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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.

The preecedures—tsed—to—developth CHIERE—S ptended—for-tts—further-maintenance are
described in the ISO/IEC Directives, Part 1. In particular the different approval criteria Yiepded for the
diffefrent types of ISO documents should be noted. This document was drafted in acéordapce with the
editdrial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this documéntmay be the subject of
patent rights. ISO shall not be held responsible for identifying any or all such patent rights. Details of any
patent rights identified during the development of the document will be(in the Introductign and/or on
the IFO list of patent declarations received (see www.iso.org/patents):

Any trade name used in this document is information given for the'éonvenience of users gnd does not
consfitute an endorsement.

For an explanation on the meaning of ISO specific termis and expressions related to| conformity
assegsment, as well as information about ISO’s adherence t0-the WTO principles in the Technjcal Barriers
to Trpde (TBT), see the following URL: Foreword — Supplementary information.

The ¢ommittee responsible for this document is ISO/TC 163, Thermal performance and energy use in the
builtienvironment, Subcommittee SC 1, Test and measurement methods.
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Thermal performance in the built environment —
Determination of air flow rate in building applications by
field measuring methods

1 Scope

In the cooling and heating loads of a building, the air taken in from outside account for &

of t

of vd
meas
Systd

entire load; in order to estimate this load, it is necessary to correctly graspcthe g
ntilation and air-conditioning systems. This International Standard stipulatés, the
uring the rate of air flow through the ducts in a steadily operating ventilation@nd air-
m and in the air control ports including air diffuser, suction opening, and exhaust ope

2 Normative references

The
indig
refer

ISO §

following documents, in whole or in part, are normatively referenced in this docunj
pensable for its application. For dated references, only thé edition cited applies. |
ences, the latest edition of the referenced document (including any amendments) appl

168, Measurement of fluid flow — Procedures for the evaluation of uncertainties

irge portion
ir flow rate
nethods for
ronditioning
hing.

ent and are

For undated

es.

after the disc

flow, and the

3 Terms and definitions

For the purposes of this document, the following terms and definitions apply.

3.1

orifice plate

thin plate having a hole, or holes, bared through it

Note [l to entry: These are used form€asuring the difference in static pressure of the flow before and
and gbtaining the air flow ratenthe duct by multiplying by a predetermined coefficient.

3.2

tracer gas

gas ysed to measure its concentration varying in the air

Note |1 to entrys This gas is mixed with a sufficiently small amount of air so as not to affect the
amoynt of air'is\determined by measuring the gas concentration diluted in the air.

3.3

volumetric concentration

ratio of the volume of the specific gas to the unit volume of the mixture of air

Note 1 to entry: It is expressed in cubic meters per cubic meters or 10-6 - vol.

3.4

mass flow

mass of air or tracer gas flowing in unit time

Note

3.5

1 to entry: It is expressed in mg per second or kg per hour.

volumetric flow
volume of air flowing in unit time

Note

© ISO

1 to entry: It is expressed in cubic meters per hour.
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4 Symbols and abbreviated terms

Among the symbols used in this International Standard, only those common to all items are shown
below. Individual symbols are explained at the relevant sub clauses.

Symbol Quantity Unit

A Area of evaluation section of air flow rate. Sectional area of duct and sectional area of m2
air control port
Number of divisions for measurement of evaluation section. The number of lattice-like

N P . . AR . -
divisions of rectangular duct section and radial number of divisions in round duct.
Average air velocity of section of measured portion.
Tihe section is divided into n and if the time average air velocity at the centre of each is
v}, the following formula is applied:

Vv m/js

—

1 n
Z;Z"i
i=1

5 Types|and selection of measurement method

5.1 Types of measurement methods and their application

The measurement methods covered in this International Stahdard are the multipoint air vel
measuremeht method, tracer gas measurement method for airflow rate in air duct, flow hood me

pressure co
outletand in

5.2 Selection of measurement method

The measur

mpensation measurement method, and pressure‘difference measurement method bet}
let. The method selected should be suitable.for;the purpose, as well as for the field condit

ement method is selected considering the following items specified in Clause 7 and Clay

pcity

thod,
veen
ions.

se 8:

a) ventilation/air-conditioning equipment'subject to measurement;

b) position for measurement;

¢) measurpment period;

d) accuracly;

e) practicg
cost).

bility (equipment size and composition simplicity, preparation, ease of data processing

,and

6 Basic spécifications measuring instruments and utilization methods

6.1 General

The following describes air velocity measuring instruments common to various measurement methods.

