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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and

non-govern
Internationg

Internationg

The main t
adopted by
Internationg

Attention is
rights. ISO

1ISO 21927-
Subcommit

ISO 21927

Part 1:

Part 2:

Part 3:

mentar,

in_fiaison with 150, also take part in the work. 1SO collaborates closely with
| Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

| Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Rart 2.
sk of technical committees is to prepare International Standards. Draft Interational Stand
the technical committees are circulated to the member bodies for voting. “Publication as

| Standard requires approval by at least 75 % of the member bodies casting avote.

drawn to the possibility that some of the elements of this document miay be the subject of p3
shall not be held responsible for identifying any or all such patent rights.

3 was prepared by Technical Committee ISO/TC 21, Equipment)for fire protection and fire figh
ee SC 11, Smoke and heat control systems and components:

consists of the following parts, under the general title Smoke and heat control systems:
Specification for smoke barriers
Specification for natural smoke and heat exhaust ventilators

Specification for powered smoke and heat exhaust ventilators

the

ards

an

tent

fing,
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Smoke- and heat-exhaust ventilation systems create a smoke-free layer above the floor by removing smoke
and thus improve the conditions for the safe escape and/or rescue of people and animals and the protection of
property and permit the fire to be fought while still in its early stages. They also exhaust hot gases released by
a fire in the developing stage.

The
smq
wor
roof
obta

use of smoke- and heat-exhaust ventilation systems to create smoke-free areas bengath
ke layer has become widespread. Their value in assisting in the evacuation of people,from

s, reducing fire damage and financial loss by preventing smoke logging, facilitating fire'fightin
temperatures and retarding the lateral spread of fire is firmly established. Fer these be
ined, it is essential that smoke- and heat-exhaust ventilators operate fully and reliably wher

upoh to do so during their installed life. A heat- and smoke-exhaust ventilation system is a scher

equ

It is

pment intended to perform a positive role in a fire emergency.

important that components for smoke- and heat-exhaust systems\be installed as part of

des|gned smoke and heat system.

Smoke- and heat-exhaust ventilation systems help to

keep the escape and access routes free from smoke,

facilitate fire-fighting operations by creating a smoke-free layer,
delay and/or prevent flashover and thus full development of the fire,
protect equipment and furnishings,

reduce thermal effects on structural components during a fire,

reduce damage caused by thetmal decomposition products and hot gases.

a buoyant
construction
g, reducing
hefits to be
ever called
ne of safety

a properly

Depending on the design of the system and the ventilator, powered or natural smoke and heat ventilators can

il

sSmd

It is
ven

sed in a smoke- and heat-control system. Powered smoke- and heat-exhaust ventilators can
e roof or upper part-of walls of buildings or in a ducted system with the ventilator inside or
ke reservoir orima’plant room.

important \that powered smoke- and heat-exhaust ventilation systems operate based ¢
ilators. The'performance of a powered smoke- and heat-exhaust system depends on

the temperature of the smoke,

be installed
outside the

n powered

size, number and location of the exhaust openings,
the wind influence,
size, geometry and location of the inlet air openings,

the time of actuation,

the location and conditions of the system (for example arrangements and dimensions of the building).

Smoke- and heat-exhaust ventilation systems are used in buildings or construction works where the particular

(larg

e) dimensions, shape or configuration make smoke control necessary.

© I1SO 2006 — All rights reserved
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Typical examples are

— single and multi-storey shopping malls,

— single and multi-storey industrial buildings and warehouses,
— atria and complex buildings,

— enclosed car parks,

— stairways;

— tunnelq,
— theatres.

Depending |on differing circumstances and the situation of the building or construction woetks that can affect
their perfornance, powered or natural smoke- and heat-exhaust ventilation systems can be used.

It is importgnt that powered and natural exhaust ventilators not be used to extract-Smoke and hot gases from
the same sinoke reservoir.

Special conditions apply where gas extinguishing systems (e.g. in accordange with ISO 14520-1) are used

Vi © IS0 2006 — All rights reserved
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Smoke and heat control systems —

Part 3:
Specification for powered smoke and heat exhaust ventilators

1

Thig
hea
ven
ven
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ISO

ISO
Cros

ISO
duc

ISO
ISO
ISO

ISO
exh

I-exhaust ventilators that are intended to be installed as part of a powefed"smoke- and h

Scope
part of I1SO 21927 specifies requirements and gives methods for testing” powered §

ilation system. It also provides a procedure for approving a range of pewered smoke- and h
ilators and their motors, from a limited number of tests.

Normative references

following referenced documents are indispensable forythe application of this document,
rences, only the edition cited applies. For undated, references, the latest edition of the
iment (including any amendments) applies.

