; e3e{ WKRRS<UXU* W6~ WI'VKf C BACKGROUND OF THE | NTENTION 1. Field of the
lynventi on The invention relates to a water 'hammering prevention device. 2.
Description of the Prior Art It has been a comopn practice to use an
accumul ator installed in the mddl e of the piping systseNowwinddneooat er
supply device to achi eve such an objdct. Such a device has a seal ed

contai ner whose inside is divided into the water supply pressure side and
the pressure suction side by neans of a rubber bl adder, di aphragm piston,

etc., so that the pressure surge due to the water hameri ﬁmmmmjmmmmm
generated at the water supply pressure side can be absorb t here
ISalimt to the absorption of the pressure surge due to thex«ygaier
hammering action because the pressure absorption side of the abovenenti oned

device is a closed space. SUMVARY OF THE INVENTION Gith Hmwwmmmmﬁml oned
‘problemin mnd, the present r_15 Novenber 2002 -2 inve S a
wat er hyﬁﬁﬁﬁrﬁé%m%3éﬁﬁ(ﬂBﬁﬁﬁN%@ONoﬁﬁVﬁgﬁng: an outer box havsig:
concentric flow paths for an inlet and an outlet and a drain port in the

m dstream section of the flow path; an inner tube nmenber having a di aphragm

on its ri_phe i vLdi t 1.0S] of 5 said outer box into an upstream
secti ongg‘#&%gﬁtégzgaggohg{%stﬁgﬁébgﬁ@gm dstream secti on and a downstream
section,of . | owv h rei n. said inner tube nmenber slidingly fits
into th%‘uﬁ%gi%wé&igﬁ% %4%§§§}J%alve provi ded on the end face of the
downstream si €8, 0ReRdW: PEnS@dd ates to a water hammering prevention

device.
2. Description of the Prior Art

It has been a common practice to use an accumulator
installed in the middle of tﬁe piping systemof the water supply
device to achieve such an object.

Such a device has a sealed container whose inside is
divided into the water supply pressure side and the pressure
suction side by means of a rubber bladder, diaphragm, piston,
etc., so that the pressure surge due to the water hammering
action generated at the water supply pressure side can be
absorbed.

However, there i§ a limit to the absorption of the
pressure surge due to the water hammering action because the

pressure absorption side of the abovementioned device is a

closed space.

SUMMARY QF THE INVENTION

With the abovementioned problem in mind, the present



i nner tube nmenber, wherein said relief valve is capable of noving toward or
away froma 10 val ve seat |ocated on the periphery of a valve port, which
i_,s provided between the m dstream section and the downstream section, and
is energized by a relief valve spring toward the valv [ hrgection
and a check val ve provided inside the inner tube nenbgéqﬁgggﬁg0g%;?fluid
fromflow ng backward fromthe downstream side; 15 wherein the effective

di aneter of said diaphragmis chosen to be approxi mtely equal to the valve
seat dianeter of said relief valve in order to achieve a pressure bal ance
bet ween the val ve cl osing pressure and-£he val ve openi ng pressure applied
on the relief valve, and the spring |loads of the relief valve spring and
t.he check val ve spring, which energizes the check valve in the direction
toward tieemidn/proeides a vautetiHagtrhérbip praventiohaizeiteicompeisiigch a way that the

m dstream pressure is always | ower by a constant value than the upstream

pressure. Theampuigehenhadpggonnealicaiaw paths dor adiates 85¢ @n pytle andrpadrgingprt he

pressuri r hammering action to the outside via
t he dr ai% p%%&ﬁ%@%aéﬁgg%gg%%%ﬁi t he devi ce checks the upstream side
with the checkn waley utie meghbepRndng Aediigiragh onaity perfphwine diviidliagtae knsidessur e

ri ses_above the upstream pressure due to water hamering, so that the back
pr essiir s OHFHBRREL? AR HPLEATHECHPR aihatyag2 consiHmenftamiistrenmn segion and alr ai n
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be causashpat sdctieaf partially by noise and vibration due to water hameri ng.
15 Novenber 2002 -3 Preferably, the water hamrering prevention device is
i nstal | ed parairgliaf vabve providedcqd the ¢ad fase;ofsihg dovmstrpam fédeyppsmieg 96 said t he
water s Y/ I - di Ly Lot Rl i Qrt 9
e connanpafubs Hiher wh @bin R vl 1 bl dingiing B 0 ol
onl y1(pr exadrd Seavaloestethasnretid perigierp| &t &l yalvaupos] swhich iagasvided deomem the
effect of elimnating vvask{eeful use of water _as the_vvgter dr ai neafl fromthe
drai n pdPidsgeany seeiQiy predtheFvmstigam etectian andilh gnergined ty, a relief valve spring

toward the valve opening direction; and

a check valve provided inside the inner tube member to prevent fluid from flowing
backward from the downstream side;

15 wherein the effective diameter of said diaphragm is chosen to be approximately
equal to the valve seat diameter of said relief valve in order to achieve a pressure balance
between the valve closing pressure and the valve opening pressure applied on the relief
valve, and the spring loads of the relief valve spring and the check valve spring, which
energizes the check valve in the direction toward the valve closing direction, are chosen in

20 such a way that the midstream pressure is always lower by a constant value than the

upstream pressure.

The abovementioned problem is thus addressed by discharging the pressurised
water caused by the water hammering action to the outside via the drain port.
25
In one embodiment, the device checks the upstream side with the check valve 5 and
opens the relief valve 4 when the back pressure rises above the upstream pressure due to
water hammering, so that the back pressure from downstream can be discharged to the
outside through the drain port 9, this eliminating noise and vibration due to water
30 hammering completely and drastically reducing piping system problems, which used to be

caused at least partially by noise and vibration due to water hammering.



Preferably, the water hammering prevention device is connected to each of
the 10 term nal devices 51, 51 a, ..., of the water supply device 45 and
their drain ports 9 are connected to the outside, so that it is capable of
preventing water hamrering caused by frequent high baqghﬁ&gﬁﬁggfm%%ses due
to repeated turning on and off of the water supply, particularly en the
termnal devices 51, 51 a, ... are high pressure water injection guns, by
di scharging the high pressure fluid to the outside through the drain port
9. 15 By connecting the drain ports 9 ;%a piping to the water receiving
tank 47, water waste can be prevented as"well. Since the effective dianeter
DI of the diaphragm 14 and the val ve seat dianeter D2 20 of the val ve seat
11 are chosen to be about equal so that the valve closing pressure of the
relief valve 4 that the di aphragm 14 receives and the val ve opening

pressure that _the relief valve 4 itself receives .can he bal anced and the
spring | oads Predergbly, Bre water haspmening preyentisrdevipey ingtalledmaralish txthgpheek

spring ivel: o i i SSUE: .Of .