6.2 Thermal anemometer

In the category of thermal anemometers, there are the hot-wire anemometer and the semiconductor
anemometer. The hot-wire anemometer has less resistance against flow and is suitable for multipoint
air velocity measurement in air duct when measuring very low air velocity. Attention should be paid
to the directivity of the sensor. The sensor should be calibrated as necessary to avoid errors due to
deterioration and adhesion of dust.
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Since the semiconductor anemometer has improved accuracy beyond 1 m/s and the distance between
the sensor and transducer can be extended, it is suitable for multipoint air velocity measurement for
fixed setting in air duct for permanent installation.

6.3 Pitot tube and manometer

The Pitot tube has less resistance to flow and is suitable for multipoint measurement, but to be accurate,
the flow velocity in the straight-pipe section should be 4 m/s or higher. However, when the cross-section
of the duct is small, the Pitot tube is not used.

When the air velocity is calculated from the dynamic pressure, it is obtained by using the density of
meagured air depending on air temperature and atmospheric pressure as given in Formula|(1):

=42/ p)P, ey

wherte

=

}  is the air velocity, in meter per second;
A isthe air density, in kg per cubic meters;
Py is the dynamic pressure, in Pa.

The fesult of Formula (1) is multiplied by the compensation coefficient k of the Pitot tube, if it is shown. Air
densijty, p, is obtained from measured air temperature 0 dad atmospheric pressure P, using Formula (2):

T, P ~1.293 273,15 P
273,15+60 101325

TP

atm

A=Po (2)

wherte
Ao is the density when dry air temperature 0 is 0,0 °C (= 1,293), in kg per cubic metefs;
T  isthe thermodynamic tempeérature of dry air, in K;

) is the air temperaturg,in °C;

To isthe thermodyfamic temperature when @is 0,0 °C (273,15), in K;
P isthe atmo$pheric pressure, in Pa;

Patm 1 atmespheric pressure (101 325); in Pa.

6.4 | Vane-type anemometer

The yane-type anemometer generally cannot be used for multipoint measurement becaus¢ the vane is
too large. If it is used, it is advisable to select a mini-vane anemometer with the measured portion made
smaller.

7 Field measuring methods of air flow rate of ventilation and air conditioning
systems

7.1 Multipoint air velocity measurement method

The multipoint air velocity measurement method obtains the air flow rate by measuring the average
air velocity in the duct and multiplying it by the sectional area of the duct. For both a round duct and

© IS0 2015 - All rights reserved 3
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rectangular duct, the cross-section is divided into multiple equal areas, the representative air velocity
is measured and the average air velocity is calculated. The air flow rate is expressed by Formula (3):

Q=3600xS-v (3)
where

Q istheair flow rate in the duct, in cubic meters per hour;

S is the duct sectional area of measured portion, in square meters;

v istlieaverage air velocity of Cross-Section of measured portion, in meter per second. |
7.1.1 Medsurementin a duct
7.1.1.1 Pgsition for cross-section measurement
The position for cross-section measurement is selected in accordance with Annex A. Normally, it is a
place having a straight section of not less than six times the equivalent diameter, D, of the duct oh the
upstream sife in the air flow direction. When precise measurement is required, a straightening or|wire
grid is provided upstream.
In the case ¢f a rectangular duct, the equivalent diameter, D, is calcdlated by Formula (4):