834-1, Fire resistance tests — Elements of building construction — Part 1: General requireme

5167 (all parts), Measurement of fluid flow’ by means of pressure differential devices inserte
s-section conduits running full

5221, Air distribution and air diffusion — Rules to methods of measuring air flow rate in an

5801, Industrial fans — Rerformance testing using standardized airways
10294-1, Fire resistance tests — Fire dampers for air distribution systems — Part 1: Test meth
13943, Fire safety — Vocabulary

21927-2:2004, Smoke and heat control systems — Part 2: Specification for natural smok
bust ventilators

moke- and
pat-exhaust
pat-exhaust

For dated
referenced

his

0 in circular

air handling

od

e and heat

IEC

60034-1, Rotating electrical machines — Part 1: Rating and performance

IEC 60034-2, Rotating electrical machines — Part 2: Methods for determining losses and efficiency of rotating
electrical machinery from tests (excluding machines for traction vehicles)

3

Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 13943 and the following apply.

31

smoke- and heat-control system
arrangement of components installed in a construction work to limit the effects of smoke and heat from a fire

© I1SO 2006 — All rights reserved
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3.2

smoke- and heat-exhaust system
smoke-control system that exhausts smoke and heat from a fire in a construction work or part of a
construction work

3.3

smoke- and heat-exhaust ventilation system

SHEVS

components jointly selected to exhaust smoke and heat to establish a buoyant layer of warm gases above

cooler, clea

ner air

3.4
natural vern
ventilation

differences

3.5

powered ventilation

ventilation ¢
NOTE i

3.6
ventilator
device for ¢

3.7
exhaust v
device for t

3.8
insulated n

motor thernpally insulated from the environment which generally includes a motor casing

3.9
smoke- an
SHEV
device speq

3.10

dual purpdse ventilator

smoke- and

3.1
emergency
smoke- and

tilation

aused by the positive displacement of gases through a ventilator

ans are usually used.

nabling the movement of gases into or out of a construction work

ntilator
e movement of gases out of the construction work

hotor

] heat-exhaust ventilator

ially designed to move smoke and hot gases out of the construction work under conditions of fi

heat-exhaust ventilator that has provision to allow its use for comfort (i.e. day-to-day) ventilatig

ventilator
heat*exhaust ventilator that is not used for comfort (i. e. day-to-day) ventilation

3.12

caused by buoyancy forces due to differences in density of the gases because of temperature

re

automatically initiated powered smoke- and heat-exhaust ventilator
powered smoke- and heat-exhaust ventilator that operates automatically after the outbreak of fire if called
upon to do so

3.13

smoke reservoir
region within a building limited or bordered by smoke curtains or structural elements and which, in the event of
a fire, retains a thermally buoyant smoke layer

3.14

hot-gas fan

fan that is s

uitable for handling hot gases for a specified time/temperature profile

© I1SO 2006 — All rights reserved
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3.15
powered smoke- and heat-exhaust ventilator
hot-gas fan that is suitable for handling hot gases for a limited period only

3.16
powered roof ventilator
partition fan designed for mounting on a roof and having exterior weather protection

317

insulated ventilator
ventilator insulated to limit the external surface temperature to reduce the danger of injury to persons or
damage to materials

3.11
smoke-reservoir ventilator
ventilator suitable for operation fully immersed in a smoke reservoir

3.1¢
nor-smoke-reservoir ventilator
ventilator not suitable for operation fully immersed in a smoke reservoir

3.2(
powered ventilator product range
physically similar ventilators using the same form of construction,and materials throughout, with the same
methods of impeller construction and motor mounting and construction, and electrical connection in which the
follqwing can vary across the range:

— | overall dimensions of the units;
— |impeller diameter and width, hub size, blade length and number of blades of the impeller;
— | size of the motor

3.21
powered ventilator motor range
motprs that are physically similarj:using the same form of construction, i.e. same materials and manufacturing
method for carcase, cooling impeller, when fitted, and end covers; same insulation specification that includes
shegt insulation used for coilseparation and slot insulation, winding-impregnation material (varnish or resin,
etc.), lead insulation, terminal blocks and any other materials that can affect the integrity of the insulation;
samne bearing type, class-of fit, lubricant and arrangement, with motor windings based on the same maximum
windling temperature~and class of insulation, in which the following can vary across the range:

— |frame size;

— |rotational speed,;

— Lalgctrical windinas —includina multi.sneed-
b ) J Lod 7

— form of mounting, e.g. foot, flange, pad, clamp, etc.

