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Foreword

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

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
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Introduction

[SO 5801 provides the information for accurately measuring the performance of fans when tested under
standardised laboratory conditions. The ducting where specified ensures a fully developed symmetrical
velocity profile at the fan inlet. There can also be sufficient straight ducting at the fan outlet to ensure
efficient conversion of the distorted velocity profile at the fan outlet to a measurable stable and homogeneous
profile at the measuring station.

This document shows how fan performance is affected by both inlet and outlet connections to it. System
designers must not only look at the ideal performance curve and calculated system pressure drop but also
take into account the losses at the entry and exit points of the fan. These are described in the document.

The condept of the system effect factor (SEF) was introduced to the fan industry by AMCA in 1973:{Since its
inception it has become widely accepted worldwide. In more recent years, it has been realized\thaf the SEF
depends|not only on the fan type and the fitting geometry but also on the fan design and manufacturing.
Some lesk efficient fans can sometimes be less sensitive to system effect induced by poor inléet flow cgnditions
than more efficient fans of the same type.

Furthermore, the origin of the system effect induced by a fitting at the fan inlet isdifferent from the¢ one due
to the same fitting located on the fan outlet. That is why two different definitions-of SEF are propos¢d in this
document according to whether the appurtenance is at the fan inlet or fan discharge.
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Fans

— System effects and system effect factors

1 Scope

This document deals with the likely degradation of air performance of fans tested in standardized airways
according to ISO 5801 when compared with the performance of fans tested under actual site conditions. It

deals wi
as guide

th the performance of a number of generic types of fan and fittings. The results given are
ines and only provide trends, as the system effect depends on the exact geometry of the

disturbing component.

The test
20 years
also takg

data presented in this document are taken from an extensive experimental-program c
ago by NEL (National Engineering Laboratory, UK), mainly on axial and centsifugal fans.
bn from several research projects financially supported by ASHRAE, some ‘of them being

out in the AMCA laboratory in Chicago, as well as from results published pteéviously by indiv

manufac

2 Nor

There ar

turers.

mative references

e no normative references in this document.

intended
fan and

nducted
Data are
r carried
dual fan

3 Terms, definitions and symbols
No termg and definitions are listed in this document.
[SO and JEC maintain terminology databases for uséin standardization at the following addresses:
— ISO Qnline browsing platform: available at https://www.iso.org/obp
— IEC Electropedia: available at https://www.electropedia.org/
The following symbols are used:
Symbol Description SI units I-P units
4, Fan(outlet area m? ft2
C System effect (SE) coefficient (see 5.2) Dimensionless Dimensionless
& Conventional pressure loss (see 5.2) Pa in. wg
D¢ Fan pressure Pa in. wg
Dta Fan dynamic pressure (see Clause 4) Pa in. wg
Do Fan static pressure Pa in.wg
<% chfnm offoct (coo 2) Pa in urg
Additional pressure loss due to non-uni- Pa inw
Psko form flow (see 5.2) W8
qn Volume flow rate of the fan m3/s cfm
Skp System effect factor Dimensionless Dimensionless
g Loss coefficient (see 5.1) (m3/s)/(Pa®>)
p Density of air kg/m3 Ibm/ft2
Pstd Standard air density kg/m3 lbm/ft?
NOTE The term “fan dynamic pressure” or “dynamic pressure” is used throughout this document and is
equivalent to the term “velocity pressure” as used in some countries.

© IS0 2024 - All rights reserved
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4 Origin of fan system effects

Manufacturers’ fan performance ratings are mostly based on tests carried out in a laboratory under ideal
conditions. Ideal conditions refer to uniform, swirl-free air velocity profiles at fan inlet and outlet, like those
of the testrigs described in ISO 5801 and AMCA 210. In ‘real life’ fan installations, it is possible that such ideal
conditions are not present due to improper connection of the fan to the system. Such improper connections
include obstacles at fan inlets and outlets that alter the aerodynamic characteristics of the fan and lead to
deficient performance in relation to catalogue ratings, even when the system pressure losses have been
estimated accurately. The term “system effect” is a measure of this degradation of fan performance.

The origin of system effect is different at fan outlet and at fan inlet. At the fan outlet, for example in the
case of an improperly connected outlet fitting such as an elbow, damper or duct branch, the system effect

is linked|
(Figure

when mgq
standard

When th
profiles

from sta
disturbe
fan inlet
deterior
this dist
will be d
configur

In both
reasons.

). This degraded flow will create more pressure loss across the fitting than would be
asuring the fitting loss assuming uniform homogeneous flow profiles or when estimatin
handbooks such as the ASHRAE Handbook of Fundamentals[14],

ht the inlet to the fitting can be uniform and the fitting pressure loss as measured or e
hdard handbooks can be valid. However, the flow patterns at the fan inlet (or fitting outle

caused by the fitting will lead to a reorganization of the flow inside’the impeller and th

rafted at a later date to show the influence of the inlet obstacles on the fan power curve for
htions of fans and fittings as in this document.

Fases, the resulting air flow of the fan-system combination deteriorates, but for distinct

dependimg on whether the fitting is at the fan inlet or fan*outlet. It is also recognized that in some si

obstacle
Figure 2

Key
1 axial

b very close to fan discharge (e.g. side walls at-a'short distance of a plenum fan impeller as

1

,<7,7,, = R R

—
==

fan

Figure 1 — Non-uniform velocity profiles at fan outlet

to less-than-optimum non-uniform flow profiles induced by the fan at the entrance to,the fitting

the case
o it from

e fitting is at the fan inlet, for example an elbow or a fan inlet duct/box (EFigtre 2), the velocity

stimated
t) can be

d with the presence of a vortex, spin or vena-contracta. This less than optimum flow condition at

brefore a

ition of fan performance in relation to catalogue ratings. Not only'the fan curve can be affected by
irbing obstacle but also sometimes, but not always, the fan.power curve. A companion document

the same

physical

For this reason, two different definitions and. tféatment of fan system effect are incorfporated,

ktuations,
thown in

D) can also deteriorate fan performance in the same manner as components located at fan inlet.
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a Impg

An ideal

shown ir

ller rotation.

connection to a fan would be one which @esults in a velocity distribution across the
connectipn plane which is relatively uniformly distributed and without appreciable swirl comp

Figure 3.

Figure 2 — Vortex at/fan inlet

K

fan inlet
nent, as

© IS0 2024 - All rights reserved
3


https://standardsiso.com/api/?name=7b0ca57f81c2657c362fb24a24d89f04

ISO/TR 16219:2024(en)

. P4 N P4 o

> < 10 - =
(sp)/10 11 (=pd/10 —

NS H—

— T

f > I >

L I I

I B N S O Oy A

s -

e o

I >

— 7 ! =
a) Ideal p, distribution b) Good p4 distributien?

(spa)/10

¢) Satisfactory py distribution®

Key
pq Mmean dynamic pressure of the duct flow

a2 Also|satisfactory for flow into fan inlets, hut'tan be unsatisfactory for flow into inlet boxes, can produde swirl in
boxep.

b Mor¢ than 75 % of p4 readings greater than py,,,.,/10 (unsatisfactory for flow into fan inlets of inlet boxes).

Figure 3 — Ideal fan connections

5 Defjnitions of system effect factor (SEF)

5.1 Inlet SEF

With a dompionent at the fan inlet, the SEF is defined as the relative airflow drop Agqy,/q,, along a given
system lineas shown in Figure 4. In this figure, the solid curve and the dotted line curve are the static
pressure curves without and with system effect, respectively. The curve with system effect is obtained by
adding the pressure loss of the fitting for each flow rate increment, when it can be measured or estimated
from guidebooks (e.g. IDEL'CIK), to the static pressure of the fan + inlet fitting combination. This procedure
allows for the assessment of the installation effect related to the degradation of the fan curve itself without
accounting for the pressure loss of the fitting.

To quantify the system effect on the whole fan curve, the quantity Aqy,/qy; is plotted versus the system
resistance coefficient § =qy 1 /+/Prs (Pgs being the fan static pressure at qy,;)V in Figure 5.

1) qy, is either in cfm or m®/s while py is either in. wg or Pa.

© IS0 2024 - All rights reserved
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The SEF for a given fan + inlet fitting configuration is the average of Aqy;/q,; over the ¢ range, presented as
a percentage in the results. Aqy, /qy; is positive when the flow with the inlet fitting is lower than that of the
free inlet configuration.

pfs

Key

qy;  volume flow rate of the fan

Pss fa1} pressure
far curve without system effect
fa} curve with system effect
sy$tem line

Figure 4 — Definition of q;; and Aqy; on a given system line

© IS0 2024 - All rights reserved
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Key

Aqy,/qy, | relative flow drop in volume flow rate of the fan

§
1

F

Clause 6|describes various situations resulting in inlet system effects.

52 O

Outlet system effect is a measure of the pressure losses across fan outlet appurtenances such as
duct, elbpw, volume control damper, duct branch et plenum, due to non-uniform outlet flow inducg

fan and

Most fanp, for applications requiring systemis-éonnected at their outlets, are tested and rated for perf

with an

manufac
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system resistance coefficient
system effect curve

ytlet system effect

improper outlet connections.

butlet duct 2 to 3 ‘equivalent duct/diameter’ long. The outlet duct helps control the diffusi

urer to supply this ductsasspart of the fan, but rated performance will not be achieved

igure 5 — Example of relative flow drop Aqy,/q,, versus system resistance coefficient §

hn outlet
td by the

ormance
pn of the

unless a

outlet flw and establish a uniform velocity profile (Figure 6). In most cases, it is not practical fof the fan

compar

le duct is included in system design.
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Key
1  centrifugal fan
2 cutoff
3 Dblastlarea
4  outldtarea
5 discharge duct
6  axiallfan
7 25 9 effective duct length
8 50 % effective duct length
9 75 9 effective duct length
10 100 Yo effective duct length

Figure 6.2 Velocity profiles at fan outlet
The techniques documented to,.estimate pressure losses of a fitting such as an elbow or the p
pressurg drop performance from’a manufacturer of a fitting such as a damper are based upon
approacm velocity profiles. Fhe/pressure loss so estimated is referred to as the ‘conventional presy
across the fitting. Unless-uniform approach velocity profile is ensured, there will be additional
losses adross these fittings. Outlet system effect is used to estimate the actual pressure loss ac
fitting inla given installation.

Clause 7
(Pa), for

describes/various situations resulting in outlet system effects. The total outlet system e
h giyen-situation (fitting) is defined as:

Pt Dsgg

ublished
uniform
ure loss’
pressure
ross the

ffect, psg

PsE =

where

Pc

Psko

is conventional pressure loss (Pa);

is additional pressure loss due to non-uniform flow (Pa).

Psgo €an be expressed as a function of flow by the following formula:

Psko = C % Pgqp

© IS0 2024 - All rights reserved
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btain the

bt SEF in

where
Psq2  is dynamic pressure at fan outlet 0,5-p(qy,/4,)%
qy; s fan airflow rate, m3/s;
A, is fan outlet area in m?;
C is system effect coefficient;
p is air density in kg/m3.
The outlptsystemeffectporateach-Howrategprmustbe-addedto-the-desigh-systereurve+6-o
actual system curve (Figure 7).
The system effect coefficient C is averaged over the fan curve to obtain what is called the outle
Clause 7.
Py - P, S|fitting conventional pressure drop at design flow
P - P =|outlet system effect, pgg,, at design flow
P - Pp Hfitting conventional pressure drop at actual flow
Py - P =|outlet system effect, pg,, at actual flow
P
1
'C
|
|
|
F /B
N
[ |
I R Y YA
E/
! 1
|
2 D
| |
| |
5 3 | |
| |
4‘ | |
| |
| |
| |
| |
| |
| |
6 q
7
Key

B wW N R Y
<

fan volume flow rate

fan pressure

fan catalogue pressure-flow curve

actual system curve

system curve with fitting conventional pressure drop

system curve without conventional pressure drop and no allowance for system effect

© IS0 2024 - All rights reserved
8


https://standardsiso.com/api/?name=7b0ca57f81c2657c362fb24a24d89f04

ISO/TR 16219:2024(en)

5  design pressure

actual flow

7  design flow

Figure 7 — Modification of design system curve due to outlet system effect

In some cases, the conventional pressure loss p,. cannot be estimated or is not relevant, like for instance with
side walls close to the impeller of a plenum fan in the example of 7.2.2.2. In this case, the system effect is due
to the disturbed flow in the impeller induced by the proximity of the walls.