D, =2al/(a+Db) (4)
where

D, is the equivalent diameter when a rectangulariduct is converted to a round duct, in meter

a isthe width of rectangular duct, in metet;

b isthe height of rectangular duct, in meéter.
7.1.1.2 Simplified measurement method
With the simplified measuremert method, as shown in A.4, the measured cross-section is divided into
four equal parts and the four.céntres and the centre of the whole, five points in total, are selected as
the measuring points. The arithmetic average of the five points is used as the average air velocity. |f the
required conditions aregnet; including securing the length of the straight-pipe section, the uncertainty
can be minimized (appteximately +10 %) even with this method. If, however, a sufficient straighttpipe
length cannpt be sectived upstream from the measurement position, the measuring points are incrgased
to a number|closexto the precise measurement method.
7.1.1.3 Preecisemeasurementinethod
a) Inthe case of a rectangular cross-section

With the precise measurement method, the rectangular cross-section is divided into multiple equal
rectangles in such a way that the length of one side will be about 15 cm or less and the air velocity is
measured at their centres. However, the number of divisions need not exceed 64.

© ISO 2015 - All rights reserved
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1 easuring point

b)

Figufre 2 shows the measuring points in the precise measurement methoed for a round cross-
meagured cross-section is divided into n doughnut-shaped equal areas, which are then divic
or mpre equal sectors with a common straight line passing through the centre of the cross
the mheasuring point is provided at the centre of each figure. The'distance r; from the centre
sectipn of the measuring point in area i is given by Formula{5):

A_r /1—1/2
n

where

The relationship betwee’R and n is as follows.

ISO 16956:2015(E)

Oo|lo|Oo|O
(ol o l) Nol No)
O|O0|O|O
O/@OO

Figure 1 — Air velocity measuring points of rectangular duet

In the case of a round cross-section

R isthe radius of cross-section, in meter;
i is the distance from the centrejof cross-section to measuring point, in meter;
n is the number of divisions in diameter direction of cross-section;

i  is the measuring point position number in radial direction from centre of cross-seq

n=2 whenR<0,13m
n=3YwhenR<0,15m

ns4 whenR<0,30m

section. The
led into four
section, and
of the cross-

(5)

tion

| 1 D oron
=9 WIICIT I\ = U,0VU 111
n=6 whenR=>0,75m

When R > 0,75, 1 is added every 0,25 m.
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Figure 2 — Air velocity measuring points of round duct
Formula (5)[and the above conditions are arranged in Table 1, which may be used.
Table 1 — Measuring positions of round cross-section
Diameter of Number of Distance ¥ from centre of
round crosg-section l\:llfn?b.er of measuring cross-section (mm)
(m) ivisions points - . S R S

0,07p 2 8 20 30 - -

0,10D 2 8 25 45 - -

0,12p 2 8 30 55 - -

0,15p 2 8 35 65 - -

0,17p 2 8 45 75 - -

0,20 2 8 50 85 - -

0,22p 2 8 55 95 - -

0,250 3 12 50 90 115 -

0,300 3 12 60 105 135 -

0,35p 4 16 60 105 140 165

0,400 4 16 70 120 160 185

0,45pD 4 16 80 135 175 210

0,50p 4 16 90 155 195 235

0,55p 4 16 95 170 215 255

0,600 4 16 105 185 235 280

0,65p 5 20 100 180 230 270 310
0,706 5 26 16 196 245 296 330
0,750 5 20 120 205 265 315 355

7.1.1.4 Semi-precise measurement method for round cross-section

With the semi-precise measurement method, for a round cross-section of 0,3 m or less in diameter
(R<0,15m), the number of divisions of cross-section n = 2 isadopted in Figure 2. That s, the measurement
can be made at eight measuring points.[6]

7.1.2 Measurement method at duct connection of air-conditioning system

When the amount of intake air from outside and the amount of air returned are measured at the duct
connection of the air-conditioning system, the position selected should have less velocity distribution

6 © IS0 2015 - All rights reserved
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at the connection on the suction side. With the measuring points of air velocity as per 7.1.1.3 a), the
measurement is made at the centre points of 16 or more equal-area zones and the average air velocity
is determined. Refer to Annex A.

