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FOREWORD

(This Foreword is not part of ANSI/ASME PTC 11-1984.)

PTC 11-1946, entitled Test Code for Fans, was published by the Society in 1946. As
noted in its Foreword, the personnel of the committee that developed the Code
consisted of members of the American Society of Heating and Ventilating Engineers,
the National Association of Fan Manufacturers, and the American Society of
Mechanica! Engineers. The Code, as written, was basically alaboratory test standard in
that it provided instructions for arrangement of test equipment such as ducts, plenum
chamber, and flow straighteners, as well as instruments. It even stated that the test
could be conducted in the manufacturer’s shops, the customer’s premises, or
elsewhere. This Code was widely distributed and the principles set forth in it
undoubtedly provided the basis for many other laboratory standards for testing fans.

Most ASME Power Test Codes (later called Performance Test Codes) provided
instructions for testing equipment after it was installed. Since PTC 11-1946 was basically
a laboratory standard, it was allowed to go out of print with the expectation that a
revised code would be written that would provide directions for site testing of fans.

In July of 1961, a new PTC 11 Committee was formed. Several drafts were prepared,
but all of them essentially provided laboratory directions. This Committee still con-
sidered field or site testing to be impractical unless laboratory conditions could be
duplicated.

The PTC 11 Committee was reorganized in 1971. It initially attempted to resolve the
difficulties of site testing by resorting to model testing. This was not acceptable to the
Society. Ultimately, procedures were developed that could be used in the field without
the need to modify the installation so as to condition the flow for measurement. The
Committee performed tests to determine the acceptability of these procedures. These
tests included full-scale field tests of two large mechanical-draft fans as well as various
laboratory tests of various probes for measuring flow angles and pressures. Subsequent
tests (Ref. 19) performed independently of the Committee have demonstrated the
practicability of this Code with regard to both manpower and equipment in a large-
power-plant situation.

The Committee has also monitored the progress of an International Committee
which was writing test codes for fans. While this Committee, 1SO 117, had not
completed its work, it was obvious that several things they were doing should be
incorporated in PTC 11. The major item contributed by ISO 117 is the concept of
specific energy (also called work per unit mass) which, when combined with mass flow
rate, provides an approach to fan performance that can be used instead of the volume
flow rate/pressure approach. 1SO also recognizes the distributionality of velocity
across the measuring plane and PTC 11 incorporates provisions to account for this.

This Code was approved by the Board on Performance Test Codes on May 19, 1983. It
was approved and adopted by the American National Standards Institute, Inc., on
March 23, 1984.
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AN AMERICAN NATIONAL STANDARD

ASME PERFORMANCE TEST CODES
Code on
FANS

SECTION 1 — INTRODUCTION

1.1 GENERAL

This Code provides standard procedures for
conducting and reporting tests on fans, including
those of the centrifugal, axial, and mixed flow
types. The principal quantities that can be deter-
mined are:

(a) fan mass flow rate, or alternatively, fan vol-
ume flow rate;

(b) fan specific energy,or alternatively, fan pres-
sure; and

{(¢) fan input power.

Hereinafter these parameters shall be inclusively
covered by the term performance. Additional quan-
tities that can be determined are:

(d) gas properties at the fan inlet; and

(e) fan speed;
hereinafter inclusively covered by the term operat-
ing conditions. Various other quantities can be
determined, including:

(f) fan output power;

(g) compressibility coefficient; and

(h) fan efficiency.

1.2 OBJECTIVES

The objectives of this Code are:

(a) to provide the rules for testing fans to deter-
mine performance under actual operating condi-
tions; and

(b) to provide additional rules for converting

C opvnght © 2003 by the Amvman s

measured performance to that which would prevail

under specified operating conditions.

1.3 SCOPE

The scope of this Code is limited to the testing of
fans after they have been installed in the systems for
which they were intended. However, the same
directions can be followed in a laboratory test. (The
laboratory test performance may not be duplicated
by a test after installation because of system effects.)
The term fan implies that the machine is used
primarily for moving air or gas rather than compres-
sion. The distinction between fans, blowers, ex-
hausters, and compressors in common practice is
rather vague; accordingly, machines that bear any
of these names may be tested under the provisions
of this Code. (It is conceivable that these machines
can also be tested under the provisions of PTC 10,
Compressors and Exhausters.)

This Code does not include procedures for
determining fan acoustical characteristics.

1.4 APPLICABILITY

A Code test requires a large investment of
manpower and equipment. This Code and PTC 1,
General Instructions, should be studied thoroughly
when preparing procedures for testing a fan. The
provisions of this Code are mandatory for a Code
test as are the provisions of Part 11l of PTC 1-1980.
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SECTION 2 — DEFINITIONS AND

DESCRIPTION OF TERMS

21 SYMBOLS

Unit/Value
Symbol Description U.S. Customary St
Symbols and Subscripted Symbols
A Cross-sectional area of duct ft2 m?
a Parameter in Eq. (5.11-20) dimensionless dimensionless
b Parameter in Eq. (5.10-7) dimensionless dimensionless
C Cross-sectional area of calibration jet or 2 m?
wind tunnel
Cy, C,, etc. {See pp. 6 and 7)
Co Drag coefficient of probe section dimensionless dimensionless
C, Pitch pressure coefficient dimensionless dimensionless
cp Specific heat at constant pressure Btu/lbm « °F 1/kg - K
c, Specific heat at constant volume Btu/ibm - °F kg - K
Duct diameter ft m
d Probe diameter ft m
Electric potential (voltage) v \
ey Specific kinetic energy ft - ib/lbm J7kg
F, Number of points factor dimensionless dimensionless
Fex Steady operation factor for X where dimensionless dimensionless
X=m,Q,y,p,p,or N
f Frequency Hz Hz
g Local acceleration due to gravity ft/sec? m/s?
8¢ (See p.7)
h Enthalpy Btu/Ibm I7kg
1 Electric current (amperage) A A
J {See p.7)
K, Probe total pressure coefficient dimensionless dimensionless
K, Probe velocity pressure coefficient dimensionless dimensionless
K, Compressibility coefficient dimensionless dimensionless
{mass flow — specific energy approach)
K, Compressibility coefficient dimensionless dimensionless

(volume flow — pressure approach)
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2.1

SYMBOLS (cont’d.)

FANS

Description

Unit/Value

U.S. Customary

St

Symbols and Subscripted Symbols (cont’d.)

k
M
™M

m

Ratio of specific heats (c,/c,)
Mach number

Molecular weight

Mass flow rate

Fan mass flow rate
Rotational speed
Specified rotational speed
Counts or number
Number of poles

Fan input power

Fan output power
Barometric pressure
Saturated vapor pressure
Fan static pressure

Fan total pressure

fan velocity pressure
Partial pressure of water vapor
Static pressure

Absolute static pressure
Total pressure

Absolute total pressure
Velocity pressure
Differential pressure

Fan volume flow rate
Probe Reynolds Number
Specific gas constant

(See p. 7)

Aspect parameter

Frontal area of probe exposed to calibration

stream
Specific humidity
Specific humidity at saturation
Absolute static temperature
Absolute total temperature
Dry-bulb temperature
Static temperature
Total temperature

Wet-bulb temperature

dimensionless
dimensionless
Ibm/lbm-mol
lbm/sec
Ibm/sec

rpm

rpm
dimensionless
dimensionless
hp

hp

in. Hg

in. Hg

in. wg [Note (1))
in.wg

in. wg

in. Hg

in.wg

in. wa [Note (2)]
in. wg

in. wa

in. wg

in. wg

cfm
dimensionless

ft - Ib/lbm - °R

dimensionless

f2

Ibm vapor/Ibm dry gas
Ibm vapor/lbm dry gas

°R
°R
°F
°F
°F
°F

i

Copyright © 2003 by the American Society of Mechanical Engineers.
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dimensionless
dimensionless
kg/kg-mol
kg/s

kg/s

rev/s

rev/s
dimensionless
dimensionless
kw

kw

kPa

kPa

kPa

kPa

kPa

kPa

kPa

kPa

kPa

kPa

kPa

kPa

m’/s
dimensionless

)7kg - K

dimensionless

m2
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kg vapor/kg dry gas

kg vapor/kg dry gas
K

K

°C

°C

°C

°C
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Unit/Value

Symbol Description U.S. Customary Sl
Symbols and Subscripted Symbols (cont’d.)
{ Time sec S
Uy Absolute uncertainty in X same as X same as X
Uy Relative uncertainty in X per unit per unit
v Velocity fpm m/s
w Electrical power input to motor kw kw
{X) Volume fraction of gas constituent whose f/ic m¥/m?

chemical symbol is X
X Function used to determine K, dimensionless dimensionless
Yr Fan specific energy ft - Ib/lbm )7kg
z Function used to determiﬁe K, dimensionless dimensionless
Greek Symbols
Kinetic energy correction factor dimensionless dimensionless
B Parameter used to correct probe calibration dimensionless dimensionless
for blockage
n Fan efficiency percent or per unit percent or per unit
L) Motor efficiency percent or per unit percent or per unit
N Fan static efficiency percent or per unit percent or per unit
i Fan total efficiency percent or per unit percent or per unit
] Power factor dimensionless dimensionless
6; Sensitivity coefficient various various
u Dynamic viscosity Ibm/ft - sec Pa-s
P Density bm/ft® kg/m3
Pr Fan gas density lom/ft® kg/m3
Pm Fan mean density Ibm/ie - kg/m’
n
Summation of corrected values over

j=1 n observations
T Torque Ib - ft N-m
¢ Pitch angle deg. deg.
¥ Yaw angle deg. deg.
Subscripts
c Converted value
dg Dry gas
f Liquid
fg Liquid to vapor
4 Vapor

Copyright © 2003 by the American Society of Mechanical Engineers.
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i:
2.1 SYMBOLS (cont’d.) 5
=
Unit/Value §
Symbol Description U.S. Customary ] g:
g
3
Subscripts (cont’d.) g
o
i Indicated value at a point %
j Corrected value at a point §~
ma Moist air i
mg Moist gas _‘3‘;
R Reference measurement ‘B
[=
ref Value for calibration reference probe &
@
t Turbine and drive train a
X Total value at plane x for A, m, and Q¢ or g
average value at plane x for ¢, ex, M, py, o
puT.t, V. (X),a andp é‘
y Total value at plane y for A, m, and Q; or §
average value atplane y for ¢, e, M, p;, o
pyT.t, V,(X),a,and p 5‘
0 Plane 0 (ambient) 3 1%
0
1 Plane 1 (fan inlet) 3
©
2 Plane 2 (fan outlet) 8
Q.
3 Plane 3 (alternate velocity transverse z
station) %
]
Superscripts =
a
R Random °
o
. =
Systematic g
T
=4
. o
Unit Conversions and Dimensional Constants @
%
G 459.7°F 273.2°C &
.
C, 60 sec/min 1.0s/s g
G 10 1.8 °R/K Ey
C. 0.672 Ibm/ft - sec 1.0Pa-s g
Cs 1.0 Btu/lbm - °F 4186 )/kg - °C A
Q.
Ce 2.96 X 10™* in. Hg/°F? 3.25X 1072 kPa/°C 8
G ~1.59 X 10~% in. Hg/°F 18.6 X 1072 kPa/°C 8
Cs 0.41in. Hg. 692 X 10 kPa 3
C 2700°F 1500°C
Cao 70.77 b/t - in. Hg 10° J/m? - kPa
Cn 5193 Ib/f? - in. wg 10* }/m’ - kPa
1 1097 (lbm/ft- minZ-in.wg)”? /2000 (m?/s? - kPa)"?
Cu 13.62 in. wg/in. Hg 1.0 kPa/kPa
Cua 745.7 W/hp 10° W/kW
Cas 5252 ft- Ib - rev/hp - min Q0%2m) N-m - rev/kW s

Copyright © 2003 by the American Society of Mechanical Engineers.
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Unit/Value

Symbol Description U.S. Customary ]
Unit Conversion and Dimensional Constants (cont’d.)
Cie 550 ft - Ib/hp - sec N-m/kW-s
Cy 6354 ft - in. wg/hp - min 18 kI/KW + 5
£ 32.17 ft - lbm/Ib - sec? 10 kg - m/N - 52
] 778.2 ft - Ib/Btu 1.0})/)
R, 1545 ft - Ib/lbm-mol - °R 8314 J/kg-mol - K
NOTES:

(1) in. wg stands for inches water gage
(2) in. wa stands for inches water absolute

2.2 TEMPERATURE

2.2.1 Absolute temperature (T) is the value of
temperature when the datum is absolute zero. Itis
measured in kelvins or degrees Rankine. The abso-
lute temperature in degrees Rankine is the temper-
ature in degrees Fahrenheit plus 459.7 and the
absolute temperature in kelvins is the temperature
in degrees Celsius plus 273.2,

2.2.2 Static temperature (t;, T;) is the temperature
measured in such a way that no effect is produced
by the velocity of the flowing fluid. It would be
shown by a measuring instrument moving at the
same velocity as the moving fluid. Absolute static
temperature is used as a property in defining the
thermodynamic state of the fluid.

2.2.3 Total temperature (t,, T,), sometimes called
stagnation temperature, is the temperature that
would be measured when a moving fluid is brought
to rest and its kinetic potential energies are con-
verted to an enthalpy rise by an isoenergetic
compression from the flow condition to the stag-
nation condition. At any point in a stationary body
of fluid, the static temperature and the total tem-
perature are numerically equal.

2.2.4 Dry-bulb temperature (ty) is the temperature
measured by a dry thermometer or other dry
sensor.

2.2.5 Wet-bulb temperature (t,,) is the temperature
measured by a thermometer or other sensor cov-
ered by a water-moistened wick and exposed to gas
in motion. When properly measured, it is a close

C opvnght © 2003 by the American S

approximation to the temperature of adiabatic
saturation.

2.2.6 Wet-bulb depression is the difference be-
tween the dry-bulb and wet-bulb temperatures at
the same location.

2.3 SPECIFIC ENERGY AND PRESSURE

2.3.1 Specific energy is energy per unit mass. S‘pe-

cific kinetic energy is kinetic energy per unit mass
and is equal to one-half the square of the fluid
velocity. Specific potential energy is potential en-
ergy per unit mass and is equal to the gravitational
acceleration multiplied by the elevation above a
specified datum. Fluid pressure divided by density
is sometimes called specific pressure energy and is
considered a type of specific energy; however, this
term is more properly called specific flow work.

2.3.2 Pressure is normal force per unit area. Since
pressure divided by density may appear in energy
balance equations, it is sometimes convenient to
consider pressure as a type of energy per unit
volume.

2.3.3 Absolute pressure is the value of a pressure
when the datum is absolute zero. It is always
positive.

2.3.4 Barometric pressure (py) is the absolute pres-
sure exerted by the atmosphere.

2.3.5 Differential pressure (Ap) is the difference
between any two pressures.

Engineers.
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2.3.6 Cage pressureisthevalue of a pressure when
the datum is the barometric pressure at the point of
measurement. it is the difference between the
absolute pressure at a point and the pressure of the
ambient atmosphere in which the measuring gage
is located. It may be positive or negative.

2.3.7 Static pressure (p;, Psa) is the pressure mea-
sured in such a manner that no effect is produced
by the velocity of the flowing fluid. Similar to the
static temperature, it would be sensed by a mea-
suring instrument moving at the same velocity as
the fluid. Static pressure may be expressed as either
an absolute or gage pressure. Absolute static pres-
sure is used as a property in defining the thermo-
dynamic state of the fluid.

2.3.8 Total pressure (p,, p;,), sometimes called the
stagnation pressure, would be measured when a
moving fluid is brought to rest and its kinetic and
potential energies are converted to an enthalpy rise
by an isentropic compression from the flow condi-
tion to the stagnation condition. It is the pressure
sensed by an impact tube or by the impact hole of a
Pitot-static tube when the tube is aligned with the
local velocity vector. Total pressure may be ex-
pressed as either an absolute or gage pressure. Ina
stationary body of fluid, the static and total pres-
sures are numerically equal.

2.3.9 Velocity pressure (p,), sometimes called dy-
namic pressure, is defined as the product of fluid
density and specific kinetic energy. Hence, velocity
pressure is kinetic energy per unit volume. If
compressibility can be neglected, it is equal to the
difference of the total pressure and the static
pressure at the same point in a fluid and is the
differential pressure which would be sensed by a
properly aligned Pitot-static tube. In this Code the
indicated velocity pressure (p,;) shall be corrected
for probe calibration, probe blockage, and com-
pressibility before it can be called velocity pressure.

2.4 DENSITY

2.4.1 The density (p) of a fluid is its mass per unit
volume. The density can be given static and total
values in a fashion similar to pressure and tempera-
ture. If the gas is at rest, static and total densities are
equal.

Copyright © 2003 by the American Society of Mechanical Engineers.
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2.4.2 Specific humidity (s) is the mass of water vapor
per unit mass of dry gas.

2.5 FAN BOUNDARIES

The fan boundaries are defined as the interface
between the fan and the remainder of the system.
These boundaries may differ slightly from fan to
fan. The fan accepts power at its input power
boundary and moves a quantity of gas fromiits inlet
boundary to its outlet boundary and in the process
increases the specific energy and pressure of this
gas. The inlet boundary may be specified toinclude
inlet boxes, silencers, rain hoods, or debris screens
as a part of the fan. The outlet boundary may be
specified to include dampers or a diffuser as a part
of the fan. The input power boundary may be
specified to include the fan-to-motor coupling or a
speed reducer as part of the fan. See Figs. 2.1 and
2.2,

2.6 FAN PERFORMANCE

2.6.1 General. Fan performance can be expressed
in terms of different sets of parameters. This Code
provides the user with two choices. One set uses
mass flow rate and specific energy. The other uses
volume flow rate and pressure. The product of mass
flow rate and specific energy and the product of
volume flow rate, pressure, and a compressibility
coefficient are each designated fan output power.
However, values of output power calculated by the
two methods are slightly different [Appendix F, Ref.

(M1

2.6.2 The Mass Flow Rate — Specific Energy
Approach. The fan performance parameters that
are associated with this approach are defined as
follows.

(a) Fan mass flow rate (my) is the mass of fluid
passing through the fan per unit time.

(b) Fan specific energy (yf) is the work per unit
mass which would be done on the gas in an ideal
(frictionless) transition between the actual inlet and
outlet states. The ideal work done on a unit mass of
fluid is equal to the integral of the differential of the
static pressure divided by the fluid density for the
fan flow process plus changes of specific kinetic
energy and specific potential energy across the fan.

i
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GENERAL NOTES:

The inlet boundary is at @ @ for a centrifugal or axial fan ‘furnished with an inlet box or at
if a silencer is considered a part of the fan.

The outiet boundary is at @ @ for a centrifugal fan without a diffuser or at @ @ ifa
diffuser is part of the fan.

An axial fan is usually furnished with a diffuser.

FIG. 2.1 TYPICAL INLET AND OUTLET BOUNDARIES
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The input power boundary is normeally at @—the point of coupling between the drive train and the
fan.

The input power boundary may be at @-—-the point of coupling between the motor and an
intermediate drive element, 6.g., a variable-speed coupling, the drive element is considered to be a
part of the fan,

The input power boundary may be at @ —-the electrical interface if the entire drive train is considered
to be a part of the fan.

FIG. 2.2 TYPICAL INPUT POWER BOUNDARIES
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The fan specific energy is the average of the ideal
work for all fluid particles passing through the fan.
Refer to Par. 5.7 for appropriate averages.

Only the component of velocity in the nominal
direction of flow shall be taken into account when
determining the specific kinetic energy. It is cus-
tomary to assume that changes in potential energy
are negligible in fans.

2dp
()’rzf _+eK2—eK1)
1P

For an incompressible flow process, the product
of fan specific energy and fluid density is equal to
the fan total pressure. For a nonconstant density
process, fan specific energy can be approximated
by assuming some thermodynamic process within
the fan in order to perform the pressure-density
integtation.