6 Exa|mples of inlet SEF

6.1 In

Example
1990s. T
nine diff]

troduction

5 of inlet system effect are taken from different dedicated research programs-carried out
he National Engineering Laboratory (NEL) in the UK performed an extensive‘experimental
brent types of fans and six ductwork fittings at the fan inlet. A summary<of the test config

and mai:ﬁ results obtained is given in References [3] and [4]. Otherwise, severalresearch programs h

financia
— aba
— afory
— two
— thre

Finally, {
segment

y supported by ASHRAE in which the tests were performed mainlyby’AMCA to quantify th
'kward inclined/aerofoil centrifugal fan - ASHRAE Research Project 1216-RPI3];

ward curved centrifugal fan - ASHRAE Research Project-$272-RPI6l;

herofoil centrifugal plenum fans - ASHRAE Research Project 1420-TRPLZ];

e sizes of propeller fans of the same series - ASHRAE Research Project 1223-RPI8],

i test was done more recently by AMCA on-a forward curved centrifugal fan with an
bd elbow at various orientations.

6.2 Axial fans

6.2.1 1

6.2.1.1

All the tg
ductwor
and the f

Details ¢
reports.

cxperimental setups

NEL

sts were performed-on a ductwork of D = 630 mm, where D is the duct diameter. A layout o
k with a bend connected to the fan inlet is shown in Figure 8. The distance between the in
an is varied from 0D, as in Figure 8 to 2D.

since the
study on
urations
ave been
e SEF on:

nlet 90°

the test
t fitting

f the experimental program and measurement procedure are given in Reference [4] an

fan + ian

private

The test data used in the present analysis are the performance curves of the fan alone and
t fitting and the measured pressure losses of the fittings. All the fan curves, initially based on

total prefsure, were transformed into static pressure curves by subtracting the dynamic pressure 3t the fan

1CO COoNd

outlet acket C‘lius to150-5801

© IS0 2024 - All rights reserved
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3
1 D, D, 2D, D, | D, |
Vv . E +
LA 1 I
\ / 2
Q 4
5
Sy ) |
i 7

a «< > 6
Key
1 testfan and fitting
2  throftle
3  auxiliary boost fan
4 silenfers
5 flow[measurement nozzle
6 flowmeasurement and control section
7  outldt duct
8 inlet|duct
SOURCE | Based on content from National Engineering Laboratory (NEL) Fan Connected Ductwork Study

(FET001)

Table 1 g
including
outlet) v
They inc
a) rect
b) shor
c) squ
d)
e)
f)
g)

February 1992, reproduced with permission from the Fan Manufacturers Association, FETA UK.
Figure 8 — Test rig for determination of installation effect — Fitting at fan inlet

ives the main characteristics of the axial fans tested by NEL while Figure 9 shows views of
b centrifugal fans. Figure 10 presents sketches of the fittings that were connected to the fan
a transition elements.

ude:
hngular/circular transition, section 800 x 400 — D = 630 mm, length 950 mm;

t square bend 90°, section 630 x 630, curvature radius 100 mm;

Te mitred bend 90° section 630X 630, with guide vanes;

circular five-piece segmented bend, D = 630 mm;

rectangular to rectangular box fitting, section 800 x 400, length 2 400 mm;

rectangular splitter silencer, section 800 x 400, length 1 200 mm;

banjo connector, section 1 260 x 630, length 1 890 mm.

© IS0 2024 - All rights reserved
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Table 1 — Main characteristics of the axial fans tested by NEL

Fan Fan type Blade setting Hub/tip ratio Speed
° r/min

1 tubeaxial 24 0,223 1440
2 tubeaxial 30 0,223 1440
3 vaneaxial 24 0,389 1440
4 vaneaxial 32 0,389 1440
5 tubeaxial 24 0,389 2900
6 tubeaxial 32 0,389 2900

] L

TEATHthefarsave adiameterof 636

DURCE: Based on content from National Engineering Laboratory (NEL) Fan Connected Ductwork Study f
ETA (FET001) February 1992, reproduced with permission from the Fan Manufacturers Association, EFETA U

[

SOURCE
(FET001)

Based on content’from National Engineering Laboratory (NEL) Fan Connected Ductwork Study|
February 1992, eéproduced with permission from the Fan Manufacturers Association, FETA UK.

Figure 9 — Views of the NEL test fans

for FETA

© IS0 2024 - All rights reserved
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Key
shor’

circ

rects

1
2
3
4  rectd
5
6  banj
7  rect3

SOURCE
(FET001)

N
1
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(71 AN e
NG 6

F square bend 90°

squjre mitred bend 90°
I

ar five-piece segmented bend
ngular/circular transition,
ngular splitter silencen

b connector

ngular to rectanguldar box fitting

Based on_centent from National Engineering Laboratory (NEL) Fan Connected Ductwork Study|for FETA
February1992, reproduced with permission from the Fan Manufacturers Association, FETA UK.

Figure 10 — NEL fittings

6.2.1.2

ASHRAE 1223-RP

This project dealt with the inlet installation effect on three propeller fans of diameters D = 610 mm, 914 mm
and 1 219 mm each running at two speeds. The speeds range from 259 r/min to 908 r/min, according to the
diameter. The inlet fittings are:

— a90°round mitred elbow with five angular positions ranging from 0° to 270° (Figure 11);

— three round inlet ducts with contraction area ratios of 1,0, 1,25 and 1,5 (Figure 12);

— awall at several distances ranging from 0,25D to 2D in front of the fan inlet (Figure 13).

© IS0 2024 - All rights reserved
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Details of the experimental setups are presented in Reference [8].

Key

D

1

I
|
1-1/4 D
|
|
|
|
|
|
|
|
|
|

1  basig¢ fan set up

SOURCE
Installati

Based on content from © ASHRAE http://www.ashrae.org Research Project Report 1223
bn Effects on Propeller Fans, Air and Sound, 2009, reproduced with permission fromthe American

Heating, Refrigeration and Air Conditioning Engineers.

Key

Figure 11 — 90° Round mitred elbow

!
11-1/4D

1  basig fan set up

SOURCE
Installati

Based on content“from © ASHRAE http://www.ashrae.org Research Project Report 1223
bn Effects on Propelléer Fans, Air and Sound, 2009, reproduced with permission from the American

Heating, Refrigeration antd Air Conditioning Engineers.

Figure 12 — Inlet duct with contraction

RP, Inlet
Society of

RP, Inlet
Society of
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—>

3D

uAn

1/4
1/2
3/4

1-1/4
1-1/2

=
|0 |00 00|00

Key
1  basig¢ fan set up
SOURCE | Based on content from ©wASHRAE http://www.ashrae.org Research Project Report 1223{RP, Inlet

Installatipn Effects on Propeller Fansj Air and Sound, 2009, reproduced with permission from the American pociety of
Heating, Refrigeration and Air Conditioning Engineers.

Figure 13 — Wall in front of the fan inlet

6.2.2 Results

6.2.2.1 | Introduction

As stated in 5.1, the SEF due to inlet fittings is the relative flow drop Aqy,;/qy, averaged over the flow
range. If the pressure loss of the appurtenance is known, it is added for each flow rate increment to the
fan + fitting curve in order to quantify the system effect due only to the degradation of the fan curve by the
flow distortion induced by the fitting.

In the results analysed below, the pressure losses of the components have been measured (or estimated
from a database) in the NEL tests and in ASHRAE 1223-RP for the mitred elbow and the contractions?).

2) Inthe configuration with the wall in front of the fan (Figure 13) there is no pressure drop of the inlet disturber as that
is not relevant.
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In the following table of results, the inlet SEF is shown as a percentage with the following convention

depending on whether the system effect is considered as small, medium or high.

x% SEF<5%
y % 5%<SEF<10%

6.2.2.2 NEL

The pressure loss coefficients of the fittings assessed from NEL measurements with axial fans are presented
in Table 2. Except for the rect/circ transition, where the loss coefficient is very low, the coefficients of the 90°

bends offvarious shape are similar.

Table 2 — Pressure loss coefficients of the NEL fittings at the axial fan inlet

Fitting Pressure loss coefficient
Rect/circ transition (a) 0,07
Short square bend (b) 0,36
Square mitred bend (c) 0,40
Segmented bend (d) 0,32
Table 3 $hows the SEF calculated for the axial fans of Table 1 and some of the inlet fittings des¢ribed in
6.2.1.1 far four gaps L/D between the component and the fan. The SEF is small or even insignificanf in most
of the combinations of fans and fittings, except on fan 2 where the SEF is higher with bends (b) apd (c). In
this case|the larger the gap, the lower the SEF.
Table 3 — SEF of axial fans with inlet fittings
Average Aqy,/qy,
Axial
L/D 1 2 3 4 5 6
0 =0,4% -0,9 % 0,0 % -01% -0,3 % -1,2 %
. . 0,5 -0,5 %
Rect/¢irc transition (a)
0,5% 01% 0,3 % 0,0% -04 % 0,3 %
-L,0% 0,3 % -04 % -04 % -0,6 % 0,7 %
0 37% 6,3 % 0,9 % 2,7% 04 % -0,2 %
0,5 2,6 % 6,2 % -0,8% 2,0%
Shor{square bend (b)
0,3 % 3,8% 1L,0% -0,6 % -0,3 % 0,6 %
0,5% 0,7 % -0,6 % -04 % 0,3 % 1,2 %
0,2 % 6,4 % 2,5% 0,0 % 2,0 % 0,5 %
/ 0,5 5,6 % 2,2% -0,5%
Squarje mitred bend (c)
01 % 5,4 % 1,9 % -0,1% 0,8 % 0,5%
-0,2 % 2,5% -0,8 % 0,0 % -0,3 % -0,2 %
-1L,0% -1,0 % -1,9 % -0,3 % -1,6 % -0,3%
0,5 L5 % 1,9 % -0,2 % -0,3 %
Segmented bend (d) 2 2 2 ?
1 3,6% 0,6 % 0,5 % 0,0 % -1,4 % 0,9 %
2 18% 1,3% 1L,0% -0,9 % -1,3% -0,7 %
NOTE Blank cells represent no data.
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6.2.2.3 ASHRAE 1223-RP

Table 4 presents the results obtained on the three impellers with the different fittings. For each fan, the SEF
has been averaged over the test speeds. The pressure losses of the elbows and contractions have been taken
into account to calculate the SEF but the losses at the entrance of these components have not been accounted
for, which can be important since there is no inlet bell at the entrance of the ductwork (see Figure 11 and
Figure 12). Even if some differences are observed between the results of the three fans for reasons that can
be linked to a size effect, the fact that the fans are not absolutely geometrically similar or both, the general
trend observed is close.

The influence of the contraction decreases as the area ratio increases from 1 to 1,5. That the SEF is the
highest for an area ratio of 1 can be explained by the fact that the pressure loss at the entrance of the fitting
is not copsidered 1n the calculation. The duct velocity an Us the pressure loss are indeed highdr for the
area ratip of 1 than for the two other ratios. If this loss is taken into account, the difference between the SEF
of the three contraction ratios is very small.

