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FOREWORD

The problem of measuring airflow rate and air velocity has

been subjected to a great deal of attention in various quarters.
This is because of the great difficulties associated with such
measurements, especially in field conditions, as well as the im-
pact of the ventilation plant on indoor climate and running costs.

The measuring methods presented in this publication have been
assembled by the Nordic Ventilation Group. The publication is a
direct ‘translation of Report T32:1982 issued by the Swedish Coun-
cil for Building Research, which in its turn is a revised version
of the earlier Report BL:1977, 'Metoder f&r métning av luftfldden
1 ventilationsinstallationer' (Methods for the measurement of
airflow rates in ventilation systems).

A special attempt has been made to make the methods as uncompli-
cated as possible. Of course they can gradually be improved and
simplified still further.

The idea: behind this work has been to formulate identical codes
within the Nordic countries for the inspection and adjustment of
ventilation systems. The publication should be regarded as a
stage report of proposals for methods for testing and rating
ventilation systems under field conditionms.

The measuring methods are divided into two groups; recommended
methods where the size of the method error is less than 10%, and
other-methods for which the size of the error cannot be calcula-
ted.

As required, these methods are taken up for revision by the Nor-
die Ventilation Group.

With future revision in mind, the experience gained and points
of view that rise to the surface in the utilization of the
methods will be received with gratitude.

Please write or telephone to: Anders Svensson, National Swedish
Institute for Building Research, Box 785, S-801 29 Givle, Sweden.
Telephone 026-10 02 20.
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INTRODUCTION

If the adjustment and inspection of a completed plant, whilst it
is in operation, are to be carried out correctly, methods and
instruments must be developed and standardized. Frequently large
savings in energy can be made if the heating and ventilation sys-
tem is looked after correctly. It is therefore important to spend
time on developing methods for field measurements and to collab-—
orate in their standardization.

The present work, part of a more extensive Nordic collaboration
project being pursued by the Nordic Ventilation Group, is a trans-
lation of Report T32:1982 from the Swedish Council for Building
Research and constitutes the third revised edition of Report
R51:19T4 'Methods for the measurement of airflow rates in venti-
lation systems'. In determining the present material for field
use 1t has been our ambition to use the least complicated methods.
However, every attempt must be made to further improve and simpli-
fy the measuring technique.

The aim in the present work has been that the technician carrying
out the measurements, assisted by descriptions of methods with
their associated reports and tables for the registration of
values both measured and calculated, shall be able to carry out
and document the measurements within the limits of the stated
method error.

The descriptions contain information about:

o] equipment required

o necessary preparations for measuring

o executing the measurement (measuring points, time, etc)
o necessary corrections of the measured values

o measurement errors

o evaluation of results.

The report are arranged so that:

o] measuring points, and the values read and corrected
are shown

o the calculation methods for obtaining average values, etc,
are shown :

o calculation of probable error (noting and calculation of

variation range, instrument errors, method errors, reading
errors and also probable measurement errors) can be carried
out according to a definite system.

Further, the descriptions and reports contain tables and conver-
sion scales to simplify both fieldwork and the work of evaluation.

The different measuring methods are divided into two groups,
methods recommended and other methods. The recommended methods
(R-methods) are methods for which the method error is stated and
where the method error is less than 10%. Thus it is these methods
that shall be used in the measurement of the absolute values of
airflow rates.




Methods in the other group are those whose uncertainty is unknown
but high. These methods may in no circumstances be used when
determining the absolute values of flow rates. But in certain
circumstances they may be used when only relaetive measurements
need to be done - see Chapter 3.
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; 1. THE METHODS' RANGE OF APPLICATION i

i The methods presented here as R-methods can be used in agreements
concerning the adjustment and inspection of ventilation systems -
see references /1/ and /2/.

2.  GENERAL REQUIREMENTS
2.1 Calibration

Instruments shall be calibrated with a method that gives a (known)
low error. Calibration curves for which the correction - alter-
natively the actual value - is stated shall be used.

Calibrated value = value indicated + correction for the instrument.

Thus the correction should be stated as an absolute value and not
as a factor, in view of the fact that the correction shall be
done in the field. The calibration rules of the Nordiec Ventila-
tion Group shall be followed - see references /3/ and /4/.

2.2 Measurement

A measurement shall be based on a well-defined method, where both
the measuring points and the measuring instruments must be estab-
lished. This does not mean that an instrument standard shall be
established, but that a definite and standard procedure should be
utilized for the instruments used.

Measurement values are evaluated in a specific manner for the
method, and then corrected with reference to that method. Usually
here a correction factor must be used where:

Correct value = measured value x correction factor for method.

Regarding the correction factor for different methods see Chap-
ters 5-9.

2.3 Measurement errors

The probable measurement error, @i, shall be calculated in accor-
dance with the following:

o=y mi + m; + mi 7% (1) 2
where:
m, = error of measuring instrument, % 4
m, = error of m?asur%ng method, %, because of‘the nonagreement §
to the calibration method for the measuring method. :

Included in this type of error are also deviations from
the calibration curve for mass-produced measuring devices,
dampers or air terminal devices with built-in measurement
outlets (i.e. pressure nozzles)

m, = reading error, % i



Random erron  my

Even when & value read or & measured average velue hes been
corrected with reference to the different factors there still
remain random errors in a measurement. These depend, emong other
things, on the effects of hysteresis, for which correction cannot
be made. These errors are discovered as deviations in the measure-
ment values &t repeated measurements of the same quantity and
therefore appear for example in the preparation of e calibration
curve when a band is obtained instead of & curve.

Random ennon m,

When measurements are carried out & carefully specified method
should be used. Because of deviations from the method, for exemp-
le the direction of the probe and the distance between the probe
and inlet-register, etc, even measuring methods will produce
certain random errors. The measuring methods available nowaedays
have different degrees of eccuracy.

Random erron  m,

Such errors can for example be referred to reading errors, so
that scale graduation is of great importance.

Example of errwon calewlation

The airflow rate is assumed to be measured through an air inlet
register using method B1 in accordance with Chapter 6.1 (the
inlet register is included in the group of exhaust air terminal
devices). Measuring device: hot-wire anemometer.

my Hot-wire anemometers at velocities exceeding approximately
1 m/s can often show random errors of about +2%.
The instrument being calibrated quite naturally shows
errors because of defects in the calibration method. If in
such a case the hot-wire instrument is calibrated against
equipment with an error of *1% the probeble error becomes:

m, =V 22 + 1% = 2,29

Empirical values of m, are obtained from reference /3/.

m, For measuring method B1 is shown that within accuracy range
1 the error m, = +5% (excluding reading and instrument
errors).

m, The reading of instruments occurs with a varying degree of

accuracy, one of the reasons being the graduation of the
instrument concerned. Logarithmic or other nonlinear scales
may within certain zones produce reading errors of 3% or
more. If the resding error is 0.1 m/s at a value read of
3.5 m/s then m, = #3%.

m The probable error, E, with the selected measuring method
and the selected hot-wire anemometer becomes:

B=/2.22+5"-+32 i.e. m & 6%
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In measurement of the airflow rate in this example the deviation
from the prescribed flow may thus be maximally about 9% so that

the deviation may be kept within the maximum of 15% permitted by
VVS AMA 72 (General material- and work specifications from HVAC-
installations. Publisher: Svensk Byggtjinst AB, Stockholm, Sweden).

2.4 Composite errors

It is frequéntlx impossible to measure a certain quaptity of _
interest. Then 1t has to be calculated in a roundabout manner by
being expressed in other variables that can be measured.

Example:

a)

I megsurement of the total airflow rate cannot be carried out it

must be determined by summing the partial airflow rates.

The error in the different partial airflow rates q., ...,
(m®/s) has_been determined in conformity with peint 2.3 above to
By exigel T

9,

n
qtot = E qi
where

qtot

Probable error in Uot =

total airflow rate, m®/s

m md/s
qtot

0 = I (—==xq.)? n¥/s (2)
Yot i=1 19 2
vhere _
mq = probable error in the airflow rate ;s %

i
In equation (2) has been utilized a rule (rule 1) which says that
An the addition and subtraction of partial values the absolute

evnons in the partial values shall be utilized in caleulation of
the probable erron of the total value.

b)

If the determination of a fan's total power requirement (P) shall
be made with known values of the airflow rate (q m®/s), the total
pressure rise given by the fan (Apy Pa) and the efficiency (nf%),
a rule shall be used (rule 2) which says that in mulifiplication
and division of gfactons the nelative (on percentual) errors of
the factons shall be used in caleculation of the probable erron
of the resulting value.

_ . ax Ap
P=7000xn X

where
P

power requirement, kW

Probable error in P = EP %




(a3

n

n

probable error in g expressed in %
probable error in Ap expressed in %

probable error in 1 expressed in %

Examples of applications

i

2.5

Determine the probable error, m in the summation of the
- . . . (o]
foliowing three partial airflow médsurements:

g, = 26 1/s with probable measurement error Eq = 6%
1
- " " " " o -
q, =311/s f. = T%
qs =351/s " " " " aqs = 8%

Utilization of equation (2) gives:

V/ (0.06x26)2+(0.07%31)2+(0.08x35)2 1/s

m

Lot
o = 3.87 1/s
qtot
Yot - 92 +L4 1/s or
st ™ 92 1/s *hL%

Determine the probable error, m , in determination of a
fan's power requirement with the help of the following data:

The airflow rate (q) has béen determined with the probable
measurement error @_ = 6%. The pressure increase Ap across
the fan has been defermined with the probable measurement
error my, = 9%. The efficiency n has been determined with
a probabge,error of @y = 8%. Application of equation (3)
gives:

mp=/62+92+82=13.5%

Measurement reports

The forms for the different methods shown in Chapters 5-9 can be
used for presentation of the measurement results obtained.
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3. COMPARATIVE MEASUREMENTS
3.1 The relative method

At certain times, for example in the balancing of installations

by the so-called proportional balancing method, it is sometimes
necessary to determine a relative airflow rate, that is to say

the airflow rate through one device in relation to that of another
device. For devices of the same type and size the airflow rates
can then be  estimated from information on the total airflow

rate and average velocities across the device.

This applies on condition that the sverage velocity is measured
in a reproducible manner - see section 3.2 'Determination of a
characteristic average velocity'. If the devices are of diffe-
rent size the average velocities measured must be multiplied by
the gross area of the device so that a comparison of the airflow
rates shall be possible.

For each type of device the same type of measuring instruments
shall be used when carrying out measurements. The measuring
instrument shall be used in a reproducible manner and the instru-
ment shall be calibrated. '

Descrniption of the method

The relative method can be used for all types of supply and ex-
haust air terminal devices if it is possible to determine a
characteristic velocity across the device. The basis of the
method is that for every type of device a measurement is carried
out of the zairflow rate in a duct that supplies one or more de-
vices of the same type with air. A characteristic average velo-
city is measured for every device and the airflow rate is then
determined by apportioning the absolute airflow measured in pro-
portion to the average velocities measured.

The method implies that for every type of fitting an effective
area, Ay, or a conversion factor, k, must be determined which
can be used in the measurement of devices situated elsewhere in
the system. '

Application 1, devices o4 the same s4ize

In measuring devices of the same size the measurements are carried
out by determination of the device's effective area, A, . This

can be determined from the airflow rate, q, in the supply duct

of the device and a characteristic average velocity, v,, &8cCross
the device in accordance with the following relationship:

4.

Vm

Ak=

Example 1. The airflow rate to a device is determined to 0.13 m?/s
through measurement with a Pitot (Prandtl) tube. The average
velocity across the device is measured with a rotating vane
anemometer to 4.0 m/s. (See FIGURE 1a). The effective area then
becomes:

0.13

Ay = s ™ 0.032 m?




If totel eirflow measurement is carried out in a duct thaet
supplies & number of devices of equal size of the same type, the
effective area can be determined from the equation:

Lo
Ak : vat

The airflows through the individual devices are then determined
by the relation:

@ = ay Xy

a 0.13m/s b 0.39 m%/s
/
] Rl (B I ]
4.0 mis 45 a7 40 4.3 mis
c 0.91 mah
|
—— L ’ W
| || fi o ]
A4=0.072 A5=0.072 A,=0066 A, =0,084 m
v‘-3.5 v3-4.1 v2=3.7 vy =32m/s

FIGURE 1. Determination of airflow rates by relative measure-
ments.

Example 2. The average velocity across four uniform devices is
measured with a rotating vane anemometer to values given in FIGURE
1b. The total airflow rate for the three downstream devices is
measured by traversing with a Pitot tube to 0.39 m®/s.

The effective area for these devices becomes:

_ 0.39 _ 2
A *T7+4.0+5.3-0.030m

For the individual device the airflow rate is determined by

Q= T,

that is

q, =0.030 x k.5 =0.135 n®/s
q, = 0.030 x k.7 = 0.141 n®/s
Q, = 0.030 x 4,0 = 0.120 m%/s
Q, = 0.030 x 4.3 = 0,129 m®/s




Application 2, devices of difgerent size

When measuring on devices of different size the measurements are
carried out by determination of the conversion factor k for the
device concerned. The airflow is now divided both on the basis
of the average velicity measured and on the characteristic area
for each size of device. The characteristic area may for example
be the gross area of the device.

The method is based on the assumption that the conversion factor
is constant and independent of device size. In fact however the
factor varies somewhat with the size of the device. Therefore
the method should only be used when difference. in size of the
devices is limited. .

If total airflow rate measurement 1s undertaken in a duct to a
single device withthe area A (m?) and a characteristic average
velocity (m/s), then k is determined by:

P N
AX v
m
where *
q = the airflow rate measured in the duct (m3/s).

