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Foreword

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

The procgdures used to develop this document and those intended for its further maintenance\gre
described|in the [SO/IEC Directives, Part 1. In particular, the different approval criteria needed-for the
different fypes of ISO documents should be noted. This document was drafted in accordance with the
editorial fules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention|is drawn to the possibility that some of the elements of this document may.be the subject of

patent ri

ts. ISO shall not be held responsible for identifying any or all suc

h patént rights. Detailq of

any patenf rights identified during the development of the document will be in the.Introduction andjor

on the IS

Any trade
constitute

For an e
expressio

list of patent declarations received (see www.iso.org/patents).

an endorsement.

name used in this document is information given for the convénience of users and does ot

planation of the voluntary nature of standards, the 4€ieaning of ISO specific terms and
hs related to conformity assessment, as well as information about ISO's adherence to the

World Tralde Organization (WTO) principles in the Technical Barriers to Trade (TBT), see www.iso.ofg/

iso/forew

prd.html.

This docujment was prepared by Technical Committee ISO/TC 117, Fans.

Any feedb
complete

isting of these bodies can be found at www.iso.org/members.html.

ack or questions on this document should be directed to the user’s national standards body. A
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Introduction

ISO 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 may 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 r‘]pcignr—\rc mustnot nn]y look at the ideal pprfnrm:\nrp curve and calculated system pressure
drop but also take into account the losses at the entry and exit points of the fan. These areg@ejscribed in
th¢ document.

The concept of the system effect factor (SEF) was introduced to the fan industry*by AMCA in 1973.
Sirfce its inception it has become widely accepted worldwide. In more recent years, it has been realized
that the SEF depends not only on the fan type and the fitting geometry but alsé6-on the fan design and
mgnufacturing. Some less efficient fans may sometimes be less sensitive t0.system effect induced by
popr inlet flow conditions than more efficient fans of the same type.

Fufthermore, the origin of the system effect induced by a fitting at‘he fan inlet is different from the
ong due to the same fitting located on the fan outlet. That is why*two different definitions ¢f SEF are
proposed in this document according to whether the appurtenance’is at the fan inlet or fan dilscharge.

© IS0 2020 - All rights reserved v
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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 in accordance with ISO 5801 when compared with the performance of fans tested under actual
sitp conditions. It deals with the performance of a number of generic types of fan and fitfings. The
regults given are intended as guidelines and only provide trends, as the system effect depends on the
exfict geometry of the fan and disturbing component.

Thie test data presented in this document are taken from an extensive experimental prfogram ¢onducted
20| years ago by NEL (National Engineering Laboratory, UK), mainly on axialyahd centrifjugal fans.
Dafa are also taken from several research projects financially supported by ASHRAE, some of them
belng carried out in the AMCA laboratory in Chicago, as well as from results published preyiously by
individual fan manufacturers.

2 | Normative references

Thiere are no normative references in this document.

3 | Terms, definitions and symbols
No terms and definitions are listed in this document.
ISQ and [EC maintain terminological databasés for use in standardization at the following addiresses:

—/| ISO Online browsing platform: available at https://www.iso.org/obp

—| IEC Electropedia: available at http://www.electropedia.org/

The following symbols are used:

Symbol Description SI units I-P units
A, Fan outlet area m?2 ft2
C System effect (SE) coefficient (see 5.2) Dimensionless | Dimensionless
Pc Conventional pressure loss (see 5.2) Pa in. wg
Ps Fan pressure Pa in. wg
Drd Fan dynamic pressure (see Clause 4) Pa in. wg
DPrs Fan static pressure Pa in.wg
Bt chrum effect (cno 2) Pa iR W

Additional pressure loss due to non-uni- .

Psko form flow (see 5.2) Pa 1n-Wwe
qv1 Volume flow rate of the fan m3/s cfm
Skr System effect factor Dimensionless | Dimensionless
& Loss coefficient (see 5.1) (m3/s)/(Pa®5)
p Density of air kg/m3 Ibm/ft2
Pstd Standard air density kg/m3 lbm/ft2
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 2020 - All rights reserved 1
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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 test rigs described in ISO 5801 and AMCA 210. In ‘real life’ fan installations, such ideal
conditions may not be 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 originp of system effect is different at fan outlet and at fan inlet. At the fan outlet, for examplg in
the case of an improperly connected outlet fitting such as an elbow, damper or duct branch, thé syst
effect is ljnked to less-than-optimum non-uniform flow profiles induced by the fan at the entrance to
the fitting (Figure 1). This degraded flow will create more pressure loss across the fittins.than wotild
be the cafe when measuring the fitting loss assuming uniform homogeneous flow profiles or when
it from standard handbooks such as the ASHRAE Handbook of Fundamentals[14],

(EU

When the|fitting is at the fan inlet, for example an elbow or a fan inlet duct/box{(Figure 2), the velodity
profiles af the inlet to the fitting may be uniform and the fitting pressure loss-as.measured or estimated
from standard handbooks may be valid. However, the flow patterns at the\fan inlet (or fitting out:Et)

may be disturbed with the presence of a vortex, spin or vena-contracta( This less than optimum flpw
condition|at fan inlet caused by the fitting will lead to a reorganization of the flow inside the impeller
and therefore a deterioration of fan performance in relation to catalogutie ratings. Not only the fan cugve
may be affected by this disturbing obstacle but also sometimes,but not always, the fan power curve. A
companiopn document will be drafted at a later date to show therinfluence of the inlet obstacles on the
fan power] curve for the same configurations of fans and fittifigs as in this document.

In both dases, the resulting air flow of the fan-system combination deteriorates, but for distinct
physical geasons. For this reason, two different defiiitions and treatment of fan system effect gre
incorporafted, depending on whether the fitting is at the fan inlet or fan outlet. It is also recognized
that in some situations, obstacles very close to fan discharge (e.g. side walls at a short distance df a
plenum fan impeller as shown in Figure 20)-may also deteriorate fan performance in the same manner
as components located at fan inlet.

Key

1 axial fan

Figure 1 — Non-uniform velocity profiles at fan outlet

2 © IS0 2020 - All rights reserved
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Impeller rotation.

An|
co
asghown in Figure 3.
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Figure 2 — Vortex at fan inlet

ideal connection to a fan would be one which results in a velocity distribution across thg¢ fan inlet
inection plane which is relatively uniformly distributed and without appreciable swirl c¢mponent,
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Key
pq mean flynamic pressure of the-duet flow

a  Also satisfactory for flow infe,fan inlets, but may be unsatisfactory for flow into inlet boxes, may produce swirl
in boxgs.

b More fhan 75 % of pgreadings greater than pg,,.../10 (unsatisfactory for flow into fan inlets of inlet boxes).

Figure 3 — Ideal fan connections

5 Definitions of system effect factor (SEF)

5.1 Inlet SEF

With a component at the fan inlet, the SEF is defined as the relative airflow drop Aq,/q,, along a given
system line as 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 may 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.

4 © IS0 2020 - All rights reserved
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To quantify the system effect on the whole fan curve, the quantity Aqy;/qy, is plotted versus the system
resistance coefficient {=qy, /\/Dss (Pgs being the fan static pressure at qy1)Y in Figure 5.

The SEF for a given fan + inlet fitting configuration is the average of Aqy/qy, over the { range, presented
as a percentage in the results. Aqy,/qy4 is positive when the flow with the inlet fitting is lower than that
of the free inlet configuration.

pfs

4y
Key
qy{ volume flow rate of the fan

Prs| fan pressure

fan curve without system effect
fan curve with system effect
system line

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

1) gy, is either in cfm or m?/s while pg is either in in. wg or Pa.

© IS0 2020 - All rights reserved 5
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Key
Aqy,/qy1 1elative flow drop in volume flow rate of the fan
3 slystem resistance coefficient

1 system effect curve

Figure 5 — Example of relative flow drop Aqy,/qy, versusSystem resistance coefficient ¢

Clause 6 describes various situations resulting in inlet system effects.

5.2 Outlet system effect

Outlet sygtem effect is a measure of the pressure,losses across fan outlet appurtenances such as|an
outlet du¢t, elbow, volume control damper, duct branch or plenum, due to non-uniform outlet flpw
induced by the fan and improper outlet connéctions.

Most fang, for applications requiring, systems connected at their outlets, are tested and rated for
performafce with an outlet duct 2 to 8- equivalent duct diameter’ long. The outlet duct helps control the
diffusion pf the outlet flow and establish a uniform velocity profile (Figure 6). In most cases, it is not
practical for the fan manufacturerto supply this duct as part of the fan, but rated performance will not
be achiev¢d unless a comparable’duct is included in system design.

6 © IS0 2020 - All rights reserved
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Figure 6 — Velocity profiles at fan outlet

Thie techniques documénted to estimate pressure losses of a fitting such as an elbow or the [published
pressure drop performance from a manufacturer of a fitting such as a damper are based upop uniform
approach velocity-ptrofiles. The pressure loss so estimated is referred to as the ‘conventional pressure
logs’ across thefitting. Unless uniform approach velocity profile is ensured, there will be pdditional
pressure losses-across these fittings. Outlet system effect is used to estimate the actual pressure loss
across thefitting in a given installation.

Clqusé.7‘describes various situations resulting in outlet system effects. The total outlet system effect,
psit (P2), for a given situation (fitting) is defined as:

Psg = Pc * Psko
where

Pc is conventional pressure loss (Pa);

Psgo 1s additional pressure loss due to non-uniform flow (Pa).

