
J IS 
JAPANESE 
I N DUSTR IAL 
STANDARD 

Translated and Published by 
Japanese Standards Association 

Testing methods for turbo-fans 

ICs  23.120 

Descriptors : blowers, propeller fans, performance testing, flow measurement, ventilators 

Reference number : JIS B 8330 : 2000 (E) 

PROTECTED BY COPYRIGHT 147 S 

Full document details: JIS B 8330-2000

http://www.avadocuments.com/doc/jis-b-8330-2000
http://www.avadocuments.com/doc/jis-b-8330-2000


B 8330 : 2000 

Foreword 

This translation has been made based on the original Japanese Industrial 
Standard revised by the Minister of Economy, Trade and Industry through 
deliberations at the Japanese Industrial Standards Committee in 
accordance with the Industrial Standardization Law. Consequently 
JIS B 8330 : 1981 is replaced with JIS B 8330 : 2000. 

Date of Establishment: 1957-12-18 
Date of Revision: 2000-07-20 
Date of Public Notice in Official Gazette: 2000-07-21 

Investigated by: Japanese Industrial Standards Committee 

Standards Board 
Technical Committee on General Machinery 

JIS B 8330 :2000, First English edition published in 2004-02 

Translated and published by: Japanese Standards Association 
4-1 -24, Akasaka, Minato-ku, Tokyo, 107-8440 JAPAN 

In the event of any doubts arising as to the contents, 
the original JIS is to be the final authority. 

O JSA 2004 
All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or 
utilized in any form or by any means, electronic or mechanical, including photocopying and 
microfilm, without permission in writing from the publisher. 

Printed in Japan 

PROTECTED BY COPYRIGHT 

Full document details: JIS B 8330-2000

http://www.avadocuments.com/doc/jis-b-8330-2000
http://www.avadocuments.com/doc/jis-b-8330-2000


B 8330 : 2000 

Contents 

Page 
Introduction ................................................................................................................. 

1 

2 

3 

4 

5 

5.1 

5.2 

5.3 

5.4 

5.5 

5.6 

5.7 

5.8 

5.9 

Scope .................................................................................................................... 

Normative references ........................................................................................ 

Definitions .......................................................................................................... 

Test items ............................................................................................................ 

Test apparatus ................................................................................................... 
Test apparatus ................................................................................................. 
Test duct ............................................................................................................ 
Transition section ............................................................................................ 
Chamber ............................................................................................................ 
When performing test using chamber .......................................................... 
Flow straightener ............................................................................................ 
Settling screen ................................................................................................. 

Hygrometry instrument .................................................................................. 
Adjustment device of air volume .................................................................. 

5.10 Atmospheric-pressure measuring instrument ............................................ 

6 Test; method ........................................................................................................ 
6.1 Test condition ................................................................................................... 
6.1.1 Inlet condition ................................................................................................ 
6.1.2 Test rotational speed .................................................................................... 
6.1.3 Point of measurement ................................................................................... 
6.1.4 Rotation test of high-revolution object ...................................................... 
6.2 Test device and measuring method .............................................................. 
6.2.1 Temperature ................................................................................................... 
6.2.2 Pressure ........................................................................................................... 
6.2.3 Air volume ....................................................................................................... 
6.2.4 Rotational speed ............................................................................................. 
6.2.5 Shaft power ..................................................................................................... 
6.2.6 Noise ................................................................................................................ 
6.2.7 Operational condition .................................................................................... 

1 

1 

1 

2 

3 

3 

3 

7 

7 

8 

9 

9 

9 

9 

10 

10 

10 

10 

10 

10 
10 

10 

11 

11 

11 

13 

15 

15 

15 

15 

(i> 

PROTECTED BY COPYRIGHT 

Full document details: JIS B 8330-2000

http://www.avadocuments.com/doc/jis-b-8330-2000
http://www.avadocuments.com/doc/jis-b-8330-2000


B 8330 : 2000 

6.3 

6.3.1 

6.3.2 

6.3.3 

6.3.4 

Calculation method of characteristic value ................................................ 
Symbol. definitions and unit ....................................................................... 
Determination of fan total pressure and fan static pressure ................ 
Determination of air volume ....................................................................... 
Determination of total efficiency ................................................................ 

7 

7.1 

7.2 

8 

9 

9.1 

9.2 

9.3 

9.4 

9.5 

9.6 

Conversion when density. rotational speed. and temperature and 
pressure of air are different ............................................................................ 
When density is different ............................................................................... 
When rotational speeds are different .......................................................... 

Test report .......................................................................................................... 

Inspection method ............................................................................................. 

Fan total pressure or fan static pressure and air volume ....................... 
Shaft power ....................................................................................................... 
Total efficiency ................................................................................................. 

Operationa1 condition ..................................................................................... 

Inspection item ................................................................................................ 

Noise .................................................................................................................. 

Annex (informative) Industrial fans-Performance testing using 
standardized airways .......................................................... 

1 

2 

3 

4 

4.1 

4.2 

5 

6 

6.1 

6.2 

6.3 

6.4 

6.5 

Scope .................................................................................................................... 

Normative references ........................................................................................ 

Definitions .......................................................................................................... 

Symbols and units ............................................................................................. 
Symbols ............................................................................................................. 
Subscripts .......................................................................................................... 

General ................................................................................................................ 

Instruments for pressure measurement ........................................................ 
Barometers ........................................................................................................ 
Manometers ...................................................................................................... 
Damping of manometers ................................................................................ 
Checking of manometers ................................................................................ 
Position of manometers .................................................................................. 

16 

16 

17 

19 

21 

22 

22 

22 

23 

24 

24 

24 

24 

25 

25 

27 

31 

32 

33 

33 

41 

41 

46 

46 

47 

47 

48 

48 

48 

48 

(ii) 

PROTECTED BY COPYRIGHT 

Full document details: JIS B 8330-2000

http://www.avadocuments.com/doc/jis-b-8330-2000
http://www.avadocuments.com/doc/jis-b-8330-2000


B 8330 : 2000 

7 

7.1 

7.2 

7.3 

7.4 

7.5 

7.6 

8 

8.1 

8.2 

8.3 

9 

9.1 

9.2 

10 

Determination of average pressure in an airway ......................................... 
Methods of measurement ............................................................................... 
Use of wall tappings ....................................................................................... 
Construction of tappings ................................................................................ 
Position and connections ................................................................................ 
Checks for compliance .................................................................................... 
Use of Pitot-static tube ................................................................................... 

Measurement of temperature .......................................................................... 
Thermometers .................................................................................................. 
Thermometer location ..................................................................................... 
Humidity ........................................................................................................... 

Measurement of rotational speed ................................................................... 
Fan shaft speed ................................................................................................ 
Examples of acceptable methods .................................................................. 

Determination of power input ......................................................................... 
10.1 Measurement accuracy ................................................................................... 
10.2 Fan shaft power ............................................................................................... 
10.3 Determination of fan shaft power by electrical measurement ................ 
10.4 Impeller power ................................................................................................. 
10.5 Transmission systems ..................................................................................... 

11 Measurement of dimensions and determination of areas .......................... 
11.1 Flow measurement devices ............................................................................ 
11.2 Tolerance on dimensions ................................................................................ 
11.3 Determination of cross-sectional area ......................................................... 

12 

12.1 

Determination of air density, humid gas constant and viscosity ............. 
Density of air in the test enclosure, gas constant for humid air and 
average density in a section x ....................................................................... 
Determination of vapour pressure ................................................................ 12.2 

12.3 Determination of air viscosity ....................................................................... 

13 Determination of flowrate ................................................................................ 
13.1 General .............................................................................................................. 
13.2 In-line flowmeters (standard primary devices) .......................................... 

48 

48 

49 

49 

50 

50 

50 

51 

51 

51 

51 

51 

51 

52 

52 

52 

52 

53 

53 

53 

54 

54 

54 

54 

54 

54 

55 

56 

58 

58 

58 

(iii) 

PROTECTED BY COPYRIGHT 

Full document details: JIS B 8330-2000

http://www.avadocuments.com/doc/jis-b-8330-2000
http://www.avadocuments.com/doc/jis-b-8330-2000


B 8330 : 2000 

13.3 Traverse methods ............................................................................................ 

14 Calculation of test results ............................................................................... 
14.1 

14.2 

14.3 

14.4 

14.5 

14.6 

14.7 

14.8 

14.9 

General .............................................................................................................. 
Units .................................................................................................................. 
Temperature ..................................................................................................... 
Mach number and reference conditions ....................................................... 
Fan pressure ..................................................................................................... 
Calculation of stagnation pressure at a reference section of the fan 
from gauge pressure, pex ,  measured at a section x of the test duct ...... 
Inlet volume flowrate ...................................................................................... 
Fan air power and efficiency ......................................................................... 
Simplified calculation methods ..................................................................... 

15 

15.1 Laws on fan similarity ................................................................................... 
15.2 Conversion rules .............................................................................................. 

Rules for conversion of test results ............................................................... 

16 Fan characteristic curves ................................................................................. 
16.1 General .............................................................................................................. 
16.2 Methods of plotting ......................................................................................... 
16.3 

16.4 

16.5 

16.6 

16.7 

Characteristic curves at constant speed ..................................................... 
Characteristic curves at inherent speed ..................................................... 
Characteristic curves for adjustable-duty fan ............................................ 
Complete fan characteristic curve ................................................................ 
Test for a specified duty ................................................................................. 

17 Uncertainty analysis ......................................................................................... 

Pre-test and post-test analysis ...................................................................... 

17.4 Propagation of uncertainties ......................................................................... 
17.5 Reporting Uncertainties .................................................................................. 
17.6 Maximum allowable uncertainties measurement ...................................... 
17.7 Maximum allowable uncertainty of results ................................................ 