(¢) Kinetic energy correction factor {a) is a di-
mensionless factor used to account for the dif-
ference between the true average kinetic energy of
the fluid and the kinetic energy calculated as one-
half the square of the average velocity.

(d) Fan mean density (p,) is the ratio of the
pressure change across the fan to the thermo-
dynamic path integral of the differential of the
pressure divided by the density.

de
(PmE (P; “P1)/f _)
1 P

In this approach, mean density is approximated
by the arithmetic mean of inlet and outlet densities.

(Bm = {p1 + p2)/2)

(e) Fanoutput power (Pp) is equal to the product
of fan mass flow rate and fan specific energy. Since
mass flow rate equals the product of volume flow
rate and density at a particular plane, fan output
power can also be expressed as the product of fan
inlet density, fan inlet volume flow rate, and fan
specific energy.

(f) The compressibility coefficient (K,), defined
as the ratio of the fan inlet density to the fan mean
density, is useful in this approach.

(g) Fan efficiency {n)isthe ratio of the fan output
power to the fan input power. In this approach
there is only one definition of fan output power so
there is only one definition of fan efficiency.

Copyright © 2003 by the American Society of
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2.6.3 The Volume Flow Rate — Pressure Ap-
proach. The fan performance parameters associ-
ated with this approach are defined as follows.

(a) Fanvolume flow rate (Qy) is the fan mass flow
rate divided by the fan gas density.

(b) Fan pressure. In this approach, three fan
pressures are defined:

(1) Fan total pressure (py) is the difference
between the average total pressure at the fan outlet
and the average total pressure atthe faninlet. Only
the component of velocity in the nominal direction
of flow shall be taken into account when determin-
ing fan total pressure. Refer to Par. 5.7 for appropri-
ate averages. Itis customary to assume that pressure
changes due to elevation changes are negligible in
fans.

~{2) Fan velocity pressure (ps,) is the product of
the average density and average specific kinetic
energy at the fan outlet. Refer to Par. 5.7 for the
appropriate averages.

(3) Fan static pressure (p;,) is the difference
between the fan total pressure and the fan velocity
pressure. Therefore, fan static pressure is the dif-
ference between the average static pressure at the
fan outlet and the average total pressure at the fan
inlet. Refer to Par. 5.7 for appropriate averages.

(c) Fan gas density {pf) is the total density of the
gas at fan inlet conditions.

{d) Fan output power (Py) equals the product of
fan volume flow rate, fan total pressure, and com-
pressibility coefficient K,

(e) The compressibility coefficient (K,) is a di-
mensionless coefficient employed to account for
compressibility effects [Ref. (4)] and is calculated
accordingto the procedure given in Par, 5.11.4 [Ref.
(19)].

(f) Fan efficiency. In this approach, fan ef-
ficiency is expressed as either fan total efficiency or
fan static efficiency. )

(1) Fan total efficiency (n,) is the ratio of fan
output power to fan input power. This may also be
called total-to-total efficiency.

(2) Fan static efficiency {(n,) is the ratio of fan
output power to fan input power, in which the fan
output power is modified by deleting the fan
velocity pressure. This may also be called total-to-
static efficiency.

2.6.4 Fan input power (P)) is the power required
to drive the fan and any elements in the drive
train that are considered to be within the fan
boundaries.

Mechanical Engineers.
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2.7 FAN OPERATING CONDITIONS

Fan operating conditions are specified by the
speed of rotation of the fan, and sufficient infor-
mation to determine the average gas properties
including pressure, temperature, density, viscosity,
gas constants, and specific heats at the fan inlet.

2.8 ERRORS AND UNCERTAINTIES

2.8.1 Erroristhe difference between the true value
of a quantity and the measured value. The true
value of an error cannot be determined.

2.8.2 Uncertainty is a possible value for the error
[Ref. (2)]. Itis also the interval within which the true
value can be expected to lie with a stated proba-
bility [Ref. (3)]. The uncertainty is used to estimate
the error. Absolute uncertainty (U) has the same
units as the variable in question. Relative uncer-
tainty (u), also called per unit uncertainty, is abso-
Jute uncertainty divided by the magnitude of the
variable and is dimensionless.

2.8.3 Random uncertainty (UR, uf) is uncertainty
due to numerous small independent influences

Copyright © 2003 by the American Society of Mechanical Engineers.
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that prevent a measurement system from delivering
the same reading when supplied with the same
input. Random uncertainties can be reduced by
replication and averaging [Ref. (3)].

2.8.4 Systematic uncertainty (U5, u®) is uncertainty
due to such things as instrument and operator bias
and changes in ambient conditions for the instru-
ments. Systematic uncertainty cannot be reduced
by increasing the number of measurements if the
equipment and the conditions of measurements
remain unchanged [Ref. (3}].

2.8.5 Confidence level (f¢) is a percentage value
such that, if a very large number of determinations
of a variable are made, there is an . percent
probability that the true value will fall within the
interval defined by the mean plus or minus the
uncertainty. A value for uncertainty is meaningful
only if it is associated with a specific confidence
level. As used in this Code, all uncertainties are
assumed to be at the 95% confidence level. If the
number of determinations of avariable is large and
if the values are normally distributed, the un-
certainty at the 95% confidence level is approxi-
mately twice the standard deviation of the values.
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SECTION 3 — GUIDING PRINCIPLES

3.1 INTRODUCTION

In applying this Code to aspecific fan test, various

decisions must be made. This Section explains what -

decisions shall be made and gives general guide-
lines for performing a Code test.

Any test shall be performed only after the fan has
been found by inspection to be in a satisfactory
condition to undergo the test. The owner and
vendor shall mutually decide when the test is to be
performed.

The parties to the test shall be entitled to have
present such representatives as are required for
them to be assured that the test is conducted in
accordance with this Code and with any written
agreements made prior to the test.

3.2 PRIOR AGREEMENTS

Prior to conducting a Code test, written agree-
ment shall be reached by the parties to the test on
the following items:

(a) object of test

(b) duration of operation under test conditions

(c) test personnel and assignments

(d) person in charge of test

(e) test methods to be used

(f) test instrumentation and methods of cali-
bration

(g) locations for taking measurements and orien-
tation of traverse ports

(h)} number and frequency of observations

(i) method of computing results

(j) values of primary uncertainties

(k) arbitrator to be used if one becomes desirable

(I} applicable contract performance curves and/
or the specified performance and operating
conditions

(m) fan boundaries

(n) number of test runs

No reproduction may be made of th
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3.3 CODE PHILOSOPHY

3.3.1 This Code offers the user the choice of ex-
pressing fan performance in terms of mass flow rate
and specific energy or volume flow rate and pres-
sure. After reviewing both methods, the parties to
the test shall decide which method they intend to
use. Once a method is selected then the principles

and procedures for only that method shall be .

adheredto throughout the test, rather than comming-
ling the various aspects of the two methods [Ref.

(M}

3.3.2 The methods of this Code are based on the
assumption that fan pressures or specific energies
are measured sufficiently close to the fan bound-
aries that corrections for losses between the mea-
surement planes and the fan boundaries are not
required. It is not feasible to include methods
for such corrections in this Code; therefore, if
such corrections are necessary, the test cannotbe a
Code test.

For the purpose of determining proper average
values of pressure, temperature, and density, it is
always necessary to measure point velocities at the
fan boundaries. However, only the point velocities
measured at traverse planes conforming to the
requirements of this Code (see Par. 4.2.3) shall be
used for fan flow rate. If the conditions at the fan
boundaries do not meet the criteria given in this
Code for a suitable flow traverse, then point veloc-
ity measurements made at the fan boundaries shall
be used only for determining average values of
pressure, temperature, density, and specific kinetic
energy and not for fan flow rate. If this condition
exists, then the fan flow rate may be determined ata
plane other than the fan boundary provided that no
fluid enters or leaves the duct between the fan
boundary and the measurement plane. Although
the point velocities measured at the fan boundaries
may not conform to the requirements for a valid

t of ASME
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flow traverse, they can provide a useful statistical
basis for substantiating the fan flow rate.

3.3.3 For large ducts handling gas flows, often the
only practicable method of gas flow measurement
is the velocity traverse method. This method shall
be considered the primary method for measuring
flows of the type addressed by this Code. Other
methods of determining flow, including but not
limited to, stoichiometric methods (where appli-
cable), ultrasonic methods, and methods using
such devices as flow nozzles, may be permitted if it
can be shown that the accuracy of the proposed
method is at least equal to that of the primary
method.

In the velocity traverse method, the duct is
subdivided into a number of elemental areas and,
using asuitable probe, the velocity is measured ata
pointin each elemental area. The total flow is then
obtained by summing the contributions of each
elemental area. Within the framework of the veloc-
ity traverse method, many different techniques
have been proposed for selecting the number of
points at which velocity is measured, for establish-
ing the elemental areas, and for summing (theoreti-
cally integrating) the contributions of each ele-
mental area. Options that have been proposed
include the placing of points based on an assumed
(usually log-linear) velocity distribution [Refs. (4),
(5)], the use of graphical or numerical techniques to
integrate the velocity distribution over the duct
cross section [Refs. (5), (6)], the use of equal ele-
mental areas with simple arithmetic summing of the
contribution of each area to the total flow {Refs.
(5), (7), (8)], and the use of boundary layer correc-
tions to account for the thin layer of slow-moving
fluid near awall. As a general rule, accuracy of flow
measurement can be increased by either increasing
the number of points in the traverse plane or by
using more sophisticated mathematical techniques
(e.g., interpolation polynomials, boundary layer
corrections) [Refs. (5), (7)). [tis more in line with the

requirements of field testing as well as more realis-.

ticin light of the varied distributions of velocity that
may actually occur in the field, to obtain the desired
accuracy of flow measurement by specifying mea-
surements at a relatively large number of points
rather than by relying on assumed velocity distribu-
tions or unsubstantiated assumptions regarding
such things as boundary layer effects. For these
reasons, this Code has elected to specify measure-
ments at the centroids of equal elemental areas and
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simple arithmetic summing of the contribution of
each elemental area to the total flow. Investigations
of flow measurement under conditions similar to
those expected in application of this Code have
demonstrated the validity of this approach [Refs.

(7), (8), (9)])-

3.3.4 Due to the highly disturbed flow at the fan
boundaries and the errors obtained when making
measurements with probes unable to distinguish
directionality, probes capable of indicating gas
direction and speed, hereinafter referred to as
directional probes, are generally required. Only
the component of velocity normal to the elemental
area is pertinent to the calculation of flow. Mea-
surement of this component cannot be accom-
plished by simply aligning a nondirectional probe
parallel to the duct axis, since such probes only
indicate the correct velocity pressure when aligned
with the velocity vector. Errors are generally due to
undeterminable effects on the static (and to alesser
degree, total) pressure sensing holes. Therefore,
adequate flow measurements in a highly disturbed
region can only be made by measuring speed and
direction at each point and then calculating the
component of velocity parallel to the duct axis.
Only in some circumstances (see Par. 4.7) may
nondirectional probes be used.

3.3.5 Various methods of averaging are required to
calculate the appropriate values of the parameters
that determine fan performance. These methods,
along with the large number of traverse points, the
directional probe, and requirements for measure-
ments at the fan boundaries make it possible to
conduct an accurate field test for most fan installa-
tions [Refs. (8), (9), (10)].

3.3.6 The instruments and methods of measure-
ment specified in this Code are selected on the
premise that only mild compressibility effects are
present in the flow. The velocity, pressure, and
temperature determinations provided for in this
Code are limited to situations in which the gas is
moving with a Mach number less than 0.4. This
corresponds to a value of (K; p,i/ps,) of approxi-
mately 0.1 (see Par. 5.2.1).

3.3.7 Although this Code provides methods for
conversion of measured fan performance variables
to specified operating conditions, such conversions

=
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shall not be permitted if the test speed differs by
more than 10% from the specified speed or if the
test values of the fan inlet density (p;) or fan gas
density (py) differ by more than 20% from specified
values.

3.3.8 A question that invariably arises in connec-
tion with any test is “how accurate are the results?”
[Ref. (2)]. This question is addressed in this Code by
the inclusion of a complete procedure for the
evaluation of uncertainties. It is believed that all
significant sources of error in a fan test have been
identified and addressed in this procedure. Since in
fact any results based on measurements are of little
value without an accompanying statement of their
expected accuracy, uncertainty evaluation is made
a mandatory part of this Code.

3.3.9 Commercially quoted fan performance is usu-
ally based on measurements made under labora-
tory conditions. In a laboratory test, a fan is oper-
ated in a system specifically designed to facilitate
accurate measurement of fan performance param-
eters and to minimize those system effects that can
degrade fan performance [Refs. (4), (17)]. Compara-
tive fan tests conducted according to a laboratory
standard [Ref. (4)] and according to procedures of
this Code have demonstrated that similar perfor-
mance ratings can be obtained if the fan is operated
under laboratory conditions [Ref. (18)].

The user of this Code should be aware that
application of the procedures contained herein will
reveal the performance of the test fan as it is
affected by the system in which itis installed. These
in-situ performance ratings and ratings of the same
fan based on laboratory tests or ratings of a model
fan based on laboratory tests may not be the same
due to various effects generally called system ef-
fects [Ref. (17)]. Any methods for reconciliation of
in-situ performance ratings and laboratory based
ratings are beyond the scope of this Code.

3.4 SYSTEM DESIGN CONSIDERATIONS

There are field situations where it is not possible
to obtain sufficiently accurate measurements to
conform with this Code. Consideration of a few
simple concepts when a new system is designed will
facilitate fan testing as well as improve the fan sys-
tem performance.

Copyright © 2003 by the Amer:
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3.4.1 Generally the most difficult parameter to
determine during a field test is the fan flow rate. If
the following considerations can be made during
the design of the fan and duct system, fan flow rates
will be easier to determine.

{a) Design of inlet and outlet ducts should avoid
internal stiffeners for three equivalent diameters
both upstream and downstream of the fan bound-
aries.

{b) Abrupt changes in direction should not be
located at the fan boundaries.

{c} All transitions in duct size should be smooth.

(d) A duct length of approximately 3 ft (1 m)
should be allowed at the fan boundaries for insert-
ing probes. This section should be free of internal
obstructions which would affect the flow mea-
surement and external obstructions which would
impede probe maneuverability such as structural
steel, walkways, handrails, etc.

3.4.2 Considerations that can be observed that will
aid the determination of fan input power are:

(a) installing a calibrated drive train; or

(b) allowing sufficient shaft length at the fan for
the installation of a torque meter.

3.5 INTERNAL INSPECTION AND
MEASUREMENT OF CROSS SECTION

An internal inspection of the ductwork at planes
where velocity and/or pressure measurements are
to be made shall be conducted by the parties to the
test to insure that no obstructions will affect the
measurements, Areas where there is an accumula-
tion of dust such that the duct area is significantly
reduced shall be avoided as this indicates that the
velocities are inadequate to prevent entrained dust
from settling. This dust settlement will in effect
cause the duct cross-sectional area to decrease
during the test. Where this situation exists, it is
recommended that velocity measurements be
made in vertical runs.

The internal cross-sectional area shall be based
on the average of at least four equally spaced mea-
surements across each duct dimension for nom-
inally rectangular ducts, and on the basis of the
average of at least four equally spaced diametral
measurements for nominally circular ducts. Suffi-
cient equally spaced measurements shall be used to
limit the uncertainty in the area to 0.3%. If the duct
area is measured under conditions different from
operating conditions, suitable expansion or con-

chanical Engineers.
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traction corrections for temperature and pressure
shall be made.

3.6 TEST PERSONNEL

3.6.1 A test team shall be selected that includes a
sufficient number of test personnel to record the
various readings in the allotted time. Test personnel
shall have the experience and training necessary to
obtain accurate and reliable records. All datasheets
shall be signed by the observers. The use of au-
tomatic data recording systems can reduce the num-
ber of people required.

3.6.2 The person in charge of the test shall direct
the test and shall exercise authority over all ob-
servers. This person shall certify that the test is
conducted in accordance with this Code and with
all written agreements made prior to the test. This
person may be required to be a registered profes-
sional engineer.

3.7 POINT OF OPERATION

This Code describes a method for determining
the performance of a fan at a single point of
operation. If more than one point of operation is
required, a test shall be made for each. The parties
to the test must agree prior to the tests on the
method of varying the system resistance to obtain
the various points of operation. If performance
curves are desired, then the parties to the test shall
agree beforehand as to the number and location of
points required to construct the curves.

3.8 METHOD OF OPERATION DURING TEST

3.8.1 When a system contains fans operating in
parallel, the fan to be tested shall be operated in the
manual mode during the test and the remaining
fans in the system used to follow load variations.
The fan to be tested shall be operated at a constant
speed with constant damper and vane positions.
Various positions may be required for part-load
tests. '

3.8.2 The system shall be operated to maintain
constant gas flows and other operating conditions.
For example, for draft fans the boiler load should be
steady. Soot blowers should not be cycled on and

FANS

off during the test. If soot blowing is necessary, it
should be used throughout the test. The operation
of pulverizers, stokers, baghouses, scrubbers, air
heaters, etc., shall not be allowed to affect the
results of the test.

3.8.3 Adequate records of the position of variable
vanes, variable blades, dampers, or other control
devices shall be maintained.

3.9 INSPECTION, ALTERATIONS,
ADJUSTMENTS

Prior to the test, the manufacturer or supplier
shall have reasonable opportunity to inspect the
fan and appurtenances for correction of noted de-
fects, for normal adjustments to meet specifications
and contract agreements, and to otherwise place
the equipment in condition to undergo further op-
eration and testing. The parties to the test shall not
alter or change the equipment or appurtenancesin
such a manner as to modify or void specifications or
contract agreements or prevent continuous and
reliable operation of the equipment at all capacities
and outputs under all specified operating condi-
tions. Adjustments to the fan that may affect test
results are not permitted once the test has started.
Should such adjustments be deemed necessary,
prior test runs shall be voided and the test restarted.
Any readjustments and reruns shall be agreed to by
the parties to the test.

3.10 INCONSISTENCIES

If inconsistencies in the measurements are ob-
served during the conduct of the test, the personin
charge of the test shall be permitted to take steps to
remedy the inconsistency and to continue the test.
Any actions in this regard must be noted and are
subject to approval by the parties to the test. Any
such action shall be fully documented in the test
report.

3.11 MULTIPLE INLETS OR DUCTS

If there is more than one fan inlet, measurements
shall be obtained ateach inlet orin eachinlet duct.
It is not permissible to measure the conditions at
one inlet and assume the conditions are the same
for all the inlets. Similarly, if the discharge duct
from a fan splits into two or more ducts and it is
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more practical to measure the conditions down-
stream of the split, then the conditions in each
branch of the duct shall be measured to determine
the total flow.

3.12 PRELIMINARY TEST

Priorto performing a Code test, a preliminary test
shall be made. The purpose of the preliminary test
is to train the observers, to determine if all instru-
ments are functioning properly, and to verify that
the system and fan are in proper order to permit a
valid Code test. The preliminary test can be con-
sidered a Code test if agreed to by the parties to the
test and all requirements of this Code are met.

3.13 REFERENCE MEASUREMENTS

For the purposes of determining that the system
has reached steady state, verifying the constancy of
operating conditions, and verifying that the fan
performs at a constant point of operation during
the test, the following reference measurements
shall be made. :

(a) speed (Ng)

(b) driver power, or some quantity proportional
to driver power (e.g., Ig, T, Wg, etc.)

(c) fan inlet static pressure (pqsg)

(d) fan outlet static pressure {pyg)

(e) fan inlet temperature (Tqz)

ANSI/ASME PTC 11-1984
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(f) fan outlet temperature (T )

(g) total pressure rise across the fan (pg)

(h) velocity pressure in either inlet or outlet
plane (pyg)

The measurement of speed and power made in
accordance with the requirements of Section 4 for
determining fan performance shall be used for
reference purposes. The reference measurements
for pressure and temperature shall be in accor-
dance with Section 4 except asingle point measure-
ment shall be used for each parameter instead of
the sampling grid. For purposes of reference mea-
surements, probes capable of sensing total pres-
sure, static pressure, velocity pressure, and temper-
ature connected to appropriate indicators shall be
permanently fixed at central locations in the inlet
and outlet planes. These need not be directional
probes nor do they have to be calibrated since
measurements taken from these probes are for
reference purposes only. At 15 min intervals, the
reference measurements of temperature and pres-
sure shall be averaged over a2 min window of time
and recorded, preferably on a graph. This may be
done manually or automatically.

