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Abstract: LNE has ability to calibrate micro gas flow ratesing the dilution method in the range from 2 1tg/200 pg/s of
nitrogen or 0.75 pg/s to 30 pg/s of helium. In &ddj a primary constant pressure flowmeter fok lestes measurements
from 0.05 pg/s to 35 pg/s is also available. Ineorid compare these reference facilities and tolatd the dilution method
below 30 pg/s, LNE is developing a micro flow triEmsstandard (UFTS) with the collaboration of ATHance,
manufacturer of control equipments for leak tesie Tlowmeter consists mainly of an array of thrieendess steel capillaries
designed to cover the ranges from 0.035 pg/s t @¢8s, 0.35 pg/s to 3.5 pg/s and 3.5 ug/s to 38 gfgnitrogen (0.1 ml/h
to 100 ml/h). A dynamic model of the uFTS determitiee mass flow rate from the input pressure, tfierdntial pressure
of the capillary, the gas temperature, the gas gut@s (viscosity and density) and the dimensigralameters of the
capillary (length and radius). The comparison adhbreference methods was carried out with the pfd& 0.35 pg/s to 35

pals.
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1. Introduction

The laboratory is developing a micro flow transfer
standard with capillaries to measure micro and nga®
flow rates between 35 ng/s and 35 pg/s in collaimra
with ATEQ, world leader in flow and leak test
instruments. The aim is to obtain a relative exjgeand
uncertainty of less than 2 % in this flow rangekifg into
account the targeted technical specifications, #&sw
mandatory to equip the equipment with high-quality
pressure and temperature sensors and to haveestinl
steel capillaries of low roughness as well as ara-ight
fluid system. This equipment will be used firstvalidate
the dilution method and next as travelling standénd
interlaboratory comparison.

2. Description of the micro flow transfer
standard

2.1 Principle

The principle of the micro flow transfer standagd-TS)
consists in measuring a pressure difference abtmds
of several capillaries with a differential pressure
transmitter.

The flowmeter is made of the following main elensent

» a DRUCK absolute pressure sensor upstream of
the capillaries,

e two Pt100 temperature sensors,

e a MKS differential pressure sensor, type
BARATRON 120AD, with a measuring range of
0 to 133 Pa,

« three stainless steel capillaries which dimensional
characteristics given by the manufacturer and
corresponding flow ranges, listed in Table 1.

Table 1 — Characteristics of capillaries

Characteristics of capillaries
d L rcurve
(mm) | (mm) | (mm) | Range (ug/s
Capillary 1| 0.432 130 - 3.5-35
Capillary 2| 0.278 250 20 0.35-315
Capillary 3| 0.193 600 50 0.035-0.35

The dimensions in mm of the uFTS presented in Eidur
are 540 x 240 x 485 (approximately 21 in.).

Figure 1 — A front view of the micro flow transfstandard
(UFTS)

The block of resin that contains the three capdiarthe
two temperature sensors placed upstream and d@anstr
of the capillaries, the absolute pressure sensdrtha
differential pressure transmitter are presentdeidnre 2.
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This model is implemented in three parts:
« Poiseuille’s law for a straight capillanjno,

- Five correction terms omo to take into account
the different phenomena that occur in the
capillary (the terms are in brackets in equatign 1)

e The function f., that corrects the centrifugal
effects due to coiling the long capillary.

The contribution of the functiofien is of the order of 18
for Capillary 2 and 18" for Capillary 3. Capillary 1 is not
impacted since it is straight. This term could bglacted.

The four other correction terms included in thecakdtion
of the mass flow rate were evaluated in the workamge
of the three capillaries for:
« An average absolute pressidetween 150 kPa
and 190 kPa,
« An average temperatur€ between 296 K and
299 K,
* A pressure differencdP between 3 Pa and 55 Pa.

e w } Tables 2, 3 and 4 give the contribution of the ection
terms for the calculation of the minimum and maximu
mass flow rates of capillaries 1, 2 et 3 respebtjveith
the major term in bold.

Figure 2 — A view of the components of the pFTS

2.2 Mathematical modeling

An empirical formula, established from the researtthe
Van der Waals laboratory [3] and the NIST [4] araédd
on the Poiseuille equation for capillary geometrasl
flow ranges similar to those of the PFTS, seemsbibwst
suited to calculate the mass flow rate.

