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Abstract: The work presents the theoretical and expenmental research on a new
method, more precise and more advantageous than the ones already known, for the
gas flow-meter calibration on air for however high flow-rates or flow velocities and
without pressure loss. The research also deals with a patented device, which can be
attained under the best technical and economical conditions even for the largest sizes.
This is why we have made both the method and the device available for all interested
companies and metrological laboratories.

The theoretical research refers to the permanent, with axial symmetry flow of a
compressible ideal or viscous fluid, in its isothermic or adiabatic evolution towards the
entrance of a circufar pipe.

The movement is obtained by the numerical integration of Euler or Navier-Stokes
system of partial differential equations, completed with the equations of thermodynamic
evolution for compressible fluids. We introduce the stream function and eliminate the
pressure and density functions with unknown values along the boundary of the domain
occupied by the fluid.

From experimental point of view, the used method consists in the gas exhaustion
out of a large enough chamber with the following known charactenstics: absolute
pressure, temperature and humidity of the air and its recycling through a pipe.

These characteristics have been stabilised after a cerfain time interval and
measured with good accuracy. We have also measured the relative pressure inside the
pipe whose diameter is constant and known, and on which the calibration flow-meter js
mounted under admitted metrological conditions.

What follows is the measuring in the pipe-entrance region of the relative static
pressure of exhausted gas, the velocity distribution being uniform in the first section.

The device for the gas flow-meters calibration on air for large diameters and high
velocities is made in entrance section, followed by an intermediary pipe section on which
the calibration flow-meters are mounted, and at the end of this pipe there is an
exhaustion blower with a valve at ifs outlet, for the adjustment of the exhausted flow-
rate.

The greatest advantage of this method is that it can be apphed under any
atmaspherical conditions and that it is not necessary to ensure the rigorous temperature
conditions (20 + 0,5° C), which are required in the metrological laboratories and which
are standardly imposed but exemplary. The only requirement s the ensuring of a certain
permanence of the working gas parameters, but only during each measurement
session.

Keywords: Flow-meter, Gas Flow-meter, Flow-meter Calibration, Metrological
Calibration.
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1 INTRODUCTION

The precise calibration of liquid flow-meters is ensured in temperature lasge limits by weighting
method [1] of a liquid volume, delivered in also precisely measured time by the permanent motion of the
fluid through the flow-meter mounted on the hydraulic circuit.

Since the great majority of flow-meters measures the volumetric flow-rate, it is very important to
know the variation with the temperature of liquid density and fiowing sections of the calibrated flow-meter,
pecause the weighting balances offer a good accuracy about 1% in the large temperature limits of —-i0 10
+40 °C and the stop-watches may be maintained at a convenient temperature.

However, the construction vices of the calibration stands on water (for example the other of
RETROM-Pascani built in Romania after the model of the firm Foxboro), consisting in flow-rate
oscillations due to the air cushions and cavitation phenomenon in hydraulic circuit [2][3][4], requires not
only the iengthen of the measuring time, but makes almost impossible the flow-rate reading on the scale
of flow-meter for calibration.

1.1 Calibration of gas flow- meters

For the calibration of gas flow-meters at low flow-rates and consequently small velocities or pipe
diameters, one utilises the gas-tanks their cylindrical bells require a more precise geometry and also a
constant temperature in laboratery roems (20 x 0.5 "C) and 1o obtain the greater velocities it is necessary
{o make their heavier.

However, constructive and operating undefeated difficulties have made that the bigger carried
gas-tanks have the bell diameter of 3.6 m and pipe diameter of 100 mm and for the bigster with 5.5 and 8
m gas-tank diameter and with 200 and 400 mm pipe diameter respectively, it happened to have serious
metrological difficulties.

For the greater velocities one extended the results oblained by means of gas-tanks of the easy
carried diaphragms with sharp edge, but whose discharge coefficients run about 0.6, due to the flowing
section contraction phenomenan, tending to an asymptotic value by increasing of the velocity and also of
Reynolds number, that fimits the usefuiness of diaphragms to smaller pipe diameters (D > 50 mm) or o
lower velocities [5].

