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1- PURPOSE

The purpose of this document is to define the principal quantities required for the expression of the fan
performance characteristics.

2 - INSTALLATION CATEGORIES

It is at present recognized that the fan performance is influenced by the ducts connected to the fan at its

inlet or outlet. Four test installation categories are defined :

Category A : free inlet and free outlet
Category B : free inlet and ducted outlet
Category C : ducted inlet and free outlet.
Category D : ducted inlet and ducted outlet

As the fan characteristics obtained on different test installations are not the same, it is necessary to add

a subscript to the symbols (for instance YA represents the fan work obtained by a test on installation
category A).

3 - DEFINITIONS

1 - Mass flow rate qm [kg . 5-1]

Time averaged value of the fluid mass passing through the fan per unit of time.

2 - Fan inlet area A1 [m2]

The fan inlet plane should be taken as thét surface bounded by the upstream extremity of the alr moving
device casing.

The inlet area is, by convention, taken as the gross area in the Inlet plane inside the casing.



3 - Inlet temperature 61 [K-l

Mean absolute temperature at fan inlet.

4 - Stagnation inlet temperature e 51:1 [K]

Mean stagnation temperature at fan Inlet given by
Kk 2
O41 = 64 [1+ -—2—1- oy Mos ]

where
K: Isentropic exponent
M ai Mach number of flow through the inlet area

. A 4 Kinetic energy factor at fan inlet

By convention ¢ A 1 is considered equal to 1.

~ For a free inlet fan the stagnation temperature is equal to the mean temperature upstream of the fan

inlet.

5 - Inlet static pressure Pe.' . [pq]

Mean static pressure at fan inlet relative to atmospheric pressure.

6 - Inlet pressure p1 [pa]

Mean absolute pressure at fan inlet given by

p1=pe1+%o

where

pe1 inlet static pressure
pQ O atmospheric pressure at the mean altitude between fan inlet and outlet.



7 - Inlet density (34 [kg. fn'3]
Mean density at fan infet given by

=P
RO,

where R is mass constant of wet air on the inlet side.

8 - Stagnation inlet density GSH [k9° rn'3]

Mean stagnation density at fan inlet given by

1
Ost1 W

04

Cst1=

For a free inlet fan it is equal to the upstream density corrected If necessary for mean altitude.

9 - Inlet volume flow rate q V1 [ET\?" 5.1]

Volume flow rate given by

. Gm
Qvt = Q1

10 - Inlet stagnation volume flow rate qut] [mS s_f]

Volume flow rate given by

AQm
Qat

Qust! =



11 - Inlet mean velocity V4 [m.sr‘]

Mass flow divided by the product of the density at the fan inlet and the fan inlet area

12. Iniet dynamic pressure | RTH [po]

By convention, dyhamic pressure at fan inlet given by

13 - Inlet total pressure pu [p a]

Total pressure at fan inlet given by

Pu= R+ Ry

14. - Stagnation inlet pressure psl:] [po]

Stagnation pressure at fan inlet given by



15 - Fan outlet area Az [m?-]

The fan outlet plane should be taken as that surface bounded by the downstream extrerﬁity of the air
moving device casing.

The outlet area is, by convention, taken as the gross area in the outlet plane inside the casing.

16- Qutlet temperature 82 [K]

Mean absolute temperature at fan outlet

17 . Stagnation outlet tem t [ |
gnati perature estZ K]
Mean stagnation temperature at fan outlet given by

Pi2= ©; [t B ctpy M2

where

KE Isentropic exponent
Mq.z Mach number of flow through the outlet area

O('Az Kinetic energy factor at fan outlet

By convention ©(, AZ: is considered equal to 1.



18 . Outlet static pressure pe 2 [po]

Mean static pressure at fan outlet

19 - Qutlet pressure p2 [Po]
Mean absolute pressure at fan outiet

it is given by

= R2+Ro
with

gez outlet static pressure
a O atmospheric pressure at the mean altitude between fan inlet and outlet.

20 - Qutlet density (_)2 [kg_ m-'é.]

it is given by

Q-
2% Re.

where R:-_ .E_Q_o_ is mass constant of wet air onthe inlet side.

