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Laboratory Methods of Testing

Fans for Certified Aerodynamic Performance Rating

1. Purpose and Scope

This standard establishes uniform test methods for a labora-
tory test of a fan or other air moving device to determine its
aerodynamic performance in terms of airflow rate, pressure
developed, power consumption, air density, speed of rota-
tion and efficiency for rating or guarantee purposes.

This standard applies to a fan or other air moving device
when airis used as the test gas, with the following exceptions:

(a) air circulating fans (ceiling fans, desk fans);

(b) positive pressure ventilators;

(c) compressors with interstage cooling;

(d) positive displacement machines; and

(e) test procedures to be used for design, production or field
testing.

2. Normative References

The following standards contain provisions that, through
specific reference in this text, constitute provisions of this
American National Standard. At the time of publication, the
editions indicated were valid. All standards are subject to
revision, and parties to agreements based on this American
National Standard are encouraged to investigate the possi-
bility of applying the most recent editions of the standards
listed below.

IEEE 112-96 Standard Test Procedure for Polyphase
Induction Motors and Generators, The Institute of Electrical
and Electronic Engineers, 445 Hoes Lane, Piscataway, NJ
08855-1331, U.S.A. (AMCA #1149).

3. Definitions/Units of Measure/Symbols
3.1 Definitions

3.1.1 Fan

A device that uses a power-driven rotating impeller to move
air or gas (see note below). The internal energy increase
imparted by a fan to air is limited to 25 kJ/kg (10.75 Btu/
Ibm). This limit is approximately equivalent to a pressure of
30 kPa (120 in. wg) (AMCA 99-0066).

Note: for the purpose of this standard, the term "air" is used
in the sense of "gaseous fluid."

3.1.2 Fan inlet and outlet boundaries
The interfaces between a fan and the remainder of the air

system; the respective planes perpendicular to an airstream
entering or leaving a fan.

Various appurtenances (inlet boxes, inlet vanes, inlet cones,
silencers, screens, rain hoods, dampers, discharge cones,
evaseés, etc.), may be included as part of a fan between the
inlet and outlet boundaries.

3.1.3 Fan input power boundary
The interface between a fan and its drive.

When mechanical input power is reported, it is the interface
between a fan and its drive, which in this context is either
a dynamometer or calibrated motor. When electrical input
power is reported, it is the interface between mains and the
drive.

3.1.4 Driven fan
A fan equipped with a drive.

3.1.5 Drive
Components used to power the fan, such as a motor, motor
control and transmission. Not all of these components are
required to constitute a drive. A calibrated motor used to
measure fan input power is generally not considered part
of the drive.

3.1.6 Transmission
A system that transmits mechanical power from the motor to
the fan shaft. Examples of transmissions are belts/sheaves,
couplings and gears.

3.1.7 Fan outlet area
The gross inside area measured in the planes of the outlet
openings.

3.1.8 Fan inlet area

The gross inside area measured in the planes of the inlet
connections. For converging inlets without connection
elements, the inlet area shall be considered to be that where
a plane perpendicular to the airstream first meets the mouth
of the inlet bell or inlet cone.

3.1.9 Dry-bulb temperature

Air temperature measured by a temperature-sensing device
without modification to compensate for the effect of humidity
(AMCA 99-0066).

3.1.10 Wet-bulb temperature
The air temperature measured by a temperature sensor
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covered by a water-moistened wick and exposed to air in
motion (AMCA 99-0066).

3.1.11 Wet-bulb depression
The difference between the dry-bulb and wet-bulb tempera-
tures at the same location (AMCA 99-0066).

3.1.12 Stagnation (total) temperature
The temperature that exists by virtue of the internal and
kinetic energy of the air.

If the air is at rest, the stagnation (total) temperature will
equal the static temperature (AMCA 99-0066).

3.1.13 Static temperature
The temperature that exists by virtue of the internal energy
of the air.

If a portion of the internal energy is converted into kinetic
energy, the static temperature is decreased accordingly.

3.1.14 Air density
The mass per unit volume of air (AMCA 99-0066).

3.1.15 Standard air
Air with a standard density of 1.2 kg/m3 (0.075 Ibm/ft3) at a
standard barometric pressure of 101.325 kPa (29.92 in. Hg).

3.1.15.1 Standard air properties

Standard air has a ratio of specific heats of 1.4 and a viscos-
ity of 1.8185 x 10 Paes (1.222 x 107 Ibm/ftss). Air at 20°C
(68°F) temperature, 50% relative humidity, and standard
barometric pressure has the properties of standard air,
approximately.

Note: The values of the standard air density in the Sl and I-P
systems of units are not exactly equivalent. This may have
an impact on the accuracy of the fan performance data when
the data is shown in both systems of units or converted from
one system to the other.

3.1.16 Pressures in the air

The pressures in the air relevant to the fan performance
testing have dimension as a force per unit of area. These
pressures also have a meaning of specific energy defined
as energy per volume of the air or specific power defined
as power per unit of the airflow. In either case, the result-
ing dimension is the same. The pressures in the S| system
are expressed in Pa, while in the |-P system they are
expressed as inches of water or mercury. The conventional
conversion of 1 in. of water equals 249.089 Pa (see note
below). Pressures in inches of mercury are referenced to
the mercury density of 13595.08 kg/m?3 in the Sl system or
848.656 Ibm/ft3 in the I-P system.

Note: This conventional conversion is based on water

density of 1000 kg/m3 in the S| system or 62.427 Ibm/ft3 in
the I-P system.

3.1.17 Absolute pressure
The pressure when the datum pressure is absolute zero. It
is always positive.

3.1.18 Barometric pressure
The absolute pressure exerted by the atmosphere.

3.1.19 Gauge pressure

The differential pressure when the datum pressure is the
barometric pressure at the point of measurement. It may be
positive or negative.

3.1.20 Total pressure

The air pressure that exists by virtue of the state of the air
and the rate of motion of the air. It is the algebraic sum of
velocity pressure and static pressure at a point.

If air is at rest, its total pressure will equal the static pres-
sure.

3.1.21 Dynamic (velocity) pressure
The portion of air pressure that exists by virtue of the rate of
motion of the air.

3.1.22 Static pressure
The portion of air pressure that exists by virtue of the state
of the air.

If expressed as a gauge pressure, it may be positive or
negative.

3.1.23 Pressure loss
Adecrease in total pressure due to friction and/or turbulence.

3.1.24 Fan air density

The density of the air corresponding to the total pressure
and the stagnation (total) temperature of the air at the fan
inlet.

3.1.25 Fan airflow rate
The volumetric airflow rate at fan air density.

3.1.26 Fan total pressure
The difference between the total pressure at the fan outlet
and the total pressure at the fan inlet.

3.1.27 Fan dynamic (velocity) pressure
A pressure calculated from the average air velocity and air
density at the fan outlet.

3.1.28 Fan static pressure
The difference between the fan total pressure and the fan
dynamic (velocity) pressure. Therefore, it is the difference

2 | ANSI/AMCA 210-16 — ANSI/ASHRAE 51-16



Table 1
Input Power Boundary

Case CIV(I)?]ttc:(r)l Motor Transmission Fan Boundary Quantity Measured
1 X X X X Mains/ Motor Control Wemti
2 X X X Mains/Motor Wi
3 X X Mains/Motor Wi
4 X X X Mains/Motor Control Wemi
Dynamometer or Calibrated
3 X X Motor/Transmission H
Dynamometer or Calibrated
6 X Motor/Fan H,
a . N
Driven Fan
4 Drive N\
Fan
Transmission (ma
w, H. y H
Mains < | Motor Control (e.g., belt, i | include 2 >
(e.g. VSD) coupling, integral
gears) bearings)
\— 4

W shall designate electrical input power; the product of voltage and current; and, in the case of an AC circuit, power factor

H shall designate mechanical power, the product of torque and shaft speed when considering input power, and the product of
flow and total pressure when considering output power,

Subscripts shall be used in a dynamic sense. For instance,

+ W, indicates a test of an Arrangement 8 fan where motor input power is measured

* H,indicates a test of an Arrangement 1 fan with a dynamometer

* W, indicates a test of an Arrangement 4 fan where motor control input power is measured

Figure 3.1
Input Power Boundary

ANSI/AMCA 210-16 — ANSI/ASHRAE 51-16 | 3



Table 2

Symbols and Subscripts

Symbol Description Sl Unit I-P Unit

A Area of cross section m? ft2

C Nozzle discharge coefficient dimensionless

D Diameter and equivalent diameter m ft

D, Hydraulic diameter m ft

e Base of natural logarithm (2.718...) dimensionless

E Energy factor dimensionless

F Beam load N Ibf

f Coefficient of friction dimensionless

H; Fan input power w hp

H, Fan output power W hp

Kp Compressibility coefficient dimensionless

L Nozzle throat dimension m ft

Lo Equivalent length of straightener m ft

Ly x Length of duct between planes x and X’ m ft

I Length of moment arm m in.

In Natural logarithm - -

M Chamber diameter or equivalent diameter m ft

N Rotational speed rpm rpm

n Number of readings dimensionless

Ps Fan static pressure Pa in. wg

Pex Static pressure at plane x Pa in. wg

P, Fan total pressure Pa in. wg

Pix Total pressure at plane x Pa in. wg

Py, Fan velocity pressure Pa in. wg

Pux Velocity pressure at plane x Pa in. wg

Pp Corrected barometric pressure Pa in. Hg

Pe Saturated vapor pressure at t,, Pa in. Hg

Pp Partial vapor pressure Pa in. Hg

Q Fan airflow rate m3/s cfm, ft3/min

Q, Airflow rate at plane x m3/s cfm, ft3/min

R Gas constant J/kgeK ftelb/Ibm+°R

Re Reynolds number dimensionless

T Torque Nem Ibfein.

ty Dry-bulb temperature °C °F

ts Stagnation (total) temperature °C °F

ty Wet-bulb temperature °C °F

\% Velocity m/s fpm, ft/min

W, Electrical input power, where x indicates w w
the input power boundary

X Function used to determine Kp dimensionless

Y Nozzle expansion factor dimensionless

y Thickness of airflow straightener element m ft

z Function used to determine KID dimensionless

o Static pressure ratio for nozzles dimensionless

o Diameter ratio for nozzles dimensionless

y Ratio of specific heats dimensionless

AP Pressure differential Pa in. wg

m Motor efficiency per unit

Tsx Fan static efficiency where x indicates per unit

the input power boundary

4 | ANSI/AMCA 210-16 — ANSI/ASHRAE 51-16



Table 2 (con't)
Symbols and Subscripts

Symbol Description Sl Unit I-P Unit
Tst Fan static efficiency where x indicates per unit
the input power boundary
u Dynamic air viscosity Paes Ibm/ftes
p Fan air density Kg/m3 Ibm/ft3
Py Air density at plane x Kg/m3 Ibm/ft3
Subscript Description
c Converted value
r Reading
X Plane 0,1,2 ... as appropriate
0 Plane 0 (general test area)
1 Plane 1 (fan inlet)
2 Plane 2 (fan outlet)
3 Plane 3 (pitot traverse station)
4 Plane 4 (duct piezometer station)
5 Plane 5 (nozzle inlet station in chamber)
6 Plane 6 (nozzle discharge station)
7 Plane 7 (outlet chamber measurement station)
8 Plane 8 (inlet chamber measurement station)

Power Subscripts
The following subscripts shall be used to designate the type of input power measured and reported during the test, and the
losses present that consumed that power.

Subscript Description

Fan output power

Fan input power

Electrical input power to the motor

Electrical input power to the motor control

Input power inclusive of the transmission losses
Input power inclusive of bearing losses

o —~o0 3 o
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between static pressure at the fan outlet and total pressure
at the fan inlet.

3.1.29 Fan rotational speed
The rotational speed of the impeller.

If the fan has more than one impeller, fan rotational speed is
the rotational speed of each impeller.

3.1.30 Compressibility coefficient

The ratio of the mean airflow rate through the fan to the
airflow rate at fan air density; the ratio of the fan total pres-
sure that would be developed with an incompressible fluid to
the fan total pressure that is developed with a compressible
fluid, i.e., air, the test gas.

The compressibility coefficient is a thermodynamic factor
that must be applied to determine fan total efficiency from
fan airflow rate, fan total pressure, and fan input power. The
coefficient is derived in Annex D.

3.1.31 Fan output power
The power delivered to air by the fan; it is proportional to the
product of the fan airflow rate, the fan total pressure and the
compressibility coefficient.

3.1.32 Fan input power
The mechanical input power to the fan.

3.1.33 Fan total efficiency
The ratio of fan output power to fan input power.

3.1.34 Fan static efficiency
The fan total efficiency multiplied by the ratio of fan static
pressure to fan total pressure.

3.1.35 Fan with drive total efficiency
The ratio of fan output power to drive input power.

3.1.36 Fan with drive input power
The electric input power to the drive.

3.1.37 Fan with drive static efficiency
The fan with drive total efficiency multiplied by the ratio of
fan static pressure to fan total pressure.

3.1.38 Point of operation

The relative position on a fan characteristic curve corre-
sponding to a particular airflow rate. It is controlled during a
test by adjusting the position of a throttling device, by chang-
ing flow nozzles or auxiliary fan characteristics, or by any
combination of these.

3.1.39 Free delivery
The point of operation where the fan static pressure is zero.

3.1.40 Shall and should
The word shall is to be understood as mandatory; the word
should as advisory.

3.1.41 Shut-off
The point of operation where the fan airflow rate is zero.

3.1.42 Determination
A complete set of measurements for a particular point of
operation of a fan.

3.1.43 Test
A series of determinations for various points of operation of
a fan.

3.1.44 Energy factor
The ratio of the total kinetic energy of the airflow to the kinetic
energy corresponding to the average velocity of the airflow.

3.1.45 Demonstrated accuracy

Demonstrated accuracy is defined for the purposes of this
standard as the accuracy of an instrument or the method
established by testing of the instrument or the method
against a primary or calibrated instrument or method in
accordance with the requirements of this standard.

3.2 Units of measure

3.2.1 System of units

S| units (The International System of Units, Le Systéme
International d'Unités) [1] are the primary units employed
in this standard, with I-P units (inch-pound) given as the
secondary reference. Sl units are based on the fundamental
values of the International Bureau of Weights and Measures
[2], and I-P values are based on the values of the National
Institute of Standards and Technology (NIST), which are in
turn based on the values of the International Bureau.

3.2.2 Basic units

The Sl unit of length is the meter (m) or the millimeter (mm);
the I-P unit of length is the foot (ft) or the inch (in.). The SI
unit of mass is the kilogram (kg); the I-P unit of mass is the
pound mass (Ibm). The unit of time is either the minute (min)
or the second (s). The Sl unit of temperature is either the
degree Celsius (°C) or the degree kelvin (°K); the I-P unit
of temperature is either the degree Fahrenheit (°F) or the
degree Rankine (°R). The Sl unit of force is the newton (N);
the I-P unit of force is the pound force (Ibf).

3.2.3.1 Airflow rate

The Sl unit of volumetric flow rate is the cubic meter per
second (m3/s); the I-P unit of volumetric flow rate is the cubic
foot per minute (cfm).

6 | ANSI/AMCA 210-16 — ANSI/ASHRAE 51-16



3.2.3.2 Airflow Velocity
The Sl unit of velocity is the meter per second (m/s); the I-P
unit of velocity is the foot per minute (fpm).

3.2.4 Pressure

The SI unit of pressure is the pascal (Pa); the I-P unit of
pressure is either the inch water gauge (in. wg) or the inch
mercury (in. Hg). Values in mm Hg or in in. Hg shall be used
only for barometric pressure measurements. The standard
pressures in the |-P system are based on the standard
density of water of 1000 kg/m?3 (62.428 Ibm/ft3) or standard
density of mercury of 13595.1 kg/m3 (848.714 Ibm/ft3) and
the standard gravitational acceleration of 9.80665 m/s?
(32.17405 ft/s?).

3.2.5 Power, energy and torque

The Sl unit of power is the watt (W); the I-P unit is horse-
power (hp). The Sl unit of energy is the joule (J); the I-P
unit is the foot pound-force (ftelbf). The SI unit of torque is
the newton-meter (N*m); the I-P unit is the pound-force inch
(Ibfein.).

3.2.6 Efficiency
Efficiency is based on a per unit basis. Percentages are
obtained by multiplying by 100.

3.2.7 Rotational speed
The unit of rotational speed is the revolution per minute (rev/
min or rpm).

3.2.8 Density, viscosity and gas constant

The Sl unit of density is the kilogram per cubic meter (kg/
m3); the I-P unit is the pound mass per cubic foot (Ibm/ft3).
The Sl unit of viscosity is the pascal second (Paes); the
[-P unit is the pound mass per foot-second (lbm/ftes). The
Sl unit of gas constant is the joule per kilogram kelvin (J/
[kg+K]); the I-P unit is the foot pound-force per pound mass
degree Rankine ([ftelb]/[lbm+°R]).

3.2.9 Dimensionless groups

Various dimensionless quantities appear in the text. Any
consistent system of units may be employed to evaluate
these quantities unless a numerical factor is included, in
which case units must be as specified.

3.3 Symbols and subscripts

See Table 2

4. Instruments and Methods of Measurement
4.1 Accuracy [3]

The specifications for instruments and methods of measure-
ment that follow include both instrument accuracy and

measurement accuracy requirements and specific exam-
ples of equipment capable of meeting those requirements.

Equipment other than the examples cited may be used
provided the accuracy requirements are met or improved
upon.

4.1.1 Instrument accuracy

The specifications regarding accuracy correspond to
two standard deviations based on an assumed normal
distribution.

The calibration procedures given in this standard shall be
employed in order to minimize errors. Instruments shall be
set up, calibrated and read by qualified personnel trained to
minimize errors.

4.1.2 Measurement uncertainty

Every test measurement contains some error and the true
value cannot be known because the magnitude of the error
cannot be determined exactly. However, it is possible to
perform an uncertainty analysis to identify a range of values
within which the true value probably lies. A probability of
95% has been chosen as acceptable for this standard.

The standard deviation of random errors can be determined
by statistical analysis of repeated measurements. No statis-
tical means are available to evaluate systematic errors, so
these must be estimated. The estimated upper limit of a
systematic error is called the systematic uncertainty, and,
if properly estimated, it will contain the true value 99% of
the time. The two standard deviation limit of a random error
has been selected as the random uncertainty. Two standard
deviations yield 95% probability for random errors.

