AUTO BALL CHECK NON RETURN VALVE FOR SENSOR INSERTION IN CHILLED WATER
SYSTEMS FIELD OF THE INVENTION 5 [0001]Embodiments of the invention relate a non-leak valve
assembly for inserting and removing temperature sensors in building chilled water heating, ventilation,
and air conditioning (HVAC) systems, and other similar applications. 10BACKGROUND OF THE
INVENTION [0002]Temperature sensors in chilled water systems and other HVAC systems have
typically been inserted using thermal wells, which form an environment sealed off from the liquid in the

pipes that are being monitored. into Whith temperature 15 sensors can beﬁ\}aced. These
! ; ﬁgefs

"thermowells"hHw %ﬁ%ﬁ%g&ﬁ 0 WM& SERLININain a
reasonably accurate measurement otk hat surrounds the thermo well,
without coming into contact with the fluid in the pipe, or providing an opening through which such fluid
could leak. 20[0003]At present, buildiRBEIRNOREEEANMENTI@Building and Construction Authority
of Singgpore (BCA) are promulgating new requirements that require that the temperature sensors in a
chilled water system be in direct contact with the medium in the pipe. This will provide for more
accurate measufdhdnt oEtheotbmgrdsatfrdhsf inaefitichinrdathilte dovakenksysizen abiembily afso make it
more dificult 290 asert AR KEAOKE\SEMRIAILE SERRALS: P BuifehealRiRtip.and malggnance.

without pressurised fluid from the pipes leaking. Leakage in such systems could cause serious
water-based daifagéatethand proinditigrarsd sl \vior vemscandaer variday Bpdgpéisive industrial
equipment that could be damaged by leakage. Worse, temperature sensors in chilled water systems

are often installed in areas where high 30voltage e%u{pment may be nearby, so leakage may pose a
serioué%afety risk. BACKGROU OF THE INVENTION

[0002] Temperature sensors in chilled water systems and other HVAC systems
have typically been inserted using thermal wells, which form an environment sealed
off from the liquid in the pipes that are being monitored, into which temperature

15 sensors can be placed. These “thermowells” have heat transfer characteristics that
permit the temperature sensor to obtain a reasonably accurate measurement of the
temperature of the fluid that surrounds the thermo well, without coming into contact
with the fluid in the pipe, or providing an opening through which such fluid could
leak.

20 [0003] At present, building authorities, including the Building and Construction
Authority of Singapore (BCA) are promulgating new requirements that require that
the temperature sensors in a chilled water system be in direct contact with the
medium in the pipe. This will provide for more accurate measurement of the
temperature of the fluid in a chilled water system, but will also make it more difficult

25 to insert and remove temperature sensors, €.g., for calibration and maintenance,
without pressurised fluid from the pipes leaking. Leakage in such systems could
cause serious water-based damage to the surrounding areas, which often contain a
variety of expensive industrial equipment that could be damaged by leakage. Worse,
temperature sensors in chilled water systems are often installed in areas where high

30 voltage equipment may be nearby, so leakage may pose a serious safety risk.



[0004]To address the requirement that the sensor be in direct contact with the fluid, some have
attempted to use a pipe compressed fitting that is normally used in conjunction with measurement of
pressure, by inserting a 3mm needle-like protuberance used by pressure sensors. By using this same
3mm compressed fitting 5 insertion opening for temperature sensors, the temperature sensor is
restricted to 3mm or less. These 3mm temperature sensors are relatively fragile, and have a high rate
of failure due to the nature of their manufacture and the demanding conditions in which they are
installed. If these sensors_are physically damaged, it can be extremely difficult to remove the sensor
without also dar?@8iHg thg%ﬁﬁﬁ?&%rim%ég@iﬁﬁf rSRIBEIAT RIS or WLV [Bb B Other
attempts to addresd, thentegnikenenipibivevaliegips eosgiesaf Ouiirgadoiprevantlieakapa when the
sensor is inserted. Whitle using a series of O-{in(%s IS proven lt)echnolog]y, thege IS NO w(ﬁgi ensure that
the sensor will s%gry}l'ilﬁl Cplc?éllti% Huﬁlneél%llrﬁﬁlg}essurgrospsél%’tio s. 'S¢ @s%em%nglsgego hot close the
water outlet 15 shouierihecserddrypopssutcktiserfittiBy,wigg, thndemsudminighmpesseddioperations.
Installation and removal of the s r from a fitting relying only on_a series of 0- rings al oses
Signifcaint 1ok ty N e e o el SLh St Hion ey Beare g AR R T
INVENTION 20 30006} tesccdhdandawithrepatsddintensorsfaadiajientiofiagite agaé hibyly aivagltan be fitted

to a wall of a pige,of, AP, iYAG SYSRETIR RIS hah RELTES MR IEMBSIALIRREASE, Probe to
be inserted into the pipe and withdrawn from the pipe,
which they are installed. If these sensors are physically damaged, it can be

extremely difficult to remove the sensor without also damaging the compressed

10 fitting, possibly resulting in leaks or worse.

[0005]  Other attempts to address the requirements have relied on a series of O-
rings to prevent leakage when the sensor is inserted. While using a series of O-rings
is proven technology, there is no way to ensure that the sensor will stay in position
during high pressure operations. Such systems also do not close the water outlet
15 should the sensor pop out of the fitting, e.g., under such high pressure operations.
Installation and removal of the sensor from a fitting relying only on a series of O-
rings also poses significant risk to the installer and to the surrounding high-cost

equipment.

SUMMARY OF THE INVENTION

? [0006] In accordance with embodiments of the invention, an assembly that can be
fitted to a wall of a pipe of an HVAC system is provided that permits a robust
temperature sensor probe to be inserted into the pipe and withdrawn from the pipe,
such that at least a part of the sensor probe is in direct contact with the fluid or

25 medium in the pipe, while providing only minimal risk of leakage. Use of such an

assembly may provide compliance with requirements that the sensor probe be in
contact with the fluid or medium in the pipe, a higher mean time between failure of
the sensor due to an ability to use more robust sensor probes than in previously

known systems, minimal or no leakage, reduction of human error that may lead to



such that at least a part of the sensor probe is in direct contact with the fluid or 25 medium in the pipe,
while providing only minimal risk of leakage. Use of such an assembly may provide compliance with
requirements that the sensor probe be in contact with the fluid or medium in the pipe, a higher mean
time between failure of the sensor due to an ability to use more robust sensor probes than in
previously known systems, minimal or no leakage, reduction of human error that may lead to leakage
during insertion and/or removal of the sensor probe, and relatively easy replacement of faulty sensors.
[0007]This is achieved in accordance with some embodiments of the invention using an assembly
configured to be HHa8EotE B WRIFBIAR SIPY ¥t ANAG SIS ¥ oRfs et JAHY ToMESihg a sensor
probe, such as acjgmperatuserasingoemmehe, such that at least a part of the sensor probe is in direct
contact with a ﬂttﬂgd the iE)e. The .ass mbl¥ includes atﬁentral bore Bassipg tt:;ntrlcl)u%r]l cotmEonents of
the assembly, the Central ore con @\t’fre(]:in f6r the Sensor pr% 1etS Beindertedt rerg ' tie Central bore.
The assembly furtingramohschebla tvafipome ichizyiinted vwp envehdo ico pfiguré drstSM A G thiatnywhen the

sensor probe is jysgtegrouoh. s, ermayell  ditel snd of e senser prohe s . capiet with 2

fluid in the pipe. Rlumerous %)Ilrlngs are rranged%long the central Bore of the assem Y, the 0-rings
configured to holthbridRastegaurefitberstheofipidha ithia dipges e tas pretentlisd kadee wiven e sensor

probe is inserted hraugh the, Rlurality, of Otings. Ihe assemP Yoalsonaudes:2 hallhegring.adapter 15

valve, including a groove and a ball bearing, wherein the ball bearing has a size that permits it to block

the central boreC@HEWItEseiAEuEd YR the AeR0E EEPBfoltgPHE dhporehsiierrentatmemsall bearing
may be moved withinsthg GrPeyiencthadralbeatiiRahrRARRaRvaleis Ganfiguiedsuchihatilg ball

bearing is pushed into a position within the groove that permits the sensor probe to pass through the

central'®0 bore Witttk Be g8 BB siindsrtty Hraushidindbemovrbvadintg &1sosehiths within the
groove to block {bgseeptsphona piryentlaakageiwhenpipe. Sesrpio TR it 56 meVathngegome
embodiments, the assembly also includes a compressiagn fitting configured to be tightened around the
oy robe WHCH BBSEALE) DAL 8 e e oot Lo el e CRED S RS MR 1 Brevent
leakage. 25[0008Hin senfuehibabknperisnthegssemblydkatadelsca hane@orgivebehatiasertbé closed to
prevent leakage wheqlt e s?ns l{ﬁégl&F IS remﬁ\l/ed from the assembl [ énberQe embodiments, the

p p

assembly also irtlhcli%%s a hotta a er%fl S('jnflgﬁraésﬁetr(]gl L}P'eellg(r)]tlﬁgalkage w en?ﬁréngsaseaﬁ{gﬁy is

@nstalleld on a Iiyel}umrhmglaik{gﬂ\d:gysvemmﬂm%]lhest eitbadithebts] tiverballHaearing dldkepter valve
includes a reta'}%?éf??% iy tt%ﬂ%ﬁé%h%"@éﬁ%%ﬁ%’o&%,ba%&'%ﬁg{é%? {8 %é%% ri‘_igrrﬁ}{%ht%%‘%qﬁ@ the

sensor probe isinserted, tightening the retainer screw assists in holding the senisor probe in place.
During removal esfiiiid Sermsevqiroi, throbalhipepting rasairver ered Welps thecesersca presdate

differential that gauses thehall baadng (o Rigeke aNtAL haLeLIR0L0IL soe Rmbodirgents, the ball
bearing adapter valve includes two of the
position within the groove that permits the sensor probe to pass through the central

20 bore when the sensor probe is inserted, and automatically moves into a position
within the groove to block the central bore to prevent leakage when the sensor probe
is removed. In some embodiments, the assembly also includes a compression fitting
configured to be tightened around the sensor probe when the sensor probe is inserted,
to hold the sensor probe in place and to prevent leakage.

