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ABSTRACT
A new test set-up for calibration of flow metergdsn
cooling applications has been established at Danish
Technological Institute. The calibration set-upased on
reference metering with a Coriolis type flow meter.
consists of a closed conduit by means of a pipjystesn for
circulating a coolant mixture (e.g. 60/40 ethylene
glycol/water mixture)in series through the refaefiow
meter and the meter under test. The coolant mixsure
cooled through a pipe-in-pipe exchanger using 8©
refrigerant. Traceability of the reference flow nrage
realized by means of a weighing system, whichse al
part of the facility, so that the reference flowtaerecan be
calibrated on a running basis. The facility is daed for a
media temperature ranging from -20 °C to 20 °C afldw
range up to 30 m#/h.

BACKGROUND

Flow meters are used for a various of applicatemcs
purposes all over in the industry. Although theenetare
used with a wide range of operating conditions \eamibus
fluids, calibration facilities are limited to a domed number
of fluids and temperature conditions. Frequenttyywf
meters used in the processing industry are catiriat
water and used e.g. with coolant mixtures in caplin
applications and refrigeration equipment withouhgsany
correction for the different usage.

In order to test and calibrate flow meters usecbioling
applications where the refrigerant is a mixturevater and
ethylene glycoDanish Technological Institute has
established a new test set-up for calibration e$¢hflow
meters. This paper describes the concept of thetestwig
and evaluates the uncertainties of the facility.

MATERIALS AND METHODS

Setup

Calibrations of flow meters in the new test setuplzased
on reference flow metering, where the referenctenie a
Coriolis flow meter. The measuring principle of the
Coriolis flow meter is based on the mass flow tigtothe
meter and not as it is the case for a lot of ofiigrciples
the fluid velocity and hence the volume flow. Thiakes

the Coriolis meter robust as a reference metdriasiot
sensitive to density changes and flow profile &f finid. In
addition the Coriolis flow meter is not very senatto
flow disturbances as for instance bends etc.

The test rig consists of a closed conduit by medias
piping system and a pump for circulating the reframt
(e.g. 60/40 ethylene glycol/water mixture) throuwgh
reference flow meter (Coriolis) and the meters-uidst,
which are the meters to be calibrated, see figdoe nore
details. By comparing flow rates on the referedoe f
meter, which has an known uncertainty and the meter
under-test this meter can be calibrated with argive
uncertainty. The facility is designed for a califiva
temperature range from -20 °C to 20 °C, a flow sang to
30 m3/h and for DN50 flow meters.
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Figure 1: Schematic drawing of the new test rig, where U-6 isthe
storage tank for storing the coolant mixture, U-8 is the heat
exchanger for cooling down the coolant mixture with CO, as
refrigerant, U-2 is the reference meter (Coriolistype), U-1 isthe
scale used to weigh the mass in the weighing tank U-7, U-3 and
U-4 is used to shift the flow of the coolant mixture fromthe
circulating system to the weighing tank, U-5 is the pump to
generate the flow of the coolant mixture and the flow through the
heat exchanger, and M-1 and M-2 is flow meters under test or
calibration.

The coolant mixture used in the test rig for caltlom is
stored in a 1 m3 storage tank and circulated bythmap
through a close conduit, where the meters-undeates
mounted, see figure 1. The conduit returns the flothe
storage tank making it a closed loop.

In order to cool down the coolant mixture a secoypda
piping system circulates coolant mixture througfipze-in-
pipe heat exchanger using €& refrigerant and return the



cooled mixture to the tank keeping the temperatutbe
tank at a certain level.