17.1 Principle ............................................................................................................ 
17.2 

17.3 Analysis procedure .......................................................................................... 

18 Selection of test method ................................................................................... 
18.1 Classification .................................................................................................... 

60 

61 

61 

61 

61 

63 

67 

69 

70 

70 

76 

81 

81 

82 

87 

87 

87 

87 

88 

88 

88 

89 

89 

89 

91  

91 

92 

92 

92 

93 

93 

93 

PROTECTED BY COPYRIGHT 

Full document details: JIS B 8330-2000

http://www.avadocuments.com/doc/jis-b-8330-2000
http://www.avadocuments.com/doc/jis-b-8330-2000


B 8330 : 2000 

18.2 Installation types ............................................................................................. 
18.3 Test report ........................................................................................................ 
18.4 User installations ............................................................................................ 
18.5 Alternative methods ........................................................................................ 
18.6 Duct simulation ............................................................................................... 

19 Installation of fan and test airways .............................................................. 
19.1 Inlets and outlets ............................................................................................ 
19.2 Airways ............................................................................................................... 
19.3 Test enclosure .................................................................................................. 
19.4 Matching fan and airway ................................................................................ 
19.5 Outlet area ........................................................................................................ 

20 

20.1 Working fluid ................................................................................................... 
20.2 Rotational speed .............................................................................................. 
20.3 Steady operation .............................................................................................. 
20.4 Ambient conditions .......................................................................................... 
20.5 Pressure readings ............................................................................................ 
20.6 Tests for a specified duty ............................................................................... 
20.7 Tests for a fan characteristic curve ............................................................. 
20.8 Operating range ............................................................................................... 

Carrying out the test ......................................................................................... 

21 Determination of flowrate ................................................................................ 
21.1 IS0 Venturi nozzle .......................................................................................... 
21.2 Multiple nozzle or Venturi nozzle ................................................................. 
21.3 Quadrant inlet nozzle ...................................................................................... 
21.4 Conical inlet ..................................................................................................... 
21.5 Orifice plate ...................................................................................................... 
21.6 Pitot-static tube traverse ............................................................................... 

22 Determination of flowrate using IS0 Venturi nozzle ................................. 
22.1 Geometric form ................................................................................................. 
22.2 Venturi nozzle in free-inlet condition .......................................................... 
22.3 Nozzle performance ......................................................................................... 
22.4 Uncertainties .................................................................................................... 

93 

95 

95 

95 

95 

95 

95 

96 

96 

96 

96 

96 

96 

97 

97 

97 

97 

97 

97 

97 

98 

98 

98 

98 

98 

98 

98 

98 

98 

99 

99 

105 

(VI 

PROTECTED BY COPYRIGHT 

Full document details: JIS B 8330-2000

http://www.avadocuments.com/doc/jis-b-8330-2000
http://www.avadocuments.com/doc/jis-b-8330-2000


B 8330 : 2000 

23 105 

23.1 Installation ....................................................................................................... 105 

Determination of flowrate using multiple nozzles or Venturi nozzle ...... 

23.2 Geometric form ................................................................................................. 106 

23.4 Multiple-nozzle and Venturi-nozzle characteristics .................................. 107 
23.3 Inlet zone .......................................................................................................... 107 

23.5 Uncertaintry ..................................................................................................... 110 

24 Determination of flowrate using a quadrant inlet nozzle .......................... 110 

24.1 Installation ........................................................................................................ 110 

24.2 Geometric form ................................................................................................. 111 

24.3 Unobstructed space in front of the inlet nozzle ......................................... 112 

24.4 Quadrant inlet nozzle performance .............................................................. 112 

24.5 Uncertainty ....................................................................................................... 112 

25 Determination of flowrate using a conical inlet .......................................... 112 

25.1 Geometric form ................................................................................................. 112 

25.2 Screen loading .................................................................................................. 113 

25.3 Inlet zone .......................................................................................................... 113 

25.4 Conical inlet performance .............................................................................. 114 

25.5 Uncertainties .................................................................................................... 115 

26 Determination of flowrate using an orifice plate ........................................ 116 

26.1 Installation ....................................................................................................... 116 

26.2 Orifice plate ...................................................................................................... 116 

26.3 Ducts .................................................................................................................. 121 

26.4 Pressure tappings ............................................................................................ 121 

26.5 Calculation of mass flowrate ......................................................................... 121 

26.6 Reynolds number ............................................................................................. 122 

26.7 In-duct orifice with D and D/2 taps ............................................................. 122 

26.8 In-duct orifice with corner taps .................................................................... 124 
26.9 Outlet orifice with wall tappings .................................................................. 126 

26.10 Inlet orifice with corner taps ........................................................................ 127 

26.11 Inlet orifice with wall tappings .................................................................... 130 

27 Determination of flowrate using a Pitot-static tube traverse ................... 130 

27.1 General .............................................................................................................. 130 

27.2 Pitot-static tube ............................................................................................... 130 

PROTECTED BY COPYRIGHT 

Full document details: JIS B 8330-2000

http://www.avadocuments.com/doc/jis-b-8330-2000
http://www.avadocuments.com/doc/jis-b-8330-2000


B 8330 : 2000 

27.3 

27.4 

Limits of air velocity ....................................................................................... 135 

Location of measurement points ................................................................... 135 

27.5 Determination of flowrate .............................................................................. 136 

Uncertainty of measurement ......................................................................... 137 
27.6 Flowrate coefficient ......................................................................................... 136 

27.7 

28 

28.1 

28.2 

28.3 

28.4 
28.5 Test installation type ...................................................................................... 138 

Types of installation and setups .................................................................... 137 

Type A: free inlet and free outlet ................................................................. 137 

Type B: free inlet and ducted outlet ............................................................ 137 

Type C: ducted inlet and free outlet ............................................................ 137 

Type D: ducted inlet and ducted outlet ....................................................... 138 

29 
29.1 Symbols ............................................................................................................. 138 

Component parts of standardized airways ................................................... 138 

29.2 Component parts .............................................................................................. 138 

29.3 Flowrate measurement devices ..................................................................... 141 

30 Common airway segments for ducted fan installations ............................. 143 

30.1 Common segments ........................................................................................... 143 

Common segment a t  fan outlet ..................................................................... 143 

30.4 Outlet duct simulation ................................................................................... 148 

30.6 Loss allowances for standardized airways .................................................. 149 

30.2 

30.3 Common segment at fan inlet ....................................................................... 146 

30.5 Inlet duct simulation ...................................................................................... 148 

31 Standardized test chambers ............................................................................ 152 

31.1 Test chamber .................................................................................................... 152 

31.2 Variable supply and exhaust systems ......................................................... 156 

31.3 Standardized inlet test chambers ................................................................. 156 
31.4 Standardized outlet test chambers ............................................................... 159 

32 Standard methods with test chambers-Type A installations .................. 160 

Types of fan setup ........................................................................................... 160 

32.2 Inlet-side test chambers ................................................................................. 160 
32.1 

32.3 Outlet-side test chambers .............................................................................. 176 

33 Standard test methods ..................................................................................... 184 

(vii) 

PROTECTED BY COPYRIGHT 

Full document details: JIS B 8330-2000

http://www.avadocuments.com/doc/jis-b-8330-2000
http://www.avadocuments.com/doc/jis-b-8330-2000


B 8330 : 2000 

33.1 Types of fan setup ........................................................................................... 184 

33.2 Outlet-side test ducts with antiswirl device ............................................... 184 

33.3 Outlet chamber test ducts without antiswirl device ................................. 199 

34 Standard test methods with inlet-side test ducts or chambers- 
Type C installations .......................................................................................... 208 

34.1 Types of fan setup ........................................................................................... 208 

34.2 Inlet-side test ducts ........................................................................................ 209 

34.3 Inlet-side test chambers ................................................................................. 223 

35 Standard methods wi th  inlet- and outlet-side test ducts-Type D 
installations ........................................................................................................ 238 

Types of fan setup ........................................................................................... 238 

Installation type B with outlet antiswirl device and inlet duct or 
inlet-duct simulation ....................................................................................... 241 
Installation type B without outlet antiswirl device nor common 

Installation type C with outlet-duct common segment and antiswirl 
device and common inlet duct ....................................................................... 253 
Installation type C with outlet-duct simulation without antiswirl 
device ................................................................................................................. 259 

35.1 

35.2 

35.3 

35.4 

segment and with inlet duct or inlet-duct simulation .............................. 250 

35.5 

Annex A (normative) Fan pressure and fan installation types ..................... 270 

Annex €3 (normative) Fan-powered roof exhaust ventilators .......................... 274 

Annex C (normative) Direct calculation of psgn and pn at section n of 
the fan-Installation types B. C and D ....................... 276 

Annex D (informative) Fan outlet elbow in case of a nonhorizontal 
discharge axis ................................................................... 279 

Annex E (informative) Bibliography ...................................................................... 282 

(viii) 

PROTECTED BY COPYRIGHT 

Full document details: JIS B 8330-2000

http://www.avadocuments.com/doc/jis-b-8330-2000
http://www.avadocuments.com/doc/jis-b-8330-2000


JAPANESE INDUSTRIAL STANDARD JIS B 8330 : 2000 

Testing methods for turbo-fans 

Introduction The body of this Standard specifies the testing methods for turbo- 
fans which have been conventionally specified in the Japanese Industrial Standard, 
and the Annex of this Standard has been prepared based on the first edition of IS0 
5801 Industrial fans-Performance testing using standardized airways published in 
1997 without any modification in technical contents. 