25 [0008] In some embodiments, the assembly includes a manual valve that can be
closed to prevent leakage when the sensor probe is removed from the assembly. In
some embodiments, the assembly also includes a hot-tap adapter, configured to
prevent leakage when the assembly is installed on a live running HVAC system.
[0009] In some embodiments, the ball bearing adapter valve includes a retainer

30 screw that is configured to be tightened and loosened, such that when the sensor

probe is inserted, tightening the retainer screw assists in holding the sensor probe in



plurality of 0-rings, one of which is disposed in the central bore at a position above 5 the groove, and
one of which is disposed in the central bore at a position below the groove. In some embodiments, the
assembly further includes a connection fitting, and two of the 0-rings are disposed in the central bore
within the connection fitting. [0011] It should be noted that as used herein, the terms "above" and
"proximal” refer to a direction or position towards the compression fitting end of the assembly. 10The
terms "below" and "distal" refer to a direction or position towards the thermowell end of the assembly,
within the pipe. [0012]in another embodiment of the invention, a ball bearing adapter valve is provided
for use in an as$&tibly REHRGIFEPYE by AledBNes BraRht SIRSpMing Sisarr BVRCLy & eiPolInserting
and removing asemnserjreehee Tifechalliliaaningwadagie balSovaling odlsiesie centiraltavee passing
through the ball B&fg'ng zidapter valge the %Serthglbbﬂr canfigured for tlhe sensor probe tgnge inserted

through the central bore. A B%W%grélnﬂglfge&lspose wWithin & |aaepneerdvfir‘cﬁecnllltleC |cl)lof°tslorvlv o tfhe central

bore, the ball beaniruytyaxity@ngiz @thatf pervitssitiispbbodkrttibecamtral bore aiThewqgroovebsvarranged
along the centraf bore, sich tha e bl Bearing may be moxs( Asile. 1t 3,20 Aoglign pihin the
groove to permit th€ sensor probe to be mserted)through the central bore. The ball earing adapter
valve also inclugesosigoditismToereedummgantberasgedibposethian theledestrakcbarectipa ptigigon above

the groove. [0013lin,5ome&RHENHARRRAIRNGIRJtRERALRGAN meaQﬂH}ﬁ'iﬁ’ea&SﬁJw&%rﬂﬂﬁi%deS a

retainer screw disposed above the groove. The retainer screw is configured to be 25 tightened and
loosened, such #fhhedttreoukhBampreshthis psseseddeRjAtdbinigiie retalseradereiadsiats in holding

the sensor probg:jg-RlpgesRRAAUSINGLERMRBhafdhens RRSYIGER frpeinG the s alaingi pcrew helps
to create a pressure differential that causes the ball bearing to block the central bore. [0014]A further

embodifhent of the ifGERtioPPAN 884 n&Rbd B fsEHiA g $BeBn 96 BREBENIBYEI'S thall of a pipe

of an HVAC systesimswel gﬁam&llﬁ@ggamﬂ @idhe @@qﬁp@probe is in direct contact with a fluid in the

pipe. The method includes provjding an assembly fitted on the wall of the pipe, the assembly including
b central bore pU20 thiBUI EEHBREHISSE! (o BEJBISBI ™ thithEREI &iapHeH Wi dital end of
the assembly, thedvidsddvvealbpiotidingiitiguginfireradiioobérétpipenand halling apipper emnd within

the pipe, numer%A%risr;/gtsen%fr&)?qgger%gg %r;[cri] ?ecr:r?on\;[lrl?é a sensor probe. The ball bearing adapter
15 valve includes a central bore passing through the ball bearing adapter valve, the
central bore configured for the sensor probe to be inserted through the central bore.
A ball bearing is disposed within a widened groove portion of the central bore, the
ball bearing having a size that permits it to block the central bore. The groove is
arranged along the central bore such that the ball bearing may be moved aside into a
20 position within the groove to permit the sensor probe to be inserted through the
central bore. The ball bearing adapter valve also includes a position for receiving an
O-ring disposed in the central bore at a position above the groove.
[0013] In some such embodiments, the ball bearing adapter valve further includes
a retainer screw disposed above the groove. The retainer screw is configured to be
25 tightened and loosened, such that when the sensor probe is inserted, tightening the
retainer screw assists in holding the sensor probe in place, and during removal of the
sensor probe, loosening the retainer screw helps to create a pressure differential that
causes the ball bearing to block the central bore.
[0014] A further embodiment of the invention provides a method of inserting a
30 sensor probe through a wall of a pipe of an HVAC system, such that at least a part of

the sensor probe is in direct contact with a fluid in the pipe. The method includes



5 bore of the assembly, and a ball bearing adapter valve including a groove and a ball bearing,
wherein the ball bearing has a size that permits it to block the central bore, and wherein the groove is
arranged along the central bore such that the ball bearing may be moved within the groove. The
sensor probe is inserted into the central bore and advanced through the central bore, and through an
0-ring of the ball bearing 10 adapter valve, to reach the ball bearing in the ball bearing adapter valve.
The method further includes advancing the sensor probe to push the ball bearing of the ball bearing
adapter valve into a_position within the groove of the ball bearing adapter valve, so that the sensor

probe can contifle 1B ASHRRY ABF ML ESTA bV ePRGHRRESSMRE AL 6FHdbe is
advanced througbrtheacengrelibogh obilipassetblye AS¢htslygh ddditondl Aisprgsd auahiifat the 0-rings
hold back pressur frpgﬂethe quiE in me ige and re\é?rqﬁleak ge. -tI;htﬁ sensor probe is advdanced

e S

r
through the central Bore of the 1 lé/l’mo?/v ,H%lc())‘fﬁé RS End OF fhie 'Sen¥dr Brobg SRENTS from the

open end of thelthampewelpandnd widinecheqnpacthwithrtiug firdhigs theapged. {08k5ihe sonal
embodiments, providi n.assembly inclu rovidi n_20 assembly having a.compression fitting,
and the method e, S R L robe
may be insertedbiritongherderiialthobhalhvitioumeshitystantiatieapegataio imbltes Sengmtpidisee.Once the

sensor probe is i plage. e MEIHOCL Irheh RAUAGS 1ADIRARY hs CAMPIRSSIAD SEHNEA1RUNd the

sensor probe, to assist in holding the sensor probe in place and preventing 25leaks. [0016]In some
embodiments, tHEaSseRDIgdirtHeR thelgeroya AnteasoaRiedat e e it therasermdIoes opening

the manual valvgarigf e QAvansing e sensar Rsrbathraehothadmanig! Yalye baIFemen
embodiments, the ball bearing adapter valve further includes a retainer screw, and the method further

includéq loosenffiifs wHsrdtisrdBaPBH e tsRaiuiteiRgl i ResEs s pig ne ol g 1ehsdil bearing
adapter \;]al\llctle- |lﬂuf$;%iﬁﬂii@@¢%lﬁﬁiﬁ;i;i§&ﬁ6®§&%ﬁlﬂ&%f itgcbi@ﬁ&ni@ anipeiig rgﬁaiﬁrelrbagprew to
assist in holding the sensor probe in.place. In.some embqdiments, the sepsor probe includes a
temperature se%?%PB‘?oara@Pfﬁbi N DA EIRB SHE ,eagﬁ?8tvr?o#&’f‘%aﬁﬁé(fy‘°\%ﬁfﬁaﬁaﬂ%1?&% sensor

probe from beingaindglisechaahtacinsiipeotisichincarpipe:ab de HivA(Caysiary iseprantidebore of
the assembly. The sensor probe is advanced through the central bore of the assembly
15 through additional O-rings, such that the O-rings hold back pressure from the fluid in
the pipe and prevent leakage. The sensor probe is advanced through the central bore
of the thermowell, so that a distal end of the sensor probe extends from the open end
of the thermowell and is in direct contact with the fluid in the pipe.
[0015] In some embodiments, providing an assembly includes providing an
20 assembly having a compression fitting, and the method further includes loosening
the compression fitting to an extent that the sensor probe may be inserted into the
central bore without substantial leakage around the sensor probe. Once the sensor
probe is in place, the method further includes tightening the compression fitting
around the sensor probe, to assist in holding the sensor probe in place and preventing
25 leaks.
[0016] In some embodiments, the assembly further includes a manual valve, and
the method further includes opening the manual valve prior to advancing the sensor
probe through the manual valve. In some embodiments, the ball bearing adapter
valve further includes a retainer screw, and the method further includes loosening the
30 retainer screw prior to advancing the sensor probe through the ball bearing adapter

valve. In some embodiments, the method further includes tightening the retainer



5 The method includes providing an assembly fitted on a wall of the pipe, the assembly including a
central bore passing through components of the assembly, a thermowell disposed at a distal end of
the assembly, the thermowell protruding through the wall of the pipe and having an open end within
the pipe, a plurality of O-rings arranged along the central bore of the assembly, and a ball bearing
adapter valve including a 10 groove and a ball bearing, wherein the ball bearing has a size that
permits it to block the central bore, and wherein the groove is arranged along the central bore such
that the ball bearing may be moved within the groove, wherein the sensor probe is inserted through

the central bore6FiHe'Bipeshidh oA A% OGP oPTRRS sEhBE o Bk SYBG FHRROfISMSe Bhen end of
the thermowell 3akis pradiseatiodsiactewitbriiuia vendd preteipe. The method further includes