Model equations and uncertainty budget

Different parameters affect both the results oémefice
flow meter calibration and calibration of the metender-
test. In order to assess and shed light on thertaicty
elements and their contribution to the total uraiaty of
the system an uncertainty budget is made. In thawimg
are listed the main parameters that influences the
calibration results:

« During calibration of reference flow meter the weity
tank (U-7) is filled with cold coolant mixture giv rise
to some condensed water or ice on the outsideeof th
weighing tank, which originates from the humidity i
the surrounding air. The water is condensed dutothe
temperature of the fluid inside the tank. This axtrass
of the weighing tank as water or ice sticks todhtside
of the tank affects the correctness of the weighing

* The scale itself has an error at different loadadions,
which means that there is a deviation between the
acquired read out and the actual weight. This exaor
be accounted for by a correction equation, whighlm
derived by calibration of the scale using calibdate
weights.

* The measured mass of the coolant mixture collected
the weighing tank has to be corrected for the booya
effect created by the displacement of air by thelart
mixture in the weighing tank.

Reference flow meter calibration Traceability of the
reference flow meter is realised by means of a kiegy
system, which is an integrated part of the facilititis
means that the reference flow meter can be cadibirah a
running basis e.g. for different temperatures @&dibration
of the reference flow meter is realised by shiftihg
position of the three-way valve so the coolant omtis
pumped directly from the storage tank to the weighank
through the reference flow meter. The reference floeter
then aggregates the mass of coolant which floneuttn it.
When the flow is stopped the aggregated valuehier t
reference flow meter can be compared to the weifjtite
coolant in the storage tank measured on the soateated
for certain parameters. The “quality” of this cadibon can
be assessed using an uncertainty budget, desénilmecre
details below.

Calibration of the reference flow meter entails a
comparison between the aggregated mass measuthd by
reference meter and the mass collected in the \wejgh
tank, denoted,egring. The correct mad®l,egring iS NOt the
value acquired directly from the scale itself, antroned it
has to be corrected for various influencing paranset

The model equation including the correction paransefor
Mueighing iS showed below

Mweighing = (Mscale + 6Mcorr + 6Mice + 53) [Kg]

whereMgge is the read out on the display of the scale,
J0Mcr is the correction of the scales found during
calibration, oM is the extra weight due to condensed
water (ice) on the outside of the weighing tadikjs the
correction for the buoyancy due to the displaceméair
as the weighing tank has got filled with coolankiuie
The scale (U1) was calibrated using known and catiol
weights. The correctiodM,, for the scale was found
during the calibration of the scale by linear resgien of
the calibration pointsiM.,, is the specified by the
following equation :

OMcorr = K * Mgcqie

whereMg,e is the measured weight acquired from scale
andK is a constant found by regression. The value ofd$
found to be 0.00033 with a standard error of 2.2207

The correction valuéB is calculated as follows:

1— Pair
Pweight
6B = | Mycqre '1_—’0(3;5,5 — Mscaie [kg]
Pcoolant

Wherepair, pughiss @Nd peooiant are the densities of air,
weights used during calibration of the scale, deddoolant
mixture respectively. A8B is a function of both air and
coolant mixture densities it is also sensitiveemperature,
humidity, and air pressure.

The density of air is found by the following equati

0.348444 -p — h - (0.00252 - t — 0.020582)
27615 + t

Pair =

Wherep is the atmospheric pressure in mibais the air
humidity in per cent antlis the air temperature in degrees
Celcius.

Densitypcooant Of the coolant mixture is found in table 1
below:

Temp. Ethylene Glycol mixture (% volume)

(°C) 25 30 40 50 60 65 100

-40 - - - - 1.12| 1.13 -

-17,8 - 1.08/ 1.10/ 1.11 1.12 -

4,4 1.048| 1.0574 1.0f 1.088 1.1 1.11

26,7 1.04 | 1.048| 1.0 1.07f 1.09 1.095
Table1



Quantity Value Std. Uncertainty[Distribution Seg;lat;xty Untée::tllnty Index
M e 250.0kg | 5.77:10°kg rect 1.0 5.8:10° | 0,0%
oM, 0.0 kg 0.289 kg rect -1.0 0.29 99,6%
D e 1.1885 kg/m?® |  0.0386 kg/m?

P eichc 8000 kg/?

