Aramlasmérd tavadok

UHF, ORIFICE, OTHERS
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Mérbegyenlet
* Sebességi egyenletek:

L Fdu " Pud _ E bt —tud t,q = transit time from transducer # to 4
i 9 t )z - t e t4, = transit time from transducer & to u
09 ( “ )( du] 2X ( “ )( - ) L = path length between transducer faces # and &
x = axial length between transducer faces
_du __ug C = velocity of sound in the liquid in still condition
(tmf )(fﬁ ) V; = mean chord velocity of the flowing liquid

0 = acoustic transmission angle.

D’z m’
4 S

Q=V,A=V

D’z m’
4

Q=3600V.A=3600V,



Aramlasmérés méréperemmel
e MSZ-ISO 5167 szerint

e Az ISO 5167 nemzetkdzi szabvany e része a
mérdperemek, meérbtorok és Venturi csovek
geometriai kialakitasat és alkalmazasuk modjat
(beépitési és hasznalati feltételeiket) hatarozza
meg, azokban az esetekben, amikor ezeket az
eszkozoket aramld kozegek folyadékaramanak
meghatarozasara épitik be, olyan cs6vezetekbe,
amelyet az aramlo kbzeg teljes
keresztmetszetében kitolt. A szabvany
tartalmazza tovabba mindazokat az adatokat,
amelyek szikségesek a folyadékaram és annak
bizonytalansagahoz is.



Aramlastani osszefoglald |.

A HIDRODINAMIKAI ALAPJAL ALKAL-
MAZASA VEGYIPARI MUVELETEKBEN

Idealis fluidum:

* hézagmentes homogén kizeg

* nincs helsa surladisa (viszkozitisa)

* siiriisége a homérséklet vialtozasaval nem valtozik

Aramlé fluidum jellemzése

Csavezetek, csatorna (zart, nyitott)

A
d
d‘h

(m’] keresztmetszet
[m] csoatmeéra
[m] hidraulikus atméra

Hidraulikus atméré:
A: az araml3asi
keresztmetszet

U: a nedvesitett
részek hossza —
b+c+d

v =md [kg's] tomegaram

V m¥]  térfogat

Oy =1 [m¥s] térfogataram

u =q/A [m/s] linearis sebesség

P [N/m!] nyomas

P =m/V [kg'm®] siraség

i [Ns/m?] dinamikus viszkozitis

[N'm] felileti fesziiltség

Hajtaerd: Ap nvomaskiilinhség

szivattynu, kompresszor,
szintkiilonbség,
surusegkiilonbseg

Hengeres cs6 esetén

a hidraulikus atméré
éppen a cs6 D atmérd-
jével egyezik meg.


http://upload.wikimedia.org/wikipedia/commons/9/9b/Wet_perimeter.PNG

Aramlastechnikai alapegyenletek

* A Reynolds szam jelentése és értéke

e v=az aramlo anyag sebessége, D=geometriai méret,
v=kinematikai viszkozitas=n/p.
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Aramlasi profilok és a Reynolds szam
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Az aramlasi profilok szerepe a mérésné
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Real fluid fiow.

WHAT IS THE RELATIONSHIP OF TAE LOCAL
VELOCITY TG THE AVERAGE VELOCITY 1?7

REMEMBER: O = A x ¥

80 ALSQ, WHAT IS THE FLOW AREA?
WHEN APPLYING SAMPLING FLOWMETERS,
THE USER 1UST DETERMINE THE AVERAGE

VELCCITY AND FLOW AREA, SINCE FLOWMETERS
MEASURE LOCAL VELOCITY ONLY.

FIGYELENM !

A helyi(= méréponti) sebes-
ség és az &tlagsebesség nem
egyforma!

4 mennyiséget a tényleges
cafkeresztmetszet és az At-
lagsebesség szorzata adja!

A mintavételi szondds dram-
14smérdk alkalmazésekor gon
dosan kell meghatdrozni a
jellemzé 4dtlagsebességet!



