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Development of Flowrate Measurement System and Variable Area Flow Meter Calibration
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Abstract

This paper discusses the development of flow measurement of liquid. The Rota flow meter was
used to measure the volumetric flowrate and was tested with a calibrated flowrates, which are a standard
tool Piston Prover in reference flowrate to be measured. The rate of flow meter was measured by Rota

flow meter in a range of 0.5 - 5 gpm, with the accuracy = 2% of FS. (£ 0.1 gpm). The results of all
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the measurement ranges appear that the maximum error is +0.011 gpm at 2.0 gallons per minute. The
expanded uncertainty in measuring was calculated at this position that the calculated value is + 0.02 gpm.
When this value was combined with the error measurement + 0.011 gpm, it was found that the errors
included the uncertainty were still in the accuracy of Rota flow meter. In conclusion, this Rotary meter

has the appropriate status and can be efficiently applied.
Keywords: flowrate measurement system, rota flow meter calibration, uncertainty of measurement
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<

3) YOI

1.2 paanAvesvedlvia
wa ] I @ @
Auaiavesves Ivasunsaue & 4 dnvazdonune
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Y -

3) ANUAU (Pressure) MO AT IAIUNTIADNUNAIDINAVUUINTS Aaumsh (2) Taedinugs

A d%l a o 9 [ dy P
yvulmah Inanuaugy (310 2)

F %: Vg _ p Ahg - pgh )

93



D

v
a %

Fy31a WsWaINa uaz sagns Wanes / 15a1539msUnu T U9 5 21uh 13 wgunau - Faman 2558

319 2 anwaulasunlasmuanugevedveunal

4) Anunila (Viscosity) Mo asauiammzvesved lvauaazyianduniudonsunou (s

a

d‘ o a d’ ) v v A 2 d’ A d‘ dy i\
Vlﬂ'ig'l/l111&‘1/]?(1/]NVIﬁ"IWﬁﬂ‘]JN’J"UENGU’OQVlWﬁ ﬂﬂgﬂ“l/l 3) ANUHUAVDIVDIUHAIICAAAUNDYUHYNGIVU LLH

LY

o o - 2 4 ~ w @ v 4 9
AIUNTULNTAANVUUUAISUTINUVUIUDIVINUAINUAUUDIUNTLUVINUNYIUDN

Shear

3 4
HWIHA

A ' A
Eﬂﬂ 3 ﬂ'J’]iJLW]ﬂﬁ’]\i%@\ﬂli\“ﬂ@ﬂﬂlﬂ\ﬁlﬂﬂqﬁa

1.3 apHazYeINsvia

v A

o [ Y I a9
ANHAIZYIM T Iaveavod Iva ansoutialdily 3 nsaidrenune

& 2

g y& A A 3 d‘ ' A a s A 2
1) NTUNKU clcﬁwuwﬂ\iﬂ AULIIPNN AU U UUISINNVU ﬂ']ﬁblﬁaﬁf\‘lﬂ’laﬂﬂgl,wu‘uuﬂ')ﬂ

] '
A A a

) . A < ad A a < 2 2
2) NTIUNTD Gl‘ﬁmmwumuuﬂw ANULTIPNN NUNISLWHUU ﬂﬁ'l?iﬁ!flﬂhjﬁﬂ%&WiJﬂJHﬂ’Jﬂ

De

De

A 9 [l A X A ~ < A A < 4 2 g
3) NIUNTIV Glﬁﬂ'l'lilﬁu’lllu‘HfNﬂ NWUNAIN ANVETIISIWUUU ﬂ'livlﬂalslf\illjaﬂﬂzlv‘lil"]]uﬂjﬂ

2. MIIADAIIN3 Iriaveauad lvia

v W ] I
M3iaoni1ms lvaaansoussIdiluaslsznnae

2.1 M3IAOAIINM T AT a3Ia (Mass flow measurement)
v o a I [ ~ ] = [ ~
MinoaIms larawradlumsiamsulasumnlasveswiavesves nadewnilanitenar (i
4) 1Y 1AT099ANNUAUUANAIY (Differential pressure) A931/7 5, 803 Wel (Orifice flow meter), U AT A
(Nozzle flow meter), L’J‘LJ‘IQ’% (Venturi flow meter), NN (Pitot tube flow meter), Thermal mass flow meter Qg
Coriolis flow meter
AuMIIARI1IM3 IaranIa

[M]

mass flowrate = =—= kg /s (3)

[t]
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0000000000000000000
——
Flow :
1)
wIRMTUaT
(Fu#t)