withdrawing the or probe t one or.more 0-rings an the. grpove of the ball bearing adapter
Valve. The mettJ0IAic0 Bt Ba ereR s M AL i o G N BOLHR O the bal
bearing adapterfuailvbdmgnovéradthionthet grobvefbidne ballifeealrimglidasteyvalvaimoadgasition in
which the ball b rirﬁge Io&ks }h central bore, prev qtir}gle k.@ge- %pri%;lll ith sensor probe is
Withdrar\%vn from the asﬁé?nﬁ?ﬁ T§ Sl%]j r\lllg%)nr‘ﬁgﬂer% eé%r%en%ﬁ%rovi\ﬁ?ngoan %g erhqu‘file}%glrﬁl es providing
an assembly havilgdngomprsdibnrfittiagg e dubeghechufanth @f idcl askesldys e rilregnthe dbmpression

fitting enough topermil the, SERSPLRIPEO REMBRAAW WA PSSTHILRE SHRRANHR lakage

around the sensor probe. In some such embodiments, 25the method further includes tightening the

compression fittig Pt d dlagst B P g ihitHisr 8. fRothRE v 8E& nings [anaTged some
embodiments, t@%ﬁﬁ%ﬁﬁ&%ﬁlr%@é Biciidesanmanuah vabie, s thempthod fuEthridasiydes closing

the manual valve when the sensor probe is withdrawn from the assembﬁ%/. In some embodiments, the

ball befting adafRva10e abhratitribesia (Behadbearmg 1ana tive Matmsemistide efides
loosening the refin@hGer®vré0 MArmikibm sensRioRtoRatRRe Wilbasanwe @Agdohassisidn e creation of

the pressure difgreplly | Some, SROGELYS, i, G5 RIPR REloR 2 [EmpeTaie peneor
probe. ’
inserted through the central bore of the pipe such that a distal end of the sensor probe
protrudes from the open end of the thermowell and is in direct contact with fluid in
15 the pipe. The method further includes withdrawing the sensor probe past one or
more O-rings and past the groove of the ball bearing adapter valve. The method also
includes creating a pressure differential to cause the ball bearing of the ball bearing
adapter valve to move within the groove of the ball bearing adapter valve into a
position in which the ball bearing blocks the central bore, preventing leakage.
20 Finally, the sensor probe is withdrawn from the assembly.
[0018] In some embodiments, providing an assembly includes providing an
assembly having a compression fitting, and the method further includes loosening
the compression fitting enough to permit the sensor probe to be withdrawn without
permitting substantial leakage around the sensor probe. In some such embodiments,
25 the method further includes tightening the compression fitting after the sensor probe
has been withdrawn from the assembly.
[0019] In some embodiments, the assembly further includes a manual valve, and
the method further includes closing the manual valve when the sensor probe is
withdrawn from the assembly. In some embodiments, the ball bearing adapter valve
30 further includes a retainer screw, and the method further includes loosening the

retainer screw to permit the sensor probe to be withdrawn and to assist in the creation



BRIEF DESCRIPTION OF THE DRAWINGS 5 [0020]In the drawings, like reference characters
generally refer to the same parts throughout the different views. The drawings are not necessarily to
scale, emphasis instead generally being placed upon illustrating the principles of the invention. In the
following description, various embodiments of the invention are described with 10reference to the
following drawings, in which: [0021]FIG. 1 shows an assembly with a sensor probe, such as a
temperature sensor probe, inserted in accordance with an embodiment of the invention; [0022]FIG. 2
shows a detail view of the ball check valve used in accordance with an embodiment of the invention;
15[0023]FIG. 3 Shdlis Hi*S¥&e HBRFAE cofBaiti viPAR B S die s PEHE IR MBI SoAnected to a
pipe using a hotitapadapteabafd24]FIGs 4A and 4B show outlines of methods for inserting and
removing a sensor probe, such as a temperature sensor probe, in accordance with embodiments of
the invention. 20

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] In the drawings, like reference characters generally refer to the same parts
throughout the different views. The drawings are not necessarily to scale, emphasis
instead generally being placed upon illustrating the principles of the invention. In
the following description, various embodiments of the invention are described with
10 reference to the following drawings, in which:
[0021] FIG. 1 shows an assembly with a sensor probe, such as a temperature
sensor probe, inserted in accordance with an embodiment of the invention;
[0022] FIG. 2 shows a detail view of the ball check valve used in accordance
with an embodiment of the invention;
15 [0023] FIG. 3 shows an assembly in accordance with an embodiment of the
invention connected to a pipe using a hot tap adapter; and
[0024] FIGs 4A and 4B show outlines of methods for inserting and removing a
sensor probe, such as a temperature sensor probe, in accordance with embodiments
of the invention.
20
DESCRIPTION

[0025]  In accordance with an example embodiment of the invention, an assembly
is provided that attaches to a pipe in an HVAC system, and permits the safe insertion
25 and removal of a sensor probe, such as a temperature sensor probe, such that the
sensor probe is in direct contact with the fluid in the pipe, and that there is little or no
risk of leakage during insertion or removal of the temperature sensor. An overview
of the assembly 100, with a temperature sensor probe 102 inserted and in contact
with the fluid in the pipe, is show in in FIG. 1. While a temperature sensor probe is
30 used in the example embodiments, it will be understood that other types of sensor
probes could be used instead of a temperature sensor probe. As can be seen, the

assembly 100 includes an open-ended thermowell 106 that projects through the pipe



DESCRIPTION [0025]In accordance with an example embodiment of the invention, an assembly is
provided that attaches to a pipe in an HVAC system, and permits the safe insertion 25 and removal of
a sensor probe, such as a temperature sensor probe, such that the sensor probe is in direct contact
with the fluid in the pipe, and that there is little or no risk of leakage during insertion or removal of the
temperature sensor. An overview of the assembly 100, with a temperature sensor probe 102 inserted
and in contact with the fluid in the pipe, is show in in FIG. 1. While a temperature sensor probe is 30
used in the example embodiments, it will be understood that other types of sensor probes could be

used instead of ¥3erhperBtiUBa sy 589 A ahBe wasH PrebaddentbRF 1B et TIsh
open-ended thewnawel fkAG hatepipiecBrtiio vgtethrlpyranyplipt Ol peomittingssedibtal ©0ds101 of the

sensor probe 102 to be in direct.contagt with the fluid i q{lje ipe, On the r.side of the pipe wall
04, the assembRMIEUFR S Red AL Ribe (NSO by PR g Lte LHE 1 SORTERiER 0 i
connected to théhassembyyl000bpya thérenowetlhdaadl 100, wktchhinitutnris sonmestigddaa@ 6
connection fitting 112 which inclydes first and secqnd 0-rings, 114a and 114h. The, cannggtion fitting
1125 chnnected B o 2 B A RS, Sl a8 T A e O i
valve 116, and ipolodesothiitinad fdustie@uiretsl 10 4camhalividyad el adallrbtaineg sdrpirr120, for

pressure releasg Gontok Fipalivs 3CAIMESSIPN NG 624§ FRANREIRAPINE BalkiPeprngadapter

valve 118. Sensor 10 wires 124 connect to a proximal end 103 of the sensor probe 102, in order to
convey electrical ktgaamk kdeh theveBriscy stiper 502 Yo ldQuiphidrtswst Slsaswrrrel monabys the

temperature of the fiuic-itherping. Hach QfihessieemRAeNi Riiheasre PA: 148 Wil hedescribed

in greater detail below. [0026]The temperature sensoisﬁprobe 102 may be a standard platinum

resistalfte 15 tHEFRIIMEENBFELES, HPEERhTBAIN Corhierisany aveba b t/perdstén wmiperature
sensor probes aiR@enaraky.ayailahigdnenvarigiyhef lenghs ainchehameteaisodn sememipadiments, a

temperature sensor probe having the standard diameter of 6mm may be used, in order to provide
aclequate durablT ITREAT SLUHE BB HHeRES ACHEH HEG/E BRBF Bt BrOBER including

pressure sensori péobshehesnitel R0ssensodstadnstimost any other type of sensor probe that should
be in direct contact with the fluid or medium in a pipe may be used. [0027]Within the pipe, a distal end

101 of the tempgyiie SaRZLRIRRS FO2SNEIRIrom anend Aihedhe mawealh 108angis in direct

contact with the fluid'in the pipe. Unlike conventional thermowells, which are designed to completely

25 surfdund a tehsparaiaier SEploolteartinglit sropmgicadily evhleianyPthe Suel emperdipe, the

thermowell 106 has Ao RBLPRLIGh-aNH alawb ibedisialiayd L thahihg dempairivrersepaRr probe 102
to be in direct contact with the fluid or medium in the pipe. Of course, when the temperature sensor

probe 102 is rerfBYeHImS oS WH SIS D85k frkedmuieintrdesigtiamsiset Mtpe

thermowell 106 gdsii{@n order to provide adequate durability in high pressure environments. As
noted above, other types of probes, including pressure sensor probes, chemical
20 sensors, and most any other type of sensor probe that should be in direct contact with

the fluid or medium in a pipe may be used.