If the reference measurements indicate a de-
parture from steady conditions at a fixed point of
operation which will cause an uncertainty ugy in
excess of 1%, then the test shall be invalidated.

The person in charge of the test shall be solely
responsible for deciding when operating condi-
tions are sufficiently constant to begin the test and
continue the test.
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SECTION 4 — INSTRUMENTS AND METHODS
OF MEASUREMENT

4,1 GENERAL CONSIDERATIONS

4.1.1 Accuracy. The specifications for the selection
and calibration of instruments that follow include
accuracy requirements. Unless otherwise stated,
the specified accuracies are expressed in terms of
the maximum uncertainty in any reading dueto the
instrument based on a minimum confidence level
of 95%.

Itis arequirement of this Code that the parties to
the test agree in advance on the limits of possible
measurement errors and test uncertainties. The
parties should base their judgments of possible
error on the references cited for each instrument,
any records pertaining to the instrument to be
used, and their collective experience with similar
measurements.

4.1.2 Instrument Calibration. All instruments used
in a Code test shall be calibrated. It is not necessary
to calibrate all instruments specifically for the test if
the parties to the test agree on the validity of
previous calibrations.

The calibration data for an instrument shall be
represented as a continuous function which may be
determined by graphically fairing a smooth curve
among the calibration points, or by fitting, using
the least squares methods, a mathematical curve
which has a number of fitting parameters less than
or equal to one-half of the number of calibration
points. In a polynomial, the fitting parameters are
the undetermined coefficients. In a power law
formula, e.g.,ax®,a and b are the fitting parameters.
The fitting parameters for other cases may be
determined in a similar manner.

Where the physical facts dictate, the calibration
function may be extrapolated to the origin. Calibra-
tion data should cover the entire range of instru-
ment readings, except where extrapolation to zero

isindicated. Any other extrapolation requires agree-
ment among the parties.

4.1.3 Monitoring Operational Steadiness. It is a
requirement of this Code (see Par. 3.13) that operat-
ing conditions and point of operation be held
steady during the test. Readings for some of the test
parameters, such as rotational speed and input
power, can be monitored for operational steadi-
ness. Other test variables, such as velocity and
pressure, are not uniformly distributed; therefore,
test readings should not be used to monitor opera-
tional steadiness. Separate instruments shall, there-
fore, be used if these variables are to be monitored.
Such monitoring instruments shall be held in a
fixed position rather than used to traverse the
plane.

Monitoring instruments shall be sensitive to
changes in the monitored variables that would
affect results. However, the accuracy and calibra-
tion requirements for the measuring instruments
that follow can be relaxed or eliminated for instru-
ments used only for monitoring purposes. it may
even be desirable to use instruments with appreci-
ably more damping than would be acceptable for
measuring instruments as long as the response is
fast enough to adequately indicate departures from
operational steadiness.

4.2 TRAVERSE SPECIFICATIONS

4.2.1 Quantities Measured by Traverse. Because
the distributions of velocity, pressure, temperature,
gas composition, and moisture across the duct cross
section are nonuniform, each quantity shall be
measured at a sufficient number of points to
facilitate the calibration of a proper average value.
Point values of all of these quantities are theoret-
ically required at every traverse plane, but this
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Code recognizes that the distributions of gas com-
position and moisture are generally much more
uniform than the distributions of velocity, pressure,
and temperature. Accordingly, the Code does not
require that gas composition and moisture be
measured at every point in a traverse plane. Simi-
larly, the Code does not require that these quan-
tities be measured at all traverse planes if there are
sound reasons to believe that there will be no
change between planes. There may also be cases
where the distribution of temperature is quite
uniform. The parties may, therefore, agree to relax
the requirement for temperature measurements if
they are convinced this will have a negligible effect
on the results.

4.2.2 Number of Traverse Planes. Two traverse
planes are required to determine specific output
(fan pressure or fan specific energy), except for the
case listed below. The preferred locations for the
traverse planes are at the fan inlet and outlet
boundaries. However, a slight offset, upstream or
downstream, is usually required so that heavy
flanges or stiffeners do not have to be penetrated.
Similarly, when dampers are located at the fan
boundaries, it is more desirable to traverse slightly
upstream of these dampers than downstream of
them.

Only one traverse plane is required to determine
flow rate, but if both the inlet plane and the outlet
plane qualify, each should be used. If neither the
inlet plane nor the outlet plane qualifies, a third
plane will be required for the velocity traverse to
determine flow rate.

If at its inlet boundary the fan draws gas from an
essentially quiescent region of large volume and
the inlet flow path is free from obstructions (e.g., a
fan drawing air from the atmosphere or a fan
located inside a large room), it is not necessary to
traverse the inlet to determine specific output. The
inlet total pressure, inlet static pressure, and in-
let velocity pressure are all zero if the inlet re-
gion pressure is selected as the datum. If the inlet
region pressure is not the datum, then the inlet ve-
locity pressure is zero and the inlet total and inlet
static pressures are each equal to the inlet region
pressure (see Fig. 4.4). However, if such fans are
equipped withinlet boxes, the flow can be expected
to be quite uniform at the entrance to the inlet box,
particularly if equipped with an inlet bell, and this
may be the optimum location for a velocity traverse
to determine the flow rate.
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4.2.3 Qualified Velocity Traverse Planes. To qualify
for a velocity traverse for purposes of determining
fan flow rate (see Par. 3.3.2), a plane shall meet the
following specifications.

(a) There shall be no internal stiffeners or other
internal obstructions.

(b) There shall be no accumulation of dust or
debris.

(c) The traverse plane shall be at least one
damper blade width upstream or ten damper blade
widths downstream of a damper.

(d) A preliminary velocity traverse shall show
that the flow is reversed or essentially stagnant at no
more than 20% (preferably 0%) of the elemental
areas.

(e) There shall be no sudden change in either
cross-sectional area or duct direction.

4.2.4 Determination of Sampling Grid. Measure-
ments shall be taken at centroids of equal ele-
mental areas. However, allowing for probe stem
droop and the need to avoid outside duct bracing,
the probe tip shall be located within a central area
the sides of which are no more than 30% of the
corresponding dimensions of the elemental area.
Similarly, the probe tip may be outside the traverse
plane by no more than 30% of the largest elemental
area dimension, and then only if the duct areais the
same as at the traverse plane. Refer to Figs. 4.1 and
4.2.

The number of test points shall be the larger of
the following:

(a) 24 points, or

(b) notless than one point for every 2 ft2 (0.2 m?)

For measurement planes of rectangular and
square cross section, the aspect parameter S shall
be between %31 and ¥3 where

aspect ratio of elemental area

aspect ratio of duct cross section

The long dimension of the elemental area shall
align with the long dimension of the duct cross
section.

The intent of this specification is to make the
elemental areas closely geometrically similar to the
duct cross section. [See Ref. (7) and Fig. 4.1.]

For measurement planes of circular cross section,
there shall be a minimum of eight equally spaced
radial traverse lines (8 radii or 4 diameters), and the
distance between adjacent points on any radial line
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FIG. 4.1 SAMPLING POINT DETAILS (RECTANGULAR DUCT)
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n 2 & = probe penetration to clear external
u = number of traverse obstructions

points each radius
= point number

Preferred Traverse Zones Along Each Radius where
rn = depth in redial
direction
d, =D-2s,

e = number of radial
traverse lines

FIG. 4.2 SAMPLING POINT DETAILS (CIRCULAR DUCT)
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shall not be less than 0.5 ft (0.15 m). (It may be
necessary to increase the number of radial lines to
meet this requirement.) Refer to Fig. 4.2

4.2.,5 Orientation of Traverse Ports. Yaw and pitch -

are the two angles necessary to orient the velocity
vector with respect to the nominal direction of flow
(normal to the measurement plane). It is desirable,
when measuring both yaw and pitch, to measure
the larger angle by rotating the probe as explained
in Par. 4.9.5. For this reason, the traverse ports
should be located in the duct wall or walls which
will orient the probes accordingly.

For measurement planes of circular cross section,
the traverse ports should be oriented so that the
probe stem will be inserted radially.

For measurement planes of rectangular cross
section, the traverse ports should generally be
oriented so that the probe stemis parallel to the fan
shaft. This is particularly appropriate for inlet mea-
surements on either axial or centrifugal fans with
inlet boxes. Itis also appropriate for outlet measure-
ments on centrifugal fans unless the geometry of
the diffuser would suggest otherwise. In any case,
the parties should agree in advance to the orienta-
tion of the traverse ports. Refer to Figs. 4.3(a) and
4.3(b).

4.3 ATMOSPHERIC PRESSURE

4.3.1 Instruments. The atmospheric pressure shall
be measured with a barometer. A Fortin type
barometer is generally preferred, but an aneroid
type can be acceptable.

4.3.2 Accuracy. The barometer shall have a demon-
strated accuracy of plus or minus 0.05 in. Hg (170
Pa).

Readings shall be corrected for temperature and
gravity according to the procedures given in PTC
19.2 in the section on barometers.

4.3.3 Calibration. The barometer shall be cali-
brated in accordance with the section on barom-
eter calibration in PTC 19.2.

4.3.4 Number of Readings. Measurements shal! be
made in the test vicinity at the beginning of the test
and repeated every 15 min until the test is com-
pleted. These readings shall be used not only for

23
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calculation of results, but for monitoring opera-
tional steadiness.

Note that the absolute pressure may vary signifi-
cantly between two locations, both of which are in
the vicinity of the test. For instance, if the fan is
installed in a room and the air is drawn through
silencers or heaters, the pressure in the room will
be lower than that outside. See Fig. 4.4.

4.3.5 Operation. The method of using a barometer
is amply covered in the section of barometers in
PTC 19.2.

44 TEMPERATURE

4.4.1 Instruments. Gas temperatures shall be mea-
sured using thermometers or other temperature
measuring systems as appropriate. Ordinary liquid-
in-glass thermometers are generally preferred for
ambient air measurements. Thermocouple systems
are generally preferred for measurements in ducts.

4.4.2 Accuracy. The temperature measuring system
shall have a demonstrated accuracy of +2.0°F
(£1.0°C). Readings shall be corrected for emergent
stem, reference junction temperature, and any
other condition which might affect the reading as
noted in the appropriate paragraphs of PTC 19.3.

4.4.3 Calibration. Instrumentsshall be calibrated in
accordance with the chapter on calibration of
instruments in PTC 19.3.

4.4.4 Number of Readings. Temperature measure-
ments shall be made at each traverse point for each
traverse plane. Temperatures can be measured
simultaneously with pressures if the thermocouple
is attached to the pressure probe so that it does not
interfere with other measurements.

If the fan handles ambient air, the air tempera-
ture shall be measured in the test vicinity at the
beginning of the testand every 15 min until the test
is completed. These measurements are used to
monitor the operational steadiness and to calculate
the results.

4.4.5 Operation. The operation of various temper-
ature measuring systems shall conform to PTC19.3.

S i i
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4.5 MOISTURE

4.5.1 Instruments. The moisture content of am-
bient air shall be measured using a psychrometer or
other humidity measuring system. A simple sling
psychrometer is generally preferred.

The moisture content of other gases shall be
measured using a condensation/desiccation sam-
pling train or other moisture measuring system.
Stoichiometric methods can also be used in some
cases. The condensation/desiccation method is
generally preferred because it does not require fuel
sampling and analysis. :

4,5.2 Accuracy. The humidity measuring system
shall have a demonstrated accuracy of 0.007 mass
units of water vapor per unit mass of dry gas.

4.5.3 Calibration. The various elements in the mois-
ture measuring system shall each be calibrated
according to the procedure for that element in the
appropriate PTC 19 Supplement.

4.5.4 Number of Readings. If the fan handles am-
bient air, the ambient air measurements shall be
made in the test vicinity at the beginning of the test
and repeated every 15 min until the test is com-
pleted. These readings shall be used to monitor
operational steadiness and to calculate results.
Moisture measurements in other gases shall be
made at every other point using every other port
for at least one traverse plane. The samples from
any port can be mixed before measurement. Even
this requirement can be reduced to a single point
sample if the parties agree that the preliminary test
shows the distribution of moisture is sufficiently
uniform.

4.5.5 Operation. The operation of a moisture sam-
pling train shall conform to the Federal Register,
Vol. 42, No. 160, August 18, 1977.

4.6 GAS COMPOSITION

4.6.1 Instruments. The composition of air can gen-
erally be assumed to be that of normal atmospheric
air and measurements need not be made.

The composition of other gases shall be mea-
sured by using a sampling train containing a gas
analysis system. The Orsat apparatus is generally
preferred for flue gas measurements.

27
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4.6.2 Accuracy. The gas composition measuring
system shall have a demonstrated accuracy of 0.1%
by volume for each major constituent (e.g., 5%
+0.1% for oxygen).

4.6.3 Calibration. The various elements of the gas
composition measuring system shall be calibrated
against appropriate standards. Certified standard
gas samples are available commercially.

4.6.4 Number of Readings. Gas composition mea-
surements shall be made at every other point using
every other port for at least one traverse plane. The
samples for any port can be mixed before mea-
surement. Even this requirement can be reduced to
a single point sample if the parties agree that the
preliminary test shows the distribution of gas com-
position is sufficiently uniform.

4.6.5 Operation. Operation of flue and exhaust gas
analysis systems shall conform to PTC 19.10.

4.7 PRESSURE SENSING

Point values of pressure (velocity, and total or
static pressure) shall be measured using a probe
that can be positioned at the appropriate points by
insertion through one or more ports as required. A
probe capable of measuring static pressure, total
pressure, their differential, yaw, and pitch is pre-
ferred. A probe with only yaw measuring capability
can only be used if a preliminary test gives good
evidence that pitch does not exceed 5 deg. A
nondirectional probe may only be used where the
preliminary test gives good evidence that neither
yaw nor pitch exceeds 5 deg.

4.7.1 Instruments. Nondirectional probes include
Pitot-static tubes and Stauschiebe tubes. The latter
are also called type S or forward-reverse tubes.
Direction finding probes include the Fechheimer
probe which has two holes and is capable of
determining yaw angles and static pressure only. A
three-hole version of the Fechheimer probe, also
called a three-hole cylindrical yaw probe, can be
used to determine total pressure (and therefore
indicated velocity pressure) as well as the static
pressure and yaw. See Fig. 4.5. A five-hole probe is
generally required to determine pitch angles as
well as the various pressures and yaw angles. See

ety of Mechanical Engineers.
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FIG. 4.5 FECHHEIMER PROBE
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Fig. 4.6. Probes with wedge shapes where the holes
are located are slightly preferred over probes with
cylindrical shapes throughout, because they are
easier to null-balance. See Par. 4.9.5. If more than
one probe is present in the measuring plane, the
total blockage of all probes shall not exceed 5% of
the duct cross-sectional area.

4.7.2 Accuracy. Refer to Par. 4.8 for accuracy of
. pressure readings and to Par. 4.9 for accuracy of
angularity readings.

4.7.3 Probe Calibration. All probes except Pitot-
statictubes shall be calibrated. Pitot-static tubes are
considered primary instruments and need not be
calibrated provided they are maintained in the
specified condition described in Ref. (4). The cali-
bration procedures specified in this paragraph
apply to pressure measurement only. Calibration of
probes for direction sensing is usually carried out
simultaneously with calibration for pressure. See
Par. 4.9.3 for calibration procedures for direction
sensing.

Probe calibration may be carried out in a free
stream nozzle jet (see Fig. 4.7) or a closed wind
tunnel. In either case, the probe blockage shall be
less than 5% of the cross-sectional area. Preferably,
the probe blockage should be as small as possible.
The flow should be adjusted to produce at least
eight equally spaced calibration points.

The calibration reference may be a standard
Pitot-static tube (preferred) or a previously cali-
brated reference probe of another type. The block-
age of the reference probe should be as small as
possible. In no case shall the blockage of the
reference probe exceed 5% of the cross-sectional
area.

The reference probe and the test probe shall
each be mounted so that they can be placed in the
stream alternately and their positions in the stream
will be the same and firmly held. When calibrating
directional probes, the probe shall be aligned with
the stream in order to eliminate yaw according to
the null-balance principle described in Par, 4.9.5.
Static pressure indication shall be from the ap-
propriate static pressure hole(s) of the reference
probe and test probe and not from wall taps (wind
tunnel) nor shall it be assumed equal to ambient
pressure {free jet). The test probe and reference
probe shall be connected to appropriate indicators
so that the indicated static pressure p;, indicated
total pressure p,;, and their differential, the indi-

FANS

cated velocity pressure p,;, can each be recorded
for each probe. When calibrating directional
probes, the static pressure from each static pressure
hole should be observed and any differences
noted. Thestatic pressure hole that is used to obtain
indicated velocity pressure during the calibration
should be noted and the same hole used for
subsequent tests.

Probe calibration shall be expressed in terms of a
probe total pressure coefficient K, and a probe
velocity pressure coefficient K,. The probe total
pressure coefficient is calculated from the test data
by

K, — (pri)vel
(Priktes

The probe velocity pressure coefficient is calcu-
lated from the test data by

( KV. ref ) ((pw')ref)
K = 1+ K, et Beet {Pyidrest

v 1- Bres Ky, ret ((pvi)ref)
1+ K"' ref Bret (pvi)|es|

where

3 (1—¢) 5_p
ﬂ—i4(1—ep)—3 (CD)(C)

and

Ky, et (py;
(1 - ep) =1 - , ref (pw)rel
2k (psa)ref

NOTE: It is recognized that Cj, is usually not known to a high
degree of accuracy. Lacking specific information, C, = 1.2 for
probes of cylindrical shape. For a closed wind tunnel, g will be
positive; for a free jet, 8 will be negative.

The equation for K, includes a correction for
probe blockage derived from the analysis pre-
sented in Refs. (11) and (12). If the reference probe is
a Pitot-static tube, K, f =1 and the blockage of
both the reference probe and the test probe is
negligible (S,/C < 0.0005), the equation for K,
assumes the simplified form

- (pvi)ref
{Puhren

v

The probe total pressure coefficient and the
probe velocity pressure coefficient shall be repre-
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sented as functions of Reynolds Number for non-
directional and three-hole probes and as functions
of pitch pressure coefficient, C4, and Reynolds
Number for five-hole probes. See Par. 4.1.2 regard-
ing calibration function.

Calibrated probes should be handled with care
because large scratches or nicks near the pressure
taps will invalidate the calibration.

4.7.4 Number of Readings. Pressure measurements
shall be made at each traverse point for each
traverse plane. The indicated velocity pressure and
either the total pressure or the static pressure shall
be measured. The remaining pressure can be de-
termined arithmetically.

Pressures can be obtained at two or more loca-
tions, simultaneously, by using two or more probes
as appropriate. It may be desirable to traverse both
inlet boxes of a double inlet fan and to traverse
from both sides of the outlet, all simultaneously.
This would require four probes and four probe
crews, but it would significantly reduce the total
elapsed time required for the test.

4.7.5 Operation. Refer to Pars. 4.8.5 and 4.9.5.

4.8 PRESSURE INDICATING

4.8.1 Instruments. Manometers or other pressure
indicating systems shall be connected to the ap-
propriate taps of the pressure sensing probes to
measure point values of pressure. A five-hole
probe requires one indicator for velocity pressure,
one indicator for static pressure or total pressure,
and additional indicators for nulling and pitch
determination. (See Par. 4.9 for the latter.) A three-
hole probe requires the same indicators, except
that for pitch determination. A nondirectional
probe requires indicators only for velocity pressure
and either static or total pressure. Inclined manom-
eters are generally preferred, but U-tube manom-
eters and other indicators are acceptable if they
meet the following specifications.

