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ABSTRAKT

Clanok popisuje meranie objemového prietoku procesného média Therminol 66, pouzivaného na
prenos tepla, v technologickom procese vyroby drevenych peliet za uicelom overenia usekov, kde nie s
nainstalované in-situ merace a udaje o hodnote prietokov maju vplyv na kvalitu vysledného produktu.

Meranie bolo realizované ultrazvukovym prietokomerom bez zasahu do potrubia.
KLUCOVE SLOVA: Technologia, prietok, meranie, ultrazvuk.

ABSTRACT

The article describes the volume flow measurement of process mediaTherminol 66 flow in the
technological process of wood pellet production in order to verify sections where in-situ meters are
not installed and the flow rate data affects the quality of the final product. The measurement was
performed with an ultrasonic flowmeter without using clamp-on method.

KEYWORDS: Technology, flow, measurement, ultrasound.
Uvod

Bezkontaktné meracie zariadenia a senzory naberaji na popularite. Na jednej strane je to
bezpecnost’ technickych zariadeni a technologickych rieSeni z pohladu celkovej bezpecnosti a na
strane druhej tieto druhy merania prindsaju jednoduchost’ obsluhy a aj samotnej pripravy meraného
bodu. Nie st potrebné zlozité pripravy na instalaciu senzorov, kde pri beznych in-situ metoédach je
potrebné odstavit’ technologicky proces, ¢asto vyprazdnit’ potrubie resp. nadobu s médiom, zabezpecit
potrebné technické vybavenie.

Ultrazvukovy prietokomer pouzity pre meranie a vyhodnotenie objemového prietoku média
Therminol 66 je zariadenie s velmi jednoduchou instalaciou, intuitivnym nastavenim a vysokou
presnost’ou merania.

Popis technologie

Peletovanie je ekologicky progresivny spdsob zhutiiovania podrvenej a vysusenej drevenej hmoty,

teda pilin. Mdzeme povedat, Ze peleta je vylisok z jemnej drevenej hmoty valcovitého tvaru.'

'Ekoteplo. - [on-line] [2019-10-21] Dostupné na internete - URL:https://ekoteplo.sk/2019/10/21/uvod-do-problematiky-
peliet/
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Obr. 1 Drevené pele?

Proces vyroby drevnych peliet

Proces vyroby drevnych peliet nie je len o samotnom lisovani. Je potrebné vykonat viacero
operacii:

e Triedenie — z dodanej suroviny je potrebné odstranit’ cudzie telesa (kovy, kamene a pod.)

e Drvenie — pokial' vstupna surovina obsahuje frakcie vicsie ako velkost’ otvorov v matrici
peletizacného lisu, je nutné ich podrvit’.

e Dovlh¢ovanie — pre spravny proces lisovania sa surovina musi povrchovo navlh¢it, ¢im
dochadza aj k zniZeniu trenia pocas lisovania.

e Lisovanie — surovina je pod tlakom pretlacana cez otvory, kde nabera svoj buduci tvar.

e Chladenie — vyrobené pelety je potrebné ¢o najskor ochladit’ na teplotu okolia, ¢im dojde k
zvySeniu ich odolnosti.

o Oprgéovanie — medzi vyrobenymi peletami sa nachadza aj odrol, ktory sa odstraiuje pomocou
sita.

Surovy materidl sa musi v prvom kroku pripravit' na d’al$i proces, aby vyroba drevnych peliet
prebichala bez problémov. Ide predovSetkym o odstranenie kovovych prvkov a rozdrvenie vSetkych
pilin na rovnakt velkost’ v takzvanom kladivkovom mlyne. V d’alSom kroku ide o pripravu materialu
na lisovanie. Zvysky dreva sa pritom susia alebo zvlh¢uju. Cielom je dosiahnut’ jednotny obsah vody
od desat’ do pétnast’ percent. Pridanim Skrobu je mozné okrem toho zvysit' aj odolnost’ vyslednych
peliet voci oderu. Viac nez dvojpercentny podiel vSak nie je povoleny. Ked materidl dosiahne
optimalne podmienky na vyrobu drevnych peliet, zlisuje sa. Valce pretlacaju drevné piliny cez otvory
takzvanej matrice, pri teplotach od 40 do 50 °C. Vysoky tlak aktivuje latku lignin obsiahnutt v dreve,
ako prirodné spojivo ¢im trubicky nestratia tvar. Na zaver nasleduje chladenie a posledné triedenie
hotovych peliet.*

“ProPellets. The Many Advantages of Wood Pellets. - [on-line] [2019-10-21] Dostupné na internete - URL:
https://www.propellets.at/en/wood-pellets-fuel

3 HOLUBCIK, M., et al. Spal'ovanie drevenych peliet s pridavkom aditiv. VIII. ROCNIK MEDZINARODNEJ VEDECKEJ
KONFERENCIE RESpect 2013, 97. - [on-line] [2019-10-31] Dostupné na internete -
URL:http://www.academia.edu/download/33503460/zbornik_respect 2013.pdf#page=101

*Vykurovanie24. 2007. Jednoduché vysvetlenie vyroby drevenych peliet. - [on-line] [2019-11-02] Dostupné na internete -
URL: https://vykurovanie24.sk/magazin/kotol-na-pelety/jednoduche-vysvetlenie-vyroby-drevenych-peliet/
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Obr. 2 Techoldgia vyroby drevenych peliet.”