Gazok térfogatarama

Meérbperem és tarsai
Torlocso

Rotaméter

Céltablas méré

Q. =f(Ap,AA, AF, ---)




Aramldsmérés méréperemmel




Mikodeési alapelvek

e Kontinuitasi egyenlet
PV A =P, VA,
* Bernoulli egyenlet Vi p

+—+ gz = allando
2 p

* |dealis mérbegyenlet

q, = vV,A, =konst. /ﬂ
Jo,

q,, =q, o =Konst /App



A mérdperem és a merdegyenlet jellemzdi
.

* d-amérbperem atomld nyilasanak atmérdje
uzemi hdmersekleten mm,

* D-amérOperemet megel6z6 csd belsd
atmérdje tzemi hdmeérsékleten mm,

* m - sz(ikitési viszony , m=(d/D)*=p?

* p, - agaz abszolut nyomasa a merdperem
el6tt, bara

P, a gaz abszolut nyomasa a mérdéperem utan,
bara



A mérdperem és a merdegyenlet jellemzdi
1.

* Ap- mérényomas (hatonyomas), mbar
* T,t-az daramlo gdz Gzemi hEmérséklete K, °C
 -agazsurlisége Uzemi allapotban

’ 3
e P - Reynolds szam, kg/m
Re,

4
ReD: qm
ntuD



A mérdperem és a merdegyenlet jellemzdi
1.

*€ - expanziods szam,
e C- atfolyasi tényezd

~ C T
qm—Tﬁﬁlzd V2App,

10°

0,75
j +0,09L, B*(1- B*)*-0,0337L, B°
Re,

C=0,5959+0,0312p>* —0,184B° +0,0029 325(

£=1-(0,41+0,35 )P ~ 1-(0,41+0,35 p*) 2
KPp KP,

~ C T p, T, 1
O = 5 slzd V2Ap \/pn



A karimamegcsapolasu méréperem szerkezete I.
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A karimamegcsapolasu méréperem
szerkezete IlI.
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Az aramlasmeéro rendszer felépitése —
folyamatmuszerek — analég és HART
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Méretezés Conval® programmal

CONVALE by FLRS.T. Version 7.0 (Build 7.0.7) Coaching version - not for commercial uss

Differential pressure flow element: labors 2009.03.16. 15:18:29

Calculation header
Identifier
Tag No.

Dperating data
Medium
Operating pressure

Operating temperature
Gas

Properties at operating point
State

Operating density (11, p1)

Isentropic exponent (t1, p1)

Pipeline

Material short name

Condition

Pipe diameter

® Pipe ingide diameter (20 C)

Linsar coefficient of thermal expansion
Pipe roughness

o
¥ =

D
cilin &

labors
Fl105

Air
1,015
20,0

bar(a)
“C

Gas, dry {Standard conditions)

Gaseous
1,2064
1,4014

PVC-U
Circular
104,0
80,0
0,03

kgim*3

mm
TiK
mm

Flow element - operating values

Device type ISC 54167 -device
Caleulation standard < EM IS0 5167:2003
Frimary device D and DJ2 orifice

Calculation reference
Calculated value

Sizing: Cand & with 2/3 qm

qm
Throtile orifice (20 C) d 64,0 mmm
Fressure difference Ap 20,0 mbar
= Mass flow rate qm = 532,69 kagih
2 Wolume flow rate {standard conditio... qn = 412,06 m*3h
Flow element - material

Material number Device 1.4919

Material short name Device 316H

Linear coefficient of thermal expansion wlin,D & 16,3 -6 1K
Edae radius (20 C) rk = 0,0192 mm
Values table