4.8.2 Accuracy. Pressure measuring systems includ-
ing the sensor and the indicator shall have a
demonstrated accuracy of £1% of the reading or
0.01 in. wg (2.5 Pa), whichever is larger. Readings
shall be corrected for any difference from calibra-
tion conditions in specific weight of manometer

No reproduction may be made
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fluid, gas column balancing effect, or any changein
length of the graduated scale due to temperature.
However, corrections may be omitted for tempera-
ture changes less than 10°F (5°C) from calibration
and elevation changes less than 5000 ft (1500 m).

4.8.3 Calibration. Pressure indicating instruments
shall be calibrated against a suitable standard. For
pressures from 0 to 10 in. wg (0 to 2.5 kPa),
calibration shall be against a water-filled hook
gage of the micrometer type or a.precision micro-
manometer. When the pressure is above 10 in. . wg
(2.5 kPa), calibration shall be against a water-filled
hook gage of the micrometer type, a precision
micromanometer, or water-filled U-tube. Pressure
indicating instruments should preferably be cali-
brated in place, but the parties may agree to a
remote calibration in a more suitable laboratory
environment. In the latter case, extreme care should
be taken to mount the pressure indicating instru-
ment in exactly the same manner for calibration as
itis mounted for the test. Calibration points shall be
selected to fall at both ends of the expected range
and at sufficient intermediate points so that no
reading will be more than 0.25 in. wg (60 Pa)
removed from a calibration point for inclined
manometers or morethan 1in. wg\(250 Pa) removed
for U-tube manometers.

4.8.4 Number of Readings. Pressure measuring
instruments shall be read at each position of the
probe as outlined in Par. 4.7.4. Since pressures are
seldom strictly steady, the pressure indicated on
any instrument will fluctuate with time. In order to
obtain a reading, either the instrument shall be
damped or the readings shall be averaged in a
suitable manner. Averaging can be accomplished
mentally, if the fluctuations are small and regular. if
the fluctuations are large and irregular, more so-
phisticated methods shall be used. It is possible to
obtain a temporal average electronically when an
electrical pressure transducer is the primary ele-
ment. Even though the spatial average velocity is
obtained from the square roots of the temporal
average velocity pressures, it is not proper to take
the square root of the raw data before temporal
averaging as this may introduce a bias into the
average values [Ref. (9)].

4.8.5 Operation. For many of the principles of
operation, refer to PTC 19.2. Refer to Figs. 4.5 and
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4.6 for the proper hose connecting arrangements
for probes and indicators. Precautions should be
taken to protect the indicator from the effects of
wind, sun, and boiler radiant heat. Periodically
duringthe test, probes, hoses, and indicators should
be checked for leaks or plugging. Plugging can
result from either particulate buildup in the probe
or condensation in a portion of the system.

indicators used for static or total pressure mea-
surement have one tap open to atmosphere. If the
indicator is not located in the same atmosphere as
the barometer, an additional measurement to de-
termine the difference in pressure is required. See
Fig. 4.4.

4.9 YAW AND PITCH

4.9.1 Instruments. Yaw and pitch angles shall be
measured using a directional probe equipped with
suitable indicating devices. A five-hole probe is
preferred as noted in Par. 4.7.1. A three-hole probe
may be suitable in some cases. Seg Figs. 4.5 and 4.6.

4.9.2 Accuracy. The yaw and pitch measuring sys-
tem shall have a demonstrated accuracy of T2 deg.
each.

4.9.3 Calibration. A reference line shall be scribed
on the probe at the time of calibration for pressure
response. The protractor scale with which the
probeis then equipped can be checked against any
high-quality protractor used as a reference. As
noted below, the protractor arrangement is only
used to measure yaw.

Pitch angles are determined from a pressure
measurement obtained with a pressure indicator
connected across the fourth and fifth holes of a
five-hole probe. Calibration for pitch can be per-
formed in a free stream nozzle jet or in a wind
tunnel. The probe shall be precision aligned at
various pitch angles and the pressure difference
across the taps for the fourth and fifth holes
recorded. The flow should be set at several values
for each position of the probe and each time the
pressure difference across the yaw taps should be
nulled.

A calibration function which represents pitch
angle as a function of pitch pressure coefficient, C,
(= pitch pressure difference/indicated velocity pres-
sure) and Reynolds Number is derived. See Fig. 4.8.
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4.9.4 Number of Readings. Yaw and pitch angles
shall be measured at each traverse point for each
traverse plane. This is the same requirement as
for pressures which should be measured simultane-
ously.

4.9.5 Operation. in operation, a five-hole probe is
inserted in the proper port to the proper depth for
each traverse point. The probe should be rigid
enough over its inserted length to avoid any droop
beyond the permissible amount as noted in Par.
4.2.4. The reference line on the probe should be
used to orient the probe in such a way that when
the total pressure hole is pointing upstream per-
pendicular to the measuring plane, the indicated
yaw angle is zero. The probe is then rotated about
its own axis until a null balance is obtained across
the taps of the static pressure holes. The angle of
probe rotation from the zero yaw reference direc-
tion is measured with an appropriate indicator and
is reported as the yaw angle. Without changing the
angularity of the probe, the pressure difference
across the taps for the fourth and fifth holes shall
also be recorded and used with the indicated
velocity pressure and the pitch pressure coefficient
to determine pitch angle. Measurements of indi-
cated velocity pressure and static pressure or indi-
cated velocity pressure and total pressure as out-
lined in Par. 4.7.4 shall be recorded with the probe
in the proper null-balance position. (Note that a
null balance can be obtained at four different
positions but only one is correct. Incorrect null
positions usually correspond to negative velocity
pressures.)

A three-hole probe is operated in a similar
manner except that the pitch pressure differenceis
omitted.

4.10 ROTATIONAL SPEED

4.10.1 Instruments, The speed of the fan shall be
measured with a speed-measuring system. An elec-
tronic counter actuated by a magnetic pulse gener-
ator or photoelectric pickup is preferred. Slip
counting with stroboscopic light may be acceptable
for speeds close to line frequency synchronous
speeds. Hand tachometers, mechanical revolution
counters, and vibrating-reed tachometers are
unacceptable.
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4.10.2 Accuracy. The speed-measuring systemshall
have ademonstrated accuracy of £0.1%or £1rpm,
whichever is smaller.

4.10.3 Calibration. Speed-measuring instruments
shall be calibrated against the line frequency of a
suitable major power circuit or other frequency
standard.

4.10.4 Number of Readings. Fan speed shall be
measured at the beginning of the test and every 15
min until the conclusion of the test. These readings
shall be used to monitor operational steadiness as
welt as for calculations.

4.10.5 Operation. The electronic counter should
be equipped with a digital readout and may be
equipped with a recorder and an automatic
averager.

With the slip method, the shaft must be marked
with a reference line or other mark that is easily
visible under stroboscopic light flashing at line
frequency. The mark will appear to slowly rotate
opposite shaft rotation and permit visual observa-
tion of the slip frequency. A stopwatch shall be
used to measure the time for atleast ten rotations of
the mark. Average slip frequency is derived by
dividing the total number of mark rotations by the
measured time interval for which the counts were
made.

See PTC 19.13 for further information on the
measurement of rotary speed.

411  INPUT POWER

4.11.1 Instruments. The fan input power shall be
derived from measurements of torque with atorque
meter, or measurements of electrical input when a
calibrated electric motor is used, or other suitable
measurements if the fan is driven by some other
calibrated prime mover and drive train. Both the
torque meter and the calibrated prime mover
measurements qualify as preferred methods. If a
torque meter cannot be used and if the drive train is
not calibrated prior to installation, the parties to the
test must agree upon a method of estimating the
drive train losses. Also, it must be noted that various
methods and procedures for calibrating the drive
train may result in accuracies which are unaccept-
able for this Code. The parties to the test and the
party responsible for the calibration must agree
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beforehand to the method of calibration and the
expected accuracy. (See Section 5 of PTC 19.7-
1960.)

Since the temperature rise through a fan is
generally not large enough to permit accurate
measurement and since heat transfer losses through
the casing are indeterminate, the heat balance
method is not acceptable for determining fan input
power.

4.11.2 Accuracy. The input-power-measuring sys-
tem shall have a demonstrated accuracy of +1%.

4.11.3 Calibration. A torque meter shall be cal-
ibrated in accordance with the provisions of
PTC 19.7.

The drive train in the context of this Code
includes the driver, whether it be electric motor or
steam turbine or other prime mover, and any
intermediate elements, such as gear boxes and
variable speed drives. The drive train may be
calibrated as a unit or the driver and any inter-
mediate elements may be separately calibrated.
Calibration procedures as given in the following
documents shall be followed as appropriate.

ANSI/IEEE 112-78  Test Procedure for Polyphase
Induction Motors and

Generators

IEEE 115-65 Test Procedure For
Synchronous Machines

IEEE 113-72 Test Code for Direct Current
Machines With Supplement
113A-76

ASME PTC 6S Simplified Procedures for
Routine Performance Tests of
Steam Turbines

ASME PTC 17 Reciprocating Internal
Combustion Engines

ASME PTC 18 Hydraulic Prime Movers

ASME PTC 19.7 Measurement of Shaft Power

ASME PTC 22 Gas Turbine Power Plants

Calibration shall be performed under specified
operating conditions and a range of loads sufficient
to cover the anticipated test conditions,

4.11.4 Number of Readings. Torque or electrical
inputshall be measured at the start of the test and at
least every 15 min until the conclusion of the test.
These readings shall be used to monitor opera-
tional steadiness as well as for calculations.
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TABLE 4.1 SUMMARY OF INSTRUMENTATION REQUIREMENTS
Frequency of Paragraph
Measurement Instrument Accuracy Readings Reference No.
Atmospheric Barometer +0.05 in. Hg 15 min PTC 19.2 4.3
pressure +170 Pa
Temperature Thermometer or +2.0°F Each traverse PTC 19.3 4.4
thermocouple +1.0°C point
Moisture Psychrometer or 0.001 Ilbm/ibm gas Air 15 min PTC 19.10 4.5
condensation/ 0.001 kg/kg gas Gas alternate PTC 38 4.5
desiccation traverse points
Gas analysis Orsat or 0.1% by volume Alternate PTC 19.10 4.6
electronic traverse
analyzers points
Pressure Manometer or Larger of Each traverse PTC19.2 4.8
pressure indicator +1.0% or point
+0.1 in. wg
+25Pa
Yaw angle Protractor +2.0 degree Each traverse e 4.9
point
Pitch angle (See Pressure) Each traverse 4.8and4.9
point
Speed Magnetic pulse Smaller of 15 min PTC 19.13 4.10
Fiber optic +0.1% or 1 rpm
or slip
Power Torque meter or 1+1.0% 15 min PTC19.7 4M
calibrated drive PTC19.6

4.11.5 Operation. Operation of prime movers is
covered in the various Standards listed in Par. 4.11.3.
Operation of the instruments for measuring the
output of these prime movers is covered in various
supplements on instruments and apparatus. Elec-
trical instruments shall conform to ANSI C 39.1,
Requirements for Analog Indicating Instruments. A
wattmeter and voltmeter or an ammeter, volt-
meter, and power factor meter may be used to-
gether with the necessary instrument transformers.
Refer to PTC 19.6, Electrical Measurements in
Power Circuits, for instructions. Meter ranges and
transformer ratio shall be such as to produce
readings above V3 full scale. Instruments shall have

full-scale accuracy of 0.5% or better. They shall be
used in the same position as rated (usually hori-
zontal). Care should be taken to maintain instru-
ments at a uniform and constant temperature near
the calibration temperature; otherwise, correc-
tions shall be made according to manufacturer’s
instructions regarding lead wires, waveform, etc.

The preferred location for taking electrical mea-
surements is at the terminals of the motor. If this is
not possible, then allowance shall be made for the
drop in potential between the point of measure-
ment and the motor terminals. Care shall be taken
to measure motor power only and not include any
auxiliary’s power.
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SECTION 5 — CALCULATIONS

5.1 GENERAL CONSIDERATIONS

The results of the test shall be calculated in accordance with the appropriate paragraphs of this
Section and any prior agreement reached by the parties regarding computation of results. The
following paragraphs are intended to cover all possible cases but it is not necessary to use every
paragraph for any particular case. For instance, it is not necessary to refer to the paragraphs on products
of combustion if the test gas is air. Similarly, only the paragraph on computing power which
corresponds to the method of power measurement shall be used. Various other calculations may be
omitted depending on whether mass flow rate and specific energy or volume flow rate and fan total
pressure are used to express fan performance, The data to be used in the calculations are the measured
values of pressure and temperature at various planes, the fan input power measurements, various
geometric information (primarily duct areas at measurement planes), and information used to
determine gas composition.

5.1.1 Calibration Corrections. Temporal averaging shall be performed prior to correcting for calibra-
tions. Calibration corrections shall be applied to individual readings before spatial averaging or other
calculations.

5.1.2 Average Values. Recognizing that nonuniform velocity distribution and temperature or com-
position stratification are normal on large fans, the appropriate volume-flow-weighted or mass-flow-
weighted average values at the traverse planes must be used for determinations of fan performance
[Ref. (10)].

5.2 CORRECTION OF TRAVERSE DATA

Difficulties arise in employing traverse data in calculations as these data usually must be corrected for
probe calibration and possibly for blockage and compressibility as well. The probe calibration coef-
ficients K, and K, are generally functions of the probe Reynolds Number R,,, which is determined by
actual gas velocity V, density p, and viscosity u at the probe location. They are also-slightly dependent
upon specific heat ratio k. As these four quantities are determined only from the measurements
themselves, an iteration procedure may be necessary. Such a procedure would be as follows.

(a) Select provisional values of K;, K,; and k (see Par. 5.2.1).

(b) Correct the traverse readings for calibration and, if necessary, probe blockage and compres-
sibility (see Par. 5.2.2),

(c) Proceed with calculations.

(d) After determining gas composition (see Par. 5.3), densities (see Par. 5.4), and velocities (see Par.
5.5.1) at all points in a traverse plane, calculate Reynolds Number (see Par. 5.2.2) at all points and
determine new values of K;; and K,;. .

(e) If new values of K;and K,; aresignificantly different from the old values, then the process must be
repeated.

The probe calibration coefficients are also a function of pitch pressure coefficient (C4); however, this
dependency does not affect the iteration process.
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5.2.1 Guidelines for Initial Estimation of Probe Coefficient. To begin calculations, initial values of K;;
and K,; must be selected. The selection of an appropriate value makes the calculation procedure
converge more rapidly, often making iteration unnecessary. Following are guidelines to help the initial
selection of K;; and K,,;.

(a) For Pitot-static probe, K,; and K,; = 1.0 and need not be changed.

(b) Forother probes, the K;and K,; versus R, curves should be relatively flatin the range of interest,
hence any reasonable first estimates of K; and K,; should produce satisfactory results. The following

ideas are suggested.
(1) Select the values of K,; and K,; at the middle of the range of calibration data, or
(2) Use an average K;; and K,; value based on the calibration data, or
(3) Estimate R, from specified fan conditions and use corresponding Kj; and K,; values, or
(4) Estimate R, from a typical point in the traverse data and use the corresponding K;; and K,;

values.

5.2.2 Correction for Probe Calibration, Probe Blockage, and/or the Effects of Compressibility.
Measured values from traverses are t;, p,; and p;; or p;. The remaining pressure can be calculated from
pi = Psi + Pvi- Corrected values, (subscript ) at each point shall be obtained from the measured values,
(subscript i) at that point and probe coefficients K,; and K,; using '

Py = Kypyi (5.2-1)

K =
1+ Bk

(5.2-2)
Py = Kypu — KyePvi  OF
Py = Kijepsi — (Kyic — Kyj) pui (5.2-3)
P = pgt+ Ciapy (5.2-4)
Pvi = Kijie(1 = €5} pyi

{py; = 0 for reverse flow) and (5.2-5)

T;=T/(1+¢) where (T; = ¢, + C;) (5.2-6)

B; is used to correct for probe blockage and is calculated by

CD(1 - (p) SPi
= — 5.2-7
T a1-¢) -3 A ( )
In these equations, (1 — ¢,) and (1 + €r) are compressibility corrections and are calculated by
1 (vachf)
1oe)=1— —[—E£= (5.2-8)
( Ep) 1 2’( psaj
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and

k -1 vacpvi ’
(1+e)=1+085 —r | ——
k Psaj

(5.2-9)
provided that (K, p,i/p;) does not exceed 0.1. See Par. 3.3.6.

NOTE: The recovery factor of the temperature sensor is assumed to be 0.85 [Ref. (13}].

5.3 GAS COMPOSITION

For the purposes of this Code, it is sufficient to use a uniform gas composition and uniform values of
molecular weight, specific heats, and viscosity to characterize any particular plane. These values shall
be determined by arithmetic averaging of gas composition data and the use of arithmetic averages of
measured temperatures in the plane in question where temperatures are needed to determine the
appropriate gas properties.

5.3.1 Arithmetic Averages of Composition and Property Data. The average volume fraction of
constituent (X), at plane x shall be calculated from the point value (X); using

1 Tt
X == 2o () (5.3-1)
n ji=1
The average temperature T, at plane x (to be used only for purposes of defining gas composition and

properties) shall be calculated from the point values T; using

1 n
ro=- LT, (5.3-2)

i=1

5.3.2 Molecular Weight and Specific Humidity. The molecular weight of dry air is 28.965. The
molecular weight of dry gas M, shall be calculated from the average volume fractions (X), using

M, = 44.01(CO;) + 28.02(N,) + 28.01(CO) + 32.00(0,) + - - - (5.3-3)

The molecular weight of moist gas IM, at plane x shall be calculated from

M, = (5.3-4)
s 1

+
18.02(1 +5) My(1 +5)

The specific humidity s of moist atmospheric air can be calculated from the wet-bulbt,, and dry-bulbty
temperature measurements using

¢ = sw(hfx)w - deg(td — ty)
(hela — () (5.3-5)
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and

18p,

= — 5.3-6
Mdg (pb — Pe) ( )

Sw

These equations can also be used to calculate the specific humidity of any other wet gas, provided
reliable wet-bulb and dry-bulb temperature measurements can be made. Refer to the ASME Steam
Tables for values of hg, hg, hy, and p.. Refer to Eq. (5.3-12) for the calculation of the specific heat of the
dry gases (Cpgg).

in the event a condensation/desiccation method is used to measure moisture content, a calculation
method appropriate to the measurement method shall be used.