Neustale rastuci tlak na ekonomicku efektivnost' a bezpecnost’ vyrobnych procesov zvySuje
poziadavky na ich riadenie. Najmd z dovodu zlozitosti riadenych systémov a ich nebezpeénosti je
automatizacia spojitych technologickych procesov najdynamickejSie sa rozvijajuicou oblastou
automatizacie a uZ niekol’ko desatro¢i uruje smer vyvoja automatickych riadiacich systémov.® Do
popredia sa dostavaji meracie pristroje a zariadenia s bezkontaktnym principom merania najma vd’aka
vysokej prevadzkovej bezpec¢nosti nakol’ko neprichadza do kontaktu s meranym médiom.

Ultrazvukové prietokomery meraju rychlost’ pradiacej tekutiny bezkontaktne. Neobsahuju Ziadne
pohyblivé ¢asti a nezva¢suju odpor potrubia. S vyhodou sa pouzivaji na meranie objemového prietoku
elektricky vodivych a nevodivych tekutin, ktoré mozu byt aj silne znecistené, agresivne alebo

’ v 7
vybusné.

Pre meranie bol pouzity prietokomer od nemeckého vyrobcu FLEXIM GmbH (obr. 3)
v kombinécii s technologiou Wavelnjector, ktora umoziuje meranie pri teplotach média nad 200 °C.

> TZBinfo. - [on-line] [2019-11-02] Dostupné na internete - URL:https://oze.tzb-info.cz/peletky/9713-ceske-peletarny-lisuji-
od-rana-do-noci-vyrobi-az-200-tisic-tun-drevenych-pelet-rocne

SAutoma. Standardizicia prevadzkovych riadiacich systémov I. - [on-line] [2019-11-21] Dostupné na internete -
URL:https://automa.cz/cz/casopis-clanky/standardizacia-prevadzkovych-riadiacich-systemov-i-uvod-2005_02 30307_492/
TATP Journal. 2012. Meranie prietoku, prete¢eného mnozstva. - [on-line] [2019-11-21] Dostupné na internete -
URL:https://www.atpjournal.sk/rubriky/principy-automatizacie/meranie-prietoku-pretecenecho-mnozstva-

6.html?page id=14579
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Obr. 4 Konzola Wavelnjector pre osadenie ultrazvukovych senzorov.

Therminol 66

Therminol 66 je najobl'ibenejsia kvapalina na prenos tepla na vysokej tirovni na svete. Therminol
66 je Cerpatelny pri nizkych teplotach a ponuka tepelnt stabilitu pri vysokej teplote.' Je to synteticka
kvapalina prenasajtca teplo na prevadzku pri teplotach do 345 °C. Po schvaleni vyrobcom sa vyrobok
moze pouzivat’ az do 355 °C. Maximalna povolena teplota vrstvy je 375 °C."

8AQUIP. Flexim FLUXUS G601. - [on-line] [2019-11-10] Dostupné na internete -
URL:https://www.aquip.com.au/products/clamp-on-ultrasonic-portable-flowmeter-gas-2/

°Process. Kompetenznetzwerk fiir Ol und Gas. - [on-line] [2019-12-02] Dostupné na internete -
URL:https://www.process.vogel.de/umleitung-gal-253758/?pid=7513&pk=253758 & fk=279744 &type=article

Eastman. Technical data sheet Therminol 66 Heat Transfer Fluid. - [on-line] [2019-11-21] Dostupné na internete -
URL:https://www.google.sk/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=2ahUKEwiVx12J3cHmAhWEuIsKHVD
OB70QFjAAegQIAxAJ&url=https%3A%2F%2Fwww.therminol.com%2Fsites%2Ftherminol%2Ffiles%2Fdocuments%2FT
herminol-66-TechDatasheet.pdf&usg=AO0vVaw0gFjXdpNQSPkvfCDtl1jO-

"Fragol. Heat transfer Fluid from 0 °C to 355 °C. - [on-line] [2019-11-21] Dostupné na internete - URL:
https://www.fragol.de/en/heat-transfer-fluids/heat-transfer-fluids/products/therminolr-66.html
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Obr. 5 Pracovny teplotny rozsah média Therminol 66."

Priprava meraného bodu

Pre vysoku povrchovi teplotu potrubia je vzhladom na pracovnu teplotu samotnych senzorov
180°C potrebné pouzit Specidlnu kozolu pre aplikacie s vysokou procesnou teplotou, tzv.

Wavelnjector (obr. 4).
Osadenie vyzaduje vysokt technicka zruc¢nost’, nakol’ko je potrebné dosiahnut’ vysokil povrchovi
rovinnost’ potrubia pre dokonaly mechanicky spoj pre maximalny prenos zvuku medzi potrubim a

konzolou.
Prietokomer G601 disponuje softvérom, ktory umoziuje diagnostiku signalu a tak uréit’ kvalitu

prevedenia montaze konzoly Wavelnjector (Tabul’ka 1).

Tabulka 1 Vypis diagnostiky merania prietokomera G601

Physical quantity Unit A

SCNR dB 36,67

SNR dB 53,51

Gain dB 61,83
Amplitude % 57,94%
Quality % 99,04%
Vari. time % 0,00%
Vari. amplitude % 0,32%
Sound speed m/s 823,73

Flow velocity m/s 2,61

Pokial’ su hodnoty v zelenom poli, je meranie spol'ahlivé. V pripade odchylok, ktoré by mali vplyv
na presnost’ merania, program zobrazi hodnoty v Zltom poli. V pripade, Ze st hodnoty signalov mimo
pracovny rozsah, polia su sfarbené na ¢erveno.