© IS0 2020 - All rights reserved 7


https://standardsiso.com/api/?name=152ea108616257eef60e21d39f871c59

ISO/TR 16219:2020(E)

Psgo can b

Psgo =
where

Psdz

Ay

e expressed as a function of flow by the following formula:

C % Pego

is dynamic pressure at fan outlet 0,5*p*(qy/4,)%;

is fan airflow rate, m3/s;

4
c

P

The outle
the actuall

The syste
Clause 7.

is fan outlet area in m#;
is system effect coefficient;

is air density in kg/m3.

L system effect pgp at each flow rate gy, must be added to the design system curve to obtain

system curve (Figure 7).

m effect coefficient C is averaged over the fan curve to obtain what is talled the outlet SER in

Py - P, = flitting conventional pressure drop at design flow

utlet system effect, pgp,, at design flow
itting conventional pressure drop at actual flow

utlet system effect, pg,, at actual flow

PC_PBz(
PE_PD=1
8

© IS0 2020 - All rights reserved
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q,

=
(¢°]
=

fan volume flow rate

fan pressure

fan catalogue pressure-flow curve

actual system curve

system curve with fitting conventional‘gressure drop

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

actual flow

\ICT\U'I-PUJNP—\"U<-Q

design flow
Figure /7 ==Modification of design system curve due to outlet system effect

In pome casesthe conventional pressure loss p,. cannot be estimated or is not relevant, like fof 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 isidue to the disturbed flow in the impeller induced by the proximity of the walls.

6 Examples of inlet SEF

6.1 Introduction

Examples of inlet system effect are taken from different dedicated research programs carried out since
the 1990s. The National Engineering Laboratory (NEL) in the UK performed an extensive experimental
study on nine different types of fans and six ductwork fittings at the fan inlet. A summary of the test
configurations and main results obtained is given in References [3] and [4]. Otherwise, several research
programs have been financially supported by ASHRAE in which the tests were performed mainly by
AMCA to quantify the SEF on:

— abackward inclined/airfoil centrifugal fan - ASHRAE Research Project 1216-RP[3];

© IS0 2020 - All rights reserved 9
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— aforward curved centrifugal fan - ASHRAE Research Project 1272-RPlél;
— two airfoil centrifugal plenum fans - ASHRAE Research Project 1420-TRP[Z;
— three sizes of propeller fans of the same series - ASHRAE Research Project 1223-RPI8],

Finally, a test was done more recently by AMCA on a forward curved centrifugal fan with an inlet 90°
segmented elbow at various orientations.

6.2 Axial fans

6.2.1 Experimental setups

6.2.1.1 |NEL

All the tegts were performed on a ductwork of D = 630 mm, where D is the duct diametér. A layout of
the test diictwork with a bend connected to the fan inlet is shown in Figure 8. The distance between the
inlet fittilg and the fan is varied from 0D, as in Figure 8 to 2D.

Details of the experimental program and measurement procedure are given in Reference [4] and
private reports. The test data used in the present analysis are the performance curves of the fan aldgne
and fan + |nlet fitting and the measured pressure losses of the fittings. All.the fan curves, initially baged
on total pfessure, were transformed into static pressure curves by subtracting the dynamic pressurg at
the fan ouftlet according to ISO 5801.

10 © IS0 2020 - All rights reserved
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. D, D, 2D, D, D, /
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FE
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4
test fan and fitting
throttle
auxiliary boost fan
silencers
flow measurement nozzle
flow measurement and control section
outlet duct
inlet duct

JRCE Based on content from National Engineering Laboratory (NEL) Fan Connected Ductworl
A (FET001) February 1992, reproduced with permission from the Fan Manufacturers Association

Figure 8 — Test rig-for determination of installation effect — Fitting at fan inle

k Study for
FETA UK.

[

bws of the
ted to the

Table 1 gives the maiti’echaracteristics of the axial fans tested by NEL while Figure 9 shows vi
fans, including centtifugal fans. Figure 10 presents sketches of the fittings that were conned
fanp inlet (or outlet) via transition elements.

Thiey include;

a) | rectangular/circular transition, section 800 x 400 — D = 630 mm, length 950 mm;

b) —shortsquarebend-96%section 636~=636curvatureradiusH6mmms

c) square mitred bend 90°, section 630 x 630, with guide vanes;

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

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

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

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

©lI

S0 2020 - 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
° rpm
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
NO[TE All the fans have a diameter of 630 mm.
SOVRCE: Based on content from National Engineering Laboratory (NEL) Fan Connected Ductwork Study
;oEr [‘IZE['EQ (FET001) February 1992, reproduced with permission from the Fan Manufacturers Assogiation,

SOURCE
FETA (FET]

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

Figure 9 — Views of the NEL test fans

12
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Key
short square bend 90°

square mitred bend 90°

circular five-piece segménted bend

rectangular splittersilencer

1
2
3
4 | rectangular/circular transition
5
6 | banjo connector,

7

rectanguldryto rectangular box fitting

SOPRCE_<Based on content from National Engineering Laboratory (NEL) Fan Connected Ductwork Study for
FE['A (FET001) February 1992, 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 rpm to 908 rpm,
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);

© IS0 2020 - All rights reserved 13
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— awall at several distances ranging from 0,25D to 2D in front of the fan inlet (Figure 13).

Details of

Key
1 Dbasicf

SOURCE
Installatio
Society of

Key
1 basic

SOURCE
Installatio
Society of

the experimental setups are presented in Reference [8].

D

1

I
|
1-1/f D
|
|
|
|
|
|
|
|
|
|

An set up

Based on content from © ASHRAE http://www.ashrae.org Research Project.Report 1223-RP, Inlet
h Effects on Propeller Fans, Air and Sound, 2009, reproduced with perriission from the Ameri¢an
leating, Refrigeration and Air Conditioning Engineers.

Figure 11 — 90° Round mitred elbow

|
1-1/4D

An set up

Based on-egntent from © ASHRAE http://www.ashrae.org Research Project Report 1223-RP, Inlet
W Effects\on Propeller Fans, Air and Sound, 2009, reproduced with permission from the Ameri¢an
leating,Refrigeration and Air Conditioning Engineers.

14

kFigure 12 — Inlet duct with contraction

© IS0 2020 - All rights reserved
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3D

uAn

1/4
1/2
3/4

1-1/4
1~1/2

-
O|0|0 |0 |0 |9)o

Key
1 | basic fan set up
SOPRCE Based on contentfrem © ASHRAE http://www.ashrae.org Research Project Report 1223-RP, Inlet

Ingtallation Effects on PrepeHer Fans, Air and Sound, 2009, reproduced with permission from thg American
Sogiety of Heating, Refrigeration and Air Conditioning Engineers.

Figure 13 — Wall in front of the fan inlet

6.2.2 Results

6.2.24 Introduction

As stated in 5.1 the SEF due to inlet fittings is the relative flow drop Aq,,/q,; 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).

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.

© IS0 2020 - All rights reserved 15
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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 presquretosscoefficients of the fittings assessed fromm NE L easurements withr axial fans are
presented in Table 2. Except for the rect/circ transition, where the loss coefficient is very lew;-the
coefficients of the 90° bends of various 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 shows the SEF calculated for the axial fans of Table 1 and some of the inlet fittings described in
four gaps L/D between the component and the fan. The SEF is small or even insignificant in
e combinations of fans and fittings, except on fan 2where the SEF is higher with bends [b)

6.2.1.1 for
most of tH
and (). In

this case the larger the gap, the lower the SEF.

Table 3 — SEF of axial fans'with inlet fittings

Average Dq,,/q,;
Axial
L/D 1 2 3 4 5 6
0 -0,4 % -0,9 % 0,0 % -01% -0,3 % -1,2 %
. ags 015 _0,5 06
Rect/ciyc transition (a)
0,5% 01% 0,3 % 0,0 % -04 % 0,3 %
-1,0% 0,3 % -04 % -0,4 % -0,6 % 0,7 %
3,7 % 6,3 % 0,9 % 2,7 % 0,4 % -0,2 %
0,5 2,6% 6,2 % -0,8 % 2,0 %
Short square bend.(b)
0,3 % 3,8% 1,0% -0,6 % -0,3 % 0,6 %
0,5% 0,7 % -0,6% -0,4 % 0,3 % -1,2 9%
0,2 % 6,4 % 2,5% 0,0 % 2,0% 0,5 %
0.5 56 % 2.2% -05%
Square mitred bend {c)
01% 54 % 1,9% -0,1% 0,8 % 0,5%
-0,2 % 2,5% -0,8% 0,0 % -0,3 % -0,2%
-1,0% -1,0 % -1,9 % -0,3% -1,6 % -0,3 %
Segmented bend (d) 0,5 1L5% 19% -0,2% -0,3%
g 1 36% | 06% | 05% | 00% | -14% | 09%
2 1,8 % 1L,3% 1,0% -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 co

mponents

have not been accounted for, which may 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 may 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—irHaence—ofthecon ion—decrease he-are io-inerease 611 $ :

the highest for an area ratio of 1 can be explained by the fact that the pressure loss at thé.e

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

Table 4 — SEF of propeller fans with inlet fittings

Propeller Propeller Propeller
610 mm 914 mm 1219 mm
Inlet fittings Average Aq,1/qy1
Contraction AR = 1 54.% 47 % 8,9 %
Contraction AR = 1,25 2,3"% 2,5% 4,6 %
Contraction AR=1,5 0,6 % 0,5% 31%
Elbow oriented 0°
Elbow oriented 45¢
Elbow oriented 90°
Wall at.0,25D
Walrat 0,5D 4,2 % 1L,3% 5,7 %
Wall at 0,75D 3,2 % 1L5% 6,1 %
Wall at 1D 3,6 % 1,2 % 6,4 %
Wall at 1,25D 2,6 %
NOTE Blank cells represent no data.

