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' which adversely affects the efficiency of the reaction by providing for different
residence times in different tubes.

20 In order to assess the catalyst packing, a constant flow rate test gas is
injected into the tubes, and the back pressure is measured, with the back
pressure being proportional to the packing density. Higher densities produce
higher back pressures, and lower densities produce lower back pressures.
High back pressures can also indicate problems other than high packing

25  density, such as dust, fines, obstructions in tubes, and the presence of foreign
material. Low back pressures can aiso indicate problems other than low
packing density, such as bridging. The goal is to measure the back pressure
on each tube and determine which tubes require corrective action. Then,
once the appropriate corrective action has been taken, the corrected tubes

30  can be retested.

7 Measurements may be taken when the tubes are first loaded with
catalyst, in order to ensure that they are properly loaded, as well as
periodically during the operation of the reactor, such as during normal
maintenance shut-downs, and after cleaning. However, the devices and



mai nt enance shut-downs, and after cleaning. However, the devices andslnip2005
August 2005 net hods that have been used in the past have been | abor
intensive and tinme consumng, their accuracy has depended |argely upon the
skill of the operator, and they have yielded data that is not readily

the test d d the chemni cal
o ° Penct or TPaREs thet @aﬁt bt uRSE In (giRGst have Reer JakoraMiansiyscand e he
t ube. V\élddimuhﬁn@tthéia%cb% fha%%fﬁe%@@d‘tétg;r ;ws;%,t f1eCshift bfHghe ability to

obtain a good  seal ureo tor to maintarn the device in
a verti calonsraiontand m@yhﬁa@i‘widedldﬁi&@tﬁﬁn&nm readiheasallel ity to obtain a

t K t k of OS.I tion
manual 1y, and (HOHaLE AP F Sexiherieh o BB bR olid PeirBiicH down on a
not epad byeactoe asisa) tlﬁl@bpél’atorslﬁﬁ@typméﬂymdéﬁeﬁ@stdﬁa%ﬁi?ﬂo‘ﬂ‘i’é’tdb%kes the

measur enenf s shouting over the noise of the plant to the person witing

down t he rdeldments at the topref the ke aaR intorereavitly theoabiliyda oliaie agoed ti ne,

et L9 SRk AR et 0P A HellRe A b ERail & 2
t here may rhay a[sonateyfeas with tne@bilmp&sobtvauba good seakdThe opefLactPlcally and

transferrin ata fromthe ng not epads i s sl ow and provides an

oppor t uni egtr fh'%PB%'ﬁé’P '-%ﬂ ! tﬂ%@atﬁrtbgfg@@t@ﬂe@ﬂfe né]easurenent
roce I ey are

Irone‘asu?gd %ﬁ:@wg&ﬁ rargwggﬁtsﬁmo%ﬁaoc@} %S%rr%ﬁéaétéz{hﬁ% ﬁ‘r‘?@'ﬁ on e pr esent
i nvent i on PeFesY whe tak@ethueoaeawemntsahwtmg qu:frtbeemlstetm‘ thalpldnttty to

r ocess ch nore accurate,
(aaror | A PREOAAIREN WD né fesils, s M bed R OB kel Mbabiitibnt on —t he
skill of bheatmﬂnﬁé,r@fmﬂlnglmbﬁy%rﬁ@t@far@c@!dr@tﬁtﬂ%ww{meumfm' results. In
25 a pref é% enbodi nent, the neasuring device uses an inflatable,

conformn &rior gl mathodsyit H‘e@'ff&:%@d(egaétat?bétfw@éhemmant&ng devi ce
and LI | SEBale fBIHEPEs IdhGSas 44 800 (L AUEIRELGLARPAIRY . the

measuring device ne sures mu t p bes a once
only one Bodéransferdngidata fréirsthe many nptephbes iedlioanted pravides agasur ements are

h 30 d t tted el ectronically to a
et e coRBAREINLIG SHare i Sieh o R HE S1p0tSH ot febmeasHEsTRENG: oot ¢

di splay, pusdesastieopetstors usually put colored caps on the tubes as they are
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20 Summary of the invention _

The present invention provides a device and method that improves the
ability to measure the back pressure in tubes, making the process much more
accurate, faster, less labor intensive, more efficient, safer, less dependent on
the skill of the worker, and yielding more accurate and more useful results. In

25 apreferred embodiment, the measuring device uses an inflatable, conforming
seal, which provides a good seal between the measuring device and the
chemical reactor tubes. Also, in a preferred embodiment, the measuring
device measures multiple tubes at once rather than measuring only one tube
atatime. Also, in a preferred embodiment, measurements are stored at the

30 measuring device, are transmitted electronically to a remote computer, and
are displayed graphically in real time at a remote display, such as in the
control room, including indications of which tubes are within predetermined
specifications and which are not.
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The gas used in the preferred embodiments as described herein may
be air, nitrogen, or some other gas.
Brief Description of the Drawings
20 Figure 1 is a schematic front view, partially in section, of a chemical
reactor including tubes packed with catalyst, and including a worker
measuring the back pressure in the tubes in accordance with the present
invention;
Figure 2 is a schematic view of a worker measuring the back pressure
25  of the tubes in accordance with the present invention: 7
Figure 3 is a plan view of a tube layout for the reactor being measured,
which is displayed on a graphic display as the measurements are being
made;
Figure 4 is a schematic front perspective view of a device for
30 measuring the back pressure of tubes, made in accordance with the present
invention;
Figure 5 is a rear view of the device of Figure 4;

Figure 6 is a schematic front view of the device of Figure 4, with some
parts removed for clarity;



invention; Figure 5 is a rear view of the device of Figure 4; Fi guseafnist 2805
schematic front view of the device of Figure 4, wth sone parts rem)v%
for clarity; 3 25 August 2005 Figure 7 is a schematic side view of the
device of Figure 4; Figure 8 is a schematic gas flow diagramfor the device

of Figure 4, 8A is a schepati.c g s, flow di agram for the device of
Fi gurg 4  aft er# 3‘6"9(;%\55 %é@'ﬁeméﬁ%ﬁﬂieg‘ﬁ?‘é!(? fiop dﬁY'@WQﬂg'%@ﬁ t he chenmi cal
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of thelnjector t ubes of evi ce gure urel |sd3|de Vi ew
partially in sddgurerBAis alsehem’atic gaalflowadidgramo faor the clefv:deh:ef Rjguueae of Figure

1o i gur o a8 ek ExdilimboPtioecl oEploties GpuBihe cobippealyoebiibes: (ne”

renpt esconput erFigurel i @érd@r\s@vmtrtaq hisgefién ShoWing'Biie dPfeSHRWROr POrtion
of the graphl c g|]spl ay of Figure 15 rylF| gure 12% n%’ows anoteher pcgrtlon of

the graphitebes epihgydeycerpfftigare4; Figure 13 is a broken- avvay schemati c

2t e bet g bl o GRS o ek el el GTE SBEAEe! 68 GBI NN GLTe 107TS .

front vi ewoettorpof thegfdvideosf Eigarevti h t he device of Figure 4; Figure 15 is a
side view of the target of Figure 14; Figure 16 is a Vi ewtaken al ong the
section 16-16 oF94Ey 'éalB[anZ('ﬁ‘Floé@l’i%cquq"é)aé‘e!;@h@ﬁeﬁq\@&fPfo'ﬁlQUKﬂ 4w of the

devi cggof Fi gUIFGyfre®fd Ra &éh QSbe&ﬁ&%’ﬂ%ﬁ HP%?"%}QE %’?\é{jﬁh\% Figure 18

Is a perspective view of a calibratio devi ce of
Fi gur e 4; réingte eorbgatardn e arrphgeladnpef Sigast 2yve vi ew showi ng how t he tubes

O 20 e o o A o P B By o Bk g 2 2nd
E: Sﬂi g 1118 Fi QUIFig8 128 ShdWwo KRBV ridPoMhE\Yraphit ks pta) bPERUIOM2f | xture of
Figure 13 is a broken-away schematic view of the upper portion of the
15 reactor as the chemical reactor tubes are being blown down or measured by
the device of Figure 4;
Figure 14 is a front view of a target for use with the device of Figure 4;
Figure 15 is a side view of the target of Figure 14;
Figure 16 is a view taken along the section 16-16 of Figure 15;
20 Figure 17 is a schematic front view of the device of Figure 4 after it has
been reconfigured for blowdown;
Figure 18 is a perspective view of a calibration fixture for use with the
device of Figure 4;
Figure 18A is an exploded perspective view showing how the tubes of
25 the calibration fixture of Figure 18 are mounted on the frame, and this is the
same mounting arrangement used for the tubes on the wand of Figure 4;
Figure 19 is a broken-away top view of the calibration fixture of Figure
18;
Figure 20 is a broken-away bottom perspective view of a portion of the
30 calibration fixture of Figure 18;
Figure 21 is an electrical schematic of the device of Figure 4,
Figure 22 is an electrical schematic of the power and data module
portion of Figure 21; and



Figure 20 is a broken-away bottom perspective view of a portion of25t fQOOS
calibration fixture of Figure 18; Figure 21 is an electrical schematic o

the device of Figure 4; Figure 22 is an electrical schematic of the power
and data nodule portion of Figure 21; and 4 25 August 2005 Figure 23 is an

el ectri cal sch tic f t he bl o ontr nodul e of ure 17.
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that all ctor .t.ubes 30 enter into respective reactor tubes 12.
Wen t he &gﬁ'&l@é’%r BrY h@@?ﬂ'@ﬂ@ oa%eﬁﬁnk of ten tubes in the plate 11, it
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together to form a single portable unit which is sufficiently rigid that the

injector tubes can be inserted simuitaneously into their respective reactor

tubes simply by picking up the wand 18 by the handle 28, aligning the wand

20 18 with the group of reactor tubes to be measured, and then lowering the
wand's handle 28 so that all the injector tubes 30 enter into respective reactor
tubes 12. When the wand 18 is inserted into a bank of ten tubes in the plate
11, it is self-supporting and rests on the plate 11. The wand 18 is connected
to a gas fine 20 and communicates with a remote computer 22 through a

25  power and data module 24. In this particular embodiment, the gas line 20 is
the plant air supply. The power and data module 24 may supply the power to
the computer 22 and to the hand-held wand 18. However, the wand 18
preferably operates on battery power, and the computer 22 preferably
operates on a battery or is plugged into a regular alternating current outlet.

30 The wand 18 communicates with the power and data module 24 in real time
by means of radio signals, but other means for transmitting data to the
computer 22 could be used, such as hard wiring the wand 18 to the power
and data module 24 or downloading data from the wand 18 onto a portable
medium such as a disk, which can then be carried to the remote computer 22.



operates on a battery or is plugged into a regular alternating curdseQfoust 2005
outlet. 30 The wand 18 conmuni cates with the power and data nodule 24 %n
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Figure 3 is a plan view of the plate 11. This plan view is also a portion
20  of the screen display that is shown on the display screen of the computer 22
to visually indicate the tubes that are being measured, as shown in Figure 12.
Prior to using the wand 18 in the reactor 10, a layout of the tubes is
obtained and is made available to the computer 22 and to the controller 32 for
the wand 18. This layout is shown graphically as in Figure 3. As the wand 18
25 is being used, the data from the wand 18 is stored at the wand 18 and is
transmitted to the computer 22. This data is displayed on the screen of the
computer 22 or other graphic interface, as will be explained later.
Figure 4 is a front schematic view of the wand 18. The wand 18
inciudes a hollow wand bady 26 (see Fig. 5), with a hollow handle 28 at its
30 upper end and a plurality of injector tubes 30 at its lower end. The wand 18
receives regulated pressurized gas (such as air, nitrogen, or another gas)
through a gas line 20. The wand 18 defines two different gas paths for each
injector tube 30-a test gas path and an inflation gas path. The test gas path
provides the gas that passes through the injector tube 30 into the respective




computer 22 or other graphic interface, as will be explained |ater, Szgﬁg]kéiioos
4 is a front schematic view of the wand 18. The wand 18 includes a

wand body 26 (see Fig. 5), with a hollow handle 28 at its 30 upper end and
a plurality of injector tubes 30 at its |ower end. The wand 18 receives
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Fi gures 4tfkdsiebuesS6tie dnmnoanﬂatenheis!eevé SeneTh@hdlation tida62 pfbf@ﬂabl? he wand

18 is a main ntroI X 34, which houses the main controls Tfor the
wand 18. Enwﬁtﬁg é ?dpPBP isg secyreq isthedHbrigr mesmberd2.8Ehew the nai n

wand cont beltoRCof tRE tiiSuldr TRABEIHYistRrEdRl, 87K ths pafticttdtbiiap® houses
member 52 receives a frustro-conical guide member 80 on its threaded end,
20 which helps guide the injector tube 30 into the chemical reactor tube 12.
Figures 4-10 show the main components of the wand 18. Mounted on
the wand 18 is a main wand control box 34, which houses the main controls
for the wand 18. An antenna 37 projects out of the control box 34. Below the
main wand control box 34 is a secondary control box 35. A conduit 39 houses
25 wires and a measuring tube 74A that extend between the control boxes 34,
35. A manual shut-off valve 36 can be used to shut off the flow of gas through
the wand body 26. An inflation gas pressure regulator 38 regulates the
pressure of gas going to the inflation tubes 62. An inflation path solenoid
valve 42 (see Fig. 8) opens and closes the gas flow to the inflation tubes 62.
30  Aninflation path manifold 44 (see Fig. 7) distributes the incoming inflation gas
to a piurality of hose fittings 46, which connect to hoses 48, which lead to the
inflation gas paths 62 of the injector tubes 30.
In this particular embodiment, there are eleven injector tubes-ten

injector tubes 30 mounted on a frame member 50, and the eleventh injector



25 wires and a neasuring tube 74A that extend between the control goxggus%m)s
35. A manual shut-off valve 36 can be used to shut off the flow of

through the wand body 26. An inflation gas pressure regul ator 38 regul ates
the pressure of gas going to the inflation tubes 62. An inflation path
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damaged by exposure to high pressure ga

switch 78 closes and prevents the channel of the multiplex valve 74

20  corresponding to that measurement tube 72 from opening, thereby preventing
gas communication with the digital pressure sensor 76. This protects the
pressure sensor 76 from being damaged by exposure to high pressure gas.