"”Rodun Benelux. Therminol 66. - [on-line] [2019-11-21] Dostupné na internete -
URL:https://rodun.nl/de/producten/therminol/therminol-66/
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Softvér dodavany k pristroju poskytuje schematické zobrazenie merania a vnutorného nastavenia

Tabulka 2Nastavenie meraca prietoku

Physical quantity Unit A
Outer diameter mm 115,00
Pipe wall thickness mm 3,50
Pipe wall material Carbon steel
Roughness mm 0,10
. Therminol 66 (User-
Fluid defined)
Fluid sound speed m/s 894,35
Fluid temp. °C 245,00
Fluid pressure n/a
Transducer S/N CDMIEZ761568
Sound paths 1
Transducer distance mm 174,00
Volume units m*/h
Damping S 15
Logging enabled Yes
Storage mode Last value
Storage rate S 3
Ringbuffer No
Add. diagnostics Yes
Cut-off flow + 0.005 m/s
Cut-off flow - 0.005 m/s
Field calibration See parameter page

prietokomera (obr. 6)

—————————————————————————————— Measuring point: A (1)
A | Logger
\ 3s
] Field Damping A
calibra... 155
Fluid temp.: I1 (Temperature) - : _ﬁ! Rem(_}te i
Aux, temperature: 12 (Temperature) Event trigger functions
1 1 Modbus Bl F —oP3+, P3-
- H T 2
’_Tempem.._ Ll (RTU) A:Event... ~oP2+, P2-
et | | Modbus 3
'-Temfem no 12 A'Vt:l];:m (R1U) :: e
= 1| As fiel...
Process inputs Input triggers Process outputs
Volume flow rate G 601 -60108668

Obr. 6 Schématické zobrazenie merania pomocou programu FluxDiag.
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Tabulka 3 Namerané udaje prietoku

Time and date Flow vel. | Vol. flow Time and date Flow vel. | Vol. flow
m/s m3/h m/s m3/h

8/22/2018 6:27:10 PM 2,58 84,92 | 8/22/2018 6:29:25 PM 2,61 86,14
8/22/2018 6:27:13 PM 2,65 87,431 8/22/2018 6:29:28 PM 2,59 85,52
8/22/2018 6:27:16 PM 2,58 85,19 8/22/2018 6:29:31 PM 2,60 85,68
8/22/2018 6:27:19 PM 2,50 82,381 8/22/2018 6:29:34 PM 2,57 84,62
8/22/2018 6:27:22 PM 2,76 90,92 | 8/22/2018 6:29:37 PM 2,56 84,46
8/22/2018 6:27:25 PM 2,68 88,42 | 8/22/2018 6:29:40 PM 2,55 84,03
8/22/2018 6:27:28 PM 2,62 86,24 | 8/22/2018 6:29:43 PM 2,53 83,54
8/22/2018 6:27:31 PM 2,62 86,37 8/22/2018 6:29:46 PM 2,54 83,60
8/22/2018 6:27:34 PM 2,61 86,08 | 8/22/2018 6:29:49 PM 2,55 84,10
8/22/2018 6:27:37 PM 2,55 84,16 8/22/2018 6:29:52 PM 2,57 84,76
8/22/2018 6:27:40 PM 2,58 85,12 8/22/2018 6:29:55 PM 2,56 84,46
8/22/2018 6:27:43 PM 2,60 85,71 8/22/2018 6:29:58 PM 2,56 84,36
8/22/2018 6:27:46 PM 2,61 86,17 8/22/2018 6:30:01 PM 2,58 85,09
8/22/2018 6:27:49 PM 2,60 85,65 8/22/2018 6:30:04 PM 2,58 84,99
8/22/2018 6:27:52 PM 2,59 85,351 8/22/2018 6:30:07 PM 2,56 84,56
8/22/2018 6:27:55 PM 2,61 86,04 | 8/22/2018 6:30:10 PM 2,53 83,54
8/22/2018 6:27:58 PM 2,60 85,781 8/22/2018 6:30:13 PM 2,54 83,80
8/22/2018 6:28:01 PM 2,61 85,941 8/22/2018 6:30:16 PM 2,55 84,16
8/22/2018 6:28:04 PM 2,61 86,11 8/22/2018 6:30:19 PM 2,60 85,78
8/22/2018 6:28:07 PM 2,63 86,90 | 8/22/2018 6:30:22 PM 2,61 85,98
8/22/2018 6:28:10 PM 2,64 86,93 | 8/22/2018 6:30:25 PM 2,61 86,08
8/22/2018 6:28:13 PM 2,65 87,391 8/22/2018 6:30:28 PM 2,63 86,77
8/22/2018 6:28:16 PM 2,65 87,30 | 8/22/2018 6:30:31 PM 2,65 87,33
8/22/2018 6:28:19 PM 2,64 87,201 8/22/2018 6:30:34 PM 2,66 87,59
8/22/2018 6:28:22 PM 2,62 86,54 | 8/22/2018 6:30:37 PM 2,65 87,49
8/22/2018 6:28:25 PM 2,61 86,08 | 8/22/2018 6:30:40 PM 2,63 86,70
8/22/2018 6:28:28 PM 2,58 85,02 8/22/2018 6:30:43 PM 2,60 85,68
8/22/2018 6:28:31 PM 2,59 85,451 8/22/2018 6:30:46 PM 2,59 85,32
8/22/2018 6:28:34 PM 2,59 85,421 8/22/2018 6:30:49 PM 2,59 85,42
8/22/2018 6:28:37 PM 2,61 86,04 | 8/22/2018 6:30:52 PM 2,60 85,65
8/22/2018 6:28:40 PM 2,64 87,10 8/22/2018 6:30:55 PM 2,58 85,02
8/22/2018 6:28:43 PM 2,65 87,331 8/22/2018 6:30:58 PM 2,56 84,26
8/22/2018 6:28:46 PM 2,63 86,70 | 8/22/2018 6:31:01 PM 2,54 83,67
8/22/2018 6:28:49 PM 2,62 86,371 8/22/2018 6:31:04 PM 2,54 83,80
8/22/2018 6:28:52 PM 2,63 86,57 8/22/2018 6:31:07 PM 2,53 83,44
8/22/2018 6:28:55 PM 2,62 86,34 |8/22/2018 6:31:10 PM 2,54 83,87
8/22/2018 6:28:58 PM 2,59 85,4518/22/2018 6:31:13 PM 2,54 83,90
8/22/2018 6:29:01 PM 2,60 85,81 8/22/2018 6:31:16 PM 2,55 84,20
8/22/2018 6:29:04 PM 2,62 86,441 8/22/2018 6:31:19 PM 2,54 83,77
8/22/2018 6:29:07 PM 2,60 85,81 8/22/2018 6:31:22 PM 2,57 84,76
8/22/2018 6:29:10 PM 2,60 85,841 8/22/2018 6:31:25 PM 2,59 85,25
8/22/2018 6:29:13 PM 2,60 85,581 8/22/2018 6:31:28 PM 2,58 85,19
8/22/2018 6:29:16 PM 2,59 85,551 8/22/2018 6:31:31 PM 2,59 85,45
8/22/2018 6:29:19 PM 2,60 85,751 8/22/2018 6:31:34 PM 2,58 85,22
8/22/2018 6:29:22 PM 2,61 86,01 |8/22/2018 6:31:37 PM 2,57 84,62
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Pokracovanie tabulky3
Flow Vol. Flow
Time and date vel. flow Time and date vel. Vol. flow
m/s m3/h m/s m3/h