The concept of IS0 Standard differs largely from that of the conventional JIS by 
adopting almost all test apparatus structures specified in respective ariginal test stan- 
dards of European countries and USA which are currently used, in consideration of 
the fact that test apparatus, especially that for a large-sized fan, is very expensive. 
Accordingly, IS0 Standard specifies the fan test apparatus not limited to one kind, 
but adopts, although it varies according to  each installation type, seven or eight kinds 
of the test apparatus used in European countries and USA. For choosing which test 
apparatus among them to use, IS0 Standard adopts a selection system of test appa- 
ratus and calculation method, where the choice is left t o  the standard-using side. 
Therefore, this Standard adopts a selection system between the body and Annex, where 
the body of the conventional JIS used widely in Japan and Southeast Asia is applied 
as it is, and the performance test may be carried out according t o  the Annex. 

1 Scope This Japanese Industrial Standard specifies the test and inspection method 
for centrifugal fans, axial flow fans, mixed flow fans, etc. (hereafter referred to as 
?fans?) of about less than 1.3 pressure ratio(1) performed at works using air at room 
temperatures and normal pressures. In the case of the test and inspection for fans 
having a special structure or fans to  be used under special gases o r  other special 
conditions, the agreement between the parties concerned with delivery shall be made 
and this Standard shall suitably apply by accepting or rejecting or  supplementing 
it. 

Furthermore, the performance test may be carried out according to the Annex. 

Note (1) This pressure ratio indicates the case where a fan is tested using the 
room temperature air. When the pressure ratio exceeds this value when 
using the room temperature air, JIS B 8340 shall apply. 

Remarks : The corresponding International Standard of this Standard shall be 
as follows: 

IS0  5801 : 1997 Industrial fans-Performance testing using standard- 
ized airways 

2 Normative references The following standards contain provisions which, through 
reference in this Standard, constitute provisions of this Standard. The most recent 
editions of the standards (including amendments) indicated below shall be applied. 

JIS B 0132 Glossary of terms for fans,  blowers and compressors 
JIS B 8340 Testing methods for turbo blowers and compressors 
JIS B 8346 Fans, blowers and compressors-Determination of A-weighted sound 

pressure level 
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JIS C 9603 
JIS Z 8762 

Ventilating fans  
Measurement of f luid flow by means of  orifice plates, nozzles and 
Venturi tubes inserted in circular cross-section conduits running full 

3 Definitions 
those given in JIS B 0132 apply. 

For the purposes of this Standard, the following definitions and 

characteristic equation of air The characteristic equation of air shown by 
the formula (i), 

(1) pu =RT ........ ... ................................ , ......................................... 

where 
P(2) : absolute pressure of air (Pa) P =Pu + p  

Pa : atmospheric pressure (Pa) 
p(2)  : gauge pressure of air (Pa) 

T : absolute temperature of air (K) T = 273 + t 
t : air temperature (OC) 
u : specific volume of air at P T (m3kg) 

R : gas-constant of air = 

where 

P, : saturated vapour pressure (Pa) 

[J/(kg KI1 p. 1-0.3784- P 

287 

4 : relative humidity (decimal) 

Note (2) In this Standard, P indicates an absolute pressure and p a gauge pres- 
sure. 

Remarks : The value of gas constant R of air under the standardized inlet 
condition shall be regarded as 289. This value may be applied to  
the atmospheric air of -15 OC to  40 OC. 

standardized inlet condition An inlet condition in the case where fans suck 
the humid air of the temperature of 20 O C ,  absolute pressure of 101.3 kPa, rela- 
tive humidity of 65 %. The air density under the standardized inlet condition 
shall be regarded as 1.20 kg/m3. 

total air power Theoretical power required'for a fan to  compress a specified 
air volume up t o  a specified total fan pressure. 

static air power Theoretical power required for a fan to compress a specified 
air volume up to  a specified static fan pressure. 

fan air volume A value obtained by converting the air volume calculated by 
the test into the volume under the standardized inlet condition (when especially 
specified, under the specified condition). 

Remarks : In this Standard, even in the case of handling the gas except air it 
shall be called an air volume. 
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f) specified fan rotational speed A rotational speed of fan shaft per unit time 
under the specified power-condition in the case of the electric motor drive, un- 
der the specified operational condition in the case of the other prime mover drive. 

Remarks : Since this rotational speed changes somewhat according t o  the fan 
air volume, when the numerical value is required t o  be indicated, 
the fan rotational speed shall be taken at  the Specified air volume 
as a representative. 

g) Pitot tube A Pitot tube called the Pitot-static tube in JIS 13 0132. 

4 Test items The fan test items shall be as follows: 

shaft power, noise and operational condition. 
Temperature, fan total pressure, fan static pressure, air volume, rotational speed, 

5 Test apparatus 

5.1 Test apparatus The test apparatus shall be capable of measuring accurately 
the value required for indicating the performance and operational condition of fans 
under the working operational condition or the condition near it. The layout of the 
test apparatus(3) and measuring devices shall be in accordance with figures 1 to 4. 

Note (3) The center of the fan inlet or the test duct inlet should be separated 
by not less than 1D (D is the diameter of the fan inlet or the test duct 
inlet) from the wall or the floor. 
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a) When using orifice plate 

o 
P .e 

8 
b) When using Pitot tube 

c )  When using Pitot tube and settling screen 

Figure 1 In the case of fans with only ducted outlet 
under the working condition 
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Transition 
location 

Ure 2, the fan outlet test duct shall be equipped with the 
Note (4) When measuring the air volume at the outlet side in fig- 

same test apparatus and measuring device as those in a), 
b) or c )  of figure 1. 

In this case, in stead of the inlet nozzle, the bell-mouth 
shall be directly attached to the fan inlet. 

In the case of fans with both ducted outlet and 
ducted inlet under the working condition 

(As an example, when measuring the air volume at the inlet side 
with the inlet nozzle)(4) (5) 

Figure 2 

Note ( 5 )  When measuring the static pressure or the air volume at 
the inlet side, since the exact values may not be obtained 
due to swirl at not more than the specified air volu.me, the 
transition section should be equipped with the simplified 
flow straightener with little loss. 

Even in this case, the exact measured values are not 
obtained as the air volume becomes small. 

In the case of fans with only ducted inlet under 
the working condition(5) 

Figure 3 

PROTECTED BY COPYRIGHT 

Full document details: JIS B 8330-2000

http://www.avadocuments.com/doc/jis-b-8330-2000
http://www.avadocuments.com/doc/jis-b-8330-2000


6 
B 8330 : 2000 

Unit :  mm 

a) In the case of forced draft fan 

Note (6) 

Dip liquid 
manometer -C 

b) In the case of induced draft fan 
The performance test of an axial fan without a guide vane with the impeller outside 
diameter of 1 250 mm or less should be carried out in accordance with figure 4. The 
performance test shall be carried out according to a) in the case of fans used for forced 
draft, and b) in the case of fans used for induced draft. Even when the outside diam- 
eter exceeds 1 250 mm, this Standard may apply. 

In addition, the test apparatus for the ventilating fans used in a home or an office, 
of which the axial-type vane is driven by an induction motor may be used in accor- 
dance with JIS C 9603. 

Figure 4 In the case of fans without both ducted outlet and 
ducted inlet under the working condition (6) 
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5.2 Test duct The test duct of which the internal surface is smooth, and which 
is the straight duct (internal diameter 0) with the circular cross sectional area which 
is equal to  that of the fan inlet or fan outlet should be used. When the shape or 
cross sectional area is different unavoidably, the transition section shall be used between 
the fan and the test duct. The test duct of which the cross sectional area is less 
than 0.7 or more than 1.3 of that of the fan inlet or fan outlet shall not be used. 
However, in the case of figure 4, since the test duct is not related to the fan under 
test, this limit shall not apply. 

5.3 Transition section When the transition section moves from the circular shape 
to  the circular shape, from the rectangular shape to  the circular shape or from the 
circular shape to  the rectangular shape, the following shall apply. 

When the transition section moves from the circular shape to  the circular shape, 
the angle between the transition section and the axis shall be not more than 
14" when using as a broadening tube, and not more than 30" when using as a 
thinning tube (see figure 5). 

I 

a) Broadening tube b) Thinning tube 

Figure 5 Transition section 

When the transition section moves from the rectangular shape to the circular 
shape, the formulae (2), (3) shall apply (outlet side). 

(2) 
( h i)+ 0.4% a ........... Thinning tube (rn 5 1): LID 2 1.8 - - 

(3 ) 
a Broadening tube (rn 2 1): LID B 4 .............. 

When the transition section moves from the circular shape to the rectangular 
shape, the formulae (41, (5) shall apply (inlet side). 

(4) 
( &)+ 0.4-. U ........... Thinning tube (rn z 1): LID 2 1.8 1- - 

(5) Broadening tube (rn S 1): LID 2 4 ( - - i)+ 0.4% .............. a 

where 
L :  
D :  
m :  

a :  

length of transition section 
internal diameter of test duct 

nD2 area ratio =- 4ab 
length of long side of rectangle 
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5.4 

a) 

b) 

C> 

d) 

b : length of short side of rectangle 
(see figure 6). 

Area ratio = m 

Figure 6 Length of transit ion section 

Chamber The chamber shall be as follows: 

The chamber shall be a circular tank (internal diameter D,) or a square tank 
(length of one side 0,) with a uniform cross sectional area. 

The cross sectional area of the chamber shall be determined so that the aver- 
age speed is 2 m/s or  under. However, when the fan static pressure is 70 Pa or 
under, it shall be determined so that the average speed is 1.5 m / s  or under. 

The settling screen is used for making the flow uniform in accordance with 4.7.1, 
and the passing speed through the settling screen shall be made so as not t o  
exceed 3 m/s, and when the fan static pressure is 70 Pa or under, it shall be 
made so as not to  exceed 2 m/s. 

