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INTERNATIONAL STANDARD

1SO 5221-1984 (E)

Air distribution and air diffusion — Rules to methods
of measuring air flow rate in an air handling duct

0 Introduction

These rules result from several special considerations, which
should be kept in mind :

a) The fluid is air, its temperature and pressure being
almost those at ambient conditions.

b) Since the flow rates are sometimes relatively small, the
Reynolds numbers to be considered may sometimes corre-
spond to relatively small values (for instance some
thousands).

¢} The widest possible freedom of choice is provided in
order to have methods which can be applied either to
laboratory testing or to site testing.

d) The methods of measuring air flow rates in a duct have
reached a higher degree in the matter of accuracy than is
sometimes necessary for the requirements of air distribution
and air diffusion.

This International Standard, partially derived from International
Standards already published (see clause 2}, has been prepared
taking into account these considerations but without keeping all
the specifications because of the reduced requirements concern-
ing uncertainty on flow quality which are limited to a value of
+ 2 % or even more for some devices (see clauses 7.8 and 7.9).

The values indicated for the uncertainty of the coefficients
given must be increased for the uncertainty of the air flow rate
itself when inappropriate manometers are used.

Finally it should not be forgotten that the values which are
mentioned throughout this International Standard would be
seriously in error if the flow approaching the measuring device
is not free from swirl and that some of the measuring devices
herein described do not offer any guarantee on this point
without the addition of a suitable accessory.

In cases where low Reynolds numbers occur and where reduc-
ed requirements concerning accuracy are acceptable, such as
measurement of leakage flow rates, special information has
been given in an annex to this International Standard.

1 Scope and field of application

This International Standard gives different methods of measur-
ing air flow rate in an air handling duct which, without the need
of calibration, meet various specific requirements in the field of
air distribution and air diffusion.

For the purpose of this International Standard an “‘air handling
duct” is defined as a tight section of straight ductwork such
that the general conditions for device installation can be met.
The cross-section of the duct may be circular or, excluding for
device 14, rectangular.

2 References

ISO 3966, Measurement of fluid flow in closed conduits —
Velocity area method using Pitot static tubes.

ISQ 5167, Measurement of fluid flow by means of orifice

plates, nozzles and Venturi tubes inserted in circular cross-
section conduits running full.

3' Proposed measuring devices

This International Standard proposes the use of one of the
following devices :

1) Orifice plate with corner taps (see 7.0 and 7.1)

2) Orifice plate with flange taps {see 7.0 and 7.2)

3) Orifice plate with D and D/2 tappings (see 7.0 and 7.3)
4) ISA 1932 nozzle (see 7.4)

5) ‘“Long-radius” nozzle (see 7.5)

6) Classical Venturi tube (see 7.6)

7) Venturi nozzle (see 7.7}

8) Orifice plate with conical entrance (see 7.8}

9) "Quarter circle’ orifice plate (see 7.9)

10) Orifice piate located at the inlet end of the system
(see 7.10)

11)  “Quarter circle’’ nozzle located at the inlet end of the
system (see 7.11)

12) Inlet cone {see 7.12)
13} Venturi nozzle with sonic throat (see 7.13)

14) Pitot-static tube (see 7.14)
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4 General formulae of calculation

These devices depend on three different principles :
a) for the first twelve devices mentioned, the flow rate
measurement requires the measurement of the differential

pressure A p between the upstream and the downstream {or
throat) sides of the device,

b) for the thirteenth device, the air reaches a velocity equal
to the speed of sound at the throat and the fiow rate
measurement thus requires only knowledge of the state of
the fiuid upstream of the device,

c) for the fourteenth device, used in the velocity area
method, the differential pressure measured at a number of
points permits the discharge velocity to be determined
through the corresponding local velocities and hence, the
flow rate.

For the devices 1 to 12 the formulae giving the flow rate is :
4y = @67 d*\20, Bp

where
q,, isthe mass rate of flow;
o is the flow coefficient;
¢ is the expansibility (expansion) factor;
d s the diameter of orifice or throat;

@, s the mass density of the fluid upstream of the device
{section of the upstream pressure tap);

Ap is the differential pressure between the upstream and
downstream pressure taps.

For device 13 {see 7.13), the basic formula used is :

n pam
q, = KC—d?
" 4 Vo,
where

K is a critical flow function of air;
C s the coefficient of discharge;

DP,m is the absolute stagnation pressure in the free space
upstream of the device;

©,,, is the absolute stagnation temperature in this free

space.

For device 14 (see 7.14), the basic formula used for the calcula-
tion of local velocity, is :

W/ZA
u=u0¢ oP
e

where ¢ is the correction factor for compressibility which can
be determined by the relation :

1A -1 /Ap\?
e = 1___P+LT ap
2y p 6y p

in which

1/2

Ap s the differential pressure indicated by the Pitot-static
tube;

o is the density of air;

p is the local pressure (absolute pressure);

y is the heat capacities ratio;

« is the calibration factor of Pitot-static tube.

In the case of ambient air, the following formula can be given :
A
g=1-018=2
D

Coefficient o can generally be taken equal to 1, a value from
which it differs, if ever, only by some thousandths at a
maximum under the conditions mentioned in 7.14.

The discharge velocity, i.e. the volume flow rate through the
considered cross-section divided by its area, can then be deter-
mined from the local velocity values, either by graphical
integration, or numerical integration, or by an arithmetic
method. The volume rate of flow is deduced at the same time
by obtaining the product of the discharge velocity and the area
of the section.

5 Symbols and units

See table 1.

6 General conditions for the installation of
the various devices

6.1 Subsonic pressure-difference devices
{devices 1 to 12)

Certain devices are disposed between two straight lengths of
duct, whereas other devices such as 10, 11 and 12 are located
at the upstream end of a duct. This latter location has the
advantage of substantially reducing cumbersomeness of the
test system to be used for the flow rate measurement,

It should be noted that one of the possible serious errors with
such devices is a swirling flow at the approach to the device
and that it is essential to obtain protection against such effects
by means of proper anti-swirl devices {(crosspiece straightener
within a circular duct, with a length of 2D and eight radial
blades; honeycombs; AMCA straightener, etc.) which are
located at a distance from the flow rate measuring device in
order that the flow pattern at the approach to the measuring
device is close to the pattern of a fully developed flow.
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Table 1
Di Corres- Di Corres-
Symbol Represented quantity '|mer1\)~ ponding Symbol Represented quantity .|me|11)- ponding
_ sions SI unit sions S! unit
C Coefficient of discharge — Re, Reynolds number of the —
flow referred to D
c, Heat capacity at constant | L12T-2@~-1}J-kg— 1 K-1 Ren = Aqpy,
pressure €D ne Dy
ey Heat capacity at constant | L2T-2@-1}J-kg—1K-1 Re, Reynolds number of the -
-volume flow referred to d
4q,,
. - Req =
d Diameter of orifice or L m noydv
throat of primary device at i . —1 -1
operating conditions, or U Discharge velocity LT m-s
di f Pitot ti
lameter of Pitot tube u Local flow velocity LT-1 m-s—1
stem
(see 7.14)
D Upstream duct diameter of L m o Flow coefficient for -
primary device (or devices 1 to 12 or calibra-
upstream diameter of a tion factor for device 14
classical Venturi tube), or
diameter of the circular B Diameter ratio —
section of a duct, at d
operating conditions b= D
g Acceleration due to gravity LT-2 ms—2 y Specific heat capacities —
c
: P
k Absolute roughness L m ratio ‘Tl;
) Length L m £ Expansibility {(expansion) -
factor
Ma Local Mach b -
oca a; number (] Absolute temperature of (¢] K
Ma = the fluid
kp
o K Isentropic exponent —
D Pressure of the fluid ML-1T-2 Pa u Dynamic viscosity of the ML-1T~1 Pa-s
fluid
i i —17-2
Ap Differential pressure ML=TT Pa v Kinematic viscosity of the L2T-1 m2-s—1
{Ap = py — po) ;
fluid
a,, Mass rate of flow MT-1 kg-s—1 0 Mass density of the fluid ML-3 kg:m—3
qy Volume rate of flow B3T-1 m3.s—1 @ Total angle of the - °
divergent {for a Venturi-
R Radius L m nozzle)

Indices 1 and 2 refer to the fluid conditions at the upstream and downstream tappings for devices 1 to 12 respectively.

