:1=- CLEANI NG SYSTEM FOR CLEANI NG FLUI D- The present invention relates to a
cl-eanimng system for cleaning fluid-conducting tubing. The invention is

particularly useful in a condenser for cleaning the tubing.
Reat - exchanger used in such a condenser, and the invenij

frherefore

descrj bed below with respect to this appl kcation. The/n\p¥ OISy,
especially directed to the type of cl.eaning system d&sCri ¥ n U§§ at ent s
4,865,121 and 5,176, 204. Such cl eaning systens inclyg¢ b : EEH(:‘ t ed
with:the fluid through the tubing fromits upstreamis de 66“119% dsfream
si de, separator CHEANING SYSTEM FOR (CLEANING | FL.UTDTONBUCTING PIBINE

downst ream si de of the tub{hd, éhd_fecifculating meay]
the balls back to the Thatpresent dinvention txglakes | 1O
sepapator is_in the formof a hollow perforated tube entsgde 1 hi '
housi ng con &1 eaning Lidvegndurting doling s eFheiknvention tabing. In
one enbodi nent he hal | ow perforated tube is carried by an ejector,
operable to %ﬁ%@cq%%lqigé&MI%t%‘QﬁPﬁ% oK Sleaning £hy tuhing
perforated t ibntq the upstream side of the tubing: and in, g.second
embodi nent , c#ﬁga sﬂe}‘ep?‘}r ﬁ’%‘fh#)lﬁﬁ%e‘f'sq AUARER B SRRdrdiseT %a‘?‘?ﬁ et and

outl et sides I %gﬂgﬂ t.Qrs to ejecgt the balls
into the up?’[ﬁrueee{{n%}' grggéoﬁ%ree ubi r?iggb %&&e%mq%/ﬁﬁ%{ ﬁ'lﬁstq{ yrfesopgee#erq‘%q Ifa"is

require a sey@Eidtieiervoir for adding balls to the systemor renoving
bal I's )
The invention is especially directed to the type

of cleaning system described in US Patents 4,865,121 and
5,176,204. Such cleaning systems include'balls circulated
with the fluid through the tubing from its upstream side to
its downstream side, separator means for separating. the
balls from the fluid at the downstream side of the tubing,
and recirculating means for reciréulating the balls back to
the upstream side of the tubing. In Patent 5,176,204, the
separator is in the form of a hollow perforated tube
enclosed within a housing connected by a passageway to the
downstsream side of the tubing. In one embodiment, the
hollow perforated tube is carried by an ejector operable to
eject the balls accumulated on the outer surface of the
perforated tube into the upstream side of the tubing; and in
a second embodiment, the separator further includes two
valves, in the inlet and outlet sides of the collector
housing, open by actuators to eject the balls into the
upstream side of the tubing.

£ S%sﬁém§§o§§t§§sftyyg generally require a separate
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reservoir for addiné'b£§15't3 the system or removing balls



-2, fromthe systemfor replacenent purposes, and also for view ng the
tondi ti on of the balls in the system Such a reservoir, including the
acconpanyi ng val ves for selectively connegting the reservoir into and out
ef the system significantly increases th overall cost of the system An
obj ect of the present invention is to provide a cleaning system for

cl eaning fluid-conducting tubing which has advantages in the above

respects. Aol 8 dii HiS Sp ANGRLLO budRles | SR QidledEc cl eani ng

system for cleaning tubing used for conducting a fluid therethrough, which
system i ncl ypesy i) |the Iddndidtitsh B¢ hendiod118 did R gy dten t ulButth faomits

upstream side to its downstream si de, separator neans for separating the
bal I.s-f r om tfgsddvb it AtiddRudionn the aeconprarpfind evd s fomsklectively

