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20
OBJECTS OF THE INVENTION

The main object of the present invention is to provide a reliable, durable, cost-effective and
in-situ temperature switching fiber optic immersion probe, which overcomes most of the
drawbacks present in conventional temperature probes as detailed above.

25  Another object of the present invention is to provide a method for remote sensing of
temperature using this immersion probe.
Further object of the present invention is to provide an immersion probe for remote sensing
temperature having a chemical that is non-toxic, non-inductive, non-conductive and non-
COITOSIVE.

30  Yet another object of the present invention is to provide an immersion probe for remote

sensing of temperature in harsh working conditions.

SUMMARY OF THE INVENTION
The present invention relates to an intensity modulated fiber optic temperature switching

35 immersion probe for remote temperature monitoring and switching of an industrial
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(g) the cell having a aluminum coating on the outside of the bottom surface forming a
concave mirror;
(h) the cell is covered with a glass plate (5) on the upper side;
(i) the cell is further bonded and coupled to the metal sleeve by means of a metallic
20 ring (7); and
() apower meter for the processing of electrical signal;
An embodiment of the present invention, wherein the Y-shaped optic guide is encased in a
crush resistant metallic sleeve.
Yet another embodiment of the present invention, wherein the optical fiber is made of
25  dielectric material that is non-corrosive, durable and immune to any Electro Magnetic
Interference (EMI) and RFIL.
Still another embodiment of the present invention, wherein the light source is white light.
Yet another embodiment of the present invention, wherein the detector arm that is coupled
to a photo-detector is connected to signal processing electronic circuitry and an output
30  display.
Still another embodiment of the present invention, wherein the chemical used undergoes
phase transformation from solid to a liquid phase at its melting point.
Yet another embodiment of the present invention, wherein the chemical is selected from

oxalic acid, sodium chloride, paraffin wax and preferably acetamide.
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Further embodiment of the present invention, wherein the said probe at an increased
temperature provides an increase of 6 times in the output signal over the signal at the room
20  temperature. | ‘
Yet another embodiment of the present invention, wherein said optical probe operates at
the melting temperature of the chemical that is in the range of 75-85 ° C.
Further embodiment of the present invention, wherein said optical probe is used in
monitoring temperature in hostile, inflammable, corrosive and electro-magnetically noisy
25  environments, preferably in petrochemical industries and power plants.
The present invention also provides a method of sensing temperature through intensity
modulation of light signal using an intensity modulated and remote sensing optic fiber
temperature switching immersion probe, said method comprising the steps of:
(a) immersing the probe in a liquid container having a temperature below the melting
30 point of the chemical;
(b) recording a fixed value of optical signal generated by the chemical in solid state
and at the room temperature; and
(¢) detecting the maximum optical signal generated by the chemical at its melting point

and in liquid phase;



(b) recording a fixed value of optical signal generated by the chemcal in
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proper | Xret another embodiment of the present invention, a method wherein the chemical
20  substance that is opaque at room temperature becomes transparent at a given higher
temperature enabling actuation of a relay to stop the heating process or raise an alarm.

The invention is further explained in the form of the following embodiments.

In the present invention a fiber optic temperature switching probe, which comprises a fiber
25  optic Y-shaped light guide and a small cell containing a special chemical/which undergoes
solid to liquid phase transformation at its melting point. The cell has a concave mirror on
its lower side and a glass plate on the upper side. The chemical identified and
experimented for thié probe undergoes phase change at a temperature of 78-79 °C. A small
amount of the chemical is first transferred into cell and then it is evacuated and properly
30  sealed. The cell is further bonded to a metal tube, which fits tightly on to the common end
cap of the Y-guide. A metallic ring is used for coupling the cell to the metal tube. The Y-
guide has two arms, termed as a source arm and the detector arm. A white light source is
coupled to the source arm while the detector arm is aligned to a PIN photo-detector. The

electrical signal is processed and displayed by a powermeter.
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of the concave mirror. Proper adhesive sealing is done to make the cell airtight.

