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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely with the
International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

International $tandards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main tagk of technical committees is to prepare International Standards. Draft International Starjdards
adopted by the technical committees are circulated to the member bodies for voting! Publication s an
International $tandard requires approval by at least 75 % of the member bodies casting a vote.

Attention is dfawn to the possibility that some of the elements of this document may be the subject of patent
rights. ISO shill not be held responsible for identifying any or all such patent rights.

ISO 7194 wag prepared by Technical Committee ISO/TC 30, Measurement of fluid flow in closed comduits,
Subcommitte¢ SC 5, Velocity and mass methods.

This second ¢dition results from the reinstatement of ISO 7194:4983 which was withdrawn in 2003 and with
which it is technically identical.
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Introduction

In order to carry out measurements of the flow-rate of single phase fluids in closed pipes by velocity-area
methods, using either current-meters or Pitot static tubes, with satisfactory accuracy (e.g. of the order of
+ 2 %), it is usually necessary to choose a measuring plane where the velocity distribution approaches that of
fully developed flow (see ISO 3354 and ISO 3966).

There|are, however, some cases where it is practically impossible to obtain such a flow distribution, but where
as godd as possible a measurement of the flow-rate is desirable.
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Measurement of fluid flow in closed conduits — Velocity-area
methods of flow measurement in swirling or asymmetric flow
conditions in circular ducts by means of current-meters or Pitot
static tubes
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ISO 4006, Measurement of fluid flow in closed conduits — Vocabulary and symbols

ISO 5

168, Measurement of fluid flow — Procedures for the evaluation of uncertainties
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3 Symbols
For the purposes of this document, the symbols given in ISO 4006, and the following, apply.
Symbol Description Dimension Sl unit
D Pipe diameter L m
4 1 | Diameter o holes or tubes of 2 siraighien yot m
ghtener
E Uncertainty, as a relative value — —
e Uncertainty, as an absolute value —a a
ky Directional calibration coefficient —
/ |_ength of the head of a Pitot static tube L
R Pipe radius L
r Measuring circle radius L
U Mean axial fluid velocity LT mls
U; Mean velocity along the ith radius LT-1 mfs
v | ocal velocity of the fluid LT mls
Vy Component of the local velocity parallel to the pipe axis LT m(s
Y ndex of asymmetry of the flow — —+
y Distance between the heel of a Pitot static tube and the wall L
N2, Distance between the nose of a Pitot static tubé“and the wall :I:
a Calibration factor of a Pitot static tube — —+
Ap Differential pressure registered by a Pitot static tube ML-1 T2 Pha
£ Expansibility factor — —+
7 Angle of the local velocity with-the pipe axis — radq b
P Mass density of the fluid ML-3 kg/m3
) Angle of the local velocity with the metering device axis — raq b
@  The dimensions and units are-those of the quantity to which the symbol refers.
b Although the radian is the¢St unit, for the purposes of this International Standard, angles are expressed in degrees.
4 Principle

This International Standard describes
— methods which minimize the errors in carrying out a traverse in swirling or asymmetric flow;
— corrections which should be applied for certain sources of error;

— methods of determining the increase in uncertainty in the flow-rate measurement when it is not possible
to compensate for a particular source of error.
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The origins of the errors giving rise to the uncertainties considered in this International Standard are

a)

b)

the methods of integration used.

errors in the determination of local velocities, due to the behaviour of the instruments in a disturbed flow;

errors in the calculated mean pipe velocity, due to the number and position of the measuring points and

Corrections are possible for some of these errors, but, in general, the limiting uncertainty in the flow-rate
measurement has to be increased according to the characteristics of the flow.

Although velocity-area integration techniques to measure flow-rate under conditions where there is swirl

and/ol
as sm

5 C

When
flow 4
bulk s

If, hoy
rapid
which

Unlikg
persis
downs
downg
if sevq

6 O

6.1

condifjons should be used, if passible. It should be installed as shown in Figure 1.

The |4
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straightener than’to increase the distance between the straightener and the traverse plane.