D connt 1080 kg 54.0 kg/m? normal | -260-10° -0.014 | 0.2%
K 330.0-10 22.3-10 normal 250 5.6-10° | 0.0%
p 1013 mbar 28.9 mbar rect 240-10° 6.9:10° | 0.0%
h 50%rh 5.77%rh rect

t 20°C 4.33°C rect | -820-1° [ -35.10° | 0.0%
Muweighing 250.321 kg | Expanded uncertainty (k=2) +0.23%

Table 2, uncertainty budget for calibration of the reference
flow meter.

Density of the steel weights used for calibratibthe scale
has a constant value of 8000 kg/m3.

Now the uncertainty of the individual parameterscified
above can be examined in the uncertainty budgdirigao
the combined uncertainty ®egring.

Below are the uncertainty parameters and theiribligton
listed:

U(Mgae) == 0.01 kg (rectangular distribution)
u(p) = £ 50 mbar (rectangular distribution)
u(t) =+ 7,5 °C (rectangular distribution)

u(h) = £ 50 %rh (rectangular distribution)
U(peooian) = = 5 % (rectangular distribution)

the uncertainty of the parametgxrh andt are estimated
relative high since there are no track record d@hee air
pressure, humidity, and nor air temperature in the
laboratory where the test rig is located. The sisatet
necessarily calibrated the same day as the refeftow
meter, and therefore these three parameters dan difot
between the two situations. However, the contrdyutf
the three parameters to the total uncertainty biidge
insignificantly.

Regarding the parametkf,.. a layer of 1 mm ice or
condensed water that sticks to the weighing tatiichvhas
an area of approximately 22nwill add an additional

weight of approximately 2 kg to the tank. The sgsteas to
be conditioned before calibration and the scalkhwiltared
before measurement, so the valud/igf is actually zero as
it is zeroed out by the taration. However in oraer
calculate the total uncertainty b, the uncertainty of
M;ce must be included in the uncertainty budget. The
uncertainty oM;c is estimated to:

U(M;ce) = = 0.5 kg (rectangular distribution)

In order to calculated the expanded uncertainty for
calibration of the flow meter the GUM Workbench o

software was used. Below is the uncertainty budget
specified for a given situation when calibrating th
reference meter, where the mass of the coolanunaixn
the weighing tankNlsqe) is read out to 250 kg. See the
total uncertainty budget in table 2.

The reference flow meter can now be calibrated aith
expanded uncertainty of 0.23 % as long as the waggh
tank is filled with approximately 250 kg of coolantxture.
If one wishes to calibrate the reference meter withw
degree of filling of the weighing tank a new unaérty
budget has to be performed as some the paramaters w
change by a lower or higher degree of filling.

Flow meter-under-test calibration: Once the reference
flow meter is calibrated the calibration of diffatdlow
meters can be performed by referring to the referdlow
meter. The uncertainty elements, which are estidnate
influence the total uncertainty budget of this azmh are
specified below:

» The uncertainty of the reference flow meter found
during calibration as described in the section
above.

e The density measurement of the reference flow

meter used to convert the mass flow rate measured

by the reference meter to volume flow rate, which
is the most common measurement for most flow
meters.

» Temperature stability of the coolant mixture
during calibration.

* Flow rate stability in the conduit during
calibration.

* Reading off the meter under test

As there is still some run-in to do on the testthig
uncertainty budget for the meters-under-test catlibn is
not yet completed, but the parameters listed abewees as
a list of points to pay attention to when prepatimg
uncertainty budget.

Conclusion

Assessing the uncertainty budget for calibratiothef
reference flow meter turned out to give a relativelv
expanded uncertainty of 0.23% when 250 kg of cdatan
filled into the weighing tank. Hence, the caliboatiof the
reference flow meter can be performed for differfeow
rates and temperatures in order to find the cdlidmma
curves for these different parameters. Howevaes, it
important to notice that this uncertainty of 0.239%nly
valid for approximately 250 kg in the weighing tank

Calibration of the reference flow meter will be ad out
in the near future, whereupon tests and calibratain
different flow meters will be carried out.