I |
Electronic
0.5025kg belanes

31N 4 Mm3dadasims namauda

_4;2_0_@‘;\ signal

Isolation
valve

Isolation
valve

[==——:4 | —

Orifice plate
(sandwiched between two pipe flanges)

511 5 m3iadasms lvagawiadie D/P Cell

2.2 M37Aon3 1M 1Ham 1331035 (Volumetric flow measurement)

myiasams madaSinesdlumssamsnldenawesFuasvesvesnagewiionisenal
(gﬂ‘ﬁ 6) 1% Bell prover, Piston prover, Variable area flow meter (Rota meter) a Qgﬂﬁ 7, Turbine flow meter,
Positive displacement flow meter (PD), Electromagnetic flow meter i8¢ Ultrasonic flow meter [1]

aumsiaons1ms lnamalSuag

volumetric flowrate=5— m?®/s 4)
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511 7 mstasanms lnadalSunas (smiime?)

3. duneuazdEmalSuifeunieaiasanmslnasafings (Jsniimos) [2]
wsoaiiefilFlumsiSuifion
1) Standard Piston Prover A3 Jititueu 0.007227 80309117 (68%)
2) WaemMsinoas1ms va 0.2-150 angaeui
3) ymadurmguinanevun 1/2 i

4) 19503IAQUUYI pt100

U

o o 1

5) Tsanimes Waen1339 0.5-5 UNAADUADUIN ALY 5% of F.S.
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Tank

Temperatur
(Pt

Temperature Sensor, T,
(Pr100)

————]

Rotameter

Piston Prover

517 8 AmsSuiiouTsaniines

7y aumsmidanazmslSuieusasims lvaveavedlva [3]

AQ = (QUUC - QSTD ) + (5STD + 5error + 5repeat + 5reso|ution + 5parallax + é‘temp)

A 3 d’a d' o [ =
AQ 19 mmﬁ'lwawmwmﬂ ) "Qﬂ‘VWI'Iﬂ'IT].IiUWIEJ’U

9 99313 Ivan larulsaiwes

[

=}
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A = 1 .

A 8n51m3 1vah lvar1u Piston prover

Sep  ABAN NI UOUIIATFIUYO Piston prover

S, AR MR UINATTIUVRIAIAINAANAA
1 1 v 90‘
S BRI LN UOUINATFINVRIN T TR
A 1 ] = 1 1 a 4
8 vaion AOAW LiLIMOUNATTIMVOIANNAZIDA TUM IO IUMVRI TR0
S 10N 1L UBUINATFIUVOIANUAANAIADINNTBIUAT
Sery BRI LN UOUINATFINVDIQUHYTTANAI (AL)
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Reading Scale Flowrate (STD) Error
(UU0) n=>5
(gallon/min) (gallon/min) (gallon/min)
0.50 0.492 +0.008
1.00 0.993 +0.007
1.50 1.491 +0.009
2.00 1.989 +0.011
2.50 2.490 +0.010
3.00 3.010 -0.010
3.50 3.509 - 0.009
4.00 4.010 -0.010
4.50 4.510 -0.010
5.00 5.010 -0.010

4. msannamanuliniveulumsia
fasanndmisianuAanaialunsiagega 2.0 tnaasew/uni Usznoumieuraiiuives

ANy e ned1aties 6 A1 (Uncertainty budget)

anw uinenTumsinveunsesilomnas gy, u, gy,

- manw lduwiueulumsdavesmanuaanain, u,, ue,

: - o o ¥
- ﬂ1ﬂ’JTZJhlllL!HUﬂu‘luﬂﬁ’M"’Uﬂ\iﬂﬁ‘ﬂWﬁl u

repeat (UUC)

1 ) 1 U 1 =)
- manw liuiueulumsIaveamANuazvem, u. w0,

- aany lriueulumsiannmseiua, u

parallax (UUC)

- manwlundueulumsiavesgurgdnnlasunlag, u

U temp (UUC)

4.1 msannamanuhinivenlumsiaveansesiioinasg iy, u, .,

' 9V
msmuanamny biniueulumsiaveuniesiomasgiuasaunsas liil

Qsmo :V = N, (6)

t Kp><t

A A o A A
D Qg D 'EJVI51ﬂ1§1ﬁa"“@<ﬂﬂ§@ﬁu@lﬂﬁi§1u (Flowrate of STD)
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v e J5ua5ueuniolionnigiu (Volume of STD)
A A A .

t A0 NAUPUAI0NBUIATTIU (Time of STD)

N, @9 Encoder pulses of STD

K 0 9143U pulse/liter N 1@91ANTNAADY 2741 pulse/liter

MUIUNIA Sensitivity coefficient YB3 N,: ¢y,

0 (QSTD ) 1 (7

o(N,) K, xt

p

MUK Sensitivity coefficient YD K ¢y,

a(QSTD) _ N, (8)

Ak, K

AU Sensitivity coefficient U943 ¢: ¢,

3(Qsro) N, 9)

a(t) K, xt?