In this way after 1930 on the basis of a impressive number and difficult laboratory measurements,
the Germans have elaborated the VDE-Standard (1832) for measuring of flow-rate with diaphragm, which
afterwards have been always improved, because the simple adopted for calculus formula was suitable for
the liquids, to which one brought complicate empirically determined corrections, concerning the
compressibility of the fluid, upstream velocity effect and the different flowing section contraction [3].
These values depends evidently more of the position of upstream and downstreamn pressure intakes,
which have taken arbitrary and not scientifically in any technological variants, besides to reminds on
uncertainty introduced by the place and the manner in which one measures the static iemperature for the
gases, what makes that the measuring accuracy of the diaphragm device to be recognised by the
metrological laboratories in the limits of 2 to 3 %. As well we shall not discuss on the exaggerated energy
consumption of this proceeding, prohibitive today.

After any years the attention of the researchers in the field of the flow-meter gauge for high
velocities was drawn by other devices based of the same principle of flowing section contraction as:

- the standardised nozzle as geometry [5] with the discharge coefficient about 1, yetl variable
with the Reynolds number, offering a more complicated construction, but with smaller energy losses. This
stayed on the basis of so called sonic nozzie [7] proposed for measuring of the gas high flow-rates, but
with many meteorological uncerlainties near the energy exaggerated consumption,

- the Ventura tube [6] more favourable concerning the energy consumption, but much more
complicated to carry out, and in the last period,

- the VORTEX flow-meter with a reduced energy consumption, but according 1o our laboratory
experiences [3][9][10] it deceived the researcher expectations concerning the fact, that the frequency of
the alternative vortex separation was not depending of the fluid viscosily.

1.2 The method of the constant velocity section (CVS)
As a result of a varied laboratory aclivily carried on a long period concerning the testing on water
and air of different liquid and gas flow-meters and the construction of their stands for calibration and
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scale conversion for other liquids or gases [3][11][12][13], an idea has occurred to us 1o built an flow-
meter gauge [14], more precise than the one’s existent by its constructive simplicity and the reduced
number of physical parameters, measured in static and any environmental conditions, which in the same
time not introduces neither energy loss and requires a very simple formula for the calculation of the flow-
rate.

Using this device we could verify with an accuracy under 1% the indications of the standardised
diaphragm device, instalied in the correct metrological conditions.

Encouraged by these results we had the idea to utilise this device with the modern sensars and
electronic interface for calculation and contorization of flow-rate available in the current manufacture of
Trade Company AEROFINA fn Bucharest — Romania, to offer on the market a very precise flow-meter
gauge, easy to carry out and cheap, for the use in any environmental conditions.

Since the constant velocity section, which is situated at the entrance of the fluid in any pipe-line
and on which one bases the patented method is just empirically unanimously known by all specialists in
fluid mechanics under so called phenomenon of the stabilisation length of the fluid flow at the entrance in
a pipe-line, in this paper we will present at first a theoretical solving of the steady movermnent with axial
symmetry, which due to the complexity of the partial derivative equation system will be numerically
s0lved.

2 PERMANENT SUCTION OF THE COMPRESSIBLE AND IDEAL FLUID

INTO A CIRCULAR PIPE-LINE
The axial symmetry character of the suction flow of a compressible and ideal fluid in a circular
pipe permits even the one-dimensional soiving of the gas adiabatic evolution {fig. 1)

RA

14 10 13

6 2 5
0 knot notation 11 3 0 1 9

L 7 4 8
15 12 16

. Ro 1
—> — -
Vz =W D
VR = VT

Fig. 1

2.1  Equation system
In this case the equation system consists of:
- energy equation 1o the entrance of the conduit and more far to the flow-meter D for

calibration,

By .. A .. W ro,. Wl |Nm m?
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Po P 2 Pi 2 kg g2

- mass conservation equation of the fluid in flow through flow-meter mounted on the tight
pipe,
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- gas state equation of thermodynamic equilibrium in any place on the flowing route,
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in which by index i we marked the physical quantities of the specific flowing section from flow-meters,
mounted in serjes and submitted to the calibration operation.

