

The_piping schematics of a hot and cbld water supply
system Z, which makes use of pressure reducing device 1, is
shown in Fig. 4. .

With this hot and cold water supply system 2, each of
a cold water supply pipeline X and a hot water supply pipeline
Y is equipped with preséure reducing device 1, and. at the
downstream side of pressure reducing device 1, a plurality of
cold water supply pipes X1 and hot water supply pipes Y1 are
branched respectively from cold water pipeline X and hot water .
supply pipeline Y. A cold water supply pipe X_l from cold water
supply pipeline X and a hot wa-ter supply pipe Y1 from hot water
supply pipeline Y are joined at a combination faucet C and
connected to a water tap W. | .

With coldwater supply pipeline X, f.ixed rate and variable
rate pumps XP1 and XP2 are connected inparallel or one of eiﬁher
pump XP1l or XP2 is connected to the feeding side of a water
receiving tank X2:, the inlet 6 of main body 2 of pressure
reducing device _1 is connected to th_e discharge side of the
puinps XP1l and XP2 and the_ouflet 7 is connected to the dow’nstream.
side of cold water supply pipeline X.

. Hot water supply pipeline Y has a pipe' path arranged with

substantially the same equipment és those mentioned above.
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That is, parallel~connected fixed rate and variable rate punps
YP1 and YP2 or one of either pump YP1 or YP2 and pressure reducing
device 1 are installed in that order starting from the feeding
side of a water receiving tank Y2, which is equipped with a
heating device H, such as an electric water heater, bqiler,
 etc.

With cold water supply pipeline X and hot water supply
pipeline Y, devices (not shown) that detect changes in pressure’
or flow rate are installed at parts located at the discharge
sides of pumps XP1, XP2, YP1l, and YP2 and_upstream side of main
bodies _2, and by means of these devices, the number of pumps
XP1l, XP2, YP1l, and YP2 that are in operation is increased or :
_ aecreased or the number of times of operation lof pumps XP1,
XP2, YP1l, and YP2 is changed to change tfxé- flqw rate and
. Ppressure.

The actions of pressure reducing devices 1 in hot and
cold water supply system Z shall now be described based on Figs.
1 and 4. ' .

Each of the pressure reducihg devices_, 1 used in this hot
and cold water suﬁply systém has been sélécted bas'ed. oh the .
selection methodltc': be described below so tha:t the valve-outlet
pressure Py will 'b‘eﬁa within an al_lowable ran_'ge (range iﬁ wh:i.ch'

hot/cold water can be supplied at a stable bressiiré) when the
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hot/cold water consumption amount is less than or equal to the
maximum hot/cold water consumption amount Fm that has been set.

Here, pressure reducing devices 1 of the flow capacity
shown in Fig. 7 are used with the maximum hot/cold water
"consumption amount Fm being set to 3001/min, the preset
valve-inlet pressure being set to 0.50MPa, and preset
valve-outlet pressure being set to 0.30MPa.

It can be understood (see Fig. 7) that with pressure
reducing devices 1 of the above capa'ci_ty, the variation width
of the valve-outlet pressure P; with respect to the consumption
of hot/cold water can be maintained adequately within the
‘allowable range (appréximately 0.03MPa} as long as the maximum
hot/cold water consumption axﬁou_nt Fm is 3001/min or lesé.

Thus when a water tap W of this hot. and coid water supply
system Z is opened, cold water and hot water, which.are supplied,
by the same actions as has been described above, from cold water
supply pipe X and hot water supply pipe Y at appropriate flow
rates that are in accordance to a preset temperature, become
mixed at combination faucet C. | | |

At this time, even w_hén t_he hot/ c_old wa.ter consumption
amount (within the range of the maximum consumptioh amount Fm
of 3001/min) changes due to consumption at another faucet C,

since a flow rate that is substantially matched to the
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consumption amount is made to pass through main body 2 so as
to maintain the variation width (approximately 0.03MPa) of the
valve-outlet pressure P;, the flow rates of cold water from
‘cold water supply pipe X and hot water from hot water supply
pipe Y that are in accordance to the preset temperature do not
change and hot/cold water of the preset teémperature is thus
supplied from water tap W.

When each of the water taps W is stopped from the water
passing condition described ébove, main valve 17 is closed in
the same manner as described above to stop the passage of water
and the operations of pumps XP1, XP2, YP1, and YP2 are stopped
by the unillustrated pressure or flow rate detection devices.

