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H

SYMBOLS AND SUBSCRIPTS

The definitions of symbols given here apply unless defined differently in the text for a particular equation. Similariy,

the units given

here apply unless different units have been given in the text for & particular equation. For dimensiounless equations any consistent units,
besides those given here, can be used.

Symbol

Ly

Quantity

radius of generating circle of involute seroll

area
rotor discharge area:

DE —_ DE
axial flow: A, = T2 01

centrifugal: AE = rrI}Eh
width

clearance

particle diameter

specific diameter, defined by Eq. (1-12)

diameter (in general)

impeller diameter at inlet for centrifugal fans. hub diameter for axial flow fans
impeller diameter at inlet for centrifugal fans, tip diameter for axial flow fans
characteristic diameter of fan

equivalent diameter of rectangular duct, defined by Eq. (4-9)

diameter of inlet orifice

gravitational acceleration

system effect loss coefficient, defined by Eq. (4-7)

chord Jength

length

mimimum length of straight discharge duct needed to avoid system effects
Mach number

rotational speed

specilic speed, defined by Eq. {1-11)

number of blades

pressure

pressure difference, or pressure developed by fan
pressure difference, or pressure developed by fan
loss of pressure due to fan system effects

static pressure difference, or static pressure developed by fan

difference in tota! pressure, or total pressure developed by fan

+m. WG = 1 inch “water gauge”

= 1 in. of water

Units

ft.

sig. it.

sq. fi.

ft.

ft.

ft.
£ in. WGt

{ft.*/ min.)'*2

ft.

fit.

ft.

ft.

it.

ft.
ft./see.®
dimensionless
ft.

ft.

ft.

dimensionless

mmm

()

mns {in. WGT)¥*
dimensionless

Ib/sq. It

Ib/sq. ft.

in. WG+

in. WG+

in. WG+

n. WGt
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Symbot Quantity Units

| o power input to air any unit

Py power input to air horsepower

| Pw power input to air watis

PWL sound power level, defined by Egq. (6-1) decibels (db)

PWL, specific sound power level decibels (dh)

Q volumetric flow rate efm = eubie ft./min.

Ry Reynolds number based on diameter dimensionless

= fan shape factor dimensionless

S, diameter ratio D, /D), dimensionless

SPL sound pressure level, defined by Eq. (6-2) decibels (db)

t in Section 409.3, blade spacing ft.

t in Section 409.4, temperature of air o

u blade velocity at any point ft./sec,

u' blade velocity at any point ft./min.

v relative fluid velocity ft./sec.

v’ relative fluid velocity ft./min.

v absolute fluid velecity ft./sec.

'L absolute fluid velocity ft./min.

w width of scrol] ft.

a is proportional to dimensionless

a, expansiocn angle degree, radian

i blade angle, measured from tangential direction degree radian

fi angle made by fluid with tangential direction degree, radian

B og cutoff angie degree, radian

y in Section 409.1, ratio of specific heats dirnensionless

¥ in Section 409.3, stagger angle dimensionless

A “change of” dimensionless

” efficiency dimensionless

0 angle degree, radian

U mf:::ﬁﬂg:fwr:atf:i f:_::liﬁ dimensionless

i kinematic viscosity ft*/sec.

o density Ib/eubie ft.

o flow coefficient, defined by Eq. (1-6) dimensionless

¥ pressure coefficient, defined by Eq. (1-5) dimensionless

GENERAL & ELECTRIC
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Csosemers

1 pertaining to inner blade edge (hub or blade inlet)

2 pertaining to blade outer edge, blade tip, or blade outlet

1,2,3 also used to distinguish between different fans, shape parameter, ete.

a axial component of

b blade

1 at fan inlet

m at mean gdiameter as defined by Eq. (3-1)

r radizl component of

t tangential component of: tatal

| o . S * Supersedes issue of June 1961
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i4  Osborne, W.C., “Fans" 2nd Edition, Pergamor Press, Oxford (1977). {A concise but comprehensive text.)

1.5 ASHRAE Handbook Equipment Volume 1979, Chapier 3, “Fans”, ASHRAE, New York (1979). (General review of fans ior air
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Bull. Japan Soc. Mech. Eng., Vol. 19, No. 129, pp 322-329, March {19786).

1.11 Wendes, H.C. and Pannoke, T “Roof Ventilators: Workhorses of the Industry,” Heeting Piping Air Cond., pp 79-86, Oct. (1981).
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L.1Z Tallant, P.E. and Zaleski, R.H., “Combined Effects of Reynolds Number and Other Factors on Fan Performance,” Power Engineering,
pp 69-70, Sept. (1980). (Varied test data are analyzed to show effects of Reynolds number, size, and number of blades.)

1.13 Phelan, J.J., Russell, S.H., and Zeluf, W.C., “Study of the influence of Reynolds Number on the Performance of Centrifugal Fans,”
- ASME Paper No. 78-WA/PTC-3 for Meeting Dec. 10-15 (1978). (Results of an experimental study to investigate effect of Reynolds
number on centrifugal fan performance.)

1.14 Japikse, D., "Review: Progress in Numerical Turbomachinery Analysis,” J. Fluids Eng., pp 592-606 (1976).

Centrifugal Fans

21 AMCA Publication 201, “Fans and Systems,” AMCA, Arlington Heights, IL (1973). {Provide guidance on fan systems, specially on
effect of inlet and outlet connections.)

22 Dougherty, W.J., “Performance Characteristies of Heavy Duty Centrifugal Fans”, Plant Engineering (Barrington, IL), Vol. 34,
No. 12, pp 116-119, June 12 {1980).

2.3  Kazar, R.V. and Lynch, J.D., “Centrifugal Fan Design for Energy Conservation,” TAPPI, Vol. 61, No. 9, pp 45-48, Sept. {1978).

24  Bell. R. and Benham, P.P., “Theoretical and Experimental Stress Analyses of Centrifugsl Fan Impellers.” J. Strain Anal. Eng. Des.,
Vol. 13, No. 3, pp 141-147, July (1978).

2.5 Sulzer Bros., Sulzer Tech. Review, No. 1 (1953).

2.6  Bleier, F.F., “Design Performance and Selection of Centrifugal Fans," Heating and Ventilating, Vol. 45, No. 9. Sept. (1948), p 67.
{Distusses general design factors, i.e., number and shape of blades, depth of blades, etc., in radial flow design.)

2.7  Cain, B.M. and Labastie, A.H., “Design of Fans for Rotating Rlectrical Machines.”-I- Radial Flow Fans, TR34666 {June 5, 1946).
{Enlarges on method of fan design given in TR34651. Ref. 2.10.})

2.8 Tupper, M.D., “Radial Flow Fans.” R54 FM 11A.

2.8 Can, BM. "A Method for Quick Caleulation of Air Flow of Electrical Machines,” TR34851 {Nov. 29, 1943). (Gives empiricai
method for caleulating fan dimensions.)

.10 Kane, R., "Maintaining Centrifugal Fans in Central Stations”, Power, Vol. 123, Ne. 3, pp 47-49, March {1979).

%
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Centrifugal Fans {Cont’d)
2.11 Person, H.L., Jacebson, L.D., and Jordon, K.A., “Effect of Dirt, Louvers and Other Attachments on Fan Performance,” paper

presented at ASAE Winter Meeting, Chicago, IL., Dec. 13 to 18, 1977, Published by ASAE, St. Joseph, MI. Paper No. 77-4568 (1977).
(Reports study on performance of fans used for livestock ventilation.)

2.12 Pe_rr}r, R.E_I.. “Operation, Maintenance, and Repazir of Industrial Centrifugal Fans,” Combustion, Vol. 47, No. 8. pp 7-17. Feb. {1978}
(Gives maintenance techniques for large centrifugal fans.)
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2.16 AMCA Publication 410, “Recommended Safety Practices for Air Moving Devices,” Published by AMCA, Arlington Heights, IL {(1980).
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and lubricating bearings for Canadian applications.)

Axial Flow Fans

3.1 Wallis, R.A., “Axial Flow Fans: Design and Practice,” Academic Press, New York (1961).
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Forschung U. Konstruktion, No. 3 {1958). Quoted in [1], page 268.

3.5  Marcinowski, H., "Optimum Problems in Axial Flow Fans,” Vnif.thrschung U. Konstruktion, No. 3 {(1958]). Quoted in{1], page 272.

3.6 Kawai, T. and Adachi, J., “Effects of Hub Ratio of Axial Flow Fans on Stator Secondary Flow.” Bull. Japan Soc. Mech. Eng.,
Vol. 22, No. 166, April (1979). (Presents results of theoretical and experimental studies.)

3.7 Wroblewski, A. and Morzynski, S., “Axial Flow Reversion Fans for the Automatization System of Mines Ventilation,” Proc. Fifth
Conf. on Fluid Mech., Budapest, Hungary, Vol. 2, pp 1223-1231 (1975). (Reversible fan with automatic blade angle variation
iz described together with operational results and flow studies.)

3.8 Nowakowski, J.K., “Tksts of Flow in Reversible Axial Flow Fans", Proc. Fifth Coni. on Fluid Mech., Budapest, Hungary, Vol. 2,

pp 729-736 (1979). (Analyzes results of several independent researches and describes an efficient reversible fan with automatic
blade piteh adjustment developed in Poland.)

System Requirements for Air Flow and Pressure

4.1
4.2

4.3
4.4

4.5

4.6

4.7

4.8

4.9

"ASHRAE Handbook of Fundamentals,” ASHRAE, Atlanta, GA (1981].

Shah, M.M., “Heat Load for Diesel Engine-GGenerator Room Ventilation,” ASHRAE Transactions, Vol. 83, Part 2 (1977).

“Industrial Ventilation”, 15th Edition, published by Commitiee of Industrial Ventilation, Lansing, MI {1978}.

Shah, M.M., “Estimated Rafe of Pressurization and Depressurization of Buildings,” ASHRAE Transactions, Vol. 86, Part 1,
pp 261-257 (1980).

Gelperin, N.I. and Eistein, V.Gz., “Heat Transfer in Fluidized Beds”, in "Fluidization”, edited by J.F. Davidson and D. Harrison,
Academic Press, London (1971},

Zenz, F.A_ and Othmer, D.F., “Fluidization,” page 221, Reinhold, New York (1960).

Traver, D.G., “System Effects on Centrifugal Fan Performance”, in ASHRAE Symposium Bulletin SF-70-8, “Fan Application
Testing and Selection,” ASHRAE, New York (1970).

Farquhar, H.F., "Outlet Ducts-Effect on Fan Performance,” in AGHRAE Symposium Bulletin SF-70-8, “Fan Application Testing and
Selection,” ASHRAE, New York {1970). ; '

Christie, I).H., “Fan Performance Affected by Inlet Conditions”, ASHRAE Transactions, Vol. 77 (1971).
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Fan Noige
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6.4 Baranski, B.R., et al., “Reducing Fan Noise in Construction Equipment,” SAE Preprint No. 780455 for meeting April 10-12 (1978).
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Noise Conirol Eng. Inter-Noise 78, pp 303-308, published by Noise Control Foundation, Poughkeepsie, NY {1978}).

6.6 Funk, J.G., “Controlling Fan Noise in and Around Power Plants,” Power, Vol. 122, No. 9, pp 114-117, Sept. {1978).
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(Presents information for the design of quieter forward-curved centrifugal fans.}
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6.12 Deeprose, W.M., “Fan Noise Generation and its Control,” Chart. Mech. Eng., Vol. 21, No. 10, pp 64-69, Nov. (1974).
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.17 Muggan, M.J., "Controt of High Pressure Fan Noise,” Noise Control Vib. Redue., Vol. 8, No. 6, pp 178-181, June {1975).
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{Stresses the need to match dynamic characteristics of fans and system to avoid resonance.}

* Supersedes 1ssue of Decomber 1972
SENERAL &P ELECTRIC



Section 409.1 FANS

Fluid
Page 10 GENERAL Plow
April 1983 REFERENCES Divigion

-'—__——__._______

Fan Noises {Cont'd)

6.22 Suzuki, 8., "Experimenta] Study on Noise Reduction of Axigl Flow Fans-1. Eifect of Some Parameters on Blade Elements,”

Bull. Japan Seciety of Mechanical Engineers, Vol. 21, No. 162, pp 1733-1740, Dec. (1978).
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Graham, J.B., “Methods of Selecting and Rating Fans,” ASHRAE Dymposium Bulletin SF-70-8, “"Fan Application Testing and
Selection,” ASHRAE, New York ¢1970).
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Alexieff, P.W., “Factors to be Considered When Evaluating Axial Flow Fans, Combustion, Vol. 50, No. 1, pp 7-10, July (1978).
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I. FUNDAMENTAL CONCEPTS AND DEFINITIONS

A. Fan Defined

The word fan, as used here, applies to a device for delivering or exhausting a quantity of air or other gas with little change in pressure,
by means of a rotating impelier. If the change in pressure is substantial, the device is known as a compressor. The term blower is often
applied to low volume high pressure centrifugal fans. The word fan may mean only the impeller, or it may mean the impeller, casing and
any other components that may be considered part of the unit, such as the fan shaft, guide vanes, inlet cone, gutlet, and diffuser.
Frequently the impeller is referred to as the fan wheel or reotor, and the fan casing as housing, shell, volute, scroll, or diffuser.

B. Types of Fans

The various types of fans are briefly described here. See [1.1] to [1.7] and Sections 409.2 and 408.2 for more information.

1. Centrif ugal Fans

In centrifugal fans. eompression occurs mainly due to centrifugal action. Motion of gas over the impeller oeceurs substantially in the
radial direction. For this reason, they are also known as radial flow fans. Figure 1-1 shows a typical eentrifugal fan. Also see Figure 2-1.

Figure 1-1. Typical Centrifugal Fan.

2. Axial Flow Fans

Axial flow fans are fans in which the motion of the fluid over the impeller is paralle] to the impeller shaft. The three basic types of
axial flow fans are the propeller, tubeaxial, and vaneaxial. The most common axial flow fans are the familiar desktop fans and ceiling

fans. Figure 1-2 shows the three basic types of axial flow fans.

(a) (b) (¢}
Propeiler Fan Tubeaxial Fan Vaneaxial Fan

Figure 1-2. The Three Basie Types of Axial Flow Fans.

3. Mixed Flow Fans

The term mixed-flow fan is sometimes applied to radial-flow fans which receive their energy from the axial direction and whose blade
shape gives the fluid an axial component of velocity while passing through the blades. The term is also sometimes applied to axial-flow
fans in which the fluid passing through the impeller has a large radial component of veloecity.
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4. Cross Flow Fans

Cross-flow fans have impellers similar to those of centrifugal fans. Air enters tangential to the blade tip, comes out, and then passes

over the blades on the other side before leaving the impeller. Most of the pressure produced is in the form of velecity pressure. Figure
1-3 shows a cross flow fan.

T Air Qut

Figure }-3. Cross-flow fan. Air In

Cross-flow fans have been used in air-curtains, spin dryers, portable electric heaters, ete. but only rarely. They are not discussed any

further here. Interested reader will find a compreheunsive review in [1.1]. Ref. [1.8, 1.9, 1.10] report recent researchers on crossflow fans.

5. Fans of Special Design

Two widely used special fan designs are described here.

Tube-Centrifugal Fan

This fan has a radial flow impeller fitted in a cylindrical casing. Air leaves the impeller radially but then turns at right angle and
discharges axially out of the fan. This fan is aJso known as inline centrifugal. Figure 1-4 shows this type of fan with common terminology.

*GUDE YANES
CONVERSION VANES
STRAIGHTENING VANES

BEARIMNG CASIMNG

*INLET CONE
INLET FLARE

“IMPELLER
FROPELLER
WHEEL

*PREFERRED

Figure 1-4. Tobe-centrifugal fan and common terminology for its components.

(From AMCA Pablication 201)
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FPower Roof Ventilators

These are widely used for exhaust ventilation and providing makeup air. Their impeller may be of centrifugal or propeller type. The
centrifugal type have no housing in the conventional sense and discharge the air in a 360° pattern. Power roof ventilators are generally
sold as packages which include a weather hood and hardware for easy installation. See the article by Wendes and Pannoke {1.11] for a

description of the various designs of power roof ventilators. Figure 1-5 shows the two basic types.

Weather Hood Motor

T |

{a} Centrifugal (b) Axial

Figure 1-5. The Two Basic Types of Power Roof Ventilators.

{. Pressure

1. Static Pressure

In fan calculations, the static pressure, or static head, at a given point in a moving gas is defined by the height of a column of a fluid,

usually water, which the pressure at that point will just sustain. Figure 1-6a shows how to obtain a measurement of static praessure.

T i T

{a) (b) (c)

Figure 1-6. Pressure Measurement.

2. Velocity Pressure

The velocity pressure or velocity head, at a given point in 2 moving gas is defined as the pressure corresponding to the kinetic energy
of the gas moving at velocity, V. [t is obtained by converting the velocity at that point inio equivalent pressure by means of the expression

Ap. = V*/2g from Bernouili's equation. Here, &p;:is expressed in feet of the gas flowing, V is velocity in ft/sec and g is gravitational
acceleration in ft./sec®. In fan ealeulations this pressure is usunlly converted into inches of water by means of the ex pressicn &;); = {VI4000),

where V' isin ft/min, provided the gasis air at close to atmospheric pressure and a temperature of 70°F. A special pitot tube for measuring

velocity pressure is shown in Figure 1-6b.

3. Total Pressure

The total pressure at a given point in a moving fluid is equal to the sum of the static and velocity pressures at that peint. It ig
sometimes called impact pressure or head, because it is measured with a simple impaet tube pointed against the direetion of flow of the
fluid as in Figure 1-Be. As the static and velocity pressures are interconvertible, it is more meaningful to compare total pressures and

total pressure losses. However, the use of static pressure for fan performance and pressure drop calculations is widespread.

| * Supersedes issue of
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D. Efficioncy

The efficiency of a fan is defined as the ratio of usefui power cutput to power input. The power output is commonly called zir
horsepower, and the power input is brake horsepower (bhp). The air horsepower is directly proportional to the product of the rate of air
Nlow and the increase in air pressure. Since the gas has a total pressure which is made up of static and velocity components, efficiency is
commonly specified in terms of static efficiency and total etficiency.

In those cases where static pressure is desired, there is little worth in toial efficiency values. However, where velocity pressure is

important in the service applisation, total efficiency is more important than static efficiency.

Static efficiency is more commonly used because it is easier to measure and because the static efficiency characteristics of some fans
are more sharply defined than the total efficiency characteristics.

The static and total efficiency are given by

0.000157 Qﬁp; I}.llﬁﬂ.p;Q

Static efficiency = (1-1}
S PH Pw
o 0.1]0015'?%13{ ﬂ.llﬂﬁpEQ
Totai efficiency 7, = p = B (1-2)
H W

where Py and Py are actual power input to the ian in horsepower and watts respectively, Ap* is expressed in inches of water,
and Q is flow in ¢fm.

Losses oceur due to leakages, fluid friction, and mechanical friction. Efficiencies associated with various losses can be
defined. Generally, the total efficiency may be expressed by the following expression.

Ty = TvolThTm (1-3)

where 7, is the volumetric efficiency, m, is the hydraulic efficiency, and 7, is the mechanical efficiency. These eoncepts are

useful in fan development. For fan selection, only » and n are of interest.

E. Geometrically Similar Fans

Two fans are geometrically similar when all dimensions of the second fan are scaled up (or down) in equal proportion to the dimensions
of the first fan to give a fan of the same shape but a different size. It is common manufacturing practice, when a fan shape has been
obtained which will give desirable operating characteristics. for example, high peak efficiency, to construct a series of geometrically
similar fans to handle different requirements of pressure and rate of flow. All the fans of this series, within wide limits of size and

speed, will have the same peak efficiency and the came type of oparating characteristics. The actual pressures. rates of flow. apeeds,

and horsepower requirements of the different fans will be related by the fan laws. These laws are explained in 408.5.

The amount of noise produced by similar fans can be calculated by a similar set of relationships if the fans are operating in simtlar
surroundings. These noise laws are also explained in Section 409.6.