The elbow induces a strong SEF, and its orientation has some influence with a maximum.effect obfained at
0° (elbow oriented vertically upwards). The wall in front of the fan inlet has also a strong effect when its
distance|to the fan is 0,25D. The effect is still not negligible when this distance increases, especially|with the
propeller of 1 219 mm.

Table 4 — SEF of propeller fans with inlet fittings

Propeller Propellér Propeller
610 mm 914.mm 1219 mm
Inlet fittings AverageAqy,/qy,
Contraction AR=1 5,4 % 4,7 % 8,9 %
Contraction AR =1,25 2,3 % 2,5% 4,6 %
Contraction AR=1,5 0,6 % 0,5% 3,1%

Elbow oriented 0°

Elbow oriented 45°

Elbow oriented 90°
Wall at 0,25D
Wall at 0,5D 4,2 % 1L,3% 57 %
Wall at 0,75D 32% 1L5% 6,1 %

Wall at 1D 3,6 % 1L,2% 6,4 %
Wall at'1,25D 2,6 %
NOTE Blanhk-eells represent no data.

6.3 Centrifugal and mixed-flow fans

6.3.1 Experimental setups

NEI

6.3.1.1

Table 5 gives the main characteristics of the centrifugal and mixed-flow fans tested by NEL. The fittings
tested are described in 6.2.1.1. The pressure loss coefficients of these fittings measured by NEL are shown
in Table 6.
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Table 5 — Main characteristics of the centrifugal and mixed-flow fans tested by NEL

Fan Fan type Impeller diameter Speed (r/min)

7 Mixed-flow with guide vanes 630 1470

8 FC centrifugal, single inlet 630 850

9 BC centrifugal, single inlet 610 2600

10 FC centrifugal, double inlet 630 850

11 BC centrifugal, double inlet 510 1800
SOURCE: Based on content from National Engineering Laboratory (NEL) Fan Connected Ductwork Study for FETA (FET001)
February 1992, reproduced with permission from the Fan Manufacturers Association, FETA UK.

Table 6 — Pressure loss coefficients of the fittings q/b‘
> Q
ressure ,
Fitting loss ,\Q :
coefficient Co(l/
Rect/circ transition 0,07 N
Short square bend 0,36 ) Q‘
Square mitred bend 0,40 ‘O\
Segmented bend 0,32‘ \(0
Rect splitter silencer 2/415\
Banjo connection ('§,<16
v
6.3.1.2 | ASHRAE 1216-RP \§\
b

In this project, a backward inclined (BI) aerofoil centrif*tuggf fan of impeller diameter D = 762 mml|is tested
accordinig to test configuration B with various inlet fittings, i.e. five bearings with their suppprts (see
an examnﬁle in Figure 14) and two cabinets of heights 2D and 3D and width L varying from 2D |to 0,25D
(Figure 15). The tests have been carried out at three rotation speeds: 796 r/min, 1 327 r/min and|1 731 r/
min. Dethils of the experimental setups are pre*s\@ted in Reference [5].

SOURCE Reprinted from © ASHRAE www.ashrae.org, Research Project Report 1216-RP, Inlet Installation Effects on
Backward Inclined (BI)/Airfoil Centrifugal Fans, Air and Sound, 2011, reproduced with permission from the American
Society of Heating, Refrigeration and Air Conditioning Engineers.

Figure 14 — BI centrifugal fan with inlet bearing obstruction
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Reprinted from © ASHRAE www.ashrae.org, Research Project Report 6-RP, Inlet Installation

Backwardl Inclined (BI)/Airfoil Centrifugal Fans, Air and Sound, 2011, reproduced with permission from the

Society o

6.3.1.3

Heating, Refrigeration and Air Conditioning Engineers. OQ
Figure 15 — BI centrifugal fan with inlet E\@j\nets 1 (left) and 2 (right)

Z
ASHRAE 1272-RP \g{ﬂ\

The objeftive and the test procedure of this projecﬁﬁqfe similar to those of ASHRAE 1216-RP. The t
a forwarfd-curved centrifugal fan of impeller dia\é@eter D =321 mm, and the inlet fittings are four beprings of

various fypes and two cabinets of heights 2D.an

Effects on
American

bst fan is

3D and width L varying from 2D to 0,25D. The te§t speeds

are 1 000 r/min, 1 500 r/min and 2 000 ré}Q;r' Details of the test setup are shown in Reference [6]. figure 16

shows a

yiew of the fan with inlet cabine®2D of 2D height.

OQQ
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pight &Q~
h L O\
Reprinted from © ASHRAE www.ashrae.org, Research Project Report 2-RP, Inlet Installation

Curved Centrifugal Fans, Performance Air and Sound, 2010, reproduced with permission from the
Heating, Refrigeration and Air Conditioning Engineers. Q

Figure 16 — FC Centrifugal Fan with inlet cabinet 1
&5

<
)
ASHRAE 1420-TRP Q

ect was carried out on two aerofoil centrifitgal plenum fans of impeller diameters D = 381

determined. Details of the test setup are 6) nted in Reference [7].

Effects on
American

mm and

according to test configuration A (Figare 17). The rotation speeds are 3 150 r/min for he small
and 1 575 r/min for the large impeller. For each fan the system effects due to inlet fittings were

SOURCE Reprinted from © ASHRAE www.ashrae.org, Research Project Report 1420-RP, Inlet and Discharge
Installation Effects on Airfoil (AF) Centrifugal Plenum/Plug Fans for Air and Sound Performance, 2014, reproduced
with permission from the American Society of Heating, Refrigeration and Air Conditioning Engineers.

For each

Figure 17 — Views of the two centrifugal impellers

fan the inlet appurtenances are:

— apillow block bearing with support (Figure 18);
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— acoilin an inlet cabinet at four locations of the fan 1D, 0,75D, 0,5D and 0,25D (Figure 19);

— 10 configurations of inlet cabinet of 1D depth with the right, top and left walls at four locations ranging
from 1D to 0,25D (Figure 20 and Table 7). One of the cabinets was also tested with an inlet cone to
determine if it was necessary for all cabinet tests;

— areturn fan inlet cabinet of 1D width with the right-side wall at four locations 1D, 0,75D, 0,5D and 0,25D
(Figure 21) plus a 45° baffle (Figure 22).

SOURCE | Reprinted from © ASHRAE www.ashrae.org, Research Project Report 1420-RP, Inlet and Discharge
Installatipn Effects on Airfoil (AF) Centrifugal Plenum/Plug Fans for Air and.Sound Performance, 2014, reproduced
with perrhission from the American Society of Heating, Refrigeration and-Air Conditioning Engineers.

Figure 18 — Inlet pillow block bearing with support

SOURCE | Reprinted\from © ASHRAE www.ashrae.org, Research Project Report 1420-RP, Inlet and Pischarge
Installatipn Effects\on Airfoil (AF) Centrifugal Plenum/Plug Fans for Air and Sound Performance, 2014, reproduced
with perrhission from the American Society of Heating, Refrigeration and Air Conditioning Engineers.
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Figure 20 — Inlet cabinet with side wall spacings 1D right, 1D top and K@eft

r\(bq'

Table 7 — Configurations of inlet cabinet with various side v,v(qg.spacings

Right Top Left)\
Box 1 1D 1D o
Box 2 0,75D 1D . O'1D
Box 3 0,75D 075D A< 1D
Box 4 0,75D 07501 075D
Box 5 0,5D 1Dy 1D
Box 6 0,5D 05D 1D
Box 7 050 |, ~05D 0,5D
Box 8 025D - ¢ 1D 1D
Box 9 0,25D, 0,25D 1D
Box 10 0,25D 0,25D 0,25D
C;\\\)
Q
)
@)
\%O

© IS0 2024 - All rights reserved
21



https://standardsiso.com/api/?name=7b0ca57f81c2657c362fb24a24d89f04

ISO/TR 16219:2024(en)

1

Key
1  right

SOURCE
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with perr

Key
1 45°%

SOURCE
Installati
with perr

side wall le/

Reprinted from © ASHRAE www.ashrae.org, Research Project Report -RP, Inlet and
bn Effects on Airfoil (AF) Centrifugal Plenum/Plug Fans for Air and Sound Performance, 2014, re
hission from the American Society of Heating, Refrigeration and Air Conditioning Engineers.

N\
Figure 21 — Return fan inlet cabinet with perpendicul l(s}ght-side wall at 0,25D
from the impeller Oé

1 QO

affle

bn Ef! on Airfoil (AF) Centrifugal Plenum/Plug Fans for Air and Sound Performance, 2014, re

Reprir:%@ from © ASHRAE www.ashrae.org, Research Project Report 1420-RP, Inlet and
1%& from the American Society of Heating, Refrigeration and Air Conditioning Engineers.

Discharge
produced

Discharge
produced

6.3.1.5

Figure 22 — Return fan inlet cabinet with right side wall at 45°

Elbow at the inlet of a forward-curved centrifugal fan

This test was done on a FC centrifugal fan with an impeller diameter D = 305 mm and a 90° segmented elbow
of inlet diameter 203 mm according to test configuration B. The fan speed was 1 750 r/min. The system
effect was assessed for 12 orientations of the elbow from position 12 o'clock, corresponding to the inlet
orientated upwards (Figure 23).
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Figure 23 — Views of the FC centrifugal fan with the inlet elbow at 12 o'clock

6.3.2 Results

6.3.2.1 | NEL

Table 8 ghows the SEF calculated for the mixed-flow fan and two centriftigal fans of Table 5 and S(EI\r‘le of the
inlet fittings described in 6.2.1.1 for four gaps L/D between the component and the fan. The pressufre losses
of the fitfings are taken into account in the SEF assessment.

Table 8 — SEF due to inletfittings

A
Average Aqy,/qy,
Mixed flow and centrifugal
L/D 7 8 9
0 0]5 % _014 % 0}1 %
: . 0,5
Rect/circ transition (a)
1 0,9 % _013 % 0}4 %
2 0,7 % _011 % 017 %
0 1,0 % 1,3 % 2,0%
0,5
Short square’bend (b)
1 0,7 % 2,6 % 1,0 %
2 1,2 % 0,0% 1,0 %
0 1,2 % 2,5% 1,0 %
. 0,5
Square mitred bend (c)
1 1,2 % 2,7 % 1,0 %
2 1.6 % 1.8% 1.0 %
1,1% -0,2% -0,1%
0,5 0,3%
Segmented bend (d)
1 1,4 % 1,2 % 0,4 %
2 117 % _011 % 0[8 %
0 2,1%
: i 0,5
Rect splitter silencer (f)
1 1,8%
2 1,5%
NOTE Blank cells represent no data.
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Table 8
notable §

to the aufthors of the study the flow was very unstable and the performance dropped considerably.

trend w
appear i
recomm

6.3.2.2

The test
three sp

Table 9
maximu

Figure 14

Table 10

important for the smallest width L = 0,25D, and it is continuously decreasing when L increases. T
e between'the two cabinets, the SEF being higher whatever L with cabinet 2. This can be due to the

differeng
asymme
are morg

Table 8 (continued)
A
Average Aqy,/qy,
Mixed flow and centrifugal
L/D 7 8 9
0 16,8 %
0,5
Banjo connection (g) 1
2 19,6 %
NUTE BlankK cells represent no data.

eveals that the SEF is small or insignificant in most of the combinations of fans and’fi
bxception is the banjo connector with fan 9 (BC centrifugal fan). For this configuration,

hs obtained with the banjo connector fitted to fan 8 (FC centrifugal fan)ifor which n
W Table 8 due to inconsistencies. Therefore, a banjo connector at the inlet of'a centrifugal f
ended at all.