If the duct supplies n devices with airflows ql, qz, esesey Qp
and if the average velocities across the devices are VsV
and the areas A,, A s seses Ap, then k is determined by

,o

k =

A Vi + A + e AV
2 nn

The airflow rate through the individual devices of the same type
is determined by:

9 =k x Ay x vy

Example 3. The average velocity across four devices is measured
to values in accordance with FIGURE 1c. The stated areas are
presumed to be gross areas. The total alrflow rate for the three
downstream devices is found to be 0.91 m?®/s by measurement in
the duct.

e 0.91
0.084 x 3.2 + 0.066 x 3.7 + 0.072 x L.1

= 1,126

The airflow rate through each individual device becomes:

Q, = 1.126 x 0.084 x 3.2 = 0.303 m?/s
q, = 1.126 x 0.066 x 3.7 = 0.275 m?/s
g = 1.126 x 0.072 x 4.1 = 0.032 m¥/s
q, = 1.126 x 0.072 x 3.5 = 0.284 w®/s

2, * ey Vn
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Sounces of errnon

The relative method is based on an absolute measurement of the
eirflow rate in & duct and it is therefore necessary that the
measurement is carried out with the greatest possible accuracy.
It must be ensured that there is no unreasonable leskage between
this measuring point and the devices. Attention should also be
given to possible leaks where the devices join the duct.

In the above example leakage of the duct system has been dis-
regarded. If the leakage is evenly distributed over the system,

- the total sirflow rate measured should be reduced by the measured
or calculated airflow leakage prior to calculation of the conver-
sion factor or the effective area.

Method ernon

The method error when the relative method is used is not known
in detail. In the besf case, when devices of the same type and
size are used and when the instellation conditions are similar,
the probable error in estimation of the airflow rate through the
individusal devices is approximately 10%.

3.2 Determmination of a characteristic average velocity

Measurement of airflow rates through supply or exhaust sir ter-
minal devices, when using a conversion factor or an effective
area, is based on the measurement of & characteristic average
velocity across. the device. In order to obtain & reproducible
value this measurement of velocity must .be carried out by a
specified method. Only exceptionally have device manufacturers
supplied such measuring meth~ds. In most cases therefore it is
necessary to decide oneself on a method for determination of the
characteristic average velocity. Below are given some rules
that should be followed in the selection of measuring points
and instruments.

Grilles

Measurement of grilles can be achieved by traversing with &
roteting vane anemometer. Traversing technique is described in
Chapter 6.6. If the anemometer is equipped with a stopwatch, the
measurement time is selected so that the anemometer cuts out
vhen measurement in the last section is completed.

Velocity measurements can also be done with other types of ane-
mometers, for example & hot-wire anemometer. The velocity is

then measured between the fins at & number of points evenly
distributed over the grille. Every measurement value 1s corrected
with reference to the calibration curve and then the average
velocity is determined as the arithmetic average, or mean, of

the values measured.

Measurement with these instruments, because of the usually quite
large varistions in velocity across the grille area, is often
more uncertain than measurement with the rotating vane anemometer.
With regard to accuracy of measurement the velocity ratio between
the maximum and minimum velocities should not exceed 1.5.




Slot ain tenminal devdices

Measurements on slot air terminal devices are carried out using
the same principles as for grilles.

Ain diffusens

Measurements on air diffusers can be carried out. with a Pitot tube
velometer or hot-wire anemometer. The measurement as done at

four points on two diameters right-angled to each other in the
middle ring-shaped slot (siot R2 in FIGURE 4) at the distance

y/b = 0.8. See FIGURES 2, 3 and L.

In the case of circular air diffusers the 8oints should be
positioned on diameters that are turned 45° in relation to the
direction of the flow in the horizontal main duct. The average
velocity is determined as the arithmetic average of the values
measured.

It is important that the probe of the anemometer is placed in the
same position and at the same angle for the different measure-
ments. FIGURE 3 gives examples of the probe positioning with
differing types of instruments. Every instrument and every posi-
tign has its particular conversion factor.

All air diffusers included in the measurement shall be set at
the same position to make it possible for the same conversion
factor to be used. It must be borne in mind that an alteration
in setting may cause greater or lesser changes in the airflow
depending on the type of air diffuser.

Like slot air terminal devices, in the case of air diffusers the
velocity ratio between the maximum and minimum velocity should
not exceed 1.5. Generally the situation is that measurements on
air diffusers often suffer from great uncertainty. Frequently
the measurements can be carried out by using method C3 (see page
72), which can also be used for relative measurements.

.!.

FIGURE 2. Positions of measuring points in measurements of air
diffusers. In the measurement of circular air diffu-
sers the measuring points should be positioned on two
diameters right-angled to each other, forming av 45°
angle to the direction of flow in the main duct.,

il
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FIGUEE 3. Examples of positioning of probes in the measurement
of air diffusers.
a) Pitot tube ©b) velometer c¢) hot-wire anemometer

FIGURE 4. Cross section of ceiling air diffusers showing desig-
nations y and b.

Exhaust ain terminal devices

Measurement on exhaust air terminal devices can be carried out
using the same principles as for air diffusers, that is through
the determination of a chaeracteristic average velocity from
measurement at four points. In most cases, however, measurement
can be done both faster and more reliably using method B3 (see
page 59), with which the exhaust airflow is measured directly.

Nozzles

Measurement in high pressure systems, on for example induction
units, with nozzles, is carried out by measuring the pressure
drop across the nozzles. The square root of the pressure drop
is proportional to the airflow rate.

Othen devices on openings

When perforated sheet-metal panels are used over a greater sur-
face as supply or exhaust devices or if specially designed ope-
nings are used it is impossible-to determine & characteristic
average velocity with sufficient accuracy. In such cases the air-
flow must be determined by means of an absoclute measurement in
the air duct.
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4. BASES QF CALCULATIONS

In this chapter an account is given of the most frequent quanti-
ties and conversion formulae in the determination of airflow
rates.

Hydrawlic diameten dh

L x A
dh A m (1)
where
A = cross section area of duct mz
o] = circumference of duct m

For a rectangular duct this becomes:

_2x8a xb . m

dh B a +b i (2)

where

a and b are the duct's sides in m.
For a circular duct this becomes:

g, = n

where
d

the duct's diameter ™

Densdity o4 +he airn p

p = 1.293 x 720 x 2T§TE T ke/w’ (3)
where
B = barometric pressure in mm Hg
t = air temperature in °

If B is stated in mbar then the following is obtained instead:

B 273
1013 * 273 + t

p = 1,293 x kg/m? (L)

In low pressure systems it is not necessary to consider the
effect of static pressure on the density.

However, in high pressure systems this may be actual. Cal-
culations are then made in accordance with the following:




. B+ P, * 0.0075 273

£ 1. 3
P 293 =20 X ST kg/m (5)

where

B = stated in mm Hg

P = static overpressure in the duct in Pa

If B is stated in mbar then:

B +:C,01 Ps 273 .

: p = 1.293 073 X573 T 1 kg/m (6)

Dynamic phessure p

2

Py ¥ ¥ (7)
where
v = air velocity in m/s

1f Ps is required in mm WG then:
P2
Py = pg W WG (8)
where
g = 9.81 m/s?

Ain veloedity v
P
v = \/*?fi m/s (92)

Py is stated in Pa.

where

For p = 1.2 kg/m® becomes:
v =1.20 v Pd : (gb)

Alternatively equation (92) may be written:

v = 1.29 /pd lég m/s (9¢)

If py is given in mm WG then:

© /J2ep
v = pdm/s ) (103)

.2 kg/m® then:

I
—

For p

v = 4.0l /"5; n/s S (10b)




Alternatively equation (10a) may be written:

v = 4.0k V p lég m/s (10e)

d

Connections for airn density

a. During the proportional balancing of air terminal devices
and branch ducts no correction is required for varying
air density on condition that the whole system is balanced
in the same working conditions. Therefore, for example,
the reheaters in air terminal devices and duct branches
mist be shut off.

b. Corrections for air density in measurement with Pitot tubes
and micromanometers are carried out in conformity with the
method described in Chapter 5.1. This correction refers to
the density at the time of the measurement.

As the rated velocity is usually obtained from a rated airflow
of density 1.2 kg/m® at the fan inlet, the velocity measured is
comparable with that rated only if the density at the time of
measurement is also 1.2. If the density deviates the velocity
measured must first be corrected to be valid at p = 1.2, as the
fan always transports the same flow of air independent of its
density. Subject to the parameters being equal, correction is
only required if the density p; at the time of measurement devia-
tes from py at the fan inlet. In this case is obtained the equa-
tion.

v, =v_x —= /

K n* D, m/s
where
Vi = corrected velocity m/s
Vo = measured velocity m/s

Note that heating or cooling coils in ducts between the fan room
and the measuring site must be shut off before the measurement .
of W is carried out.
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5 METHODS FOR MEASURING IN DUCTS

Sunrvey of R-methods

Method Designation Method. error

Traversing with Pitot tube
in duct with: A1

circular cross section Al 4-6% recommended measuring plane
T% alternative measuring plane

rectangular cross X
section A12 4% recommended measuring plane
7% alternative measuring plane

Permanent measuring devices:

X-measuring tube LFMC A21-1 ) See installation requirements for
X-measuring tube LFMR A21-2 4 method concerned at error limit
€ 5 and 109 -

Duct air measuring

device EHBA A22

Duct air measuring :

device DAMD A23

Annubar A2k

Pressure measurement
_in circular 900 bend A25-1

Measuring bend BUM 90 A25-2

Measuring device Iris A26

Measuring ring MR A2T

Measuring damper SGH A28-1

Measufing damper SKS-M A28-2

Measuring unit CME A29 ')

Determination of airflow

Eate using a tracer gas A3 5 or 10%

5.1 Traversing with a pitot tube in duct with circular or
rectangular cross section (Method A11 and A12)

The method signifies that the airflow rate is calculated from

a series of velocity measurements in the cross section of a duct.
Determination of velocity is done with a Pitot tube with which
the dynamic pressure at the measuring point is obtained. The
velocity is calculated from this pressure.
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Equipment

Pitot tube (gradusted in cm)

Rubber or plastic tubes

Manometer (micromanometer, U-tube)

Thermometer

(Aneroid barometer)

Equipment for meking holes, and plastic plugs

Stand for Pitot tube (used in cramped measuring situations)
Steel measuring tape

Report forms

Ladder

Prepanations (measuring site)

Measuring shall be carried out in a measurement plane loca~
ted as FIGURE 5. Note that the distance between the measure-
ment, plane and the §oflouing obstacles to the flow shall be
2 to 3 x d (or with rectangular ducts 2 or 3 %imes the
hydrsulic diameters d).

Remove external insulation. Avoid measuring in internally
insulated ducts as it is difficult to determine the dimen-
sions accurately. If measurement does dccur in internally
insulated ducts then the measuring points in accordance
with TABLES 1 and 3 must be recalculated.

Ensure the lighting at the measurement position is good.

Preparations (insthuments)

Set up the manometer horizontally on a stable base.
Couple the tubes between the Pitot tube and the manometer.
Check that the column of ligquid is free from air.

Adjust the manometer to the correct angle. To obtain the
best reading accurascy it is important to use the angle
that gives the greateést deflection,

If necessary check and adjust the manometer's zero setting.
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MEASUREMENT PLANE

[

FIGURE 5. Guide for positioning of the measurement plane.

Circular cross section:
a > 5d at recommended measurement plane

a > 3d at alternative measurement plane

Rectangular cross section:
a 2-6dh at recommended measurement plane
a > Bdh at alternative measurement plane
TABLE 1. Positions of measuring points at measurement in re-
commended measurement plane. Circular cross section.

Measunements shall preferably be done in conformity
with case A

on Af this 48 AmpossiblLe in conformity with case B

Nominal Positions of measuring points, a~d, mm
diam, mm]1 Measurement plane a b ¢ d

100 29 71

125 > 1) 36 89

160 | 46 114

200 o iy 20 100 180

250 25 125 225

315 32 160 283

400 40 200 360

500 22 145 355 478

630 27 185 445 603

800 34 230 570 766
1000 43 290 710 957
1250 54 360 890 1198
ts In accordance with duct standard SIS 82 72 06. For the

older standard, SIS 82 72 03, points are selected in
accordance with TABLE 5.

Zia Diameter of the Pitot tube ought not to exceed 1/39 of the
duct's diameter. With duct dimensions < 200 mm a Pitot
tube with diameter 3-4 mm should be used.



TABLE 2.  Positions of measuring points at measurement in the
elternative measurement plane. Circular cross section.

Measurements shall be carnnied out along iwo diametens
in the best of the measurement planes Ainvesiigated.

The number of measuring points, depending on dimension group,
shall be:

4 < 160 at least 6 measuring points per diameter
200 < & < 40O et least 9 measuring points per diameter

500 £ d <1250 at least 10 measuring points per diameter

In selection of measuring points along the particular diameters
the following applies:

o) the first and last measuring points shall lie 15 mm from
the wall of the duct

e} the other measuring points shall be distributed evenly
between the first and last points

o any maximum or minimum velocity shall be determined both
as to position and size.

TABLE 3. Positions of the measuring points in the recommended
measurement plane, Rectangular cross section.

In accordance with new duct standard SIS 82 72 04

—_—ty

Two alternatives for L,: | 200< L, < 300

il 400< L, <2000
For alt. | note that: e=008'L,, b=043-L,, ¢=057:-L,, d=092.L, :
For alt. 11 note that: 2=0060-L,, b=0235.L,, c=0430-L,, d=0570-L,,

e=0.765.L,, f =0.940-L,

Three alternatives for Ly :

© 200< L, < 400 @ 400< L, < 800 ® 800< L, <2 000
Ly = |:_-| -—
- | " [ SRS - —

et bty e

L, * —fbe—a— s oy e e 1

f For these alternatives the following positions of
measuring points are then obtained: "

L, 200 250 300 400 500 600 BOO 1000 1200 1400 1600 1800 2000

a 16 20 25 26 30 35 50 60 70 85 95 110 120
b 8 110 130 95 120 140 190 235 280 330 375 420 470
¢ 115 140 170 170 215 260 345 430 515 600 690 775 860
d 184 230 275 230 285 340 455 570 685 800 910 1025 1140
e - &= - 305 3BO 460 610 765 920 1070 1225 1380 1530
£ = % - 3B0 470 565 750 940 1130 1315 1505 1690 1BBO
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Measunement

It is important that the Pitot tube is held parallel with the
direction of flow (a faulty inclination may produce a faulty

measurement value, too high or low) and at the correct measuring
point.