reci%ﬁulating neans'for recirpulating.the bal I's bgck to the upstream side
of the tubi rynrdutirey it mdsexyodaa nintom rgrd oulyofa e |sysitémect or housi ng
havi ng an apertured partition therein permtting the fluid, but not the
bal | s, to pasigniferearntludincreases Vihe myerall magt @f dihe IByskaming into
an upper conpartnent and a | ower conpartnent; a first passageway connecting
" one side of the upper Mvrhiadtent tthe Rrerspkinuenticon b 1RLIWAIR);2 a
ipper compartiRARinG 51698 (£ TheaHiAh S U GRS L BT M o
(110 DaoSaelE ROIECIAA 4.8 GEPOML A2 Mol 0PPO3, 0 o1 o of (e
receive a pressure Sliﬁggéfﬁ{ﬁaﬁﬁotiﬁg]ﬁi@geﬁﬂ fﬂ“%ﬂﬂf&ﬁ, there is
provided a cleaning system fof cleaning tubing used for
conducting a fluid therethrough, which system includes balls
circulated with the fluid through the tubing from its
upstream side to its downstream side, separator means for
separating the balls from the fluid at the downstream side
of the tubing, and recirculating ﬁeans for recirculating the
balls back to the upstream side of the tubing; the
recirculating means comprising: a ball collector housing
having an apertured partition therein permitting the fluigd,
but not the balls, to pass therethrough, and dividing the
interior of the housiﬁg into an upper compartment and a
lower compartment; a first passageway connecting one side of
the upper compartment to the downstream side of the tubing;
a second passageway connecting a first point on the opposite
side of the upper compartment to a first point in the
upstream side of the tubing; a third passageway connecting a
second point on the opposite side of the upper compartment

to a second point in the upstream side of the tubing to

receive a pressure slightly lower than that at the first



-3, point in the upstreamside of the tubing but higher than that at the
Hownst’ream si de of the tubing; a fourth passageway connecting the |ower
conpartnment to a source of |ower pressurejthan that at the downstream side
ef the tubing as well as at the first and“second points in the upstream
side of the tubing; valves in the first, second, third and fourth
passagemays controlling the fluid flom/therethrough and a cover covering
the upper £ "ERt RO dup SEPYAR! &1 ddes£f £ £ @b DEY nbﬁtadﬂg,mrbakéﬁ to the
upper. conpar ment or renDV|ng balls therefrom As wll be described nore
particul arl yriet cat ShiE Nddwiss Eoear ds 536 LGN Ehe nttﬁlﬂixedj, taefoeeehfor a
separate reservoir in order to introduce balls into the system or renove
bal hs<f r om tpessygéway comiectiwg shis¢ chowen btaspatiement | botarsducse nof i n
the recirculating nmeans also to serve this function. This feature thus

si gni fi cant | Jowesd ypess sumee oblzana| thabsat othe hdowysteeam Fside 10f | thet rat es
one formof cleaning systemconstructed in accordance with the present

i nvention; atubingisas ekl &siatthe afirshcandssecerd points inrthe

- different operating conditions of the system The cleanlﬂg$systen1

i Ihl ufst rat ed \PFS"EIF@‘EH%MMQ% ceherbuing; crbees oin othe figshy 38898y 4 in
t he form of | | el d wWhi C I

[ qui 0 sucrihbrdedng | Yodr B Bdnssvenitl, conttafhing B PR Bl Cae | "
Stea”‘of a r€ﬁeré§hf%ﬁg§?$&n&'écgéégfr%bvef{%g the upper compartment and

removable therefrom to permit adding balls to the upper

compartment or removing balls'therefrom.

As will be deséribed'more particularly below, such
a cleaning system eliminates the need for a separate
reservoir in order to introduce balls into the sfstem, or
remove balls from the system, since the system enables the
collector housing in the recirculéting meané also to serve
this function. This feature thus significantly reduces the
overall cost of the systgm.

Fig. 1 illustrates one form of cleaning system
constructed in accordance with the present invention;

and Figs. 2 and 3 illustrate the system of Fig. 1
during different operating conditions of the system.

The cleaning system'illustrated in the drawings
comprises a condenser 2 including tubing 4 in the form of a
plurality of parallel, spaced tubes, through which a cooling
liquid, such as water, is passed in order to condense a
fluid, such as steam or a refrigeraht gas, éirculating from
an inlet 6 through the spaces between the condenser tubing 4

to an outlet 8. The cooling liquid is circulated through



am.inlet 6 through t he spaces between the condenser tubing 4 to an outl et
B.* The cooling liquid is circulated through -4- the condenser tubing 4
froman inlet header 10 connected to the ypstream side of the condenser
tubing by an inlet pipe 11, to an outlet header 12 connected at the

downst ream si de of the tublng by an outlet tube 13. The cooling liquid
incl udes a plurality of cleaning balls 14 forced through the tubing 4 with

the cool i ng §lidlichdéhg¥eViaibind1e4 | Betsh Nth OinEet a1 PaddrdStsedV £di N
t he ¢ondenser tubing 4 which would tend to clog or erode the tubing. Balls