7.1.3

Selection of measuring instruments

For cross-section air velocity measurement, the thermal anemometer (hot-wire anemometer and semi-
conductor anemometer), Pitot tube, precise manometer, vane-type anemometer, etc. are used.

7.2

Tracer gas measurement method

The

fracer gas measurement method estimates the flow rate in the duct by steadily inje(

amoynt of tracer gas with known concentration and measuring of dilution of coneentr

dowl
and

prec
is col
the 4

inner

7.2.1
A fix

Figur

from|

The f

istream in the duct. The measurement items are gas concentration in the airj,on tH
Hownstream sides of the tracer gas injection point and the injection rate ‘f the tr
bnditions for this measurement, the tracer gas shall be sufficiently mixed.dbthe point
lected and the concentration distribution on the inner cross-section of the’duct shall b
ccuracy of the measuring instrument. It is also necessary to use a gasthat is not adsor
surfaces of the duct or sampling tube.

Formula

bd amount of tracer gas of known concentration is contintiously injected into air duct,
e 3, and the mass conservation law for the tracer gas.isapplied at a point sufficiently ¢
the injection position.

low rate in the duct can be obtained by Formula (6):

(€, -Cp)

(Cp—Cy) i

U=

The mass flow rate Fy can be determjnedby Formula (7):

whel

Ry =

(C;-Cp)
(Cp—Cy)

B

is the mass flow rate in duct, in kg per hour;

is the air*flow rate in duct, in cubic meters per hour;

is thetracer gas injection rate (weight unit), in kilogram per hour;

1s the tracer gas injection rate (volume unit), in cubic meter per hour;

ting a fixed
ation at the
e upstream
hcer gas. As
'here the air
b lower than
bed onto the

as shown in
lownstream

(6)

(7)

© ISO

is the volume concentration on upstream side of tracer gas, in cubic meter per cubi

is the volume concentration of injected tracer gas, in cubic meter per cubic meter;

is the density of injected tracer gas, in kilogram per cubic meter;

is the density of tracer gas on upstream side, in kilogram per cubic meter.
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i /
- = { _ =
Fy . : \ Fy+F
%

2 tracer gas. in}'nr‘finn

Key
1 sampling

Figure 3 — Concept of tracer gas measurement method for air flow rate in duct

7.2.2 Trafer gas

The tracer gas normally used for this measurement method shall not be a substance whose discharge
into the atmosphere is prohibited and its concentration level during measurément shall not be toxic to
humans. In pomparison with the amount of tracer gas, the absorption andcadsorption of tracer gas on
the wall surface and in the sampling tube shall be negligibly small. For selection, see Annex C.

7.2.3 Proredures for measuring air flow rate
For the tracer gas method, the following procedures are used:
a) afixed amount of tracer gas of known concentration is‘continuously injected into the duct;

b) ataportion where the gas is uniformly mixed downstream from the tracer gas injection point (more
than 10[times the diameter of the duct), the tracer gas concentration is measured at a minimun N+1
points ([Table 2) including one point at the €gntre of the duct cross-section and the centre of|each
area when the duct cross-section is divided‘into N areas (see Figure 4);

c) if returp air is included in the ductisystem, fluctuation in concentration is expected upstream
from thp tracer gas injection poirt and thus, the concentration of N areas should also be meagured
upstream from the injection point to confirm that the distribution is small;

d) the tracer gas injection rateis recorded;

e) either the air flow raté or mass flow rate is calculated, as required.