6.3 Centrifugal and mixed-flow fans

the SEF is
htrance of
re indeed
difference

[ obtained
fect when
especially

6.3.1+ "Experimental setups

6.3.1.1 NEL

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.

© IS0 2020 - All rights reserved
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Table 5 — Main characteristics of the centrifugal and mixed-flow fans tested by NEL

Fan Fan type Impeller diameter Speed (rpm)
7 Mixed-flow with guide vanes 630 1470
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 1p92, reproduced with permission from the Fan Manufacturers Association, FETA UK.

18

© IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=152ea108616257eef60e21d39f871c59

ISO/TR 16219:

Table 6 — Pressure loss coefficients of the fittings

2020(E)

6.3

In
ac
an

of

SO
Eff
fro

Pressure
Fitting loss
coefficient

Rect/circ transition 0,07
Short square bend 0,36
Square mitred bend 0,40
Segmented bend 0,32
Rectspiitterstiencer 2,42
Banjo connection 4,16 Q(]/Q

v

1.2 ASHRAE 1216-RP ,\Q‘

ording to test configuration B with various inlet fittings, i.e. five bearings with their sup

Lhe experimental setups are presented in Reference [5]

URCE  Reprinted from @ASHRAE www.ashrae.org, Research Project Report 1216-RP, Inlet ]
pcts on Backward 1 @a (BI)/Airfoil Centrifugal Fans, Air and Sound, 2011, reproduced with
m the American S ogﬂr of Heating, Refrigeration and Air Conditioning Engineers.

Lhis project, a backward inclined (BI) airfoil centrifugal fan of impeller dia terD = 762 mih is tested

ports (see

example in Figure 14) and two cabinets of heights 2D and 3D and wi varying from 2 to 0,25D
(Figure 15). The tests have been carried out at three rotation speeds%@ 1327and1731rp

Im. Details

Installation
bermission

©lI

S0 2020 - All rights reserved
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2D height
width|L S\\%
3D height Q O

SOURCE [Reprinted from © ASHRAE www.ashrae.org, Research Pr Report 1216-RP, Inlet Installatjon
Effects on [Backward Inclined (BI)/Airfoil Centrifugal Fans, Air and Qu d, 2011, reproduced with permissjon
from the American Society of Heating, Refrigeration and Air Condit@ng Engineers.

N
Figure 15 — BI centrifugal fan with inlg’%abinets 1 (left) and 2 (right)
¥
6.3.1.3 |ASHRAE 1272-RP \{‘\0
The objecfive and the test procedure of Woject are similar to those of ASHRAE 1216-RP. The tpst
fan is a forward-curved centrifugal fan of impeller diameter D = 321 mm, and the inlet fittings are four
bearings ¢f various types and two cabihets of heights 2D and 3D and width L varying from 2D to 0,25D.
The test Jpeeds are 1 000, 1 500 a@ 000 rpm. Details of the test setup are shown in Reference |6].
Figure 16[shows a view of the fan(with inlet cabinet 1 of 2D height.
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Ke y 6@
1 | 2D height O
width L \%

SOPRCE Reprinted from © ASHRAE www.ashrae.org, Researchgm]ect Report 1272-RP, Inlet Installation
Effects on Forward Curved Centrifugal Fans, Performance Air @ ound, 2010, reproduced with permission
from the American Society of Heating, Refrigeration and Air C@\Q{ tioning Engineers.

QO
Figure 16 — FC Centrifugz@an with inlet cabinet 1

\$\

6.3.1.4 ASHRAE 1420-TRP A‘\Q)

Thiis project was carried out on two ai (3‘1$>centrifugal plenum fans of impeller diameters D £ 381 mm
anfl 686 mm, according to test configivation A (Figure 17). The rotation speeds are 3 150 rpm for the
small impeller and 1 575 rpm for tEe) rge impeller. For each fan the system effects due to inlet fittings
wdre determined. Details of tl@ést setup are presented in Reference [7].

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.

Figure 17 — Views of the two centrifugal impellers
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For each fan the inlet appurtenances are:
— apillow block bearing with support (Figure 18);
— acoil in 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
0,250 (Figure 2T) plus a 45° baffle (Figure 22).

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

Figure 18 — Inlet pillow block bearing with support

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.

Figure 19 — Coil in an inlet cabinet
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N

Figure 20 — Inlet cabinet with side wall spacings 1D right, 1D tKﬁgﬁd 1D left

Q.

Table 7 — Configurations of inlet cabinet with various@e wall spacings

Right Top g‘\"‘teft
Box 1 1D ip ., [0 1D
Box 2 0,75D 1D )" 1D
Box 3 0,75D 075D 1D
Box 4 0,75D 5D 0,75D
Box 5 05D . 1D 1D
Box 6 05D \ [ 05D 1D
Box 7 0,5p” 0,5D 0,5D
Box 8 .6,25D 1D 1D
Box9 | t-0,25D 0,25D 1D
Box10( }' 0,25D 0,25D 0,25D
O® | :
@)
o

Key
1 rightside wall
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.

Figure 21 — Return fan inlet cabinet with perpendicular right side wall at 0,25D
from the impeller
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Key '\(“oq/

1  45°baffle Q‘

SOURCE [Reprinted from © ASHRAE www.ashrae.org, Research Project Report 1 &P, Inlet and Dischatge
Installatiop Effects on Airfoil (AF) Centrifugal Plenum/Plug Fans for Air an nd Performance, 2014,

reproducedl with permission from the American Society of Heating, Refrigeration;{ Air Conditioning Enginegrs.

6.3.1.5

This test ¥

o)
Figure 22 — Return fan inlet cabinet with rig&@%le wall at 45°

D
Elbow at the inlet of a forward-curved centrifug@i‘fan

vas done on a FC centrifugal fan with an imp Z:%S?iiameter D =305 mm and a 90° segmented

elbow of inlet diameter 203 mm according to test configuration B. The fan speed was 1 750 rpm. The

system ef
the inlet d

rientated upwards (Figure 23). \{‘\O

Fect was assessed for 12 orientations of thé elbow from position 12 o'clock, corresponding to

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 shows the SEF calculated for the mixed-flow fan and two centrifugal fans of Table 5 and some
of the inlet fittings described in 6.2.1.1 for four gaps L/D between the component and the fan. The
pressure losses of the fittings are taken into account in the SEF assessment.
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Table 8 — SEF due to inlet fittings

A
Average Aqy1/4y1
Mixed flow and centrifugal
L/D 7 8 9
0 0,5 % _0;4 % 0’1 %
. . 0,5
Rect/circ transition (a)
1 0,9 % -03% 0.4 %
2 0[7 % _011 % 0;7 %
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 %
O 111 % _012 % -011 %
0,5 0,3%
Segmented bend (d)
1 14 % 1,2% 04 %
2 1,7 % _011 % 018 %
0 2,1%
055
Rect splitter silencer (f)
1 1,8 %
1,5%
0 16,8 %
. : 0,5
Banjo connection (g) 1
2 19,6 %
NOTE Blank eells represent no data.
Table 8 reveals thatthe SEF is small or insignificant in most of the combinations of fans anld fittings.
A nhotable exceptien is the banjo connector with fan 9 (BC centrifugal fan). For this confliguration,
acgording to‘the authors of the study the flow was very unstable and the performancg dropped
considerably/A similar trend was obtained with the banjo connector fitted to fan 8 (FC centrifugal fan),
foy which-no results appear in Table 8 due to inconsistencies. Therefore, a banjo connector at tlhe inlet of
a centrifugal fan is not recommended at all.

6.3.2.2 ASHRAE 1216-RP

The tests have been done at three fan speeds, and the results presented here are values averaged over
the three speeds.

Table 9 presents the system effect due to the different inlet bearings. The effect is nearly negligible, the
maximum SEF being obtained with the 10 % flange with crossing supports (configuration shown in

Figure 14).
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Table 9 — SEF due to bearings at the inlet of the BC centrifugal fan

Bearings
Type of bearing Average Aqy1/qy1
5 % flange 04 %
10 % flange 1,6 %
5 % pillowblock 0,8 %
10 % pillowblock 0,5 %
10 % flange + cross supp 20%

Table 10 shows the effect of the two inlet cabinets of heights 2D (cabinet 1) and 3D (cabinet 2). The-SEF
is importdnt for the smallest width L = 0,25D, and it is continuously decreasing when L increases’ The¢re
is a differgnce between the two cabinets, the SEF being higher whatever L with cabinet 2, ThiSs may|be
due to th¢ asymmetry of the bottom and top walls of the box with respect to the fanaxis, while the

walls of cgbinet 1 are more symmetricall=],

A width ¢f at least 1D is thus necessary to obtain a relatively small system¢effect, whatever the

cabinet h¢ight.
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due to the inlet cabinets

Cabinet 1
L/D Average Aqy;/qy,
0,25 15,4 %
0,5 5,4 %
0,75 1,8 %
1 1,1%
1,25 0.2 %
1,5 1,0 %
2 0,4 %
Cabinet 2
L/D Average Aqy4/q,,
0,25 16,0 % AX
0,5 79 % -O\ -
0,75 6,5 % N2
1 3,3%
1,25 1,7 %
1,5 1,3.%
2 0:00%

6.3.2.3 ASHRAE 1272-RP

Thie results of system effect are averaged over-the three test speeds, as in 6.3.2.2. Table 11
inflluence of different types of inlet bearings on the SEF. The effect is noticeable with the

beprings, while it is negligible with the.pillow

block bearings.