6.1.1 Inserted subsonic pressure-difference devices
{devices 1 to 7)?

The devices inserted in the duct require, in fact, recourse to the
use of long straight lengths on both sides of the device, these
lengths being greater when an adjacent fitting causes the swirl
in the flow {for example, successive bends in different planes).

1) M = Mass, L = length, T = time, ® = temperature.

2) See ISO 5167, subclause 6.2,

It should be noted furthermore that the minimum lengths
required increase with the diameter ratio 8 of the device.

Tables 2 and 3 indicate the minimum straight lengths required
between various fittings located upstream or downstream of
the subsonic devices mentioned above, expressed as multiples
of the diameter D.
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Table 2 — Case of orifice plates, nozzles or Venturi nozzles

Minimum straight lengths required between various fittings located upstream or downstream of the primary element and the primary

element itself.

(8]
On upstream side of the primary device n dO\sAiI::tream
Single 90° Two or more Reducer Expander .
A bend or tee 'é';;obor g‘o.re 90° bends (2D to D over (05Dt D ,Aﬂlf'ét";g.s
{flow from one h en SI n in different a length of over a length u:!c:'u teblm
branch only) the same plane planes 1,56 D to 3D) of 1D to 2D) Is table
< 0,20 10 (6) 14 (7) 34 (17) 5* 16 (8) 4 (2)
0,25 10 (6) 14 {7) 34 (17) 5* 16 (8) 4 (2)
0,30 10 (6) 16 (8) 34 (17) 5* 16 (8) 5 (2,5)
0,35 12 (6) 16 (8) 36 (18) 5* 16 (8) 5 (2,5)
0,40 14 (7) 18 (9) 36 (18) 5 * 16 (8) 6 (3)
0,45 14 (7) 18 {9) 38 (19) 5* 17 (9) 6 (3)
0,50 14 (7) 20 (10) 40 (20) 6 (5) 18 (9) 6 (3)
0,55 16 (8) 22 {(11) 44 (22) 8 (6) 20 (10 6 (3)
0,60 18 (9) 26 (13) 48 (24) 9 (5) 22 (11 7 (3,5)
0,65 22 (11) 32 (16} 54 (27) 11 (6) 25 (13) 7 (3,5)
0,70 28 (14) 36 (18) 62 (31) 14 (7} 30 (15) 7 (3,5)
0,75 36 (18) 42 (21) 70 (35) 22 (11 38 (19) 8 (4)
0,80 46 (23) 50 (25) 80 (40) 30 {15) 54 (27) 8 (4)
Fitti Minimum upstream
ittings straight length required
Abrupt symmetrical reduction having a diameter ratio > 0,5 30 {15)
Thermometer pocket of diameter < 0,03 D 5(3)
Thermometer pocket of diameter between 0,03 D and 0,13 D 20 {10)

* As no fitting can be located within 5D of the upstream pressure taps the value for ‘'nil additional limit error’’ is applicable.

NOTES

1 The values without brackets are values for *'nil additional limit error’’. The values in brackets are values for *‘additional limit error of + 0,6 %"’.

2 All straight lengths are expressed in multiples of diameter D. They must be measured from the upstream face of the primary element.

6.1.1.1 If the primary element is situated in an air handling
duct connecting it to an open enclosure or to a large container
situated upstream, either directly or by means of accessories,
the total length of duct between the open enclosure and the
primary element should in no case be less than 30 D."

If there is an accessory, the straight lengths have furthermore
to correspond to the requirements for straight lengths between
this accessory and the primary element given in the tables
above.

6.1.1.2 If several accessories other than 90° eibows follow
one another upstream from the primary element, the following
rule must be applied : between the accessory (1) which is
closest to the primary element and the primary element itself,
maintain a minimum straight length, such as indicated for the
accessory (1} in question and the real value of £ in tables 2 and
3. Also maintain between this accessory (1) and the preceding
accessory (2}, a straight length equal to half the value indicated
in the tables 2 and 3 for the accessory (2) applicable to a

primary element with a diameter ratio § = 0,7, whichever the
real value of 8. This rule does not apply when accessory (2) is a
sudden symmetrical reduction, which case is treated in the
above paragraph.?

if one of the minimum retained straight lengths corresponds to
a value between brackets, one has to add the supplementary
limit error of £ 0,5 % to the error on the flow coefficient.

6.1.1.3 Each pressure measuring section includes at least one
pressure tap. The drilling axis of the latter shall be perpen-
dicular to the axis of the duct and the edge of the hole shall pre-
sent a sharp deburred edge. The dimension of the taps other
than corner taps shall be such that their diameter remains in
any case less than 0,08 times the pipe diameter D and
preferably smaller than 12 mm. For corner taps, either
individual taps whose diameter lies between 1 and 10 mm,
and simultaneously between 0,006 D and 0,03 D if # < 0,65
and between 0,01 D and 0,02 D if # > 0,65, or annular slots
can be used.

1) In the absence of experimental data, it seemed advisable to adopt for classical Venturi tubes the same prescriptions required for orifice plates and

for nozzles.

2) In the case of several 30° elbows, refer to tables 2 and 3 which can apply, whatever the length between two consecutive elbows may be.
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Table 3 — Case of classical Venturi tubes

Minimum straight lengths required between various fittings located upstream of the classical Venturi tube and the classical Venturi
tube itself.

. o Two or more 30° Two or more 30° Reducer 3D to D Expander 0,75 D to
Diameter ratio Smg!e %0 Sh?)rt bends in the same bends in different over a length D over a length
radius bend planet planes}2) of 35D of D
0,30 0,53 1.5 (0,5} {0,5) 0,53 1,5 (0,5}
0,35 0,563 1,5 (0,5) {0,5) 1,6 (0,5) 1.5 {0,5)
0,40 0,563 1,5 (0,5) {0,5) 2,51(0,5) 1,6 (0,5)
0,45 1,0 {0,5) 1,5 (0,5) {0,5) 4,5 (0,5) 2,5 (1)
0,50 1,5 (0,5) 2,5 (1,5) (8,5) 5,5 (0,5) 2,6 (1,5)
0,55 2,5 1(0,b) 2,5 (1,5) (12,5) 6,5 (0,5) 3,5 (1,5)
0,60 3,0(1,00 3,56 (2,5) (17,5) 8,5 (0,5) 3,6 (1,5)
0,65 4,0 (1,5) 4,5 (2,5) (23,5) 9,6 (1,5) 4,5 (2,5)
0,70 4,0 (2,0) 4,5 (2,5) (27,5) 10,5 (2,5) 5,5 (3,5)
0,76 4,5 (3,0) 4,5 (3,5) (29,5) 11,6 (3,5) 6,5 (4,5)

1} The radius of curvature of the bend should be equal to or greater than the duct diameter.

2} As the effect of these fittings may still be present after 40 D, no unbracketed values can be given in the table.

3) Since no fitting can be placed closer than 0,5 D to the upstream pressure taps of the Venturi tube, the 'zero additional tolerance’ value is ap-

plicable in this instance.

NOTES

1 The values without brackets are values for “’nil additional limit error’”’. The values in brackets are values for “*additional limit error of + 0,5 %’’.

2 Allstraight lengths are expressed in multiples of diameter D. They must be measured from the plane of the upstream pressure taps of the classical
Venturi tube. The roughness of the duct, at least for the length indicated in the previous table should not exceed that of commercially available ducts

(approxima’telyg < 10-3),

3 Downstream straight lengths : the accessories or obstacles (indicated in table 3) situated downstream at least four times the throat diameter from
the plane of the pressure taps at the throat do not affect the accuracy of measurements.

6.1.1.4 The annular slots are usually flush on their entire
perimeter without discontinuity. If this is not the case, each
annular chamber shall communicate with the interior of the
pipe by openings whose axes form equal angles with respect to
one another, the number of which is at least four, and whose
individual opening surface is at least equal to 12 mm?,

6.1.1.5 The pressure tappings shall be cylindrical over a
length at least 2,5 times the diameter of the tapping, measured
from the inner wall of the duct.