8 © IS0 2015 - All rights reserved
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3
1 e 1
‘ I\
A—p - { - 0-"'"_-1
9|
W\
2
/
dir in duct/analyser
tiracer gas
dampling
for a straight pipe, the yardstick is more than 10 times the diameter; it may be sherter if there is
that enforce mixing

Figure 4 — Tracer gas injection and sampling position, example of a duct sectional aj

than 0,2 m2

h bend, etc.

rea smaller

Tabl¢ 2 shows the “number of areas dividing a cross-section;and number of sampling pointd” by the size
of duct sectional area, obtained through error analysis to'decrease measurement errors in(the air flow
rate |n the duct.
Table 2 — Minimum number6f sampling points downstream(7]
Duct sectional area Numiber of areas Number of sampling points
m?2 N N+1
0,2 or less 4 5
0,2to0 2,3 12 13
2,3 or more 20 21
7.2.4 Tracer gas injection procedures
The tracer gas is injected into the duct as follows.

a)

The tracer gas is injected upstream away from the sampling point so that it is uniforn
the ductor a portion is selected with one or more bends on the downstream side of t
ointt and multiple injection points are used. When the injection is made into the sup

hly mixed in
he injection
ply air duct,
al clearance

i)are should be taken so that the tracer gas will not flow out through the peripheric

around the injection port.

b) A fixed amount of known concentration is injected. Using the orifice, mass flowmeter, or mass
flow controller, etc., the flow rate of the tracer gas is adjusted to be constant. The instruments are

calibrated so that both the error and deviation of the injection rate do not exceed 3 %.

c) The tracer gas is injected through one tube or via a manifold composed of multiple tubes connected
to the flow measurement device. The flowmeter is calibrated with the gas to be used in advance.
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https://standardsiso.com/api/?name=b074177fed25fc330042c2e71392a61e

ISO 16956

:2015(E)

7.2.5 Tracer gas sampling procedures

The tracer gas is sampled as follows.

For sampling the tracer gas, one tube connected to a pump for concentration analysis is used. For

sampling the air downstream and upstream from the tracer gas injection point in the duct, different
tubes are used.

other proper container.

by moving the injection point to an upstream area with one or moregybends;

a)
b)
c)
prelimi
concent
concent]
1) moj
trag
are
2) moy
3) pro
hol¢
7.3 Flow
7.3.1 Ge
Flow hood

outlet or inl
the air flow,
measureme

7.3.2 Equipment composition

The equipm
a) hood elq
b) measur

c)

support

lr-]‘eral
ethod measures the air flow rate by setting a flow hood (air flow meter with hood) to 2

The sampled air is sent directly to the gas analyser or it is sampled using a syringe, sampling bag, or

Prior to_this measurement, concentration distribution at the sampling point is investigated as

nary measurement. If the tracer gas is not sufficiently mixed in the duct or if the trace
ration in the divided areas shown in Table 2 exceeds 3 % of the duct cross-sectipn avg
ration, mixing should be enforced using the following methods:

er gas inspection point or enforce mixing by moving the sampling pointto a downst
h with one or more bends;

e the tracer gas injection point upstream away from the sampling\point or promote m

mote uniformity of the tracer gas by increasing the numbep of injection tubes or inje
s of each tube.

hood method

et at wall or ceiling surface. Althoughithe air flow meter becomes itself as the resistan
no pressure-loss compensation is'tnade during measurement. This is, therefore, suitab
nt when the flow velocity is low at’3 m/s or less.

ent is composed of the following elements as shown in Figure 5:
ement: catches sGpply/exhaust air;
ng/indicatoriélement: air flow rate is measured and indicated;

ing element: supports the equipment.