o st i S 3B FEAER B BirtIEREBe R R bt iBeEBEnG Hiklle 18 d Hiping
mar gi n 289,ehd @R dhireparof$$ eonnested uia, pipingits thrEowstiebteeeivingomnl B8leso dhyt Sabt i ng
the pressure difference DP between the pressure P2 of the m dstream section
8b and tHY upFSYema WP dapRsingr eoppletely Rt cHse Hk addian geRnoneiRagiieatePf sti ¢
of & walgrSUBRL wadBHlIGS, of WAREGS Mev il URARCADAGNE RAATLATY RGOl 1d N
relief VAIVE 4 %0 8ult the Character!stlcs of a particul ar water supply
devi ce, thbwmthrebtwviapltankiIs.provi de a wat er hammering prevention device 1
that fits with 30 any water supply devi ce. 15 Novenber 2002 -4
Preferably, the inner tube nenber 3 is forned to have a circul ar cross
section, whil | el I-xﬁ’rgé? OS] t b t hat
fits with t heprle#r%g?@t :tj e%rr%emr nggp fge&%%t\i}glsHél‘g&,:éj%g{mﬁepﬁdgégugclhygfs(Bgeced
al ontp i tterminak defiegsefitedlaso..,t dfathe i wateis sipphp sleivick et and éwbirc draith @osrtk i9daregy

contact area between the inner tfube nber, 3 and the sliding.surface_ 12 and
Lo make RESStEHER e GSIaEnBoiasit iR CAPRE 6 819VERNES MarsT HEURCTE FRHEQ by
st rengt 1 L i -1 A f i nner
ube. peric RPNk idcsthd o3y EE WP |Gt Rusid g LR Gnl OF 5f BRG] iy
Consequenarttigularly when phues teirninal devicespylo\bd at hearadtigh pespyrt yvatarifimction gans,

because ,of ..t he r.educti.on of th essure 1o of, t.he, 10 pressurized fluid
during to¥e égmggﬁﬂl@ﬁéeff‘gﬁﬁa%oﬁie ?J‘étéldﬁ%@’ﬁﬁgl?b}e%‘f@% pply punmp for
t he yqter supply device In one enbodinent, it is possible to reduce the

friction resistance of the inner tube nmenber 3 against the outer box 2
because of a Byaenmeytiog thedrapuperts i via pipiag dpdee vfatarecaiwingipgk 47ubatarenber

3 of Tefé%a%ges@ag]gbet&eg&q&g:%&gﬁ pressure loss in the sane way as in the case

above.

Since the effective diameter D; of the diaphragm 14 and the valve seat diameter D,

20 of the valve seat 11 are chosen to be about equal so that the valve closing pressure of the
relief valve 4 that the diaphragm 14 receives and the valve opening pressure that the relief
valve 4 itself receives can be balanced and the spring loads F and f of the relief valve
spring 17 and the check valve spring 28 respectively are chosen to maintain the pressure P,

of the midstream section 8b always lower than the upstream side pressure P| by a margin

25 of AP of a constant value, it is possible to provide, by setting the pressure difference AP
between the pressure P; of the midstream section 8b and the upstream side pressure P, to
match the individual characteristic of a water supply device, a specific valve opening
characteristic for the relief valve 4 to suit the characteristics of a particular water supply
device, thus being able to provide a water hammering prevention device 1 that fits with

30 any water supply device.



15 Novenber 2002 -5 Preferably, the check valve 5 has a flat surface 30
formed on its face 29 confronting the check valve port 18, said surface
having a diameter smaller than the check val ve port 18 and a conical apex
31 forned in the mddle of said flat surface 30. Furt ﬁzaﬂétlple
tilting grooves 33, 33a, ... are provided having a groove mng

Novenber 2002 decreasing gradually toward the center of the back of the
check valve 5 fromthe outer periphery, which is further outside of a
seating area 32 corresponding to the check val ve seat 19. These tilting
grooves 33, 33a, ... are equally spaceddin the circunferential direction on
the check valve S . As a result, water flows snoothly fromupstreamto
downstream al ong the shape of the check valve 5 wi thout causing any swirls
on the back of the check valve 5, thus mnimzing the pressure |loss due to
the check valve inserted in the flow path 8 . It provides simlar effects
as nentioned Biefsrablanthd inmieptubst ngmbebdnisfiormed ta hgve ki Growlar @REEFection,

DESCRI PTI ON h h
waror hatls e g KU 128 o Pyl 8% BSRa BRChm Wit B S %'y
Cross, %ﬁ&hb&nalhawgwséaow NGat heeﬁ{‘@a‘ll?rspﬁé‘émlbhggtspélﬁé(ﬁﬁfeféﬂ@e dgy ki lwigen

water is runnin is a cross sectional view show ng the wat er
hanmey i r@sgblwrerrtzdm th@vludmg eorsactatachetivegmibe inee twhegdemher 3 and thegiliding ng

wat er. Fi S dr aw ng show ng vari S
Panmer | PR o TR fis IRfr il REBEC) BUERE A Raidrr VRBRICIBHETIRG, o
Fig. 1. sﬁen%éStM\éSH@%txag%edﬁmgg tke &Hiiu@g Rispitanké 8MHRNANe EIbE nidRthe: 304
versi on of The check valve is a front view of the check val ve shown
in Fi g. much as the strength of the inner tube member allows. Consequently, it is possible to
improve the water supply performance because of the reduction of the pressure loss of the
10 pressurized fluid during the water supply period and to use a smaller water supply pump

for the water supply device.

In one embodiment, it is possible to reduce the friction resistance of the inner tube
member 3 against the outer box 2 because of a coating on the outer circumference of the
15 inner tube member 3 of Teflon and to reduce the pressure loss in the same way as in the

case above.

20
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Fig. 8 is a bottomview of the check valve shown in Fig. 6. Fig. 9 is a
cross sectional view along B-B of Fig. 6. 5 Fig. 10 is a drawing for
showi ng an exanpl e of piping for a water supply device with the water
hamrering prevention device built in. Fig. 11 is a gRE%Nﬁ&ﬁ%% Wi ng
anot her exanpl e of piping. DESCRI PTI ON OF THE PREFE S 10 Let
us describe a preferred enbodi nent of the invention referring to the

drawi ngs. Figs. 1 through 3 show the cross section of the water hammering
prevention device according to an enbodi nent of the present invention in
various conditions. Fig.l shows the status when water is not running, Fig.
2 shows the status when 15 water is running, and Fig. 3 shows water being
drai ned as water hamrering has occurred. This water hamrering prevention
device 1 consists of an 15 Novenber 2002 outer box 2, an inner tube

menber 3, a relief valve 4 a_check val ye The outer box 2 .
concentric fl BiFferablisthg chgek \éaﬂvq ﬁﬁéﬁ a gabﬂﬂéﬁﬁ%fﬁmﬁd on ithiace 28 r?ﬁég%tl@g]e