& Flow valus table

Increment for value table n 10,0 %



COMNVALE by FIREST Veision T0BWd 70T

Méretezés Conval® programma

Dty g edimdan « sl Ior == mrchal e

Diferenilal pressure flow element: Iabors 20090316, 151828
AP AP qm qn up Meaiz stan_
] [mbarj gy iyl ms
1 10,0 210 170.0 121,53 4 607 =
2 20,0 410 2304 1852 65,438 =
3 a0 [ 202 5 2262 TaI7 =
E] 20,0 5.0 3371 2808 9,138 =
=] 00 10,0 ared 2811 10,2 =
E &0,0 12,0 4118 JEE 11,1E =
7 70,0 14,0 444 3 337 12)04 =
E 80,0 16,0 4Td 5 3671 12,86 =
£ ann 13,0 s023 3280 1383 =
0 100,0 200 E305 L0006 1435 (]
More calculated values
‘alss marked () de on thee calculation reference qm or 23 am
O Cischangs c#dﬁﬂ n:.-q 051439 -
Resklual pressurs loss Ao 12,155 mibar
Sower loss Pz 015004 KW
Mechanical slream power Pipm 024778 kW
Flow welocity In pipzine L 14,435 mis
Flzw welocity In Now elemant [ ™ 38,128 mis
Reynokls RUMBES (7] Ral G5 8320 -
Pipe Iresle diametar k) Cit1 104,0 mem
Throte orfios (t1) ol 40 mim
Clametar ralo Eum 051538 -
Szlative plpe rougnness kr i 28045 -
Comrection Tactor Tor plpe roughness or 1.0 -
Correction facior for egge . i 1.0 -
Expansian facor (7) ral 033745 -
FressUne ratio ) T 033124 -
In- and cutlet section
0 sSpecity as faclors
=reseniailan 0% sdditlonal uncartainty
Required inlet sections
O or two 90 deg. bends, 3>-300 -l 4 5TED mim
ol deg. benos, 300=5=100, same plane -l 4 5TED mm
Tweo &0 def bends, 50-5, same plans - 4 5TED MM
Two O deg. bands, 300=5=50, perperdicular pla... 4 5TED mem
Twen B0 d=l. bands, 50-3, pependoular plangs - £ 2400 mim
Single 91 !}Eli (=] -l IT40 mim
O or two £5 deg. bends, S=20 - 4 5TED MM
Reducer -l 124810 mm
DHTusor -l 29120 mim
Gae valve, complensly opsn ™ 15720 mim
Annupd diameter reductian - 3120,0 mim
Thesmameder pockel, g < 0,03 DI -l 20,0 mm
Thermamesar pockel, g = 0,053 01 -l 20800 mim
Required outlet section
Requirsg oufist ssclion - 7280 mim
Uncertainties
Waluss markad (") depend on the caloulation reference qm or 23 om
Une. of aperaling temparatune et 10 £



Méretezés Conval® programmal

COMVALS by FILRST. Verson 7.0 Bud 707 Gzt g varsdan - fasl 190 cos==anl us
Ciferentlal pressure fiow element: [abors 20090316, 15152
Unc. of abeolute pressure gpi Ll 05 b
unac. l:l'FlFlE damster e/0H 2l o4 kY
une. of throflle orifice edl (il | g
Jrc, of pressure drsranoe eAp ] g =
Jnc. of aperating densky 2.0 = 50 %
Jnc. of pomecticn facior or 2,00 (il kY
unc. of comestion faciar bk Xal ] o0 e
Jnc. of exparsion fastor {7 2. (iLiFyfory! b
une. of T coetfident 2C 052504 g
Jne. of comected Tiow coeiclent e | 052554 kY
Jnc. of mass flow rate a,qm - 25995 £
Addrional uncertainty 2,30 oo kS

Confirmation:
< The cakculaton ks accoroing o EN 150 51672003,

Legend
@ Calculated value
) Lookup value
+ Confimatian



Specialis méroperem

The Conditioning Orifice — minimalis
aramlasi profil zavarasu méréperem



Hagyomanyos vagy tovabbfejlesztett

V4

meérdperem?