When the wand 18 is being used to test a plurality of chemical reactor

tubes 12, the test gas flows continuously through the tubular members 52 into

25  the chemical reactor tubes 12, and the multiplex valve 74 goes through a
cycle by which it puts each of the measurement tubes 72 in gas
communication with the pressure sensor 76, one at a time. |n this manner, a
single pressure sensor 76 is used to measure the back pressure in all the
injector tubes 30 of the wand 18. Since the gas flow entering the chemical

30  reactor tubes 12 through the injector tubes 30 has been carefully regulated by
the flow control devices 66 to establish a pressure drop across the flow
control devices 66 and a constant gas flow to the tubes 12, the back pressure
that is generated in each chemical reactor tube 12 is in proportion to the flow

resistance produced by the catalyst in that chemical reactor tube 12. That



When the wand 18 is being used to test a plurality of chem cal reagd Or et 2005
tubes 12, the test gas flows continuously through the tubul ar nenbeérs gy 00
into 25 the chemical reactor tubes 12, and the nultiplex valve 74 goes
through a cycle by which it puts each of the neasurement tubes 72 in gas

comuni cation with the pressure sensor 76, one at a tinme. In this manner, a
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adj ust ed, ent di aneter ] ect or t dependi ng
upon t he dpanitie canfiguration ohthe Erctay asml!hﬂldbstzdoeibkawn bed Iater 15 There
is an interloc

' | switch 8 tabl e 03| on cli see Fi

whi ch1Pr o ectslﬁ-gs{;%ﬁa?rm er?qqg(rﬁvggqﬂﬁ%opﬁgq t‘?e'?ﬂ?é "Eﬁﬁp éﬁ@ﬁaurpose of
the sw tcaz]%;crspﬁogm@aumwam fﬁdmbbmrﬂqherfratm@ﬁﬁen%@eﬁs@ Theerted all the
way into the chem cal reactor tubes 12, and the switch 82 is contacting the

plate 11, PHEIOsECfthe switsh\B2dis 16 epaurepthat tia injestor tubes 30tase insesiedalk swi t ch
82 20 cl 0ffswagitothe chbRlidal bGP0 13 HARRE LRGN 8218 BRIICEAL L Ocessor

> plate 11, before the sleeves 56 can be inflated. When the interlock switch 82
20  closes, and the start switch 109 is depressed, the central processor 32
causes the inflation path solenoid valve 42 to open and initiates inflation of the
sleeves 56. In this embodiment, the switch 82 signals the central processor
32 in the control box 34, which, in turn, closes a relay which opens the
inflation path solenoid valve 42, allowing gas to pass through the inflation path
25 manifold 44 to inflate the injector tubes 30. The switch 82 protects the
sleeves or bladders 56 against overinflation by preventing them from inflating
unless they are inside the chemical reactor tubes 12 to be tested.
The umbilical injector wand 18A (shown best in Figure 10) includes an
injector tube 30A that is essentially the same as the other ten injector tubes
30 30, except that it is not fixed onto the main frame 50. Instead, as shown in
Figure 5, it is connected to a fonger gas infet hose 84 and has a longer
measuring tube 72A and longer inflation tube 62, so that it can be held in the
operator's hand and inserted individually into one of the chemical reactor

tubes 12. This is heipful in the event that some of the chemical reactor tubes



causes the inflation path solenoid valve 42 to open and initiates i'sngl ﬁit%os
of the sleeves 56. In this enbodinent, the swtch 82 signals the cen??aﬁ
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50, as will be describhed |ater. A holster 90 (see Fig. 10) nounts on the
mai n wand 18 t&h%lﬁ{?f??ﬁ seq fg- 1R noump cer the naipevarsh §e holddteunbi | i cal

wand 18A ippiftal ifjettdPtubd$BA when the umbilical wand 18A is not in use. When

the umbilical injector tube 30A is inside the holster 90, its sleeve 56 is

20 enclosed and contained by the holster 90.

Figure 11 is a view looking down on the control box 34 of the wand 18.

The control box 34 includes a display 92 as well as a number of controls. The
display 92 in this example is indicating R: 7; T: 1, which tells the operator that
the wand 18 is measuring the chemical reactor tubes 12 in row 7, beginning

25  with tube 1. The display 92 in this view also includes ten pressure readings,
which indicate the back pressure in tubes 1-10 of row 7. In the upper left
corner is a stop button 94, which can be used to shut off the gas supply to the
inflation tubes 62 and stop the measurement. Below that is a keyed switch
96, which is used for initializing and calibrating the unit. Next is a switch 98

30 that switches the unit between automatic and manual modes. Next is a switch
100 which permits the worker to alternate between viewing the measurements
for the current set of chemical reactor tubes 12 and for the previous set of
chemical reactor tubes 12. Next is a "find" button 102, which, when pushed,

uses the laser measuring device 27 to take a distance measurement relative
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the umbilical injector tube 30A is inside the holster 90, its sle i
20 encl osed and contained by the holster 90. Figure 11 is a view %sg‘&?glb“aoos
down on the control box 34 of the wand 18. The control box 34 includes a

di splay 92 as well as a nunber of controls. The display 92 in this exanple

I s 1 ndicati - Taad which tells the_operator that, the wand 18 is
measuri ng tp ﬁge Eﬂgﬁ# %%Fo %é@é‘?‘m‘e Wf]!?bsg@ﬁpiolflc %W'OP? r‘fﬁf‘d‘i"h“r‘l’lbﬁélﬁgsw' th tube 1.
The di spl aifPmicastid WHW tAb Sfind " stiie 02 %%e%’r@§§é&,?tﬂ§@‘ﬂ*\dl‘&§e g Whi ch
indicate the back pressure in tubes 1-10 of row 7. In the upper left

corner i s light102Abwhicbrights upgesheleahicabschamatioofFigt 2 0). f Nextds gairstuppl y t o

h i nfl gt . h +.. Bel t i d
swi toh ol bt R0 Suloh s beRebrey FERRIF-IR TR toe Bt b Ratchadet™ Ree
is a s tchb@&ﬂh@ﬁér&éulawdvﬁ.h%istﬁlﬁtdmrﬁl&ohﬂﬂu&%'aﬂgﬁMGﬂA fscrcigmaunylal
nodes. Next is a switch which permts the worker to alternate between

vi ewi ng t MiceBghtsdiewhen %l%buftt%?&ﬂﬁnr@ﬁ%e% ebext isﬂ]@ﬁgmwﬁfdh@@)for& ubes 12
but ton 108 CaRsith ¥ SeRastlo el Bk SRmi 3 e ST 027 pnd Bbyp Taftis 1 07\ ake

a di st anca togglewswitdn108 francreasihg ot debrensiig 80w puinber barget 25 to
~determ ne which_ grqup of chem .reactor tubes 12 is being neasured. Wen
the "fi nddISHIRY %ﬁ 2‘0?“1‘% l‘&gm i logated|andt ﬁﬁ@%g% of theywanddtBa,  whi ch

| i ght $9up (dsLRiR! §Hrd $2hnd ¢ ' ] e | JdHeslte,, t ube”
butt on. 108 S ioh Hrid 6 and 88k Setby The woftar tollStin r Saddricgifor L UOF
5 tube i nMmeasupagtd guiuprofrabwmidalireatior tubesalZo i ncl udes a |ight 104A (see
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EFUSZ E NRICTRERIAEAS 16 takdr fld Well 84 SReAkARS).| FBReAmpR! Ur e or mechani cal
thermocouples may be shown in orange, while support structure may be

20 shown in black. It should be noted that the modem 24 and computer 22 may
be receiving data from several wands 18 at once. The initial layout specifies a
row and tube number for every tube position, so that the data that comes in
can be associated with a particular position on the stored layout.

As measurements are taken by the wand (or wands) 18, the data,

25  including row and tube number location as well as the back pressure readings
and the wand identifier are transmitted back to the modem 24 and are
displayed at the computer screen 22. In this embodiment, the data is
transmitted from the antenna 37 on the control box 34 to the antenna on the
remote modem 24, but the data could be transmitted through wires, through

30 an internet connection, or through other known transmission means. The
data which is stored at the wand 18 could also be downloaded later to the

remote computer 22.
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rat her than tubes. If so, this is shown on the screen even before
measurenents are taken (as well as afterwards). For exanpl e, thel’%%?ﬁ}w%gos
may be shown in orange, while support structure nmay be 20 shown in bl ack.

It should be noted that the nodem 24 and conputer 22 may be receiving data
from several ds..18 at once. The .initial |ayqQut specifies a row and tube
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react or, ch as, for sur nts taken after cleaning, out the tubes,
after fil E’h’ﬂﬂ”g ﬁg%g&ﬁgﬁq,t roperat%n of tﬁe reactorforapegrlod of time, for

sample measurements that may be taken to establish the test specifications,

and for measurements taken after various corrective actions are taken. Also,
20  these data sets may be stored during the life of the reactor, providing the plant
engineer with valuable historic information about the reactor.

The person viewing the computer screen may choose to zoom in on a
particular section of the reactor, if desired. If the person viewing the screen
wants information about a particular chemical reactor tube 12, he moves his

25  cursor over that tube in the portion of the screen shown in the graphic of
Figure 3, and the information for that tube will appear in the portion of the
screen shown in Figure 12A. For example, the sample shown in Figure 12A
indicates that we are viewing the information for row #12, tube #12. The
display indicates the pressure in the most recent test, the status of the tube,

30  the wand 18 which took the measurement, and the date, time, and operator
for that measurement. There is also a graphic indicator in the upper right of
the screen of Figure 12A, with rings of color indicating the status of this tube

in previous measurements and in the current measurement.
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bl owi ng down the tubes, after operation of the reactor for a peri c%g ust 2005
time, for sanple neasurenents that may be taken to establish the Ste
specifications, and for neasurenents taken after various corrective
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20  this detall, it will, by default, simply show the color indicating the results of the
most recent test. However, if the plant engineer wanted to view the display of
Figure 3 for any historic data set, he could obtain that as well.

The portion of the display shown in Figure 12A also indicates the row
and tube, the pressure measured for that tube, the last status as of the

25  previous measurement (if any), the wand number, date, time, and operator for
the measurement. Below the data for that particular tube is data about the
test in general-the total number of tubes, the number of tubes tested, the
percent completed, and statistical information. The plant engiheer may
access the complete information for any tube simply by pointing to the

30  particular tube on the display of Fig. 3 with the cursor, or he may input the
particular tube and row number, or he may run a "list to fix" report or other
report, pick up the tubes with problems from that report, and may access the
data about those tubes by clicking on them in the report.
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passed. The nunber "2" inside the color field 120 indicates that thi
has been retested twi ce during the correction process. The origi n%g?édsjs?%os
data are not shown in this icon, but they are stored and can be retrieved
as desired. Since the display for any particular tube in Figure 3 is too

Il i ncl |l hi tail it wi|l. by default, simply show the
o ot ol oS 8 el ber B b a0
pl ant engisepssn. WRRs§rtich ﬁf&ﬂﬂéé‘ﬁae@a’éﬁﬁf@éti@ﬁs fcﬁ'vﬂﬁﬁteprgsét% vgcﬂ)fd Rigstoric

data set, he could obtain that as well. The portion’o di'splay shown in
Fi gure 12&o8pisleredhaifaiurenthe highvsiden what pegssune woulksbeconsidasad ad f or t hat

tube, thegl; t of revi qus syrenent. (i f an t he wand
nunber, deii Igﬁ'gtoﬁnt@"éqgw%?%%é}y@@rré?%ﬁe W%@&’@%ﬁ?%@%?t ‘Hﬁ/\Pa]f"ﬁééqfat a for

that partiand whatipressire wiadld indieate thattheltabé is Bp8EN&IAMo Idfcdted pbwnunber of
t ubes, the nunber of tubes tested, the ercent conpleted, and statisti cal

i nf or mat i GRANYIHOESIBR thepgicritssie. ARy whatdeese tuhestlaifireceasts i ermstdfon f or
B P, MR YA detoROWASIdditdriE, aify B8 Forkf “TRErel i s BfAgNVEISA o ©

Fig. 3wt cursor, or he nay inpu row

nunber, othéauminerand pertdntage ob tibes thatmet theocritetindor baiagithin fieck up the
tubes with prabl ens ffromF#|glhat report, and may access the data about those
t ubes by épgﬁ'ﬁpﬂ@%qﬁ@ #Stt he report. 13 25 August 2005 Figure 12B shows

addi tygnal dat %hﬁé&ioh%%@ﬁ?ﬁ%@?iﬁ fﬁ%sé‘?@ﬂl’gmsg{tjlr%ﬁg@%fér obhi s portion

provides the specifications _pressure | consi dered a
fail ure og@enpeatas ghlist tadix" wabich i agioritized listcbftyehiclo tiheseshadildibef ai | ure on

the | ow si r e ld indicate that the fube is.plugged, 5 and
what pres§ g&?%'ﬁWﬁ%f%@%&%ﬁo”ﬁtg FRE h%eer%?ﬁe& ¢n ﬁ]es‘ér'tgﬂﬂ ?Ig%t es how
many tubesavebethase, sUchiay édst crpflesting cfigee tubes failure costs in terns
of lost production, wasted reactants, and so forth. There is also an

anal ysis of t ¥ SRURseonsadhe dataiesgecaacauirg the dnforraatiomdisplayedr |h a L or
bei it by ' L1 ' | LLO o the data
o0 101 ekbcrspaci AR Haie G el hd e e 1, 2
is a prioekainpk) thée ptarrbfeng}rneehmayba’ﬁshstbcdﬁmabme ‘tiat twfﬁt"ehhdgmﬁnghﬁ': ShOUlhd
be d t t th b d t iteria that ave been set, such as
cost or et rBiorh ihlch Tt ied Ieafr Sikes T4 ahtl bermlacgRR et i 1 ed. 1 h

i nf or mat i Qibed $HIuRY BE blown down, which tubes should be re-loaded with catalyst,
and so forth. The plant engineer may set his own criteria, which the computer

20 22 will use to establish the "list to fix", prioritizing the list based on the criteria
that have been established by the plant engineer. The criteria that are
established to set the specifications for what is a failure on the high side or the
low side and what is "plugged" or "open" may be specific pressure readings,
or they may be based on a statistical analysis of the data. As more data is

25  collected, and as the plant engineer has more experience with the actual
pressure data, actual production data, and actual costs, the specifications for
determining which tubes pass and which tubes have the highest priority for
corrections, and the way the data is used may become much more
sophisticated.