ASHRAE 1216-RP

5 have been done at three fan speeds, and the results presented here are values averaged
peds.

presents the system effect due to the different inlet bearings. The effect is nearly neglig
m SEF being obtained with the 10 % flange with\erossing supports (configuration §

k).

Table 9 — SEF due to bearings atthe inlet of the BC centrifugal fan

Bearings
Type of bearing Average Aqy,/qy,
5 %-flange 0,4 %
10 % flange 1,6 %
5% pillowblock 0,8 %
10 % pillowblock 0,5%
10 % flange + cross supp 2,0 %

shows the effeet’of the two inlet cabinets of heights 2D (cabinet 1) and 3D (cabinet 2). T

Lry of the.bottom and top walls of the box with respect to the fan axis, while the walls of
symmetricalll.

A width

tings. A
cording
A similar
b results
an is not

over the

rible, the
hown in

he SEF is
here is a

rabinet 1

fatleast 1D is thus necessary to obtain a relatively small system effect, whatever the cabin

et height.

Table 10 — SEF due to the inlet cabinets

Cabinet 1
L/D Average Aqy,/qy;
0,25 154 %
0,5 54 %
0,75 1,8 %
1 1,1%
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6.3.2.3

The resy

influencg¢ of different types of inlet bearings on the SEF. The effect is noticeable with the cartridge 1

Table 10 (continued)
1,25 02 %
1,5 1,0%
2 04 %

Cabinet 2
L/D Average Aqy,/qy,

0,25 16,0 %
0,5 7,9 %
0,75 6,5%
1 33%
1,25 17 %
1,5 13%
2 0,0%

ASHRAE 1272-RP

Its of system effect are averaged over the three test speeds, asZin 6.3.2.2. Table 11 shows the

while it ils negligible with the pillow block bearings.

Table 12

Table 11 — SEF due to bearings at the inlet.of the FC centrifugal fan

Bearings
Type of bearing Average Aqy1/q1
5 % cartridge 51 %
10 % cartridge 51 %
5 % pillowblock 0,8 %
10 % pillowblock 1L,9%

presents the results obtained for the two cabinets of height 2D (cabinet 1) and 3D (cabinsg

bearings,

t 2). The

SEF is very high for L = 0,25D and pregressively decreases when L expands. The effect of the asymmetry of

the bottd
L/D>0,1

m and top walls, obseryed.in Table 10 with the BC centrifugal fan, is still observed here bu
. Once again, a minimum-width of at least 1D is required to minimize the system effect.

Table 12 — SEF due to the inlet cabinets

L only for

Cabinet 1
L/D Average Aqy,/qy,
0,25 30,2 %
0,5 14,8 %
0,75 3%
1 2,0 %
1,25 2,0 %
1,5 L1%
2 0,2 %
Cabinet 2
L/D Average Aqy,/qy,
0,25 25,4 %
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Table 12 (continued)

0,5 13,8 %
0,75 7,6 %
1 3,2%
1,25 2,7 %
1,5 2,3%
2 1,9%

6.3.2.4 ASHRAE 1420-TRP

Table 13[to Table 16 present the results obtained with all the inlet fittings and the two plenum fansjof 381 mm
and 686|mm. In all cases, the SEF are found as insignificant. Nevertheless, it is worthwhile te-menftion that
for the return fan inlet cabinet (Table 16), tests on both impellers were impossible to carry on|with the right-
side wallat 1D and 0,75D from the fan because of the very unstable flow conditions encountered in these fan
inlet conlffigurations. Tests of the 686 mm fan were possible only with the right wall.at 0,25D from the fan
entrance.

Table 13 — SEF due to inlet bearing and inlet box with or.without cone

Aqy/9v1 Inlet bearing Inlet box w/o cone Inlet box with cone
381 mm 2,0% 1,2% 0,6 %
686 mm 1,0 % 0,6 % 0,6 %

Table 14 — SEF due to an inlet cabinet with coil at'difference distances from the fan

Inlet.cabinet + coil
Aqy1/qv4 Coil 1D Coil 0,75D Coil 0,5D Coil 0,25D
381 mm 0,9 % 1,2\% 1,0 % 1,4 %
686 mm 0,3 % 02 % 0,6 % 2,2%

Table 15 — SEF due to an'inlet cabinet with different side wall spacings

Inlet cabinet + different side wall spacings
Ady1/9v1 box 1 box 2 box 3 box 4 box|5
381 mm 0,7% L1% 0,6 % 0,6 % 1,0 %
686 mm 04% 0,1% 0,0 % 0,1% 0,2 %
Aqy1/aqv4 box 6 box 7 box 8 box 9 box 10
381 mm 0,6 % 0,9 % 1L,1% 0,6 % 1,2 %
686 mm 0,2 % 0,4 % 0,3 % 0,3 % 0,6 %

Table 16.— SEF due to a return fan inlet cabinet with right side wall at two distances from the

impeller and 45° baffle
Return fan inlet cabinet
Ady1/aun Ri(g)flzt 5\;1)all Rig(;l,g vaall Baffle 45°
381 mm 0,6 % -01% 1L,9%
686 mm 0,3 % — -01%

6.3.2.5 Elbow at the inlet of a forward-curved centrifugal fan

The pressure loss of the 90° elbow, which is taken into account in the calculation of the SEF, has been
measured. The pressure loss coefficient deduced from the curve reproduced in Figure 24 is close to 1 (in SI
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units), which is high for a segmented bend. A coefficient of 0,32 was indeed obtained for a segmented bend
in the NEL tests (Table 2).

Table 17 shows that the SEF due to the elbow is negligible or even beneficial with orientations 6, 7 and 8
(Aqy1/ay, negative).

Therefore, a segmented elbow directly fitted to the inlet of a FC centrifugal fan does not generate a noticeable
system effect. This result confirms the trend obtained in the NEL tests on Fan 8 (see Table 8).

D, (in. wg)

0,9

0.8 H

0,7 //

0,6

’ /
05 /']/
0,4 v
/

0,3 /I':'[

0,2 /

0,1 — [

0 1l

0 200 400 600 800 X000 1200 1400 gq,, (cfm)
Figure 24 — Pressure loss curve of the 90° elbow
Table 17 — SEF due to the inlet elbow with different orientations
Elbopw orientation 1 o'clock 2 o'clock 3 o'clock 4 o'clock 5 o'clock 6 ¢'clock
AGy1 /a1, -0,6 % 01,% 0,5% 1,0 % 0,9 % 42,6 %
Elbow orientation 7 o'clock 8.0'clock 9 o'clock 10 o'clock 11 o'clock 12|o'clock
AGy1/qv1 -3,5% -3,7 % -1,9 % -0,6 % -0,4 % 0,1 %

7 Examples of outlet SEE
7.1 Axial fans
7.1.1 eneral
Examplefs of system effect of axial fans with outlet fittings are taken from NEL test data only.
7.1.2 Xperimental setups

As in the tests with inlet fittings the diameter of the ductwork with outlet fittings is 630 mm. A layout of the
NEL ductwork with a 90° bend connected to the fan outlet is shown in Figure 25. The distance between the
inlet fitting and the fan is varied from 0D to 2D as previously.

The test data used in the present analysis are the performance curves of the fan alone and fan + outlet fitting
and the measured pressure losses of the fittings. All the fan curves are static pressure curves.

The main characteristics of the axial fans tested are shown in Table 1 and a description of the fittings is
presented in 6.2.1.1.
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7.1.3 Results

The outlet SEF (see 5.2) is presented in Table 18 for six axial fans and five outlet components. To assess the
SEF the “conventional” pressure loss coefficients of these fittings have been measured by NEL (see Table 6).

Table 18 shows that for these configurations of fans and fittings the SEF is small or even negative in most
cases (favourable effect of the component).

Key
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Based.on‘content from National Engineering Laboratory (NEL) Fan Connected Ductwork Study|
Febritary 1992, reproduced with permission from the Fan Manufacturers Association, FETA UK.

Figure 25 — Testrig for determination of installation effect — Fitting at fan outlet

© IS0 2024 - All rights reserved
28

for FETA


https://standardsiso.com/api/?name=7b0ca57f81c2657c362fb24a24d89f04

ISO/TR 16219:2024(en)

Table 18 — Outlet SEF

Axial

L/D 1 2 3 4 5 6
-0,06 % -0,01 % 0,05% -0,01 % -0,10 % -0,39 %
-0,08 % -0,02 % -0,05 % 0,03 % 0,07 % -0,08 %
-0,15% 0,00 % -0,12 % 0,08 % 0,20 % -0,02%
-0,17 % -0,12 % -0,20 % -0,03% -0,98 % -1,48 %
-0,12 % -0,10% -0,32% -0,13 % -0,46 % -0,70 %
-0,01 % -0,39% -0,13 % -0,32 % -0,46 %
-0,01 % 0,19 % 0,44 % 0,16 % -0,18 % 10,35 %
-0,02 % 0,18 % -0,01 % 0,05 % 0,26 % 10,02 %
0,04 % 0,24 % -0,02% -0,05% 0,29 % 0,14 %
-0,32% -0,23 % -0,46 % -0,25 % 0,45 % 40,80 %
-0,32% -0,18% -0,31% -0,28% -0,02 % 10,62 %
-0,23 % -0,12 % -0,25% -0,22% 0,23 % 10,07 %
-1,15% 1,66 %
-0,92 % 12,25 %
-0,78 % 1,21 %

Rect/circ transition (a)

Short square bend (b)

Square mitred bend (c)

Segmented bend (d)

Rect gplitter silencer (f)

N =R OINRICQIN|R[QIN|(=R(OCIN|m=IC

NOTE Blahk cells represent no data.

7.2 Centrifugal and mixed-flow fans
7.2.1 Experimental setups

7.2.1.1 | NEL

Table 5 gives the main characteristics of the centrifugal and mixed-flow fans tested by NEL. The¢ fittings
tested aie described in 6.2.1.1 while their pressure loss coefficients are shown in Table 6.

7.2.1.2 | ASHRAE 1420-RP

The twd centrifugal plenum fans-tested are described in 6.3.1.4. The outlet fittings consisted in 10
configurptions of outlet cabinet of 2D depth with the right, top and left walls at four locations ranging from
1D to 0,35D (Table 19). Views.ef one of the configurations are shown in Figure 26.

Table 19° Configurations of outlet cabinet with various side wall spacings

Right Top Left
Box 1 1D 1D 1D
Box 2 0,75D 1D 1D
Bex3 875D 875H b
Box 4 0,75D 0,75D 0,75D
Box 5 0,5D 1D 1D
Box 6 0,5D 0,5D 1D
Box 7 0,5D 0,5D 0,5D
Box 8 0,25D 1D 1D
Box 9 0,25D 0,25D 1D
Box 10 0,25D 0,25D 0,25D
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SOURCE | Reprinted from © ASHRAE www.ashrae.org, Research Project Report 1420-RP, Inlet(and
Installatipn Effects on Airfoil (AF) Centrifugal Plenum/Plug Fans for Air and Sound Performance, 2014, re
with perrhission from the American Society of Heating, Refrigeration and Air Conditioning Engineers.

7.2.2

7.2.2.1 | NEL

Table 2(| presents the outlet SEF for all the configurations testéd with the mixed-flow fan and
centrifugal fans. The SEF remains weak as on axial fans (see Z.1.3). The strongest effect is observed
7 (mixed-flow fan) and, to a lesser extent, fan 9 (BC centrifugal fan with single inlet).

