
��������	
���

����������

THEORY OF RATING

	�������

Density and Density ratio 2
Volume in Cubic Feet per Minute 3
Velocity 3
Velocity Pressure 4
Static Pressure 4
Total  Pressure 4-5
Pressure per Blade and Revolutions per Minute 5
Number of Blades 5
Pitch 6
Pitch Limitatons 6
Deflection 6
Horsepower and Efficiency 6-7
Fan Performance Definitions and Formulas 8-9
Fan Law Summary 10

������������	
����
�	
 ���
�
���
�������	
������������
�����
��������������� ����������������� � 
����������!���

��������



��������	
���

����������

��������������������
����
�"�#$%&$�'#�(&)&*'�+�,+"�,#$�+�-./&"�0&$,#$1+"*&��.'�.(�,.$('�"&*&((+$2
'#�3"#4�'5&�%&"(.'2�$+'.#�#,�'5&�+.$�#$�#'5&$�-+(�6&."-�5+"%)&%7
'5+'�.(��'5&�$+'.#�#,�'5&�+*'8+)�%&"(.'2�'#�'5&�%&"(.'2�#,�9('+"%+$%
+.$:�

�'+"%+$%�+.$�.(�+.$�+'�+�6+$#1&'$.*�0$&((8$&�#,�� � �;��-��<5.(
.(�'5&�0$&((8$&�#,�%$2����=���+.$�+'�(&+�)&/&)���'+"%+$%�+.$�5+(�+�%&"�
(.'2�#,������)6>,'���<5&$&,#$&�

?&"(.'2�
+'.#�@�?&"(.'2�#,�+.$�6&."-�5+"%)&%>����

45&$&�%&"(.'2�.(�."�0#8"%(�0&$�*86.*�,##'��?&"(.'2�+(�8(&%�."�(#1&
,#$18)+(�#"�'5&�,#))#4."-�(5&&'(�18('�6&�&A0$&((&%�."�()8-(�0&$
*86.*�,##'�+"%�.(�#6'+."&%�62�%./.%."-�'5&�0#8"%(�0&$�*86.*�,##'�62
'5&�+**&)&$+'.#"�#,�-$+/.'2�������,&&'�0&$�(&*#"%�0&$�(&*#"%���?&"�
(.'2�."�()8-(�0&$�*86.*�,##'�,#$�('+"%+$%�+.$�.(�+00$#A.1+'&)2���������
?#�"#'�*#",8(&�?&"(.'2�
+'.#�4.'5�?&"(.'2�

�.$�%&"(.'2� .(�%&'&$1."&%�62�(&/&$+)�,+*'#$(��45.*5�+$&�%.(�
*8((&%�6&)#4�

���������
�"*$&+(."-�&)&/+'.#"�4.))�%&*$&+(&�+.$�%&"(.'2�'#�'5&�&A'&"'�'5+'

+'�+"�+)'.'8%&�#,��������,&&'��'5&�4&.-5'�0&$�*86.*�,##'�#,�+.$�.(�B8('
#"&�5+),�'5+'�#,�'5&�4&.-5'�#,�+�*86.*�,##'�#,�+.$�+'�(&+�)&/&)�8"%&$
'5&�(+1&�*#"%.'.#"(��C2�'5&�(+1&�'#3&"��+�-./&"�"816&$�#,�0#8"%(
#,�+.$�4#8)%�6&�%#86)&%�."�/#)81&�

�� �!�� �"�� �##$ �
<5&�%&"(.'2�#,�+.$�+'�+�-./&"�&)&/+'.#"�.(��#,�*#8$(&��(86B&*'�'#

/+$.+'.#"(�."�6+$#1&'$.*�0$&((8$&�45.*5�/+$2�4.'5�%&"(.'2��<5.(�&,�
,&*'�.(�8(8+))2�.-"#$&%�."�,+"�(&)&*'.#"�+"%�'5&�"#$1+)��#$�('+"%+$%�
6+$#1&'$.*�0$&((8$&�.(�+((81&%���**8$+'&�6+$#1&'$.*�0$&((8$&�$&+%�
."-(�(5#8)%��#,�*#8$(&��6&�8(&%�."�,+"�+"%�6)#4&$�'&('."-�

��!%� ��$ �
<5&�%&"(.'2�#,�+.$�4.))�/+$2�4.'5�*5+"-&(�."�'&10&$+'8$&���'+"�

%+$%�+.$�+((81&(�+���=���'&10&$+'8$&�8"%&$�(&+�)&/&)�*#"%.'.#"(�
�"*$&+(."-�#$�%&*$&+(."-�'5&�'&10&$+'8$&�4.))�$&(8)'�."�+�*#$$&(0#"%�
."-�%&*$&+(&�#$�."*$&+(&�."�%&"(.'2���.$�+'�+�'&10&$+'8$&�#,����=��
5+(�+�%&"(.'2�#,�#"&�5+),�'5+'�#,�('+"%+$%�+.$��<&10&$+'8$&�8(&%�."
,+"�(&)&*'.#"�18('��."�+))�*+(&(��6&�'5&�'&10&$+'8$&�#,�'5&�+.$�6&."-
5+"%)&%�62�'5&�,+"�


��������&$!�'��(
<5&� $&)+'./&�581.%.'2�#$�1#.('8$&� *#"'&"'�#,� '5&� +.$�6&."-

5+"%)&%�5+(�+"�&,,&*'�80#"�'5&�%&"(.'2��<5.(�&,,&*'��5#4&/&$��.(�(#
(1+))�+'�'&10&$+'8$&(�6&)#4����=���'5+'�.'(�&,,&*'�80#"�%&"(.'2�$+�
'.#�1+2�6&�&"'.$&)2�%.($&-+$%&%�

�)�� (��*�
�����
Definitions
and
Formulas

�������
�	��


ρρρρρ = The ratio of the density of the
air at the fan to the density of dry
air at sea level (29.92”Hg)
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1.27(ACFM)
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Manually
Adjustable Fan

Automatic
Fans

19 4 19 n.a.
27 6 27 n.a.
33 7 33 6
40 8 40 8
49 10  49 10
60 12 60 12
73 15 73 12
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φφφφφ= The angle of air deflec-
tion from axial near the
hub, in degrees

φφφφφ=tan-1(0.14P)(Pt/Pv)

�

φ
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Horsepower Output
Total horsepower output, or total air horsepower, is the actual out-

put of the fan in terms of cubic feet per minute against the total pressure
(static pressure plus velocity pressure), and is calculated using the total
pressure.

Static air horsepower output contemplates only static pressure and
does not give credit for velocity pressure.

Horsepower Input
Horsepower input is defined as the brake horsepower (BHP) required

to rotate the fan wheel in order to achieve a given performance and equals
the total horsepower output of the fan divided by the fan efficiency ex-
pressed as a decimal. The horsepower input to the fan is always some-
what less than the power input to the motor due to the inevitable losses in
the motor and drive mechanism.

If the efficiencies of the motor and drive and the current draw of the
motor are known, the net horsepower input to the fan can be calculated.
The formula below assumes a 3-phase AC system:
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Mechanical Efficiency
Mechanical or overall efficiency is the best method of comparing

the performances of different fans. It gives the fan credit for the work
done in accelerating air to the discharge velocity, as well as the work
done against static pressure. Mechanical or overall efficiency is the ratio
of the total air horsepower output to the brake horsepower input to the
fan.

A well-designed fan will achieve 75% overall efficiency so long as
certain minimum conditions are observed and will achieve between 80%
and 85% efficiency when selected and installed under favorable condi-
tions.

Static Efficiency
Static efficiency is the ratio of the static air horsepower output to

the brake horsepower input. It is of little value in comparing perfor-
mances of different fans, but is quite valuable in comparing fan selec-
tions for a given installation. Static efficiency neglects the velocity pres-
sure imparted to the air and considers only the CFM delivered against the
static pressure. Efficiency in these terms is of the utmost value in fan
selection since credit is not given for velocity pressure in this calcula-
tion. For example, the larger the diameter of fan selected, the lower will
be the velocity pressure, with consequently lower wasted power and
higher static efficiency.

Where: E = Voltage (ME) = Motor Efficiency
(DE) = Drive Efficiency
(PF) = Power Factor

Nt BHP = 
E x I x (PF) x 1.732 x (ME) x (DE)

746

I = Amps
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Definitions
ρ = Density ratio of working

fluid to dry air at sea level (29.92"
Hg3.and 70 °F.

T = Temperature in °F of air pumped
by the fan.

A = Altitude (elevation) of fan in feet
above sea level

(SCFM) = Mass flow rate of air
through fan in standard cubic feet/
min.

(ACFM) = Volume flow rate of air
through fan in actual cubic feet/
min.

S = Series of fan = nominal air seal
(the aerodynamic hub) in inches.