Table 11 — SEF dueto bearings at the inlet of the FC centrifugal fan

Bearings
Type of bearing Average Aq,1/qy1
5 % cartridge 51 %
10 % cartridge 51 %
5 % pillowblock 0,8 %
10 % pillowblock 1,9%

Table 12 presents the results obtained for the two cabinets of height 2D (cabinet 1) and 3D (
Thie SEF'is very high for L = 0,25D and progressively decreases when L expands. The effect of the
asynminetry of the bottom and top walls, observed in Table 10 with the BC centrifugal fan, is still

shows the
cartridge

abinet 2).

the system effect.

© IS0 2020 - All rights reserved
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Table 12 — SEF due to the inlet cabinets

6.3.2.4
Table 13 t

381 mm 3
mention t

Cabinet 1
L/D Average Aqy4/qyq
0,25 30,2 %
0,5 14,8 %
0,75 4,4 %
1 2,0%
1,25 20%
1,5 L1%
2 0,2 %
Cabinet 2
L/D Average Ady;/dy;
0,25 25,4 %
0,5 13,8 %
0,75 7,6 % N\
1 3,2 %
1,25 2,7 %
1,5 2,3%
2 1L,9%

ASHRAE 1420-TRP

0 Table 16 present the results obtained withall the inlet fittings and the two plenum fang of
nd 686 mm. In all cases, the SEF are found as insignificant. Nevertheless, it is worthwhileg to
hat for the return fan inlet cabinet (Table 16), tests on both impellers were impossible to cayry

on with tle right side wall at 1D and 0,75D:ffom the fan because of the very unstable flow conditigns

encounter
wall at 0,7

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

ed in these fan inlet configurations. Tests of the 686 mm fan were possible only with the right
5D from the fan entrance.

AQy1/9y1 Inletbearing 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

N0,/ qv1 Coil'ID Coil 0,75D Coil 0,5D Coil 0,250
381 mm 0,9 % 1,2 % 1,0 % 1,4 %
686 mm 0,3% 0,2 % 0,6 % 2,2%
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Table 15 — SEF due to an inlet cabinet with different side wall spacings
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Inlet cabinet + different side wall spacings
Aqy1/9y1 box 1 box 2 box 3 box 4 box 5
381 mm 0,7 % 1L,1% 0,6 % 0,6 % 1L,0%
686 mm 0,4 % 01% 0,0 % 01% 0,2 %
AQy1/9y1 box 6 box 7 box 8 box 9 box 10
381 mm 0,6 % 0,9 % L1% 0,6 % 1,2 %
686 mm 0.2 % 04 % 0.3 % 0.3 % 0.6 %

6.3

Thie pressure loss of the 90° elbow, which is taken into accqunt in the calculation of the SEF
asured. The pressure loss coefficient deduced from thecurve reproduced in Figure 24 is clgse to 1 (in
inits), which is high for a segmented bend. A coefficient of 0,32 was indeed obtained for a segmented
nd in the NEL tests (Table 2).

me
SI
be

Tal
8

from the impeller and 45° baffle

Return fan inlet cabinet

Aqy,/ Right wall Right wall Baffle
Qv1/9v1 0,25D 0,5D 45 deg,

381 mm 0,6 % -01% 19%

686 mm 0,3 % — “0,1 %

.2.5 Elbow at the inlet of a forward-curved centrifugalfan

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

has been

ble 17 shows that the SEF due to the elbow is'niegligible or even beneficial with orientations 6, 7 and
Aqvl/ av1 negative)'

Thierefore, a segmented elbow directly/fitted to the inlet of a FC centrifugal fan does not generate a

[iceable system effect. This result'confirms the trend obtained in the NEL tests on Fan 8 (sef Table 8).

no
p, (in. wg)
0,9
0,8 =
0’7 //—
0,6
’ /
0,5 /D/
0,4 -
0,3 /Er/
02
0,1 / [
0 1N
0 200 400 600 800 1000 1200 1400 gq,, (cfm)
Figure 24 — Pressure loss curve of the 90° elbow
Table 17 — SEF due to the inlet elbow with different orientations
Elbow orientation 1 o'clock 2 o'clock 3 o'clock 4 o'clock 5 o'clock 6 o'clock
AQy1/0v1 -0,6 % 01% 0,5 % 1,0 % 0,9 % -26 %
29
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Table 17 (continued)

Elbow orientation

7 o'clock

8 o'clock

9 o'clock

10 o'clock

11 o'clock

12 o'clock

-3,5%

-3,7 %

-1,9 %

-0,6 %

-04 %

01%

Aqy1/9y1

7 Examples of outlet SEF

7.1 Axial fans

7.1.1 General

Examples|of system effect of axial fans with outlet fittings are taken from NEL test data only.

7.1.2 EXxperimental setups

As in the fests with inlet fittings the diameter of the ductwork with outlet fittingsis 630 mm. A layut
of the NEL ductwork with a 90° bend connected to the fan outlet is shown in Eigure 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 + oufflet
fitting andl the measured pressure losses of the fittings. All the fan cupves-are static pressure curves

The main|characteristics of the axial fans tested are shown in Table’Ivand a description of the fitting$ is
presented in 6.2.1.1.

7.1.3 Results

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

Table 18 ghows that for these configurations-of fans and fittings the SEF is small or even negative in
most casefs (favourable effect of the componént).
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auxiliary boost fan
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flow measurement nozzle

flow measurement and control section
outlet duct

inlet duct

AMCA straightener

etoile flow straightener
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URCE Based on content-from National Engineering Laboratory (NEL) Fan Connected Ductwork Study for
FETTA (FET001) Februaty41992, reproduced with permission from the Fan Manufacturers Association| FETA UK.

Figure25'< Test rig for determination of installation effect — Fitting at fan out]et

Table 18 — Outlet SEF

Axial
L/D 1 2 3 4 5 6
0 -0,06 -0,01 0,05 -0,01 -0,10 -0,39
Rect/circ transition (a) 1 -0,08 -0,02 -0,05 0,03 0,07 -0,08
2 -0,15 0,00 -0,12 0,08 0,20 -0,02
0 -0,17 -0,12 -0,20 -0,03 -0,98 -1,48
Short square bend (b) 1 -0,12 -0,10 -0,32 -0,13 -0,46 -0,70
2 -0,01 -0,39 -0,13 -0,32 -0,46
NOTE Blank cells represent no data.
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Table 18 (continued)
Axial
L/D 1 2 3 4 5 6

0 -0,01 0,19 0,44 0,16 -0,18 -0,35
Square mitred bend (c) 1 -0,02 0,18 -0,01 0,05 0,26 -0,02
2 0,04 0,24 -0,02 -0,05 0,29 0,14
0 -0,32 -0,23 -0,46 -0,25 -0,45 -0,80

Segmented bend (d) 1 -0,32 -0,18 -0,31 -0,28 -0,02 -0,62
2 -0,23 -0,12 -0,25 -0,22 0,23 -0507

0 -1,15 -1,66

Rect splitter silencer (f) 1 -0,92 -2,25
2 -0,78 -1,21

NOTE Blank cells represent no data.

7.2 Centrifugal and mixed-flow fans

7.2.1 Experimental setups

7.2.1.1 |NEL

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

7.2.1.2 [ASHRAE 1420-RP

The two ¢entrifugal plenum fans tested are deseribed in 6.3.1.4. The outlet fittings consisted in
configurations of outlet cabinet of 2D depth with-the right, top and left walls at four locations rang

from 1D tp 0,25D (Table 19). Views of one of'thie configurations are shown in Figure 26.

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

Right Top Left
Box1 1D 1D 1D
Box 2 0,75D 1D 1D
Box 3 0,75D 0,75D 1D
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 U,25D D D
Box 9 0,25D 0,25D 1D
Box 10 0,25D 0,25D 0,25D
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Figure 26 — Outlet cabinet with side wall spacing 1D r1g2§&‘D top and 1D left

s\\%

.2 Results

2.1 NEL QQ<<

th fan 7 (mixed-flow fan) and, to a lesser exte n 9 (BC centrifugal fan with single inlet)

Table 20 —&F due to outlet fittings

L3

2020(E)

Discharge
nce, 2014,
Engineers.

ble 20 presents the outlet SEF for all the conflguratl%l% tested with the mixed-flow fan anld the four
cemtrifugal fans. The SEF remains weak as on a %@ans (see 7.1.3). The strongest effect is

observed

,-\lr\ Mixed flow and centrifugal
7 8 9 10 11
| .VO 0,21 0,06 -0,28 -0,10
Rect/circ transition (a) C§\\ 1 0,53 -0,44 0,05 -0,29 -0,08
C) 2 0,14 -0,47 0,21 -0,24 -0,02
O : 0 0,41 -0,30 0,10 -0,38 -0,06
Short square Qg@(b) 1 0,21 -0,40 -0,09 -0,36 -0,25
/10 2 0,12 -0,46 0,00 -0,45 -0,21
?\ 0 0,60 -0,13 0,37 -0,24 -0,11
Squa@gitred bend (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
Segmented bend (d) 1 0,34 -0,39 0,09 -0,07 -0,14
2 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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7.2.2.2 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 npToticeableinfiuence o thesystenreffect:

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 | Box1p
381 mm 0,47 0,46 0,61 0,59 0,35 0,67 1,02 0,46 ). ‘1,14 3,53
686 mm 0,40 0,47 0,61 0,63 0,42 0,72 0,92 0,59 1,14 3,32

8 Reducing system effects

8.1 Ger

System ef
resulting
as descrilj

jeral

fects, present in some fan installations, have a detrimental impact on fan performan
n increased noise and vibration, as well as reduced flow and pressure. These system effeq
ed previously, are initiated through a number“ef channels, including improper installati

ce,
ts,
b1,

inadequate system design, after design changes to equipment, as well as in situ fan performance

“upgradey”.