upstrea i i p
eapect | LE) HEck TelvE PeriiR Sl LSRR s AR UL A el alye port o
port 9, W)laﬁal z eomieelt spexo3 1 Hernwadt 51 the métdde ofisaidl Aat mfachad I (F\tvrtham@dl-e& A
val ve_pert ég rOV|deg bet ween t he 31 trean1sect|on 8b and the
downs? r sBHItPLE t’&ﬁ ZEROVES Ady 3%y o 7B PEQYAHed) VIng 93160V dd d%n the periphery of
said valve port 10. A sliding surface 12 is provided in the upstream
section 8a to guide the inner tube nmenber 3 and said sliding surface 12 has
mul tiple grooves 13, 13a, ... forned equally spaced in the circunferenti al
direction on the circular inner face as shown in Fig. 5. The inner cylinder
menber 3 is shaped to be substantially



cylindrical and fits into the upstream section 8a slidingly. Its contact
surface area against the inner tube nenber 3 is mnimzed by neans of
grooves 13, 13a, ... formed on the sliding surface 12 in order to reduce
the sliding resistance against the inner tube nenber 3. The reason that the
i nner surface (sliding surface 12) a 15 Novenber 20029dfoveRbergeqd eam
section 8a is forned as descri bed above instead of formng nultiple grooves
on the outer surface of the inner tube nenber 3 in order to decrease the
sliding resistance of the inner slide nmenber 3 is that it would be
necessary to increase the thickness of the inner tube nenber 3 in order to
keep the strength of the inner tube nenber 3, which would in essence
increase the weight of the inner tube nenber 3, thus negating the purpose
of reducing the friction resistance, if nmultiple grooves are formed on the
outer cifetAteFARESAIINELY FRERTELDRS FORFET 3T drle Pacieo birher cidake of the
i'nner tube,nenber 3 i forggd into on.,. The sliding surface 12 in the

|
upst r eany §e¢Ei Bt B TS AP Fn@%ﬁ?%ﬁggsy Ted S YoRBESABEVRL and t he
t h - i t .3 is f to, b Lindrj
et i 51 AP RGP asRERAnes PorERr e e Bes ThE b nte Y Re P RRer?t ube
b 3 be: kwel yat hi d lj.ght. L I f
The ot EuBe hartae S e e 2 R Teri i ST o e TR ©

frictionciesifranearagai Astes8lsh dr dndcsdEkaGe132,51 0 N Ri ph g1t he
sliding resistance. A diaphragm 14 is provided on the downstream side outer

ci rcunf ewenee dflowbe smopehliyulfe ofe iyt r2al Wdlidgvidterdd-ova pedd Bhénto an
upstream section 8a and an area consisting of a 9 15 Novenber 2002

m dst r eafispet PENCBS cmeicla UoWwestS edrhhoedt icems iAgr enivebwiallgeon timele of
synthetic rubber is provided on the end face of a downstream side opening
of sai d PARErofubee f Blvehids tlusepipami&ing §herpyracHreate®y said

val ve seat 11 and is capable of noving toward or away frqomthe val ve seat
e aelhr il g e R R P et PRE T mihR ey 1 FSuYdes
similar effects as mentioned above and its practical benefit

is significant.

BRIEEF DESCRIPTION OF THE DRAWINGS

Fig. 1 1is a cross sectional view showing the water
hammering prevention device when water is not running.

Fig. 2 is a cross, sectional view showing the water
hammering prevention device when water is running.

Fig. 3 is a cross sectional view showing the water
hammering prevention device when water hammer occurred and it
is draining water.

Fig. 4 is a drawing showing various dimensions of the
water hammering prevention device.

Fig. 5 is a cross sectional view along A-A of Fig. 1.



Arelief valve spring 17 is provided between a small dianmeter step 15

| ocated on said opening and a cavity 16, which is provided between the

m dstream section 8b and the downstream section 8c, and the relief valve
spring 17 energizes the relief valve 4 toward val ve oggﬁboﬂng@géagbion. A
check valve 5 is formed substantially in a nushroom shape having a
spherical crown and provided inside the inner tube nenber 3 to prevent
fluid fromflow ng backward fromthe downstream side. The check valve 5 is
provided in such a way as to be able tq7nnve toward or away from a check
val ve seat 19 | ocated on the periphery of an upstream si de opening of the
i nner tube nenber 3, which essentially fornms a check val ve port 18. The
check valve 5 is supported by a guide ring 20, which is provided to face
t he check val Fiz. §éat plb@ view sbewinge modifed velsendfitheche®k vabre. 15 Novenber

2002 The guide, rin 0, as shown .in Fig. 1, conprises : a ring 21 that
sur rounds thg?’(gu%égaéemb‘ﬁgr#tg%?%gv l%gﬁé?‘wnghngl en the check valve 5 is
cl osed; mul tlpﬂgesgs-egte;g@&gnd ViR BPhe ch&dSyatve sh%gﬁrin-Fig.lé.hat are provided or.

t he downstream-si ace of sard ring 21, equalrly spaced in the
ci rcunf er ent i Big. flis ®ciososectibpalendw alang BeBatfifiglitng t owar d t he downstream

side;_and a Vﬂil Vi stem sl j de riglﬁ%‘za whi ch has a.suhstantially truncated
cone-Shape antig 40 dbARYVEg fop shewingans exapple oF Ping fQn 2 Wier spBRIY deyicer o,
o, Th ARESaPEL WBERrind BR VA ACE M ce AP 1 N rods 22, 22a, ... formthe
conmmuni %ﬁ?ng o?)eﬁllgngs %%%BZXa, bcgt ween the inner tube nenber 3 and the

m dst r eam secFigoh! Ble drawirgd foe skdvweimg 260thenaxadede pf pipingsi vel y on t he back of
the check valve 5 is inserted into the valve stemslide ring 23 slidingly
and a check valve spring 28 is provided between an annul ar cavity 26

provi dedheg ORMITICNE OFat ME FREFERREDEMBODIMENTSat ch 27 which is provi ded
flange-11 ke and protrusively on the outer periphery of the base end of the

steniGslide ring 23, wherein said check valve spring 28 energi zes the check

Voo of | P Il et G g
plan view of giBe 1ciefIghVIAEHoey e ckdsd sectionSoftfle wafk? hBRWRFRR préiddoa dbvient

view, Fig. 8 is a bottomview, and Fig. 9 shows the B-B cross section of
Fig. 6. averrdigdelanesbedigent o theypresent veetianuipsasiars evnditiensmushr oom shape.
It has a fl atg,syr Lts. f f I gnfyl he,check val ve
port 18, sai Jxé.ﬁr%hﬁgsg tﬁg & agtéygrﬂer? YdrdrSis n%‘f?ur%gng,oﬁg. IHWR the Statis when

15 water is running, and Fig. 3 shows water being drained as water hammering has occurred.