3.22
motor rating
maximum power that the motor delivers continuously without exceeding the allowable temperature rise

3.23

fire position
position of a component to be reached and maintained while venting smoke and heat

© I1SO 2006 — All rights reserved 3


https://standardsiso.com/api/?name=6e80b800bdaa033ca584d09b064b35d5

ISO 21927-3:2006(E)

4 Design requirements

41 Appl

ication classes

A powered ventilator shall be classified into one or more of the following application classes:

smoke

insulated or uninsulated;

reservoir or non-smoke reservoir;

dual py

ducted

4.2 Motd

421 The

temperaturg, not just for operation at high temperature.

422 Mo
class of the)
with class B
density of 1

4.3 Motd

Motors sha

44 Hot-

The timel/te

TPOSE or emergency only USE,

cooling air required.

r rating

motors shall be selected for continuous operation at the power required for normal amh

or ratings shall be limited either by the temperature rise for one class lower than the insulg
motor, as defined in IEC 60034-1 and as given in Table 1 of this part of ISO 21927, or for mg
or class F insulation to the motor rated output power being 15.% above the absorbed power
2 kg/m3.

Table 1 — Motor temperature ratings

Motor insulation Temperature rise at ambient

ClassHor C Class F
Class F Class B
Class B Class E

r specification
| comply with the requireménts of IEC 60034-1.

jas fan

mperature profile that a hot-gas fan is required to operate under, can be “continuous” or n

specific to the application. Special materials may be incorporated in the fan that can have a direct or ind

drive. The
Indirect dri

otor.may be in the air-stream on a direct-drive fan or separated from it by a bifurcation tur
fansimay incorporate a means of cooling belts, bearings or other drive components.

ient

tion
tors
at a

hore
rect
nel.

5 General testing procedures

For type approval, tests shall be carried out in accordance with Annexes A, B, C, D and E. For each test, a
test report shall be prepared in accordance with Annexes C and/or D.

For different directions of the motor axis, a separate test shall be done for either direction (horizontal and/or

vertical).

NOTE

as of the date of publication of this part of ISO 21927.

A direct field of application for the direction of the motor axis (horizontal and/or vertical) is under consideration

© I1SO 2006 — All rights reserved
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Performance requirements and classification

Temperature/time classification

6.1.1 A ventilator shall be classified (see Table 2) as

a) F200;

b) F300;

c) F400;

d) |F600;

e) |F842;

f) | Not classified.

6.1.2 For products intended to be installed within a building, there shall be"no”significant leakag

fronp the furnace coming from the housing of the ventilator during the entirgtest period.

6.1.
app

6.2

Whd
Tab)
thar

B At the appropriate temperature given in Table 2, a ventilator)shall function for not le
ropriate minimum time and shall re-start when tested in accordance with Annex C.

Table 2 — Test temperature and functioning'time according to classification

Class Temperature Minimum functioning period
°C minutes
F200 200 120
F300 300 60
F400 400 120
F600 600 60
F842 842 30
Not classified as specified as specified
by sponsor by sponsor

Flow and pressure

en testeduin accordance with Annex C, at the appropriate temperature and for the appropriate t
e 2¢ the volume flow shall not change by more than 10 % or the static pressure shall not chan
20,% of that measured at the end of the warm-up period of the test.

e of smoke

5s than the

me given in
ge by more

6.3 Outer surface temperature and cooling air temperature of insulated ventilators

When the ventilator is tested in accordance with Annex C, at the temperature and for the time appropriate to
the product temperature/time category:

the outer surface temperature of an insulated ventilator shall not increase by more than 180 °C in

accordance with 1ISO 834-1 for any individual value;

the cooling air expelled from the unit shall not exhibit an increase of temperature of more than 180 °C

from the initial room temperature.

NOTE Increases above the specified temperature can increase the fire risk.

© I1SO 2006 — All rights reserved
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6.4 Wind load

If the ventilator is designed to be installed at the atmospheric termination of a system and is fitted with flaps or
louvres and these project above the wind deflectors (cowl or wind shield), the flaps or louvres shall open in
less than 30 s against of a load of 200 Pa, when the ventilator is tested in accordance with Annex E.

6.5 Snow load

6.5.1

shall be classified as one of the following:

If the ventilator is designed to be installed at the atmospheric termination of a system, the ventilator

SL 0;

SL10
SL 4.

The design
when the v

load when this exceeds 1 000, or by the test load if one of the four.defined values is not used.