™M

21 - Stagnation outlet density GS‘-‘-?- [kgm-a‘.]

it is given by




22 - Qutlet mean velocity Vm 2 [I'TI _ 5.4]

Mass fiow divided by the product of the density at the fan outlet and the fan outlet area.

sz = ql""l"l
QA2

23 - Qutlet dynamic pressure %2 [Pc]

it is given by

-1 2
%2-'-2— 02_ Vim2

24 - Outlet total pressure pl:2 []30]

it is given by

Peo= R + 2o

25 - Stagnation outlet pressure F’s&z [%.]

it is given by

DS\:Z-"' 'pg



26 -Fan pressure Pf_-, {Pc]
Pressure difference induced by the fan and used for fans of categories B and D.
a - Rigorously it is given by :

Pe= Fea— Ry

It is strictly valid even for high mean velocities.

b - When the compressibility effect can be neglected it is given by
P = Pe2- Pl:1.

The difference between two definitions of fan total pressure does not exceed 0.3 % if Mach number
does not exceed 0.4.

27 - Fan static pressure % [PG]
Pressure difference induced by the fan and used for fans of categories Aand C.

a - Rigorously it is given by
B5= P~ Rt

it is strictly valid even for high mean velocities.

b - When the compressibility effect can be neglected it is given by

Ry= Rg - Py



28 - Mean densify QI’TI [kg m- 3]

Arithmetic mean value of inlet and outlet densities

Crn = O+ Qy
29 - Fan work per unit mass y [J . kg-1]
That part of the increase of the mechanical energy per unit mass of the fluid passing through the fan
which is available to the user.lt depends on the installation category and the appropriate letter A, B, C or
D should be mentioned as a subscript (for instance y A for the fan work per unit mass measured with

installation category A).

With the convention adopted for the definition of P.l and p2 , the variation of altitude is
taken in account.

Fan work per unit mass is given by :

Category A : free inlet and free outlet

Category B : free inlet and ducted outlet

Rl 2
YB — p2 p‘ o sz - Vm%

R Qm+ 'Az-—?_-- O(A'_‘ 2

Category C : ducted inlet and free outlet

yc: EZ_:E‘_ — ok Vrn?f‘

A-—___.
Cm T2
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Category D : ducted inlet and ducted outlet

o,_ 2

O o)

AN

2

Q<-A1' - and %2 are always taken equal to 1. For A and C installation categories, the
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whole fluid kinetic energy at the outlet is considered as not available to the user. For B and D installation

categories the kinetic energy of the swirling flow at the outlet is also considered as not available to the
user ; the same applies to the part of the kinetic energy of the axial flow which is in excess of the value

for the same flow rate with  (, A, equal to 1.

30 - Fan air power PF [WJ

Product of mass flow and work per unit mass

Ay

The appropriate letter of referred installation category should be mentioned as a subscript :

PF'A = Y- Ya
A Ve
Pec = S
Prp = 9 Yo

@
t

31 - Fan impeller power PR [W]

Mechanical power supplied to the fan impeller.
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32 - Fan shaft power pA [W]

Mechanical power supplied to the fan shaft.

33 - Motor output power [, [W]

Shaft power output of the motor or other prime mover.

34 - Motor input power pE [W]

Electrical power supplied at the terminal of an electric motor drive.
With other forms of drive, it is not usual to express the input to the prime mover in terms of power. The
consumption of fuel or steam is generally given.

35 - Angular velocity (J [r‘ad. 5’1]

Angular velocity of the fan impeller.

36 - Rotational frequency 1M [l" ev. 5'1]

Number of revolutions of the fan impeller per unit of time.

37 -Rotational speed |\ [rc—:v. min- ]

Number of revolution of the fan impeller per minute.

38 -Tipspeed | [m_s-‘l]

Peripheral velocity of the impeller blade.



39 - Impeller power fan efficiency ?R

Fan air.power divided by the fan impelier power

P
r= Pr

The appropriate letter of referred installation category should be mentioned as a subscript.

?RA / '7!2& ! r7nc_ / r7RD

40 - Shaft power fan efficiency DA

Fan air power divided by the fan shaft power

The appropriate letter of referred installation category should be mentioned as a subscript.