8/22/2018 6:31:40 PM 2,55 84,00 | 8/22/2018 6:33:55 PM 2,58 85,12
8/22/2018 6:31:43 PM 2,54 83,73 8/22/2018 6:33:58 PM 2,58 85,05
8/22/2018 6:31:46 PM 2,53 83,54 | 8/22/2018 6:34:01 PM 2,57 84,82
8/22/2018 6:31:49 PM 2,53 83,40 8/22/2018 6:34:04 PM 2,57 84,86
8/22/2018 6:31:52 PM 2,52 83,01 | 8/22/2018 6:34:07 PM 2,57 84,82
8/22/2018 6:31:55 PM 2,54 83,83 8/22/2018 6:34:10 PM 2,57 84,89
8/22/2018 6:31:58 PM 2,54 83,60 | 8/22/2018 6:34:13 PM 2,57 84,76
8/22/2018 6:32:01 PM 2,53 83,40 8/22/2018 6:34:16 PM 2,58 84,95
8/22/2018 6:32:04 PM 2,51 82,81(8/22/2018 6:34:19 PM 2,58 84,92
8/22/2018 6:32:07 PM 2,55 84,23 8/22/2018 6:34:22 PM 2,57 84,66
8/22/2018 6:32:10 PM 2,57 84,86 | 8/22/2018 6:34:25 PM 2,59 85,32
8/22/2018 6:32:13 PM 2,59 85,48 (8/22/2018 6:34:28 PM 2,61 85,94
8/22/2018 6:32:16 PM 2,60 85,78 | 8/22/2018 6:34:31 PM 2,59 85,52
8/22/2018 6:32:19 PM 2,62 86,44 | 8/22/2018 6:34:34 PM 2,62 86,24
8/22/2018 6:32:22 PM 2,61 86,04 | 8/22/2018 6:34:37 PM 2,60 85,75
8/22/2018 6:32:25 PM 2,59 85,52 8/22/2018 6:34:40 PM 2,58 85,22
8/22/2018 6:32:28 PM 2,56 84,43 | 8/22/2018 6:34:43 PM 2,58 85,12
8/22/2018 6:32:31 PM 2,56 84,33 8/22/2018 6:34:46 PM 2,58 85,05
8/22/2018 6:32:34 PM 2,56 84,56 | 8/22/2018 6:34:49 PM 2,56 84,43
8/22/2018 6:32:37 PM 2,55 84,00 | 8/22/2018 6:34:52 PM 2,56 84,29
8/22/2018 6:32:40 PM 2,56 84,39 8/22/2018 6:34:55 PM 2,57 84,86
8/22/2018 6:32:43 PM 2,57 84,66 | 8/22/2018 6:34:58 PM 2,56 84,33
8/22/2018 6:32:46 PM 2,58 84,99 | 8/22/2018 6:35:01 PM 2,56 84,33
8/22/2018 6:32:49 PM 2,60 85,84 | 8/22/2018 6:35:04 PM 2,54 83,83
8/22/2018 6:32:52 PM 2,58 85,22 (8/22/2018 6:35:07 PM 2,55 84,13
8/22/2018 6:32:55 PM 2,58 85,22 (8/22/2018 6:35:10 PM 2,55 84,06
8/22/2018 6:32:58 PM 2,55 84,13 8/22/2018 6:35:13 PM 2,56 84,46
8/22/2018 6:33:01 PM 2,53 83,40 8/22/2018 6:35:16 PM 2,56 84,56
8/22/2018 6:33:04 PM 2,53 83,34 | 8/22/2018 6:35:19 PM 2,56 84,29
8/22/2018 6:33:07 PM 2,55 84,03 |8/22/2018 6:35:22 PM 2,55 84,10
8/22/2018 6:33:10 PM 2,59 85,25(8/22/2018 6:35:25 PM 2,55 84,00
8/22/2018 6:33:13 PM 2,62 86,47 |8/22/2018 6:35:28 PM 2,56 84,39
8/22/2018 6:33:16 PM 2,62 86,27 |8/22/2018 6:35:31 PM 2,56 84,29
8/22/2018 6:33:19 PM 2,62 86,37 |8/22/2018 6:35:34 PM 2,55 84,13
8/22/2018 6:33:22 PM 2,61 85,98 | 8/22/2018 6:35:37 PM 2,53 83,57
8/22/2018 6:33:25 PM 2,62 86,44 | 8/22/2018 6:35:40 PM 2,53 83,57
8/22/2018 6:33:28 PM 2,62 86,44 | 8/22/2018 6:35:43 PM 2,52 82,94
8/22/2018 6:33:31 PM 2,62 86,44 | 8/22/2018 6:35:46 PM 2,51 82,91
8/22/2018 6:33:34 PM 2,61 86,08 | 8/22/2018 6:35:49 PM 2,53 83,54
8/22/2018 6:33:37 PM 2,59 85,42 8/22/2018 6:35:52 PM 2,55 84,13
8/22/2018 6:33:40 PM 2,60 85,71 8/22/2018 6:35:55 PM 2,53 83,47
8/22/2018 6:33:43 PM 2,56 84,33 8/22/2018 6:35:58 PM 2,53 83,44
8/22/2018 6:33:46 PM 2,56 84,43 | 8/22/2018 6:36:01 PM 2,56 84,53
8/22/2018 6:33:49 PM 2,58 84,95 8/22/2018 6:36:04 PM 2,55 84,10
8/22/2018 6:33:52 PM 2,58 85,15(8/22/2018 6:36:07 PM 2,55 83,93
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Pokracovanie tabulky 3
Flow Vol. Flow
Time and date vel. flow Time and date vel. Vol. flow
m/s m3/h m/s m3/h