4.1.3 Uncertainty of results

The results of a fan test are the various fan performance
variables listed in Sections 3.1.21 through 3.1.31. Each
result is based on one or more measurements. The uncer-
tainty in any result can be determined from the uncertainties
in the measurement. It is best to determine the systematic
uncertainty and then the random uncertainty of the result
before combining them into the total uncertainty of the
result. This may provide clues on how to reduce the total
uncertainty. When the systematic uncertainty is combined in
quadrature with the random uncertainty, the total uncertainty
will give 95% coverage. In most test situations, it is wise to
perform a pretest uncertainties analysis to identify potential
problems. A pretest uncertainties analysis is not required for
each test covered by this standard because it is recognized
that most laboratory tests for rating are conducted in facili-
ties where similar tests are repeatedly run. Nevertheless, a
pretest analysis is recommended, as is a post-test analysis.
The simplest form of analysis is through verification that all
accuracy and calibration requirements of this standard have
been met. The most elaborate analysis would consider all of

ANSI/AMCA 210-16 — ANSI/ASHRAE 51-16 | 7



the elemental sources of error, including those due to calibra-
tion, data acquisition, data reduction, calculation assump-
tions, environmental effects and operational steadiness.

The sample analysis given in Annex F calculates the uncer-
tainty in each of the fan performance variables, and in addi-
tion combines certain ones into a characteristic uncertainty
and others into an efficiency uncertainty.

4.2 Pressure

The total pressure at a point shall be measured on an indica-
tor such as a manometer with one leg open to atmosphere
and the other leg connected to a total pressure sensor, such
as the total pressure tube or the impact tap of a pitot-static
tube. The static pressure at a point shall be measured on an
indicator, such as a manometer, with one leg connected to
atmosphere and the other leg connected to a static pressure
sensor, such as a static pressure tap or the static tap of a
pitot-static tube.

The velocity pressure at a point shall be measured on
an indicator, such as a manometer, with one leg open to
a total pressure sensor, such as the impact tap of a pitot-
static tube, and the other leg connected to a static pressure
sensor, such as the static tap of the same pitot-static tube.

The differential pressure between two points shall be
measured on an indicator, such as a manometer, with one
leg connected to the upstream sensor, such as a static pres-
sure tap, and the other leg connected to the downstream
sensor, such as a static pressure tap.

4.2.1 Manometers and other pressure-indicating
instruments

Pressure shall be measured on manometers of the liquid
column type using inclined or vertical legs or other instru-
ment that provides a maximum uncertainty of 1% of the
maximum observed reading during the test or 1 Pa (0.005
in. wg), whichever is larger.

Note: the specification permitting an uncertainty based on
the maximum observed test reading during the test leads to
combined relative uncertainties in both fan pressure and fan
airflow rate that are higher at low values of the fan pressure
or fan airflow rate than at high values of those test results.
This is generally acceptable because fans are not usually
rated at the low pressure or low flow portions of their charac-
teristic curves. If there is a need to reduce the uncertainty at
either low flow or low pressure, then the instruments chosen
to measure the corresponding quantity must be selected with
suitable accuracy (lower uncertainties) for those conditions.

4.2.1.1 Calibration
Each pressure-indicating instrument shall be calibrated
at both ends of the measurement scale, plus at least nine

equally spaced intermediate points in accordance with the
following. The reference instrument shall be have an accu-
racy of +/- 0.25% of reading or 0.5 Pa, whichever is greater,
and a calibration traceable to NIST or other national physical
measure recognized as equivalent by NIST.

4.2.1.2 Averaging

To obtain a representative reading, an instrument must
either be damped or the reading must be averaged in a suit-
able manner. Averaging can be accomplished mentally if the
fluctuations are small and regular. Multi-point or continuous-
record averaging can be accomplished with instruments or
analyzers designed for this purpose. The user is cautioned
that this latter type of equipment may yield unreliable read-
ings for a fan operating in an unstable region of its perfor-
mance curve.

4.2.1.3 Correction

Manometer of the liquid column type readings should
be corrected for any difference in change of length of the
graduated scale of the manometer if the temperature of the
ambient air differs from the temperature at which it was cali-
brated. The manufacturer of the manometer must supply
the information for correction of the graduated scale due to
temperature changes.

In case of using manometric head pressure, such as inches
of water or mercury, the readings should be corrected for any
difference in density of gauge liquid from standard and any
difference in local gravitational acceleration from standard.
The standard density of water or mercury and the standard
gravitational acceleration are defined in Section 3.2.4

4.2.2 Pitot-static tube [4][5]

The total pressure or static pressure at a point may be
sensed with a pitot-static tube of the proportions shown in
Figure 1A and 1B. Either or both of these pressure signals
can then be transmitted to a manometer or other indicator. If
both pressure signals are transmitted to the same indicator,
the differential is considered velocity pressure at the point of
the impact opening.

4.2.2.1 Calibration

A pitot-static tube having the proportions shown in Figures
1A and 1B is considered a primary instrument and need
not be calibrated, provided it is maintained in a condition
conforming to this standard.

4.2.2.2 Size

The pitot-static tube shall be of sufficient size and strength to
withstand the pressure forces exerted upon it. The outside
diameter of the tube shall not exceed 1/30 of the test duct
diameter except that, when the length of the supporting stem
exceeds 24 tube diameters, the stem may be progressively
increased beyond this distance. The minimum practical tube
diameter is 2.5 mm (0.10 in.).

8 | ANSI/AMCA 210-16 — ANSI/ASHRAE 51-16



4.2.2.3 Support

Rigid support shall be provided to hold the pitot-static tube
axis parallel to the axis of the duct within 3 degree and at the
head locations specified in Figure 3 within 1 mm (0.05 in.) or
0.25% of the duct diameter, whichever is larger.

4.2.3 Static pressure tap

The static pressure at a point may be sensed with a pres-
sure tap of the proportions shown in Figure 2A. The pres-
sure signal can then be transmitted to an indicator.

4.2.3.1 Calibration

A static pressure tap meeting the requirements shown in
Figure 2A is considered a primary instrument and need
not be calibrated, provided it is maintained in a condition
conforming to this standard. Precautions shall be taken to
ensure that the air velocity does not influence the pressure
measurement.

4.2.3.2 Averaging

A pressure tap is sensitive only to the pressure in the imme-
diate vicinity of the opening. In order to obtain an average, at
least four taps meeting the requirements of Figure 2A shall
be manifolded into a piezometer ring. The manifold shall
have an inside area at least four times that of each tap. An
example is shown in Annex C.

4.2.3.3 Piezometer ring

A piezometer ring is specified for pressure measurement at
upstream and downstream nozzle taps and for outlet duct or
chamber measurement, unless a pitot traverse is specified.
Measurement planes shall be located as shown in setup
Figures 8A, 8B, 9A, 9B, 9C, 10A, 10B, 10C, 11, 12, 13, 14
or 15. See Annex C.

4.2.4 Total pressure tube

The total pressure in an inlet chamber may be sensed with a
stationary tube of the proportions and requirements shown
in Figure 2B. The tube shall face directly into the airflow.

4.2.4.1 Calibration

Atotal pressure tube is considered a primary instrument and
need not be calibrated provided if it is maintained in a condi-
tion conforming to this standard.

4.2.4.2 Total pressure tubes used with setup Figures
13,14 and 15

A total pressure tube is sensitive only to the pressure in
the immediate vicinity of the open end. Locate the tube as
shown in the setup figure. Since the air velocity in an inlet
chamber is considered uniform due to the settling means
employed, a single measurement is representative of the
average chamber pressure.

4.2.5 Other pressure measurement systems
A pressure measurement system consisting of indicators

and sensors other than manometers and pitot-static tubes,
pressure taps or total pressure tubes may be used if the
combined uncertainty of the system, including any transduc-
ers, does not exceed the combined uncertainty for an appro-
priate combination of manometers and pitot-static tubes,
pressure taps or total pressure tubes. For a system used
to determine fan pressure, the contribution to combined
uncertainty in the pressure measurement shall not exceed
that corresponding to 1% of the maximum observed static
or total pressure reading during a test (indicator accuracy),
plus 1% of the actual reading (averaging accuracy). For a
system used to determine fan airflow rate, the combined
uncertainty shall not exceed that corresponding to 1% of the
maximum observed velocity pressure or differential pres-
sure reading during a test (indicator accuracy), plus 1% of
the actual reading (averaging accuracy). See the note in
Section 4.2.1.

4.3 Airflow rate

Airflow rate shall be calculated as required by Section 7.3,
either from measurements of pressure differential across
a flow nozzle or from measurements of velocity pressure
obtained by pitot traverse.

4.3.1 Pitot traverse

Airflow rate may be calculated from velocity pressure
measurements obtained by traverses of a duct with a pitot-
static tube for any point of operation from free delivery to
shut-off, provided that average velocity corresponding to the
airflow rate at free delivery at the test speed is at least 12
m/s (2400 fpm) [6]. See the note in Section 4.2.1.

4.3.1.1 Stations

The number and locations of the measuring stations on each
diameter and the number of diameters shall be as specified
in Figure 3.

4.3.1.2 Averaging

The stations shown in Figure 3 are located on each diam-
eter according to the log-linear rule [7]. The arithmetic mean
of the individual velocity pressure measurements made
at these stations will be the mean air velocity through the
measurement section for a wide variety of profiles [8].

4.3.2 Flow nozzle

Airflow rate may be calculated from the pressure differential
measured across a flow nozzle or bank of flow nozzles for
any point of operation from free delivery to shut-off, provided
that the average velocity at the flow nozzle discharge corre-
sponding to the airflow rate at free delivery at the test speed
is at least 14 m/s (2800 fpm) [6].

4.3.2.1 Size
The flow nozzle or flow nozzles shall conform to Figure 4. A
flow nozzle may be any convenient size except when a duct
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is connected to the inlet of a flow nozzle, in which case the
ratio of flow nozzle throat diameter to the diameter of the
inlet duct shall not exceed 0.5.

4.3.2.2 Calibration

A flow nozzle meeting the requirements of this standard is
considered a primary instrument and need not be calibrated
if maintained in a condition conforming to this standard.
Coefficients have been established for flow nozzle throat
proportions L = 0.5D and L = 0.6D, shown in Figure 4 [9].
Flow nozzle proportion L = 0.6D is recommended for new
construction.

4.3.2.3 Chamber flow nozzle

A flow nozzle without an integral throat tap may be used
in a multiple nozzle chamber, in which case, upstream and
downstream pressure taps shall be located as shown in the
figure for the appropriate setup. An acceptable alternative
is the use of a nozzle with a throat tap in which case the
throat tap located as shown in Figure 4 shall be used in
place of the downstream pressure tap shown in the figure
for the setup and the piezometer for each flow nozzle shall
be connected to its own indicator.

4.3.2.4 Ducted flow nozzle

A flow nozzle with an integral throat tap shall be used for a
ducted flow nozzle setup. An upstream pressure tap shall
be located as shown in the figure for the appropriate setup.
The downstream tap is the integral throat tap and shall be
located as shown in Figure 4.

4.3.2.5 Pressure tap
Each pressure tap shall conform to the requirements in
Section 4.2.3.

4.3.3 Other airflow measurement methods

An airflow measurement method that utilizes a meter or
traverse other than an airflow nozzle or pitot traverse shall
be acceptable under this standard if the uncertainty intro-
duced by the method does not exceed that introduced by
an appropriate flow nozzle or pitot-static traverse method.
The contribution to the combined uncertainty in the airflow
measurement shall not exceed that corresponding to 1.2%
of the discharge coefficient for a flow nozzle [10].

4.4 Fan input power

When reporting mechanical input power, power shall be
determined from the rotational speed and beam load
measured on a reaction dynamometer, from the rotational
speed and torque measured on a torsion element, or the
electrical input power measured on a calibrated motor.

When reporting electrical input power, power shall be deter-
mined from the measurement of active or real power by an
electric meter.

4.4.1 Reaction dynamometers

A cradle or torque-table type reaction dynamometer having
a demonstrated accuracy of + 2% of observed reading may
be used to determine fan input power.

4.4.1.1 Calibration

A reaction dynamometer shall be calibrated through its
range of usage by suspending weights from a torque arm.
The weights shall have certified accuracies of £ 0.2%. The
length of the torque arm from rotational center to any given
point of weight suspension shall be determined to an accu-
racy of £ 0.2%.

4.4.1.2 Tare

The zero torque equilibrium (tare) shall be checked before
and after each test. The difference between the two tare
values shall be within 0.5% of the maximum value measured
during the test.

4.4.2 Torque

A torque meter having a demonstrated accuracy of + 2%
of observed reading may be used to determine fan input
power.

4.4.2.1 Calibration

A torque measurement device shall have a static calibration
and may have a running calibration through its range of use.
The static calibration shall be accomplished by suspending
weights from a torque arm. The weights shall have certified
accuracies of £ 0.2%. The length of the torque arm from
its rotational center to any given point of weight suspension
shall be determined to an accuracy of + 0.2%.

4.4.2.2 Tare

The zero torque equilibrium (tare) and the span of the read-
out system shall be checked before and after each test. In
each case, the difference between the two readings shall
be within 0.5% of the maximum respective value measured
during the test.

4.4.3 Calibrated motor

Fan input power can be determined by measuring the elec-
trical power input to the fan’s motor only if the motor is cali-
brated. Calibrated motors shall have a demonstrated accu-
racy of + 2%.

4.4.3.1 Motor calibration

A motor shall be calibrated throughout its range of use
against an absorption dynamometer except as provided
in Section 4.4.3.4. The absorption dynamometer shall be
calibrated by suspending weights from a torque arm. The
weights shall have accuracies of + 0.2%. The length of the
torque arm from rotational center to any given point of weight
suspension shall be determined to an accuracy of + 0.2%.
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4.4.3.2 Calibrated motors controlled by a variable
frequency drive (VFD)

Instead of calibrating the motor alone, as would be done if
the motor was fed directly from the mains, the motor and
variable frequency drive shall be calibrated as an assem-
bly, using the same VFD and settings during the fan test
as during the motor calibration, with input power measured
upstream of the VFD. However, if the same VFD cannot be
used during the fan test as during the motor calibration, the
output of the VFD shall be filtered by a sinusoidal filter and
the electric meter shall be placed between the sinusoidal
filter and the motor.

4.4.3.3 Voltage and frequency

When using a calibrated motor, the motor input voltages(s)
during the test shall be within 1% of the voltage(s) observed
during calibration. The motor input frequency during the fan
test shall be the same frequency supplied during the motor
calibration.

4.4.3.4 IEEE Calibration
A polyphase induction motor may be calibrated by using the
IEEE segregated loss method [11].

4.4.4 Electrical meter
An electrical meter shall have a certified accuracy of £ 1.0%
of observed reading.

Electrical meters shall have a calibration traceable to NIST
or other national physical measure recognized as equivalent
by NIST.

4.4.5 Averaging

The torque measured on any instrument will fluctuate with
time. In order to obtain a representative reading, either the
instrument must be damped or the readings must be aver-
aged in a suitable manner. Averaging can be accomplished
mentally if the fluctuations are small and regular. Multi-point
or continuous-record averaging can be accomplished with
instruments or analyzers designed for this purpose. The
user is cautioned that this latter type of equipment may yield
unreliable readings for a fan operating in an unstable region
of its performance curve, and care must be taken to ensure
that the fan operates without pressure/airflow instability.

4.5 Rotational speed

The fan shaft speed shall be measured at regular intervals
throughout the period of test for each point of operation, so
as to ensure the determination of average rotational speed
during each such period with an uncertainty not exceeding
0.5%. No device used shall significantly affect the rotational
speed of the fan under test or its performance.

4.5.1 Calibration
Speed measurement devices shall have a calibration trace-

able to NIST or other national physical measure recognized
as equivalent by NIST.

4.6 Air density

Air density shall be determined from measurements of wet-
bulb temperature, dry-bulb temperature and barometric
pressure. Other parameters may be measured and used
if the maximum error in the calculated density does not
exceed 0.5%.

4.6.1 Thermometer

Wet-bulb and dry-bulb temperatures shall be measured
with thermometer or other instruments with a demonstrated
accuracy of + 1 °C (x 2 °F) and a readability of 0.5 °C (1 °F)
or finer.

4.6.1.1 Calibration

A thermometer shall be calibrated over the range of temper-
atures to be encountered during test against a thermometer
with a calibration traceable to NIST or other national physi-
cal measure recognized as equivalent by NIST.

4.6.1.2 Measurement conditions

A wet-bulb thermometer shall have an air velocity over the
water-moistened wick-covered bulb of 3.5 to 10 m/s (700 to
2000 fpm) [12]. A dry-bulb thermometer shall be mounted
upstream of the wet-bulb thermometer. Wet-bulb and dry-
bulb thermometers shall be of the same type.

4.6.2 Barometer

Ambient barometric pressure shall be measured with an
instrument having a demonstrated accuracy of + 170 Pa (+
0.05 in. Hg) and readable to 34 Pa (0.01 in. Hg) or finer.

4.6.2.1 Calibration

Barometers shall have a calibration traceable to NIST or
other national physical measure recognized as equivalent
by NIST

4.6.2.2 Corrections

A mercury column barometer reading shall be corrected for
any difference in mercury density from standard or for any
change in the length of the graduated scale due to temper-
ature. Refer to barometer manufacturer’s instructions and
ASHRAE 41.3, Annex B.

5. Test Setups and Equipment
5.1 Setup

Sixteen test setups are diagrammed in Figures 7A, 7B, 8A,
8B, 9A, 9B, 9C, 10A, 10B, 10C, 11, 12, 13, 14, 15 and 16.

5.1.1 Installation types
A fan shall be tested under this standard according to one of
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the four general installation types that exist in actual applica-
tions [13]. These types are

A: Free inlet, free outlet

B: Free inlet, ducted outlet
C: Ducted inlet, free outlet

D: Ducted inlet, ducted outlet

5.1.2 Selection guide
Table 3 may be used as a guide to the selection of an appro-
priate setup.

Table 3
Selection Guide

Installation Type

Setup Figure A B C D

7A, 7B, 8A, 8B, 9A,

1
9B, 9C, 10A, 10B, 10C NS NS

1,12,1314,0r15 | Y2 | y3 | vl4 | y13

16 Y Y3

NS = Not suitable for fans with significant swirl
Y = Suitable for all fan types

Notes:

1. Asimulated inlet duct may be used

2. An auxiliary inlet bell or outlet duct may not be used

3. An outlet duct or a short outlet duct, per Section 5.2.3,
may be used

4. No outlet duct may be used

5.1.3 Leakage
Alljoints in the chamber, ducts and other equipment between
the fan and the flow measuring plane, including the nozzle
wall, if applicable, shall be designed and maintained to mini-
mize leakage.

Leakage through the chamber and the duct walls between
the flow measurement plane and the fan under the test shall
be minimize for the pressure range in the chamber during
the test.

Aleakage test shall be performed prior to initial use and peri-
odically thereafter, with corrective action taken if necessary.
See Annex B for two recommended leakage test methods.

5.2 Duct

A duct may be incorporated in a laboratory test setup to
provide a measurement plane or to simulate the condi-
tions the fan is expected to encounter in service or both.
Dimension D5 or D, in the test setup figures are the inside
diameter of a circular cross section duct or equivalent diam-

eter of a rectangular cross section duct with inside traverse
dimensions a and b, where:

D =+4ab/n

5.2.1 Long Ducts

Eq. 5.2

5.2.1.1 Airflow measurement duct

A duct with a measurement plane for airflow determination
shall be straight and have a uniform circular cross section. A
pitot traverse duct shall be at least 10 diameters long with the
traverse plane located between 8.5 and 8.75 diameters from
the upstream end. Such a duct may serve as an inlet duct or
an outlet duct as well as to provide a measurement plane. A
duct connected to the upstream side of a flow nozzle shall
be between 6.5 and 6.75 diameters long when used only
to provide a measurement plane or between 9.5 and 9.75
diameters long when used as an outlet duct as well.