Where the
supplier ex
prevented f|

If the ventilqtor is fitted with deflectors, the snow-lead classification, SL, shall not be less than 2 0004, whe

is the depth

6.5.2 Thd
under the s

The follow
classificatioj

a) vertica

b) vertica

6.6 Opel

SL 12§

SL 250

SL 500;

ations 0, 125, 250, 500, 1 000 and “4” represent the test .snow load, expressed in pascal, apy
pntilator is tested in accordance with Annex E. The “4” dinSL 4” will be replaced by the test s

minimum angle of installation (combining roof pitch and ventilator pitch) recommended by
eeds 45°, the ventilator takes the classificationZSL 1 000 without a test; except where the sno
rom slipping from the ventilator, e.g. by wind deflectors.

of snow, in metres, that can be contained with the confines of the deflectors.

ventilator shall open to its fire-open position in not more than 30 s after actuation when te
how load appropriate to its €lassification in accordance with Annex E.

ng types of ventilators ‘can be suitable for use on heated buildings without a snow-
h test:

discharge units'without flaps or dampers;

discharge units with uninsulated metal flaps or dampers.

ation at low temperature

lied
now

the
W is

red

sted

oad

A powered ventilator with a separate device for the operation of the dampers, flaps or louvres that does not
use the air pressure from the fan shall conform to ISO 21927-2:2004, 8.3, when tested in accordance with
ISO 21927-2:2004, Annex E.

6.7 Reliability

A powered ventilator with dampers, flaps or louvres or a separate device for the operation of the dampers,
flaps or louvres that does not use the air pressure from the fan shall conform to ISO 21927-2:2004, 8.1, when
tested in accordance with ISO 21927-2:2004, Annex C.

© I1SO 2006 — All rights reserved
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6.8 Performance data of ventilators

6.8.1 The supplier shall provide a data sheet giving the aerodynamic and acoustic performance data of the
ventilator assessed at ambient temperature in accordance with ISO 5801, taking into account the reduction in
performance caused by the increased clearances required for high temperature.

It is permissible to convert these figures to determine the performance with hot gases and at other speeds of
rotation using the scaling equations from ISO 5801, with due allowance for tip clearance effects.

6.8.2 If a ventilator is designed to be fitted with a duct for cooling air, the data sheet shall include the
volume pressure characteristic of the auxiliary system and the minimum cooling air flow required.

7 [Marking

The ventilator shall be marked with the following:
a) |name or trade mark of the supplier;

b) |type and model,

c) |application classes;

d) |temperature/time category;

e) |maximum exhaust temperature in °C;

f) |functioning period in minutes;

g) |year of manufacture;

h) |technical data such as power, current,“oltage, pressure, volume flow;
i) |motor insulation class;

j) |snow load class;

k) |number and the year ofithis part of ISO 21927.

8 |Evaluationmof conformity

8.1 General

The|l compliance of powered smoke- and heat-exhaust ventilators with the requirements of this part of
ISOL24927-shal-be-demonstrated-by

oy

— initial type testing,
— factory production control by the manufacturer.

8.2 Initial type testing

Initial type testing shall be performed on first application of this part of ISO 21927. Tests previously performed
in accordance with the provisions of this part of ISO 21927 (e.g. same product, same characteristic(s), test
method, sampling procedure, system of evaluation of conformity) may be taken into account. In addition, initial

© I1SO 2006 — All rights reserved 7
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type testing shall be performed at the beginning of the production of a new product type or at the beginning of
a new method of production (where these can affect the stated properties).

All characteristics given in Clause 5 and 6.1 to 6.7 shall be subject to initial type testing.

Annex F gives rules of possible changes to the originally classified product without the need of re-testing.

8.3 Factory production control

The manufacturer shall establish, document and malntaln a factory production control (FPC) system to ensure
that the progt A
shall consigt of procedures regular mspectlons and tests and/or assessments and the use of the resulls to
control raw[and other incoming materials or components, equipment, the production process and the-product,
and shall b¢ sufficiently detailed to ensure that the conformity of the product is apparent.

An FPC sy$tem conforming with the requirements of the relevant part(s) of ISO 9001, and-made specific to
the requirements of this part of ISO 21927, shall be considered to satisfy the above require€ments.

The results|of inspections, tests or assessments requiring action shall be recorded, @s, shall any action taken.
The action {o be taken when control values or criteria are not met shall be recorded:-

8 © I1SO 2006 — All rights reserved
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Annex A
(normative)

Type approval schedule for a range of ventilators

Reduction of numbers of tests for ventilators forming a product range

-3:2006(E)

For
prog

a)

b)

A.2

Ap
imp
Ccoo
mot}

to the one usedyin the ventilator test may be used, provided that the tested and alternative moton

san
spe

the purpose of type approval, it is not usually considered necessary to test every size of\ve

ventilator with the most highly stressed impeller or the ventilators with impellers-in which th
stress in any material weld or fastening is the highest as appropriate (see Clause A.4);

for ventilators with motors mounted in an enclosure that restricts the ‘cooling, the worst c3
tested, for example the ventilator with the highest ratio of motor cross<¢sectional area to cro
area through which the cooling air flows;

at least two sizes are tested at their highest rotational speed;
ventilator with the smallest motor-frame size to be used;

if the highest impeller stress levels are determiied by geometric similarity conditions frg
sufficient number of sizes of ventilators to ensureithat the impeller diameters of the range are
1,26 of those tested;

if the highest impeller stress levels aré.determined by the calculation methods in A.4.2,
number of sizes of ventilators to ensurethat the impeller diameters of the range are from 0,6
those tested.

