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Abstract. The Bureau International des Poids et Mesures KBlBas encouraged National Institutes of Metrolagy
offer system for providing metrological tracealyilibn micro flow rate measurement, since there &k lan the
traceability chain in this field. Although to ensureliability on quantifying fluid flow rate in mig scale is a
challenging task, reference standards on systerdsatso measurement procedures need to be developtds way,

the present work describes the assessment of idawate system which is being developed by tlaziBan National

Institute of Metrology (INMETRO) as part of thersfardization in the traceability chain for microftlic area. The
system is based on the gravimetric method for filédivery quantification. Detailed apparatus chatexistics,

measurement techniques, mathematical modelingalome conversion, performance and metrologicaldatlon are

here presented and also discussed. The system ragesu capability is within pl to ml scale and waand that it
provides relative uncertainty of 0.21% in the Ol8delivered volume at all tested flow rates.
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1. INTRODUCTION

The microfluidic can be defined as the science tisitidies fluid flow in systems of micrometric dinséons, and
where the fluid performance diverges of traditiotieory to macrometric scale. Applications of mitridic include
several science areas, as chemistry, biotechnokggronmental, health, among others. Over thedasade has been
growing the interest of Metrology Institutes in Butopic, since dealing with the traceability andnstardization in
micro flow rate are a need and a big challenge. &ttays, there is a gap in the chain of metrologieaeability for
very low flow rate. This lack is due to the diffitin controlling a large number of variables tiptdy important role in
the stability and measurement of the low flow rdter a large number of microfluidic applicationsy @nproved
performance of a microfluidic system can be guareahtf the impact of the behavior of the flow ratetotal volume is
known, as demanded by LOC-Lab on Chip technolofiasio et al, 2014), TAS - Total Analitycal System and a
MTAS (Micro Total Analitycal System) (Haswell, $1897). Such examples illustrate a drive reasorstiaalying fluid
flow in micro channels with metrological traceatyili

Due to the standardization and traceability foidflflow measurement in very low scales be a relevesed for
industrial, technological and scientific fieldsetBureau International des Poids et Mesu®M (BIPM, 2015) has
been stimulating National Metrology Institutes &ach a good level of development in microflowratndardization
up to 2024, when is planned to run the first Keyrparison event in this area (BIPM; 2014-2024). Itméas been
working aligned to this target.



Brenda Lopes Dias, Marcos Henrique Gongalves de Aquino, Maria Helena Farias, Jair Koiller, Priscila Costa Gabriel
A standard system for metrological traceability on liquid micro flow rate measurement

Different methods, techniques and apparatus usednforoflowrate standardization have been discuseethe
metrology community (Wolf, H., 2010), as the appasafor calibrating the fluid flow rate based o tholumetric
pump working principle (Marinozzt al., 2005), or the investigate of types of microchasneding a finite difference
approximation method. (Natét al., 2005), or the principle relies on using a micriafic comparator to detect small
pressure fluctuations in fluid flows (Greenal.,2009), or the measurement of flow rate inside erochannel by using
a laser Doppler technique (Kong al., 2010), or calibration of volume syringe by gravime method (Reitzt al.
2010), or the method base a hygrometer for thérmedion of syringe pumps (Hanmt al., 2014), or a micromachine
that enables precise measurement of the flow tateeanicron scaleyf/min) in microfluidic channel (Yet al.,2015).
It evolves traditional methodologies up to sophbatied electronic systems, and eletrochemical, nmicilaor optical
mechanisms are principles for controlling, detegtor quantifying fluid and flow. In very low flowate or small
volume of fluid all these technologies claim folugmn of challenges for providing accuracy, unaétties reduction
and confidence in the measurement results.