5.2.1.2 Pressure measurement duct

A duct with a plane for pressure measurement shall be
straight and may have either a uniform circular or rectangu-
lar cross section. An outlet duct with a piezometer ring shall
be at least 10 diameters long with the piezometer plane
located between 8.5 and 8.75 diameters from the upstream
end.

5.2.1.3 Transition pieces

Transition pieces shall be used when a duct with a measur-
ing plane is to be connected to the fan and it is of a size or
shape that differs from the fan connection. Such pieces shall
not contain any converging element that makes an angle with
the duct axis greater than 7.5° or a diverging element that
makes an angle with the duct axis of greater than 3.5°. The
axes of the fan opening and duct shall coincide. See Figure
5. Connecting ducts and elbows of any size and shape may
be used between a duct that provides a measurement plane
and a chamber. This will lead to non-reproducible results
unless actual duct configuration is identified.

5.2.1.4 Duct area

An outlet duct used to provide a measurement station shall
not have an area more than 5% larger or smaller than the
fan outlet area. An inlet duct used to provide a measure-
ment station shall not be more than 12.5% larger, nor 7.5%
smaller than the fan inlet area.

5.2.1.5 Roundness

The portion of a pitot traverse duct within 0.5D of either side
of the plane of measurement shall be round within 0.5% of
the duct diameter. The remainder of the duct shall be round
within 1% of the duct diameter. The area of the plane of
measurement shall be determined from the average of
4 diameters measured at 45° increments. The diameter
measurements shall be accurate to within 0.2%.
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5.2.1.6 Airflow straightener

An airflow straightener is specified so that flow lines will be
approximately parallel to the duct axis. An airflow straight-
ener shall be used in any duct that provides a measure-
ment plane. The form of the airflow straightener shall be as
specified in Figure 6A or 6B. To avoid excessive pressure
drop through the airflow straightener, careful attention to
construction tolerances and details is important [14].

5.2.2 Common segment

A standardized air path of a controlled geometry used to
provide consistent test results between different test config-
urations. The geometry of the common segment is adapted
from ISO 5801.

5.2.2.1 Common segment on the fan outlet

The geometry of the common segments used for testing on
the outlet side of the fan is defined in Figures 18, 19 and
20. It incorporates a flow straightener per Figure 6B and a
pressure measurement station one diameter from the exit
end. Figures 19 and 20 also define the geometry of transi-
tion pieces from the fan outlet to the duct, and the limits of
the duct area’s deviation from the fan outlet area.

5.2.3 Simulated ducts

5.2.3.1 Short outlet duct

A short outlet duct that is used to simulate installation types
B and D but in which no measurements are taken shall be
between 2 and 3 equivalent diameters long, have an area
within 1% of the fan outlet area and be of a uniform shape to
fit the fan outlet [15].

5.2.3.2 Short inlet duct

An inlet bell or an inlet bell and one equivalent duct diameter
of inlet duct may be mounted on the fan inlet to simulate an
inlet duct. The bell and duct shall be of the same size and
shape as the fan inlet boundary connection.

5.3 Chamber

A chamber may be incorporated in a laboratory test setup
to provide a measurement station or to simulate the condi-
tions the fan is expected to encounter in service or both. The
chamber may have either a circular or rectangular cross-
sectional shape. The dimension M in the test setup diagram
is the inside diameter of a circular chamber or the equivalent
diameter of dimensions a and b, where:
M = |/(4ab/~) Eqg. 5.3
5.3.1 Outlet chamber

An outlet chamber (Figure 11 or 12) shall have a cross-
sectional area at least nine times the area of the fan outlet
or outlet duct for a fan with axis of rotation perpendicular
to the discharge airflow and a cross-sectional area at least

sixteen times the area of the fan outlet or outlet duct for a
fan with axis of rotation parallel to the discharge airflow [16].

5.3.2 Inlet chamber
An inlet chamber (Figure 13, 14 or 15) shall have a cross-
sectional area at least five times the fan inlet area.

5.3.3 Airflow settling means

Airflow settling means shall be installed in chambers where
indicated on the test setup figures. When the tested fan or
a pressure measurement plane is located downstream of
the settling means, the purpose of the settling means is to
provide a substantially uniform flow ahead of the tested fan
or pressure measurement plane. When the test fan or airflow
measurement nozzles are located upstream of the settling
means, the purpose of the settling means is to absorb the
kinetic (velocity) energy of the upstream jet velocity and
allow its expansion as if in an unconfined space.

Generally, several screens in each airflow-settling means
will be required. Any combination of screens or perforated
sheets may be used. However, three or four screens with
decreasing percent of open area in the direction of airflow
are suggested. It is also suggested that, within each settling
means, screens of square mesh round wire be used
upstream with perforated sheet used downstream. An open
area of 50% to 60% is suggested for the initial screen.

All chambers must meet the requirements described in
Annex A for the purposes of this standard.

5.3.4 Multiple nozzles

Multiple nozzles shall be located as symmetrically as
possible. The centerline of each nozzle shall be at least 1.5
nozzle throat diameters from the chamber wall. The mini-
mum distance between the centers of any two nozzles in
simultaneous use shall be three times the throat diameter of
the larger nozzle.

The uncertainty of the airflow rate measurement can be
reduced by changing to a smaller nozzle or combination of
nozzles for the lower airflow rate range of the fan.

Unused nozzles may be sealed on any test.
5.4 Variable air supply and exhaust systems

A means of varying the fan point of operation shall be
provided in a laboratory test setup.

5.4.1 Throttling device

A throttling device may be used to control the fan point of
operation. Such a device shall be located on the end of the
test duct or test chamber and shall be symmetrical about the
duct or chamber axis.
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5.4.2 Auxiliary fan

Auxiliary fans may be used to control the point of test fan
operation. They shall provide sufficient pressure at the
desired airflow to overcome losses through the test setup.
Airflow adjustment means, such as dampers, auxiliary fan
blade or auxiliary fan inlet vane pitch control, or speed
control may be required. An auxiliary fan shall not surge or
pulsate during a test.

6. Observations and Conduct of Test
6.1 General test requirements

6.1.1 Determinations

The number of determinations must be adequate to define
the shape of the performance curve. If the full curve (i.e.,
free delivery to blocked tight) is desired, the number of
determinations shall be no less than eight. If only a portion
of the curve is desired, the number of determinations shall
be no less than three. If only a single point is required, it
must fall within the range of these determinations.

6.1.2 Stable operating conditions
Statistically stable conditions shall be established before
each determination. To test for stable condition, trial obser-

Table 4
Test Data to be Recorded

vations shall be made until steady readings are obtained.
The range of airflow over which stable condition cannot be
established shall be recorded and reported.

6.1.3 Stability

Any bi-stable performance points (airflow rates at which
two different pressure values can be measured) shall be
reported. When a result of hysteresis, the points shall be
identified as that for decreasing airflow rate and that for
increasing airflow rate.

6.2 Data to be recorded

6.2.1 Test fan
The description of the test fan, including specific dimensions,
shall be recorded. The nameplate data shall be copied.

6.2.2 Test setup

The description of the test setup, including specific dimen-
sions, shall be recorded. Reference may be made to the
figures in this standard. Alternatively, a drawing or annotated
photograph of the setup may be attached to the recorded
data.

For setups using nozzles, the nozzle diameters shall be
recorded.

Setup Figure
Item Description Parameter | 7TA| 7B | 8A| 8B | 9A | 9B [ 9C | 10A|10B|(10C| 11 [ 12|13 |14 | 15| 16
Barometric Pressure Py X X X
Rotational Speed N X X X
Beam Load or Torque ForTorW | x X X X X X X X X X X X X X X X
or Input Power
Velocity Pressure Pya
PsSr
) Pe4 X X X
Static Pressure
P85 X
Ps7
Total Pressure Pig X X X
40 X X X X X X
1‘WO X X X X X X
4o X X X X X X
Temperature ty3 X | x X X
tya X X X
tys5 X X X X X
l4s X
Nozzle Pressure Drop AP X | x| x| x| x X X X X | x
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6.2.3 Instruments

The instruments and apparatus used in the test shall be
listed and recorded, and the manufacturer names, model
numbers, serial numbers and calibration information shall
be provided if requested.

6.2.4 Test data

The test data which must be recorded varies by setup figure
and is shown in Table 4. One reading for each checked
parameter is required for each test point with the following
exceptions:

1. When environmental conditions are varying, a minimum
of three readings shall be taken for {4, t,, {40, @and py,.

2. One reading for each pitot station shall be recorded for
Pv3r and PsSr'

3. For a test where Py is less than 1 kPa (4 in. wg), the
temperatures fy3, ty,, tys ty7, and tyg need not be
measured. The value t,, may be used.

4. For setups Figure 11 and 12, t, may be considered
equal to fy; and P s may be considered equal to P,.

5. Apiezometer can be used to measure P instead of Pig.
See Figures 13 or 14, Note 5, or Figure 15, Note 6, for
requirements.

6. For setup Figure 15, P;5; may be calculated. See Figure
15, Note 5.

6.2.5 Personnel
The names of test personnel shall be listed with the data for
which they are responsible.

7. Calculations
7.1 Calibration correction

Calibration correction, when required, shall be applied to
individual readings before averaging or other calculations.
Calibration correction need not be made if the correction is
smaller than one-half the maximum allowable uncertainty,
as specified in Section 4.

7.2 Density and viscosity of air

7.2.1 Atmospheric air density

The atmospheric air density (p,) shall be determined from
measurements taken in the general test area, and of ambi-
ent dry-bulb temperature (t,;) ambient wet-bulb tempera-
ture (t,,0), and ambient barometric pressure (p,,) using the
following formulae [17]:

Po = 3.25t,,0% +18.6t,,0 + 692 Eq. 7.1 Sl
_ —4 2 _2
Po =(2.96x10*)t,0% — (1.59x 10~ 2)t,,0 + 0.41
Eq.7.11-P
Py =P —pr Eq. 7.2 SI
pre 1500
Py =P 7pr Eq.7.21-P
poTe 2700 o
~0.378
po = b T TR Eq. 7.3 S
R(t4o + 273.15)
70.73(p, —0.378
o = (Py Pp) Eq. 7.3 I-P

R(tyo + 459.67)

Equation 7.1 is approximately correct for p, for a range of
t,o between 4 °C and 32 °C (40 °F and 90 °F). The gas
constant (R), for air, may be taken as 287.1J/kg*K (53.35
ftelbf/Ibm<°R).

7.2.2 Duct or chamber air density

The air density in a duct or chamber at Plane x, (p,), may be
calculated by correcting the density of atmospheric air (p,)
for the static pressure (Pg,) and dry-bulb temperature (;,)
at Plane x using:

ty +273.15)(P

py = po| 0T sx P Eq.7.4 S|
t, +273.15||  pp
to +459.67( Py, +13.

| le0 45967 (P +13595p, co. 741
t, +459.67)  13.595p,

7.2.3 Fan air density

The fan air density (p) shall be calculated from the atmo-
spheric air density (p,), the total pressure at the fan inlet
(Py), and the stagnation (total) temperature at the fan inlet

(tg1) using:

(Pt [t +273.15 c0. 759
P ) tsg+273.15
P T 135050, ||ty +459.67 -

On all outlet duct and outlet chamber setups, P, is equal to
zero and ty is equal to fy,. On all inlet chamber setups, Py,
is equal to Pg and £, is equal to t;5. On the inlet duct setup,
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ts4 is equal to ty3 and P, may be considered equal to Py, for

fan air density calculations.

7.2.4 Dynamic air viscosity
The viscosity (u) shall be calculated from:

= (17.23 +0.048t,) x 106 Eq. 7.6 SI

u1=(11.00 + 0.018t) x 106 Eq. 7.6 I-P
The value for 20 °C (68 °F) air, which is 1.819 x 10 Paes
(1.222 x 10 Ibm/ftss), may be used between 4 °C (40 °F)
and 40 °C (100 °F) [9].

7.3 Fan airflow rate at test conditions

7.3.1 Nozzle

The fan airflow rate may be calculated from the pressure
differential (AP) measured across a single nozzle or a bank
of multiple nozzles [16].

7.3.1.1 Alpha ratio
The ratio of absolute nozzle exit pressure to absolute
approach pressure shall be calculated from:

P
o — 56 TPy

Eq.7.11 SI
Psx + Pp

o — Fe6 13.595p, Eq.7.11 I-P

P, +13.595p,

Or:

a=1- AP Eq.7.12 Sl
pXR(th + 273.15)

a=1- 5.2014AP Eq.7.121-P
pXR(th —+ 459.67)

The gas constant (R) may be taken as 287.1J/kg*K (53.35
ftelb/lbm<°R) for air. Plane x is Plane 4 for duct approach or
Plane 5 for chamber approach.

7.3.1.2 Beta ratio
The ratio (p) of nozzle exit diameter (Dg) to approach duct
diameter (D, ) shall be calculated from:

Eq. 7.13

For a duct approach, D, = D,. For a chamber approach, D,
= Dg, and 8 may be taken as zero.

7.3.1.3 Expansion factor
The expansion factor (Y) may be obtained from:

o I e

1— 54a2/7
The ratio of specific heats (y) may be taken as 1.4 for air.
Alternatively, the expansion factor for air may be approxi-
mated with sufficient accuracy by:

_ Ny
1—a Eq.7.14

1—«

Y=1-(0.548 + 0.718%)(1 - @) Eq. 7.15
7.3.1.4 Energy factor

The energy factor (E) may be determined by measuring
velocity pressures (P,,) upstream of the nozzle at standard
traverse stations and calculating:

S (P)

n

E= 3 Eq.7.16

> (P
n

Sufficient accuracy can be obtained for setups qualifying
under this standard by setting E = 1.0 for chamber approach
or E = 1.043 for duct approach [8].

7.3.1.5 Reynolds number
The Reynolds number (Re) based on nozzle exit diameter
(Dg) in meters (feet), shall be calculated from:

Re — D6v6/6 Eq. 7.17 SI
o

Re — 26v6/6 Eq. 7.17 I-P
60

Using properties of air as determined in Section 7.2 and
the appropriate velocity (V) in m/s (fom). Since the velocity
determination depends on Reynolds number, an approxima-
tion must be employed. It can be shown that:

e =—— —_— q .

Re = Y2 CDgy APpX4 Eq. 7.18 SI
o 1-EB
1097 APp

Re=—-CDgY |-— X 718 -
50~ P\ 1 g5t Eq.7.18 I-P

For duct approach, p, = p,. For chamber approach, p, = pg,
and B may be taken as zero.
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Refer to Annex G for an example of an iterative process to
determine Re and C.

7.3.1.6 Discharge coefficient
The nozzle discharge coefficient (C) shall be calculated
from:

7.006 134.6
C =0.9986 — +[ ] Eq. 7.19
[ VRe J Re q
For:L/D=0.6
6.688 131.5
C =0.9986 — +[ ] Eq.7.20
JRe Re
For:L/D=0.5

For Re of 12,000 and above [9].

Refer to Annex G for an example of an iterative process to
determine Re and C.

7.3.1.7 Airflow rate for ducted nozzle
The airflow rate (Q,) at the entrance to a ducted nozzle shall
be calculated from:

[CAGY /2AP]
Q- V7 ) Eq. 7.21 SI

J1—EG*

[1 097.8CAgY \/ﬁ}
P4

Q= Eq.7.211-P

J1—EB*

The area (Ag) is measured at the plane of the throat taps.

7.3.1.8 Airflow rate for chamber nozzles
The airflow rate (Q5) at the entrance to a nozzle or multiple
nozzles with chamber approach shall be calculated from:

Q=Y QE(CAG) Eq. 7.22 SI
Ps5

Qs =1097.8Y EZ(CAG) Eq.7.221-P
Ps5

The coefficient (C) and the area (Ag) must be determined for
each nozzle, and their products must be summed as indi-
cated. The area (Ag) is measured at the plane of the throat
taps, or the nozzle exit for nozzles without throat taps.

7.3.1.9 Fan airflow rate
The fan airflow rate (Q) at test conditions shall be obtained
from the equation of continuity:

Q=Q, [P_x] Eq.7.23

P

Where Plane x is either Plane 4 or Plane 5, as appropriate.

7.3.2 Velocity traverse
The fan airflow rate may be calculated from velocity pres-
sure measurements (P, ;) taken by pitot traverse.

7.3.2.1 Velocity pressure

The velocity pressure (P, 3) corresponding to the average
velocity shall be obtained by taking the square roots of the
individual measurements (P, 5,), summing the roots, divid-
ing by the number of measurements (n), and squaring the
quotient as indicated by:

> \Puar

2

P, = Eq.7.7

7.3.2.2 Velocity

The average velocity (V3) shall be calculated from the air
density at the plane of traverse (p3) and the corresponding
velocity pressure (P, 3) using:

2P
Vy= [ Eq. 7.8 Sl
P3
Pv3
V; =1097.8 |2 Eq. 7.8 I-P
3

7.3.2.3 Airflow rate
The airflow rate (Q;) at the pitot traverse plane shall be
calculated from the velocity (V3) and the area (A3) using:

Q3 = VaA, Eq.7.9
7.3.2.4 Fan airflow rate

The fan airflow rate at test conditions (Q) shall be obtained
from the equation of continuity:

Q=0Q, [p—3] Eq. 7.10
P

7.4 Fan velocity pressure at test conditions

7.4.1 Pitot traverse

When pitot traverse measurements are made, the fan veloc-
ity pressure (P, ) shall be determined from the velocity pres-
sure (P,3) using:
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Eq. 7.24

Whenever P, and P, differ by less than 1 kPa (4 in. wg),
po Mmay be considered equal to p;.

7.4.2 Nozzle

When airflow rate (Q) is determined from nozzle measure-
ments, the fan velocity pressure (P,) shall be calculated from
the velocity (V,) and air density (p,) at the fan outlet using:

Q= Q[ﬁ] Eq.7.25
P2
v, =% Eq.7.26
Ay
And:
poVy?
R =2 Eq.7.27 SI
2
Vo
- Eq. 7.27 I-P
v 2[1097.8] a
Or:
2
P, = [@] [LJ Eq. 7.28 S|
Az ) \2p2
2
p =S |1 Eq.7.28 I-P
1097.84, | |

For outlet duct setups, whenever P, and P, differ by less
than 1 kPa (4 in. wg), p, may be considered equal to p,.

7.5 Fan total pressure at test conditions

The fan total pressure shall be calculated from measure-
ments of the pressures in ducts or chambers, corrected for
pressure losses that occur in the measuring duct between
the fan and the plane of measurement.