Next, a hot and cold water .supply system z1, which'.is
a modification example of hot and cold water supply systeml Z,
shall be described based on Fig. 5.
| With hot and cold water supply system 21, the respective
downstream end parts of the cold water supply piping X and hot
water suppiy piping Y in the above-described hot and cold water
supply system Z is connected to the return side of water
recelv:Lng tanks x2 and Y2 to form cold water circulation l:Lne '
Xa and hot water circulation line Ya. The part_s that are the'

same as or that correspond to parts of the hot and cold water

supply system Z shall be provided w1th the same symbols and .
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descriptions thereof shall be omitted.

Cold water circulation line Xa and hot water circulation
line Ya have flow regulation means X3 and Y3 connected near
the return side of water relceiving tanks X2 and Y2.

The flow regﬁlation means X3 and Y3 shown in Fig. 5{a)
are needle valves N that ai‘e arranged to constantly return fixed,
_preset flow rateé to water receiving tanks X2 and Y2.
| Each of the flow regulation means X3 and Yé shown in Fig.
5(b) is comprised of a needle valve N, which is installed in
the same manner as described above,. and a relief valve R, which
is installed in a bypass pipeline that branches from
circulation line Xa or Ya at a point downstream needle valve
N and is connected to the return side of W;at'e_r'receiving tank
X2 or Y2. With this arrangement, when the flow rate to be'.
returned to water receiving tank X2 or Y2 cannot be supplementgd
by needle valve N and 'th.e'pr'essure' at the terminal side of
circulation line Xa or Ya becomes eqlial to a preset value,_. the
relief valve R opens so that a fixed, preset flow rate of water
will constantly be returned__t_o water rec’ei'x}ing tank X2 or ¥Y2.'

With a hot an.d cold water -suppl.y syétems Z1 shown in éach
of Figs. 5{a) and 5{b), the flow regulatioh meané X3 and Y3
are not limited to those described above, ar;d it is sufficient

for the flow regulation means to be such that will éonstantly
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return a preset flow rate of water to water receiving tanks
X2 and Y2 from cold water circulation line Xa and hot water
circulation line Ya.

The pressure or flow rate detection device that was
equipped in hot and cold water supply system Z does not have
to be installed.

The actions of pressuré reducing device 1 in a hot and
cold water supply system Z1 shall now be described based on
Figs. 1 and 5. _

With hot and cold water supply system 21, since the flow
rates (referred to hereinafter as the circulation flow) of
water to be returned to water receiving tanks X2 and Y2 via
flow regulation means X3 and Y3 are set, preset amounts of hot .
water and cold water constantly circulate through cold.wafer
circulation line Xa and hot water circulation' line Ya
(regardless of the opening or closing of water tap W). |

Each of the pressure reducing devices 1 that are used
in this hot and cold water supply system Z1 has been sélected
based on the selegtion method to be described below so that
the valve-outlet pfessur'e P4 will be within an allor./{rablle. raihge
(range in which hét water or cold water can be supplied at a
stable pressure) even when the maximum consumption amount Fm

of hot water or cold watei is exceeded, and the respéctive
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circulation flows of cold water circulation line Xa and hot
water circulation line Ya are set within a flow rate range that
has been derived from the difference between the consumption
limit Fs, which is based on the allowable range, and the preset
maximum consumption amount Fm. |

Here, pressure reducing devices 1 of the flow capacity
shown in Fig. 7 are used with the maximum consumption ambunt
Fm being set to 3001/min, the preset vaive—inlet pressure being
set to 0.50MPa, and preset valve—oﬁtlet.pressure being set to
0.30MPa.

It can be understood (see Fig. 7) that with pressure
reducing devices 1 of the above capacity, the variation width'
of the valve-outlet pressure P, with respect to the consumption
amount can be maintained within the allowable range
(approximately 0.03MPa) up to a consumption amount of
approximately4201/min4consumptionlimitFs)thatexceedéthe
maximum consumption Fm even when the circulation flow rate is
set to approximately 1201/min or less, which is the difference .
between the consumption limit Fs:and'maXimhm_consumption Fm.