6.2
corred

r asymmetry in the flow are described_a measuring section in the pipe where the swirl or

all as possible is preferred.

hoice of measuring plane

re all in the same plane (e.g. a single bend, a single valve, or two bends-in an S-shape),
wirl is introduced and the disturbance to the flow results in an essentially asymmetric veloc

vever, the pipe configuration is such that the flow changes direction in two or more diffe
succession (e.g. two bends at 90° to each other), a bulk swirhis/introduced in addition to t
the individual fittings introduce.

asymmetry, swirl has a big effect on the response ©@f Pitot static tubes and current-me
ts for very much longer distances; whenever possible, therefore, the traverse plane
tream of a swirl-inducing configuration. Care should also be taken to avoid locating the t
tream of any adjustable fitting for which the gedémetry may change (e.g. a flow control val
ral different flow-rates have to be measured.

g

3

evices for improving flow conditions

Where asymmetric or swirling flow is to be measured, a device (straightener) for i

ngths L, L,, L3 shallfuffil the conditions: Ly > 3D; Ly, > 5D; Ly > 2D.

distances sheuld be increased whenever possible, and, where a total straight length of
upstream of.the traverse plane, it is better to increase the distance between the pipe

asymmetry is

the configuration of the pipe and any fittings installed in it is such that any changes of directions of the

no significant
ty distribution.
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The choice of straightener is dependent on the nature of the velocity distribution whi

ch has to be

ted)and on the head loss which can be tolerated. Five types of straightener are described elow.

6.2.1

Type A — Zanker straightener (see Figure 2)

The purpose of this device is to eliminate both swirl and asymmetry. It has a head loss of approximately five
velocity heads. The various plates should be chosen to provide adequate strength, but should not be

unnec

essarily thick.
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6.2.2 Type

B — Sprenkle straightener (see Figure 3)

The Sprenkle straightener consists of three perforated plates in series, and is particularity effective in
eliminating asymmetry. It does, however, have a high head loss (about 15 velocity heads) but two plates or
even one plate (with head losses of about 10 and five velocity heads, respectively) can be used if such a high
head loss is not acceptable. Although they cannot completely eliminate such severe asymmetry as can the
three plates, they are often sufficient for disturbances such as a single bend. Perforated plate straighteners
have some effect in reducing swirl, but are not designed for this; if, therefore, swirl is the dominant type of
irregularity in the velocity distribution, one of the other straighteners should be used.

6.2.3 Type

C — Tube bundle straightener (see Figure 4)

The basic purpose of the tube bundle straightener is to eliminate swirl, but it also has some effect in recliucing

asymmetry.

and each tui

and length of
6.24 Type
The AMCA st
Its dimension
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6.2.5 Type

The étoile stfaightener is again designed only to eliminate swirl, and is of no assistance with asym
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unnecessarily
that of the Al
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them.

ere shall be a minimum of 19 tubes, with a length of at least 20 times the diameter of\the
shall have a maximum diameter of D/5. The head loss of this straightener depends on th
the individual tubes, but is typically about five velocity heads.

D — AMCA straightener (see Figure 5)
raightener is useful only in eliminating swirl; it does not improve asymmetric velocity distrib
5 are given in Figure 5, and it has a very low head loss, normally about 0,25 times the v

E — Etoile straightener (see Figure 6)

utions. The eight radial vanes should be chosen to provide adequate strength, but should
thick. This straightener should have a length equal to 2D. It has a very low head loss, sin
MICA straightener, but has the advantage thatit is much easier to manufacture. In addi
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2

L

A
Y

A

¢0

Key

Talal

tubes,
e size

utions.
elocity

metric
not be
ilar to
ion, it
dle or
am of

1 any pipe fit

2
3 measuring

a8  Flow.

4

straightener

section

Figure 1 — Installation of straightener
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Figure 2 — Type A — Zanker straightener
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Figure 4 — Type C — Tube bundle straightener
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Figure 6 — Type E — Etoile straightener

7 I\1Ieasurement of local velocities

Unless specific indications are given to the contrary elsewhere in this International Standard, the procedures
to be followed and the conditions to be fulfilled by the local velocity measuring instruments shall conform to
the specifications of ISO 3354 or ISO 3966.

When swirl occurs to any significant extent, the fact that the flow direction is different from the axial direction
has an effect on the measuring instrument which has to be taken into account at each measuring position
across the pipe in order to determine the local axial velocities. The procedure for doing this depends on
whether a Pitot static tube or a current-meter is used.