Motors

oduct range shall be_approved only if the motors used in the range are also approved, exce
bller is not mountedvon the motor shaft and the motors are out of the air-stream in ambient
ing of the motoris-not affected by heat transfer from the ventilator or the ventilator constructio
br is out of the“air-stream and the impeller is mounted on the motor shaft, motors from a differ

e construetion, i.e. same class of insulation and bearing type and class of fit and same s
bd andrating.

ntilator in a

uct range, provided that the following are tested and the range complies with the) rulg¢s given in
Clatises A.3 and A.4 and Annex B:

e individual

se shall be
5s-sectional

m A4.1, a
from 0,8 to

a sufficient
3 to 1,26 of

bt when the
air and the
. When the
ent supplier
s are of the
ynchronous

A.3 Combined testing

The tests to approve ventilators and motors may be performed at the same time. The motor approval
procedure is given in Annexes B and D. Motors tested independently of fans or in another range of ventilators
may also be used, provided these tests have been undertaken with similar mechanical loads and cooling
conditions as described in this annex and in Annex D.
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A.4 Dete

rmination of highest stresses in impellers

A.4.1 Ventilators with geometrically similar impellers

For geometrically similar impellers, the impeller with the highest peripheral speed is the most highly stressed.

Impellers are geometrically similar if all dimensions, excluding thickness of materials, are within 5 % and the
thickness of materials is within + 10 % of the values scaled by the ratio of the impeller diameters and the
numbers of blades and fastenings are identical. The centre boss is excluded from the geometric similarity
requirements.

A.4.2 Ven

tilators with impellers that are not geometrically similar

A.4.21 General

The metho
assessmen
of less impg

i given for calculating stresses is for comparative purposes only and is not(suitable for degign
. It takes into account only centrifugally induced stresses as aerodynamicallyinduced stresses are

rtance.

A.4.2.2 Akxial impellers

A4.2.21
Divide the k

Calculate th
n+ 1, for eq

F

n,n+1

p s
A s
R is

o s

Centrifugal force
lade into four parts using five sections as shown in Figure’A:1.

e centrifugal force, F, .1,
ch part as given in Equation (A.1)

i px(4, +A4,.1) < (R

R + Rn
2 n+1 ( nit ) sz

-R,) x

he density, expressed in kilograms per cubic metre;
he area of section n, expressed in square metres;
he radius of section\ir;

he angular velocity, expressed in radians per second.

expressed in newtons, for that part of the blade between sections r|and

10
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Rs

Key|
R4 |nside radius of impeller
Rs putside radius of impeller

Figure A.1 — Axial impeller, blade divided intofour parts using five sections

Calgulate the tensile stress, or,,, expressed in newtons per square millimetre, as given in Equation (A.2) using
the pentrifugal force, F,, as given in Equation (A.3); see.Figure A.2.

o =F,/(4, x 106) (A.2)
Fnan’n.'_—l + o +F4’5 (A3)

whdre n is the number of the section.

\ R _
R
1
v
//T 4 7 ﬁ/ ~/
/ \
2
Key
1 section area of blade R4 radius 1 AR = Ry — R4
2 centrifugal force R, radius 2 R,, radius m

Figure A.2 — Axial impeller, application of centrifugal force
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A4.2.2.2

Fastenings or welds

Treat fastenings or welds as the inboard end of the blade section with the cross-section area calculated from
the weld or fastener area.

A4.2.23

Hub/backplate/shroud stresses

Consider only forces due to centrifugal effects. The stresses on the hub are a combination of the self-induced
stress due to the rotation of the hub, the hoop stress due to the loads imposed by the blades and the bending
stress due to the point loads of the blades. The self induced stress, o;, expressed in newtons per square

millimetres
Osi =7
where
Ry is
o is
p s
Assume th

rotation thr

hoop stress

oh :JVxF1,5/(2><n><Ah) (
where

N  ig the number of blades;

F4.5 ig the total blade centrifugal force, expressed in newtons;