W
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F. Performance Coefficients

Using the methods of dimensional analysis, the pressure developed by a fan system can be expressed in the form
pug Q u,D, u, \ fL, |
ap = —1 - R s N A e |
8 [ (“z’Dg) ( ? vogl kDylu=1,2... (1-4)
2
tn

where B is the ratio of a linear dimension of the fan (L) to the fan tip diameter Do. Let
=

v = ép_z Pressure coefficient {1-3)
P,
2z
b= Y  Flow coefficient (1-6)
A TS,
M, = u, Mach number {1-7)
vP,&
P
R = 1,D,  Reynolds number {1-8)
D™y
Ly,
B~ Sy Shape factor {1-9)
2

It should be noted that in some publications, ¥ is defined such that it is half of the value given by Kq. {1-4). Hence the definition
of ¥ should be checked before using any data or formula. The equation above can then be rewritien as:

¥ =1¢, Rp, M, 5,5,...8.) (1-10)

For many applications ¥ will be independent. of Ry and M. Thus for a given geometric fan family {5,, 5, ... S, the same} ¥ is
dependent only on ¢.

¥ = fig}

Under these conditions, there is a one to one relationship between flow coefficient and pressure coefficient.

A Q

The relation ¢ = {(¢} or ﬁ =1 [ mJ also embodies all of the fan laws (see 409.5). As such it is often convenient to plot fan dats
Fa 2
e

in terms of ¥ vs ¢ and » {static efficiency). Plots of this type are useful for:

1} Prorating known fan performance to different speed, size, or fluid medium within the limits of independence on Reynoids number
or Mach number,

2} Comparing the performance of geometrically different fans, run at different conditions.
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3) Correlating test information.
4) Identifying Reynolds Number and Mach number effects.
Pressure coefficient ¥ can be interpreted as the pressure developed in propoertion to the dynamic head of the blade tip.
Flow coetficient ¢ is the ratio of the average velocity normal to the rotor discharge area to the rotor tip speed.
For a given operating point, the relation ¥ = f{¢} implies that with ¢, &, », fixed:

1} Pressure ~ rpm?

~ {{ensity
2} Cfm ~ rpm independent of density

Figure 1-7 shows a comparison of centrifugal fans with different kinds of blades in terms of ¢ and #.

Fosward Gurvad Blades

Radial Tip Blades

Backward Curved Blades

Pressure Coafflcient, 4

Flow Coatfickart, &

Figure 1-7.

G. Specific Speed and Specific Diameter

Ancther commonly used performance coefficient is the specific speed, n.. This is defined as the speed of a geometrically similar

fan, forcing one cubic foot of air per minute against a head of one inch of water.

nquﬂ P 3rd
s Ap*¥\0.075 -1}
Gpecilic diameter {:I5 iz defined by the following equation:
ﬂ]}* 174 0075 14
ds =D g \ (1-12)
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where DD is a characteristic diameter of the fan. For units to use in equation (1-11) and {1-12) see Part 2, Symbols. Plots of specific diameter
and efiiciency against specific speed are sometimes used for comparing different types and designs of {ans. Figure 1-8 is an example, While
these parameters have the merit of more compact presentation of performance data. manufacturers rarely publish their data in this form.

Hence these parameters are rarely useful in fan selection. These can be very useful] in fan destgn, as will be seén in Section 409.3.

!m o
BCA
BLA o
—
_m, o
Fo
B FC S N
> : \ RT
c - "'h,.
2 RT
e b

BCA  Bachwardg-Curvad Airfioll Contritugal
BL Backwam-Curwed Centritugal

AD = EC Farwerd-Curved Centrifugai
RT Radial Tip Centrifugal
P Propeter
VA Yaneaxial
l J
1w* 0°

Specific Speed
Figure 1-8. Efficiencies of Various Types of I'ans as Functions of Specific Speed.

The definitions of specific speed and specific diameter used in some publications are different from those given here. Henee before using

any data in terms of these parameters, the definitions used should be carefully checked.

H. System Resistance and System Curve

The system through which the fan is required to move air offers resistance to flow which ¢auses pressure drop. The fan has to develop
sufficient pressure to overcome this pressure drop. The resistance to flow is due to frictional effects and due to dynamic effects. In

turbulent flows, resistance to flow i1s approximately proportional to the sgquare of volumetric flow rate. Hence a system resistence R may be

defined by the following equation:

Ap* o« Q°R (1-13)

The flow in most praciical systems is turhuient.

A system curve is a plot of pressure drop in the system at various flow rates. If the pressure drop at a particular ftow rate is known,

the pressure drop at other flow rates ean usually be caleulated by the ahove relation. System curves are very valuable in fan selection and

analvzing the fan-system relation over the range of operating conditions.
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I. ELEMENTS OF FAN

Figure 2-1 shows the elements of a typical centrifugal fan and the terms by which they are called. This figure shows the most
common design of centrifugal fans in which the impeller is enclesed by a housing which discharges the air at right angles to the air
inlet direction. There are designs in which there is no housing, for example in power-roof ventilators. In tube-centrifugal fans, the impeller

is enclosed in a tube and the discharge is in the axial direction, as shown in Figure 14.

*HOUSING
SCROLL HOUSING

VOLUTE
CASING

+*SPIN BAFFLE

VORTEX BREAKER
DHVERTER

ANTI-SPIN PLATE

*CGENTER PLATE
CENTER DiSK

BLAST AREA

*OUTLET
DISCHARGE

{UTLET AREA

*SCROLL SIDE *BACKPLATE
SCROLL PIECE HUB DISK
SIDE SHEETY HUBPLATE
SIDE PLATE WEBPLATE

“BLADES
*INLET FINS

INLET CONE FLOATS
INLET BELL
INLET FLARE
INLET NOZZLE
VENTURI

*SCRAOLL
BAND
SCROLL SHEET
fIMPELLER i .
WHEEL
WHEEL SCROLL BAGK
*SUPPORTS
*RIM STIFFENERS
SHROUD .
WHEEL RIN
*BEARING WHEEL CONE
SUPPORT RETAINING RING
INLET RIM
PEDESTAL “INLET COLLAR WHEEL AIM
INLET SLEEVE FLANGE
INLET BAND INLET PLATE +PREFERRED

Figure 2-1. Components of Centrifugal Fan with Common Terminology. From AMCA Publication 201[2.1].
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II. VARIOUS FAN CLASSIFICATIONS

Centrifugal fans may be divided into groups according to their blade shape, drive arrangement, type of inlet, type of discharge, and
their pressure-flow range. These classifications are discussed in the following.

A. Blade Shape

The blade shapes of centrifugal fans may be divided into four general groups, as shown in Figure 2-2.

Figure 2-2. Centrifugal Fan Blade Shapes.

1. Backward-inclined (a) {b)

2. Backward-inclined radial-tip {¢)
3. Radial (d)

4. Forward-inclined (e} (f)

For fan wheels of the same size and speed, the alphabetical sequence in Figure 2-2 parallels a trend toward increasing number of blades,

inlet diameter, axial width, static pressure, capacity, turbulence, horsepower requirements, and decreasing stability and efficiency.

B. Drive Arrangement

Fan wheels are usually driven by electric motors becaunse of the high efficiency and smooth operating characteristics of motors.
Oceasionally, however, they are driven by other means, such as gasoline or diesel engines or steam turbines. The fan wheel may be
mounted directly on the driver or may be driven through a rigid, flexible, or fluid coupling or a belt drive. The direct drive is preferred
whenever space and speed limitations permit. Air Moving and Conditioning Association (AMCA), in its Standard 2402, has riven sixteen
standard drive arrangements which are shown in Figure 2-3. These have been generally adopted by the manufacturers.

SW — Single Width DW — Double Width
81 —Single Inlet DI —Double Inlet

Arragements 1, 3, 7 and 8 are salso available with —
bearings mounted on pedestals or base set independent

of the fan housing.

ARR. 1 SWSI For belt drive ARR. 2 SWSI Far belt drive
or direct connection. Impeller or direct connection. Impeller
overhung. Two bearings on overhung. Bearings in bracket
base. supported by fan housing.

Figure 2-3a. Standard Drive Arragnements per AMCA Standard 2404-78.
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ARR. 3 SWSI For belt drive or
direct connection. One bearing

on each side and supported by
fan housing.

ASRR. T DWDI For belt drive
or direct connection. Arrange-
ment 3 pluos base for prime
mover.

ARR. 3 DWDI For belt drive or
direct connection. One Bearing

on each side and supported by
fan housing.

ARR. 4 SWSI For direct drive.
Impeller overhung on prime
mover shaft. No I}euring:s on
fan. Prime-mover base mounted
or integrally directly connected.

ARR. 8 SWSI For belt drive or

direct connection. Arrange-
ment 1 pius extended base for

prime mover.

hase,

ARR. 9 SWSI For belt drive.
Impeller overhung, two bear-
ings, with prime mover outside

=

ARR. 7 SWS] For belt drive or

direci connection. Arrange

menl 3 plus base for prime
Inover.

ARR. 10 SWSI For belt drive.
Impeller overhung, two bear-
ings, with prime mover inside

base,

Figure 2-3a. Standard Drive Arragnements per AMCA Standard 2404-78. (Cont’d)
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ARR. 1 SWSI WITH INLET
BOX For belt drive or direct
connection. Impeller overhung,

two bearings, on base. Inlet box
may be self-supporting.

N

E- ?F_.:J

S I |
o = e o

ARR. 3 DWDI WITH INDE-
PENDENT PEDESTAL For
belt drive or direct connection
fan. Housing is self-supporting.
One bearing on each side sup-
ported by independent ped-
estals.
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ARR. 3 SWSI WITH INDE-
PENDENT PEDESTAL For
belt drive or direet connection
fan. Housing is self-supporting.
One bearing on each side sup-
ported by independent ped-
estals.
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ARR. 3 DWDI WITH INLET
BOX AND INDEPENDENT
PEDESTALS For belt drive or
direct connection fan. Housing
is self-supporting. One bearing
on each side supported by in-
dependent pedestals with shafi
extending through inlet box.
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ARR. 3 SWSI WITH INLET
BOX AND INDEPENDENT

PEDESTAL: For belt drive or
direct connection fan. Housing
is self-supporting. One bearing
on each side supported by in-
dependent pedestals with shafi
extending throngh inlet box.

| [ S—
o —_

ARR. 3 SWS1 WITH INLET
BOX For belt drive or direct
connection. Impeller overhung,
two bearings on base phis ex-
tended base for prime mover.
Inlet box may be seif-support-
ing.

Figure 2-3b. Additional drive arrangements per AMCA Standard 2404-78.
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C. Type of Inlet —

The three principal types of inlet are single-width, single-inlet: single-width, double-inlet; -and double-width, double-inlet. The

single-width, single-inlet construction is shown in Figure 1-1,

To obtain double-inlet construction with the same fan, the air is admittedd axially from boih ends of the shaft, and a material
improvement in static pressure capacity and efficiency is obtained. The double-width. double-inlet construction is obtained by placing

two single-width, single-inlet fans baek to back in 2 single easing.

. Type of Discharge

With most centrifugal fans, a seroll castng s provided, as shown in Figure 1.1 of Section 409.1. Its main functions are, first. to
colleet the individual air streams from the blades and direet them to a single outlet and, second, to convert some of the veloeity
pressure of the gas leaving the blades inio static pressure. The conversion is most effective with forward-inclined and radial blades
since the gases leaving the impellers of these fans have relatively high velocities. The gases from backward-inclined blades, on the

other hand, have relatively low velocities so that scrolls add littie to their performance.

The demands of different installations may require different direetions for the discharge opening refative to the inlet opening.
Sixteen different directions have been standardized hy AMCA, through its standard 2406, as shown in Figure 2-4.

(u”l

Clockwise Clockwise ﬂ“ﬁwﬂl Clackwise l
Top Howzontal Top Anguisr Down Botlom Angvler Down

Direection of rotation is determined from drive side of

fan.

On single inlet fans, drive side is always condidered as
the side opposite fan inlet.

On double inlet fans with drives on both sides, drive

Ch:km side is that with the higher powered drive unit.
Top Aﬂﬂ“h" Up Bottom Angull-r Up Bottom i'lwhuﬁli ' . . ) . .
Direction of discharge 1s determined in accordane with

diagrams. Augle of discharge is referred to the hori-

zontal axis of fan and designated in degrees above or
below such standard reference axis.

For fan inverted for eceiling suspension, or side wall
mounting, direction or rotation and discharge 1s de-

L‘wn!ﬂfdnthllﬂ Cﬂunl‘llth:iwh& Enunhr:lﬁckwm
Top Horizontel Tep Angulnr Up BoHom Angular Up termined when fan is resting on floor.
Cavnierclocdkwise Countercdlochwine Counterciockwise
Top Angulsr Dewn Dewn Blam Botiem Angulsr Dewn Rattern Marizantal

Figure 2-4. Designations for Rotation and Discharge of Centrifugal Fans According to AMCA 5Standard 2404-66.
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In occastonal installations the impeller will be encireled by a diffuser consisting of a series of curved stationary blades that convert

some of the velocity pressure into static pressure. The cost and space requirements of such diffusers seldom justify their use.

For installations in which there is not room for a scroll or diffuser, or the gas is discharged into a large space. the scroll casing is

frequently eliminated. This arrangement is nsually called radial or circumferential discharge. Motor and generator cooling applications
are usually of this type.

K. Classification According to Flow-Pressure Capability

AMCA Standard 2408 has divided each type of centrifugal fan into three classes according to their pressure-flow capabilities. Class
I fans develop the least pressure while Class III fans develop the highest pressure. The pressure capability of Class II fans is

intermediate between that of Class I and Class I fans. Figure 2-6 shows the classification for single width backward inclined and
airfoil blades. AMCA 2408 also gives similar graphs for other designs of centrifugal fans.

These classifications are widely accepted and used in the industry.

16 To be designated as meeting the requirernent of a specified Class,
I' as defined in this Standard, a fan must be physically capabie of
operating safely at every point of rating on or below the “minimum
performance” limit for that Class.

14 - ; /
, 13%" @ 3780
i Ratings may be published
in this Upper Range. r!

12 = /
Typicat Class 1 ‘ _
Characteristic Curve Fanisrequiredtobe
physically capable of
performing over this

range.

ek
O

Static Pressure (SP), Inches of Water
-2 o

Ratings may be published in this Lower Range.

— | | ENU—
1000 2000 3600 4000 2000 6000 7000

Qutlet Velogity (OV), Feet per Minute

Figure 2-5. Classification of Single Width Backward-Inclined and Airfoil Blade
Ventilating Centrifugal Fans According to AMCA Standard 2408.
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[II. PERFORMANCE CHARACTERISTICS

The relative performance of three main types of radial flow fans are shown in Figure 2-6. These curves do not show the behavior of
any particular fan but rather the average characteristics of fans of these types.
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Figure 2-6. Characteristics of Radial-Flow Fans with Seroil.
(Caution: The rated pressure will vary with the type of bizde, for the same size and speed)

On these curves are shown static pressure, static efficiency, and fan horsepower, plotted as a function of flow at constant speed. These

quantities are plotted as percentages of their rated value (except efficiency, which is already dimensionless) in order to show the charac-

teristics of a series of fans, rather than just those of the particular fan tested. These eurves are discussed in the following. Also see [2.2].

A. Backward-Inclined Blades

1. Pressure

The pressure curve of Figure 2-6a shows that, starting with the no-delivery point at left with higher than design pressure, the curve

passes through the design point {taken at maximum static efficiency) to the point of free delivery at far right. Aside from a slight rise
that sometimes occurs near the point of no-delivery, the curve falls steadily without the dips that frequently occur in the curves of

forward-inclined blades and axial flow fans. This pressure characteristic of backward-inclined blades results in a stability of performance

that makes these blades (and radial-Lip blades with similar characteristics best suited for fluctuating systems and parallel operation.

2. Fan Horsepower

The peak value of brake horsepower oceurs in the operating range of the fan not far from the point of maximum efficiency. When the
driving motor is selected with a power rating equal to this peak value, overloading of the motor is impossible. Thus, the backward-

inclined radial fan is said to be of the non-overloading type, a very desirable characteristic.

% Supersedes issue of July 1959
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3. Efficiency | |

The point of design is usually taken at the peint of maximum static efficiency. Eighty percent static efficiencies are common in large,
well-designed units. Efficiencies up to 91 percent have been achieved in large centrifugal fans with airfoil biades.

B. Forward-Inciined Blades

1. Fressure

The region of decreasing pressure with decreasing flow. apparent in the pressure curve of the forward inchined biade fan (Figure 2-6c)
may cause unstable operation when this type of fan is operated in parallel with similar fans or on fluctuating systems. Even in other
applications, preeautions must be taken so that the fan does not operate in the unstable range of the pressure eurve,

2. Fan Horsepower

With increasing volume the fan horsepower increases rapidly, giving a maxirmum horsepower at maximum rate of flow. This

maximum horsepower is frequently twice the horsepower at maximum efficiency. Since radial-flow fans are seldom operated at

maximum flow {(axial-flow fans operating more efficiently here), this means that power requirements are much larger beyond, than

within, the operating range. Thus forward-bladed fans are said to have overloading characteristics, a great disadvantage for some
applications.

With units having small horsepower requirements, a motor is selected capable of supplying the load at free delivery. With large
units, however, this procedure is uneconomical and a motor is selected only slightly larger than needed to supply power requirements

under operating conditions, provision being made in the installation design to prevent operation at too low static pressures.

Thus the operating range of the forward-inclined hlade fan, limited at high flows by increasing power requirements and at low flows
by unsiable operation, is much narrower than that of the backward-blade fan.

3. Efficiency

The static efficiency curve has its maximum at the point of design. Maximum efficiencies for large well-designed fans with suitable

scrolls may be as high as 77 percent as compared with 91 percent for backward-inclined blade fans. Efficiencies of forward-curved fans
often range from 50 to 60 percent when operating at the design point.

C. Radial Blades

The performance characteristics of radial blade fans {Figure 2-6h) are, in general, intermediate between those of the backward-

inclined and forward-inclined blade fans. With za properly designed inlet, the efficiencies can be about as high as for the forward-curved
fan. However, the simple radial blade, with no curvature at inlet, which is used on electric machine applications for the same performance

in either direction of rotation, has very low efficiency due to the shock loss at entrance.

IV. IMPELLER DESIGN

A. General

Some important factors in impeller design are briefly discussed in the following. However, the information given here is not

comprehensive. Those interested in detailed information will find {1.1] particularly useful and it also contains extensive references to
other sources of information. Also see [2.3] and [2.4].

I * Supersedes issue of July 1958
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B. Forward, Radial or Backward

Tabie 2-1 summarizes the main operating characteristics of the three major types of centrifugal fans. This table, together with the

performance characteristics shown in Figure 2-3 and the discussion should give a clear indication of the fan which is best for a given

application.

Table 2-1

Effect of Blade Shape on Centrifugal Fan Uperation

Characteristic Backward-Inclined Radial Forward-Inclined
Mumber of blades Smallest Mediom Largest
Size for same pressure and capacity Largest. Medium Smallest
Volume handled for same size and speed Smallest Medium Highest
' Range of produced volume of flow Widest Medium Marrowest
Pressure for same size and speed Lowest Medium Highest
Efficiency (1) Highest Medium Lowest
Usual operating speed Highest Medivm Lowest
Overloading characteristics Non-overloading Usually Will overload under
non-overioading some conditions
Reversihility Not reversible Reversibie {with Not reversible
straight blades)
Suitability for parallel operation | Best Medium Worst
Suitability for direct motor drive Best Medium Worst
Self-cleaning characteristics Nonself-cleaning Self-cleaning Nonself-cleaning
Cost for same impeller size T Higher Lowest (with Higher
straight blades)

{1) Radial and forward-inclined have scrolls.

C. Biade Profiie

For forward-inclined and radial blades, only single-thickness profiles are used. For backward-inclined blades, both single-thickness
2pd airfoll profiles are in use. Properly designed airfoil blades signifieantly reduce aerodynamic losses. Efficiencies up to G2% have been

achieved in large fans using airfoil blades. However, airfoil blades are more expensive and may not always be econcemically justifiable in

small fans where the gain in efficiency is generally modest.