Here, when the circulation flow rate of each 6f céld'w;atler
circulation line Xa and hot water circulation line Ya is set
to 501/min, since the valve-outlet pressure P, at this flow

rate is approximately 0.29MPa as shown by the graph of Fig.
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7, the variation width of the valve-outlet pressure P; of hot
and cold water supply system Z1 at hot/cold water consumption
amounts between 0 to 3001/miﬁ will be the difference between
the valve~outlet pressure P; of pressure reducing device 1 for
Ol/mi.n (= approximately 0.29MPa) and the valve-outlet pressure
P, for 3001l/min (= approximately 0.27MPa), in other words,
approximately 0.02MPa. The variation width of the valve-
outlet pressure P, can thﬁs be narrowed further from that of
the above-described hot and cold water supply system Z.-

The method of selecting the pressure reducing device 1
shall now be described.

With this selection me.thod, the maximum consumption
amount Fm, the preset valve-inlet and valvé—o_utlet pres_sures
P; and P;, and the variation width ef the velve—outlet pressure
P, with respect to the cdnsumption amount- of het/cold water
(the allowable lower limit P.) of the hot and cold water supply
system Z or Z1 that uses the pressure reducing device 1 are
determined, and thereafter the following selection procedure
is carried out based on these determlned 1tems.

Here, for the sake of description, a selection shall be
made for a maximum hot/cold water consumptlon amount Fm of
3001/min, a preset valve-lnlet pressure Pf of 0. SOMPa, a preset

valve-outlet pressure P, of 0.30MPa, and a lower limit PL of

33



the allowable range of the valve-outlet pressure P, with respect
to the preset pressure P, of 0.27MPa.

1. Selection of pressure reducing valve

(1) A pressure' reducing wvalve 4, with which the
determined preset valvé—outlet pressure P, lies within the
pressure adjustmenf_ range f{(a Specificatioh of the pressure
reducing wvalve that. indicates the range of valve-outlet
.pressure that can be set), is selected.

(2) Next, a flow characteristics graph I, which
illustrates the relaf_ionship between flow ra.te_and valve-
outlet pressure of this pressure reducing valve 4 in the
condition where a restriction means 20 is connected to the
‘upstream side of pressure reducing valve 4 and_ the flow r_ate
capacity (flow rate Q;) of pressu_fe reducin_g valve 4 when the
valve-outlet pressure P, has dropped from its presét pressure
P, to the lower limit Py of the allowable range is set to exceed
the supply capacity (flow rate.Qz) restricted by restriction
means 20, is prepared. !

Flow charac_tl'er_ist,icé ‘graph I illustfates, in the form

of a graph, the results of measuring the valve-outlet pressure

upon setting the valve—dutlet préssure at a flow rate of 0 and _ o

then gradually increasing the flow rate, and the flow rate and

valve—-outlet pressﬁre are expressed by the i>'<—axis and y—axis,
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respectively, of graph I.

It has been confirmed through ac.tual measurements that
with the flow characteristics Curvé A of a graph I, with which
the flow characteristics of pressure reducing valve 4 have been
measured under the abovementioned condition (Q; > Q.) due to
restriction means 20, though the dead end shut-off differs for
each individual pressure reducing valve 4 due to the
‘characteristics of pressure reducing valve 4 itself, the
valve-outlet pressure P; at a cdnsﬁmbtiori amount less than or
equal to the preéet maximum consumption amount Fm exhibits a =
slightly rightward-declining slope that declines from the
preset pressure P; to the lower limit Py of the al,lowable range
{a substantially horizontal line that pasé'es through'.i:he_'.
allow.able'pressure, value Py) .and. that this s'lofae is practically
fixed for any pres.su.re reducing valve 4. .

Thus, even without making measurement_s, the flow rate
characteristics curve A of a pressure reducing valve 4 under
the abovementioned condition can be determined as .having al
fiiced, rightward-declining slope that is substantially close
to being horizontal '.(par.él_lél to the x~axis) , regardless of
the preset valve—c{ut-let pressﬁre P. (see Flg 8.) , and in the
below-described sélection of the main valve, a straight:line'

that is substantially parallel to the x-axis and passes through
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the allowable range’s lower limit value {(allowable pressure
value) P, may be used as flow characteristics curve A (the
alternate long and short dash line in Fig. 9).

With Fig. 8’s graph of flow characteristics curves A of
the above-described slopes, a plurality of settings P, [0.40,
0.30, 0.20, 0.10 (MPa)] of the valve-outlet pressure Py
corresponding to a flow rate of 0 are shown and flow
characteristics curves A, which are based on the respective
settings P, and have the same slopes, are shown. Here, since
the preset valve-outlet pressure P, that has been determined
for the hot and cold water suppiy system Z or Z1 is 0.30MPa,
a flow characteristics graph I, with which the flow
characteristics curve A for a préset {ralve-outlet pressure Ps
of 0.30MPa has been transferred to Fig. 9, is used.

