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AkycTnyeckasa lNupometpua B lomeHHON [leun

AKYCTNYECKOE N3SMEPEHUE
TEMIMEPATYPbI TA3A

AKYCTMYECKNIA MeTofA W3MepeHus TemnepaTypbl
«T-MaTpUKC» OCHOBaH Ha MNpPUHLWNE «3BYKOBOW
niopoMeTpun» 1 oxBaTbiBaeT Temnepartypbl
BHYTPU 60/bLINX TOMOYHbLIX NPOCTPAHCTB BAO/b
OTAENbHLIX OTpPe3KoB wu3MmepeHus. «lopome-
TpusA», U3BECTHas Takke noj Ha3BaHMEM «akKy-
CTUYECKMIA MeTofh W3MepeHuss TemnepaTypsbl
raza», ocHoBaHa Ha adphekTe pacnpocTpaHeHus
3ByKa B ra3oBoOli cpefe B 3aBMCUMMOCTK OT Temne-
patypbl. Mpun 3ToM MeToge pukcupyetcs
BPEMEHHOW uHTepBan npobera 3Byka OT nepe-
JaTtymka K MHOrMYecsieHHbIM npuemMHukam. C
TOUYKM 3peHus u3nku pacyet TemnepaTypsbl
npeactaBnseT cobon cnegyrouee:

KBaapaTHbIi KOpeHb abCo/IKOTHOW Temnepa-
Typbl NPOMOPLNOHANIEH U3MEPSEMOWN CKOpPO-
CTW 3ByKa:

'k RT
M

C-cKopocCTb 3ByKa B M\cek

R-06wWwure ra3oBble NOCTOAHHbIE BENYMHBI
K-koappuumeHT

M-Bec Monekynbl

T- Temnepartypa rasa

AKyCTUYECKUIA CNOCO6 M3MEepeHus Temneparypsbl
T-maTpukc no3BoNseT n3MepuTb TemnepaTypy,
NCKNYas U3NyyeHUe, B CUIbHO 3amnbl/IEHHOW ©
arpeccvBHO cpefe A[OMEHHON neun. Ckauku
TeMmnepartypbl MOryT 6bITb NPOCTO 3adhMKCcnpoBa-
Hbl BHYTPW [AHHOI cpefbl, rae MOCTOSIHHO uAeT
npouecc.

Piezo-Microphone
Mbe3o0-MukpodoH

Transmitter/Receiver
TpaHcmuTTep/ NMpUEMHUK

Solenoid Valve
ONEeKTPOMarHUTHbIA BEHTU/b

Acoustic gas temperature
measurement

The gas temperature measurement system is
based on the principle of sound pyrometry and
records the integral temperature in large
combustions along individual measuring
sections.

The sound pyrometry, also called acoustical gas
temperature measurement, uses the effect of the
temperature depending sound propagation in
gaseous media. The process measures the dura-
tion of a sound signal between one sending and
several receiving units. The physical principle for
the calculation of the integral temperature can be
described as follows:

The square root of the absolute temperature
is proportional to the measured sound dura-
tion.

'k RT
C =
M

c Sound speed in [m/s]

R General gas constant in [J/mol K]
K Adiabatic coefficient in []

M Molecular weight in [kg/mol]
T Gas temperature in K]

The acoustic gas temperature measurement
t-matriX records the gas temperature without the
radiation share in the strongly dust loaded and
aggressive blast furnace atmosphere. Tempera-
ture peaks in the process room can be clearly
identified based on the delay-free measurement.

Signal processing unit
Bnok 06paboTkn faHHbIX

Nitrogen A3oT
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Sonic Pyrometry in Blast Furnaces

MPUHLUUM YCTPOWMCTBA CUCTE-
Mbl NSMEPEHNA

Bca cuctema coctouT n3 8- MAEHTUYHBIX 3BYKO-
BbIX POXKOB, KaXAblii X KOTOPbIX NpeacTtaBnset
coboin eanHyto cuctemy. Kaxgas M3 aTux cuctem
CNYXUT ANA nepejayn n npuema akyCcTUyeckmx
CUrHanoB. 3a nepepjadvy curHana orseyaet wkad
ynpaBJ/ieHnsl, KOTOPbIA CBA3aH ,B CBOK o4yepenb,
C CeTeBOW cUCTEMON 06paboTKM AaHHbIX.