30 The information provided by this arrangement, the speed with which it
is delivered, its accuracy, as well as the way it is presented, make it very
useful for the plant engineer. The plant engineer now has a way of
determining the cost of out-of-specification tubes and the ability to pinpoint
them and correct them promptly during the plant shut-down, when time is of
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15 in these screens can be varied, depending upon what the user Y"ai]jtﬁugll:s%ﬂos
exanpl e, the plant engineer may wish to display the "list to fix",

indicating in order of priority which chem cal reactor tubes 12 should be

pl ugged, which tubes should be bl own down, which tubes should be re-|oaded
w th catalyst and orth. The ,pl.ant epgineer nmay set his own criteria,
whi ch ¢ he. aiR5EARS 2beAb8NicAn arlistiiS Ske et Gritea Andicosbinfarmation

prioriti zigedhen bksdridirec Ginbe Hewahi 18pbis eé&‘?‘}uﬁ%é’ﬁue%ﬁ}’érﬁéﬁtﬁbl I shed by
the plant engineer. The criteria that are established to set the

speci f i cathaskdortoe camputers22; thaiplant engineeh &nbwgliostettainy as the tebbig si de and

what is " " "0 N .be s i fi ressure,readi ngs, or they may
be based Gt spngiiter (AR RupBeBF Bites fopals BeliindSiiat Bs wysiem

col | ected,previdess dunlitypbamtolh@CR @AIthE AFstamsrs P BRIV N ThivENcd BRgact ual
pressure datﬁoﬁact ual production data, and actual costs, the specifications

for det erMEWMCAPraMiders ramendpus amavat ahusefut informationdniviesy bsefhest priority

' : ' econe. nue re
sophi st caieaty Tampidnad e ibine Hbifeéshasp S Nl IR IR Bhe speed
wi th whi clways, itireipethevelaationginseanake detter dscisiohk tésmphivewhy it is

pr esent ed, ke it, yver useful for the plant engineer. The plant engineer
now has aeﬂﬁe'&w Ofd%?éﬁﬂri‘tni ng the cost of out-of-specification tubes and

e DY eho R BHDE art! 4 @Al fkior BT DALl Aiollf P ant

shut -down, when tine is of 14 25 August ( esserice. can
adj ust hi solgiasi thedastinghprocesewas prndeedisg in ofdar tapravide badgsulon

. gt , | .
conput o T5crRar e} 08 LRGSR R T ol S 81 P et AL SERESTast i s | bel ng
conduct ed detdutabld/RibeasH Ry uﬁié%(sﬁ%ﬁhﬁﬁ?i@%@)trﬁé* nggﬁe?t rﬁycfrt em 5

provi des quality control check on the installers o hi s device

and et h&¥F BPRVRIROX5Y, iacluding den sews of lightsuwih dhreerdifienent colors of very user
of “vaye, IR M eden e bR S0 EhdleaR APHE clBE LIRS Pt ove no
ef fi ci encpydhe chatral processar I2whéthep thatrtube failedddgh,dhked kad, Jreueked tube 12
order Lo BrbMRee B stha Pl SRUbhesr e Ba BUCS B RREENd the progr ess
of the teapprddriaté€eblbf@f cép onto each tube as the measurements progress.
However, it is expected that the visual data provided at the computer 22 will
20 be so much more helpful than were the prior art caps that plant engineers will
find the capping step to be unnecessary and will decide to save money by
eliminating the use of caps in tests that use the wand 18.
In addition, a simulation package may be provided to the plant
engineer prior to taking measurements, to give the plant engineer experience
25 inmaking decisions about corrective actions to be taken before the
measurements are even taken. This may help the plant engineer make quick
decisions during the piant shut-down, when time is especially valuable.
Figure 13 shows schematically the laser meastrement device 27 on
the wand 18 measuring a distance back to a target 25, which is mounted in
30 the first tube 12 of the row of chemical reactor tubes 12 being measured. The
laser measurement device 27 shines a light onto the reflector portion 110 of
the target 25, and the light is reflected back to the device 27, establishing a
distance measurement from the wand to the target, which is converted by the
microcomputer 32 to a tube number. The software also permits the operator
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det achabl e tube cappi ng guide 33 (shown in Figure 2) may be pl UQQ%A{JQ&tZOOS
the control box 35, including ten rows of lights, with three differen

colors of 15 lights 33A for each injector tube 30, to indicate by the color
of light that is fit up by the central processor 32 whether that tube

fail ed high, I 1 ed | ow, assed .the test criterjia., The operator could
t hen use ?ﬂ&’fﬁgﬁﬁ@{ oa|cg{&%|‘pepﬁgher§m§,| ﬁﬂq?%&@gecﬂlzo?thﬁfﬂ'@éﬁhﬁﬁt@ th'ﬁ%h t ube
as the MeamdrTREtHSCtIRO SERTS! proEBYEH S tol donh &éﬁ@ﬁ&ﬁ&dt@, solfRai sual data
provi ded at the conputer 22 wll 20 be so ch nore help than were the

prior art tkepentranropessar 2nyivawe irdioates the boﬂeal:t_rm:_oaﬂaqrp" _0frtg;esmaap:| 18. ]lc)e

t ] L ' t e I m na .ne_use of caps
" teat s (aateubin Figtfe 55 2h8 R ERESR Has Brohek T LR Wk EbBTomy oo
provi ded tWotdugaddnd@Bhen@i) ré@R6r RIbe8M 2 i 4 Aw. NOnBRFINGE RIRM 1 10 give the

pl ant engi neer experience 25 in making deci sions about corrective actions
to be tak&fefseakly is mesntachiog siebint erder & pewnit adiustmentnfdhenspanisgp t he pl ant

engi neer ' 1S | - time is
capect al 1 egiedteieodtutb e thaciio bRuE T Pherfiéd! iR uBPE 12T ot
devi ce 27 agrartioglanerattd8 neasuring a di stance back to a target 25, bWhi chis
mounted in 30 e first be 12 of the row of chem cal reactor tubes 12
bei ng neasuredy{lﬁl?%[hq g@éi“ 49 @ TOveRE %Ogé’&ea@ﬂr%ithé@_ i§ N 1gAECORt 0 t he
refleggor pPégérit,Oéhdlgﬁa Qé]erafcf?'"sirhgf bsges tHArdtGbe Blittor!194'dH fhgct ed back to
the device 27, establishing a I'stance neasurenent fromthe wand to the
target, wepotiol panadtw indieate tyattthe firstiicjeotontqha 80 odzhe wand tdés einger . The

sof tware el t he .operat or 15.25 ust 2005 t the flag into a
di ff erent ﬂ%&%ﬁdé{g %%J{fgto?he?ﬂlﬁﬁf rfgcé}rﬁépe 52%?131%0% r\)g Beﬁmﬁeof’%rﬁéprt 0

i nstruct tdieosediealvand A8 the Arst Yré@BEbREEhéGfseidithe r¥flectdr that  the
central processor 32 always _indicates the correct position of the wand 18.

As shown 1A0FRRA thereatltertha display 88 ardlhgegontol hex Sthavtorsgticallyl, which fit

into t | e t i r e of the legs 111

pr ef er?sab\ll\@cﬁésgtérr%un te@é?élgsg@ds %@ﬂgrﬁ%‘?é e?&?)g%%cép%tﬁegg%‘y%g%mm of the

spaci ng hetasmesmehkfrbraghe ldsertmedsuretrient dpvice 2. Deftortns weleini & Bhs r eact or

tubes 12 in a ticula reac{hor . V\hegthe first tubes in _a row are being
] FBeWcthe digplay

measur ed, Maasy e@Nd QF R LW Satomagtigaliyipcraases s raw npl y
presses t Rambler 'ir?bréﬂé*?ﬁiorﬁé‘i‘?ﬁ@aslﬂﬂg%eh@ﬁt row.

Figure 17 shows a wand 18 that has been reconfigured for use in

20  blowing down the chemical reactor tubes 12. (While it is possible to use the
wand 18 in its initial configuration to biow down tubes, the flow control devices
66 may prevent a high enough volume of gas from flowing through to be
effective for blowing down the chemical reactor tubes 12 to remove dust. In
that case, this reconfiguration may be used.) While there is still a gas inlet at

25 the handle 28 in order to inflate the sleeves 56, a new gas inlet 124 has been

| provided to supply high volume gas for blowdown. This new gas inlet 124

feeds the main manifold 64, but the flow control devices 66 have been
removed from the line, so that the gas simply flows straight through the main
manifold 64 and through the lines 84, through the internal paths 54 of the

30 tubes 52, and into the chemical reactor tubes 12. This permits a high volume
of gas to be supplied into the chemical reactor tubes 12 to blow them down,
rémoving dust. The operator may choose not to take pressure measurements
during the blow-down operation, or the wand may be configured not to take
pressure measurements during blow-down, if desired. However, the display
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control panel to indicate that the first injector tube 30 on the
being inserted into the first chemcal reactor tube 12 in that r\(l)%ngWu sﬁbﬁos
the operator renoves the wand 18 fromthe first group of tubes, he inserts
the reflector 110, and thereafter the display 92 on the control box 34

t ti 5 t t t ub [ hei ng neasured based on the
st ance. Yedn die hAHATRY phEiotiR 1 YL SGoWaHERR CHe0YeR e9clonfibes the. wand
18 has W#ﬁ@ﬁbthb‘bi@ﬁ@d@%n%ﬁ@‘fﬁe Hh® rﬁb?@eﬁ)’a%ﬁ%?{gﬂ‘ié Fa@téﬁ i ncreases

the row nunber in preparatlon or neasuring the next row. re 17 shows
a wand 18 quUtﬁEBZbadwatlB@Mﬂfpfgmb@d dre ibeingebliown2doviah, omhicl veinweh18 fse

chem cal it ossi,bl e 1,0 use d 18 inits
initial co%?ﬁ%ﬁ%%‘#?%%sw&%gPé 5%{“6 Pﬁk@s ropRgULs: t@%?ﬂ'ﬁf‘?t‘l"s’@@% s 66 may
prevens a theghvilesieow the ehermicad fesrer fubesHD! tRut Rave BESMBlowPdBAn KT f ect i ve
for bl ow ng down the chem cal reactor tubes 12 to renove dust. | t hat

case, thi é"qi'%'iﬂ?ﬁ asedubenimapreeialieder. ) Thisinrevidae auality control, se thas i nl et

at 25 the | t I v n as inlet 124
has been pr ow@e rd&noéoq‘ﬂm tﬂa t% ﬁ%ﬁ%‘t"g@?ﬁ\‘ @?@’8&@&@}’“ %ﬂ?’vg' new gas
inlet 124 feedﬂhnmmmandnsmafmbeic@zﬂvermdbédleanﬁd fomtchomrtae devi ces 66 have

been renoved from I ne at the gas_ sinp fl ows straight through
the main "ﬁ%ﬁﬁ%mn ctotth?qumq%ywmhemnbggwt@né shawér nal pat hs

54 of 1phe h%@etlt‘i%@(%s%?ne ﬁi‘ﬁlak@ttﬁ’e EB ?ﬁﬁooﬁh{éc |an#{§l¥§re]‘grab@' S permts

a high vol une gas to be suppl em ca ctor ubes 12 to
bl ow t hemstopky, tO previde itwg different ﬂ]pes op weateronedfpr tdiding meastirémentsk e

bl down t th b
Cont  gur can et s 2 Dl AeftvahCanaRim SRENSemENLMEN RoMVEY dosi r ed.
However , Wﬁed'hﬁI@bﬁVer%ﬁm%orﬁWMoa@%t@o%r%hﬁpl?%db’émrﬁ@ﬁﬁb of Figure 11

will show ich chem cal reactor tubes 12 are bei ng bl own” down, and the
f

data may KlosinhyRiMes tearer and closgtheslifferenppatbivays t trﬁfﬁdlﬁedrfgr titei ch t ubes
o, DTSR B0 oo B 1 e R L
reactor t olmsmglmetﬂm thraugh H&melalsunmn@mmway 72idudingahé bipw h@ﬁm tubes in a
cont 1 1m ¢ AREAHFB. 1O Lo 455 Yor EaB BeAexat 18 A "oMAl ¢ ¢ he wand 18 can
be conver hshsuneheAnsraRgdieht BBdcBRplish effective blowdown, then the
original configuration of the wand may be used, and the wand's central
20 processor 32 may simply provide for a delay in taking measurements, so that
the test gas is first used for blowdown and then for taking measurements.
in the blowdown mode of Figure 17, the control box 34 continues to
function, using the laser measurement device 27 and target 25 to determine
the chemical reactor tubes 12 that are being blown down and sending that
25  information to the remote computer 22
Figure 8A shows the gas flow arrangement for the blowdown mode of
Figure 17. In that arrangement, the inflation gas route is the same as in the
measurement mode. However, instead of the regular test gas route, the test
gas used for blowdown simply goes through a valve, and then through the
30 main manifold 64 to all the tubular members 52.
Figures 18-20 show a test stand 126 used to calibrate the wand 18 for
taking back pressure measurements. The stand 126 includes a frame
member 128, which is supported on base frame members 130 by means of
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measur enent node to the bl omdown node, with the configurations sho 10 2005
here, it takes tine to nmake the conversion. Therefore, it may be e‘?gg?fﬁlg
sinmply to provide two different types of wands-one for taking neasurenents
and one for blowdown. Alternatively, a valving arrangenent may be provided

to permt conyersiQn Jfromon de to the other sinply by opening and

cl ogi ng vafRf % ihgpé?"ﬁﬁﬂ C@ﬁgrgglof‘méb‘%ﬁﬂgﬁ%fn%‘&‘ﬂ Q4he ffafmear e used for

the 15 di frhemmet 1ggerations, preferably bypassing the flow control devices
66 and closing the flow through the nmeasurenent tubes 72 during the blow
down oper at i orAs ghownfin Figure didén theyfiamiel mamben 188 hasha suisstantiallyttg- nor nal

.1 ish e tive.bl.owdown, .t he he
orroinal CORPEH AR SR RE IR s A ek BroigeramuAE e thent r a 20
i ! [ A<t iAKI so that
Fhe-Tect gy S aueg e o 3 eyt ot hiwy Jmuicminte 20 !
In the bl gk&%whl%ﬂféntﬁ thei rggeesesy 137 fameghintoe frame Bendeent128ucEhe o

f tion, ' V| 27 and tar 25.t.0 determ ne
the cher SiEPPesBereaBl AR IRERIEE] oRBHnET R AiFroh el P2h67 SiiBong tnat 25
i nf or mat i dherndn tfioen teerehe, arahtheireshad?, iFtasperatidh oith\the Ehapdastid ow
arrangene own, node _of Figure 17. In that arrangenent, the

t for the b , . .
inflati on?@%e Fsipler {;é) Hesiiglethgl mevement relativg te tagir amﬁ)‘@emﬁﬁmﬂ\;gr ,
i nste ofj; et L owdown
ot 3 goaneffmioRaient ol e TRarh @ Mhemb il P28 MR RIaSBRAEBRE et P17 0a"
al | the t padestovasitbe endsd theicglibration 81120134 mndatheesttapst 183darg26 used to

' f Ki back . The stand 126
“hol udes - S RstE Bhedfigftound 3 B dies, PAT RS FRURBR R 15T e menber's 130
by nmeans efedi’ dodNsoLD aRd BBt Y2 GlitEthEIRits SENESRbN &R 'tﬁfogjghq{tqgéélbes 134

are mounted on the frame menber 128. As shown in FiguFe 18/ e frame
menber 1284448 the stiars 438; dihis/mounting peangedisst skews the posltiomof thées | i ps

T2onaby S e St ORI RIS Sadih fnd Pirld R R convccs
137 f or nebyisiidingethe stnaps idBdirreatiy @lorigithe fedrmepmdlitBan 6 Bbaialliy pice
assembl ed 0L thd B! 1205 BghEnen® Py 1 ding
The uprights 132 are secured to the frame members 128,130 in the
same manner that the calibration tubes 134 are mounted onto the frame
20 member 128, and the injector tubes 30 are secured onto the frame 50 of the
wand18 in the same manner as well. This permits adjustment of the positions
of the injector tubes 30 along the frame members, and it permits different
sizes of injector tubes 30 to be used on the same frame member 50. In this
manner, the wand 18 can be reconfigured for measuring different reactors,
25 having different tube diameters and different tube spacings.
Each of the calibration tubes 134 is closed at the bottom, except for a
precision orifice 136 (see Fig. 20), which imitates the effect of the packing in
the open-ended chemical reactor tubes 12. In order to calibrate the wand 18,
the injector tubes 30 are inserted into the calibration tubes 134, gas is sent
30  through the inflation path to seal the injector tubes 30 against the inside of the
calibration tubes 134, and then gas is sent through the test path, and a back
pressure reading is taken for each chemical reactor tube 12. The central
processor 32 then generates correction factors as needed for each injector

tube 30 in order to correct for any variations in the measurements, and these
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themin fromthe end, and their shape, in cooperation with the sh of 1
frame nenber 128, restricts their novenent relative to the frane arrielaﬁ%gguﬁtgﬁos
10 linear novenent along the frame nenber 128. A plastic end piece 138 is

pl aced over the end of the calibration tube 134, and the straps 133 are

cl anped toget her arqund the end pi ece 138 and calibration tube 134 by
nmeans of rﬁeé:%?ﬁsaéﬂff W@tlésesz% ‘f%“ﬁi@"@ﬁﬂsﬁgr §3@9553?§H§FH@3H hr ough hol es