When the fan inlet has a bell-mouth, or it has an inlet duct at the time of work- 
ing, the bell-mouth shall be attached to the fan under test. When the fan inlet 
has not a bell-mouth, or  it has not an inlet duct at the time of working, the 
bell-mouth shall not be attached t o  the inlet of the fan under test. 
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5.5 When performing test using chamber Air volume shall be adjusted by the 
rotational speed of auxiliary fan or the damper so that the pressure in the chamber 
becomes positive in the case of figure 4 a), and negative in the case of figure 4 b). 

5.6 Flow straightener The length in the axial direction of the flow straightener I 
shall be not less than 3 times one side length of a mesh (square) of flow straightener 
6 as shown in figure 7. 6 shall be I t o  I of internal diameter D of the test duct. 

4 12 

Figure 7 Dimensions of flow straightener 

5.7 Settling screen 

d 5.7.1 For the settling screen installed in the chamber in figure 4, the value of - 
should be about 0.13 in accordance with figure 8. 

t 

5.7.2 For the settling screen installed in the test duct in figure 1 c),  the value of 
opening ratio p shall be 0.6 to  0.45. p shall be determined according t o  the follow- 
ing formula. 

(6 )  ........................................................................... 

where 
d : wire diameter of settling screen (mm) 
t : pitch of settling screen (mm) 

5.8 Adjustment device of air volume The adjustment of air volume shall be 
performed by installing the throttling device such as a damper when adjusting air 
volume of'the outlet test duct, and it shall be performed by using the throttling device 
such as a circular plate, a circular cone installed symmetrically with respect to  the 
shaft centre of the test duct when adjusting air volume of the inlet test duct. The 
throttling device such as a damper, a circular plate, a circular cone installed in these 
test ducts shall be kept at the suitable distance away from the wall, floor, etc. so as 
not to  exert a bad influence on the measurement. 
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5.9 Hygrometry ins t rument  A psychrometer shall be used for measuring hu- 
midi t y. 

5.10 Atmospheric-pressure measuring instrument A Fortin barometer shall 
be used for measuring atmospheric pressure. 

6 Test method 

6.1 Test condition 

6.1.1 Inlet condition The inlet air condition, unless otherwise Specified, shall be 
the standardized inlet condition. 

6.1.2 Test rotat ional  speed 
tional speedP). 

The test shall be performed at the specified rota- 

Note (7) When it is difficult to operate a fan with a specified speed on account 
of a power source, a facility, etc., the test shall be performed at the 
rotational speed within A20 % of the specified rotational speed, and 
the result may be converted into the specified rotational speed. The 
conversion of performance values in this case shall be performed in 
accordance with 7.2. 

When the test can not be performed due to  the large size or the 
large power, a model test shall be performed. The acceptance or re- 
jection of the test result shall be subjected t o  the agreement between 
the parties concerned with delivery. 

6.1.3 Point of measurement The point of measurement shall be determined ac- 
cording to the classification of fans. 

a) For the centrifugal fans, perform the test on at least 5 different air volumes 
which extend from the close condition or the surging point to  the largest air 
volume as far as possible, and with respect t o  at least one air volume, perform 
the test a t  the lower pressure than the specified fan total pressure or static 
pressure. 

For the mixed flow fans, perform the test on at least 5 different air volumes 
which include the specified air volume, and extend from the smallest air vol- 
ume to  the largest air volume as far as possible. 

For the axial flow fans, perform the test on at least 5 different air volumes which 
extend from the smallest air volume as far as possible to  the open condition, 
and with respect to  at  least one air volume, perform the test at the higher pres- 
sure than the specified fan total pressure or static pressure. 

b) 

c) 

6.1.4 Rotation test of high-revolution object Since for the rotation test of a 
revolution object when the peripheral speed of an impeller exceeds 25 d s ,  the article 
149 section 8 of Ordinance on Industrial Safety and Health (Showa 47.9.30 Notifica- 
tion, Ministerial Ordinance No. 32) is applied, perform the test after confirming safety. 
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6.2 Test device and measuring method 

6.2.1 Temperature The measurement of temperature shall be performed as fol- 
lows: 

For the measurement of temperature, use a mercury thermometer with the maxi- 
mum scale of 100 "C and the minimum scale of -10 "C at  not more than 1 "C of scale 
spacing calibrated beforehand or a thermocouple thermometer. 

Put the thermometer at the location which is capable of measuring the tempera- 
ture of air in the fan inlet side and air in the fan outlet side correctly, and perform 
the measurement to the nearest 1 O C .  

6.2.2 Pressure The measurement of pressure shall be performed as follows: 

a) Manometer For the measurement of static pressure, dynamic pressure, pres- 
sure just before and after the inlet nozzle and orifice plate, u.se the U-tube or 
other liquid manometer. However, other manometers which are capable of cali- 
brating by comparing with the liquid manometer may be used. 

Use water or alcohol of which the specific gravity was measured beforehand 
as the liquid of liquid manometer. 

The internal diameter of glass tube of liquid manometer shall be 6 mm to 
12 mm, and the internal diameters of U-tube in the left side and in the right 
side shall be almost equal and uniform. For the liquid manometer, the scale 
spacing shall be set to 1 mm. 

In addition, when measuring the pressure of 500 Pa or und.er, use a dip liq- 
uid manometer or a micromanometer. 

For the measurement of the pressure of orifice plate and inlet nozzle, read at 
least to the nearest 100 of the measured value. When the indicator of the liq- 
uid manometer shakes intensely, the duct may be thinned in such an extent 
that an error is not caused. 

Pitot tube, static pressure tube and static pressure tapping When mea- 
suring the dynamic pressure and static pressure simultaneously, use the Pitot 
tube, and when measuring only the static pressure, use the static pressure tube 
or the static pressure tapping which is opened perpendicularly to the tube wall. 

The structure of Pitot tube (figure 9), static pressure tube (figure lo),  and 
static pressure tapping (figure 11) shall be as follows. 

1 

b) 
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Figure 9 Pitot tube Figure 10 Static pressure tapping 

Unit: mm 

Static pressure 
tapping in details 

Figure 11 Static pressure tapping 

1) The head of Pitot tube shall be the smooth brass tube or  stainless-steel 
tube of which the outside diameter d is 5 mm to  20 mm, and the outside 
diameter of stem shall be 1 to  3 times that of the head. 

The static pressure tube shall be the smooth brass tube or stainless-steel 
tube of which the outside diameter d is 5 mm t o  10 mm 

The internal diameter of the static pressure tapping shall be 1 mm, and 
its number shall be almost the same as the number which expresses the 
outside diameter of head in mm and these tappings shall be dispersed at 
even intervals along the circumference. 

The surface of head shall be finished to  be smooth enough and especially, 
no burrs shall remain in the end face of the total pressure tapping and 
static pressure tapping. 

For the static pressure tapping, the static pressure drawing port shall have 
the structure which is suitable for connecting the duct in accordance with 
figure 11. 

For the Pitot tube, its head shall be arranged in parallel with the flow 
direction, and the point of measurement shall be in accordance with fol- 
lowing formulae, 10 points on each diameter, 20 points in total, shown on 
the diameters (figure 12) which are perpendicular each other on the cross 
section of test duct (see attached table 2). 

2) 

3) 

4) 

5) 

6 )  
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rl =0.316R 

rz =0.548R 

r3 = 0.707 R 

r4 =0.837R 

r5 =0.949R 

Point o f  
measurement 

Figure 12 Point of measurement of Pitot tube 

When the internal diameter of test duct is 400 mm or under, the orifice 
plate or inlet nozzle should be used if possible. 

When measuring the static pressure using the static pressure tube or the 
static pressure tapping, measure at the two locations at the left and right 
side of the tube wall, respectively, and obtain the average value of these. 
When the difference between both sides is remarkable, confirm the cause 
producing an error, or measure and compare at another location. 

In addition, the measuring method for the static pressure, and the ref- 
erence point shall be as shown in figure 13. 

7) 

Unit: mrn 

Location 1 Location 
reference point 

li 

Figure 13 Measurement of static pressure 

6.2.3 Air volume The measurement of air volume shall be performed as follows: 

a) Method using Pitot tube The Pitot tube shall be that specified in 6.2.2 b). 

b) Method using orifice plate The orifice plate shall be as follows: 

1) The structure of orifice plate shall be in accordance with JIS Z 8762, and 
its shape and dimensions shall be as shown in figure 14. 

The pressure drawing method shall be in accordance with the corner tap 
in JIS Z 8762, and the structure and location of the pressure drawing port 

2) 
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shall be as shown in figure 14. When using the contraction taps or  flange 
taps unavoidably, it shall be in accordance with provisions of JIS Z 8762. 

The orifice plate of which the internal diameter of duct is 50 mm to 1 O00 rnm, 

and the throttled area ratio p2 = (%J is 0.05 to  0.64 shall be used. It should 
be selected so that the pressure difference becomes 500 Pa or over. 

3) 

Uni t :  mm 

+ ,J=4  - to 10 

(Carrier ring) 

X 

(Individual tapping) 

D :  

a:  

f :  
j :  
d :  

H :  
c :  

F :  
xx: 

In te rna l  diameter  of duct 50 mm to 
1 O00 mm 
Diameter of individual tapping or  slit 
width 

In  the case of p i  0.65 a B 0.030 
In  the case of /3 > 0.65 0.01D 5 a 5 0.020 
Irrespective of the value of /3 a = 1 mm to 
10 mm 
Thickness of slit 
Diameter of hole connecting pressure duct 

Diameter of throttling hole 

Thickness of orifice plate 

Thickness of edge 

Angle of relief 

Rotational centre shaft of orifice plate 

Figure 14 Orifice plate 

4) Measure the pressure just before and after the orifice plate. For the mea- 
surement, read at least to the nearest 100 of the measured value. When 
the indicator of the liquid manometer shakes intensely, the duct may be 
thinned in such an extent that an error is not caused. 

