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ERROR OF AVERAGE VELOCITY FLOW MEASUREMENT
INVENTILATION SYSTEM CHANNELS
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Summary. Influence estimation on exactness of measuringageevelocity turbulent flow of radius setting
velocity sensor is produced. Analytical dependenesating the measuring error with the Reynoldmber
are got. The expressions for determination radiwfeaverage velocity in ring cylindrical channelear
established.
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INTRODUCTION

One of the most important problem of ventilatigstems parameters control of
anthropogenic dangerous objects is determinatidraohful discharges total volume. It
is set depending of gas flow volume of stream intation pipes, directly carrying out
the harmful discharges.

Methods and instrumentation of measuring flow rate various [1, 2], but
aerodynamic method [3] is the most reliable andbitain the most application. The
flow rate is determined by average velocity vafoend on difference between total and
static pressure,

Q= S,
where:u, is average velocity$ is cross-sectional area of vent channel.

The velocity sensor is set on the length no leas ®0 hydraulic diameters of
channel from entrance [3, 4], in order to have fiened velocity profile in control
section. The flow measurement accuracy also depamdise place of setting sensor on
channel section, as velocity flow is unevenly dlistted on channel section. In addition,
velocity distribution depends on the Reynolds nuniBe 5, 6], i.e. from the average
velocity or flow rate. And, if for the round cyltinical channels the recommendation on
location of velocity sensors at the developed tietiuflow are present [3], then for the
ring channels such information is absent in literat At the same time, ring cylindrical
channels are used frequently as outlet for ventesys for example, the discharge of
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the ventilation systems of atomic power units Ha emergency-repair mode is carried
out through such channels.

Analytical dependences, relating the measuring efraverage velocity with the
radius of sensor location in round cylindrical pipad Reynolds’s number at the
turbulent flow mode are established in the presenterk. Also, the expressions for the
estimation of zero systematic error radius of ageraelocity measuring in ring
cylindrical channel are determined.

Velocity distribution at turbulent flow in round loydrical pipe for gas flow at
velocities up to 70 m/s and Reynolds numbers R&*>ldoks like [5, 6]
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where:u, is flow average velocityn - index of degree, depending on Reynolds number
(for examplen=1/7 for Re=18); r is radius of arbitrary point, counted out from fipe

axis; rq is pipe radius.
Reynolds number:

Re= U.;d
v
Herev is kinematics viscidity.

Dimensionless deviation of velocity from averagtuea
£Ll = ﬂ = i —1'
Ug Ug
therefore systematic error of average velocity meag with a glance of (1),
represented in percents, will make
(n + 1)(n + 2) r)
0, =T 1-— | -1x100%. 2
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Calculations show that at setting the sensor ie gignter the error exceeds 20%
for Re=10.
The value of average velocity radius can be detexdhi putting theu = U in
expression (1),

D_d _ 2 n
=2t (in+1ﬁn+1ij ' ®)

For determination of average velocity radius at dhgitrary Reynolds numbers
we will use the experimental data [6] of valuesdefyree in distributing index (1) of
velocity on the pipe section. Thevalues for the row of Reynolds numbers Re are
presented in table.1.

Table 1.Values of degreeindex in velocity distributing

Re | 410° | 2,310" | 100 | 1,110° 3,210°
n 1/6 1/6,6 1/7 1/8,8 1/10
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Tabular data is approximated on least-squares mdijadhe next dependence
n= 0252- 229x1072 IgRe. (4)

Taking into account approximation dependence (4% ipossible to determine
relation between average velocity radius with theymlds number for round
cylindrical channel. However, as calculations shaie average velocity radius
practically does not depend on the Reynolds nurabdrmatters0,76, in the range of
Re=16+10° which is working band for industrial vent systems

We will present next algorithmic expression for etatining the power
dependence for the velocity profile in ring cylirmd channel
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where:u,, is maximum velocityry, r, are radiuses of internal and external surfacgs;
is maximum velocity radius.
We use next empiric dependence for the maximuncitgloadius [7]
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Because average velocity
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and flow rate
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Q=27 [urdr + [urdr

n m

in recognition (5) possible to get
Ug 2 r, +r, +nr,

U (+2n+1) r+n

(7)

On basis of (7) we will transform dependence ¢5he form
u _(n+2)n+) r+n
Ug 2 ry + 1 +Nr,

X
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Putting equalityu=u, here, we determine expression for two averagecitglo
radiuses
1

r=r (- r)A, 8)(
1
p) :rz—(rz—rm)A”, 9)(
where:
2 r, +r, +nr,

(n+2)n+1) r+n

Rough estimation of Reynolds’s number influence the radius of zero
systematic error of velocity measuring is possilite execute on the basis of
approximation dependence (4). However calculatshmsw that, as well as in the case
of round cylindrical channel, in the working rangfe industrial vent systems Reynolds
numbers, the value of average velocity radius ceamgpt substantially.

CONCLUSIONS

Thus, the accuracy of average velocity measuring turbulent stream
substantially depends on the radius of sensoritotafAt the sensor location on the
radius of average velocity measuring error pratificdoes not depend on the Reynolds
number in the range of Re =°A0°. From two radiuses of average velocity in ring
cylindrical channel, radiuses of internal and exééisurfaces determined coming from
correlation, in practice it is recommended to useater, where because of less radial
gradient of velocity weaker the error of sensotisgtshows up on exactness of average
velocity measuring.
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MOT'PENIHOCTH N3MEPEHMSI CPEJTHEN CKOPOCTH ITOTOKA
B KAHAJIAX BEHTHJIAIIMOHHIX CUCTEM

Esmm3aBera I'ycennoBa, Anum KoBanenko, Manoauc [Innasos

AHHOTALHUS. HpomBez{eHa OLICHKA BJIMUAHWUA HAa TOYHOCTb HU3MCEPCHUA cpenﬂeﬁ CKOpPOCTH TypﬁyJ'ICHTHOFO
IOTOKa paauyca YCTaHOBKHU JaTHHUKa CKOPOCTH. HOJ’Iy‘{eHBI AHAJIMTHYCCKHUE 3aBHUCHUMOCTH, CBA3BIBAIOIINE
TIOTPECITHOCTh U3MCPCHHA C YHUCIOM Peitnonbaca. YcraHOBIIGHBI BBIDAXKCHHUA UIA OIPCACICHUA PaaAyCOB
cpem—xeﬁ CKOPOCTH B KOJIBLICBOM HUJIMHAPUYECCKOM KaHaJIC.

Ku1roueBblie €j10Ba: POMBIIUICHHBIC BEIOPOCHI, CKOPOCTB, YKCIIO PeliHomnbca, pacxo.