Ay, i the cross-sectional area(of;the hub, expressed in square millimetres.
Calculate the section modulus @beut an axis through the section centre of area, parallel to the axis of rota

using the distance to the autside of the hub/backplate/shroud supporting the blade. Then calculate

bending strgss, o, expressedin newtons per square millimetre, as given in Equation (A.6):
op = Fi_sxnxREKGNxZ) (
where Z is the section modulus, expressed in cubic millimetres.

s given in Equation (A 4):

)><Rh2 ><a)2

108

he maximum hub radius, expressed in metres;

he angular velocity, expressed in radians per second;

he density, expressed in kilograms per cubic metre.

bt only the section of the hub/backplate/shroud approximately symmetrical about the plan

pbugh the centre of the blade-fixing is supporting the blades (see Figure A.3), then calculate
, O, expressed in newtons per square millimetre, as given in Equation (A.5):

A.4)

11

of
the

A.5)

ion,
the

A.6)

Then using Tinear hypothesis, the total stress, oy, expressed in newions per square milimetre, is given by
Equation (A.7):

O'T:O'Si+0'h+0'b

12

(A7)
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Z

ﬁ 22 pi|

Acsn] is the section area of blade

NOTE The shaded parts show the portion for the calculation.

Figure A.3 — Portion of hub to be.used for calculation

A.412.3 Centrifugal impellers

A.4[2.3.1 Centrifugal force

Thel centrifugal force, F, expressed in newtons, is calculated by treating the blade as one piece,|as given in
Equation (A.8):

F=p><Ab><bs><R><a)2 (A.8)
whegre

p s the density of blade material, expressed in kilograms per cubic metre;

4y, is the crass*section area of the blade at the centre of gravity, perpendicular to the axis| of rotation,
expressed in square metres;

by is the distance between the backplate and shroud, through the centre of gravity, parallel t¢ the axis of
rotation, expressed in metres;

R is the radius of blade centre of gravity about the axis of rotation, expressed in metres;

w is the angular velocity of impeller, expressed in radians per second.

© 1SO 2006 — All rights reserved 13
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Key
R
d
D outside

central

Figure A.4 — Centrifugal impeller, calculation of centrifugal forces about a principal axis

A4.232
The bendin
M=F
where kis &
A4.233

To calculat
newtons pg
Equations (

Ob,max.

Op,min.

radius
inside radius

dius

Blade bending moment

) moment, M, expressed in newton-metres;-is calculated as given in Equation (A.9):

bk (

S

constant depending on the type of impeller construction (for comparative purposes use k= 1).

Comparative blade stresses

e comparative blade stresses, resolve the bending stresses, oy nax @Nd oy min, €Xpresse
r square millimetre, about the maximum and minimum principal axes, respectively as give

where

(24

VA

14

is the angle between maximum principal axis and a radial line, expressed in degrees;

is the section modulus about principal axis, expressed in cubic millimetres.

A.10) and (A1)
=100Q-xM x cosalZ 5y (A-
=1-000 x M x sinalZ,i. (A-

A.9)

d in
n in
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A.4.2.3.4 Blade joint stress

Calculate the relative shear stress, o, expressed in newtons per square millimetre, at each blade joint as
given in Equation (A.12):

o, = F/A (A.12)

where 4 is the area of cross section of fastening at joint, expressed in square millimetres.

A.511 Assessment of motor changes

If motors of a different construction or from a different supplier to the one that has been tested afe used, the
assessment shall be made in accordance with Clause A.2 by the body responsible-for testing [the product
range.

A.512 Assessment of detail changes

If detail changes are made to the product range that has been tested, the body responsible for testing the
prodluct range shall assess either that the changes do not impair the‘performance of the product range or that
further specific tests are necessary to verify performance.
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Annex B
(normative)

Type approval schedule for a product range of motors

B.1 Reduction of numbers of tests for motors forming part of a range

For the pur
to be used
frame size
1ISO 21927.

B.2 Ass¢

bose of type approval it is not usually considered necessary to test every size and speed ©f n
n a range of powered ventilators. Provided tests are carried out on the largest and smallest m
pt the highest ratings, it may be assumed that all the motors in a range comply with this pa

ssment of changes after testing

B.2.1 Assessment of motor changes

If the spong
shall be ma|

or wishes to use motors of a construction different from the one‘that was tested, the assessn
de in accordance with Annex A.2, by the body responsible fortesting the product range.

B.2.2 Asgessment of detail changes

If detail chs
product ran
that further

nges are made to the product range that has been tested, the body responsible for testing
ge shall assess either that the changes do not’impede the performance of the product rang
specific tests are necessary to verify performance.

otor
otor
rt of

hent

the
e or
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Annex C
(normative)

Test method for performance of powered ventilators at high temperature

C1

Principle

Det
and
abs
pro

ermine the performance of powered ventilators by testing the ventilator so that at normal ambie
temperature (i.e. a density of 1,2 kg/m3) the power output input is 80 % to 100 % ‘of th¢
brbed input power of the ventilator motor and it is operating anywhere on its volumeé-pres
ided that the volume and pressure readings are stable.