[0027]  Within the pipe, a distal end 101 of the temperature sensor probe 102
emerges from an end of the thermowell 106, and is in direct contact with the fluid in
the pipe. Unlike conventional thermowells, which are designed to completely
25 surround a temperature sensor, preventing it from directly contacting the fluid in the
pipe, the thermowell 106 has no end portion, and allows the distal end 101 of the
temperature sensor probe 102 to be in direct contact with the fluid or medium in the
pipe. Of course, when the temperature sensor probe 102 is removed, this opening

will allow pressurised fluid in the pipe to flow through the thermowell 106 and in to



the rest of the system, which therefore needs to be configured to prevent leakage of the fluid.
[0028]The thermowell 106 is connected to the thermowell head 110, which is fitted to the flange 108.
The flange 108 may be connected to an outer surface of the 5 pipe wall 104, for example, by welding.
In some embodiments, the flange 108 may include a female screw threaded portion into which a male
screw threaded portion of the thermowell head 110 is threaded. The thermowell head 110 may also
include a female screw threaded portion into which a male screw threaded portion of the connection
fitting 112 is connected, such that a central bore of the thermowel| 106 10 and thermowell head 110

(through which thE [&thPE TR SBhSBRFPIBE" 165 Jsdady Re AT Rt PE Al BEE D the

connection fittinghd 12id0029] The connection fitting 112 includes the first and second 0-rings 114a and
114b, which hold back the pressure in the pipeline when the temperature sensor probe 102 is in place,

and also help tc{(ﬂﬁg]the TRNRRIAC HENFPTPLIORE.LAE 13 R BRSO he £PTNGCURR NG 112 may

include a second male threaded portion that is used to connect the connection fitting 112 to a

corresponding fétrsldatipedbadeptitior o fhagadNganyake corgedadhotnatomier carired Bbtacof the
connecton fitting; 112, i3 alianeg wi 19?8%1&&%%.0&#%%%%%%@,%%[ﬁQr?’éMB@ manual valve

116 is included as a safeguard should any parts of the 20 assembly 100 that are above the manual
valve (i.e., the bR BeaAdgR-astEF AN dabRoF ihipie iR fittidf o hBEers bRFESMEEd. The

temperature sengefiRidRStAZean b wiheraw. safelyrpddheimaagal vehgy k& Ganke shut off for
maintenance purposes, without any system interruption of the HVAC system, and without any

substantial risk SFTERkAGE thrBIGH P SRLEMIBE UK He ARSI VaI e%@‘if@lﬁﬁ%@, fictifie a second

female threaded:paitiavnfaiubichaithreadeddalepaition et balehgatiaghadaptenvadee 118 (or

an optignal second threaded connection fitting (nat shown - see below)) may be threaded,.such that a
contial Bore of (RS G2h 6 s NGB o B GOV OF N BB Qg SEcliner vaive

118. [0031]Theabighddeaiing coaypddrovalvietiicl &ynvbiclonafiliting dé&3cribed in greater detail below,
includes a retainer screw 120, an interior ball bearing, and a groove in the central bore of the ball

bearing adapterygye 118,suehibaloNhandhe e THRAIAVIRSEREALPRPE A3 ihiRserigd farough the
central bore, the ball-bearing is pushed
114b, which hold back the pressure in the pipeline when the temperature sensor

probe 102 is in place, and also help to hold the temperature sensor probe 102 in
15 position. The connection fitting 112 may include a second male threaded portion
that is used to connect the connection fitting 112 to a corresponding female threaded
portion of the manual valve 116, such that the central bore of the connection fitting

112 is aligned with a central bore of the manual valve 116.

[0030] The manual valve 116 is included as a safeguard should any parts of the
20 assembly 100 that are above the manual valve (i.e., the ball bearing adapter valve
118 or compression fitting 122) need to be replaced. The temperature sensor probe
102 can be withdrawn safely and the manual valve 116 can be shut off for
maintenance purposes, without any system interruption of the HVAC system, and
without any substantial risk of leakage through the assembly 100. The manual valve
25 116 may include a second female threaded portion into which a threaded male
portion of the ball-bearing adapter valve 118 (or an optional second threaded
connection fitting (not shown — see below)) may be threaded, such that a central bore
of the manual valve 116 is aligned with a central bore of the ball-bearing adapter

valve 118.



5 within the groove into a position that permits the temperature sensor probe 102 to pass through the
central bore, and when the temperature sensor probe is withdrawn, pressure automatically causes the
ball bearing to move within the groove to a position to block a portion of the central bore, preventing
the fluid or medium from flowing past the ball bearing adapter valve 118. The retainer screw 120 is
used both 10 to retain the temperature sensor probe 102 in place, and to provide for controllable
pressure release, to assist in creating a pressure differential so that the ball bearing will automatically
block the central b%rg of the ball bearing adapter valve 118. [0032]The ball bearing adapter valve also

includes third ahtPfddrth AR EEIRFERES &R e Blpdd8 oV Rishatifly Bredeisrbehdrofi8ifing the
temperature senkatil balpralechRdn pledaclRsome@mbotimentdadneemothohthedhirdnand fourth

0- rings may be \ﬁllthlntth %aded %genﬁafﬁon fittings %otﬁyg\[v tha}lémh%}/\%a threaded or welded to the

. the central bore of all bearing adaj su the temperatu
ball bearing adapFer vaive~one stichifit ng oétlon eing threaded or weided between the manual

valve 116 and thenbaill preaeing2adaptsenvalvaibl@hahd acseabdricsuchefittabigboptingaypbsing threaded
or Weldgq betw%%%pledrball bearinrg 20adaﬁ11tgr Hlalve 118 agld tpe%l orar&eression fittingel@%t. {9033]The

€ groove 1Mo, a po at permits the CIL. € SENnSor pro
ball bearing adapter va ve118 may include a female threaded portion that Is connected to a male

threaded portiopaisthecsgnressivrafiibiong 229 whigohihh denimeeant abbiepodhasbalitiseasing adapter

valve 118 is a'igﬂ%gsﬂghaﬂté}ﬁﬂ‘é{&hﬁpr&@e@%%%ﬁr%%ﬁl%{#ﬁw”Hl&?ezw?ﬂﬂ%”ﬁﬂ@@%o%istéeg‘a'e

threaded portion may be part 250f a threaded connection fitting that is threaded or welded to the ball
bearing adapterPPaien[oBlerkie RGHYre5 shrr i bore, RisvERt@IBLTHI QjisdiBm Semw-tight

compression fitting\yith,astuRbeneseuit Catkias thalastilinerot defgnceegainsiary.Ressiie leakage
through the central bore of the assembly 100. The compression fitting 122 may also be tightened to

hold the tempertftdfé* S HoleproBa s ST BRbantP fighelies ardosesitoebrersrtHa Y mount of
friction applied whasurermaving theisimngratiengensripirbaitding saiamaensi baithige

eS0Tl bloe the e SR I N B PR Saier walse T PO ments.

[0032] The ball bearing adapter valve also includes third and fourth O-rings,
which serve the purpose of negating pressure and of holding the temperature sensor
15 probe 102 in place. In some embodiments, one or both of the third and fourth O-
rings may be within threaded connection fittings (not shown) that may be threaded or
welded to the ball bearing adapter valve — one such fitting optionally being threaded
or welded between the manual valve 116 and the ball bearing adapter valve 118, and
a second such fitting optionally being threaded or welded between the ball bearing

20 adapter valve 118 and the compression fitting 122.

[0033] The ball bearing adapter valve 118 may include a female threaded portion
that is connected to a male threaded portion of the compression fitting 122, such that
the central bore of the ball bearing adapter valve 118 is aligned with a central bore of
the compression fitting 122. Alternatively, this female threaded portion may be part
25 of a threaded connection fitting that is threaded or welded to the ball bearing adapter

valve.

[0034] The compression fitting 122, which may be an adjustable screw-tight
compression fitting with a rubber ferrule, carries the last line of defence against any

possible leakage through the central bore of the assembly 100. The compression

10



5[0035]Referring now to FIG. 2, the ball bearing adapter valve 118 is described in greater detail. FIG.
2 shows a cross-sectional view of the ball bearing adapter valve 118, including a first threaded portion
202, a second threaded portion 204, a central bore 206 with a groove 208, a retainer screw 210,
0-rings 212a and 212b, and a ball bearing 214. 10[0036]The first threaded portion 202 is used for
connecting the ball bearing adapter valve to the manual valve 116, as shown and discussed above
with reference to FIG. 1. In some embodiments, the first threaded portion may be a separate threaded
connection fitting that is welded or threaded (not shown) onto the rest of the ball bearing? adapter valve

118. The central BUt& bo6TRYHLSARE fRisasd BRI B0 MRS LG S8 PR B8 P skich serves
to re_duce pressund aigtidadaodd _Ih@&ﬁadpt@raﬂntﬁ?sﬁﬂswmpﬁ@beﬂrﬁrma@@ﬁﬁ]%@r_ﬁm}dﬁgreaded
portion 204 is u%(;:-d for connecting the b%ll qsigrlrrglaig%?ter valve to t ? com essm(? t[i'g{n e122, as

shown and descrl%éecfn e(r)a\}gr\e/vﬁ% Petetence to F rg%lrlrl%gr'emtbvgl |rrlm)§n S, ?ﬁ%ogecond readed

portion 202 maycbapBssosdjtinat e thpeads daod mmectioniitied) ithains weldeldinomtireaded (not shown)
onto the rest of the ball bearing adapter valve 118. The 0-ring 212b, which serves to reduce pressure

and to hold th_e Eﬁm@?ratlﬁ%@f@%@m@ﬁ&pﬁ&% 691@)694‘?1?1‘%%@&43@&%@ EIRrdBsaimeanthe second
threaded portion 204. It will be understood that the 0- rings 212a and 212b may be replaceable or may

be sold separat@iFHeiAid rddCor SBoie hElPHeissHE b RS dhrebat deatipg tHaREFiSRINS installation
of the O-rings, therg a8 RRSHIPMFINFELRINIPe-ah G0Nt WheiRi thRdddngoibdarandaZbakare
indicated in FIG, 2. [0038]The central baore 206 has a diameter sufficient to permit the temperature
sensor probe thBP5E tRY Wi $FPLG A s BNy throGHTE Horfepe [+ drhdter of the
bore 206 and theesizgzafithe ball bearing 214 are configured such that the ball bearing 214 can block
the bore 206, but is unable to fit through the bore 206. In a central portion of the ball bearing adapter

valve, the bore ffgyidens,injg.g %Pe%\ﬁgdzg§rt}’8ﬂi%i$i‘§°£§égufﬁd éBSQSC%%%&”BH@%E%ﬂ%d the ball

bearing 214 5 when'the temperature sensor probe Is inserted through the ball bearing adapter valve

118. In some eratripnEHYs thehegwavebod yady tnatubiesideyltiiseere S rivewilpedenente ball

bearing to easilymaye into RESHIRE PIASKING R ROFHENRl e LRER FRBHHRALIR PeRrestibs4rtainer
screw 210 and the second threaded portion 204 when the temperature sensor probe 102 is removed.

