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Abstract

Comparing to the gravimetric and volumetric method, the flowmeter calibration based on the master
meter method is relatively economical and convenient, especially for high flowrate. The uncertainty of
flow quantity and flowrate using the master meter method was evaluated according to the GUM (Guide
to the Expression of Uncertainty in Measurement). In order to apply for the wider flow range, two
master meters (electromagnetic flow meter) were employed as reference flowmeters. The uncertainty of
the master meter was obtained by combining the statistical variation of the repeated measurements and
the variation of fluid density and pipe material due to temperature and pressure changes were
scrutinized. For a practical application, the uncertainty of calibrator, whose measuring capacity of 1000

ms/h obtained by employing two 500 m®/h electromagnetic flow meters, was evaluated. The
uncertainty budget shows the quantitative contribution of each uncertainty component to the overall
uncertainty of the calibrator. As a result, it was found that the dominant uncertainties were from the
master meter, which was evaluated statistically, and from the process of least squares fitting. On the
contrary, the uncertainties arising from the variation of the fluid density and the pipe volume due to
the temperature and pressure were negligible.
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Table 1 Flow meter calibration with master meter ? ?

method ‘ @ Meter on test
Flow k }
Master — ??

Test Flowmeter |Calibrat-
flowmeter C—— | Master meter ; ? =¥

Case measurement ion
measurement ﬁ?'h\ Stop 'vl alve
; : - - method ‘——1 —
Time ! Unit | Time | Unit

Flow quantity | Flow quantity

Master meter 2

1 SSFM

No l m3 No md . ) )
, Flow quantity Flowrate S Fig. 3 Ij‘lowmeter calibrator with two masters

’m3/s No ‘ m /s in parallel

Flowrate Flow quantity
3 No ] m3 Yes m’ FSFM Flow Pri. Tw Control

Flowrate Flowrate = | Lo Tolume

4 FSFM
No l m®/s NOJ m?/s
SSFM : Standing Start and Finish Method

FSFM : Flying Start and Finish Method 2R

ELP" T Flow
FMt | =

1
'
[}

[=———p3 F_‘[T‘Z r“—l E

Fig. 4 Operational principle of master meter
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Table 2 Volume expansion due to temperature and

pressure
. Influential | Expansion. .
Material Unit
factor coefficient
Working Temp. 0.02 %/C
fluid Press. 0.0045 %/100 kPa
Carbon Temp. 0.0035 %/ C
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Table 3 Calibration certificate of an electro
-magnetic flowmeter
Flowrate | Meter { Standard Deviati Average { Type A | Expanded | Combined | Effective
readings | readings BN g eviation uncertainty| uncertainty | uncertainty | DOF
@m | X@) | ye) [ 9 ) ) %) (&)
7015 69.82 0.47
64.79 65.47 65.13 0.53 0.56 0.06 0.23 0.09 74
59.82 59.42 068
152.99 152.37 041
157.05 163.53 162.47 065 054 007 024 0.09 60
157.18 156.31 056
25249 | 25141 0.43
255.54 256.41 255.04 054 .51 0.04 0.19 007 19.5
26159 | 260.16 055
352.19 | 350.56 046
34804 | 347.82 | 345.6) 0.64 052 0.06 022 008 85
349.56 | 347.95 0.46
455.07 | 452.14 0.65
446.23 440.79 | 43898 0.41 0.56 0.07 024 0.09 57
450.29 447.58 06l
Min: 57
Min. Max. Unit
Flowrange 59.82 | 455.1 m'h
Average deviation 0.51 0.56 %
Expanded uncertainty 0.19 0.24 %
® Coverage facior k(95% confidence Jevel) 257
@ Degree of freedom(DOF) :  ( 5 )
(& Uncenainty of standard system ( 0.061 }%
© Discrimination : ( 0.01 ym'm
© Working fluid : Water
@ Expanded uncertainty =((Type A U.P(U.of standard systemHU.of discriminationy)’ <k
1 ‘ ;
08 ’ } | .
| | 0.66!
|
— W AL O T T L Dt LEL L 'ma
) T * Alerage0.53% ¢ i
08 [ NP
c ° - I |
g e LI :
]
04 - > : .
a] t 0.410
02 [ . E 1
Standard uncertainty(+0. 6%)i
| | i
0
50 100 150 200 250 300 350 400 450
Flowrate[m?/h]
Fig. 5 The evaluation of flowmeter uncertainty
with total average
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UV ZIEREA EdTl e 2.
(A& FHAZ 300 s9 F371F)
v,: 04 m® ~4m®, 2m
(Fig. 29 uA FA9 7|1%F)

Prs Pr1s P2

J1EfFA S ESTE Fig 49 #F S AHgd
} H

' B37t 3y Fig 59 719 2E FAHE AHE
‘}E Hrt wde 2gxE 4 9 4 18)E
o] &3t 4 (28), 2 (29)% #o] T AFE

= e 2o

u,(v,)=0126%, v,, = 16 (28)
u, (v,9) = 0.307%, v,, = 14 (29)
= JERFA vaTH v, 7t ZAFI] EA

0.05%, 0.08% ZtzZ} ZAd¥sizt A, &8
2r 42 AANAE Exz sMAEY Ay 3‘?‘;@}

o 93 Bg=& A 307 2
Uy (V) = % =0.03%, v,
(30)
Uy () = 2B = 005%, v, = o

a)

wetA] 2709 ZERFA BEEE FHsta
FEAFES 4 @260 28 A 3z 2ol
Epdiot.