4D " 70 [P
Traditional Orifice Plate Technology h

Bore Reynolds Number: Reg
C4 — atfolyasi tényezd d-re

oo
.
=

C, Uncertainty

0% L— Bore Reynolds Number s,
0 160K




Szabvanyok és mérdegyenletek I.
Flow Rate Equations (ASME MFC-3M and 150 -5167)

ol units
2App
T 2 T
!:Irl-l - E':I:-F {llj II - r
.IlI _ﬁl:
Ry = Am
il
EUF'ID

Meter internal diameter: a mérdszakasz belsé atmérdje, altalaban nem egyenlé D-vel!



Rotaméter (VA — Variable Area Technology)

L1
oo

high pressure casing (A), a high strength magnet (F) in tandem with the sharp-edged
annular orifice disk (E), a linear rate compression spring (G), tapered metering pin (D),
magnetically coupled follower (C), environmentally sealed window (B)



Mit jelent a VA?




Két lehetséges kivitele a rotameéternek

ol

o A e

.h..n.__....-.

NMustration 18

lHlustration 1A




Karakterisztikak

Variable-Area Monitor Characteristics

= B &2 8 E 2 B ¥

Pressure Differential % of range

GRAPH 1

rifice Ares

Pressure Dhfferantial

Fo &0 & RO
Flow Rate: % full scale

104




A hagyomanyos és a magneses
letapogatas

Sl pf—pH=0 N, o,
QH0=C xgg( L0 )\_,.rf A
N B I TR Ty T
TRADITIONAL ROTAMETER Hol= 1..-'%(,—1—@. )Vf '
AsB:
0 / (pf—paoil) X pH=0
PARALLEL || Col=SeC \/ poil X (pf—pH.0)
DRIFICE AREA ] | s Mamely, the flow rate is obtained as follows:
= o= ) Actual flow rate _ Reading of water flow /ot density-Herosene densit) X Water densiy
I ! \ of kerosene ~ when keceeneons 3/ Kerosane dersy X e density-Weer Gensity
i
(.
LAKE MONITOR

Hustration 2




A Coriolis-tube

Outer shell Sensors Measuring tube
Exciter ]

_. L] L]

Fc = Coriclis force
m = Mass particle
v
—
@

= Flow spead
= Angular velocity
(Oscillation)




Az elmélet - egyszerdsitett mechanikai

modell
X
—
/
oki._i@ — 7 =
e
- /



Erzékel§ egyenletek
Coriolis-er6: F = 2mwv

U-csévon aramlik a mérendd kozeg ABCD
utvonalon: «(t) = dsin2xft Am = pAAx

Coriolis-erd: AF = 2amwv = 2pAwvAx F =2pAwr _j dx = 2pAw]

Hajlitd nyomaték: 7 =F2r=4lrepdv
A tomegé ram: M= pAv T = 4klrwM

V4 , T 4;?'(‘-’ ) -~ - ,
Elcsavarodas: 6=—=——M 8 = @ sin 2 ft

oo ’ L-‘JE . C
A tomegaram: ¢=5a¢ M = oAt



A Coriolis-er6 deformacios munkaja

F
f
’= -

- \: e

Figure 3: Single tube with flow rate illustrating the pickoff coils plotting out phase offset detection



A Coriolis-szenzor felépitése I.

jemEmEmmmsEm-—- Core Processor
------------- Drive Coil

K Pickoff Cail

LY
* Case

R Flow Tube

Resistance Thermal
Device (RTD)

fmmm Process Connection

e rcccccrceee== Direction of
flow arrow



Kialakitasi lehetbségek




Mellékaramu felszerelés

ff— Porver
dremals
E' TRANSMITTER BLOWIROTATY
— S VALNE
“f -
— j oo N
oF NSO
Carmlis Muer
FLOCK TALYE BLOCE VALVE
BLO(E VALVE

1

BYPANY LINE



A Coriolis-mérd eldnyei

No wearing parts (long-term meter factor stability)

No upstream or downstream flow conditioning or straight run
requirements (desigh dependent)

No pressure or temperature compensation required and no
heed for calibration if used

No valve noise concerns and the only flow meter available that
is unaffected by fluid pulsations.