© 1SO 2008 — All rights reserved 7
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7.1 Number and position of measuring points

The number and position of measuring points in the measuring section shall conform to the specifications of
ISO 3354 or ISO 3966, taking into account the integration technique chosen. However, the minimum number
of measurements per radius shall be five (excluding any measurement on the centre line) and, when there is
reason to believe that the flow is asymmetric, the minimum number of radii shall be six. Also, at least one
measurement of local velocity shall be made in each of the following zones within the pipe on each radius in
addition to any measurement which might be made on the centre line:

- 2
O<(—J <0,2
R

o,2<(i <04
R
- 2
o,4<(— <0,6
R
2
.
0,6<(— <0,8
R
- 2
0,8<(— <10
R

This condition] is fulfilled automatically when the log-linear or leg-Chebyshev methods of integration are|used,

but care has
the numerical

Often, especi
measurement
by increasing
in a conduit, i

7.2 Effect

In any condy
fluctuations d
The traversin
the instantan
estimate the 4
an additional

0 be taken to choose the measuring positionsdn accordance with this requirement when
or graphical integration method is used.

plly when there is reason to believe that the flow may be asymmetric, the uncertainty d
is reduced more by increasing the Rnumber of radii along which measurements are mad
the number of points per radius. For example, if 48 current-meters are available for insta

is often slightly better to use.six.on each of eight radii rather than eight on each of six radii.

of pressure fluctuations

it subject to flow ‘covered by I1SO 3966 or this International Standard, there are prg
rectly linked todhe-turbulent components of the local velocities superimposed on the mea
j Pitot staticdube transmits these to the manometer or pressure transducer as compone
bous differential pressure. Sufficient damping in the manometer circuit helps the opera
verage differential pressure, but such damping shall be symmetrical and linear, in order tg
errorowhich cannot be assessed. The error in the mean velocity estimated from the

differential prTssure reading over time in the presence of turbulence is considered separately in Clause §.

either

f flow
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llation

bssure
h flow.
nts of
tor to
avoid
mean

There shall be sufficient symmetrical and linear damping in the manometer circuit to ensure that fluctuations of
the manometer reading at each point of measurement do not exceed +3 % of the average reading at that point.

Recommendations on ensuring that damping is symmetrical and linear are given in Annex B.

Pressure fluctuations of acoustic origin, quite unrelated to the local flow velocities, may be present in some
conduits, particularly those subject to gas flows. Such pressure fluctuations are usually much greater than
those arising from turbulence and the smallest departure from linearity in damping of the manometer circuit
inevitably leads to a considerable error in the local velocities estimated from the average manometer reading.
Therefore, before measurements can be carried out in accordance with this International Standard, the user
shall check that no significant regular pressure fluctuations are present in the conduit and, if there are, shall
eliminate them. Advice on detection and removal is given in Annex A.
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7.3 Axial velocity measurement using a Pitot static tube

Guidance on the use of Pitot static tubes is given in Annex D. The Pitot static tube used shall be one of those
specified in ISO 3966, and measurement may be made by one of the two following methods.

In method A (see 7.3.1), the probe shall be aligned with the axis of the pipe at each measuring position, and
use made of a knowledge of the response of the particular Pitot static tube at various angles of inclination to
the local flow direction. This method may be used only for swirl angles up to 20°.

In method B (see 7.3.2), the Pitot static tube shall be aligned with the local flow direction at each measuring
position; from a knowledge of the measured velocity and the angle the local velocity makes with the pipe axis,
the axial \Iplnr‘ify can be calculated. This method nlnlnline over the whaole range covered hy this International

Standprd (i.e. up to swirl angles of 40°).

NOTE Fewer data are available at present to assess the uncertainty for method B than for method A.

In both cases, a preliminary traverse using a yaw probe is necessary to determine, the-angle of swirl at each of
the measuring positions.

Two types of yaw probe are illustrated in Figures 7 and 8; in both cases, the-method of use is fo rotate them
about|the axis of their stem until the pressures from the two pressure taps-are equal: the probe i$ at that stage
aligned with the local direction of flow. Before use, a test should be made with appropriate facilities (e.g. in a
wind tunnel) to determine the connection between this direction and‘a reference plane of the yaw probe itself.

K’ ! ;
ARt

1.