With the help of a metallic ring, the cell is firmly coupled onto the common end cap of the

Y-guide and in this situation, the common end rests on to the top glass cover of the cell.

25
When the probe is immersed in a liquid container at a temperature below the melting point

of the chemical, there is a fixed value of the detector signal. The chemical begins to melt as
the temperature reaches around 78-79°C and thus more light reaches the detector resulting
in an increased output signal. This continues till the chemical has melted completely and
30  the detector signal has attained a maximum value which takes place at about 83 °C. The
probe provides typically 6 times increase in the output signal as compared to the room
temperature stage. At any particular value of temperature in this range (75-85°C)
corresponding to the level of optical signal available, either an alarm signal could be
generated or the process can be shut down automatically as to stop further heating of the
35  liquid/solvent. Thus the probe can be used as a temperature switch e.g. to stop the process

from further heating at any value of temperature in this range.
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This probe could be beneficially used for starting/closing of a process in an industry. The
process monitoring can be carried out remotely by extending the length of optical fiber
arms of the bundle. It can be quite a durable and cost-effective device and the process
monitoring operation can be made automatic.

25 A comparison between the present probe and the conventional temperature measuring

techniques/ probes is given below:

COMPARISON CHART
S.No THERMOMETER | THERMOCOUPLE PYROMETER FIBER OPTIC
PROBE
1. No point switching No point switching No point Point switching
switching
2. Immunity to EMI/ RFI | Not immune to EMI/ Not immune to, Immunity to EMI/
and hostile / corrosive | RFI and hostile / EMI/ RFI and RFI and hostile /
environments corrosive environments | hostile / corrosive | corrosive
environments environments
3. No remote sensing No remote sensing Remote sensing Remote sensing
(few 10s of (upto a Km)
meters)




COVPARI SON CHART S. No THERMOMETER THERMOCOUPLE PYROVETER FI BER OPTI C PROBE
1. No point switching No point switching No point Point switching swtching
2. I muni W @3w8ENMB/ RFI Not inmune to EM/ Not imune to, Hamimaz/o0p7t o EM /
and hostile / corrosive RFlI and hostil® / EM/ RFI and RFlI and hostile /
envi ronments corrosive environnents hostile / corrosive corrosive

envi r onNEDVANTXGES1nents 3. No renote sensing No renpte sensing Renote
sensi ng Renot e se |ng (few 10s of
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PCT/ | No2}-0dfoges W?r ystry) %Ppéléﬁlqnér‘ﬁff?fs the, eBwi 1?4#01&310 'gle an

applicati O@ﬁecﬁi‘féglh?n&g environment is hostile and electrically noisy. 2.
It can nonitor the tefrperature renotely and the process can be nade

aut omat i Z. It éan3nonitor tw temperatumel raduntellylasd teviroesss 4an Hhmaderasosaon probe is a
si npl.e d useful deyvic |ch can be enployed in harsh environments for
i n-situ ﬁp@?"’a“t"lﬁ?‘éndsﬂsﬂrgt%lﬁ AY°&pplications froma renote location. The

dr awi ngsg prgy iigefrdish bﬁ%eqyalﬁﬁﬁﬁ AaagbMm1 UBHLS alEch Ben serhifsyeatih araf the
fiber optic 10 tenperature sw tching i mrersi on probe. It basically

conpri ses ehvirnmaiaive th-fitbempeptire switolog eprlivdtionssiiem|a rewiote laeationof a,
t hi n-wal | ed gI ass test tube cont aining a chemcal. The bottom surface of

the test_t h b ct fl t |
the out sTRESEERE PTG B8 Goibavets s torpantinSuizpal 1 BOR B o
bundioe cepbaiafge tst*’cchlﬁg rfﬁlmetrﬁgn PRIVeCE HALIHIRN Qoﬁlf?ﬁsége&f%ﬁfoﬂhaﬁédrﬁb& WMhict e

| i ght source is cou to source arm 15 enploying suitable optics while
t he ot hepundtenaridsa aﬂnalgl, r¢eldl maslezpfR mupmaﬂ@ﬂ glasetssiotube Thatayung o whepiak sfhef t he

probe have, been Iab ) | i:n ht

Sour ce gb %81:?‘8@ ﬁl‘) Sa%“&ﬁrg l?.ﬁSP §f'veﬁ %8%18%%6 tﬁe alglgnfuﬁ%g%%gg ogBundl e