This water hammering prevention device 1 consists of an



di aneter smaller than the check valve port 18, and a conical apex 31 forned
in"tie mddle of said flat surface 30. Furthernore, multiple tilting
grooves 33, 33a, ... having a groove wi dth decreasing gradually toward the
center (valve stem 27 ) of the back of the check valve 5’%§Onhtaﬁ¥ﬁgter
peri phery, which is further outside of a seating area é yPRRe t he
val ve contacts with the check valve seat 19 when it is closed) provided
outside of the flat surface 30 to correspond with the check val ve seat 19.
These tilting grooves 33, 33a, ... are equally spaced (across snall gaps 5,
S1, r..) in the circunferential direction on the check valve 5. The face 29
of the check valve 5 shown in Fig. 9 is fornmed by coating synthetic rubber
in a shape as descri bed above. Using the check valve 5 with such a shape,
the water_flqw splits into multiple radial flows framthe apex 31 on the
face 2§qﬂﬁﬁf%%% %al%% +808pehub ?F%bﬁﬁegflétrghi? cgagﬁergcép e the
upstre side sdre to open fully instantaneously. 1z 15 Novenber 2002
As it g%%ﬁggf%$¥§§ $he flow i ncreases and the flow path fromthe outer

eri phery of e k I I 5] i |
periphery of i oE'E%E»fbMﬁ 2’%,% Leward Lt he ﬁég’(}s%%gﬁg‘@é&e: Wiyl } bt

controlled by neans of the tilting grooves ., SO that the water

flow wid lahe sRCbifiied andid©w-gheas: shenshape tekathe thieciknyatye S toward
the downstreamside. It is also possible to control the pressure of the

m dst r emwrBit odah heidatef thamertieigsppelgnpipingeveéspettasetgsstdped bel ow
The di nensi ons of various parts of water hanmmering prevention device 1 wll
be shovwm dlhso misisiy adre skicg.iof 8bncfhszidcherme patie Swaktedrhanmepring
prevention device | is controlled to open the relief valve 4 to maintain

t he pr &sstiftéchfcemee &t 3 $or Bagrrséetiderr Spe e byl ¢ Biker CRadd orhRa k@St r eam
pressure by a margin of a constant value when it is used within a certain
applicfrion range of the upstream side pressure. Mre specifically, the

obj ect of hoh%ggvg &@ta@%eis provided between the midstream section

8b and the downstream section 8c, and a valve seat 11 is provided .
on the periphery of said valve port 10.

A sliding surface 12 is provided in the upstream section
8a to guide the inner tube member 3 and said sliding surface
12 has multiple grooves 13, 13a, .. formed equally spaced in
the circumferential direction on the circular inner face as
shown in Fig. 5.

The inner cylinder member 3 is shaped to be substantially
cylindrical and fits into the upstream section 8a slidingly.

Its contact surface area against the inner tube member
3 is minimized by means of grooves 13, 13a, .. formed on the
sliding surface 12 in order to reduce the sliding resistance
against the inner tube member 3.

The reason that the inner surface (sliding surface 12)



bet ween the valve closing pressure and the val ve opening pressure that
applies to the relief valve 4 can be achieved by choosing the effective
dianet er of the diaphragm 14 and the val ve seat dianmeter of the relief

valve 4 to be approximately equal (condition 1) and al settd t he
spring | oads of 13 15 Novenber 2002 the relief val ve%s)B‘?u}’/%fBgir%O@%d t he

check valve spring 28 in such a way as to maintain the pressure of the

m dstream section 8b to be always Lower than the upstream pressure by a
margin of a constant value (condition 2). The condition | can be achieved
by satisfying the followi ng equation: A- B- C=D+ a (l) where A Valve
closing force applied to the relief valve as the effective area of the

di aphragm recei ves the upstream side pressure B: Val ve opening force
applied to the relief valve as the area inside the internal periphery of

t he valdfetBeatPoireae seablion alle fpeper\as deserkagst phaepresser® C Val ve
dpeninﬁﬁgqrce,ap Iiﬁg,tg the relief valve by the relief valve spring , D
Pressi R FOrfeTGsBRIFAE-FoPERY Vet i P8 e SHEFRER 94 TRS (FRibber) to
close t relief val - JErigti Lstance force n ted in the

i nterna u%ceyl?tien I‘eirC% Xﬁe%ﬁ%#mﬁ%n&%%{eggse%@?gvséﬁ/%lrh%veesse{%t%rb%%/% ose the

rollel ol el eovele nehbeET heal Wl atabuoh bhe daryagmdsd 15
increase the thickness of the inner tube member 3 in order to
keep the strength of the inner tube member 3, which would in
essence increase the weight of the inner tube member 3, thus
negating the purpose of reducing the friction resistance, if
multiple grooves are formed on the outer circumference of the
inner tube member 3 or if the outer shape of the inner tube
member 3 is formed into a polygon.

The sliding surface 12 in the upstream section 8a in this
invention is formed as mentioned above and the outer shape of
the inner tube member 3 is formed to be cylindrical, maximizing
the resistance to external pressure, so that the inner tube
member 3 can be made relatively thin and light.

The outer circumference of the inner tube member 3 is
coated with Teflon, further reducing the friction resistance
against said sliding surface 12, to minimize the sliding
resistance.

A diaphragm 14 is provided on the downstream side outer
circumference of the inner tube member 3 dividing the flow path

8 into an upstream section 8a and an area consisting of a



D2: Dianeter of the valve seat (neasured at the mddle of the seat w dth)
of. the relief valve dl: Quter dianmeter of the valve seat of the relief

val ve d2: Inner dianeter of the valve seat of the relief valve P1l: Upstream
pressure P2: M dstream pressure (sane as the dovvnstrea ressa %E
Coefficient for opening the relief valve fromthe clostd SYENe(P%ce E
becones smaller than the coefficient for closing the valve fromthe open
state, it is assunmed to be 1) OP: Pressure difference between the upstream
side pressure and the nidstream pressure when the relief valve is opened F:
Spring |load of the relief valve spring t: Thickness of the val ve seat
Expressing the equation (.1) using the above synbols, we get: 7t(D/2)ZP1
-n(Dz/ 2) ZPZ - F = (~(dl/2)z -n(dZ/2 )Z) PZE +oc (1). Further, noting that:
Pz = P1L - ~ =D-+1t d~ = -t and substituting the abovelntothe
equat i SHd(Sl reaé‘boiﬁec‘:h%lg%? ?%d alﬂf‘r%%ﬁ%%ﬁ“ $8051PRP1/4) (Di' - D~ (D- +

= h b h i h
?E)I) I z)vm ng co%d(r'??:ﬁg E’%l&(‘?lé f“ﬁgeeaﬁatsiy ti‘-g) ! %5:1%[}: bt ‘:‘_)%?ICBQ Er it)
(2) a = Ethﬁéé)ra(c%Zof M ownst l e&é@nzt.ggtoé legalﬁ?ﬂ&? é?fﬁ[ Veen th_e

val ve openl ng pressure an va ve c osmg pressure appli ed o the reljef
val ve 4 -6a% e mai nt ai ned aI vvays w t hout being affected by changes in the
upstream pressure P1. Since D2 t, and D12 = D2( D2 + 4t ) , we get D1 = D2

The condi t TRRs2r&5i&o vRLMEAL Nid herdelded At Mey 4 £ Osed windyamor nal
conditions (water running or stopped) and it requires that the water
pressurlé ehdt he awparle wihinngihbr coghrdfderawae fppassheeraddictdadon due to
the check valve spring 28 has to be greater than the pressure of the
m dst r édmish acpeirsiag@edintiitgn theGan sbd amepraads af itinet I9e afcdidasmt ddt -equat i on:
~P1 > ~P + Pa_+ Pb ( 4 ) where, ~Pi. Pressure difference between the
upst r eam si deApF%éE?evé%éf“rrFHﬂ-PéaWséét PERVBAESs BrE Weals éd B? lthe check

val ve spring dP Pressyre differense, Betueen the upstreamside 19 15
is provided between the midstream section 8b and the downstream -
section 8¢, and the relief valve spring 17 energizes the relief
valve 4 toward valve opening direction.