10[0039]As indidHfedesracaieniifinaabmds212ds {BHaDe R Yas rest of the

ball bearing adapter valve 118. The central bore 206 in the first threaded portion 202
15 includes the O-ring 212a, which serves to reduce pressure and to hold the

temperature sensor probe in place.

[0037]  The second threaded portion 204 is used for connecting the ball bearing
adapter valve to the compression fitting 122, as shown and described above with
reference to FIG. 1. In some embodiments, the second threaded portion 202 may be
20 a separate threaded connection fitting that is welded or threaded (not shown) onto the
rest of the ball bearing adapter valve 118. The O-ring 212b, which serves to reduce
pressure and to hold the temperature sensor probe in place, may be within the bore
either in or near the second threaded portion 204. It will be understood that the O-
rings 212a and 212b may be replaceable or may be sold separately from the rest of
25 the ball bearing adapter valve 118, such that prior to installation of the O-rings, there
are positions for receiving an O-ring where the O-rings 212a and 212b are indicated

in FIG. 2.

[0038] The central bore 206 has a diameter sufficient to permit the temperature

sensor probe that is used with the system to be inserted through the bore 206. The

11



that permits it to block the central bore 206, and to fit within the groove 208 of the ball bearing adapter
valve. The ball bearing 214 permits the temperature sensor probe to be inserted through the ball
bearing adapter valve, and serves to automatically prevent leakage when the temperature sensor
probe is withdrawn. In 15 some embodiments, the ball bearing may be formed of plastic, nylon, metal,
or other suitable materials. [0040]The retainer screw 210 may be tightened and loosened, and is used
to retain the temperature sensor probe in place. The retainer screw 210 may also be used to help in
creating a contrgllable pressure release, creating a pressure 20 differential when the temperature
sensor probe is YaRghehdralere O 5 BEHISR WRFLRS m Lt EEI§ B tHe 13 B %o,
preventing leakshe/iban beikid pevingaihbltenpersdu @ Ge st piabsle @f tothisagwhrrbthe 2061perature
sensor probe is completely withdrawn, e.g. unintentionally or by accident, essure differential will be
Produced witholl opGrAIBTT TG e AL SRS oot LEntbF 25 Hfoge is no
longer present, gausia@ e whithearngiguatdamaticlalyebtookdghedbodd2(6, tauild epxeventihg any
further leakage. Thus, in.some embodiments, the retainer.scre amitted,,which may lead to a
sl (5.t acoeBubIe) aa AP oL Pl D e e R oracon,
when the tempeldurdsepworqbbéiiseinsettedsritqyashes iy badliteasides 2hat gue sfaatpddition in

which the ball bearing %%L%MQE:‘%%%“&Q%P%% A PR R BFLRMWIENIBARG YOoMLa,5R8 that

permits the temperature sensor probe to pass through the central bore. Once the temperature sensor
probe is in 5 pl2®8, tié ersniet sbeaRioNg (RIsen2pFoaechthertay e Hyrtdpd aasinePhoideRe

temperature sengEiHpRGRPlasS\HRBR the tempstatire sensor probe is withdrawn, the retainer
screw 210 (when present) may be loosened, which makes it easier to withdraw the temperature

sensor Brobe, Ips Eg credalte a pressure differential that causes.the Qall earin%.214 to move

sl . s 1ndicated abo, , the h{llﬁ[%?arli%% 4718 co @gre [{e) ve a diameter
within the groo into a position in which'it bloc € bore , once the temperature sensor
probe is withdratha pashitsatretdinek sbpewwri2dd botu 26 uad e [Bakagenvwhe prtveddpefature sensor

probe is withdrayyn. [0042]FI1G. 3 shows anassem ly. 300 \Q/EIEI ate [atyre sensar prohe 302
inserted, in accag)ra ance W haga econt ngbocﬁmaen?%ﬁhneg inve %Irﬁmgﬁeealg%%?ﬁ[)aliurisg 300 includes a
hot-tap adapter BObe wivicheisinsatedviibrongbtallingtiie dssengblydBo®T toPeemitte sssesmisly 300 to be

installed withoutguhsiaeiiy Isaisede ReR. iR RGANBIERIE SARERIAR I herempoiment of

FIG 1, which is generally installed when the HVAC system is installed or is not in operation, the

assembly 300 ireidesapdipente ticbrth beait\w ana3 (B firameda)é plastirotAnhagsbeonih 304,

suitable materials.

[0040] The retainer screw 210 may be tightened and loosened, and is used to
retain the temperature sensor probe in place. The retainer screw 210 may also be
used to help in creating a controllable pressure release, creating a pressure
20 differential when the temperature sensor probe is being withdrawn, so that the ball
bearing will automatically block the bore 206, preventing leaks when withdrawing
the temperature sensor probe. Of course, when the temperature sensor probe is
completely withdrawn, e.g. unintentionally or by accident, a pressure differential will
be produced without operation of the retainer screw 210 once the temperature sensor
25 probe is no longer present, causing the ball bearing to automatically block the bore
206, and preventing any further leakage. Thus, in some embodiments, the retainer
screw may be omitted, which may lead to a small (but acceptable) amount of leakage

before the ball bearing blocks the bore.
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20 permitting a distal end 301 of the temperature sensor probe 302 to be in direct contact with the fluid
in the pipe. On the outer side of the pipe wall 304, the assembly 300 is connected to the pipe wall 304
by a flange 308 and by the hot-tap adapter 305. The thermowell 306 is connected to the assembly 300
by a thermowell head 310, which in turn is connected to a connection fitting 312 that includes first 25
and second 0-rings 314a and 314b. The connection fitting 312 is connected to a manual valve 316. A
ball-bearing adapter valve 318 connects to the manual valve 316, and includes third and fourth 0-rings
314c and 314d, as well as a retainer screw 320, for pressure release control. Finally, a compression
fitting 322 is comEtted td P BANBedTg DEISTBPIANE ST856 BRYYNT Vitss™sh EdiBet 1B proximal
end 303 300f theatehseingrobe @02fin prdeniocahicly wilebiilichd sigp el s4fiorldokise asobg@eobe 302 to
equipment (not %ggwna th?t monitars the temtBerature oéégeﬂ‘lgid in tigetB(iipe. The yarious components
of the adapter 3 ate similar to Sthlt%le“gfl% e a%l%?‘e)?/i eREBEH With PRt Yo' G, 1, with
the exception ofptlobchai-tayssadiapieh 305 cartireh peemitOnbe hssemplydB00 teizernstdited while the
system {5 operafjng. and s figseribadin aiealadelalasipw, | shoulfhalea ke Reled it hecause of
the extra 5 Ieng‘% of the hot-tap aéapter, a longer therm well’306 afn temperature sensor probe 302
should be used witparauassersblpRDO nplacemiViiva disttuinerwiaB0t ssinfios peohpesatiihdreemsor probe

302 to extend frgp fyg; aerpyed it iéﬁcﬁr‘ég’é?}é%%t%t%éh‘éo@@}%&r&i’&@i%&@é@?é%iﬁgr 1g043]The

hot-tap adapter 305 includes a male threaded portion that connects to 10 the flange 308, and a
female threaded*poeiBY it WhRGAWEtheRbWEIPRedi IEIP (hEaed AEshttal BBiEWRihe hot-tap

adapter 305 hagip dialeiahc WMo PRIt R ORgiaNde d:ibsrmowethaDg (v aass through the
hot-tap adapter for insertion through the flange 308 and the pipe wall 304. 0-rings (not shown) and an

isolatiol} valve (HGEShiviyErethrdioanUeethfs the HORRSIHERfRBICS A dreVERt#8IBAEse during

installation. [004#4¢Retn@iRstalatiny, theiflpraensdRisweWashtttheppiaisurieasppibeenipe wall 304,
and the hot-tap ad gter is installed on the flange 308. A drilling unit (not shown) is typically installed on

the hot-tap adapté "and the isolation valve of the hot-tap adapter 305 is opened to permit drilling
through the pipe wall 304, to 20 create an opening in the pipe wall 304 that is large enough to permit
the thermowell BEB2 be fikserfedhvwough tecmblstafdadapten305)ratfiengenS0O8 perid the2pipe wall

304. The drilling, unit i3 thenawithdrawn, and dhe isolatispvalie is slosadkdoJreventisakage once the

drilling unit is removed. Next, the thermowell 306 is installed into the top of the hot-tap adapter 305,

and thé3solatior? VAWl islepahettad permir ted. 28kl impbiwa vbos skl s dreswirdlyAdhe hot-tap

adapter 305, thedlapag3aR anddePie Walh30dk il Guibes (atshavmdatheitan.adapter
prevent significant leakage during the insertion operation. Preferablé when the thermowell 306 is

installed, the coktYefiotVHitiRg 3 2pesithinadainy G badipeeairab il inbtaBish i thetiaihowell head
310, so that the imanual wakverla AT Resus ek istalled or is not in operation, the assembly 300

includes an open-ended thermowell 306 that projects through the pipe wall 304,
20 permitting a distal end 301 of the temperature sensor probe 302 to be in direct
contact with the fluid in the pipe. On the outer side of the pipe wall 304, the
assembly 300 is connected to the pipe wall 304 by a flange 308 and by the hot-tap
adapter 305. The thermowell 306 is connected to the assembly 300 by a thermowell
head 310, which in turn is connected to a connection fitting 312 that includes first
25 and second O-rings 314a and 314b. The connection fitting 312 is connected to a
manual valve 316. A ball-bearing adapter valve 318 connects to the manual valve
316, and includes third and fourth O-rings 314c and 314d, as well as a retainer screw
320, for pressure release control. Finally, a compression fitting 322 is connected to
the ball-bearing adapter valve 318. Sensor wires 324 connect to a proximal end 303
30 of the sensor probe 302, in order to convey electrical signals from the sensor probe

