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Development and Uncertainty Evaluation of Piston Prover

Hae-Man Choi*, Kyung-Am Park
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ABSTRACT

The piston prover was developed and the flow measurement uncertainty of this piston prover was
evaluated according to ISO/IEC 17025. The laser interferometer, instead of the optical sensors used in the
typical provers, was employed in this prover to measure accurately the testing time and the moved distance
of the piston. Uncertainty was calculated with evaluation of various uncertainty factors affecting flow
measurement. The expanded uncertainty (U/) of the piston prover was 1.3x10°° (at the confidence level of
% %). This evaluation example will be useful in the flow measurement uncertainty determination of other

gas flow measurement system.
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Fig. 1 New type piston prover
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Table 1 Cylinder diameters and uncertainties
. 20 T 28 T
Cyli- -
nder | Ave: dia. | v |u(D)/D| Ave. dia. | uw ([w(D)/D
(mm) (em) | (%) (mm) (gm) | (%)
1 1269 | 060 | 00047 | 12695 | 055 | 0.0043
2 19.043 | 070 | 0.0037 | 19043 | 0.70 | 0.0037
3 26974 | 065 | 00024 | 26973 | 065 | 0.0024
4 44447 | 115 | 00026 | 44446 | 1.06 | 0.0024
5 76.222 150 | 00020 | 76222 | 145 | 0.0019
6 143742 | 2.00 | 0.0014 | 143742 | 215 | 0.0015
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Table 2 volume uncertainties of cylinder

. u(D)/D wL)/L wVe)/Ve Degrees of

Cylinder
w(%) freedom

1 0.0047 0.0012 0.009% 57

2 0.0037 0.0004 0.0074 55

3 0.0024 0.0004 0.0048 56

4 0.0026 0.0004 0.0052 56

5 0.0020 0.0004 0.0040 56

6 0.0015 0.0004 0.0030 57
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Table 3 Maximum uncertainty of air density

) u(Pe)/Pe W)/ T, (wz)/z{w o) o
Cylinder
ual2) | up(%) | ual%) |us(%)| % %
1| 00079 0.0004 0.028
2| 00079 00019 0098
310007 00021 0.027
4 |ooosz | P01 | g0 | OOLT | 002|007
5 {0007 0.0021 0.027
6 | 0.0082 0.0024 0.028
y (0 0075) *
Q. 0073 O 0018) ¢
53
@ exzge) 4o paw LT
2ZAA = dolE A po] AT o
BE B3%E 0017 % olth HAE F2H 259 A
Zow & A

Y B35} shA Bdse Table 33 %
&

o 0.017) 57
Y0002 (0.017)!
9 55
G) 714 Rt hsAs 29 29
A RS A gholng B3 = (o ¢t&7

& 79 Bar¥e

3.2.3. 0§ HzHe 2 E5L

A28 ZA Azbda FaAAbele] v AR A
A7 B3% yAaE 23 AR F23A Alolo] m
A AL gy 2 v I A% 2 F
Atk o] W A= Fg 28 zo| =Hsgon 7}
An] B2 A B E Table 49 04 Yok

AdYA] ZHs F7) Ao tigk v] A2k
Agzle) v oS (149 o) BAE 5= 9l

Adq m, storage 1 o

q m, cylinder - Qs Vc{ VL( Oe pS)}
_ Vi e\ Vif P, T,
= VC[ Lt ps]* Ve{ =P, Te]
_ Vi _4ap. AT
=1 ar-hras-4h)

Vi AP AT

< l’c[’ - -+‘ ~4 ] (14)

SHIAKML HeH, H2s, 2003

Cylinder 5 Cylinder 3
Cylinder 6 { Cylinder 4 + Cylinder 2
TN nmnmnmr
Cylinder 1

‘@ 8

%(

Fig. 2 Storage sections

Table 4 Volume and uncertainty of storage (VL)

. Storage volume Total uncertainty of
Cylinder 3 3
(m”) storage volume (m’)
1 2.983E-05 3.159E-07
2 3.832E-04 1.518E-06
3 3975E-04 1.520E-06
4 4.465E-04 1.530E-06
5 5970E-04 1.560E-06
6 1.180E-03 1.677E-06
Table 5 Uncertainty of storage voiume
N pow | Vi) | Ve | 4T/Ts | 4B/p, |4 Gmstonse
nder / Om,cylinder
Low 452E-4 | 6.83E-5| 0.049
1 |Middle | 2.98E-5]3.16E-5|-3.76E-5| 9.79E-5 | 0.013
High -242E-5| 1.25E-4 | 0.014
Low -7.15E-5|-1.05E-5| 0.017
2 | Middle |3.82E-4|1.80E-4| 1.02E-4 |-3.04E-5| 0.027
High 790E-6 | 379E-5 | 0.009
Low -714E-5| 257E-5| 0.010
3 |Middle|398E-4|371E-4|-158E-5| 221E-5| 0.004
High -1.88E-5) 429E-5 | 0.007
Low 357E-5) 223E-5] 0.003
4 |Middle|447E-4{101E-3| 291E-5 | 994E-6 | 0.002
High -2.00E-5| 223E-5| 0.002
Low 5.33E-5 |-6.85E-5| 0.002
5 |Middle|5.97E-4|296E-3| 327E-5 [-2.13E-4| 0.005
High -4.06E-5|-3.36E-4| 0.008
Low -1.07E-4|-6.28E-5| 0.002
6 |Middle|1.18E-3|1.06E-2|-1.09E-5| 2.71E-5 | 0.000
High ~-8.00E-5| 872E-5| 0.002
2 (148 7t Ay HE-ste] AXtsld Table 5
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