ISO/TR 16219:2024(en)

Figure 26 — Outlet cabinet with side wall spacing 1D right, 1D top and 1D left

Results

Table 20 — SEF due'to outlet fittings

Discharge
produced

the four
with fan

Mixed flow and centrifugal

L/D 7 8 9 10 11
0 0,21 % 0,06 % -0,28 % -0,10 %
Redt/circ transition (a) 1 0,53 % -0,44 % 0,05 % -0,29 % -0,08 %
2 0,14 % -0,47 % 0,21 % -0,24 % -0,02 %
0 0,41 % -0,30 % 0,10 % -0,38% -0,06 %
Shert square bend (b) 1 0,21 % -0,40 % -0,09 % -0,36 % -0,25 %
2 0,12 % -0,46 % 0,00 % -045% -0,21 %
0 0,60 % -0,13 % 0,37 % -0,24 % -0,11 %
Square mitred.bénd (c) 1 0,35 % -0,15% 0,23 % -0,21 % 0,02 %
2 0,41 % -0,14 % 0,32 % -0,24 % -0,01 %
0 -0,03% -0,39 % -0,01 % -0,05 % -0,29 %
Sdgmented bend (d) 1 0,34 % -0,39 % 0,09 % -0,07 % -0,14 %
Z 0,55 % -0,46 % -0,04 % -0,06 % -0,15%
0 -0,44 % 0,21 % -0,34 % -0,35%
Rect/Rect box (e) 1 -0,39 % 0,15 % -0,34 % -0,34 %
2 -0,50 % 0,28 % -0,33 % -0,24 %
0 0,03 % -0,14 %
Rect splitter silencer (f) 1 -0,04 % -0,21 %
2 0,41 % -0,20 %

NOTE Blank cells represent no data.
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ASHRAE 1420-RP

Table 21 shows the outlet SEF of the 10 outlet cabinets with different side wall spacings (Table 19) and two
impellers of diameters 381 mm and 686 mm. The system effect coefficient C used to assess the outlet SEF
has been calculated without accounting for the conventional pressure loss as this parameter is not relevant
in this case. As for the inlet SEF, grey or black cells have been used in the table when the system effect is
medium (light grey cell if 1 < SEF < 3) or large (dark grey cell with SEF > 3). The system effect is considered
as small when SEF < 1 (white cell). The general trend is a logical increase of SEF when the side walls are
closer to the impeller, with a maximum effect obtained with the three side walls at 0,25D from the impeller
(box 10). A dissymmetry of the cabinet walls with respect to the fan axis has no noticeable influence on the
system effect.

Table 21 — SEF due to outlet cabinet with different side wall spacings

Outlet cabinet with different side wall spacings
Box1 | Box2 Box3 | Box4 | Box5 | Box6 | Box7 | Box8 | ‘Box9 Box 10
381|mm 047 % | 046 % | 061 % | 0,59% | 0,35% | 0,67 % | 1,02 % | 046%.\f 1,14 % | 13,53 %
686/mm 040% | 047 % | 061% | 0,63% | 042% | 072% | 0,92 % | 0,59% | 1,14 % | |3,32 %
8 Reducing system effects
8.1 Gdgneral
System gffects, present in some fan installations, have a detriménatal impact on fan performance, resulting

in increg

previoudly, are initiated through a number of channels, including improper installation, inadequat
design, dfter design changes to equipment, as well as in situfan performance “upgrades”.

Whatevd
mitigate

8.2 In

8.2.1 General

Proper f
will be v

case. Inlg
a) Non
b) Swij
c) Inlet

sed noise and vibration, as well as reduced flow and pressure. These system effects, as d

r the reason for the system effect, there are*a number of practical steps which can be
the impact.

et effects

ow into the fan is critical.to optimizing the installed fan’s efficiency. Ideally, the flow int
ia a straight duct, well matched to the fan’s inlet connection. In practice, that is frequentl
bt effects can be divided into three (3) general categories:

uniform flow
| or vorticity

blockage

escribed
e system

taken to

b the fan
y not the
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duct

non-
fan

iniform velocity profile

Figure 27 — Upstream elbow

8.2.2 T:n-uniform flow

Elbows i
possible

— Larg
thro

— Incly

Key
1 cascy

mediately upstream to the fan inlet need to be avoided if possible(see Figure 27). If this is not

then the following strategies can minimize the effect:

e radius: minimize the separation and inertia effects of thé flow. This can be further i
ugh the addition of turning vanes.

|de turning vanes: to guide the air and minimize turbulent eddies at the fan inlet. See Figu

de turning vanes fitted

Figure 28 — Addition of turning vanes in an upstream elbow

— Shay

mproved

e 28.

pentrance to fan inlet: avoid and replace with a generous inlet bell to aid in guiding the flow

through

the bend and accelerate into the fan inlet. Often, fan manufacturers have designed fan “inlet boxes” with
a known loss which can add certainty to the selection process. See Figure 29.
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a) Sharp entrance to fan inlet b) Flare fitted to improve entry

Figure 29 — Examples of fan inlet entrances to a fan inlet

8.2.3 $wirl or vorticity

Bends upstream of the fan inlet box can direct a majority of the flow to on€=side or the other of the|fan inlet
box and fan create a swirl which is either contrary to or in conjunction-with the fan impeller rotatiion. This
can affe¢t the fan performance with unpredictable effects. Either realign the fan inlet box, if at the early
design stages, or fit the box with a “splitter plate” which aids in breaking up the swirl in the inlet|box. See
Figure 30.

ayEffect of upstream bend b) Fan with splitter plate 1

Key

1  swirl can either be with or against the fan impeller rotation
2 central splitter fitted to eliminate swirl

Figure 30 — Upstream bends

8.2.4 Inlet blockage

A straight duct, poorly aligned with the inlet, can result in an effective blockage of part of the inlet due to the
abrupt change in the duct flow (Figure 31).
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AR

LI

a) Bad b) Good Q‘l,b‘

Figure 31 — Inlet blockage example (1/'\Q ’
NO

In inlet flexible connection, if not supported with an internal flow guide, can the internal diameter

severely|reduced due to the flexibility of the fabric being drawn in due to theigh suction pressufre of the

fan. In addition, for high pressure blowers with relatively small inlets, the f nnection flow linef must be
carefully designed so as not to unduly restrict the flow area (Figure 32).\\

«°
QO
L

Nz

IREEN!

o5
O
a) Bad O® ) b) Good
Fi@re 32 — Inlet blockage due to flex connection

N

For openinlet fans, ob tions near the fan inlet can have detrimental effects. It is better that the|distance
between|the inlet pla@e- nd the obstruction be increased as much as practical (dimension L in Figufe 33).

O
?\
S
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3

{0

Key
1  dianmjeter of inlet

Figure 33 — Open inlet obstruction avoid

Belt drivies and guards in the inlet are not ideal (see Figure 34). Perhaps iticpeased guarding to prgvent any
access tq the fan inlet area located suitably far away would eliminate thie need for a belt guard. The guard
ought to|be as porous as possible (maximize free area in the directiod,ofairflow).

1
1 i L—~—~2
A 4
Key
1 fan
2 bearjng
3 Dbelts
4  pulldy

Figure 34 — Belt obstruction

Bearingq imthe inlet ought to be mounted on plate pedestals which are open in the axial direction/to allow
as much unobstructed flow as possible.

Figure 35 shows an installation with a damper close coupled to an axial fan inlet. In performance terms a
static pressure drop for the damper was assumed but no influence of the damper blades on the stability the
axial impeller was accounted for. When installed the performance was measured at 80 % of design and an
impeller failure was reported. Remedial action was taken to resolve all performance issues.
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8.3.1

a) Insuy
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c¢) Non

8.3.2

Many fa

ISO/TR 16219:2024(en)

Figure 35 — Clogg) coupled damper 1

xO
O

N
General @ ’

Outlet system effects can be brogdly categorized as:
ffficient duct lengtl@

bt obstructio Q
umfor%m{@g~

ns&(&c‘lent duct length

S AISCharge to atmospiere and ftis important that the flow be attowed to devetop uniformt

discharge to minimize system effects, as shown in Figure 36.
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arge duct

o effective duct length
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8.3.4 WNon-uniform flow

Elbows ¢

perpend
shaft car
develops

d.

Figure 36 — Fan outletvelocity profile

fans often have some sort of “weatherhoed” to prevent rain from entering the fan. These n
designed to not cause an obstruction tothe flow.

hny obvious obstructions erre-orient the fan outlet to avoid those obstructions.

t the outlet of afan can have a significant impact, by creating non-uniform flow (see Fi{
38 and 39). Adding turning vanes can help in centrifugal fans when the elbow turns the flow in a

cular to thefan shaft. Adding turning vanes to elbows which direct the flow parallel t¢ the fan
have a decidedly negative effect if the elbow is too close to the fan outlet and the flow has

bed to be

pures 37,

pUAlLto J/

lirection

not fully
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-

a) Outlet elbows b) Outlet elbow with tter
e
splitfers added to bends &Q_

Figure 37 — Outlet elbows %O
AS

P

& i

position C

position D

inlet

% effective duct length

Figure 38 — Outlet elbows
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If none f the above strategies offer sufficient improvement, th Q might be possible to improve
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Figure 39 — Poor outlet elbow installation

L

b system
performance through a more detailed computational fluid d 1cs (CFD) study of the fan and agsociated
ductwork. Perhaps a number of idealized ductwork changes significantly reduce the demands opn the fan
to result|in improved performance. \

Occasiorfally, an old fan is repurposed in a facility. fan can be capable of the required performance

but is ngt configured correctly. Due to various pr res, this “fit” issue is ignored and the fan pl

intercon

optimizdd for the present-day operating con% ons, would, in most cases, be a better alternatiy
C

example

fan with|CW rotation and top angular u
with reduced system effects.

hect ducting fitted. Providing a completely new fan, designed to better fit into the sys

shown in Figure 40, a smaller fa é} W rotation and upblast discharge is replaced with
i

hced and
tem and
e. In the
a larger

scharge to provide a better fit to the outlet duct configuration

% Pppnrpncnd fan Pnp]ar‘pd fan
(poorly configured) (reduced system effects)
BI 245

Original performance
10,000 cfm, 10 in. wg

n=67%
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BI 245 BI 300

Repurposed Current performance
20 000 cfm, 10 in. wg. 20 000 cfm, 10 in. wg
n=56% n=80%

Figure 40 — Fan replacement of a poorly configured fan

8.4 Ex

Figure 4
fan inlet

a shortfg
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so that the fan performance was within the tolerance allowed by the contract.

9 Con

The obje
induced
differs a
the fan c
pressure

Figure-41'— Example of poor inlet/outlet conditions

clusions

| shows an example of a fan inlet and outlet where, due to duct sizes, there is a contracetiqn on the
and expansion on the fan outlet. No account was taken of this when specifying the-fan which led to
Il in air performance at the commissioning stage. Some modifications were made to the duct layout

ctive of this®document is to present the main causes and quantification of the system efffect (SE)
by a fitting, appurtenance or obstacle close to the inlet or outlet of a fan. The physical mgchanism
ccording to the location of the flow disturber (fitting) with respect to the fan: when it is at|the inlet
urve is modified whereas when it is at the outlet the fan curve is usually not affected but thle system
dfop can increase due to the presence of the appurtenance. That is the reason why tw hE

o different

definitions of the SEF have been proposed, one for the inlet side and the other for the outlet side. In both
cases the pressure drop of the obstacle has to be taken into account if relevant in the evaluation of the SEF.

The report presents the results of several dedicated series of tests to assess the SEF of axial and centrifugal
fans, which show that in most cases the SEF is not much important except in some special situations such
as a wall in front and very close to the inlet of an axial fan, a cabinet with a lateral opening of small cross-
section at the inlet of a BC or FC centrifugal fan, or an outlet plenum with side walls close to the impeller of a
plenum fan.

