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1.1 TESTING METHODS AND STANDARDS

The characteristic curves of Mistral fans published in catalogues of each fan series, have been established by testing methods and

equipment approved by the UNI 7179-73P standards. The noise level values have been established by tests, according to the inter-

national ISO 3744 standards. The test  installations used were:

a) for all the fan series, excluding the roof extractors: B category installation, i.e. fan working with free fan inlet and fan outlet

ducted.

b) for the roof extractors: C category installations, i.e. fan (roof extractor) working with fan inlet ducted and free fan outlet. The

noise level measurements have been carried out with BRUEL & KJAER instruments, with phonometer 2250 and gauge type 4231.

1.2 TESTING CONDITIONS

As prescribed by the UNI 7179-73P standards, all the characteristic curves of the fans and all performance values displayed on the

tables in the Mistral catalogues, are referred to normal technical air conditions that are: air with a density of 1.205 Kg/m3 correspon-

ding to that of air at 20°C and 760 mm Hg (torr) ambient pressure. If, however, the transported air or fluid conditions are different, in

order to choose the fan, it is necessary to carry out adjustments as specified in paragraph [1.6].

1.3. MEASUREMENT UNITS

The used measurement units are partly those of the SI (unit international system – CNR-UNI 100030-72) and partly those of practi-

cal use for ventilation technique. Especially when dealing with pressure, it was preferred to use Water Column Millimeter (mm H2O)

and Pa (Pascal), while for flow rate m3/h was used and m3/s as recommended by the standards.

The Centigrade degree (°C) was used for temperature, for power was used SI unit: watt (W) e kilowatt (kW) for power.

The relations among these measurement units and other units of practical use, both Italian and foreign, are shown in paragraph [2.8].

1.4 CHARACTERISTIC CURVES AND PERFORMANCE TABLES

In MISTRAL catalogues the performance tables, for the direct drive arrangements, are published. These tables show, according to flow rate

(Qv or V), for a certain number of impeller revolutions (corresponding to the installed motor poles) and for the normal technical air condition:

starting from left side:

a) Model nameplate

b) Standardized size of installed motor

c) Shaft power (absorbed kW) by fan at the maximum flow rate

d) Installed power (installed kW)

e) Motor Revolution per minute (rpm)

f) Sound pressure level (*) (Lp) in dB(A) referred at the major efficiency point and installation of B type 

upper side of table:

g) Volume flow rate (V) in m3/h and in m3/s

Center of table:

h) Total pressure (pt) in mm H2O (kgf/m2 o da Pa)

Example:

> Introduction <

Model Motor kW abs. kW inst. R.P.M.
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requested     Qv = 2.400 m3/h  (0,67 m3/s)       Pt = 186 mm H2O (kgf/m2)       t = +20°C of working temperature

Data summary:

mod. M25/2 = selected fan

Qv = 2.400 m3/h  (0,67 m3/s)     

Pt = 186 mm H2O (kgf/m2)

installed kW =2,2 

motor revolution per minute = 2.850 r.p.m. (2 poles motor 50Hz)

Lp = 81 dB(A)

The performance of each fan are published also in the form of logarithmic scale graphs that can be used for direct drive fan selec-

tion (when the working air conditions are much different from the standard ones or when an under inverter function is foreseen) and

for belt drive fan selection (see page 31).

Consulting this kind of graphs we can get:

in abscissa:

a) Volume rate (V = m3/s  and  m3/h x 1000)

b) Dynamic pressure (pd = Pa)

c) Air speed from outlet side (v = m/s)

in ordinate:

on the left side

d) Total pressure (pt = Pa)

The pressures pt (total pressure), ps (static pressure) and pd (dynamic pressure) are correlated, among them, by the following for-

mula:

pt = ps + pd (1.1 )

on the right side

e) Number of revolutions per minute (r.p.m.)

f ) Revolutions relative to direct drive 50 Hz and 60 Hz motors

g) Sound pressure level (*) (Lp) in dB(A) referred to the major efficiency point  and B type installation 

within the graph:

h) Flow rate/pressure curves in relation to the different numbers of revolutions

i ) Dashed line curves in relation to the shaft power in the different working points (Pv) in kW

l ) Dashed line curves in relation to the constructive classes (where expected)

upper margin:

m) diagonal lines referred to the efficiency in relation to the working point   ( = %)

lower margin:

n) sound spectrum in octave band of sound power (LW) in dB(*) at different numbers of revolutions and relative correspondence in

sound pressure always referred to the point of major efficiency and type B installation.

o) PD2 of impeller in kg/m2
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(*) pressure and power values referees to the working condition of maximum efficiency for all the models.

The sound pressure level, unless otherwise specified, is the one perceived on average, by a person placed at a distance of 1.5 meters

from the fan, while functioning in B category installation in a free field on a reverberating surface. If one wishes to discover the noise

level of the fan in working environments and conditions different from those specified, it is necessary to carry out the calculations

indicated in paragraph [3.2].

Just for N and NP series (solely direct drive) also the single-curve linear graph are published, in addition to the tables, with

reference to number of standard installed motor revolution.
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1.5 DEFINITION OF FAN SERIES AND SIMILARITY LAWS

The series of fans shown in our catalogues result from geometrically similar models, each one characterized by a different diameter

of the impeller that, according to UNI 7972 standards, is defined as: the maximum external diameter of the blading.

For similar fans, a series of properties known as the “similarity laws” can be listed.

The first similarity law states: when you change from one fan of a given impeller diameter to another of a different impeller diame-

ter, working at the same number of revolutions, it results that:

1) the flow rates vary proportionally to the cube of diameters:

(1.2)

2) the pressures vary proportionally to the square of the diameters:

(1.3)

3) the shaft powers vary proportionally to the power of five of diameters:

(1.4)

Within the range of the diameters of each series the efficiency does not vary noticeably.