No flow damage or loss of measurement at abnormally high
flows (design dependent)

Installed cost comparable with Turbine, Rotary, and Precision
Orifice in 300 ANSI and typically less expensive in 600 and 900
ANSI applications

Virtually no maintenance
Extensive diagnostic health and accuracy indicators



V4

Rosemount indukcios méro




MAG METER BASICS

Theory of Operation
Variable
Conductive Flo(\f/: /t?te SST Tube

Process
Medium

Lining

Field
Coils

LI L
[ %
- Ml
N

.\ .
Sensin : a. ' =
Electrodges '%55 %ii
l;}:: N
N E =Blv
- |=D,v=V
E =BDvV
V=0, /(D*7/4)
4B
E=——
D Ay

40

Faraday’s Law: E=kBDV

k=Proportionality constant
B=Magnetic field strength
D=Length of conductor
V=Velocity of conductor
E=Induced voltage (linear with
velocity)




MAGNETIC FLOWMETER

41



MAGNETIC FLOWMETER BASICS

PROS AND CONS
PROS CONS
TRUE VOLUME INITIAL COST (AC)
ACCURACY CONDUCTIVITY
WIDE RANGEABILITY MATERIAL COMPATIBILITY
LOW FLOW CAPABILITY NUMBER OF DESIGNS
ZERO HEAD LOSS VELOCITY LIMITS

BI-DIRECTIONAL/OBSTRUCTIONLESS

INSENSITIVITY TO UPSTREAM PIPING

42



MAGNETIC FLOWMETER BASICS

ACCURACY: +/-0.2% TO 1%
RANGEABILITY: 10:1 TO 50:1
REYNOLDS NUMBER: NO LIMIT
PIPING EFFECTS: MINIMAL
COST OF OWNERSHIP: INITIAL: L/H
INSTALLATION: L/M
OPERATION: M

MAINTENANCE: L/M

43



Introduction

Standard specification for straight run piping to maintain specified
accuracy

— 5 pipe diameters upstream
— 2 pipe diameters downstream

— Distance measured from electrodes (center of the

flowtube) o o
= 5 Pipe Diameters .+‘E Pipe DIEIrT'IE-'tEFS-_
FLOW
—

— What if this requirement is not met?



Short Run Test Setup

s

e

-
=3 Y Weigh Tank
sy, " Test l
Reference T Magmeter

Magmeter
Upstream
Upstream Dimensions

Disturbance

Summary of Tests:

e %, 4,10 and 24-inch meters

e 4 inch test had extended scope, other line sizes had limited scope



e , ’
Osszehasonlitas
Attribute

Standards

Gas Industry Fragmented Fragmented Fragmented Fragmented
Acceptance

Accuracy Medium
Turndown Medium
Capital Cost
Operating Cost
Wearing Parts
Profile Sensitive

Pulsation Error
Pressure & Temp.
Requirement Pres. Not Req.
Pressure Loss | Med -Hight] Med -Highs] Ned —High s Hed-|

High Flow Damage

Dirty Process
Tolerance

Valve Noise Tolerance

Health Diagnostics Limited



FLOWMETER SELECTION PROCESS

' FLUID ' PERFORMANCE ' INSTALLATION ' ECONOMIC
APPLICATION PROPERTIES FACTORS

CONTROL

MONITOR LIQUID, GAS, STEAM ACCURACY LINE SIZE COST
INDICATE CONDUCTIVITY REPEATABILITY VIBRATION INSTALLATION
CUSTODY TRANSFER MULTI-PHASE TEMPERATURE EFFECT PIPE RUNS RELIABILITY
VISCOSITY SUBMERGENCE
PRESSURE

TEMPERATURE

ENVIRONMENTAL ' METER '
& SAFETY SELECTED TO VENDORS

EMMISSIONS CORIOLIS
HAZARDOUS WASTE DISPOSAL DP

LEAK POTENTIAL MAGMETER
SHUT DOWN SYSTEM? VORTEX

47
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