7.5.1 Averages
Certain averages shall be calculated from measurements,
as follows:

7.5.1.1 Pitot traverse
When a pitot traverse is used for pressure measurement:
the average velocity pressure (P, 3) shall be as determined

in Section 7.3.1.1. The average velocity (V) shall be as
determined in Section 7.3.1.2, and the average static pres-
sure (Pg3) shall be calculated from:

_ ZPs3r

P
s3 n

Eq. 7.29

7.5.1.2 Duct piezometer

When a duct piezometer is used for pressure measurement,
the average static pressure (Pg,) shall be the measured
value (Pg,,). The average velocity (V,) shall be calculated
from the airflow rate (Q) as determined in Section 7.3.1.9,
and:

Eq. 7.30

And the average velocity pressure P, shall be calculated
from:

2
P4V,
P = 424_ Eq. 7.31 SI
2
V,
P, = 4 Eq.7.311-P
v4 p4[1097.8} a

7.5.1.3 Chamber

When a chamber piezometer or total pressure tube is used
for pressure measurement, the average static pressure
(Pg7) shall be the measured value (Pg;,) and the average
total pressure (Pig) shall be the measured value (Pig,).

7.5.2 Pressure losses

Pressure losses shall be calculated for measuring ducts and
straighteners that are located between the fan and the plane
of measurement.

7.5.2.1 Hydraulic diameter

The hydraulic diameter for round ducts is the actual diam-
eter (D). The hydraulic diameter for rectangular ducts shall
be calculated from the duct inside dimensions a and b at the
traverse using:

2ab
a+b

Dy, = Eq. 7.32

7.5.2.2 Reynolds Number
The Reynolds number (Re) based on the hydraulic diameter
(Dy,) in meters (feet) shall be calculated from:

Re = bVe

&

Eq. 7.33 SI
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Re = bVe

Eq. 7.33I-P
60

Using properties of air as determined in Section 7.2 and the
appropriate velocity (V) in m/s (fpm).

7.5.2.3 Coefficient of friction
The coefficient of friction (f) shall be determined from [19]:

f_ 014 Eq.7.34

ReO.17

7.5.2.4 Cell straightener equivalent length

The ratio of equivalent length (L) of a straightener to hydrau-
lic diameter (D,,) shall be determined from the elemental
thickness (y) and the equivalent diameter (D) using:

L 15.04
—& _ Eq. 7.35

Dh 2 1.83
1—26.65[y]+184.6[y]
D D

This expression is exact for round duct straighteners and
sufficiently accurate for rectangular duct straighteners.

7.5.2.5 Star straightener friction loss
The conventional loss coefficient of the star straightener,
including the external duct, is given by:

¢ = 0.95Re0 12 Eq. 7.36
7.5.2.6 Common part friction loss
Cop = 0.015 + 1.26(ReDh4-0-3) + 0_95(ReDh4-O.12)

Eq. 7.37

7.5.3 Inlet total pressure
The total pressure at the fan inlet (P,;) shall be calculated
as follows:

7.5.3.1 Open inlet

When the fan draws directly from atmosphere, Py, shall be
considered equal to atmospheric pressure, which is zero
gauge, so that:
Py=0 Eq. 7.38
7.5.3.2 Inlet chamber

When the fan is connected to an inlet chamber, P, shall be
considered equal to the chamber pressure (Pg) so that:

Py = Pg Eq. 7.39
7.5.3.3 Inlet duct

When the fan is connected to an inlet duct, P, shall be
considered equal to the algebraic sum of the average static

pressure (Pg3) and the average velocity pressure (P,;),
corrected for the friction due to the length of duct (L173)

between the measurement plane and the fan, so that:

Ly

Pi=PFs3+Rs3 —f[ P Eq. 7.40
Dn3

Pressure P 5 will be less than atmospheric and its value will
be negative.

7.5.4 Outlet total pressure
The total pressure at the fan outlet (P,,) shall be calculated
as follows:

7.5.4.1 Open outlet

When the fan discharges directly to atmosphere, the static
pressure at the fan outlet (Pg,) shall be considered equal to
atmospheric pressure, which is zero, so that:

Pp=Pp=P

\"

Eq. 7.41
The value of P, shall be as determined in Section 7.4.

7.5.4.2 Outlet chamber

When the fan discharges directly into an outlet chamber, the
static pressure (Pg,) at the fan outlet shall be considered
equal to the average chamber pressure (Pg7), so that:

Py, =Py +P,=Py+P, Eq.7.42

The value of P, shall be as determined in Section 7.4.

7.5.4.3 Short duct

When the fan discharges through an outlet duct without
a measurement plane either to the atmosphere or into
an outlet chamber, the pressure loss of the duct shall be
considered zero and calculations shall be made according
to either Section 7.5.4.1 or Section 7.5.4.2.

7.5.4.4 Piezometer outlet duct

When the fan discharges into a duct with a piezometer ring,
total pressure (P,,) shall be considered equal to the sum of
the average static pressure (Pg,) and the velocity pressure
(P,4) corrected for the friction loss due to both the straight-
ener and the length (L, ,) of the duct between the fan outlet
and the measurement blane.

When a cell straightener is used:

Po = Psa +Rug +1 Bq.7.43

L L
&+_e] P
Dha  Dna

When a star straightener is used:
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B Loy
Po =Py +Py +fl——-2

P+ 0.95(Re4—°-12)PV4
Eq.7.44

When a common part is used:
Py = Py + P, +(0.015 + 1.26(Re03) + 0.95(Re0-12)P,,
Eq. 7.45

7.5.4.5 Pitot outlet duct

When the fan discharges into a duct with a pitot traverse,
total pressure (P,,) shall be considered equal to the sum of
the average static pressure (Pg3) and the velocity pressure
(P,3) corrected for the friction loss due to both the equivalent
length (L) of the straightener and the length (L, ;) of the
duct between the fan outlet and the measurement plane.

When a cell straightener is used:

L L
£+_e] Py

Eq. 7.46
Dhnz  Dns

Fo=PFg +Ps+f

When a star straightener is used:

L
Py = Py + Py +f|=22—2|P,3 +0.95Re;) %'?P,5

Eq. 7.47

7.5.5 Fan total pressure

The fan total pressure (P,) at test conditions for incompress-
ible flow shall be calculated from:
P,= Py - P, Eq.7.48

This is an algebraic expression so that if P, is negative, P,
will be numerically greater than P,,.

7.6 Fan static pressure at test conditions

The fan static pressure (P;) at test conditions for incom-
pressible flow shall be calculated from:

P,=P,-P, Eq. 7.49

7.7 Fan input power at test conditions

7.7.1 Reaction dynamometer

When a reaction dynamometer is used to measure torque,
the fan input power (H,) shall be calculated from the beam
load (F), using the moment arm (I) and the fan rotational
speed (N) using:

H. — 27FIN

Eq. 7.50 SI
! 60 a

27FIN

i:—33,000><12 Eq. 7.50 I-P

7.7.2 Torsion element

When a torsion element is used to measure torque, the fan
input power (H;) shall be calculated from the torque (T) and
the fan rotational speed (N) using:

. _ 27N Eq. 7.51 Sl
=
60
AL\ . Eq.7.51I-P
33,000 %12

7.7.3 Calibrated motor

When a calibrated electric motor is used to measure input
power, the fan input power (H,) may be calculated from the
power input (W) to the motor and the motor efficiency

(17y,) using:

Ho= W nm Eq.7.52 Sl
;= Wit Eq.7.52 I-P
745.7

7.8 Fan efficiency

7.8.1 Fan output power

The fan output power (H,) would be proportional to the prod-
uct of fan airflow rate (Q) and fan total pressure (P,) if air
were incompressible. Since air is compressible, thermody-
namic effects influence output and a compressibility coef-
ficient (Kp) must be applied to make power output propor-
tional to (QFP;) [20].

H, = QPK, Eq. 7.53 SI
P,K
b= QRKp. Eq.7.531-P
6343.3

7.8.2 Compressibility factor
The compressibility coefficient (Kp) may be determined from:

R

X = Eq. 7.54 SI
P+ pp

U S Eq. 7.54 I-P
Py +13.595p,

And:

o
22[7_4] Q Eq. 7.55 S
7 )| Ra Py
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[6343.3H,-]
2|21 Q Eq. 7.55 I-P
v J|P{+13.595p,
And:
k _[nO+x))_ 2 Eq. 7.56
P X In(1+ z)

Which may be evaluated directly [20]. P, Py, p,, H;, and Q
are all test values when mechanical input power is measured.
When electrical input power is measured, H; shall be esti-
mated using Annex B.2 of ISO Standard 12759: 2010. The
isentropic exponent (y) may be taken as 1.4 for air.

7.8.3 Fan total efficiency
The fan total efficiency (7;) is the ratio of the fan output
power to fan input power, or:

QRK,
= T, Eq. 7.57 SI
__ORK Eq.7.57 I-P

" 6343.3H a-for

7.8.4 Fan static efficiency

The fan static efficiency () may be calculated from the fan
total efficiency (7;) and the ratio of the fan static pressure
(Pg) to fan total pressure (P,) using:

P

— _S

7.8.5 Fan with drive total efficiency

_QRK,
T =Ty Eq. 7.59 SI
L Eq. 7.59 I-P
T = 8507 q- 7991
7.8.6 Fan with drive static efficiency
PS
Msx = Thx Ft Eq. 7.60

KIO is assumed to be 1.

7.9 Conversion of results to other rotational
speeds and air densities

Test results may be converted to a different air density or a
different rotational speed from the conditions that were pres-
ent during the test. During a laboratory test, the air density
and rotational speed may vary slightly from one determi-
nation point to another. It may be desirable to convert all
test points to a nominal density, a constant rotational speed
or both. If the nominal air density (p;) is within 10% of the
fan air density (p) and the constant rotational speed (N,) is
within 5% of the actual rotational speed (N), then the air can
be treated as if it were incompressible and Section 7.9.1 can
be used. The compressible flow methods given in Section
7.9.2 can be used for any correction, but must be used when
the air density or rotational speed exceeds the limits given
above.

7.9.1 Conversion to other rotational speeds and air
densities with incompressible flow

For small changes in air density or rotational speeds,
compressibility can be assumed to be constant. Use Kpc =
Kp and Equations 7.61-70 to make this conversion.

7.9.2 Conversion to other rotational speeds and air
densities with compressible flow

For large changes in air density or rotational speed, it is
necessary to treat the air as a compressible gas. This is an
iterative process as follows (used for Q > 0):

Step 1: Using test values for Q, P, and (H,) with Equations
7.54, 7.55 and 7.56, find Ko

Step 2: Use Kp = KpC together with the desired rotational
speed (N,) and the desired density (po.) in Equations 7.61,
7.62 and 7.65 to find Q.,, Py, and H,..

Step 3: Use Equations 7.54, 7.55 and 7.56 and the new
values Q_, P, and H,. to find a new Kpc.

Step 4: Using the new value of Kpc,together with N, p, and
Equations 7.61, 7.62 and 7.65, find the new Q_, P, and H,..

Step 5: Repeat steps 3 and 4 until Q;, P,, and H,;, do not
change (or are of sufficient accuracy).

These values converge rapidly, and usually only two or three
iterations are required.

7.9.3 Conversion formulae for new densities and new
rotational speeds

Actual test results may be converted to a new density (p_) or
to a new rotational speed (N,) using the following formulae.
See Annex E for their derivation.

When electrical input power is measured and results are to
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be corrected to a different air density, use Kpc = Kp in the
following formulae. Density corrections shall be limited to
10% and speed corrections shall not be allowed.

N[ K
Q :Q[—C] —r Eq. 7.61
¢ N )| Koe
2
N K
P, =P, [_c} [Pc] P Eq. 7.62
N P )| Koc
2
R —P, [&] [P_c] Eq.7.63
N){p
Py =Py- Py Eq. 7.64
3
N e |l K
H,=H —CJ [—0] P Eq.7.65
ic ’[N P Kpc
_w [P Ke
We = WX[ p ][KPCJ Eq. 7.68
e = T Eq. 7.69
And:
P
Nse = The | o Eq. 7.70
P

8. Report and Results of Test
8.1 Report

The report of a laboratory fan test shall include the objective,
results, test data and descriptions of the test fan, including
appurtenances, test figure and installation type, test instru-
ments and personnel, as outlined in Section 6. The test
report shall also state the inlet, outlet and power boundaries
of the fan and what appurtenances were included with them.
The laboratory shall be identified by name and location.

8.2 Performance graphical representation of test
results

The results of a fan test shall be presented as plots. The
result of each determination shall be shown by a marker.
The fan performance between the markers can be esti-
mated by a curve or line. Typical fan performance curves
are shown in Figure 17.

8.2.1 Coordinates and labeling

Performance plots shall be drawn with the fan airflow rate
as abscissa. Fan pressure and fan power shall be plotted
as ordinates. Fan total pressure, fan static pressure or both

may be shown. If all results were obtained at the same rota-
tional speed or if results were converted to a nominal rota-
tional speed, that speed shall be listed. Otherwise, a plot
with fan speed as ordinate shall be drawn. If all results were
obtained at the same air density or if results were converted
to a nominal air density, that air density shall be listed.
Otherwise, a plot with air density as ordinate shall be drawn.
Plots with fan total efficiency and/or fan static efficiency as
ordinates may be drawn. Barometric pressure shall be listed
when fan pressure exceed 2.5 kPa (10 in. wg).

8.2.2 Identification

Each sheet with the fan performance plots shall list the fan
tested and the test figure (see Figures 7A, 7B, 8A, 8B, 9A,
9B, 9C, 10A, 10B, 10C, 11, 12, 13, 14, 15 and 16). The
report that contains the information required in Section 8.1
shall be identified.
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A 04D —
3D Radius

90° +0.1°

SECTION A-A

Static Pressure

Total Pressure

Notes:

1. Surface finish shall be 0.8 micrometer (32 micro-in.) or better. The static orifices may not exceed 1 mm (0.04 in.) diameter.
The minimum pitot tube stem diameter recognized under this standard shall be 2.5 mm (0.10 in.) in no case shall the stem
diameter exceed 1/30 of the test duct diameter.

2. Head shall be free from nicks and burrs.
3. All dimensions shall be within +2%.

4. Section A-A shows 8 holes equally spaced and free from burrs. Hole diameter shall be 0.13D, but not exceeding 1 mm (0.04
in.) hole depth diameter.

Figure 1A
Pitot-Static Tube with Spherical Head
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All other dimensions are the same X/D V/D X/D V/D
as for spherical head pitot- static tubes. 0 05 1602 0.314
0.237 0.496 1.657 0.295
/¥ 8D = 0.336 0.494 1.698 0.279
0.474 0.487 1.73 0.266
0.622 0.477 1.762 0.25
? * 0.741 0.468 1.796 0.231
b I ] 0.936 0.449 1.83 0.211
X 1.025 0.436 1.858 0.192
¢ ﬁ 1.134 0.42 1.875 0.176
0.2D 1.228 0.404 1.888 0.163
1.313 0.388 1.9 0.147
v 1.39 0.371 1.91 0.131
Alternate pitot-static tube with ellipsoidal head 1.442 0.357 1.918 0.118
1.506 0.343 1.92 0.109
1.538 0.333 1.921 0.1
1.57 0.323
Figure 1B
Alternate Pitot-Static Tube with Ellipsoidal Head
Surface shall be smooth and free
from irregularities within 20D of
hole. Edge of hole shall be square
and free from burrs.
2.5D min. —= |=— D =3mm (0.125 in.) max.
[ _l |

N

| !

— 1

—— ~— 2D min.

To pressure indicator

Figure 2A
Static Pressure Tap
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<— Airflow
4
End shall be smooth
and free from burrs
— <— D=6 mm (0.25 in.)min.
All dimensions
shall be within +2%
To pressure indicator
Figure 2B
Total Pressure Tube
0.184D
0.117D
0.021D
60° £1° 0.345D

Notes:
1. D is the average of four measurements at traverse plane at 45° angles measured to accuracy of 0.2% D.
2. Traverse duct shall be round within 0.5% D at traverse plane and for a distance of 0.5D on either side of traverse plane.

3. All pitot positions £ 0.005D or 4 mm (0.125 in.), whichever is greater.

Figure 3
Traverse Points in a Round Duct
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+0.00D +0.00D
D 030 D -0.03D

0.667D

Fairing radius 1« D-—=— Fairing radius
about 0.05D about 0.05D
if necessary if necessary
NOZZLE WITH THROAT TAPS NOZZLE WITHOUT THROAT TAPS

Notes:

1.

The nozzle shall have a cross section consisting of elliptical and cylindrical portions, as shown. The cylindrical portion is
defined as the nozzle throat.

The cross section of the elliptical portion is one quarter of an ellipse, having the large axis D and the small axis 0.667D. A
three-radii approximation to the elliptical form that does not differ at any point in the normal direction more than 1.5% from
the elliptical form shall be used. The adjacent arcs, as well as the last arc, shall smoothly meet and blend with the nozzle
throat. The recommended approximation which meets these requirements is shown in Figure 4B from John Cermak's
memorandum report to AMCA 210/ASHRAE 51 Committee, June 16, 1992.

The nozzle throat dimension (L) shall be either 0.6D +/- 0.005D (recommended), or 0.5D +/- 0.005D.

The nozzle throat shall be measured (to an accuracy of 0.001D) at the minor axis of the ellipse and the nozzle exit. At each
place, four diameters, approximately 45° apart, must be within +/-0.002D of the mean. At the entrance of the throat, the
mean may be 0.002D greater than but no less than the mean of the nozzle exit.

The nozzle surface in the direction of flow from the nozzle inlet towards the nozzle exit shall fair smoothly so that a straight-
edge may be rocked over the surface without clicking. The macro-pattern of the surface shall not exceed 0.001D, peak-to-
peak. The edge of the nozzle exit shall be square, sharp and free of burrs, nicks or roundings.

In a chamber, the use of either of the nozzle types shown above is permitted. A nozzle with throat taps shall be used when
the discharge is direct into a duct, and the nozzle outlet shall be flanged for connection with the duct.

. A nozzle with throat taps shall have four such taps conforming to Figure 2A, located 90° + 2° apart. All four taps shall be

connected to a piezometer ring.

Figure 4A
Nozzles
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Figure 4B o
Three Arc Approximation of Elliptical Nozzle
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SECTION A-A SECTION B-B

(CONVERGING SECTION)
Figure 5
Transition Piece for Long Ducts

(DIVERGING SECTION)
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Notes:
1. All dimensions shall be within £0.005D except y, which shall not exceed 0.005D

2. Cell sides shall be flat and straight. Where y > 3 mm (0.125 in.), the leading edge of each segment shall have a chamfer of
1.3 mm (0.05 in.) per side. The method of joining cell segments (such as tack welds) shall be kept to the minimum required
for mechanical integrity and shall result in minimum protrusion into the fluid stream.