144 1 n  NoioRRIbek>h htsadlbie MBadiicAN AESIRRE (ALIAMBdbE pRosi ti on of the

15 calibration tube 134 to be adjusted along the Ieng e frame
menber ' 128neasuremainthforhensinjegior (LB 30 toczndtherl ong the franme and then to

be fixed in pl e_t bolts 14Q .are tighten The uprights 132 are
secured to t he%ﬁ&érﬁ‘g %B%‘gﬁg afs é‘?é%&r'ﬁa'tﬁ?beﬂﬂwﬂ% M&nd; fé\ts Heg

cal i brati ahe infats ahdbunsits 16 4Rt $me Mo ifal Prac@sseP 3BWARh HAR and the

I njector tubes 30 are secured onto the frane 50 of the wandl 8 in the sane

manner as aWERAY beendaseried.s Tharaiistadinectsurent ppwer coonecticnftotthe i nj ect or
t ub 30 ' ) i ff t [ f
i ector LORLE! beaa f e WRRBYES wilHmdy PRITHOR MrfiiP bour AR “ranner

the wand Hataewdute P4 oo ffonyanethet powee gsurdenMeadirenitits tA@pty) the 25 having
di fferent tlfllgﬁl)gi anmet e{s angd dj fhferent t ube spacings. Each of 't he

calibrati & mayde frangmitedthegughha musians @hdantena B ondhepyand si on
orifigg 1 \ | | et 0 Lng in the
open- endeggctﬁgﬁnggﬁlt&}ngg@% E)hré,\‘tat?g@g wﬁrlaﬁﬁo&rﬂgrﬁ%%aggﬁ’ EF g{b& rﬁ%glﬁ)\?/and 18,

t he i nj ecti@ansmilted trgough anoihee meshs, as disdussedlealient iThe povwesarid34, gas is

t 30 t Enflati th,t | the inj t ub 0 i t
Shet i oo o HRLe2A RbisPhifEa® i e gBton diaplkt 225 ASIRENEM iSagh ¢ he
test pat hdagnehay Shaply bPERSSH IPtHeORand g 8izhdt iated WdiTlo SR o8 T fdte F €aCt Or

tube 12. The centraP processor 32 then generates correction factors as
needed foFOBREIET44-ector tube 30 in order to correct for any variations in

t he sur enen I‘Ib%%t ﬁuﬂ r i ctors are used
by t[\rgﬁcentral ucggggs%r hégacﬁ?é C éranhgélg%?tgg%tagcﬁ%dﬁﬁéég'aelz in a reactor
ar e neasubkavddwn orodieras shawrindBigtre ¢7t Mhesawastor@Re héir powenfoimj ect or
tube 30 tqQ another [ 2 are an electrical schematic of the

wand 18, - DA CORr D Hplor Ihaand AL nraUdhyS mewer cord 146 aaihen
processor ygige 18 Wwhichi®fns a gas path from the inlet 124 to the main manifold 64
is only opened after the seals 56 are inflated.

20 In a typical setting, the wand 18 (or several wands 18) would be
prepared with injector tubes 30,30A having the correct diameters and
spacings for the reactor to be measured. The configuration of the reactor,
including the locations of the chemical reactor tubes 12 would be loaded into
the wand central processor 32 and into the faptop computer 22. Then, the

25  wands 18, power and data module 24, laptop computer 22, and calibration or
test stand 126 would be transported to the site.

If blowdown is to be done first, then the wands 18 may be configured
for blowdown, or special blowdown wands may be used if needed. The
workers would then go along the plate 11, blowing down all the chemical

30 reactor tubes 12. The workers would take their wands 18 to the end of a row,
wpuld use the toggle switch 108 if needed to make sure the display 92 is
indicating the correct row, would insert the injector tubes 30 into the first group
of chemical reactor tubes 12 in the row, and would push the "first tube" button
104, to indicate that the first tube is being measured. Then, the worker wouid
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al ready been described. There is a direct current power connectlonzggu us‘?2005
control box 34 of the wand 18, which may cone fromthe renote power andg

data nodul e 24 or from anot her power source. Measurenents taken by the

wand 18 may be transrritted t hrough a nodem and antenna 37 on the wand 10 18

{ransni 1 T8 SIATE B Toke e Bavuie 250, JEife.sivictiod toiaoiboned, and
dat a mduluﬁdlaétuﬁ%mnhéwaeﬁmhas b@snb?cgaé?ﬂf ﬁQ@ﬁéﬂﬁg %?? JH;E qpatively, the

data may si e stored in the wand and | ater to the renote
conput er zgactpsttm%aﬂ% tbsn,swbmthm tardfdbtuticunaoe topusteds thevaentaale added for

t he bIo ure €,Co0 ol s ta Ihe r power
from the m§|@ %é%g%ﬁ?ﬁlg 0% r}?éd Mﬂ'Hﬁ Of H?%ﬁ%’ﬁ €146, and
t he val va|dei@svo tmsem@gamtm:n@afeibffth@rambhﬁcalrréaétoil%ésm2 h?hém' n

mani f ol d I S onléopened after the seals 56 are inflated. 20 In a

typi cal g?ﬁgﬂf would hnflewing thepughetherinjectes iakes1 39 caplinupusdy. @nesared wit h

i nj ector ngs, for the
onctor t A Et oy 6 BRI GALBES 12 HR TR Boflup M il ng  ne
| ocat i ons veguld neovehterthealext ganxpomf teumeswhatemeu hdmber inpaeiiddé®thd he wand
central proce sor 3 nd | thetlc?go uter 22. Then, the 25 wands

18, povver dp%e e LR érﬁt byo tubieg af dhe FewsPdhalor  t est
st and 1326 tHe Hs@r lﬁ‘?eégtﬁl'ﬂgﬁférvk%dﬁ eo&ig%ﬁbhgtlca#lg/rrﬂgﬁ Wﬂe'oﬁstéﬁcé’ﬁoﬂp he

first, then the wands 1 be configure own, or specil al
bl owdown @ #angels hbth@siétﬂatQSnﬁmddy ammenatlmﬂkeletermmhg whlehn go al ong the

| ate 11, m 3Q reactor t s 12. The_workers
Poul a t akSTEREEA AR s, 1 re By B dp i Tk chnira BeodessOf 301 e o t ch
108 if needrdd tmnﬁﬁiﬁ&hi%uhﬁarmbﬁoﬁleﬁﬁt@hlééﬂwtéth@ﬁb\ﬁéﬁéﬁ‘@dhfhemb%feem row,
woul d |ns§rt the i njector tubes 30 into t first group of chem cal

react or t ¢feteling it whictewapd, 1845 pelrsLvseds dhs timeeand datey andvdricibut t on 10|4,OI
19 b5atBeial b itel RS 121 Nang B THG0" TFe KRBIdR ' 110
switch 82W0$kere.phm§sesing thediacdt 18ig exipet:tddhe beeindthé8ebap ibfoanatiorper |y
ig;er ted O t e Cr?gﬁl‘g? gdlampru?earcé eftor the tle%{ anc? %erei%kgg r\}votl.xrlldeno’cS E]a%et button
i's pu
to be transmltted.) The power and data module 24 would, in turn, transmit this
information to the laptop computer 22, so the plant engineer could see in real
20  time on the computer screen the chemical reactor tubes 12 being blown
down. If the wand 18 does not have to be reconfigured for blow-down, then
the workers may perform the blow-down and the back-pressure measurement
in one step, inserting the wand 18 into a bank of reactor tubes 12, blowing
down the tubes, and then measuring the back pressure in the tubes before
25 moving on fo the next group of reactor tubes 12.
Before measurements are taken, the wands 18 would be configured for
taking measurements and would be calibrated at the test stand 126. Again,
each worker would take his wand 18 to the beginning of a row of chemical
reactor tubes 12 to be measured and would insert the injector tubes 30 into
30  the chemical reactor tubes 12. He would then use the row toggle switch 108
to make sure the correct row is showing on the display 92 and would then
pkess the "first tube" button 104. Then, he would push the "start" button 109.
If the switch 82 indicates that the injector tubes 30 are properly inserted into
the chemical reactor tubes 12, the central processor 32 would open the

20



processor 32 woul d open the sol enoid valve 42 for the tube seals, %\ %05
the 5 sl eeves 56 to seal against the inside of the chem cal reactor

12. The test gas would be flow ng through the injector tubes 30
continuously. Once the first group of chem cal reactor tubes 12 has been

| d f what
nunber 1 < Sl a2 Rt 155 SSals o e astertubehat: g s 1 nro i he
first twocenbappRicebs6r IPWosiRi bper th’eomhﬁﬁlé)@&ﬁ{re gh'é bﬁgnﬁé‘ﬁ g 27 could

automatical |y neasure the distance from the wand to the target 25,
t her eby adimgrgarodtting the peassiurg aghsari 7éhto maamreatherbaakmssmue@mme are

being bl o essor | d trans his information
el ec?r oni \gﬁ?%y@@e}ﬂ@bﬁg\/\g 8@%5[ gg‘["?f r’r’&ﬁﬁﬁ'@ bafj( PTEEPYIS rpp tt%l ch wand 18

i s bei g igedtor titeed 30rRas beef MSas ABE, Mbicihatlthe Gied ¢@|aﬁcﬁﬁ§ﬁ§}ﬁ|ﬂbﬁbes 12
are being bl own down. (The identification of the worker who is using the

wand 18 i §°§3&)B@W@Baﬂ@d§€a meduiee24et - up information that is input into the

Cranem tted. ) - Fise bRrsCabuf chaflic RS e tbRe 2 noen hibalfius « ni s
i nf or mat i memméramdamptm@uecmmetrmt @&)U;S(?thémtuﬁeaﬁh tieisgirnegentig) d see in

real 20 ti on .the copputer r_ee e chenical reactor tubes 12 being
bl own doﬁ'?rr% would dserkihe terded E?%Ffé\;'ébq o IBergafiesthe genkal f or bl ow down,

Lo 1 ne pYiGédsR6P 3wyl BB RAMEND eBb HUK MR chficap edRdranpes 32

measur ement 5 n one St ep. | nsar the wan into a F edct or
t ubes 12, ap bmnggneaawedt Wdihtthﬁeperaiouswﬂréy]pmsamgthngstmré kinﬂtoh 10%essure in

e LI0eS cHER S 2B ol ek b e 504 B B rhhiAl ghoEg 12, "
nmeasur emeghasingdhadnd tetockeihedrtamde M@ piasrs htzduetRentd3Mdn,  each

wor ker woul d take his wand 18 to the beginni ngzof a row of chem cal

react or t ifBEgMitihe dlaga foreachredeminal raacion tubes 82 to theepowecanddataubes 30 into
30 thes ChfBdid 21eHHRIWHEESorhs t4ianWbdtdbid BEfb tl'%eer@ﬁf g&wg&g)ﬂg swi tch

108 to e sure the correct row i S show ng woul d
then pr eput hhetehﬂh (losiastplhmctmtube@mlﬁw théhast tube befmédh@ubbtdchﬁor start”

but t 10 d t that the injector tubes 30 are
oroper1 . Tissast i a1t Pl e Aoveeand BianTarme e Some ohiecehiarmias!
pr ocessor iR diobes ARifal AAVCASRI ST ncaiRco! ool d valve 42 to inflate

the seals on the injector tubes hen
If the worker comes to a chemical reactor tube 12 that cannot readily

20 be reached by the whole wand 18, he may choose to use the umbilical wand
18A. This works in the same manner as the regular measurements, except
that the worker would use the switch 98 to put the wand 18 into the manual
mode and would use the toggle switches 106, 108 to be sure the correct tube
row and tube number are being indicated. Then he would press the "start"

25 switch 88 on the umbilical wand 18A, and, if the interlock switch 82A is
closed, indicating that the injector tube 30 is fully inserted into the chemical
reactor tube 12 to be tested, a measurement wilf be taken.

Adjustments for changed conditions
Since testing a reactor with as many as 30,000 chemical reactor tubes

30 12 can take a number of hours, even when using multiple wands 18 at the
same time, changes in ambient conditions and in gas supply conditions during
the test period can affect the pressure measurements. These changes may
be corrected for based on the gas law pv=nrT. Changes in the ambient
environment and in the gas supply that may be measured and adjusted for

21




central processor 32 would open the nultiplex valve 74, one chann:a# t a
time, permtting the pressure sensor 76 to neasure the back press Se,gugth()OS
the nmeasurenent tubes 72 one at a tine, until the back pressure for all

the 5 injector tubes 30 has been neasured, stored at the wand 18, and

transmtted to the power and data nodule 24. Once the first group of
chemical rREHHSTSYRRIEEAS serpperalwen serly gasPressyie. disFRaMeEas d move to the

next grou i i | ¢ d .1 he target
55 1 't o g Reratafl, etghetds prisSud) RAAGEIEh: tepJialthy, Aicdi3Heligl® 21
aut omat i cabagtok e 12 terkpefatuvie canges maybe ceasitdered aie sofr@ctedrfer bei ng
measured, wth the operator. sinply pressing the "start" button 109 each
time a gr &%egfoncﬁam?’@a?qqaéﬁ’@t :)%%s&bcg‘gs‘,ﬁge%c{]@ny%erﬂégg GB@BQeQ R&eby

causi ng t e measurkd dWirigike Je'%@eﬂb?ﬁﬁd‘ﬁéri@d‘,%% %?%Et%n@fiﬁ%{é EF@%% and

transmt the data for each chemi cal reactor tube 12 to the power and data
15 nodul e 'PeASUreMeRts Mayihe magdade assurgnthabthearsiselte reflast arstaratatdof a row, he

will put Al injectar 4 ube 30.into.the last tub efore
t he obst agp ga%'bﬁr&f%éé%é'sf%?%h#eérgtu% ﬁlgdé&?&v 3 'Q‘*F?éf?’rc&\kﬁ?fagﬁﬁr W tB@&’r@asur e
some of t jpeesheairesllts corfalitertotind etantard Bahdition estiblicRey wHpeshRpuUr ed. | f
the worker conmes to, a chem cal reactor tube 12 that cannot readily 20 be

reached byegRB- 8 Jmasrecalpatiant possiderationdtestieg mustbecal wand  18A-

Thi s I K $nik JR8 f%’g cgpht_ that the
wor keg\@mmtgﬁﬂgtﬁtﬁgg@w tclﬁ%%ﬁ{tggi ;Q)ﬁte I e%rf?@‘%ﬁ%%%%thﬁénﬁgﬁce node and
woul d usethese parggietesgercialy dfdngelSlswlyoover time ehepean dermebsirede  row and
t ube nunber.,, are belcpa&l ndi Catﬁg'ﬁ Then he woul d press " 25 switch