Bl

N

Key

a perpendicular height of equilateral triangle

Figure 7 — Wedge-shaped yaw probe
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7.3.1 Methd

This method fnay be used only when the angle which.the local velocity makes with the axis of the pipe

than 20° at a
swirl of up to

The effect of
for typical prq
determined fr|
have different

k¢ =CO0S

versus the sw
the angle bet

Figure 8 — Cylindrical yaw probe

dA

| the measuring positions across the'\traverse plane. (The AMCA probe may only be us
5° with method A, since information’is not available on its response to greater yaw angles

swirl on the Pitot static tubes.specified for use in this International Standard is given in Fi
bes, but the directional response of the particular probe used for the measurement sh
bm previous calibrationsin“an appropriate facility (e.g. in a wind tunnel) since individual ¢
characteristics. Thetesult of the calibration shall be expressed in terms of

Apg
Ap 0

g

irl angle: ¢, where Apg and Ap, are, for a given velocity, the values of differential pressure
veenthe probe and the flow is zero and ¢, respectively.

s less
ed for

)

jure 9
all be
robes

when

After determining the angle of swirl with a yaw probe at each of the measuring positions, the head of the Pitot
static tube shall be aligned parallel to the axis of the duct at each position at which a measurement of local
velocity is required, and the differential pressure noted. From measurements of individual differential
pressures, Ap,, and of individual angles of swirl, the individual point axial velocities, v,, shall be calculated
from the equation

v, = k(/,a(‘l - &)

10

2Ap
P

14
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k_ directional calibration coefficient

@ angle, in degrees, of the local velocity with the metering device axis

Figure 9 — k(/, Versus ¢ for typical Pitot static tubes

© 1SO 2008 — All rights reserved 11


https://standardsiso.com/api/?name=46afcb034b13fcae75df03b31ed78b14

ISO 7194:2008(E)

7.3.2 Method B

This method may be used only when the angle which the local velocity makes with the axis of the pipe is less

than 40° at all

of the measuring positions across the traverse plane.

After determining the angle of swirl with a yaw probe at each of the measuring positions, one of the Pitot static
tubes specified in ISO 3966 shall be installed at each measuring position in turn. It shall be installed in such a
way that the axis of the head is parallel to the local flow direction in each case. The differential pressures are

then noted.

With this method, the radial positions of the nose of the Pitot static tube are different from those of the yaw

probe whene
This is illustr,
occurs.

When prescri
integration te
located in ord

ed in Figure C.1 which shows typical positions of the Pitot static tube when axisymmetrica

bed locations of the Pitot static tube have to be used (as with the log-linear or|log-Cheb
thniques), it is necessary to calculate the positions at which the Pitot static tube heel has
er that the nose is at these radial positions. Conversely, if the numerical or graphical integ

technique is Qised, it is necessary to calculate the radial positions at which the Pitot ‘static tube nose

located in terr
When methoq
the Pitot stati
ratio, d/D, ang
diameter of th
The axial veld

v, =vCos

where

X

v is th¢ magnitude of the vector veldeity measured by probe, calculated as described in ISO 3968;

ns of the radial positions chosen for the heel. [See Equation (C.1).]
B is used, the maximum value of the local swirl angle limits the maximum usable diam
C tube head. Figure 10 shows the relationship between the maximum permissible value
the maximum local swirl angle, where d is the diameter of the Pitot static tube head and
e duct.
cities shall be computed for each position from:

%

v_ is the axial velocity;

6 is th¢ angle that the flow makes’with the axis of the duct.

path.
| swirl

yshev
to be
ration
will be

bter of
of the
D the
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7.4 Axial velocity measurement using a current-meter

The effect of swirl on the response of a current-meter is not well known and basically depends (among other
things) on the type of propeller. It is, however, possible to relate the response of a given propeller to the angle
it makes with the direction of local velocity; such a calibration may be obtained by towing the current-meter in
a calibration tank as specified (see 1SO 3455:2007, 5.1), but aligning it successively at different angles with
respect to the axis of the channel. Figure 11 shows, as an example, the response obtained in this way for
certain specific propellers.

When it is believed that swirl is present at the measuring section, it is generally advisable to use a special
“self-compensating” deS|gn of propeller whlch has been designed to measure directly the axial component

vcos o, of the
where the sw
however, be

of the current

If, for these r
advance the
is less than
satisfactorily
5° and 40°, tH
propeller whig
Above 40°, it
is given in An

8 Determination of mean flow velocity

The mean flg
ISO 3966.

