Met hod OF Cl eani ng Tubes Thi s application clains
priority fromU. S. Provisional Application S/N

60/ 942,737 filed June 8, 2007 and fromU. S.

Provi sional Application S/N 60/942,735 filed June 8,
2007. 5The present invention relates to a device and a
met hod for cleaning tubes dnd is particularly useful
for cleaning tubes that are nounted on a tube sheet in
a heat exchanger vessel, such as a chenical reactor.
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The gas used for grit blasting of sand or other mineral-type abrasives is
25 commonly 100% oil-free dessicant dried air with a dew point of approximately minus
40 degrees Fahrenheit, while the gas to propel the frozen carbon dioxide abrasive
material (dry ice pellets) may have a dew point that is even lower.
Grit blasting may be hazardous to personnel performing the cleaning, and
serious injury including death can result if the flow of the abrasive material is not
30  properly controlled. For example, if the grit blasting nozzle gets loose outside of the
tube while forcefuily blowing abrasive material, it can do other damage to the reactor
and attached and surrounding peripherals or to the people working in the reactor.
Grit blasting is often followed by the insertion of a swab. Swabs, sometimes

referred to in the trade as “pigs”, can be made of foam, felt, cloth, or similar materials;



30 properly controlled. For exanple, if the grit
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may be left in a tube accidentally, which adversely
affects the functioning of the reactor. 3 Brief
Description of the Drawings Figure 1 is a schematic
view of a tube sheet on which are nounted grit bl ast
devi ces made in accordance with the present invention:
Figure A is a broken-away section view through the
tube sheet and through one of 5the nodul es and targets
of Figure 1; Figure 2 is a schematic view of a person
using a device to bl ow swabs through the tubes of
Figure 1; Figure 2A is another schematic view of the
person and device of Figure 2; Figure 3 is a top view
of a swab; 10Figure 4 is a side view of the swab of
Figure 3; Figure 5is a top schematic view of a
fixture used for | oading swabs into the tubes; Figure
6 is a schematic side view of the fixture of Figure 5;
Figure 7 is the same view as Figure 6 but with swabs
in the fixture;




Figure 8 is a plan view of two types of fixtures for

| oadi ng swabs; 15Figure 9 is a section view show ng
one of the fixtures of Figure 8 nounted on the tube
sheet; Figure 9Ais a viewsimlar to Figure 9 but for
an alternative fixture: Figure 10 shows a device

t hat pushes the swabs fromdthe fixture into the tube
sheet;  Figure 11 shows swabs at three different stages
as they are pushed fromthe fixture 20into the tubes;
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Figure 8 is a plan view of two types of fixtures for loading swabs;
15 Figure 9 is a section view showing one of the fixtures of Figure 8 mounted on the tube
sheet;
Figure 9A is a view similar to Figure 9 but for an alternative fixture;
Figure 10 shows a device that pushes the swabs from the fixture into the tube sheet;
Figure 11 shows swabs at three different stages as they are pushed from the fixture
20  into the tubes;
Figure 12 is a side view of an alternative type of swab;
Figure 13 is a top view of the swab of Figure 12;
Figure 14 shows a device that inserts the swabs of Figure 12 into the tubes:
Figure 15 is a schematic view of an alternative device for loading swabs into tubes;

25 and

Figure 16 is an enlarged view ofa portion of the device of Figure 15.



10and abrasive material into one or nore of the
reactor tubes 34 in order to clean the tubes 34. Each
of the grit blast nodules 14 is aligned with a target
16, which is used to neasure the position of the
reactor tubes being treated, as will be expl ai ned
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15t he sanme direction as the nozzle 30) is a
spring-biased pin 36, which triggers a switch 38. Wen
the plate 32 (with or without spacers) is resting on
the tube sheet 10, with the nozzle 30 inserted into
its respective tube 34, the pin 36 is depressed

agai nst the spring bias, tsiggering the switch 38,
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which is hereby incorporated herein by reference, and includes an inflatable sleeve 56
and an inflation tube 62 for inflating the sleeve 56.) The tube seal assembly 40 is