Whatever
mitigate t

8.2 Inl¢

821 G

Proper flg
fan will b
not the ca

1) Non-y
2) Swirl

”

the reason for the system effect, there'are a number of practical steps which can be taken
he impact.

1t effects
bneral

w into the fan is eritical to optimizing the installed fan’s efficiency. Ideally, the flow into {

se. Inlet effectscan be divided into three (3) general categories:
niform.flow

or ¥orticity

to

he

b via a straight-daet, well matched to the fan’s inlet connection. In practice, that is frequenitly

3) Inlet

34
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8.2

Ell
no

Ke

inlet duct
non-uniform velocity profile
fan

Figure 27 — Upstream elbow

.2 Non-uniform flow

through the addition of turning vanes.

4
cascadesturning vanes fitted

Figure 28 — Addition of turning vanes in an upstream elbow

ows immediately upstream to the fan inlet need to be avoidedyif possible (see Figure 27). If this is
[ possible then the following strategies can minimize the effect:

Large radius: minimize the separation and inertia effects of the flow. This can be further|{improved

Include turning vanes: to guide the air and minimize turbulent eddies at the fan inlet. See Figure 28.

Sharp entrance 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

8.2.3 Swvirl or vorticity

Bends up
fan inlet
rotation.
box, ifatt

in the inlgt box. See Figure 30.

Key

1  swirl can either be with or against the fan impeller rotation

a) Effect of upstream bend

=g '

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

b) Flare fitted to improve enfry

btream of the fan inlet box can direct a majority of the flow te’one side or the other of the
ox and can create a swirl which is either contrary to or im ¢onjunction with the fan impeller
[his can affect the fan performance with unpredictableceffects. Either realign the fan inlet
he early design stages, or fit the box with a “splitter plate” which aids in breaking up the swirl

b) Fan with splitter plate 1

2 central splitter fitted to eliminate swirl

8.24

Figure 30 — Upstream bends

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).

36
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a) Bad

Figure 31 — Inlet blockage example r\(b

nlet flexible connection, if not supported with an internal flow guldgﬁﬁn have the internal diameter
rerely reduced due to the flexibility of the fabric being drawn in

 fan. In addition, for high pressure blowers with relatively smal s the flex connection|flow liner
st be carefully designed so as not to unduly restrict the flon (_gu_e_L)

the high suction pfessure of

b) Good

open inle s, obstructions near the fan inlet can have detrimental effects. It is recommeénded that
distance between the inlet plane and the obstruction be increased as much as practical (dimension
h Fi 3).
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pulley

Bow N R

fer of inlet
Figure 33 — Open inlet obstruction avoid

5 and guards in the inlet are not ideal (see Figure 34). Perhaps increased guarding to prev
5 to the fan inlet area located suitably far away would eliminate the need for a belt guard. 7
ht to be as porous as possible (maximize free area in the{direction of airflow).

Figure 34 — Belt obstruction

ent
he

Bearings in the 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.

38
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Figur(t‘}\-o— Close coupled damper 1
O

.

8.3 Outlet effects @
O

8.3.1 General O

Outlet system effects\%@be broadly categorized as:

—r

1 Insufficiené@?length

2) Outlet@?’mction
3) N&Qﬁiform flow

8.Er?imuﬂmm¢nebngm7

ISO/TR 16219:2020(E)

Many fans discharge to atmosphere and it is important that the flow be allowed to develop uniformity

before discharge to minimize system effects, as shown in Figure 36.
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1 centrifugal fan
2 cutoff
3  blastdrea
4  outletfarea
5 dischdrge duct
6 100 % effective duct length

Exhaust f
to be care

833 O

Remove a

834 N

Figure 36 — Fan outlét velocity profile

ins often have some sort of “weatherhood” to prevent rain from entering the fan. These n¢
fully designed to not cause an obstruction to the flow.

ntlet obstruction

hy obvious obstructions-er re-orient the fan outlet to avoid those obstructions.

pn-uniform flow

Elbows at
38 and 3

the outlet ofafan can have a significant impact, by creating non-uniform flow (see Figures

ed

37,

). Adding.turning vanes can help in centrifugal fans when the elbow turns the flow in a

direction perpendictlar to the fan shaft. Adding turning vanes to elbows which direct the flow para
to the fan|shaft'can have a decidedly negative effect if the elbow is too close to the fan outlet and {
flow has njotfully developed.

lel
he
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Figure 38 — Outlet elbows
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Figure 39 — Poor outlet elbow instaléqon

If none of [the above strategies offer sufficient improvement, then'it may be possible to improve systpm
performafpce through a more detailed computational fluid dynamics (CFD) study of the fan and
associated ductwork. Perhaps a number of idealized du@/ork changes can significantly reduce the
demands pn the fan to result in improved performanc

Occasiondlly, an old fan is repurposed in a facili'gé‘éz fan may be capable of the required performance
but is not|configured correctly. Due to various, préessures, this “fit” issue is ignored and the fan plaqed
and interqonnect ducting fitted. Providing a completely new fan, designed to better fit into the systpm
and optinjized for the present day operati \\onditions, would, in most cases, be a better alternative| In
the example shown in Figure 40, a smaller fan of CCW rotation and upblast discharge is replaced wjith
a larger fan with CW rotation and@ngular up discharge to provide a better fit to the outlet dfict
configuration with reduced syste@ ects.

O.
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Rppnrpncpr] fan Ppp]ar‘nd fan
(poorly configured) (reduced system effects)
BI 245

Original performance

10,000 cfm, 10 in. wg

n=67%

BI 245 BI 300

Repurposed Currentperformance
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 Examples of the effects of poor inlet and outlet connections

-y

Figure 41 shows an example of a fan inlet and outlet where, due to duct sizes, there is a c¢ntraction
on|the fan inlet and expansien‘on the fan outlet. No account was taken of this when specifyipg the fan
which led to a shortfall in @ir-performance at the commissioning stage. Some modifications were made
to the duct layout so thatthe fan performance was within the tolerance allowed by the contrgct.

Figure 41 — Example of poor inlet/outlet conditions
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9 Conclusions

The objective of this document is to present the main causes and quantification of the system effect
(SE) induced by a fitting, appurtenance or obstacle close to the inlet or outlet of a fan. The physical
mechanism differs according to the location of the flow disturber (fitting) with respect to the fan: when
it is at the inlet the fan curve is modified whereas when it is at the outlet the fan curve is usually not
affected but the system pressure drop may increase due to the presence of the appurtenance. That is
the reason why two 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 repoft presents the results of several dedicated series of tests to assess the SEF of axial.gnd
centrifugdl fans, which show that in most cases the SEF is not much important except in somé spedial
situationd such as a wall in front and very close to the inlet of an axial fan, a cabinet with |d latefral
opening off small cross-section at the inlet of a BC or FC centrifugal fan, or an outlet plenum with sjde
walls closg to the impeller of a plenum fan.

A summaty of recommendations to reduce the fan SE are then provided with a_few examples of véry
bad fan injstallations that need be absolutely avoided.

Annexes A and B present basic principles of fan performance representationand fan system calculatiops,
respectively, to help readers who are not familiar with these notions to fully understand the content of
this documnent.

This docuyment only deals with the system effect on the fan air pérformance curve. As a next step it
would be worthwhile to draft a document dealing with the SE onfan power and noise level.
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Basic principles on fan performance representation

2020(E)

A.[—Fan performance curves

Ea
far

Th
IS(

Ch type and size of fan has different performance, which is normally determined by the)prd
tests under laboratory conditions.

ese tests are conducted in accordance with appropriate international standards (e.g. IS
5802).

Thiese standards define the equipment, the installations and the procedures required t

try
std

An|
ing

It
co
Th

ly reliable and consistent measurements of fan air performance @nd sound power lev
ndardised laboratory conditions.

essential part of these standardised conditions is the adoption of one of the five standar
tallations, A, B, C, D or (when applicable) E, as defined in 1SO)13349.

s worth noting that the test set-ups, as specified by these standards, provide nearly
nditions, and standardised shapes of the ducts or spae€s, both at the fan inlet and outlet co1
ese conditions are seldom completely met in praétice but are essential to provide cons

repeatable results.

An
frd
an

Wi
su
ac

y further deviation in performance, due todeviations in shape and design of an actual 4
m the standardised geometries, or to thie effect of any distorted airflow, on the fan air pef
 noise, is normally accounted as “system effect”.

natever the standard and the(installation selected for a specific set of tests, the ré
mmarized into a set of fan performance curves, or fan characteristic curves. These may vai
ording to the fan type and-the preferences of the fan manufacturer or of the intended mar

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

A.