H | ;tﬁre_ "s%art )
88 on t he MifiTaaNcaIId ey UssOf g yvand: o atsheqified|Rliods Auripg the testing ¢l osed,
i ndi cat i ngréded. THsethess@eniaiie caf bbb bM_c{r[&:?ﬁQb%ﬂd"i@XQBe chem cal

reactor tube 12 to be tested, a nmeasurenment Wll t aken. Jjustnents for
changed c8RBlied hihegamtpressadis Mgaguiesaits or gtared i theamenesy 801@00 cheni cal

reactpr WaRR 190, dPSHbe SRR e Mg, Cver, Von Using ul tipl e

wands 18 at” the “sane tine, nditions and in gas supply

condi ti ons dur Thg erhiveditnests gesdribddesoveldradnichtiad RIrBSIy WsteBRASILE SFEN S.
These changs mai_/le be corrected for based on the gas | awdg\\hllzan. Changes in

the anbi eAFVICERH{ SAREREs imaceordanee with the peesentiaentigp. dewilkssur ed and
adj ust ed ppviogd to those skilled in the art that a wide variety of modifications may be

made to the embodiments described above without departing from the scope
20  of the present invention.
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25 August 2005 include: supply gas tenperature, supply gas pressur

di schgrge gas tenperature, barometric pressure, and anbient terrpefsaf‘ﬂg'és.tzoos
Al so, chemical reactor tube 12 tenperature changes nay be consi dered and
corrected for based on Darcy's equation. These pressure and tenperature
changes 5 be nmeasured during the vessel testing period, and corrections
to tge pmgﬁ?’é claigedytenents may be made to assure that the results
reflect a standard condition of pressure, tenperature and flow as
initially calibrated, such that all pressure results correlate to the
standard condition established when testing began. This is an especially

i nportant consi,deratjiqgn.if _testing. nust be 10 interrupte or an unrel ated
pl ant energencyor fobaeY'ﬁ%lf%rrfEﬁ?s ﬁ%‘l’k. PIGSREE N GRESe pagraical general |y
changess| eabotoPiBest toMpritingy can be nmeasured with each and every use of
the wand or at specified periods during the testing process. These

measur ement s can be ansaed bady haging upperwaddower ands; applied to the raw

pressure neasurenent rystored in the memgry of the 15 wand 18 or of the
host conputer 22 foﬁﬁ?%}déénb%qﬁgpg.saﬁyagﬁy&gymnts descri bed above are

intended sinply as exsloplliesofihjecttRMuBES nisitte®bip@snt Shidfewsdanse W th the
present invention. It will be obvious to those skilled in the art that a

wi de variety of nodPf9asiniedes sed waad had¥e to t he enbodi nents descri bed

above;mi t hout depart f i ion. 22 25
August1 WZOOS What istactggtl %ﬁ%@%ﬁa%ﬁﬂg%%@&f%?&@g&sﬁg?rﬂ%dgg@{%r essure in
open- endeéhahinting adflow boniealcievicd intszdd testgasipating: a wand body havi ng upper
and |l ower ends; a hapdle mounted on said wand bodg;_ a&lfquaality of

i nj ector tubes nnun?g&aég})%é’ﬁ?ssé‘é?aepwoﬁﬂﬁd o, Sgjd v ¢d¥%@ngai d wand

pody: 10 a test gasablat bhememifeBht bathStorhWrRifiaRPirfootd) fBEQt ! UDES,

including a flow control device in sald test gas pat east one

pressure SaMJUESHYERANSOD fordacaswmethediick paasisuratin saigseneineatemsur enent
path {f OMh X \nmerélﬂi s%lﬂi Wa‘la‘n(atboordyt, ggﬁshatn%le, and said injector tubes are rigidly
mounted together to form a single unit which is sufficiently rigid that said
plurality of injector tubes can be inserted simultaneously into their respective
reactor tubes by moving said handle.

20 2. A device as recited in claim 1, and further comprising inflatable
seals on said injector tubes and inflation gas paths from said gas inlet to said
inflatable seals.

3. A device as recited in claim 1, wherein said flow control device
25 s a precision orifice.

4, A device as recited in claim 1, and further comprising means for
associating measurements taken by said pressure sensor with the specific
tubes for which the measurements are taken, and means for electronically

30  storing that associated data on the wand.

5. A device as recited in claim 1, and further comprising a frame
portion on said wand body, said frame portion having a bottom surface,
wherein said plurality of injector tubes is mounted on said frame portion, with
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sai d pressure sensor for neasuring the back pressure in said one injector
15 tube; wherein said wand body, said handle, and said injector tﬁ%fg"ﬁwz“"s
rigidly nounted together to forma single unit which is sufficiently rigid
that said plurality of injector tubes can be inserted sinmultaneously into

their respectjve r%g’ct or tubes by noving said handle. 20 2. A device as
reci ted i $3q KYSRtr tupgry Proleciieg dewnpirrdly Mg fridhailane sudagg:anth sai d

i nj ector i t 4 om i Lhlet to said
|t at abl Ao Stipfilhl 3 hidtEoRRlceon SaR it 80Reb 7 L sard 1 ow
control device 25 is a precision orifice. 4. A device as recited in claim

1, and further conprj neans,, f ssgci aé' ng neasurenents taken by said

pressure senso 'V\/itlr‘f\a%ﬁggﬁéc,rfa?iit 'r”t‘ilg'é% f3f @Wrﬁé&%@ﬁﬁﬁts are
taken,san@araem&téptrub@b%ld\@mecsb&mn%%r@t:@rdgagiott e ated data on the

wand. 5. A device as recited in claim1, an urther "conprising a frane
portion on said wand body, said franme portion having a bottom surface,

wherein said pluralify_ of injector.tuybes,is upted on said frame portion,
with 23 25 Augdst 2 ée‘é"é?&sirﬁf'i%‘{ Brcﬂ?'ﬂbésa#gjrgﬁricﬁﬁ‘%m’?dl y from said
bot t om suiaisikcal @pghd oyt ih@rud@gjmﬁ uRibiaRh hangla Y AP URitAIfkaPihjS@bed bottom
surface. 6. A device as recited in claim5, and further conprising seals on

5 said i nfiéRa @ndaPexbletubs aonacpting saiddumbilieal Viﬁndshﬁféb’m%ﬁid\'fﬂnd: on. g A
oty Tr Bo8Y sole tiicl e B o4t Hiee I6ATRAGRIRY e WERH GG, NG &

fl exi ble tube connecting said unbilical wand body to said wand 10 body so

t he unbi l'i cal nd Qody .cap nove independently of the wand body. 15 20 8. A
device for nea uring‘%‘%‘(fﬁe rdeegsin qu‘eﬁ’{géﬁ%/‘@d“%ﬁr ed ¢hatpical t ubes,

conpri si ngeadoMiibdsbestiphsivgng upper and |ower ends; a handle nounted on
sai d wand body; a plur aPl ty of injector tubes nounted adjacent said | ower
end:; a wand body having upper and lower ends;
15 a handle mounted on said wand body;
' a plurality of injector tubes mounted adjacent said lower end;
a gas inlet on said wand body;
a test gas path from said gas inlet through said injector tubes,
including a flow control device in said test gas path;
20 at least one pressure sensor mounted on said wand body; and
at least one measurement path from one of said injector tubes to
said pressure sensor for measuring the back pressure in said one injector
tube,
wherein said pressure sensor is a digital pressure sensor; and
25  further comprising:
a multiplexing valve in gas communication with said
digital pressure sensor; and
a plurality of measurement gas paths from said injector
tubes to said multiplexing valve.
30
9. A device as recited in claim 8, and further comprising:
means for transmitting the pressure measurement for a specific
chemical reactor tube electronically from said pressure sensor to a remote
location.
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a gas inlet on said wand body; a test gas path from said gas |nlet2§ sQBOOS
said injector tubes, including a flow control device in said test gas
path; at |east one pressure sensor nounted on said wand body; and at |east
one measurement path fromone of said injector tubes to said pressure
sensor for measuring the back pressure in said one injector tube, wherein
said pressure sensor is a digital pressure sensor; and 25 further
conprising: a myti r;ieémega\e,%&ﬁed;haaﬁn@oana s fidifg:sal d_ digital
pressure sensor; and a pluralit neasufene gas p romsaid _

I njector tubes to s“aemsr{drtremlengrlge\paemre&@ee&‘urémdﬂtsaieamnd&lecl ted in
claim 8, d.further conprising: neans for transmtting the pressure
neasureneﬁ$5¥gw Qngpecific chem cal reactor tube electronically fromsaid

pressuge sensor to %Ilépﬂﬁ?h%adsoﬁﬁédrﬁﬁ}unﬁﬂatl%ﬁ vitHOsLHY r@@&ﬁné%e&sd‘?éﬂ ce as

recited in claim9, and further conprising means for erving t
pressure @%@Jﬁ@%@ﬁ@'aﬂtngalheémlé df thextuhes, anghitheprassyeaataimaresl in

comuni Cattlbﬁé]a Lgbgﬁmf‘?ﬁ%&“g}ﬁ' ng nmeans, for graphically displaying the
e Tubés

| ayout of éssure dataln real time as it is being
measured. 11. A device for neasuring back pressure in open-ended chem cal

10 reactor tubes, conprising: a wand body having upper and | ower ends; a
handl e mount ed 1dn s& ae\om@ruawsurawpaﬁ@preﬁw@lmqqe@cemﬁedmmncabunt ed )
adj acept gas inlet on said wand body; 15 a test gas pat
from ggl d%%cgo* ’tﬁ%gug@gsal d injector tubes, including a flow control

devi ce in said test agsangbotly having upper and lower ends;
a handle mounted on said wand body;
a plurality of injector tubes mounted adjacent said lower end;
a gas inlet on said wand body;
15 a test gas path from said gas inlet through said injector tubes,
including a flow control device in said test gas path;
at least one pressure sensor mounted on said wand body;
at least one measurement path from one of said injector tubes to
said pressure sensor for measuring the back pressure in said one injector
20 tube;
inflatable seals on said injector tubes;
inflation gas paths from said gas inlet to said inflatable seals;
and
an interlock switch which prevents the inflatable seals from
25  being inflated unless said injector tubes are properly inserted into their
respective chemical reactor tubes.

12.  Adevice as recited in claim 11, and further comprising a
multiplexing valve in gas communication with said pressure sensor.
30
13. A device for measuring back pressure in open-ended chemical
reactor tubes, comprising:
a wand body having upper and lower ends;
a handle mounted on said wand body;
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at | east one pressure sensor nounted on said wand body; at |east OibeAugustzoos
nmeasurenment path fromone of said injector tubes to said pressure sen3or
for neasuring the back pressure in said one injector 20 tube; inflatable
seals on said injector tubes; inflation gas paths fromsaid gas inlet to

said inflatable seals;, and ap. interl ock switch which prevents the
inflatabl e seals f rM'U?gﬁsbef]%eqtﬁ?ﬁt#g%m%mt%@§dh9é>ieat paiddewsr eadbes are

properly inserted inf@ad Mo €58 Hd’l?% em cal reactor tubes. 12. A
device as recited in Claim11l, an urther conprising a nultiplexing valve

in gas communi cati o i@t pas path fporassaid gas énlsthro®fh 48d idjedey itulsed, or
nmeasuri ng. ressure jin en-ended. chem cal, reactor tubes, conprising:
a wand boﬂg&ﬁtﬁvgﬁg %ﬁgp{raincge[)w%s.aé& ) qaﬁ_%lﬁ’dl e mounted on said wand
body; 25 25 August 2Z{{nshofiePrésdlrbisensbr mdLAEPSN tséiiﬁ%ar’i@HB&f,d adj acent
said lower end; a gas inlet on said wand body; a test gas path from said

gas inlet through sé&tipdashpeetreeasuis@ent paticreniang of sdidnjedar iublesdevi ce in
id test X t ed .sai d d body;
ot Veact SARRRRElre incof M mERRuRIERR o aRESie B Pl St et oo 0o

pressure $dmgor for neasuring the back pressure in said one injector tube;
seals on said injector, tubes; and 10 a | aser neasuring nmeans on said wand
body for automati caSf@ls efesidinggtor ibess@nti on of said wand relative to a

reflegying surface. alléseﬁngﬁé’l]ilr\?}@ Beaht Oni &id Wand l?dd(?f@)?’ayﬁiﬁg%tfcgﬁl her

conprising a multiplexing va I n gas conmuni cati on w ressure
sensor. 1Beasuring the position of said wand relative to a reflecting surface.

14. A device as recited in claim 13, and further comprising a
multiplexing valve in gas communication with said pressure sensor.
15
15. A device as recited in claim 13, and further comprising inflatable
seals on said injector tubes.

16.  Adevice as recited in claim 15, and further comprising means
20  for transmitting the pressure measurement for a specific chemical reactor tube
electronically from said pressure sensor to a remote location.

17. A device as recited in claim 16, and further comprising means
for receiving the pressure measurements at a remote location; and
25 display means, in communication with said receiving means, for
graphically displaying the layout of the tubes and the pressure data in real
time as it is being measured.

18. A device for measuring back pressure in open-ended chemical
30  reactor tubes, comprising:
a wand body having upper and lower ends;
a handle mounted on said wand body;
a plurality of injector tubes mounted adjacent said lower end:
a gas inlet on said wand body;
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15. A device as recited in claim13, and further conprising inflatable

seals on said injector tubes. 16. A device as recited in claim 15,?§ﬁ8g“5t2005
further conprising neans 20 for transmitting the pressure neasurenent for

a specific chem cal reactor tube electronically fromsaid pressure sensor

to a renote |ocation. 1£. Ad vjfce as. recited in claim16, and further

conpri si ng neans f &t 168 9@?‘\5’?&@ romesd gag dnlet theauah eaig iniectar tubesnot e

| ocati on; jgdlddidg £HSR! [ ' i+gn Wi th sai d receiving nmeans,
for graphicall éé;f@gfg?i"gga?ﬁ%e fgiﬁgggﬁgﬁétﬁhbes and the pressure data
inreal tinme as it dtdedsiiong digital preskure Sensoimounted an sadasand bgdjpack

pressure in open-ended chem.cal , 30 reactor_ tube C risi,ng., a wand body
havi ng upper and Io% U@WE@E'”Q é{all‘fgﬁ'alg@sngﬁlceﬁé%yﬁgpﬁﬁﬁe'gﬁ%y; a
pl ural gty ppésdurkeehgor;t ubes nounted adj acent said |ower end; a gas inlet

on said wand body; 26 25 August 2005 a test gas path fromsaid gas inlet
t hrough sai d i nj ect & PlradY of measHigment gastpashs dom said injectardulbes toai d t est

gas path; i g sur.e r unt ed sai d. wand body;
a multipl es%;dn@%\f/lg#%@%Hgfggsé@o?ﬁéﬁ%ca S %%%\%ﬁ%m@i%%ﬁadﬁ?w 536 essur e
sensor; anplitiplekingyvabie teessid digienbramsir@ sbhsorffopmeagufing thiephek tubes to

said nmultiplexing valve and at |east one neasurenent gas path fromsaid
mul ti pl exiPReESHEe e seig '%P@rd%%al pressure sensor for nmeasuring the back

pressyhe in said inj s | 4L ssure
rreasulrllgrrent for a s;')‘iﬁﬁ@w%ﬁ'gm'%ﬁ? ﬁ%gcﬁetsfgg% %%Qéfge&é%'#tg%[ %:'%%Fgfﬁ rom said
pressure sbhagdtalreactor tubst electraniaalioinomssaid présssies semsoytoiavgmatans on sai d
wand body %(‘)#I ,uéomat ically measuring the position of said wand rel ative
to a refléq RE’ 'ﬂﬁ’face. 15 19. A device for neasuring back pressure in

open-ended cheni cal ajaser measuring means on said wand body for automatically
measuring the position of said wand relative to a reflecting surface.