The second similarity law states: when the same fan is operating at a different number of revolutions, the result is:

1) the flow rates vary in proportion to number of revolutions:

(1.5)

2) the pressures vary in proportion to the square of the number of revolutions:

(1.6)

3) the shaft power vary in proportion to the cube of the number of revolutions:

(1.7)

Within the usual variations in the number of revolutions the efficiency undergoes minimal variations.

When a fan differs, from the one taken as a reference, whether in the impeller diameter or in the number of revolutions, its operating

characteristics may be discovered by applying the two laws of similarity subsequently.

1.5.1 CALCULATION EXAMPLE

Taking a fan with the following characteristics:

- Flow rate Qv1 = 2000 m3/h

- Total pressure Pt1 = 100 mm H2O

- Shaft power Pv1 = 0,75 kW

- Impeller diameter D1 = 300 mm

- Speed n1 = 2900 giri/min

You want to find out the performances using an impeller in the same range with a diameter D2 = 630 mm.

The ratio between the diameter is:

D2/D1 = 630/300 = 2,1

so the new performances become:

- Flow rate:

QV2 = Qv1 • (2,1)3 = 18.522 m3/h

- Total pressure:

Pt2 = Pt1 • (2,1)2 = 441 mm H2O

- Shaft power:

Pv2 = Pv1 • (2,1)5 = 30,63 kW
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You also want to find out the performances of this modified fan by installing a 4 poles motor:

n2 = 1450 giri/min.

The ratio between the two speeds is: n2/n1 = 1450/ 2900 = 0,5.

So the new performances become:

- Flow rate:

QV3 = Qv2 • 0,5 = 9261 m3/h

- Total pressure:

Pt3 =  Pt2 • (0,5)2 = 110,3 mm H2O

- Shaft power:

Pv3= Pv2 • (0,5)3 = 3,83 kW

1.6 INFLUENCE OF THE WORKING FLUID DENSITY

Often when using a fan, the working fluids (air or other gases) don’t have the density characteristics specified in the catalogue.

This can happen, for air when the temperature differs from 20 °C or when the ambient pressure differs from  760 mm Hg (e.g. the

air from an oven at 150 °C or a fan installation at 1800 m. a.s.l.).

In this case, while choosing the fan, it is necessary to carry out suitable adjustments to the performance values in order to compare

them with the data published in the catalogue.

The corrections to be carried out are based on the following laws:

a) The volume flow rate (Qv) doesn’t vary when the flow density varies.

b) The total pressure (pt), static pressure (ps) and velocity pressure (pd) vary in proportion to the density of the fluid :

(1.8)

c) The shaft powers (Pv) vary in proportion to the density of the fluid :

(1.9)

Thus the pressure (P0) and the shaft power (Pv0), values corresponding to the standard density  of the fluid ( 0) have to be adjusted

by multiplying them by the ratio between 1 e 0

This ratio is called “relative density”:

(1.10)

Regarding the density of the air, its relative density can be found in TABLE I showing the values for different temperatures and altitu-

des. In the case of special fluids (e.g.. very humid hot air, steam, etc..), to calculate the relative density, it is necessary to refer to spe-

cial technical manuals.

table I

p1 p0
1

0

=

r
1

0

=

pv1 pv0
1

0

=
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NOTE

To find out the value of the relative density of dry air, by calculation, the following formula can be used:

(1.11)

where:

rs = relative density of dry air

s = dry air density in Kg/m3

0 = standard air density (1,205 Kg/m3)

pb = ambient pressure in mm Hg 

t = ambient temperature in °C.

To calculate the variations of air density, with regards to humidity, you can use the following formula:

(1.12)

where:

ru = relative density of humide air

u = humide air density in Kg/m3

s = dry air density in Kg/m3

pb = ambient pressure in mm Hg 

pv = saturated vapour pressure at the considered temperature in mm Hg

Ur = relative humidity (ex. Relative humidity of 60%: Ur = 0,60)

To find the influence on the air density of all the factors (pressure, temperature and humidity) it is enough to apply the two formulas

subsequently.

1.6.1 CALCULATION EXAMPLE

A direct drive fan with the following characteristics is required:

- Flow rate: Qv = 4300 m3/h

- Total pressure: Pt = 270 mm H2O (kgf/m2) for air at the temperature of 150 °C

- Installation altitude: 2500 m a.s.l.

- 50 Hz. main frequency

Choosing the fan, through the catalogue, one must transfer these performance figures to the normal technical air conditions.

From TABLE 1 in paragraph [1.6] one can get, for the temperature of 150 °C at 2500 m a.s.l., the relative density r = 0,51 

so one obtains that:

- the flow rate doesn’t change:

Qv0 = Qv = 4.300  m3/h

- the pressure, referred to standard air, becomes:

Consulting, at this point, the logarithmic scale graphic in correspondence of direct drive motor, we could select the mod. AR57, which

provides, at the rotation speed of about 2850/2900 r.p.m. (2 poles motor 50Hz) and at the technical normal condition, the following

data:

Qv0 = 4.300  m3/h pt0 = 5.190  Pa kW0 ass. = 7,5

At the temperature and at working altitude the efficiency will be:

Qv1 = Qv0 = 4.300  m3/h Pt1 = pt0 • r = 5.190 • 0,51 = 2.647 Pa  (270 mm H2O - kgf/m2)

kW1 ass. = kW0 • r = 7,5 • 0,51 = 3,83 kW ass.
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