—_-_—___—_-._-‘—__——'—-——"__-—
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D. Blade Inlet Angle

From Figure 2-7, it is clear that the angle of entrance of air is given by:

- 1vh’
tan (3} = | (2-1)

u,

Figure 2-7. Blade Inlet and Outlet Angles and
Fluid Entrance Angle.

The angle of incidence then is given hy:
1=0 b (22)

According to [1.2], experiments have shown that optimum i for heavily backward curved blades is—3to 5%. But for heavily forward-
curved biades, the optimum value of i is moch more than 0°.

A theoretical derivation by Eck {1.1] (page 93) shows that the optimum value of f,18 35.26° in the absence of pre-rotation. If air is pre-
rotated in the direction of impelier, optimum A, increases. Pre-rotation in the reverse direction reduces B .. Curvature of entrance reduces

optimum 3_below 32.5°.

E. Blade Exit Angle

The angle §, is the angle between the blade at exit and the tangent to the impeller circumference at this point. This angle has a profound
effect on the pressure developed. Theoretical calculations on an ideal impeller show that the total head developed increases with increasing L
but at the same time the statie pressure portion of total head decreases. Maximum total head is developed by extremely forward-
curved blades with the static head being zero. Radial Blades {8, = 90°) develop half of their total pressure in the form of static pressure.
Figure 2-8 shows the variation of theoretical head with Py

Thaorsticsl Presaure Head

Figure 2.8. Effect of Blade Exit Angle on Theoretical Pressure Developed by Centrifugal Fans [1.2].

* SUPOrsews 1ssue of September 1960
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F. Number of Blades

The number of blades has two effects. If too nany are used the surface friction loss increases and there is too much restriction of the
inlet air flow to the blades. If too great spacing is allowed, losses oceur due to vortex formation.

Eck {1.1] {page 51) has given an approximate formula for determining number of blades:

Si
N = 8.5 ",
1-D/D,

{2-3}

This formula is intended to gfive an indication of the number of blades needed for radial impellers, the author stating that the optimum
number of biades can only be determined experimentally.

According to Cherkassky [1.2] {page 50}, experiments have shown that the optimum number of blades is obtained by spacing them at
about half the blade length.

GG. Ratio of inner Diameter to Outer Diameter

For a fan with given outer diameter and speed, higher pressures are produced by longer blades. However., as the inner diameter is
reduced, the flow becomes restricted. Thus, the inner diameter should not be made so small that more head is lost at entrance due to the
restriction of flow, than is gained by the increased blade length.

The effect of diameter ratio on efficiency is generally smell. Good efficiency is generally abtained within 0.3 < DIJ’DE < .8, Best
efficiency is generally obiained with D /D, = 0.6 to 0.7 {1.2] (page 51).

A theoretical deviation by Eck [1.1] (page 95), shows that the optimum value of D /D, is given by:

=] J =

=
H. Blade Width

The width of blade at entrance (b ) is usuually chosen such that the velocity upstream of the blades equals the velocity through the
blades. The ratio of entrance area to the entrance area at the inner blade edge is (see Figure 2-9):

A /4D, (2:5)
AI nleI 4b1
b, —ef
Figure 2-9. Blade Width. — |
o —1 |
If Ai = A, it follows that:
Dl

b, =5 (2-6)

W Supersedes issue of September 1940
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According to Cherkassky [1.2] (page 51) experience has shown that best results in some cases are obtained with somewhat larger
values of b,. He recommends that b, be obtained by the following formula:

b, = {1to 1.5)D /4 (2-7)
The width of blades at exit, b, is usually determined by the following relation:
b, =bD/D, {2-8)
For ease of manufacture, h1 = l:-2 is sometimes used. This results in 2 to 3% loss in efficiency [1.2] (page 51).

V. FAN INLET DESIGN

Conditions at the inlet to the fan are very important for satisfactory operation. If careful attention to streamlining is neglected, poor

efficiency and noisy operation will result. The addition of an inlet orifice, properly dimensioned to direct the flow smaoothly into the fan,

greatly improves performance.

The design of inlets may be as important as the design of the fan itself. This is especially true in the design of a fan by sealing up or
down from a similar fan. Inlet conditions should be duplicated, in the chosen scale ratio, as closely as possible.

Proper design of inlets leads to not only good periormance characteristics, but aiso minimum noise level. Inlet design should be

chosen beth to minimize resistance to flow and to improve the flow lines so that eddies (flow separation from the surface) and entrance

shock do not gecur.

Inlets and inlet conditions not purposely constructed to provide good flow are so varied in character that very little can be said about
them even qualitatively. Each individual case deserves careful consideration. Smoke tests are useful in this connection.

A_ Shape of Inlets

The type of fan blade and shape of inlet to be used for a given application will depend upon the relative importance of high effieiency
and first cost for that applieation. For instance, optimum performance can be obtained by using a blade shape as shown in Figure 2-10 {e);

however, cost considerations may dictate the use of an inlet as shown in Figure 2-10{c), 2-10{d), or even 2-10{b). An inlet as shown in
Figure 2-10(a} should be avoided sinee poor efficiency and noise will resuit.

AN 1Y

(a) bad (b) better still better {e] beat

Figure 2-10.

* Supersedes issue of Soptomber 1960
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The use of a beveled blade shape, as shown in Figure 2-10{e}, compensates for the axial momentum of the air entering the fan which
tends to carry the air toward the backplate, P. The increased depth of this blade also inereases the developed pressure. Eddies, E. may
still exist near the shroud, S, however, unless the inlet surface is faired smoothly to a radial direction, as shown in Figure 2-10{(d). {Ref

[2.5), page 23). Blade shape, 2-10{d}, is highly desirable because the flow changes gradually from axial to radial.

B. Size of Inlet

The area of flow at entrances should not be made so small that appreciable head is lost in this region. Sharp bends and restrictions
should be avoided.

Design of inlet orifices depends upon the ]I}',/]Z.’r2 ratio of the blades and upon the biade length b.. In any case, it is highly desirable
that {rD */4) be greater than (wD, b} [2.6]. See Figure 2-11 for notation. This prevents flow separation {from shroud, 8, and crowding of
the flow toward the backplate, P. This requirement results in narrow blades, i.e., small hl. but the volume output per inch of biade
length is high.

C"‘Ir—s p

Figure 2-11. Do Dy

For the case where D, = D._ the requirement becomes: D = 4db.

Liess conservative ratios are recommended ({2.6] page 70-75) as follows:

Backward Radial Forward
turned blades blades | turned blades
0.609.75 large volume fans 0.70-0.80 mechanical draft fans
DU’KDE 0.2.0.5 pressure fans - 0205 proeaoura blowers 0.80-0.95
Recommended b/ Da 0.40 — —
Upper linut b, /D, 0.55 largre volume fans 0.55 0.65

. (iearance

Clearance bet ween inlet orifice and the impeller shroud (C in Figure 2-11) should be as small as manufacturing methods will allow, as

this clearance causes leakage of discharge air back to the inlet. This results in loss of volumetric efficiency. A clearance of 0.5% of fan
diameter is easily achievable in practice. The higher the fan pressure head, the greater is the importance of minimizing clearance. Eck
recommends that for D /D, of 0.6 or less, use of a labyrinth seal should be considered (Ref. 1, page 82}

Y Suparsedes iesue of Sepltomber 1940
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In fans with forward-curved blades, one may keep a large clearance to provide recirculation which will improve stability during
discharge throtiling. However this will cause deterioration in efficiency.

D. Inlei Contirol of Veloecity and Direction

Twisted radial turning vanes (stationary} located close to the fan in the inlet stream have been used to give the air an introductory
rotation in the direction of blade rotation prior to entrance into the blade. Shock of the inlet edges is thereby reduced, resulting in a net

increase in efficiency, and general performance is improved.

1f the inlet guide vanes are turned backward {against rotation) more energy is imparted by the impeller to the fluid and an increase in
pressure or capacity or both may result, but at a loss in efficiency. Inlet flow conditions may be predetermined by the use of adjustable
inlet guide vanes which can be adjusted to give high efficiency over a wide range of flow. If the entering air has a comnponent of rotation
in the direclion of fan rotation, it will decrease the relative velocity of the air and fan blades. If it is rotating against the fan, it increases
the relative velocity. For this reason, the operating characteristics of a fan rotating at a given speed can be varied widely by giving the
entering air a component of rotation. Variable inlet guide vanes (VIV) are discussed in Section 409.9.

Badly designed inlet duct connections can cause deterioration in fan performance due to system effects {Section 409.4).

V1. FAN SCROLLS

A. Purpose of Scrolls

The fan casing serves two purposes. First, it collects the air discharged by the impeller and delivers it to one or more outlets as
needed. Second, it converts the velocity pressure developed by the impeller to statie pressure. As is seen in Figure 28, a significant
portion of the total pressure developed by most impellers is in the form of veloeity pressure. Hence this conversion funetion is of much
importance, especially for forward-curved blade impelfers. The collection of air and conversion from velocity to static pressure should be

carried out with minimum losses,

B. Types of Scrolls

The casing most commonly used is involute shaped with straight sides. See Figure 2-12(a). The annular gap between the impeller and
casing increases as the easing exit is approached. Usually, the casing has a single outlet. However, multiple outlets are sometimes used if
supply to more than one duct is needed. Figure 2-12(b) shows a casing with two outlets. Casings with multiple outlets mainfolded
together to a single outlet have been found to improve efficiency and are sometimes used (Ref. [1.1] page 203).

ii

(b} double
(2) involute discharge
seroll

Figure 2-12

* Supersedes issue of Septeanber 1960
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Some fan casings-include diffusion vanes {guide vanes) around the impeller as shown in Figure 2-13. Air discharged by the impeller
expands as it flows through the diffusion vanes, thus converting kinetie energy to potential energy. For efficient eonversion, the vanes
should ideally have the shapeof a togarithamic spiral. However, straight vanes are usually used because they are easier to fabricate (Rei.
1.1 page 187). Diffusion vanes are rarely used in single stage fans.

Soroff

Difluser Vanas

Figure 2-13. Fan with Diffuser Vanes.
] Impalier

C. Design of Involute Casings for Serolis

The periphery of a scroll is usually an invoiute curve generated from a circle. An involute is the curve generated by the end of a
string (b-e in Figure 2-14) which is kept taut while being unwound from z cirele, ¢alled the generating circle {radius a in Pigure 2-14). The

equations of the curve are:

x = aleos & ¥+ 0 sin &) {2-9)
y = alsin & — # eos &) (2-10)

where # = the angle, measured from the peint of intersection of the involute and the generating circle radiuas, in radians

a = the radius of the generating circle

EXPANSTON

ANGLE \\EE Lg ]

) CUT-OFF

‘ / ANGLE
\\ Peo o
e g

?\...__ -
AN GENERATING
CIRCLE CIRCLE

Figure 2-14. Design of Involute Casing.

M
* Supersedes issuo of

GENERAL @ ELECTRIL



Fluid FANS section 409.2
Flow CENTRIFUGAL Page 15

Division Apnl 1983
These equations permit a point by point calculation of the invelate when the radius of the generating circle. a, is known. The size and

shape of a fan scroll depend upon the radius of the base circle, a, the diameter of the fan impeller plus clearance (fan circle), D,’,
(clearance requirements are discussed later), the width of the scroll opening, L, the expansion angle, a, {see section 406}, and the cutoff

angie, 8., These quantities are all shown in Figure 2-14,
The relationships between the principal parameters of the scroll are:
a = (D, /2isina, {2-11)
L, =a(2r - 8, + ctn a,} = scroll opening (2-12)

The construction of an involute may be accomplished as foliows. The radius of the generating circle, a, is determined by the expansion
angle, a,, and the diameter of the fan plus clearance, D, (see equations}. The involute car then be constructed about the generating
circle by caiculation of equations (2-9) and {2-10). The cutoff angle, g, is measured from 6 = 0 to 8 radial line drawn through the
intersection of the involute and the fan circle. A line drawn through the intersection, e, of the fan circle and the radius at r = {, and

tangent to the generating circle, a, interseets the involute at the termination point, ¢, of the involute. This line determines, Ls the seroll
length at the exit.

The straight portion of the exhaust should extend a iength at least equal to the fan diameter, D, as shown in Figure 2-14 for best
performance §2.7]. Experience has shown, however, that this extension can be materzally reduced without serious loss in performance.

1. Clearance and Cutoff Design

The amount of clearance over the cutoff is about 20% of the impeller diameter. Clearance as small as 5% may be used (Ref. [1.31 page
211). If the ecutoff lip is tooc close to the impeller, noisy operation will result.

2 Casing Width and Impeller Location

The casing width, w, should be approximately 1.6 the blade width, b, except for backward leaning blades where a ratio of as high as
2.2 has been found best. If w is less than this value, the fan capacity drops below its optimum value.

The fan should be located closer to the backplate than to the inlet opening as shown in Figure 2- 15, By this arrangement better
performance due to a better distribution of the air over the axial length of the blade is obtained. (Ref. [2.7] page 13 and Ref. [2.8] page 144.)

DISCHARGE

= *‘1 W —

D [ b —

Figure 2-15. Casing Width.

INT AKE

INVOLUTE

* Supersedes issue of
cENERAL @ ELECTRIC



Fihaid

, B or w or all three combined.

0N 111 Ele

)

3
1*I}IA

16 BLADES AT 4000 RPM

|
|

6DIA
494"
2013
1in.

wnlink
———
—
—
———m
—

360° discharge

e—Seroll - A
e
Beo
w
x—Sceroli + B
ﬂE
Peo
O —Seroll - G

A —No seroll

0%H ‘Ul ‘(peay o73838) KAV
i -

= 129%¢’
Peo ™ 60°
= 15 in.
where w is scroll width

ﬂE
W

* Supersedeos issue of

FANS

200
0.3

CENTRIFUGAL

SENERAL @ ELECTRIC

150

G.2

g

100
Figure 2-16. Effect of Scroll on Radizl Fan Performsance.

QR flow - CFM
Q/{nZ bz n Dz°)

Experience has shown that small deviations from the true involute shape which might be necessary in order to fit the scroll in the
The effect of this type of seroll on the performance of a single radial tip impeller is shown in Figure 2-16. The curve shows the

3. Space Limitations

4, Performance
anfavorabie effect on performance of an excessive reduction in outlet opening whether by reduct

space avaiiable will not have any noticeable effect on fan performance.
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Vil. DIFFUSERS FOR FANS WITHOUT SCROLL

A multivane diffuser, as shown in Figure 2-17 is used if it is desired to effect recovery of velocity head but it is not desired to direct

the air leaving the blades in only one direction. Where direction of the air is desired, scrolls are used; they are discussed later in this
section.

Figure 2-17. Multivane Diffuser.

Eqguations for design of multivane diffusers (Figure 2-18) are as follows: {Development of these equations may be found in Ref. [2.7].

ta
and
A 24
dy = ‘N—d (2-14)

where A4 = cross sectional area, measured perpendicular to the direction of relative flow between the diffuser blades at the diffuser exit
AF = fan exit area, ergb, where b = blade width
AdN = discharge area between each pair of blades
vta = total flow velocity of air leaving the diffuser perpendicular to A 4
u, = tangential component of velocity of air leaving fan
¢ = flow coefficient

Nd = number of diffuser vanes

*Supersedes isene of
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In many cases the radial component of velocity, V., of air leaving the impeller is small encugh compared to the impeller tangential
veloeity, u,, so that V; and u, are nearly equal. In such cases, a velacity ratioof V, /V, = 0.70isa typicat choice so that:
2 3 2

vV, = 0.70 Vt_ = 0.70 u,, and substituting in equation {2-13)
= =
Ag=143¢ Ap 12-15)

The shape of the diffuser blades is an invelute curve about the fan center. For six or more blades a fixed radius curve 1s

an adequate approximation. The blade angle at the diffuser should be parallel to the velocity vector V, ; it therefore depends
2

on the flow (or the flow coefficient, ¢} expected, which in turn is afHested by the flow resistaneo of the systems in which the fan operates.

VIII. FANS WITHOUT SCROLLS OR DIFFUSERS AS USED IN SMALL MOTORS

A. Blade Width and Shroud Depth Interdependency

Blade axial width, b, and shroud radial depth are interdependent and must therefore be considered together. There is an optimum
fan blade depth and shroud depth for each load restriction. There is also an optimum blade width, b, and blade inlet area A, = {zbD }
for each shroud depth. If b and A, are too small compared to the shroud inlet arez for axial flow to the impeller they will offer

oxcessive restriction and use up an excessive amount of the static pressure produced by the fan. If b and A, (or more specificaily, D }
are too large compared with diameter at the shroud inlet, the radial component of flow at the blade inlet periphery will be too small

and excessive impact loss will result {2.9].

Figure 2-19(z) shows the refative propartions for high flow, low pressure work. Figure 2-19(b) shows the relative proportions for

medium flow, medium pressure work. Figure 2-19(¢) shows the relative proportions for high pressure, low flow work [2.9].

Where the blades extend inward nearly to the center of the fan Figure 2-19(c), shroud depth rather than blade depth is the
important dimension to consider. Its effect is illustrated, for narrow blade fans, in Figure 2-20 [2.9].

BACK CURVED BLADE

STRAIGHT BACK SLOPE BLADE ’
v —

RADIAL TIP BLADE

LARGE
BLADE
INLET
ARER

O {(2) LARGE SHROUD
INLET AREA

—
| SMAL
BLiog Sk
INLET
AREA AREA
I _ - .
RADTAL RADIAL
INLET O INLET (») MED SHROUD INLET O INLET (o) SMALYL SHROUD
BLADE BLADE INLET AREA BLADE BLADE INLET AREA

Figure 2-19. Fans Without Scrolls or Diffusers.
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Figure 2-20. Radial Fan Blade Depth Comparison {Marrow — 16 Blades —4000 RPM}.

B. Clearances

Stationary shrouds must have close clearances (less than about 0.4 percent of outer blade diameter) with the blades; pressure
outputs and flow, Q, both suffer from too large clearances. See Figure 2-21 for comparison of narrow blades.

Considerations of economy of manufacture or convenience of assembly sometimes make it desirable to permit large running
oclearances resulting in a relatively poor seal between the exhaust and inlet side of the fan. When designing a fan for such conditions,
provision should be made for greater sir flow through the impeller to allow for the recireulation. As an approximation one may use an
inerease of flow of approximately 25 percent; then check the final design by caleulating the usual air flow by the method outlined in
Ref. [2.106] then make any necessary final adjustments in the fan design.

M
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Figure 2-21. Clearance Comparison Using Orifice as Shroud (Narrow — 16 Blade — 4000 RPM]}.

Proper operation and maintenance is essential for satisfactory service, [2.11] through [2.18] provide useful information on this subject.
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I. TYPES OF FANS

Axial flow fans are of three basic types namely propeller, tubeaxial and vaneaxial. See Figure 1-2.

A. Propeller Fan

The propeller fan is an axial-flow fan which either has no housing, as, for example, the common office or desk fan, or has a simple ring
mounting consisting of a plate with a hole in it. An example of the latter is a kitchen ventilating fan. This fan is especially suited to
handling large volumes of fiow at low heads, nol exceeding one inch of water.

B. Tubeaxial Fian

The tubeaxial far is an axial-flow fan in a tubular housing without stationary guide vanes. It can be used at heads somewhat higher
than those suitable for propeller fans.

C. Vaneaxial Fan

The vaneaxial fan is an axial-flow fan mounted in a tubular housing with stationary guide vanes, either before or after the fan wheel.
The vanes. which may be either fixed or adjustable, direet the air flow to reduce the circulation and thus increase useful head and

efficiency. The vaneaxial! fan is used for higher pressures, while still higher heads can be developed by using several stages.

II. PERFORMANCE CHARACTERISTICS

Performance eurves for a typical axial-flow fan are shown in Figure 3-1. These curves show stalic pressure, static efficiency and fan
horsepower plotted as a function of rate of flow at constant speed. As in the section on centrifugal {ens, these curves are plotted as
percentages of their rated value.