The complete model that gives the value of the rflass

- Kot T K K r P r
m=mo| 1+ g, (B, B,) +4K, . Kn+—" — Re+| —=£ +—them | — Re|n| -2 | |f_.| De,—
( gvmal( 1 2) lip 16 L ( 8 16 JL (HJJ { curve] ,(1)
rate through a capillary is:
- -P)x xrxd*
with:mo=(Fi R)x plT.P)x rxd , (2)

128x7(T,P)x|

Table 2 — Contribution of correction terms for dkapy 1

Correction terms

Kent L Re (Mﬁ-M]LRem(&]
' R fen(Ded)

m (ug/s)  Yuirial (R,R) 4K, Kn 16 'L 8 16 )L

3.7829 -2.172E-04 7.673E-04 -7.428E-05 -4.189E-09 -

34.781 -2.172E-04 7.673E-04 -6.833E-04 -3.545E-07 -
Contribution to the mass flow rate calculation

3.7829 21 % 72 % 7% 0% -

34.781 13 % 46 % 41 % 0% -
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Table 3 — Contribution of correction terms for diapy 2

Correction terms

Kent L Re (M‘FMJLReln(iJ
rh (ug/s) gvirial (H.’ PZ) 4KS“P'Kn 16 . |_ . 8 16 L H- fcent (De,6)
0.4050 -2.172E-04 1.192E-03 -4.133E-06 -2.797E-10 -
3.5196 -2.950E-04 1.139E-03 -3.573E-05 -1.909E-08 -
Contribution to the mass flow rate calculation
0.4050 15 % 84 % 0% 0% -
3.5196 20 % 78 % 2% 0% -

Table 4 — Contribution of correction terms for dkapy 3

Correction terms

Kent T Re (h + —K“‘efmji .Re.ln(&J
rh (ug/s) gvirial (H.’ PZ) 4KS“P'Kn 16 . |_ . 8 16 L Fi fcent (De,6)
0.03922 -2.172E-04 1.717E-03 -1.667E-07 -1.128E-11 -
0.3409 -2.950E-04 1.641E-03 -1.441E-06 -7.700E-10 -
Contribution to the mass flow rate calculation
0.03922 11% 89 % 0% 0% -
0.3409 15 % 85 % 0% 0% -
with :
Considering the results, the model has been siieglis xd?
following: I = Tk (8)

msimple = mo(1+ 4K Kn) , (3)

slip

with : Kn=/(2RT/M)n(T,P)/P/r , (4)

and K, : slip coefficient equal to 1

Kot T
Even though the contribution of the teﬁ?_ee—m.t.Reis

close to that of the terdK
the flow rate of Capillary 1, it can be neglected.

.Kn for the high values of

In order to implement the simplified model in the
flowmeter, we undertook to express directly the sriteswy
rate in function of the variabldy T et4P.

First, the parameters linked to the gas and edpecia
dynamic viscosity f) and density ) were modeled in
function of T and P. The adopted models in the wwagrk
range of the flowmeter are:

nT,P)=Ag+(Ay+AT)P+(A,+ A21T)F>2 , (5)
p(T,P)=(Cyo + C,T)P +(Cpy + C,T)P* (6)

From equations (2), (4), (5) et (6), equation (&}dmes:
G(T,P,AP)+J xF(T,P,AP) Ko
H(T,P) ’

Msimple = | x

4K,
J :TS“F’.,/§ ,(9)

H(T,P)=/1(T,P) = Ay + (Ao + ATT)P + (A, + AT)P?
(10)

G(T,P,AP)=(C,,P+C,,TP+C,P? +C,TP)AP , (11)
(CoA6 +Co0A0)P+(CoAp +C oA, +C LA TP

F(T’ P,AP ) = +(CpAu +C0A) P?
+(Co0A1 +CA ¢+ CpA, +CuA TP

TAP

(12)

The terms which contribution is below 10 % were not
taken into account in the calculation of equatiod 1
(constant term, iff, T°P, T?P* andP?).