When a Pitot
1ISO 3966:20(
International

turbulence le
increases. Th
between 1 %
taking into ac

angle of swirl, e.g. by traversing the measuring section with a yaw probe as described in 7

accurate measurement of the local axial velocity (the error will be less than £1 %). If fis be

rl angle never exceeds 30°, no correct|on is therefore required for this type of propeller It
oted that such propellers have the disadvantage of being particularly sensitive to the.infl
meter support and to turbulence in the flow.

basons, the use of a conventional type of propeller is preferred, it is necessary’to detern
°, it can be assumed that a conventional propeller, aligned with the axis-of the duct, will
en the reading of a given propeller shall be corrected according to(a“previous calibration

is not possible to make accurate measurements. Further guidance on the use of current-n
hex E.

w velocity shall be calculated by any of thetintegration techniques described in ISO 33

8, Annex C) which, taking into account the particular conditions of the flows dealt with

Standard, lies generally between 1 % and 2 %. This overestimate depends not only g
el, but also on the shape of\the Pitot tube nose and it decreases when the Reynolds n
e value of the mean flow~velocity previously obtained shall therefore be reduced by an a
and 2 %, according to,the-best estimate that the user of this International Standard shall ¢
count the particular gonditions of the measurement (see Annex D).

static tube is used, the turbulence.of_the flow produces an overestimate of the flow-rate

cases
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ine in
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tween
bf that
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54 or
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When currenj-meters are used; no correction shall be applied to the measured value since, with|these
instruments, turbulence cafiintroduce either positive or negative errors (see Annex E).

9 Accuracy of flow-rate estimation

The uncertainty T themeasurement of flow-rate shat-becatcutatedimaccordance with tSO-5168—Thus if the
independent variables which have to be measured in order to compute the flow-rate are X;, X,, . . . X, the

square of the

absolute uncertainty, eg , in the flow-rate is given by:

0 2 0 ? 0 2
65 = —q€1 + d ey | + g ey
X4 X, an
where eq, e,, . . . ¢;, are the absolute uncertainties of Xy, X, . . . X, respectively.

Since flow conditions can vary greatly, it is not possible to state that the flow-rate estimation will always have
an uncertainty below some limiting value. It is however possible to give an indication of the order of magnitude
of the errors which may arise in most cases.

14
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9.1 Uncertainty arising from asymmetry

The percentage uncertainty, Ey, which might arise from this source is given by equations in Annex F
depending on the number of radii along which traverses are made.

9.2 Uncertainty arising from swirl

The uncertainty which the existence of swirl might contribute to the flow-rate estimation will depend on the
method and instrument used. There is little information on the effect of swirling flow in Pitot static tubes and
current-meters.

For Pi

tot static tubes used with method A (7.3.1). there will be one error due to the determinatio

of directional

respo
exactl
this re

For P
insign

For cy
under

calibration being made generally by towing in still water.

In all

For th
as 5
swirl g

9.3

In sw
regulg
incred

For A
perce
1%
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prope
theref
Never
+2 %

9.4

nse of the probe and another error due to the fact that using a Pitot static tube in swirli
y equivalent to inclining a Pitot tube in parallel flow: this was the case in the facility-used
sponse.

itot static tubes used with method B (7.3.2), the main source of error due’to the sw
ficant size of the probe and thus the effect of transverse velocity gradient.

rrent-meters, the same sources of error as for Pitot tubes arise, increased by the fact that
which current-meters are calibrated depart still further from the éperating conditions, 1

tases, the percentage uncertainty, £, arising from swirl shalDbe assumed to increase with
e purpose of this International Standard, and for lack of mgre precise data, the value of Eg
% of the maximum value (expressed in degrees) of swirl.angle observed in the measurin
ngles above 20°, the assessment of the uncertainty isdess reliable.

Uncertainty arising from turbulence

rling or asymmetric flow conditions, the level of turbulence is often higher than it usual
r flows, as considered in 1ISO 3354 or(ISO 3966; the uncertainty from this source of er|
sed.

itot static tubes, after reducing the observed flow-rate as indicated in Clause 8, the
ntage uncertainty E; arising from turbulence shall be taken as equal to the applied correct
0 +2 % according to the mé&asuring conditions).

iIrrent-meters, the axial)and tangential components of the turbulence have opposite g
lers normally used;-these effects may partly compensate one another (see Annex E).
bre, that turbulence introduces a smaller error to current-meter results than to Pitot
theless, as aprecaution, the percentage uncertainty, £+, shall again be taken as being v
bccording torthe measuring conditions.