Figure 3-1. Characteristics of a Propeller Fan.

4 of rated values

Flow, %

A. Pressure

The pressure characteristics of an axial-flow fan are very similar to those of & forward-inclined centrifugal fan. The no-delivery
pressure is high and drops rapidly with increasing capacity until 2 point at about 50 to 80 percent of rated capacity is reached. At this

e
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position a point of inflection, and on some fans a small rise in pressure, occurs. With further increase in flow the pressure drops oft
steeply until the free delivery point is reached. The inflection peint, sometimes called the breakdown point, represents a transition from
the condition of flow at low capacity, in which radial components of velocity are appreciable, to the condition at higher capacity, in which
the flow is almost entirely axial. The breakdown at low flows is caused by stalling at the blade entrance. Operation of the fan in this
region is likely to be unstable with pulsation in the flow.

B. Fan Horsepower

Figure 3-1 shows that the fad horsepower is a maximum at no flow, decreasing with increasing flow while in the unstable region. As
the flow becornes stable the horsepower increases to a value less than that for zero flow end then again deereases with larger flows. The
slope of the decreasing portions of the curve varies widely among different designs. With some fans, it is practically horizontal, while
with others it is quite steep. Fans with steep characteristics require much larger motors than for rated conditions.

C. Efficiency

Axial-flow fans are usually used for the development of velocity head, hence the total efficiency rather than the static efficiency 18
commonty taken as a basis for rating. Total efficiencies of up to 70 percent may be attained with small enclosed units. however

efficiencies of 50-60 percent are more common. Large vaneaxial units frequently attain 85 to 90 percent. Open, household type, fan

efficiencies range from 40 percent for smali fans to 50 percent for large exhaust fans.

1. FAN DESHsN

Some factors involved in fan design are briefly discussed here and some design formulas are given. For detailed mformation
on fan design, see [1.1] to [1.4] and {3.1}

A. Definitions

The various terms involved in fan design are first defined. Figure 3-2 shows & cylindrical section through blades developed on a plane.

Figure 3-2. Blade Cascade of an Axial Flow Fan

with Various Definitions.

B, is the angle between the tangent to the blade mean thickness line at the blade leading edge and a reference line drawn tangent to
the hub at that point in the direction of rotation. Similarly, g, is the blade angle at the trailing edge. The angle which the entering
air stream makes with the tangent in the direction of rotation is ﬂI and f, is the corresponding angle where the air stream leaves.

A straight line joining the leading and trailing edges is called the blade chord. Its length '[c is known as the chord length or
blade width. The angle y between the chord and the reference line is known as the blade setting, or stagger angle, or the piteh angle.

W
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The angles and lengths shown in Figure 3-2 may ¢hange in the radial direction. |

Figure 3-3 shows a front view of the fan. D is the hub diameter and D, is the diameter of rotor at the blade tip. Design calculations for
axial flow fans are often done using a mean diameter Dm defined as:

Dry

=D} + D}
o (3-1}

Figire 3-3. Axial Flow Fan with Four Blades.

ot D,
B. Fan Speed

High fan speeds result in compact designs but also higher noise. If direct drive is to be used, the fan speed is limited to the

synchronous speéds of motors. The choice has to be made based on experience and the relative importance of consideraticns such as
noise and size.

C. Design Diemeters

relation between ng

According to {1.3} (page 222}, experience has shown that there is an opltimum value of {D /1,} for each value of specific speed n.. The
and optimum (D /D) based on their experience is given In graphical form in [1.3]. It can be expressed by the
following equation:

8 =Db/D, = 9460/“;““ (32}

Knowing the required flow in ¢fm, the total pressure to be developed in inches of water, and the speed in rpm, n can be caleulated with
Eq. (11). It should be noted that Eq. (3-2) is applicable only for n, between 42,000 and 230,000. Extrapolatians sheuld not be made.

According to [1.2] (page 212], values of {DI;'DEII used in practice range from 0.4 to 0.8, with the higher vzlues being used for higher
pressure fans.

Applying the continuity equation, the following dimensionless equation is obtained for I _[1.2]:

1 Il g

DE = 0.74 Slu — Sf} E

{3-3)

where k is the ratio of air velocity through the passage between hub and casing to the peripherat veloeity at hub. This can be expressed as:

449
k= HEHD_::“. — 89 8§

{(3-4)

W-_w
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This is a dimenstonless equation and hence any consistent units can be used. For example take Q in ¢fm, n in rpm, and D and D, in
feel. The value of k is generally between 0.6 and 1 [1.2].

One way to use the above equations is to first assume a value of k between 0.6 and 1 and calculate Dl and DE with Eq. (3-3) and
t3-4). 5. thus caleulated can then be checked against Eq. (3-2). Also see {3.61.

D). Number of Blades and Blade Pitch

The pressure developed increases directly with the number of blades. The relation breaks down as the number of blades becomes
large. smee there is interference between blades and restriction of flow due to the cross-sectional area of the blades. The selection of

the eorrect number of blades is largely a matter of experience. For low pressures, it is usually desirable Lo have as few blades as possible,

two, three. or four being optimum depending on mechanical construetion considerations. For higher pressures, using vaneaxial or tubeaxial

construction, a large hub diameter is generally used, and a large number of blades, as many as 40.

Hef. [1.3] ipage 224} gives the following approximate formula for determining the optimum number of blades N

The blade spacing {1s obtained by dividing the circumference (7D} by the number of blades N. The value of t increases from hub
to tin. Thus:

b

Another method of caleulating the optimum blade pitch and therefore the optimum number of blades is provided by the analysis of
Zweifel which leads Lo the following formuia [1.1} {page 262):

{pimy

— = 25 Sin,[Cot, ~ Cotp,) (3-7)

E. Blade Width {Chord Length)

The biade width {, (generally known as chord length) may either increase. decrease, or remain constant with distance from the hub.

Aerodynamie considerations require that blade width should inerease from hub to tip. Structural considerations reguire the reverse. As

a compromise, many desipners use a constant blade width from hub to tip [1.3] {page 224}. As the propeller fans develop only a small

pressure rise, the forces involved are small and hence blades with width inereasing away from the hub are often used. Due to the higher

nressures and forces invalved 1in vaneaxial or tubeaxial fans, the blade width often decreases from hub to tip.

As the blade spacing t increases from hub to tip, the ratio t/ '!:: also increases similarly. Ref. [1.3] (page 224) gives two correlations in

graphieal form for optimum t/{, at the mean effective diameter D . These correlations can be expressed by the following equations
tapplicable runge ng from 40,000 to 200.000);

i
@ }:; = 19 x 107°a%™ (3-8
m

t
(w gﬂ) = 0.0064n%% (3-9)

m
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The subscript m indicates that ¢, ¢, and t, are to be at the mean efiective diameter D, which is defined by Eq. (3-1). The pressure and
flow eoefficients ¥ and ¢ are calculated using Eq. (1-5) and {1-6) with the flow area based on D . This leads to the following dimensionless

equations:

FAY
= Pt 2 (3-10)
o trDn)
2g
Q
bm = (3-11)
(7D, nl A,

It should be remembered than n_ is calculated using total fan pressure in inches of water. The values of t/{, from Eq. (3-8) and (3-9)
will generally not be exacily equal. If the difference in calculated values is appreciable, it usually indicates that 2 new value of D, should
be tried. Eq. (3-8) and (3-9) are based on data on fans of conventional design without pre-rotation.

F. Stagger Angle (Blade Setting)

Stagger angle v has been defined earlier and is shown in Figures 3-2 and 3-4. It 1s most commonly known as blade setting and is also
sometimes called pitch angle. It varies with the pressure required and with the biade shape. Within limits, the greater the stagger angle
the graater the pressure developed at a given speed, since the lift coefficient Cy, of a section is roughly proportional to the sine of the
angle of attack for small angles. As the angle increases, the point of aerodynamic stall is reached, and the instability shown in Figure 3-1
ceeurs. Optimum stagger angle can be calculated with Eq. (3-7) once {/t is known.

A\

Figure 3-4. Pitch Angle (Stagger Angle) and Chord Length. ) ROTATION

PITCH ANGLE -

\/

The stagger angle or “helix” angle should be varied from hub to tip in order to keep the pressure across the face of the fan constant,
so that the lift coefficient times the width times the relative air velocity remains constant. The parts of the blade away from the hub are
traveling faster than those near the hub and do not require as great a pitch angle to produce the same pressure, However, there is a limit
to the pressure equilization that can be achieved by this method. With a small hub diameter, there will be a greater pressure at the tip
than at the hub. This ean lead to serious back flow if the pressure difference is large. Hence for tubeaxial and vaneaxial fans operating

with larger pressure rises, the hub diameter has to he made larger.

The performance of the fan can be altered over a wide range by changing the blade setting (stagger angle). Flow reductions of up to
50 percent can usually be achieved with little loss of efficiency. Maximum flow variation usnally possible by this method is 1 to 8. Some
{ans have manually adjustable blades while some have automatically adjustable blades which permit blade setting to be modulated
during fan operation. Figure 3-5b shows performance data for a typical vaneaxial fan. Capacity controi by this method is discussed in
Section 409.9.

M
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Figure 3-5. Effect of Blade Setting on the Perfarmance of a Vaneaxial Fan.

. Blade Angle

The blade angle B, and §, depend only on the blade shape and blade setting. The fluid entering and leaving angles depend on the blade

and fluid velocities and can he determined with velocity triangles.

From Figure 3-2, it is clear that:

tang? = — (3-12)

The incidence angle B, — ,ﬂ:] is generally kept close to zero. According to [1.2] {page 213) optimum value is usually between 2° tg 7°.
The best value should be determined by testing blade cascades in wind tunnels.

The deviation between fluid angle and blade angle at the trailing edge can be calculated by the following formula derived by Eck (1.1}
{page 263):

4
(8, — B = 0.25 L By B {3-13)

Ref. {1.3] (page 226} presents curves showing a relation between ¥, and (8, — Bl based on experimental data, the subscript
“m" signifying “at mean effective diameter”. The curves can be approximated by the following equation for & m between (.06 and 0.40:

(B, — Bl = SOWOS (3-14)

H. Blade Profile

Radial flow of gas along the blade of an axial-flow fan lowers the efficiency, pressure, and flow rate of the fan and is one of the prime
causes of fan noise. Such radial flow can be eliminated by designing the blade so that the pressure differences across the blade are the

same at all sections. For details see [3.2] and [1.1].

M
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The blade profile of the higher pressure units, such as vaneaxial and tubeaxial fans, is usually an airfoil section giving a high lift
coefficient. For propeller type fans, however, the advantage of airfoil blades is small. Many good designs of biades made of thin sheets

have been made, as the simplicity of construetion outweighs the advantage of an airfoil shape on low pressure fans.

Many combinations of circular and parabolic arces are used for blades. See {1.1] for detailed design of blade profiles. Also see {1.1]

which gives simple methods for selecting blade profiles.

1. Tip Clearance

Some clearance between the blade tip and housing is necessary to permit fan operation. The size of this clearance has a profound
effect on pressure, flow volume, and efficiency. Excessive noise can also result {1.1). Measurements by Marcinowski {3.4] indieate that

there is an approximately 2% loss in efficiency for a 1% increase in clearance. Figure ‘3-8 shows data for some of the fans tested by
Marcinowski. A clearance of 0.1 percent of impeller outer diameter is frequently used when both impeller and housing are machined [1.3].

Fificlency

Figure 3-6. Effect of Tip Clearance on Maximum Efficiency of Three Fans Tested by Marcinowski [3.4].

The harmful effects of large clearance are most severe for high pressure fans with profiled blades. For very low pressure fans such as

propeller fans, fairly large clearances can be tolerated.

4. (Guide Vanes

Guide vanes may be used upstream or downsiream of the impeller. Investigations {3.5) show that upstream guide vanes are useful
only at very low hub to tip diameter ratios and particularly bad lift-drag ratios. This statement is valid only if there is no pre-rotation of
air at entrance. If pre-rotation existed, upstream guide vanes will improve performance. In most fans manufactured, downstream guide

vanes are used.
The air discharged by the impeller has a significant radial velocity component. The downstream guide vanes turn the air until this

radial component of velocity is eliminated. The inlet angle of the guide vanes should be the same as the angle at blade exi, B, The guide
vanes should discharge in the axial direction. Close spacing between guide vane and impeller blades is desirable when the operating
point is fixed. Larger spacings are preferable when the operation will be over a wide range. The spaeing should generally be about 10% of

the tip diameter [1.3].

Guide vanes are economieally justifiable where they bring about a significant reduction in pressure losses. An analysis by Eck 1.1}

(page 282) yields the following expression:

Ap, Y 1
—l = In {— (3-15)
Ap [1 — 8324 |85,

* Supersedes lssue of December 1969
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where Ap, = pressure loss if there were no guide vanes
Ap = totsl pressure developed by impeller
# = impeller efficiency

¥ = pressure coefficient

For S between 0.3 and 0.7, this formula gives losses of 5 to 10 percent when ¥ = 0.1. Hence for ¥ greater than 0.1, guide vanes
are always desirabie.

The number of guide vanes should not be the same as the number of impeller blades as it results in excessive noise. The number of

guide vanes from accoustic constderation can be determined with Baq. (6-4).

K. Fan Casings and Diffusers

The casing for the usual vaneaxial or tubeaxial fans is a concentrie cylinder around the rotor as shown in Figure 3-7. In meridionally

accelerated fans, the casing is designed such that the flow passage area diminishes in the direction of flow.

INLET DIFFUSER
CONE GUIDE VANES

IMPELLER

CONICA
RLADES ICAL

DIFFUSER
Figure 3-7. Axial Flow Fan with Diffuser and Guide Vanes.

HUB
STREAMLINING

For fans without inlet duct connections, the use of inlet cones {alsc known as inlet bell} significantly improves performance. These

may be an integral part of the fan casing but are more commonly bolted to the casing.

The velocity of air leaving the casing is usually high, typically around 4000 ft./minute which corresponds to 1 inch WG pressure. In
many applications, static pressure rather than velocity pressure is needed. The velocity pressure can be converted to static pressure

hy using a eonical diffuser, generally known as the cutlet cone. The inerease in static pressure through an ideal diffuser may be
calculated as follows:

V2 - V

1
1000 (3-16)

&p; =

where V. and V, are respectively the inlet and outlet velocities in feet per minute. In actual diffusers, the static pressure is less than

given by Eq. {3-13). Far good diffuser efficiency, the diffuser expansion angle should be kept small. The diffuser cone is generally bolted
to the fan casing. Diffuser design in general is discussed in Section 406.

To minimize losses, the hub nose and tail should be streamlined. The extended hub tail shown in Fipure 3-7 is generally cut short in
commercial fans to make the unit more compact. This results in & stight loss of efficiency.

GEHEHAL@ELEBTHIB * Supersedes issue of September 1960
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L. Drive Arrangements

Both direct drive and belt drives are used. In direct drives, the fan and motor often share a common shaft. Direet drives save space
but have the disadvantage that the fan speed cannot be changed. However, this is not much of a disadvantage if blade setting can be
changed as the desired changes in fan performance can be obtained by changing the blade setting. If the fan is handling het, corrosive, or
erosive gases, the motor has to be kept out of the air stream and belt drive is the only practical proposition. Belts passing through the air
stream generally caus2 some loss in performance. For belt drives, the motor is often mounted on the fan casing. The motor can be
mounnted on tep, bottom, or any other angle.

IV. REVERSIBLE FANS

In some applications, a reversal of air flow direction is needed. In axial flow fans, the direction of air flow is reversed when the
direction of impeller rotation is changed. In fans with adjustable blade setting, the fiow direction can alse be changed by reversing the
blade setting. However, performance in reverse flow will be very inferior unless special care is taken in design. For reversible fans. the
blade profiles should be symmetrical. Fans in which the performance in both directions is equal are available. However, their perform-
ance is inferior to that of fans designed to operate only in one direction.

Refs. {3.7] and [3.8] describe some recent developments in reversible fans.

isme of Septeombar 1960
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1. AIR FLOW REQUIREMENTS

The air flow and pressure head of a fan is determined by the system served by it. The fan flow needed can depend on several
eriteria among which are:

1 Maintaining a certsin temperature in a room or in a machine

2 Diluting concentration of hazardous substances
3 Providing rapid pressurization or depressurization in a space
4 Providing sufficient velocity for capturing and conveying dust and other particulates.

A. Air Flow Needed for Cooling

The windings and core of electric motors generate heat during operation. Air is blown over them to dissipate the heat and protect the
winding insulation from damage at_high temperatures. In an office building, coeling air is provided to offset varions hest gains so that

occupants can be comfortable. For detailed guidance on calculation of heat gains in buildings, see [4.1]. Rapid estimates of heat gains in
engine-generators rooms may be made with (4.2].

The quantity of air needed for cooling can be determined by the following equation:

H
Q= 605C,(t, — t,) (4-1)
where Q = fan air flow, cfm
H = quantity of heat to be removed, Btu/hr
p = density of air at fan inlet, Ih/f¢°
Cp = gpecific heat of air, Btu/lbm °F
i, = temperature of entering air, °F
t, = temperature of leaving air, °F
Equation {4-1) can be written in the following approximate form:
B H {460 4+ t)
= 1o {t, — t,} (460 + 70) (4-2)

where t is the temperature of air entering the fan, in °F. Thus if the heat gain in a room is 100,000 Btu/hr,-air supply is at 70°F, and
air exhaust is at 90°F, the capacity of exhaust fan needed is 4804 c¢fm.

B. A:xr Flow Needed For Dilution

In a variety of processes and plants, hazardous substances are evolved and added to the room atmosphere. For example, hvdrogen is
generated during battery charging and in the absence of ventilation, may form an explosive mixture with air. More often, the hazard is due

to toxicity of substances. Sufficient ventilation has to be provided to keep the econcentration of substance in air below dangerous levels.

The air flow needed for dilution may be caleulated by the following formula:

Q=—- (4-3)

where q = volume of hazardous vapor generated, ¢fm

C = maximum permissible concentration of hazardous vapor in air, parts per million {ppm}
For further guidance on the subject. see [4.3].

* Supersedes issue of December 1968
cENERAL @ erecTRIC



Section 409.4 FANS Fluid
Page 2 SYSTEM REQUIREMENTS Flow

April 1983 % FOR AIR FLOW AND PRESSURE Division
M

L. Air Flow For Pressurization and Depressurization

In many situations fans have to be sized such that a room or buiilding can be brought to a desired positive or negative pressure within
8 certain time. Such requirements are often found in buildings where the possibility of release of toxic gases exists, for exampie in
nuclear power plants.

Shah [4.4] has given analytical solutions for estimation of pressure transients in buildings at constant temperature. For the case of a
linear relation between leakage and pressure difference between inside and outside, his solution simplifies to the following relation:

Vv Q - Bﬁhpi ]
T = ——In {4-4)

where T = time in minutes
Ap; = absolute value of pressure difference between inside and cutside when T = 0, Ib/1t*
Ap = absolute value of pressure difference between inside and outside after T minutes, lb/ft*
Q = capacity of fan, c¢fm
V = building volume, ft°
P, = outside pressure, 1b/ft? absolute
L.eakage in cfm at Ap
B = Ao

Formulas for some eases of non-linear relations between leakage and pressure difference are also given in [4.4].

D. Air Velocities Needed For Conveying Solid Particles

A particle in air is pulled down by gravity but its fall is oppesed by viscous drag. The velocity at which the viscous drag just equals
the gravitational pull is known as terminal velocity of particle. For vertical transport of the particle, air veloeity should clearly exceed
the terminal velocity.

Gelperin and Einstein [4.5] recommend the following dimensionless equation for calculating the terminal velocity in vertical ducts:

Ar
Ry = 18 + 5.29 A0S

{4-5}

where R, = terminal Reynolds number

V, od

M
Ar = Archimedes number
i3
gd"p p
ﬂE

d = diameter of particle, ft

g = acceleration due to gravity, it/hr®
Py = absolute density of seolid, lb/ft?

p = density of air, lb/ft?