6.2 Venturi-nozzles with sonic throat (devices 13}

For these devices it is enough to measure the absolute pressure
and temperature in the chamber of diameter D at least equal to
three times the throat diameter d and to check that the ratio of
the absolute pressures downstream and upstream of the device
does not exceed a critical value (see 7.13). If substantial
pressure fluctuations prevail downstream of the device, the
measurement and the value of the flow rate are not affected by
them and the knowledge of the nature and the upstream state
of the fluid allows the measured value of the flow rate to be
obtained when the throat size is known.

The device shall be installed in the duct at a position such that
the flow conditions immediately upstream are free from swirl.

6.3 Pitot-static tube (devices 14}

The section chosen to carry out the measurements shall be
situated in a straight length and be perpendicular to the duct
axis . It shall be of a simple form, either circular or rectangular
for example.

It shall be situated in an area where the measured velocities are
within the normal range of the employed device.

In the proximity of the measuring section, the flow shall be
noticeably parallel to the duct axis (angle generally less than 5°)
and shall present neither excessive turbulence nor swirl. The
measuring section has consequently to be chosen at a sufficient
distance from any fitting which could create dissymmetry, swirl
or turbulence and might therefore seriously alter the data ob-
tained from the tube which is parallel to the duct axis within 5°.

The straight length which may be necessary to satisfy these
conditions varies according to flow velocity, upstream fittings,
turbulence level and degree of swirl, if any.
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7 Characteristics and employment
limitations of the different devices

7.0 Common characteristics of devices under
clauses 7.1, 7.2 and 7.3

The orifice plate shall conform with the drawing in figure 1.
The principal specifications relating to the plate are :

— Plane upstream face, its roughness (total height) being
inferior to 0,000 3 d within a circle of diameter 1,5 d, which
is concentric to the orifice.

— Plane downstream face parallel to the upstream face.
— e<E<005D
(0,006 D < e < 0,02 D}
— 30° € F<45°
— I E < 0,02 D, bevelling not compuisory.
— Sharp upstream edge G.

— Determination of d as the mean of the measurements
of four diameters at least angularly distributed (none of the
four measurements differing from the average by more than
5 x 10744).

The orifice plate which is described above can be associated to
one of the three pressure tap types mentioned under 7.1, 7.2
and 7.3.

Reference shall be made to ISO 5167 for specifications related
to pressure taps.

The conditions for use of the three types of orifice plates are :
00126m< d
0,060 m < D

020 < <075

k
— < 1073
D

AP 5

P

The Reynolds number Re, shall be greater than or equal to a
minimum value of 1,26 x 108 82 D,

The flow coefficient a is given by the Stolz formula :

108

0,75
o = ap + 0,0029 (1 — g% ~05 425 <—>
ReD

where

e = (1 —pH-95[0,6959 + 0,031 2 g21
~0,1840 8 + 0,090 0/, D~ p41 — g4 ~1
~0,0837 4 D1 6]

in which

/,is the distance of the upstream pressure tap to the
upstream face of the orifice plate;

£, is the distance of the downstream pressure tap to the
downstream face of the orifice plate.

NOTE — When
0,060 m €« D < 2’32:6 m(= 0,069 m)
the term

(1 —p%-05[0,0800/4 D141 - 41
is to be replaced by
(1 -8%-05[0,039084(1 - g4-1]

Table 4 gives values of coefficient a, and of
2,9 (1 — g4 05 §2.5 for a series of values of # and D.

Because of the rounding off to within 10 =3 of the values of @,
linear interpolation is permitted between two successive values

of S,
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Table 4 — Values of coefficient a_ and of 2,9 (1 — 8% ~%° 25 for orifice plates as a function of # and D

Corner
B taps Flange taps D and g 2901 - p4~05p425
D= |D=0600|D=0400[D=020[D=07150]D = 0,100 D = 0,060 | D = 0,050 *@PS
0,20| 0,597 0,597 0,597 0,597 0,597 0,597 0,597 0,597 0,597 0,052
0.25| 0,59 0,599 0,599 0,599 0,599 0,599 0,599 0,599 0,599 0,091
0.30] 0,601 0,601 0,601 0,601 0,601 0,601 0,601 0,601 0,601 0,144
032| 0,602 0,602 0,602 0,602 0,602 0,602 0,602 0,602 0,602 0,169
034| 0,603 0,603 0,603 0,603 0,603 0,603 0,603 0,603 0,603 0,197
0,36 0,605 0,605 0,605 0,605 0,605 0,605 0,605 0,604 0,605 0,227
0,38] 0,606 0,606 0,606 0,606 0,606 0,606 0,606 0,606 0,606 0,261
040| 0,608 0,608 0,608 0,608 0,608 0,608 0,608 0,608 0,608 0,297
041] 0,609 0,609 0,609 0,609 0,609 0,609 0,609 0,609 0,609 0,317
042 0,610 0,610 0,610 0,610 0,610 0,610 0,611 0,610 0,610 0,337
043| 0,612 0,612 0,612 0,612 0,612 0,612 0,612 0,612 0,612 0,358
044| 0613 0,613 0,613 0,613 0,613 0,613 0,613 0,613 0,613 0,380
045| 0,614 0,614 0,614 0,614 0,614 0,614 0,614 0,614 0,614 0,402
046 0,616 0,616 0,616 0,616 0,616 0,616 0,616 0,616 0,616 0,426
047| 0617 0,617 0,617 0,617 0,617 0,617 0,618 0,617 0,617 0,450
048] 0,619 0,619 0,619 0,619 0,619 0,619 0,619 0,619 0,619 0,476
049| 0,620 0,620 0,621 0,621 0,621 0,621 0,621 0,621 0,621 0,502
050 0,622 0,622 0,622 0,622 0,623 0,623 0,623 0,623 0,623 0,530
051| 0,624 0,624 0,624 0,624 0,624 0,625 0,625 0,625 0,625 0,558
052| 0,626 0,626 0,626 0,626 0,626 0,627 0,627 0,627 0,627 0,587
053| 0,628 0,628 0,628 0,629 0,629 0,629 0,629 0,629 0,629 0,618
054 0,631 0,631 0,631 0,631 0,631 0,631 0,632 0,631 0,632 0,650
055| 0,633 0,633 0,633 0,633 0,634 0,634 0,634 0,634 0,634 0,683
0,56 | 0,635 0,636 0,636 0,636 0,636 0,636 0,637 0,637 0,637 0,717
057 0,638 0,638 0,638 0,639 0,639 0,639 0,640 0,640 0,640 0,752
058| 0,641 0,641 0,641 0,641 0,642 0,642 0,643 0,643 0,643 0,769
059| 0,644 0,644 0,644 0,645 0,645 0,645 0,646 0,646 0,646 0,827
0,60| 0,647 0,647 0,647 0,648 0,649 0,649 0,650 0,649 0,649 0,867
0.61| 0,650 0,650 0,651 0,651 0,651 0,652 0,653 0,653 0,653 0,908
062 0,654 0,654 0,654 0,655 0,655 0,656 0,657 0,656 0,657 0,951
0,63 0,657 0,658 0,658 0,658 0,650 0,659 0,661 0,660 0,661 0,995
0,64 0,861 0,661 0,662 0,662 0,663 0,664 0,665 0,665 0,665 1,042
0,65| 0,665 0,665 0,666 0,666 0,667 0,668 0,670 0,669 0,669 1,090
0,66 0,669 0,670 0,670 0,671 0,671 0,672 0,674 0,674 0,674 1,140
0,67 0674 0,674 0,674 0,675 0,676 0,677 0,680 0,679 0,679 1,193
068 0,678 0,679 0,679 0,680 0,681 0,682 0,685 0,684 0,685 1,247
0,69 0,683 0,684 0,684 0,685 0,686 0,688 0,691 0,690 0,690 1,304
0,70 | 0,688 0,689 0,690 0,691 0,692 0,693 0,697 0,696 0,696 1,337
071| 0,694 0,695 0,695 0,697 0,697 0,699 0,703 0,702 0,703 1,426
072 0700 0,701 0,701 0,703 0,704 0,706 0,710 0,709 0,709 1,492
073 0706 0,707 0,707 0,709 0,710 0,713 0,717 0,716 0,717 1,560
074 0712 0,713 0,714 0,716 0,717 0,720 0,725 0,724 0,725 1,633
075| 0719 0,720 0,721 0,723 0,725 0,728 0,733 0,732 0,733 1,709

The expansibility factor ¢ is calculated using the empirical formula

g =1~ (041 + 035 g4 2P
Kp

1

Figure 2 gives the expansifility factor ¢ for k¥ =

1,4.
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Figure 2 — Orifice plates with corner taps or flange taps, or D and D/2 taps :
Expansibility factor ¢ forx = 1,4
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Pressure taps — et

N

|
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Direction of flow
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l-at— Orifice plate

i

A A\

Pressure individual taps
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NN\

Figure 3 — Corner taps
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7.1 Orifice plates with corner taps

The primary element is represented in figure 3. The orifice plate
shall conform with figure 1 and with the specifications of 7.0.