Figure 6A
Flow Straightener — Cell Type

45°

v

A
Y

A
Y

The star straightener will be constructed of eight radial blades of length equal to 2D, (with a £1% tolerance) and of thickness

not greater than 0.007D,. The blades will be arranged to be equidistant on the circumference with the angular deviation being
no greater than 5° between adjacent plates.

Figure 6B
Flow Straightener — Star Type
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PL.1 PL.2 PL.3

| | |

| | |

I = Los |

I I - 10 D3 Min. I -

I | tg2 ' 0.25 |
hep—n [+—5D3 I 50 D3 —> ]td3
, . —
i i N
=[] I > & [ 1]
| -

{1111

Y
g u Cell
Transition J Straightener ThrottlingJ
Piece Pitot Tube Device
Traverse

P s3r P v3r

Notes:

1. Dotted lines on fan inlet indicate an inlet bell and one equivalent duct diameter, which may be used for inlet duct simulation.
The duct friction shall not be considered.

2. Dotted lines on the outlet indicate a diffuser cone that may be used to approach more nearly free delivery.

Flow and Pressure Formulae

2
_0.lP3 _ Azl [p _
Q_Q3[7] Py =Py - Py Pv:Pv3[A—3J [—3] Ps=Pi-P,
2 02
2
JP P
Q3 = V3A, P =0 P = va3r P33—¥
5 Ly L
Wy =2 |2 PtZPs3+Pv3+fﬁ+_e]Pv3
3 Dz Dn

*The formulae given above are the same in both Sl and the I-P systems except for Vj; in the I-P version, the constant J2is
replaced with the value 1097.8.

Figure 7A
Outlet Duct Setup — Pitot Traverse in Outlet Duct with Cell Straightener
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PL1 PL.2 PL.3
I I I
I I I
I < Lo3 >
: : - 11.5 D3 Min. I -
| | 1003 " 38 Dy ———————————+ D3 Min.
I | tg2 I
!\ |_I r| |<— 2 D3 —>|<—5 D3 iggg D3 —>! ]td3 N
! 4 |
i Fan |:> "D3 [> /.E:\ ) :| H
TG U Star _T -
Transition Straightener Throttling J
Piece Pitot Tube Device
Traverse

Notes:

PsSr Pv3r

1. Dotted lines on fan inlet indicate an inlet bell and one equivalent duct diameter, which may be used for inlet duct simulation.
The duct friction shall not be considered.

2. Dotted lines on the outlet indicate a diffuser cone that may be used to approach more nearly free delivery.

Flow and Pressure Formulae

2
— 0,73 _ As | |p -
Q_Q3[_] Py =Py - Py P, =Ps| 3| | Ps=Pi-P,
P Ay ) (P2
- - Z\Ipv3r2 Z'Ds3r
Q= V3hA, Py =0 P == Faa ==
v =2, [P Po = P+ P | 22 _2|P,; +0.95(Re;) O12R
3= s 2 =Fs3 A3+ L v3 +0.95(Rej) V3

*These formulae are the same in both the Sl and I-P systems except for V5; in the I-P version, the constant JV2is replaced with

the value 1097.8.

Figure 7B

Outlet Duct Setup — Pitot Traverse in Outlet Duct with Star Straightener
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PL.1 PL.2 PL.4 PL.6
I I I I
| | Log - |
| | +0.25 | |
L esngBee—— L
I I <504 *3:25 D4~ | |[«— 5 Dg Min. —~
I | 4o ' k—»‘ I
1 1 td4
! e p—T ;2 M ! | \
| A E
i Fan [> "D4 = [> |
'( Lr U j

Cell
Transition
Piece

Notes:

Straightener

Ps4

AP

Variable
7° Included

Angle
Suggested

System

Exhaust

D, Max. = 0.53D,

1. Dotted lines on fan inlet indicate an inlet bell and one equivalent duct diameter, which may be used for inlet duct simulation.

The duct friction shall not be considered.

2. This figure may terminate at Plane 6 and interchangeable nozzles may be employed. In this case AP = Pg,.

3. Variable exhaust system may be an auxiliary fan or a throttling device.

Flow and Pressure Formulae

Nozzle shall be in accordance with Figure 4A nozzle with throat taps.

o-al]
P A 2 P
P=Pt2 P PVPV4[A_4] [_4]
2 ) \P2
Jacagy AP -
. P4
R e Py =0 *v4—["—4I o4
1-EpB V2
Qq Ly L
Vy=-2 Py =Py +P4+f|l2%+ =2 1P,
“= A, 2 =Fsa THhua+ D +Dh4]

*These formulae are the same in both the Sl and the I-P systems except for Q, and P, 4; in the I-P version, the constant J2is

replaced with the value 1097.8.

Figure 8A

Outlet Duct Setup — Nozzle on End of Outlet Duct with Cell Straightener
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PI|_.1 PI_|.2 PL.4 PL.6
I I
0 o
I
+0.25
A I 0.25
I Itdz ) 'f5D4+o.ooD4_':<__>| I
N/ N
| A
i Fan |:> "D4 |
'( Lr u T
TransitionJ Star 7° Included
Piece Straightener Angle

Suggested

P34 AP

Notes:

5 Dg Min. —

Variable
Exhaust
System

D, Max. = 0.53D,

1. Dotted lines on fan inlet indicate an inlet bell and one equivalent duct diameter, which may be used for inlet duct simulation.

The duct friction shall not be considered.

2. This figure may terminate at Plane 6 and interchangeable nozzles may be employed. In this case, AP = P,.

3. Variable exhaust system may be an auxiliary fan or a throttling device.

4. Nozzle shall be in accordance with Figure 4A nozzle with throat taps.

Flow and Pressure Formulae

P A 2
— 4 P4 —
Pi= Py - Py PvPv4[A_] [—] Ps=Pi-P,
2 P2
Jacagy |AF :
\ P4
Q4:—4 Py =0 ¥ \/4:\/—4 P4
V1-Ep J2
v, =% P = Py + Py +1| 2% 2P, +0.95(Res)*12P,
4=, t2 =Fsa + P4+ D va +0.93(Rey) V4

*These formulae are the same in both the Sl and the I-P systems except for Q, and P, ,; in the I-P version, the constant V2

is replaced with the value 1097.8.

Figure 8B
Outlet Duct Setup — Nozzle on End of Outlet Duct with Star Straightener
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PL.2 PL.4 PL.5 PL.6
I I I I
< Log— >
I M 0.3 M osm! | DM
PL1 I <-—— 10Dy |n.—|—>I -~ Vin Min._|_>| I <— 5 Dg Min. —
| 0.95 | 38 mm £6 mm
o I ~85D,*025 D4+I t -~ | ‘—'—l (1.5 in. +0.25 in.)
5 D4 tO'OO D4 | ds
O e | i |
. ; HE \
! = | B |
I L) (= = R LT O | I
b » l 1.
I
gﬁgightener pARE | 7° Included
Trandition Pi Settling/ Angle Max.
ransition Piece p.. Means Variable
s4
Exhaust System
Pss AP
Notes:

1. Dotted lines on fan inlet indicate an inlet bell and one equivalent duct diameter, which may be used for inlet duct simulation.
The duct friction shall not be considered.

2. Additional ductwork of any size including elbows may be used to connect between the chamber and the exit of the 10D

minimum test duct.

3. Variable exhaust system may be an auxiliary fan or a throttling device.

4. Minimum (M) is determined by the requirements of Section 5.3.1 for this figure.

5. Nozzle shall be in accordance with Figure 4A nozzle with throat taps.

Flow and Pressure Formulae

2
_o.|P5 _ Ayl | P -
QQ5[7] Py= Py - Py Pv:Pv4[ 4] [—4] Ps=Pi-Py
P2
*Q5 = V2CAgY /AP P.=0 . [V4 ]2
5 = _— = = | —=
e t va = | 5| P
L L
Vy 2[3][£] Po =Py + Py +f ﬂJr—e]Pv4
Ayl Py 4  Dna

*These formulae are the same in both the Sl and the I-P systems except for Qg and P, 4; in the I-P version, the constant JV2is
replaced with the value 1097.8.

Figure 9A

Outlet Duct Setup — Nozzle On End of Chamber with Cell Straightener
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I I «—11.5 D4y Min.———| =
] g ——
] 5 D4*550 Da |
2D
| | td2 4 |
. | | |<—I—>| ﬁ
—]
: Fan I:> v D4
T I
taa
TransitionJ Star
Section Straightener

Notes:

tds\{#‘

I
-~

4

<~— 5 Dg Min. —

38 mm 6 mm
| (1.5 in. £0.25 in.)

B

Psa

I
|
Setting

Means

PSS

AP

7° Included
Angle Max.

Variable
Exhaust System

1. Dotted lines on fan inlet indicate an inlet bell and one equivalent duct diameter which may be used for inlet duct simulation.
The duct friction shall not be considered.

minimum test duct.

Flow and Pressure Formulae

Nozzle shall be in accordance with Figure 4A nozzle with throat taps.

Variable exhaust system may be an auxiliary fan or a throttling device.

Minimum (M) is determined by the requirements of Section 5.3.1 for this figure.

Additional ductwork of any size including elbows may be used to connect between the chamber and the exit of the 11.5D

2
_o. | - Ag| [P -
QQ5[_] Py= Py - Py R —Pv4[—4] [—4] Ps=Pi-P,
p Ay ) \p2
*Qs = \2CAsY |22 P.=0 [V4 ]2
5 = — = ==
e t v =| ) P
v, = | Q|2 po—p, P, fl22 5lp . 1 005Re %12
s =210 2 =Fsa +Rq+1 5= va +0.95(Re) V4
4 )\ ra ha

*These formulae are the same in both the Sl and the I-P systems except for Qg and P, ,; in the I-P version, the constant JV2is

replaced with the value 1097.8.

Figure 9B

Outlet Duct Setup — Nozzle On End of Chamber with Star Straightener
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03M

- —>
Min.

PL.5 PL.6
I I
I I
<-OM5mM—|—>| <5 D6 Min. —
| | 38 mm 6 mm
- |

| (1.5 in. £0.25 in.)

tdSW‘

¥

[
d2 i
n i
" I i T
. |Fan [T \P4 Mo | } D6
- ' i |
| P I .
Common // L | 7° Included
Angle Max.
Part
p,, Settling Variable
s Means

Exhaust System

Pss AP

Notes:

1. Dotted lines on fan inlet indicate an inlet bell and one equivalent duct diameter, which may be used for inlet duct simulation.
The duct friction shall not be considered.

2. Additional ductwork of any size including elbows may be used to connect between the chamber and the exit of the test duct
shown between the test fan and the chamber.

3. Variable exhaust system may be an auxiliary fan or a throttling device.
4. Minimum (M) is determined by the requirements of Section 5.3.1 for this figure.

5. Nozzle shall be in accordance with Figure 4A — Nozzle with Throat Taps

Flow and Pressure Formulae

2
Ps A
Q:Q5[_] Pt=Pip- Py PvPv4[_4] [p—4] Ps=P- Py
P Ay ) 2
*Q, = v2cAgy |2P P =0 . [wr
5 = SR = 75
P5 t1 v4 \/E P4
Vg = [A%Hﬁ] Py = Py + P, +(0.015 + 1.26(Re) 03 + 0.95(Re) 0-12)P ,

*These formulae are the same in both the S| and the I-P systems except for Q5 and Pv4; in the I-P version, the constant V2
is replaced with the value 1097.8.

Figure 9C
Outlet Duct Setup — Nozzle On End of Chamber with Common Part

ANSI/AMCA 210-16 — ANSI/ASHRAE 51-16 | 35
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|
|
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|
} 0.3M 0.5M
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: : ~85D,*025 D4—>I +1| | (1.5 in. 20.25 in.)
5D4 380 D4 | | <—|—>| Settling Means
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o] _ o B B
' = Mo i
I L - RN i i
T ta I b
d2 Cell /4: ' L
Straightener = =
Transition Piece ’ Settling/
It |
Pq Means Variable
Exhaust System
Pss AP
Notes:

1. Dotted lines on fan inlet indicate an inlet bell and one equivalent duct diameter, which may be used for inlet duct simulation.
The duct friction shall not be considered.

2. Additional ductwork of any size, including elbows, may be used to connect between the chamber and the exit of the 10D
minimum test duct.

3. Variable exhaust system may be an auxiliary fan or a throttling device.

4. The distance from the exit face of the largest nozzle to the downstream settling means shall be a minimum of 2.5 throat
diameters of the largest nozzle.

5. Minimum (M) is determined by the requirements of Section 5.3.1 for this figure.

Flow and Pressure Formulae

2
—_o.|P5 _ Ayl [P -
QQ5[_] Py =Py - Py Pvzpv4[—4] [—4] Ps=Pi-Py
p Az ) (P2
Qs =2¥ |2P S (cap) P.=0 . [V4 ]2
e t v =| ) P
42[3][£] Ptz=P4+P4+fL2—'4+L—e]P4
Ag )\ P4 oo Dhs  Dha)”

*These formulae are the same in both the Sl and the I-P systems except for Qg and P, ,; in the I-P version, the constant JV2is
replaced with the value 1097.8.

Figure 10A
Outlet Duct Setup — Multiple Nozzles In Chamber with Cell Straightener
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| | | | PL.6
o F2a i 03M_| 1_05M ||
I I e———11.5 D4 Min. | “ Min.”l ™ Min. |
+0.25 | 38 mm 6 mm
I I <~——10D47 50 D4 —'I ag (1.5 in. £0.25 in.)
I I 5D4*3:35Ds I L tas | — Settling Means
tao ' il (See note 4)
L 2D~ 1 | 1
g T AL
[ D 104 ¢ W i
l-—= [ [
o I I I
Transition taq v oA Il L
Piece . = =
Settlmg/
Star Straightener p,, Means Variable
Exhaust System
PSS AP

Notes:

1. Dotted lines on fan inlet indicate an inlet bell and one equivalent duct diameter, which may be used for inlet duct simulation.
The duct friction shall not be considered.

2. Additional ductwork of any size, including elbows, may be used to connect between the chamber and the exit of the 11.5D

minimum test duct.

3. Variable exhaust system may be an auxiliary fan or a throttling device.

4. The distance from the exit face of the largest nozzle to the downstream settling means shall be a minimum of 2.5 throat
diameters of the largest nozzle.

5. Minimum (M) is determined by the requirements Section of 5.3.1 for this figure.

Flow and Pressure Formulae

p A
Q:Q5[_5] Pt= Py - Py PvPv4[_4] [p—4] Ps=Pi-P,
P Ay ) \p2
AP Vv 2
*Qs = V2Y | =Y (CAg) P.=0 * _[_4]
p5z t1 v4 \/E P4

Po =Fe + R4 +f

L
24 _ o9

Pv4

+0.95(Re

)—0.12

P

v4

*These formulae are the same in both the Sl and the |-P systems except for Qg and P,,; in the I-P version, the constant V2is

replaced with the value 1097.8.

Figure 10B

Outlet Duct Setup — Multiple Nozzles In Chamber with Star Straightener
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| I 0.3M _ 05MII
I I 3Dy | Da Min Min. AR
| | ' 38 mm +6 mm
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I Fan I:> "D4 Q M I ' I N
T | I i i
I I
a2 fd4 A1 L
Common Part Ps, Settling Variable
Means Exhaust System

Pss AP

Notes:

1. Dotted lines on fan inlet indicate an inlet bell and one equivalent duct diameter which may be used for inlet duct simulation.
The duct friction shall not be considered.

2. Additional ductwork of any size including elbows may be used to connect between the chamber and the exit of the test duct
shown between the test fan and the chamber.

3. Variable exhaust system may be an auxiliary fan or a throttling device.

4. The distance from the exit face of the largest nozzle to the downstream settling means shall be a minimum of 2.5 throat
diameters of the largest nozzle.

5. Minimum (M) is determined by the requirements of Section 5.3.1 for this figure.

Flow and Pressure Formulae

2
—0.|Ps - Agl (P -
Q—QSIjI Py =Py - Py Pv_Pv4[A—;I] [i] Ps=P-P,
*Q JZ’APZNM) P.=0 X [Wr
5 = — 6 = ===
p5 t1 v4 NA P4
Vy = IA_CIIIﬁI Py =Py + P, +(0.015 + 1.26(Re) 03 + 0.95(Re) - 12)P,,

*These formulae are the same in both the Sl and the I-P systems except for Qg and P, 4; in the I-P version, the constant J2is
replaced with the value 1097.8.

Figure 10C
Outlet Duct Setup — Multiple Nozzles In Chamber with Common Part
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PL.1 PL.2 PL.7 PL.5 PL.6
I I J I I I
I I (See Note 5)t|—:—> <—O'rgiM I ~<— 5 Dg min.—
_ 1 |88 mm +6 mm
l I 05 J_‘_‘I_" =~ = I [(1.5in. £0.25in.)
| | |
I I I

EELAN ]
[
e U AL
E Fan |:> | I i” I I ¢D6
- |-
Al | 7° Included
Angle Max.

Variable
Exhaust System

Pss AP
Settling Means

Notes:

1.

Dotted lines on fan inlet indicate an inlet bell and one equivalent duct diameter, which may be used for inlet duct simulation.
The duct friction shall not be considered.

Dotted lines on fan outlet indicate a uniform duct two to three equivalent diameters long and of an area within £1% of the fan
outlet area and a shape to fit the fan outlet. This may be used to simulate an outlet duct. The outlet duct friction shall not be
considered.

The fan may be tested without outlet duct. If this is the case, it shall be mounted on the end of the chamber.
Variable exhaust system may be an auxiliary fan or a throttling device.

Dimension J shall be at least 1.0 times the fan equivalent discharge diameter for fans with axis of rotation perpendicular to
the discharge flow and at least 2.0 times the fan equivalent discharge diameter for fans with axis of rotation parallel to the
discharge flow. Warning! A small dimension J may make it difficult to meet the criteria given in Annex A. By making dimen-
sion J at least 0.35M this condition is improved, as well as meeting the criteria given in Section 5.3.1 for any fan.

Temperature ¢, may be considered equal to {ys.
For the purpose of calculating the density at Plane 5 only, P 5 may be considered equal to Pg;.

Nozzle shall be in accordance with Figure 4A — Nozzle with Throat Taps

Flow and Pressure Formulae

_ Ps5 _ —
Q—Qs[F] Py =Py - Py Py =Py,

9 *These formulae are the

. AP v, :
Qs = V2CAY |— Py =0 P, = [_] P2 same in both the Sl and the
Ps5 V2 I-P systems except for Qs
and P,,; in the I-P version,
Q) p the constant v/2 is replaced

Vo = 2510y Pp=Psg +P, Pg=P-P, with the value 1097.8.

Figure 11
Outlet Chamber Setup — Nozzle On End of Chamber
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PL.1 PL.2 PL.7

I
J 1
(See Note 6) [
38mm 6 mm

05 ——T (1.5in. +0.25in.)

;

Settling Means

| : i i (See Note 5)
N 7L S O I i
R D | wp i
==~ - l e i
| i P
R |
i
Variable
Exhaust System
Ps7 Pss AP
Settling Means
Notes:
1. Dotted lines on fan inlet indicate an inlet bell and one equivalent duct diameter, which may be used for inlet duct simulation.