2.2 The measured physical quantities

The small number of the physical parameters which must be measured and their static character
assure a good accuracy of the origmal method, proposed by us for the flow-rate measuring. These
quantities are:

- P, the absolute pressure of the gas in the suction room,

- To the absolute temperature of the gas in the room from where it is inhaled,

- U the gas humidity in the suction room, influencing substantial ifs density,

- Py = pitPy absolute and relative respectively pressure at the input in the suction pipe.

The good accuracy measuring of these physical quantities in the same time with the flow stability
will permit this method to offer for the stand a gauging meteorological quality.

2.3 Calculation of gas flow- rate transported through the flow- meters
Fram the first equality (2.2) and using the relations (2.1) (2.3} and (2.4) we may deduce the
massic gas flow-rate which pass through all the flow-meters tightly inseriated on the conduit.

L K—“l
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s Ry \ Fo 4 L R

“rom the same relations (2.2) one remarks that the volumetric flow-rates, measured by many
flow-meters mounted in series, are different. Thus, for our flow-meter placed at the entrance of the pipe
we have

k-l
3 2 —
.l m | B
V| — | =8, = 120,T4| 1 -| — , 27
i 1" 4 pf0 [ PJ 2.7
and for the i™ flow-meter in absence of pressure drop
k-1
.im° P«
Vil = | = S =8 |2CpTo 1| —- , 2.7)
s Iy

where S; represents the flowing characteristic section, in which the fluid have the mean velocity W, and
the absolute pressure F.
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2.4 Maximal relative errors to determine the massic or volumetric flow-rate
Applying the natural logarithm and differentiating the formulas above, we obtain the maximum
relative errors for calculation of massic flow-rate

;w_: %+[]+l)5ﬁ+[l+.l_+£__l)%+ lJrK_}JaPl (2_8)
M I 2] 1y k 2k JF x 2k /P
and that a little more precise of volumetric flow-rate, at our flow-meter ievel
BILZZ&UI +16I0+K—] 6P0+6j .
M Dy 2T 2 h A

(2.9)

3 STEADY AND AXIAL SYMMETRICAL SUCTION FLOW OF THE

COMPRESSIBLE AND IDEAL FLUID IN A CIRCULAR PIPE-LINE
For the cylindrical co-ordinates, proper to the studied problem of compressible and ideal fluid

suction in a circular pipe-line (%r = %9 =y = O) and denoting simply by V — the radial and W ~ the

axial fluid velocity components, the Euler system of equations with partial derivatives [15] consists of
non-linear equations of motion

ol Vi +W V) +Hy =0, @1y plV-WR +W—Wj)+P;’5 =0, (3.2)
equation of compressible fluid mass conservation
p[%+Vf{ +WZ'J+V-p’R +W-pz =0, (3.3)

and state equation of the gas, in its supposed isothermic evolution in the case of small variations of
pressure and density
_y

P =Kj;-p, inwhichthe constante K; have the expresion K; =RT,. (3.4}
Po

3.1 Undimensionalization of the partial differential equation system

For a more generalisation of the numerical solution, we shall introduce the dimensionless
quantities in the equation system, choosing as characteristic parameters:

- Rg the radius of suction pipe-ling,

- W, the mean velocity, which transportes the volumetric flow-rate R W

- Py the pressure in the suction chamber, (3.5)

- po the gas density in the suction room at 7, temperature and U/ humidity.

With the new dimensionless variables and functions:

r=R/Rc, z=Z/Rc, (3.6)
v=V/W,, w=W:/W,, p=P/Pg, d=p/po,
the equation system in dimensionless quantities becomes:
8(v-vi+w-v,)+Eu-p. =0, @3.1) 8(v-w, +w-w,)+Eu-p, =0, (3.2)
v ’ ' ¢
8[—+ v;+wz)+v-6r+w-67_ =0, 33) p=9, 3.4
r

in which we denoted by Eu the Euler number which characterises the flow.