8/22/2018 6:36:10 PM 2,55 83,96 | 8/22/2018 6:38:25 PM 2,47 81,56
8/22/2018 6:36:13 PM 2,53 83,31 8/22/2018 6:38:28 PM 2,50 82,48
8/22/2018 6:36:16 PM 2,53 83,441 8/22/2018 6:38:31 PM 2,51 82,68
8/22/2018 6:36:19 PM 2,52 83,241 8/22/2018 6:38:34 PM 2,49 82,02
8/22/2018 6:36:22 PM 2,52 83,21 8/22/2018 6:38:37 PM 2,49 82,09
8/22/2018 6:36:25 PM 2,52 83,11 8/22/2018 6:38:40 PM 2,47 81,59
8/22/2018 6:36:28 PM 2,51 82,91 8/22/2018 6:38:43 PM 2,50 82,55
8/22/2018 6:36:31 PM 2,51 82,91 8/22/2018 6:38:46 PM 2,49 82,28
8/22/2018 6:36:34 PM 2,50 82,581 8/22/2018 6:38:49 PM 2,50 82,35
8/22/2018 6:36:37 PM 2,50 82,4518/22/2018 6:38:52 PM 2,50 82,51
8/22/2018 6:36:40 PM 2,51 82,68 |8/22/2018 6:38:55 PM 2,50 82,55
8/22/2018 6:36:43 PM 2,52 82,98 | 8/22/2018 6:38:58 PM 2,48 81,79
8/22/2018 6:36:46 PM 2,52 83,141 8/22/2018 6:39:01 PM 2,47 81,56
8/22/2018 6:36:49 PM 2,52 82,98 | 8/22/2018 6:39:04 PM 2,48 81,79
8/22/2018 6:36:52 PM 2,49 82,2518/22/2018 6:39:07 PM 2,50 82,35
8/22/2018 6:36:55 PM 2,47 81,43|8/22/2018 6:39:10 PM 2,49 82,02
8/22/2018 6:36:58 PM 2,49 81,99 8/22/2018 6:39:13 PM 2,50 82,32
8/22/2018 6:37:01 PM 2,49 82,18 8/22/2018 6:39:16 PM 2,50 82,32
8/22/2018 6:37:04 PM 2,53 83,341 8/22/2018 6:39:19 PM 2,49 82,02
8/22/2018 6:37:07 PM 2,54 83,77 8/22/2018 6:39:22 PM 2,48 81,79
8/22/2018 6:37:10 PM 2,54 83,67 8/22/2018 6:39:25 PM 2,47 81,43
8/22/2018 6:37:13 PM 2,52 82,941 8/22/2018 6:39:28 PM 2,51 82,68
8/22/2018 6:37:16 PM 2,48 81,921 8/22/2018 6:39:31 PM 2,52 83,11
8/22/2018 6:37:19 PM 2,45 80,70 | 8/22/2018 6:39:34 PM 2,55 84,20
8/22/2018 6:37:22 PM 2,43 80,11 8/22/2018 6:39:37 PM 2,58 85,22
8/22/2018 6:37:25 PM 2,41 79,51 |8/22/2018 6:39:40 PM 2,61 85,94
8/22/2018 6:37:28 PM 2,43 80,14 | 8/22/2018 6:39:43 PM 2,62 86,27
8/22/2018 6:37:31 PM 2,44 80,44 | 8/22/2018 6:39:46 PM 2,67 87,99
8/22/2018 6:37:34 PM 2,45 80,83 | 8/22/2018 6:39:49 PM 2,67 87,92
8/22/2018 6:37:37 PM 2,46 81,13 8/22/2018 6:39:52 PM 2,66 87,82
8/22/2018 6:37:40 PM 2,49 82,221 8/22/2018 6:39:55 PM 2,65 87,53
8/22/2018 6:37:43 PM 2,51 82,68 |8/22/2018 6:39:58 PM 2,62 86,54
8/22/2018 6:37:46 PM 2,50 82,321 8/22/2018 6:40:01 PM 2,64 86,93
8/22/2018 6:37:49 PM 2,52 82,98 | 8/22/2018 6:40:04 PM 2,63 86,83
8/22/2018 6:37:52 PM 2,52 83,04 | 8/22/2018 6:40:07 PM 2,64 87,03
8/22/2018 6:37:55 PM 2,49 82,121 8/22/2018 6:40:10 PM 2,65 87,26
8/22/2018 6:37:58 PM 2,48 81,821 8/22/2018 6:40:13 PM 2,66 87,89
8/22/2018 6:38:01 PM 2,47 81,62 |8/22/2018 6:40:16 PM 2,66 87,66
8/22/2018 6:38:04 PM 2,48 81,66 | 8/22/2018 6:40:19 PM 2,65 87,56
8/22/2018 6:38:07 PM 2,45 80,67 | 8/22/2018 6:40:22 PM 2,67 87,99
8/22/2018 6:38:10 PM 2,45 80,70 | 8/22/2018 6:40:25 PM 2,66 87,69
8/22/2018 6:38:13 PM 2,46 81,03 |8/22/2018 6:40:28 PM 2,65 87,26
8/22/2018 6:38:16 PM 2,47 81,39 8/22/2018 6:40:31 PM 2,64 86,97
8/22/2018 6:38:19 PM 2,47 81,62 |8/22/2018 6:40:34 PM 2,62 86,54
8/22/2018 6:38:22 PM 2,48 81,85 8/22/2018 6:40:37 PM 2,63 86,67
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Flow Vol. Flow
Time and date vel. flow Time and date vel. Vol. flow
m/s m3/h m/s m3/h