The present work describes the very low flow ragagsurement system based on the gravimetric metratufd
delivery quantification. The volume is determingyg conversion from mass to volume of liquid, thoutis, it is
possible traceability in micro flow rate. This & is being developed by the National Institutéletrology, Quality
and Technology (INMETRO), in the Fluid Dynamics M#bgy Division. Besides seeking for metrologicaliability
of the experimental data, a detached goal of thogept is to make possible the study of fluid flawmicro channels
ensuring metrological traceability to Brazilianrstards.

2. METHODS AND INSTRUMENTATION
2.1 Measurement Technique

The measurement technique in the Inmetro’s starsyatém is based on gravimetric method. This meghodides
good accuracy after converting mass value to volgoamntity. It consists on measuring the mass afidigielivered to
(or collected in) a recipient whose volume was jmesty calibrated (traceable to Sl). After measgrihe mass of the
liquid, the respective volume is determined by gsthe equation described in 1ISO 4787 (ISO 4787,0p0OBy
calculating the liquid volume by gravimetric methadd estimating the associated components of measmt
uncertainty, it is possible to ensure the tracéstof the micro flow rate to Sl.

Before deciding on the set up of the standard sysseveral tests and analysis of the influenceoofesvariables
were performed. In the next section a brief sumnadagut that is shown, and also is presented themyassemblage.

2.2 Apparatus and setting up of the system

Several set out of gravimetric systems can be fofordliquid flow rate determination. A classical stgm
configuration for very low flow rate is basicallpmposed by syringes and infusion pump. Tab. 1 agdiFshow the
main characteristics of the gravimetric apparatssu$sed in the present work.

Table 1. Apparatus description

Capacity: 1 ml

Syringe Resolution: 1 pl

Longer graduated lines:10 U
0.2 ml/min

Flow rate range tested 0.05 ml/min

0.025 ml/min

Accuracy: £ 0.5%

Micro Pump (syringe pump) Resolution: 0.00001 ml/min
Capacity: 610 g

Balance Resolution: 0.1 mg

Fluid Deionized water
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Figure 1. Schematic of the Gravimetric System Beda(1l) Beaker covered with PVC film (2) Holder (3)/off valve
(4) Micro pump (5) Syringe filled of water (6) HoBlked of water (7) Water reservoir (8) Camera (9)

Although the configuration shown in Fig. 1 seembdcsimple, some aspects of the assemblage candigtting up
and measurement procedure affect how well the isyaterk. Examples are the disturbance that occuiisglthe time
interval of measurement due to the neighborhoodif@mmental temperature oscillation, vibrations) etcair bubbles
trapping in the hydraulic circuitry and also wateaporation during the liquid weighing, among osher

Then, besides insulating the vibration in the emvinent, the room temperature, humidity and pressiere
controlled, causing a thermal equilibrium. The atility and error in the mass value indication lé tollected fluid
due to evaporation was minimized by covering thakise with PVC film (the plastic film was crossed tne needle of
the syringe, as seen in the Fig. 1). In order toimmize the problem of air bubble trapping, befdre hoses and syringe
were connected to the system they were filled withher. Nevertheless, even doing such procedure,was taken to
avoid the presence of tiny air bubbles in the wdteing the measurement.

After acquiring a fluid sample for mass measuring. (vhen the liquid injection into the beaker sidoloe stopped)
an on/off valve (see Fig. 1) connected to the wetservoir was opened, permitting the syringe bedfiagain. A
camera was installed in this system for visualizng improving the volume reading on the syringdesdBy using the
camera, the resolution of the syringe reading dedlecreased and parallax errors are avoided.

Other cautions related to the system handling waken, as for example, the use of gloves duringrtasurement
process in order to avoid the system contamindtiohands. Deionized water was chosen as working flith the aim
of reducing the contamination of the internal paftthe system by particles.

2.2.1 On some factors which affect the data
Air bubble formation

In this system, the presence of air bubldery difficult to deal with, since bubbles tendde retainned on the
beaker wall. Air bubbles can influence the flonergtiantification when using the gravimetric methddhe air bubbles
sometimes arise during the filling process of tygteam hoses and so, care is required to maint&iedtfrom any
influence that may cause entry of air. This resaluld affect the evaluation of a device under, st would depend
on the flow rate value and its uncertainty.