30  spaced apart from the nozzle 30 a distance that corresponds to the spacing between
two of the reactor tubes 34, so that, when the nozzle 30 is in one of the tubes 34, the
tube seal assembly 40 is in another of the tubes 34. Figure 1A shows the nozzle 30
and tube seal assembly 40 in adjacent reactor tubes 34. which is preferred but not

required.



control the flow of air and abrasive material through
the grit-blasting device 14. This grit-blasting device
is used as foll ows: The operator picks up the
handl e 33 of the grit blast nodule 14 and carries the
nodule 14 to a desired |ocation on the reactor. He
then aligns the nodule 14 ith 15sone of the reactor
tubes 34, so that, as he | owers the nodule 14, the
nozzle 30 (or nozzles 30) goes into its respective
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module onto the reactor so it will not come loose and present a hazard when the high
velocity and high volume of abrasive material/air begins passing through the nozzle
25 30 (or nozzles 30). Without this holding mechanism, the operator would have to
manually secure the nozzle into the tube sheet and use gravity along with leaning on
the nozzle to hold it in place against the reactionary force of the air and abrasive
material. The inflated tube seal assembly 40 not only anchors the grit blast module 14
onto the tube sheet 10, but it, in conjunction with the flat plate 32, also ensures that
30 the longitudinal axis of the nozzle 30 is substantially aligned with the longitudinal
axis of the tube 34, so that the nozzle 30 directs its air flow and abrasive material
axially along the tube 34.

Next, it uses the laser measurement device 50 to measure the distance to the

target 16, from which it determines the position of the module 14 and automatically



Next, the conmputer 52 causes the valves 25 and 25B to
shift to positions that direct air to flow through the
pot 24, initiating the flow of the air/abrasive
mat eri al 5m xture through the nozzle 30. The val ves 25
and 25B are probably | ocated a substantial distance
away fromthe controller 5Z, and, in this preferred
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timers also is received by the controller 52 and can be electronically stored at the
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previous tests of the tube, which tubes are plugged, which have thermocouples, and so
forth.
After the grit blasting has been done, swabs may be blown through the tubes
34 to further clean them out.
30 Figures 2 and 2A are taken from the ‘706 patent, which describes a device 60
for testing reactor tubes 34. A similar device 60 may be used for blowing swabs
through the tubes 34. As with the device 60 shown in the ‘706 patent, this device 60

has multiple air flow paths and injectors and an inflatable seal for each air flow path.

In the ‘706 patent, there is a single pressure sensor, and there is a multiplexing valve



30Figures 2 and 2A are taken fromthe ' 706 patent,

whi ch describes a device 60 for testing reactor tubes
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through the tubes 34. As with the device 60 shown in
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30 Depending upon the number of air injectors on the device 60 and the force that
is generated by the air pressure, it may not be necessary to use the inflatable seals, or
only one or two of the inflatable seals may be used. In addition, the inflatable seals
may be used in separate tubes from the injectors that are used to blow the swabs

through, as was the case with the grit blasting device 14 described above. in which the



tube. This produces a record at the device 60 and at
the renote station 62 to show which tubes have been
"swabbed" and to show that the swabs have passed all
the way through and fully out of their respective
tubes and that no portion of a swab is still remaining
in any tube. 30Dependi ng upbn the nunber of air
injectors on the device 60 and the force that is
generated by the air pressure, it may not be necessary
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26 eactor thHr%se 5 :; Show nanoexample & a multlple-hole fixture 41, which defines a

plurality of holes 42 that are pre-loaded with swabs 64. The holes 42 in the fixture 41
have a smaller inside diameter than do the reactor tubes 34 into which the swabs 64
are to be inserted.
Figure 8 shows two different types of multiple-hole fixtures 41, 41A. The

25  fixtures 41 have several holes 42 in them and have an outside shape that enables them
to be placed on top of the tube sheet 10 with the holes 42 above and aligned with the
reactor tubes 34 like tile pieces to cover a section of the tube sheet 10. In addition to
the holes 42, the fixtures 41 A have alignment pins 44, which fit into the reactor tubes
34 to ensure that the fixtures are aligned with the reactor tubes 34. Either type of