14 are nede te aipiarenm neide icf e storgidriger drringlipneeridletn gime
condenser tubing 4 so that they rub against the inner walls of the tubing
and’ ther eby ¥ ricaian tdwriet dweadéihi 12 teminechad afit Udiendasirestiesgn bdde f or
cl eapi-ig tubi ng in condensers and other forns of heat-exchangers is well
known, and tQfertdfertubinniby an euklety wheidihg system or of the balls 14
used in this type of s stem are not set forth herein. A ball separator I n

the formof a ball &R king Heawighdmaetudes ia Rlﬁ’créflﬁd%‘)é fHet ween the
Pavi ng QGS?%}%%% iﬁ“i#it#%eq étﬁira%as'ﬁeér{%%w'q i °“§h2%b§rl
communi cat | REHY e i RS the Sothd B SRR SR U e
formed with an&dile LRAVHY $hé VBREUAR, Tpidd £ JBRAS WddiRF tdha to
clog or erode the tubing. Balls 14 are made of a spongy
material of slightlj larger diameter than the condenser
tubing 4 so that they rub against the inner walls of the
tubing and thereby maintain them clean. This technique of
using cleaning balls for cleaning tubing in condensers and
other forms of heat-exchangers is well known, and therefore
details of such a cleaning system; or of the balls 14 used
in this type of system, are not set forth herein.
A ball separator, in the form of a ball trap
generally designated 20, is interposed between the outlet
header 12 in the outlet tube 13. Ball trap 20 includes a
housing 21 having a grid 22 dividing the interior of the
housing into a first chamber 23 communicating with the
outlet header 12,Iand a second chamber 24 communicating with
the outlet tube 13. Ball trap housing 21 is further formed
with an exit opening 25 communicating with a bypass tube 26
leading back to the inlet tube 11 at the upstream side of
the condenser tubing 4.
Grid 22 has openings therein to separate the balls

14 flowing with the cooling liquid and to pass only the



+eading back to the inlet tube 11 at the upstream side of the condenser
*tubing 4. Gid 22 has openings therein to separate the balls 14 fl ow ng
with the cooling liquid and to pass only g he liquid to the outlet tube
:13. The balls 14 thus accunmul ate within chanber 23 of the ball trap. As
described below, the balls are recirculated into the upstream side of the
condenser tubing 4 by neans of recircul ating means which includes the

bypass tubeizguidhgor ekl utaktngubeans. fUThEebalm§|WdeéhﬁshﬁééhﬂﬁlﬁQe
having an apertured partition 31 dividing the interior of the housing into

a first conpathifnthambepd23 8€cthe balfatirapnt 38 Assoppbedt belbWgsthk t he
partition. Partition 31 may be an apertured screen. It permts the fluid,
but rfot thebbdllksareorpaiscubabedhintosthehapstireabasideaofuthkate within
compart nent 32. Bypass tube 26 constitutes a first passageway [err] and
connect s t heonggaserohpbingedt bgomeansoafi ngcdgcudathngduennsr wbirhi de of
the condenser tubing 4 via ball trap 20. A second passageway PW2 connects
an upper poinelugeshEheppyprss Sube 8f-the upper conpartnent 32 to a point
34 in the upstrean1tube 11 at t f condens r tubj 4; and

h st ream si
a third passageway PVE EoﬁﬁSEFguiaFgﬂgrmﬁBPﬁt%BFgPﬁE HRELR Gﬁnﬁa#?ﬁﬁﬁPQSZ
2120, 19, UeaHPBheeal bHOSobtyitbalha2edtnh 3% Bhifhbhy CRATThLRRAMLI G 1o
passagevay ENE Ro@Leay' Reb hOeiREE! QoﬁﬁaEERSnélaitaBSiQtsééond
| compartment 33 on opposite sides of the partition. Partition

31 may be an apertured screen. It permits the fluid, but

not the balls, to pass through it so that the balls

accumulate within compartménE'BZ.