# = viscosity of air, tb/hr ft
V; = terminal velocity of particle, fi/hr.

* Supersedes Issue of April 1974
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A theoretical analysis (4.6] leads to the followinng dimensionless equation for the minimum velocity required to pick up particles

in horizontal ducts:
v |Edes — A
3 {4-6)

where V is the minimum pickup velocity in ft/hr, the units for other quantities being the same as for Eq. (4-4). However this equation

seems to considerably overpredict the experimental data. Zenz and Othmer [4.6] have given a graphical correlation which shows better
agreement with measurements.

The air velocities required fer conveying generally vary from 1500 fi/min. for very light and small particles to 5000 ft/min. for heavy
and large particles.

Table 4-1 gives generally accepted conveying velocities for some common materials.

Table 4-1
Range of Velocities {in fpmn) used for conveying materials in ducts

Carbon Black I 3500
Castor Beans 5000
Coffee Beans : 3500-4000
Cem;ant 6000-7000
Coal, Powdered 4000
Cotton ‘ S000-4500
Flour | 3900
Foundary Dust 4500
Grain 5000-6000
Gxrinding Dust 5000 |
Iron Oxide 6500
Limest.nn;;ulverized 3000-5() ]
Lead Dust 4500-5000
Metallic Fumes 1400-26500
Sand 4000-7000

| Sawdust 3000-4000
Salt 6000
Sugar 6000
Wool 4500-5000

II. ESTIMATION OF REQUIRED FAN PRESSURE

Some fans operate without ducl connections, as for example ceiling fans, but more often they are used to cause air to flow through

circuits consisting of a variety of flow passages. These flow passages may consist of ducts, louvers, dampers. slots. heat exchangers. ete.

The resistance of the circuit component causes pressure drop. The fan is reguired to overcome their resistance and deliver the required
amount of air.

Furthermore, certain kinds of fan inlet and outlet connections can result in deterioration of fan performance due to system effects.

This deterioration is generally calculated as a pressure drop to be added Lo the flow circuit pressure drop.

Supersodes issue of February 1970
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For proper fan selection, both the flow passage pressure drop and the system effect pressure drop have to be calculated. Their
caleulation is now discussed.

A_ Flow Passage Pressure Drop

Pressure drop in flow passages occurs due to frictional effects and due to dynamic effects. In long straight passages, the loss of
pressure is primarily due to friction. In bends, expansions, contractions ete., the losses are primarily due to dynamic effects. The genersl
practice is to caleulate the pressure drops due to frictional and dynamic effects separately and then add them together to get the total
pressure drop in the flow passage. Caleulation of such pressure drops is dealt with in Sections 401 to 406. Further information may be
found in {4.1].

The various flow passages may be connected together in series or parallel, or a combination of the two. For flow passages connected in
series, the total pressure drop in the circuit is the sum of the pressure drops in each flow passage (i.e. component) of the circuit. If the
flow passages are in parallel, the pressure drop in each flow passage is the same {see Manifolds, Section 404).

B. Pressure Drop Due to System Effects

The fan performance data normally published in manufacturer’s catalogs are based on tests carried out with ideal fan inlet and cutlet
conditions. In pructice, space limitations often force the designers to use inlet and outlet connections which fall short of ideal and ecause
deterioration in fan performance. The effect of inlet and ocutlet connections on fan performance is known as “system effect”. It is
generally caleulated as an additional pressure drop to be added to the pressure drop in the flow circuit. In reality, system eHects cause a
reduction in pressure produced by the fan.

System effects and their calculation are discussed in [4.7] to [4.12] and [2.1]. The most comprehensive source of information for
calculation of sysiem effects is AMCA Publication 201 |2.1] which provides simple methods of calculation in graphical form. The method

of calcuiation given here is based on the data in [2.1].

The pressure loss due to system effects is proportional to the velocity pressure and can be expressed by the following equation:

1 V' 2
BPlge = Kghly o (4-7)

where d'.-.p"f'se = loss of total pressure due to system effects, inches of water
V' = veloeity of air in ft/min.
Koo = system effect loss coefficient, dimensionless

The factor K __ generally depends on the geometry of inlet and outlet connections.

Correlations for calculation of K. are given in the following. Their use will give virtually the same results as will be obtained with the
graphs in [2.1].

1. Qutlet Conneclions

a. Minimum straight duct length. For the fan to give its rated performance, the outlet connection should be a straight duct
of uniform cross-section, several duct diameters long. The minimum straight duct length Lipnin Needed to prevent system effect loss is given by:

| PR V!
SRl 1225 (4-8)

Deq 1000

* Supersedes issue of December 1968
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Deq is the equivalent diameter of duet. |t is equal to the duct diameter for eireular ducts. For rectangular ducts, it is caleulated as-

where a, and a, are the length of the two sides of the duct.

(4-9)

If the length of the straight duct is less than Lmin’ there will be a loss in performance. The resulting pressure loss ecan
be ealculated by Eq. (4-7), with K¢e from Figure 4-1. See Figure 2-1 for definition of blast area.

20

1.8

1.8

X

1.2
:r.'= 1.0
0.8
0.&
0.4
0.2
.0
G 11 10
Blasi Aran
Chtiat Aran

Figure 4-1. Effect of Discharge Duct Length L on K. Data from [2.1].

As Iar as possible, any dampers, elbows, fitting, branch ducts, splitters,
effects will occur.

should be located beyond Lmin‘ Otherwise losses due to system

b. Elbows. If any elbows are required in the fan discharge, they should be located beyond L nin- Closer location will increase the
losses. Elbows which rotate air in the same direction as the fan rotation have the least losses. Values of coefficient Kse are shown in

Figure 4-2 for the worst elbow arrangement.

* Supersedes issue of
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Figure 4-2. Effect of Elbow Close to Fan Discharge on System Effect Coefficient. Data from [2.0].

c. Discharge Dampers. For centrifugal fans, discharge dampers with blades perpendicular to the fan shaft generaily give better

results. The location of dampers close to fan discharge will increase the pressure drop of the damper zbove its catalog rating. The
increase in pressure drop of dampers ean be caleulated by the following equation:

{4-10}

blast area

actual Ap . outlet area &
catalog Ap '

Opposed blade dampers are preferable to parallel blade dampers as the latter result in very non-uniform velocity distribution

and cause excessive pressure drop downstream.

2. Inlet Connection

Inlet conditions have a more profound effect on fan performance than outlet conditions. To obtain the rated performance, air should be

uniformly distributed over the inlet area and enter in an axial direction without pre-rotation. A straight duct minimum five duct diameters
tong is desirable at fan inlet. The shorter the length of straight duet, the more severe the loss in fan performance. The losses increase

with increasing air velocity.

3, Elbows. Elbows close to fan inlet cause non-uniform distribution of air. Some parts of impelier will be starved of air, causing loss

in performance. If elbows close to fan inlet are unavoidable, they should be provided with turning vanes to minimize air rotation.

Figure 43 shows Kio for a square elbow close to fan inlet. It is seen that pressure losses are reduced to about one third if

the elbow contains turning vanes. See [2.1] for data on several other types of elbows.

Jr Supersedas issus of
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Figure 4-3. System Effect Coefficient for Square Elbow at Fan Inlet. Deqby Eq (4-9). Data from [2.1].

b. Sharp-Edged Entrance. Flow into a2 sharp-edged orifice causes the formation of vena-contracta, resulting in loss of flow area.

Fans without inlet duct connections, for example those directly mounted into a plenum, should be provided with a rounded entry.

Otherwise loss in performance will occur due to reduction in inlet flow area.

c. Swirling Flow at Inlet. A poorly designed air inlet box can cause air to be swirling at fan inlet. If the rotation of air is in

the same direction as the fan rotation, it causes decrease in flow and prescsure but the efficieney is comparatively littie affected. If the
rotation of air is in the direction opposite to that of the fan rotation, fan power consumption is inereased while the flow and pressure are
largely unaffected. Use of turning vanes is helpful in reducing the swirl. Figure 4-4 shows an example of an inlet connection causing swirl
and its mitigation with use of turning vanes.

PP

{a} No luming vanaa. Air awirling at indet. M) Twning vanas in alivow, Swirt at irer alirninatad.

Figure 4-4, Prerotation of Air at Fan Inlet and Its Mitigation by Use of Turning Vanes.

' * Supersedes issue of
GENERAL @ etecTric



Section 4009.4 FANS

Page & SYSTEM REQUIREMENTS Flow
April 1983 FOR AIR FLOW AND PRESSURE Division

__'"_—_——“_-_-“
d. Obstruetions at Inlet. Obstructions at fan inlet may be caused by bearings and their supports, belt-guards, ete. The value of Kse
for such obstructions is related to the reduction in flow area and is shown in Figure 4-5. The value of V' used in Eq. (4-7) should be based
on the unobstructed ares, i.e., the total fan inlet area minus the area obstructed.

ET_rﬁ_l_f_erllT}lll1lf

20

1.0

o
I
L

a0 L1 &
o

Unﬂﬂtruﬁtuﬂ ME
Tctal Fan Inlal Area

x 100

Figure ¢4-5. System Effect Coefficient for Fans With Obstructed Inlets. Data from [2.1].

Example

Various ohstructions at the inlet of a fan cover 50 percent of the inlet area. The total area of fan inlet is 10 ft*. The total flow rate is
25,000 cfm. Calculate losses due to system effects.

Solution

The free area is 50 pereent of 10 ft% = 5 {2

V' = 25,000/5 = 5000 fpm

For 50 percent free area, Figure 4-5 gives K e = 1.6 from Eq (4-7),
5000 \*=
APgeg, = L6{ T~ | = 2.5 inches of water

e. Various Inlet Fittings. Table 4-2 gives the values of K se Which may be used in the absence of manufacturer’s data:

Tabie 4-2
Item ! Kee
[ Well designed inlet box 0.60
Inlet box damper .60 l
Inlet vane control, integral 1.40
Inlet vane control, add on . 0.80 7'

* Mperseces issue of
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. Fans Within Cabinets. Fans within cabinets should be located to permit unobstructed flow into the inlet area. Loss in performanee

will oecar otherwise. The system effect coefficient for this situation can be calculated as follows:

fan inlet diameter 125
KSE = (0.16 ; (4-11)

distance of fan inlet from wal

The distance between fan inlet and a wall should be at least 0.6 times the impeller diameter. If two double inlet cenirifugal fans are in
one cabinet, their inlets should be at least 1.2 times the impeller diameter apart [4.1]. The relative position of cabinet inlet and fan inlet
should be such that it does not cause rotation of air at fan inlet.

{. Total Pressure Drop

The total pressure drop required to be developed by the fan is obtained by adding together the flow passage pressure drop and the
pressure drep due Lo system effects. It must be recognized that the system effects cannot be aceurately caleulated until the fan has been

selected. Preliminary estimates of system effects may have to be modified after fan selection has been made. Hence some trial and error
may be required.

IIL. SYSTEM CURVE AND FAN OPERATING POINT

In most practical systems, flow is turbulent. In turbulent flows, pressure drop is approximately proportional to the square of the flow
rate. Hence ence the pressure drop at the design flow has been determined as described in the foregoing, that at other {low rates can be
easily calculated by the following relation:

ap, Q
ap, @

{4-12}

A plot of Ap at various values of Q gives the system curve. Its intersection with the fan curve gives the fan operating point. 25 shown
in Figure 4-6.

Pressure-Fiow
Curve for Fan

System
Hesistance

Operating Point

Ap or Ap*

Figure 4-6. Determining Operating Point.
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1. FAN LAWS

Fan laws are a set of equations which relate the performance of geometrically similar fans. Two fans are considered to be geometri-

cally similar i all dimensions of one fan are in a fixed ratio to the corresponding dimensions of the other fan. In other words all the shape

factors Sl, Sz’ -

q i1 Eq. (1-10) should be equal for the two fans. Appropriately enlarged photographs of geometrically similar fans will
be indistingnishable from one another.

The fan laws for geometrically similar fans may be expressed by the following equations:
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{(5-1)

{5-2)

{9-3}

where Q is the flow rate, Ap* the total fan pressure, D the impeller diameter, and p the density. The subscripts a and b signify fan a and
fan b respectively. These equations are dimensionless and any consistent units may be used. Through algebraic manipulations, these
equations may be written in various other forms. See [1.3] for a number of alternative forms of fan law equations.

These laws apply to geometrically similar fans at the same rating point. Thus if data are available for fan b at 50% of the free delivery

flow, the performance of fan a at 50% of the free delivery flow can be caleulated by these laws. At the same point of rating, the
efficiencies of geometrically similar fans are assumed equal.

II. LIMITATIONS OF FAN LAWS

As is apparent from Eq. {1-18), complete similarity requires that in addition to geometrical similarity, the Reynolds number and Mach
number of the twe fans be alse equal. Generally, the effects of these parameters are small. However, when the geometrical scaling factor-
18 very large, the variations in Reynolds and Mach numbers may have significant effects and the fan laws may break down.

The fan laws are based on the assumption that the fan efficiency is constant. In fact, fan efficiency generally inereases slightly with
increasing size. According to AMCA Standard 210, the effect of size on total efficiency may be approximately caleulated by the following

formnla:

= {05 + 0.5[

I—ﬂb

Reynolds number of fan

Reynolds number of fan a

b{I.E

] (5-4)

The fan laws are based on the assumption that effects of fluid compressibility can be neglected. This is true only if pressure
variations are small. According to [2.1], these laws will be accurate only if the ratio of absolute pressures developed by the two fans is

less than 1.036.

il USE OF FAN LAWS

These laws are very useful in ealeulating the performanece of geometrieally similar fans as well as the performance of a particular fan
at different speeds and air densities. For fan selection and system design. one is generally interested in knowing the efiect of speed and

density on a particular fan. To the fan manufacturer, the ability to predict the effeet of impeller diameter is also very useful.

GENERAL & ELECTRIC
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If the complete fan curve at one speed and air density is known, the curves at different densities and speeds can be caleulated using

fan laws. Fan laws are applied to various points on the known curve to find corresponding points at a different speed or density. The
caiculated points are then joined to obtain the performance curve at the desired condition.

The use of fan laws is now lustrated with a few examples:

Example 1

A fan delivers lﬂ.ﬂﬂﬁ cim at a total pressure of 3 inches wg when handling air at 70°F. Calculate its flow and pressure if the air is at
2009F. Also caleulate the change in power consumption.

Solution

Density of air at 7T0°F is 0.075. Density at 200°AF,

0.075 (460 + TO)
P8 = 160 + 200)

= {}.0602

The speed and impeller diameter are unchanged. Hence Dy = Dy, n, = np. Therefore Eq. (6-1) yields:

Q, = Q. no change in flow

Fq. (5-2) yields:

Aplr = 3 & = 2.408 inch wg
a 0.075 ‘

Eq. (5-3) yields:

o b 0.0602
a” “bgors

= {3,802 Pb

Thus the increase in air temperature from 70°F to 200°F causes no change in air flow, but pressure and power consumption are
reduced by 20%.

Example 2

A fan delivers 100,000 efm at a total pressure of 6 inch wg when operating at 1800 rpm. Calculate its flow and pressure when
operating at 900 rpm. Also calculate the change in power consumption.

* Supersedes issue of September 1960
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ii. FAN NOISE LAWS

Laws for relating the noise from geometrically similar fans are available [1.3]. The most important relation is the following:

PWL,A = PWL, + 701 E + 501 B + 201 fa 6-
La - Lb %810 Db 0810 %€10 6-5)

Iy, Py

The subseripts "a"” and "b” indicate for fan a and fan b.

Using the fan laws given in Section 409.5 the above equation can be changed to express sound power level in terms of other parameters

such as fan horsepower, cfm, and pressure. For these alternative forms, see [L.3].

Example

A tan opersating at 3600 rpm in a fixed duct system has a sound power level of 60 db. What will be the sound power level i the
fan speed is reduced to 1800 rpm?

satution

1800
PWL, = 60 + 70 log (1} + 50 log, (M) + 20 log , (1)

=60+ 0 — 1505 + 0 = 44.94 db

1iII. NOISE IN CENTRIFUGAL FANS

There are, in general, two major sources of noise in centrifugal fans. First is noise cansed by periodic interruption of air flow such as
that caused by the fan blades passing near a stationary projecting surface. Second is noise caused by eddies ereated by the fan blades as
z result of sudden or nonuniform acceleration of the gas. Both classes of noise tend to increase with increase in peripheral speed.

To guard against the first cause of noise it is necessary to avoid having the fan blades pass close to proiections. Also the blades should

not pass close to a series of openings. In general, any condition that would cause high frequency interruptions of flow must be avoided.
Noise caused by fan blades passing the cut-off point in an involute housing or the blades of a diffuser comprises a serious handicap to the
most effective use of these types of housings.

Noise caused by eddies produced by the fan blades can be decreased only by careful attention to such details as blade shape and

entrance and exit eonditions, that is, the avoidance of sharp bends and projections into the air stream. Sharp corners should be filleted.

Careful attention should be paid to the mechanical resonances of the blades. These should not oecur near rotational speed or at any
irequency that is a multiple of rotational speed times number of blades.

Frequently the noise output of a fan discharging into a duct can be decreased appreciably by using a eanvas connection between the
fan outlet and the duct. Acoustic lining of the duet walls may also be necessary. 1f the system resistance has a cavity resonance or "organ
pipe” frequency which matches the product of speed and number of blades, “blooping™ noises are likely to occur.

Fans with larger number of blades run quieter than fans with small number of blades. Furthermore, in fans with small number of
blades, there is the possibility of resonance with portions of building [1.1].
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Solution

Yo
Qg = 100,000 —— = 50,000 cfm

1600
900 \*©
Ap, = 6 ﬁ = 1.5 inch wg
900 }*
P.=01y Teou =015 Py

Thus at half speed, the flow will be %, pressure Y, and power eonsumption %. of those at full speed.

Example 3

A fan with an impeller with a 6 inch diameter delivers 1000 cfm. Calculate the efm delivered by a geometrically similar fan which
has an impeller of 12 inch diameter at the same speed and density. Also calculate the change in pressure and horsepower.

Solution
From Eq. (5-1)
12 \*
Q, = 1000 Y 8000 ofm
From Eq. {52}
Apg 12 \2 iy
ap;, \6)
From Eq. (5-3)

. {12 5_32
Pb \6])

Thus doubling the fan impeller diameter increases the flow rate 8 times, the pressure 4 times, and the power consumption 32 times.
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1. SOUND POWER AND SOUND PRESSURE

Sound power level {(PWL) of 2 fan (or any other source} is given by the following relation:

Sound power output in watts

PWL = 10 log,, pea— (8-1)
The PWL calculated with Eq. (6-1) is in decibels (db).
The sound pressure level (5PL)} is referred to 0.0002 microbar and is given by the following relation:
SPL = 10 log I:suund pressure in micrubar] z ©2)
10 0.0002 microbar

SPL given by Eq. (6-1) is also in decibels. However, SPL and PWL are different quantities. PWL is independent of distance from sound
source while SPL varies inversely as the square of distanee. Fora spherical free field, with distance X in feet, and at standard temperature
and pressure, the following relation exists [1.3]:

PWL = SPL + 20 log,_ X + 0.5 (6-3)

A. Specific Sound Power Level

Specific sound power leve) {PWLSI of a2 fan is defined as the sound power level generated when operating at a capacity of 1 cfm
and a total pressure of 1 inch of water.

Knowing the specific sound power level of 2 fan, the sound power leve!l at operating pressure and flow may be determined by the

following equation:
PWL = PWL,+ 10log Q + 20 log,, Ap{ (6-4)

Eq. (64) also permits the eglculation of specific sound power level f the sound power level at a particular flow and pressure is known.
Furthermore the change in sound power level of a fan due to change in flow and pressitre ean also he calculated by this equation.

Figure 6-1 shows typical specific sound power levels of different types of fans {6.1].