8/22/2018 6:40:40 PM 2,62 86,47 8/22/2018 6:42:58 PM 2,64 87,23
8/22/2018 6:40:43 PM 2,65 87,431 8/22/2018 6:43:01 PM 2,70 89,11
8/22/2018 6:40:46 PM 2,65 87,46 | 8/22/2018 6:43:04 PM 2,69 88,81
8/22/2018 6:40:49 PM 2,64 87,10 8/22/2018 6:43:07 PM 2,70 89,21
8/22/2018 6:40:52 PM 2,63 86,571 8/22/2018 6:43:10 PM 2,71 89,34
8/22/2018 6:40:55 PM 2,62 86,47 8/22/2018 6:43:13 PM 2,71 89,27
8/22/2018 6:40:58 PM 2,61 86,11 8/22/2018 6:43:16 PM 2,69 88,88
8/22/2018 6:41:01 PM 2,60 85,68 |8/22/2018 6:43:19 PM 2,71 89,34
8/22/2018 6:41:04 PM 2,64 87,00 | 8/22/2018 6:43:22 PM 2,70 89,21
8/22/2018 6:41:07 PM 2,66 87,821 8/22/2018 6:43:25 PM 2,70 89,14
8/22/2018 6:41:10 PM 2,66 87,76 | 8/22/2018 6:43:28 PM 2,68 88,32
8/22/2018 6:41:13 PM 2,68 88,291 8/22/2018 6:43:31 PM 2,68 88,35
8/22/2018 6:41:16 PM 2,66 87,891 8/22/2018 6:43:34 PM 2,70 88,94
8/22/2018 6:41:19 PM 2,68 88,42 | 8/22/2018 6:43:37 PM 2,69 88,88
8/22/2018 6:41:22 PM 2,70 89,11 8/22/2018 6:43:40 PM 2,69 88,68
8/22/2018 6:41:25 PM 2,70 88,94 | 8/22/2018 6:43:43 PM 2,67 88,19
8/22/2018 6:41:28 PM 2,74 90,26 | 8/22/2018 6:43:46 PM 2,66 87,72
8/22/2018 6:41:31 PM 2,50 90,69 | 8/22/2018 6:43:49 PM 2,68 88,48
8/22/2018 6:41:34 PM 2,76 91,12 |8/22/2018 6:43:52 PM 2,68 88,55
8/22/2018 6:41:37 PM 2,76 91,09 | 8/22/2018 6:43:55 PM 2,68 88,32
8/22/2018 6:41:40 PM 2,71 89,41 8/22/2018 6:43:58 PM 2,68 88,38
8/22/2018 6:41:43 PM 2,68 88,2518/22/2018 6:44:01 PM 2,68 88,52
8/22/2018 6:41:46 PM 2,65 87,46 | 8/22/2018 6:44:04 PM 2,70 88,94
8/22/2018 6:41:49 PM 2,64 87,20 8/22/2018 6:44:07 PM 2,68 88,38
8/22/2018 6:41:52 PM 2,63 86,70 8/22/2018 6:44:10 PM 2,67 88,19
8/22/2018 6:41:55 PM 2,65 87,26 | 8/22/2018 6:44:13 PM 2,65 87,43
8/22/2018 6:41:58 PM 2,64 87,131 8/22/2018 6:44:16 PM 2,66 87,63
8/22/2018 6:42:01 PM 2,64 86,93 | 8/22/2018 6:44:19 PM 2,65 87,49
8/22/2018 6:42:04 PM 2,66 87,63 |8/22/2018 6:44:22 PM 2,68 88,35
8/22/2018 6:42:07 PM 2,67 88,22 8/22/2018 6:44:25 PM 2,69 88,85
8/22/2018 6:42:10 PM 2,70 89,18 | 8/22/2018 6:44:28 PM 2,71 89,37
8/22/2018 6:42:13 PM 2,70 89,08 | 8/22/2018 6:44:31 PM 2,75 90,63
8/22/2018 6:42:16 PM 2,70 89,08 | 8/22/2018 6:44:34 PM 2,77 91,25
8/22/2018 6:42:19 PM 2,73 90,07 | 8/22/2018 6:44:37 PM 2,78 91,78
8/22/2018 6:42:22 PM 2,70 89,08 | 8/22/2018 6:44:40 PM 2,75 90,82
8/22/2018 6:42:25 PM 2,69 88,58 | 8/22/2018 6:44:43 PM 2,75 90,66
8/22/2018 6:42:28 PM 2,66 87,891 8/22/2018 6:44:46 PM 2,73 90,03
8/22/2018 6:42:31 PM 2,64 87,00 8/22/2018 6:44:49 PM 2,70 88,98
8/22/2018 6:42:34 PM 2,63 86,57 | 8/22/2018 6:44:52 PM 2,73 90,17
8/22/2018 6:42:37 PM 2,63 86,57 8/22/2018 6:44:55 PM 2,71 89,37
8/22/2018 6:42:40 PM 2,63 86,831 8/22/2018 6:44:58 PM 2,70 89,21
8/22/2018 6:42:43 PM 2,63 86,80 | 8/22/2018 6:45:01 PM 2,72 89,57
8/22/2018 6:42:46 PM 2,62 86,34 | 8/22/2018 6:45:04 PM 2,73 90,03
8/22/2018 6:42:49 PM 2,60 85,841 8/22/2018 6:45:07 PM 2,74 90,23
8/22/2018 6:42:52 PM 2,61 86,21 8/22/2018 6:45:10 PM 2,70 89,08
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Flow Vol. Flow
Time and date vel. flow Time and date vel. Vol. flow
m/s m3/h m/s m3/h