Select the measuring points. Here are used the distances given in
FIGURE 5 as a guide in selection of the measurement plane.
Following certain types of disturbances, for example a throttling
device, considerably greater distances may be required. With cir-
cular ducts the measurement plane should be located at least

150 mm upstream of the connection piece. In the case of rectangu-
lar ducts the measurement plane should be situated at least 50 mm
upstream of the slip joint. Rectangular ducts with a dimension

of > 600 mm are usually cracked. If possible measurements should
be carried out from a side which is not cracked.

First determine the distribution of velocity in the measurement
plane. For velocities below 3 m/s a Pitot tube should not be
‘used for measuring.

1. Measure the dynamic pressure at the centre of the cross
section.
2. Find the position of the maximum dynamic pressure and note

its position and value.

2.1 If this maximum is situated farther from the duct wall
than 0.1 d (0.1 ) and the maximal dynamic pressure is
less than 2 x dynamic pressure at the centre, the measwre-
ment plane {4 accepfed and measurement points are then
selected according to TABLES 1 and 3 with regard to the
measurement plane recommended.

242 If both conditions are not fulfilled a new recommended
measurement plane is sought.

2.3 If no measurement plane that fulfills the conditions can
be discovered then the alternative measurement plane is
selected in accordance with 2.4 below.

2.4 The maximal dynamic pressure is located farther from the
duct wall than 0.1 d (0.1 & ) and less than 4 x dynamic
pressure at the centre. Further, counterflow may not occur,
that is the dynamic pressure may not be negative. Measuring
points are selected here from TABLES 2 and L.

3. If no measurement plane that fulfills the conditionms,
according to 2.1 and 2.4, can be located, airflow measure-
ment with a Pitot tube should not be carried out.

by, After measuring the holes are sealed.
Repont

In report forms A 1:1 and A 1:2 (pages 26 and 27) are noted also,
in addition to the measurement values (dynamic pressure), the
barometric pressure, temperature of airflow and duct dimensions
including distance to any obstacles to the flow. Further, any
pulsations in velocity are noted. Note that when measuring in
accordance with TABLE 2 the positions of the measuring points
must be entered on form A 1:2.




In celculation of the airflow rate correction must be made for:

14 instrument error. This is done using the manufecturer's
instructions or the instructions given in the calibration
certificate of the instrument,

2 air temperature and barometric pressure. This correction
(ky) is carried out as TABLE 6. For accurate measurements
the barometric reading must be edded to the change in
pressure caused by the fan,

3. shepe of duct (measuring points used). This correction
(k, ) is carried out as follows:

a) cilrewlan cnoss section:
a 160 mm + k, = 0.96

200 < @ LOO mm + k, = 0.97
500 < d < 1 250 mm > k, = 0.98
b)  nrectangulan cross section:
small insertion side (L, > L,) » k,
large insertion side (L, < L,) =+ k,

3
1 Lz)’

n

b
o

0.9k
0.98

n

c) square cross section (L
k, = 0.96
Measurement enrons

Errors caused by measuring instrument: systematic measurement
errors maey occur, among other reasoéons, because of & faulty in-
clination (> 10°) of the Pitot tube, air bubbles in the micro-
manometer's shank or because the manometer does not have the
correct angle of inclination.

Method errors (see VVS AMA 72, p 22): random errors can occur
for example because of a skewed velocity profile in the cross
section to be measured. The error, with the recommended measure-
ment plane and case A, is approximately 4%. With measurement in
accordance with case B the method error increases to 6%.

With an alternative measurement plane the method error is T%.

Reading errors (See VVS AMA T2, p 22): in pressure measurement
the reading error can be set at #0.3 of a scale division. In
pulsating pressure (velocity) there is in addition 1/8 of the
amplitude of the pressure reading. The reading errors at
different amplitudes and different manometer inclinations are
shown in TABLE 7.

TABLE 4. Positions of measurement points when measuring in
alternative measurement plane. Rectangular cross
section.

"In relation to Table 3 the number of measurement lines are altered
for the separate cases 1, 2 and 3 as below:

F T e e ey
—f bt — — E 1 ..Bj 0

|

t

Ly o L
:

|
3
—
L 3L, T —
e =

- B

"_!l;__ ............

i

- Distances a—f as in TABLE 3.




TABLE 5. Positions of measurement points when measuring in
recommended measurement plane with duct dimensions
in accordance with the older standard, SIS 82 73 03,
Circular cross section.

Prefenably the measurements shall be carnied out in
accorndance uith case A ©

on Af this is Lmpossible case B T

Pasitions of measuring points, a—d, mm
Size Measurement plane % b 3 d
10 y 30 72
13 07e 39 94
15 = 44 108
02,
20 20 102 185
25 25 125 230
30 31 155 275
35 36 180 320
40 41 205 365
50 22 150 360 485
60 26 180 435 585
80 35 235 575 780
100 44 295 720 970
125 55 365 300 1215
TABLE 6. Correction factor k, for temperature and static
pressure.
Temperature Static pressure in duct mbar :
in duct C i
970 - 1 000 - 1 030 - :
1 000 1 030 1 060 s
- 10
+ 10 0.98 0.96 0.95
+ 11
+ 30 1.02 1.00 0.98
+ 31
L - 1 -
> 54 1.05 1.04 02




TABLE 7. Reading error in Pa st different amplitudes and
manometer inclinations

Estimated average

amplitude in mm 0 2 5 10 20
Manometer incli-

nation K

1 +3 +6 +9 16 +28
0.1 0.3 0.6 0.9 £1.6 +2.8
0.05 0.2 0.3 0.5 0.8 1.4

Example: If the aeverage amplitude is estimasted to 4 mm at en
0.1 inclination, a reading error is obtained on the
manometer of 0.8 Pa. If the measurement value has been
estimated as 80 Pa the relastive reading error thus becomes

98'?8 x 100 = 1%

Evaluation

&a. Recommended measurement plane: The method of procedure is
shown in measurement report A 1:1.

b. Alternative measurement plane: Evaluation is carried out
in accordance with measurement report A 1:2 in combination
with the drawing of the product v, x r for the two dia-
meters in the measurement plane, see FIGURES 6a ani 6b.
The numerical values of v, X r are obtained from measure-
ment report A 1:2.

In FIGURE 6b the function vy, x r is approximated with triangles,
where the heights of the triangles h h_ and h, are deter-
mined. The triangles are drawn into %he %1gure so that the trian-
gular areas become equal to the sectioned areas. The alrfloq q in
m/s is obtained from the following equation:

_d'.(hl +h2 -{-]:13 +hk) m3/

Remarnks

Measurement of airflow velocity with a hot-wire anemometer:
To determine the airflow in & duct a hot-wire anemometer can be
used for measurement of the airflow velocity on condition that:

o’ the hot-wire anemometer has a probe with an approximately
point—-shaped sensor,

o the handle of the instrument is not thicker than the com-
parative Pitot tube would be,

o] the same rules and correction factors are used as apply
for measuring with a Pitot tube, but with the exception
of correction factor k,,
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o the hot-wire anemometer is carefully calibrated at the tem-
perature prevailing in the duct. (If the calibration is only
carried out at 20°C and the measurement at, say, 30 C an
errcr of more than 10% of the airflow velocity may occur.

It is advantageous however to use the Pitot tube for checking
the dynamic pressure at the centre of the duct as well as the
maximal dynamic pressure and its position.

>

I
w

w

x

x

x
Mhhl\‘_.l-

Lakalakal bt B T ot
\ j

L.

a »

\Ier

FIGURE 6. Evaluation method when using alternative measurement
plane.




Agsignment No

MEASUREMENT REPORT A1:1

Measurement of airflow rate in duct, Pitot tube
Recommended measurement plane and

Date

Measured by

a/ternative measurement plane when cross section is rectangular Page of
Object Measurement position (drewing numbers, etc.)
Obstacles to flow at measurement position: Before: Type Distance After: Type Distance
d= e e i Notes:
State dimensions 2 i
= Dynamic pressure st centre ________........
Mark positions
of meesuring points L Max. dynamic pressure ... ......._....-..
Designation as ;
TABLES 1 and 3, - Amplitude ®__ ... mm
alternatively i e i |
distance in mm Manometer |Inclination | Dynamic | Correc- Corrected | Velocity Position of max. dynamic pressure._...... !
reading of meno- | pressure, | tion forin-|dynamic [ mm from the duct
v meter strument | pressure °
Pa Pa Pe m/s Outdoor temperature................... Cc
1 Barometric pressure
2 i e e A S mbar
3 Static over or under-pressure in duct
QP'..._._.... Pax001= ... mbar
4
Static pressure in duct
5 (A B-H’—AP' e T L mbar
6
7
8
9
10
1 2
12
13
i
15
16
17
18
19
20
21
22
23
24
RO iy s A R e T R S TR S A i
Average velocity U S S |
Correction for temperature| ----- Instrument error my _c.oooooooooccaoaoas %
and static pressure k; . .
““““““ Method error My, eeeeeeeceeeeneenenn %
Correction k, for shape of duct
' Reading error ma ....oooocaaoiooi. %
Corrected velocity v = v, x ky x kg mfs _____._....... m/s (TABLE 7)
. © g Probable error m......ccooceeieeannnn.c., %
Cross sectionareaof duct A ... ... . oieiiiiieiannn. m
Airflowrate g = v X A . m3/s i
Conversion scale dynamic pressure in Pal—==velocity in m/s (20°C, 1 013 mbar) M
1 1.5 2 3 . 4 5 10 15 20
Dynamic pressure Pa
Velocity m/s
1 15 4 3 4 5
20 30 40 50 100 150 200 300 400 500

Dynamic pressure

Velocity m/s
6 8 9 10 15 20 30
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Assignment No.
MEASUREMENT REPORT A1:2 p— e
Measurement of airflow rate in duct, Pitot tube
- : Measured by
f Alternative measurement plane -
! Page of
Ubject Measurement position (drawing numbers, etc.)
| ostacles 1o flow at measurement position: Before: Type Distance After: Type Distance
. = S Nortes:
State dimensions ey Temperature............. C in duct
|' Tk positions Static pressure mbar in duct | Dynamic pressure at centre............
| measuring points .
ID - Correction factor ky....... (TABLE 6) e e e
istance r : +
according to Amplitude ... ...l mm
GURE 6, o : :
m) Mano- Inclination Dynamic Correc- Corrected Velocity Corrected Position of max. dynamic pressure..... |
! . 7 i = P T | LR mm from the duct
v meter of mano- |pressure |tion for in-| dynamic velocity k
reading 'meter strument | pressure |v v (v x ky) °
! Pa Pa Pa s i m¥s Qutdoor temperature.____._........ Cc
i Barometric pressure
1 B e b e mbar
3 Static over or under-pressure in duct
- BPESans Pax001=_._.. mbar
i Static pressure in duct
P BHOP ™ ccaiiicinaicnis mibar
J 3
8
] ~
1 =
14
|
l
17
20
22
23
i
g= T2 (h, +h, +h, +h) mils
Instrument error My . ....ccecceeeenn- %
! Method error M. o....ccceeeeemanen- %
|
| Reading error M3 ...cceecureccaennnas %
(TABLE 7)
Probable errar m. ... icceeeen--
| _nvarsion scale dynamic pressure in Pa —— velocity in m/s {QOBC, 1 013 mbar)
1 15 2 3 4 10 15 20
Dynamic pressure Pa
tlocity mfs
] 1 15 2 3 4 5
20 30 40 100 150 200 300 400
ot il [ e T L4y ar |nl1|nlm|l|ml|u||| I II el |l!lllllIlllllll]llillllilllll[!IIJ_L
| -
Velocity mis .l|ll|||IH|||Hl NS E [ | ]III ||I
6 7 8 9 10 15 20
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Assignment No
Kom/aiu/zd MEASUREMENT REPORT A1:2 —
Measurement of airflow rate in duct, Pitot tube e
JW z& Alternative measurement plane :g: =l l
Object Measurement position (drawing numbers, etc.|
Obstacles to flow at measurement position: Before: Type 38/?# Distance £, ‘ #8{ Ater: Type W Distance . ‘fM, |
State dimensions Wil d'z"_" Tempersture. .. A'ﬁ i C in duct e, é
Ml pasitions Static pressure. _-.%. ~f mbar in duct Dynamic pressure a1 centre /! 0
f measuring points Max. dynamic pr re ‘jé
. 8 5 Correction factor k....... (TABLE 6} RN PR oo aminsrenns
Distance r Amplitude £ ..o Tl mm
by . .
r (m) b Mano- Inclination Dynamic Correc- Corrected Velocity Corrected Position of t:_.ar:.f?::_‘axlec:t:::sure,.__
meter of mano- |pressure |[tionfor in-| dynamic veloeity Vg BT frmemmmemesnmas
v , reading meter ;tarurnent g;essure :ml's :f;:v xkj) o Outdoor tempera'lure.__.-.éf ______ °c
1 Q0 085 ! G0 Yo Yo -5 7 |RL.o| /2.0 | /0R ga’:ometnc pressure /g /. mbar.
2 0.066 | B33 83 | =5 [ 80 N6 [ /Nb |0.766|" ~rriidemenn
2 0, 047 | 7 o | =3 | 7B | /0 |40 |06/ 30 o o
. 0. 0'2'8 63 6‘9 _2 M /0 é 2. 6 + d 2—£ Static pressure in duct
s 0009 | 5% IR | =R 50 Y/ | G 10.088\5-et-tp,~... L0RL. mos
6 .oo9 | 39 | 39 | -/ 138 |79 | 7.9 |0.0%
7 _0.028 -?{r 44 | -/ 143 |85 | 85 |0.238
© 0.04Y | 50 D |~ |49 90 | 9.0 (0423
° 0.06b | b2 | 62 | 2 | 6O | 1.0 | /b0 (0.660
0 _0.085| 65 66 | -2 | 63 | 103 ]| 70.3 087
1 "

© 0.085| 95 | 93 | =3 | W |2 /2.2 /03
B8 0. 066 | 96 96 | -3 | 3 /241124 10.8/8
w_0.04%| 82 82 | -3 | M | /N5 | /.5 o540
5 0.028| @ W | -2 | 5B | 98 | 98 .27
© 9. 009 | 49 29 | - | 4 1 89| 89 lp.o80
7 0.009 | 43 . 42 | —/ 9 | &3 | 8.3 |0.0F
8 0,028 38 B |~ 3% | 28 | 28 10.2/8 ]
8 0. 047 62 52 | -2 |50 | 97| 97 lo4

20 0066 03 | 63 | -2 | é/ | 10./] 1.7 p.66
2 0,085| b6 | 66 | -2 | 6% | /03| /0.3 |08%
22

23

24

g=TXL (h 4, +h, +n ) mos

? = erao.z (0' 83+0.68+085+ /02') Instrument error m,.....q".......%
- Y

S LY 8% Method error ma......... T ... %

Q = & b m‘,s B Reading error mj %" X W00=/5.