5G Ref | et buRidedat tedlziag autonddQe afirbh e hBM—ﬂQt@b(Sﬂbéﬁs‘;ﬂlccﬁunﬂf&&oﬁmﬂ%-t%| | ed
ass arms: the source arm and the detector arm. A white light source is coupled to source arm

15  employing suitable optics while the other arm is aligned to a PIN photo-detector.

The various parts of the probe have been labeled as under:
1. End Cap for Coupling to the Light Source
2. Source Arm
20 3. Y-Coupler
4. Common End Cap of the Fiber Bundle
5. Reflective Coating on Outside of the Bottom Surface of the Thin-Walled Glass
Cell
. Cell Containing the Chemical

. Metallic Tube Tightly Fitting the Common End Cap
. Common Arm
10. Detector Arm

6

25 7. Metallic Ring for Coupling Cell to the Common End Cap
8
9



Cell 6. Cell Containing the Chemcal 25 7. Metallic Ring for Coupling Cell
to the Coormon End Cap 8. Metallic Tube Tightly Fitting the Conmon End Cap
9. ComonwAr0m08103 Det ect or Arm WO 03/ 081193 PCT/ | NO2/ 000 #€T/18i02/@loAd VS 1.
An intensity nodul ated optic fiber termgperature sw tching i mersion probe
for renote sensing of tenperature, said device conprising: 5 (a) a

Y- shapedChbpiMsal fiber |ight guide encased in a netallic sleeve(8)
termnated with a netallic end cap (1); (b) the Y-guide having a source
arm (2), detector arm (10), a Y-coupler (3), a conmon arm (9) and a conmon
end cap(4); ; i r i 10

phot o- 8e§eédfnél(rateiél§ﬁ%ﬁogﬁgggd t %Rﬁhfg&ééﬁﬁ%&%e:%nﬁﬂzﬁmlﬁ%@?gg I dét;%fr i(r%)sw‘i%nt o]

t he common sensthgogerfigdratfe, tshid degicalcombasiug; (f) an evacuated cell (6)
containing a chemcal is attached to the comobn end of Y- guide as neans
for sensing tenperature; 15 (g) the cell having a alum num coating on the

out si de of (Hhheybphbarmdymishl A64 1t ?ﬁiage@as&gﬁg%aamﬂcrs[e@%(ss RdrntiR@edRith 1S
covered with a glass plate (5)on the upper side; (i) the cell is further

bonded and coupietadlic endtaap (bt al sl eeve by means of a metallic ring(7); and

20 (j) a [ r.- the processing of. el ectrical, sigpals, 2. The device
rccor i ng 10 e & ke hifink A3RiER 53 Toh e oSt LIy He S BRE D, L cortitfing
crush resi st agin (Whaad hicémslonawd.cagd);The devi ce according to claim 1,
wherein the optical fiber is made of dielectric material that is

non-1r r osi(@ed lightsawice inerppiadiatlee 0Yr@MMEl ectro Magnetic Interference
(EM) 25 and ) evi j .0 claim1, wherein the |ight
source is |%§Ft?§§%ecggg% #ﬁéé(ggov@gg&%gegggﬁé’ng to claim1, wherein the

det ect or aKeh thhat-guide ficsipteettic comamoprenti@ap (4) of the metal sleeve;