8/22/2018 6:42:55 PM 2,61 86,08 | 8/22/2018 6:47:28 PM 2,66 87,66
8/22/2018 6:45:16 PM 2,72 89,84 | 8/22/2018 6:47:31 PM 2,64 87,10
8/22/2018 6:45:19 PM 2,74 90,36 | 8/22/2018 6:47:34 PM 2,63 86,67
8/22/2018 6:45:22 PM 2,73 90,00 | 8/22/2018 6:47:37 PM 2,60 85,88
8/22/2018 6:45:25 PM 2,70 89,18 | 8/22/2018 6:47:40 PM 2,63 86,70
8/22/2018 6:45:28 PM 2,71 89,471 8/22/2018 6:47:43 PM 2,63 86,77
8/22/2018 6:45:31 PM 2,73 89,90 | 8/22/2018 6:47:46 PM 2,65 87,56
8/22/2018 6:45:34 PM 2,73 90,03 | 8/22/2018 6:47:49 PM 2,67 88,05
8/22/2018 6:45:37 PM 2,73 89,97 | 8/22/2018 6:47:52 PM 2,66 87,76
8/22/2018 6:45:40 PM 2,73 90,03
8/22/2018 6:45:43 PM 2,71 89,44
8/22/2018 6:45:46 PM 2,68 88,52
8/22/2018 6:45:49 PM 2,69 88,85
8/22/2018 6:45:52 PM 2,69 88,68
8/22/2018 6:45:55 PM 2,67 87,96
8/22/2018 6:45:58 PM 2,70 89,01
8/22/2018 6:46:01 PM 2,69 88,75
8/22/2018 6:46:04 PM 2,70 88,91
8/22/2018 6:46:07 PM 2,70 88,94
8/22/2018 6:46:10 PM 2,70 88,91
8/22/2018 6:46:13 PM 2,68 88,38
8/22/2018 6:46:16 PM 2,71 89,34
8/22/2018 6:46:19 PM 2,71 89,47
8/22/2018 6:46:22 PM 2,75 90,63
8/22/2018 6:46:25 PM 2,76 91,12
8/22/2018 6:46:28 PM 2,81 92,67
8/22/2018 6:46:31 PM 2,81 92,74
8/22/2018 6:46:34 PM 2,81 92,51
8/22/2018 6:46:37 PM 2,82 92,90
8/22/2018 6:46:40 PM 2,79 92,11
8/22/2018 6:46:43 PM 2,79 91,85
8/22/2018 6:46:46 PM 2,77 91,25
8/22/2018 6:46:49 PM 2,72 89,57
8/22/2018 6:46:52 PM 2,72 89,67
8/22/2018 6:46:55 PM 2,69 88,62
8/22/2018 6:46:58 PM 2,67 88,19
8/22/2018 6:47:01 PM 2,66 87,82
8/22/2018 6:47:04 PM 2,63 86,70
8/22/2018 6:47:07 PM 2,61 86,21
8/22/2018 6:47:10 PM 2,62 86,24
8/22/2018 6:47:13 PM 2,65 87,33
8/22/2018 6:47:16 PM 2,65 87,26
8/22/2018 6:47:19 PM 2,65 87,46
8/22/2018 6:47:22 PM 2,64 87,20
8/22/2018 6:47:25 PM 2,65 87,39
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Vyhodnotenie merania