A summary of steps to reduce the fan SE are then provided with a few examples of very bad fan installations
that need be absolutely avoided.
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Annexes A and B present basic principles of fan performance representation and fan system calculations,

respectively, to help readers who are not familiar with these notions to fully understand the content of this
document.

This document only deals with the system effect on the fan air performance curve. Annex C provides some

guidance as to the difficulties of evaluating how fan input (absorbed) power can be influenced by system
effects.
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Annex A
(informative)

Basic principles on fan performance representation

A.1 Fan performance curves

Each type and size of fan has different performance, which is normally determined by the proper u
tests under laboratory conditions.

These tgsts are conducted in accordance with appropriate international standards (e.g”" ISO
[SO 58032).

These stlandards define the equipment, the installations and the procedures required to prov
reliable and consistent measurements of fan air performance and sound powep €vels, under stan
laboratory conditions.

An esse
accordi

It is worf

and stanfdardised shapes of the ducts or spaces, both at the fan inlét and outlet connections. These c(
m completely met in practice but are essential to provide consistent and repeatable results.

are seldd

Any further deviation in performance, due to deviations jmshape and design of an actual air system

standarg
normally

Whatevd
into a se
fan type

Guidancg

A2 Sy

System 1
attached
flow, and

The syst]
through

se of fan

5801 or

de truly

dardised

ial part of these standardised conditions is the adoption of one of the five fan installation cqtegories
to the arrangement of ducting, A, B, C, D or (when applicable) &, as defined in the ISO 133¢#9-1.

ised geometries, or to the effect of any distorted airflow, on the fan air performance and
accounted as “system effect”.

r the standard and the installation selécted for a specific set of tests, the results are sun
L of fan performance curves, or fan characteristic curves. These can vary in form, accordi
and the preferences of the fan manufacturer or of the intended market.

stem resistance curves

esistance is thetotal sum of all the pressure losses through filters, coils, dampers and d

thus airspeed;along the ductwork.

em resistance curve (Figure A.1) is simply a plot of the pressure that is required to mov
the system.

For fixed

systems, that is with no changes in damper settings, system resistance can often be ass

 on the layout and presentation-of fan performance can be found in ISO 13348:2007, Clauseg

h noting that the test set-ups, as specified by these standdtds, provide nearly ideal flow conditions,

nditions

from the

noise, is

marized

hg to the

14
®

uctwork

to the fan. As@'general rule, it is never a constant, but rather an increasing function of th¢ volume

e the air

umed to

be reasonably proportional to the square of the volume flow (g;). The resistance curve for such a “constant
orifice system” is represented by a single parabolic curve.
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Figure A.1 — System resistance curve

hrations.

flow on solid surfaces orythrough the narrow passages of filters and heat-exchangers, hy

, and flow separation$ican introduce a component of pressure loss which is not proportior
the average flow. $peed, but rather linear, constant or unregularly stepping. For limited v
flow rate, anyway, the use of a square-law pressure loss function is often acceptable.

hmple, consider a system handling 1 000 m3/h with a total resistance of 100 Pa (static press
ume flow'gy, is doubled to 2 000 m3/h, the py, resistance will increase to 400 Pa, as show
value of-the ratio given in Figure A.1.

em, resistance curve changes, however, as filters are clogged with dirt, coils start co

f the first

pressure

pation of

hetic energy, or by surface friction’in shear layers under turbulent conditions, without unc¢ntrolled

Hrostatic
1al to the
hriations

ure, prJ).
n by the

hdensing

moistur

1 4] ades. £ 1 - 1 A |
Ul WIITIT UIT PDUSITUUIT U UdIIPTI S 15 LITAdITgtU.

A.3 Operating point

The actual operating point (Figure A.2) of each fan and system combination is determined by the intersection
of the system resistance curve with the fan performance curve.
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Key
O-P  opprating point or duty point
qyo  far volume flow rate at the operating point
Prso  fan static pressure at the operating point
P,, farpimpeller power at the operating point
1 fan} characteristic curve, or static pressure curve, as a function of vélume flow rate q,
2 far} impeller power (or alternatively, Pa, fan shaft power), as a‘function of volume flow rate g,
3 pafabolic system resistance curve or “system line”
Figure A.2 —.Operating points

The resulting operating point is the point where the pressure required by the system equals that delivered
by the fajp at the same volume flow rate.
If the sygtem resistance curve of the system, as actually built, is different from the calculated curve,then the
operating point will change and the'static pressure and volume flow delivered by the fan will be different

from those predicted at system design stage.

In Figurg A.3, the actual system has a higher pressure loss than predicted. As a consequence, the ai
is reducdd, while, in this ease; the static pressure is increased. The shape of the typical power curvg
fan would also result inareduced power requirement.

To compensate for-the system performance change, the fan speed would frequently be increased and
power wlould beg needed to achieve the desired g, Such a move would also increase the noise pro
the fan dver the'level originally expected, while care needs to be used not to exceed the power a
safety lifnits,'as provided by the fan manufacturer.

r volume
of an FC

a higher
Huced by
hd speed

Quite frequently, when there is a difference between actual and calculated fan output, this is due to an

unexpected change in system resistance, rather than to any shortcomings of the fan or motor.
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haracteristic curve, at the fan operating speed chosen according to the design operating point
fatic pressure curve at the increased speed, necessaryto.reinstate the specified volume flow rate
bolic system resistance curve through the originally:specified duty point

bolic system resistance curve through the new duty points, due to system pressure-loss increase

Figure A.3 — Variations from design system curve

e mistake is made of taking.a static pressure reading, across the fan, and concluding th
sure is at or above the design requirements, then the volume flow gy, is also at or aboy

fferent from the expected level.

n performance measurement vs. calculation
fan size, epérating condition or duty point must necessarily be measured by testing.

bm the obvious interpolation between duty points, measured at different flow rates on f{
peed,'under certain restrictions the performance of a fan can be calculated from a test ca

at, if the
e design
pressure

he same
rried out

on the s

me’ fan, but under different conditions. These can include running the test at a different

peed, or

when running at a different air pressure or temperature, or even when handling atmospheric air (which is
normally used in fans during laboratory measurements) while the fan to be rated is specified for use with a
gas having different physical properties.

Under further restrictions, the performance of a fan can even be calculated from a test carried out on a
different fan sample, being geometrically similar to the original fan, but having a different size.

These calculations are carried out using a set of formulae derived from the classic theory of the turbo-
machinery with inviscid flow, and which are generally known as “fan laws”.
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A.5 Fan performance calculations: the fan laws vs. interpolation procedures

The following clauses provide a simple description of the incompressible version of the fan laws and of some
of their most common applications.

These formulae relate the performance of two fans which are identical or atleast geometrically similar, being
operated in respective operating points being cinematically similar, and under conditions on the respective
Reynolds numbers and Mach numbers.

Changes of fan size, operating speed and air density can thus be accounted for.

The case of the performance of the same fan at different speed and gas properties is a special case of the

T T CtaT i G oA e 5 ©07

An exterlded version of the fan laws, including a correction for compressibility effects, can be used with less
restrictiye limits to the chance of Reynolds number and compressibility coefficients, and ‘can be [found in
ISO 5801:2017, 15.2.1.

Another|method of calculating the performance of a fan (converted to non-dimensional paramseters), by
interpolating the performance measured on a limited number of samples, belonging to a series either being
geometr|cally similar, or in any kind of regular geometrical relationship, is provided in ISO 13348:2(07, 7.1.6.

This method requires considerably more calculations but has the advantage-of being better able to|describe
the effecft on the fan performance of the changing influence of the flow viscosity, of the Mach numbgr and of
non-similar but regular changes of dimensions in a fan range. On the other side, it might not allow reliable
extrapolptions outside the tested range of sizes, speeds and Reynolds‘or Mach numbers.

When inferpolation is not used, the performance of a fan havingalarger impeller can then be calculdqted from
the meagurement of a similar fan having a smaller diameter;btit the performance of smaller fans must not
be calculated from measurements achieved on larger-sizedfans, as this can easily lead to an overestimate of
performance and efficiency.

Both thq fan laws and the interpolation procedures provided in ISO 13348 describe the change in fan
performance referred to the power delivered to the impeller but cannot predict the effect of a change|of motor
type, siz¢ or speed in the drive system, and the consequent change of efficiency of the drive-system jtself.

The effe¢t of any change of the drive system (or of its operating condition), between the original fan model
and its pperating condition, and the fan model actually tested and its operating condition, cqnnot be
determimed with these methods alofe,'and must be determined by comparison of measured data, specific to
the perfgrmance and behaviour pf\the parts of the drive system itself (e.g. motor, transmission, VSI}).

Having $aid this, the computation instrument which is most frequently used to properly pre¢dict fan
performance is the set of formulae commonly identified as fan laws, in their incompressible form.

Fan manpifacturers frequently use the fan laws in the calculation and prediction of the performance offany type
of fan, anld particuldrly in the development of the catalogue ratings for a range of geometrically simildr fans.

It is impracticakto test the performance of every single size of fan, in a range, at every possible speed and
duty point. Noft is it possible to simulate every possible inlet density which can be encountered.

On the otherside, by use of the fan taws, 1T 15 possibie To predict, with good accuracy, the performance of a
fan at speeds and densities other than those of the original rating test.

Fan users are more frequently interested in the use of the fan laws for the selection of the most appropriate
fan size and speed, to meet a specified performance requirement. These laws also allow the prediction of the
effects of some changes of fan operating conditions, specifically of the fan speed or of the density of the gas
being handled.
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A.6 The fan laws

A.6.1 Definitions
The following definitions apply when using the fan laws.
a) Geometrically similar fans

Two fans are geometrically similar when all the corresponding lengths in the two fans are in t
ratio, and all the corresponding angles are equal.

he same

NOTE Most frequently, fans belonging to a homogeneous series of sizes are designed in such a way to be

mutyaHy-simier

b) Operating point

An ogperating point, for a fan, is an operating condition which, for a given standardisedinstallation type,
is unfambiguously identified by a combination of gas density at inlet, fan inlet pressuare; fan pressure and

volume flow rate.

¢) Cinematically similar operating points

Twol|operating points, either for the same fan or for two different but.geometrically similar fans, are

cinematically similar when the angles formed, in corresponding gphysical points, by the I
velogities with the stationary and rotating parts of the fans, are the{same.

A.6.2 The formulae of the incompressible fan laws

From th¢ analysis of the physical principles which govern theperformance of a fan, it is possible ta
number pf formulae, commonly known as “fan laws”.

cal flow

derive a

These fofmulae relate together the performance in two different, cinematically similar operating points of

the samg fan, or even of two different fans, provided-that the two fans are geometrically similar.
These formulae apply to cases in which the pressure rise is less than 2,0 kPa.

The four|fan laws in their simpler generalform are as follows:
3
Ny [ D2
Eqy X| == x| ==
vz T4v1 [M] (Dl)
2 2
N, Dy dp
= X| — X| == X| —
Pf2 F Pf1 [N1] [01] [dl
3 5
N D d
Paz F Pa1>< R X 2 X hat3
Ny 1 dy

Ny =M1
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is flow rate (m3/s);

is pressure (total, static or dynamic) (Pa);

is gas density (sometimes the Greek letter p, “ro”, is used instead) (kg/m3);
is fan speed (r/min);

is impeller diameter (mm);
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is impeller efficiency (fraction of unity).

t commonly used SI units have been listed beside each dimension. Anyway, the-fan lawj
bs between the values of these dimensions in the two related operating points{ $o the unitg
not essential, provided that the same units (e.g. SI units) are used for both operating point|

perating points of the same fan or of geometrically similar fans. They cannot be used
different points on the characteristic curve of the same fan.