C.2 Apparatus

C.2
the

1 Furnace, capable of heating the required quantity of air and raising the temperature of th
specified level in the specified time within the specified tolerances}.either connected directly ¢

sysfem of ducting, either to re-circulate the hot gases or to discharge‘to atmosphere.

NOT

NOT

Key

E 1 See Figures C.1, C.2 and C.3.

E2  Some test furnaces are specified in ISO 834-1 and ISO 6944.

f
WAVAY
N
NN/
f

furnace
ventilator

Figure C.1 — Ventilator connected directly to furnace

nt pressure
. maximum
sure curve,

e system to
r through a
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\7@ /

Key

1 furnace
2 ventilatof

Figure C.2 — Ventilator connected to furnace by re-circulating duct system
| C

Key

1 furnace
2 ventilatof

Figure C.3 — Ventilator mounted inside furnace

C.2.2 Flow-and/or pressure-measuring equipment, In accordance with ISO 5807, ISO 5167 or ISO 5221
or static pressure taps, in accordance with ISO 5221, either side of the impeller.

C.2.3 Thermoelements and thermocouples. in accordance with ISO 10294-1 and ISO 834-1.

C.3 Preparation

Set up the ventilator, following the supplier’s instructions, with its air-intake side connected to the furnace so
that it represents as near as possible the conditions to which it will be exposed in service.
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Test the ventilator by a method appropriate to the application class or classes (stated by the manufacturer).
Set up a smoke-reservoir ventilator, either surrounded by hot gases as indicated in Figure C.3, or totally
surrounded by the high temperature gas flow and not cooled by ambient air if the motor is inside the fan, or
insulated so that the effect is the same as being surrounded by hot gases. Install a non-smoke-reservoir
ventilator connected to the hot gases, either by partial insertion, e.g. for a roof-extract unit, or in a ducted
system surrounded by ambient air; see Figures C.1 to C.3. It can be necessary to make special duct
connections when hot gas re-circulation test systems are used. Install the duct connection so that it does not
prevent heat re-circulation to the motor if this can happen in practice.

When the motor requires cooling air, the flow of the cooling air shall be a minimum in terms of the design of
the fan and shall relate to the test. The manufacturer shall supply the laboratory with that minimum value of

the
NOT

Set
ven

NOT
purg

Tes
tip ¢

Red

whe

The)

whsg

cooling air.
E1 The flow rate is affected by the operating point and the upstream and downstream loading:

up a flow- or pressure-measuring device in the system to measure the volume/flow or pres
ilator.

E 2 The installation of flow-measuring devices or pressure taps is not critical, as the readings are for
oses only and cannot be used to indicate actual performance.

t an insulated axial fan for use as an uninsulated fan as well as an insulated fan with a smaller
learance. The reduced clearance, /gc, expressed in millimetresis as given in Equation (C.1).

uction in tip clearance, Ig7¢c, expressed in millimetres, shall.be calculated as follows:
Irc =Inc —AlTc

re

INc  is the normal clearance;

Alc is the reduction of clearance.

Alrc =(D/2)x Cx AT
re
D is the diameter at minimum clearance, expressed in millimetres;
C is the coefficient of expansion for the material of the casing;

ATA_is half the difference between the hot gas temperature and the ambient temperature.

Measure the minimum clearance between the impeller and the casing. Check that

sure of the

comparative

han normal

(C.1)

reduction in tip clearance, Alyg, expressed in millimetres, shall be calculated as given in Equatfion (C.2):

(C.2)

a) itis not less than the minimum specified by the supplier;
b) itis not greater than the minimum plus 25 %.
NOTE 3 A ventilator tested with insulation has a higher casing temperature than one without insulation and

consequently under test has a larger tip clearance.

Fit at least three furnace thermoelements approximately 100 mm upstream of the intake plate of the ventilator,
positioned uniformly, to measure the temperature of the incoming gases.

© I1SO 2006 — All rights reserved
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Where the motor is mounted within the fan casing and is cooled by ambient air, fit flow-measuring equipment,
taking care that it does not affect the flow rate of cooling air. Also, fit thermocouples in the centre of the inlet
and exit airways.

Fit electrical devices for the measurement of frequency, voltage, current, power and speed in accordance with
IEC 34-2. A frequency measurement is not required if the main supply is of known frequency.