7

T 1 T 1

Figure 8-1. Typiea! Specific Sound Power Levels for Fans of Different
Types. Data from [6.1]. Curves for Propeller and Forward
Curved Centrifugals Apply to All Sizes. Other Corves
Apply to Diameters Greater Than 36 Inch.
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(’ ™, A fan makes the least noise when operating at highest efficiency. As can be seen in Figure 6-1, fans with airfeil blades generally make
| the least noise. Operation of fans under unstable conditions can generate noise. Vibrations due to poor installation can also cause noise,

These points should be considered in fan selection, system design, and installation. For additional information, see{l.1], and [6.1] to
[6.20].

IV. NOISE IN AXIAL FLOW FANS

Axial flow fans are generally more noisy than centrifugal fans. This ofien discourages their use in air conditioning systems having

low noise criteria. Accoustical treatment is often required.

The number of impeller blades should differ from the number of guide vanes as equal number of the two results in higher noise level.
The following formula may be used to determine the number of guide vanes [1.1] ipage 488).

N .
impeller (6-5)

-d —_—
S B ¥ Nimpﬁﬂer

N

Noise increases with increasing clearance between blade tip and housing [3-4]. Variations of clearance around the circumference
also increase noise [1.1]. Hence tip clearance should be kepi small and as uniform as possible.

For additional infﬁrmatinn. see {1.1], [6.21], {6.22], and [6.23]. Also see {6.1] to {6.7], [6.8]. and {6.12] to [6.20].

Testing of fans for noise is diseussed in Seetion 409.11.
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I. STEPS IN FAN SELECTION

Fan selection involves the following major steps:

=

Determine the flow and pressure requirements

o

Determine other selection eriteria such as noise. maximum power cansumption, space limitations, ete.
J Select the type of fan to be used
4 Select a particular fan using manufacturer's catalogs

5 Select fan drive

Estimation of fan pressure and flow requirements is discussed in Section 409 4.

Ii. SELECTION OF FAN TYPE

Selection of fan type involves consideration of flow-pressure characteristics, power consumption, noise, space limitations. ete.

A. Propeller, Tubeaxial, Vaneaxial, or Centrifugal

Propeller fans are suitable only where the required pressure is low. Their application is generally limited to pressures less than 0.75
inches of water. At these low pressures, propeller fans are generaliy more economical than other types of fans.

Tubeaxial fans can develop fairly high pressare but their efficiency is low. They are used where low first eost is desired. Otherwise
the more expensive and more efficient vaneaxial fans are used. Tubeaxial fans are aiso generally more noisy than vaneaxial fans.

Over a very wide range of pressures and flow rates, both centrifugal and vaneaxial fans of comparable efficiency are available. Choice
between the two is often difficult. Some factors in choosing between the two types are now discussed.

Single stage vaneaxial fans are generally significantly cheaper than cenfrifugal fans. The weight of vaneaxial fans is about half that of
a conveniional centrifugal fan and sbout one third of the weight of the tube-centrifugal type. The lower weight results in savings in the
cost of support structures and reduces structural vibrations. Vaneaxial fans require less space than conventional centrifugal fans.
Vaneaxial fans can be directly inserted into the ductwork, without the bends reqguired by centrifugal fans. This generally reduces the
duct pressure drop and system effect losses (see Section 409.4). The tubecentrifugal fans also have the same advantages but they are

even more expensive and heavy than conventional centrifugal fans.

A major disadvantage of vaneaxial fans is that they are generally noisier than cﬁntrlfugal fans {see Section 409.6). This often

discourages their use in commercial air conditioning systems. This is generally not a significant disadvantage in large industrial
applications, since all high pressure, high flow fans will make unaceeptably high noise and will require accoustic attenuation.

Where modulation of flow over & wide range is required, vaneaxial fans with automatie pitch eontrol will be usually preferrable. This
method of eontrol is available only with axial flow fans and is much more efficient and less noisy than the variable inlet vane control used
with centrifugal fans. The most e:fﬁ;:ient and quietest method of capacity control is speed modulation. If speed contro!l is technically and
economically feasible, the choice of fan has to be made on other considerations.

If flow control is to be done by discharge throttling, axial flow fans should not be used, since the throtiling may push the operating point
mto the unstable range of the fan curve. See Section 409.9.

T T ———— . -
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Vaneaxial fans are best suited for handling clean gases. They can handle air with small amounts of dust but get plugged and eroded

when the air contains large amounts of particulates. For handling air with high particulate contents, centrifugal fans are generally the
only choice.

B. Choice of Type of Centrifugal Fan

The choice between the three basic types of centrifugal fans, namely backward-inclined, radial, and forward-inclined blade type has
been discussed in Section 409.2 and summarized in Table 2-1. Fans with backward-inclined blades of airfoil design are usnally the most
efficient and least noisy. They are gencrally also the most expensive. If air contains large amounts of solid particles, radial blades usually
give the best service (see Section 409.19).

Forward-curved blade fans should be aveided if flow is to be controlled by discharge throtiling as it can lead to unstable operation.

Tube-centrifugal fans are used where inline installation is more convenient or essential. Fans of this type are costlier, heavier, and
less efficient than centrifugal fans with conventional scrolls.

Also see [7.1], [7.2], and [7.3].

III. SELECTING A PARTICULAR FAN

Once the type of fan has been decided upon, manufacturers’ catalogs are consulted to choose a particular fan. Besides the obvious
requirement that the fan shouid be capable of providing the design flow and pressure, other important considerations are efficiency,

stability, and noise. Special design features such as easy maintenance access should also be considered.

Manufacturers publish their data in the form of tables and graphs which give the performance parameters in dimensional units. The
most commonly used units are cim for flow, inches WG for pressure, and horsepower for power consumption.

A fan shouid normally be selected such that the point of operation is in the maximum efficiency range. This not only minimizes the
power consumption but also minimizes the noise, since, for a specific line of fans, those operating in the most efficient range will also be
the quietest. Multi-rating tabulations in catalogs generally give selections only in the recommended range of operation and the maximum
efficiency point is identified. Ref. [7.4] describes a method for representing fan performance data.

Figure 7-1 shows the selection range for good efficiency.

SIatic Prassule, |nches A"

Staltc Elficiancy, %

Figure 7-1. Typical Performance Curve for Backward-Inclined Centrifugal Fans Showing Selection Range for Good Efficiency.
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A. Stability Consideration

Flow instability can be defined as rapid and persistent variations of flow and pressure. It results in noise and vibration and ean even
cause mechanical failure.

First of all, certain axial flow fans are completely unstable below a certain flow rate. Vaneaxial fans have curves similar to that in
Figure 7-2(a) and are usually inoperable to the left of pomt A. Hence for such fans, the operating point should always be kept to the right

of point A. If operation to the left of point A is intended with an axial fan, the manufacturer should be consulted to determine if stable
operation is possible.

The forward-curved centrifugal fans have characteristics similar to that in Figure 7-2(a) but they can have stable operation to the left
of point A provided the system curve intersects the fan curve at only one point. Thus system curves a and ¢ intersect the fan curve only
once and hence operation will be stable. On the other hand, curve b intersects the fan curve at three poinis and operation will be
unstable. The operation will continuously shift between points e, f, and g. If capacity control by throttling is intended, one should be
careful that a situation similar to system curve b does not arise.

Ideally, the system curve and fan curve should have opposite signs so that the opposing effects cancel eack other, thus damping out
disturbances. This is the situation with system curves a and ¢ in Figure 7-2{a). As a minimum, the system curve should be considerably
steeper than the fan curve at the point of intersection. Thus in Figure 7-2(b), which shows the curve of a typical backward-curved fan,
operation can be stable with curve ¢ even though the slope of fan curve at intersection has the same sign as the system curve. However,
some backward-curved fans ean have pulsations to the left of point A. Hence manufacturer should be consulted if operation in this region
is being considered.

c b
A
]
P
B
n @
¢ :
o
(I
Flow Rate Flow Hate
Figure 7-2(a). System Curve Intersecting Fan Curve at More Figure 7-2(b}. Fan Curve for Backward Inclined Centrifugal Fans.
Than Une Point, Leading to Instability. More than One Intersection with System Curve is
Not Possible.

Parallel fan operation can lead to instabilities in all fans whose curves have a2 maximum pressure or points of infleetion, if operated at
lower flow rates. See Section 409.8 for a detailed discussion.

B. Densities Other Than Standard

Manufacturer’s catalogs normally give the fan performance with sir density at the standard value of 0.075 1b/ft.2 This corresponds to
dry air at 70°F st sea level. If the temperature, humidity or altitude are different, the density may be different and the fan performance

will differ from that given in the catalogs. The effect of temperature and altitude on density of dry air is shown in Figure 7-3. It can also
be caleulated using the following formeula:

M
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138 p

P (6 + 460) 1

where p = density at desired conditions, b/t
{ = temperature of air in °F
p = absolute pressure inches of mercory

b
=1

Standard Air Density = 0.075 ;%

Actual Danaily of Alr
“Btandard Genaity of Alr

03 -
O 100 200 300 400

Temperature, “F

Figure 7-3, Effect of Temperature and Altitude on Density of Air.

Abaoluts Preassure, Inches Mercury

0 1 2 3 | 5 & T B ) 1LV
Altitude above Sea Level, Thousand Feet

Figure 7-4. Variation of Atmospheric Pressure with Altitude.

Selection at densities other than 0.075 b/#t® can be made in two ways. The first method is to calculate an “equivalent pressure drop”
{EPD} for the system. The other method is tc calculate the fap performance al the actual density using the fan laws given in Section 409.5.

W
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The equivalent pressure drop method is more eonvenient when using tabulated performance data and when the fan will be used at
a fixed flow rate. This method involves the following steps:

1 Calculate EPD as follows:

0.075
actual density

EPD = Pressure drop at actual density x

2 Enter tables with cfm and EPD to select the fan and read its rpm and bhp.

3 The bhp at actual density is caleulated as follows:

scutual density
0.0075

actual bhp = (bhp from table) x

The rpm read from table does not need any adjustment.

When the manufacturer’s data is in the form of curves and when the fan flow rate has to be varied, it is more convenient and useful
to ealeulate out the fan performance at actual density using fan laws. Pressure and horsepower are calenlsted at closely spaced

intervals, plotted on a graph and connected by smooth eurves. The system curve is then plotted on the same graph to obtain the
operating point. For variable flow rates, several system curves can be plotted {0 obtain the pressures and horsepowers over the entire
range of interest. Figure 7-5 illustrates this method. '

Note that the system curve is at the actual density. Alsp see [7.5].

Legend
~— density 0.075 b
-—— - giensity 0.037 Ibmt?

Prassura, iInches WG

BHP

J‘:..---ﬂ' oS mmETEmESes

Figure7-3. Use of Fan Laws to Determine Opersting Point at Non-standard Air Densities. With 0.037 lb/{t® Density Air, Operation
is at 2.4 inch wg Pressure and BHP is 2.5.
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IV, SELECTION OF FAN DRIVE AND MOTOR

A. Direct Drive or Belt Drive

A fan may be driven by an engine or turbine, Figure 7.6, but most commonly is driven by electric motors. The fan and motor may be directly
coupled or be connected through a belt-drive. The advantages of direct coupling are that it is more compact, has no transmission losses,
requires less maintenance, chances of failure are less, and the motor is cooled by the air stream to or from the driven fan. In direct
drives, motor heat is added to the air stream. It can be a disadvantage in an air conditioning system. The belt drive has a transmission
loss of a few percent. Regular maintenance is needed to replace worn belts and to adjust bel tension. The main advantage of belt drive is
that the speed of the fan can be changed easily by simply replacing a couple of pulieys while the direct drive permits operation only at the

motor speed. In many practical situations, system losses are found to be different from those csleulated. The fan performance can then
be easily modified by chenging the fan speed.

B. Motor Types

The motors most commonly used are alternating current induction motors with squirrel cage rotor., These operate close to the
synchronous speed. Motors are available with a variety of frames which fall into two broad categories, open and iotally enclosed. See
Figures 10-3 and 10-4 for some examples of motor enclosures.

The open motors permit free exchange of air between outside and inside while totally enclosed motors largely eliminate such
exchanges. The most common open type enclosure is the drip proof enclosure. Open splash proof motors provide somewhat better
protection. Open motors should be used only where air does not contain any harmful vapors or dust and where the possibility of large
amounts of liquid falling over the motor can be excluded. Otherwise, totally enclosed motors should be used.

Totally enclosed motors are of two basic types. those which have an integral cooling fan, and those which do not have an integral fan.
The totally-enclosed air-over (TEAQ) motors do not have an integral fan. They require air to be blown over them for cooling. They are
suitable for direet coupling to fans as the fan air has to pass over them. The totally-enclosed fancooled (TEFC) motor has an integral fan
outside the enclosure but within a protective shield which circulates air over the enclosure to dissipate the motor heat. For motors
loeated in combustible atmospheres, explosion proof enclosures are available which withstand any internal explosion and prevent sparks

from reaching the surrounding combustible vapors. For motors located in atmospheres containing eombustible dust, dust ignition proof
enclosures are gbtainable.

(. Motor Horsepower

Selection of motor horsepower requires careful consideration. The selected motor should be capable of providing the necessary
power not only at the design point but also at any other point where the fan may be required to operate. Errors in pressure drop
caicnlations may cause the fan to operate at higher or lower flow rates with the resultant effect on horsepower. Use of discharge

throttling dampers can greatly affect the horsepower requirements. The fan's normal operation may be with hot gases of low density but
it may have to run with low temperature gases during startup, needing much more power than at the design point. The fan bhp curve

should therefore be studied over the entire range of possible operation and the selected motor should satisfy the maximum power
demand. If the possibility of field adjustment of fan speed exists. the motor capacity should be selected with appropriate margin.

D. Motor Starting Torque

Another consideration in motor selection is the starting torque. The motor should provide sufficient torgue Lo accelerate the fan to
full speed within a short interval {usually 10 seconds). Otherwise the motor may be damaged or trip. It is possible that a motor may have
enongh horsepower for operating the fan at full speed but may have insufficiont torque for starting.

| tWMd
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Figure 7-6 shows typical motor and fan torgue curves. The torque available for acceleration is the vertical distance between the two
curves. The motaor torque t in ft-lb. required to accelerate the fan in T seconds can be czlculated as follows:

(WR2) ng
— Enfﬂn \ [T-Z}
308T ny, otor

T

where WER? = moment of inertia of fan Ih/ft*

Nfon = fan speed, rpm

Nmotor = motor speed, rpm

3

150

100

Acceleration
Torgque

Percoant of Futl Load Torque

0 10 20 30 40 20 60 7Q 2 B0 100
Percent of Motor Synchronous Speed

Figure 7-6. Typical Fan and Electric Motor Torque Curves.

Frietion, aerodynamic drag, and drive inefficiency, increase the torque requirements. Hence the torqgue requirements given by the
above formula should be increased by at least 10%. WR* data are readily obtainable from {an manufacturers and motor torgue data can be
obtained from fan manufacturers.

M
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L. INTRODUCTION

Two or more fans are ofien used together to meet the system requirements. Fans may be arranged in series or parallel. In series
arrangement, the flow through all fans is the same while the total system pressure drop is divided among them. In paralle] arrangement,
the total system flow is divided among the fans. The fans in either arrangement may be ¢lose together or be remote from each other.

Figure 8-1 schematically shows the series and parslie! arrangements.

80

—[82 |
§C

Series Arrangemant Faralled Arrangemant

Figure 8-1. Series and Parallel F'an Arrangements.

There can be various reasons for using several fans in parallel to meet the system requirements. Use of two fans instead of ohe may
save space. Many packaged air conditioning units gse two fans for this reason. Use of several fans ensures that if one fan fails, the other
fans will eontinue to provide encugh air to meet some minimum requirements. Sueh arrangements may also be used for eapacity control,
some fans being shutdown during low flow requirements. Finally, a single fan with sufficient flow capacity may just not be available.

There can similarly be various reasons for using several fans in series, Multistage fans are simply several fans in series, arranged in a
single housing. The system pressure drop could be more than could be handled by one fan alone. In air conditioning systems, separate
supply and exhaust fans are often used to avoid overpressurizing the building. In boilers, separate supply and exhaust fans are often

used to avoid excessive negative or positive pressures in the boiler.

1II. FANS IN PARALLEL

The combined characteristic curve of several fans in parallel can be obtzined by adding the flow rates at each value of pressure. If the

fan curve has no maximum or point of inflection, the combined characteristic is obtained easily. Figure 82 shows the combined
characteristic of two identical fans while Figure 8-3 shows that for two different fans in parallel.

& = 5‘ 6
g 2
[ S Combined
o ] / Characteriatic
3 g ~
o Fa Y
£ e
.
0 LN )
5 20 25 0
Flaw, hundrod ¢im Flow, mandred cim
Figure 8-2. Performance Curve of Two Identical Fans in Parallel. Figure 8-3. Performance Curve of Two Non-identical Fans in
Parallel.
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Complications arise when fan eurves have @ maximum or points of inflection, which is the case for most fans. In such fans, there ean
be more than one flow rate at & particular pressure. typicaily at lower flow rates. Thus the addition of flow rates at each pressure can be

carried out in more than one way.

Figure 84 shows the characteristics of two identical fans. These characteristics are typical of axial fans and forward mchlined
centrifugal fans. At the lower flow rates, each fan curve has up to three flow rates at a single pressure. The combined characteristic
curve is derawn by plotting all possible combinations of flow rates at each pressure. The resulting curve has a figure-eight loop. The

system curve A has three points of intersection with the combined characteristic. The operation is likely to oscillate between these three
points. The fans will be alternately underloaded and oeverloaded. Pulsations and noise will be caused. Damage to drive motors is also

possible. It is seen that system curve B has only one intersection with the combined characteristic. Hence stable operation will result.

Freagure

Figure B-4. Paraliel Operation of Identical Fans Whose Characteristics Have Paints of Inflection.

Similar problems are faced with backward-inclined centrifugal fans at low flow rates, though to a lesser degree. Figure 8-5 shows the
combined characteristics of two identical fans of this type in paraliel. Two different combined characteristics result at lower flow rates. It
is seen that system curve A intersects the combined characteristics at two points which will result in unstable operation.

Pressurg

COne Fan

Flow

Figure 8-5. Parallel Operation of Twe ldentical Backward Inclined Centrifugal Fans.

It is therefore clear that if fans are operated in parallel, the operating point shonld be kept ouiside the region where there can be
more than one flow at a single preasure. Thus operation is generally limited to higher flow rates. One has to be especially careful when

axial flow or forward-curved centrifugal fans in parallel are used in variable velume systems.

Additional complications can arise if fans of unequal capacity having points of inflection in their eurves are operated in parzallel. At
lower flow rates, air may be blown back through the smaller fan.

See [1.1] for extensive discussion on parallel flow systems.
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{‘ III. FANS IN SERIES |

Under ideal conditions, the combined performance curve of two fans in series can be obtained by adding the pressures of the fans at
the same air flow rates. Figure 86 shows the curve ghtained by such caleulations.

Prasaurs

Figure 8-6. Combined Characteristic of Two Identical Fans in Series.

In practice, there will be a significant loss in performance due to non-uniform flow into the second stage. The losses may be
considered to be due to system effects discussed in Section 408.4. Another point to note is that the density of air entering the second
stage will be higher. However, the pressure changes in fans are so small that the effect of density variation can generglly be negleeted.
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I. INTRODUCTION

In many systems, the amount of air required is not constant but varies over 3 wide range. In variable-air-volume air conditioning
systems, the quantities of sir handled by supply and return fans vary with the space cooling demand. The quantity of combustion air
supplied to boilers varies with the steam demand. Many other examples could be cited.

To mateh the system reqguircments with fan output, two basic approaches are possible. One approzch is to change the system curve

and the other is to change the fan performance curve. The system eurve can be changed by adding a resistance to the eireuit in the form
of a throttling damper. There are several ways of modifying the fan performance eurve. One way is to change the fan speed through

mechanical or elecirical means. Another way is to use variable inlet vanes. A third way is to vary the fan blade piteh, this being available

only with axial flow fans. Figure 9-1 lists the common methods of fan capacity control. See [1.1} for detailed discussions and other
methods of capaeity control.