(if 'b Aq /’ZC."V@Q,J-[/'C'}?, 7/6055 (7[) Probable error m (TABLE -”

Conversion scale dynamic pressure in Pa .—= velocity in m/s t20°C, 1 013 mbar)
1 15 &) S 4 5 10 15

Dynamic pressure Pa ;
Velocity m/s I | l l | I | I [ | ‘ [I[|I|||I||]]||H“||”||”||||]I
1 15 2 3 4 5
zo 100 50 200 300 400 500
il JlIJJ]IIII|II!I|1[}!]IJI!|IIII| - | |I| L1 i]JJIlfl]IlIIllllllllllllllllllllhj]ll
Velacity mis l_lﬂlJ]lll||llﬂ|Illl| ol S R A LT LT
15 20 30
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FIGURE 7. Evaluation with alternative measurement plane. Example.

5.2 Permanent measuring devices (Method A 21 - A 29)

The rules given below for permanent measuring devices give the
necessary installation measurements in ventilation systems so
that the error caused by positioning and size of airflow does
not exceed the error limits *5% or +10% (for method A 26 8%).

The rules include stated measuring devices mounted in ducts where
the air velocity lies between 3 and 15 m/s.

; . s o q
The rules are based on investigations where 90 bends with the
same dimensions as the ducts and in some cases throttling dampers

have been utilized as disturbing elements,



5.2.1 Measuring X-tubes types LFMC and LFMR (Method A 21)

The measuring X-tube is manufactured in standerd dimensions for
both ecirculaer and rectangular ventiletion ducts.

The measuring device is intended for permanent instellation in
the duct system. When measurement is to be carried out a mano-
meter is attached by tubes to the two measurement outlets of

the X-tube - see FIGURE 8. The flow as & function of the measured
pressure difference is obtained from the manufacturer's data
sheet.

Measuring device LFMC in circular duct - Method A 21-1. Measuring
device LFMR in rectangular duct - Method A 21-2.

Equipment

o Mancometer

o Rubber or plastic tubes for connecting to pressure nozzles

o Diagram (the airflow as a function of characteristic pressure).

Measurement erron

The method error m, = 5% or 10% subject to the minimum require-
ments for straight sections preceding and following the measure-
ment device as shown in TABLES 8e and 8b.

Calibration method
See reference /L4/.
Supplierns

M&t- och Underh&llskontroll AB, Stockholm, Sweden.
Industriventilation AB. V&xjd, Sweden.

TABLE Ba. Requisite straight sections preceding and following
circular measuring device, LFMC.

Type of disturbance Straight section preceding devicel
m, = 5% m, = 10%
One 90D bend preceding device| 5.5 x D 1)

Two 90° bends preceding
device, both bends in ! )
same plane 6.5 % D -1

Two 900 bends preceding
device, bends in a plane
at right-angles to each )
other 1k x D o |

The straight section downstream from the measuring device > 2 x D to

the nearest disturbance. D indicates the duct's internal diameter.

1) Error does not exceed error limits at least practical
installation distance.
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S ' § SPIROSTANDARD LFMC

LFMR

FIGURE 8. Measuring X-tube, airflow measurement device, types
LFMC and LFMR.




TABLE 8b. Requisite straight sections preceding rectangular
measuring device, LFMR.

Type of disturbance Straight section preceding devicé
m, = 5% m, = 10%

One horizontel 90° bend
preceding device 10 x & 2 x &

Two horizontal 90° bends
preceding device 13 x dh 2 x dh

One vertical 90° bend ) )
preceding device -1 o3

Two vertical 900 bends

preceding device 2 x dh _1)

1)

The error does not exceed the error limits at least practical
installation dietance.

The straight section downstream from the measuring device > 2 x dy
to the nearest disturbance.

d, eives the hydraulic diameter of the duct.
5.2.2 Airflow measuring device EHBA (Method A 22)

Airflow measuring device EHBA is a device for measuring the
airflow in circular duct systems. It is intended for permanent
installation and can be used for both instantaneous as well as
continual airflow measurements. See FIGURE 9. The measuring

device will comply with the duct standard and has two nozzles

for connecting the measuring tube to the manometer. For installa-
tion and measurement instructions see the manufacturer's re-
commendations.

Equipment

o Manometer

o Measuring tubes for connecting to pressure nozzles
o) Flow chart

Measwrnement ennor

The method error m, = 5% with the minimum demand for straight
sections as stated in the manufacturer's measurement instruc-
tions.

Calibration method

See reference /4/

Supplien

Flakt AB, Stockholm, Sweden.
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1 Casing

2 Orifice plate

3 Flow chart 3

4 Pressure outlets for
connecting measuring
tube

5 Manometer

FIGURE 9. Principle construction of airflow measuring device
EHBA

5.2.3 Duct Air Measuring Device, DAMD (Method A 23)

This measuring device, DAMD (Duct Air Monitor Device) manufac-—
tured by the Air Monitor Corporation, USA, functions in prin-
ciple as the measuring X-tube in 5.2.1. But the probes are placed
somewhat differently and require an airflow straightener.

The device is available for both circular and rectangular ducts
within the flow rate area 0.07-70 m®/s. It can be completed
with a reading instrument graduated either for velocity or flow
rate.

Equipment

o Manometer

o Measuring tubes for connecting-to pressure nozzles
o Flow chart

FIGURE 10, DAMD
T = total pressure nozzle
S = nozzle for static pressure
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Measunement enron

The method error m 5% or 10% for the minimum demands for
straight sections %efore and after the measuring point shown in
TABLE 9.

Calibration method

See reference /4/.

TABLE 9. Requisite straight sections preceding measuring
device DAMD
Type of disturbance Straight section preceding device
= 5% m = 10%
2
One 900 bend preceding device| T.5 X D —1)

Two 90° bends preceding
device, both bends in )
same plane 5.5%x D -1

Two 90o bends preceding

device, bends in plane at
right angles to each )
other 5.0 X D -1

The straight section downstream from the device > 2 x D to the
nearest disturbance. D gives internal diameter of duct.

1) The error does not exceed the error limits at the least prac-
ticel installation distance.

5.2.4 Annubar (Method A 24)

The Annubar sirflow measuring device is constructed for measu-
ring in-liquids or gases. FIGURE 11 shows the principle of the
probe construction. The measurement device is available in sizes
suitable for duct diameters up to 900 mm for ventilation systems.
Larger measuring probes are available for other applications.

Annubar type T3 is suitable for duct diameters of 40-400 mm.
Annubar type T4 is suitable for duct diameters 80-900 mm.

A characteristic pressure Ap is measured with the measuring
probe and with knowledge of the probe's length and dimension of
the duct, the flow, q, is calculated using the information given
in the-manufacturer's catalogue. The measuring device can be
fitted with & reading instrument graduated either for pressure
or flow rate.

There is alsc a simpler version of the permanent measuring device
called Airbar. However, the method error and length of the
straight section requlred are not known.




.Equipment

o Mancmeter

o Measuring tubes for connecting to pressure nozzles
o . Flow chart

Measurement error

The method error m, = % or 10% subject to the minimum require-
ment for straight sections preceding or following the measure-
ment device - see TABLE 10,

Calibration method.

See reference /L/.

Supplien

Gustaf Fagerberg AB, Stockholm, Gothenburg and Sundsvall, Sweden.

Direction of
3 airstream & O
)

Total pressure

nozzle A

Static pressure
5 nozzle
55

—

-—

15°

FIGURE 11. Principle construction of Annubar airflow measuring
device type T3.
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TABLE 10. Streight sections required preceding measuring device
Annubar.

Type of disturbance Straight section preceding device

m, = 5% m, = 10%

1)

One 90o bend preceding device| 7.0 X D

Two 90° bends preceding
dev{ce, both bends in o)
same plane Teh %D -

Two 90o bends preceding
device, bends in plane
at right-angles to '

each other 8.0 x D 6.5 x D

Straight section downstream from measuring device > 2 x D to nearest

disturbance. D gives internal diameter of duct.

1) Error does-not exceed limits of error at the least practical
installation distance.

5.2.5 Pressure measurement in bend of a duct (Method A 25-1)

Here the method consists of measuring the pressure-differences
between two points lying on the same line from the centre of a
bend and in the central plane of the bend, see FIGURE 12a. One

of the measuring points lies in the duct at the bend's inner
radius and the other at the bend's outer radius (see more detailed
description in Technical Report No. 19, 1973:4 - in Swedish -

from Institution for Heating and Ventilation Technology, Royal
Institute of Technology, Stockholm, Sweden).

A pressure difference Ap is measured with a micromanometer
between the two measuring outlets (M in FIGURE 12a) and the flow
obtained from DIAGRAM 1 for compression moulded bends.

DIAGRAY 1 applies for p = 1.2 kg/m®. For other densities the
flow obtained in DIAGRAM 1 is multiplied by

-1.2
P

or alternatively with the value according to TABLE 6 (page 23).

FIGURE 12a. Bend with pressure nozzles M.
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Equipment
o Manometer
o Measuring tubes for connecting to pressure nozzles
o Flow chart, see DIAGRAM 1.

Measurement error
The method error m, = 5% respectively 10% subject to the minimum

requirements for straight sections preceding and following the
measuring device shown in TABLE 11la.

Calibration method

See reference /4/.
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5.2.6 BUM 90° measuring bend (Method A 25-2)

Thie method is almost identicel with method A 25-1. The diffe-
rence lies in & somewhat different locetion of the pressure out-
let, see FIGURE 12b. The seme diagram (DIAGRAM 1) for determina-
tion of the flow as applies for method A25-1 also holds for this
method.

Measurement errnon

The method error m_'= 5% respectively 10% on condition that the

requirements for s%raight sections shown in TABLE 11t are ful-
filled.

Calibration method

See reference /L/.

Supplien

Lindab Ventiletion, Béstad, Sweden

TABLE 11a. Straight sections required preceding bend of a duct

Type of disturbance Straight section preceding device
m, = 5% i, = 10%

one 90° bend preceding the
device, both in same plane 8 xD 4L x D

One 90° bend preceding the
device in plane &t right-
angles to each other T%D L xD

Throttling damper prece-
ding the device 10 xD L xD

The straight section downstream from the measuring device > 2 x D
to the nearest disturbance. D gives the duct's internal diameter.
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TABLE 11b., Straight sections reguired preceding measuring device

BUM 90.

Type of disturbance Straight section preceding device
m, = 5% m, = 10%

one 90° bend in piane at
right-angles to the
device ; 8.5 x D L.5x D
Two 90° bends preceding
the device in same plane
as device T«5 XD L xD
Two 90° -bends preceding
the device. Bends in
plane at right-angles
to each other 6.5 x D 3 xD
Throttling damper (L45°)
preceding device _ 9xD 6 xD

The straight section following the measuring device > 2 x D to
the nearest disturbance. D gives internal diameter of duct.

5.2.7 The Iris regulator and measuring device (Method A 26)

The Iris regulator and measuring device is an adjustable measu-
ring device for obtaining different rates of flow. The device is
provided with a 1-9 scale for the setting of the Iris damper.
Measurement of pressure drop occurs through nozzles situated on
both sides of the device. Because of its adjustability the
device is specially intended for use in connection with the
adjustment of ventilation systems.

Equipment

o Manometer

o Measuring +tubes for connecting to pressure nozzles
o Flow chart

Measurement erron
The method error m, = 8% with the installation instructions
supplied by the manufacturer, that is straight duct section

> 5d preceding and straight duct sectionm > 2d following the
device,

Calibration method
See reference /L/
Supplien

Jan Grimming AB, Hagersten, Sweden.
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FIGURE 13. The Iris regulator and measuring device.
5.2.8 Measuring ring MR (Method A 27)

Measuring ring MR is a nonadjustable measuring device for measu-
ring the airflow in ventilation installations. The airflow is
determined by measuring the difference in pressure that arises
across the measuring ring and from readings on a calibration
curve of the equivalent flow. Measuring ring MR is available in
sizes up to 1250 mm.

FIGURE 14. Measuring ring MR

rquipment
o] Manometer
o Measuring tubes for connecting to pressure nozzles

o Flow chart




Measurement ernon

The method error m, = 5% respectively 10% subject to the minimum
requlrements for stralght sections preceding and following the
measuring device shown in TABLE 12.