5.3.3 Specific Heat [Ref. (14)]. The specific heat of dry air c,,; shall be computed from

(5.3-7)

1.253  83.76 3.oa7><10~‘]

w=C [0.343 - - +
Cpair =" G2 (GN | (GT)

The specific heat of the dry gas ¢4 shall be computed from the component specific heats ¢, using

6.53x 10° 1.4 x 10°

16.2 < + TR
- 3 3
Coco, = Cs 42.01 (5.3-8)
11515 172 1530
- ' ‘ (C3T)1/2 (C3T) 3 9
%02~ G5 32,0 (5:3-9)
3.47 X 10°  1.16 X 10°
9.47 - <) + 7
— 3 3 -
Cony = Cs e (5.3-10)
945 — 329X 10> 1.07 X 10°
' (GT) (C;T)
Cpco =GCs 28.01 (5.3-11)
44.01(COy)cpc0, t 32.00(O;)cp0, T 28.02(Ng)cpn, + 28.01(CO)cpe0 +- - -
Codg = M., (5.3-12)
The specific heat of the water vapor cp,0 shall be calculated from
1986 - 4 7500
_c (e A R (<)
CoHz0 = =3 18 (5.3-13)
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The specific heat of moist air ¢y, shall be calculated from

Cpma = Cp_,i, 145 + cpHZO 145 (53-14)
The specific heat of the wet gas c,,,, shall be calculated from
Cowe = Cpdg T * Cony0 T1+s (3.3-15)

5.3.4 Specific Gas Constant and Specific Heat Ratios. The specific gas constant R shall be calculated
from the molecular weight M, and the universal constant R, using

R =R (5.3-16)
M,
The specific heat ratio k is
P
P (5.3-17)
cf - R

5.3.5 Viscosity [Ref (15)]. The viscosity of air u,;, shall be calculated from

0.874 (C,T)*
e = €y SACD g0 (5.3-18)
CyT + 199

The viscosities of the gas components uy shall be calculated from

2.721 (C,T)?
1 {C5T) % 1077

= 5.3-19
Keoa = =4 e, T +515.04) (3:3-19)
372
Bco=Cy MX 107 (5.3-20)
(C,T + 214.72)
—c 10.75 (C,T)*? % 107 .
Ny =S40 T + 204.67) (3.3-21)
13.11 (C,T)? =
=C,———————X 10 -
o = ™ e,T + 238.54) (53-22)
12.03 (C,T)*? =
=C, —m %X 10 5.3-23)
B0 = =4 (o7 + 987.4) (
The viscosity of moist air u,,, shall be calculated from
28.965s
Mma = 28.965 u,;, + +/18.02 TOZ— BH,0
——— 28,9655
{ /28.965 + \/18.02 800 } (5.3-24)
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The viscosity of the moist gas Kmg shall be calculated from

Hmg ={\/44.01 (COy) pco, + V3200 (Oy) po, + V/28.01 (CO) pco

s M
+ /2802 (Ny) pw, + -+ + /18.02 [ dg]lmzo}/

18.02

[\/44.01 (CO,) + /32,00 (O,) + +/28.01 (CO)

—_[sM
+ V2802 (Ny) + - - - + \/18.02 [fﬁo—‘;“]} (5.3-25)

5.4 DENSITY

5.4.1 Atmospheric Air. The density of atmospheric air in the vicinity of the test shall be determined
from measurements of dry-bulb temperature ty, wet-bulb temperature t,,, and barometric pressure py,
using Fig. 5.1 or a curve fit similar to the following. The saturated vapor pressure p, and the partial
pressure p, of water vapor in air can be determined from

pe = Cst2 + Cyt,, + Cg (5.4-1)
for air between 40°F and 100°F (5°C and 40°C), and

ty — tw
pp=pe —ps (1) (5.4-2)
9

The density of the atmospheric air-vapor mixture p, shall be calculated using the ideal gas
relationship

_ Culps ~0378p,)

= .4-3

Po R(ty + C) (.43)
The point values of density shall then be calculated from
(tg + Ci) poy

= po (5.4-4)

CuTips

5.4.2 Gas Products of Combustion. The density of products of combustion p; at each point shall be
calculated from absolute pressure p,,, absolute temperature T;, and specific gas constant R using the
ideal gas relationship

_ Ci1Psaj
RT,;

o (5.4-5)

5.5 FLUID VELOCITY

5.5.1 Point Velocities. The velocity V; at each point in a traverse plane shall be calculated from

(5.5-1)
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Wet-Bulb Depression, °F
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1
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sSSuy VI////}’/////W ]
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™ ] 33
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\\4 —
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E 72 Q\ S ——
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£ -]
g \Q
2 % — -,
°© 64—
\\
\Q —
60 ——
-\
— (1) Calculate wet-buib depression. ]
56 frem] . Enter chart at the top. —_
N (2} Proceed vertically down to appro- ]
. -.-: priate dry-bulb temperature.
52 — (3) Read over horizontally to
: correct barometer reading. —
\ . -
48 {4) Read vertically downward to —
density.
a4 | f
40 | \ ] | | | ] |

0080 0078 0076 0.074 0072 0.070 0068 0066 0064 0062 0060
Air Density — lbm/ft3

FIG. 5.1 PSYCHROMETRIC DENSITY CHART

{Reprinted from Standard 51-75 by permission of the American Society of Heating, Refrigerating and Air-Conditioning Engineers, Inc.)
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5.5.2 Correction for Probe Calibration Coefficient. For each point j, calculate the probe Reynolds
Number R, using

R oV, d
piT T 5.5-2
! “xCZ ( )
Using the probe calibration, obtain new values of K;; and K,; at each point. Recompute py;, Kyic, py;,
P..i» Pvj: and T at each point using new K; and Ky;in Egs. (5.2-1), (5.2-2), (5.2-3), (5.2-4), (5.2-5), and
(5.2-6). Recompute velocity ateach point V; using new p,;in Eq. (5.5-1). Atany point at which the value
ofK; andK,; has been changed by more than 0.1%, it will be necessary to repeat the calculations of Pars.
5.2,5.3,5.4,and 5.5 using corrected values of measured pressures and temperatures. If no points have
Kj and K,; changed by more than 0.1%, calculations may proceed using the latest values of V;, p;, K
Py Pyjs and Tsj-

vjcs

5.6 MASS FLOW RATE

5.6.1 Mass Flow Rate at Plane x. The mass flow rate r, at plane x shall be calculated from
i Al g
m, = Z(m[)x =C.n E (p;V; cos y; cos ¢;) (5.6-1)
=1 2 N L=

5.6.2 Fan Mass Flow Rate. If 1, and m, are both acceptable, see Par. 4.2.3.

m, + m,

g = = _ (5.6-2)
If only mq or rh; is acceptable, m¢ = rhy or r;, as appropriate. (5.6-3)
if neither my nor m, is acceptable, iy = m. (5.6-4)

5.7 FLOW WEIGHTED AVERAGES

The averages which properly represent the mass and energy flows through the fan and reduce to the
customary one-dimensional values in the case of uniform, parallel, constant density gas motion shall be
calculated as follows [Ref. (10)].

5.7.1 Average Static Pressure at Plane x

> (p5;V; cos y; cos ¢)
i=1

Po = (5.7-1)

Z (V; cos ¢; cos ¢;)

i=1

5.7.2 Average Density at Plane x

z: (p‘-V,- Cos i1 cos ¢;) .
b= - Canm, (5.7-2)

E (V; cos ¢; cos @) A, Z (V; cos ¢; cos @)

j=1 1=1
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5.7.3 Average Temperature at Plane x

1]

L (TyoVicosyicosd) A, X (T;pV; cos u;cos &)

j=1 ji=1

To= = — : (5.7-3)
Cynm,

E {p;V; cos y; cos ;)

=1

5.7.4 Average Specific Kinetic Energy at Plane x

n n
Y (pVicos wycos’s) A L (pVicos’ g cos’ ¢)
i=1 J=1

e = = (5.7-4)

T s 2g.nm,C3
22 (p;Vjcos y;cos ¢;)g.C3
j=1
5.7.5 Kinetic Energy Correction Factor at Plane x
— chpierAf
@ == (5.7-5)
5.7.6 Average Velocity Pressure at Plane x
Px€kx
P = —— 57-6
i (5.7-6)
5.7.7 Average Total Pressure at Plane x
Pix = Psx + Pux (57'7)
5.7.8 Average Absolute Pressures at Plane x
Pax =Pa + Cﬂpb (5-7'8)
Pur = Pu + Cyaps (5.7-9)

5.8 FAN INPUT POWER

The fan input power P, shall be calculated from one of the following as appropriate.

5.8.1 AC Motors (Three Phase)

=\/§-£-l-o-qM=1o’wnM
Cl‘ C“

P, (5.8-1)
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5.8.2 DC Motors (Calibrated)
E- 1 1y
P = 8-
, > (5.8-2)
5.8.3 Torque Meters
p =18 8-3
"G ’ (38
5.8.4 Steam Turbines. (Refer to PTC 6 or PTC 65.)
P =Py (5.8-4)

5.9 FAN SPEED (SLIP METHOD)

When the speed is measured by the slip method, the stroboscope is operated on line frequency and
the slip is determined by measuring the period of time a single mark on the shaft passes a fixed
reference mark illuminated by the strobe light a set number n of times (e.g., ten times). Fan speed shall
be calculated using

slip = (5.9-1)
tn,
120f
synchronous speed = — (5.9-2)
p
N = (synchronous speed) — (slip) (5.9-3)

5.10 MASS FLOW RATE — SPECIFIC ENERGY APPROACH

When the mass flow rate — specific energy approach [Ref. (1)} is selected, the following calculations
shall be performed.

5.10.1 Fan Mass Flow Rate. (Refer to Par. 5.6.2.)
5.10.2 Fan Mean Density

o = &_’ztﬁ (5.10-1)
5.10.3 Fan Specific Energy
Cu(pss = Pg1) , 1} [ o) an ]
y, = L _ (5.10-2)
! Pm 28 Loj A} ol AT

5.10.4 Fan Output Power

P, = £¥ : (5.10-3)
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5.10.5 Compressibility Coefficient

K =2 2:1 (5.10-4)
Pm  P2T P
5.10.6 Fan Efficiency
_Fo
= (5.10-5)

5.10.7 Conversion Calculations for m; and y, {Ref. (16)]. When operating conditions differ from
specified operating conditions, converted performance shall be calculated using

b= (%)Z(TTT') (5.10-6)

nke = (ke = N1+ b[1+K,])

Kie =1=b(1 = Ky} = e T (5.10-7)
s .
P = (5.10-8)
e (22) (22) (%)
g = g ( . ) (N K (5.10-9)
N \?
Yec = Y¢ ('ﬁ) {5.10-10)
Poe = HeYte (5.10-11)
Ci
3 K
P =P, (%) (81_)(_1) | (5.10-12)
P Kpc
ne=n (5.10-13)

5.11 VOLUME FLOW RATE — PRESSURE APPROACH

When the volume flow rate — pressure approach [Ref. (1)] is selected, the following calculations
shall be performed.

5.11.1 Fan Gas Density

P

€K1
12|
Psat [ ’Cp1 Ts‘l

Pr = P (5.11-1)
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FIG. 5.2 COMPRESSIBILITY COEFFICIENTS (VOLUME FLOW — PRESSURE APPROACH)
(Reprinted from Standard 51-75 by permission of the American Society of Heating, Refrigerating and Air-Conditioning Engineers, Inc.)
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5.11.2 Fan Yolume Flow Rate

C,m
Qr=—= (5.11-2)
Pr
5.11.3 Fan Pressures
Fan total pressure  pg = Py = Pr (5.11-3)
Fan velocity pressure Py = p—?ﬁ (5.11-4)
1
Fan static pressure  pg = pg = Pry (5.11-5)
5.11.4 Compressibility Coefficient
7= (k__l PGy (5.11-6)
k QP
= Pa (5.11-7)
Prat
z1n{1 +x)
= Fig. 5. 5.11-8
= Ain(l +2) [or use Fig. 5.2} { )
5.11.5 Fan Output Power
K
p, = 2Pke (5.11-9)
Cy
5.11.6 Efficiency
- Po
Fan total efficiency 5, = > (5.11-10)
1
Fan static efficiency n, = n, Prs (5.11-11)
Pk

5.11.7 Conversion Calculations for Q; and py, [Ref. (4)]. When actual operating conditions differ from
the specified operating conditions, converted performance shall be calculated using

() () () (3 2
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1n(1 +zc)(k —1)( k. )
=1 )= 5.11-
a=1n(1+x)=1n(1+x) AT PR ( 13)
xo=e'~1 (5.11-14)
== (2) () () (557)
RIS I Y a3 5.11-
Koe Nzl \x/ Mk =1 ke ( 1)
Koe = Kp/Kp/Kpe (5.11-16)
- ﬁ-) (ﬁ) 5.11-17
ch QF ( N Kp(- ( M )
e () () ()
(o t pf N . Kpc ‘
Nc z Pre
Ptve = Prv\ — - (511'19)
N Pe
Prsc = Pric — Prve (5'11 '20)
p, = QrcPrecKpc (5.11-21)
¢ Cyy
3
P =P, (&) (’:’_) (&) (5.11-22)
Pr N Kpc
Mhe = Moy e = 1 2 (5.11-23)
Prc

5.12 UNCERTAINTIES

Systematic U and v’ and random UR and uf uncertainties shall be calculated-for each of the
performance variables according to the approach chosen for calculating the results of the test. The
systematic and random uncertainties for any particular variable can be combined using

=W+ o U= (UR 4 (U (5.12-1, 5.12-2)

The equations listed below (some of which are derived in Appendix D) shall be applied to both
random and systematic uncertainties by substituting the appropriate individual values. The individual
values should reflect the actual circumstances. (Appendix E lists individual values that generally reflect
circumstances that meet Code specifications.)

Paragraphs 5.12.1 through 5.12.11apply to both approaches. Paragraphs 5.12.12 through 5.12.16 apply
only to the mass flow rate — specificenergy approach. Paragraphs 5.12.17 through 5.12.22 apply only
to the volume flow rate — pressure approach.

= S saEEs N 1
— : N
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5.12.1 Mass Flow Rate at Plane x

n =2
2 2 2 2 g LA W L 2
Up =ur, tug tu, + }:1 (rﬁ ) [4 (ug + ur,; + unvi)
j= x

U2 +CLU%y  (tan?y; +tan’ @, U3
(g (et
P 57.30
5.12.2 Fan Mass Flow Rate
1
uhe =g Wh HuR)  or Gk =uh or (5.12-4, 5.12-5)
Uh = uh, o uh =ul, (5.12-6,5.12-7)
as appropriate. See Par. 5.6.2.
A general equation will be useful in calculating uncertainties of other results.
uh, = wiuh, + wiuh, +wiud, (5.12-8)
where
my bt W, W,
(rhy + rhy)/2 1/2 1/2 0
m, 1 0 0
iy 0 1 0
i, 0 0 1
5.12.3 Average Static Pressure at Plane x
1 - ( psi ) 2
2 1y (Pg) 5.12-9
Heu = 7 ,-z-:1 pul o129
5.12.4 Average Density at Plane x
2 2 2
1 n pi 2 U » + C13U
2 =i, + 5 2 () (o e ap, o (2 (5:12-10)
N jaq Y Py Psaj
5.12.5 Average Temperature at Plane x
1 [T\
=2 ( J) i, (5.12-11)
n i=1 >
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5.12.6 Average Specific Kinetic Energy at Plane x

1 & feg)? Ul +chu,
u? —Z(i) [Ufz+uii+uf,vj+(——-—-—p” p)

eKx 2 2
N j=q Y€ Psaj

( tan’y; UL; + tan’ ¢,Ui,)]
+

5.12-12
57.307 ( )
where
— lvl 2 2
eKI. = 2 iCOS ¢/ cos lll’
5.12.7 Average Velocity Pressure at Plane x
2 2 2 2 2 2
1 <R [ Py €OS” ¥ cos”;\ 2 tan“y; Uy + tan” ¢, Ug;
o =_7Z(————’ ! ’) [ 2o+ ( - ""’)] (5.12-13)
w1 P v 57.30
5.12.8 Average Total Pressure at Plane x
1 (<& {pg\? n. f p,; cos? Y cos’e,\ 2
a2, =52 (B) g+ 1 (Pl
n j=1 P ! i=1 Pex
tan’y,UZ, + tan? ¢, U3,
2.+4( — - ’)]} 12-14
[u"" 57.30 (5:12-14)
5.12.9 Average Absolute Pressure at Plane x
: _Upy tChU, (5.12-15)
Psax 2
pSZl
5.12.10 Fan Input Power
up, =ui +ul, +uly . for AC motors (5.12-16)
uf,' = u}sp + uf,M +u? + uf for DC motors {5.12-17)
uf,, = ufsp +ul4 uZ for torque meters (5.12-18)
up, = Ui, +uj, for turbines (5.12-19)
5.12.11 Fan Speed
vl =d} for electronic counters (5.12-20)
vy =ul+u? forslip method (5.12-21)
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5.12.12 Fan Mean Density

vz + U2
u =ﬁ (5.12-22)

5.12.13 Fan Specific Energy

C 2
U:F - ugsy + UR ( 11) [( P1(P;2p pﬂ) I_:;ﬂ) u;]
m 1

2
+ (Pz(P;z :pﬂ) + &2) u¥2
2o, P2

+[gﬂ_@_,__(psz pn)( pb)_mp_b]’uz
P1 Psa RT, RTz P2 Psaz §

(Pn Pa PP — Pa) Pa psl) ul
P Psat 2p0m Par Pm

( P2 pAPs2 —Pa) P2 P2 Pu Psz) 2
52

Pm 20m  Paz P2 P2 P2
2 2
pV \Z
+(—1‘) “fav1+(g‘2) “:z:vz] (5.12-23)
P P2

_}_(WJ"."s)Z 2 +(W1’h1__c_11_P1(Psz“Ps1)_gﬂ)z 2
2m¢ v 20m Ye

wym, C e’ wir, )2
+( 2y Coq p2A P52 — Pia) xz) u§2+( 3 3) o2

2me  y; 257, YF 2m;

wam wym wym
+ [...1_1_ Po + _2__2_pi + _3._3p_b
2"-'F Psat sz Psa2 sz Psa3

en(Pa Py (P2=Pa) [P P ) Pap)|®
el Bt iy ] (s el Bt | IR/
YF ' P1 Pan 2pm RT, RT, py Psat
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+[W1Ih1£i+£]l P Pa  APa = Ps) Pa Pn)]z 2
2’i“'F Psa Ye ' P1 Psa Zplzn Psav Pm

. [wzﬁlz Pa &( P2 (P2 — P} P2 Pwv2 Pa )]z u;sz

2!’;’7; Psa2 Ye \ Pm 2pm Pa2 P2 Psa2
wim, ey 2 Wy, | € 2 2 wiym;\? 2
2
e e Y
2mg v 2me ¥ 2m

5.12.15 Fan Efficiency

5.12.16 Conversions

uh, = uh, +uf tul

u)%Fc: u)%f + 4U§,

up, = up, +9ui +u}
up, = up, +9ul +ul,
= uf]

2
u e

5.12.17 Fan Gas Density

5.12.18 Fan Volume Flow Rate

L) 2 > 2 - \2

1 wym, wy i, w3,

ud, = Uf, = Ui+ " vk + -, ui, + — uh, + - ui,
i F F

. 2 . 2 ) . 2
wyim, 2 w, M, 2 W3 my
+(—-,———1) u +( - )u +(——:— Ut

2y "\ om, ) T o 1T

(Wﬂih Py Wi, Bb_+w3’h3 Eb___e_b_)zuz
2!1.’1, Psat Z’hf Psaz Zli‘); Psa3  Psat

+(W__1’h'&_£i)2 : +(._Wz'*'z£s_z)’uz
2mMg Py Paan Pa 2m; Py P2

. 2 ] 2 : 2

W3y Pg 2 wim, 2 wyM, 2

+ ) uPsJ + ; P + : Up,,
Zm; Psaz 2m; 2m; -
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5.12.19 Fan Pressure
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Upr = Ut oL (5.12-33)
u,z,,v = uf,vz (5.12-34)
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Uy, =~ (5.12-35)
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5.12.20 Fan Output Power
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5.12.21 Efficiency
ul, = up, + up, (5.12-37)
up =l (5.12-38)
5.12.22 Conversions
uéfc = UZQF + ufv (512'39)
Upp, = Upy, +4UN + U, (5.12-40)
Ui = Uy, + 402+ 0, (5:12-41)
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SECTION 6 — REPORT OF RESULTS

6.1 GENERAL REQUIREMENTS

The results of the test shall be presented in a
written report.

The preparation of the reportshall be the respon-
sibility of the person in charge of the test who shall
certify its correctness.

Prior to writing the report, the parties shall
decide whether to use S! units, U.S. customary
units, or both. This selection will generally depend
upon the units in which the fan performance is
specified.

6.2 TEST REPORT

The following subsections shall be included in
the test report. The descriptions of each of the
subsections that follow include the information
that shall be contained in the test report.

a) Abstract

{b) Introduction

(c) Test Procedure

(d) Instruments and Methods of Measurement

(e) Methods of Calculation

(f) Results

{g) Discussion

{h) Conclusions

{iy Appendices

6.2.1 Abstract. The abstractis intended to provide a
brief introduction to and summary of the test. It
shall state the location and type of fan, the reason
for testing, the specified fan performance, the
measured fan performance converted to specified
operating conditions, and the conclusions drawn
from the test results.