Furthermore, when Reynolds number is smaller than 1 x 105 at the time 
of measurement of the small air volume, correct in accordance with JIS Z 
8762. 

l 

c )  Method using inlet nozzle The dimensions of inlet nozzle shall be as shown 
in figure 15, and its internal surface shall be made smooth as far as possible. 
The internal diameter of inlet nozzle shall be the average value of the diameter 
measured at  the four or more locations, and an error of each diameter shall be 
within kO.0050 to the average value. 

In addition, keep the inlet port at the suitable distance away from the wall 
and floor, and take measures so that the inlet port may not be exposed t o  a 
natural wind. 
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Figure 15 Inlet nozzle 

6.2.4 Rotational speed For the measurement of rotational speed, the direct reading 
tachometer, revolution counter, and electric tachometer which have been calibrated 
beforehand shall be suitably selected and used. The full scale of the tachometer 
shall be 3 times or under the revolution number to measure. 

Perform the measurement of rotational speed 3 times or over a t  the same condi- 
tion, and read to the nearest 200, ' and obtain the average value. 

When using the revolution counter, the time of measurement shall be 30 s or longer. 

6.2.5 Shaft power For the measurement of shaft power, the dynamometer shall 
be used or the prime mover with the performance made clear by the correct test 
shall be used. When driving fans using a transmission gear, the transmission gear 
actually attached shall be used, and when the measurement of the loss power of trans- 
mission gear is difficult, this shall be regarded as a part of shaft power of fans. 

All measured numerical values required for calculating the shaft power shall be 
read to the nearest 100 of the measured numerical values. 1 

6.2.6 Noise The measurement of noise shall be performed in accordance with JIS 
B 8346. 

6.2.7 Operational condition The test of operational condition shall be performed 
as follows: 

a) Operate continuously until the bearing temperature becomes constant at the 
specified air volume, and investigate the bearing temperature at that time us- 
ing a thermometer on the bearing housing. 

For the fans having the cooling system, investigate whether the temperature 
of the cooling water of a cooler fully attains the purpose of cooling even at the 
highest temperature under the working condition. 

Investigate whether the oil of bearing is lubricated smoothly and does not leak 
outside. Since the oil of bearing installed near the fan inlet may leak according 
t o  an air current, investigate especially carefully. 

b) 
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c )  Investigate the oscillation caused by wind speed, wind pressure, and revolution. 
In addition, investigate the oscillation of bearing on the bearing housing using 

a vibrometer. 

Investigate whether air leaks out or leaks in through the joint of casing of fan, 
etc. For the fans handling special gases, investigate especially the airtightness 
of shaft sealing section. 

For the transmission gear, investigate whether the transmission condition is 
calm and reliable. 

Investigate the existence of the abnormal noise under the regular operational 
condition. 

d) 

e) 

f) 

6.3 Calculation method of characteristic value 

6.3.1 Symbol, definitions and unit The symbol, definitions and unit used for 
calculation of characteristic value shall be as shown in table 1. 

Table 1 Symbol, definitions and unit 

Symbol Definitions 

Cross sectional area of inlet test duct and outlet test duct 
Cross sectional area of fan inlet and fan outlet 

Area of circular hole of orifice plate =-d 

Internal diameter of inlet test duct and outlet test duct 
Internal diameter of circular hole of orifice plate 
Acceleration of free fall 
Average value of dynamic pressure of test duct 
Average value of dynamic pressure of inlet test duct and outlet test 
duct 
Measured value of dynamic pressure by Pitot tube 
Pressure difference just before and after orifice plate or negative 
pressure of inlet nozzle 
Length of test duct between static pressure measuring location and 
fan inlet and fan outlet 
Shaft power, total pressure air power and static pressure air power 
Absolute static pressure just before and after orifice plate 
Fan absolute total pressure and fan absolute static pressure 
Inlet fan absolute total pressure and outlet fan absolute total 
pressure 
Inlet fan absolute static pressure and outlet fan absolute static 
pressure 
Fan total pressure and fan static pressure 
Inlet total pressure and outlet total pressure 
Inlet static pressure and outlet static pressure 

( 4 

Unit 

m2 

m2 

m2 

m 
m 
d S 2  

Pa 
Pa 

Pa 
Pa 

m 

kW 
Pa 
Pa 
Pa 

Pa 

Pa 
Pa 
Pa 
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Table 1 (concluded) 

Symbol Definitions 

Inlet dynamic pressure and outlet dynamic pressure 
Inlet air volume and outlet air volume 
Reynolds-number = ÜDIv 
Absolute temperature of air of fan inlet and fan outlet 
Average speed in inlet test duct and outlet test duct 
Average speed in test duct 
Flowrate coefficient of inlet nozzle = 0.99 
Flowrate coefficient of orifice plate (see figure 16) 

Loss pressure of inlet test duct and outlet test duct 
Expansibility factor (see figure 17) 
Total efficiency and static efficiency 
Ratio of specific heat (in the case of the room temperature air, 1.40) 
Kinematic viscosity 
Air density in test duct 
Air density in inlet test duct and outlet test duct 
Air density just before orifice plate 
Fan total pressure 
Total pressure 
Fan static pressure 
Static pressure 
Dynamic pressure 
Related to orifice plate 
Fan inlet side and just before orifice plate (excluding hi) 
Fan outlet side and just after orifice plate (excluding hd 

Unit 

Pa 
mYmin 

K 
d S  

d S  

Pa 

% 

mzls 
kglm3 
kglm3 
kglm3 

6.3.2 Determination of fan total pressure and fan static pressure The fan 
total pressure PT and fan static pressure p s  shall be determined according t o  the 
following formulae. 

If the area of fan inlet and fan outlet are equal, the fan total pressure and fan 
static pressure are offset since the dynamic pressure is almost equal, However, when 
the pressure ratio exceeds 1.03, the difference of dynamic pressure between the in- 
let and the outlet shall be taken into consideration. 

........................................ pT = pt2 - pti = (ps2 + pd2)  - (PSI + Pdi) 

p s  = pT - pd2 = ps2 - (psi + pd l )  

pt2 = hS2 + hd2 + A2 

pti = hSl + hdl - Al 

(7) 

(8) 

(9) 

(10) 

................................................... 
- ..................................................................... 
- ..................................................................... 

(il) ..................................................................... A2 = 0.025- L2 hd2 - 
D2 
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(12) ..................................................................... LI - 
Dl 

Ai = 0.025- hdl 

a) When using Pitot tube(8) 

Note (8) 

n 
For the average window speed in the test duct ü, it is ideally correct 
that the wind speed in each point of measurement is determined from 
the dynamic pressure in each point of measurement and the average 
value is obtained. Since the method of this Standard is a kind of sim- 
plified method, when the exact calculation is required, the following 
formulae should be used. However, even if the method of this Stan- 
dard is used, an error of not less than +1% is not produced for the 
general and practical test. 

ü = l , i ' " (& +fi+......+&) 
20 P 

b) When using orifice plate 

When using the test apparatus in figure 1 and figure 2 (in the case of fig- 
ure 2, the loss pressure of inlet test duct is omitted), Le. when the fan with 
only ducted outlet under the working condition and the inlet is open t o  atmo- 
spheric air, the fan total pressure shall be the sum of outlet static pressure and 
outlet dynamic pressure. The fan static pressure shall be expressed by the outlet 
static pressure only in this case. 

pti = o 
p T  =p t2  = p s 2  +Pd2 (7') 

p s  =pt2 - páz = p s 2  (8') 

...................................................................... 

...................................................................... 
When using the test apparatus in figure 3, i.e. when the fan with only ducted 

inlet under the working condition and the outlet is open to  atmospheric air, the 
fan total pressure shall be expressed by the inlet static pressure. The fan static 
pressure in this case is not obtained unless the inlet dynamic pressure is added 
t o  the inlet static pressure (negative pressure). 

PtZ = P d 2  

......................................................................... ( 7") 

( 8") 

pT =pd2 - pti  = -psi 

p s  = -pti = -psi -+pai ....................................................................... 
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........................................................................... (13) 

2 
........................................................................... (14) 

For the fan with both ducted inlet and ducted outlet under the working con- 
dition, the dynamic pressure of the inlet and the outlet shall be regarded as 
being equal at  the pressure ratio of 1.03 or under, and the difference between 
the outlet static pressure and the inlet static pressure becomes the fan total 
pressure. In this case, the fan static pressure is not obtained unless the outlet 
dynamic pressure is further subtracted from the difference between the outlet 
static pressure and the inlet static pressure. 

When using the test apparatus in figure 4 

In the case of a) The fan static pressure p ,  is equivalent to hs2. 

In the case of b) The fan static pressurep, is equivalent to +,i. 

6.3.3 Determination of air volume 

a) The determination in the case of Pitot tube shall be performed as follows: 

......................................................... (15) Q1 = &)Aci = GOA1 

(16) ........................................................ Q2 = 60Ac2 = 6 ( ) A 2 / T  2hd2 

The conversion of the outlet air volume Q2 into the inlet air volume QI shall 
be performed according to  the formulae (17), (18). 

(17) ................................................................... Q1 = -dGx 60A2 
Pl 

(18) ......................................................................... pi = p2- . -  PSI Tz 
Ps2 TI 

In addition, when the pressure ratio is 1.03 or less, pl shall be regarded as 
being equal to  p ~ .  

The determination in the case of orifice plate shall be performed as follows: b) 

.............................................................. Q1 = 6 0 a , , c A n / h  (19) 

The conversion of the outlet air volume Q2 into the inlet air volume Q1 shall 
be performed according to the formula (21). 
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QI = 6oandn .J2pniln ......................................................*..... (21) 
Pl 

The relation between pI and p2 shall be according to the formula (18). 