Sy
att
VO

2 System resistance curves

stem resistance is the total sum of all the pressure losses through filters, coils, dampers and
ached tonthe fan. As a general rule, it is never a constant, but rather an increasing funct
ume flow, and thus airspeed, along the ductwork.

per use of

D 5801 or

o provide
bls, under

dised test

deal flow
hnections.
stent and

ir system
formance

bsults are
y in form,
ket.

Clause 8.

ductwork
ion of the

move the

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

air through the system.

For fixed systems, that is with no changes in damper settings, system resistance can often be assumed
to be reasonably proportional to the square of the volume flow (q,). The resistance curve for such a
“constant orifice system” is represented by a single parabolic curve.
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re at the first duty point
2
P2 _(qv_z] _[2000 )2
Prr (4,1 ) ~L1000

Figure A.1 —System resistance curve

lic system-resistance curve

4
1

This assu
of air-jet
uncontroled flow separations.

ption is strictly correct ondy\in the case when the pressure loss is produced by the dissipat
inetic energy, or by sufface friction in shear layers under turbulent conditions, with

Laminar flow on solid surfaces or through the narrow passages of filters and heat-exchangs
hydrostatjic pressure, and flow separations can introduce a component of pressure loss which is 1
proportiopal to the square of the average flow speed, but rather linear, constant or unregularly steppi
For limitgd variations-of the fan flow rate, anyway, the use of a square-law pressure loss function
often accgptable.

As an example, consider a system handling 1 000 m3/h with a total resistance of 100 Pa (static pressu
pfs). If the|valime flow gy, is doubled to 2 000 m3/h, the p,. resistance will increase to 400 Pa, as sho
by the squared value of the ratio given in Figure A.1.

rst
tic

on
ut

hot
hg.
is

vn

The system resistance curve changes, however, as filters are clogged with dirt, coils start condensing
moisture or when the position of dampers is changed.

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-F  operating point or duty point
qyl fanvolume flow rate at the operating point
Pts fan static pressure at the operating point
P,| fanimpeller power at the operating point
1 fan characteristic curve, or static pressure curve, as a fniction of volume flow rate g,
2 fan impeller power (or alternatively, Pa, fan shaft.power), as a function of volume flow rate g,
3 parabolic system resistance curve or “system line”

Figure(A.2 — Operating points

Thie resulting operating point is the'point where the pressure required by the system e

de

If 1
thg
be

In
Vo
cu

To
aH

ivered by the fan at the same volume flow rate.

he system resistance curve of the system, as actually built, is different from the calcula

different from those'predicted at system design stage.

Figure A.3, the-actual system has a higher pressure loss than predicted. As a consequen
ume is reduced; while, in this case, the static pressure is increased. The shape of the typi
rve of an FGfan would also result in a reduced power requirement.

compensate for the system performance change, the fan speed would frequently be incr
igher'power would be needed to achieve the desired q,. Such a move would also increase
pdliced by the fan over the level originally expected, while care needs to be used not to d

pr

quals that

ted curve,

n the operating point will change and the static pressure and volume flow delivered by the fan will

ce, the air
cal power

pased and
the noise
xceed the

power and speed safety limits, as provided by the fan manufacturer.

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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Key
Pro fan stgtic pressure at the originally specified duty point

Pg1 fan stgtic pressure at the specified volume after increase of the pressure loss

Prsp fan stdtic pressure at the new duty point, along the fan static-pressur€ cufve at original speed

qyo fan volume flow rate, originally specified

qy, fanvolume flow rate at specified speed, after increase of pressure‘loss

fan characteristic curve, at the fan operating speed chosen aceording to the design operating point
fan stdtic pressure curve at the increased speed, necessary to reinstate the specified volume flow rate
parabglic system resistance curve through the originally specified duty point

Bw N R

parabglic system resistance curve through the new:-duty points, due to system pressure-loss increase
Figure A.3 — Variations from design system curve

Often, thg mistake is made of takifig)a static pressure reading, across the fan, and concluding that, if
the fan pressure is at or above the design requirements, then the volume flow gy, is also at or abgve
design requirements. Figure Al3.demonstrates why such an assumption is wrong, whenever the system
pressure loss is different fromthe expected level.

A.4 Fan performance measurement vs. calculation

Not each flan size,operating condition or duty point must necessarily be measured by testing.

Apart fropi-the obvious interpolation between duty points, measured at different flow rates on the
same fan and speed, under certain restrictions the performance of a fan may be calculated from a test
carried out on the same fan, but under different conditions. These may include running the test at a
different speed, 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 may 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”.

48 © IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=152ea108616257eef60e21d39f871c59

ISO/TR 16219:2020(E)

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 at least geometrically similar,
being operated in respective operating points being cinematically similar, and under conditions on the

respective Reynolds numbers and Mach numbers.

Ch

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

Thie case of the performance of the same fan at different speed and gas properties is a spec

thg

An|
wi
be

An
by
eit
I1S(

 general one, also entailing size changes.

extended version of the fan laws, including a correction for compressibility effects, mal
Lh less restrictive limits to the chance of Reynolds number and compressibility, coefficient]
found in ISO 5801:2017, 15.2.1.

other method of calculating the performance of a fan (converted to non-dimensional pal
interpolating the performance measured on a limited number of-samples, belonging t

her being geometrically similar, or in any kind of regular geometrjcal relationship, is pi
13348:2007, 7.1.6.

Thlis method requires considerably more calculations but lids the advantage of being b

to
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describe the effect on the fan performance of the changing influence of the flow viscog
ch number and of non-similar but regular changes of dimensions in a fan range. On the otl
y not allow reliable extrapolations outside the tested’range of sizes, speeds and Reynold
mbers.

nen interpolation is not used, the performancetwf a fan having a larger impeller can then be

m the measurement of a similar fan having:@ smaller diameter, but the performance of sny
st not be calculated from measurements achieved on larger-sized fans, as this may easily
prestimate of performance and efficiency.

th the fan laws and the interpolation procedures provided in ISO 13348 describe the cha
rformance referred to the power delivered to the impeller but cannot predict the effect o
notor type, size or speed in-the drive system, and the consequent change of efficiency of
tem itself.

e effect of any change)of the drive system (or of its operating condition), between the of
del and its operating condition, and the fan model actually tested and its operating

inot be determitfed with these methods alone, and must be determined by comparison of
fa, specific to-the performance and behaviour of the parts of the drive system itself (g
nsmission, VSD).

al case of

y be used
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[ving said this, the computation instrument which is most frequently used to properly p|
Fformance is the set of formulae commonly identified as fan laws, in their incompressible f

redict fan
rm.

Fan manufacturers frequently use the fan laws in the calculation and prediction of the performance of
any type of fan, and particularly in the development of the catalogue ratings for a range of geometrically
similar fans.

It is impractical to test the performance of every single size of fan, in a range, at every possible speed
and duty point. Nor is it possible to simulate every possible inlet density which may be encountered.

On the other side, by use of the fan laws, it is possible 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
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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.

A.6 The fan laws

A.6.1 Definitions

The following definitions apply when using the fan laws.

a) Geo t‘rir‘a]]y similar fans

Two flans are geometrically similar when all the corresponding lengths in the two fans ar€ in'
same(ratio, and all the corresponding angles are equal.

NOTE Most frequently, fans belonging to a homogeneous series of sizes are designed insuch a way to
mutudlly similar.

b) Opergdting point

An oplerating point, for a fan, is an operating condition which, for a given standardised installat
type, [is unambiguously identified by a combination of gas density at inlet, fan inlet pressure,
presspre and volume flow rate.

c) Cinenpatically similar operating points

he

be

on
an

Two @perating points, either for the same fan or for two, different but geometrically similar fans,

are cinematically similar when the angles formed, in correésponding physical points, by the lo
flow yelocities with the stationary and rotating parts:efithe fans, are the same.

A.6.2 The formulae of the incompressible fandaws

From the[analysis of the physical principles which govern the performance of a fan, it is possible
derive a nr‘mber of formulae, commonly known:as “fan laws”.

These forinulae relate together the performance in two different, cinematically similar operating poi
of the sanje fan, or even of two different fans, provided that the two fans are geometrically similar.

These forpulae apply to cases in which the pressure rise is less than 2,0 kPa.

The four fan laws in their simpler general form are as follows:

Ny (L Dy ;
2= v K%
Ny 5Py

cal

to

nts

1y

2)

2 2
NZ D2 d2
/ £ Nl Dl dl

3 5
N. D d
Pa2 =Pa1X 2w 2 | x| 2
N1 D1 d1

n,=m

3)

4)
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where
qy is flow rate (m3/s);
ps is pressure (total, static or dynamic) (Pa);
is gas density (sometimes the Greek letter p, “ro”, is used instead) (kg/m3);
N isfan speed (rpm);
D isimpeller diameter (mm);
P, isimpeller power (kW);
n is impeller efficiency (fraction of unity).

Thle most commonly used SI units have been listed beside each dimension{@Anhyway, the
contain only ratios between the values of these dimensions in the two related operating
th¢ units actually used are not essential, provided that the same units (efg."SI units) are use
opprating points.

It i
sin
tog

s also worth noting that these laws relate together the fan perfermance only between cing
hilar operating points of the same fan or of geometrically similar fans. They cannot be use
rether different points on the characteristic curve of the same fan.

A.p.3 Limitations

Li}
ass
ac

—

e many physical laws, the fan laws are a mathematical model, developed under some rather
umptions, which are required to simplify the resulting formulae, but imply some limitatio
uracy.