30  fixtures 41, 41A may be used, or the two types of fixtures 41, 41A may be used
together, as shown in Figure 8 to cover a section of the tube sheet 10.When the
fixtures 41 are used, separate pins with flanges (not shown) may be used as needed to
ensure that the fixtures 41 are properly aligned with the reactor tubes 34. Figure 9A

shows an alternative type of fixture 41B which has tubular projections 44A extending



is to be inserted. As is known in the art, the swab 64
is conpressed to fit into the reactor tube 34 and
flattens out axially under air pressure, applying an
outward force against the wall of the reactor tube 34
as it passes through the tube 34, so it swabs or
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34. The device 66 has a plurality of pins 68, which
are clanped onto a rack as described in the '706
patent, so their spacing can be adjusted dependi ng
upon the tube 20spaci ng of the particular reactor. The
handl e 69 of the pushing device 66 is at about wai st
hei ght of the operator to Hake it convenient to use as
the operator is standing up on the tube sheet.
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that the Swabs were present and were blown through and fully out of their respective

reactor tubes and to electronically record the events that have occurred with respect to
each tube that is treated.

30 Figures 15 and 16 show a schematic of an alternative device 71 that loads and
blows multiple swabs through the reactor tubes 34. The device 71 has several
passageways 70, each of which has a door 72 for receiving a swab 64 and a throat 74
that fits into a reactor tube 34. The throats 74 are spaced apart with the same spacing

as the reactor tubes 34. A gas supply line 75 provides air pressure to the passageways



15140. As shown in Figure 14, this enables the swabs
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n hOM/ schenmat of an alternative device 71
{ hatPeF 2GR DTEF Bt R 51 L R P e e or more
r eamb®gealt umtesecaﬁé theldeeicel 2Vio @ee of Inoka tteesnetofdubes 34, then

assage s 7 each of whic as a door, 72 r .
P B EARY Sookllan SRt A e AR mfesiiffhoeyite 1% drsgmipe
r eawhiolr regatdy éubBslare Héimg ttchtedyalies opehing  gasspprt evhia$and push thh
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70. OrTRASE PESSH A GREVAS 85 %crépféearheg itaeyse éttetlme@fmswre in each
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as describ patent. A control

aI s'érqusltﬁnd thpn &’(SF&SEH@EFCPBO‘{S H@p rthipressure to arigw swslaieéel o
t hi ®didgyih&helhab Bzhﬁas Qﬁbﬁddaﬁreﬁghahd &hed r&sh@sp&dﬂiw.aso‘éorme 34.
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an tiy
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k nodispldy#2 (Seh Eigde\2iAQ @itll tolorsr rtaiperks yr some ntherdvisoal itdiator on

¢ hee 2 Ehuddh orlfE (el APdRethe MRSl @ ofRF IRt
257 helacatien gonlddalios the progress ofl be epsratioh [7hould algo bamsted that

co s,

{7 Pel R oEhesl B0 Y IRy 3R L RS e SEAMEOR Pulor BYRRLS,

act¥%4f®d, then inflating one or nore tube seals 40 to

secure W’hﬂe ﬂ'l%‘éhﬁ@d%lnttsﬁbw@&% e sEPECor sepdifle pRRS IHR Wevice
tubes 34, then conducting posi tion neasurenent usi ng

t he/ 1| fepadhe inisgters /friBereimay tan #flabe B¢ EsAkAM FEChiORKoT
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- cSator b P4 derieh oB e st dies el aBeH L PR e -0
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of pressure in each

ear.lie sen i ncreas
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of cauls badlopadiwhich puladestdite SuRlebeks tidlG@iboanid then to
sense a precipitous drop in the pressure to a |l ow
enough level to indicate that the swab 64 has passed
through and exited its respective reactor tube 34.