C.4 Proc

C.41 Ge

Carry out t
and 40 °C
insulated f:
to the test
C.4.4. For

If a ventilat
ventilator s

During the

emissions (
of the hous

C.4.2 Wai

C.4.21

temperaturg, at the maximum speed, for a warm-up petiod until the motor-carcase temperature increas

less than 2
pressure ar

edure

e following tests, continuously in the order indicated, at an ambient temperature between 1
nd in a location not affected by varying ambient conditions such as rain, snow @r wind.
ns inside a building. Check that any cooling air is not below 15 °C. Start test measurements
eriod. For ventilator classes F200, F300, F400 and F600, test in accordance with)C.4.2, C.4.3

entilator class F842, test in accordance with C.4.2 and C.4.5.

r is tested at a higher temperature and for a longer period than a lower class or classes, then
all also be approved for that class or classes.

entire period of the test (for products intended to be installed within a building), observe
f any smoke from the furnace coming from the housing of the ventilator due to distortion/leak

ng.
m-up period
Do not operate an emergency ventilator prior to.test. Operate a dual-purpose ventilator at ami

°C per 10 min, but for a minimum period of 60 min. Record voltage, current, power, flow an

b °C
lest
brior
and

the

the
age

ient
e is
d/or

d temperature measurements at intervals'tiot exceeding 2 min. Ensure measurements are stable.

C.4.2.2 Operate an emergency ventilater ;at ambient temperature until the volume flow or pressgure
readings arg stable.

A variation [of £ 1 % in volume flow orl+)2 % in pressure, averaged over consecutive 2 min periods, may be
considered [stable.

C.4.3 Heat-up period

Increase thg gas temperature at the intake plane of the powered ventilator to the appropriate value specjfied
in Table 1 during a period of not more than 10 min and not less than 5 min. Record voltage, current, power,

temperaturg and floew.and/or pressure measurements.

C.4.4 Hig

htemperature test

Carry out the test at not less than the temperature specified and not more than the temperature specified
plus 25 °C and for the appropriate period of time specified in Table 2. Record electrical, flow and/or pressure
and temperature measurements at intervals not exceeding 2 min. Correct the static-pressure measurements
for the effects of density change due to temperature.

After 15 min, switch off the ventilator for 2 min, then restart the ventilator. During this period, the temperature
variation may exceed the specified limits. Add the time the ventilator is switched off to the period of the test.
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.5 High-temperature test in accordance with temperature time curve

Increase the gas temperature at the intake plane of the ventilator in accordance with the standard
time/temperature curve defined in ISO 834-1. Control the temperature to a tolerance of +%5 °C. Test the
ventilator for a period of 30 min. Record electrical, flow and/or pressure and temperature measurements at
intervals not exceeding 2 min. Correct the static pressure measurements for the effects of density change due
to temperature. At the end of this period, switch off the ventilator for 2 min and then re-start the ventilator.
During this period, the temperature variation may exceed the specified limits. The test is completed once the
fan has re-started and meets the requirements of Clause C.1.

Dur

aTal the entire rl_\orlr\ri of the test (fnr‘ prnrhlr\fc intended to be installed within_a hlllldlng), observe the

emi
of t

C.5

C5

5sions of any smoke from the furnace coming from the housing of the ventilator due to distort
e housing.

Test report
1 Prepare a test report after completion of the tests, including the following|information:
name of the test laboratory;
name of the sponsor;
date of tests;
name of supplier and trade name of the product;
engineering plans of the ventilator including any technical details;
reference to the test methods;
catalogue description, size and speed-af-the ventilator tested;
ancillaries tested;
temperature/time class (see 6:1);
application classes (see 4.1);
product range approved by the tests in accordance with Annex A,
snow load class;

details of the test arrangement, including all equipment used for measurement of temper
pressure, current, voltage, electrical power and wind and snow load;

ion/leakage

ature, flow,

observations, measurements and calculated results made before, during and after th
accordance with this annex and Annexes D or E;

minimum volume of cooling air (see Clause C.3).
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C.5.2 Prepare an additional report providing details of the complete product range approved, including:
a) fan model number or catalogue code;

b) engineering plans of the ventilators, including any technical details;

c) fan speed;

d) impeller and hub diameter, tip clearance, length and number of blades;

e) approximate blade cross-sectional area;

f) approxjmate hub cross-sectional area;

g) motor $peed;

h) motor nodel number or catalogue code;

i)  motor fating;

i) bearing type, class of fit, lubricant and arrangement for motor and fan, if fan.is\indirectly driven;
k) carcasg, end cover and cooling impeller material;

I) class of insulation and specification;

m) ancillaiies have been approved;

n) minimym volume of cooling air (see Clause C.3).
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