Uy = (00) (ML) (0, (K, (60 U0+ Uy () (10)

2 2 2
1 2 N, 2 N, 2 2
b = e ) 9Ol e 0 bl 0D

Calibration Test Record

Linear Encoder DL-13-0016 Linear Encoder DL-11-0001

Nominal Value 200 mm (10000 pulses) Nominal Value 300 mm (15000 pulses)
Correction 0.018 mm Correction 0.05 mm

U 0.009+27x10°xL mm U 0.009+27x10 <L mm

Piston Prover Constant MW-x-2011 accuracy of time 0.00175 second
uc(Kp)0.95935 pulses/liter 2.87x10° min

Kp 2741 pulses/liter
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Reading Flowrate Ne Veff Qs
Counter | Time Correction| Ne  |SD/sqrt(n)| u(Ne) | uc(Ne) Max [SD/sqrt(n){uc(Veff) | Ugrp,
(pulse) | (min) |(liter/min)| (pulse) | (pulse) | (pulse) |(pulse) | (pulse) | (liter) | (liter) | (liter) | (liter) |(liter/min)
10000 | 0.4767 7.65 0.9 10000.9 3.648
10000 | 0.4781 7.63 0.9 10000.9 3.648
10000 | 0.4779 7.63 0.9 10000.9| 0.00 6.98 6.98 | 3.648 | 3.648 | 0.0000 | 0.0028 |0.063921
10000 | 0.4778 7.64 0.9 10000.9 3.648
10000 | 0.4781 7.63 0.9 10000.9 3.648

WO 1) INUAIIANANIUTUREY Linear Encoder aaluaums® 129218 ug g, = 0.007226965 liter / min

a I < ' R A 2 a ' ARy o '
2) Tsmumainwmmﬂu UNAADUADUIN meiamammgmuwmmﬂuaﬂimaum i]\?@]’i)\iﬂ1ﬂ13llﬂﬂ\iﬁuﬂﬂ

: A’ a a ' a a 1 a
nnunaasuasiuaasaoun (1 4NAABUABUIN = 3.785 ANTABDUIN)

M151990 3 wamsUSuieuIsamimes 71 2 unaaoudou

Point UUC Reading Flowrate Counter Time Temperature (°C) Humidity
(gallon/min) | (liter/min) | (liter/min) (pulse) (second) T, T, Ambient %
2.0 7.57 7.53 10000 28.604 19.75 19.6 20.10 63.6
2.0 7.57 7.53 10000 28.684 19.75 19.6 20.15 63.6
4 2.0 7.57 7.53 10000 28.675 19.78 19.7 20.20 63.0
2.0 7.57 7.54 10000 28.666 19.78 19.7 20.23 63.8
2.0 7.57 7.53 10000 28.688 19.79 19.7 20.20 63.5
AVG 2.00 7.57 7.532 10000 28.6634 19.77 19.66 20.176 63.5
o 0.00 0.00 0.0045 0.00 0.034 0.019 0.055 0.05 0.3

M990 4 MaNuAanaIaNIHansUSumey s

Point UUC Reading Flowrate (STD) Error
(gallon/min) (liter/min) (liter/min) (liter/min)

2.0 7.57 7.53 +0.04

2.0 7.57 7.53 +0.04

4 2.0 7.57 7.53 +0.04
2.0 7.57 7.54 +0.03

2.0 7.57 7.53 +0.04

AVG 2.00 7.57 7.532 +0.038
o 0.00 0.00 0.0045 0.0045
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4.2 amnasnmanalimiveuinasgrulumsiavesmanuRanaia, u

error (UUC)

msmurarnany liudueumasgulumsiavesminnuAanala 1azlin1snsza1onNULIL

<3| a 3 a
1Wunuudsnd (Normal distribution), 93fANMLUBHTE #-1 (Degrees of freedom, v ), Sensitivity coefficient,

¢ =1
O,
uerror(UUC) = Ci \E/lﬁ)r (12)
u 0.0045 _ 0.002lite / min

error (UUC) — \/g

4.3 annammandliniuewnasgrulumsiaveamsia, u

repeat(UUC)