20l n that case, the conpletion of the operation would
automatically be |ogged electronically for each
respective reactor tube with the drop in pressure,

i ndicating that the swab 64 has passed through that
tube. This result may appear in a renote display 62
(See Figure 2A) with col or 1&r hatchmarks or sone ot her
vi sual indicator on the representati on of the tube
sheet, so sonmeone in a control roomor other renote
25I dcdilizing osofot dorkpgrit dast hedulss by ewsp offtutteldd is petrbidstiedn .

ihg%lbgenade&?b&eeaﬂg; ﬁ'l% l}l(!?lﬁires several of these devices

time on different parts of the
t u be shedtstallipg a grit blast WdUIeel 4tokir Sheduty selehrstichehay aideastnae

tubﬁmée%!ass%%b@aoaslﬁeawlﬂmbpw of the device 71 from

the injectors there may be an inflatable tube seal
én each -thv e thf git bz yduletl b isproparly sgafed on tomef thrdyhesheet
60, 168y FJeﬁxr@@l&%Bﬁnﬁm&Ed bih 86 fgﬁrnstma&belsﬁeebﬁj A sdiibey RS 1Rd

to push the swab hr ough e tube 34 does not | eak
upwWBTEHH SHERY IndFrlophvich Bt 34, Since it is not

ungsual -f;mamltghﬁe @beegamlagblgmplmaedur e for heat Exchanger
tubes to inc rit asti ean

W h swatAknEerEeReh TSP BERTTS TR B B 0 beded.
tadophieshayavave aumﬁiatldxes daﬂnmngfthetlbmndeoﬂam 3dusy tsledr
ﬁgg\lﬁ?asurexj}%\t devxce )b ljvhlcofrt]xgets H'AD rgeg 46 mscrte m%rag\rbg l{lg%ta pi&sﬂ
has been hd@gﬁha dmeuiolbaﬂ swatch the vile 2|5 mp#tmdesf the pot 24 to-allow
' ”%@L#nhd?%n% afth Aﬁﬁlcxp& IwUPQ!&E%! Jn ey ?&Mgg sheet

10 suc one t ube sea sse
i nserted tlmwgahetamb blaging procedprs iy dllqy thetpér/abrapive rmtea@t mlxmre

1§mdweﬁte.lémn ébmppemdymé&pgeﬁsh ABmb Oﬁmafs whaf Bidic b ﬁotﬁnﬁ@t
eressm tesrln-lase |n3 %alnstte

t ubeméﬁ@étbefwt %%&HF%CFWW@ cquéetepeé% @F @megipnsgdsince the
I nt gicle@@kcamidith 38 - inflating the tube seal assenbly

t4 Sb_e It zlf%algg%aglcgl,yﬁ{ac%mc %gr'eagnbtl Zr? en ltocattngn 9fet}txeet[1lggs rv]v lcmelxv%h
been grit biasted
20 - interrupting the air flow to the nozzles 30
- deflating the tube seal assembly 40 and moving the grit blast module 14 to a
new location
Then,
2- loading swabs 64 into the tubes which have been grit blasted in step | above. This
25 may include:
- using a loading fixture and a swab loading device such as the device 66 of
Figure 10, or forego the use of a loading fixture and use instead the device 160 of
Figure 14, or the device 71 of Figures 15 and 16
Finally,
30  3- forcing the installed swabs 64 through their respective tubes using pressurized gas
and sensing the pressure rise and drop to indicate the presence of the swab in a tube

and the fact that the swab has been blown through the tube, and automatically

electronically recording those events for that respective tube.



10Thi s may involve automatically determ ning the

| ocation of a tube 34 using the |aser neasurenent

devi ce 50 which uses the target 16 inserted into a
tube 34 via a pin 17 - having the controller 52
switch the valve 25 upstream of the pot 24 to allow
the conpressed air to pickup abrasive material on its
way to the nozzle 30 - timng the grit blasting
procedure to allow the air/abrasive material mxture
15t o ent-af eitherthe preso@e Epiite o the bﬁndﬁa ldebpziel npedct@pkthedevice