The pressure taps may be either individual taps (lower part of
figure 3) or annular slits opening into the annular chambers of
piezometer rings (upper part of figure 3). The conditions for
use are as defined in 7.0.

The flow coefficient « is calculated using the Stolz formula
given in 7.0. In the expression for ¢, the two terms with D1
shall be zero, and hence a. is only dependent on 8 and
becomes

e = (1 —f%-05[0,5959 + 0,0312 g2 —0,184 0 58]

The corresponding value of g is given in the first column of
table 4.

7.2 Orifice plate with flange taps

The primary element is represented in figure 4. The orifice plate
shall conform with the drawing of figure 1 and with the
specifications mentioned in 7.0.

The conditions of use of this device are as defined in 7.0.

The flow coefficient « is calculated from the Stolz formula
given in 7.0 taking into account the value, in metres, of the
duct diameter D.

1SO 5221-1984 (E)

Table 4 can be used and linear interpolation carried out be-
tween two successive values of 8, and of D for values of D less
than 0,600 m or D~ 1 for values of D greater than 0,600 m.

7.3 Orifice plates with D and D/2 tappings

The primary element is represented in figure 5. The orifice plate
conforms to figure 1 and to specifications mentioned in 7.0.

The conditions for use of this device are as defined in
clause 7.0.

The flow coefficient ¢ is calculated from the Stolz formula
given in 7.0 and applied to the particular conditions of these
tappings. In this case the flow coefficient « is given by
106 \0,75
@ = ae + 0,0029 (1 — p4-05 ﬁ2'5<—)
Rey,

where

0o = {1 —p4H~05[06959 + 0,031 2 21 —
0,184 0 B8 + 0,039 £% (1 — 41 — 0,015 839 3]
As for device 7.1 and contrary to device 7.2, the value of a, is

only dependent on S and it is given in the penultimate column
of table 4.

(25,4 +1)mm

A25,4+1)mm

Ve g

2

Flow
direction N
o

N

S

%L

N L N

74

Figure 4 — Orifice plate with flange taps

|

i l

D+01p 0,50+0050

A

|
Flow direction

o |

=

| '

Tl

Figure 5 Orifice plate with D and D/2 tappings

1
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7.4 ISA 1932 nozzle

The primary element is represented in figure 6. The pressure
taps are corner taps similar to those used for orifice plate with
corner taps. ISO 5167 gives the specifications related to these
corner taps and to the nozzle shape.

The conditions for use of this device are as follows :

0,060 m < D < 0,500 m
0,30 < 8 < 0,80

7.10* < Rej, <107if 0,30 < § < 0,44
2.10% < Rep, < 107if 0,44 < B < 0,80
Ap

— < 0,25
P4

H
Part which may a ; b
be truncated
[
% 7
Ry
7 i
Na Rb )
A”""’ gy
X F
B NS /
2 /
C /
E f 0,6041d
Q —+ P ——— O L Q T e
Flow direction Flow direction
0,604 1d _
a7,
K
L]
o) d<% b) 0>
R, = 0,200d £ 0,020dif 8 < 0,6 R, = 10,3334 £ 0,033dif § < 0,6

R, =0,200d £ 0,006dif > 0,6

R, = 0,333d = 0,010dif 8 » 0,6

Figure 6 — ISA 1932 nozzle

12
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Table 6 gives many corresponding numerical values.

Table 5 — Flow coefficient « for ISA 1932 nozzles

ReD
2 x 104 3 x 104 5 x 104 .7 x 104 105 3 x 105 106 2 x 106
B

0,30 *xx e £xx 0,990 0 0,990 8 0,991 9 0,992 3 0,992 4
0,32 - *xx 0,990 3 0,991 2 0,992 6 0,993 0 0,993 0
0,34 - *5x xxx 0,990 7 0,991 8 0,993 3 0,993 8 0,993 9
0,36 xxe #xx *xx 0,991 3 0,992 5 0,994 3 0,994 8 0,994 9
0,38 xxx *xx *rx 0,992 2 0,993 5 0,995 4 0,996 0 0,996 1
0,40 *xx xxx *rx 0,993 2 0,994 7 0,996 8 0,997 4 0,997 5
0,42 wxx 0,994 6 0,996 1 0,998 3 0,999 0 0,999 1
0,44 0,980 3 0,988 1 0,993 9 0,996 2 0,997 9 1,000 2 1,000 9 1,001 0
0,46 0,981 5 0,989 6 0,995 7 0,998 2 0,999 9 1,002 4 1,003 1 1,003 2
0,48 0,983 2 0,991 7 0,998 0 1,000 5 1,002 3 1,004 9 1,008 7 1,005 8
0,50 0,985 5 0,994 2 1,000 7 1,0033 1,005 2 1,007 8 1,008 6 1,008 7
0,52 0,988 4 0,997 3 1,003 9 1,006 6 1,008 5 1,011 2 1,012 0 1,012 1
0,54 0,992 1 1,001 0 1,007 7 1,010 4 1,012 3 1,015 0 1,015 8 1,016 0
0,56 0,996 6 1,005 5 1,0122 1,014 8 1,016 7 1,019 4 1,020 2 1,020 4
0,58 1,002 1 1,010 9 1,017 4 1,020 0 1,021 9 1,024 5 1,025 3 1,025 4
0,60 1,008 7 1,017 1 1,023 4 1,025 9 1,027 7 1,030 3 1,0310 1,031 2
0,62 - 1,016 5 1,024 5 1,030 4 1,0328 1,034 5 1,036 9 1,037 6 1,037 8
0,64 1,025 8 1,033 1 1,038 6 1,040 8 1,042 3 1,044 6 1,045 2 1,045 3
0,66 1,036 7 1,043 2 1,048 0 1,050 0 1,051 4 1,053 3 1,053 9 1,064 0
0,68 1,049 5 1,054 9 1,059 0 1,060 6 1,061 8 1,063 4 1,063 9 1,064 0
0,70 1,064 6 1,068 7 1,071 7 1,0730 1,073 8 1,075 1 1,075 4 1,0755
0,72 1,082 3 1,084 7 1,086 6 1,0873 . 1,087 9 1,088 6 1,088 8 1,088 9
0,74 1,103 1 1,103 6 1,104 0 1,104 2 1,104 3 1,104 4 1,104 5 1,104 5
0,76 1,127 8 1,126 0 1,124 6 1,124 0 1,123 6 1,123 0 1,122 9 1,122 8
0,78 1,157 2 1,152 5 1,148 9 1,147 5 1,146 5 1,145 1 1,144 7 1,144 6
0,80 1,192 4 1,184 3 1,178 2 1,176 7 1,174 0 11715 1,170 8 1,170 6

The flow coefficient a is given by the following formula :

6 \1,15
o= (1 -ph=0e [0:990 0 ~0,2262 4*' + (0,000 215 — 0,001 125 8 + 0,002490ﬁ4'7)<;2 > 1
v/

The expansibility factor ¢ is calculated using a theoratical formula. Table 6 gives the expansibility factor ¢ for ¥ = 1,40. Indications
related to the effect of x upon value ¢ will be found in ISO 5167 : the relative change in & when & is varied is less than 0,001 for a
relative change of 0,01 in . )

Table 6 — Expansion factor ¢ of nozzles and Venturis for x = 1,40

Aplp,

7 I 0 0,02 0,04 0,06 0,08 0,10 . 0,15 0,20 0,25
0 0 1,000 0,989 0,978 0,967 0,956 0,945 0,916 0,886 0,856
0,316 0,100 1,000 0,988 0,975 0,962 0,950 0,938 0,906 0,873 0,840
0,447 0,200 1,000 0,986 0,971 0,957 0,943 0,929 0,893 0,858 0,821
0,548 0,300 1,000 0,983 0,967 0,950 0,934 0,918 0,878 0,839 0,800
0,632 0,400 1,000 0,980 0,960 0,941 0,922 0,904 0,859 0,815 0,773
0,640 0,410 1,000 0,980 0,960 0,940 0,920 0,902 0,857 0,813 0,770

13
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7.5 “Long-radius’” nozzles

The primary element is represented in figure 7. Specifications related to the primary element which require pressure taps with D and

g are mentioned in I1SO 5167.