The value of the flowrate coefficient of orifice plate a, to  the area ratio p2 = ($-y 
is shown in Figure 16. The applicable range shall be as follows: 

i) 1 0 5 1 ~ ~ ~ 2  x 106 

2) 0.05 S 5 0.64 

3) 5 0 6 D S  1 O00 mm 

- 
ß2 

0.05 
0.10 
0.1 5 
0.20 

0.74 0.25 
0.30 

0.72 0.35 

- 

0.40 
0.45 
0.50 

0.68 0.55 
0.60 

0.66 0.64 

On 

1 l -  

Figure 16 Flowrate coefficient of orifice plate 
p2 The value of expansibility factor E to the pressure ratio pi just before and 

after the orifice plate is shown in figure 17. 
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0.95 I I l i 
1.oc 0.90 0.92 0.94 0.96 0.98 

- P2 
Pl 

Figure 17 Expansibility factor of orifice plate 
( K =  1.40) 

c) The determination in the case of inlet nozzle shall be performed as follows: 

QI = 60,&,/% ......................................................... . ......... (22) 

In addition, it shall apply to RD 2 5.5 x 104. 

Information : The error range in this case is t 1 %. 

6.3.4 Determination of total efficiency(9) 
mined as follows: 

The total efficiency shall be deter- 

Total air power(10) L í k W )  
Shaft power L (kW) 

.... (23) Total efficiency VT = 

Notes (9) For the static efficiency 775, see Information. 

(10) The total air power shall be determined according to the formula (24). 
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When the pressure ratio 2 is not more than 1.03, it shall be de- 
termined according to  the formula (25). 

- PSI) + ( ~ d 2  - ~ d l ) l  (kW) - * * - a  (25) QI Total air power LT = 
6 x lo4 

Remarks : When the test rotational speed is different from the specified rota- 
tional speed, it shall be converted in accordance with 6.2. 

Information : Static air power LS = - (26) K - 1  6 ~ 1 0 ~  

When the pressure ratio 2 is not more than 1.03, it shall be de- 
termined according to  the formulae (27), (28). 

[(I's2 - Psi) -pdl] (kW) * - - - * * * - * * * + - -  (27) QI 

6x lo4 Static air power LS = 

Static air power Ls (kW) 
Shaft power L (kW) 

Static efficiency qs = X 100 (%) * * * * . - -  (28) 

7 Conversion when density, rotational speed, and temperature and pres- 
sure of air are different 

7.1 When density is different When the density of gas handled differs from the 
value of density of the test air, the test result shall be converted by the following 
formulae. For the pressure conversion when the pressure ratio exceeds about 1.1, it 
shall be determined according to the calculation formulae for the case that the inlet 
temperature is different specified in JIS B 8340. 

Air volume of gas handled = air volume of test air 

Fan total pressure or static pressure of gas handled = - x (fan total 
pressure or static pressure in the case of test air) 

Air power of gas handled = - x (air power of test air) 

Shaft power of gas handled = - x (shaft power of test air) 

Efficiency of gas handled = efficiency of test air 

( p l 1  

[:I 
(n) 

where 
pa = Density of gas handled (kg/m3) 
pl = Density of test air (kg/m3) 

7.2 When rotational speeds are different When the fan is tested at the rota- 
tional speed (nr) other than the specified rotational speed (n) ,  the result shall be 
converted by the following formulae. For the pressure conversion when the pres- 
sure ratio exceeds about 1.1, it shall be determined according to the calculation for- 
mulae for the case that the rotational speed is different Specified in JIS B 8340. 
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Air volume a t  specified rotational speed = (air volume at test rota- 

tional speed) x - 

Fan total pressure or static pressure at  specified rotational speed = 

(fan total pressure or static pressure at test rotational speed) X - 

Air power at specified rotational speed = (air power at  test rotational 

(3 
Ta)“ 

speed) x (E)” 
Shaft power at  specified rotational speed = (shaft power at test ro- 

tational speed) x (:J 
Efficiency at specified rotational speed = efficiency at test rotational 
speed 

Noise level at specified rotational speed [dB (A)] = (noise level at test 

rotational speed) [dB (A)] + 50 loglo(n-) 

The conversion formula of noise level is an empirical formula, 
and not always applied in all cases. 

n, 

Information : 

8 Test report The test report shall be as follows: 

The test result shall be filled in the fan test report and the fan performance 
curve sheet. 

The fan manufacturer’s name, type, product number, test number, orderer’s name, 
specified item and test result for this, test method and apparatus, power trans- 
mission system, dimensions of test duct, testing date, tester’s name, dynamom- 
eter used for test or matters related to prime mover, etc. shall be stated clearly 
(see attached table 1 and attached table 2). 

All the test reports converted into the specified condition shall be shown dia- 
grammatically in the performance curve sheet with air volume as abscissa against 
as fan total pressure or fan static pressure, shaft power, efficiency, rotational 
speed, etc. as ordinate, and the specified main points shall be indicated with 
the symbol like 

When the operational condition is as described in the following, these shall be 
filled in the remarks column of the test report and performance curve sheet. 

i) When the bearing temperature is higher than the specified temperature, 
or unless specified, when it is higher than the air temperature by 40 “C or 
higher. 

When an oscillation is intense and operation is not smooth. 

In addition, when there are matters which are not accepted to be normal 
for the prime mover, transmission gear, etc. 

(see attached table 1). 

2) 

3) 
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9 Inspection method 

9.1 Inspection item The inspection item shall be as follows: 

efficiency, noise, operational condition. 
The fan total pressure or fan static pressure and air volume, shaft power, total 

9.2 Fan total pressure or fan static pressure and air volume The test shall 
be performed in accordance with clause 6, and the inspection shall be performed as 
follows: 

a) The fan total pressure or fan static pressure and air volume shall be judged a t  
the specified point according 'to the following criterion I or criterion II. 

Criterion I In the case of the general air blasting which is not restricted with 
respect to the fan total pressure or fan static pressure, or a per- 
missible range of air volume, the air volume of the fan total pres- 
sure or fan static pressure is accepted if only it is not less than the 
specified air volume. 

Criterion II In the case of the general air blasting which is especially restricted 
with respect to  the fan total pressure or  fan static pressure, or a 
permissible range of air volume, the performance curve shall meet 
either of the following conditions. 

The air volume of the specified fan total pressure or fan static pressure 
shall be within the range between 100 % t o  110 % of the specified air vol- 
ume. 

The total pressure o r  static pressure of the specified air volume shall be 
within the range between 100 % to  106 % of the specified fan total pres- 
sure or fan static pressure. 

Unless agreed beforehand, the difference between the air volume of the surging 
point and the air volume of the assumed surging point shall be not more than 
25 % of the difference between the specified air volume and the air volume of 
assumed surging point. 

Remarks : When the test rotational speed is different from the specified rota- 
tional speed, the conversion shall be performed in accordance with 
7.2. 

1) 

2) 

b) 

9.3 Shaft power The test shall be performed in accordance with 6.2.5, and the 
required power shall not exceed the specified power of prime mover at the specified 
air volume. Also it shall not exceed the specified power at the air volume of the 
intersection point of the system resistance curve of apparatus to be used (when there 
is the specified or assumed system resistance curve, the system resistance curve) 
and the fan performance curve. However, when it is obvious that the adjustment 
operation can be performed so that the using air volume does not exceed the speci- 
fied air volume, the required power may exceed the specified power at the air vol- 
ume which exceeds the specified air volume. 

Remarks : The test rotational speed is different from the specified rotational 
speed, the conversion shall be performed in accordance with 7.2. 
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9.4 Total efficiency When the total efficiency is specified, the specified value qn 
shall be satisfied. Even when the value of total efficiency V T  (%) obtained by the 
test is lower than the assured total efficiency q n  (%I, the total efficiency is accepted 
if only  TZ q n  - (6 - 0.05~n) is satisfied. 

9.5 Noise The noise test shall be performed in accordance with 6.2.6, and any 
abnormal noise shall not be allowed. For reference, the noise value is shown in fig- 
ure 18 to figure 22. However, it is not applied to the fan built in a machine, or the 
fan built in a package. 

Figure 18 Noise level of backward fan (informative) 
(Maximum efficiency point) 

Figure 19 Noise level of airfoil fan (informative) 
(Maximum efficiency point) 
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ixio* 2 3 4 5 7 1x10~ z 3 4 5 7 1x10~~ 2 3 4 5 7 1x10~~ 2 3 4 5 7 1 x 1 0 ~ ~  
QXpT2(mJ/min XPa2) 

Figure 20 Noise level of radial fan (informative) 
(Maximum efficiency point) 

1 

h v 
a 

Q x pT2(m3/min XPa*) 

Figure 21 Noise level of multiblade fan (informative) 
(Maximum efficiency point) 
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Figure 22 Noise level of axial flow fan (informative) 

Q X ptz(m3/rnin XPaZ) 

(Maximum efficiency point) 

9.6 
in accordance with 6.2.7 and the operational condition shall be as follows: 

a) 

Operational condition The test of operational condition shall be performed 

When the bearing temperature is not specified, the temperature higher than 
the surrounding air temperature by not less than 40 "C shall not be allowed. 

The oscillation at each part shall be slight, and the operation shall be smooth. 
For reference, the permissible value of oscillation is shown in figure 23. 

b) 
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\ I  200 

-l 

n Rotational speed (min-’) 

Figure 23 Tolerance of oscillation (informative) 
(On the bearing housing) 

Remarks : Since the oscillation at the prime mover side may have an effect on 
the fan, for the shaft coupling, care shall be taken sufficiently. 