6.2.2 Introduction. The introduction shall identify
the fan being tested, and list the authorization for
the test, the test objective, contractual obligations
and guarantees, stipulated agreements, the person

in charge of the test, and the representatives of the
various parties to the test. It should clearly identify:

(@) manufacturer

(b) type of fan(s)

{c) serial number(s)

(d) owner and location

{e) specified fan boundaries

(f) specified fan performance

{g) specified operating conditions

A description of the system of which the fan is a
part and any other auxiliary apparatus, the opera-
tion of which may influence the test result, shall be
included. If any modifications have been made to
the fan or to those parts of the system that would
affect fan performance which are deviations from
the original design, they shall be described in
detail.

6.2.3 Test Procedure. The test procedure shall deal

with the sequence of events followed during the -

test program. Items such as equipment operating
conditions for the various tests shall be described.
For instance, in a system with multiple fans, the test
procedure may include tests of each fan’s perfor-
mance as well as of all fans operating in unison. The
test procedure mustindicate which fan was operat-
ing during each test. Any preliminary exploration
required to locate traverse planes shall be de-
scribed here.

6.2.4 Instruments and Methods of Measurement,
This portion of the report shall describe what
instrumentation was used for the test, where it was
located, and how it was calibrated. Details concern-
ing the instrumentation used, including the instru-
ment’s manufacturer, model number, serial num-
ber, and date of calibration, shall be located in
either this section or, if preferred, in an appendix
depending upon the quantity of information to be
included. The location of each instrument is usually
best identified on a sketch of the fan and duct
system. If instruments or measurement methods
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other than those specified in this Code are adopted,
reasons for such decisions shall be explained in
detail.

6.2.5 Methods of Calculation. The techniques used
to reduce the raw data to fan performance param-
eters shall be documented. A sample calculation
which may be a computer output or a calculation
sheet shall be presented. This section shall explain
any conversion factors applied to the test measure-
ments to compensate for deviations in the test
conditions from those specified.

6.2.6 Results. The testresults shall be presentedina
clear format such as the Results Summary Sheet
from Appendix A of this Code. This presentation
shall include both the measured fan performance,
fan performance converted to specified operating
conditions, and uncertainties in the performance
variables. Sufficient information about uncer-
tainties shall be presented so that both systematic
and random components can be identified. Gen-
eral observations concerning the test environment,
fluctuations of test conditions, or other things
relevant to the test shall be recorded in this section.

FANS

Graphical presentations such as plotting the test
point(s) on the specified fan curves may be helpful
in presenting and interpreting the resuits.

6.2.7 Discussion. The results and observations ob-
tained from the test shall be discussed. Possible
sources of errors in the test and the uncertainties of
the results shall also be discussed. Actions taken by
the person in charge of the test to remedy incon-
sistencies in accordance with Par. 3.10 shall be
documented here.

6.2.8 Conclusions. Any conclusions drawn from
the test results shall be simply stated or itemized.

6.2.9 Appendices. This portion of the report should
include any information that will clarify any portion
of the test report or make it a complete, self-
contained document. This can include, without
being limited to, tabulated data, equipment or
instrumentation illustrations, calibration apparatus
details, results of preliminary inspections and trials,
computer codes, computer output, and any special
calculations such as those to determine the uncer-
tainties of the measurements or results.
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APPENDIX A

TYPICAL RESULTS SUMMARY
AND DATA SHEETS
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RESULTS SUMMARY o

8

@

Date Test No. Time: From to &
[#]

User Plant Name/Unit No. §
3

Fan: Function Mfg. Model No. 8
o

Q

Contract Curve No. Serial No. FB:T
o]

* SPECIFIED OPERATING CONDITIONS: =
Fan Speed N Specific Heat Ratio k -
Inlet Gas Temperature t, Gas Being Moved -_Bcf
inlet Static Pressure p,, Inlet Density total [J  or static (J ]

(o]

o©

* DESIGN FAN PERFORMANCE PARAMETERS: o
Flow Ratem, [J  or Q, O Fan Input Power P, a

Fan Pressure p; [0 or p, O &

Fan Specific Energy  y; @

* INLET CHARACTERISTICS: e
Duct Area A, No. Ports No. Points/Port %
Probe Type e

<

* QUTLET CHARACTERISTICS: Q
Duct Area A, No. Ports No. Points/Port z
Probe Type 2

)]

* FLOW TRAVERSES AT OTHER THAN FAN BOUNDARIES: a
Identify Location g
Duct Area A, No. Ports No. Points/Port %
Probe Type §

«

* RESULTS: '_g
OPERATING CONDITIONS: Z
Fan Speed N Inlet Gas Temperature t, g
Inlet Static Pressure p,, Outlet Static Pressure p,, -
Barometric Pressure p,, Line Frequency f @

Dry Gas Composition by % CO, %0, % CO &
Volume measured at %N, % % 5

iniet CJ or Discharge [J % % % =

infet density total (J ‘or static(J Specific Humidity s <
Specific Heat Ratio k 3

3

* FAN PERFORMANCE PARAMETERS: , g
Converted to Specified @

As Measured Operating Conditions )

Flow Ratern, 0 orqQ, O S

Fan Pressure p;s (1 or p, 0 e

(2]

Fan Specific Energy y;

Fan Input Power P,

Fan Efficiency p 0 7, O or 5.0

NAMES OF TEST PERSONNEL:

Test Supervisor:

Approved
Date

* Idently measurement units

Copyright © 2003 by the American Society of Mechanical Engineers.
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FAN TEST DATA SHEET

TEST ____ DATE _____  TIME to PAGE of
User Plant Name/Unit No.
Fan: Function Identification No. _____ BarometricPress.
Recorded by Checked by Ambient Temp.
Probe No.
. |
Q o o
Es 0 1=z8| 3 |23 §§s; 5
30 | S |ex | B |52 |5¥d] £

> w w
53| us X
O o . et T wn
OA|EQ | & 20|00~ w
e |SE|2 |2z Ey| 2
>a |l wvna | = > < | an o -
z I
2] 1]
: = | = w»v
O |RBZ|8Z|zE! » 8z
3185185 £z o es
<|zz|zz|S>2| &€ | zz
TPl | <<ivu| ¥ <<
Q| 22| 22| ~r a p3I>3

Additional sheets should be prepared for data on speed, input power, ambient conditions, and gas
properties. Sample data sheets appear on the following two pages.
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SAMPLE DATA SHEET
GAS ANALYSIS AND AMBIENT CONDITIONS

AMBIENT TEMPERATURE

INBOARD OUTBOARD .
Dry Wet Barometric
Time coO, 0, co CO, 0, cO Bulb Bulb Pressure
Average
Note: Inboard and outboard gas analyses are averaged together for data processing. Separate
analyses for each inlet are recommended for informational purposes in order to explain
temperature differences for fans handling products of combustion where infiltration may
occur.
Date Time: From to Recorded by
Test No. Fan Identification No.
User Plant Name/Unit No.

N » s o~
e = s = s

A
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SAMPLE DATA SHEET

POWER
SPEED
Phase Slip Method Pulse
Time Volts Amps Angle Torque Counts Seconds Frequency
Average
. 120 X line freq. (cps)) ( 120 X no. counts* )
S = h ~slip = - =
peed = Synchronous = slip no. of motor poles seconds* X no. of poles rem

Pulse freq.* (cps)

Speed = 60 X no. pulses/rev. pm
»
Power = Torque* (ftib) X rpm _ hp
33,000
Po _ V3 X volts* X amps* X power factor** X motor eff. X meter calib. coeff.
wer= 745.7
= hp

*Average quantities **Power factor = cos (average phase angle)

Date Time: From to Recorded by
TestNo. . Fan Identification No.
User Plant Name/Unit No.
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APPENDIX B

COMPUTER CODE AND
INPUT FORMS

The following computer code was originally developed under a grant from the Electrical Power
Research Institute and modified by the PTC 11 Committee. This computer code is available in the
tape form from:

Electric Power Software Center
University Computing Company
1930 Hiline Drive

Dallas, Texas 75207

(214) 655-8883
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THIS PROGRAM WILL CALCULATE THE PERFORMANCE
OF A FAN USING THE METHOD PRESCRIBED IMN:

AeSsMeEse P.TeC. 11 CRAFT CODE SEPYEMBER 1982

THIS COMPUTER CODE IS PROVIDED TO ScRVE AS A GUIODE ONLY.
NO CLAIMS ARE MADE OR IMPLIED AS TO ITS CORRECTNESS.
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2
3
3 REAL Je fKVJC  SKTJ MU JMCOT  ,MCOT1 ,MDOT2 ,MDOT3
: c 1 W KC ' N2 JKRHO 4N ,MDOTC
g INTEGER 2
c
3 CHARACTER 3 ,ANS ,TERM ,TAG*.7
T
4 COMMON / AVRGS / MDOT ,PTX PSX PUX  sPSAX LPTAX
4 1 . , ;gx YRHOX ;EKX YALPHAX
4 COMMON / CON JC c
4 COMMON 7 €8sty 4 B 1c€ !
4 COMMON 7 CNTRL / NP NT PB L,IAIR ,IMASS ,IPOW
4 COMMON 7 CONTRL / IU VIPR
4 COMMON 7 CATAI 7/ PTI  4PSI 4Pyl LTI JYAW
4 1 J0PRE 40 (PITCK
4 COMMON / OATAJ /7 PTJ  4PSJ  PVJ  ,TSJ  »PSAJ
y 1 AREA ,RHOJ LPITCHJ
5 COMMON / GAS / C0Z  ,02 sCO WN2 'S
c COMMON 7/ PRFRM / RHO1 ,RH02 ,EK1  ,EK2  ,POWI ,POWO ,
g 1 POWOC sRPMI JRPMC JKC »RHOIC ,TIC
5 2 PTALC -
3 COMMCN /7 PRFRM1 / ALPHAL,ALPHA2
5 COMMON 7 JUTIME 7 MDOTC ,YFC  ,POWIC .nycc JETAC _yRHOMC
3 C¢OMMON 7 UMASS 7 unor;n,uv;n ,up§a ,UE :R .3gag:§.ugg§ ’
5 1 UMDTIFS,UYFS ,UPIS LUETAS , 'U
5 COMMON / ULPASSC / uno‘ca!uvrcn 'URHDCR UMDTCS JUYFCS™ JURHOCS
3 COMMON / OUTVP 7/ OFC_  PFIC_  ,PEVC ,PFSC ,KPC  ,ETASC ,
6 ETAT LETATC ETAS
6 COMMCN 7 PROP  / K 'R P MU
6 <
€ CUMMON / URAN /7 UAR  JURR  JUTSJUR ,UPVJR ,UPSJR ,UPER
6 1 UYAWR JUPCHR UETAMR,UWR_ JUER  LUIR
6 2 UTAUR JUNR  JUPTR ,UFNR
6 COMMON / LSYS 7/ UAS  ,URS  sLUISJS ,UPVJS ,UPSJS ,UPBS ,
6 1 UYAWS ,UPCHS ,UETAMS,UWS  HUES ~ ,UIS
6 2 UTAUS ,UNS  ,LPTS ,UFNS
6 COMMON / UNCTiR / UMCTIR,UPSIR JURHOIR,UTS1R ,UEKIR ,UPVIR ,
7 1 UPTIR ,UPSALR o
7 COMMON / UNCT2R / UMDT2R UPS52R sURHO2R,UTS2R ,UEKZR ,UPV2R ,
7 1 UPT2R ,UPSAZR X
7 COMMON 7 UNCT3S / UMDT1S,UPS1S ,URHO1S,UTSIS ,UEKLS ,UPV1S ,
uPl UPSA1S
] Loommon 7 uncTzs s uno+is:up§z§ JURHO2S,UTS2S ,UEK2S +UPV2S ,

R
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1 UPT2S ,UPSA2S
LCOMMON / UNCT3R / ggggsn.upgsk JURHOIR,UTS2R ,UEK3R ,UPV3R ,
COMMON /7 UNCT3S / UMDT3S,UPS3S ,URHO2S,uUTS3 EX3S sUPV3S
1 UPT35 sUPSA3S' s ! !
COMMCN / UNCRT 7/ UMBOT sUPX _ JURHOX ,UTSX ,UEKX sUPVX
1 UPTX JUPSX JUPSAX
LCOMMON /  STOY / UESMR JUFSQR ,UFSYR JUFSPTR,UFSROR,UFSNR
COMMON 7/ PLNAVG / MDOT1 ,MDOT2 THEQT3 L XE JPS1  4PS2.
1 PS3 PV V2 © WPT1  1PT2  1PSAL
2 PSAZ  1PSAT ,Tsl 2TS2  ,PFT  ,PFS
1connou / UVOPRR / gg:gFR!uPFTR JUPFVR ,UPFSR ,UZTATR,UETASR,
COMMON / LVOPRS / UQFS ,UPFTS \UPFVS ,UPFSS JUETATS,UETASS,
1 URKOF S
COMMON / UVPCR / ug§c2 yUPFTCR,UPFSCR,UPFVCR,UPICR oUPOCR ,
1 UETACR
COMMON 7/ UVPCS 7 UQFCS ,UPFTCS,UPFSCS,UPFVCS,UPICS ,UPOCS ,
1 UETACS
DIMENSION  C(18) yPTU(Z5,1G)  ,PSJI25,10) 4PVJ(25,1C
1 PSAJ(25,10) ,TSJ(25,10) ,TI(28,1G)  sRHOJ(25,1
2 VO(2S518)° yAw(zar1C) pT1tz8,10) psit2s,ic
3 PVI(25,1C) +IDPRB(25,10),KVJC(25,10) +EP(25,10)
4 ET(25,10)  SRPJ(25,10) .Plrcuézﬁ J01 1 PITCHIL2S
5 IMN(25,13)  SITER(28,10) 3KTJ(25518)  SAREA(S)
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DATA 2720/
g##vt##*#tttt#tttt##tt#t*#t##tit*#t***‘t#*ttttttttt#ttttt#"*##*#####tc

C . C
g OPEN TEMPORARY PRINT FILE g
Colpsaepibasda it s ad et wddRR RN kR R I R akARdndh gk gk kab Rk gkRkgrndnanC
C

CALL FTAGULTAG)

CALL FACSFU(®2ASU,CP *//TAG)

CALL FACSF('3USE ALT~PR4,,°//7TAG)

OPEN(CO,FILE=*ALT=-PR."yTYPEZ'APRNTA',MRECL=122)

¢
CHRARBRSRAREE ARSI NN R BB XARB NS R R AR B RRE AR RS RIS R R P RN ERE R NGRS R R kbR

& OPEN TEMPORARY DATA FILE & READ STEACINESS UNCERTAINTIES &
¢ CLCSE FILE £
%#*#t##**#**###t# SRR RN AR AR R R KRR R R R RR RN ARG RN RS

OPEN(;S,FIL::'LAB*UNCERT',AcgEss-'DIR',FORM—'unFchArTEo',RECL =80

RCUSZ1,ASSOC=TREC,STATUSZ¥OLD "

REloéls'lxursna UFSQR,UFSYR, UFSPTR ,UFSROR,UFSNR,UFSPR

CLOSE(15)
c

UMDT3R = Co{

UPV3iP z G.C

UPSA3R = 3G

UPS3R = C.G

URHO3R = 045

UTS3R = C.C

UEK3R = JsC

URbT3s = 8eC

YyPU 3 =S I

ypy3E = 9.8

UPSA3S = §ef

UPS3S” = e

URHQ ? = Py

g§59es = §:k

UEK3S = Q.0

MECT™ = J.c
c

L =9

NOTw e
EV*#**#*#*‘##!‘*“"#t#“t#“*#**#‘t#t‘t*#‘l*#“'*i*‘t‘#“.‘*#““‘*“c
c c
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INDICATE WHCTHER PQRIA ERMINAL IS T USED
& ne RERSARKE, FERRENAL 28 TO BE LS ¢
¢ SUBROUTINE INPUT
E*t‘t‘*#‘t‘tl‘t“““t‘tt“#ttttt‘lt“tt*t‘#‘t“‘l“*tOttﬁﬁttttﬁtttttlc
16 WRITE(6,415C3)
READ (5,514C) TERM
2C PRINT *,°' CALL INPUT®
IF ( TERM +EG. °"YES® ) CALL INPUTL ( LyICALCyTD,TWoIM )
] IF ( TERM .EQ. °*NG* ) CALL INPUT  ( L,ICALC,TD,Tk,IM )
c IF ({ TERM oNEe °YES® ) AND. ( TERM o NE. °NC' )) GO TO 1C
E#*t*#*#**ttt‘it#“t#tt‘ﬁ#tt*t#t‘***ﬁ‘#**ttt*#*“*‘#*t‘#‘t#t*““‘#*‘#g
¢ INITIALIZE VARIABLES FOR TEST PLANE CALCULATIONS
E#*ttt#*#t##t#‘t#‘t##t#*t#t#ttt*ttt#tt*t#*##‘#ttt*#&tt##***t#t‘##tttttc
ISTOP = NI * N
N T NT = N
DO 30 I = 1,NP
c DO 30 J = 14NT
VJ(I,J) = C.C
ITER(ILJ) = G.0
33 CONTINUE
TX = GC
DO 50 I = J,hP
09 28 J : INT
TX = IX + TI(I,J)

53 CONTINUE
TX = IX /7 N
T T e e e e e I I L

C
c
CALCULATE AVLRAGL GAS PROPCRVIES AT THE TEST PLAME C
SUBROUTINE GASPRP E

C

2222223 2T E TSI SR RIS 322222 RS s RS R Y R 2 RS RR ST R R 2R 23
CALL GASPRP ( TX,CP,TD,TW,RHOU )

2 232 2P ISR ER R RIS RERR 2R3 R 2 2 2 8 PR3 R i RS2 PX PSSP RIS 2 A

CORRECT THE PRESSURE AND TEMPERATURE READINGS BEFCRE &

CALCULATING AVERAGE YALUES IN THE TEST PLANE ¢

##t*#t#t#t#*t##t#t##tt#tt#‘tt‘*‘t‘t*tt######t*#t#t#tt##t#t##“"#it*‘g
CALL CORECT ( ITER,VJ,KVJC KTJyEP ETyRPU4RKOC,TO,L )

2322 R RS ER SRR RS2 R R R RS SRR 2R Rt 22 2R R R R P2 R R RR RS AR R T R

OUTPUT OF TEST PLANE RESULTS
HAEEREEEREE SR RBR S E RN RR R ER YIRS AERE SRR R PR B RN R R Pk

OO0 QACOONOOON OO0 O O O
(a1glalals]

IF { TERM EEQ' *NO® ) THEN

IF (( NP JEG ,1 ) +AND. ( NT LEQ. 1 )) GC T0 60
c

WRITE(Z,5C7C)

WRITE(Z,558C)