14

D-d
2

T

0,64 |

< Q- FloW directioﬁ ©
B
\ \
L
X
a) High ratio
0,26 < # <0,8
H
fw)
! L
. d . |06d a
Ql——ma— " Flow direction O
A B
*\ 1
X

T

b)

Low ratio

0,200 < B8 < 9,429

Figure 7 — Long radius nozzle




The conditions for use of this device are as follows :

0,00 m < D < 0,630 m
0,20 < § < 0,80

k
— < 1073
D

A
2P <025
Dy

The Reynolds number Re, should not be less than 104

Table 7 — Flow coefficient ¢ for “long radius’ nozzles

1SO 5221-1984 (E)

The flow coefficient ¢ is given by the formula :

o= (1 -£%795(0,996 5 — 6,53 Re, %% 09

or

I

a=(1-44795(0,9965 — 6,53 Re; %)

Table 7 gives many corresponding numerical values.
The expansibility factor ¢ is calculated using the same

theoretical formula as for ISA 1932 nozzles. Table 6 gives the
value of ¢ for k = 1,40.

Re
D
104 2 x 104 5 x 104 105 2 x 108 5 x 105 106 5 x 106 107 108
B

0,20 0,968 0,977 0,984 0,988 0,991 0,993 0,994 0,996 0,996 0,997
0,22 0,967 0,976 0,984 0,988 0,991 0,993 0,995 0,996 0,997 0,997
0,24 0,966 0,975 0,984 0,988 0,991 0,994 0,995 0,997 0,997 0,998
0,26 0,965 0,975 0,984 0,988 0,991 0,994 0,995 0,997 0,998 0,998
0,28 0,965 0,975 0,984 0,989 0,992 0,995 0,996 0,998 0,998 0,999
0,30 0,965 0,975 0,985 0,989 0,993 - 0,995 0,997 0,999 0,999 1,000
0,32 0,965 0,976 0,985 0,990 0,993 0, 997 0,998 1,000 1,001 1,001
0,34 0,965 0,976 0,986 0,991 0,995 0,998 0,999 1,002 1,002 1,003
0,36 0,965 0,977 0,987 0,992 0,996 0,999 1,001 1,003 1,004 1,005
0,38 0,966 0,978 0,989 0,994 0,998 1,001 1,003 1,005 1,006 1,007
0,40 0,968 0,980 0,991 0,996 1,000 1,004 1,005 1,008 1,008 1,009
0,42 0,969 0,982 0,993 0,999 1,003 1,006 1,008 1,011 1,010 1,012
0,44 0,972 0,984 0,996 1,002 1,006 1,009 1,01 1,014 1,014 1,016
0,46 0,974 0,988 0,999 1,005 1,009 1,013 1,015 1,018 1,018 1,019
0,48 0,978 0,991 1,003 1,009 1,014 1,017 1,019 1,023 1,022 1,024
0,50 0,981 0,995 1,008 1,014 1,019 1,022 1.024 1,027 1,028 1,029
0,52 0,986 1,000 1,013 1,020 1,024 1,028 1,030 1,033 1,034 1,035
0,54 0,992 1,006 1,019 1,026 1,031 1,035 1,037 1,040 1,040 1,041
0,56 0,998 1,013 1,026 1,033 1,038 1,042 1,044 1,047 1,048 1,049
0,58 1,005 1,021 1,035 1,041 1,046 1,051 1,053 1,056 1,057 1,058
0,60 1,014 1,030 1,044 1,051 1,066 1,060 1,063 1,066 1,066 1,068
0,62 1,024 1,040 1,055 1,062 1,067 1,072 1,074 1,077 1,078 1,079
0,64 1,035 1,062 1,067 1,074 1,080 1,084 1,087 1,090 1,091 1,092
0,66 1,048 1,065 1,081 1,088 1,094 1,099 1,101 1,104 1,105 1,106
0,68 1,063 1,081 1,097 1,105 1,110 1,115 1,118 1,121 1,122 1,123
0,70 1,080 1,089 1,116 1,123 1,129 1,134 1,137 1,140 1,141 1,143
0,72 1,101 1,19 1,136 1,145 1,151 1,156 1,159 1,162 1,163 1,165
0,74 1,124 1,143 1,161 1,170 1,176 1,181 1,184 1,188 1,189 1,190
0,76 1,151 1,171 1,190 1,199 1,205 1,211 1,214 1,218 1,219 1,220
0,78 1,183 1,204 1,223 1,233 1,239 1,245 1,248 1,252 1,253 1,255
0,80 1,221 1,243 1,263 1,273 1,280 1,286 1,289 1,293 1,294 1,296

15
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7.6 Classical Venturi tube
The primary element is represented in figure 8.

There are three varieties of classical standardized Venturi tubes
which are characterized by the method of manufacture of the
inside surface of the convergent part and the amount of
rounding at the intersection of the convergent part and the
throat.

Specifications related to the primary element are detailed in
ISO 5167.

The conditions of use and the value of the flow coefficient o are
as follows :

a) Venturi tube with a rough cast convergent
[R, =1,376D + 20 %, R, = (3,625 + 0,125} 4,
Ry = (5t0 15) dl

0,100 m < D < 0,800 m
0,30 < 8 <0,75
2.10° < Rep, < 2.106

o = 0,984 (1 — g4 -05

b) Venturi tube with a machined convergent
(R, < 025D, R, <025d, Ry < 0,254d)

0,060m < D < 0,250 m
0,40 < 8 < 0,75
2.10% < Rep, < 108

o = 0,995 (1 ~ p4-05

c¢) Venturi tube with a rough welded sheet-iron
convergent (R, = R, = R; = 0)

0,200m < D < 1,200 m
0,40 < 8 < 0,70
2.10° < Rej, < 2.108

o =0985(1 - p4-05

The expansibility factor ¢ is given by the same theoretical for-
mula as for the nozzles. The values of ¢ for k = 1,40 are in-
dicated in table 6.

16

Flow direction

Figure 8 — Classical Venturi tube



7.7 Venturi nozzle

The primary element is represented in figure 9. Specifications
related to the primary element are mentioned in 1SO 5167.
Outlet diameter of Venturi-nozzle may be less than inlet
diameter D (truncated divergent). In both cases, the angle ¢
shall not exceed 30°.

The conditions for use of these devices are as follows :

0,066 m < D < 0,500 m
0,316 < § < 0,775
0,060 m < d

1,6.10° < Rep, < 2,108

1S0 5221-1984 (E)

a) Truncated divergent

2
d < —
3D

L, >065L

L being the length which the divergent would have
if not truncated

R, =02d

R, =10,333d

b) Non-truncated divergent

7’;— < 103 d> %D
0,4 to 0,45d
0,304 14 0,3d \\ Ly
0,2d
0 V|
R, 1S \
.A\ ﬁ/?
S y 2117 Y]
Q| 9N f Q
) ©
i B ) C E Er Fl_ow direction ) -'D
1 ) | S
- \V f
2
1.0 l
e SN 7

Figure 9 — Venturi nozzle
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The flow coefficient is given by the Stolz formula :
o =(1-p%-95(0,9858 - 0,19 §*9)
Table 8 gives many corresponding numerical values.