1y physical laws, the fan laws are a mathematical model, developed under some rather 3
jons, which are required to simplify the resulting fotiulae, but imply some limitationg

hown factor limiting the applicability of the fanlaws is gas compressibility: the specific v|

contain
actually
5.

worth noting that these laws relate together the fan performancesonly between cinematically

to relate

irbitrary
to their

olume of

which they produce is small enoughfor compressibility effects to be either disregarded c
d with simplified formulae.

ly accepted that when the-fan pressure is below 2 500 Pa any compressibility effect can be
hffecting the calculated(results.

5801:2017, 15.2 1),

ctice and caleulations confirm, anyway, that the actual threshold, above which compr
produce-effects of any practical significance, is considerably higher, and the simpler form
lescribed\in this document, is commonly used up to 5 000 Pa without problems.

Ce; nearly all the fans used for HVAC&R applications run at pressures low enough to make a

safe the

hanges with pressure, which has an effect gii“the performance of any gas-compressing equipment,
r fans. For example, if an unchanged mass, flow of gas is passing through a fan, the exacf volume
bring the fan must be in some measurelarger than that leaving the fan at a higher presdqure. One
hin differences between fans and higher-pressure machines, like compressors, is that the pressure

pletely

ignored

modified fan laws, dncluding a “compressibility factor”, can be adopted for use at higher pressures

bssibility
fthe fan

bsolutely

1se‘the Qimp]pr (inr‘nmprpccih]p) form of the fan laws

Two other physical factors which can affect the reliability of the performance predictions achieved using the

fan laws

are flow viscosity and geometrical deviations.

The ratio of viscous forces and mass forces in corresponding points of two different gas flows can be
considerably different, even under conditions of geometrical similarity. This ratio between different kinds
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of forces acting on the fluid is related with a numerical parameter called the “Reynolds number” (Re), which
is given by

Re

or, in a si

_VxD

v

mplified form, valid only for fans operating with standard air:

Reyp =NxD?

where

T = <

1%

When th
saidtob

In practi

of the fam from the values calculated assuming complete similarity

The othg
similari
geometr
In pract
similar: {
These dqg
from the

The effeq

effect”, gr a widely demonstrated tendency of larger and faster fans to perform better and more e

than fan

In pract
manufac
produce

Alast fa

is fan peripheral speed (m/s);

is impeller rotational speed (r/min);
is impeller diameter (m);

is gas cinematic viscosity (m?/s).

e values of the Reynolds number are the same in two different op€rating points, these p
e “dynamically similar” to each other.

e, dynamic similarity is seldom achieved, and gas viscosity ean-alter in some way the perf]

r factor affecting fan law reliability is related with @ny small deviations from true ged
y: the fan laws require that equally sized fans are\identical, and that differently sized
cally similar.

ce different fan sizes of the same series frequently have some dimensions which are 1
ypically steel plate thickness, shaft diameters and, last but not least, surface roughness.

viations from true similarity also introduce a degree of deviation of the real performanct
predicted values.

5 being similar but smallet, slower or both.

ce these deviations(are small and really significant only when the fan laws are usec

truly accurate ratings.

tor affecting'the reliability of the fan laws is the effect of bearings on the total power reqi

of the fai.

The po

bearingqd which support the fan shaft. The power which is governed by the fan laws is, strictly speak

bints are

ormance

metrical
fans are

hot truly

b of a fan

ts of both viscosity and geometrical deviations combine together into what is normally called “scale

fficiently

|, by fan

turers, to develop.very accurate catalogues. Here, appropriately extensive testing is required, to

lirement

r applied to the fan shaft is partly delivered to the impeller, and partly dissipated by friction in the

ing, only

the power used by the Impeller or Impeller pOwer, as properly stated In A.6.Z, and, between similar operating
points, is proportional to the third power of the fan speed. The power lost because of friction inside the
bearings (and heating up those bearings) has a different relationship with speed. In many cases, the power
lost in the bearings is proportional to the first power of the fan speed. This is particularly true when most of
the friction is coming from any bearing contact-seals, preventing contamination of the bearings and of their
lubricating grease.

As an example, when the speed of a fan is reduced by 50 %, the impeller power is reduced by a factor of eight,
but the bearing power is reduced only by a half, and its relative weight against impeller power is increased
by a factor of four.
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In most practical cases, the effect of not calculating separately and correctly the power loss in the bearings
can be entirely negligible.

For the smaller, high-speed fans (typically very small, backward curved fans running at a few thousand r/
min), the bearings are of significant importance in the overall power requirement.

Another case which must be treated with care is that of the larger fans, when their speed is reduced
considerably, to operate at unusually low pressure, with a power requirement lower than, typically, a few
hundred watts.

Except for this final warning, which applies only to a minority of cases, the fan laws can be safely and
effectively used to select a fan, or to predict performance changes of an installed fan. The small errors

ca-byteRorie-thesemrerefte arausing-the fantawsinthetr simplerformare-considerably less
than the[typical measurement uncertainty and, consequently, entirely negligible.

A.6.4 Use of the fan laws to generate catalogue ratings
Sometimes the performance of a range of mutually similar fans is drawn in the form-of-a non-dinlensional
curve. Here the horizontal and vertical axes of a diagram show either percentages of wide open flow

(maximym volume flow rate at zero fan static pressure) and fully closed pressure{fan static pressuie at zero
volume fllow rate), or otherwise non-dimensional flow and pressure coefficients ¢ and s (see definitions in
[SO 13348).

In such 3 diagram, all the possible operating curves of the fans, at different speeds and densities,| collapse
into a sipgle curve, and each family of cinematically similar operating points collapse into a singlg point of
the curve.

In most ¢ases, the performance diagrams for a specific fan sizesare drawn as a family of curves in aj[diagram
having volume flow rate on the horizontal axis, and pressure on the vertical one (see Figure A.4). These
curves show the pressure produced by that fan as a funetion of the volume flow rate, at arbitraryj steps of
fan speefl, and at a specific value of the air density which, in principle, is generally the standard density of
1,2 kg/nj3.

In such a “multi-speed” diagram, each family of'mutually similar points lays on a curve which repregents one
of the many possible “square law” parabolas,having the following formula:

P=dxQ?

where edch different value of theconstant C identifies a different family of mutually similar points.

This formpula can be derivedby'removing the ratio of operating speeds N,/N; from fan law 1 and fan law 2,
under the assumption that'D5/D; = 1 or that the fan diameter is kept unchanged.
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Figure A.4 — Family of constant-speed curves on linear scales
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Figure A.5 — Family of constant-speed curves on logarithmic scales

When the “multi-speed” diagram is drawn using logarithmic scales, instead of linear ones, the curves in
the diagram are subject to special distortions. The “square law” parabolas, particularly, are converted into

Wl L

4

7/7F

m?/h

85
I

20

straight, upward-sloping lines, parallel to each other as shown in Figure A.5.
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If we remember that along each of these lines fan law 4 applies, we can recognize the “constant efficiency”
straight lines of the typical logarithmic performance diagram for a belt-driven fan.

A.7 Applications

A.7.1 General

The following subclauses list a number of applications of the fan laws, to solve some typical problems of fan
installation and use.

A.7.2 Case 1: Change in fan speed

The first

speed, s
is conne
proporti

As both

simplifie

Ay

Pts2 F

22

n, =

application covers use of the fan laws to calculate the effects of changing only the fan’o
ipposing that the fan operates at a given air density. Another essential conditionis’tha
cted to an ideal system (constant orifice system), i.e. a system where the pressureloss i
pnal to the volume flow squared (curve 3 in Figure A.6).

the fan diameter and air density remain unchanged, the fan laws from fan‘law 1 to fan I
d as follows:

Lo o[ N2
=dy1 N,

perating
t the fan
5 exactly

hw 4 are
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tatic pressure curve, as a function of volume flow rate q, at speed N;, before change
tatic pressure curve, as a function of volume flow rate q, after changing speed to N,

parabolic system line

Figure A.6 — Change in fan speed

e flow increases proportionally to\the first power of the speed ratio, the pressure to th
e ratio, the impeller power tothe cube of the speed ratio, while the impeller efficiency
Assuming that the bearing frictien is negligible, we can also say that the fan efficiency
hme. Under these conditionsjif the fan was originally selected to operate at optimum e
 its speed to alter its voluimeg*flow will not reduce its efficiency. At the same time, if the fan
(ly selected, no speed change can provide a true efficiency improvement.

speed changes are~-applied to increase the volume flow, it is worth remembering that
hust be kept within the speed and power safety limits established by the fan manufacturer;

ase 2: Change in fan size

the fan"diameter is changed, while the two fans are geometrically similar, and rotation

e square
will not
will also
fficiency,
has been

hny such

al speed
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Figure A.7. = Change in impeller diameter (equal fan speed)

rmula can be written for fan tip speed (Vi):

FVrq X Dy
T1 B,

ulation procedure is seldom used, alone, to solve practical application problems. It is more fH
anmmanufacturers to generate performance data for geometrically proportioned “families’

equently
of fans.
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A.7.4 Case 3: Change in fan size and speed combined

Case 3 shows calculation of the changes in performance produced by inversely proportional changes in fan
size and speed, providing constant tip speed, again under the assumption that the density remains unchanged
and that the two differently sized fans are geometrically similar (Figure A.8). Under the assumption that

Dy
N2 :le —_—
D,

which implies also

Vo2 =V
we can chlculate the new forms of the fan laws:
Pt2 T Pr1
2
Dy Pa1
pdp «f D2 2
a2 al Dl
Ny =M
pfs “
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Key
qy, volulmeflowrategvoftheduty pointof theorigimat-famr

qy, volume flow rate qv of the similar duty point of the fan after changing diameter and speed

prs  static fan pressure of the duty point of both fans

fan static pressure curve, as a function of volume flow rate qy, of the first fan with diameter D; and speed N;
fan static pressure curve, as a function of volume flow rate gy, of the second fan with diameter D, and speed N,
parabolic system line through the duty point of the original fan

BwWw N R

parabolic system line through the similar duty point of the second fan with new diameter D, and speed N,

Figure A.8 — Change in fan diameter and speed (constant pressure)
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In this case we can see that the similar operating point for the larger fan provides the same pressure, with
the same efficiency, but at a volume flow increased by the square of the diameter increase.

Most fan ranges are designed so that they can provide approximately the same tip speed across the size
range. These provides the capability to deliver approximately the same pressure in similar operating points,
like the best efficiency operating point.

Most metric-sized fan ranges also have sizes taken from the R20 series of normal numbers. An R20 series
has an increase of approximately 12,5 % between following, rounded-off sizes. This size-stepping means
that, at a given pressure, each fan size can provide optimum efficiency operation at a flow rate some 26 %
larger than the smaller size. This also means that when the design flow, which led to the original fan size
selection, is altered by more than 20 %, without changing design pressure, a revision of the selected fan size
is probalptyjustified, To regain optimum operation.

A.7.5 (ase 4: Change in air density only

Case 4 describes the effect of a change of air density, on the same fan, operating at"a fixed speed and
connectdd to constant orifice system (i.e. a system where the pressure loss is exactly proportional to the
volume fllow squared). Another assumption is that the air density, along the system ‘of ducts, is equal or, at
least, prgportional to the density of the air entering the fan (Figure A.9).

In most practical cases, the pressure loss along a system is proportional te the density of the air glong the
system. If the air density along the system changes proportionally to theairxdensity in the fan, then|both the
pressurg loss in the system and the pressure generated by the fan will change according to the samg ratio of
the densjties and, consequently:

1, 9
Pf2 FPr1 d,

Qv T4v1

d;
Paz §Par X @
Ny =M

In this cdse, neither the volume flow)nor the fan efficiency is altered by the change in density.

The mosft frequent case of a system operating at varying density is a system where the air tempejrature is
changed|significantly, for example a system which must be started at ambient temperature and then run ata
temperature significantlyhigher.