302 to equipment (not shown) that monitors the temperature of the fluid in the pipe.
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prevent leakage until the ball bearing adapter valve and other parts of the assembly 300 can be
installed. [0045]Thus, use of the hot-tap adapter 305 permits the assembly 300 to be used in retrofit
applications, allowing the assembly 300 to be installed on a live running 5 HVAC system without the
need for costly shutdown. The operation and design of hot-tap adapters, such as the hot-tap adapter
305, are known in the art, and a suitable hot-tap adapter for use with the assembly 300 may be
assembled from readily available components. [0046]Referring now to FIGs. 4A and 4B, methods are
described for inserting . 10 and removing a temperature sensor probe from a pipe of an HVAC system,

such that the proB& &0 HirePROMAS Lt e pisia P ATe AR e Bipal HSAgRIFRILE Aty as
described abovelsittieferahae fiednt@ so IFEBd 13. JOBARE-tecepicshovbidhigoouifingl gfter ri@thod 400 for

inserting a tempe atFre sensor robbq. '?oﬁt‘%P 402§ttzHF én\%lllal valve is ogened. Once the manual

valve is 150pen?—:y v TR eeap?ﬁrél m‘/ay en eP & sys?em aseféhrezf’g e PAr RNy A abq’ter valve,

where the ball béssirigedilhresentduissiaritel |dakbgdd[0548iAbstab Hadhchesoniptession fitting (if it
s present) s logsened, erioual I nerTpLe SMASTRINS, AS1SGE RIBbe b nserted hyt greferably
not so much as to allow su stantPa? eg age to Occur around the temperature sensor pPoBe. At step
406, 20the retain@? sbrald dichesdshivisbattingrastaptbr el elifietigiprésedttid lovkefédofidhnake it

easier for the te[@ﬁ?@ﬂﬂfﬁe §9111L%9r{)9589§69 R NSRIRd N R4ALRIG AR, TR LEERGIAIWR Sensor
probe is inserted into the bore at the
the fluid or medium in the pipe.

[0043]  The hot-tap adapter 305 includes a male threaded portion that connects to
10 the flange 308, and a female threaded portion into which the thermowell head 310 is
threaded. A central bore of the hot-tap adapter 305 has a diameter configured to
permit the open-ended thermowell 306 to pass through the hot-tap adapter for
insertion through the flange 308 and the pipe wall 304. O-rings (not shown) and an
isolation valve (not shown) are typically used in the hot-tap adapter 305 to prevent

15 leakage during installation.

[0044]  During installation, the flange 308 is welded to the outer surface of the
pipe wall 304, and the hot-tap adapter is installed on the flange 308. A drilling unit
(not shown) is typically installed on the hot-tap adapter 305, and the isolation valve
of the hot-tap adapter 305 is opened to permit drilling through the pipe wall 304, to
20 create an opening in the pipe wall 304 that is large enough to permit the thermowell
306 to be inserted through the hot-tap adapter 305, the flange 308, and the pipe wall
304. The drilling unit is then withdrawn, and the isolation valve is closed, to prevent
leakage once the drilling unit is removed. Next, the thermowell 306 is installed into
the top of the hot-tap adapter 305, and the isolation valve is opened to permit the
25 thermowell 306 to be inserted through the hot-tap adapter 305, the flange 308, and
the pipe wall 304, while O-rings (not shown) in the hot-tap adapter prevent
significant leakage during the insertion operation. Preferably, when the thermowell
306 is installed, the connection fitting 312 and manual valve 316 are already

installed on the thermowell head 310, so that the manual valve 316 can be used to
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compression fitting or (if the compression fitting has been omitted) at the ball bearing adapter valve.
The temperature sensor probe is advanced through the central 25bore, and through an 0-ring of the
ball bearing adapter valve, to reach the ball bearing in the ball bearing adapter valve. [0050]At step
410, the temperature sensor probe pushes the ball bearing in the ball bearing adapter valve within the
groove into a position that permits the temperature sensor probe to pass through the central bore, and
is inserted through the ball bearing adapter valve, including through another 0-ring of the ball bearing
adapter valve. Once the temperature sensor probe gushes the ball bearing aside within the groove,

then the 0-ringsPIRERDIF S IBI HthR G4k PradBagdanier v vstanrth e PA S RE B S8 RYeIf are

primarily respon@ibleafobprexaindion of leakage. [0051]At step 412, the temperature sensor probe is
advanced through the manual valve, and through the additional O-rings of the connection fitting. At

step 414, the teppspture5enSQL BARE &é&‘é%?%}%%’g&ﬁﬁ% HermowRlly spdhati: disigl end of the

temperature sensor probe extends from the open end of the thermowell, and is in 10direct contact with

the fluid or medigneicfifeapidsaions23esiap decstsebéyaiferiediewnfinieesent) igeighamad, to help
hold th%temperﬁvm%&m&%&ntﬁéaﬁ@ed%t&mﬂylﬁhﬁ%mmﬁrﬁé%j%aa%mr@ BEGRRMNY is
N

tightened around the temperature sensor probe, to further assist in holding the temperature sensor in

place, and to as&itiik praDEHting 9B ar<h a8 daR FHARIA Ve 21500 8] e 48 sHdvis B iRiehod 450 for
safely withdrawing-tag tRmMnerabl&ise with the assembly 300 may be assembled from readily

available components.

[0046] Referring now to FIGs. 4A and 4B, methods are described for inserting
10 and removing a temperature sensor probe from a pipe of an HVAC system, such that
the probe is in direct contact with the fluid or medium in the pipe, using an assembly

as described above with reference to FIGs. 1 and 3.

[0047] FIG. 4A shows the outline of a method 400 for inserting a temperature
sensor probe. In step 402, the manual valve is opened. Once the manual valve is
15 opened, fluid from the pipe may enter the system as far as the ball bearing adapter

valve, where the ball bearing will prevent substantial leakage.

[0048] At step 404, the compression fitting (if it is present) is loosened enough to
permit the temperature sensor probe to be inserted but preferably not so much as to
allow substantial leakage to occur around the temperature sensor probe. At step 406,
20 the retainer screw of the ball bearing adapter valve (if it is present) is loosened, to

make it easier for the temperature sensor probe to be inserted.

[0049] At step 408, the temperature sensor probe is inserted into the bore at the
compression fitting or (if the compression fitting has been omitted) at the ball
bearing adapter valve. The temperature sensor probe is advanced through the central
25 bore, and through an O-ring of the ball bearing adapter valve, to reach the ball

bearing in the ball bearing adapter valve.

[0050] At step 410, the temperature sensor probe pushes the ball bearing in the

ball bearing adapter valve within the groove into a position that permits the

15



sensor from being in direct contact with the fluid or medium in the pipe of an HVAC system using an
assembly such as is described above with reference to FIGs. 1 and 3. [0054]In step 452, the
compression fitting (if present) is loosened enough to permit the temperature sensor probe to be
removed, but preferably not so much as to 20allow substantial leakage to occur around the
temperature sensor probe. [0055]In step 454, the retainer screw of the ball bearing adapter valve (if
present) is loosened enough to permit the temperature sensor probe to be removed, and to assist in
creating a pressure differential that will cause the ball bearing in the ball bearing adapter vale to
automatically bISERRHEWEFEM b oL R bR S6P BE g6 eadris s oA JU heliied above.
[0056]In step 45&\thedanpadatiuee ssiRvsplipiabi s tvithdraaivopastGaugrabOthinbs] ardrpast the
retainer screw i%he ball ?eariraﬂ]ggt ter valve, In step 458 (&fres ure diﬁbearﬁrgial which may be due
ap

in part to Ioosemn%p b Yathiner ol in T eﬁaf;tlﬂrﬁesgrl?log;r 5’5 drVa &efhgauses ?ﬁg%ﬁ%%earing in the

ball bearing adaptédnvahe gooveyehintalze positgs, whthicpthergroavdinngh{dhptdstmek satiike tbentral bore

ofthe valve, preyRnAIRRAYS: [RRTATIER ARRING IEBRRIBIVTGSSIPONRIPBR Lo

[0051] At step 412, the temperature sensor probe is advanced through the manual
valve, and through the additional O-rings of the connection fitting. At step 414, the
temperature sensor probe is advanced through the thermowell, so that a distal end of
the temperature sensor probe extends from the open end of the thermowell, and is in

10 direct contact with the fluid or medium in the pipe.

[0052] At step 416, the retainer screw (if present) is tightened, to help hold the
temperature sensor probe in place. At step 418, the compression fitting (if present) is
tightened around the temperature sensor probe, to further assist in holding the

temperature sensor in place, and to assist in preventing leaks, as described above.

15 [0053] FIG. 4B shows a method 450 for safely withdrawing the temperature
sensor from being in direct contact with the fluid or medium in the pipe of an HVAC

system using an assembly such as is described above with reference to FIGs. 1 and 3.

[0054] In step 452, the compression fitting (if present) is loosened enough to
permit the temperature sensor probe to be removed, but preferably not so much as to

20 allow substantial leakage to occur around the temperature sensor probe.

[0055]  In step 454, the retainer screw of the ball bearing adapter valve (if present)
is loosened enough to permit the temperature sensor probe to be removed, and to
assist in creating a pressure differential that will cause the ball bearing in the ball
bearing adapter vale to automatically block the valve when the temperature sensor

25 probe is removed, as described above.