Table 8 — Flow coefficient ¢
of Venturi nozzles

i o
0,316 0,990
0,32 0,990
0,34 0,991
0,36 0,992
0,38 0,994
0,40 0,995
0,42 0,997
0,44 1,000
0,46 1,003
0,48 1,006
0,50 1,009
0,52 1,013
0,54 1,018
0,56 1,023
0,58 1,029
0,60 1,036
0,62 1,043
0,64 1,052
0,66 1,062
0,68 1,073
0,70 1,086
0,72 1,101
0,74 1,118
0,76 1,138
0,775 1,155

For small values of the Reynolds number and a reduced range
of values of B the flow coefficient « is given in table 9.

0,03 0max_

Table 9 — Flow coefficient ¢ of Venturi nozzles
at small Reynolds numbers

ReD
30 000 50 000 70 000 100 000
B
0,55 1,003 1,01 1,015 1,018
0,56 1,006 1,014 1,018 1,021
0,67 1,009 1,017 1,021 1,024
0,58 1,012 1,020 1,024 1,027
0,59 1,016 1,024 1,027 1,030
0,60 1,020 1,028 1,031 1,034
0,61 1,024 1,031 1,035 1,037
0,62 1,028 1,036 1,039 1,041
0,63 1,033 1,040 1,043 1,046
0,64 1,045 1,048 1,050
0,65 1,060 1,053 1,065
0,66 1,055 1,058 1,060
0,67 1,061 1,064 1,066
0,68 1,067 1,070 1,072
0,69 1,074 1,076 1,078
0,70 1,081 1,083 1,085
0,71 1,088 1,090 1,092

The expansibility factor ¢ is given by the same theoretical for-
mula as for classical Venturis and nozzles. The values of ¢ for
x = 1,40 are indicated in table 6.

7.8 Conical entrance orifice plate

The device is of particular interest for measuring small flow
rates (for example leakage from a piece of air handling ducting)
which need not be known with great precision. As the device
described under 7.9, it has been especially designed for use at
low Reynolds numbers without too substantial a variation of
the flow rate coefficient with the Reynolds number.

The primary element is represented in figure 10. Each of the two
types of pressure tappings which may be used is represented.

FZ w
(/ / )
2 A
& 0,021:0003d .
] - | ] ) E
firmeton| ™ | (0,084 x0,003)d 2
Y

o,

0,105dmax.

0,10 max._

Figure 10 — Conical entrance orifice plate

1) See British Standard BS 1042.
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The conditions for use of this device are as follows :
D > 0,060 m
d > 0,006 m
# <0316
250 < Re; < 2.10°
Upstream straight length > 25 D

The flow coefficient « is given by the formula :
a=C(1 - g4-05

where

C is the discharge coefficient whose value is dependent
on the Reynolds number Re, only at a low rate.

The discharge coefficient shall be taken, with an uncertainty of
+25%

C =073 forp < 0,25
C =0,740 forp > 0,25

The expansibility factor ¢ shall be taken as being equal to

e=1-0882"
K‘p1

NOTE — The main difficulty in using this device is essentially due to
the observation of the specifications of the two dimensions of nominal
thickness, i.e. 0,084 d and 0,021 d respectively with a tolerance of
+ 0,003 d. in order to take into account the fact that they are often

1SO 5221-1984 (E)

difficult to observe, the uncertainty indicated in the British Standard
BS 1042 is herein increased as suggested after the experimentation
made since then by Stoll and Lientara in the United States, by Vasy,
Kastner and Mc Veigh in the United Kingdom.

7.9 ‘“‘Quarter-circle” orifice plate

Like the previous one, this device is intended for measurements
of low values of flow rate which are not required to be known
with the best accuracy. The primary element is represented in

figure 11. The two types of pressure tappings which may be
used are indicated.

The radius of the upstream profile r shall satisfy the following
conditions :

r > 0,003 m
0,101 < r/d < 0,208

The radius r shall be accurate within & % at a maximum of the
value inferred from figure 12.

The conditions for use of this device are as follows :

d > 0,0tbm

0,245 < B < 0,60
Upstream straight length : see 6.1 if Rep, > 4 X 103; if not
make allowance for an upstream straight length of 10 D to

20 D between a plenum and the "quarter-circle orifice plate”.

The Reynolds number Re, shall be between a maximum value
equal to 10° and a minimum value, function of 8 (see figure 13).

(254 +1)mm
Flange pressure tappings
(¢ < 0,08 D)
) A
s A
\ f (1x0,01)r
] r
_._.Q__*D .  _ -
Flow | 0,10 max.
1 25mm mi
i , n.
- 0,030max. ||
: 1
\)A;‘ AN N, W

Corner pressure tappings

Figure 11 — “Quarter-circle” orifice plate
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20

0,22
0,21
0,20
0,19 /
0,18 | 7
0,17 /
R 016 /
s /
0,15
0,14 A
0,13
0,12 7
0,11

0,10 —
0.2 03 0.4 05 0,6

diD

Figure 12 — Values of r/d for the ““quarter-circle’” orifice plates

T
\

C 085

0,84

0,83 7

0,82

0,81 7]

0,80 /

0,79 v

/
0,78 % 7

0,77 LA

078 0 0,1 0,2 0,3 0,4

/32

Figure 13 — Discharge coefficient C for the "quarter-circle” orifice plates

Low limit of Rey



The flow coefficient a is given by the formula
a = C(1 — g4-05

where C is the discharge coefficient, whose values are shown
in figure 13. The uncertainty on C value is + 2 % if B4 > 01
and + 2,6 % if 84 < 0,1.

A
The expansibility factor ¢ for ,f < 0,09 can be considered

1
equal to the expansibility factor for the orifice plates with flange

taps (see figure 4). For 0,09 < EApE < 0,20 experiments have

1
shown a difference between the values of ¢ for these two
devices of less than 0,5 %.

7.10 Inlet orifice plate
The orifice plate conforms to the design of figure 14.
The main specifications are :

— Plane upstream face roughness (total height) less than
0,000 3 d in a circle of diameter 1,5 d.

— Plane qpstream face parallel to the upstream face.
— 0003D<EKO010D

— 25° < F< 45°

— f E < 0,01 d, chamfering is not necessary.

— Sharp upstream edge G.

— Determination of d as measurement average of four
diameters angularly distributed (none of the four measures
differ from the average by more than 5 x 104 d).

— Wall pressure tapping on the duct a distance of the
downstream face of the plate equal to (0,10 = 0,05) D.

— Upstream space free from any obstacle over a distance
of at least 1d within a coaxial cylinder of diameter 1,5 D for
d

d
) > 0,60 and of 1,1 D for D < 0,60.

— Downstream straight length » 4D if it is followed by a
sudden variation in section. This straight length 4D may be
reduced to 0,75 D if it is followed by a gradual and sym-
metrical variation in duct section {for example of a conical
convergent of total angle 7°). If there is any risk of flow
rotation in the downstream duct, the straight length shall be
followed by an anti-swirl device.

The conditions for use of this device are as follows :

d
D < 0,75

Re,> 5.10%

The corresponding flow coefficient ¢ is equal to 0,598.

1SO 5221-1984 (E)

The expansibility factor is given by the formula :

g=1 —0,27—A£
Py

for k = 1,40.
E el ——
7\
)
Angle of
chamfer F
e
Symmetry axis
v 3 of revo_lution Q
_>
Flow direction
Upstream edges H and J
Upstream
edge G /

Figure 14 — Orifice plate located at
the infet end of the system
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7.11 Inlet “quarter-circle’’ nozzle
The primary element is represented in figure 15.

The profile of the convergent section has the shape of a
quarter-circle with a radius equal to 0,675 times the throat
diameter the cylindrical length of which is 0,75 times this
diameter.