Information : The relation between the total amplitude a (pm) and the oscil- 
lating velocity u ( m d s )  is as follows: 

a m  a@ - - u =  2x103 6x104 
where 

2nn 
60 

o : angular velocity = - (raus) 
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Specified 
item 

Attached Table 1 Fan test report 

Orderer's name Manufacture number Test date 
Test (reference) number 

Air volume Fan total (static) pressure Rotational speed Power Gas density Temperature Gas Total 
mVmin Pa (gauge pressure) min-1 kW kg/m3 humidity ef€iciency 

Measuring item 
Air Reading of instrument Pa 

Flowrate coefficient 
Air temperature "C 
Air volume malmin 

1500-  15-  60 

1 0 0 0 -  1 0 -  40 

500- 5 -  20 

Air volume rn3/min 

Electricmotor item 1 2 3 4  

(for attachment and test) 

------ %Pe - 
OUtDUt kW 

Freouencv Hz 
_______ 

Voltage V 

Current A 

Rotation min-' 

Manufacture number 

Manufacturer's name 

Air volume instrument 
Dimensions of 
instrument above 

Test amaratus 

Volt meter scale factor 

Ammeter scale factor 

Wattmeter scaie factor 

At startuo 

At shutdown 
Continuous operational 
period of time 

Noise 

Remarks 

Brief 

Curve diagram converted into 

specified condition 

Manufacturer's name 

Tester's name 
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Attached Table 2 Fan test report 

Manufacturer's 
name 
Test date 
Observer 
Person in 

Orderer's name Product number Test number charge of test 

Specified item Type Nozzle size pressure pressure) 
Fan total (static) pa (gawze 

Air volume m3/min Temperature "C Humidity % 

Rotational speed min-' Electric motor kW Total (static) efficiency % 

Btief 

Measured value Loss 

Measurement location number from windward side Aver- Sure 

(hereafter, as stated above) 

(see figure 12) 

Chart for reference 
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Annex (informative) 
Industrial fans-Performance testing using standardized airways 

Foreword This Annex is the Japanese Industrial Standard prepared based on IS0 
5801 published in 1997 without any modification in technical contents. 

This Annex has the following annexes. 

Annex A (normative) Fan pressure and fan installation types 

Annex B (normative) Fan-powered roof exhaust ventilators 

Annex C (normative) Direct calculation of psD and p. at section n of the fan- 
Installation types B, C and D 

Annex D (informative) Fan outlet elbow in case of a non-horizontal discharge 
axis 

Annex E (informative) Bibliography 

Introduction This Annex is the comprehensive compilation of discussions, com- 
parative tests and detailed analyses for about 30 years by the leading experts and 
research institutions of the fan industry of each country. 

It had been pointed out from times past that the fan performance test standard 
established by each country had not always reached the same result. 

The necessity for the International Standard was called for over many years, and 
ISO/TC 117 made a start on the work in 1963. Since then the significant progress 
has been seen, and although the International Standard itself has not yet been pub- 
lished, the marked unification came t o  be obtained by the revision of standard of 
each country after that. 

At present the International Standard which is the original of this Annex was 
summarized based on the agreement of some important points. In consideration of 
the test apparatus, especially that of a large-sized fan being very expensive, it was 
necessary t o  adopt various kinds of the apparatus construction in the standards of 
each country for the current standard to  authorize their future use. Therefore, this 
Annex is a voluminous document as it is. 

The main descriptions of this Annex are as follows. 

a) Types of installation 
Since the connection of outlet and/or inlet of fan and duct affects a perfor- 

mance, it was agreed that the types of installation were classified into four types 
of standard installation. 

To be more precise, 
Type A: free inlet and free outlet 

Type B: free inlet and ducted outlet 
Type C: ducted inlet and free outlet 
Type D: ducted inlet and ducted outlet 
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The fan which is suitable for two or more types of installation indicates that 
it has the two or more standardized performance characteristics. The user should 
select from the types available the one which is closest to  his application. 

b) Common segments 
The difference of results obtained by testing the same fan according to  vari- 

ous test standards depends mainly on the flow pattern of fan outlet, and it is 
usually slight, but may become remarkable. In general, all standard test air 
ways used for fans have the common segments near the inlet and/or outlet, and 
therefore, there is an agreement that it is enough to assure the consistency of 
fan pressure determination. 

The difference of shapes of common segments is strictly limited. However, 
some specific situations have reached the conventional agreement. 

1) In the case of centrifugal fans or cross flow fans which do not produce an 
outlet swirl, when discharging to  atmospheric air or t o  the test chamber, 
the simplified outlet duct without a flow straightener described in 30.2 f) 
may be used. 

In  the case of large fans (of which the outlet diameter is 800 mm or over), 
it is difficult to  perform the test using the common standard airway in- 
cluding the flow straightener at  the outlet side. In this case, the fan per- 
formance may be measured using the apparatus described in 30.2 f) having 
the duct of 2 0  in length a t  the outlet side by agreement of parties con- 
cerned. However, the result obtained by this method, especially when a 
large whirl  is produced according to fans, differs by some degrees from the 
result obtained by using the regular installation type D. There is no other 
way but to  expect a future research for confirming the degree of the differ- 
ence value which may occur. 

2) 

c) Determination 
The fan pressure is defined as the difference between the stagnation pres- 

sure at the outlet of the fan and the stagnation pressure at the inlet of the fan. 
The compressibility of air shall be taken into consideration in order to obtain a 
high accuracy. However, when the reference Mach number does not exceed 0.15, 
the simplified method may be used. 

The determination of the stagnation pressure at the reference cross section 
and the fluid pressure o r  static pressure is specified in Annex C according t o  
the study of the specially Set-up group of ISO/TC117/SCl subcommittee. 

For the determination of the theoretical air power o r  efficiency of the fan, 
three methods are proposed. These three methods give the same results within 
a few parts of thousand for a pressure ratio equal to  1.3. 

d) Measurement of flowrate 
The determination of fiowrate is separated from the determination of fan pres- 

sure completely. The various standardized methods are available. 

1 This Annex deals with the determination of the performance of indus- 
trial fans of all types except those designed solely for air circulation e.g. ceiling fans 
and table fans. 

Scope 
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Estimates of uncertainty of measurement are provided and rules for the conver- 
sion, within specified limits, of test results for changes in speed, gas handled and, 
in the case of model tests, size and given. 

2 Normative references The following standards contain provisions which, through 
reference in this text, constitute provisions of this Annex. At the time of publica- 
tion, the editions indicated were valid. All standards are subject t o  revision, and 
parties t o  agreements based on this International Standard are encouraged to  in- 
vestigate the possibility of applying the most recent editions of the standards indi- 
cated below. 

IS0 3966 ; 1977 Measurement of  f luid flow in closed conduits-Velocity area 
method' using Pitot static tubes 

IS0 5167-1 : 1991 Measurement of fluid flow by means of pressure differential 
devices-Part 1 : Orifice plates, nozzles and Venturi tubes in- 
serted in circular cross-section conduits running full 

IS0 5168 : 1998 Measurement of fluid flow-Evaluation of uncertainties 
IS0 5221 : 1984 Air distribution and air diffusion-Rules to meth,ods of  measuring 

air flowrate in a n  air handling duct 
IEC 60034-2 ; 1972 Rotating electrical machines-Part 2 : Methods for determining 

losses and eficiency of rotating electrical machinery from tests 
(excluding machines for traction vehicles) 

IEC 60051-2 : 1984 Direct acting indicating analogue electrical-measuring instru- 
ments and their accessories-Purt 2 : Special requirements for 
ammeters and voltmeters 

IEC 6005 1-3 : 1984 Direct acting indicating analogue electrical-measuring instru- 
ments and their accessories-Part 3 : Special requirements for 
wattmeters and varmeters 

IEC 6005 1-4 : 1984 Direct acting indicating analogue electrical-measuring instru- 
ments and their accessories-Part 4 : Special requirements for 
frequency meters 

3 Definitions For the purposes of this Annex, the definitions given in IS0 5168 
and the following definitions apply. 

NOTE 1 All the symbols used in this Annex are listed with their units in clause 4. 

3.1 area of the conduit section, A,: Area of the conduit at  section x. 

3.2 
air-moving device. 

the casting. 

fan inlet area, Al: Surface plane bounded by the upstream extremity of the 

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

3.3 
the air-moving device. 

inside the casting. 

fan outlet area, Az: Surface plane bounded by the downstream extremity of 

Fan outlet area is, by convention, taken as the gross area in the outlet plane 
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3.4 
sor. 

temperature, t :  Air o r  fluid temperature measured by a temperature sen- 

3.5 absolute temperature, O: Thermodynamic temperature. 
O = t i- 273.15 

NOTE 2 In this document, O represents the absolute temperature and t repre- 
sents the temperature in degrees Celsius. 

3.6 
ten 

specific gas constant, R :  For an ideal dry gas, the equation of state is writ- 

P = R @  
P 

R = 287 J kg-1 K-1 for dry air. 

3.7 isentropic exponent, K: For an ideal gas and an isentropic process, 

-- P -constant 
P" 

K = 1.4 for atmospheric air. 

3.8 specific heat capacity at constant pressure, c,: For an ideal gas, 

cp = - K R  
K - 1  

3.9 specific heat capacity at constant volume, CV: For an ideal gas, 

3.10 compressibility factor, 2: For an ideal gas, 2 = 1 

For a real gas, 

and 2 is a function of the ratios p /pc  and O/@, 
where 

p c  
Oc 

is the critical pressure of the gas; 
is the critical temperature of the gas. 

3.11 stagnation temperature at a point, Os,: Absolute temperature which ex- 
ists at  an isentropic stagnation point for ideal gas flow without addition of energy 
or heat. 

The stagnation temperature is constant along an airway and, for an inlet duct, is 
equal to  the absolute ambient temperature in the test enclosure. 
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3.12 static or fluid temperature at a point, O: 
tered by a thermal sensor moving at the fluid velocity. 

Absolute temperature regis- 

For a real gas flow, 

where v =  fluid velocity a t  a point, in metres per second (m. s-1). 

In a duct, when the velocity increases the static temperature decreases. 