A check wvalve 5 is formed substantially in a mushroom
shape having a spherical crown and provided inside the inner
tube member 3 to prevent fluid from flowing backward from the
downstream side. The check valve 5 is provided in such a way
as to be able to move toward or away from a check valve seat
19 located on the periphery of an upstream side opening of the
inner tube member 3, which essentially forms a check valve port
18.

The check valve 5 is supportéd by a guide ring 20, which

is provided to face the check valve seat 19 inside the inner

tube member 3.
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pressure and m dstream section pressure when the relief valve is opened Pa:
Pressure difference between the upstream side pressure and m dstream
section pressure caused by the relief valve spring Pb: M ninmm pressure
required for closing the relief valve (OP - dPi) Mreo . ¥~sDi anet er
of the valve seat (neasured at the middle of the seat 3§5PH%£§EF§QQ§ check
valve D~ : D aneter of the valve seat (neasured at the mddl e of the seat
width) of the relief valve F: Spring |oad of the relief valve spring f:
Spring | oad of the check valve spring then, the equation (4) can be
rewitten as: OP;, > ~P + Pa + (OP, - OP1) . or 2f/ (~(x/2) *) > 20P + F/
(n(Dz/2) z) (4) ' An appropriate conbination of spring |oads F and f of the
relief valve spring 17 and the check valve spring 28 is sel ected based on

t the_relief valve

t he above equation. for_sati.sfying_the condiitjon 2 %o )
spring 17 anttrre st sRrr i aet Edsocr vergPise Sine ket or o
the vahve.ggat o{peasHKed: AL &E:@efﬁﬁ%@i e a%@o@%vﬁ"gﬁéﬁog Q»%h%rge seat
wi dt h) of the re??e? val ve 4 e, = f%_é% cm the dianet %po e check
val ve se@t cHRdWRasWwed ats e sdaddhe 16fi dike isedapddtdiphert Xegdd ¢cm the
t hi ckness of the valve seat 11 of the relief valve 4 be, t = 0.1 cm and
t he degi2red2pressuhetdatbepeocedédronpene pvrhet redmedidal ered £de ~P = 10
kPa. Using the equation (2), The effective dianmeter of the di aphragm 14,
D1, wa9icataitlatmichd 02Be 14Quslim sBeswd ohnt Hheqgdtdomiepentidle rel i ef
val ve spring 17 and the check valve spring 28 were selected to satisfy the
f ol | owiddgection thereof, and protruding toward the downstrean side;
and a valve stem slide ring 23, which has a substantially
truncated cone-shape and is connected to the bent ends of said
support rods 22, 22a,
The spaces between the adjacent supporting rods 22, 22a,
.. form the communicating openings 24, 24a, .. between the inner
tube member 3 and the midstream section 8b.
A valve stem 25 provided protrusively on the back of the
check valve 5 1is inserted intc the valve stem slide ring 23
slidingly and a check valve spring 28 is provided between an
annular cavity 26 provided around the valve stem 25 and a spring
catch 27 which is provided flange-like and protrusively on the
outer periphery of the base end of the stem slide ring 23,
wherein said check valve spring 28 energizes the check valve
5 in the wvalve closing direction.
Next, let us describe a modified version of the check

valve 5 referring to Figs. 6 through 9.

Fig. 6 is a plan view of the check valve 5, Fig. 7 1is

11



spring load of the relief valve 17, F = 24.5 N spring |oad of the check
valve 28, F = 39.2 N Fromthe above equation (3y, the friction resistance
force ais calculated to be 71.15 N. Wen a water hanmering prevention
device 1 was used and the upstream pressure Pl was cha ﬁd fron1%.% to 1
MPa the val ve opening pressure difference OP of the re SPVSYY 992 vas
approximately 10 kPa in average. Therefore, this water hamrering prevention
device 1 was able to nmaintain the pressure of the mdstream section 8b to
be always | ower than the upstream side pressure P. by a margin le 15
Novenber 2002 4P of a constant value (approximately 10 kPa). Next, 1 et us
descri be an exanpl e piping of the water hamrering prevention. device 1 with
reference to Figs. 10 and Il. Fig. 10 is a schematic drawi ng of a el evated

tank type water supply devjce 34. The drawi ng shows, a water receiving tank
35, 1 0 PWRFER MEEAE i i 1y BT OGN o ek £ ned STHVERICRS | S
connec%gg.t%é%}(%éa I§%159n5.41 on the rooftop of a building 40 via a

lifting plﬁ as we as a }?Ttlng punp 37 and a check valve 38. Fromthe

i fred tank 4o ialar cSURlY 101 AL A2C0NNRELS L0 fauceL s, i ddp. et e

The water hammering device 1 is connected in par to sal eck val ve
38, | ghape. Its nAletapELtd andcost! 8l pRiinddabe copneghed txp the
lifting plpe 39 on the upstream and downstream si des of the check val ve 38
respectoné€lrypntamdy itise deledak poslvd® psrtobAgcteaddt eusdatenatari ngecei vi ng
tank 35 via piping. The drain port 9 secures a specified drain port space
(gap) déametegnseetld e thadr dhe phehk4nasvetpartwad erand |4 demiiqadi rectly

drained by gravity to the receiving tank 35. In the water supply device 34,
it al sépgécgﬁceg‘.og@@g pite the middle of said flat surface 30.

Furthermore, multiple tilting grooves 33, 33a, .. having
a groove width decreasing gradually toward the center (valve
stem27) of thebackof the checkvalve 5 from thé outer periphery,
which is further outside of a seating area 32 (area where the
valve contacts with the check valve seat 19 when it is closed)
provided outside of the flat surface 30 to correspond with the
check valve seat 19.

These tilting grooves 33, 33a, .. are equally spaced
(across small gaps S, S1, ..) in the circumferential direction
on the check valve 5.

The face 29 of the check valve 5 shown in Fig. 9 is formed
by coating synthetic rubber in a shape as described above.

Using the check valve 5 with such a shape, the water flow
splits into multiple radial flows from the apex 31 on the face
29 when the valve is open, while the flat surface 30 receives

the upstream side pressure to open fully instantaneously.