D = Diameter of fan in feet

D
MIN

= Minimum diameter fan available
for particular class and series

D
MAX

= Maximum diameter fan available
for particular class and series

N
t

= Number of blades theoretically
required on fan (not necessarily an
integer)

N = Actual number of blades used on
fan-usually the first integer
greater than or equal to N

t
 but

may be larger

N
MAX

= Maximum number of blades
available for particular class and
series

(BL) = Blade load-Ratio of theoretical
number of blades to actual number
of blades.

(RPM)  = Rotational speed of fan in
revolutions / minute

(RPM)
MAX 

=Maximum allowable (RPM) for
particular class, series and
diameter

V = Axial air velocity through fan in
feet per minute

P = Relative pitch of fan expressed in
air seal diameters / revolution

Note on Nearest Integer
In several cases where integer values are computed, it has been necessary to provide an
equation which must be interpreted to the nearest integer. Values to be interpreted are
enclosed in brackets with N.I. subscript. [  ]

N.I
.
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20. (BHP) = 1.575 x 10-4P
t
 (ACFM)/E

21. ε = 1.0 (wheel in bell inlet or duct)
1.1 (wheel in conical inlet)
1.2 (wheel set well back in long tube)
1.3 (wheel set well back in short tube3
1.4 (wheel set back in re-entrant tube)
1.5 (wheel in inlet end of short tube)
2.0 (wheel in inlet end of re-entrant tube)

22. B for electric motor drive fans = ( 6.6P ) + ( 15Nt / N ) - 12.05
If S=27, B = ( 6.6P ) + ( 15N

t
 / N ) - 14.05

      B for engine drive fans                      =                ( 6.6P ) + ( 15N
t
 / N ) - 15.55

If S=27, B = ( 6.6P ) + ( 15N
t
 / N ) - 17.55

23. B
MAX

= 18° for electric motor drive fans
B

MAX
= 15° for engine drive fans

24. (TS) = π D (RPM)

25. τ
f

= 5252 (BHP) / (RPM)

26. τ
b

=  τ
f
 /N

27 τ
b-MAX

= 286 (for small resilient mounts)
= 380 (for large resilient mounts)

28. S = 19,27,33,40,49,60,73 or 90

29. V
MAX

= 3000 FPM

30. F
t

= 5.192 (P
t
) (πD2/4)

Note on Torque Values

τ
f-MAX

  = τ
f
 x Torque Factor
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P
s

= Static pressure increase
through fan in inches of H2O

P
v

= Velocity pressure of air exciting
fan in inches H2O

Ε = Inlet factor

P
t

= Total Pressure

Φ = Angle of air deflection near air
seal in degrees

P
t 

-MAX = Maximum allowable Pt to avoid
airflow breakdown at air seal

M = Multiplier necessary to
determine number of blades for
fans where D is less than 2.26 x
(S /12)

t = Recommended mean distance
between blade tip and fan ring
in inches

E = Efficiency of fan (1 =l OO%)

(BHP) = Power required to drive fan
using efficiency E above in
horsepower

τ
f
       = �������	��	��
�	�������
�	�	
�
�	

��
��

����������		����	�

τ
b
       =   Torque per blade required to

drive fan (See Note)

τ
f
 
-MAX

   =     Maximum allowable torque on
fan

τ
b-MAX

    =  Maximum allowable torque per
blade installed on fan

B = Blade angle set at clevis in
degrees

B
MAX

= Maximum allowable blade
angle

(TS) = Fan tip speed in ft/min

F
t

= Axial force in lbs imposed on
the shaft due to the air load on
the fan

V
MAX

= Maximum allowable velocity
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Fan Law
Summary:

The table below is intended to illustrate the relationships between the basic
parameters of importance in fan selection. These formulas will not give exact
answers applicable to a given situation, however, due to the modifying fac-
tors which are not taken into consideration. For example, the change in CFM
assumes that the static pressure remains constant.  It is also assumed that the
change made has no effect on the efficiency, which is rarely the case. It is
possible that a change will so improve efficiency that the horsepower will
actually be reduced although the basic relationships shown here indicate an
increase.

Changing
the

values in
this.

column

Will result in the changes shown in these columns
assuming the quantities shown are held constant

DENSITY
RATIO
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A
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DIAMETER
D

A
 to D

B

Assuming fan
proportions(D/S)
remain constant

(RPM)
A

to (RPM)
B

NUMBER
OF BLADES

N
A 

TO N
B

]�[