Bypass tube 26 constitutes a first passageway PW1
and connects the upper compartment 32 of housing 30 to the
downstream side of the condenser fubing 4 via ball trap 20.
A second passageway PW2 connects an upper point of the
opposite side of the upper compartment 32 to a point 34 in
the upstream tube 11 at the upstream side of condenser
tubing 4; and a third passageway PW3 connects a lower point
of the upper compartment 32 also to the upstream tube 11 but
at a point 35 slightly downstream from the point at which
passageway PW2 is connected. In addition, the end of
passageway PW, projecting into the inlet tube 11 at point 35
is cut at a bias to produce a lower pressure therein than
the pressure in passageway PW,.

Collector housing 30 includes a further passageway
PW, connecting the lower chamber 33 of the housing to the |

atmosphere, or to a portion of the system which is at a



i§,cuL.at a bias to produce a | ower pressure therein than the pressure in
béssagémay [err]. Collector housing 30 includes a further passageway [err]
connecting the |ower chamber 33 of the hogsing to the atnobsphere, or to a
portion of the systemwhich is at a -6- lower pressure than that in any
of the passageways [err] or [err]. Passageway [err] includes a shut-off
valve [err] which may be manually or autonmatically controlled to shut off

the flow of Idwed ippeshbulerigidi ot iPaasRaereehe Wasdsfwdid USes, wheck
valve [err], which permts flow of the |iquid from passageway [ef?] imo
compartment &2 BW, col | ector housing 30, but not vice versa. Passageway PW2
al so:i ncludes a é%ut-off valve [err], which nay be manually or
autonatical |y control |IRabsSagear -PWf fincluddsva cfhut-epfifl walve [8, which

passageway. Passageway PWB includes a check valve [err] which pernmts
liquid flow™RY Pe mamialdy @ iantanatiiaaid x stonkaakled ko rahwdo afit thene

I nl et tube ,_an t vice versa. Passageway PW includes a shut-off
val ve Sv4 wh r?%/r%es&lt%”rﬁamqiﬂtﬁo omdRassagearo W olalEP t o

hut-of f the fl.ow of the liquid therethrqugh. The jllustrated system
furt her i nclfaddes; a, Shaak palys €V i ﬁ'?tl%g' BRI LS, fdom ofy tie, dianidyf ¢

\62: \(;Sv, Sﬂei. LA p%tégapgtev}alirb PPW’L13'in'%:So Vgolnlpat}q:mde%stc rdzb %q:‘ Co11dE rotr:i lé)luasrilnyg
30, but not vice versa.

Passageway sz also includes a shut-off valve SV2,
which may be manually or automatically controlled to shut-
off the flow of liquid via that passageway. Passageway PW3
includes a check valve CV3 which permits liquid flow only in
the direction from the collector housing 30 into the inlet
tube 11, and not vice versa. Passageway PW4 includes a
shut-off valve SV4 which may also'be manually or
automatically controlled to shut-off the flow of the liquid
therethrough. |

The illustrated system further includes a shut-off
valve SV6 in the inlet tube 11, and a shut-off valve SV7 in
the outlet tube 13.

As will be described more particularly beldw, the
collector housing 30, which serves to collect the balls
being recirculated back into the inlet side of the condenser
tubing 4, also serves as a reéervoir for adding balls
thereto or for removing balls fﬁerefrom. For this purpose,
housing 30 includes a cover 36 covering the upper
compartment 32 and removable therefrom in order to add or

remove balls. Cover 36 is transparent to enable one to



col I'ect or housi ng 30, which serves to collect the balls being recircul ated
"back ‘into the inlet side of the condenser tubing 4, also serves as a
reservoir. for adding balls thereto or foryrenoving balls therefrom For
-this purpose, housing 30 includes a cover 36 covering the upper conpartnent
32 and renovable therefromin order to add or renove balls. Cover 36 is
transparent to enable one to -7- readily view-the contents of

conpart ment r@adingt veeky thbecaHashtkYo8f cbaphethbrtedp, ROt Shsp thei r
condition to determ ne whether they should be replaced. The operation of

the system guhngtitgt ef balEsgthéreihl batw atsdesheibedopditionl Boly with

. reference to Figs. 2 and 3. During nornmal operation of the system valves
“[err] and Sdéterminpewhethdrvbheg Skoéuld beozeplasedthat the balls 14 woul d
be circul ated through the condenser tubing 4 but would accunul ate within
conmpartment 23 of bal Ther apezationi ofi thehaystewi ilbustratedrimeBign Fig.