I gas
brage

e the sampling point to a pointin the downstream direction as far away aspgssible from the

feam

ixing

ction

n air
ce to
e for

10
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I —

OO : Yoo m :

Key

1 inletor outlet

2 (eiling

3 ood element

4 :Leasuring/indicator element
5 dqupporting element

6  qutlet: downward airflow

Figure 5 — Equipment composition of flow

7.3.3 Measurement procedures
Meagurement is performed as follows.

a) The calibrated condition-of the equipment is checked.

b) The equipment is eofinected to the diffuser or suction port in the wall or ceiling surfacg. Be careful
ot to create a gap.

c) The air flowrate is taken from the indicator portion of the measuring equipment. For the measured
alue, the instantaneous value are measured at least 10 s and the average value is calcplated. Both
visualreading type and recordable type are available. To provide the air flow rate, Fgrmula (3) is
sed.,

If the Size between the ventilation and measuring side does not match, measurement is difficult.
Especially for a line type or large diffuser/exhaust port, measurement might not be possible. In such a
case, repeat measuring at the separated ports or prepare new hood fitting in the shape of the port. In the
case of drift, the measurement produces a large error.

7.4 Pressure compensation measurement method

This measurement method is a variation of the method using a hood. If the hood is applied in the case
of a ventilation system with low static pressure, accurate measurement might not be possible due to
pressure loss of the hood itself. With the pressure compensation measurement method, the air flow rate
is measured by controlling the pressure using an auxiliary fan so that the pressure in the hood of the
hood-type air pressure meter will be identical to the outside pressure. This measurement method will

© IS0 2015 - All rights reserved 11
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reproduce the air flow rate in a state without the hood installed to the ventilation system or the air flow
rate in an ordinary ventilation state, thus allowing more accurate measurement.

7.41 Equ

ipment composition

This method uses the hood-type air flow meter having the following functions (see Figure 6):

a) means to measure the pressure in the hood (differential pressure gauge such as a manometer for
static pressure);

b) auxiliary fan capable of controlling the number of revolutions or means to directly adjust the air

. -1 . —la £ 1 1 1
flow rate; cquUIppTO W tamauXtar Y Tair arra voTuIe aaper;

ified

neter

d the
asily

- the

c¢) means fo feed back the pressure in the hood and control the air flow rate to within aspeg
pressure range (either an automatic or manual method may be used for feedback control);

d) means to measure the air velocity and flow rate. For this, the Pitot tube or hot-wire anemon
may be gelected;

e) the hood is made as large as possible (average air velocity in the hood isclim/s or lower) an
area of the section where air velocity is measured kept so small that the air velocity can be g
measurgd (air velocity of measured portion is 4 m/s or higher).

For the mepsurement, these functions are added to the existing/hoed-type air flow meter o

measuremeht system can be modified to realize the same functions,

1
e
CEEOOOEEO0 ¢ BX 2
8
i 3
=
:rn—-"""'--.—sf

Key

1 inletor outlet

2 ceiling

3 hood element

4  measuring/indicator portion for flow rate

5 supporting element

6  damper for adjusting airflow

7  auxiliary

8 differential pressure gauge
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Air flow rate of the auxiliary fan is controlled so that the differential pressure inside and outside the hood is

adjusted to 0.

Figure 6 — Principle of pressure compensation method

7.4.2 Measurement procedures

Measurement is made as follows.

a) Before setting the equipment, the manometer for static pressure and for measuring the air flow

ate should be checked to ensure that the differential pressure is 0 when the auxiliary
peration.

fan is notin

b) The hood partis brought into close contact with measured diffuser or inlet.
c) The auxiliary fan is operated and the rotational frequency of the auxiliary blower| or air flow
djusting damper is adjusted so that the differential pressure of the manometer for stqtic pressure
iis 0.

d) hen the differential pressure of the manometer for static pressure becomes 0, the air flow

easuring manometer or hot-wire anemometer is read.

7.4.3 Effective application range

With/the pressure-loss compensation measurement method, measurementcanbe made withputaffecting

the normal ventilation state. In the following cases, thié€ application of this measurement method is much

morg effective. In these cases, any other methods would be difficult to apply.

a) The driving force of flow is relatively weak-and if the air flow measuring equipment with hood, etc.
ils used, the air flow rate changes due to:increased resistance of the passage.