Calibration

Se reference /U4/

Supplier

Jan Grimming AB, H&gersten, Sweden

TABLE 12. Straight section required preceding measuring ring
MR

Type of disturbance Straight section preceding device

= 5% m, = 10%

One 90° bend preceding device| 4 x D 1)

Two 90° bends preceding
device, both bends in same )
plane 2x D 3

Two 90o bends preceding

device, bends in plane at
right-angles to each )
other 2x D -1

Throttling damper (L45°)
preceding device Tx D 2x D

1) The error does not exceed the error limit at thé least
practical installation distance.

Note: Straight section after the device > 2 x D to the nearest
disturbance.

5.2.9 Measuring damper SGH (Method A 28-1)

This measuring damper, manufactured by AB Bahco Ventilation, is
illustrated in FIGURE 15. It consists of a sliding plate in a
special fixture. Measurement of pressure decrease across the
damper is done through nozzles situated at both sides of the
device. The damper, because of its possibilities of different

settings, is intended as a combined adjustment and measuring
device.

Equipment
o Manometer
o Measuring tubes for connecting to pressure nozzles

o] Flow chart
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TABLE 13. Straight sections required preceding measuring

damper SGH

Type of disturbance Straight section preceding device
m, = 5% m, = 10%

One 900 bend preceding device| 6 x D 2xD
Two 90° bends preceding
device, both bends in same
plane 8 xD 2xD
Two 90O bends preceding
device, bends in plane
at right-angles to each
other 6 x D 2 %D

Note: Straight section after the device > 2 x D to nearest
disturbance. D gives internal diameter of duct.

Table 13 is valid on condition that the sliding damper covers
at least 40% of the duct's internal diameter.

FIGURE 15. Measuring dampers SGH and SKS-M
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Measurement earor

Method error m, = 5% or 10% on condition that the requirement
for straight sections shown in TABLE 13 is fulfilled.

Calibration method

See reference /U/

5.2.10 Measuring damper SKS-M (Method A 28-2)

This measuring damper, manufactured by Ingenjdrsfirman Ole A
Larsen A/S of Norway, is illustrated in FIGURE 15. As measuring
damper SGH, it consists of a sliding plate in a special fixture.
Measurement of pressure drop across the damper is done through
nozzles positioned at opposite sides of the device.

Equipment

o) Manometer

o Measuring tubes for connecting to pressure nozzles
o Flow chart

Measwrement erwron

Method error m = 5% or 10% on condition that the requirement
for straight sdctions in TABLE 13 is.fulfilled.

Catibration method

See reference /4/.

Supplien

Beterma Maskin AB, Hégersten, Sweden.

TABLE 1k. Straight sections required preceding measuring
damper SKS-M

Type of disturbance Straight section preceding devicel
m, = 5% m, = 10%
One 90o bend preceding device| T x D 5x D

Two 90° bends preceding
device, both bends in
same plane 7x D 4y x D

Two 90° bends preceding
device, bends in plane
at right-angles to

each other 8x D 5x D

Straight section after device > 2 x D to nearest disturbance.
D gives internal diameter of duct.

The Teole is valid for all settings 1-9. For setting 4 and above
the lower values given in TABLE 13 may be used.
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5.2.11 Measuring unit OME (Method A 29)

Measuring unit CME is a nonadjustable device for measurement of
the airflow in ventilation systems. The unit is made by Stifab
AB. Airflow rate is determined by measurement of the vpressure
difference across the central body. The airflow rate is then
obtained from the manufacturer's diagram.

Equipment

o Manometer

0 Measuring tubes for connecting to pressure nozzles
o] Flow chart

Measurning errnon

Method error m, = 5% or 10% at the minimum requirements,shown in
TABLE 15, for straight sections preceding and following the
measuring device.

calibration method

See reference /4/.

Supplien

Stifab AB, Jonkdping, Sweden.

TABLE 15. Straight sections required preceding measuring

device CME
Type of disturbance Straight section preceding device
m_ = 5% n_ = 10%
2 2
One 90o bend preceding device| 3 x D 1)
Two 90° bends preceding )
device, both in same plane 2% D .
Two 900 bends preceding
device, bends in plane at
right-angles to each )
other 2x D -1
Throttling damper (L45°)
preceding device 6 xD 2xD

) The error does not exceed the error limit at the least prac-
tical distance for installation.

Note: The straight section downstream from device > 2 x D to the
nearest disturbance.
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FIGURE 16. Rating details for permanent measuring unit CME

5.3 Determination of airflow rate using tracer gas
(Method A 3)

One of the difficulties involved in measuring the airflow rate

in ventilation ducts is that there are often insufficient straight
sections preceding or following the measurement plane. This
applies both in measuring with permanent measuring devices and
also when a Pitot tube is used.

On the other hand, when tracer gas is used for the measurement

of airflow rate, it is an advantage to have many turbulences

induced by dampers, bends, etc. For the tracer gas method may

only be used when a homogeneous mixture of the tracer gas in .
the air can be maintained. The method is based on injecting a

known low rate of a tracer gas into the ventilation duct. When

the tracer gas further downstream has become well-mixed with the
ventilation air the concentration of the tracer gas is determined,
when the airflow rate can also be determined.

Descniption of method

The method presumes a continual, known flow rate of tracer gas,
qs(mS/s) and that the tracer gas is well mixed with the air
transported in the duct, q (m®/s). If the concentration in the
cross section used for sampling is called Cg with steady-state
condition the following relation is obtained:

ds
L%,

5

If the air contains a certain initial concentration C; of the
tracer gas the relation becomes:

- qs
q = E;‘:‘E;
where
q = transported airflow rate, m®/s
Qg = injected tracer gas flow rate, m’/s
Cg = gas concentration at steady-state in the cross section
used for sampling
Ci = initial concentration of tracer gas in the duct.

See further description in ISO 4053/1 - 1977 (E).




Equipment

o] Tracer gas analyzer

o

Tracer gas (N,0) + reduction velve (manometer)

o Flowmeter for tracer gas (rotameter)

o Probe for distribution of tracer gas in the duct

e} Probe for sampling

e} Drill for making holes in the duct

o} Plastic plugs to plug holes when measurement completed.

An example of how measuring equipment can be arranged is illu-
strated in FIGURES 17b and c.

s == (@

Fan

Fiowmeter
(Rotameter)

Gas analyzer

Reduction valve

7
Valve for fine
adjustment of

pressure Ges cylinder, N;O

FIGURE 17a. Measuring layout - skeleton disgram. Method A 3.

The injection nozzles for tracer gas are arranged here so that
the tracer gas is distributed at four points along a diameter
that is 63% of the duct's internal diameter. After the nozzle
fixture has been inserted into the duct two of the four nozzle
tubes are diverted and all four tubes are adjusted so that the
nozzles reach their intended positions in the duct with regard
to the dimension of the duct concerned. The nozzle fixture for
sampling is dealt with in & similar fashion.
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Injection Sampling

i nozzle nozzle T
‘ﬂ'_/ \kl

+Ud

Manometer :
Indicator,
tracer gas
Reduction
valve for fine -®
adjustment — Tracer gas
" T— analyser
= e :
? § 5 Transformer
5 ‘ :.'-.

Auxiliary pump

Reduction
valve

FIGURE 17b. Example of how measuring equipment can be arranged
for measuring as method A 3, :

.

|

= \\T\\

FIGURE 17c. Example of equipment for distribution of tracer gas
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Calewlation of the airnflow rate

The airflow rete is celculeted in accordance with the above fo:
mulaee. If & rotameter is used as a flowmeter for tracer gas it
must be calibrated for the actual tracer gas. It is gquite impo. ib-
le to use & single factor for conversion of the rotameter's ca. -
bration curve from air to tracer gas.

The flow rete of the tracer gas, g¢, is converted to apply at -
prevailing temperature in the ventilation duct. Therefore the
temperature of the tracer gas must be measured when passing
through the rotameter. The corrected flow rate is obtained fro:

{1}

th
Uscorr - sty ptd

where
Qsgp = tracer gas flow rate at tracer gas temperature at
flowmeter
Pt = density of tracer gas
th = density of tracer gas at flowmeter
Prg = density of tracer gas at duct air temperature
Temperature of Density of
tracer gas (N,0) tracer gas
o
G Pt s kg/ma
> 1.93
20 1.83
35 1.73

The airflow rate, g, in the duct is obtained as:

_ 9scorr

Cs = C4

Measurement erron
Probable measurement error, m, is made up by:

instrument error, m,

method error, m,

reading error, m,
Errors apply for determination of flow rate of the tracer gas 1d
in part of determination of its concentration., If the flow ra

of the tracer gas can be arrived at with the measurement erro:
fe% and the concentration of this gas (Cg) can be determined

with the measurement error ﬁk% the probable measurement error

becomes ﬁq in q:

g = v (Ep)2 + (my)?
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If a homogenous mixture of the tracer gas is .obtained the method
error 1is usually negligible and solely due to leakage from the
duct between the tracer gas injection and the sampling cross
section. If a tracer gas analyzer of good quality is used the
measurement error mg can be estimated to T%s

Requirements for a homogenc.s mixture .of trhacer gdb

The distance necessary to enable the tracer gas to mix with the
air in the duct is called the mixing length. This mixing length
is defined as the shortest distance at which the greatest varia-
tion in Cg is less than a previously determined value. The’
mixing length is therefore not a fixed value but varies subJect
to the permitted variation in the concentration.

To obtain the highest accuracy in measurement of the airflow rate
it 1s necessary to ensure the least possible variation during

the measuring phase. But in practice greater variations have to
be accepted because sufficiently-long straight sections are not
available. If the tracer gas is injected similarly through a
number of openings in the cross section (at least four) and if
the sampling is carried out at more than one point, then a con-
siderable decrease in the mixing length can be obtained. See
TABLE 16.

A considerable decrease in the mixing length is also obtained
if the tracer gas is injected upstream of a fan. See TABLE 16.

TABLE 16. Requisite relative mixing length (L/dy) for method
errors of 5 and 10%.

L/dh for error

Type of test rig m, = 5% m, = 10%

Straight duct without disturbance

Injection at centre 80 60
Sampling at centre

Straight duct without disturbance

Injection thfough a ring whose
diameter is 63% of the duct's
(4 holes in ring)

a) Sampling at centre 25 20
b) Sampling at 4 points in

duct (situated as in

injection) 15 10

Duct with two 90° bends

Injection through a ring whose
diameter is 63% of the duct's

(4 noles in ring)

a) Sampling at centre 20 15
b) Sampling at 4 points in

the duct (situated as

in injection) 10 5

Injection preceding a fan and
sampling following fan

Injection through a ring whose
diameter is 63% of the duct's
(4 holes) 10 5
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6. METHODS FOR MEASURING AT EXHAUST AIR DEVICES AND AIR
INTAKE GRILLES

Sunvey 04 R-methods

Method Designation Method error

Traversing with & hot-wire
anemometer on rectangular
device using L-point method B 1 5-8%
Measuring pressure drop with:
probe B 21 5%

permanent measuring outlet B 22 5%

Measuring with enemometer
equipped with a hood B3 5%

Measuring of centre velocity in
circuler exhaust air openings B %

Measuring with rotating vane

anemometer on inteke grilles B 5 8%

6.1 Traversing with hot-wire anemometer on rectangular
devices by the 4-point method (Method B 1)

" The method, which is applicable to rectangular or square exhaust

air grilles, assumes the measurement of the air velocity at four
points - see FIGURE 18. The measuring probe must be located at a
definite distance from the grille. It is important that this
distance is correct so that the stated correction factors shall
be applicable. The measuring probe shall be of the hot-wire
anemometer type with & rather point-shaped sensor.

The airflow rate is obtained from the equation:

qg=kx vy x A m®/s

vhere

k = flow rate factor as DIAGRAMS 2-10

Vm = average velocity at measuring roints 1-4, m/s.
Here, as always, consideration must be given to the
instrument correction for the four sub-measurements
prior to calculation of the average value

A = total area of grille openings (B x H), m?

Equipment

o Hot-wire instrument (including distance block, 25.4 mm,

Thermometer see FIGURE 18).

Steel measuring tape

Report forms (B 1)

o o o O

Drawings
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<200 1 Distance block
200-500 | 2 Hot-wire instrument
>500 4

FIGURE 18. Location of measuring points when measuring according
to method B 1.

Preparations
Measure the dimensions of the device, B and H, as FIGURE 19.

If the device is equipped with a damper the relative opening
dl/d2 is estimated according to FIGURE 19.

Prepare the instrument, check and aéjust zero setting, battery
voltage, etec.

Note blade-angle of the device according to the manufacturer's
information.

5
d

2
o
-

~‘“id

-

FIGURE 19. Dimensions B and H of measuring device. Estimate
relative opening of device dlﬂdz.

Measuring

Measure the air velocity at points 1, 2, 3 and 4 (FIGURE 18) in
plane situated 25.4 mm *#0.5 mm in front of the grille. Measure-
ment (with points in the order 1, 2, 3 and 4) is made twice.

A reading is taken after 15 seconds at each point so as to ob-
tain a representative average value. Measure the air temperature.
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Limitations

The exhaust air grille must be situated in & wall and in the
same plane as the wall.

Report

In report B 1 are entered the values read for velocities and
eir temperatures, duct dimensions, damper position and the blade-
angle of the device. In addition velocity pulsations are noted.

The average velue of the velocities obteined is then calculated.
In calculetion of the airflow rate correction is made for instru-
ment errors, method errors and air tempersature.

Correction for instrument errors and air temperature is carried
out using the calibration curve for the instrument used and
with consideration of the air temperature noted.

Correction for measuring points used: the average value of the
velocities obtained is corrected in accordance with report B 1,
when the correction factor is obtained from DIAGRAMS 2-10.

Measurement errnon

Error of the measuring instrument m.: random errors as stated
by manufacturer or as the information in the calibration chart.