Fan Capacity Control

l

Change System Curve Change Fan Curve
Damper Throttling ¢ l 1
Seiding Dsc Change Fan Speed ViV Vary Blade Setting
{Centrifugal Fans) Variable Inlet Vanes (Axial Fans])
' ' _l v ' }
Eddy Current Multispeed Variable Hydraulic Variable DC Motor
Coupling Motor Pulley Diameter Coupling Frequency Drive

Figure 9-1. Some Common Methods of Fan Capacity Control.

The choice of capacity control methed depends on several factors, such as: range and frequency of flow variations, type of fan, first
cost, energy saving, etc. The various capacity control methods are now deseribed and discussed.

See [9.1] for a discussion on the choice of capacity control method. Also see [9.21.

{I. FLOW THROTTLING

A damper is placed upstream or downstream of the fan and modulated to give the desired flow rate. The change in flow is obtained
due to a change in the system curve. However, if the dampers are very close to fan inlet or outlet, the change in flow may be partly due to

loss in fan performance because of system effects (see Seetion 409.4).

This method of control has low first cost but it dees not provide much reduection in energy consumption as flow is reduced. Figure 9-2
shows the performance eurves of a tube-centrifugal fan. The system curve is A without throttling. With throttling, the eurves B and C
are obtained. It is seen that there is little change in power consumption befween system curves A and B.
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Figure 9-2. Performance of 2 Typcial Tube-centrifugal Fan. Throttiing to Change System Curve From A to B Does Not Reduce BHP

Many axial flow fans are inoperable at lower flow rates as was discussed in Section 409.7. Hence the throttling should not be so much
that the operating point lies in the inoperable part of the fan curve. Forward-curved centrifugal fans can also exhibit flow instabilities if
operated in the unstable part of their characteristic curves. See Section 409.7.

Damper throttling resulis in noisy operation due to the fan operating at lower efficiency and due to increased velocity and turbulence
cauged by the partly closed damper.

IIi. VARIABLE INLET VANE CONTROL

Variable inlet vane (VIV) control can be used with any kind of fan but is most commonly applied to centrifugal fans. They may be
integral with the fan or added on. Their effect is mainly to change the fan performance curve by prerotating incoming air in the direction
of impeller rotation. Some of the change in flow is due to the fact that they throttle the fiow and thus change the system curve. However,

it is customary to regard the VIV as affecting only the fan curve.

A new fan curve is obtained at every position of vanes. By use of 2 modulating motor to actuate the VIV stepless variation of fan
capacity is achieved. This system of control also reduces the fan power congrmption. Figure 9-3 shows the effects of VIV on the
characteristics of a centrifugal fan.
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Figure 9-3. Effect of Variable Inlet Vane Control (VIV} on Performance of a Typical Backward Inclined Centrifugal Fan.

There are limits {0 the reduction in flow pessible with this method. With the inlet vanes completely closed, the fan may still deliver

up to 20 percent of its maximum flow. The reduction in power consumption at lower flow rates is also small. Operation with flow less than
50 percent of the free delivery volume may cause pulsations.

Use of variable inlet vanes increases the noise output of the fans.

IV. VARIABLE BLADE PITCH (SETTING) CONTROL

This method of control is widely used with vaneaxial and tubeaxial fans. By changing the blade pitch (stagger angle) a new fan curve

is obtained. This methed provides good efficiency over a wide range of blade settings and hence results in large power savngs. Figure 3.5
shows the performance of a typical vaneaxial fan at various hlade settings. Noise is also reduced as the flow is reduced.

If the flow variations are needed infreqguently. the blade piteh adjnstments can he made manually. Fans with antomatic pitch
adjustment controls are also readily available. In such fans, piich adjustment is done automatically while the fan is operating, in response

to appropriate sipnais.

V. ADJUSTABLE DISC CONTROL

This type of control has been nsed with centrifugal fans. A disc passing through the blades and rotating with the impeller ean be
moved in the axial direction thereby cutting off part of the impeller from air. The reduction impeller can be moved in the axial direction

thereby cutting off part of the impeller from air. The reduction in power consumption at part flow is somewhat more than with variable
inlet vane control.

* Supersedes itsue of Docomber 1040
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In a lower cost version of this method, the disc extends only up to the blades but not through the blades: The reduction in power
consumption obtained is somewhat less than with variable inlet vane control. See {1.1] for more information.

V1. VARIABLE SPEED CONTROIL,

Changing the speed of the fan changes the fan characteristics according to the fan laws given in Section 409.5. As the horsepower is
proportional to the cube of rpm, while the flow is propoertional to the first power of rpm, there is a sharp decrease in horsepower as the
flow is decreased. Figure 94 shows the reduction in pawer consumption obtained with a 100% efficient speed control device. The noise
also goes down sharply sccording to the noise law given in Section 409.8. Hence speed variation is an ideal method for fan capacity

control, provided that it can be accomplished conveniently and at reasonable cosL.

Pargent of Maximum Horsepower

g 1 20 30 40 G a0 (4% - 20 TO

¥erGant of Maximum Speed

Figure 9-4. Effect of Speed Variation on Fan Power Consumption According to Fan Laws.

One method which has been employed is to use direct current motors whose speed 1s proportional to voltage supplied. Variable
voltage direct current is supplied using a transformer and rectifier. The major difficulty with this method is that direct current motors

require frequent maintenance and their part-load efficiency is poor unless elaborate and expensive controls are used.

In some systems, step variations of speed may satisiy the needs. For example, ventilating fans for a factory may run at high speed
during the day and at low speed during the night. In such systems, two or three speed induction motors can be used. These operate on

the principle that motor speed is inversely proportional to the number of pairs of poles. To shange the speed. the number of poles 1g
varied by suitable switchgear.

The speed of an AC induction motor is directly proportiona! to the supply frequency. Hence stepless speed control can be obtained by
frequency modulation. A number of solid state speed controllers based on frequency modulation have been marketed in recent YEars,

Usually voltage is also varied along with the frequency. Any standard motor can be used. No modification or attachment to fan or motor

is needed. The speed controller simply replaces the motor starter. The controllers have high efficiency but tend te be expensive and
large in dimensions.

*Supersedas iszae of Septamber 1954
GENERAL @ tLECTRIC



Fiuid FANS section 409.9
Flow FAN CAPACITY Page 5

Division CONTROL Apri 1983 %

W

Hydraunlic and eddy current couplings permit infinite variation of fan speed and have good efficiency. A variety of automatic
mechanical drives are readily available which permit continuous speed variations of up to 1:4. As an exampie, one type uses a belt drive

between pulleys whose diameters are automatically varied. The motor is coupled to one pulley and the fan is connected to the other
puliey. These drives have good efficiency.

Vvii. CBGICE OF CAPACITY CONTROL METHODS

In choosing the method of capacity control, several factors have {o be considered. Among them are first cost, energy savings,
reliability, space requirements, range and frequency of variations, convenience in layout, etc. All these factors should be carefully
considered in making the choice. Very often, the methods which have the least first cost also give the least energy savings. Use of more
axpensive equipment for capacity control should be justifiable through greater energy savings which result in rapid payback of the
additional investment. Thue if flow coniro! is needed for only a few hours in a month, the less efficient discharge damper control may be
preferable to the more efficient VIV control. The most important requirement is that the control methed chosen should give stable

performance throughout the operating range. Only those control methods can be considered which satisfy this minimum requirement.

Figure 9-5 shows typicsl energy savings obtainable with some commercially available systems of capacity control. It is seen that if
flow variation is limited to about 80% of full flow, the power consumption with VIV is only slightiy higher than with speed control or with
controllable piteh fans. As VIV control is much cheaper than the other types, its use may be more economical. On the other hand if

required fiow is often in the range of 20% to 50%, VIV may be uneconomical because of its much higher energy consumption. Indeed VIV
may not at all be operable In this range.

100

Damper Theottling

4G

Parcant PRalad Fowa!

Hydraul«W O

Eddy Gumen! Coupling Controttable

Pitch Fan

Variable Freguenty Driva
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Figure 9-5. Typical Energy Savings Obtainable With Commercially Available Capacity Control Equipment.

Where noise considerations are important, speed control becomes very attractive as fan noise diminishes rapidly with decreasing
flow. Variablie blade piteh control also reduces the noise at lower flows but it is available only with axial flow fans. Throttling and VIV
controls give more noise at part-flow than at full flow. The cost of sound attenuation should be included in the economic analysis.

W——“
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1. INTRODUCTION

‘The requirements and features of fans for some special applications are discussed in this section. The topies covered are:

Fans handling hot gases

Fans handling ecorrosive gases
Fans handling pas-solid mixtures
Power plant fans

Spark-resistant fans

Fans for cooling electrical motors and generators

[1. FANS HANDLING HOT GASES

In a number of processes, fans are required to handle hot gases. The strength of materials of construction goes down with inereasing
temperature. Hence impellers of standard design are run at lower speads when used at higher temperatures. Design and cocling of
bearings poses special problems. Bearings are kept outside the hot gas stream but they still gain heat due to radiation and conduction. At
temperatures above 700°F, the bearings are usually provided with a separate base to prevent direct conduction of heat from the fan

housing. Heat is sill conducted through the drive shaft. At higher gas temperatures, a cooling disc or whee! is mounted on the shaft,
between the fan and bearing. This protects the bearing by cooling the shaft and moving air ever the bearing.

Bearings may be lubricated with grease at temperatures up to Z00°F but oil lubrication is necessary at higher temperatures. Forced
cooling of bearings is generally required. Qne method is to pass the lubricating oil through a water coojed heat exchanger. In some
designs air is sncked through or blown through the bearings by an auxiliary blower. Air is filtered before it enters the bearings.

Expansion of fan components due to temperature rise requires careful consideration. Unequal expansion of parts may cause
interference or excessive slack. Sudden exposure to hot gases may cause the impeller to expand faster than the shaft and come loose. A

ian shaft exposed to hot gases while idle may take a permanent set leading to vibrations. All such probiems should be ecarefully
considered in fan design and selection.

In some situations, it may be more economical to cool the gases before entering the fan instead of using a more expensive model
suilable for high temperature duty. This can be done by diluting the gases with ambient air, by water sprays. ete. In some cases, the
system requirements can be fulfilled by placing the fan on the cold side rather than the hot side of the system. For example, many boilers

use & forced draft fan (handling cool air) instead of an induced draft fan {handling hot flue gases). The fan system designer should
consider such possibilities.

HI. FANS HANDLING CORROSIVE GASES

When handling corrosive gases. fan bearings should be outside the air stream and fan compsonents should be fobricatad fram or
coated with corrosion resistant materials. No single material can be considered corrosion-progf under all conditions nor ean the

suitability of any particular material be predicted through theoretical methods alone. The choice has largely to be based on experience.

Besides the chemical composition of gases, temperature and moisture content are also important. Susceptibility to corrosion
increases with temperature. A material which may be satisfactory at low temperatures may be unsatisfactory at higher temperatures.
Many materials which show no corrosion with dry gases corrode rapidly if the same gases contain moisture.

Type 304 and 316 stainless steels show geod corrosion resistance to 2 wide variety of chemicals. Aluminum and its alloys are
generally satisfactory with acids but are attacked by alkalis. Rubber and plastics have excellent resistance to g wide range of chemicals.

* Supersedes issuse of Dacamber 1949
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Fans with impellers and housings fabricated from fiber glass reinforced plastics (FRP) 2nd polyviny! chloride (PVC) are available but are
generally limited to moderste pressures. The maximum temperature that FRP fans can withstand is about 250°F. Corrosion due to
moisture alone can be resisted by a variety of paints and by galvanizing. Plastic coatings can resist 8 wide variety of chemicals. The

success of any coating system depends strongly on the skill with which it is applied. AMCA Standard 2601 gives general guidance on this
subject.

In selecting a fan for corrosive gases, guidanee should be sought from fan manufacturers and corrosion specialists. As far as possible,
materials used should be those which have been proven corrosion-resistant under the same conditions.

iV. FANS HANDLING GAS-SULID MIXTURES

A variety of systems and processes require the fans to handle gas-solid mixtures. Notable examples are mduced draft fans for
furnaces, kilns, boilers, and sinter beds. The blower in 2 domestic vacuum cleaner handles air carrying dust. Fans used for pneumatic

conveying systems handle air earryving a wide variety of materizls such as ¢oal, eoffee, wood chips, sand, grain, sawdust, ete. Fansin a
variety of industrial processes handle hot gases carrying solid particles.

The two major problems associated with solid particles are erosion of fan components and flow passage clogging. The fiow passages
and blades have therefore to be designed to prevent clogging and {eatures o minimize erosion have to be incorporated in the design.

Axial flow fans are used to a limited extent. Centrifugat fans are used in most cases. Radial blades are used for the mos{ severe
applications. Forward and hackward curved biades are used to & limited extent.

A. Erosion

When the solid handled consists of hard grains, erosion is the major problem. Erosion can oecur on both moving and stationary parts.
The severity of erosion depends on the hardness of particles and their kinetie energy. The erosion will be less in a large siow speed fan

compared to a small high speed fan because of the higher velocities in the latter. Methods for reducing erosion are available but erosion

cannot, be completely eliminated. A very effective method is to hardface the areas subject to wear. Layers of a hard substance such as

tungsten carbide 1/16 to 1/8 inch thick are deposited using electric welding machines. The life of hard-faced impeliers is up to four times
longer than that of ordinary impellers.

'The dust particles are generally carried towards the backplate of the impeller. A common device is to provide a wear plate in this
area. Weld beads at the junction of blade and backplate alsc help to reduce the erosion. In very severe applications, the entire blade may
be covered with a wear plate. The wear plates may be welded or holted to the blades. The bolted wear plates can be replaced in the field.

The fan seroll is also often provided with liners. These hiners are plug welded to the seroll. When the ineris worn, it can be removed and
replaced by a2 new one. In some cases, the entire scroll may be replaced. See [10.1], [10.2), and {10.10] for additional information on erosion.

B. Deposition and Clogging

Deposition of particles on impellers can lead te unbalance and vibrations. Plugging of flow passages with solids will lead {o system
failure. Hence the design of impellers should attempt to prevent these problems. Experience has led to & number of designs. While these
designs differ in detail, the basic feature is that the impeilers are open or semi-open to permit easy passage of solids. Figure 10-1 shows
the semi-open design while Figure 10-2 shows the open design. The open design has neither an inlet plate nor a backplate. The semi-open
design has a backplate but no rim {inlet plate}. The biade heels are so shaped that material slides off easily from them. The number of
blades is generally kept small. Where sticky materizals are involved, internal surfaces have to be minimized.

% Supersedes issue of December 1969
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Figure 10-1. Semi-open Impeller Design. Figure 10-2. Open Impeller Design.

C. Effect of Solid Content on Fan Performance

The presence of solids can be expected {o have some effect on fan performance. The effect depends on the size and concentration of
solids. We first define a parameter y as:

Mass flow rate of solids

a Mass flow rate of gas (10-1)

Experiments have shown that with small 2 and fine particles, the pressure<fm curve of the fan is the same as for pure gas. However the

poWer consumption increases in direct proportion to the density. The mixture density Prmix I8 given by:

Pmix = Pgag 1 T 41) (10-2)
The power consumption is given by:

P_. Do

Pgas  Pgas

The subseripts “mix” and “gas" indicate for mixture and for 'As respectively.

if the particles are large, they do not follow the gas stream due to their large inertia and collide more frequently. Energv losses
increase and the pressure head decreases. Cherkassky [1.2] gives the following semi-empirical equations for ealeulating pressure, power

consumption, and efficiency, when larger particles are involved. These are based on extensive experimentation.

Prmix = Pgas {1 = kpi) (10-4)
Porix = Pgas (1 + kst (10-5)
Tmix = (1 — kpul/{1 + kyp) {10-6)

The correction factors kp and kg are as follows; for solid particles of organic origin {(peat, sawdust} 0.5 to 3 mm in size k, = 0.11t00.45
and kyy = 1.5t0 1.7.
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V. POWER PLANT FANS

The two major fans used in power plants are the forced draft fans and the induced draft fans. The forced draft fan handles
atmospheric air and supplies it to the boiler for combustion purposes. The induced draft fan sucks the flue gases from the boiler. Fans for

recirculating the hot products of combustion within the boiler are also used. These fans represent a major capital investment and power
plant reliability depends on their reliability. Hence all aspects of these fans require careful consideration.

The forced draft fans handle clean air at normal atmospheric temperature. Hence they are not subject to effects of high temperature,
corrosion, or erosion. Pressures developed by forced draft fans usually range from 30 to 80 inches of water. Their power consumption is

in the several thousand horsepower range and flow modulation is needed because of the wide variations in boiler output. Hence good
part load efficienecy and stable part load operation is very important. Both centrifuga! and vaneaxial fans are used for this purpose.
Centrifugal fans are usually used with backward-curved air feil blades. Contrifugal fans are provided with variable inlet vane control

while the vaneaxial fans may have variable blade setting control or variable inlet vane control.

The induced draft fans handle hot flue gases. In coal-fired boilers, flue gases contain erosive solids. If the fan is located after filters
(flyash precipitators), only smalt amounts of solids pass into the fan. If located before filters, severe erosion problems have to be faced.
Thus the induced draft fan may face problems due to combined effects of high temperatures, corrosion, and erosion. These problems
have heen discussed earlier in this section.

For induced draft fans handling relatively clean air. backward-curved airfoil centrifugals with VIV control or vaneaxial fans with
automatic blade setting control are usunally used. With higher amounts of solids, vaneaxisl fans use the VIV control. Centrifugal fans
used with high solids containing gases usually have forward-curved or radial blades.

For additional information on power plant fans, see [10.8], to [10.7] and [1.1} to [1.3].

VI. SPARK RESISTANT FANS

If a fap is handling & combustible or explosive gas, it is essential that there be no spark, otherwise 2 fire or explosion may result.
Rubbing or striking of ferrous surfaces can cause sparks. Spark resistant fans are designed to eliminate the possibility of rubbing

between ferrous surfaces.
AMCA Standard 401 gives three classifications of spark resistant eonstruction. These are:
Type A All parts of the fan in contact with the gas being handled shall be made of non-ferrous material.
Type B The fan shall have an entirely non-ferrous wheel or impelfler and non-ferrous ring about the opening through which the shaft passes.

Type C The fan shzll be so constructed that a shift of the wheel or impeller or shaft will not permit iwo ferrous parts of the fan to rub
or strike.

For all three types, it is required that bearings be outside the gas stream and the user should electrically ground zll fan parts.

Fans of all three classifications are readily obtainable from manufacturers. The non-ferrous materials commonly used are aluminum

and bronze.
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VII. FANS FOR COOLING MOTORS AND GENERATORS

Heat 15 generated in electric motors and generators due Lo mechanical friction and electrical losses in windings and core. The heat has
to be dissipated to prevent overheating of bearings and windings. In small and medium size machines, this is accomplished by passing air

over the bearings and the electric windings.

The design of fans for rotating electric machinery is distinguished from the design of fans for other applications by the following

features:

1 The speed of the fan is generally the same as the speed of the machine.

2 The maximum outer diameter of the fan is generally limited by the size of the machine.

3 The fan design is modified to suit the variety of uses to which the machine is put. Intermittent use, the requirement of reversihility,
and speed range are examples of this.

4 The fan design is modified to suit the type of enclosnre and whether or not the machine is self-ventilated or separately ventilated.

9 The fan design is adapted to the manufacturing facilities available and gquantities to be made.

There is no best all purpose fan [10.8]. Each optimum design is a feature of the particular application. The approach to the design of a
fan for a generator may be quite different from that for a motor, and considerable variation may be encountered in the design of fans for
large, slow-speed machines as opposed to small, high-speed ones. Furthermore, the performance of small motor fans cannot be accu-
rately calulated from the physical dimensions alone because of the wide variation in the many empirical coefficients used. Instead it is
caiculated from the performance of similar fans. This is true to a greater or lesser degree for all fans.

The various kinds of motors are described in Section 409.7.Fan impeller design and some other design features are discussed in
Section 409.2.