WRITE(Z,5C8C)
c WRITE(Z,5020)
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UEKIR = SQRTILEKX)
R =
UPYIE = 3ERTIUBYY
; UPSAIR = 3QRT(UPSAX)
CALL UNCERT  Z,VJsCU2),CC113,CC13)4N,RHOMsLsR )
UMDT1S = SGRT(UMDOT)
UPS1S. = SQRT(UPSX)
URHO1S = SGRT(URHOX)
UTS1S = SQRT(UTSX)
jis 2 i
= SCRT(UPVX)
UPTI3 = SCRTILPTX)
. UPSALS = SQRT(UPSAX)
. 60 TO 2§
%*‘*##**‘***‘#‘*‘*‘*‘*‘##****#‘**‘****“***#‘*.*‘***‘*‘*****‘#*#‘*‘*“g
¢ SAVE VALUES OF PERTINENT VARIABLES AT FAN OUTLET c
¢ AND CALCULATE UNCERTAINTIES ¢
¢ SUBROUTINE UNCERT ¢
6“*“*“#.**“*".“*“‘#""“‘#"‘*‘#““.““*“*'.““**#“"'*“c
¢
8C MDOT2 = MDOT
P2 z BS§X
22 P¥ax
BHOS = QX
ERse I BKY
TR 1
= PIX
Pif, 2 Blix
ALPHAZ = ALPHAX
CALL UNCERT ( 1,VJyC(Z),CU130,C013),N,RHOMsL,R )
UMBT2R = SQRT (UMDOT)
UPS2R = SQRT(UPSX)
URHO2R = SQRT(URHOX)
UTS2R = SQRT(UTSX)
UCKZR = SCRY(UEKX)
UPVZR = SQRT(UPVX)
UPTZR = SGRT(UPTX)
UPSAZR = SQRT(UPSAX)
CALL UNCERT { 2,VJyC(2)4C(11),CC13),N,RHOM,L,R )
UMDT2S = SQRT(UMDOT)
UPSZS” = 3QRT(UPSX)
URHOZ2S = SQRT(URHOX)
UTs2S” = SQRT(UTSX)
USK2S = SCRTI(UEKX)
UPVZS = SCRT(UPVX)
UPT2S = SQRT(UPTX)
c UPSA2S = SQRT(UPSAX)
E#ﬁ**#******‘#“"‘*#**#*“*.‘**'****‘*****“"*‘#*****“*‘#“*“*‘*‘*8
¢ MASS FLOW RATE DETERMINED A RL TEST PLANE
¢ S sIEIGETINEC AL R IRE &
E#*t**“#**#““*‘“‘*‘#*l***#'****“*****#"“*‘*“‘.'*.'."*.“““*E
¢
IF ( I¥ASS .EQ. & ) GO TO 20
2 IF ( IMASS .LT. & ) GO TC 95
MDOT3 = %poT
PSA3” = PSAX
CALL UNCERT ( 1,VJsC(2),CC(11),CU13)yNsRHCHsL R )
UMDTZR = SART (UMDOT)
UPS3R = SQRT(UPSX)
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S L EE EE F T E E L FE FE L EE EE EE EEEFrELE ELE L s ELEEFEETES

AN I £8
ONE b (5 00

URHO 3R
UTS3R
UEX3R
upy3e
UPT3R
UPSA3R

CALL UN

SCRT (URHOX)

SCGRTLUTSX)
SCRT(LEKX)

3ARTILRYX)

SQRT(UPSAX)
{ 2yVJyCl2)4C(11)4CH13),N,RHOMyL,R )

O

E

[
X
©
w
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AR NRT]

T1 + MDOTZ ) / &«

i CCCCCOC
MTAMMTM VOV VMO0

XX XX

b
D
D
0

QO OO
e o o e |
OCX OO0
-0~
NO Por=

M0
- Go 10 1CO

¢ IF TERM .ECe *NO' ) WRITE(Z2,5100)
S#t*t#*‘#tttt####tt***t##*ﬁ#*##*****##*#t**#*t#tt*#t##tt##*vttt‘#*###t
CALCULATE FAN PERFORMANCE USING THE

C
g
MASS FLOw RATE/SPECIFIC ENERGY APPRCACH C
AND CALCULATE UNCERTAINTIES E

C

C

C

s et

SUBROUTINZ MASNRG
SUBROUTINE UNCERT

g L L el et P e s R e R T R R RS P SRR L2 SR AR R R Rttt il d d)
CALL MASNRG ( MDOT,C{11),C(16)4RHOM;KRHG,ETA,GC,AREA )
CALL UNCERT ( 3,VJ,C(Z),C(11},C(13),NsRHOM,L,R )
t#l#*t#*tt*‘*‘*‘*““‘tt#‘*‘#**tt‘ttt“**‘##“t‘*it*#“*#*tt*fi‘*‘t‘.

OUTPUT RESULTS FROM MASS FLOW RATE{SPEC ENERGY AFPROUACH
SUBROUTINE QUM -

B T L et e R RS P AT LS L S RS R R a2 L)

IF ( TERM +EC. °'NO®' ) CALL QUTM ( MGOT,RHONM,KRHO,ETA,IU )
IF ( TERM .EC. 'YES® ) CALL CUTMI  IL , KRHC )

OO OMION

¢
C
c
C
C
c

SO0 O NO O

(o]

1¢G IF ( ICALC .EGes 1 ) GO TO 110
IF ( TERM +EQ. °'NO* ) WRITE(Z,51CC)
R PraerRpepg g e r e et T TT ST TR TR RS LR PR AL L LR A R S L R L L L
CALCULA;EOFAN PERFORMANCE USING THE

c
C
VOLUMC W RATE/PRESSUREL APPRCACH- 8
AND CA%CULATE UNCERTAINTIES E
¢
C
C

(8]

UBEROUTINE VOLPRS
SUBROUTINE UNCERTY

e e e et R R PR PR SR TR T R RS E S R SR A i el i il s
CALL VOLPRS ( PTA1,CPi,MDOT,C(2),Ct11),C(17),JCyQF yRHOF )
CALL UNCERT ( 4,VJ,C(2),C(1i),C(13),NyRHOMyLsR )

e T i T e e e T TR R T R LA S S S R R R 2R At L R bt bl

C
c
OUTPUT RESULTS FROM VOLUMZ FLOW RATE/PRESSURE APPROACH c
SUBRCUTINE CUTV E

o

##t*t**#**#t***t#‘*#ttt*l**#**t‘*******##***####**#***#"*##t*t#**##*

OO0 O OO0 ONN,
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456 IF ( TERM +ECe °NO® ) CALL OUTV ( GFoRHOF,Iy )
457 c IF ( TERM .EG. °YES® ) CALL CUTVI ( Iy )

459 CHroakRbphkb ekt AR R KRR ERERE A RR RN NRR KRR RN DR KRR SRRk
460 ¢ ¢
461 ¢ CLOSE TEMPORARY PRINT FILE ¢
4e2

463 L I I L L L L s T L T T R T T T T TR Y
46 ¢

465 PRng *31DESIRE PRINTOUT : Y-YES OR N-NO®

46 READ(5,514C0) AN

46 BEARRRBIELIMe ) 6o to 129

468 ¢

469 CALL FACSF(*3FREE,R ALT=PR.")

475 CALL FACgF('aASG.A ALI=PR. 1)

471 CALL FACSF(*aSTR ALT=PR., PR1")

472 c

473 GO TO 110

474 c

418 o 122 CLOSE(25,STATUS='DELETE")

477 © 7 117 PRINT #*,° ENC OF PTC-11°

478 c

479 CALL EXIT

483 c

qa% L T T T T I T T I I I T T T T LTI T TI T Y
48 T L T I N T I N T T I N N T I T T N I I T oI LT T O o oI T I T I IO
483 ¢

T 1003 FORMAT(® PORTABLE TERMINAL USEpD - "YES" OR “ho"')

485 S01C FORMAT(1X T PT(Y)? "PS(u]?

486 1 'J)':§x,¥k.olat‘.3xz4{ A S T B LT A VART P RE'I

487 2 KVJC® rSXy "KTY 15Xy "VELQCITY ", 4X 'YAh' ux “PITCH®,5X, *ITER®)
488 s011°FoRrnAt g%, 1iix. ug)‘.xix,'t2)¥,z y ! e

489 1 SULBM/CU FT)®yuOXy *(FPM) " 15Xy * (DEG)* 33Xy *(BEG)* /)

49 6011 FORMAT (18X ®(KPA)® 12X ¥ (K)* 3X

491 1 vIkGIcu My e, 80X, Y (M/s) Y SK, T (DEG) * 43X, " IDEG) * /)

452 5220 FORMAT (/)

493 5030 FOP AT (1X 4 A4 FOu2yFOe3yFBa3yF9u2 FBa,2F9e5,F120342F945,

49'-& E 0.2 F902,F9-3'I7)

495 5031 FoRRATCIX ARG FO 3 F e 3, FBeT,FOu2yFB.5,2F905,F1243,2F9.5,

496 1 F10025F9¢2yF343,17,%%")

497 5040 FORMAT (26X, 2 HRESOLTE AT INLET PLANE)

498 5350 FQRMAT (56X, ZIHRESULTS AT OUTLET PLANE)

599 2920 FORMAT (26X Z5HREZUETE AT RUXYELLRRINElane (FINDING FLOW RATED)
5CJ 5070 FORMAT(1H1)

5C1 8180 FORMAT (1X,132(1H*))

5C2 S130 FORMAT(IHI,2(132C(1H®)/1X)/6GX,

563 i _19HPERFORMANCE PESULTS//2(1X,132(1H%1/))

504 5110 FORMAT(1H1,2(3C(3H#)/71X)/76Xy28HMACH NOe GREATER THAN Col,

505 1 7201%,3CC1H®Y/) /76Xy SHPOINT,5 Xy BHK#PV/PSAZ /)

506 5120 FORMATUIHC 16X Ak s6X3F6a4)

507 5130 FOPMAT(1HO4{/ /15X,

5C6 1 49HPERCENTAGE "OF "TOTAL POINTS WITH MACH NO. OVER Qol,1X,F6.2)
509 5140 FORMAT(A3)

S1y (5150 FORMAT(61/),2CX, %% w A RN I N 6 - MAY NOT HAVE CONVERGED®)

512 END

GPRTyL LABSRC.INPUT
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LAB‘LABSRC(I&.INPUT(‘OS)

1 RERTRBEE RN SR ABRR BB AR R AR ORI R AP A BRI REE IR I ER AR RN AR BN R KA SRR IR E N
3' gantn*nu:unonnvuutnu:ntmuﬂnnunu#tnu*utunuu:ug
§ ¢ SUBROUTINE INPUT READS THE InPUT GATA AND ECHOS THE INPUT ¢
5 ¢ DATA TO TKE MAINFRAME PRINTER FCR VERIFICATION BY THE USER ¢
6 c
7 Commb g b a RS R AR DI TR AR E R B AR DI EA D RARR YRR NI ERAIFA AN NI N FRRRRID RS KB 4 C
g g#‘t#t###v#.**##‘#*#‘*ﬁ##*##*##*t*##‘**##'**##‘#***#‘***.#********‘**‘C
1 . SUBROUTINE INPUT ( L ,ICALC ,T3 ,Tk ,IPNT )
12 REAL _ JC +KC WN2
153 INTEGER 2
14 CHARACTER BLCCK #3
15 c
16 COMHON /7 CONST 7 RO »JC ,GC
17 COMMON # CCNSTI / c 1cé .
8 COMMON / CNTR NP 1 PE IMR ,IMASS ,IPOW
18 GONMON 4 CRRBRL 7 N0 V1PR ! ! ! "
23 OMMON / BLKA?E 7 $By
31 OMMCN /7 DA 7 BYY  ,pSsI  ,PvI LTI JYAW
2% COMMON /7 DATAJ 7 PTJ  1PSJ  PVJ oTSJd  ,PSAJ
24 1 AREA JRHCJ »PITCHU
25 COMMON / GAS 7/ co2 ',02 ,CO WN2 'S
26 COMMON / PRFRM / RHOl ,kRH02 ,EK1  ,EK2  ,POWI_ ,POWO ,
27 1 POKOC JRPM1 JRPMC IKC yPHOIC ,TiC
28 2 PTALC
39 COMMON / URAN / UAR  ,UBR  oUTSJR ,UPYJR ,UPSJR ,UPBR
a 1 UYAWR JUPCHR JUeTAPRIUWR™ JUER™ JGIR
31 2 UTAUR ,UNR  SUPTR_ ,UFNR
32 COMMON / USYS / UAi YURS  jUTSJS »UPVUS .ugsas uggs R
33 UYAWS oUPCHS ,UETAMS,UWS UES G
15 : y¥AgE 1HREMS :UP¥S v T '
35 COMMON / STCY / UESMR JUFSGR JUFSYR JUFSPTR,UFSRCR,LFSNR ,
3 1 UF3PR
34 DIMENSION 6442 (PTJ(25,10) G PSJL2E.10)  PVI(2S.IL)
39 1 Frizs,10) opsI(33710) PVI(2E,1C) YAW(25,1C)
I ) TI(25,1C)  ,T5J(25,1C) +PSAJ(25410) »IGPRE(25,10),
4l 3 REOJ135,1C) 1SPU(3,25)  ,C1(23) 1C2(25) '
42 . h AREA(3)
M _
4d DIMENSION TITLE(2S) JPITCH(25,1C) ,PITCHJ(25,1G)
45 1 IFNT(254,1C)
48 ¢
47 DATA 2 7/ 22/
448 CATA Ci1 / 4535.7 160 ¢le0 100672 slegs '20965-“
49 1 "‘1-595'2'0-“1 '27530 175077 g5.193 ’1597t
5¢ 2 vi3.62 374547  35252.1 4550, 16384, 032417
51 3 y776.2 L1545, 7
53 DATA C2 / 273.2  41.0 y1e8 s1eC W4166.  4+CG32S
54 1 '0C186 'i592 glgUCQS ’1088- 9108C. ";“07(
55 2 1e 2cC. 15941 1C 1 oC
g2 3 il 8314, ¢ ' * '
57 ¢
8 L =L +1
9
gb E*‘#*##**‘****‘*‘#‘#‘*‘#**.#‘****‘*#‘*#‘*#*#‘“**#‘#*‘**“*‘#*‘#‘*’##*C
6 ”~
&} ¢ REAC JOB TITLE AND CONTROL DATA &
gi‘s E##“#*##**‘#‘*tﬁ*‘#‘*"‘#‘#*#‘##“**#****‘*#####*#*#“***#‘*#####**‘*E
65 c
68 . IF (L +6T. 1 ) €GO TO 75
68 READ(S, 153G) (TITLE (1)
69 . BEAD(2a852S 1T TRR IkASs EcALe, TaR, TPOM
71 cvmntunnt*ttau‘tvtuuwmnt*#nt##ttwuttt:n:uxuutnut#tntut*ug
77 ¢
7% ¢ SET UNITS TO U.S. CUSTOMARY OR S.TI. ¢
:f,g E#*###**#*t##"#‘*##‘*##‘#‘*'**#*###*##**###***#‘**#**‘#“*#***“*‘**‘E

C opvng.,ht © 700_ by the Amencan 90c1etv of \/[echamcal Engmeers
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A Lt LN N GGV G G LA L LA BN (M U AN WA (A LA S W GadRA i N L i N
£ 8 £ £ £ LN LA WL R NIRI DI AURD SR BN 1aps et it fdpat b+ (I I OICI O
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C ( CI%1 = DIMENSION PARALLZL TO PROBE INSERTION ) C
g#‘#ﬁt#**t##ttttttt*tt#tttttt*ttittt##t#ttt*tttt###t*ttttt*t#t*#**‘*##g
E RIAZ(5,1C1C) C yUIM1 ,DIMZ

c READ(S5,1C04C) BLOCK

17 < ¢

8t##t##ttt#*#$*#$t$#t#tvt*##t*tt*tt**tt*#ttt#*##t*##i.ttﬁvtttt#tttt#’tc
g INSERT - 1 IF PROBE INSERTEL FROM CNE SIDL E
g ¢ IF INSCRTED FROM 8B0TH SIDES (é
gvnvttatvtht*w*x*ttt*ttatttt*ttvtttttttmtw#*4#t#*tv*ttttt#*#*#*tmtt#tc

READ (S, 1CCC) INSERT

c
%**‘*#‘*ﬁ###‘*"‘#“*t*#*******##***‘**‘*****#*#‘*******'#‘****“*‘*“E
¢ NT1 = NUMBER OF TRAVERSE POSITIONS FPOM FIRST SIDE ¢
¢ NTZ = NUMBER OF TRAVERSE PCSITIONS FROM SECOND SIGE ¢
T DD prarpagspaarpppnpanpepae P T E ST T T T PP T PR SR AT 2SR ST £ 1 14
¢

IF (INSERT.EQ.2) THEN
QEAC(S41CoC)_NT1 JNTZ
N? = ﬁf1c+ NTE ! ‘
£
“REaD(s, 10000 NT
. END IF
WRITE(Z,5555) NP
. WRITE(Z,58¢3) NT
IF (INSEPT.EC.1) THEN
WRITE(Z,8570)
ELSE
345 WRITE(Z,558C) NT1 ,NTZ
3 enp IF
4 c

348 IF ¢ «ECe 1 ) THEN

349 whrt¥ 388203 p 1UEN nin;

354 DIML = GIMI 7 12.

321 DIMZ = DIMZ 7 13+

352 END IF

33% :

354 . IF ( IU «ECe Z ) WRITE(Z2,659C) DIM1 ,CIM2

356 IF ( DIM2 oEQe o ) THEN

387 AREACLY 2 3014159265359 » DIM1*%2. / 4.

358 ELSE

389 RREA(L) = DIMI % DIM2

385 ENC IF

361 c .

1Y IF ( IU .EQ. 1 ) THEN

363 WRITE(Z,56CC) C

364 C =0 7'1ce

369 ) €up IF

66 C
367 IF (_ IU s£8, 2 ) _THEN
368 WRITE(2,66G0) D

9 = p 7 10GC

%0 enb If -t

371 c

372 WRITE(Z,562C) BLOCK

373 C

374 X1 = DIM1 / AT

318 . X2 = X1 /7 2. .

377 C*######*t##t#*#t*####****t*t*#*#t###ttt‘***#tt‘i***#t#t##t#*t###t#t#tg

378 ¢

376 ¢ CALCULATE PROBE BLSCKAGE IF CORRECTION CESIRES ¢

I T
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C

yTICI ) '