12



to abolish the check valve 38 and install the water hamering 19 15
Novenber 2002 prevention device 1 in the sane place as the check val ve 38.
In this case, the inlet port 6 and the outlet port 7 of the water hamm ng
prevention device 1 are connected in the mddle of the1éhjtin P%$e 39, one
at the upstream side and the other at the downstream si °V8@880 (¥%Iy, and
the drain port 9 is connected to the water receiving tank 35. Although the
pi pi ng exanple for the water hanmering prevention device 1 is shown for the
el evated tank type water supply device 34, the water hammering prevention
device 1 can be connected in the mddle of the piping where water hamering
occurs with the drain port 9 being connected to the water receiving tank in
ot her types of water supply devices. Fig. 11 is a schematic drawi ng of a

hi gh pressur er_inpegtion ter..supply. device 45 installed

manuf act uri ng‘s\gﬁgn?geﬁ%\d&yfg%’r V%‘/oer kflﬁvggé%:rfedarsetﬁwgnp?urt%gsghﬁf" ﬂ%g}ﬁl ng

vari ouset i nge oy S NAEAI, SUPPLY deui ¢, 45 has) a.wat ar. recei ¥ing tank

47, to which a main water piping 46 is connected. Fromthe tank, a water

suppl y qdpesOfeoxt ends 4,012 bHr BbAErpuTRd48 Atk s L heekeval ¥er d8ngand
eventually to high pressure water injection guns 51, 5ia, ..., which are

term nagrespepnEN JWovi.gedoathaachhendaokrt Aeopi Pl L Aoyat €F t haps@ri ng
prevention device 1 is installed in 20 15 Novenber 2002 the water supply
pi pi ng 80di Alesuchklangayhes shepe cOnméet ethdgk sezles W ttowsach tihgh
pressure water injection gun 51, 5la, etc. The inlet port 6 and the outlet
port 7 SFWRHero@mefih@mering prevention device 1 are connected to the

upstream si de _and the down stream side of the water supply pipi 50, and
the drain po&“ g3 s?‘ﬁ‘??apotsélgjﬁr% %oﬁﬂnﬁﬁ?gr éhWEﬁsggﬁér é’éfpagg?)eci fied
drain = | nne t rain _path. 52.s0 t wat 111 be

i ndi re%%sgg%%ﬁe$o%§s?§% ‘Sjg/{:é:rca@???;%ré?ea rglvteélrtﬁ'é)tnl \%}vl\é% ?1'{ agr\éai n paths

52, 5234agcri5a H& GENnected via piping (not shown) to the water receiving
tank 47. Next, let us describe the operation of the water hanmering

prevention dewieCedilmded £5dd NPt rddiGsus patBsoudh 3atd@ athddrindhen water
is not running, the relief valve 4 and the check valve 5 are both cl osed as
shown igrdventilon heni sat erwi Bl rinshgynaslsbownihg Ehg. F2g.te reli ef
In this scheme, the water hammering prevention device
1 is controlled to open the relief valve 4 to maintain the
pressure o0f the midstream section 8b always lower than the
upstream pressure by a margin of a constant value when it is
used within a certain application range of the upstream side
pressure.
More specifically, the object of holding a balance
between the valve closing pressure and the vwvalve opening
pressure that applies to the relief valve 4 can be achieved
by choosing the effective diameter of the diaphragm 14 and the

valve seat diameter of the relief valve 4 to be approximately

equal (condition 1) and also by setting the spring loads of

13



valve 4 is closed due to the upstream side pressure simlar to the case

when water is not running, and the check valve 5 is opened. In case of the
wat er supply systenms 34 and 45 shown in Figs. 10 and 11, water is supplied
either to faucets, 43, 43a, etc., or high pressure matg%hfnégction guns 51,
5Ta, etc., which are respective termnal equipment. WhenNVEEP2R02meri ng

action occurs in the downstream 2i 15 Novenber 2002 side of the water
hanmeri ng prevention device 1 as in the case of closing the faucets 43,
43a, ... or high pressure water guns 51, 5la, ..., the downstream side

pressure (reverse pressure) becones higher than the upstream side pressure,
so that, as shown in Fig. 3, the check valve 5 closes and reverse pressure
is applied to the relief Valve 4 opposing the valve closing pressure, so
that the relief valve 4 will be pressed in the upstream direction to cause
it operthaxmtekief wWalkye ezspr beetloresd themehedatesl v t ot hegd? &i in pat hs 44,
52, 52a, ... via drain port 9 to drain the pressurized fluid. . Thus, the
rever s Priedstit ¢ dSstareg hetr i thirersassidge ahdhenpidatsramapeerion action

is prevented. Wen the_revers ressure di sappears and the downstream side
pressur Bﬁ%GﬁbgﬁwéﬁﬁrlPWEE FﬁéguﬁgFrﬁaﬁFE?ﬂg PYeSSUFE, P¥ra 14r g case

mhere1g¥3gﬁé%#%ggggs&gi%g?&gg%&?ﬁgéﬁ;gfre controll ed as nentioned, before,

the pressure er ence feam si de pressure and the

m dstream se%hieorb&{&ﬁfe&gel(lisg@nfv and he.donnshreym shdespres Wtﬁ')e returns

s !
to the preset val ue, ve 4 closes. The water; ich i1s drained
when. the rebied s@laeidnopens, is returned to the water receiving tank 35
via the drain path 44 in the case of the water supply device 34, and is
drai ned by ghavi By~-i 0@ &h® ease of the water supply deyice 45 or returned 22
15 Novenber 2002 to the water receiving tank 47 in the alternative case
where the drahmerpath 52 is connected via piping to the water receiving tank
47. 23 15 Novenber 2002 -24 ‘
A: Valve closing force applied to the relief valve as
the effective area of the diaphragm receives the upstream side’
pressure
B: Valve opening force applied to the relief valve as
the area inside the internal periphery of the valve seat of
the relief valve receives the midstream pressure
C: Valve opening force applied to the relief valve by
the relief valve spring .
D: Pressing force (sealing force). applied to the
relief valve (rubber) to close the relief valve
o Frictionresistance force generated in the internal
cylindrical member when the relief valve moves to open/close
the relief wvalve

Moreover, let:

D.: Effective diameter of the diaphragm

14



VWHAT IS CLAIMED I S: 1. A water hammering prevention device conprising: an
out er box having concentric flow paths for an inlet and an outlet and a
drain port 5 in the mdstreamsection of the flow path; an inner tube
menber having a diaphragmon its periphery dividing the |,nside qQf said
outer box into an upstream section and an area consistﬁ%§°€¥%§”%p82tream
section and a downstream section of the flow path, wherein said inner tube
menber slidingly fits into the upper section; 10 a relief valve provided on
the end face of the downstream side opening of said inner tube nenber,
wherein said relief valve is capable of noving toward or away froma val ve
seat |ocated on the periphery of a valve port, which is provi ded between
t-he m dstream secti on and the downstream section, and is energi zed by a
relief valve spring toward the val ve openin% direction; and 15 a check

val ve provi detf i ndiineiRE ofnERe (v ensfsdr (Peagrarehatr e aiddd f 1 owi ng
backward fromthe do tream side; wherein the effective dianeter of said

di aphr 8dmtFé Sfddet%YHe Hp iRty BHUE® to the val ve seat dianeter of
said relief yalve jn order to achieve a pressure ance, between the val ve
cl osi ng pr esés{’u're éjr‘fg:eﬁwgl\a/%‘iiegsroopéeg}'lﬁgvaplrveesSﬁ?é %%%heeﬁe%lhet ReT'8 i ef 20
val ve, and the sprifig | gadse ot tdiecheld£fvyakye SPrA0 ande ¢ eck valve
spring, whic Zeneréﬁg%s t%eec géﬂgvalvéﬁfﬁ t he d?recti%n t%mggﬁg?%e val ve
cl osing diregtd onupdte- Lhoseddusdich a way that the mdstream pressure is
al ways | ower by a constant value than the upstream pressure. 25 2. The

wat er hammerpng preEvtdedn deodassiofe C psamé, sber ehs t dewdetrirean s
connected in parallel to a check valve installed in the piping of a water
suppl ypdegisggelor that is installed in piping, wherein said drain port is

connected to a water receiving tank via piping. 30 3. The water hammering
prevention devi ce sref@igiant ‘AFePRrAinAetlevieeles EOHRESH theseries to

term nal equi nt of a ter suppl Vi C wherein said drai ort 15
Novenb& oggggg_ggge since becomgg anadl%.er %han The coeta%J.CW_enat I%o@‘
closing the valve from the open state, it is assumed to be 1)
AP: Pressure difference between the upstream side

pressure and the midstream pressure when the relief valve is

opened
F: Spring load of the relief valve spring
t: Thickness of the valve seat

Expressing the equation (1) using the above symbols, we get:
m(D1/2)%P; = m(D2/2)%P, = F = (n(d1/2)? ~ m(da/2)*)BE v+ (1)
Further, noting that:
P, = P, — AP
d; = D+ €
d; = D2 - t

and substituting the above into the equation (1l)' above, we

get
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is connected to the outside or to a water receiving tank via piping. 4. The
wdt er hammering prevention device of aiml1, 2 or 3, wherein said inner
tube nmenber is formed to have a circular cross section and that the
internal sliding surface of 5 said outer box fitting w F,the i nner. tube
ménber has multiple grooves formed equally spaced al o\rll\db”[ QVRMPRIAY8r ence.
5. The water hammering prevention device of Caim1l, 2, 3 or 4, wherein the
outer circunference of said inner tube nenber is coated with Teflon. 10 6.
~ The water hanmering prevention device of Claiml, 2, 3, 4 or 5 wherein
sai d check valve has a flat surface forned on its face confronting the
check val ve port, said surface having a dianeter snmaller than the check
val ve port, a conical apex forned in the mddle of said flat surface, and
mul tiple_tiltine grooves faorned_equall aced in the 15 gircunferential
di rect i(gﬁléﬁgt(ﬁ’e che léB\Z/é’l %Er)TﬁaViohg é%'?gg?/g‘?\/\‘%‘tﬁ ﬁ%éréggi ng g)aéual ly
Coward the cepLereofothg,back, of 4 NeLhegk kabye bramthg ouLer peri phery,
which is outside of & seatl ng area correspondi ﬁg 0 a check valve seat.

15 Novemher RQQ2 dribg yvenbeteis coated with Teflon. 7. Water hammering
prevention device of aiml, 2, 3, 4, 5 or 6 characterized in that said
check val ve bds=apf l(at sustace forned on its face confronting the check
val ve port, said surface having a dianeter smaller than the check val ve
port, a coniea¥F apARDiO4)ED, i+n 4the -mrldl e of said flay surface, and
multiple tilting grooves formed equally spaced in the circunferenti al

di r ect Wenlearnhéhehetkevhbvanhavbayvacyr vow evan it i sires redual |y

toward the center of the back of the check valve 'fromthe outer periphery,
whi ch B&8%Ghs Helsf §le8aPPngraFe reofPRSPBAIPAGERD BethREK /e seat. 26

. Ah . . . . . . .

. Ay. Ay SARADE DRI AHA WY R WIEIR W RERNS 2RECAFSIAPR HIARFERETA@. A?. A H
?. A?. Aqy, : N023CDI k mhc/

cal] ca )égf?g% géﬁecg{r ?%Oe\éga ca %'CL]DEI]a} \(/:\g] cg] cﬂa]c2!31]0'21;1]021;1]021;1]021;1]02!31]Cg]<g?]c$g]! ;?]

O Vev Since D, >> t, and D’ = D, (D; + 4t), we get D, = D,.

The condition 2 is to maintain the relief valve 4 closed
under normal conditions (water running or stopped) and it
requires that the water pressure of the water running through
after the pressure reduction due to the check valve spring 28
has to be greater than the pressure of the midstream 8b.

This condition 2 cgan be expressed in the following
equation:

AP, > AP + Pa + Pb (4)

where,

AP;: Pressure difference between the upstream side
pressure and midstream section pressure caused by the check
valve spring

AP: Pressure difference between the upstream side
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£ Spring load of the check valve spring

then, the equation (4) can be rewritten as:

AP, > AP + Pa + (AP, - AP,), cor

2/ (m(x/2)?) > 24P + F/ (m(D2/2)%) (4) "

An appropriate combination of spring loads F and f of
the relief valve spring 17 and the check valve spring 28 is
selected based on the above equation for satisfying the
condition 2 to set the relief valve spring 17 and the check
valve spring 28 respectively.

Let the diameter of the valve seat (measured at themiddle
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of the seat width) of the relief valve 4 be, D, = 10.95 cm,
the diameter of the check valve seat 19 (measured at the middle
of the seat width) be, x = 5 cm, the thickness of the valve
seat 11 of the relief valve 4 be, t = 0.1 cm, and the desired
pressure difference for opening the relief valve 4 be, AP =
10 kPa.

Using the equation (2),

The effective diameter of the diaphragm 14, Dy, was
calculated to be 11.15 cm.

Based on the equation (4)', the relief valve spring 17
and the check wvalve spring 28 were selected to satisfy the
following:

spring load of the relief valve 17, F = 24.5 N

spring load of the check valve 28, F = 3%9.2 N

From the above equation (3), the friction resistance
force a is calculated to be 71.15 N.

When a water hammering prevention device 1 was used and
the upstream pressure P; was changed from 0.1 to 1 MPa, the
valve opening pressure difference AP of the relief valve 4 was
approximately 10 kPa in average.

Therefore, this water hammering prevention device 1 was
able to maintain the pressure of the midstream section 8b to

be always lower than the upstream side pressure P; by a margin
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AP of a constant value (approximately 10 kPa).

Next, let us describe an example pivring of the water
hammering prevention device 1 with reference to Figs. 10 and
11.