15
19. A device for measuring back pressure in open-ended chemical
reactor tubes, comprising:
a wand body having upper and lower ends;
a handle mounted on said wand body;
20 a plurality of injector tubes mounted adjacent said lower end;
a gas inlet on said wand body;
a test gas path from said gas inlet through said injector tubes,
including a flow control device in said test gas path;
at least one pressure sensor mounted on said wand body;

25 at least one measurement path from one of said injector tubes to
said pressure sensor for measuring the back pressure in said one injector
tube; and

slidable mounting means, by which said injector tubes are
mounted on said wand body.

30

20. A device for measuring back pressure in open-ended chemical
reactor tubes, comprising:
a wand body having upper and lower ends;
a handle mounted on said wand body;
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reactor tubes, conprising: a wand body having upper and | ower ends,
handl e nount ed onm;ai d vvgnd body; 20 a plurality of injector tube:zsn%ﬁ%‘tlsé&ms
adj acent said |ower end; a gas inlet on said wand body; a test gas path
fromsaid gas inlet through said injector tubes, including a flow control
device in said test gas path; at |east one pressure sensor nounted on said
wand body:; 25 at | easRIUEEY atiniasterithes paunted adiasent saiddewer endliect or t ubes

to said pressure s i or &4 II"EIQ: back pressure in said one
i njector tube; and s %}I'{Qﬁo eo rmuglwdng rrée ns, by which said injector tubes

are nounted on sai dateahglamdmfrcaﬁsawgésdﬂaﬁtheodg)fsaiﬁaﬁigcugmgﬁ?;k_ pressure
I n open-ended, chenj cal eact or tube conprising: a wan ody havi ng upper
and | ower IREENG a;?]%ﬁepédr%}’r'ﬁee@ ﬁi’dgi"‘aﬁt(ﬂlmhrbody; 27 25 August 2005 5 a

pluralsty of i ni ect g 1ddsPefe FREL e sBAEGCRBUNRY 6h baiRla Rl ogya gas i nl et

on said wand body; a test gas pat romsaid gas inlet througn said
i njector tubes, i nekiadshgne ni¢asurement pathdeorname of sd thjeetst tupaes tpat h;  at

reasur e AEKREHSIE RS [TIEa U Saiask FTGBd S SELORE MHeRSTr e sensor

for nmeasugipy dnle back pressure in said one injector tube; and interlock
means to prevent high pressure ggs fromreaching said 10 pressure sensor.
21. A device for uséigflogk meapsde prexsed high presheia gas fremareaching saidpr i si ng:

at Ieﬁt Bp&s%é)ggng&;ed to fit into a chem cal reactor tube;

21. A device for use with reactor tubes in a chemical reactor,
comprising:
at least one probe sized to fit into a chemical reactor tube;

15 an automatic measuring device fixed relative to said probe for
automatically measuring the distance to a fixed reference point within the
chemical reactor; and

means for automatically identifying the reactor tube in which
said probe is inserted based on the distance measured by said automatic

20  measuring device.

22. A device for use with reactor tubes in a chemical reactor as

recited in claim 21, wherein said automatic measuring device includes a laser.

25 23. A device for use with reactor tubes in a chemical reactor as
recited in claim 22, and further comprising a target including at least one leg

sized to fit into one of said chemical reactor tubes.

24. A device for use with reactor tubes in a chemical reactor as
30 recited in claim 22, and further comprising:
means for automatically electronically storing data identifying the
reactor tube in which said probe is inserted.
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15 an automatic neasuring device fixed relative to said probe for 005
automatically neasuring the distance to a fixed reference point V\A'%%\Hg't'sﬁg
chemi cal reactor; and nmeans for automatically identifying the reactor tube

in which said probe is inserted based on the distance neasured by said
automatic 20 neasuring device. 22. A device for use with reactor tubes in

a chemical reac®r dA5deyigeifeidese withreastpptubestin pghemigalreaatosmst i c

measuri ng FgaKéCFﬁl él?ﬁ ygle, &‘fdrﬂfe?rco isﬁr’q- A device for use with reactor
, Isiny:

tubes in a chemcal reactor as reci n claim22, and further conprising
a target including anedresfor tansmittigg tisé dath idenfifying theaeaster aibesti 4 cheni cal
reactor tubes ﬁ{l& (A device for use wth reactor tubes in a chem cal
reactor afeM9fe lAC@fiPRd in claim 22, and further conprising: means for
automagically electronically storing data identifying the reactor tube in
which said probe is inserted. 28 25 August 2005 25. A device for use with
reactor tubes i26.a dhéevicaforusscwith reactor bt dul aiachentiealmeddtor asd furt her

conpri sing; .. ns. for transpmtting the. data identifying the reactor tube to
a renot eg?(a{céeéﬁpo%"_" _%@“"_Z%@\?FE@"P&'P"ESGJ with reactor tubes in a chenical
reactor as recitednigary fr gra?;ﬁniga@wctjiéméyihg thé ‘iHBHtiF;Fb%id Rl Or

graphically displaying the identity of said identified reactor tube at

sai d r ennfeagtec saidremotedogationse for use with reactor tubes in a
chem ¢gl reactor as recited in claim26, wherein said neans for
graphically displaying includes neans for displaying the identity of said
identified rea@For Wuddevied foraise withredastod 1ob8es irpa chbaiiédlyeadtbeast he di stance
neasur enent i{qsq taken n operator at fIhe 15 renote | ocation can watch the

progress &FCH N $RIMc£P. gengre fhigraeans iopgerphieallydispiayingdeelddes ube to
222;{?;' V‘mé;zlcﬁt%of?hg?bﬁa%ﬁffhe identit) AUiCRehffied R YAritlos GREAR rehitigS 1N 2
location shortly after the distance measurement is taken so an operator at the
15 remote location can watch the progress of the device as its probe is moved

from one reactor tube to another within the reactor.

28. A device for use with reactor tubes in a chemical reactor as
recited in claim 21, wherein said probe is a tubular member having an outer
20  surface and an inner surface, said inner surface defining an internal fluid path;

said device further comprising:
a fluid inlet in fluid communication with said internal fluid path.

29. A device for use with reactor tubes in a chemical reactor as
25 recited in claim 28, and further comprising:

a plurality of injector tubes fixed relative to each other and to
said tubular member, said injector tubes being spaced apart and sized to fit
into respective reactor tubes, each of said injector tubes also defining an
internal fluid path in fluid communication with said fluid inlet; and

30 means for automatically identifying the reactor tubes which
receive said injector tubes based on the distance measured by said automatic
measuring device.
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recited in claim2l, wherein said probe is a tubular nenber having%in ou%ghos
20 surface and an inner surface, said inner surface defining an in é §
fluid path; said device further conprising: a fluid inlet in fluid

comuni cation with said internal fluid path. 29. A device for use with
reactor tubes igya q& | cal reactﬁh recited in claim28, and further

2 ]
conprising: a ptiral MCEVEE TPhHEE fgaﬁ@é?@%a 3 ehemicabrassteras ot her and

to said trebitbdin oRIMSB, afdifghhdd RMhPHisihgibes being spaced apart and sized
to fit into respective reactor tubes, each of said injector tubes al so

defining an internad tularelasticsipave mauntesbavensaidouter surface sdisdid | ui d

inlet; an ' ' ti ing. the reactor tubes which

recei ve Sg(PgQIianj eci%‘%ei’sa@éés[g%@é%%gg%%?kgsg?oﬁéﬁ'c REL£0d a0 iPve] ¢

aut omati c entescaled agaitet said. owldér AnfaAOesdePRAPsSAed Apdey beRvédd saige W th
reactor as recited in cPai m 28, and further

react or tul?es. i§r] a che&i ca _

conpri si nFa8lG $IegYRAnd said p\teE puldace; @idnt ed over said outer surface of
said tubular nmenber ' 4 ' r, end and a

| ower 5 end seal ed eflgna?'ﬂé?ofg'ﬁ%t'gmuﬁ S%ﬁlja@é[ét[bg' @@ ?ﬂ@r}g}@ﬁﬁ?tﬁﬁpace

bet ween sd#&xtendingntdp sakl sealed apdcs Grdnfiatingr said efastie;slauvé inpriaf foat | on t ube
in fluid %(éignumcatilon W r} said fl ui[c;?] inlét and extending into said

seal ed sp&C8YIbt° ¥5i Iagﬁ'i"}?é)'&i?ﬁpeéﬁ'é(g emigdGaCioRtWieder to allowit to
seal against its respective chem cal reactor tube. 10 31. A device for use

with reactor tubes in a chemcal reactor as recited in claim30, and
further conpri Silng: Aadgyige fon use with regaier tibes whachieimieal reattariage t o each

ot her and | G I r id injector tubes being spaced apart
and si zed r%@teﬁeif\ &TE‘F?%%{%% FPW}%&'&N or tubes, each of said injector
tubes including a taplleiitetfisidctortlbey AxEd velatvd RPSActPOMer M8t eNds seal ed
agai nst tggﬁwbﬁ%ﬁqecti e injector tube to define a seal ed space between

the injec ARMPRE sal wirrdortihes being sRacesrrraibend gizeddefity i nto the
respegsi vents eabssbivRasscibP fubdsnEhak bf‘gaia%jgc@r?éﬁéé:inﬁlu%\/gea tubular

elastic sleeve having upper and lower ends sealed against their respective
injector tube to define a sealed space between the injector tube and the
_sleeve and an inflation tube extending into the respective sealed space for
inflating said elastic sieeve.
20
32. A device for use with reactor tubes in a chemical reactor as
recited in claim 30, wherein said outer surface of said tubular member defines
a recess, and a portion of said inflation tube is received in said recess and
extends along said outer surface.
25
33.  Adevice for use with reactor tubes in a chemical reactor as
recited in claim 30, and further comprising:
at least one constant flow device in fluid communication with
said internal fluid path; and
30 a pressure sensor in fluid communication with said internal fluid
path.

34.  Adevice for use with reactor tubes in a chemical reactor as
recited in claim 33, wherein said constant flow device is a precision orifice.
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20 25 30 32. A device for use with reactor tubes in a chem cal reaﬁ)‘gr 88 2005
recited in claim30, wherein said outer surface of said tubular He
defines a recess, and a portion of said inflation tube is received in said
recess and extends along said outer surface. 33. A device for use with
reactor tubes in a chemcal reactor as recited in claim30, and further
conprising: at |east one constant flow device in fluid communication with

sai d internal f3dsui dppaémcemqm%cgﬁgﬂgw BoRfpIRRIG: -in fluid communication with
said internal fluid path. 34. ‘A deVice for "use vvlth reactor tubes in a

chemical reactor asafiddinietdd in claim 33, wherein said const ant flow device

is a precision orifi 2 ust 35, A device ecting fluid,
conprising: a flui &?f‘?ﬂsggf‘ezk'@@gégle"ﬁ?ﬁéﬁﬁ){m 3'? 9 fgﬁﬁ\ﬂ 'bn out er
surfacg anthersurface &4l oviter AfRiceSHfi é?écéi#ﬁrﬁf@aﬂ?ﬁr‘téf@lﬁfa%er ecess and
said inner, surface defining an internal fluid path; a tubular elastic

sl eeve nofRfiRiggANinteraptflyidioath;sur f ace of said tubul ar nenber, said

el astic sl eeve havi S |ns t he, out,er
surface of said tubt%%glrml%?n{)a%?ig Sé)é)e\é\%fmﬁgﬁ%d oq%lrgg'd @%% '(%a%ee?t/\féaéﬂ sai d
el astic shedmlar mechtenj shid elasticuledvacieavifig spper and lovasr areishrialed and an
inflation tupe {ecel ved in satd recess and extending along said outer

surface oPJ3ESHINE PHteRsuracs et said dubwar meaab%'atpaie@emaesﬁ%%éea% i nsi de
sald peal BANRATSaid Wdlicl el LA sHNGHBPL (addlof ik LA MBARE) on with 15

said fluid inlet for inflating sai stic eeve evice for
i nj ecti ngaMfiuid as recited in claim35, wherein the depth of said recess

Iy th he_t hi ck f the ipflati tube that i
[ying in said rocesen EERIrbEdenTked HEHd Sonesioand sxBpuane” |

said outer surface of said tubular member from outside said sealed space to
inside said sealed space, said infiation tube being in fluid communication with
15  said fluid inlet for inflating said elastic sleeve.

36. A device for injecting fluid as recited in claim 35, wherein the
depth of said recess is substantially the same as the thickness of the inflation
tube that is lying in said recess in order to provide a substantially smooth

20  surface against which one of the upper and lower ends of said elastic sleeve
seals.

37. A device for injecting fluid as recited in claim 35, wherein said
internal fluid path is also in fluid communication with said fluid inlet,
25
38. A device for injecting fluid as recited in claim 35, and further
comprising:
a plurality of injector tubes fixed relative to each other and to
said tubular member, each of said injector tubes including a tubular elastic
30 sleeve and an inflation tube for inflating its respective elastic sleeve.

39.  Adevice for injecting fluid as recited in claim 38, and further
comprising:

31




20 surface agai nst which one of the upper and | ower ends of said eﬁgtic 2005
sleeve seals. 37. A device for injecting fluid as recited in cl ai 388ust
wherein said internal fluid path is also in fluid comrunication with said
fluid inlet. 25 38. A device for injecting fluid as recited in claim 35,

and further conprisin rality of injector tubes fixed relative to

X I
each other and to saa‘f"a”@lﬁﬁay VIRS§RRET RWSF eads.dvheredn s3jd injgstos

i ncl udi ng tabds Bk MouhtePadjScertQald &ved cHed an inflation tube for inflating
its respective elastic sleeve. 39. A device for injecting fluid as recited

in claim38, and further conprising: 31 25 August 2005 a wand body havi ng

upper and | ower,~end wher ei n_sai.d i,njector . tubes.are nouynt adj acent
said | ower end*%o0. %ﬁd%\g% i%l’ Ipieting futd, a5, fraiteginy C%émr:gciapgguﬁﬁercl ai m 35,
and fust heomgrisrigjipri sing: at |east one constant flow device in fluid

communi cation with said internal fluid path; and a pressure sensor in
flui d comuni cat i onahiaast eapgonstant Aaw devigedinglitich compunicatiorawith ce f or

i njecting i i .0 claim40, wherein said at |east one constant
f1 ow devi ?élqj'??eéﬁ%'ri‘@{ié’%ﬁ A {1 ce 42 A device for injecting fluid as

recited in clai m35a medsdrersemesor inlfiuid @@pirhehiogtiormwith satd Indsrisabfdiich whi ch

prevents sa'%d el astic sleeve frombeing inflated until said tubular nenber
is properpﬁ‘h-nserted into a receptacle. 43. A device for injecting fluid as
recitegl in claim38, and further 20 conprising-, an interlock swtch which
prevents said elastic sleeves from being inflated until said injector

t ubes and sai d4fubuPadeviesferinjectngfloidead recited sreclagd 40nvhersinepichal es.

least one constant flow device is a precision orifice.

42. A device for injecting fluid as recited in claim 35, and further
15  comprising:
an interlock switch which prevents said elastic sleeve from being
inflated until said tubular member is properly inserted into a receptacle.