Overall uncertainties

The nethods for calculating the overall uncertainty of a flow-rate measurement by the velocity;

ng flow is not
to determine

irl is the not

he conditions
he directional

swirl angles.
shall be taken
g section. For

y is for more
ror is thereby

value of the
on (i.e. within

ffects on the
t is possible,
tube results.
vithin +1 % to

area method,

using

current-meters or Pitot static tubes, are described in ISO 3354:2008, 11.6; and ISO 39

respectively.

6:2008, 13.6,

Furthermore, in asymmetric or swirling flow conditions, the uncertainties listed in 9.1 to 9.3 shall be taken into

accou

nt as follows.

The uncertainty arising from turbulence has already been allowed for in the equation for calculating the

uncertainty in the local velocities (see ISO 3354:2008, 11.6.1; or ISO 3966:2008, 13.6.1), but the value to
be included in this equation shall be chosen in accordance with 9.3.

The uncertainties arising from asymmetry and/or from swirl shall be combined by the root-sum-square

method with the other component uncertainties already listed in the equation for calculating the overall
uncertainty in the flow-rate measurement (see 1SO 3354:2008, 11.6.2; or 1SO 3966:2008, 13.6.2).
According to the flow conditions, one or both of these sources of error shall be taken into account.

© 1SO 2008 — All rights reserved
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As noted earlier, it is not possible to specify precise values for the various uncertainties involved. Nevertheless,
as a guide, the overall uncertainty in flow-rate measurement in asymmetric or swirling flow conditions carried
out in accordance with this International Standard is normally between +2 % and +4 %.

Higher uncertainties may result if the condition that there be no significant radial flow (see Clause 1) is not
fulfilled.
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Figure 11 — Examples of directional response of different types of current-meters
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Annex A
(normative)

Detection and removal of regular pressure fluctuations

Regular pressure fluctuations in the form of acoustic waves in a conduit can arise as a result of flow
separation from fan or pump blades, amplified by organ pipe type resonance in a particular length of duct, or
occasionally by the action of ring vortices in a duct with a constriction at each end. In the resulting regular

ns, the pressur ge, y g
where Ma is the Mach number, times smaller than turbulence velocities for thecsan
re amplitude) and the frequencies can be far below the human audible range and,theref
in the normal noisy environment of flow measurement. They are best detected by

Becayse the velocity fluctuations of interest are so small, hot wire anemometers\cannot be relie
the pressure waves.

An alternative device (Reference [1]) is a simple, fast response, one-way.valve, shown in Figur
thin cglluloid disc free to move about 0,1 mm between open and clésed positions. A pair off
insert¢d in the leads of the manometer connected to the traversing Pitot static tube, to permit fr
of thelliquid in one direction only, might be expected to change the original manometer reading &
of the|peak fluctuation of pressure in one direction. Reversal ofithe valves to check displacemen|
direction should show if any unsuspected large pressure flu¢tuations occur in the conduit.

Advicg¢ on the measurement of pulsating flow is giventin ISO/TR 3313. In particular, the use g

bf the order of
ne fluctuation
bre, difficult to
connecting a
e, and to the
ay the output.
d on to detect

b A.1, using a
such valves,
ee movement
y about 60 %
ts in the other

f a bypass in
r method can

preference to a control valve in the main circuit torfegulate the flow is advised since the latte
genergte pulsations in the flow.
1
N7 | |
A
3. W
W

Key
1
2
a

Key

1 screw thread

2 brass

3 celluloid valve disc

steady reading on manometer
non-return valves

Fluctuating pressure applied here.

Figure A.1 — Non-return valve Figure A.2 — Arrangement of non-return
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Annex B
(normative)

Damping of manometers

B.1 Introduction

random presgure fluctuations to be damped without, however, concealing longer term fluctuations or._fal
the time average of the fluctuating pressure. The damping of the apparatus shall therefore be symmetric
linear. When @ sudden change in pressure is applied, the pressure indicator shall register 99 %yof that c
in not more than 60 s. Damping shall not be used to conceal regular pulsations of the pressure; measur
in such conditions is beyond the scope of this International Standard.

It is often ne%essary, to facilitate reading the manometer of differential pressure measuring devices;.-f

B.2 Damping procedure

Damping of the apparatus shall be effected using a resistance which is linear/(i.e. proportional to the ve
and symmetrical. Thus, every precaution shall be taken to avoid bending*or pinching the rubber conn

or the
5ifying
al and
hange
ement

locity)
ecting

pipes, and agymmetric nozzles, needle valves, or gate valves, etc.cshall not be inserted between the Pitot

static tube anfl the manometer.