Fig. 10 is a schematic drawing of z elevated tank type
water supply device 34.

The drawing shows a water receiving tank 35, to which
main water piping 36 is connected. Said water tank 35 is
conngcted to an elevated tank 41 on the roocftop of a building
40 via a lifting pipe 39 as well as a lifting pump 37 and a
check valve 38. From the lifted tank 41, water supply piping
42 connects to faucets 43, 43a, etc.

The water hammering device 1 is connected in parallel
to said check valve 38, i.e., its inlet port 6 and ocutlet port
7 are connected to the lifting pipe 39 on the upstream and
downstream sides of the check valve 38 respectively, and its
drain port 9 is connected to sazid water receiving tank 35 via
piping.

The drain port 9 secures a specified drain port space
(gap) as it connects to a drain path 44 so that water will be
indirectly drained by gravity to the receiving tank 35.

In the water supply device 34, it also becomes possible

to abolish the check valve 38 and install the water hammering
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prevention device 1 is shown for the elevated tank type water

supply device 34, the water hammering prevention device 1 can

be connected in the middle of the piping w‘nefe water hammering

occurs with the drain port 9 being connected to the water

receiving tank in other types of water supply devices.

Fig. 11 is a schematic drawing of a high pressure water

injection water supply device 45 installed in manufacturing

plants and other work places for the purpose of washing various

things.

This water supply device 45 has a water receiving tank

47, to which a main water piping 46 is connected. From the

tank, a water supply pipe 50 extends to a turbine pump 48 and

a check valve 49, and eventually to high pressure water

injection guns 51, 51la, .., which are terminal equipment

provided at each end of the pipe.

A water hammering prevention device 1 is installed in
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hammering prevention device 1 are connected to the upstreanm
side and the down stream side of the water supply piping 50,
and thedrainport 9, similar to that shownbefore, which secures
a specified drain port space as it connects to drain path 52
S0 that water will be indirectly drained outside by gravity:
as aﬂ.alternative, salid drain paths 52, 52a, .. can be connected
via piping (not shown) to the water receiving tank 47.

Next, let us describe the operationof the water hammering
prevention device 1 referring to Figs. 1 through 3, 10 and 11.

When water is not running, the relief valve 4 and the
check valve 5 are both closed as shown in Fig. 1.

When water is running, as shown in Fig. 2, the relief
valve 4 is closed due to the upstream side pressure similar
to the case when water is not running, and the check wvalve 5
is opened. 1In case of the water supply systems 34 and 45 shown
in Figs. 10 and 11, water is supplied either to faucets, 43,
43a, etc., or high pressure water injection guns 51, 5la, etc.,

which are respective terminal equipment.

When a water hammering action occurs in the downstream
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side of the water hammering prevention device 1 as in the case
of closing the faucets 43, 43a, .. or high pressure water guns
51, 5la, .., the downstream side pressure (reverse pressure)
becomes higher than the upstream side pressure, so that, as
shown in Fig. 3, the check valve 5 closes and reverse pressure
is applied to the relief valve 4 opposing the valve closing
pressure, so that the relief wvalve 4 will be pressed in the
upstream direction to cause it open, and the midstream section
8b communicates with the drain paths 44, 52, 52a, .. via drain
port 9 to drain the pressurized fluid. '

Thus, the reverse pressure is draired to the outside and
the water hammering action is prevented.

When the reverse pressure disappears and the downstream
Side pressure becomes lower than the upstream side pressure,
or, 1in the case where the midstream section 8b 1is pressure
controlled as mentioned, before, the pressure difference
between the upstream side pressure and the midstream section
pressure (same as the downstream side pressure) returns to the
preset value, the relief valve 4 closes.

The water, which is drained when the relief valve 4 opens,
is returned to the water receiving tank 35 via the drain path
44 in the case of the water supply device 34, and is drained

by gravity in the case of the water supply device 45 or returned
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to the water receiving tank 47 in the alternative case where
the drain path 52 is connected via piping to the water receiving

tank 47.
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WHAT IS CLAIMED IS:

1. A water hammering prevention device comprising:
an outer box having concentric flow paths for an inlet and an outlet and a drain port
5 in the midstream section of the flow path;
an inner tube member having a diaphragm on its periphery dividing the inside of
said outer box into an upstream section and an area consisting of a midstream section and a
downstream section of the flow path, wherein said inner tube member slidingly fits into the
upper section;

10 a relief valve provided on the end face of the downstream side opening of said
inner tube member, wherein said relief valve is capable of moving toward or away from a
valve seat located on the periphery of a valve port, which is provided between the
midstream section and the downstream section, and is energized by a relief valve spring
toward the valve opening direction; and

15 a check valve provided inside the inner tube member to prevent fluid from flowing

backward from the downstream side;

wherein the effective diameter of said diaphragm is chosen to be approximately

equal to the valve seat diameter of said relief valve in order to achieve a pressure balance

. between the valve closing pressure and the valve opening pressure applied on the relief

20 wvalve, and the spring loads of the relief valve spring and the check valve spring, which
energizes the check valve in the direction toward the valve closing direction, are chosen in

such a way that the midstream pressure is always lower by a constant value than the

upstream pressure.

25 2. The water hammering prevention device of Claim 1, wherein the device is
connected in parallel to a check valve installed in the piping of a water supply device, or

that is installed in piping, wherein said drain port is connected to a water receiving tank via

piping.

30 3. The water hammering prevention device of Claim 1, wherein the device is

connected in series to terminal equipment of a water supply device, wherein said drain port
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is connected to the outside or to a water receiving tank via piping.

4. The water hammering prevention device of Claim 1, 2 or 3, wherein said inner tube
member is formed to have a circular cross section and that the internal sliding surface of

5 said outer box fitting with the inner tube member has multiple grooves formed equally

spaced along is circumference.

5. The water hammering prevention device of Claim 1, 2, 3 or 4, wherein the outer
circumference of said inner tube member is coated with Teflon.
10
6. ©  The water hammering prevention device of Claim 1, 2, 3, 4 or 5, wherein said
check valve has a flat surface formed on its face confronting the check valve port, said
surface having a diameter smaller than the check valve port, a conical apex formed in the
middle of said flat surface, and multiple tilting grooves formed equally spaced in the
15 circumferential direction on the check valve having a groove width decreasing gradually
toward the center of the back of the check valve from the outer periphery, which is outside

of a seating area corresponding to a check valve seat.
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tube member is coated with Teflon.

7. Water hammering prevention device of Claim 1, 2, 3, 4,
5 or 6 characterized in that said check valve has a flat surface
formed on its face confronting the check valve port, said
surface having a diameter smaller than the check valve port,
a conical apex formed in the middle of said flat surface, and
multiple tilting grooves formed equally spaced in the
circumferential direction on the check valve having a groove
width decreasing gradually toward the center of the back of
the check valve from the outer periphery, thch is outside of

a2 seating area corresponding to a check valve seat.