2. Selection of the main valve |

(1) Apluralityofmain valﬁe_ candidates, having the s.ame
basic arrangement jas described abové and which mainly differ
in the diameter of valve port 11, are made available as sui.ted. .

(2) A flow Characteristics graph II (Fig. 10}, thch
illustrates the relatibns_hip between the valve-inlet ﬁréssure'
P; {the differential pressure between valve-inlet pressure P,
and valve-outlet pressure P;} and the flow_ rate for _each"

candidate, is then prepared.
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Flow characteristics graph II illustrates, in the form
of a graph, the results of measurement of the flow rate upon
setting valve port 11 to the open condition, in other words,
upon setting the valve-outlet pressure to 0 and then gradually
increasing the valve-inlet pressure, and the valve-inlet
pressure (which corresponds to the differential pressure
between the valve-inlet pressure and the valve-outlet pressure
since the valve-outlet pressure is 0) and the flow rate are
expressed by the x-axis and y-axis, respectively, of graph II.

The flow characteristics graph II of Fig. 10 shows the
flow characteristics curves a to c corfecponding to the
respective main valve candidates.

(3) The flow charact_eriétic's curv.es a to ¢ of fliow.
characteristics graph II are converted and indicated in the
flow characteristics graph I in which the flow characteristics
curve A is indicated.

In graph II, the flow rate that is indicated for a
valve-inlet pressure for example of 0.20M1?§ is the flow rate
when the valve—iniet pressure P; is O.ZOM?a-and the valve-
outlet pressure.P4 is 0. In'othér words, this flow rate can
be said to be the.'. flow rate when the diff'eréntial pressure
between the valve-inlet pressure P and the wvalve-outlet |

pressure P, is 0.20MPa.
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Thus with the flow characteristics curve a, the flow rate
when the differential pressure is 0.20MPa, that is, when the
valve-inlet pressure P; is 0.50MPa and the valve—oﬁtlet
pressure P, is 0.30MPa, is 4401/min.

The results of conversion of the valve-outlet preséure
P, and the flow rate when the preset valve-inlet pressure P:
is 0.50MPa by the above procedure are shown in the table of
Fig. 11. |

In the conversion table of Fig. 11,

4 indicates the pressure indicated in graph II (the
differential pressure between the valve-inlet pressure P, and
the val&e—outlet pressure Py},

a indicai:es the valve-outlet 'pr'essu'ré P, when the preset
valve-inlet pressure P¢ is 0.50MPa,

in other words, &8 = P — &4, and _

a indicates the flow rate (capacity) corresponding to
4 in graph II.

The &4 and 3 indicated in the above conversion table are
plotted onto graph-I to convert and indicate the flow capacity
curve a. | | |

Likewise for flow characteristics curves b and c in graph
II, conversion tables {not shown) are prepared.and.cohversion

and indication in graph I is carried out.
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The results of indicating the flowcharacteristics curves
a to c, which have been converted in the above manner, in graph
I in which the flow characteristics curve A is displayed is
shown in Fig. 9.

(6) Inthe flow characteristics graph I, the coordinates
of the intersections Ra to Rc of the flow characteristics curve
A and the respective flow characteristics'cﬁrves a to c that
have been converted and indicated are Ra{(0.27, 420), Rb(0.26,
605), and Rc(0.26, 680), and these intersection coordinates
Ra to Rc are the lixﬁit points at thch supply at a stable pressure
(valvé—outlet pressure) can be carried.out even when the-
consumption flow rate changes for the respective cases where
the selected pressure reducing valve 4 is combined with the
main valve candidates and used based on the'determined'items'
described abové. '

‘In graph I shown ih Fig. 9, the,curve? formed by making
flow characteristics curve A.continuous with the respective
flow characteristics curves a toc correspond to being the flow
characteristics curve of pressure reciuc_ﬁj.ng device 1, with which-
pressure_reducing.valve 4 and main body Z;are combined.

of the limit points Ra to Rc of the reépectiv’e main valve
candidates, that for which'the difference &ith respect to the

preset valve-outlet pressure P, = 0.30MPa, when  the
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abovementioned maximum consumption Fm = 3001/min is exceeded,
is the smallest is the intersection coordinate Ra({0.27, 420)
of flow characteristics curve a. The main valve_ 2 that
corresponds to this curve a is thus selected.