t i Lo Sed B SAbEn AR L oI A Gt

t he fas I'hg procedure 1s co P Algt

el apbedmay lm:ag atdige elymd, e fleghimg Gghtah etreydnessage in the dlsplay

aut i on of
L T T

Pnt er r up¥hiteghe thiees deseritfel beve aro chemicahrgzcsdr @sbe3 the equipment and
def L atbdgkstrihed SHAPE oS Rk uad 36 TRk A tﬂ%b&%\%tﬂ& hLJie

grit blast nodule 14 to a new location T
| oaffhy e abshes #pesif §ibesne “tebbléyllkmoéwowa«e/@mé@ﬁedgn me

bl agr 8a JaRoS RRifitatRROU S, bemli@toz}ﬁréﬁl‘ﬁodxﬁ&lty&@cnbed above -
a loading fixture and a swab | oadi ng devi ce such

usin
as l"’%@o“&%“\?iﬂ’@& %ng?s‘ﬁpbﬁﬁ@ﬁﬁe"téwe'?t’@?éfg%a ek use of a
| oading fixture and use instead the device 160 of
Figure 14, or the device 71 of Figures 15 and 16
Finally, 303- forcing the installed swabs 64 through
their respective tubes using pressurized gas and
sensing the pressure rise and drop to indicate the
presence of the swab in a tube and the fact that the
swab has been bl own through the tube, and
automatically electronically recording those events
for that respective tube.



I 5 - If either the pressure spike or the
pressure drop does not occur, the device that is being
used to bl ow the swabs through the tubes would raise
an alarm The alarmnmay be an audible alarm a
flashing light, an error nmessage in the display,
and/or a visual indication of the alarmcondition at
the renote conputer 62. 5Wiile the tubes descri bed
here am chemnical reactor tules, the equipnent and
nmet hod descri bed above coul d be used for cleaning out
. other heat exchangers or other types of
vagﬁggﬂgg %e It will be obvious to those skilled in
the art that various nodi fications may be nmade to the
enbodi nents descri bed above w t hout departing fromthe
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anBlyirlg BeRswirad gy Seltad drnano g The Fiab Asuh i

respactvedubenandack pressure in the tube whil e bl ovvr ng
the swab through the tube, noting first, from

sengipg dhe ba%pr@se,@wﬂéhe tuhe whiles blowingtheraah thﬁ@tﬁtt g tube,
noting irst Heorh @nanenedse lireprefssore, that woseajubas bder irsastediimto the

tut 886 tHe frdiata éttb%e merbt dtFedtSin §ile SAUTB tigdtahy sivab Hagh
pag]t,bed E%Stetelﬁtt} paf cleaning tubes as recited in

er conpr|S|ng the step of
2, aut S&'Pﬂ h%alcif%léa?rﬁ tufoléé'egr Bfed IH*%*F%H‘P’I o‘#uﬁﬂ@??orﬁpﬁsmg

t
thespteprht tiRing MP? &ina Glgened and Allagmatisally

elestropicalin rerr:@rctlngéee eempletipn of thenswakhing of thenideatified: thbe.
step of automatically identifying the tube being

3. cl eérfeathrodcﬂf@tﬁ@sﬂrtgn@ 65 @p re¢itadbiaNlginng Wm@eb‘o@ﬁt&f@hobf

autdneaticabiy idendifyiny thettbbel befngadleamecigcludbs shestepesfimeaburing

thecb@é,m,;%ofmgqﬁ@én the step of measuring the position of
the tube 1 ncludes using a | aser di stance neasurenent

4. deVizGRethod -of Ql&ERIMPHbES a8 lr8afidig dAIRES \AFerbRCthb &k Bf
met%ﬁﬁh% S&ﬁtréﬁj{)ﬁﬂ?ﬁ ﬂt% ddse'srlgr df& lfste? %hs%nc%ur%gbgtgrement

Fou ure an
deyiggpect i ve tubes prior to appl yi ng pressurized gas to

bIot bs through their, respective t
’\&v met%ogm?cfeanpng '[llJJ es as rlecned inc armI 1V andutlartﬁer comprising

the step of pushing the swabs through the fixture and into their respective tubes
prior to applying pressurized gas to blow the swabs through their respective
tubes.