EXAMPLE Natural ventilation utilizihg temperature difference or external air, air flow ratq at the outlet,
r inlet of passive ventilation systems}

b) Measurement of air flow rate-at the opening for vent or inlet
EXAMPLE Air flow ratein the exhaust port in a space where only supply fan is operated, alr flow rate in
he air intake in a spacé where only exhaust fan is operated.

c) Multiple diffusefs)or suction terminals are branched and connected, and if the ajr flow rate
neasuring equipment with hood, etc. is applied to one terminal for measuring the air flow rate, the
fesistance balance of the duct work changes.

7.5 | Pressure difference measurement method

The pressure differential measurement method obtains the air flow rate by measuring the pressure

differences between inside and outside of component, like as air terminal device where the relationship
between the pressure difference inside/outside and air flow rate is clear. This method is often used by
measuring pressure differences between two points inside the same component.

7.5.
The
a)
b)
‘)

1 Measuring equipment

measuring equipment comprises the following three components:
pressure difference meter;

tube for transmitting pressure;

air terminal device to be measured.

© ISO 2015 - All rights reserved
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The pressure difference meter is used for converting the obtained pressure difference to the air flow
rate. The pressure transmitting tube is used for connecting the measured portion and the pressure
difference meter, and it is connected so as to prevent loosening between the two components. The
inlet and outlet to be measured is employed in ductwork and it is provided in advance with point(s) for
measuring pressure difference and the relationship between the pressure difference of the specified
measuring point and the air flow rate is known. The measurement outline is shown in Figure 7 where
the pressure difference inside the air terminal device and in the room is measured and converted to the
air flow rate.

%
. %
&
; 2
7
1 2]

Key
1 pressure difference meter
2 pressurd transmitting tube
3 measurefd inlet or outlet

Figure 7 — Concept of measurement by pressure difference measurement method

7.5.2 Selgction of measuring'instruments

In the case qf ventilation equipment for a house with a low air flow rate, the differential pressure gauge
should have|a resolutionvof\1 Pa or less because the pressure difference in the measured compongnt is
difficultto gfstinguish and its mechanism should be capable of calculating the time average. The pregsure
difference npeter shall,be fixed in a stable and level position, and zero adjustment shall be made.

7.5.3 Mea3suring procedures

When this method is applied for a component, atleast one measurement pointinside the device is needed.
And in the test room, multiple data should be obtained on the flow rate Q and pressure difference AP

14 © IS0 2015 - All rights reserved
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(pressure difference between the two measuring points in the component), and the values of k and n in
Formula (8) are determined:

Q=kAP"

where

Q isthe air flow rate, in cubic meters per hour;

k

referred to as k value [flow rate (cubic meters per hour) at pressure difference 1 Pa

(8)

is the flow coefficient in pressure differential method, in cubic meters per (hour Pal/n),

I;

8 1
8.1

8.1.1

With
10 9
meas
isus

8.1.2

The
conc
posit
poin{
the c

8.1.3
For 4

and {
rang

8.14

is the constant determined by experiment, n = 0,5 to 1,0 (n = 0,5 is often used);
|P is the pressure difference between air control port inside/outside, in Pa.
Jncertainty

Uncertainty of each measurement

Multipoint air velocity measurement method

the multipoint air velocity measurement method in the duct, a total measurement er

ror of about

uring instruments, the measuring accuracy descfibed in each specification is expecte
bd as a reference.

Tracer gas measurement method

accuracy and errors of the measurément results depend on the accuracy of the
bntration meter, tracer gas congéntration used, and position of sampling point. For t
ion, therefore, itis important to select a place where the standard deviation of concentr

is less than 3 % or the mixed state is such that sampling can be maintained within the
oncentration meter or the.gas monitor.

Flow hood method
ir flow meters sold on the market, the range for measuring the air flow rate is (0 to 4

he air flow_rate to be measured differs depending on the equipment size and shape. Th
e is (0,1 t0~20) m3/h. The error is +3 % to =5 % for the largest scale.