41 - Motor output fan efficiency l')
M
Fan air power divided by the motor output power
M= o5
™ DM

The appropriate letter of referred installation category shall be mentioned as a subscript.

42 . Qverall fan efficiency I’)E

Fan air power divided by the motor drive input power for a fan and motor combination

R
Ll

The appropriate letter of referred installation category should be mentioned as a subscript.

i3
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43 - Compressibility factor K ()

Fluid density at the fan inlet divided by the mean density in the fan given by

@ _ 2¢,
e T

Ko =

44 - Compressibility factor deviation A K

Difference between unity and compressibility factor given by

Q
AK - -Ke= G- — éﬁl]
Q‘+G2 % +1

Q

45 - Fan density ratio ™ (.)

Fluid dénsity at the fan outlet divided by fluid density at the fan inlet given by

ro. 2 _ 2-%0 _ 4K
QKo T 1-AK




46 - Fan inlet density ratio Pel

Fan inlet density divided by stagnation inlet density.

ro_ S
© Cat

47 - Peripheral Mach number MU

Impeller peripheral velocity divided by the speed of sound at fan iniet given by

My Y
VK.RQL

in the case of a perfect gas with :
K isentropic exponent

R mass constant

R. k-1¢
— Cp

48 - Transfer coefficient m

Square of ratio of peripheral Mach numbers for reference and test conditions : coefficient k1. takes

into account the effect of Mach number changes and allows for transfer of fan performances from test
conditions to reference conditions.

For a perfect gas,

M~ Ur*2 (NRG‘I)E
Ue/ (RRB)e

15



49 - Kinetic energy factor for an area A{ traversed by fluid flow OCA;

Time averaged flux of kinetic energy per unit mass through the considered area A i divided
kinetic energy per unit mass corresponding to the mean air velocity through this area given by

oy = e (@vn.v?) ap;

G -Vt

where
U isthe local absolute flow velocity
U is the local velocity normal to the cross section

50 - Inlet kinetic index

Kinetic energy per unit mass through the fan inlet divided by the fan work per unit mass given by

K1 = Vi
X, 2y

where O(_, Aq = 1

51 - Mach number of flow through the inlet area M af

Mean fan inlet velocity Vm1 divided by the speed of sound for inlet conditions given by

\/N.R. 61 ) Aq \/np“\e‘

by

16
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52 - Discharge kinetic index IKZ
Kinetic energy per unit mass through the fan outlet divided by the fan work per unit mass given by

- Vind
K2 = O<’A2

2y

where OC Ao =

53 - Mach number of flow through the outlet area M a2

Fan outiet mean velocity divided by the speed of sound for outlet conditions given by

Mc,2= Vma2
VnRE

54 - Fan equivalent orifice area OF [mZ]

Area of a circle through which a uniform steady flow of an isochoric fluid of the density Q -

would run with the same mass flow rate and a kinetic energy equal to the fan work per unit mass given
by

$5 . Fan equivalent orifice diameter DF [m]

DF = OF- Ll-
TC
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4 - QUANTITIES : SYMBOLS AND UNITS

Specific heat capacity at constant pressure Cp L)- k9'1. KJ

Isentropic exponent A -
Mass constant of a gas R J k9'1. KA
Mean static pressure at fan infet F)e.1 PC.
Mean absolute pressure at fan inlet Ql Pa
Mean dynamic pressure at fan inlet %1 Pa
Mean absolute temperature at fan inlet 81 K
Density at fan inlet e A kg m-3
Stagnation temperature at fan inlet 951: 1 K

_ Mean total pressure at fan inlet ‘ ph] pa

Fan inlet stagnation pressure referred to mean altitude p5t1 po
Stagnation density at fan inlet QS‘: 1 kg, -2
Mean static pressure at fan outlet Pe 2 Fa
Mean absolute pressure at fan outlet p2 PC.I
Mean dynamic pressure at fan outlet pd?. PO

Mean absolute temperature at fan outlet e 2 K



Density at fan outlet
Stagnation temperature at fan outlet

Mean total pressure at fan outlet

Fan outlet stagnation pressure referred to mean altitude %:2

Stagnation density at fan outlet

+
Mean density in the fan Q“__%_

Compressibility factor ()4 -

Cm

Compressibility factor deviation 1 = K

Fan pressure

Fan static pressure 2 £
R=8-Ry

Kinetic energy factor in the section A1

Mass flow rate

Inlet volume fiow rate

Inlet stagnation volume flow rate

Fan work per unit mass

Fan air power — .