Program FluxDiag umoziuje priame grafické zobrazenie nameranych dat. Umoziuje taktiez export
do formétu *.csv.
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Graf 1 Trendové zobrazenie nameranych dat objemového prietoku média Therminol 66.
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Tabulka 4 Aplikacné parametre

Parameter Value Unit

outer diamter D, 1,15.10e-1 |

wall thickness 5 3,50.10e-3 m

CW

wall soundspeed (1) e, 3230,00 mis

fluid soundspeed Viom 894,35 mis

flow velocity max Vi 50 | mis

flow velocity min 05| mis

Lining thickness 5, m

- G

Lining soundspeed mis

Temperatur Fluid T 2450 c

Kin. Viscosity 14 1,057 | o

number spound paths N_path 1

number of Channels N_Ch 1

Tabulka 5 Vstupné neistoty
Input Uncertainties Source of uncertainty expan. stand.
Velocity profile ‘u (Kze) “ fully developed turbulent flow 0,60% 0.30%
outer diameter u(D,) Pocket measuring tape 0,28% 0,14%
wall thickness u(5) US probe, 8 points 2.86% 1,43%
sound speed in wall ulc,) sound speed table 60 30 | mfs
transferability of ac. calibr. factor WI 1.05% 0.53%
u.r (Kﬂ) : ’ i ’
correlated sources u { A:) non 0,0E+00 0,0E+00 | s
acoustic calib. factor u( K ) Factory calibration 0,15% 0,08%
time difference u(At) {T, |Factory calibration 6,00E-10 3,00E-07 | s
transit time u(g, )"'To Factory calibration 2,00E-07 1,00E-07 | s
delay time in coupling wedge u (! ) Production tolerance 0,50% 0,25%
i
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Tabulka 6 Celkovd neistota cez prietokovii richlost

LA !
Standard Uncertainty _ . ,—‘"’—L‘
Sensit- | Elow velodilies
Formula | Source Value Factors 0,5 11 | 23 50
u(x,) cﬂf_'ﬁ d_l”.'i”(-"r)

I_i—l x, dx; V dy, V X,

u(K, _ u(®) Jr v x u(e )l i
d;‘;‘)—‘ Tgw profile 0,30% 1| 030%| 030%| 030%| 030% ol 03 sty !
u(K,) @m 0,33% 1| 033%| 033%| 033%| 033% L J

u( &) CONl. oMb 0,53% 1| 053%| 053%| 053%| 053%

PR factor 2
“}:f'{ time differencels] 3.0E-10 1 098%| 046%| 021% 0.10% Z
ol delay time 1,00% 095| 180%| 180%| 1.80% 1,80% ° B

transit ime 0,04% | 004%| 004%| 004%| 004% 2
. () 217%| 1,99% | 1,96% |  1,94% “
Standard uncertainty. I 7 =I ;I |
expanded uncerainty k=2 (95%) 434% | 3,97%| 3,89% | 3.87% 08 v
i
1
Tabufka 7 Opakovatelnost !
1
i v m/s P v !
Standard Uncertainty %J.J;;'ﬂTﬂl’ :
Sensit- | Elow velodiies wlda VX :
Formula | Source | Value | Faclors 0,5 1,1| 23 9,0 S EESsS EESss EEsss mass =
u(x,)_| dV x; |a¥ x, u(x)] EE EEsssEEss:EesssE=ss “
| E "j | x, [dxi V—I rldx‘, vV X |—‘
I—L&)—‘u X flow profile 1
u(A)
»(K,) | cross sectional area 1
u(Ar) | acoustic calib. factor 1 BB BB T
u(t,) 3‘1.119[! - 3,0E-10 1| 098%| 046%| 021% 0,10% o6 10 16 25 a0
u(t) | gelay time 0,95 Flow velocity fm/s) .
transit time 0,04% | 004%| 004%| 004% 0,04%
u(V) 098% | 046%| 0,22% 0,11%
Standard uncertainty. \T=I
expanded uncertainty k=2 (95%) 1,97% | 091%| 043% 0,21%
Zaver

Celkové osadenie konzoly a senzorov trvalo priblizne jednu hodinu. Pocas merania neboli
zaznamenané nijaké vypadky, ktoré by mohli byt spdsobené zavzdu$nenim potrubia, poklesom
hladiny média alebo vyraznymi turbulenciami. Na zaklade vyslednych hodnét boli vykonané procesné
korekcie technologom. Pouzitie Wavelnjector-a sa v praxi pouziva pre stacionarne verzie
ultrazvukovych priectokomerov nakol'ko instalacia vyzaduje technickil zru¢nost’ perzonalu, ako uz bolo
spomenuté v ¢lanku. AvSak, vyrobca uz pracuje na verzii senzorov s pracovnou teplotou do 240 °C,
pri kratkodobom merani, 1-2 minuty je mozné meranie aj pri vyssich teplotach. Najnovsie sa dostava
na trh aj ultrazvukové meranie pary.
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