3.2 Elimination of the functions, whose values on the boundary are not known

By introducing of the partiai derivatives of the relation {3.4') in the maotion equations (3.17) (3.2)
and the partia! derivatives &' and &', from these in the equation of mass conservation (3.3"), we obtain a
single equation for the both two components of fiuid velocity

LA
Eu[; +V+ w:’,j = vl (vl +wl)+ wlwi,. (3.7



Flomeko 2000 - IMEKO TC9 Conference
Salvador, Bahia, BRAZIL
4-8 June, 2000

With the aim to eliminate from the calculation programme the difficulties concerning the different
values of the idea! fluid velocity on the exterior and interior respectively of the pipe wall, we shall
introduce the stream function by the relations:

W= and v=—\., (3.8)
in which case, the partial derivative equation (3.8) becomes

EU r ” r l'2 r F "r L. T
'_Wz ""Wrz(‘urz_\vz )+WIW3(W,2 -y 2):0- (3.8)

Introducing in thls non-linear equation (3.8°) the partial denvalwes expressions, deduced by
simple algebric catculus from the finite Taylor developpements to the 2™ order of the stream function ¢

[16] in the knots of the quadratic network from figure 1, we obtain for instant the associated aigebric
relation

1
Z(‘I’s +yg W — Ws)[(llfl —lifa)2 *(\Ifz *\Pa)z]—l )

(‘IJL “‘P.})(‘Ih —\P‘4X‘i’1 W32 —\P4) _
With this occasion we shall observe that, for the numerical solution stability ration, we

explicitated the value of stream function in the knot 0 from the only finiar terminus of the {3.8) equation,
but not only in this form.

r
Yo = W3+

(3.9)
4Eux

31 Specific boundary conditions of the studyed problem
For the numerical integration we consider (fig. 2) the following boundary conditions:
- inthe axis of the conduit =0 we take for the stream function the value y (20} =0
- onihe pipe-ine wall r; =1 and z > 0 we considere for the stream function the value
@ (z,1) = 1, in the same time with v =y, =0 and also, for the ideal fluid, the shearing stress

T, =Wl v =W = "’r%— w%2 — 0, from which we have in the pipe p() = (P+)/2 (3.10)

at the end of the conduit we consider the parallelism of the siream lines i.e. W=y, Ws=Ps, Y=
among the specific boundary conditions of the stated problem there is the condition of
deformed reflection applied 10 the pipe wall, thus taking into account the pressure {oss.

- on quadratic boundary we consider the uniform velocity on the sphere (4Rs —-Ic )» =1l v

R
TeM—— — — — =g — —
‘l |
| 10 W |
625
| 13049 Uz ty |
| 74 8 |
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| |
I
R’f %4
T=1]_ i wW-—
1=1  ¥=0 UL == X



Flomeko 2000 - IMEKO TC9 Conference
Salvador, Bahia, BRAZIL
4-8 June, 2000

4 STEADY AND AXIAL SYMMETRICAL MOTION OF A COMPRESSIBLE AND
VISCOUS FLUID BY ITS SUCTION IN A CIRCULAR CONDUIT

In this case the motion equations [15] of Navier and Stokes, written in dimensioniess variables
and functions, are:

r L r [ 4 ” 1, v 1 4 1 ”

8(\"1/[ +H"VZ)+ Eu-pr ﬁﬁ(vri +;Vr _r_2}+.]?e—8(v22 +§wr£)1 (41)
L R T T N TR T I

«3(1«-.»;r +w-wz)+Eu-pZ _i{;&wzg +R—eﬁ[wr2 +;wr "‘5(;‘1 +vrz):}, (4.2)

the both eqguations of mass conservation {3.37) and gas isothermic evolution (3.4°) being unchanged.

4.1 Elimination of functions, whose values on the boundary are unknown
Proceeding as above (§ 3.2) we obtain the new partial differential equation between the two fluid
velocity components

v . . 4 v 1 -
Eu| —+vp +w) —vzv’r+vw(v;+w'r)+w2w., +—F v’y +—v;——v2+ww 7 |+
¥ i : " 3Re\ U r 2 -
r
(4.3)

1 w 1 w
— ey tww Ty b —wp | vw, +—v +wep (=0
Rei < L 3 r ?

in which, introducing the stream function by the same expressions (3.8), we shall have