1, wherein it wll be seen that not only valve SV1 is _closed, but also

val ves [errVighdnpu, bp desceibeddravkéfulariy with refereneei teuFigs-tRe
bal | s accunulgthng Wi thin conpartnent 23 of the ball trap 20 back into the
inl et side BP% Ae condenser tubing 4, valve SV1 in passageway [err] and

val ve Lert] L1 PRoSaOBR el inal Sobk e RREGE: el kBT Eieh Bl o
2. The lom’and SV7 are open, and valve SV1 is closed, so that‘the balls
14 would be circulated through the condenser tubing 4 but
would accumulate within compartment 23 of ball trap 20.
This is the condition illustrated in Fig. 1, wherein it will
be seen that not onlf valve SV1 is closed, but also valves
SV, an& Sv, are closed. | | .

When it is desired to recirculate the balls
accumulating within compartment 25 of the ball trap 20 back
into the inlet side of the condenser tubing 4, valve SV1 in
passageway PW1 and valve SV4 in passageway PW4 are ﬁoth
opened, while valve SV2 in passageway PW2 remains closed.
This is the conditioh.illustrated in Fig. 2. The low
pressure within passageway PW4 will therefore draw the balls
from compartment 23 of the ball trap 20 via exit opening 25
of the ball trap, the enlarged-volume section 27 of
passageway PW1, and Eube 26 of the latter passageway, into
thé éollector housing 30 and out through passageway PW4.
Screen 31 within collector housing 30 prevents the ballé 14
from passing out through passageway PW4, so that the balls
accumulate within the upper compartment.32 of the collector

housing, and also within the enlarged-volume section 27 of



pressure within passageway PWt will therefore draw the balls from
conpartnment 23 of the ball trap 20 via exit opening 25 of the ball trap,

t he enl arged-vol une section 27 of passageway [err], and tube 26 of the

l atter passageway, into the collector hdhgfﬁg 30 and out through passageway
[err]. Screen 31 within collector housing 30 prevents the balls 14 from
passi ng out through passageway [err], so that the balls accunmulate within

o ar ! o BRELaEERLy S8y ahiScEhY! 86! She Bt Ioefliflg 125 0t tHETHALE

enl aLged- vol 8- “passageway djacent to t
.openi ng 25 OErBBezpﬁ'&h%%?@i%gctIBhSoﬂ'EES&'BE Eﬁeféealﬁﬁ?taf?ﬁﬂ@'wﬂgh

liquid with the balls 14 is permtted by check valve [err I n

passdgeway [ ehe] baYakVe4[ ¢&r pevini BtaaprBgSepervRy vatve] cvf Wwothfhosed, and
valve [err] within passageway [err] is opened. This is the condition

il lustrated pasEagewdy PWe.hi gher pressure in passageway [err] at point 34
in the inlet tube 11, as conpared to the | ower pressure at the biassed-cut
end of passageway [errYaiwepSVQtWSGhin passagéwaytaﬁ§ 13, npvodleseda andw
of the liquid via passageway [érr], conpartnent 32 of collector housing 30,
and passagewuglPegSVpt withan ppesageway1BW,t hissopered: i ofhds 1% obh®ei ng
permtted by check valve-CVv3 in passageway_[err]. Accordingly, the balls 14
whi ch accunuFQP@@tﬁPPhiﬁlﬂﬁErﬁﬁﬁériﬂogﬁﬁrtﬁﬁntT ¢ Bigher PEEFIWFSriRousing
Sect on 27 oPagseIaHBRagHEC RPERENA BB HRGuinhEFntibe t 7 s ‘Conbarea

to the lower pressure at the biassed-cut end of passageway

PW3 at point 35 in the ihlet tube 11, produces a flow of the

liquid via.passageway PWZ’ compartment 32 of collector

housing 30, and passageway PW3 into the inlet tube 11, this

direction of flow being permitted by check valve CV3 in

passageway PW3. Accordingly, fhe balls 14 which accumulated

within the upper compartment 32 of the collector housing 30,

as well as those accumulating within tube 26 and enlarged-

volume section 27 of passageway Pw1, will now be drawn with

the liquid into the inlet pipe 11 for recirculation throuéh

the condenser tubing 4. |

When the balls 14 have thus been reintroduced into

the inlet tube 11, valves SV1 in passageway PW1, and valve

SV2 in passageway sz are closed, thereby returning the

system to its original condition as illustrated in Fig. 1;