43. A device for injecting fluid as recited in claim 38, and further
20 comprising:
an interlock switch which prevents said elastic sieeves from
being inflated until said injector tubes and said tubular member are properly
inserted into receptacles.

25 44. A device for injecting fluid as recited in claim 40, and further
comprising:
means for automatically electronically storing pressure
measurements from said pressure sensor.

30 45. A device for injecting fluid as recited in claim 44, and further
comprising:
means for transmitting said electronically stored pressure

measurements from said pressure sensor to a remote location; and
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25 44. A device for injecting fluid as recited in claim40, and fl’%stﬂer £ 2005
conprising: neans for automatically electronically storing pressur ugus
measurenents from said pressure sensor. 30 45. A device for injecting fluid
as recited in claim44, and further conprising: means for transmtting

said electronically storePI pressure _neasurenents from said pressure sensor
to a remote |ocati ofNEANRTOESSRVIRG $aid PrESSEreHREASUrRHEnts @ saidvgmeled
pressure nEasgiphenents at said renmote |ocation. 46. A device for injecting
fluid as recited in claim45, and further 5 conprising: display nmeans for

di splaying said electronically stored pressure neasurenents at said renote

| ocation. 47. device for_ injecting fluid gs recjted jn claim46, wherein
said 10 displa 'mafh(ée‘f’ge &rdbﬁicﬁ%ﬂ’ ﬂ!al%*‘%\’%ﬁ?ﬁ&% C!i’"ﬁl”lﬁ' é‘l“fjtfyrtg%’r pressure
neasur gnerbfmperRei ated with a plurality of locations. 48. A nethod for

wor king on reactor tubes in a chemical reactor, conprising the steps of:
15 establ i shing a r éisplanawapsifor displaytng sdid elastioninally stored préssura pr obe

into one t f. : utematically measuring the distance
bet ween a%%%é&&e@%@ésﬂs&@%@gtet@c t(ri%n'pr obe and the reference point; and
automatically identifying the reactor tube in which said probe is 20

i nserted based on the neasured di stance. 25 30 49. A nmethod for working on
reactor tubes ff-a éndavieaforduigsting fiuid as weited in rlairo 48, mhessingsid ei n t he

LD 96 SO Al CRAMEIRR P By 5 B b leReh e
react or asssodaiededlith a pllrality ef8ocativeisei n sai d probe is an injector tube,
and further
48. A method for working on reactor tubes in a chemical reactor,
comprising the steps of:
15 “establishing a reference point inside the reactor;
inserting a probe into one of the reactor tubes;
automatically measuring the distance between a point fixed
relative to the probe and the reference point; and
automatically identifying the reactor tube in which said probe is
20 inserted based on the measured distance.

49. A method for working on reactor tubes in a chemical reactor as
recited in claim 48, wherein the step of automatically measuring the distance
is performed by a laser measurement device.

25
50. A method for working on reactor tubes in a chemical reactor as
recited in claim 48, wherein said probe is an injector tube, and further
comprising the steps of:
sealing between said injector tube and said reactor tube; and
30 injecting fluid through said injector tube into said reactor tube.

51. A method for working on reactor tubes in a chemical reactor as
recited in claim 50, wherein said step of sealing between said injector tube
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conprising the steps of: sealing between said injector tube and sg
reactor tube; and injecting fluid through said injector tube int giésj‘%fl%usuoos
reactor tube. 51. A nethod for working on reactor tubes in a chem cal

reactor as recited in claimb50, wherein said step of sealing between said

I njector tube 33 25 August. 20Q5 and said reactor tube includes inflating an
el astic sPE&RA! F%ﬁct%f%ﬁswaée e%m?Iagag @“i‘ﬂ?g&ﬂﬁe‘ﬁ&ﬁt isspountad@mod f or
wor ki ng oRafeRfdctér fuBBes in a chem cal reactor as 5 recited in claimb50,

and further conprising the steps of. neasuring the pressure in said
chem cal reactor tube; automatically associating the pressure neasurenent

with the partigular, chem cal reactor tub el ng. neasured; storing the
associ at ed preé?ure gaﬂcgﬁ)émorgiﬁg OdhEeéCFOIgF'P%%Wf‘F ?r,%cqlﬁ%a %rr?‘?cul ar
chem cql fr&ERIdIRH dlaih%o,eérﬁpﬁrrm@'r@@Hp)‘istrfgetﬁé@téléﬂd6\9 the associated pressure

measurenment and data identifying the particular chem cal reactor tube to a
renote |ocation; r&easyring theeressses in saidehemiealrraciontubessoci at ed data at

measur enent and. t ubg Ry HEBPEAR G RSRLR Bl MIARARL et noa
for worki partivulareehticaltrebet®r tubeabeingmeaduregactor as recited in claim52,

wherein said graphical  display al so displays the |layout of 20 the chem cal
reactor tubes. 54. AQHGHbE asspcigirdpingserf measuemeniag dataa cheni cal

react g aﬁi’%@@ﬁi‘éﬁ%bgﬂﬁh%k%hél:}'i(féw‘géﬁbpt@@d di spl ay uses color on the

gr aphi cal t he em cal reactor tUbes to show how the pressure
nmeasur enent s conpar elecg®nically trmesmitting ties assecisipd gpréssat imessuromenhe

ti t b 55. A t d.f } Kij t t ub i
Chom cal BRUERE Renthid mesantinuF shamice! reaor (BR8P BIe QBN he ot op
of : generating a |i pdcefing e pRAGURS mddRBferhdM arltEashoepite@ albia/ st @et i on 30

based on conparing said pressure nmeasurenents to said pressure
speci f i caf¢Bate location; and

15 graphically displaying the associated measurement and tube
identification at the remote location.

53. A method for working on reactor tubes in a chemical reactor as
recited in claim 52, wherein said graphical display also displays the layout of
20  the chemical reactor tubes.

54. A method for working on reactor tubes in a chemical reactor as
recited in claim 53, wherein said display uses color on the graphical layout of
the chemical reactor tubes to show how the pressure measurements compare

25 to a set of pressure specifications for the respective reactor tubes.

95. A method for working on reactor tubes in a chemical reactor as
recited in claim 54, and further comprising the step of:
generating a list of the reactor tubes that need corrective action
30  based on comparing said pressure measurements to said pressure
specifications.

56. A method for assessing reactor tubes in a chemical reactor,
comprising the steps of:
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56. A nethod for assessing reactor tubes in a chem cal reactor, | S|
the steps of: 34 25 August 2005 providing a device for injecting ;fags"R{é%%Jtaﬂﬂs
measuring pressure, said device including a plurality of injector tubes, a
plurality of inflatable elastic sleeves nmounted on their respective

i njector tubes, and a start button, jnserting sajd plurality of injector
tubes into respecti VEOVIGNG3 eglcgi}gglglgecglﬁggpg ARYIRGPIESSUER:t butt on

uhi ch | ni dafd @6viae iRILENG'd GlurARY SARectSt tuBLERS plupalty O ffatddié bfidiigg. Sai d
el astic sleeves so that Said sleeves seal agaihst the their respective
react or t feeves mpueaiedmn theirseapectyesnjector tubes) wgtd & afadt butfett or tubes into

their respective re of. es.. a as ur | t he .pressure in each of the
respective reactor ﬁﬁ%%’i‘?‘é%g"éﬁ'!’ral‘g%”‘?'ﬁl?&‘?fﬁ bﬁ%ﬁggé'??fbeqt'gﬁé?%‘?tofubes in a
chemi cal nabed:aindes recited in claimb56, wherein said automatic sequence

i ncludes cycling a nmultiplex valve to sequentially put each of the
i nj ector tubes in fIRIEEEING saIstREAUlleR which initiziea ginayipmatiosequenesr . 20

58. A net E)?%té in ing reactor tubes in a chemcal reactor as recited
in claimb7, \H%;rerg@ﬁﬁ@gi d automati c sequence of steps further includes: 25

30 associ ating each pr essnfiatingessid efastioslogved sotthat espemddves seggact or t ube;
and el ectronicall .ansm tting data representing the associated pressure
|

tr
neasur enefé! H’“%/g}f&f@ﬁpﬁﬁtﬂ@ faritebe%iti ons to a renote location. 59. A
met hodlgf or assessi ng r eaghigktind BE&Ssth it %U} Ered in
claim58, and further conﬂr?éﬁ#g&tﬁe sq‘aeps 0 rﬁapgfég?@%%ecggﬁtgbsgf 5
el ect r oni ébeir yespestiverreacior thes; and sai d renot e
measuring the pressure in each of the respective reactor

tubes.

15 97. A method for assessing reactor tubes in a chemical reactor as
recited in claim 56, wherein said automatic sequence includes cycling a
muitiplex valve to sequentially put each of the injector tubes in fluid
communication with a single pressure sensor.

20 58. A method for assessing reactor tubes in a chemical reactor as
recited in claim 57, wherein said automatic sequence of steps further
includes:

associating each pressure measurement with its respective
reactor tube; and

25 electronically transmitting data representing the associated
pressure measurements and reactor tube identifications to a remote location.

59. A method for assessing reactor tubes in a chemical reactor as
recited in claim 58, and further comprising the steps of:
30 receiving said electronically transmitted data at said remote
location; and
graphically displaying said associated reactor tube
identifications and said pressure measurements at said remote location as the
measurements are being taken.
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| ocation; and graphically displaying said associ ated reactor tube
: g : : : 25 August 2005
I dentifications and said pressure neasurenents at said renpte | ocationas
the nmeasurenents are being taken. 35 25 August 2005 5 10 15 60. A nethod

for assessing reactor tubes in a chemcal reactor as recited in claimb59,
and further conprising the steps of: establishing specifications for said
reactor tubes; conparing said pressure neasurenents to said specifications;

graphi cal Iy di gpl ayiqgethsy fcﬁ%%ﬁésélﬁ?fr«?fct&'ﬁﬁésiiﬂ at%g‘iiE?ﬁr’egEiger% d

col or-coding said graphical |ayout o e reactor t S ow the
pressure nectadriomiains59 cand fusthes spagrrising thelsdsps ofipare to the

specifications. 61. A nethod for.displaying.pressure neasurenment data for
cheni cal reactor tuﬁégaﬁéﬂwgﬁpﬁcﬁﬁaﬁﬁ'és ﬁq*’e%éfPEﬁa!C?_ rtpEFcal | y displaying the
llayout50f the react ebnipHhieg daid presstle AldaR0IdMERE 8 ¥ajESaiMidatiohsd
specifications for the pressure measurenents; and color coding the tubes

in said graphical digsRhisalyrisplayingttbedayoutcéthea tubestin frermatemande
pressure measuremnmen I L fd.cat f espective tubes. 20
62. A nethod for di ?%Pi&gﬁybgsraégﬁ?éﬁ'@ééﬂ@%ﬁfﬁe 5%@%%%%?13%?‘8& react or
tubes as hewitheressirbaneadiremaints firths déshadtive tulssxédigpaletelthdes separate
colors for tu?es_that are wiwthin the specifications, tubes that fail high,
and tubesSPREHICRUANS. | ow. 25 63. A method for displaying pressure
nmeasujgnent data for chem cal reactor tubes as recited in claim62,
wherein said color coding is displayed as the pressure nmeasurenents are
bei ng taken. 6861. A Aemnbtivbd for diipdpfiny presspreesmasaremeastdaadot data for 30
chem cal rgactor tubes, as recited iq cI{;\i m6f3, and further conprising the
st eps chemical reactor tubes, comprising the steps of:
graphically displaying the iayout of the reactor tubes in an
electronic medium;
15 establishing specifications for the pressure measurements; and
color coding the tubes in said graphical display to indicate the
relationship between the pressure measurements and the specifications for

the respective tubes.

20 62. A method for displaying pressure measurement data for
chemical reactor tubes as recited in claim 61, wherein said color coding
includes separate colors for tubes that are within the specifications, tubes that
fail high, and tubes that fail low.

25 63. A method for displaying pressure measurement data for
chemical reactor tubes as recited in claim 62, wherein said color coding is

displayed as the pressure measurements are being taken.

64. A method for displaying pressure measurement data for
30  chemical reactor tubes as recited in claim 63, and further comprising the steps
of:
selecting a particular reactor tube in said layout display; and
electronically displaying a detailed view of that particular reactor
tube simultaneously with the tube layout.
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of : selecting a particular reactor tube in said |layout display;, a
el ectroni cal Igy d!ospl aying a detailed view of that particul ar reac?%;rA“g‘ﬂ%%oos
simul taneously with the tube layout. 36 25 August 2005 65. A nethod for

di spl ayi ng pressure measurenent data for chem cal reactor tubes as recited
in claim®64, wherein said detailed view includes rings of color to show

how pressure neasurenents for the particular 5 reactor tube have conpared

to the specifi @& i orSnRYIGSd fdrTspl&fing Hred¥une thdurétheht éé!tia%f pressure

measurenment data for chemical reactor tubes as recited in claimé6l,
wher ei n s&hgmicalgeactontuhgs aswecitad in claing S4owheotiorsaich detailed viaw t he pressur e

nmeasur enet . a r.tubes have conpared.tp the specifications
over ti m?ﬁ%@é’éﬂh@fﬂ%ﬂé&gé% %SC@H@W gSpredogasMrraEnts g‘?@ﬂ? PER{cYIgro

chemi cal reactbptubeuias esmpariditedhé Bpetifitaiidis ovdieings.n the innernost ring
of color shows the nost recent conparison to the specifications. 15 68. A

nmet hod for collecting and transmtting data related to nultiple positions

bosi t1on wi t i B0 ne  ameRARE o piseifg pRasERps HensBRmEnt da3d: 7 ®l coat on
spaced awaheficahreactdr tL2@sraaf recited in plaim Blowhepsinsaill 6glopBodingonat i ¢
measuring,device.fixed rel ative robe; taking a first neasurenent

d
of the di §1 ARGHP %ﬁlﬂrmf‘aﬂst I@ PRRUIe Jneasugements feRée position to
e5t abh Sy Aol @SS ERGRrAERoRTONSs S4dHichioR SBPUHEL 1 No0 ar e taking

second measurenent of a physical racteristic at position of the
probe; linking together data representing the second neasurenent and data

Cl bct roni cal'l y 70" a BBl on BERBIRY BresSUm MAgeIRm P OBy steps at
nul tipl e phemidadpsactbt fubestd’qecited in claim 65, wherein the innermost ring of
color shows the most recent comparison to the specifications.
15 |
68. A method for collecting and transmitting data related to muiltiple
positions within a defined area, comprising the steps of:
establishing a reference position within the defined area;
locating a probe at a desired Idcation spaced away from said
20 reference position;
providing an automatic measuring device fixed relative to said
probe;
taking a first measurement of the distance from said measuring
device to said reference position to establish the .Iocation of the probe within
25 the defined area;
taking a second measurement of a physical characteristic at the
position of the probe;
linking together data representing the second measurement and
data representing the position of the probe;
30 transmitting that linked data electronically to a remote location;
repeating the foregoing steps at multiple positions within the
déﬁned area;

receiving the linked data at a remote location; and
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defined area; receiving the linked data at a renote |ocation; and A|215 st 2005
August 2005 displaying the linked data in a graphic el ectronic nedi 8y 5
renote | ocation as the neasurenents are being taken at various |ocations
within the defined area, said graphic display show ng the positions at

whi ch the second rre(ﬁs’ﬁée_rrents .are taken in a graphic map representing the
5 defined area. 69. HSRBYIRgdNe fnked dataciniagraphic eleginamicmediymaatar r el at ed

to mul ti plrmdioRdaiBhis thbtdadhrBitbhietr Al fidrPhl Vafifbub oGt 68, and

further conprising the steps o es hi ng Specitications for the
physi cal dtithinthededned aresa saidegraphic disigiag ehowihgiheqositiostat vaitlonat i cal |y
conparing Flhe sec(gnd measurement% to the specifications; and using col or
Lo i spl ayNE RECUIE BIRASHESER S AR dakehna BERRIIG BIAPeRERFeNtiga 48 ( he

measur eNejefinafirési Ng taken, with at | east one color indicating second
measurenents that fall wthin the specifications and at |east another
color indicating second neasurenents that fall outside of the

speci fications.,o/0. fo ollecting and transmtting data rel ated
to multiple 2(?%09%@&%0[%0#%“% '?ihaﬁ%fpﬂgn%ga{]ae@qtﬁﬁ t‘?ﬁ“ﬁﬁ'@?m 68,
wher ei n t pdsitiops withif Gafefimctitdreg ashecitst i didied 88esndfuMe? cBRTrRiREt roni ¢
transm ssion. 71. A nethod for neasuring and displaying data, conprising

the stepdh@ptepsdfysing a | aser measuring device at a first position to

measug the  dieSteRnAIMRAalibNs fdriib pROSR! Haratlrdnd it Gt

el ectronically transm Tt1ng a correspo g asur enent
to a renothe becand measaremgntaphi cal |y di splaying the data in pictori al
format at the renote,. 3‘0 | ocation,as the neasurenents are being taken. 72.
A method for  mEQPRGAIY RO GAPE S5oaRE Mepsremenisdothecl ai m* 71, wher ei n
the | aser gspBaifivhtidis: @AMi ce is fixed to a wand including at |east one
probe, and further conprising the steps of:

using color to display the second measurements on said graphic map

15  as the measurements are being taken, with at least one color indicating
second measurements that fall within the specifications and at least another

color indicating second measurements that fall outside of the specifications.