The (or the four) pressure tapping(s) in the duct wall shail be ar-
ranged at a distance between 0,75 and 0,95 times the throat
diameter : if d/D does not exceed 1/3, a single wall tapping will
do; if d/D exceeds 1/3, it should be checked that four pressure
tapping holes in the ductwall bored at the distance 4 D from
the shaped iniet, all having the same diameter and 90° apart, in-
dicate individual negative pressures the maximum relative
deviation of which does not exceed 1 %.

The upstream face of the convergent of the primary element
will be extended by a flat disc, the external diameter of which
will be equal to as less than 3d on the one hand or D on the
other. Moreover, the convergent and the flat disc will be free
from any protrusion (bolts, etc.) within a circle of diameter
2,55 d.

It is advisable to install the nozzle at the upstream end of a
cylindrical duct at ieast four diameters long, and, if there is any
risk of flow rotation in this duct, to have the nozzle followed by
an anti-swirl device.

Upstream from the shaped inlet an inlet space free from any
obstacle shall be provided over a face distance of at least 3d in-
side a coaxial cylinder of radius 0,75 D.

The conditions for use of this device are as follows :

1

6
2 x 10* < Re, < 7 x 108

It may be considered, with an uncertainty less than 1 %, that

the value of the flow coefficient corresponds to the values in-
dicated in table 10."

Table 10 — Flow coefficient of the nozzle located at the
inlet end of the system for a cylindrical length of the
throat equal to 0,75 d

200 000
Re, |20 000 | 30 000 | 40 000 | 60 000 | 80 000 | 100 000 to
700 000

o | 0952 [ 090 | 0,964 | 0,969 | 0,973 | 0,975 | 0,982

The expansibility factor, which is calculated from a theoretical
formula, is indicated in table 6.

r=0,675d

LLl

/ |

~0,85:01)d

I

Figure 15 — “"Quarter-circle” nozzle located at the inlet end of the system

1} For cylindrical lengths of throat equal to 0,60 d, slightly higher values of the flow coefficient have been observed.
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7.12 Inlet cone
The primary element is represented in figure 16.

The specifications related to its manufacture and installation
are as follows :

a) The cylindrical part (with a circular cross-section of
diameter D) should be smooth (the equivalent relative
roughness should not exceed 2 x 1075) and parallel with a
circular cross-section {both parallel and circular within
0,005 D) along a length equal to D; it should be continued
keeping the same nominal diameter for a further length of at
least 3 D.

b) The included angle at the cone top should be equal to
60° % 1°; the junctions of the cone 1 and 2 should be with
sharp edges and the edges shall be considered as being
sharp when the corresponding radii do not exceed 0,005 D
and are free from burrs and projections that may be seen
with the eye.

_ 150 min,

I
Y
-
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c) The wall pressure tappings should be iocated through a
same plane perpendicular to the duct axis which is at a
distance from junction 2 of between 0,48 D and 0,52 D,
they should be carefully made and have a sharp edge of the
hole with neither irregularity nor burr that might be detected
by eye or finger at the points where the tappings are opened
into the D diameter duct; the diameter of these tappings
shall be between 1,5 and 4 mm and the cylindrical bore will
have a length of at least twice its diameter.

d) Within the region bounded as indicated by dashed lines
on figure 17 there must be neither partition nor obstruction,
nor extraneous air current (which would correspond at a
velocity exceeding 5 % of the discharge velocity within the
D diameter duct when the inlet cone is not used).

e) The inlet cone will be used only for Reynolds number
Rep, exceeding 2 X 105 and for differential pressures Ap
less than 4 000 Pa.

4q,, D [2Ap
Rep=—"_ = (ae) —\/[—
no,Dv vy o

3 Dmin.

\ ] - ] 1
Q [ X
Lo
- 1
A
0
= '
E 1
:: ° 1 L
[e2]
5/ QlQ 5 !
1] ; 3 £
- T 5 —_
=
2 |
Q 1
1 8 —I\

. ~

Four wall pressure tappings connected
to pressure differential manometer (Ap)

No external obstruction within this region

Figure 16 — Inlet cone
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The mass flow rate is derived from the formula :
i
q,, = lae 7 D? \[29,-Ap

taking (e ¢} as equal to :
(0,965 + 0,020) if Rey, is between 2 x 105and 3 x 108

{0,960 * 0,015) if Re,, exceeds 3 x 105

7.13 Venturi-nozzles with sonic throat

Two alternatives are recommended for the primary element :
the so-called Smith and Matz device and the so-called LMEF
device. The first alternative is represented in figure 17.

The discharge coefficient C for this first alternative is given by
the formula : :

C = 0,993 54 — 1,625 Re; 05
for 105 < Re,; < 107,

Table 11 gives many numerical values of C for various values of
Re,

Table 11 — Discharge coefficient, C, of the Venturi-nozzle
with sonic throat type Smith and Matz

Re, 105 2,105 | 5.108 | 7.105 106 5.108 107

C (0989 | 099 | 0991 | 0,992 | 0,992 | 0,993 | 0,993

n D e 1,56 (4+3)d
|
J‘L
A
]
Lo
|
. /
__>___Q - Lﬂ~ - ~ ol- - - - -
N
Y

r=(2+02)d

Figure 17 — Venturi-nozzle with sonic throat type Smith and Matz

24



The second alternative is represented in figure 18.

The discharge coefficient C for this second alternative is given
by the formulae :

C=1-1724Re;05 (10° < Re, < 4 x 109
C =10,9886 (4 x 105 < Re, < 2,8 x 109)
C=1-102215Re;%2 (2,8 x 105 < Re, < 2 x 107)

Table 12 gives many numerical values of C for various values of
Red.

Table 12 — Discharge coefficient C of the
Venturi-nozzle with sonic throat type LMEF (Re, > 109

Re,yl 10* 121045104 | 105 |2.10° 5.108 | 108 }2.108]6.108] 107 |2.107

C 10,928{0,949|0,968 |0,980 0,986 [ 0,989 { 0,989 | 0,989 0,990| 0,991 0,992

1SO 5221-1984 (E)

The uncertainty related to these numerical values does not
exceed 1 % if Re, < 10°and 0,5 % if Re, > 10°.

For both alternatives it may be considered that the critical
expansibility ratio exceeds about 0,90 as soon as the opening
ratio of the expander (ratio of the outlet section area to the inlet
section area) is about 2. For an area ratio of the expander of
at least 4, the critical expansibility ratio exceeds about 0,93.
The ratio between the {(absolute) static pressures downstream
on the one hand and upstream on the other hand, of the
Venturi-nozzle must not exceed the value of the critical expan-
sibility ratio to be sure that the flow is actually critical. This
value of the ratio of the downstream and upstream absolute
static pressures shall be checked to be sure that this device can
be used under these conditions of use for the critical flow
method.

For air approaching the usual ambient conditions upstream of
the device the critical flow function K shall be taken equal to
0,040 4.

D>3d

Figure 18 — Venturi-nozzle with sonic throat type “LMEF”
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7.14 Pitot-static tubes

Three types of Pitot-static tubes are being seiected as examples and are drawn below.

—  Type Al
LS
ol 08d 3
O
® A
f \\\9 - R=05d

Eight holes of diameter 0,13 d equally
distributed and free from burrs

[

Inner tube 0,4 d

Quter tube d

AN e

Figure 19 — Pitot-static tube, type AMCA

1) This type is described in document ""AMCA Standard test Code for air moving devices”. Bulletin No. 210 of January 1967 — page 21.
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— Type B*

Head

8d
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nd -

el

-~

o

Sharp elbow

t

s =
2@'9 X

2 d Static-pressure holes Rouded elbow S
Spacer  (alternative) >
- NS \
Total pressure hole  Modified %, @b\ !
ellipsoidal nose 4)6 N
(see view b) ¢
below)

a) NPL modified ellipsoidal-nosed standard Pitot-static tubes

2d

Alignment arm

o

| / % i

1 =

b} Profile definition of the modified ellipsoidal nose

Figure 20 — NPL Pitot-static tube

Static-pressure holes : Diameter a’S not exceed 1 mm; depth
of hole not less than 0,5 d_; number of holes not less than 6;
plane of holes at distance 8d from tip of nose.

Stem : Diameter constant and equal to d; junction curved with
mean radius 3d * 0,5 d, or mitred; axis of stem to be nd from
plane of static-pressure holes, where n > 8.