[0056] In step 456, the temperature sensor probe is withdrawn past several O-
rings, and past the retainer screw in the ball bearing adapter valve. In step 458, a

pressure differential, which may be due in part to loosening the retainer screw in the
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5 the assembly. In step 462, the manual valve is closed, to prevent leakage beyond the manual valve,
and the compression fitting (if present) is optionally tightened to further prevent any leakage from the
assembly. [0058]While the invention has been particularly shown and described with reference to
specific embodiments, it should be understood by those skilled in the art 10 that various changes in
form and detail may be made therein without departing from the spirit and scope of the invention as
defined by the appended claims. For example, while many of the embodiments are described in terms
of inserting a temperature sensor probe, as has been noted abagve, other types of sensor probes that
may be in direcCedREEIFiItIPIRPOEn TGN IA RepliBerHng Al Bl Reatns Al pd St ihe 15
invention is thusiodicateddbydiigcaappahdechelgims ana alhichaingesckhib comel widhindhenéeneaning
and range of equi\{alen% of Ihel%la%%ms are therefore intended to be embraced. CLAIMS What is
claimed is: 1.An'assefl ye?%%, ?ec‘onfigured to be fitted onto a wall (104, 304) of a pipe of an
HVAC system, for inserting and removing a sensor probe (102, 302), such that at least 5a part of the
sensor probe (1895302) ik iptefirdef costénvitatE ¢SRS tREOPEPS, Wddesensopiewiprisig:  a

central ore pasgingstBraigh MI&%%OE%@&%Q&%@&BW@H@%%HMRF Geoioreshionthe
temperature sensor probe (102, 302) to be inserted through the central bore; 10a thermowell (106,

306) having an 85eHBNE EontRsLiEa SOBRIEMIRNENtBeHeRSSFHoleoptinn a8y 2 gBtisEri8d through

the thermowell {:56cBpRNeatdisiakeriché ki 3LAQEthgsensor probe (102, 302) is in contact with a
fluid in the pipe, a plurality of 0-rings (114a-d, 314a-d) arranged along the central bore of the

[0058] While the invention has been particularly shown and described with
reference to specific embodiments, it should be understood by those skilled in the art
10 that various changes in form and detail may be made therein without departing from
the spirit and scope of the invention as defined by the appended claims. For example,
while many of the embodiments are described in terms of inserting a temperature
sensor probe, as has been noted above, other types of sensor probes that may be in
direct contact with a fluid or medium in a pipe may also be used. The scope of the
15 invention is thus indicated by the appended claims and all changes which come
within the meaning and range of equivalency of the claims are therefore intended to

be embraced.
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assembly, the plurality of O-rings (114a-d, 314a-d) configured to hold back pressure from 15the fluid in
the pipe and to prevent leakage when the sensor probe (102, 302) is inserted through the plurality of
0-rings (114a-d, 314a-d), a ball bearing adapter valve (118, 318) comprising a groove (208) and a
ball bearing (214), wherein the ball bearing (214) has a size that permits it to block the central bore,
and wherein the groove (208) is arranged along the central bore such that the ball 20bearing (214)
may be moved within the groove (208), the ball bearing adapter valve (118, 318) configured such that
the ball bearing (214) is pushed into a position within the groove (208) that permits passage of the
sensor prob ,'302) when the sensor probe (102, 302) is inserted, and automatically moves into a
position within the groove (208) to block the central bore to prevent leakage when the sensor probe
(102, 302) iMeahovadin®S2sThe assembly of claim 1, further comprising a compression fitting (122)
configured to be tightened around the sensor probe (102, 302) when the sensor probe (102, 302) is

inserted, to fold thgSeRsALPFQPE(308) 3041 Jn-Rlactanede sHeVeNaleaKRE804 Poflhgigssembly of

claim 1 or claim 2, further comprising a manual valve (116) that can be clased when the sensor probe

(102, 302) i€tEhYSYedRiH-tHE SSSEMBRMbTPRAANE feiitagePraber8%as8embiy b iahet ddtie preceding

claims, furthepoTRhS g @M abbap iadapen K80&)cconfiguredith praveni alage thben the assembly
(300) is installed 85 a live running HVAC system. 5. The assembly of any of the preceding claims,
wherein the 53D %ﬁﬂ@%&%‘ﬂﬁer valve (118, 318) further comprises a retainer screw (120, 210, 320)
that is configured to deattig hieegdang hosehedspaletnabdivhe nsthmisenger erobe a2, 302) is
inserted, 10tightening the.retainer screw (120, 210, ) ists in holding the sensor prope (102, 302)
i place, andt HEel S O L S G 5 S AR RRIRN 0 210
320) helps tboceeate a pressure differential that causes the ball bearing (214) to block the central bore.

10 a thermowell (106, 306) having an open end, configured such that when the
sensor probe (102, 302) is inserted through the thermowell (106, 306), a distal end (101,
301) of the sensor probe (102, 302) is in contact with a fluid in the pipe,

a plurality of O-rings (114a-d, 314a-d) arranged along the central bore of the

assembly, the plurality of O-rings (114a-d, 314a-d) configured to hold back pressure from
15  the fluid in the pipe and to prevent leakage when the sensor probe (102, 302) is inserted
through the plurality of O-rings (114a-d, 314a-d),

a ball bearing adapter valve (118, 318) comprising a groove (208) and a ball
bearing (214), wherein the ball bearing (214) has a size that permits it to block the central
bore, and wherein the groove (208) is arranged along the central bore such that the ball

20  bearing (214) may be moved within the groove (208), the ball bearing adapter valve (118,
318) configured such that the ball bearing (214) is pushed into a position within the
groove (208) that permits passage of the sensor probe (102, 302) when the sensor probe
(102, 302) is inserted, and automatically moves into a position within the groove (208) to

block the central bore to prevent leakage when the sensor probe (102, 302) is removed.

25 2. The assembly of claim 1, further comprising a compression fitting (122)
configured to be tightened around the sensor probe (102, 302) when the sensor probe
(102, 302) is inserted, to hold the sensor probe (102, 302) in place and to prevent leakage.
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6. The assembly of claim 5, wherein the ball bearing adapter valve (118, 318) 15 includes two of the
plurality of O-rings (114c, 114d, 212a, 212b, 314c, 314d), one of which is disposed in the central bore
at a position above the groove (208), and one of which is disposed in the central bore at a position
below the groove (208). 7. The assembly of any of the preceding claims, wherein the assembly
further comprises a connection fitting (112), and wherein two of the plurality of O-rings (114a, 20114b,
314a, 314b) are disposed in the central bore within the connection fitting (112). 8. A ball bearing
adapter valve (118) for use in an assembly configured to be fitted onto a wall (104, 304) of a pipe of an
HVAC systein, for Vt@e‘%}‘iﬁ‘?@té\w&ﬁé:ﬂﬁg@ih@ra‘:?é‘ﬁ's%rfb‘i‘(]i‘ﬁ%c@f@@r}%@ﬁ W@%Iyﬂéﬁlﬁhgéﬁﬁbmr valve
(118) compiising: al@edtraidnate (20 pasising by eohishentait b eatingadapteblyalvprid@), the
25central bqre, (206) configured for the sensor probe (102, 302) to be inserted through the central bore
(206); a A earing (214) disposed within a widened groove portion (208) of the central bore (206),
the ball bearing (214) having a size that permits it to block the central bore (206), and the groove

(208) arranded alohbethseaplyafsoreof2be pesehitgatlthash Birtheaergn2siay mizgibw #wed aside into
the groave (298), (@ REEMLING FEvsIRIRRE (2 BO2donteynseuied iuananding Fentral bore (206);

and a position for receiving an 0-ring (212b) disposed In the central bore (206) at a 5position
above the gfe¥V8g b8 CayTRBball bearing adapter valve (118) of claim 8, further comprising a
retainer screw (210) disposed above the groove (208), the retainer screw (210) configured to be
tightened arid loos€hedsssudhytbhatuhefitlib@rsesdiop prabe, (k023D teibah denieny tighiening the retainer

screw (210) assists, i g ?i the sensor probe (102 SOZQi p#ﬁ d.10during.remqval of the
ensor probU 00 M3 R R reca e e D e G S vt that
causes the balliPatangrbjafRillbpseniolbckith eheentran Borec(@06probe (102, 302) is inserted,

10  tightening the retainer screw (120, 210, 320) assists in holding the sensor probe (102,
302) in place, and during removal of the sensor probe (102, 302), loosening the retainer
screw (120, 210, 320) helps to create a pressure differential that causes the ball bearing
(214) to block the central bore.

6. The assembly of claim 5, wherein the ball bearing adapter valve (118, 318)
15  includes two of the plurality of O-rings (114c, 114d, 212a, 212b, 314c, 314d), one of
which is disposed in the central bore at a position above the groove (208), and one of

which is disposed in the central bore at a position below the groove (208).

7. The assembly of any of the preceding claims, wherein the assembly further
comprises a connection fitting (112), and wherein two of the plurality of O-rings (114a,

20 114b, 314a, 314b) are disposed in the central bore within the connection fitting (112).

8. A ball bearing adapter valve (118) for use in an assembly configured to be fitted
onto a wall (104, 304) of a pipe of an HVAC system, for inserting and removing a sensor
probe (102, 302), the ball bearing adapter valve (118) comprising:

a central bore (206) passing through the ball bearing adapter valve (118), the

25  central bore (206) configured for the sensor probe (102, 302) to be inserted through the

central bore (206);

a ball bearing (214) disposed within a widened groove portion (208) of the central
bore (206), the ball bearing (214) having a size that permits it to block the central bore
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10. A method of inserting a sensor probe (102, 302) through a wall (104, 304) of a pipe of an HVAC
system, such that at least a part of the sensor probe (102, 302) is in 15direct contact with a fluid in the
pipe, the method comprising: providing an assembly (100, 300) fitted on the wall (104, 304) of the
pipe, the assembly comprising a central bore passing through components of the assembly, a
thermowell (106, 306) disposed at a distal end of the assembly, the thermowell protruding through the
wall of the pipe and having an open end within the pipe, a plurality of 0- 20rings (114a-d, 314a-d)
arranged alongqﬁthe central bore of the assembly, and a ball bearinaadapter valve (118) comprising a

groove (20 | ) [ ermits it to block
)P 3Rl Y HACHEPHY EEA iR M B BEatRY (2 AP ras e i b
the central heteinaid WhersinéheogdasedcAat) iscanfengadE8prgptimicendraindor grsueliibzt the ball
bearing (20 ay be. moved within the groove (208); 25inserting the sensor probe (102, 302) into the
central boregg)rgl%tg Séﬁ%ﬁﬁtﬁ(gﬁg%uegﬁégre p%ggé{ %éf)eu 0 é I(lz%ientral bore, and through an 0-ring (114d,
212b, 314d) of thedyalbvearingradapieg MaVeajtg (2B thepdraid bedreng (@4 dre 26D all bearing
adapter.valve; advancing.the senso be (102, 302) to push the ball bearing (214) of the ball
oA R e

5 ; . )
30bearing a aIQ'ptle(:)%1 valve K in the groove (208) of the ball bearing adapter valve into a

position permitting the sensor probe to pass throu%h the central bore, so that the sensor probe can

continue to Be advaitBaishgnthadaistarbisid bnbcuisafbiyther compsisitiag tRei8ehsor probe (102,
302) throughctae ceriiadi IR ehtbecansenbhe thrgighaddiinnal-wnasoldhdeirdd 4ate), such that

the 0-rings hold back pressure 5from the fluid in the pipe and prevent leakage; and. .
tightened and loosened, such that when the sensor probe (102, 302) is inserted, tightening

the retainer screw (210) assists in holding the sensor probe (102, 302) in place, and
10  during removal of the sensor probe (102, 302), loosening the retainer screw (210) helps to
create a pressure differential that causes the ball bearing (214) to block the central bore

(206).