A capillary tybe of adequate length (i.e. 1 mm in diameter.and 100 mm in length, if water is used
manometric fluid) shall be incorporated, preferably in oheZof the manometer limbs (to ensure con
tightness of the connection) or in one of the leads close.t0' the manometer; care shall be taken to avo
sudden redudtion or expansion of the connecting pipe‘which would bring about an appreciable head |
comparison with the loss due to the capillary tube.

B.3 Balan¢ing of damping

It is necessarly to balance the damping;of the two circuits (from the static pressure tapping to the mang
on the one hgnd and from the totatpressure tapping to the manometer on the other). (The device descri
Reference [2]|is useful for this purpose.)

Such damping is essentialparticularly when the time constant of the manometer is of the same or
magnitude as|those of the(two circuits connecting it to the Pitot static tube.

Figure B.1 shiows, a>device that ensures that the damping in the two leads from the Pitot static tube

as a
nplete
d any
pSS in

meter
bed in

der of

to the
bns. If

manometer is the same. This is particularly suitable for air flows at pressures close to ambient conditi
the rubber tube-is-suddenly-squeszed 4
and static-pressure holes. An initial posmve manometer readlng WI|| show the need for more damplng

essure
in the

total-pressure lead; an initial negative reading will indicate the need for more damping in the static-pressure

lead. If the rubber tube is suddenly released to show the effect of a negative pressure pulse, the
manometer readings will be reversed.

above
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1 2 3 2
|\ DI W I
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Key
1 rubber bung
2 metal tube
3 rubber tube
4  Pifot static tube

Figure B.1 — Device for checking damping of pressure fluctuations in-the leads to the manometer

B.4 Checking of the damping

To enpure that the pressure gauge resistance is linear, i.e. that its operation corresponds to a laminar flow in
the connections, check that the observed fluctuations*correspond (for sinusoidal pulses) tq a maximum
fictitiolis Reynolds number well under 2 000. This fictitious Reynolds number is equal to

1S Ah d
stv

S| is the surface area of the meniscus;

s| is the minimum section of the capillary tube used to damp the pressure gauge;
d| is the diameterof the capillary tube;

AR is the peaksto-peak magnitude of a fluctuation of the meniscus level;

t| is the period of this fluctuation;

v| “is the kinematic viscosity of the fluid.

In order to verify the damping more precisely, a controllable source of fluctuating pressure (which can cause a
sinusoidal pressure difference of sufficient amplitude and of zero mean value) shall be used. The mean
position of oscillation of the meniscus then corresponds to the rest position (in the absence of driving
pressure) if the resistance is actually symmetrical and linear.

© 1SO 2008 — All rights reserved 19
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Annex C
(normative)

Calculation of Pitot static tube locations for method B
Method B specifies that the Pitot static tube shall be installed in such a way that the axis of the head of the

tube is aligned with the local flow direction at each radial measuring position. Figure C.1 shows the nature of
the locus of points at which the nose of the probe would be located if a swirling flow were present in the pipe.

These points [are denoted by the crosses, and the circles give the corresponding positions of the hegl|of the
Pitot static tulje as it is located at successive positions across a diameter of the pipe.

The radial disfance, y,, between the nose of the Pitot static tube and the wall may be calculated from:
- 1/2
vy =R- (R—y)2+lzsin26’] (C.1)

where
R is th¢ radius of the pipe;
y is the distance between the Pitot static tube heel and the wall;
[ is the¢ length of the head of the Pitot static tube;
6 is the angle between the axis of the Pitot static tube head and a line parallel to the pipe axis.
Equation (C.1[) may also be used to calculate the position at which the heel of the Pitot static tube is|to be

located relatiye to the wall in order to position the-nose of the Pitot static tube at a specified radial pdsition.
Equation (C.1[) can then be written:

1/2
y=R—[ R—y1)2—128in29J
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Pitot static tube heel

Pitot static tube nose

axs of pipeline

axs of Pitot static tube head
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N o b wWwN =

Figure C.1 — Radial positions of Pitot static tube in swirling flow when method B ig used
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2 head
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4 stem

Figure C.2 — Pitot static tube
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