Method error m,: systematic measurement errors occur, among other
things, when the measuring probe is positioned at a wrong angle
or at & wrong distance from the grille.Random method-errors are
presumed to be *5% within accuracy range 1 (see DIAGRAMS 2-10)

and #¥8% within measuring accuracy range 2.

|
i

i

I

DIAGRAM 2. Measurement of airflow rate with rectangular exhaust air device and air

intake grille using a hot-wire instrument. Correction for measuring points (flow factor k).
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DIAGRAM 4. Measurement of airflow rate with rectangular exhaust air device and air
intake grille using a hot-wire instrument. Correction for measuring points (flow factor k).
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DIAGRAM 3. Measurement of airflow rate with rectangular exhaust air device and air
intake grille using a hot-wire instrument. Correction for measuring points (flow factor k).
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DIAGRAM 6. Measurement of airflow rate with rectangular exhaust air dewoe and air

intake arille using a hot-wire instrument. Correction for measuring points (flow factor k).
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DIAGRAM 5, Measurement of airflow rate with rectangular exhaust air device and air

intake grille using a hot-wire instrument. Correction for measuring points (flow factor k.
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DIAGRAM 8. Measurement of airflow rate with rectangular exhaust air device and air

intake grille using a hot-wire instrument. Correction for measuring points (flow factor k).
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DIAGRAM 7. Measurement of airflow rate with rectangular exhaust air device and air

intake grille using a hpt-wire instrument. Correction for measuring points (flow factor k).
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DIA GRAM 10. Measurement of airflow rate with rectangu!ar exhaust air device and air
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DIAGRAM 9. Measurement of airflow rate with rectangular exhaust air device and air
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-‘ Assignment No
MEASUREMENT REPORT B1 Date
. Measuring of airflow rate at rectangular exhaust air device .Measured by
and intake grille with hot-wire instrument
Page of

8

Object Measurement position {(drawing numbers, etc.)

'[ Velocity Correction
Device BxH Area A 8/4 H/4 Damper Blade- gﬂ;i“' {instrument )
No. mn ) P i opening angle Reading calibration) Measured

J ~ 9% o mi/s m/s m/s

i

e

[

I

Ve oaen ammn i AR SRS m/s

| Instrument error m; R i % v

Vo = 1/Bx 20 ooona.na.. . mis
Method error my o R . % m =1/ i
| Method correction k as DIAG. 2—10
Reading error mj Y s %
Flowg=A xv XK coeeereeee. m? /s
Probable error = P Ry % : m
| Air temperature reading = e °C
Ve e Sy m/s
Instrument error m, L i %
' PR ) - 3 R S m/s
Method error m5 e %, m Zv '
Method correction k as DIAG. 2—10
Reading error mjy o (PR ORY. )
Flowg=A X vy X keeeeeeae . m? /s
Probable error - S, %
' Air temperature reading . 2
| o Py mis
| Instrument error m, ¥ omeaiaa %
[ R ~ vm-ﬂﬂxzv ...................... m/s
Meth AR,
o0 SnoE My o Method correction k as DIAG, 2—-10
Readin 1 PP R ¥
wello Reror my FlowgeAxv xk..........._.. m?/s
| Probable error r AR cazsausie
Air temparature reading 0 eeeeeeeieeesaene ‘c
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6.2 Measuring pressure drop with probe (Method B 21)

A memsuring probe is introduced behind the device where & charac-
teristic pressure drop is measured. The airflow is obtained from
e chart as & function of the characteristic pressure drop and
the setting of the device.

Limitations

Because of the pressure conditions downstream from an exhaust

air device the following points must be fulfilled for this
method:

o) The manufacturer/supplier of the device must state
exactly where the measuremert of pressure shall be
carried out and how the measuring probe shall be
designed, or supply a special measuring probe.

e} The manufacturer/supplier of the device must supply
& diagram of the airflow as & function of the charac-
teristic pressure difference.

Equipment

o Measuring probe in accordance with the manufacturer's
instructions

o] Manometer

e} Tubes, rubber/plastic tubes to connect probe and manometer

e} Chart of characteristic pressure as a function of

eirflow and intended for this kind of measurement
Measunement eron

The measuring method requires great care with regard to the
positioning of the measuring probe. The method error, m,, if
the above-mentioned aspects are given attention, is approxima-
tely *5%. -
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FIGURE 20. Example of measuring as method B 21.

1) Measuring probe, which is connected to manometer,

2) Diagram showing characteristic pressure difference as a
function of the airflow rate with the slot width as e
parameter.
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633 Pressure drop measurement by permanent measuring nozzle
(Method B 22) :

During manufacture the device is fitted with a permanent pressure
outlet or a special measuring mouthpiece. A manometer is connected
to whichever is fitted and a characteristic pressure is obtained.
The airflow rate is obtained from a chart as a function of the
characteristic pressure difference and the reading of the instru-
ment.

Limitations

Only a limited number of air terminal devices and fittings are
prepared for this kind of measuring. It should be a useful method
in practice for integrated light fittings, where it is otherwise
very difficult to carry out measurements.

In practice the measuring outlet may be so placed that it is
necessary to remove a casing or a protective plate, which can
be very tlme-consumlng and often have the effect that the measu-
ring method is impracticable.

Equipment

o Manometer

o Connecting tubes

0 Chart of airflow as a function of pressure drop measured.

Measurement erron

Accuracy of the measuring method depends on:

o reliability of the manufacturer's chart

o effect of possible spread between different devices

o possible deposit of dirt in the device

With a well-manufactured and clean device of good design m, = 5%

. 2
can be obtained.

6.4 Measuring with an anemometer fitted with a hood
(Method B 3)

There are at present available a few different types of hot-wire
instruments for the determination of airflow rate through exhaust
air devices. Well-known makes are Swema's AFM-66B and Wallac's
GGA-23S8 for which measuring hoods AM-300, 600 and 1200 are avail-
able. In addition to these instruments there is also a mechanical
airflow meter, Veab LM-200. These three instruments have different
ranges of flow as appears from TABLE 1T7.

You can yourself construct a measuring instrument consisting of
a hood fitted with, for example, a rotating vane anemometer at
cone end.
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Limitations

The calibration curves of the instruments are influenced to &
certain degree by the type of exhaust eir device on which it is
used. The instruments may give an error of *5% depending on the
type of valve. Calibration in combination with the actual
installaetion of the instrument should therefore be carried out
if the greatest possible precision is to be obtained.

Al]l measuring instruments fitted with & hood affect the airflow
through the device because pressure drop occurs in the measuring
hood, This effect is unavoidable if the measuring instrument is
not provided with an auxiliary fan that compensates for this

drop in pressure. Easily handled instruments of this type are not
available at present. However, by means of a rather simple calcu-
letion it is possible to allow for this influence on the airflow
rate. The following equation applies:

/bp
q = Qp = m¥/s (1/s)

: Apgp
where
q = airflow rate through device at pressure drop Apg
when the measuring instrument is not coupled
Am = airflow rate through device at pressure drop Apgy
across the device when the measuring instrument
is coupled
Apsm = static underpressure downstream from the device minus

the pressure drop across the measurirg hoocd.

Alternatively TABLE 18 can be used.

Equipment
o] Flowmeter
o Calibration curve for instrument in combination with

the actual measuring device

o Micromanometer including connecting tubes.

Measurement ernon

If the instrument is calibrated together with the device with
which it is to be used the error, m,, is estimated at 5%.
Correction for pressure drop across the measuring hood is
obtained from TABLE 18.
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TABLE 17. Flowmeters

Typé of instrument Airflow range m®/h 1/s
Swema AFM-66B 5-30, 30-230 1.4 - 64
Wallac + AM-300 20-300 5.5 - 83
Wallac + AM-600 50-T750 i - 208
Wallac + AM=1200 100-1500 28 - 17
Veab LM-200 20-200 5.5 - 55
TABLE 18, Correction factor for pressure drop across flowmeter

Pressure drop across
the flowmeter as a

% of the pressure

drop across Ehe exhaust
air device !’

Correction factor

>
10
20

1.01
1.05
.

1)

Inclusive pressure drop to nearest bifurcation.

FIGURE 21. Example of measuring as method B 3.

1) Sealing
2) Measuring hood

3) 1Indicator instrument graduated e.g. m/s

L) Calibration curve showing measured airflow rate

function of measured velocity v.

q as a
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6.5 Measuring of velocity at centre of circular exhaust air
openings (Method B 4)

With this method the velocity is measured at the centre of the
exheust air-duct's opening, when the value obtained is multi-
plied by a factor k in asccordance with DIAGRAMS 11 and 12 in
order to obtain the average velocity over the cross section.

T@e product of the average velocity and the duct area gives the
airflow rate, that is:

Q=kxv, xA

vhere

q = airflow rate in duct, m®/s

k = correction factor according to DIAGRAMS 11 and 12
Ve = velocity measured at centre of duct, m/s

A = cross section area of duct, mZ.

Limitations

DIAGRAM 11 applies for duct opening without flange.
DIAGRAM 12 applies for a flange breadth that is 20% of the
diameter or gresater.

The instruments for which the method can be utilized are:

Pitot tube ¢ 3 mm, 1= 32 mm (see TABLE 19)
Pitot tube @ 4 mm, 1 = 66 mm

Hot-wire anemometer Alnor 8500

Hot-wire anemometer Wallac GGA 238

o O O o O

Hot-wire anemometer TSI 1650
Measunement erron

The method error m, = 1%,
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DIAGRAM 12. Correction factor for duct with flange.
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Correction factor for duct without flange:
break in‘the curve for Wallac GGA 23S is due to
the dimensions of the probe's handle. For duct
diameters > 250 mm the probe reaches somewhat

further from the entrance of the duct.
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| TABLE 1G. Location of instrument

| Instrument Location Velocity
| zone m/s

I
] Pitot tube: | |

¢ 3mmw or 4 mm

1 Length % has great
| influence on the
factor '

—]
L i

3=L0
Hot-wire anemo-

meters:

{ Alnor 8500, probe
with small extension

(point-shaped pififl”,'
TSI 1650, probe

with small extension

——
E N .. 1
v
5
o

(point-shaped probe) 1-30
Wallac GGA 23S, probe A
in tube 1-20

P (PP it 15
¥

6.6 Measuring by rotating vane anemometer on air intake
grilles (Method B 5)

When measuring the airflow rate through exhaust air grilles, for

example air intake grilles, using a rotating vane anemometer the
following points must be observed:

e} The method described applies to grilles mounted in a wall.

e} Before measuring the gross area of the grille is divided
into rectangles whose side is maximum-300 mm long depen-
ding on the size of the grille and appearance of the
velocity profile - see FIGURE 22.

) When a rotating vane anemometer with separate stopwatch
is used the enemometer is held for 10-15 seconds in the
centre of each square.

The anemometer must touch the front of the grille. At
the end of every 10 or 15-second period the instrument
is transferred from one square to another without the
rotation being stopped. At the end of the final period
the anemometer is stopped and the stopwatch is read.
The anemometer value is divided by the time registered
and the value obtained is corrected with reference to
the anemometer's calibration curve when the 'measured
velocity' is obtained.

' o When & direct-reading rotating vane anemometer isused the
procedure is the same in principle, but with the diffe-
rence that the average velocity of the airflow must be
determined for every placement of the anemometer. When
the velocity at the centre of every square is obtained
every value measured is corrected with regard to the

\
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65
anemometer's calibration curve. Then the average value
1s obtained for the airflow velocities measured.
© The true airflow rate q is obtained from:
qQ =k, x kz x k, x ku X Vp X A
where
- ky = correction factor for type of grille - see DIAGRAM 13
k, = correction factor for airflow velocity - see DIAGRAM 1k
Ky ¢ = correction factor for rotating vane anemometer - see FIGURE 22
k, = correction factor for blade-angle of grille - see FIGURE 23
Vm = average velocity measured m/s
A = gross area of grille (B x H) m?

¢
v
X X X x
x X x X H
x x x X

_-[ max.
x indicates measuring point 300 mm

FIGURE 22. Method B 5. Division of grille area into squares.

Correction factor k, for rotating vane anemometer's diameter, d mm

Correction factor k for blade-angle of grille

Blade- kh
angle
45° 0.98
0° 1.0
FIGURE 23.

¢ d k,
mm
20 1.15
65 1.0
100-105 | 0.88

Method B 5. Correction factors k, for rotating vane
anemometer's diameter and k, for blade-angle of grille,
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Limitations

e} As correction factors have not been obtained for all types
of grilles and anemometers the method cannot be used
generally.

o] The rotating vane anemometer must be calibrated in a wind

tunnel having & cross section area > 0.5 m? or in a
smaller wind tunnel where the blocking effect is known.

o Small grilles cennot be measured. The least dimensions
have been fixed at h x b = 0.3 x 0.5 m

Measurement erron

Subject to the grille and anemometer being covered by the charts
and tables provided the method error can be taken as 8%. Otherwise
the method cannot be recommended except for relative measure-
ments.

DIAGRAM 13. Correction factor k, for grille size, The type of
grille, in the form of the pressure drop at a fron=-
tal velocity of 3 m/s, is included as & parameter.

1.0 Ap=0-5Pa
15 £ 5Pa

¥ "
At a frontal velocity
0.8 of 3m/s

0.7 L] T I T I T I 1 1 I 1 I 1 i

DIAGRAM 14, Correction factor k2 for airflow velocity measured.

ko &

1.05

© 1,0 / )

0.954

0.80 T T T 1 1 >
0 1 2 3 4 5 m/s

Frontal velocity measured
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e IETHODS FOR MEASURING ON SUPPLY AIR TERIIAL DEVICES

Survey o4 R-methods

Method Designation Method error

Measurement of pressure drop with
built-in pressure measuring nozzles G 2 5%

Bag method G5 3%

Measuring with conventional
hood-anemometers supplemented
with extension hood ¢ 3 5%

Tal Measuring of pressure drop with built-in pressure
measuring nozzles (Method C 2)

During manufacture the device is fitted with a built-in nozzle
or a special nozzle for measuring. To this is connected a mano-
meter and a characteristic pressure is measured. The airflow
rate is obtained from a chart as a function of the characteristic
pressure difference and the setting of the device.