A

fan laws
points, so
d for both

bmatically
1 to relate

arbitrary
hs to their

Fic volume

vell-known factor limiting the applicability of the fan laws is gas compressibility: the speci
of
eq
ex
pr
thg
dis

essure. One of the main differences between fans and higher-pressure machines, like comp
it the pressure increase which they produce is small enough for compressibility effects td
regarded completely ortreated with simplified formulae.

It
igr

s widely accepted that when the fan pressure is below 2 500 Pa any compressibility eff
ored without affecting the calculated results.

cet of modified” fan laws, including a “compressibility factor”, can be adopted for use
bssures (see’TSO 5801:2017, 15.2.1).

h practice and calculations confirm, anyway, that the actual threshold, above which comp

any gas changes with pressure, which-has an effect on the performance of any gas-compressing
1lipment, including fans. For example;'if an unchanged mass flow of gas is passing throughl a fan, the
ict volume flow entering the fan(must be in some measure larger than that leaving the fan gt a higher

essors, is
be either

bct can be

at higher

ressibility
br form of

ts of any practical significance, is considerably higher, and the simpl
in thi 1ment, is commonly ed 05 000 Pa wi

ns.

In practice, nearly all the fans used for HVAC&R applications run at pressures low enough to make

absolutely safe the use the simpler (incompressible) form of the fan laws.

Two other physical factors which may 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 may be
considerably different, even under conditions of geometrical similarity. This ratio between different
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kinds of forces acting on the fluid is related with a numerical parameter called the “Reynolds number”
(Re), which is given by

_VxD
14

Re

or, in a simplified form, valid only for fans operating with standard air:

— 2
Rey, =NxD

where

e
1¥5]

fan peripheral speed (m/s);

i impeller rotational speed (rpm);

T = <

—n

dimpeller diameter (m);

4 gas cinematic viscosity (m?/s).

—n

1%

When the|values of the Reynolds number are the same in two different opérating points, these poipts
are said t¢ be “dynamically similar” to each other.

In practide, dynamic similarity is seldom achieved, and gas viscesity can alter in some way the
performafce of the fan from the values calculated assuming comiplete similarity.

The other]factor affecting fan law reliability is related with any small deviations from true geometriral
similarity} the fan laws require that equally sized fans are‘identical, and that differently sized fans gre
geometridally similar.

In practicp different fan sizes of the same series fréquently have some dimensions which are not truly
similar: typically steel plate thickness, shaft diameters and, last but not least, surface roughness.

These devjiations from true similarity alsodritroduce a degree of deviation of the real performance df a
fan from the predicted values.

The effects of both viscosity and geometrical deviations combine together into what is normally called
“scale effdct”, or a widely demonstrated tendency of larger and faster fans to perform better and mgre
efficiently than fans being similar-but smaller, slower or both.

In practice these deviatiofisfare small and really significant only when the fan laws are used, by fan
manufactfirers, to develop very accurate catalogues. Here, appropriately extensive testing is requirgd,
to producg truly accurdfe ratings.

A last fadtor affecting the reliability of the fan laws is the effect of bearings on the total power
requirem¢nt ofithe fan.

The powe npp]lnd tothe fan shaftis pnrﬂy delivered to the lmpn”nr’ and pnrﬂy r‘]lcclpnfnr‘] hy friction

in the bearings which support the fan shaft. The power which is governed by the fan laws is, strictly
speaking, only the power used by the impeller or impeller power, as properly stated in A.6.2, 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 may be entirely negligible.

Care should be taken on the smaller, high speed fans (typically very small, backward curved fans
running at a few thousand rpm), where the relative importance of the bearings in the overall power
requirement may be significant.

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.
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Thiis formula can*be derived by removing the ratio of operating speeds N,/N; from fan law

layv

roduced by ignoring these minor effects and using the fan laws in their simpler form‘are co
s than the typical measurement uncertainty and, consequently, entirely negligible:

h.4 Use of the fan laws to generate catalogue ratings

metimes the performance of a range of mutually similar fans is drawn in the form

bn flow (maximum volume flow rate at zero fan static pressure) andfully closed pressure
essure at zero volume flow rate), or otherwise non-dimensionalflow and pressure coefficig
see definitions in ISO 13348).

such a diagram all the possible operating curves of the fanhs, at different speeds and densitie
the curve.

most cases, the performance diagrams for a specific fan size are drawn as a family of

ure A.4). These curves show the pressureproduced by that fan as a function of the volume
hrbitrary steps of fan speed, and at a specific value of the air density which, in principle, ig
 standard density of 1,2 kg/m3.

such a “multi-speed” diagram, each family of mutually similar points lays on a curve which 1
e of the many possible “square law” parabolas, having the following formula:

P=CxQ?
ere each differentwalue of the constant C identifies a different family of mutually similar p

v 2, under the'assumption that D,/D; = 1 or that the fan diameter is kept unchanged.

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

siderably

of a non-
es of wide
(fan static
nts ¢ and

5, collapse

0 a single curve, and each family of cinematically similar operating points collapse into a single point

curves in
one (see
flow rate,
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Figure A.4 — Family of constant-speed curves on linearscales
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Figure(A-5 — Family of constant-speed curves on logarithmic scales

When the|“multispeed” diagram is drawn using logarithmic scales, instead of linear ones, the curveg in
the diagragm-are subject to special distortions. The “square law” parabolas, particularly, are converted
into straightupward-sloping lines, parallel to each other as shown in Figure A.5.

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.
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A.7.2 Case 1: Change in fan speed

The first application covers use of the fan laws to calculate the effects of changing only the fan operating
speed, supposing that the fan operates at a given air density. Another essential condition is that the
fan is connected to an ideal system (constant orifice system), i.e. a system where the pressure loss is
exactly proportional to the volume flow squared (curve 3 in Figure A.6).

Asboth the fan diameter and air density remain unchanged, the fan laws from fan law 1 to fan law 4 are
simplified as follows:

/NA\
= X| ——
Ay 2 =4y1 LNJ

N. 2
_ 2
Pr2=Pg1 X[N_ll

N 3
_ 2
Pa2 _Palx(N_lj

n, =M

pfs A
800

700 — 2
600
T e T >
400
300

200

100 :
- s qvl qVZ
.~ i i
0 - + >
0 10 000 20000 30000 40000 g,

Key
qyq duty point (pressure and volume) along the fan performance curve, before changing speed
qy4 duty'point (pressure and volume) along the fan performance curve, after changing speed

D fan impeller nower at the dutvpoint before changing sneed
fs T T o T o Jinial o B o

Prs» fan impeller power at the duty point, after changing speed

1  fan static pressure curve, as a function of volume flow rate g, at speed N4, before change
2 fan static pressure curve, as a function of volume flow rate q,, after changing speed to N,
3  parabolic system line

Figure A.6 — Change in fan speed

The volume flow increases proportionally to the first power of the speed ratio, the pressure to the
square of the same ratio, the impeller power to the cube of the speed ratio, while the impeller efficiency
will not change. Assuming that the bearing friction is negligible, we can also say that the fan efficiency
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will also be the same. Under these conditions, if the fan was originally selected to operate at optimum
efficiency, changing its speed to alter its volume flow will not reduce its efficiency. At the same time, if
the fan has been improperly selected, no speed change can provide a true efficiency improvement.

As most speed changes are applied to increase the volume flow, it is worth remembering that any such
change must be kept within the speed and power safety limits established by the fan manufacturer.

A.7.3 Case 2: Change in fan size

Here only the fan diameter is changed, while the two fans are geometrically similar, and rotational
Speed an Clil d\,uo;t_y I bllla;ll ;d\,llt;\,al (F;g Ul © A.7)-

The operating parameters of the cinematically similar operating point for the second fan~can [be
calculated with the following simplified form of the four fan laws:

D. 3

2

=g, X| —%
Ay, =Yv1 (DlJ

56 © IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=152ea108616257eef60e21d39f871c59

ISO/TR 16219:2020(E)

pfs A
900

800 I ,

700

600
500

400
TOU

300 :
1 ot i

200 =
-'/
100 _ps/_—l\ =
1 3/: ‘_/'./ q.,
- . —

0 110 000 20 000 30 000 40 000 q,

Key
qyq volume flow rate g, of the duty point of the original fan

qy,] volume flow rate g, of the similar duty point of the fan with new-diameter

Prs] static fan pressure p of the duty point of the original fan

Prsp Static fan pressure p of the similar duty point of the fan with new diameter D,

1 | fan static pressure curve, as a function of volume flow rate q,, of the fan with original diameter D,
2 | fan static pressure curve, as a function of volume flow rate g, of the fan with new diameter D,

3 | parabolic system line through the duty point of the original fan D,

4 | parabolic system line through the similar duty*point of the fan with new diameter D,

Figure A.7 — Change in impeller diameter (equal fan speed)
A fifth formula can be writtenf@r fan tip speed (V):
V.

V. Dz
= X| —
T2 T1 D1

Thiis calculation¢rocedure is seldom used, alone, to solve practical application problems.

frdquently usedby fan manufacturers to generate performance data for geometrically pro

“fdmilies” offans.