A. Cooling of Totally Enclosed Motors

Totally enclosed motors must rely upon heat removal by conduction through the mountings. In very small sizes especially for
iniermittent operation, natural convection (and conduction} may be sufficient. Except for such cases however, forced convection and
hence fans, must be used. Two types of enclosures for a totally enclosed fan cooled motor are indicated in Figure 10-3. Part (2} represents
good cooling performance but is wasteful of material in the outer housing; 10-3(b) represents a closer balance between material
utilization and effective cooling.
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B. Air Path Design for “QOpen Motors”

In “open-type” motors, the removal of heat from the windings and laminations may be accomplished by end ventilation. Air is
circulated by fans at both ends and cools the end windings. For relatively large motors, however, it is usually necessary Lo use axial

ventilation. In this case, the coolant fluid is circulated through axial ducts in the stator znd in some cases the rotor. Still another type of
ventilation utilizes radial ducts at intervals zlong the armature.

The design of fans for these applications is complicated by the fact that proper direction and baffling of the coolant flow must be
achieved for effective cooling.

For open type double-end ventilated small motors the effects of various baffles and other design changes are shown in Figure 104
a,b.c.d & e. The systems sketched represent increasing cooling eapacity (g, least: e, greatest) [10.8). Also see [10.9).
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Figure 10-4. Open Type Double-end Ventilated Small Motors.
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C. Opersting Point

A comparison of end-ventilated and through-ventilated systems as well as the general characteristics of a good and poor fan and
batfle design is shown in Figure 10-5.
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Fans are tested in laboratories to determine their characteristics in order to provide reliable information to the user. Typically, a user

needs to know the pressure developed, power consumption, and fan efficiency. Information of seund power output may also be required.
Field tests of fan performance are often carried out in addition to or in lieu of labaratory tests.

II. LABORATORY TESTS FOR FAN PERFORMANCE

Laboratory tests of performance are generally carried out under eonditions which eliminate the system effects discussed in Section
409.4. Inlet and outlet connections are so designed that sysiem effects are negligible. This enables the user to carry out a meaningful
comparison of fans from different manufacturers. Flow, pressure rise, and power consumption are measured with precision instroments
to obtain the fan performance. For rating purposes, usually the smallest fan from z series of geometrically similar fans is tested. The

perlormance of the other fans of the series is then caleulated with the fan laws presented in Section 408.5. For a detailed discussion on
laboratory test methods, see [1.1].

Most manufacturers test and rate their fans according to AMCA Standard 210 (which is the same as ASHRAE Standard 51). Most
users also specify that the fans be rated according to this standard.

AMCA Standard 210 describes a number of test set-ups. The choice among these depends on considerations such as fanconnections,
fan pressure and convenience. Figure 11-1 shows the general arrangement of three of the test setups described in this standard.

The arrangement of Figure 11-1{a) is suitable for fans which may be used with or without duets, such as propeller fans. The fan socks
from a large chamber so that the air veloeity near its inlet is negligible, thus simulating unducted suetion such as from a room. For flow
measurement, a set of calibrated nozzles is provided. Pressure drop across the nozzles is measured with manometers. To ensure uniform
veloeity in the chamber, devices such as screens, haffles, perforated plates ete. are provided upstream and downstream of the nozzles. As
the pressure developed by such fans may be insufficient to overcome the resistance of measuring devices, an auxiliary fan may be used to
supply air into the test chamber. The auxiliary fan should be capable of providing varying quantities of air. A fan with variable*speed or
other flow control devices has therefore to be used. Fan flow is known from nozzie pressure drop, Fan suction pressure is known from
the total pressure measured near fan suction. Static pressure at fan outlet is assumed to be atmospheric. Varying the flow with the
auxiliary fan, flow and pressure measurements are carried out over the range of interest.

Figure 11-1ih) shows an arrangement which is suitable for fans used with inlet ducts; there may or may not be a discharge duet. A
long duct is eonnected to the fan inlet. Quantity of air entering the duct is varied using a symmetrical throtthing device. A flow
straightening device is installed in the duet to minimize velocity variations across the duct erosssection. Veloeity and static pressure in
the duct are measured with a pilot tube. Measurements are made at a number of points in the cross-section and their average is
considered to be the correct value. A correction is made for the prpssure loss in the duct between the measurement piane and the fan
inlet Lo obtain the true fan inlet statie pressure.

Figure 11-1({c} shows an arrangement suitable for a fan used with discharge duct, with er without inlet duct. A venturimeter is used

for measuring the flow. Flow through the fan is varied with 2 variahle exhaust fan. This may be a simple throttling device or a variable
Ilow auxiliary fan.

Whichever the test setup used, air temperature variations should be kept to a minimum. The room in which the test is earried out
should be kept free of any currents which may affect the fan performance. If the fan is sold with its own bearings, it should be tested
while mounted on its own bearings.

M
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Figure 11-1. Schematic Representation of Some of the Laboratory Methods for Performance Testing of Fans for Rating Purposes According
te AMCA Standard 210/ASHRAE Standard 51.

Fan power consumption may be measured using electric or hydraulic dynamemeters or using calibrated electric motors, The power

measurad exeludas losses in drive belts or couplings. Fan speed measurements are carried out using a direetly coupled tachometer or 2

stroboscopic device. A directly coupled tachometer may slow down a small fan. Hence for small fans, stroboscopic devices have to be

used.

iIl. FIELD TESTS FOR FAN PERFORMANCE

Field tests may be earried out in lieu of or in addition to laboratory tests. For very large fans, laboratory tests may be too difficult or
expensive and field tests may be the only recourse. Another reason may be that the buyer may wish to verify the manufacturer’'s claims

regarding performance through measurements in actual installation. Whatever the reason, accurate measurements in the field are
generally difficult.

* Supersedes issue of
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One major difficuity is caused by the fact that in most practical installations, fan inlet connections are less than ideal. As an example,
space limitations often necessitate placement of dampers close to fan inlet and outlet, resulting in large losses due to system effects.
Hence the fan performance fails short of the rated performance. As the prediction of system effeets can only be approximate, it is
generally difficult to determine from field tests whether the fan manufacturer’s claims regarding performance are true or false.

Another major problem in field tests is that it is difficult to make accurate measurements. For example, accurate flow measurements
require a calming length of duet, at least a few duct diameters long, upstream of the measuring instrument. Adequate calming length is
often unavailable due to space limitations. Flow measurements therefore become susceptible to error. If field tests are intended. it is
advisable to consider instrumentation requirements during duct layout design and provide adequate space for carrying out proper

measnrements.

As the variety of field installations is virtually limitless. no code or standard for field testing or performance has been developed.
AMCA Publication 208 [11.1] gives general guidelines for such measurements. Ref. [11.2] to [11.8] give additional information on field

performance measurements.

IV. SOUND MEASUREMENTS

Laboratory tests of sound for rating purpoeses are carried out according to AMCA Standard 300. AMCA Standard 301 gives &
standard method for caleulating fan sound ratings from laboratory test data. Sound ratings of fans published by the manufacturers are
determined accerding to these standards. Ref. [11.9] reviews the development of sound measurement techniques.

Measurements of noise in field installations poses many difficulties. Ref. [11.10] discusses some of these problems.
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I. INTRODUCTION

The codes and standards used in the U.S.A. are those by AMCA (Air Movement and Control Association), ASHRAE (American
Society of Heating Refrigerating and Air Conditioning Engineers), and UL (Underwriters Laboratory). These are listed in the following.

II. AMCA STANDARDS

1.66 Product Definitions
AS-98-76 Basic Series of Preferred Numbers

AMS-100-76 Matrie Units and Conversion Factors

401-86 Classifications for Spark Resistant Construction

40266 Air Density Ratios — At Various Altitudes a Temperatures
1401-66 Operating Limits for Centrsl Station Units

1402-66 Coil Face Areas for Central Station Units

AMS-2001-76  Metrie Standard for Impeller Diameters & Qutlet Areas of Centrifugal Fans

AMS-2002-76  Metric Standard Dimensions for Industrial Centrifugal Fans

AMS-2003-76  Metric Standard for Impeller Diameters & Outlet Areas of Tubular Centrifugal Fans
2401-66 Wheel Diameters & Outlet Areas for Centrifugsl Fans

AS-2401-M-66 Standard Impeller Diameters & Qutlet Areas for Centrifugal Fans {Metric Equivalents)
2402-66 Sizes for Industrial Centrifugal Fans

AS-2402-M-66  Standard Dimensions for industrial Centrifugal Fans (Metric Equivalents)

2403-66 Sizes for Industrial Centrifugal Fans with Cast Housings

2404.78 Drive Arrangements for Centrifugal Fans

2405-66 Inlet Box Positions for Centrifugal _Fﬂ.ns

240666 Designations for Rotation and Discharge of Centrifugal Fans
2407-66 Motor Positions for Belt or Chain Drive Centrifugal Fans

2408-69 Operating Limits for Centrifugal Fans

2409-66 Flue Gas Densities for Forced and Induced Draft Centrifugal Fans
2410-66 Diive Arrangements for Tubuiar Centrifugal Fans

241165 Wheel Diameters & Qutiet Areas-Tubular Centrifugal Fans

AS-2411-M-68  Standard Impeller Diameters & Qutlot Areac —Tubular Centrifugal Fans (Metrie Kquivalants)
2601-66 Preparation of Centrifugal Fans and Parts for Protective Coatings

AMS-3001-76  Metric Standard Dimensions for Axial Fans

AMS-3002-76  Metric Standard Dimensions for Axial Fan Transitions

AMS-3003-76  Metric Standard QOrifice Dimensions for Propelier Fans

(All the standards listed above are included in AMCA Publication 99, “Standards Handbook™)

210-74 Laboratory Methods of Testing Fans for Rating Purposes
300-67 Toest Code for Sound Rating Air Moving Devices
301-76 Methods for Caleulating Fan Sound Ratings from Laboratory Test Data

M
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11. OTHER STANDARDS

UL507 Safety Standards for Electric Fans (1977). Sponsored by Underwriters Laboratory.
ASHRAE 51-75 Laboratory Methods of Testing Fans for Rating Purposes. It is the same as AMCA Standard 210-74

Y Supeaersedes issue ol Octiober 1963
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I. INTRODUCTION

A list of some U.S. fan manufacturers and the basic types of fans manufactured by them are given below. This list includes,

FANS

MANUFACTURERS

April 1983
|

Section 409.] 3
Page 1

but is not

confined to, all manufacturers whose products are licensed to bear the AMCA certified ratings seal. For & more eomprehensive list of

manufacturere and information on their products, see the Thomas Register. The following abbreviations apply to the list of fan

manifacturers:

C Centrifugal fan

CF Ceiling fan

M Material handling

P Propeller fan

PRV Power roof ventilator

TA Tubeaxial fan

TC Tube-centrifugal {inline centrifugal) fan
VA Vaneaxial fan

VAA Vaneaxial fan with automatic blade piteh control

LIST OF FAN MANUFACTURERS

Manufacturer

Products

ACME Engineering & Manufactoring C, P, PRV, TA

P.Q. Box 978
Muskogee, Oklahoma 74401

Aerovent Inc,
Ash & Bauer Streers
Piqua, OH 45356

Air Turbine Propeller Co.
Feunzell Road
Zelienpole. PA 16063

Aladdin Heating Corporation
P.O. Box 5208
San L.eandro, CA 94577

Airmaster Fan Co.
150 W. North Strest
Jackson, M1 49202

American Coolair Corporation
P.Q3. Box 23040
3604 Maynower Stireet

Jacksonvilie, FL 32203

American Fan Co.
2930 Symmes Road
Fairfield, OH 45014

American Standard
industrial Products Division
F.O. Box 8

8111 Tireman

Dearborn, MI 48121

C.TA, VA, P.PRV

C,FRV.TC,P, M

CF, P, TA, PRV

P. PRV, TA

Cr,C,P.TA,M

C.TAM

Manuiacturer

Ammerman Co., Inc.
(General Resource Corp.
201 South Third Streset

Hopkins, MN 55343

Bar-Brook Manufacturing Co.
6135 Linwood AVe.

Shreveport, LA 71106

Barry Blower
90 NLE. 77th Way
Minneapolis, MN 55432

Bayley Propeller Group

Lau Div. of Philips Industries Ine.

ad43 Indianapolis Ave,
Lebanon, IN 46052

Bonanza Fan Inc.
1622-T Browning Ave.
Irvine, CA 92714

(:.C. Breidert Co.

13690 Vaughn Street
P.O. Box 1190
»an Fernando, CA 91341

Broan Manufacturing Co., Inc.
026 West State Street
Hartford, W1 53027

Brod and MeClung-Paee Co.
9800 S.E. McBroad Ave.
Portland, OR 97229

Products

PRV

P, VA, TA, PRV

C.TC,M

PCTC M

VA

C, P, PRV

C.P

C.PRV,TA, VA, P

M
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Manufacturer Product Manufacturer Product
The Brundage Co. C Dayton Electric Manufacturing Co. C.TA, VA, P M
436 West Willard Street 5959 W. Howard Street
Kalmazoo, MI 43006 Chicago, IL 60648
Buffalo Forge Co. C,TA, VA, VAA, P, PRV DeBothezat Fan Co., Inc. C, TA, P
P.C. Box 985 4211 Campbells Run Rd.
490 Broadway Pittsburgh, PA 15205
Buffalo, NY 14240
i . P TA, VA
C-E Power Systems, Industrial TA, C Dresser Inflqstnes Im; . U, P
\ . Jefferey Mining Machinery Div.
Raitlar Proaduaete, Combuction Columbus. OH 43216
:Engineering Inc. '
Windsor, CT 06095 Dynamic Air Engineering, Inc. C,TA, VA, P
CEA-Carter-Day Co. C, M gﬂ' Efﬁrcidw%
Minneapolis, MN 55432 n na,
Carrier Corp. C.,TC, TA,VA, P Emerson-Chromalox Div. CF
S - NY 13201 Emerson Electrie Co.
yracuse 8402 Pershall Rd.
Carnes Company PRV Hazelwood, MO
448 Sonth Main Street
Verona, W1 53593 Envirofan System Inc. CF
730 Young Tr.
Central Blower Company C P.O. Box 107
4545 East Washington Blvd. Buffalo, NY 14223
Commerce, CA 90040
Flakt Products, Div. of Flakt Ine. VA, TA
Champion Blower Corp. C.TC. M, VAA Ft. Lauderdale, FL 33335
100 W. Central Ave.
Roselle, 1L 60172 Frigid Ine. TA.VA.C,P. M
1256} k A
Chicago Blower Carp. C.VA, M Bmﬁ;ﬁjﬂﬁlggeﬁ“ue
1675 GGlen E[lyn Road
Glendale Heights, IL 60137 Garden City Fan & Blower Co. C.EM
Chore-Time Equipment Inec. P ;i?islﬁbﬂ“;‘;‘;z%“m
State Road 15 North S,
Mieford, IN 46542
Gene::al Resource Corp. C.,TA.P M
Cincinnati Fan & Ventilator Co., Ine. G, TA.P M Hopkins, MN
5345 Creek Road
Cincinnati, OH 45242 Greenheck Fan Corp. C. P, PRV
Ross Avenue
Clarage Fan Co. C,P VA, M Schofield, WN 54476
Two Clarage Place
Kalamazoo, M1 49001 Hartzell Propeller Co. C.P,TA, VA
P.0. Box 919 |
Combustion Equipment Co. C.TA Downing Street
3007 E. 86th Street Piqua, OH 45356
Kansas City, Missouri 64132
Heil Process Equipment Div. C, TA, VA, PRV
Loren Cook Co. C. P, PRV Xerxes Corp.
2015 E. Dale Street 24952 Mills Road
Epringﬁﬁld. Missouri 656803 Avon, OH 44011
gm;fort&ﬁ onditioning Div. P, TA ILG Industries C.PTAM
ooms ﬁ‘m Ine. 2850 North Pulaski Road
CHOPLIS, Chicago, IL 60641
g:g l;:;if Ef,l: sering Corp. C.TA. VA, P Industrial Gas Engineering Co.,Ine. TA, VA, C.P. M
Worcester, MA 01610 Westmont, 1L
The Crﬂwle:,r Co. P Industrial Air, Inc. C,TC,TA,VA,P,PRV. M
P.O. Box Drawer 281 F.0. Box 215
Newbury, OH 44065 Amelia, OH 45102
The Cyclone Manu. Co, P Jenn Industries Inc. PRV, TC

ey
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P.0O. Box 55589-TR

Quietaire Corp C. P, PRV Houston, T'X 77055
9505 North Hutcheson
Houston, TX 77003 Western Engineering & TA, VA, P, PRV
Mzanufacturing Co.
Revcor Inc. TA,P.C. M 4114 Glencoe Avenue
251 Edwards Street Marina Del Rey, CA 90291
Carpentersville, IL 60110
Westinghuuse. Electric Corp. C, TA, VA, M
Rotron Ine. C. P Sturtevant Division
; DPamon Street
Dubois Road Boston, MA 12136
Shokan, NY 12481 '
Woods F'an Diviston VAA, TA,P M
Robinson Industries, Inc. C, TA,P. M The English Electric Co.
F.0. Box 100 500 Executive Blvd.
Zeleinople, PA 16063 Elmsford, NY 10523
Sheldons Manufacturing Corp. C,TC.,TA,VA.P M York Division C
1400 Sheldon Drive Borg Warner Corp
Elgin, IL 60120 York, PA 10745

section 409.13
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Joy Manufacturing Co. TA, VAA Spendrup Fan Co. VA
1200 Qliver Bldg. 746 Ouray Avenue
Pittsburgh, PA 15222 Grand Junction, CO 81501
Joy Manutacturing Co. TA, VAA Strobic Air Corp. TA, VAA, P
New Philadelphia Div. 207 Bunting Avenue
New Philadelphia, OH 44663 Tenton, NJ 08611
Lau Div. of Philips Industries, Inc. Eg‘gpﬁ?jgﬁinﬁf;f Ine. PRV
2027 Home Avenue Covington, KY 41012
Dayton, OH 45401
* Stanley Industrial Corp. P, PRV
Leading Edge Ine. C 6393 Powers Avenue
8814 T 5.W. 131 Btreet Jacksonville, FL. 32217
Miami, FL. 33176
Swartwout Industries Ine. TA, VA, C, P, PRV
Lytron Ine. PRV P.O. Box 1233
Divigion Fan Division Sherman, TX 75089
Dragon Court
Woburn, MA 01801 Sundance-Byco C
P.Y). Box 1405
Moffit Division PRV, P Greeley, CO 80632
Steelite Inc, ,
1030, Ohio River Blvd. fg_‘”:‘;‘;“g‘:jfgf‘““; C
X ree
Pittsburgh, PA 15202 N. Kansas Street
The New York Blower Co. TA,VA,PC,TC. M North Kansas City, MO 64116
3135 South Shields Ave. Thermador/ Waste King PRV
Chicago, 1L 60616 5119 District Blvd.
L.os Angeles, CA 90040
Oliver & McClennan Ine. C,TC.P, PRV, TA, VA
P.O. Box 478 West Street Torin Corp. C.TA, VA, P M
E. Hanover, NJ (7936 1 Kennedy Drive
Torrington, CT (6790
Fenn Ventilator Co. P. PRV.C
Gantry at Red Lions Rd. The Trane Co. C. VA
Phitadelphia, PA 19115 3600 Pamme] Creek Road
Lalrosse, W1 54601
H.K. Porter Ca., Inec. C.TC.P. TA, VA A
1401 West Market Street gﬁ%ﬁ;ﬁpiiguwﬂ Co. C.TA, VA, P, M
Warren, OH 44485 Minreapolis, MN 55414
Power Line Fans & Chelsea Fans C.P, TA, VA, PRV, M Universal Cooperatives, Ine. P
& Blowers _ Manufacturing Division
Tuttle & Bailey, Div. of Interpace Corp. 1000 N. Union Avenue
P.(. Box 1313 I H 44601
215 Warren Street Alliance, OH 4460
HEW Bl‘itﬂin, m ﬂﬁﬁﬁﬂ VEHtCﬂ Inu_ TA! P
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