The duct friction shall not be considered.

Dotted lines on fan outlet indicate a uniform duct two to three equivalent diameters long and of an area within £1% of the fan
outlet area and a shape to fit the fan outlet. This may be used to simulate an outlet duct. The outlet duct friction shall not be
considered.

The fan may be tested without outlet duct. If this is the case, it shall be mounted on the end of the chamber.
Variable exhaust system may be an auxiliary fan or a throttling device.

The distance from the exit face of the largest nozzle to the downstream settling means shall be a minimum of 2.5 throat
diameters of the largest nozzle.

Dimension J shall be at least 1.0 times the fan equivalent discharge diameter for fans with axis of rotation perpendicular to
the discharge flow and at least 2.0 times the fan equivalent discharge diameter for fans with axis of rotation parallel to the
discharge flow. Warning! A small dimension J may make it difficult to meet the criteria given in Annex A. By making dimen-
sion J at least 0.35M this condition is improved, as well as meeting the criteria given in Section 5.3.1 for any fan.

Temperature t, may be considered equal to ts.

For the purpose of calculating the density at Plane 5 only, P,s may be considered equal to P,.

Flow and Pressure Formulae

Q:Q5[%5] Py= Py - Py Py =Py,

*These formulae are the

2
*Qg =2Y EZ(CAS) Py =0 D _ [V_z] P2 same in both the Sl and the
P5 I-P systems except for Qg

and P,,; in the I-P version,
Qllp the constant +/2 is replaced
Vo = 25 Pyp=Ps; + P, Py =P - P, with the value 1097.8.

Figure 12
Outlet chamber Setup — Multiple Nozzles In Chamber
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0.5 Mmin.

0.3 M min.
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>

+0.25
|‘_5 D3 Z50 D3 _’I taa Ll_

jos /{3\

/_Variable

Supply System

Pitot-Static Tube
Traverse

Notes:

1. Dotted lines on fan inlet indicate an inlet bell and one equivalent duct diameter, which may be used for inlet duct simulation.

CeII]

Straightener

The duct friction shall not be considered.

2. Dotted lines on fan outlet indicate a uniform duct two or three equivalent diameters long and of an area within £1 of the fan
outlet area and a shape to fit the fan outlet. This may be used to simulate an outlet duct. The outlet duct friction shall not be

considered.

3. Additional ductwork of any size including elbows may be used to connect between the chamber and the exit of the 10D

minimum test duct.

4. Variable supply system may be an auxiliary fan or a throttling device.

5. Inlieu of a total pressure tube, a piezometer ring can be used to measure static pressure at Plane 8. If this alternate arrange-
ment is used, and the calculated Plane 8 velocity is greater than 400 fpm then the calculated Plane 8 velocity pressure shall

be added to the measured static pressure.

Flow and Pressure Formulae

*These formulae are the same in both Sl and I-P systems except for V3; in the I-P version, the constant J2is replaced with the

value 1097.8.

Figure 13

Inlet Chamber Setup — Pitot Traverse in Duct

2
_ P3 _ A p
Q_Q3[_] Py =Py - Py Ps=P-P, Pvva[A—S] [—3
p 2 ) P2
2
Ps3 JRs3
Q3 = V3A; Py = Pig 32% Pv3_¥
P
*V3:\/§ 5 PtZ_Pv
3
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Notes:

1. Dotted lines on fan inlet indicate an inlet bell and one equivalent duct diameter, which may be used for inlet duct simulation.
The duct friction shall not be considered.

2. Dotted lines on fan outlet indicate a uniform duct two to three equivalent diameters long and of an area within £1% of the fan
outlet area and a shape to fit the fan outlet. This may be used to simulate an outlet duct. The outlet duct friction shall not be
considered.

3. Duct length 7D4 may be shortened to not less than 2D4 when it can be demonstrated, by a traverse of D4 by pitot-static
tube located a distance D4 upstream from the nozzle entrance or downstream from the straightener or smoothing means,
that the energy ratio (E) is less than 1.1 when the velocity is greater than 6.1 m/s (1200 fpm). Smoothing means such as
screens, perforated plates or other media may be used.

4. Variable supply system may be an auxiliary fan or a throttling device. One or more supply systems, each with its own nozzle,
may be used.

5. Inlieu of a total pressure tube, a piezometer ring can be used to measure static pressure at Plane 8. If this alternate arrange-
ment is used and the calculated Plane 8 velocity is greater than 400 fpm, then the calculated Plane 8 velocity pressure shall
be added to the measured static pressure.

6. Nozzle shall be in accordance with Figure 4A — Nozzle with Throat Taps

Flow and Pressure Formulae

o-al’]
P
Py =Py - Py P, =Py,
AP
J2CAsY E Vo *These formulae are the
QY =——— P.=pP * [ 2] same in both the Sl and I-P
4 t1~ 8 2= 75| P2
V1—-EB Y V2 systems except for Q, and
P,,; in the I-P version, the
Qll p constant +/2 is replaced with
V2:A_ N Pp =P, Ps=P-P, the value 1097.8.
2 )L P2
Figure 14

Inlet Chamber Setup — Ducted Nozzle on Chamber
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PL.5 PL8  PL1 PL2
| |

I I
I PI|_.6 I | |
38 mm 6 mm . I I I
(1.5in. 0.25in.) <+ fter | L1 05 Mmin.
Variable 02M __|_05M| 1 _
Supply = min. T min I | | 0.3 M min.
System tdSNIvé < I I 0.2 M min.
e |
i B L
I i | i Mg 2
[} II \
I:I> M | N I | A Fan
I i 1l T
! I | A
S £ At 5
Settling e 0.1 Mmin.
Means
Settling
Py AP Means P

(See Note 4)

Notes:

1. Dotted lines on fan inlet indicate an inlet bell and one equivalent duct diameter, which may be used for inlet duct simulation.
The duct friction shall not be considered.

2. Dotted lines on fan outlet indicate a uniform duct two to three equivalent diameters long and of an area within £1% of the fan
outlet area and a shape to fit the fan outlet. This may be used to simulate an outlet duct. The outlet duct friction shall not be
considered.

3. Variable supply system may be an auxiliary fan or throttling device.

4. The distance from the exit face of the largest nozzle to the downstream settling means shall be a minimum of 2.5 throat
diameters of the largest nozzle.

5. For the purpose of calculating the density at Plane 5 only, P,s may be considered equal to (Pig + AP).

6. Inlieu of a total pressure tube, a piezometer ring can be used to measure static pressure at Plane 8. If this alternate arrange-
ment is used, and the calculated Plane 8 velocity is greater than 400 fpm, then the calculated Plane 8 velocity pressure shall
be added to the measured static pressure.

Flow and Pressure Formulae

P
Q:Q5[75] Py =Py - Py Py =Py,

N 5 *These formulae are the

*Qg =2Y =5 (CAg) Py = Pg P, = [V_Z] po same in both the Sl and the
Ps5 J2 I-P systems except for Qg

and P,,; in the I-P version,

Qllp the constant /2 is replaced

Vo = 25 s Py =P, Py=Pi-P, with the value 1097.8.

Figure 15
Inlet Chamber Setup — Multiple Nozzles In Chamber
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PL.3 PL1 PL2

|
- 10 D3 min. i >
+0.25
-0.00

D3 —>I<— L4 3T—
D3 MaXml
500 98 0y -1

IDs /HT 1 Fan %-]

~ 85D

NI

fao

/

111

Straightener \
Throttling Pitot Tube Transition Piece
Device Traverse

PsSr Pv3r

Notes:
1. Dotted lines on inlet indicate an inlet bell, which may be used to approach more nearly free delivery.

2. Dotted lines on fan outlet indicate a uniform duct two to three equivalent diameters long and of an area within £1% of the fan
outlet area and a shape to fit the fan outlet. This may be used to simulate an outlet duct. The outlet duct friction shall not be
considered.

Flow and Pressure Formulae

2
- _ - A3l | p3
Qs = VaA, Py =Py - Py Ps=P-P, P, = vs[A—] [—]
2 ) \P2
2
P3 Lis P. P
e o
p Dhns n n
P
V=2 |2 Pyo =P,
p3

*The formulae given above are the same in both the Sl and the I-P systems except for Vj; in the I-P version, the constant V2
is replaced with the value 1097.8.

Figure 16
Inlet Duct Setup — Pitot Traverse In Inlet Duct
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Figure 17A
Example of Typical Fan Performance Curve (Sl)

ANSI/AMCA 210-16 — ANSI/ASHRAE 51-16 | 45



><\

/

\
N

Pressure (in. wg)
AN

7

Power Input (hp)

VAR
o

=

Airflow Rate (cfm-Thousands)

Figure 17B
Example of Typical Fan Performance Curve (I-P)
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Fan on test

\

6D,

N
iR e e T :&5

—— 2D,—<+— 2D, —> < D

® ®

Test fan outlet Pressure measurement section

A
59—

Figure 18
Common Part for Circular Fan Outlet When D, = D, [21]

Fan on test

\ 6D,
th

Y

A

D 2
4
<] =] <
0.95< D,| = 1.07 L —><D,~] 2D, -0,
Lyp =Dy
®
Test fan outlet Pressure measurement section
Figure 19

Common Part For Circular Fan Outlet When D, # D, [21]

Fan on test
\ | 5D4
N | 4~
2
095 < |24 | <107 B B seTsey S S B :"g‘>
4bh

4h

A
Y

Ly, = 0.75[F]D4 when b > —} ¢ ) ) )
®
Test fan outlet Pressure measurement section

Note: The dimensions b and h are the width and height of a rectangular section of a duct.

Figure 20
Common Part for Rectangular Fan Outlet Where b 2 h [21]
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Annex A

Airflow Settling Means Effectiveness Check (Normative)

A.1 General requirements

The effectiveness of the airflow settling means in all cham-
bers shall be verified by tests. The tests are described in
Sections A.2, A.3 and A.4. Each style of chamber has differ-
ent conditions, and the required tests are defined for each
in these sections.

Some validation tests require that the flow and pressure be
determined prior to the settling means having proved their
effectiveness. It can be assumed that the tests taken in this
condition (with the non-verified settling means) are suffi-
ciently accurate to be used to establish acceptance criteria
for all Annex A testing.

Once the airflow settling means have demonstrated that all
applicable test criteria have been met, the chamber can be
used for all future testing within the limits defined by the test
criteria. If any of the criteria are not met, the settling means
must be altered and all testing restarted.

A.2 Piezometer ring check (optional)

This test applies chambers per Figures 9A, 9B, 9C, 10A,
10B and 10C in Plane 5; Figures 11 and 12 in Planes 5 and
7; and Figure 15 in Plane 5.

Individual pressure readings for each pressure tap of the
piezometer ring are to be measured. When the mean of
these readings is less than or equal to 1000 Pa (4 in. wg),
all of the individual readings must be within 5% of the mean.
When the mean of these readings is greater than 1000 Pa
(4 in. wg) all of the individual readings must be within 2% of
the mean.

A.3 Blow through verification test

This test applies to chambers per Figures 9A, 9B, 9C, 10A,
10B, 10C, 11, 12 and 15 in Plane 5; and Figures 13, 14 and
15 in Plane 8.

This test evaluates the ability of the airflow settling means
to provide a substantially uniform airflow ahead of the
measurement plane. For this test, equally spaced measure-
ment points are located in a plane 0.1M downstream of the
settling means. The number of measurement points shall be
in accordance with AMCA Publication 203.

For tests of settling means upstream of the nozzle wall, the
auxiliary fan shall be set at its maximum flow rate, all the
nozzles shall be open, the inlet of the chamber shall be open

and the inlet area shall be equal to the largest area allowed
by the chamber cross-sectional area.

For tests of settling means upstream of the test fan, the
auxiliary fan shall be set at its maximum flow rate, half of
the nozzles shall be open, the outlet of the chamber shall be
open and the outlet area shall be equal to the largest area
allowed by the chamber cross sectional area.

The flow velocities shall be measured, and the average
determined. If the maximum velocity is less than 2 m/s (400
fpm) or if the maximum velocity value does not exceed
125% of the average, the settling screens are acceptable.

A.4 Reverse flow verification test

One purpose of the settling means is to absorb the kinetic
energy of an upstream jet and allow its normal expansion
as if in an unconfined space. This requires some backflow
to supply the air to mix at the jet boundaries. If the settling
means are too restrictive, excessive backflow will result.

A series of tests shall be run to verify that reverse flow is not
excessive at Plane 7. Each test shall be run with a varying
opening in the chamber entrance starting from 11% of the
chamber area and proceeding to lower percentage open-
ings. Each test shall be run with all of the nozzles open and
the auxiliary at its maximum flow rate. At each test, it shall
be verified that the pressure at Plane 5 is less than the pres-
sure at Plane 7. The series of tests may be stopped at the
first set of conditions that verify the above requirement.
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Annex B

Chamber Leakage Rate Test Procedure (Informative)

The volume of interest is the volume between the measure-
ment plane and the air moving device. For an inlet chamber,
the test pressure could be negative, and for outlet cham-
bers, the test pressures could be positive.

Two methods of testing for leakage rate are proposed.
These test procedures assume isothermal conditions.

B.1 Pressure decay method

Figure B.1 shows the test setup. The test chamber is pres-
surized and the valve is closed. The initial static pressure is
noted (P,) attime t = 0. The pressure is recorded at periodic
intervals (at intervals short enough to develop a pressure
vs. time curve) until the pressure (P) reaches a steady state
value.

Using ideal gas law:

PV =mRT or P=pRT Eq. B.1
Where P = Static pressure

V = Chamber volume

m = mass of air in chamber

R = Gas constant

T = Absolute air temperature

p = Air density

Q = Leakage airflow rate

Differentiating with respect to time:

vl _dmpr
dt  dt
And:
1)(dm am
Q=|—||—=|or —=pQ
[p][dt] a "

Substituting and rearranging gives:

dP _ pQRT
dt Vv
Or:

o[l

And:

o[/

o112

Thus, leakage rate (Q) can be determined from Equation
B.2 once the pressure decay curve (Figure B.2) is known for
the chamber.

Eq. B.2

1. Pressurize or evacuate the test chamber to a test pres-
sure (P,) greater in magnitude than the pressure at which
leakage is to be measured. Close the control valve.

2. Attime t = 0, start a stopwatch and record the pressure
at periodic time intervals (a minimum of three readings is
recommended) to get a decay curve as above. Continue
to record until the pressure reaches a state in which the
pressure does not change significantly.

3. Quick pressure changes indicate substantial leakage
which must be located and may have to be reduced.

B.2 Flow meter method

Figure B.3 shows the test setup. The procedure is to pres-
surize or evacuate the test chamber and use a flow meter to
establish the leakage flow rate. The pressure in the cham-
ber is maintained constant. The flow meter will give a direct
reading of the leakage rate.

The source used to evacuate or pressurize the cham-
ber must be sized to maintain a constant pressure in the
chamber.
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Valve

Fan or Air Compressor

Figure B.1
Pressure Decay Leakage Method Setup

Test Chamber

Q

Pressure Gauge

P (pressure)

At

_(v|ar

BG!

Where: P, = test pressure
t = time (seconds)

AR
—— | = From Figure B.2

At

Atin=10s

Figure B.2
Pressure Decay History

t (time)

QO

Valve Flowmeter

Fan or Air Compressor

Figure B.3

Leakage Test Setup, Flow Meter Method

Test Chamber

J

P

Pressure Gauge
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Annex C
Tubing (Informative)

Large tubing shall be used to help prevent blockage from
dust, water, ice, etc. Accumulations of dirt are especially
noticeable in the bottom of round ducts; it is recommended
that duct piezometer fittings be located at 45° from the hori-
zontal. Tubing longer than 1.5 m (5 ft) shall be a minimum
of 6 mm (0.25 in.) inside diameter to avoid long pressure
response times. When pressure response times are long,
inspect for possible blockage.

Hollow flexible tubing used to connect measurement devices
to measurement locations shall be of relatively large inside
diameter. The larger size is helpful in preventing blockage
due to dust, water, ice, etc.

Piezometer connections to a round duct are recommended
to be made at points 45° away from the vertical centerline of
the duct. See Figure C.1 for an example.

Connecting Tubing

<—— to Pressure Indicator

(6 mm (0.25 in.) ID. Min.)

AN Rigid or Flexible Tubing

(2 Equal Length Sections)

Rigid or Flexible Tubing
(4 Equal Length Sections)

Measuring Duct—/

Notes:

1. Static pressure taps shall be in accordance with Figure 2A.

w0 D

Figure C.1
Piezometer Ring Manifolding

L Wall Taps (typ.) 90° Apart

Manifold tubing internal area shall be at least four times that of a wall tap.
Connecting tubing to pressure indicator shall be 6 mm (0.25 in.) or larger in ID.

Taps shall be within £ 13 mm (0.5 in.) in the longitudinal direction.
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Annex D
Derivations of Equations (Informative)

D.1 General

Various formulae appear in the standard. The origin of these
formulae will be obvious to an engineer. Some, like the
equations for «, B, P, P, and P,, are algebraic expressions
of fundamental definitions. Others, like the equations for p,,
uand C, are simply polynomials derived to fit the indicated
data. Still others are derived from the equation of state,
the Bernoulli equation, the equation of continuity and other
fundamental considerations. Only the less obvious formulae
will be derived here, using Sl units of measure.

D.2 Symbols

In the derivations which follow, certain symbols and nota-
tions are used in addition to those which are also used in
the standard.

Symbol Description Unit

H; Power input to impeller W (hp)

n Polytropic exponent dimensionless
P Absolute total pressure Pa (in. wg)

D.3 Fan total efficiency equation

The values of the fan airflow rate, fan total pressure and
fan input power, which are determined during a test, are
the compressible flow values for the fan speed and fan air
density prevailing. A derivation of the fan total efficiency
equation based on compressible flow values follows [20].

The process during compression may be plotted on a chart
of absolute total pressure (P) versus flow rate (Q). By using
total pressure, all of the energy is accounted for including
kinetic energy.