(f) an evacuated cell (6) containing a chemical is attached to the common end of Y-
guide as means for sensing temperature;
15 (g) the cell having a aluminum coating on the outside of the bottom surface forming a
concave mirror;
(h) the cell is covered with a glass plate (5)on the upper side;
(i) the cell is further bonded and coupled to the metal sleeve by means of a metallic
ring(7); and
20 (j) apower meter for the processing of electrical signal;
2. The device according to claim 1, wherein the Y-shaped optic guide is encased in a
crush resistant metallic sleeve.
3. The device according to claim 1, wherein the optical fiber is made of dielectric material
that is non-corrosive, durable and immune to any Electro Magnetic Interference (EMI)
25 and RFL.
4. The device according to claim 1, wherein the light source is white light.
5. The device according to claim 1, wherein the detector arm that is coupled to a photo-
detector 1s connected to signal processing electronic circuitry and an output display.
6. The device according to claim 1, wherein the chemical used undergoes phase
30 transformation from solid to a liquid phase at its melting point.
7. The device according to claim 1, wherein the chemical is selected from oxalic acid,
sodium chloride, paraffin wax and preferably acetamide.
8. The device according to claim 1, wherein the chemical is non-toxic, non-corrosive non-

conductive and non-inductive in nature and non-inflammable.



detector is connected to signal processing electronic circuitry and an

out put display. 6. The device according to claim1l, wherein the chem cal
used undewgosgspitase 30 transformation fromsolid to a |imu/doph@se at its
melting point. 7. The device according®to claim1, wherein the chemcal is
selected fromoxalic acid, sodiumchloride, paraffin wax and preferably

acetam de. 18e dliBe d0rdifig 36 CRIA 1N HhbRIF I Stat VR @lmidal % GRHGTHE tPlightS
non-toxi c, non-corrosive non- conductive and non-inductive in nature and
non- i nf | amaadlemits\O f0@A081UD 3f REYiCANIEPGOOKE with the Naesasksl tavepesatutsr dieng t o
claiml, wherein in, solid state the chemcal is opaque to |light . and emts
oA red varlumis il g oSl Forshiref i flsratine AR ARt optilbupBl L
cheni cal 1graht Yevibe aREARE %o bR PRAEEIN thd PBase @RAEREThMGAA thdfleBRBgbiapt i cal
output. 10. The device according to claim 1, wherein the phase

t r ansf or maof dhe shemisel indreasey thoioptical Dugruttthat shusadcas aj deipwer signalh for
optical ou .t h [ S as a detector signal for actuation of alarmor
relay. 11. tagtﬁétlo eo\?iitaclzéerﬁla%crgggi ng to claim1, wherein the length of the cell

i's tw cell Maeldodiat adoerdihf to dhint hewhastiaaveleapthraithe dall is Tivicedhy faval langtr di ng
to claim1, wherein the optical signal propagation is secure and 10
wi t hout anyfB1eG8EcAVEIIMITSE. | nt er f er ence probl ens. 13. The device according

to clai ; i [ Si in| i ngg of
el cct 11 oo LLRELEL Roching b cEfh, B 1R i, SRRALSEM biothenlitn IDERENEE 2 4
proh® i s usethofittanyreeossttalkoe mgenigrende prodamer at ure upto a di stance of 1 km

15 15. The.devjce according to.claim1, wherein the sai.d probe a
i ncrease tTg‘ &Fu?céor‘igﬁ‘%g? d’gaéma , iv%qeggg@& BPtl‘B'j‘tltsil 13 HPnlaﬁECt'B(ﬁ%bﬁu{ﬂ‘esi gnal
over the sigRalcedfr clddgidaPQPhall.enperature. 16. The device according to claim

1, wherein said optical probe operates at the nelting tenperature of the
cheni cal 14 Hat degice acqonding 4nghirofl, éhesn the sakioprobe isTired deviepmwiaisenemgialg t o

claim wherein said ti,cal pr is used in nonitoring tenperature in
hostile, i ﬁ%@ﬁ%ﬁﬁl@%%g@a&@bg?gﬂh el ectro-magnetical I'y noi sy

eNnVirsoNnEs The deviet atedlidngi td dpaka DeRBdttinahe kald pgbtd SSardiéraedEenietitine. 18.
A nmet hod of sensing tenperature through intensity nodul ation of |ight

si gnal usi BEPvades aminssesdse yoinddimest bd thenentpeingigealsevesi thy signal @t fthe gpom
t enper at “r?exﬁﬁ’@ritﬁlty ng i nmersion 25 probe, said nethod conprising the steps
of : )

16. The device according to claim 1, wherein said optical probe operates at the melting
temperature of the chemical that is in the range of 75-85 ° C.