The use of clean water free from contamimeitsoalso very important because it prevents battgrowth and even
air bubbles. The ideal is to use deionized andréid water, reducing the contamination with pagtiakhich come from
the water source.

Thermal influence

The temperature exerts the main influence on thelteof the measurement system and it is the ntajotribution
to the experimental uncertainties. Its effects @ifécult to control. A temperature variation camange the fluid
properties, as well as evaporation level and thedisaquilibrium. The fluid temperature must be ritored since the
fluid can provoke heat transfer to or receive Heatn the system walls. Such problems are very commo flow
measurement to avoid potential problems it is reagsto use calibrated instruments to monitor #r@perature,
pressure and humidity of the environment, and \icitthe correct condition to perform the measuretsiem the
system presented here, a temperature variatiorc@sda thermal expansion of the syringe materiangimg its volume
and so, a probable influence in the measuremeultsdsy gravimetric method.

Evaporation Effects

When measuring water flow rate in micro scale,idifty of controlling evaporation increases, an@gl@roblems
take place. Evaporation can be a critical influeimcgravimetric systems, since no stability of thedance indication
occurs. The control of the environmental conditi@iso helps in reducing evaporation In the presxperiment,
although a cover was put on the beaker overtureniaimizing the evaporation of the collected waters problem
should be investigate and assessed, in order htifglén more details the implications and reduke potential effects
on the measurements.

Influences related to measuring instruments
These influences are related to nonlinearity ofrimaents, repeatability, resolution, drift and etdeity. The ideal

is to use calibrated instruments. The informatioovjgled by the calibration certificates are appliedcorrections or
accounting of the influence of the instruments baraon the measurement results. Depending on ithati®n, the
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knowledge of an instrument behavior can reduce tttiel uncertainty of an experiment, since it caroidvan
overestimation of an uncertainty of certain compam®ntribution.

Effects related to system installation

Another influence to a microfluidic system perfomma is that related to system installation modejrfstance, the
fluid leakage out of the system. In the presenckeakage, the total delivered volume is lower thtiza expected. To
avoid this problem, a sealed system is requiredadintie connections must be checked in the device.

2.3 Measurement Procedure

As described in Fig. 1, the syringe is connecteth&infusion pump. Through the three way valve haoges the
syringe is linked both to the beaker and to theewaéservoir. First of all, attempting for distunca sources as
commented in the previous section, all the hydcagilicuitry is filled of working fluid (deionized ater), and both for
withdraw and infusion process of the pump. Follayyiafter set the flow rate range in the pump, thesion is started
and the initial mass of water and respective teatpee inside the beaker are measured. Finallytotia¢ mass of liquid
flowed into the beaker is measured. After that,sibering a reference temperature of 20°C, a coiorefsom mass to
volume of liquid is performed, according to the heahatical model (Eq. 1). The water density was rddteed by
using an equation recommended by BIPM, the Tanakeation (Tanakat al, 2001).

In this work, three liquid flow rate levels werested: 0.2, 0.5 and 0.025 ml/min. six samplesuitifivere collected
in each flow rate, in order to estimate the instnbtrepeatability. The syringe capacity was 1mt, bueach run the
totalized volume was 0.8 ml, since within this lirthe syringe plunger couldn’t reach the barrel @vekides, in this
manner, a best visualization of the delivered vauaf water by reading the barrel scale using thmeca was
achieved).