Pressure-loss compensation measurement method

is generally expected.[2][8] The results are used.to investigate the uncertainty. F(Jlr individual

or Annex B

tracer gas
he sampling
htion at each
accuracy of

000) m3/h,
e resolution

This method does not affect the ventitation rate of the System. T herefore, only accuracy of measuring
instruments should be taken into consideration. Uncertainty of air flow velocity meters are provided in
Annex B (provisions).

8.1.5 Pressure difference measurement method

The total measurement uncertainty is approximately £10 %.

8.2

Analysis of uncertainty

Normally, errors are involved in all measurements. Even in the results for air flow rate and pressure of
the ventilation system that are calculated using measurement data, it is clear that errors in approximate
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calculation processes are involved. Therefore, the errors of measured values or calculation results can
be quantified by an analysis of uncertainty.

It is desirable to conduct an analysis of uncertainty for the air flow rates obtained in accordance with

this Interna

tional Standard and the analysis shall be conducted in accordance with ISO 5168.

9 Measurement report

The air flow rate of ventilation/air-conditioning systems is measured for various purposes, such as air
flow adjustment during constructlon completlon tests, or confirmation 1nspect10n when the building

is in use. T

herefgre

purpose of the measurement and SO the Ver1f1cat10n process for the measurement results is clar1f1
the followinjg items.

In preparin

with the purpose of the air flow rate measurement:

a) informdtion related to measured object;

b) items rglated to measurement method;

C) measur

9.1 Infor

ement results.

mation related to measured object

The following information shall be described in the report:

a) name of building, location, building usage, floor area;

b) time/ddte of measurement;

c) informg

person

n charge;

d) purpos¢ of measurement: inspection during construction, confirmation inspection after air
rate is adjusted, periodical inspection during use of the building, etc.;

e) informdtion on ventilation/air-conditioning equipment: system diagram, design value of air

rate, eq

lipment specifications; installation position of equipment.

9.2 Items related tomeasuring method

a) Descrip

tion of meéasurement made in accordance with this International Standard

b) Selected measuring method

c) Measur

bmeént pncifinn

on the
ed by

b the measurement report, the following items are to be selectively applied ‘in accordance

tion on measurer: name of measuring equipment/institution, address, contact, narhe of

flow

flow

d) Name of measuring equipment

9.3 Meas

urement results

a) Recorded data

b) Method of calculating the air flow rate of ventilation equipment and the results
c) Conditions to be recorded for ventilation equipment (e.g., variable air volume system and COy
control, etc.)

16
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Annex A
(normative)

Position for cross-section measurement in a duct using multipoint
measurement method

A.1 | Position for cross section measurement

An example of the direct distance of the upstream and downstream sides of the méasurerpent section
is shown in Figure A.1. When a highly accurate measurement is required, use a straightenihg as shown
in the figure.

L >100+1

=60 { =-1D_ >30
050 <10 :

A TR

2 [/
5 6 1
&
L >50+(
g =050
20 | 10 150
050 <10
3 9
Z
1 8
2
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Key
1 barometer
2 thermometer
3 measurement duct line
4 connecting tube
5  static pressure measuring position
6  straightening
7  Pitot tub (air volume)
8  choke equipment
9 mesh
Figure A.1 — Position of measurement section (ISO 5801)
A.2 Straightening
The length ¢ of one side of the straightening grid shall be 1/4 to 1/b2.0f the inside diameter D d
measurement duct line as shown in Figure A.2 and the axial length\/ of the straightening shall be

than triple 4.

NOTE |

A.3 Wire grid
The opening ratio g-6f the wire grid shall be 0,6 to 0,45.
u shall be ohjtained from Formula (A.1):

“:(1‘?]2

where

»36; 5=(l—> 1 ]D

~U

D
LT
AT

4 12

Figure A.2 — Size of straightening grid (ISO 5801)

f the
more

d

d isthe wire size of the mesh, in millimetre;

t isthe pitch of the mesh, in millimetre.

18
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