Limitations

Only a limited number of devices have been designed for this
kind of measuring. It could be a practically useful measuring
method for integrated light fittings, where it is otherwise
very difficult to carry out measurements.

In practice the measuring outlet can be so located that it is
necessary to remove a casing or protective plate, which can be
very time consuming. This has the effect that in many cases this
method of measuring is not applicable in practice.

Equipment

o Manometer

o Connecting tubes

o Chart of airflow rate as a function of the pressure drop
measured.

Measurnement errohr

Accuracy of the measurement method depends omn:

o) reliability of the manufacturer's chart
o effect of possible dispersion between different devices
0 soiling of the device

If carried out well and with a clean device m, = 5% can be
obtained.
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Examples of areas of wse

For induction units, which are usually equipped with nozzles
whose pressure drop is relastively high, measurement of pressure
across the nozzles is & useful measuring method. m_ = 3% if the
pressure drop across the nozzles > 150 Pa (15 mm WG). However,
the way of connecting the unit to the supply air duct may in-
fluence the pressure distribution and thus the accuracy of
measurement.

Calibration method
Will be evolved as a complement to reference /4/.
7.2 The hag method (Method C 5)

The method, illustrated by FIGURE 2L, implies that a rolled-up
measuring bag, of a certein volume and mounted upon a frame, is
placed over the device so that this is completely covered.

The time that elapses until the bag is filled with air to e
certain overpressure is noted. The airflow rate is then obtained
from the equation:

q = % n/s
where
v = volume of measuring bag, m®
t = filling time, s

FIGURE 24. Sketch of measurement in accordance with the bag
method.

Sealing

Frame to which the plastic bag is fastened

Measuring tube @ 5 mm, connected to micromanometer

Micromanometer

Plastic sack (plastic bag), thickness of material

0.03-0.04 mm.
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I Limitations

. The lower limit of the pressure drop for a device is, when measu-
l ring a device mounted in a ceiling, approximately 10 Pa; when
the device is installed in a wall it is approximately 50 Pa. When
the device is in a wall it is necessary for the personnel con-
cerned to help to 1lift the measuring bag whilst it is filling,
in order to decrease the pressure in the bag.

Equipment

o Calibrated measuring bags of different volumes
o Frames of suitable internal measurements

lo! Stopwatch

o Manometer and tube

o Report forms

The measuring bag can be made of a plastic material with a thick-
ness of 0,02 - 0.04 mm.

Preparations

Using data from drawings the devices to be measured are numbered.
Details of external dimensions art entered on the report form
for each device concerned, and also the projected and presumed
airflow rate, and suitable size of bag.

Volume of the bag shall be such that the filling time does not
fall below 10 seconds. The bag is fastened to the frame and the
pressure tube of the manometer is inserted into the bag.

The manometer is made ready (horizontal position). The tube is
connected and a check is made that the liquid pillar is free of
air. The manometer's zero setting is adjusted.

Measuwring

The frame with the rolled-up (airless) bag is placed over the
device and concurrently the stopwatch is started. '

Filling time to an overpressure of 3 Pa is noted. If the filling
time is under 10 seconds the measurement is repeated with a bag
of greater volume.

If such a greater bag is not available the measurement should
be repeated 2-3 times.

Repont

Volume of the bag and filling times obtained are entered on
report form C 5.

Measurnement ernor

Error of measuring instrument: depends on accuracy in the cali-
bration of volume of the plastic bags.



Errors can occur through, among other things, an unsatisfactory
fastening of the frame over the device, which can cause leakage.

Laboretory measurements have shown thet & method error of & #37%
can be set,

The reading error for the stopwatch can be estimated to 0.1 s.

Supplien

Measuring bags including frames and other accessories can be
obtained from Métforum Hans Blixt AB, Solna, Sweden. An outfit
for sutomatic timing of the filling of measuring bags is avail-
able from AB Elektrometer, Bromma, Sweden.




T1

—

MEASUREMENT REPORT C5

Measuring of airflow rate on supply air terminal devices

Assignment No.

Date

Measured by

Page of
Object Measurement position (drawing numbers, etc.}
Preparations Measurements Calculation of errors
. Instrument error m,
Device No. Dimension Projected Suitable Volume Filling time, sec Airflow
{also noted eorHxB airflow rate volume of used of rate
ondrawingl | mm m3/s bag bag average| M/s EL S ———— %
m3 md

value
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743 Measuring with an anemometer fitted with hood
(Method C 3)

Instruments of this type specially constructed for use on supply
aeir terminel devices are currently not available on the Scendi-
navian market.

To obtain a good degree of measuring accuracy with the instruments
mentioned in chapter 6.4, regardless of whether the airstream is
obligue or symmetric, an extra hood is required. This complemen-
tary hood for the measuring unit should have & length 3 times the
greatest hydreulic diameter cf the hood.

In addition to the flow rate measuring devices mentioned in chap-
ter 6.4 a measuring instrument can also be utilized consisting of
& hood whose length is 3 times the greatest hydraulic diameter of
the hood. The anemometer used is & rotating vane anemometer posi-
tioned in the circular outlet of the hood. To obtain the best
measuring result the outlet diameter of the hood should be 1.5
times the diameter of the rotating vane anemometer.

Limitations

The methods require calibration to be carried out in combination
with the supply air device concerned. All measuring instruments
fitted with & hood influence the airflow through the instrument
as & certain degree of pressure drop is set up in the measuring
hood. This effect is unavoidable unless the measuring instrument
is provided with an euxiliary fan thet compensates for that
pressure drop. But, such instruments are not available at present.
An sllowance can be made for this effect on the airflow rate by
calculation. The followins equation applies:

Ap
q=gq > n¥/s
m Ap
sm
where
q = airflow rate through the device at pressure drop ﬂp
when the measuring instrument is not connected
qy . = airflow rate through the device at pressure drop Ap.,
across the device when the measuring instrument
is connected
Apsy = static overpressure preceding the device, decreased

by the pressure drop across the measuring hood. Pa.

With knowledge of the pressure drop across the hood the correc-

'tion factor from TABLE 18 can be utilized.

Measurnement erron

m, = 5% on condition that the instrument is calibrated in combi-
nation with the supply air terminal device concerned and that
the correction for the pressure drop across the measuring hood
is mage.
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1)
2)
3)
4)

5)

FIGURE 25. Example of measuring as method C 3.

Sealing

Measuring hood

Indicator instrument graduated in e.g. m/s

Calibration curve showing measured airflow rate q as a
function of measured velocity v.

Extension hood. '
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8 METHODS FOR MEASURING AIR CHANGE RATE
Survey of R-methods

Method Designation Probable
of method measurement
error

Dréger tube with carbon
dioxide as tracer gas D1 7%

Gas analyser of the inter-

ference refractometer type

with helium or carbon

dioxide as tracer gas® D2 L%

Gas anelyser of the absorb-
tion of infrared radiation
type with nitrous oxide as

tracer gas D3 4%

1) Helium is intended for use in & room of small volume.
In small rooms the carbon dioxide content in & person's exhala-
tions may influence the determination of the air céhange rate.

8.1 Dridger tube with carbon dioxide as tracer gas (Method D 1)

Equipment
o Dréger enalysis equipment (model 21/31), one or more
o Reagent tubes with catalogue numbers CH 23501

(1.2-0.1 vol.% CO,) and CH 30801. (0.3-0.02 vol.% CO,)
Fan(s)

- Pressure flask with liquid carbon dioxide

Reducing valve

’Stopwatch

Tape measure

0O O O o o o

Micromanometer with pressure probe (alternatively a
precision aneroid barometer)

o]

Adhesive tape

o] Report forms D1:1-2
Preparations

Use fans to mix the gas well with the room air. Check the air-
tightness of the Dréger pump. Insert an unopened Drager tube %n
the pump and check that the bellows have not expanded fully in
less than ten minutes. Determine volume of room with deductions
for any furniture, etc.

Further, measure the pressure level of the room gith respect to
adjoining rooms, and atmosphere. Thus can be dec;ded vhether the
supply or the exhaust devices have the greater airflow rate &?d
consequently shall be assigned to the measured value of the air
change rate.
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Measurning

Determine the background level of CO, before the tracer gas is
dosed (the concentration usually lies at 0.03-0.04 vol.% CO,).
Dose the tracer gas to 0.7-0.8 vol.%. The points selected for
gas analysis in the room shall lie > 1 m from the walls and have
an air velocity < 0.3 m/s.

Determine the number of points in the room for gas analysis from
TABLE 20 and repeat the tests at the same locations.

Do not carry out measurements in a room less than 40 m3. The
carbon dioxide content of exhaled air from a person then influ-
ences measurement. The upper limit for the air change rate is
L-5 air changes per hour.

The analysis tube cannot be saved for later evaluation as the
coloration of the tube continues after the test is completed.

When the gas has been dosed and well mixed with the air of the
room (3-5 min.) some preparatory samples are taken to verify

if the mixing of tracer gas with the air in the room is good.
Following this, sampling can begin. Start the stopwatch and note
the time at commencement of the first pump-stroke and also at
the last stroke when the bellows have expanded fully. Read the
carbon dioxide concentration immediately and note the value on
the report form.

Select the number of measurement values from TABLE 21.
Repont

On report form D1:1 and 2 (p 78), in addition to the measurement
values, are also noted volume of room, pressure conditions and
the projected airflow rate. Further factors that also influence
the measurement such as outdoor air temperature and wind direc-
tion, ete, are also noted.

Measunrement esrnon

Measuring instrument's error: the probable error for Driager tube
CH 235 is %5 to #10%. The lower figure applies for the higher
measurement-values, whilst the higher figure applies to the
lower values. For tube CH 308 the probable error is 10 to *15%,
otherwise data about CH 235 applies.

Both types of analysis tube must be used in order to obtain
good accuracy.

Reading error: this is assessed to be 3-5% of the value read.

The resultant accuracy is dependent on the accuracy of the
individual measurement, the length of the measuring period, size
of the air change rate and the number of measuring points
utilized during the measuring period. The measuring procedure
laid down gives a probable measurement error of *T%.

Elaniopbhd ‘oald . At
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Evaluation

Plot the values obtained on the control chart and check that the
points form a straight line.

The values obtained are dealt with in accordance with report
D1:1. The totals shown are calculated. The air change rate is
calculated by the least square method (slope in the chart).

The intersection with the ordinate is also calculated. (Formulae
at foot on report form D1:2).

Using the relation:

Co = G
Ih —
Ci - Cp
n =

L
where
n = air change rate (number of air changes per unit of time)
Ch = concentration of carbon dioxide in the atmosphere
Cs = room air concentration at time, t = t;
Co = room air concentration at time, t'= 0

the definite position of the line can be drawn on the control chart.

TABLE 20. Number of points for gas analysis in the room

Volume of room No. of points
(m?)
4o - 100 1
100 = 200 2
> 200 3=5

TABLE 21. Number of measurement values and length of test

period.
No. of air changes No. of measure- Length of test
(per hour) ment values period (min)
1 10 90
60
i 6 Lo
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8.2 Gas analyser of the interference refractameter type .
with helium or carbon dioxide as tracer gas (Method D 2)

Equipment

o Gas analyser. Riken-Keiki type gas analyser model 21
intended for helium can be used. If an instrument intended
for carbon dioxide is used then a reversed scale indic--
tion is obtained.

) Fan(s)

o Pressure flask with liquid helium
o Reduction valve

o Stopwatch

o] Steel measuring tape

o] Micromanometer with pressure probe
o Adhesive tape

o} Report forms D2:1 and 2.
Preparations

Turn up the fan(s) to mix the gas well with the room air. Check
that the gas analyser is ready for measuring. Adjust zero setting
of the instrument in the following way: using the handpumps the
instrument's test cylinders are filled (at least five strokes of
the pump). Then the zero setting of the scale is carried out
using the screw for this purpose.

Determine volume of the room with deductions for furniture, etc.
Further, measure the pressure level with regard to the adjoining
rooms, and atmosphere. In this way can be decided whether the
supply or exhaust air devices have the greatest airflow rate and
consequently shall be assigned to the correct value of the air
change rate.

Measuring

Dose the tracer gas to at least 2/3 of the full scale deflection.
The points in the room selected for gas analysis shall lie at a
distance > 1 m from the walls and have an air velocity < 0.3 m/s.

Determine the number of points in the room for gas analysis as
TABLE 22 and repeat the tests at the same positions.

When the gas is dosed and has become well mixed with the room
air (3-5 min.) some preparatory samples are taken to ensure that
the mixing of the tracer gas with the room air is good. Then
sampling can be started.

The instrument's sample cylinders are filled by pumping at least
five strokes. Start the stopwatch and note the time and value
of the tracer gas concentration in the report.

Select the number of measurement values from TABLE 23.
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Repont

In report form D2:1 end 2 (pp 82, 83) are entered not only the
measurement values but also volume of the room, pressure condi-
tions and the designed airflow rate. Factors that might influence
measurement such es outdoor aeir tempersasture, wind direction, etc,
should be noted.

Measurement enror

The error of the measuring instrument is provided by the supplier.
For the Riken-Keiki, for example, it is stated as *0.02%, which
means that the error is *1% of the full scele deflection.

Reading error; this is assessed to be *0.001 vol.%.

With the measuring procedure described the probable error is #L%.

TABLE 22. Number of points for gas analysis in the room.
Volume of room " No. of points
(m®)
< 100 1
100 - 200 2
> 200 3-5

TABLE 23. Number of measurement values and length of test

period
No of air changes No. of measure- Length of test
(per hour) ment values period (min)
10 45
30
4 6 20

Evaluation

Insert the measurement values on the control chart and check
that the points form a straight line.

The measurement values are dealt with according to report D2:1.
The totals stated are calculated. The air change rate is obtained
by the least square method (slope of chart) and the intersection
with the ordinate is alsc calculated (formulae at foot in

report D2:2).