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

Caw\ 2 chaovgc caloylarion ~frbha ch o gnc 1 marfara oo e diond by dnuonpcnlyy ool o o

[t is more
[portioned

5e2-shews-catewlation-ef-the-changesinperformance produced-by-inverselyprepertional-€hanges in

fan size and speed, providing constant tip speed, again under the assumption that the density remains
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unchanged and that the two differently sized fans are geometrically similar (Figure A.8). Under the
assumption that

D,
N2 =N1 x| —
D,

which implies also

Ve =Vrq
we can cajculate the new forms of the fan laws:
Pr2=Pr1
V2 Vi1 —1y1
Dl Pal
D
P,=b x =
a2 al (Dl J
n,=m
Pes A
600
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300
) .
200 C
)
100 "~ P
_,,./"T // .
O O g >
0 10000 20000 30000 40000 50000 g,
Key
qy; volumg flew rate gv of the duty point of the original fan

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

B W 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)

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.
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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
points, like the best efficiency operating point.

Most metric-sized fan ranges also have sizes taken from the R20 series of normal number

operating

s. 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
original fan size selection, is altered by more than 20 %, without changing design pressure,
of the selected fan size is probably justified, to regain optimum operation.

led to the
a revision

A.7.5 Case 4: Change in air density only

Cape 4 describes the effect of a change of air density, on the same fan, operating at.a fixed
connected to constant orifice system (i.e. a system where the pressure loss is exdefly propca
the volume flow squared). Another assumption is that the air density, along the system of duct
or,|at least, proportional to the density of the air entering the fan (Figure A.9).

—

In most practical cases, the pressure loss along a system is proportional‘to the density of thg
the system. If the air density along the system changes proportionally-tothe air density in th
both the pressure loss in the system and the pressure generated by the’fan will change accorg
saine ratio of the densities and, consequently:

dZ
= X| —
Pra=Pr1 d1

v =91

n,=m

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

most frequent case of(@ system operating at varying density is a system where the air ter
is thanged significantly, for example a system which must be started at ambient temperaturs¢
ruh at a temperaturesignificantly higher.

e the fan is selected to provide the specified volume flow and the pressure required by t
mbient temperature and density. When the temperature increases, the density is redug
the fan{pbessure and the power requirement. It is worth noting that the mass flow will b
rating‘temperature than at start-up, as the density will be lower and the volume flow unc}

at
ar

op

fan could have been selected using design volume and system pressure at operating ter

speed and
rtional to
s, is equal

air along
e fan, then
ing to the

nperature
b and then

he system
ed and so
e lower at
nanged.

nperature

an y. e resulting speed wou

1 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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Key
qy volumg flow rate g, of the duty points

Pr1 volume flow rate g, of the fan at high temperature and low density

Pss» volumg flow rate g, of the similar duty point of the same fan at standar temperature and density

1 fan stgtic pressure curve, as a function of volume flow rate qv, of.the‘fan operating at high temperature gnd
low dgnsity

2 fanstdtic pressure curve, as a function of volume flow rate qv, ofthe same fan operating at standard temperatfire
and dgnsity

3 parabglic system line through the duty point of the fan at-high temperature and low density
parabglic system line through the similar duty point of the same fan operating at standard temperature and dengity

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

A.7.6 C3jse 5: Change in air density and speed — constant pressure

Case 5 ddscribes an application where a fan of given diameter, connected to a fixed system, is un
adjusting fits speed to compensate a density change and keep the fan pressure unchanged (Figure A.10).

To produde an unchanged.fah pressure,
Pr2=Pr1

P, =P

we need a speed change given by

d
N2 =N1 X [—
dz

d
N2 :Nl X [—
dz
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n,=m
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1 | fan static pressure curve,ds a function of volume flow rate qv, of the fan operating at standard tgmperature

and density

2 | fan static pressure‘curve, as a function of volume flow rate qv, 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

Figure A.10 — Density change (constant static pressure)

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

A.7.7 Case 6: Change 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 fan of given size, connected with a fixed system, when the air density is changed (Figure A.11).
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To achieve constant mass flow

qy o Xdy =qy 1 Xd;

we need

and then

dy
=p, X —
Pr2=Pr1 d

g ¥
1
Fyy :Palx(gJ

and again

n,=m

Applicatign numbers 4, 5 and 6 of the fan laws are the basis for selecting’fans for operating densities other

than stanglard, using the catalogue fan tables or diagrams, which.are'-normally based on standard air.

Key
qy, volumg flow rate qv of the of the fan operating at standard temperature and density
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qy, volume flow rate qv of the of the fan operating at lower density and higher speed

Ps1 fan static pressure of the of the fan operating at standard temperature and density

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

1

62

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

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

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 rpm 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.)

£ Ho
800 16
700 14
600 12
500 10
400 8
300 6
200 4
100 2

ol—= . . 00—

0 10 000 20 000 30000 40 000 gq,

Key
qyq{ fan volume flow rate before changing speed,(19 000 m3/h)
fan volume flow rate after changing speed (21 500 m3/h)

N

duty point (at the static pressure of' 500 Pa) along the fan performance curve, before changing speef
duty point (at the static pressure of 640 Pa) along the fan performance curve, after changing speed
fan impeller power (6,5 kW)‘atithe duty point, before changing speed

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

fan static pressure cufve, as a function of volume flow rate qv, at a speed N1 of 600 rpm

fan static pressure\curve, as a function of volume flow rate qv, after changing speed to 679 rpm

fan impeller powef, as a function of volume flow rate qv, before changing speed

fan impeller'power, as a function of volume flow rate qv, after changing speed

\OCO\]O\LH-PUJN}—\@

parabolic system line

Figure A.12 — Example of speed change

Using the fan laws according to case 1:

N,
= X| ——
v =91 N,

N, =N, x vz
dv1

=600%(21500/19000)=679 rpm

or
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N 2
_ 2
Pr2=Pg1 X(N_lJ

=500x(679/600)* =640 Pa

N 3
_ 2
PaZ_ alx(N_lJ

=6,54(679/600)° =9,42 kW

Whenever a speed change is applied to increase the volume flow, the new speed and power valges
need alwdys to be checked to be sure that the speed and power safety limits, established by the fan
manufactfirer, are not exceeded.

A.8.2 Example no. 2

A fan is operating at a speed of 2 714 rpm with air at 20 °C, against a static)pressure of 300 Pa. It is
delivering 3 560 m3/h and requires a mechanical power of 2,84 kW. A 5 KW motor is powering the fan.
The systen is short capacity but the owner doesn't want to spend any money to change the motor. What
is the maximum volume flow from this system with the existing 5kW motor? What is the maximyim
speed incfease allowed with this motor? What will the flow rate and static pressure be under the npw
condition$?

Using the fan laws according to case 1 again:

’p
szlegLZ
Pal

=2714x(5,0/2,84)!/3 =3280 rpm

N,
= X| ——
Qv =flv1 N,

=3p60x(3280/2714)24300m3 /h

N, Y
2
P2 TP ps1 X(N_J

=300%(3280/2714)* =440 Pa

These values, again, need to be always compared with the maximum speed and power recommended
by the fan manufacturer, to be sure that no safety limit is exceeded.

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 rpm (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, Y\
2
= X| —
Ay =91 (D1j
3

=7755x(800/400)° =62 ooomT

(D)

ISO/TR 16219:2020(E)

Prz =PRI LD1J

=100x(800/400)* =400 Pa

D, Y
Pa2 :Pal>< D_1

=1,77%(800/400)° =56,6 kW

Vo, =V, Dy
= X| —
T2 T1 D1

=29,07%(800/400)=58,14m/s

Thiis example, together with example no. 1, sheiws how the fan laws can be used to project|catalogue

da

Fa to a number of diameters and speeds fronta test on a single fan at one speed.
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Key
qy, fanvo
qy, fanvo

pfs A A pa
900 90
800 = 80
700 70
ecof N 7 60
paZ
500 50
400 40
300 30
2 1 2
00 pfsl -~ 0
100 B L 10
5'/Y3__:_______f _____________ pal
(R —————— - s et )~
0 10 000 20 000 30000 40 000<g,

qvl

ume flow rate before changing diameter (7 755 m3/h)
ume flow rate after changing speed (31 020 m3/h)

Prs1 duty point (at the static pressure of 100 pa) along the fan performane@ curve, with original diameter

P, simila

" duty point (at the static pressure of 400 pa) along the fan petformance curve, with new diameter

P,; fan imEeller power (1,77 kw) at the duty point, with original dianteter D1 = 400 mm

P,, fanim

eller power (56,6 kw) at the similar duty point, withchew diameter D2 = 800 mm

1 fan stdtic pressure curve, as a function of volume flow rate'qv, of the fan having diameter 400 mm

2
3
4 fanim|
5 parab
6 parab

fan stdtic pressure curve, as a function of volume flowrate qv, after changing diameter to 800 mm

fan imEeller power, as a function of volume flow rate qv, before changing diameter

eller power, as a function of volume flow'rate qv, of the fan with new diameter
lic system line through the original\duty point of the fan having diameter D1 = 400 mm
lic system line (different) through the similar duty point of the fan having diameter D2 = 800 mm

Figure A:13 — Example of change of fan diameter

A.8.4 Example no. 4

A fan dray

happens tp thetstatic pressure and to the impeller power required?

using fan

aws according to case 4 (Figure A.14):

ving air fromran oven is delivering 18 620 m3/h of air at 116 °C against 250 Pa static pressu
It is operating at 796'rpm and requires 9,90 kW. When the oven cools down, the air reaches 21 °C. W]

nat

— density of air at 21 °C = 1,2 kg/m3

— densi

Qv =

ty of air at 116 °C = 0,9 kg/m?3

gy, =18620m3 /h

d,
Pra=Pp1X| 4~
1
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