Q

The fan output power(H,) is proportional to the shaded area
which leads to:

2

1
H, = dP
° 6343.3[ Q

Eq. D.1

The compression process may be assumed to be polytropic
for which, from thermodynamics:

-1/n
P
Q=Q|= Eq.D.2
1[/31] !
Substituting:
2 —1/n
Hy :&f Pl ap Eq.D.3
6343.3 / P
Integrating between limits:
(n—1)/n
i I (L 1 Eq. D.4
6343.3(n—1)|| A
But from the definition of fan total pressure (P,):
P
P = t Eq.D.5
&
<1
[31
And the definition of fan total efficiency (n,):

_Ho Eq.D.6
= H q. .
It follows that:

QR (A"
6343.3H,\n—1)|| P,

= Eq.D.7

T {Pz q
<1
F

D.4 Compressibility coefficient

The efficiency equation derived above can be rewritten:

= QP Eq.D.8 SI
H,
QPK
N Eq.D.8 I-P
6343.3H,
Where:
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K = Eq.D.9

This is one form of the compressibility coefficient.
D.5 Derivation of Kp in terms of x and z

The compressibility coefficient (Kp) was derived above in
terms of the polytropic exponent (n) and the pressure ratio
(P,/P,). The polytropic exponent can be evaluated from the
isentropic exponent (y) and the polytropic efficiency. The
latter may be considered equal to the fan total efficiency for
a fan without drive losses. From thermodynamics:

)=l

Two new coefficients (x and z), may be defined in terms of
the information which is known from a fan test:

Eq. D.10

x= Eq. D.11
P

And:

z= [7—_1] i] Eq.D.12 SI
7 QR

z— [7_4] w] Eq.D.12 I-P
¥ QP

Manipulating algebraically:

[L _x| M Eq.D.13 Sl

'y—'l z Q»]Pt

And:

[ v | _ x[6343.3H, Eq.D.13 I-P

=1z QR

And:

%:(1+x) Eq. D.14

1

Substituting in the equation for Kp:

nt’z‘[ & ][(Hx)(“)’ ™ —1}

P
K, = i Eq. D.15 SI
(14 x)—1
0 6323F-)SHi ][(1 4 a0 1}
K, = Tt Eq.D.15 I-P
(1+x)—1
This reduces to:
— (’7_1)/’777:
(14+2) = (1+x) Eq. D.16
Taking logarithms and rearranging:
=1 In(‘H—X)
Substituting:
In(1
= |2 n(1+x) Eq. D.18 Sl
H; )\ x)|In(1+x)

_[_QR_z)in(+x) Eq. D.18 I-P
"~ 6343.3H; )| x )| In(1+ x) a4 218
And:

In(1
Ky =|2 In(1+x) Eq. D.19
xJ{In(1+z)

Since the coefficients x and z have been defined in terms of
test quantities, direct solutions of Kp and n, can be obtained
for a test situation. An examination of x and z will reveal
that x is the ratio of the total pressure rise to the absolute
total pressure at the inlet, and that z is the ratio of the total
temperature rise to the absolute total temperature at the
inlet. If the total temperature rise could be measured with
sufficient accuracy, it could be used to determine z, but
in most cases, better accuracy is obtained from the other
measurements.

D.6 Conversion equations

The conversion equations that appear in Section 7.9.3 of
the standard are simplified versions of the fan laws which
are derived in Annex E. Diameter ratio has been omitted in
Section 7.9.3 because there is no need for size conversions
in a test standard.
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D.7 Derivation of constants used in I-P system
formulae

The formulae given in the I-P system incorporate constants
needed for unit cancellation. Their derivation is as follows:

D.71

The constant 13.595 is used in Equations 7.4 |-P, 7.5 I-P,
7.11 1-P, 7.54 |-P and 7.55 |-P. These formulae use abso-
lute pressure ratios in inches of water. The barometric pres-
sure is given in inches of mercury. The standard density of
mercury is 13595.1 kg/m3. Using the formula P = pgH and
converting to the I-P system, we find:

P =13595.1 kg/m® x 9.80665 N/m> x 1.0 in. x
1.0m « 1.0in. wg
39.37in.” 249.089 Pa

=13.595 in. wg

D.7.2

The constant 1097.8 is used in Equations 7.8 I-P, 7.18 I-P,
7.211-P, 7.22 I-P, 7.27 1-P, 7.28 I-P, 7.31 |-P, E.23 |-P, E.25
I-P, E.27 |-P, E.28 I-P and in Figures 7A, 7B, 8A, 8B, 9A,
9B, 9C, 10A, 10B, 10C, 11, 12, 13 and 14. This constant is
derived by converting to the Sl equivalent units:

Vv 0.3048 m|[1min|
1ft 60s|

1.0 lbm/ft3
px16.018 kg/m>

2P, x249.089 Pa
1.0in.wg

This gives: V =1097.8 f&
p

D.7.3
The constant 6343.3 is used in Equations 7.53 I-P, 7.55 I-P,
7.57 1-P,D.1,D.3,D.7,D.8 I-P, D.12 I-P, D.13 I-P, D.15 I-P,
D.18 I-P, E.10 I-P, E.11 I-P, E.14 I-P, E.1 |-P and E.21 I-P.
This constant is derived by converting to the Sl equivalent
units:

0.3048 m)> (1 min( P, x 249.089 Pa §
1ft 60 s 1.0 in.wg

1.0hp | [ QxR
H; x745.7 W | | H, x6343.3

Ut:Q[

D.7.4
The constant 5.2014 is used in Equation 7.12 I-P. This
constant is derived by converting to the Sl equivalent units:

1.0 Ibm/ft3
py x16.018 kg/m3
1.8 °R
(tax +459.67)x1.0K

o1 AP x249.089 Pa
B 1.0in.wg

53.35 ft xIb/lbm x °R
R x287.1J/kgxK

5.2014 x AP
a=1-
px X R (tgx +459.67)
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Annex E
Similarity and Fan Laws (Informative)

E.1 Similarity

Two fans that are similar and have similar airflow conditions
will have similar performance characteristics. The degree of
similarity of the performance characteristics will depend on
the degree of similarity of the fans and of the airflow through
the fans.

E.1.1 Geometric similarity

Complete geometric similarity requires that the ratios of all
corresponding dimensions for the two fans be equal. This
includes ratios of thicknesses, clearances and roughness,
as well as all the other linear dimensions of the airflow
passages. All corresponding angles must be equal.

E.1.2 Kinematic similarity

Complete kinematic similarity requires that the ratios of all
corresponding velocities for the two fans be equal. This
includes the ratios of the magnitudes of corresponding
velocities of the air and corresponding peripheral velocities
of the impeller. The directions and points of application of all
corresponding vectors must be the same.

E.1.3 Dynamic similarity

Complete dynamic similarity requires that the ratios of all
corresponding forces in the two fans be equal. This includes
ratios of forces due to elasticity, dynamic viscosity, gravity,
surface tension and inertia, as well as the pressure force.
The directions and points of application of all corresponding
vectors must be the same.

E.2 Symbols

In the derivations that follow, certain symbols and notations
are used in addition to those which are used in the standard.

Symbol Description Unit

n Polytropic exponent dimensionless
P Absolute total pressure Pa (in. wg)

Q Mean flow rate m3/s (cfm)

Incompressible value
E.3 Fan laws for incompressible flow

The fan laws are the mathematical expressions of the simi-
larity of performance for similar fans at similar flow condi-
tions. These laws may be deduced from similarity consid-
erations, dimensional analysis, or various other lines of
reasoning [22].

E.3.1 Fan total efficiency

The efficiencies of completely similar fans at completely
similar flow conditions are equal. This is the fundamental
relationship of the fan laws. It emphasizes the fact that the
fan laws can be applied only if the points of operation are
similarly situated for the two fans being compared. The fan
law equation for fan total efficiency (7,) is, therefore:
e = Th Eq. E.1
E.3.2 Fan airflow rate

The requirements of kinematic similarity lead directly to
the airflow rate relationships expressed by the fan laws.
Air velocities must be proportional to peripheral velocities.
Since flow rate is proportional to air velocity times flow area,
and since area is proportional to the square of any dimen-
sion, say impeller diameter (D), it follows that the fan law
equation for fan airflow rate (Q) is:

Eq. E.2

E.3.3 Fan total pressure

The requirements of dynamic similarity lead directly to the
pressure relationships expressed by the fan laws. Pressure
forces must be proportional to inertia forces. Since inertia
force per unit area is proportional to air density (p) and air
velocity squared and since air velocity is proportional to
peripheral speed, it follows that the fan law equation for fan
total pressure (P;), which is also force per unit area, is:

we-nl] ()]

E.3.4 Fan input power

For incompressible flow, the compressibility coefficient is
unity and power input is proportional to airflow rate times
pressure divided by efficiency. From the above fan law rela-
tionships for fan airflow rate, fan total pressure and fan total
efficiency, it follows that the fan law equation for fan input
power (H;) is:

Eq.E.3

Eq.E.4

E.3.5 Fan velocity pressure
The fan law equation for fan velocity pressure (P,) follows
from that for fan total pressure:
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Eq.E.5

E.3.6 Fan static pressure
By definition:
P..=P,

sc ~

e - Pue Eq.E.6
E.3.7 Fan static efficiency
By definition:

K

Nsc = The [_]

C Eq.E.7
Fe

E.4 Fan laws for compressible flow

More general versions of the fan laws, which recognize the
compressibility of air, can also be deduced from similarity
considerations [20].

E.4.1 Fan total efficiency

Airflow conditions can never be completely similar, even for
two completely similar fans, if the degree of compression
varies. Nevertheless, it is useful and convenient to assume
that the fan law equation for fan total efficiency (7;) need not
be modified.
e = Th Eq.E.8
E.4.2 Fan airflow rate

Continuity requires that the mass flow rate at the fan outlet
equal that at the fan inlet. If the volumetric airflow rate at the
inlet (Q,) is proportional to peripheral speed, the volumet-
ric airflow rate at the outlet (Q,) cannot be proportional to
peripheral speed or vice versa except for the same degree
of compression. There is some average airflow rate that is
proportional to peripheral speed and flow area. Since, for a
polytropic process, the airflow rate is an exponential func-
tion of pressure, the geometric mean of the airflow rates at
the inlet and outlet will be a very close approximation of the
average airflow rate (Q ). The geometric mean is the square
root of the product of the two end values:

6 ~ \lQ1Q2

Eq. E.9

The value (Q) illustrated in the following diagram is the
average airflow rate based on power output. This value
yields the same power output as the polytropic process over
the same range of pressures.

o]

Q

For the polytropic process:

H, = Q;PK, Eq. E.10 SI
QPK
=t P Eq. E.10 I-P
6343.3
For the rectangle:
H, = QP; Eq. E.11 S
QR
=1 Eq.E.111-P
° = 63433 g
Therefore:
Q = QK = QK, Eq. E.12

This average airflow rate can be substituted in Equation E.2
to give the compressible flow fan law equation for fan airflow
rate:

Eq. E.13

E.4.3 Fan total pressure
The incompressible flow fan laws are based on a process
that can be diagrammed as shown below.

2!

Q

The fan output power is proportional to the shaded area,
which leads to:

Hy = Q4(Py - Py) Eq. E.14 SI
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O:M Eq.E.14 I-P
6343.3

Extending the definition of fan total pressure to the incom-
pressible case:

Py = (Py - Py) Eq. E.15
Therefore:
Hy = QP Eq. E.16 SI
=GR Eq. E.16 I-P
6343.3

For the same airflow rate (Q,), absolute inlet pressure (P,)
and power output (H,), the corresponding equation for
compressible flow is:

H, = Q1Pth Eq. E.17 SI
QP.K
=P Eq. EA7 I-P
6343.3
It follows that:
P, = Pth Eq. E.18

The compressible flow fan law equation for fan total pres-
sure can, therefore, be obtained by substitution:

e=n[] (] [

E.4.4 Fan input power
The equation for efficiency may be rearranged to give either:

Ko

Eq. E.19
K q

pc

QPK
H = —1° Eq. E.20 SI
Tt
QP.K
Hi=—tP Eq. E.20 I-P
6343.37,
Or:
Q.P.K
Hip = % Eq. E.21 SI
Tc
QcPthpc
= o tope Eq. E.21 I-P
© = 634331, g

Combining and using the compressible flow fan law relation-
ships for fan airflow rate, fan total pressure, and fan total
efficiency, it follows that the compressible flow fan law equa-

tion for fan input power is:

E.4.5 Fan velocity pressure
By definition:

2
Q
R =Rz = \/224 P2
2
2
Q
P:P =
Vo2 1097.8A2] P2

But from continuity:

P2Q = p1Qy = pQ;

Therefore:
R, — PR
2
(V24,)
p__ PAQ
v 2
(1 097.8A2)

But from Equations E.9 and E.12:

Q° = Q%K2 ~ QQ,

It follows that:

21, 2
P :pQA
2
(24,
Q2K 2
P, = P—pz
(1097.8A2)

By similar reasoning:

2
chcKpc

(\/EAZC)Z

vC

Eq. E.22

Eq. E.23 SI

Eq.E231-P

Eq. E.24

Eq. E.25 SI

Eq. E.25 I-P

Eq. E.26

Eq. E.27 SI

Eq. E.27 I-P

Eq. E.28 SI
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QcKo?
P = —oope Eq. E.28 I-P
(1097.8Ay )

By using the compressible flow fan law relationships for fan
airflow rate and the proportionality of outlet area to diameter

squared, it follows that the compressible flow fan law equa-
tion for fan velocity pressure is:

2 2
R —P, [&] [&] [P_c] Eq. E.29

E.4.6 Fan static pressure

By definition:
Py =Py - Py Eq. E.30

E.4.7 Fan static efficiency

By definition:
P
fse = Tlc [ﬁ] Eq. E.31
tc

E.5 Fan law deviations

Among the requirements for complete similarity are those for
equal force ratios that lead to Reynolds and Mach number
considerations.

E.5.1 Reynolds number

There is some evidence that efficiency improves with an
increase in Reynolds number. However, that evidence is
not considered sufficiently documented enough to incorpo-
rate any rules in this annex. There is also some evidence
that performance drops off with a significant decrease in
Reynolds number [23]. The fan laws shall not be employed
if it is suspected that the airflow regimes are significantly
different because of a difference in Reynolds number.

E.5.2 Mach number

There is evidence that choking occurs when the Mach
number at any point in the flow passages approaches
unity. The fan laws shall not be employed if this condition is
suspected.

E.5.3 Bearing and drive losses

While there may be other similarity laws covering bearings
and other drive elements, the fan laws cannot be used to
predict bearing or drive losses. The correct procedure is
to subtract the losses for the first condition, make fan law
projections of power input for the corrected first condition
to the second condition and then add the bearing and drive
losses for the second condition.

58 | ANSI/AMCA 210-16 — ANSI/ASHRAE 51-16



Annex F
Uncertainty Analysis [10] (Informative)

F.1 General

This analysis is based on the assumption that fan perfor-
mance can be treated as a statistical quantity and that the
performances derived from repeated tests would have a
normal distribution. The best estimate of the true perfor-
mance would therefore be the mean results based on
repeated observations at each point of operation. Since
only one set of observations is specified in the standard,
this analysis must deal with the uncertainties in the results
obtained from a single set of observations.

The results of a fan test are a complex combination of vari-
ables that must be presented graphically according to the
standard. In order to simplify this analysis, test results will
be considered to be the curves of fan static pressure versus
fan airflow rate and fan static efficiency versus fan airflow
rate. Analysis of fan input power is unnecessary since it is
a part of efficiency analysis. The findings from a total pres-
sure analysis would be similar to those of a static pressure
analysis.

The uncertainty in the results will be expressed in two parts,
both of which will be based on the uncertainties in various
measurements. That part dealing with the pressure versus
airflow rate curve will be called the characteristic uncertainty
and that dealing with the efficiency versus airflow rate curve
will be called the efficiency uncertainty. The characteristic
uncertainty can be defined with reference to the following
diagram:

Minus
Characteristic ——| — |«—
Uncertainty | ]

Plus Characteristic
Uncertainty *

-

Parabola with
Vertex at origin
Upper
Boundary

Fan
Characteristic
Per Test

Lower
Boundary

The diagram shows a plot of the fan static pressure versus
fan airflow rate as determined by test per this standard.
Surrounding this curve is a band of uncertainties, the bound-
aries of which are roughly parallel to the test curve. Also
shown is a parabola with the vertex at the origin that inter-
sects the fan curve and both of the boundaries. The charac-
teristic uncertainty is defined as the difference in airflow rate
between the intersection of the parabola with the test curve
and the intersections of the parabola with the boundaries.
Typically, the absolute characteristic uncertainty would be
+ a certain number of m3/s (cfm). The relative characteristic
uncertainty would be the absolute characteristic uncertainty
divided by the airflow rate at the intersection with the test
curve.

The absolute efficiency uncertainty is defined as the differ-
ence in efficiency between that at points corresponding
to the above mentioned intersections with the boundaries
and that at the above mentioned intersection with the fan
test curve. Typically, this would be expressed as + so many
percentage points. The relative efficiency uncertainty would
be the absolute efficiency uncertainty divided by the effi-
ciency at the point corresponding to the above mentioned
intersection with the test curve.

The accuracies specified in the standard are based on two
standard deviations. This means that there shall be a 95%
probability that the uncertainty in any measurement will be
less than the specified value. Since the characteristic uncer-
tainty and the efficiency uncertainty are based on these
measurements, there will be a 95% probability that these
uncertainties will be less than the calculated value.

F.2 Symbols

In the analysis which follows, certain symbols and notations
are used in addition to those that are used in the standard.

Symbol  Quantity

dP/dQ Slope of fan characteristic
ey Per unit uncertainty in X
AX Absolute uncertainty in X
Fy Correlation factor for X
Subscript  Description

A Area

b Barometric pressure

C Nozzle discharge coefficient
d Dry-bulb temperature

f Pressure for airflow rate

g Pressure for fan pressure
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Fan input power

Character

Maximum

Fan speed

Fan output power

Fan pressure

Fan airflow rate

Torque

Variable as defined in Equation F.11
For wet-bulb depression, in tw
Generalized quantity (A, b, ...p)
Fan efficiency

Fan air density

VI Xs<<-HHQOTUVTO zZz3 XTI

F.3 Measurement uncertainties

The various measurement uncertainties which are permitted
in the standard are listed below with some of the consider-
ations that led to their adoption.

(1) Barometric pressure is easily measured within the £170
Pa (+0.05 in. Hg) specified.

1.70

6 =—— Eq. F.1 S
Po

& — 0.05 Eq.F.11-P
Py

(2) Dry-bulb temperature is easily measured within the +1
°C (£2.0 °F) specified if there are no significant radiation
sources.

og = — 0 Eq. F2 Sl
ty +273.15

og = —20 Eq. F2I-P
ty +459.67

(3) Wet-bulb depression is easily measured within 3 °C (5.0
°F) if temperature measurements are within 1 °C (2.0 °F)
and if air velocity is maintained in the specified range:

3
td*tw

ew Eq. F.3 S

5
td_tw

ey Eq. F31-P

(4) Fan speed requires careful measurement to hold the
0.5% tolerance specified.

ey = 0.005 Eq. F.4

(5) Torque requires careful measurement to hold the 2.0%
tolerance specified:
er=0.02 Eq. F.5
(6) Nozzle discharge coefficients given in the standard have
been obtained from ISO data and nozzles made to specifi-

cations shall perform within a tolerance of 1.2% according
to that data.