P = qm Y
Fan impeller power

Fan shaft power

G2
G
Ke
AK
Pr
23
X
qm
SV
Qustt

Pr
M
Pa
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J.kg1



Mbtor output power

Motor input power

Angular velocity

Rotationa! frequency
Rotational speed

Tip speed

Impeller diameter

Impeller power fan efficiency
Shaft power fan efficiency
Motor output power fan efficiency
Overall fan efficiency
Density ratio ..()_2..

Oy

Fan inlet density ratio 1

QSH

Peripheral Mach number

Fan inlet area

Fan inlet mean velocity

Fan inlet kinetic energy factor

20

W rad. s

n rev.s

N rev.min!

U m. 5™
D m

=

n

T

e

S

l"e |

Ma

Aq rmé



Fan inlet kinetic index

Fan inlet Mach number

Fan outtet area

Fan outlet mean velocity

-an outlet kinetic energy factor

Fan outlet kinetic index

Fan outlet Mach number

Transfert coefficient

Fan equivalent orifice area

Fan equivalent orifice diameter

Mean altitude of fan inlet

Mean altitude of fan outlet

Mean altitude of the fan.

3 3 3 3

3
N
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LIST OF THE MEMBER ASSQCIATIONS

BELGIUM

FABRIMETAL

21 rue des Drapiers -

B-1050 BRUXELLES

Tel. 32/2/5102518 - Fax : 32/2/5102563

GERMANY
FG ALT im VDMA

Pastfach 710864 - D-60498 FRANKFURT/MAIN
Tel. 49/69/66031227 - Fax : 9/69/66031218

SPAIN

AFEC

Francisco Silvela, 69-1°C - E-28028 MADRID
Tel. 34/1/4027383 - Fax : 34/1/4027638

FINLAND

AFMAHE

Etalaranta 10 - FIN-00130 HELSINKI
Tel. 358/9/19231 - Fax : 358/9/624462

FINLAND

FREA

PL 37

FIN-00801 HELSINKI

Tel : 358/9/759 11 66 - Fax : 358/9/755 72 46

FRANCE

UNICLIMA (Syndicat du Matériel Frigorifique,
Syndicat de I'Aéraulique)

Cedex 72 -

F-92038 PARIS LA DEFENSE

Tél : 33/1/47176292 - Fax : 33/1/47176427

GREAT BRITAIN

FETA {HEVAC and BRA)

Sterling House - 6 Furlong Road - Bourne
End

GB-BUCKS SL 8 5DG

Tel : 44/1628/531186 or 7 -

Fax : 44/1628/810423

ITALY

ANIMA - CO.AER

Via Battistotti Sassi, 11 - 1-20133 MILANO
Tel : 39/2/73971 - Fax : 39/2/7387316

NETHERLANDS

NKI

Postbus 190 - NL-2700 AD ZOETERMEER
Tel : 31/79/3531258 - Fax : 31/79/3531365

NETHERLANDS

VLA

Pastbus 190 - NL-2700 AD ZOETERMEER
Tel. 31/79/3531258 - Fax : 31/79/3531365

NORWAY

NVEF

P.0O.Box 850 Sentrum - N-0104 OSLO
Tel. 47/2/413445 - Fax : 47/2/2202875

SWEDEN

KTG

P.O. Box 5510 - S-11485 STOCKHOLM
Tel. 46/8/7820800 - Fax : 46/8/6603378

SWEDEN

SWEDVENT

P.C. Box 17537 - $-11891 STOCKHOLM
Tel : 46/8/6160400 - Fax : 46/8/6681180

TURKEY

ISKID

Bilyiikdere Cad. No: 108 Kat.

10 Oyal Ishani Esentepe - ISTANBUL
Tel + Fax : 90/212 272 30 07



	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