[ ' ] ] o o ¥ ] I
miﬂmmwr1ﬂmamlluuuuaummgmiumi’mmmmi‘mmmazﬁmimzm&mmummﬂmmu

a I a
1/5n@ (Normal distribution), ®IA1AINY Wuodase n-l (Degrees of freedom, v ), Sensitivity coefficient, ¢, =1,
Y

< o 1 ] 1 { a
(MFAUN1FUUINIUDI GUM, Type A 1nfmuraanu liiiueuinasgiu Amannmsnaand)

u =C Grepeat (13)

repeat(UUC) — i \/ﬁ

~0.0045

urepeat(UUC) - \/g

=0.002lite / min

4.4 Annammanihiniveninasglums Tavesmanuaziden, u_,.. v,
mamuaany bindueounasgiulumsiavesmianuazideauazin1iniz o111

< ] 4 3 A

Wunyuamasuiui (Rectangular distribution), 84/ UB &3¢ (Degrees of freedom, v ) 14110

@ 4

BUUA (o), Sensitivity coefficient, ¢, =1
A a Jd 1 9 = 1 =t 1 [} A 9 o
iesaInanaved Ismiimese1un laazidon 0.05 tnaasuaouId uaruef 19 lumsdiuiuy

I a 1 AR o I Y 1 = a d 1 a 1 =
Wi ansaeun iNiﬂL‘]J‘LJ@]ENLL‘I.]E‘]Qﬂ‘LJ’JEJﬂ’J13Jﬁ$LE]EJW’UEIQIWHM@’EJi NBU 0.05%3.785=0.18925 ae15ADUIN

resolution (14)

u ) =
resolution (UUC) \/g

0.18925

resolution (UUC) = \/g

u =0.10926lite / min
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4.5 Annammanulimivewnasgudumsiannmsenun, u . o,

msmamaiany lniveusnasgiulumsfaamssiuaaziimnszaneanuinng iy
IIAMEEAUR (Rectangular distribution), 89A1ATUS @52 (Degrees of freedom, v ) 151 1n&01UA (),
Sensitivity coefficient, ¢, =1

Y
1 a 1 [ a o o 1
?ﬂﬂ’ﬂllNﬂ‘WﬁW]ﬂWﬂﬂWiﬂWHﬂ%%u@Qﬂﬂﬂ’ﬂMﬁ%L?]Elﬂﬂlﬂﬁﬁlﬂﬁii@?nm@i %Qﬂﬁ'mgmmmmmﬁmﬂ

a o ) 1 1 1 (% 1 1
voulsmilnes ll11%}11!fﬂiﬂ1u’Jmﬁ?ﬂ?ﬂ’NlllllllluuﬂuslUﬂWi’Jﬂ%”lﬂﬂ1ﬁﬂ”luﬂ1

resolution
uparallax(UUC) = T (15)
U paraliaxuuc) = % =0.10926lite / min

4.6 Annammanulinivewinasgulumsiavesgamgiinndsunlas, u

temp (UUC)

msmuaiiaany luniveuinesgiulumsiavesgunginulasunlawazinsnszaeanu

U

: < { A e . 2
Wazdluuuuamasurui (Rectangular distribution), NGRS b F (Degrees of freedom, v )

@ J

whlnderivg (0), Sensitivity coefficient, ¢, =1
. . v o & lrl %
Uiempwuc) = 0.000972lite / min (UBININAANI LA)
4.7 Usziiiumvesnnuliniueunasg1usIn (Combine uncertainty, u,)

mstszdiuaesanu bindueouniasgiusan Tasmsianuylumivevinasgiuildnnms

9
ﬂi:mumm'lmmuaumwm mﬁmammﬂwmmm”lmmuaummgmim

2 2 2 2
(UQ_STD) +(uerr0r_UUC) +(urepeat_UUC) +(ures_UUC) +..t

u.(AQ)= ) (16)

2
+ (uparallax7UUC ) + (utemp7UUC )

U, (AQ) = /(0.007227)" +(0.002)’ +(0.002)’ +(0.10926)’ +(0.10926)"

U, (AQ) =0.0311lite / min
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wennInmMinnsanmlsmainda i limivewnasgiusundd dzdesinsanizauanu
d‘ @ d‘ d' ] ] [ d‘ o d‘ Y o [ [ d'
oy eNzveronavesnu luuiueu Tuszauanuetiundeans (udapiuseusunundszum
@ 4 o { 9 [ 1w 1
95%) 32AUANMFDNUITTANNWNGIT09TAsATInUAIAIUTZNOUATOUAQY (Coverage factor, k) LiAZ A1
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