Nose profile : Two quarter ellipses with major semi-axes 2d,
minor semi-axes 0,5 (d — d}), separated by distance d,.

Diameter {d) : Not to exceed 15 mm.

Total-pressure  hole: Diameter d,  within range
0,10d < di < 0,35 d.** Diameter not to change within 1,5 d,

from tip.

*  This type is a NPL (National Physical Laboratory} tube with a modified ellipsoidal nose.

**  The larger diameter holes are intended to be used with tubes of small diameter, to extend the lower velocity range without introducing viscous

effects in the hole.
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— Type C*
20d
6d 1bd .

A T B
1 O,ZS_d-'l ’ |‘T)—,ZSd

/‘T‘ -~
B O TSN S T T e e e e —
O
N S e e \ \

A-A

I\

8 holes 0,1 d

/<

450

1 30°'/ // Z

>
- 05d

d
0,429d
0125d

NOTE — Static pressure taps may be limited to those
indicated on section AA, in which case section AA should
be placed at 6 d of the tube tip.

Figure 21 — CETIAT Pitot-static tube |

*  This tube was developed by the Centre Technique des Industries Aérauliques et Thermiques (CETIAT) in Orsay.
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7.14.1 Application limitations of the Pitot tube

The Pitot tube may only be used for a flow velocity greater than
the velocity corresponding to a Reynolds number (related to
orifice diameter of total pressure hole of Pitot tube) greater
than 200. Moreover this velocity should be as local Mach
number be less than or equal to 0,25.

The ratio d/D of diameter d of the Pitot tube to diameter D of
the duct shall be less than or equal to 0,02,

In the case of very high velocity flow, one can eventually allow
a ratio up to 0,04.

7.14.2 Determination of the discharge velocity

As indicated in clause 4, three distinct methods can be applied
to calculate the discharge velocity.

For the requirements of air distribution and air diffusion it will
be sufficient to have recourse to the so-called “‘arithmetic”
calculation methods.

For each method, one divides the measuring section into a
number of section elements. For circular cross-sections, at
least six regularly distributed traverse radii shall be used except
where a substantial axisymmetry of flow is ensured to prevail :
in this latter case four regularly distributed radii may be enough.
One predetermined on each traverse straight line the positions
of measurement in each section element from :

a) a hypothesis in the mathematical form of the velocity
distribution law in the considered section element,

b} a choice of weighting coefficients.

The different curves corresponding to each section element do
not necessarily constitute a continuous curve with a con-
tinuous derivative as far as these methods are concerned.

In the arithmetic methods described hereafter, the weighting
coefficients are taken to be equal, in the case of circular cross-
sections, and the section elements have areas which are pro-
portional to the number of measurement points in the element.
The average velocity in the duct is given by a linear combination
of individual velocities at different measurement points.

1SO 5221-1984 (E)

In the peripheral zone a logarithmic law is assumed for velocity
distribution as a function of the distance to the wall.

7.14.3 “Log-Tchebycheff” method

By hypothesis the mathematical form of the velocity distribu-
tion law as a function of the distance from the wall is
logarithmic in the elements on the circumference of the section
and polynomial in the other elements.

a) Circular cross-sections

The position of the measuring points corresponds to the
following values of the relative radius r/R :

Number of measuring r

points per radius R

0,375
3 0,725
0,936

0,331
0,612
0,800
0,952

0,287
0,570
5 0,689
0,847
0,962

As the weighting coefficients have been chosen to be equal,
the discharge velocity is equal to the arithmetic mean of the
measured local velocities.

b) Rectangular cross-sections

A number (e) of traverse straight lines, at least equal to 5,
are selected parallel to the smaller side of the rectangle; on
each of them a number (f) of measuring points, at least
equal to 5, are located.

NOTE — For the chosen example on figure 22, f = 5and e = 6
were taken.

A

x—x

|

N
CaS

ke
<

X X X— \
_ T T_ At

% T >|<-—

X X 3]

Figure 22 — Location of the measuring points in a rectangular duct in the case of the “Log-Tchebycheff” method
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The positions of (ef) measuring points (abscissa X; — or-
dinate Yj) are defined from the table below.

i Y
eorf Values of I or o
0 + 0,212 + 0,426
+ 0,063 +£0,265 <+ 0,439
+ 0,134 + 0,297 + 0,447

As the weighting coefficients have been chosen to be equal,
the discharge velocity is equal to the arithmetic mean of the
measured local velocities at the various measuring points.

7.14.4 “Log-linear”’ method

By hypothesis the mathematical form of the velocity distribu-
tion law for each element is :

u=Alogy + By + C
y being the distance to the wall.

A, B, C being any three constants (except for the external ring
element where B is zera).

a) Circular cross-sections

The location of the measuring points corresponds to the
following values of the relative radius /R :

Number of measuring r

points per radius R

0,358
3 0,730
0,936

0,277
0,566
5 0,695
0,847
0,962

The mean velocity on each radius is taken as equal to the
arithmetic mean of the velocities determined at the measur-
ing points located on the radius concerned, and the
discharge velocity is equal to the arithmetic mean of the
mean velocities on each radius. The discharge velocity is
therefore given by the arithmetic mean of local velocities.

b) Rectangular cross-sections

Different layouts may be developed to apply the log-linear
method in a rectangular cross-section, using a variety of

—
—
—

kY

X

X X—X

X

-
X

X

I11 Iv
X X A
|
]
X -
|
—

Figure 23 — Location of measuring points in a rectangular cross-section conduit
in the case of the “log-linear’” method using 26 points
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numbers of measuring points. This document is limited to For the method using 26 points Ik, = 96.
the method using 26 points, for which the location of the
measuring points is given in the table below and
represented in figure 23, and for which the weighting coeffi-

cients are not equal. It should be applied to the case where It or Il | or IV
an aspect ratio of the rectangular cross-section does not '
exceed 1,5. I
. i
The adjacent table gives the weighting coefficients &; for L 01325 0.408
each measured velocity at measuring points defined from |YI| ! !
X i . H
the values of i and 7 and distributed over 4 traverse
straight lines (I, II, 1ll, 1V). 0 - 6
. - , 0,132 5 6 -
The discharge velocity is equal to the weighted mean of the
measured local velocities : 0,250 3 5
U Tk, 0,408 - 2
T Tk 0,466 3 2
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Annex

Air leakage flow rate measurement related to components
of air distribution and air terminal devices

A method that may be used for determining the air leakage of a
component is known as the ““compensatory’’ method : the part
under test is maintained at a substantially constant pressure by
supplying a measured air flow rate equal to the leakage air flow
rate and this pressure should be as close as possibie to a
predetermined value.

It should be noted that generally leakage exceeding 10 % of the
total air flow rate is not accepted. If the accuracy of the air
leakage flow rate measurement reaches as high a value as
+ 10 %, the corresponding uncertainty would then represent
no more than £ 1 % of the total air flow rate. This value is low
enough to be generally accepted for leakage acceptance tests.

Moreover Reynolds numbers for leakage flows are generally
small so that in spite of some lack of information about the
accurate performance of many devices under such small
Reynolds numbers, it becomes possible to use them for air
leakage flow rate measurements with a higher, but acceptable,
uncertainty.

Therefore methods other than those described in this Interna-
tional Standard may be used.

It is possible to use devices described in 7.1, 7.2 and 7.3 with
orifice Reynolds numbers Re, as low as 6 000 provided that :

a) the g ratio does not exceed 0,30,
b) the flow close to the device should be free from swiri,

c) the straight length upstream of the device should be at
least 8 diameters or the value given between brackets in
table 2 where this value is less than 8,

d) the flow rate leakage should be derived from the follow-
ing equation :

nd>
4y = 0 5= N20, Ap

4
where
a = 0,6[1+0,0015(6- log,, Re,*]
6000 < Re,; < 100 000

It should be emphasized finally that with the use of orifice
plates care should be taken to ensure that the edges of the
plates are not damaged. Care should also be taken to ensure
that the connecting duct between the flow measuring device
and the component under test is airtight and the manometer or
other measuring device of sufficient accuracy.
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