u(v,)=[w(v,)+u (v,)+
N )
w2 (v,y) + U2, (v,,)]% =0.339%

Vers (v,) =17

SHH 2709 V|FEREAYG FHuAgGr) s KA
dxe HIx

=

ulpy), ulps), u(p ) =& &

EETE

o @

2
LEA AHEY E¥EE *é“ﬂ”ﬂi-‘?—ﬁi & F
[e]

o 2 (32)3% Z2th

(T)=0.05C, v, =55 (32)

2E 5 E4UT EAAA & &9
H3tE 203CYES AFAA 2dsigla Az
3 gE 2x9 80% A58 & ¢ AU Eg
=9 ZAHEE A (33)7 2o

_ 03

Uy, (T) = 3 =0.173C, (33)
05  _

Vg 02)7 ~ 12.5

Jdn eE 549 28R A4ES 4 (32
3 4 (3 s A GaF 2

u(7T) =0.180C, vy =14 (34)

Hepd LR 53 g&Ee Jldshe YR &
39 BoEe 4 el As 4 (93 2ol 7
@& 4 gor 71FeEE 20T Aok

ugr(p) = 0.009 kg/m®, vy(p) =12 (35)

A 249 BER: 4 a0 8 4 (36)
3 o] 7 4 ok

u(p) = 0.013 kg/m?, v, = 50 (36)

P

S
(™1

fr
I
w
2
)
e

Fam, A 88 PEES AR 54 3
AoA v,ol Higke 4 mPoli p, — p, =0.006
kg/molBE BExE 2 37)7% 2t}
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4 % 0.006
u(Av,) = (FZ5=2 )/ V3

= (.69 X 107°
VAUP =12

(37)

gl gAEFE BEdes g EF B8
E2RE 78 ¢ 9en y (v)=0.028mc]|1 2}
= v=180|t}.

T FE5E 100 mP/AdA FHAZ 300 sE 7
AeH FHFL F 17 mPolL, 95% A3 T+
oA EFAA k=2.100122 FF BI=T 4
(38)7 #t.
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EFFA s

A A SFd vl v, 9 ghol FiH
o

o
of
X
3
o
oX
M
rg
jo oxt
f

P
A u(Av) 9 grol 42 mAz 9
AW LR FAE x
& % gtk
& 4 @5 HERAY Lol % By
sh olol tejo] o@ WEws = wolx A
2xg g oF BRY FEFL AYmos
Zopx FAIHGch,

rok

510 5 0,028 Table 494 & = %ol TEWIE 7|9
U= =075 X100 = 0.356% (38) 7} Adidez Zeomz g By o AL ¢g
o dFe TAY AR F8L & 5 Ak
e AmsaAga a9 o gas gy T8 Fie 88 AEHIANA 949 34 u
_ - S QA BEe 2FAA € 2YE AWE U
BYEE 0356% ¥& ¢+ AUtk ° e T o
B Table 4= GBS BIwA my gx o 4 AT wF BAE 4Y £eq £% 3
o BETo] nHT Aa Ued Aol e FEOoRFE HES &F LobA JERF
=5 - 0o N . o 7(‘]9}-71] = 7103;:74]\___ o 2k 7-%1.7
coule)del oEg ves Rez Az S BATA AR ISAIAS FRELAH
e 73d Wty s WA do
w+ZFAY B8 M & 7198 s &S 2% a9 glolx AL exe oty mE
¥ A S wlv)d ulvo)Zh 99% OB g ag owe pmy e wob 43 2H
NAzg wolxn ulp,),u(Av,),ulp,),ulp,) FFe FAAL HE dolH B 5 A%l 9
Table 4 Uncertainty budget of calibrator with two master meters
Vari Source of T Prob. Den. Standard Sensitivity cu (:1?) Degree of
-able uncertainty ype distribution uncertainty coefficient i ’ Freedom
Master | 1.08 X 10~ ?m? ! 1.08 X 1072 17
Uy Certification B Normal 1.05 x 107 m?
Secular B Rectangular 2.41 x 1073m?
Master 1 2.61 X 107 *m?® i 2.61x 1072 14
U,9 | Certification B Normat 2.58 < 10™%m?}
Secular B Rectangular 3.85 x 107 °m?®
Density 1.32 X 10" *kg/m® | 1.67 X 1072 50
p | Regression Eq. | B Normal 1.00 X 107 %kg,/m? 2.20 x 1074
Fluid Temp. B Rectangular | 8.56 X 10_3k:g/m3
, Density 1.32 X 10" %kg/m® | 8.35x 1073 | 1.10 x 10™* 50
rl
Regression Eq. | B Normal 1.00 x 10™ %kg/m°®
Pra Fluid Temp. Rectangular | 8.56 X 10 %kg,/m?
Av, | Vol. Variation Rectangular 1.35 X 10™°m? 1 1.35x 107° 12
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1 :
. National temperature,
N 1 flow dard Tard
P

I [ [

. v
l?lowmexerl ] [ FlowmeterZJ Ph.y sical properties
+Secular of pipe material and
change |—o‘—m‘ working fluid

Uncertainty analysi L i f
of Flowmeter ¢ a{ibraxor r Flowmeter calibrator (masterme ter method)

_______ l

Flowmeter -
calibration { Flowmeter characteristics 1

__________________ |

[ Flow measurement [

Fig. 8 Standard and uncertainty propagation in
master meter method
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