70. A method for collecting and transmitting data related to multiple
20  positions within a defined area as recited in claim 68, wherein the step of

transmitting the data includes a wireless electronic transmission.

71. A method for measuring and displaying data, comprising the
steps of: _
25 using a laser measuring device at a first position to measure the
distance between the first position and a fixed target;
electronically transmitting data corresponding to the distance
measurement to a remote location; and '
graphically displaying the data in pictorial format at the remote
30 location as the measurements are being taken.

72. A method for measuring and displaying data as recited in claim
71, wherein the laser measuring device is fixed to a wand including at least
one probe, and further comprising the steps of:
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using the distance measurement to determ ne which tube is receiving .
probe; wherein the graphical display includes a map showing the tubes 5 in
the reactor and indicates the tube position of the probe. 73. A nethod for

[ d di spl ayi dat ecit [ | ai 71, and further _
Conpr i sing the st epdINGEAE piabsynie 8 EheMIca)foartenfibienaRdct er i st i c whi l e
the device is at 1Qiiipyld distarn8Théddiement il Betefitir> fAchaaRORII ng to the

measur enment of the secon physical characteristic to data corresponding to
the first rpesivingdhe prebbéinsm tting the |inked data to the renpte |ocation;

d raphi cal ly di ing the linked data i ictorial forpmat at the 15
?gm)tg I gcat i onyas tHe é@a@&r@ﬁ@h‘?@*@?@laﬁé’?‘f‘lﬁg‘?§ﬂé'ﬁe.'p ?ﬁ?wwgﬁggﬁ%e% or
measur 5ng imutise c&as:méraaﬁmmdibm@sﬂcﬁetua@iptoggidnrbfqhelp%be?& wherein the second

physi cal characteristic is pressure; and wherein the pressure is displayed

pictorially using one color for pressure that is within a 20 set

speci fication range, ' . CO ; re re that,is above the
specification r@rr)lge,A an'!cti fu:sl %ﬁgﬁ% xlng;aelrgfog%ﬁfay@‘g %&é@dﬁgﬁ?%b{’tc’?@ bel ow t he
speci fi cat/oanddudieer cEmprsing theostepsrofmeasur i ng tﬂe back pr](cassgre |[1_
open-end 25 chem cal reactor tubes, conprising the steps of: inserting a
hol | ow t ube body i nfEFHEINGra ¢RI cha rsticiwiyiesthe davigg iIs@tbet ween
the hepl owhd HRE pBefiynand the chemical reactor tube; introducing a

cont ro‘I)I ed ggs TPIBOV\I/%?hrough said holl ow tube body into said chem cal
reactor tube; 30 nediskingrdata berrpspewing to thesmieds iainar dof tie sboshd

chen cal - PLYEBaRnRHE e B G PORHER P she PSR har {11 ng the.
pressure measur erremtraa@duit@lﬁgghe liglestt dAtal tBAhé hemBRY fokstibrRrarghem cal react or

tube to a renote | ocatign; ) . ) .
graphically displaying the linked data in pictorial format at the

15 remote location as the measurements are being taken.

38 25 August 2005 inserting the probe into a chemcal reactor tubes {r}gustzoos
€

74. A method for measuring and displaying data as recited in claim
73, wherein the second physical characteristic is pressure; and wherein the
pressure is displayed pictorially using one color for pressure that is within a
20 set specification range, using a second color for pressure that is above the
specification range, and using a third color for pressure that is below the
specification range.

75. A method for measuring the back pressure in open-end
25  chemical reactor tubes, comprising the steps of:
inserting a hollow tube body into one of said chemical reactor tubes;
sealing between the hollow tube body and the chemical reactor tube;
introducing a controlled gas flow through said hollow tube body into said
chemical reactor tube;
30 measuring the pressure in said hollow tube body;
automatically associating the pressure measurement with the particular
chemical reactor tube being measured;
electronically transmitting the pressure measurement and data
identifying the particular chemical reactor tube to a remote location:
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25 August 2005 receiving the pressure neasurenent and data at the e
| ocati on; and graphically displaying the neasurenent at the renot eiﬁeﬂﬁé't‘ﬁtggﬂs
as the neasurenent is taken. 5 76. A nethod as recited in claim75, and
further conprising the step of electronically conparing the neasurenent to
predeterm ned criteria; nmaking a g‘gss-f?il decision for the particul ar

t ube bei ng medSHFEEI tgﬁ(?@?%@%‘?ﬁ‘ gment aad gaty attherematadopadieant and t he
pass-fail gecision for the particular tube. 10 77. A nethod for measuring

t he back pressure in open-end chem cal reactor tubes, conprising the steps
of : rigidy maiaphiaglhadisplayiid the roeasivement atithe tenbtedocation =5 thegl e

hand- hel d 1 th. spaci ngs corresponding to the spacings of the chem cal
react or fgggﬂﬁgﬁeﬁq?ﬁs%phg said plurality of hollow tube bodies as a

singlesunit into a corresponding plurality of said chem cal reactor tubes;
inflating a plurality of seals to seal between the hollow tube bodies and
their respecti’Pe QHegthed as iegtiedin claivegs, aod furtherdeeiprising ttenstepldfed gas

flow thro i I | ' ejr respectjve chem cal

react or t%stmﬁ%a{lg?ﬁ%& r['ﬁte]‘ﬂp‘??ﬁgéﬁﬁsh{éﬁ?é%%%‘?wﬁfGB HoHl13Eg a

aut omat i ¢ plaky-fait decisioni fogthdearticalas tule bEing wieaRNes, Md Slekhisnipally i cul ar
chem cal reactor tubes being neasured; and 25 electronically recording said
associ at eﬂe‘fﬂ’gg@lﬁ'@ easHiFaTR: pedithe peps-fail degisieniforthemartiedar fubgct or

tubesyg78. A nethod for measuring the back pressure in open-end chem cal
reactor tubes as recited in claim77, and further conprising the step of 30
measur i ng t he 7gosithethodfforsmiedsudmglthechath pressuredinfdpeadermbéimizad

measur ed_ eadel THRsnEoBaFmde SR wand el ative to said fixed point.
79. A nethod figidlyRremtihga pllliBReKhdIRFEIbeD ddlePBR A GRGle HaRRLI 40
wand with spacings corresponding to the spacings of the chemical reactor
15 tubes;
inserting said plurality of hollow tube bodies as a single unit into a
corresponding plurality of said chemical reactor tubes;
inflating a plurality of seals to seal between the hollow tube bodies and
their respective chemical reactor tubes: |
20 introducing a controlled gas flow through said hollow tube bodies into
their respective chemical reactor tubes:
measuring the pressure in said hollow tube bodies;
automatically associating the pressure measurements with the particular
chemical reactor tubes being measured: and
25 electronically recording said associated pressure measurements for the
respective chemical reactor tubes.

78. A method for measuring the back pressure in open-end chemical
reactor tubes as recited in claim 77, and further comprising the step of
30 measuring the position of said wand relative to a fixed point and
automatically keeping track of the particular chemical reactor tubes being
measured based on the position of said wand relative to said fixed point.

79. A method for measuring the back pressure in open-end chemical
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25 August 2005 reactor tubes as recited in claim78, wherein said 11
I's nmeasured using a |aser device nmounted on said wand. 80. A net h%god‘&’fl%?sgaoos
maki ng deci si ons about the operation of a chemical 5 reactor including a

| ar ge number of open-ended chem cal reactor tubes, conprising the steps

of : injectin into the,chemc reactor tubes; neasuring the back
pressure irﬂagaggﬁleﬁ‘éﬁ q}egﬂeqiérbelggpaﬂﬁu reingaik PPYiHPR 48 MPasHEadkWsRg | ng t he

measur enenf mseft @SS Bioudtdd oh 8 Whiang 10 i nfornati on about the chem cal
reactor tubes for which the nmeasurenents are being taken, to a renote

conputer as the measurenents are being taken; automatically conparing the
measur enent s predeterm ned, criteri.a as, t measut enent s are being taken
to determne mrc %%%HP?%E mraéﬁ'@tciﬁc'ﬁlﬂ%% bo'ﬁ'&ga QH?{%JW@TOQ?P%W%E; and 15
provi d ng r@astbf kludinhg BlIagediuiber dfpeinfenSPEReicaNfidetdrtlBed he

rel ati onship of the nmeasurenents to the predetermned criteria as the
neasur eme §PBPASIGEERIEPHREN. 81. A method for maki ng deci sions about the

operation of a. ) . Lyl ' a large nunber of open-ended
chem cal reac d%aﬁ@o@%' é@&é&f&é‘h%ﬁhb&%&c}%ﬁ@gs,, wherein said nmeasuring, -
transmtting, nesusingige bask pregsaveé (H sgidahehtcallredétdplubesar e done

el ectronically, and %Fstant lally sinmultaneously. 25 82. A nethod for
meki ng deci si SIRSURRisAllY tiapsaiting the messuterparis: tagetherauith islentiyingci t ed i n

cl al 1. irfofindstr] BBSUSAERNGHICA rbASoP BRsThr ARICchOhEHgas Rkl hee!

anal ysis on the neasurenents at t renote conpufer
maki ng debeiigdakealiown rarheteqmenpatenas tie mezlsaremants 36 bedartakenas recited

in claimsi, furt i di t infornati tput to indicate th
cost of 1 cavi AQQEVCElE e BiERMRERY giepseBeRls Brpdefiihon efter asbonc it

of naki ngtiedmeastinsnts Me bRirlaRed tb Abtdiind G hieréRdrRids| n%*égf&r th

operation of a chem cal 41 25 August 2005 reactor as recited in claim and
further sRBeH figthar attemtiopl aRd screen the chenical reactor tubes as they are

bei ng; greasur egroydihd aGRL R didhthy at & Yemote location indicating the

relationship of the measurements to the predetermined criteria as the
measurements are being taken.

81. A method for making decisions about the operation of a chemical
20  reactor including a large number of open-ended chemical reactor tubes as
recited in c¢laim 80, wherein said measuring, transmitting, comparing, and
providing a visual display are done electronically and substantially
simultaneously.

25 82. A method for making decisions about the operation of a chemical
reactor as recited in claim 81, and further comprising the step of performing

statistical analysis on the measurements at the remote computer.

83. A method for making decisions about the operation of a chemical
30  reactor as recited in claim 81, and further providing cost information output to
indicate the cost of leaving the chemical reactor tubes as they stand and the
benefit of making corrections.

84. A method for making decisions about the operation of a chemical
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showi ng how the chemi cal reactor tube neasurements conpare to the ZSAngstZOOS
predetermned criteria. 5 85 A method for identifying, recording, al
tracking information about chemical reactor tubes over the useful life of
the chem cal reactor, conprising the steps of : creati ng an initial ]
electrom file for cheni cal, r defini ositions of the
cheni cal @B?Sfﬁﬂ&f&%ﬁ’%@n&mﬁﬁ 89 oé'a%ﬂpsﬁi?é’ ?‘frﬁﬁ" e ncl udi ng

def i ni ng \Mibﬁhceﬂ@éaétbﬂﬂﬁ)éé%ﬁ'ep ér@‘b"eiﬁbcﬁu%ﬁkﬁl%d Wah%larqnaﬁgﬁon§upp0”
structure, and whi chem cal reéactor tubes are plugged storing that

data at aShPWiRg h@wéhe chemical reacter h@eanaawamamts\mmmare to thenot e second

| ocati on e back pressure in the chem cal reactor tubes,
creating ?ﬁe&eﬁgﬁt{{n%rql%ﬁdﬁl file representing the back pressure

measurgnents for the tube positions; transmtting the el ectronic back
pressure data _to said first |ocation; storing the electronic back pressure
data at said Bvrsh Metbadifenidentiying, reeardingngnd disgkingdriosmationabout t ube

data gr apihealida rd dctphﬁjb%groﬁﬁerp?ecaééfam.fe?oqéﬁéncﬁ&ﬁ raggﬁgﬁ‘spﬁg bei ng

t aken t ent’l g, recor _ tion
about chtm stepsrofact or tubes over the useful life of the chem cal reactor

back. pr essur 6 ARG LA flectZnis e 571 G SRENCRLeacT HalIG Nt s o sai d
first1docpbsBns %Pth@&érﬁicﬂﬁéﬁciortthseé)bﬁ&tthé BOhABShs bPesdH PYsilils hi story of
t he chem cal reactor.
including defining WhICh positions contain thermocouples, which contain
support structure, and which chemical reactor tubes are plugged, and storing
that data at a first location;
then, using a handheld wand at a remote second location to measure
15  the back pressure in the chemical reactor tubes, creating an electronic data
file representing the back pressure measurements for the tube positions;
transmitting the electronic back pressure data to said first location:
storing the electronic back pressure data at said first location; and
indicating said chemical reactor tube déta graphically at the first location
20  as the measurements are being taken.

86. A method for identifying, recording, and tracking information about
chemical reactor tubes over the useful life of the chemical reactor as recited in
claim 25, and further comprising the step of repeating the back pressure

25  measurement, and storing each set of measurements at said first location, so
as to permit the plant engineer to study the history of the chemical reactor.
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