Table 5 shows the coefficients of the equation lué t
simplified model of nitrogen mass flow rate. Theiatipn
applies to the range of temperatures between 221K
299 K, pressures between 0.15 MPa and 0.19 MPa and
pressure differences between 3 Pa and 55 Pa.
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Table 5 — Coefficients of the simplified equatiof the

mass flow rate

ij Aij Cij

00 1.77615E-05 -7.3974E-06
10 -1.92493E-04 2.26509E+01
11 6.47469E-07 -3.80688E-02
20 6.58396E-04 3.31932E-01
21 -2.21307E-06 -1.0419E-03

Table 6 — Flow calculation with equations (1) aiy (

An example of calculation of the maximum mass fiate

for the three capillaries with the two models isegi in
Table 6. This example was obtained from pressuck an
temperature values read on the flowmeter and with t
geometrical characteristics of the capillaries

Data given by pFTS
T (K) AP (Pa) P (Pa)
Capillary 1 296.3 46.29 176904
Capillary 2 296.2 52.98 179296
Capillary 3 297.6 53.04 182508
Mass flow rate

) : Relative

m (ug/s) Msimple (19/s) difference (%)
Capillary 1 34.549 34.567 0.052
Capillary 2 3.5778 3.5786 0.022
Capillary 3 0.3499 0.3501 0.077

The relative differences observed between the fiate
values obtained from the complete model and thes one
obtained from the simplified model (equation 7) are
between 0.004 % and 0.08 % for the three capiiais®
the simplified model is relevant and can be used an
implemented in the flowmeter.

A software that operates the pFTS measurements (see

Figure 3) allows to record as data frames the abesol
pressure upstream of the capillary, the pressifereince,
the upstream and downstream temperature of théargpi
the mass flow rate, volume flow rate and the Regsol
number.

«F ATEQ [ AtegFrameReceiver Version : 1. 6. 0.1 )

Mornbre de trames
— | : [ : :. ¢ | (D atzente rame
= i = = =

|ATE®

< Original Frame
Settinosimanio37 11Bureautessai ateal >

< Coml : 57600, 8, E, 1, None >

64 °C 3.539E+000 pods 10.190 seeih 0.9

202291 Fa
2022590 Pa
202290 Fa
202290 Pa
202285 Pa
202289 Fa
202289 Pa
202288 Pa
202288 Fa
202288 Pa
202288 Pa

46,57 Pa  23.75 °
46.55 Pa  23.75 °

c
c
s
°C
°c
s
°c
°C
s
c
54

23.65 °C 3.536E+000 ng/s 10.183 scc/h  0.94 A
23.64 °C 3.534E+000 ng/s 10.177 sce/h  0.94
23.64 °C 3.533E+000 ug/s 10.175 scc/h 0.94
23.65 °C 3.536E+000 ng/s 10.181 sce/h  0.94
23.63 °C 3.538E+000 ng/s 10.189 sce/h  0.94
23.63 °C
23.64 °C
23.64 °C
c
c
5

46.55 Pa  23.76
46.58 Pa  23.76
46.60 Pa  23.75
46.62 Pa  23.75
46.59 Pa  23.75
46.54 Pa 23.74
46.47 Pa  23.74
46.58 Pa  23.75 °
46.64 Pa 23..75%

S40E+000 pg/s 10.194 scc/h 0.94
537E+000 pg/s 10.186 scc/h  0.94
534E+000 ng/s 10.175 sco/h 0.94
528E+000 ug/s 10.159 scc/h 0.94
536E+000 pg/s 10.183 scc/h  0.94
541E+000 ug/s 10,155 sco/h 0.94
539E+000 pg/s 10.190 scoih

23.64 °
23.63 °

3.
3.
P
3.
3.
2364 °C 3.

ATEQ

o
ng Canfigurer ‘L‘ Effacer la liste Ed  sow

Figure 3 — Screenshot of the window from the dedanés
writing software

The stabilities of the uFTS different parametersrduthe
acquisition time of approximately 15 minutes fore th

traced gas mass flow ratqi(],gt) are presented in Table 7.

The obtained results prove the good functioningthef
device during the acquisitions of the traced gaw ffate.
Relative stability of the uFTS mass flow rangekasveen
0.01% and 0.3%. The difficulty to regulate a 0.3§/su
flow rate with Capillary 2 as well as the very shal
measured pressure difference (5 Pa) are the reésothe
value of 0.7 %.

3. Calibration of the micro flow transfer
standard

3.1 Experimental set-up

A mass flow controller Bronkhorst type EL-FLOW
controls the gas flow rate between 0.35 pg/s andd?s of
pure nitrogen flowing from a 10 liters reservoirahgh

the micro-flow transfer standard (UFTS). The calilom
facility is connected downstream the MFC (Figure®)e
upstream pressure in the reservoir is maintained at
(180 £ 10) kPa during the calibration sequencese Th
pressure downstream the MFC depends on the caibrat
method, 110 kPa for the dilution method and atmesph
pressure with the constant pressure flowmeter.