Using the relation
Co

1n E;

ti

where
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n = air changs rate (number of air changes per unit of time) |,
€y = room air concentration of tracer gas at time, t = t;
Co = room air concentration of tracer gas at time, t = 0

the definite position of the line can be drawn on the control chart.

8.3 Gas analyser of the infrared (IR) radiation type using
nitrous oxide as tracer gas (Method D 3)

Equipment

o] IR analyser

<} Chart recorder

o Fans

o} Nitrous oxide in flask with reduction valve and manometer
Preparations

An IR analyser can be assembled as a compact unit including an
analysis section, filter section and pump as well as a flow rate
regulator. The analyser is also usually fitted with an indicator
which shows the gas concentration prevailing. For several reasons,
not least for later documentation, it is a good idea to connect

a chart recorder to the analyser.

Before measuring starts the gas analyser must have reached its
working temperature which, depending upon analyser's initial
temperature, may require a few hours. As the IR analyser is
usually designed for continuous operation it can be an advan-
tage to connect it to the electricity supply the day before
measuring is done.

When the IR analyser has achieved the correct operational tem—
perature measuring can start.

Fans are placed so that the room air is well mixed with the gas.

Determine volume of the room with deductions for the room's p
contents of furniture, etc. Also check the pressure level of
the room in relation to adjoining rooms, and atmosphere.

Measuring

The analyser's pump is started up and the chart recorder is
plugged in. The IR analyser and the chart recorder are then
calibrated together so that the zero setting on the analyser
corresponds to the response the chart recorder should then show.
This latter value depends on the analyser's output signal at
maximal reading, and this value must be obtained when the
equipments are calibrated together at purchase.

When the above has been carried out nitrous oxide is released
into the room. This is suitably done intermittently so that too
much gas 1s not released.
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interference refractometer type
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From the time when the gas concentration commences to fall, the
time, t, is calculated until the value is reached that, accor-
ding to Zhe eanlien joint calibration of Zhe IR analyser and the
chant neconder, haes been shown to denote & certain definite air
change, N, for example 0.3, 0.5, 1.0 and so on. The air change
rate, n, is then determined from:

n =

o=

Repont

In the report, or on the record chart, the volume of the room,
pressure conditions and the designed siflow rate are elso
noted, as well as other factors that influence measuring such
as outdoor sir temperature, wind direction, ete.

Measurement erron

The probable measurement error is also dependent on the length
of measurement time and the air change rate. If the suggested
values given in TABLE 24 for length of the measuring period are
utilized, the method error is set at L%,

TABLE 24

No. of air changes Length of measuring

per hour period (min)
0.3 120
0.5 80
140 4o
2 20
N 10
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9. MEASUREMENT OF LEAKAGE ATRFLOW RATE FROM VENTILATION DUCTS

Airtightness testing is carried out in accordance with Eurovent
document 2/2 with regard to:

o Measuring equipment

o] Measuring procedures

o Instruments and their calibration
o] Test pressures

A1l in accordance with the instructions below.
Equipment
o Fan unit for airtightness testing with calibrated flowmeter

(large and small airflow range) and airflow regulator (for
example, damper, mixing device)

o Flexible tube with connection flanges

o Micromanometers, 0-2000 Pa (scale divisions 10 Pa)

o Equipment for meking holes (plus plastic plugs)

o A stand

o Adhesive tape

) Steel measuring tape

o Report forms

U Thermometer y

o Szal%ng equipment (rubber balls, metal sheeting, plastic,
ete.

Measuring flange

FIGURE 26. Measuring equipment for the measurement of leskage
airflow rate




Prepanations

Meesuring shall be carried out by duct sections, selected by the
inspector or in mccordance with the HVAC specification issued.

The smallest duct surface eres tested is 10 m®. Lerger duct sur-
face areas should not exceed 100 m? for air tightness class A
and 300 m? for class B.

Seal the duct section and determine thg duct surface area (from
e drawing or by measurement).

Select the connection site for the fan unit so there is satis-
factory working space and light. The connection should be made
with the least possible interference in ducts (for example, at
bends, T-devices or inspection panels, etc., where the system
can be easily taken apart and restored) and in such a manner
that leakage airflow at connection points is avoided.

Prepare taps for measurement of static pressure in duct sections
to be tested.

Meaéuning

Using the fan unit, pressure in the duct is raised to LOO Pa

(or the test pressure prescribed in the HVAC specification)
following which the airflow rate is adjusted so that the pressure
is kept constant.

When a steady-state condition (constant pressure within #10 Pa
and constant airflow rate within *2%) is obtained for 5 minutes
the micromanometer (flowmeter) is read.

The duct section is not approved if steady-state condition cannot
be achieved. When measuring has been completed the duet is restor-
ed to operational condition (pressure taps are plugged, etc.).

Repont

On report E1 (page 87) are entered not only the measurement values
obtained (pressure and airflow rates) but also the duct section
number involved, duct dimensions, duct surface areas, air tight-—
ness class, visible defects (leaks) and whether any section could
not be tested (for example, inaccessible, too much air leakage,
impossible to achieve steady-state). The operational pressure is
noted from a drawing or specification.

Measurement erron
Correction for instrument error is carried out in accordance with
the instrument maker's instructions or the calibration certifi-

cate of the instrument.

Correction for air temperature is done using the calibration
curve (flowmeters are calibrated at -10°C, +15°C and +30°C).

Systematic errors can occur for example as a result of the wrong
inclination of manometers and air bubbles in manometer tubes.
Random errors at orifice plate measurement are minimum *1%. Sys-
tematic errors can also occur as & result of the unsatisfactory
sealing of tested duct sections.




Assignment No.

MEASUREMENT REPORT E1 Date
Measuring of leakage airflow rate from duct Measured by
Page of
Object Measurement posn, (drawing No. etc.) Instrument
Calibration date
Duct dimensions Test pressure, p Leakage airflow rate, g Leakage factor Remarks
Pa ;
Duct sec- poraxb, m'ls measured leakage | Value measured = read’
tion No. mm airflow rate/ value x correction as Diagram 15
{enter also measured duct
on drawing) | AS drawing | Measured Length Duct sur- Prescribed Value Value Value Value Leakage |surface area at {Approval, variations in
m face area read measured read measured rate at test pressure pressure and flow, visible
m pressure | 400 sﬂ leaks, etc.)
400 Pa f=_1 1 /m?
A m? fm? Remarks Approval

Duct section
No

Instrument error m; %

Calculation errors

Method error m; %

Reading error m3 %

Notes

Probable measuring error
asa %

m =3/ mf +mg +r|n|3i

fmlonlea|lwlimw]| =
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- Systematic reading errors, for example parallax, are taken into
consideration. In the case of pressure readings random errors
can be estimeted from TABLE 7.

Evaluation

Evaluation can be carried out in accordance with report E1. When
testing with another test pressure than LOO Pa the conversion of
the leakage airflow rate shell be carried out using DIAGRAM 15,

Correction factor
LR e e

Test pressure Pa

DIAGRAM 15. Example:
g Test pressure 600 Pa.
Measured leakage airflow rate 0.12 m®/s.
Factor 0,75 as diagram gives leakage rate converted
to 400 Pa: 0.12 x 0.75 = 0.09 m3/s,
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10. MEASURING IN DUCTS WITH METHODS WHICH CANNOT BE USED
WITHOUT SUPPLEMENTARY CALIBRATION

10.1 Pressure measurement across ductwork camponent

A ductwork component is a device in a duct system, whose main
function is other than the measurement of airflow rate. The mea-
surement of pressure difference across a component can be used
in certain cases for the determination of the airflow rate in a
duct.

One component of special intsrest in the measurement of pressure
difference is the heat-exchanger. Measuring across a filter is
unsuitable as resistance varies with accumulation of dust. Damp
cooling-coils are not suitable either as the amount of condensa-
tion affects the pressure drop. Nor is measuring across a damper
advisable as it is difficult to determine the setting of the
damper with sufficient precision. In order to be able to carry
out the measurement the heat-exchanger should be furnished with
three or more rows of tubes. The menufacturer of the component
must provide a chart of the pressure differences as a function
of the airflow rate for the various installation modes.

Equipment

o Pitot tube (or pressure taps in accordance with the
manufacturer's instructions)

Tubes

Manometer

Thermometer

(Aneroid barometer)

0o O O O ©o

Drill for making holes (and plastic plugs for repair)
Preparations
When measuring across heat-exchanger check that

o it is clean
it is undamaged

o the distribution of velocity across the heat-exchanger
is even.

Drill holes in the duct preceding and following the heat-exchanger
as recommended by the manufacturer, Drill the holes so that no
burrs are formed on the inside of the duct. Use the pressure taps
recommended by the manufacturer and the special chart applicable
to the measuring procedure used.

Conrections

If there is a temperature difference of the air upstream and
downstream from the heat-exchanger it is necessary to correct
the airflow rate. Assuming that the data from the manufacturer
are valid for air of +20°C the following is obtained:

—_—
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where
Q5 = true airflow rate m3/s
q = airflow rate as catalogue data p?/s
. = air VLemperature preceding heat-exchanger °c
t = air temperature following heat-exchanger ©¢C

In cases where the duct area upstream and downstream of the compo-
nent are not equal considerstion must be given to the change in
dynamic pressure. This is done by measuring the total pressure
difference instead of the static pressure difference.

Measurnement ernron

Random measurement errors may occur because of, for example, a
skeved velocity profile in the measurement plane and deviations
from the data supplied in the manufacturer's catalogue. Systema-
tic measurements have not been carried out and therefore the
method error cannot be stated.

10.2 Measuring across a fan

FIGURE 27a illustrates characteristic and power requirement of a
ventilation system where the fan has backward-curved vanes. If
points A and B on the power curve are compared it is seen that
the power measurement does not provide a distinct value. Two
different methods, a and b, cen be used here to produce a more
reliable result (see below).

FIGURE 27b shows the characteristic and power requirement of a
ventilation system where the fan has forward-curved vanes. Its
characteristic is thus very flat. Therefore to determine the
eirflow rate from the fan from one measuring of total pressure
would not provide a clear answer. Compare points C and D. If on
the other hand the power requirement of the fan is measured,
method ¢, which can be done with a wattmeter, the airflow rate
is determined clearly.

Methods a, b and ¢

Traversing can be carried out with a Pitot tube (method a) where
the velocity profile of the airflow is measured or, on condition
that the fan's inlet and outlet ducts have the same areas, the
airflow rate can be arrived at by measuring the pressure prece-
ding and following the fan (method b). The airflow rate is then
found using the difference in pressure and the number of revélu-
tions from the fan's characteristic.

With fans having the vanes bent forwards a power measurement can
be carried out (method c¢) in order to establish the airflow rate.
The power requirement is measured with a wattmeter, where the
rotational speed of the fan must also.be meesured,
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Because of the great degree of turbulence in the:airstream close
to the fan the uncertainty in these different methods is great.

Measurement eanoh

Unknown.
a) D)
1
SR ]
b= 8 G &
A1 z 21 =
w 3 O w o
T . o o
o o -
FLOW FLOW
FIGURE 2T.
a) Characteristic and power requirement of a ventilation
system where the fan has backward-curved vanes,
b) Characteristic and power requirement of a ventilation

system where the fan has forward-curved vanes.

Designations: 1. Characteristic of plant
' 2, Characteristic of fan (n r/m)
3. Power requirement (at n r/m) of fan.
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11. MEASURING QN SUPPLY AND EXHAUST AIR DEVICES WITH METHODS
WHICH CANNOT BE USED WITHOUT COMPLEMENTARY CALIBRATION
OR CAN BE USED FOR RELATIVE MEASUREMENTS ONLY

11.17  Measurement of vy with a known Ap

Through the method given in ISO/DIS 5219 (Air distribution and
gid diffusion = Laboratory aerodynamic testing and rating of air
terminal devices), dealing with the reporting and testing of the
technical flow characteristics of air terminal devices & method
haes been created to carry out airflow measurements on instelled
devices. Manufacturers of the devices must of course state the
pertinent values of Ak and Vi 8S well as provide instructions
on how vy shall be measured.

The airflow rate is obtained from the equation:

qQ = Vg X Ak
vhere
vk = k factor velocity
Ay = k factor area
Limitations

Very few manufacturers show pertinent values for v, and A  accor-
ding to the test method.

‘The method is not suitable for all devices because of the diffi-

culty in measuring reproducible velocities.
Measurement ernon
Unknown.

11.2 Measurement of pressure with a probe at a reference
point upstream from a supply air device

A measuring probe (capillary tube) is inserted in a fixed posi-
tion following the device, where a characteristic pressure is
teken. The airflow rate is obtained as a function of the pressure

difference measured using a chart supplied by the manufacturer
of the device.

Lt satinag

Because the pressure conditions upstream of a supply air device

vary the following conditions must be met if the method is to
be utilized: ;

o} The manufacturer advises where the pressure measurement
shall be carried out and how the measuring probe shall
be designed, or make a special measuring probe available.

o] The device manufacturer providgs a chart of the flow as
a function of characteristic difference in pressure.

e e e
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Measurement enroh

This method of measuring requires great accuracy in the positio-
ning of the measuring probe. Under calibrated conditions, which
among other things means that the device is correctly positioned
in relation to a possible bend preceding the device, the error
of the measuring method becomes approximately £5%. This also
presumes small tolerances in manufacture of the device. With a
less satisfactory manufacture of the supply air device the error
can exceed *15%.

O R R A TR B A TR D RO Dot Characteristic
Doeyio%r - S D08 ot SRR I
P 00 e TS j 5 SRS TERARG X5 S =080 pressure drop

Setting in mm
5 10 15 30
TS J=— Sonde @3 mm //_//3
I W with 50 mm long P12 hoim
shank
| Airflow

Sonde is held parallel
with the central screw and é
frame-yoke 2
Suitable instrument for

measuring pressure difference

, FIGURE 28. Example of measuring with a probe at a reference-
point upstream from the device.
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