3.13 dry-bulb temperature, td:  Air temperature measured by a dry temperature 
sensor in the test enclosure, near the fan inlet or airway inlet. 

3.14 wet-bulb temperature, tw: Air temperature measured by a temperature sensor 
covered by a water-moistened wick and exposed to air in motion. 

When properly measured, it is a close approximation of the temperature of adia- 
batic saturation. 

3.15 stagnation temperature at a section x, Ose: Mean value, over time, of 
the stagnation temperature averaged over the area of the specified airway cross- 
section. 

3.16 static or fluid temperature at a section x, a: Mean value, over time, of 
the static o r  fluid temperature averaged over the area of the specified airway cross- 
section. 

3.17 absolute pressure at a point; absolute pressure, p :  Pressure, measured 
with respect to absolute zero pressure, which is exerted at a point at rest relative to 
the air around it. 

3.18 atmospheric pressure, pa: Absolute pressure of the free atmosphere at  the 
mean altitude of the fan. 

3.19 gauge pressure, p e :  Value of the pressure when the datum pressure is the 
atmospheric pressure at the point of measurement. 

It may be negative or positive. 
P e = P - P a  

3.20 absolute stagnation pressure at a point, psg:  Absolute pressure which would 
be measured at a point in a flowing gas if it were brought to rest via an isentropic 
process: 

where M u  is the Mach number at this point (see 3.23). 

3.21 Mach factor, FM: 
given by the expression 

Correction factor applied to  the dynamic pressure at a point, 
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Psg - P 
Pa 

FM = 

The Mach factor may be calculated by 

+... MU2 + (2 - K ) M U 4  (2 - K ) ( 3  - 2K)hfU6 + 
24 192 F M = ~ + -  4 

3.22 dynamic pressure at a point, Pa: 
and the density p of the air at the point, 

Pressure calculated from the velocity v 

V2 
P d = P T  

3.23 Mach number at a point, Ma: 
velocity of sound. 

Ratio of the gas velocity at a point .to the 

where 

c 

R, 
is the velocity of sound, c = d m  
is the gas constant of humid gas. 

3.24 gauge stagnation pressure at a point, pesg: 
lute stagnation pressure psg  and the atmospheric pressure p a .  

Difference between the abso- 

3.25 mass flowrate, qm:  
through the specified airway cross-section per unit of time. 

Mean value, over time, of the mass of air which passes 

NOTE 3 The mass flow will be the same at all cross-sections within the fan 
airway system excepting leakage. 

3.26 average gauge pressure at a section x, P e x :  
gauge pressure averaged over the area of the specified airway cross-section. 

Mean value, over time, of the 

3.27 average absolute pressure at a section x, p x :  Mean value, over time, of 
the absolute pressure averaged over the area of the specified airway cross-section. 

px =pex +pa 

3.28 average density at a section x, px: 
solute pressure p x  and the static temperature @,. 

Fluid density calculated from the ab- 

Px p x  = - 
%OX 

where R, is the gas constant of humid gas. 
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3.29 volume flowrate at a section x, qv,: Mass flowrate a t  the specified airway 
cross-section divided by the corresponding mean value, over time, of the average density 
at that section. 

3.30 average velocity at a section x, vmx: Volume flowrate a t  the specified air- 
way cross-section divided by the cross-section area A,. 

qvx 
Ax 

v,, = - 

NOTE 4 This is the mean value, over time, of the average component of the 
gas velocity normal to  that section. 

3.31 conventional dynamic pressure at a section x, P d x :  

calculated from the average velocity and the average density a t  
cross-section. 

2 

pdx=px-z-=- v- 2PX (cl’ - 

NOTE 5 The conventional dynamic pressure will be less 
the dynamic pressures across the section. 

Dynamic pressure 
the specified airway 

than the average of 

3.32 Mach number at a section x, Ma,: Average gas velocity divided by the ve- 
locity of sound at the specified airway cross-section. 

3.33 average stagnation pressure at a section x, psG:  Sum of the conventional 
dynamic pressure pdx corrected by the Mach factor coefficient FM, at the section and 
the average absolute pressure p,: 

psgx =px + P ~ X F M X  

NOTE 6 The average stagnation pressure may be calculated by the expression 

3.34 gauge stagnation pressure at a section x, pesG: 
average stagnation pressure, pSu, at  a section and the atmospheric pressure, pa. 

Difference between the 

pesgx = Psgx - Pa 

3.35 inlet stagnation temperature, OSgl: Absolute temperature in the test en- 
closure near the fan inlet a t  a section where the gas velocity is less than 25 m * s-1. 

In this case the stagnation temperature may be considered as equal to the ambi- 
ent temperature O,. 
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3.36 stagnation density, psgl:  

sure psgl and the inlet stagnation temperature Osgl: 
Density calculated from the inlet stagnation pres- 

3.37 inlet stagnation volume flowrate, qvsgl: 
let stagnation density. 

Mass flowrate divided by the in- 

3.38 fan pressure, PF: Difference between the stagnation pressure at the fan outlet 
and the stagnation pressure at the fan inlet. 

PF = psg2 - psgl 
When the Mach number is less than 0.15, 

PF = P t F  = pt2 - pti 
NOTE 7 Fan pressure should be referred to  the installation type A, B, C or D. 

3.39 fan dynamic pressure, Pd2:  Average dynamic pressure a t  the fan outlet cal- 
culated from the mass flowrate, the average gas density a t  the outlet and the fan 
outlet area. 

P d 2  = p2- = - 
vm2 2 2p2 k J  

3.40 fan static pressure, p s ~ :  
minus the fan dynamic pressure corrected by the Mach factor. 

Conventional quantity defined as the fan pressure 

p s ~  = p s g 2  - pà2 FMZ - psgl= P Z  - psgï 

NOTE 8 Fan static pressure should be referred to the installation type A, B, C 
or D. 

3.41 mean density, p m :  Arithmetic mean value of inlet and outlet densities. 

3.42 mean stagnation density, pmsg: 
stagnation densities. 

Arithmetic mean value of inlet and outlet 

3.43 fan work per unit mass, y: 
of fluid passing through the fan. 

Increase in mechanical energy per unit mass 

PROTECTED BY COPYRIGHT 

Full document details: JIS B 8330-2000

http://www.avadocuments.com/doc/jis-b-8330-2000
http://www.avadocuments.com/doc/jis-b-8330-2000


39 
B 8330 : 2000 

vm, vm, 
2 CIA1 ~ 

+aAz-- P2 - Pi 
Pm 2 Y =  

y may be calculated as in 3.47, i.e. 

The value obtained differs by only a few parts per thousand of the value given by 

NOTE 9 y should be referred to the installation type A, B, C or D. 
the above expression: 

3.44 fan static work per unit mass, y,: 

NOTE 10 ys should be referred to the installation type A, B, C or D. 

3.45 fan pressure ratio, r :  
the outlet section of a fan to that at its inlet section. 

Ratio of the average absolute stagnation pressure at 

r = pSgdpsgl 

3.46 compressibility coefficient, k,: Ratio of the mechanical work done by the 
fan on the air to the work that would be done on an incompressible fluid with the 
same mass flow, inlet density and pressure ratio. 

The work done is derived from the impeller power on the assumption of poly- 
tropic compression with no heat transfer through the fan casing. 

k ,  is given by the expression 

where 

NOTE 11 k, and psgJpmsg differ by less than 2 X 10-3. 

3.47 fan air power, Pu: Conventional output power which is the product of the 
mass flow by the fan work per unit mass, or the product of the i d e t  volume flow, 
the compressibility coefficient k ,  and the fan pressure. 

p u  = 4 d  = h g l  'PF kl 
NOTE 12 Pu should be referred to the installation type A, B, C or D. 

3.48 fan static air power, Pu,: Conventional output power which is the product 
of the mass flowrate q m  by the fan static work per unit mass or the product of the 
inlet volume flowrate, the compressibility coefficient k,, and the fan static pressure 
p s ~ ;  k,, is calculated using r =pdpSgl. 
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Pus = q m y s  = qvsgi kps * P ~ F  

NOTE 13 Pus should be referred to the installation type A, B, C or D. 

3.49 impeller power, Pr: Mechanical power supplied to the fan impeller 

3.50 fan shaft power, Pa: Mechanical power supplied to the fan shaft. 

3.51 motor output power, Po: 
mover. 

Shaft power output of the motor or other prime 

3.52 motor input power, P,: Electrical power supplied a t  the terminals of an 
electric motor drive. 

3.53 rotational speed of the impeller, N :  
peller per minute. 

Number of revolutions of the fan im- 

3.54 rotational frequency of the impeller, n: 
impeller per unit time. 

Number of revolutions of the fan 

3.55 tip speed of the impeller, u: Peripheral speed of the impeller blade tips. 

3.56 peripheral Mach number, Ma,: Dimensionless parameter equal to  the ratio 
of tip speed to  the velocity of sound in the gas a t  the stagnation conditions of fan 
inlet: 

Ma, = u/J- 

3.57 fan impeller efficiency, 771.: Fan air power divided by the impeller power 
Pr. 

P, 
P,  
- 

NOTE 14 77, shall be referred to  the installation type A, B, C or D. 

3.58 fan impeller static efficiency, vsr: 
ler power. 

Fan static power divided by the impel- 

NOTE 15 qsr should be referred to  the installation type A, B, C or D. 

3.59 fan shaft efficiency, va:  Fan air power divided by the fan shaft power. 
NOTES 16 Fan shaft power includes bearing losses, whilst fan impeller power 

does not. 
17 qa  should be referred t o  the installation type A, B, C or D. 

3.60 fan motor shaft efficiency, qo: 
power Po. 

Fan air power Pu divided by the motor output 

NOTE 18 qo should be referred to  the installation type A, B, C or D. 
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