Gas Calibration
reservoir WFTS = MFC facility

Figure 4 — Schematic diagram of the experimentalipe
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3.2 Calibration with the dilution method - X rer is the mole fraction of the gravimetric reference

gas mixture,

The pPFTS is calibrated directly with the dilutioretinod . . I
- Omgv IS the main mass flow of the dilution gas,

between 0.35 pg/s and 35 pg/s of nitrogen (1 nol/bQO
mi/h). A previous paper [3] described the dilutioethod
but for a better understanding, the equations used

calculate the micro mass flow rate] (. ) called “traced

- §gt’mix is the average peak areas of the dynamic mixture,

- igt’ref and §zg”ef the average peak areas of the

gas” are given below. reference gas mixture measured by the chromatograph.

X

U g = M g . gt mix B I » (13) The reference gravimetric gas mixtures are pressurized
Mg 1-X g m cylinders with different concentrations of nitrogen in argon

where used to calibrate the chromatograph to cover the flow
X _ s_gt mix X (14) range fr(_)m 0.35 ug/s _to 35 ug/s. Table 8 gives the list of

at, mix (S, + s Y/ 2 ' the nominal flows of nltroge_n anc_l argon measured _and the
Lot ref 2 gt el amount fractions of the gravimetric reference gas mixtures.

-My, is the molar mass of the traced gas &g, is the
molar mass of the dilution gas,

Table 7 — Stabilities of the uFTS different paranmgefer the three capillaries

Capillary 1
rh (pg/g) Usta(ugls) Pamom(Pa) Jsta (Pa) AP (Pa) Jsta (Pa) Tamont(oc) Usta (OC) Taval (OC) Jsta (OC)
3.6252 0.0040 178614 8 4.848 0.006 24.56 0.01 24.44  0.01
34.549 0.004 181648 51 45.41 0.01 24.44 0.01 24.32 0.01
Capillary 2
rﬁ (ug/s) o-sta(p'gls) Pamom(Pa) Jsta (Pa) AP (Pa) Jsta (Pa) Tamom(oc) asta (OC) Taval (OC) Jsta (OC)
0.3797 0.0025 182319 1 5.57 0.04 24.50 0.01 24.36 0.01
3.5220 0.0020 180328 6 52.22 0.03 24.35 0.01 24.22 0.01
Capillary 3
rh (pg/g) Usta(ugls) Pamom(Pa) Jsta (Pa) AP (Pa) Jsta (Pa) Tamont(oc) Usta (OC) Taval (OC) Jsta (OC)
0.3572 0.0010 181674 2 54.81 0.15 24.59 0.01 24.46 0.01

Table 8 — Nitrogen and argon mass flow rates and amount
fractions of reference gas mixtures

Nitrogen flow Argon flow | Amount fractior
(Om.a? (Om.av (Xqtred Mmoo,

pagls mg/s pmol/mol X

0.35 2.7

0.85 6.3 200 ]
17 25 Dilution gﬁfﬁ

Chromatograph
8.7 125 1000 _ S
17 5.7 %—»i Srgns S
4000 MFC Actuated

35 11.5 AL

gravimetric reference

gas mixtures Xy o

Figure 5 shows the experimental set up used for the
measurement of the micro mass flow rag,(, ). The

nitrogen micro mass flow uncertainty is calculated by
propagating the uncertainties of argon mass flow and
nitrogen amount fraction. The dependence of the
uncertaintyu(gy g9 with the flow is presented in Table 9.

Figure 5 — Experimental set-up used for micro flow
calibration
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Table 9 — Standard uncertainties of the nitrogen flow meddoy the dilution method

Argon flow  |Nitrogen amount fractiol Nitrogen flow | Nitrogen flow

Nitrogen flow (Qm g uncertainty uncertainty uncertainty uncertainty

(Lgls) U(Gn.q) U (Xgtmi) U(Gn.q) U(Gn,q) (LO/S)