By using a pressure reducing device 1, with which a
~ pressure reducing valve 4 and a main valve 2 that have been
selected in the abbve manner are combined, in a hot and cold
water supply system Z or Z1, hot/cold water can be supplied
at a stable pressure even when the consumption amount varies.

Fig. 12 shows a flow characteristics graph of actually
measured values of the flow rate and valve-outlet pressure P,
for the cases where the pressure reducing valve 4 selected in
the manner described above is combineld Qith the respective main
valve candidates, with the_iﬁaximum consumption Fm of hot/cold
" water being set to 3001/min, the preset val.ve—inletApr'essure
P: being set to 0.50MPa, and the preset valve-outlet preSsure
P, being set to 0.30MPa. | _ |
| The flow characteristics curve J1, gJZ,' and J3 of the
respective pressu_re'.reduc_i.n'g devi:_::_é_s shov'm' in Flg 12 are .
practically the sé;ne as the. flow .c.haract'e:rist'ics éurves (A
~a}, (A~Db), and {A~c) of the respective ':pressure reducing
device shown in Fig. 9. It is thus confir:-med that with the

above-described method 1, measurements of the respéctive
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pressure reducing devices, with which pressure reducing valve
4 is combined with the main valve candidates, do not have to

be made.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a sectional view of a pressure reducing device. -

Fig. 2 is an enlarged sectional view of the main valve.

Fig. 3 is an enlarged s_ectional view of the pressure
reducing valve. |

Fig. 4 is piping schematics of a hot and cold water supply
system that uses the pressure reducing device. |

Fig. 5 is piping schematics of a circulating type hot
and cold water supply éyste_m that .uses the pr'es's'ure reducing -
device, with (a) 'being a pip_ing"schema.t'ic's of a system using
a needle valve as the flow regulation means and (b) being a
piping schematics of a.system using a combination of a needle
vélve and a relief valve as the flow regulation means.

Fig. 6 is.a flow characteristics graph of just the
pressure reducing valve to be used in a pressure reducing_
device. | | - |

Fig. 7 is a flow characteristics graph of a pressure
reducing device. |

Fig. 8 is a flow characteristics graph I, which shows
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the respective flow characteristics curves of pressure
reduéing valves, which have a restriction means connected and
differ in the preset valve-outlet pressure.

Fig. 9 is a flow characteristics graph I, in which one
of the flow characteristics curves shown in Fig. 8 has been
transferred and the respective flow characteristics curves
shown in Fig. 10 have been cohverted and ihdicated;

Fig. 10 is a flow characteristics graph II, which shows

the flow characteristics curves of the respective main valve

'candidates.

Fig. 11 is a conversion table.
Fig. 12 is a flow characteristics graph, which is based on
actuallymeasufedvaluesofpréssﬁrereducingdeviceéthatmake
use of the respective main valve céndidates,

Fig. 13 is a flow characteristics graph of the prior art.
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1. A pressure reducing device characterized in that a main

WHAT IS CLAIMED IS:

valve is provided wherein a valve-inlet pressure chamber and
a vallve-outlet preésure chamber, respectively in communication
with an inlet and an outlet opened at the side parts of the
main body of the main valve, are formed in a partitioned manner
in the interior of the niain body, the valve-~inlet pressure
chaﬁxber and valve-outlet pressure chambér are put in
cémmunicat‘ion via a valve port, a master valve, disposed so
as to open and close said valve port, is urged in the closing
' .di'rection by means of a spring, and a diaphragm that is coupled
to the master valve partitions a diaphragm chamber, provided
at the rear side of the diaphragm, and the valve-inlet preséﬁ_re
chamber, a pilot pipeline, héving a pressure reducing valve
interposed therein, is disposed between said valve-inlet
' pressure chamber and valve-outlet pressure chamber, and in said
pilot pipeline, a branch pipeline, installed at the valve-
inlet side of the btessﬁre reducing valve, is connected to séid
diaphragm chamber, a restriction means is ihstélled upstream
the branching point, and the fléw'raté at the .plres'.sure 'red_uCihg
valve, in the condition where the valve-outlet pressure has'
dropped from its preset pressure to the lower limit of an

allowable range, is set to. exceed the flow rate restricted by
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2. A pressure reducing device as set forth in Claim 1,

the restriction means.