The condition of the balls i4 within compartment
32 of housing 30 may be continuously inspected via the

transparent cover 36. Whenever desired, the cover may be

removed in order to add balls 14 into compartment 32, or to



the Iiquid into the inlet pipe 11 for recirculation through the condenser
tubi ng 4. When the balls 14 have thus been reintroduced into the inlet tube
11, valves SV1 in passageway PW, and val ye_SV2 in passageway PW2 are

cl osed, thereby returning the systemto ifs original condition as
illustrated in Fig. 1. The condition-of the balls 14 within conpartnent 32
of housing 30 may be continuously inspected via the transparent cover 36.

Whenever desidgdbe t%&w&nm&ﬁ CHEHO \ g et for adbihdlduents Byt O

conmpartment 32, or -9- renove worn balls fromthat conpartnent for
repl acement fyedr asdnpslls. It has been found that the provision of the

enl arged- vol une section 27 within passageway [err] provides additional

vol urre for accunul ati nge thees eddrs fbundgchate therpnoisidrerafl the.passageway
[err] is open, and thereby reduces the quantity of |iquid passing through
passageway Rillarged-vilume eaitiom2 i tthiln Pagsgoewa BN @nawidesiei ng
re-introduced into the inlet tube 11. Passageway [erG! may be connected to
at nospher e, additicnabwelune for maeumulkating fhe ]seué%-“”a"é“! thendime

D (o Sl o s LS e Mt Tty S8ed Fre
quantity of liqﬁid passing through passageway PW4,,e.g., for
collecting the balls preparatory to their being
re-introduced into the inlet tube 11. Passageway PW4 may. be
connected to atmosphere, or to a low-pressure point in the
system, such as in the upstream (negative-pressu;e) end of a
circulating pump (not shown) for circulating the liquid

through the system.



-+ 10 - CLAIMS 1. A cleaning systemfor cleaning tubing usedfor

conducting a fluid therethrough, which systemincludes balls circul ated

with the fluid through the tubing from i_tﬁoupst ream side to i ”!ll mluglm?fm'","l
si de, separator neans for separating the balls fromthe fluid L SR
downstream si de of the tubing, and recirculating nmeans for recircul ating

the balls back to the upstream side of the tubing; said recircul ating neans
conprising: a ball collector housing hagtagmgn apertured partition therein
perm.tting the fluid, but not the balls, to pass therethrough, and dividing

the interior of the hoysi ng tDéansnguspetenofprr theahingdtabingetised for
conpartnent; a first passageway connecting one side of said upper

conpart ment &onduetiingnat fdatdstherethsaugh} ushiigh systemningiudescballs
connecting a first point on the opposite side of said upper conpartnent to

a first poincirculatedpwitbabhei 8dudd bhrGUGhbthg;tubihgrﬁrﬁmsgggemay
connecting a second point on said opposite side of the upper conpartnent to

a second poiHPStﬁeﬂﬁeshﬁgtF@aﬁ#§f€@wﬂﬁt§ﬁﬁﬂ'FﬁﬁPngs?BaF%E%Fv%eéﬁﬁr%@%ure

lightly | h h Ld fi [ ' i d i d
fubing but NPEREFaFka Lhat baLLEFHORoHRS: FLufsPECthE SAEAPEERHS SLFour th
ti id L t ot f
Phan Chat  at SEafhecBURTEPeaRRe: Hecororharnn: Re=e SEF FadlapBLShuR TRRE"©

and second pgéfi§ chEhEoueﬁErSBE£§éQﬁ QEdEthtERéngﬁbing; said

recirculating means comprising:

a ball collector housing having an apertured
partition therein permitting the fluid, but not the balls,
to pass therethrough, and dividing the interior of the
housing into an upper compartment and a lower compartment;

a first passageway connecting one side of said
upper compartment to the downstréam side of said tubing;

a second passageway .connecting a first point on
the opposite side of said upper compartment to a first point
in the upstream side of said tubing;