0.3474 0.15 % 0.45 % 0.48 % 0.0017

0.8337 0.15 % 0.45 % 0.48 % 0.0039

1.1810 0.15 % 0.45 % 0.48 % 0.0055

1.7368 0.15 % 0.17 % 0.23 % 0.0039

2.6052 0.15 % 0.17 % 0.23 % 0.0059

3.4736 0.15 % 0.17 % 0.23 % 0.0083

8.684 0.15 % 0.17 % 0.23 % 0.020

17.368 0.15 % 0.11 % 0.19 % 0.033

26.052 0.15 % 0.11 % 0.19 % 0.049

34.736 0.15 % 0.11 % 0.19 % 0.066

I
3.3 Calibration with the primary constant ; _
Piston
pressure flowmeter —
,,,,, Final position of the piston at t,
The constant pressure flowmeter is a primary device T Inifl position of the piston aty
widely used in vacuum laboratories of National metrglog x
institutes to carry out the continuous expansion method for 2
low absolute pressure measurements and also for small !
leak flow rates calibrations, with reference to vacuum. —— Po
More recently, this principle has shown its ability to Gas flow M
. . . easurement

calibrate leak rates fIngpg at atmospheric pressdn[é_][4 volume
The measured quantity is the so-called througlugytin
Pa-ni-s® given by the following definition: Figure 6 — Measurement principle with the constant

5(pv
Oy =—(§ ) s

at a constant temperatufg

In this system, the pressure is constant and equgldeer
the measurement. If the volume variatiordlé during At
we have:

AV
qu - poEu (16)

The gas which flow rate has to be measured is introduced
in a volume where a piston of well known surfages
displaced in order to vary the capacity of this volumé a
keep the pressure constant (Figure 6). At the initial instant
t; the position of the piston i% and at the end of the
measurement, the piston’s positioisat the instant,.

pressure flowmeter

Finally, the throughputy is:

R .
qu - po (5 (t2 _tl) ) (17)

The piston’s displacement is measured by mean of an
optical absolute transducer and the time intertszt, by
the computer’s clock.

The LNE'’s constant pressure flowmeter has two pistons
(respective diameters of 5 and 20 mm), and is ranging
from 1-10° to 2-10° Pa-m-s?, for gas flow rates referred

to atmospheric pressure. Correspondence with mass flow
rate of nitrogengmcer iS Obtained by deriving with time
the perfect gas law:

1 1
Omcpr = Opy H—0E——, (18)

M N2 R-lz)
whereMy; is the molar mass of nitrogen, R the molar gas
constant and T, the gas temperature inside the

measurement volume.

The calibration standard uncertainitm, ce9 on the mass
flow rate measured with the constant pressure flowmster i
estimated to be:

Uret (qm,CPF) =0.0010x Omcer + 0.0021 Hg/ S.
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3.4 Calibration results

The calibration of the transfer standard pPFTS was
performed between 0.35 pg/s and 35 pg/s on the ranges
corresponding to the three capillaries (Table 1), both wi
the dilution method and the constant pressure flowmeter.

The standard calibration uncertainties for the dilution
method and the constant pressure flowmeter take into
account the short-term reproducibility of the transfer
standardue,(LFTS). This contribution, given in the Table
10, was estimated by performing additional measuresnent
with the constant pressure flowmeter.

Table 10 — Estimated short-term reproducibility(LFTS) of the transfer standard for each capillary

Capillary Uren(LFTS)
1 0.00020 x g+ 0.0010 pg/s
2 0.00020 x g+ 0.00058 pg/s
3 0.00020 x g+ 0.0022 pg/s

Capillaryl ¢ Constant pressure flowmeter
= Dilution method

Deviation in pg/s

0 10 20

Reference flow rate (ug/s)

Figure 7— Calibration results for the capillary 1 with
associated regression line for each method; uncertainty

bars ak =2

30

40

Capillary 2 « Constant pressure flowmeter
= Dilution method

Deviation in pg/s

f f f
0.0 0.5 10 15 20 25

Reference flow rate (ug/s)

Figure 8 — Calibration results for the capillary 2 with
associated regression line for each method; uncertainty

bars ak =2

Capillary 3 # Constant pressure flowmeter

= Dilution method
0.000 - d
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Deviation in pg/s
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Figure 9 — Calibration results for the capillary 3;
uncertainty bars &= 2

Figures 7 to 9 show the calibration results for each ndetho
and for capillaries 1, 2 and 3 respectively. A regessi
line is plotted for capillaries 1 and 2.