wherein a separate restriction means is disposed in the branch
pipeline. |

3. A hot and cold water supply system characterized in that
a cold water supply pi?eline is 'arranged with a pump and a
pressure reducing device of Claim_ 1 or.Claim 2 heing installed. '
in that order from the feeding side of a watér receiving tank,

a hot water supply pipeline is arranged with a pump and a
pre.s.sure reducing device of Claiin 1 or Claim 2 being installed
'in that order from the feeding side of a water receiving tank

equipped with- a _he.ating de\}ice, a cold water supply pipe and
a hot water supply pipe, whichl'a,re branched from thé_ downstr_eam
sides of the respective 'pressur'e re&ucing dex}ices of the cold
water supply pipeline and hot water supply pipeline, are joined
at a combination faucét and t.h'en connected to a water tap, and
'eac-:h pressure reducing device is selected so that the

iralve-—outlet presé.‘ure will be within an_a'llowablg range when

the consumption 'anﬁount_of-hot water or 'Cold water is less than
or equal to a prés'_et maximum.cons.'mnption amount of hot water

or cold water. | |

4. . A hot and cold water supply system characterized in that

a coldwater circulation line is arranged with a pump, a pressure
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reducing device of Claim 1 or Claim 2, and a flow regulation
means being installed in that order from the feediné Sidecaf
a water receiving tank and is connected to the return side of
the water receiving tank,.a hot water circulation line is
arranged_with a pump, a pressure reducing device of Claim 1
or Claim 2, and a flow regulation means bei-ng installed in-that .
order from the feeding side of a wate_r“rec_e_iving tank equipﬁed
with a heating device and is connected to the return side of
the water receiving tank, a cola water suppiy'pipe and a hot
water supply"pipe, which are branched from between the
respective pressure reducing devicés 1 énd flow fegulation.
means of the cold water-éirculation;line and hot water
circulation line, are joined at ‘a combination faucet and -
connected to a water tap, and each'preSSufe redﬁcing dé#ice:
is selected so that the valﬁe—dutlet pressuré will be within
an allowable range even when a preset maximum consumption
amountofhotwaterbrcoldwaterisexceeded,andtherespective
circula:tion flows of the cold Water circulation line and the
hot water circulation line are sét'within a flow rate range
derived froma consump'tioln'l'imi__t t.hat.lis based on said allowable
range and the preset maximﬁm'consumptioh aﬁount.

5. A method oflselecting a pressure re&ucing device in a

hot and cold water supply system using a pressure reducing
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device of Claim 1 or Claim 2, said method being character;i_.zed
in that a maximum consumption amount of hot/cold water, preset
valve-inlet and valve-outlet pressures, and width of variation
of the valve-outlet pressure with respect to the consumption
amount of hot/cold water are deterinined, a pfeSsure reducing
valve is selected for whiéh the determined preset valve-outlet
pressuﬁ:e falls within the préssure a_djustmeht range of the-
valve, flow characteristic curves of various main valve
candidates, indicated in a flow characteristics graph
indicating the relationship between the differential pressure
between the valve-inlet side and the valve-outlet side and the
flow rate, are converted and - indicated in a flow
characteristics gi'éph, whic’h. indicates the _relationsﬁip-
between the flow rate and the valve-outlet pressure of said
pressure reducing valve in the cénditio'rl where a restriction
means is connected to the upstream side of the pressure reducing
valve and the flow rate of the pressur.e .reducing valve when
the valve-outlet pressure has dropped from its preset pressure
to the lower limit of an allowable range 1s set to exceed the
flow rate restricted by the restriction means, and the main
valve, for which the coordinates of.intersect.ion of the flow.
characteristics curve of the pressure reducing valve and the

flow characteristics curve of the main valve candidate exceeds
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said maximum consumption amount and for which the flow
characteristics curve is smallest in the difference with
respect to the preset va;ve—outlet'preséure, is selected.

6. A pressure reducing valve selection method as set forth
in Claim 5, wherein the flow characteristics curve of the
preséure reducing valve fo be indicated in the flow
characteristics graph Ehat indicates i:elatidnship between the
flow rate and the valve-outlet pressure of the pressure-
reducing valve is made a straight line that is parallel to said '
.flow characteristics graph’s x~-axis, whichfexpresses the flow

rate, and passes through lower limit of the allox&able range

T

of valve-outlet pressui‘e .
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