OYHKUMOHAJIBHOE ONMWCAHUE
CNCTEMBbI

AKYCTMUYECKUIA CUrHan reHepupyeTcs OAHUM U3
3BYKOBbIX POXKOB, KOTOpPbIii BbICTynaeT B JaHHOM
cnyyae B KayecTBe nepegartuyvka, B MOMEHT
BMPbICKUBAHMA a30Ta. JTOT CWUrHan, KOTOpblii
ANnTCA NpuMepHO 1 cekyHAy, Bbi3blBaeT LIyM MO
BCe nosioce, KOTOPbLIA, B CBOK o4Yepenb, NPUHM-
MaeTca ocCTasibHbIMKU 7-10 poxkamu. KVmerwowne
MEeCTO LWYMbl BHYTPU AOMEHHOI Meyn He AOJSIKHbI
noMewaTtb TOYHOMY OMNPEeAEesIEHNI0 BPEMEHM
npobera gaHHOro curHana. [na aToro NpuMeHs-
eTca crneumanbHO paspaboTaHHas cucTema
koppensauun. Cuctema OOGHapPyXeHus curHana
HapaBnseT faHHble N0 HeMy B efuHbIA LEeHTp
06paboTkn paHHbIX. Mcnonb3ys Tonorpadguue-
CKMA MeToAd pacyeTa UEHTpP no ob6paboTke
OaHHbIX TeMnepaTypHbIX AaHHbIX BblgaeT ABYX-
MEpHbIA rpaduk.

NMPEMMYLWECTBA METOOA
N3MEPEHNA T-MATPUKC

» laHHblE MO TemnepaTtype no cucreme- 2 n
nosiHaa Bu3yanusauusa NOBEPXCHOCTH
n3mepeHus.

» [laHHbIE MO N3MEHEHUIO TeMNepaTypbl Kaxable
3 - 4 cekyHAabl

e KOHTpO/b 3a OTAENbHBLIMW 30HAMMU
e HUKaknx COOpY>XEHU BHYTPW AOMEHHOI neun

« OTCYTCTBME BMUAHWUA Ha pacnpepenexne
WNXTbl B MOMEHT 3arpysku

* JIEKKOCTb B AOCTYMHOCTU BCEX KOMMOHEHTOB
» OTCYTCTBME HEOOXOOAMMOCTU O0O6CAYXNBAHUSA

* ABTOMaTM4eckoe pacno3HoBaHue,
npeaynpexaeHne n apxusupoBaHue no
cucteme «Hot-Spot»

» Pacxop asoTta-npumepHo 80m3\uac

» laBneHue asota He MeHee 4Yem 4 6apa Bbllwe
JaBrieHua Ha KosowHuke

Design of the measurement process

The system consists of eight identical sound
horns, in the following called S/E units . Each of
those units is used for the sending as well as the
reception of acoustical signals. The control and
the signal recording are installed in a switch cabi-
net and they communicate through a network
connection with the signal processing unit
(workstation).

Operation of the temperature
measurement system

The acoustic measurement signal is generated
with the help of a nitrogen injection through a
sound horn, which works as a sender. This pulse,
which lasts approximately one second, gener-
ates a broad band noise and will be recorded by
the other seven units, which now receive. The
sound transfer time of the signal must be deter-
mined reliably based on the existing background
noise in the blast furnace. For this purpose, the
signal recorded by the sender will be compared
with the received signals by using a specially
developed correlation technology.

The signal recording sends the recorded data to
the signal processing unit. The two-dimensional
temperature distribution is calculated by using a
tomograph software, which was specially devel-
oped for this application.