To compare the results obtained with the dilution method

and those obtained with the constant pressure flowmeter,
the reference value of the deviation is calculated as the
weighted mean of the deviations, as recommended in [6].
The calculated standard uncertainty on this reference value
is then combined with uncertainty of each method to give

the final uncertainties attributed to the deviations from the

reference value. Results are given in Tables 11 to 13 and
illustrated on the Figures 10 to 12 (the represented plots
for deviation correspond to the same reference flow rate
for both calibration methods; they are slightly shifted on

the graphs to facilitate reading).
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Table 11 — Comparison results for capillary 1

3.668 0.30 -0.15 0.54 0.39
8.806 0.19 -0.05 0.61 0.30
17.526 0.00 0.00 0.43 0.42
26.211 0.12 -0.04 0.42 0.25
34.821 0.12 -0.04 0.41 0.24

Capillary1 ~  Constant pressure flowmeter

100 - — - __ = Dilution method

,,,,,,,,,,,,,,, ‘
|
0.80 |
|
0.60 - |
|

040+ |- [ I e R
|
|

0204 || .

%

-0.20 -

|
|
l
0.00 - | o
|
|
|
|

I
|
|
|
|
|
|
0404 -~ | U S .
|
|

Deviation from reference value

0604 | .

I
I
-0.80 - :
I

-1.00

Reference flow rate (ug/s)

Figure 10 — Comparison results for capillary 1; undéetyabars ak = 2

Table 12 — Comparison results for capillary 2

0.3761 0.32 -0.63 11 15
0.8425 0.67 -0.50 1.0 0.87
1.1753 0.90 -0.31 13 0.74
1.7100 0.27 -0.38 0.47 0.56
2.5728 0.30 -0.31 0.50 0.51
3.4970 0.31 -0.14 0.52 0.35
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Capillary 2 « Constant pressure flowmeter
u Dilution method

40 -~ - [ [ttt Htti [ T |
| | | | | | | |
| | | | | | | |
301 [ [ e [E— [ |
| | | | | | | |
| | | | | | | |
| | | | | | | |
“:’, 2'0”77777 77777 ror T T T T [ [ |
= | | | | | | | |
> | | | | | | | |
g 1o l l l l l l l l
g | | | | | | |
2 | | | | | | | [ |
Q_’BQ 0.0 | | | | | | |
5 l l l l l l i l
& 10+ A [ Bl === 4= === |
= | | | | | | | |
.% | | | | | | | |
8 204 - - oo o [ [ A |
> 20 | | | | | | | |
[a) | | | | | | | |

| | | | | | | |
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-4.0 f f f f f f f {

0.0 0.5 1.0 1.5 2.0 25 3.0 3.5 4.0

Reference flow rate (ug/s)

Figure 11 — Comparison results for capillary 2; unéetysbars ak = 2

Table 13 — Comparison results for capillary 3

0.3766 1.01 -0.98 1.8 1.8

Capillary3 ¢ Constant pressure flowmeter
= Dilution method

400 T T
I
3004 R
I
200 e
g l
=1
] 1004 - : ffffffffffffffffffffffff
8 0 00 4 - - - - L
c - |
g I
T & -1204 : fffffffffffffffffffffff
I
g 204 L +
= I
g _3 00 4 - - - R
g l |
3 404 L
a . | I
I I
504 : ************************* i‘ ********
I I
-6.00 i T T i )
0.30 0.32 0.34 0.36 0.38 0.40

Reference flow rate (ug/s)

Figure 12 — Comparison results for capillary 3; unéetyabars ak = 2
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5. Conclusion

The work presented here shows the performance offered
by the dilution method for measuring small gas flows of

nitrogen in the range of 0.35 pg/s to 35 pg/s with an

relative expanded uncertainty between 1.8 % and 0.4 %.

The calibration results of the WFTS with the dilution
method have shown deviations of -0.7 % for capillary 1,
3.3 % for capillary 2 and -2.8 % for capillary 3.
Concerning the primary constant pressure flowmeter,
deviations of -0.9 % for capillary 1, 2.5 % for dépiy 2

and -4.9 % for capillary 3 have been observed. These
results will lead to calculate new dimensional parameters
of the capillaries (length and radius).

It can be seen that results on reference flow ratesthéth
constant pressure flowmeter are systematically belmwv t
results obtained with the dilution method for a same
indication of the transfer standard, however always within
the respective expanded calibration uncertainties. So the
dilution method is validated below 30 pg/s.

Moreover, very few National Metrology Laboratories
implement methods and standard facilities in this flow
range and no intercomparison was performed between
these laboratories. The use of the micro flow transfer
standard as travelling standard will enable to demoestrat
the equivalence between the methods used and to validate
the announced uncertainties.
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