20  17. The device according to claim, wherein said optical probe is used in monitoring
temperature in hostile, inflammable, corrosive and electro-magnetically noisy
environments, preferably in petrochemical industries and power plants.

18. A method of sensing temperature through intensity modulation of light signal using an
intensity modulated and remote sensing optic fiber temperature switching immersion

25 probe, said method comprising the steps of:

(a) immersing the probe in a liquid container having a temperature below the melting
point of the chemical;

(b) recording a fixed value of optical signal generated by the chemical in solid state
and at the room temperature; and

30 (c) detecting the maximum optical signal generated by the chemical at its melting point

and in liquid phase;
(d) detecting th;a optical signal be means of a photo-detector;
(e) signal processing by means of an electronic circuitry; and

(f) enabling actuation of a relay to stop the heating process or raise an alarm.



(a) imersing the probe in a liquid container having a tenperature bel ow
the nelting point of the chemcal; (b) recording a fixed value of optical
si gnal gewermtosdioby the chemical in solid state and at tlrEWIOOZ00075
tenperature; and 30 (c) detecting thelbraxi num optical signal generated by
the chemcal at its nelting point and in liquid phase; (d) detecting the
optical signal be neans of a photo-detector; (e) signal processing by
means of an electronic circuitry; and (f) enabling actuation of a relay to

stop t helhdheimghon seesdingrtor elpise 18n wiresiimthanoid/ BeselotedrErm (5220075 10
19. The ”EE&%?Stiﬂg%?wgéte?gac%&){lg,'rc%ﬂBn ?ﬁac%‘?fd@'aﬁ%%ﬂﬁsﬂohﬂéycﬁl.' s selected from

the group "consiSting of wa acetone, car etrachlori de and

t r ansf or2te ThenlethodQccdiiimgnechigl 18¢whedinntye therical isdlSctedMieneieiectdder@hen cal
is selected fromselected from oxalic acid, _ sodiumchloride, paraffin wax
and pr ef er Qb i ’Hé’.hkgldﬂpa“#ﬁ@W%@@rﬁ%@g’?ﬂﬁw&m‘é%l ai m 18, wherein

the ghemc I i 0§ L g : - : ~ he
ot had aecaral na e lyle pRifLD silcRih IR chEATAF nind 3t e e
secure andrangefigs8546y: cross tal k or interference problens. 23. The nethod

accordi claim 18, wherein the tical si.gnal is unaffected by the 10
oy esenco e isttotiacairadiighalan Bavibieis e Rt SiecoruPRaEAi6n ot drv 28
wher ei n t hg,i$ahichnPcBiS tdIR ob §RE fdrOiceRMEMs.Sensing upto a distance of 1 km
25. The nethod according to claim 18, wherein the said probe at an

i ncr eased- Thepestbadinecorg@ing \ip ddama h,i whereiasthe ofptigalt sigeal is mnafifectoditbyuthesi gnal
oven t he siw%nal ea% l;?ht% room 15 tenperature. 26. The nethod according to
cl ai R’] 18, RS R PRET Che éﬁ‘ substance that is opaque at room

t enper ata4r Fhb ee@itRISackHANSDR @aiin 28, Whativehe i Pesbd 8RREd &riefotN@akingd
actuation of a relay to stop the heating process or raise an alarm
upto a distance of 1 km.
25. The method according to claim 18, wherein the said probe at an increased temperature
provides an increase of 6 times in the output signal over the signal at the room
15 temperature.
26. The method according to claim 18, wherein the chemical substance that is opaque at
room temperature becomes transparent at a given higher temperature enabling

actuation of a relay to stop the heating process or raise an alarm.