é third passageway connecting a second point on
said opposite side of the upper compartment to a second
point in the upstream side of said tubing to receive a
pressure slightly lower than that at said first point in the
upstream side of said tubing but higher than that at said
downstream side of the tubing;

a fourth passageway connecting said lower
compartment to a source of lower pressure than that at said
downstream side of the tubing as well as at said first and

second points in the upstream side of the tubing;



11 valves in said first, second, third and fourth passage;gni controlllng
p

the fl'uid flow therethrough; and a cover covering said yp u"ﬂ
and renovabl e therefromto pernmt adding palls to said up uﬁﬁ”"g-:

removing balls therefrom 2. The systemaccording to Caim1l, wher& nSsap
cover, is transparent to permt viewng the contents of said upper
compartment. 3. The systemaccording to Claim1, wherein said separator
neans conprises a ball vhieeshaui 8gia borstposeeonast elit@ ah@ flowrthr eam
side.of the tubing, and a grid located in the ball trap housing to define a
bal | col | ect passagpeaysesbntoollbhgathegfiuid fhewdthesetkeoughge of the
tubing for collecting the balls exiting therethrough with the fluid, said
bal | “trap housi ng i ncl adidng aavexi coverhnagsdidnupped banpartherttand
conpartment to said first passageway. 4. The systemaccording to Caim 3,
wher ei n sai drgmpyabientherefirem fa parmiheaddingsbahdsphp| sai@dpuPResing to
forman acute angle therewth adjacent_said exit opening to said first
passageway. CQmP¢ﬁ5m§9§t8ﬁ1EEEBYHFﬁgb?BIEJ5?ﬁ?ﬂfrﬂﬁerein said first

passageway is forned th ap enl arged-vol u se adj acent _said exi
opening in the ball trép hEEsiﬁ§S¥gw QSEﬁﬁgeﬁ?lﬁa gg? heVé?ﬁel% saﬁé
systenlaccordlﬁgg acgéﬁnspargﬁgrganpagﬁ V9£¥S§nbnﬁhgdéoﬂtéHEé 8Ef5¥fﬁve

in said firsf®
uppéer compartment.

3. The system according to Claim 1, wherein said
separator means comprises a ball trap having a housing
connected to the downstream side of the tubing, and a grid
located in the ball trap housing to define a ball collector
compartment communicating with the downstream side of the
tubing for collecting the balls exiting therethrough with
the fluid, said ball trap housing'including an exit opening
from said ball collector compartment to said first
passageway.

4. The system according to’Claim 3, wherein said
grid is mounted at an inq}ine across the ball trap housing
to form an acute angle theréwith adjacent said exit opening
to said first passagewway.

5. The system according to Claim 4, wherein said
first passageway is formed with an enlarged-volume section
adjacent said exit opening in the ball trap housing for
accumulating balls therein.

6. The system according to Claim 1, wherein’said
valves include a shut-off valve in said first passageway,

and a check valve in said first passageway permitting flow



and a check valve in said first passageway pernitting fl ow 3

2
only i'nto said upper conpartment of the housing fromthe t ' :
the tubing, and not out of said upper caonpgrtnent into tthiﬂMj%i’!ﬁﬂ{ﬂ[ !
of the tubing. 7. The system according to %Iain11, wher ei n ssalc s %
i.nclude a check valve in said third passageway permtting flow only out of
sai d upper conpartnent into the upstream side of the tubing, and not into
sai d upper cegpg’ iHeB! shiamupperupsmpaetimendeosl theehbubiing. flom the system
according to Claim1l, wherein said valves include a shut-off valve in said
second passagewngtram shdesyft ¢heatabidgngahd fibiai out, ofhsad¢dnupped val ves
include a shut-off valve in said fourth passageway. 10. The system
accordi ng t oconpamrthenthdnéontbei doWostreapasidgendythe tuvbangted to

at nogpheric pressure.

7. The system according to Claim 1, wherein said
valves include a check valve in said third passageway
permitting flow only out of said upper compartment into the
upstream side of the tubing, and not into said upper
‘compartment from the upstream.side of the tubing.
8. The system according to Claim'i, wherein said

valves include a shut-off valve in said second passageway.

- 9. The system according to Claim 1, wherein said
valves include a shut-off valve in said fourth passageway.
10. The system according to Claim 1, wherein said

fourth passageway is connected to atmospheric pressure.