Here theq fan is selected to provide the specified volume flow and the pressure required by the system at
ambient temperafure and density. When the temperature increases, the density is reduced and s¢ are the
fan pressure and'the power requirement. It is worth noting that the mass flow will be lower at dperating
temperafuré.than at start-up, as the density will be lower and the volume flow unchanged.

The fan couldtave beem setected USINE GesigT VOIuIme and SYSTeENT Pressure at operating temperature and
density. The resulting speed would have been the same, but the motor would have been sized for operating
power only. Both the motor and the belt drive need to be carefully checked to verify that they can withstand
the temporary overload while the system achieves operating temperature.
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P volume flow rate gy of the similar duty point of the same fan at standard temperature and density

1  fan dtatic pressure curve, as a function of volume flow rate qy, of the~fan operating at high temperatur¢ and low
densjity

2 fan dtatic pressure curve, as a function of volume flow rate q,, of\the same fan operating at standard terpperature
and ¢lensity

3 parapolic system line through the duty point of the fan at high'temperature and low density
parapolic system line through the similar duty point of the same fan operating at standard temperature and density

Figure A.9 — Effect of density change (constant flow rate)

A.7.6 (ase 5: Change in air density.and speed — constant pressure

Case 5 describes an application where a fan of given diameter, connected to a fixed system, is run gdjusting
its speed to compensate a density change and keep the fan pressure unchanged (Figure A.10).

To prodyce an unchanged fan'pressure,

P2 F Pf1

we need |aspeed change given by

dy
Ny =Ny x |2
d,
dy
Ny =Ny x |2
dy

and then the volume flow and power would change to
I I
vz =Aqv1 N, =qy1 d,
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1  fan dtatic pressure curve, as a function of volume flow rate q, of the fan operating at standard temperpture and
densijity
2 fan sfatic pressure curve, as a function of volume flow rate qy, of the same fan operating at lower density and higher
speefd
3 parapolic system line through the duty point of the fan at standard temperature and density
parapolic system line through the“similar duty point of the same fan operating at lower density and higher speed
FigureA.10 — Density change (constant static pressure)
A.7.7 (ase 6: Chahge in air density and speed — constant mass flow rate
Case 6 describes.an application where the fan speed is adjusted to achieve an unchanged mass flow rate,
from a fgn of given size, connected with a fixed system, when the air density is changed (Figure A.1]1).
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To achieve constant mass flow

qy2Xdy =qyq Xd;

we need
N2 :N1 X| —
d,
and then
/Al A
= X| —
Pr2 F Pf1 Ldz J
d; ¥
Pp 3P % E
and agaip
=M

Applicatjon numbers 4, 5 and 6 of the fan laws are the basis for selecting'fans for operating densit|

than standard, using the catalogue fan tables or diagrams, which are\iormally based on standard alir.

pfs “
700
600 -—\ AN
2
500
400 1
- pfsl ________________________ "'/:
300 O S
L= Psp=====-===—=------oo-- !
200 ON
w0 O 7 E
e - q
g e qvl i
0 = ' : >
0 10 000 20 000 30000 40000 q,
Key
qy; volume flowwrate gy, of the of the fan operating at standard temperature and density

ies other

qy, volumeflow rate gy, of the of the fan operating at lower density and higher speed

pfSl fanS. esSsSH-e-o0ithe-oltheldh-opeldthgdt-sta el a-Ltepelatil-e-4ha-aehRsSit

Prs» fan static pressure of the of the fan operating at lower density and higher speed

1  fan static pressure curve, as a function of volume flow rate q, of the fan operating at standard temperature and

density

2 fan static pressure curve, as a function of volume flow rate qy, of the same fan operating at lower density and higher

speed
3 parabolic system line through the duty point of the fan at standard temperature and density

parabolic system line through the similar duty point of the same fan operating at lower density and higher speed

Figure A.11 — Density change (constant mass flow)
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A.8 Application examples

A.8.1 Example no. 1

An air-conditioning supply fan is operating at a speed of 600 r/min against a static pressure of 500 Pa and
requires a mechanical power of 6,5 kW. It is delivering 19 000 m3/h at standard conditions. In order to
handle an air-conditioning load heavier than originally planned, more air is required. To increase the volume
flow rate to 21 500 m3/h, which new fan speed, static pressure and power are needed? (See Figure A.12.)

pfs A A pa
800 16
700 — 1%
600 12
— 5
500 10
400 8
-
P 6
300 -7 \
200 s 4
P! 9
100 = 2
i
0 Nt 00—
0 10 000 40 000 q,
Key
qy; fan vplume flow rate before changing speed (19 000 m3/h)
gy, fanvplume flow rate after changing speed (21 500 m3/h)
duty|point (at the static pressure of 500 Pa) along the fan performance curve, before changing speed
duty|point (at the static pressure of 640 Pa) along the fan performance curve, after changing speed

fan impeller power (6,5 kW) at the duty peint] before changing speed

fan impeller power (9,42 kW) at the duty-point, after changing speed

fan sfatic pressure curve, as a functionrof volume flow rate q, at a speed N; of 600 r/min

fan sfatic pressure curve, as a funetion of volume flow rate gy, after changing speed to 679 r/min
fan impeller power, as a fungtion of volume flow rate g, before changing speed

fan impeller power, as a funi¢tion of volume flow rate gy, after changing speed

O© 0O N O U1 » W N -

parapolic system line
Figure A.12 — Example of speed change

Using th¢ fanlaws according to case 1:

g x| N2
Ay2 =4y1 N,

or

dy1

=600%(21500/19000)=679r / min
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N, 2
2
Pts2 = Pss1 X(N_1]

=500x(679 /600) =640 Pa

P

N, Y
a2 = Pa1 X N_1

=6,5%(679/600)% =9,42kW

Whenevj{
always t
are not ¢

A.8.2 j:ample no. 2

Afanis
3560 m

short capacity but the owner doesn't want to spend any money to change.the motor. What is the n

volume f]
with this
Using th

N2:

=27

Ay

Pts2

=30

b be checked to be sure that the speed and power safety limits, established by the fah|ianu
xceeded.

/h and requires a mechanical power of 2,84 kW. A 5 kW motor is powering the fan. The 3

low from this system with the existing 5 kW motor? What is the\maximum speed increasq
motor? What will the flow rate and static pressure be undet,the new conditions?

e fan laws according to case 1 again:

lesfpa—z
Pal

14x(5,0/2,84)'/3 =3280 r/min

o[ N
=dy1 N,

3560x(3280/2714)=4300m° /h

N 2
2
= Deaq X| —=

DX (3280 /2714) =440 Pa

These v4d
fan manyfacturer, to be sure that no safety limit is exceeded.

lues, dgain, need to be always compared with the maximum speed and power recommend

br a speed change is applied to increase the volume flow, the new speed and power valfies need

facturer,

erating ata speed of 2 714 r/min with air at 20 °C, against a static pressure of 300 Pa. Itis dglivering

ystem is

laximum

allowed

ed by the

A.8.3 Example no. 3

A fan manufacturer wishes to project data, obtained for a fan with a 400 mm diameter, to an 800 mm-
diameter fan. At a specific operating point, the 400 mm fan, running at 694 r/min (V; = 29,07 m/s), delivers
7 755 m3/h of air at 20 °C, against 100 Pa static pressure. This requires 1,77 kW. What will be the projected
flow rate, static pressure, power and tip speed for an 800 mm fan at the same speed? See Figure A.13.
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Using the fan laws according to case 3:

D 3
2
- x i
Av2 =4y1 (Dlj
3

:7755x(800/400)3=6ZOOOE%—

D 2

2
— x i

Pfs2 = Pfs1 [Dlj

=100 (800 / 400)* =400 Pa

Py 4P x| 22 5
a2 T'al Dl

=1,77%(800/ 400)° =56,6 kW

=P9,07x(800/400)=58,14m /s

This example, together with example no. 1, shows how the fan laws can be used to project catalogule data to
a numbe} of diameters and speeds from a test on a singlé\fan at one speed.

P A A P
900 9
800 80
700 70
600 60
500 50
400 40
300 30
200 20
100 10
Oﬂ 40 (;ng_f:

qy; fanvolume flow rate before changing diameter (7 755 m3/h)

qy; fanvolume flow rate after changing speed (31 020 m3/h)

Prs1 duty point (at the static pressure of 100 pa) along the fan performance curve, with original diameter
P;, similar duty point (at the static pressure of 400 pa) along the fan performance curve, with new diameter
P,; fanimpeller power (1,77 kw) at the duty point, with original diameter D; = 400 mm

P,, fanimpeller power (56,6 kw) at the similar duty point, with new diameter D, = 800 mm

1  fan static pressure curve, as a function of volume flow rate qy, of the fan having diameter 400 mm
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fan static pressure curve, as a function of volume flow rate qy, after changing diameter to 800 mm

fan impeller power, as a function of volume flow rate qy, before changing diameter

fan impeller power, as a function of volume flow rate qy, of the fan with new diameter

parabolic system line through the original duty point of the fan having diameter D; = 400 mm

parabolic system line (different) through the similar duty point of the fan having diameter D, = 800 mm

Figure A.13 — Example of change of fan diameter

A.8.4 Example no. 4

A fan dr
It is opel
happens

using faf
— dens

— deng

Ay

Pts2

=25

=13

This exa
density,

ating at 796 r/min and requires 9,90 kW. When the oven cools down, the air reaches, 21
to the static pressure and to the impeller power required?

laws according to case 4 (Figure A.14):
ity of air at 21 °C = 1,2 kg/m3
ity of air at 116 °C = 0,9 kg/m3

=gy, =18620m> /h

dy

= X| —
Pts1 (dl J
0x 1,2
0,9

5Pa

D X 2
0,9
,2kW

mmple illustrates’why it is preferable that the fan motor be selected on the power at the n
which is at the lowest air temperature expected.

hwing air from an oven is delivering 18 620 m3/h of air at 116 °C against 250 Pa statit ;Lressure.

°C. What

laximum
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Key

qy fany
Pr1 fans
Prsp Simil

Pes A AP
600 30
500
400
300 [
200
100
0 T 0.8
0 5000 10000 15000 20000 25000 300009,

olume flow rate (18 620 m3/h)
fatic pressure at the original duty point (250 pa) of the fan operating at 1:16.°C
ar duty point (at 335 pa) of the fan operating at 116 °C

P,; fani

peller power (9,9 kw) at the original duty point of the fan operatinig at 116 °C

P,, fanimpeller power (13,2 kw) at the similar duty point of the same fan operating at 21 °C

1  fan sfatic pressure curve, as a function of volume flow rate q, of the fan operating at 116 °C

fan i
para

S U1 A W N

para

fan sfatic pressure curve, as a function of volume flow rate g of the fan operating at 21 °C
fan impeller power, as a function of volume flow rate qy, of‘the fan operating at 116 °C

peller power, as a function of volume flow rate gy, of the same fan operating at 21 °C
bolic system line through the original duty pointat high temperature and low density
bolic system line (different) through the similar duty point of the fan operating at 21 °C

Figure A.14 — Example of density change (temperature change)

A.8.5 T(ample no. 5

An engi
Determi
case 6).

Using th
To be al

eer specifies thatch¢“wants 15 200 m3/h at 200 Pa static pressure, 49 °C and 300 m
he the fan speedaiid power (hint: there are two ways to solve this problem, according to

e fan laws-a€cording to case 4 (Figure A.15):

le topuse the manufacturer's catalogue fan tables, which are based on standard air,

determi

e-the static pressure that would be required with standard air. From a chart of air densi

we wouldfifd:

altitude.
rase 4 or

we must
Ly ratios,

pActual — 01 88
Pstd

Pstd
Ptsstd = PfsAct [ L ]

Actual
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