R Eu "y u(iﬂg r2)+ ' r(.-r r!)_4 ' ” 1 I ' rom
= Tw/ Vo, W W, W, WZZ _“Ur? “5 W, er_- +;\Vrz_r2 v, +\Vr\przz +

' L. r " ] ” 1 1] e ’ ~ ] ”
SRRV [ T +;Wr2 "3 VoW, W s +;W22 (4,4)

and by introducing the partial derivative expressions of the stream function y {16] from the finite Taylor
developpments to the 3 " order, using the centred difference ¥=¥; and uncentred differences Wo—W; or
Y, -W, depending of the direction +z or —z respectively, for the expressions of the partial derivative
.1 [ ! 1 1 .11 1 1 A5

Wy —; ‘l't-“:;llfa _E‘PG_EWE‘J ar ‘Fz—;(g\vl—‘h +3‘l‘o +E‘P11J, 4.5)
for the forward or back going respectively, we accomplish the calculus. With these we obtain a slable the
associated algebraic relation, as for example

3

_ 2
W = 2wty 5 —‘{Wu ":,:‘IJ9,11 + (4.6)

112 1 P2 1 >
= —(ufg—lv4)+E(wlz—uflo) ~ E(WI*W3)+E(‘V11“W9) (s +w7 —We =Wy )+

b2 213 _
T -
Euy’ 2 | 2 1
+2[;(w, “‘l’.a)*’ﬁ(‘lr’n _ll")):“:g(‘i’z —‘U4)+”E(‘I’u “\vm)}(\vl s~y — W)
2 1 1
{;(w; —w3)+ﬁ Wy _‘P9):I[‘F3 — vy +5(lv5 +ig — W *%)}
2 4 2 1 2y 1 z
e\ 3 +I;_[§(‘i'1 vy )t =t —‘I’g)jl(‘ifs iy W —w:)-%[g(% —wa)r v "%)] +i+

2 1 1
‘{E(‘i’z —‘h)*E(‘l’]z *‘Pm)}{‘h ) +5(‘P5 tWe -y *Wa)}
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5 EXPERIMENTAL RESEARCH

The experimental research are focused on the determination of slatic pressure distributions along
the entrance zone in a circular conduit, for different flow-rates (fig. 3), with the aim to establish the very
suitable place of the pressure intake for our measuring device.
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Fig. 3

5.1 Experimental installation

The experimental stand {photo. 1) consists in two pipe-line section, between which one mounted
in the standardised metrological conditions the fiow-meter for calibration or a diaphragm respectively, for
flow-rate measuring to verify our device.
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Photo. 1

At the pipe extremity of the fluid entrance in the first conduit, equipped with a row of static
pressure intakes, we mounted our patented device and at the out of the second pipe is mounted a flow
regulator and a high pressure exhauster, foreseen at its outlet with a vaive for the fine adjustment of the
flow-rate.

The pressure measuring continues along the pipe, moving away frem the entrance cross-section,
following, for the sake of the result accuracy, a helicoidal line of place distribution in which the pressure
intakes are mounted and putting down for every point the values of the measured pressures for different
flow-rates, in order to establish the best place of the pressure intake.

5.2 Measuring apparatus

The used measuring apparatus consists in:

- a barometer for the absolute pressure measuring of the air from suction chamber (accuracy

0,5 mby,

- a thermometer for air temperature measuring in jaboratory chamber (accuracy 0,02 °C),

- ahygrometer for measuring of air relative humidity in the laboratory room {accuracy 1 %),

- manometers with liquid for the relative pressure measuring (accuracy 0,5 mmwc).

The high number of rotations of the biower and the flow without vortex separations into the
chamber and the conduit assure the permanence of the gas flow without flow-rate and pressure

pulsations.
The greal volume of the iaboralory chamber, possibly in free communication with the putside

room, ensure the invariability of the physical quantities and their measuring accuracy.
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In conclusion, we can say that the described method is extremely precise, requiring only four
static measurements: the barometric pressure, the temperature and humidity of the chamber gas, and
also the relative static pressure inside the pipe. The device is simple, it can be achieved without any
speciai fechnological efforts, which is why we are willing fo offer it to the interested firms and laboratones.
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