Characteristics of the t-matriX
gas temperature measurement

» 2-D temperature value acquisition and visuali-
zation of a complete measurement plane

» The temperature distribution is updated every
3-4 seconds

* Monitoring of user defined sectors
* No installation within the blast furnace

* No impact on the material distribution during
charging (dead spaces due to mechanical
installations)

* Free accessibility of all components
* Maintenance-free

» Automatic hotspot identification, warning and
archiving

* Nitrogen consumption approximately 80 Nm3h

* Nitrogen pressure min. 4 bar above furnace
top pressure
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PE3IOME

AKycTunyeckas cuctema nM3MepeHusa Temnepartypbl Mo
meTony T-maTpukc OCHOBaHa Ha MeToge pacyeTa
NPOX0XAEHNS 3BYKOBOrO CMrHana oT nepejatumka K
NPUeMHUKY BHYTPU TemMnepaTypHbIX pexumMos. MN3me-
pUTENbHbBIA CUTHAN BO3HUKAET B MOMEHT BMNpbICKMBA-
Hua a3ota. Cucrtema «S\E», KoTopasd BbIMOJSIHAET
ponb nepegartyvka, MocbiaeT CUrHasa U cneymasnbHo
pa3paboTaHHaa cucTemMa Koppenauuu onpegenser
BpeMS MPOXOXAEHWUA LIYMOBOIO CUrHana oT CUCTEMDbI
nepegatumka (cuctema’3\E”) oo oTAEeNbHbIX MpUeM-
HWKOB. [loslyyeHHble JaHHble nepefarTcAa Ha TOMO-
rpac. OCHOBbIBAACb Ha [aHHbIX MO MNPOXOXAEHUIO
3ByKa LEHTp 06paboTkm AaHHbIX BblgaeT ABYXmep-
Hble 3HayYeHus Temnepatypbl B akyCTUUYECKOW cpepne
n3mepeHunsa. PacnpegeneHue TemnepaTypbl B aKycTu-
Yyeckoli cpefe n3MepeHus BU3yanu3npyeTcs 1 MOXeT
nepepasaTtbCcs gasnee.

Niob6ble TpeboBaHUA 3akaszuuka MOryT ObiTb ObICTPO
CnporpaMMupoBaHbl 1 BbIMOJTHEHbI.

Control cable Ka6enb koHTpons

Signal cable Ka6enb curHana Ball valve with pneumatic hose
WapoBblii kpaH

C MHEBMATMYECKUM PyKaBOM

1" Subordinate line
1" MexcucTémHas nuHns

7

2" Main line
Transmitter/Receiver unit 2" Konbuesoi Tpy6onposog

TpaHcmutTep / MpUEMHMK
From central

t Nitrogen supply
p= 4 bar above furnace top pressure

OT UeHTpanbHoro cHabxeHns asoTa,
p= 4 6ap Bblle AaBNeHNs N0 KONOWHNKOM.

Signal processing unit

Bnok 06pa6boTkn AaHHbIX
Control cabinet

Touka NnepeceyeHns CUTHaNbLHO nepegaun

Scope of supply
TpaHnya nocTasku
|

Z&J Technologies GmbH 1 Customer
" Knnex

Summary

The acoustic gas temperature measurement
system t-matriX calculates integral path tempera-
tures between identical sender and receiver units
based on the transfer time of sound. The measure-
ment signal will be generated by a nitrogen pulse.
The S/E unit, which currently works as a sender,
records the measurement signal and a specially
developed correlation technology determines the
transfer time of sound between the sender unit
and the individual receivers. The measured trans-
fer time of sound will be transmitted to the tomo-
graph software. The tomograph software deter-
mines the two-dimensional temperature distribu-
tion in the acoustic measurement plane based on
these transfer times of sound. The temperature
distribution in the acoustic measurement plane is
visualized for the operator and can be exported
through different interfaces.

Customer specific requirements can be integrated
fast and easily by using the modular program
structure.
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