3. MATHEMATICAL MODEL

The mathematical model used for determining themeal of liquid by the gravimetric method is presdriteEqg. 1 :

Mc-Mv+M 0
AVe= E 1-Pab o, T =T))+ oV
(o[T ]+ oo [T -par)EE P, Jtﬁl {r.-7) O

* AV, is the volume of the liquid at the reference teragpureT, (ml)

e M. isthe apparent mass of the beaker full of &meme of liquid(g)

* M, isthe apparent mass of the beaker before liagdite sample of liquidg)
* Mg isthe evaporated ma&y

e o isthe liquid density at temperature (°C)

e T, isthe liquid Temperatur@C)

e OT_ error due to the liquid temperature variation (ace and timel’C)

«  pu is the air density during the apparent water masasuremer{kg/n)

«  py is the air density during balance calibrat{&g/n?)

«  p, is the density of the standard weight used inrizaaalibratior(g/n™)

* gy is the volumetric thermal expansion coeffici€ht°C)



» Ty isthe syringe (barrel) temperatyf€)

e Tr isthe reference temperature = 20°C
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« 0V error due to repeatability of volume measurement

The indicated data of the apparent mass, envirohteemperature, water temperatupeessure and humidity were
corrected in accordance to their respective cdlidmacertificated.

4. RESULTS AND DISCUSSION

For each flow rate (0.200 ml/min, 0.025 ml/min, ab@50 ml/min) six measurements were performed with
syringe. The results are presented in the followaides and figure:

Table 2. Results at flow rate of 0.200 ml/min OBBmMin and 0.025 ml/min

Calculated Nominal Reading Expanded Relative
Volume Flow Rate | Correction Uncertainty Uncertainty
(ml) (ml/min) (%) (ml) (%)
0.8070 0.200 0.0316 0.00173 0.21
0.8065 0.050 0.0157 0.00171 0.21
0.8027 0.025 0.0234 0.00172 0.21

The volume was calculated by using the Eq. 1 desdrabove and the reading correction is the diffee between
the calculated volume and the volume of fluid deded (read with the camera on the barrel surfaee tife liquid was
transferred to the beaker). The Expanded Unceytaand Relative Uncertainty (GUM, 2008) (VIM, 2008kre
calculated considering all the variables of infleermentioned before. According to Tab. 2, it wagnfb that the
relative uncertainty of the volume at the threesls\of the nominal flow rate experimented are m shme range. This
is a significant achievement for the system in @rohegical point of view.
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Figure 2. Association of correction with uncertgint
The relative contributions to the uncertainty ofstimnportant variables are presented in the Tab. 3:

Table 3. Relative contribution to uncertainty ofleaariable of influence

Relative Contribution | Relative Contribution| Relative Contribution
Variable of influence | at flow rate 0.2 ml/min at flow rate 0.05 at flow rate 0.025
(%) ml/min (%) ml/min (%)
VLi 32.165 33.367 32.765
Me 20.085 20.836 20.459
My 20.085 20.836 20.459
Me 20.085 20.836 20.459
ov 7.177 3.705 5.433
Others 0.403 0.421 0.424

e VLi: Reading of the syringe volume

While the development of the system was going ames aspects were discussed to be investigated later
includes, the following points, among others, mangestigation for detailing the evaporation effe@sd its
suppression, improvement of the barrel scale vizatbn method, research and refinement of the i@icgy budget,
review and improvement of the gravimetric assenmilagnfiguration (the use of an analytical balandt wwer
capacity than that used in the present work cdytaiill promote best results).

5. CONCLUSION

The present article deals with initial results fdées aiming the development of a standard beoich fiquid micro
flow rate measurement, which is intended to be eymul as part of the metrological traceability cHainmicrofluidics
applications. The system works by gravimetric mdttand was found that it provides relative unéetyaof 0.21% in
the delivered volume at all tested flow rates. Adratial work, the achieved uncertainty is wittthne expected range,
and it could be satisfactory for using, for exame reference in experiments when the microPI\tionParticle
Image Velocimetry) technique is applied, since tepeatability in the measurement was good. Theesyst
development and validation still are in progressl here are presented only the first achievememsrain results.
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