A properly performed laboratory traverse is assumed to
have equal accuracy:
e.=0.012 Eq. F.6
(7) The area at the flow measuring station will be within
0.5% when the diameter measurements are within the 0.2%
specified:
ep = 0.005 Eq. F.7
(8) The tolerance on the pressure measurement for deter-
mining flow rate is specified as 1% of the maximum reading
during the test. This is easily obtained by using the specified
calibration procedures. In addition, an allowance must be
made for the mental averaging that is performed on fluctu-
ating readings. This is estimated to be 1% of the reading.
Using the subscript m to denote the condition for the maxi-
mum reading, a combined uncertainty can be written:

2

Q 2
e = |(0.01 + 0.01[6'“] Eq. F.8

(9) The pressure measurement for determining fan pres-
sure is also subject to an instrument tolerance of 1% of the
maximum reading and an averaging tolerance of 1% of the
reading. In addition, there are various uncertainties that are
related to the velocity pressure. A tolerance of 10% of the
fan velocity pressure shall cover the influence of yaw on
pressure sensors, friction factor variances and other possi-
ble effects:

2
+

2
Eq. F.9

e = \/(0.01)2 +

O.O1[P—m}
P

o5

F.4 Combined uncertainties

The uncertainties in the test performance are the result of
using various values, each of which is associated with an
uncertainty. The combined uncertainty for each of the fan
performance variables is given below. The characteristic
uncertainty and the efficiency uncertainty are also given.
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(1) Fan air density involves the various psychrometric
measurements and the approximate formula:

po PV Eq. F.10 S|
R(ty +273.15)
po1073mV Eq. F.10 I-P
R(ty +459.67)
Where:
t—t
v=11.0-0378 p—e—% Eq. F.11 S|
Po
t—t
v =11.0-0378 p—e—% Eq. F.11 I-P
Po

For random and independent uncertainties in products, the
combined uncertainty is determined as follows:

2
Ap _ [(A1077 (Apy)", (AV)® (AR] [ Aty
P 1 Po v R Ty +273.15
Eq.F.12 SI
2 2 2 2
Ap [A70.73] Ap, [AV] [ARJ At,
=+ = - = +|—=| +|=——
p 70.73 P, v R T, +459.67
Eq. F.121-P
Assuming A70.73 and AR are both zero:
e, = \/ebz +eV2 +ed2 Eq. F.13
It can be shown that:
ey® =((0.00002349¢t,, —0.0003204)A (t4 —t,, )]2
Eq.F.14 S|
ey =[(0.00000725t,, —0.0000542) Aty —t,, )|
Eq. F.14 I-P

(2) Fan airflow rate directly involves the area at the airflow
measuring station, the nozzle discharge coefficient, the
square root of the pressure measurement for flow and the
square root of the air density. When making fan law conver-
sions, fan speed has a first power effect on airflow rate.

The effects of uncertainties in each of these variables can
be expressed mathematically as follows, where eqy is the
uncertainty in flow rate due to the uncertainty in X.

boc=€% ., _%

e, @ "9 Eq. F.15
Y €ar =0
€q =0

The uncertainty in the airflow rate only can be determined
from the above uncertainties by combining:

e2
f
a4
2]

- ey’ Eq. F.15A

eq = \/eCZ +eA2 +

(3) Fan pressure directly involves the pressure measure-
ment for fan pressure. In addition, when making fan law
conversions, air density has a first power effect on fan
pressure while fan speed produces a second power effect.
Mathematically:

€, =0 €y =26y

%o =0 G =6, Eq. F.16
€y =0 e =0

Cpg = &

The uncertainty in the fan pressure only can be determined
from the above uncertainties by combining:

ep = \/egz +e,2 +(2ey) Eq. F.16A

(4) Fan input power directly involves the torque and speed
measurements. In addition, when making fan law conver-
sions, density has a first power effect and speed a third
power effect on fan input power. The net effect with respect
to speed is second power. Mathematically:

€ =0 €y = 26y

G =0 @y =6 Eq. FA7
ey =0 €yr =6

6y =0

The uncertainty in the fan input power can only be deter-
mined from the above uncertainties by combining:

o = yJer? 6,2 +(2ey)? Eq. F1A7A
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(5) The uncertainties in the measurements for fan flow
rate and fan pressure create the characteristic uncertainty
as defined in Section F.1. Assuming the uncertainties
are small, the characteristic curves and parabola can be
replaced by their tangents, and the effects of uncertainty in
each measurement, (X), on the characteristic uncertainty
can be determined. At a point (Q, P), the uncertainty in
measurement (X) results in an uncertainty in Q and P of
AQy and APy.

Fan Test Plus
+ Pressure Uncertainty and

+ Flow Rate Uncertainty )
Test Point

+AQ, + AP,

System
Fan Test Plus Parabola

+ Flow Rate Uncertainty

Fan Test Curve

Test Point

For AQy:
AQyxtand = (AQ, - AQyqx)tan¢ Eq. F.18
tan¢

A =AQ | —— Eq. F.19
kax *|tang + tan¢ q

For APy:

AQypx (tand + tang) = AP, Eq. F.20

1

A =AP |——— Eq. F.21

Qepx *tand +tan¢ g

Summing and simplifying by relating the tangents to the
slopes of the parabola and the fan characteristic curve:

AQKX = AQKQX + AQKPX Eq F.22
P
tang =2|— Eq. F.23
i [o] q
And:
dP
t =—|— Eq. F.24
ang¢ [dQ q
|ao)
_ dQ 1
R E R4 M R
Q dQ Q aQ
Eq. F.25
At i
_ dQ eppx Q
SR 7 e
Q dQ Q dQ
Eq. F.26
Introducing correlation factors:
aa)
_ dQ
Fq = 2[P][dP] Eq. F.27
Q dQ
And:
i
F — Eq. F.28
EERE q
Q) dQ
exx = eaxFa + % Fo Eq. F.29
Combining Equations F.15, F.16 and F.29:
€
en=efa  ag=|5 |
éc = ecka Eq. F.30

e
ek Z[%JFQ e
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Assuming these uncertainties are independent, they can
be combined for the characteristic uncertainty as follows,
noting that F + Fp = 1:

2
+el + R

2
+ FQ2

e 2

3 %
2

6C2 + eA2 +

&
2

Eq. F.31

|

(6) Fan output power is proportional to the third power of
airflow rate along a system characteristic. Therefore:

eo = 3eg Eq. F.32
(7) Fan efficiency uncertainty was defined in Equation F.1.
Using the above noted correlation factors and recombining
the components:

2
+en? +er? +9

2
e e
e = [?p FP2 7g +FQ2 902+9A2+

Eq. F.33
F.5 Example

The characteristic test curve for a typical backward-curve
centrifugal fan was normalized on the basis of shut-off pres-
sure and free-delivery airflow rate. The resultant curve is
shown in Figure F.1.

An uncertainty analysis based on this curve and the maxi-
mum allowable measurement tolerances follows:

(1) The maximum allowable measurement tolerances can be
determined using the information from Section F.3. Where
appropriate, lowest expected barometer and temperature
for a laboratory at sea level are assumed.

Per unit uncertainties are:

0.05

—|==|=0.0018
% 28.5]
eg=—2% _|_00038
(60 +459.7)
5.0
ew = | ———|=05
W |(60—50)
ey = 0.005
er=0.02

]

ec = 0.012
e, = 0.005
2
2
o = (0.01)2+0.o1{o—m]
Q
And:
2 2
2 B P
ey = |(0.012 +[0.01] 7™ || +]0.1|Zx
9 \/( U [P} ’ [P]

Note that e; and eg vary with point of operation. In this exam-
ple, the values of Q,,, Q, P,, and P are taken from Figure
F.1. The velocity pressure at free delivery is taken to be 20%
of the maximum static pressure.

(2) The various combined uncertainties and factors can be
determined using the information from Section F.4. To illus-
trate, the per unit uncertainty in air density will be calculated:

e, =&’ +e,° +es

2 [0.05
28.5

2
] =0.00000308

e,2 = [(0.00000725 x 50 - 0.0000542)5.0]

=0.00000238

2

2.0 =0.00001481

(60 +459.7)

ed2 =

And:

e, =0.0045

This is the expected accuracy for a laboratory at sea level.
For extremes of altitude and wet-bulb temperatures, the limit
is:

e, =0.005

(3) The characteristic uncertainty and the efficiency uncer-
tainty can be calculated for various points of operation as

indicated in Table F.1.

The values of Q, P and -(dP/dQ) have been read directly
from the normalized fan curve. The results have been plot-
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ted as curves of per unit uncertainty versus airflow rate in
Figure F.2.

F.6 Summary

The example is based on uncertainties that, in turn, are
based on 95% confidence limits. Accordingly, the results
of 95% of all tests will be better than indicated. Per unit
uncertainties of one half those indicated will be achieved
in 68% of all tests, while indicated per unit uncertainties will
be exceeded in 5% of all tests. The examples from above
provide the following conclusions:

(1) The characteristic uncertainty for the specified tolerances
is about 1% near the best efficiency point and approaches
2% at free delivery. The uncertainty also increases rapidly
as shutoff is approached.

(2) The fan efficiency uncertainty is about 3% near the best
efficiency point and exceeds 5% at free delivery. The uncer-
tainty increases rapidly near shutoff.

(3) Psychrometric measurement uncertainties have very
little effect on overall accuracy. Calibration corrections are
unnecessary in most cases.

(4) The nozzle discharge coefficient uncertainty has a very
significant effect on overall accuracy. The 1.2% tolerance
specified was based on the current state of the art. Any
significant improvement in the accuracy of test results will
depend on further work to reduce the uncertainty of this
quantity.

(5) While the example was based on a typical characteristic
for a backward-curve centrifugal fan, analyses of different
characteristics for other fan types will yield sufficiently simi-
lar results that the same conclusion can be drawn.

(6) This analysis has been limited to a study of measurement
uncertainties in laboratory setups. Other factors may have
an equal or greater effect on fan performance. The results of
an on-site test may deviate from predicted values because
of additional uncertainties in measurements such as poor
approach conditions to measuring stations. Deviations may
also be due to conditions affecting the flow into or out of the
fan which, in turn, affects the ability of the fan to perform.
Differences in construction, which arise from manufacturing
tolerances, may cause full-scale test performance to deviate
from model performance.
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Figure F.1
Normalized Fan Flow vs. Pressure Curve
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Figure F.2
Normalized Test Results Uncertainties

Per Unit Uncertainty
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Table F.1
Tabulation for Uncertainty Analysis of Figure F.1
aP € ? 2 2| €g ’ 2|2 2 &

%Q [ %P [%] Fp Fq [7 + ey Fe > Fale.” +ea +T ex €
99 | 3.2 3.215 | 0.01971 |0.98029 | 31.2x 106 | 535x10° 211.4 x 106 0.0172 | 0.0531
95 | 16 3.075 | 0.09873 |0.90127 | 31.2x106 | 47.5x10° 182.5 x 106 0.0162 | 0.0500
90 | 31.5 [2.900 | 0.19444 |0.80556 | 31.2x10° | 41.2x10%® 150.6 x 106 0.0149 | 0.0464
85 | 46 2.700 | 0.28616 |0.71384 | 31.2x10% | 36.8x 10 123.2 x 10 0.0138 | 0.0433
80 | 59.5 |[2.500 | 0.37304 |0.62696 | 31.2x106 | 33.7x10° 100.2 x 106 0.0129 | 0.0405
75 | 72 2.275 | 0.45769 |0.54231 | 31.2x10% | 31.9x10® 80.2 x 106 0.0120 | 0.0379
70 | 827 [1.950 | 0.54786 |0.45214 | 31.2x106 | 325x10° 60.9 x 106 0.0112 | 0.0357
65 | 91.2 |[1.575 | 0.64051 |0.35949 | 31.2x10® | 349x10® 43.1x 10 0.0105 | 0.0337
60 | 98 1.150 | 0.73962 |0.26038 | 31.2x10% | 38.8x 106 26.2 x 106 0.0098 | 0.0319
55 | 102.6 |0.800 | 0.82343 |0.17657 | 31.2x106 | 42.6 x 10° 14.5 x 106 0.0094 | 0.0307
50 | 105.3 |[0.500 | 0.89389 |0.10611 31.2x106 | 46.2x10° 6.6 x 106 0.0092 | 0.0301
45 | 107 | 0.250 | 0.95006 |0.04994 | 31.2x10° | 49.3x10%® 2.0 x 106 0.0091 | 0.0299
40 | 107.9 | 0.050 | 0.99082 |0.00918 | 31.2x10% | 51.6x10° 0x 10 0.0091 | 0.0299
35 | 108 |-0.025 | 1.00407 |-0.00407 | 31.2x106 | 51.9x10° 0x 10 0.0091 | 0.0300
30 | 107.6 |[-0.100 | 1.01414 |-0.01414 | 31.2x10° | 52.4 x10® 0.6 x 106 0.0092 | 0.0301
25 | 107 |-0.175| 1.02087 |-0.02087 | 31.2x10% | 53.0x 10°° 2.8 x 106 0.0093 | 0.0306
20 | 106 |-0.225| 1.02169 |-0.02169 | 31.2x10® | 53.5x 10 7.4 x10° 0.0096 | 0.0313
15 | 104.7 |-0.275 | 1.02009 |-0.02009 | 31.2x10% | 53.7x 106 20.0 x 106 0.0102 | 0.0331
10 | 103.2 |-0.325 | 1.01600 |-0.016 31.2x 106 | 54.0x 106 64.0 x 10 0.0122 | 0.0386

5 | 101.6 |-0.325 | 1.00806 |-0.0086 31.2x10% | 54.1x10° 259.8 x 10® 0.0186 | 0.0571
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Annex G
Iterative Procedure (Informative)

G.1 Calculating the value of C

To obtain the value of C to be used in calculating the chamber
nozzle airflow rate in Section 7.3.1.6, an iteration process or,
in some instances, an approximate process can be used.

G.2 Iterative procedure

A calculated value of Re is made using an estimated value of
C. The calculated value of Re is then used to recalculate C
until the difference between two successive trial values of C
is £ 0.001, at which point the last trial value of C is taken as
the value to be used in calculating chamber nozzle volume.
In the following example, the first estimate of Re is made
using an estimated value of Ce = 0.99. It is suggested that
calculations be carried out to at least five decimal places.

G.3 Example iteration
Iteration 1

Step 1-1 — Calculate Re, using:

Re _ 1097.8 Doy APp54
6006 1-EB

Where:

He =1.222 x 10" Ibm/ftes

Ce = 0.99 (estimated)

Dg =6in.=0.5ft

Y = 0.998 (calculate per Section 7.3.1.3)
AP =1.005 in. wg

p =0.0711 lom/ft3

(1-E p*#) = 1 for iteration purposes

1097.8

Re; = ) (0.99)(0.5)(0.998),/(1.005)(0.0711)

(60)(1.222x10°°

Re, =197,397

Step 1-2
Calculate Ce,, using Re, from the previous step, assuming
that L/D = 0.6:

Ce, — 0.9986 — 006 1346
(Re1) Re1
7006  134.6
Ce, — 0.9986 — +
! J197.397 | 197,397
Ce, — 0.9831

Check: |Ce —Ce;| =]0.99 —0.9831 = 0.0069

Since 0.0069 > 0.001, a second iteration is required.
Iteration 2

Step 2-1 — Re-estimate Re, using Ce;:

R62 = Re1 [%
e

Re, = 197,397[0'9831]

0.99
Re, =196,020

Step 2-2 — Recalculate C, using Re,:

Ce, —0.9986 7.006 1346
1[Rez Rez

Ce, —0.9986 7.006 1346
196,020 196,020

Ce, = 0.9835

Check: |Ce; — Ce,| = |0.9831—0.9835| = 0.0004

Since 0.0004 < 0.001, no further iterations are required, and
Ce, = 0.9835 = C.

If, for some unusual conditions, the iterations do not
converge, then try a different starting initial guess for Ce.

G.4 Approximate procedure

For the range of temperature from 40°F to 100°F, a calcu-
lated value of Re can be obtained from:

APp,y
1-p4

Re =1,363,000D4

The formula is based on C = 0.95, Y =0.96, E = 1.0 and
1.222 x 107 Ibm/ft-s.
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Annex H
Fan Outlet Area (Normative)

H.1 General requirements

The fan area outlet can sometimes be difficult to define and
measure. For certain test setups and installation types, the
calculation of fan total pressure, P, is dependent on the
value of the fan outlet area. This annex provides general
requirements for determining where the fan outlet area
is measured for various fan types. While an exhaustive
description of each fan type is impractical, some examples
and illustrations are provided. Fan outlet areas for other fan
types can be found in ANSI/AMCA Standard 99.

H.2 Fans tested with outlet ducts — installation
types B and D

For fans tested using installation types B and D, the fan
outlet area is always planar and is perpendicular to the axis
of the duct. While there may be localized turbulence, swirl
or even a small amount of reverse flow at the discharge of
the fan, the outlet test duct is intended to remove most of
this and provide a nearly fully developed flow by the time
the static pressure is measured, either in the duct or in an
outlet chamber.

The fan outlet area used for the calculation of P, and P,
is the gross cross-sectional area at the fan discharge. The
equations for Py, in the outlet chamber test figures are valid
only when the outlet test duct has a uniform cross-sectional
area equal to the fan outlet area.

H.2.1 Examples

<«

N —|

Fan outlet area for a ducted axial fan is the gross cross-
sectional area at the fan outlet, which is also equal to the
test duct cross-sectional area, regardless of whether the
motor or inner shroud extends into the test duct.

Figure H.1
From Figure 15, Installation Type D: Ducted Inlet,
Ducted Outlet

O(_ —s

Fan outlet area for a centrifugal fan tested with an outlet duct
is the gross cross-sectional area at the fan outlet, which is
also equal to the test duct cross-sectional area, regardless
of whether a cutoff plate is used to block a portion of the fan
outlet.

Figure H.2
From Figure 12, Installation Type B: Free Inlet, Ducted
Outlet

Q .

Fan outlet area for a fan tested with an outlet diffuser is
the cross-sectional area at the diffuser outlet, which is also
equal to the test duct cross-sectional area.

Figure H.3
From Figure 12, Installation Type B: Free Inlet, Ducted
Outlet

68 | ANSI/AMCA 210-16 — ANSI/ASHRAE 51-16



H.3 Fans with a free discharge — installation types
Aand C

For fans tested with installation types A and C, the fan outlet
area may either be planar or may be some other shape,
depending on the fan type. For example, if the fan outlet is
radial, the fan outlet area will be determined at the perimeter
of the fan. The fan outlet area must be adjacent to the loca-
tion where the fan discharge static pressure is measured (or
assumed zero in the lab), with no additional area changes
taking place between these locations.

H.3.1 Examples
Fan outlet area for an unhoused centrifugal fan is the area

at the perimeter of the fan wheel between the wheel back
and shroud.

Figure H.4
From Figure 15, Installation Type A: Free Inlet, Free
Outlet

[V [

\

Fan outlet area for an unhoused centrifugal fan with a
stationary diffuser is the area at the discharge of the diffuser.

Figure H.5
From Figure 15, Installation Type A: Free Inlet, Free
Outlet

Figure H.6

From Figure 12, Installation Type C: Ducted Inlet, Free
Outlet

Fan outlet area for a centrifugal powered roof ventilator is
the net cross-sectional area where the airflow leaves the fan
housing.
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