10. A method of inserting a sensor probe (102, 302) through a wall (104, 304) of a
pipe of an HVAC system, such that at least a part of the sensor probe (102, 302) is in

15  direct contact with a fluid in the pipe, the method comprising:

providing an assembly (100, 300) fitted on the wall (104, 304) of the pipe, the
assembly comprising a central bore passing through components of the assembly, a
thermowell (106, 306) disposed at a distal end of the assembly, the thermowell protruding
through the wall of the pipe and having an open end within the pipe, a plurality of O-

20  rings (114a-d, 314a-d) arranged along the central bore of the assembly, and a ball bearing
adapter valve (118) comprising a groove (208) and a ball bearing (214), wherein the ball
bearing (214) has a size that permits it to block the central bore, and wherein the groove
(208) is arranged along the central bore such that the ball bearing (208) may be moved
within the groove (208);

25 inserting the sensor probe (102, 302) into the central bore and advancing the
sensor probe through the central bore, and through an O-ring (114d, 212b, 314d) of the
ball bearing adapter valve, to reach the ball bearing (214) in the ball bearing adapter
valve;

advancing the sensor probe (102, 302) to push the ball bearing (214) of the ball
30  bearing adapter valve (118, 318) within the groove (208) of the ball bearing adapter valve

20



advancing the sensor probe (102, 302) through the central bore of the thermowell (106, 306), so that a
distal end (101, 301) of the sensor probe extends from the open end of the thermowell and is in direct
contact with the fluid in the pipe. 11. The method of claim 10, wherein providing an assembly
comprises providing an 10assembly having a compression fitting (122, 322), and wherein the method
further comprises: loosening the compression fitting (122, 322) to an extent that the sensor probe
(102, 302) may be inserted into the central bore without substantial leakage around the sensor probe;

and 15tightening the. compression fitting (122, 322) around the sensor probe (102, 302), to assist in
holding the S5RSHRISIBRR HATIACREARE SSRSOBRERRS f8dess i uehdhneshty BPEaim ™ Biclaim 11,
wherein the saasemphiydetinesaomprises alvaacddad lvadvté Lo 3 eyeatdiayheratibite method further

comprises opening the manyal valve prior t vancing th nsor. prqbe th h the manual valve.
2013, The method 555 B ASiARA™00 15 05 \iRercat (s Y Be ST THE LS e USE TILY 318) further
comprises ahetagherddaiemal (20n24(,1320), HAdd-wheardirlthehn @hog furthebadmpprises loosening the

retainersscref,}/(v) IHrt%[ Fﬁ} ; 1\][/lqﬁginl% etgg dserré%glrlt%g_?ae Ehréo%gh the ball bearing adapter valve. 14. The

method of claim rther co rismgptlghtenlng the Tetainer screw (120, 25210, 320) to assist in

holding the sensoragrabelng l;‘ha@enSQISpwh@(mmb&mbﬂmgimgﬂ@wﬂ,tmﬁemdlsensor
probe is a QMRERII SRIAFAIINAPE 1Pt BRINOERT SAHEY WHRFLWHE AR MRObPRR(102, 302)

from being in direct
of the thermowell and is in direct contact with the fluid in the pipe.

11. The method of claim 10, wherein providing an assembly comprises providing an
10  assembly having a compression fitting (122, 322), and wherein the method further
comprises:
loosening the compression fitting (122, 322) to an extent that the sensor probe
(102, 302) may be inserted into the central bore without substantial leakage around the
sensor probe; and
15 tightening the compression fitting (122, 322) around the sensor probe (102, 302),

to assist in holding the sensor probe in place and preventing leaks.

12. The method of claim 10 or claim 11, wherein the assembly further comprises a
manual valve (116, 316), and wherein the method further comprises opening the manual

valve prior to advancing the sensor probe through the manual valve.

20 13. The method of any of claims 10 to 12, wherein the ball bearing adapter valve
(118, 318) further comprises a retainer screw (120, 210, 320), and wherein the method
further comprises loosening the retainer screw prior to advancing the sensor probe

through the ball bearing adapter valve.

14. The method of claim 13, further comprising tightening the retainer screw (120,

25 210, 320) to assist in holding the sensor probe in place.

15. The method of any of claims 10 to 14, wherein the sensor probe is a temperature

sensor probe.
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contact with a fluid in a pipe of an HVAC system, the method comprising: providing an assembly (100,
300) fitted on a wall (104, 304) of the pipe, the assembly comprising a central bore passing through
components of the assembly, a 5thermowell (106, 306) disposed at a distal end of the assembly, the
thermowell protruding through the wall of the pipe and having an open end within the pipe, a plurality
of O0- rings (114a-d, 314a-d) arranged along the central bore of the assembly, and a ball bearing
adapter valve (118, 318) comprising a groove (208) and a ball bearing (214), wherein the ball bearing
has a size that permits it to block the central bore, and wherein th?%&%r?e?\/e is 10 arranged along the

central bore!Such tRAPEHEHAH BLENY RUEIHETAST B IRISRE HY Y U 8rS A& S hsor probe is
inserted threugtadheigentiialdbora pipthef pipH vuchsiiadm, distalceina (Qdpa0dg: of the sensor probe

protrudes from the gggﬁiengnogstskée gfer(rnﬁ)w%lo ggt%% Is‘?”(%li"("zgl gi)@ﬁ%s %“ggﬁ%%;;gélg% ’tt e pipe;

withdrawing the sanSor p?%be past orre or more’0-ri a- 15the (208) of the
ball bearingastapby valveri¢liBa 8di8yal boreneatimg thpregdsuoenpifienentibiito saersblihe ball bearing

(214) of the ball beari r valye (118, t e.into. a,position within the grooye (208) in
nich the b A B B R A RS censor
probe (102, Borieirdim Wl afsherbpe a0irdihg meprodod etéinm 18 whereiplperdvidaéan assembly

comprises prayiding,an assembly-having. A eoMPIEsTan i1ing (122327l and wharsinihg method

further comprises loosening the compression fitting (122, 322) enough to permit the sensor probe

(102, 302) tadgetevitadrand SvithBueBpRitiag stsstantfidankadel hbswmeethd Sbndisigpobe. 2518.The
method of ctﬁm%{?rﬁa% spRprsingdighien pibiakomnRassian, itingHdes d24rafterithe sensor
r

probe has been withdrawn from the assembly. 19.The method of any of claims 16 to 18, wherein the
assem[.ﬂy f&fﬁéﬁ&%ﬁlﬁ?&&? gentral bore such that the ball bearing may be moved within the

groove, wherein the sensor probe is inserted through the central bore of the pipe such that
a distal end (101, 301) of the sensor probe protrudes from the open end of the thermowell
and is in direct contact with fluid in the pipe;

withdrawing the sensor probe past one or more O-rings (114a-c, 314a-c) and past

15  the (208) of the ball bearing adapter valve (118, 318);

creating a pressure differential to cause the ball bearing (214) of the ball bearing
adapter valve (118, 318) to move into a position within the groove (208) in which the ball
bearing (214) blocks the central bore, preventing leakage; and

withdrawing the sensor probe (102, 302) from the assembly.

20 17. The method of claim 16, wherein providing an assembly comprises providing an
assembly having a compression fitting (122, 322), and wherein the method further
comprises loosening the compression fitting (122, 322) enough to permit the sensor probe
(102, 302) to be withdrawn without permitting substantial leakage around the sensor

probe.

25 18. The method of claim 17, further comprising tightening the compression fitting

(122, 322) after the sensor probe has been withdrawn from the assembly.

19. The method of any of claims 16 to 18, wherein the assembly further comprises a
manual valve (116, 316), and wherein the method further comprises closing the manual

valve when the sensor probe is withdrawn from the assembly.
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manual valve (116, 316), and wherein the method further comprises closing the manual valve when
the sensor probe is withdrawn from the assembly. 20.The method of any of claims 16 to 19, wherein
the ball bearing adapter valve further comprises a retainer screw (120, 210, 320), and wherein the
method further comprises loosening the retainer screw to permit the sensor probe to be withdrawn and
to assist in the creation of the pressure differential. 521.The method of any of claims 16 to 20, wherein
the sensor probe comprises a temperature sensor probe.

20. The method of any of claims 16 to 19, wherein the ball bearing adapter valve
further comprises a retainer screw (120, 210, 320), and wherein the method further
comprises loosening the retainer screw to permit the sensor probe to be withdrawn and to

assist in the creation of the pressure differential.

5 21 The method of any of claims 16 to 20, wherein the sensor probe comprises a

temperature sensor probe.
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