W TICI,4) ,

STICI ) ,
PVI(Iyd)
SRS

E#***#####***##‘###*###**#*#*ﬂl‘*t**##*##*##‘#####**#*#*##*#***‘*##t*‘#c
5O 53 I = 1,.NP
£ 25 J : INT
c
IF ( BLGCK JE&e *YES® ) THEN
F { INSERT_oE34 2 ) THEN
i | J .LEL R ) THEN
SPIlLyd) = € J % X1 =X2 ) # O
EL?? (Lyd) = (( T1
J = - NT1 ) # - X2 ) % D
enp yeo 'Y J X1 - X
ELSE
CUSPJCLLY) T (4 & X1 - X2 ) % §
END IF
ELSE
PI(Lyd) = Sel
exn 1At N
¢
) 5O TO (43,60,80),IPR
T 40 READ(5,1020) IPNT(I,d)  HPTI(I,d) yPSI(I,d)
c YARC(I,J) JPITCHII,J) LICPRZ(I,d)
c' PVI(I,J) = PTI(I,d) = PSI(I,J)
. GO TO 9C
6” QFAD(S lJL~) IP'T( 'J) ’PSI(Z|J, ’PVI(IyJ,
Aw(I,d) JPITCH(I,J) LIDPREII,J)
PTI(I,J) = PSI(Iod} + PYI(I,d)
) 60 TC 9SG
B READ(5,1020) IENT(I,¢) PTI(I, d) PVI(Iqd)
. i 0 11isy eitdatylyy rERRAEUE) Ly
PSI(I,d) = PTI(I,d) = PVIC(I,J)
Y o9n %F { §gg; .Eg. C .:Ng. IU 2% 1 ) WRITE(Z2,5630)
eEQe L ¢AND._IU oEQ, 2 ) WRITE(Z,663C)
Ir ( 11 oEGe O 3 WRitEiz,icto$ e
c
IPRT = IPRT + 1
. I1 = II + 1
IF ( II oE3¢ NT ) II =
c IF ( I1 +EG. C ) IPRT = IPRT + 2
IP = IPRT + NT
JIF ( IT «EQe C JAND. IP .GE. 55 ) IPRT = o
WRITE(Z,5631) IPHT(I,J) PTICI,u PSICI d)
1 198310 ENTTy 425388511 13e1 1400
] +ICPRB(I,d)
. 52 CONTINUE
90 125 I = 1,NP
; D0 125 U = 1487
TI(I,g) = TI(Igd) + C(1)
A PsAJlI,J) = PSI(E,0) + Frx ca1m
" 120 CONTINUE
C
) RETURK

c
Crapxuxfakgad b ARV RERRARB AR AR I RAR AR YRR B RRB PRI G IR RSB RN Rk R(
gv##t##*##*#‘!#l#tﬁt‘#t*#tt*#*‘*‘#t*‘tl#‘t##‘t!*‘tﬁt#t‘ttt##‘*‘#‘t‘t“c
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60y 1 6CHINPUT CATA AT AUXILLIARY TEST PLANE (FINCING MASS FLOW RATE),
6C9 2 /771Xy 201300%2°)/1X))
E(;Ji'i 566C FORMAT(13Xy)*NGse CF PTSs FACTCR'3yF68424F1242,/)
612 END
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LAB*LABSRC(1) UNCERT(25)

c
C

1 SUBROUTINE UNCERT( L1,VJ,C2,C11,C13,N,RHOM,L,R )
3 REAL  MCOT, MDOT1, MDOT2, MDOT3, N, KP
4
5 COMMON 7 AVRES 7/ MDCT  SPTX  4PSX  4PVX  oPSAX oPTAX
b 1 TSX  JRHGX JEKX s ALPHAX
7 COMMON /7 CCNST / RO JC V6C
8 COMMON /7 CONST1 / C ,CC
9 COMMON 7 CNTRL 7 NP INT PE JIAIR ,IMASS ,IPOW
12 COMMON 7 OATAI 7 PTI  ,PSI  ,PVI_  ,T1 JYAW
11 : 10PRE 30 yPITCH
12 COMMON /7 DATAJ /7 PTu  +PSJ PV +TSJ  ,PSAJ
13 Leommo PRFRY 7 RnD:  RHGY Ek1 Y ex PO
IMON / M 2 EKZ W FOWO
18 1 ggu&c RESS RPAc 1RES rRadic ifREC
6 2 ALC
17 COMMON 7/ UMASS 7 UMDIER,UYFR ,UPIR ,UETAR ,URHOMR,UPOR
18 1 , UMDIES,UYES ,UPIS ,UETAS ,URHOFS,LPOS
19 COMMON / UMASSC / UMDTCRIUYFCR JURHOCR,UMCTCS,UYFCS sURHOCS
20 COMMON / LRAN /7 UAR ~,URR  ,UTSJR ,UPVJR ,UPSJR ,LPER
31 1 UYAWR JUPCHR .UETAHR,U:R "UERY JUIR
2 2 UTAUR ,UNR UPTR_ ,UFNR
53 common # usys < JREYR tURR  nBRIBS URVIs ,upsus ,upss
24 1 UYANS sUPCHS JUETAMS,UNS  JUES  sUIS o
25 z UTAUS JUNS ~ JUPTS ~ sUFNS
26 COMMON 7/ UNCTIR / UMGTIR,UPSIR ,URMOIR,UTSIR ,UEKIR ,UPVIR ,
27 1 UPT1R JUPSALR
28 COMMON 7 UNCTZR /7 UMDT2R,UPSZR sURHO2R,UTS2R ,UEK2R ,UPV2R ,
29 i UPTZR +UPSAZR
30 CIOMMON / UNCT1S / UMOT1S,UPS1S ,URHO1S,UTS1S ,UEKLS ,UPV1S ,
i3 1 . UPY} PUPSALS - )
COMMON 7/ UNCT2S / UMD is.up 287 JURHOZS,UTS2S ,UEK2S ,UPV2S
EE 1 MACEIATFE _
3 COMMON / LNCT3R / $3R1UP256° ,LRHOIR,UTSIR JUEK3R SUPVIR ,
1 UPSA3R
2 COMMON / UNCT3S / uﬁﬁ?zs UP333%  LpHOZS,uTS3S JUEK3S »UPV3S
37 1 YPT3S .uPsnss
38 COMMON / UNCRT / UMDGT JUPX ~ JURHOX ,UTSX ,UEKX sUPVX
19 1 UPTX  sUPSX JUPSAX :
4 lcormou / ST0Y 7 U;SHR 'UF3QR JUFSYR sUFSPTR,UFSROR,UFSNR
UFSPR
42 COMMON / PLNAVG / MDOT1 .nuorz JMDOT2 ,YF JPS1  4sPS2
43 1 ps3 X PV JPT; P JPSAL
ug % P cz Az 378 V188 I PF PFST
4 PF
4 ,COMMON / UVOPRR / UGFR_ .bPFTR JUPFVR ,UPFSR ,JUETATR,UETASR,
ug ;COHMON / UVOPRS / UQES_ ,UPFTS ,UPFVS JUPFSS ,UETATS,UETASS,
5 LCOMMON / UVPCR / UGFCR LUPFTCR,UPFSCR,yUPFVCR,UPICR ,UPOCR ,
52 COMMON 7/ UVPCS / UQFCS sUPFTCS UPFSCS,UPFVCS,UPICS sUPOCS 4
£ 1 UETACS
55 DIMENSION  YAW 0y JRITEHJ (250100 ,RY 5,100 (25,1C)
gg 1 ,gﬁnﬁfgéfé:) :PTJ? 58 :g f§§ 18§ :%gdfié.lg;
2 J(2551C) 4PTI(25,1C)
gg c 3 :thzgfla) Icppacél 10) §P17c+(2§ 1::.AR§A(3'
60 (o TET 2222 SEE2EESSE SRR 2R 2 *‘#‘*‘ﬁ“‘###“‘t*#“‘*##*#‘#“#“*‘#‘#.‘C
61 ¢
2§ ¢ MASS FLOW RATE 7/ SPECIFIC ENERGY APPROACH ¢
64 Ct‘tt&*ttttt*i#‘0“l‘#‘t*t“‘“#*“‘#*‘##‘*t#"“*‘t“*#*t“*“#“‘*‘#c
65 ¢
66 DATA.RAD/.C174533/
67 c
68 UMDOT = C.
39 UPSX = e
s RHOX = .
7% gyeER* = &
7 UEKX = C
4 Ueb& = §:
74 UPTX = 7.
75 ¢
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L'A

GRC (1

) e GASPRP (33)
C*gtittttitwttt0#O*#*vt##*#v######u*##*tt*t#t#####t#*##tttttttt##*#*‘*C
CHOBARRAP RN RR AR B R AR AR AR AN SO A R A RN GG kR AR AR R RR R DB
¢ ¢
¢ sueaourzna GASPRP DETERMINES THL AVERAGE PROPERTIES OF ¢
C THE FLUIC IF_TKE FLUID coNsisT g CF OXYGEN, NITROCGEN, c
¢ CRbabh MONOXIDE, CAREON DICXIDE, AND wATER VAPOR ¢
C c

Camabb i a Rk d R b dd ok kN R Rk Rk kR R Rk
I I I I I I I I I LTI
C

. SUBROUTINE GASPRP ( TX,CP,TD,TH,RHOC )
REAL JcC N2 JMCO2  oMOZ  4JMCO. 4MN2Z MGG,
; 1 X MUCC2 MUGE  JMUCO  IMUNZ  JMUHZO MU 1K
COMMON / GAS_ / €02  ,02 ,CO WNZ 'S
COMMON 7 CONST 7 RO T 16
COMMON / CONST1/ C .cc
COMMON 7 PROP 7 K , MU
COMMON /7 CNTRL / NP ,nr 'PE JIAIR ,IMASS ,IPO4
¢
DIMENSION C(18)
¢
IF ( IAIR «EGe 1 ) GO TO iC
g#*tt*##t*##tﬁ#‘*‘*‘**‘#‘*#‘*#***‘****####ﬁ##‘#*it#*“##‘#‘v‘#“‘*ﬁ#**c
c ¢
¢ CALCULATE MOLECULAR WEIGHT OF DRY GAS ¢
E#**t*#****#*#*#*######*t#######i#ﬁ###*t*#¢ﬁ####*#t*###****##**#****#*c
KCOZ = 44.ClL % cc2
M0z = ¥ 02
MCO = va 01 =+ CO-
c M2 et L2 ¥ N?Z
. MDG = ( MCO2 + MO2 + MCO + M%N2 )
C#*##*#*t*##t‘#**#‘#******‘v#tﬁ**#*****###**ﬁt*#‘*****ﬁ***#‘###*##*‘#tg
¢
¢ CALCULATE VISCOSITY ¢
C**#tt####&#ﬁ‘##‘i#tl‘#‘*#t‘t##**‘*#***#**#*###***#*#*#*********t#*####c
¢
MUCOZ = CUS)%12,721%(C(3)%TX) %%} .5/ (C(3)2TX+515.,04)%1.E~-7
MUCO = ClU)#17.86 *(CU3IRTX)*%1 .5/ (C(3)#TX+234.72)%1,E-7
WONSe C C(4)%10.78 »(C(3)aTX)%%1.5/7(C(3)2TX+2CU.6TI*1.E~T
MUCZ = C(4)*I3.11 B(CUI)RTXI 8157 (CI3)2TX+Z233.54)41.E-T
UHzo = CUI#12.03 *(CA3InTX)an1.5/7(C(3)#TX+587.4 I#1.E-7
CST(SGRT(44.C1) & CC2 % MUCO2 + SQRT(32.,) # 0z » ngog e
SORT (2201 8°C0 % MUCH »+ SQAT(28.02) # N2 % MUNZ + 2.c2) *
% RILeBs8Y) 1590, 2VE0u20 OB TEBR+RE0. 01N 2" BUNE SeRYREZYS
02 + SQRT(28,51) % CO + SGRT(28.C2) * Nz + SQRT(18.C2)
¢% (5 » HCO) 7 13a02)
c GO TO 2
T iC MDG T 25.965
w
¢ MOLECULAR WEIGHT AT PLANE X : EQN 5.3-6
MX T 1e/(S/(1Ba22%(1e4S))+1e/(MDGH(14+S)))
" =TRO/MX
MU = CL4)%10eBTUR(CI3)STXI#21,5/(C(3)#TX+199,)8] .E-7
MUH20 = C(U1%12.C3 w(C(3)RTX)#%1¢5/(C(3)#TX+587.4 191.E-7
MUZ(SQRT(28e565) #MU+SQRT (18, 0C 1 %28.965%#5/18 4C2%MUH20) /
c i (SQRT(265965)+SQRT(18,02)#(28.965%5/184C2))
¢ SATURATED VAPOR PRESSUR:L : ECN S.4=-1
. PE = Cl6) * Twuss2, +« C(7) * Tw + C(E)
c PARTIAL PRESSURE OF WATER VAPOR IN AIR : EGN Se4-2
C

PP = PE - PR % ( TD Tw ) / CU9)
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16 ¢
17 ¢ DINSITY CF ATMOSPHERIC AIR-VAPOR MIXTURE : ECN 5e4-3
g ,
7% RIHOS = Ci2) % ( PB = o378 # PP ) / (C R % ( TC + C(1) ) )}
£2 ¢
§1 ) 50 TO 2%
83 Z2OPX T le 4 LU0 S /7 (0 16432 % ( 2e + 5 ) D)) +
2y . te / (U MEG # ( 26 + S ) 3D )))
as, R = RO / MX
€6 ¢
§7 cu-rwunun#vttuuntt*#tttvtu*#***tvt*vnu*utvutuaxwuttuttuutg
35 ¢
g5 ¢ CALCULATE SPECIFIC HEAT ¢
QI (T 2233233332232 222222 R R 3 X222 2SR R R o s A2 2SR R R 22 10
9¢ £
53 ) 25 CPHZO = C(5)#(19486~59T7./7(CU3I*TX)#%,5+750C./(C(3)*TX))/18¢
o
s5 c IF (IAIR .EGe 2) GO TO 26
[~
37 c SPECIFIC HEAT OF DRY AIR : EGN 5.3-7
99 ’ CPCG = CU5)#(e343=1,253/(C3)4TX)I#%,5-83,7¢/(C(31%TX)+3,087E4/
1¢a (C(3)TXI 42,
131 CP = CPDG * 1, / (14%S) + CPHZO % S /7 (1.+S)
22 c
155 60 TO 35
104 c
P5g <6 CPCO2 = CUS)#(10.2-6¢53E3/7(CIIIRTX)I+1 4E6/(CI3)#TX)n%2,)/84.C1
176 CPO2 = C(S5)#(11e815=172./7(CU3)#TX)#%,5+152C.7(C(3)14TX))722.C
137 CPNZ = CUS)I*(G.4T=-3.47E3/(CII)TX)I+1.16E6/(C(3)#TX)%%241/28.02
i3s CPCO = CUB5)%(9.46-3.2SE3/7(C(3)1nTX)+1.07E6/(C(31#TX)202,)/28.01
sCo lcpcs :(34;Eé‘cc;*cpcoz¢32.cc*OZvCPozozs.czwnvaP~2¢29.01tcochco)
:§3 1
! CP = CPOG % 1o / {14+S) + CPH20 * S / (1.+5)
110 R = RO/MX
113 355 K = CP%JC/(CP%JC - R)
Tih c
iis RETURPH
il6 c
117 END
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LAB®LABSRC(1)AVRGES(31) E
- C*ttt#*t*vt###t*#*#t#‘tttt##‘_ﬁt*##t**ﬁ#**t###v##t*###t##‘ttt‘ttt‘tttttc o
é 3t T IR R R R RS R S R R E R R LR R P PR 22 RSS2SR 3 2222222322222 A0 g

c <
4 c SUBRCUTINE AVRGES CALCULATES THE AVERAGE cIF
5 ¢ VALUES OF FLOW PARAMETERS IN A TEST PLANE C S
o o C
7 E::umutuaw*mtat:nsuﬂ:u-Mntt*##*t****#tt*#*#:tthtxnxn-utt*-*#u#tn:tvc 3
8 (21t T3 t2 1232222322 R 3RS SRS R 2R S22 RS 2R SRR R 2R 3R R 2R R 2R Y Q
9 C o3
if - SUEROUTINE AVRGLS ( YAW,VJ,C2,C11,C13,6C,L,TERM ) 3
- [}
12 RLAL MODCT MU oM -
13 c -
14 INTEGES 2 5
15 I el
16 CHARACTER TERM #2 3
7 ¢
.ia COMMON / CCnYRL/ IU s IPR
19 COMMON 7/ AVRGS 7/ MDOT LPTX +PSX WPVX JPSAX  LPTAX .,
24 1 TSX sRHCX  JEKX s ALPHAX
21 COMMON / CNTRL / NP oNT , P8 s IAIR
22 COMMON / TATAJ / PTY sPSJ W PVY s TSJ +PSAJ
23 1 AREA LJRHOJ JPITCHu
24 CUMMON / PROP /7 K s o MU
25
56 DIMENSTION YAW(25,1C)  ,PTJ(25,1C) 4PSJ(25,13) $PVJIL25,10)
27 1 PSAJ(28,1C) 1T3d(28713)  &HOU(ZE,10) JAREACZ)
2 i 3 vo(255187 PITCHI(Z8,10}
3 N NATA 2 / 20 7
;g . DATA R&D / 5174533 7/
3§ Coadhdedgyg Xkttt AR At eI F AR RR AR DRI R RN IP R R A AR B AR NS RENC
3y c : C
Iy ¢ CALCULATE NEEDED SuUMS FOR AVERAGING ¢
36 c C
17 LTI I T T R s T R eI PR I ISR PSR AL L A Rl b ] I
38 C
31qQ [28"} T T
44 PSyvy z Qe
yl v =z,
QZ TRV put :. a
43 RV2 = C. =
44 N = FLOAT(NT) % FLOAT(NP) =2
45 C 3
4s DO 12 1 = 14NP -
47 20 12 J = 14NT =
4§ c =
49 VJlIgd) = VJ(IysJd) = CGS ( YAW(I,J) * RAD ) =
LN VI(I,d) = VJ(I,J) & CAS ( PITCHJ(I,J) * RALC ) 5
51 v -y + VJ(I,d) o
52 /v = RV + RHOJ(},J) * VJ(I,J) =3
£ RV3 > RV3 + RHOJ(T,J) » VI(I, J)%e3 —
5y PSV = PSV + OSU(I,J) * VJlIad) , 3
55 TAV. 2 13V + T33(1,9) = RrHOUIT,ud & vutl,) 3
gg X = (0 €05 ( YAW(TI J)'® RAD ) = COS ( PITCHI(I,J) * RAD ) ))%#2, g
C
gg c 17 CONTINUE &2
[
6? C#t***#t##*##tt#t#**#tttt###t#t*t#*tﬁ#*tﬁwt#*t##t#t*t#‘*t##*ttt#t**##v% 2_;
3 € B
" E CALCULATE AVERAGE VALUES E -
63
64 I Iyt e e e e e e PR s s TR L R S22 S22 R R 2 21 2 0e >
65 c
£o I - NP
67 J T NT
68 MOGT = AREA(LY / C2 / N = RV
€9 ¢
73 IF ( V «NCe To4C ) PSX = PSV / ¥
71 IF { V «5%e CoC ) PSX = PSU(I,J)
72 IF ( V oNLe CeC ) PHOX = N % MDOT / AREA(LY / V » C&
73 IF { V oEae Cof ) RHOX = RHOJ(1,1)
74 IF { MGOT eNEe SecC ) TSX = YRV / MCOT / N % AREA(L) / C2
75 IF ( MDCOT oECe CoC ) TSX = TSJl1,1)
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SUBROUTINE MASNRG DETERMINES

FAN PIRFORMANCC USING

C
MASS FLOW RATE/SPECIFIC ENERGY APPROACH E
-

1

3

4

)

6

7

8

9
i

12 RPEAL MBOT yKRHO 1KC sMOOTC 1 KRHOC N

13 1 MCOT1 Wy #OCT2 +MDOT3 1 KP 1K

14

15 CoMMOL / PRFRM / RHOLl ,RHO2 ,EKI s EKZ »POWI ,POWO

16 i POWOC ,RPM1  RPMC ,KC sRHOLC »T1C ’

17 2 PTALC

15 COMMON /7 PRFRM1/ ALPHALl,ALPHAZ

19 COMMON / PLNAVG / MDQT1 ,M00TZ ,MDQT3 ,YF ,P?l 'sz ’

U 1 PS3 +PVL 1PV WPTL . ,PT2 s PSAY1
21 P PSAZ 4PSAX LTS1 2 TS2 1 PFT 1 PFS y

ce 3 PFV s KP
23 COMMON / OUTME / MDOTC ,YFC yPOWIC 4KRHGC ETAC ,RHOMC
24 COMMON / PROP / K sR yMU
25 C
%9 c DIMENSION AREA(3)
Zg C ##kt*‘***‘#*##.‘t#t#t"!#*#‘##‘######‘*##‘#t#i#tt‘t‘#ﬁt.#“*#‘#‘#‘t‘#g
e C
;f g CALCULATE PERFORMANCE g
.23 CHAXRREEEERENRER SRS AR ARRBRBEBEER AR KRR BB AR B ERDRERENE RO RN SRR RGN A B2
3 C
34 RHOM = ({ RHO1 + RKOZ ) / 2.

25 YF = Cll * ( PS2 ~ PS1 ) _/ RHOM *+ ¥LOT*%2, / ( 2 #* GC } *
36 1 ((( ALPHAZ 7/ (( RHOZ%%2. * ARCA(Z2)*%C., )) = ALPHALl /

37 Z (( RHC1#%2, % AREA(])%%2, )} 1))

33 POWO = MGOT * YF Ccle
29 KRH3 = RHOl / RHOM
2% c EYA = POWO / POWI
'-{% g#*‘t#*t#&tt*i****i#ﬁt"**#*t*#*‘*ﬁ*“##*‘##***#**i‘*##‘##‘##*#***i**‘g
4 !
Qg ¢ CONVERT PERFORMANCE TO SPECIFIEU CONDITIONS g
4 & <
46 Codkdrmdok ik i ok ko ok ok ok Nk e R Rk AR R N xR hF ek p kA Ak ke k%
47 c
45 = ( RPMC / RPMY )%32, x T31 / TiC

49 KRHOC = 1+ = & % ( le = KRHO )} * (((( CZTA x KC -
sJ 1 ( KC = 1 ) = (( 1, +# B 2 ( 1, + KRKO 2 )) )))) /
51 2 ((({ ETA # K = (K = 1, ) * (( 1e ¢ ( 1y + KRKO ) )} D))
52 RHOMC = PHC%C /_KRHOQC .
€3 vUOTC = MOOT » RHOIC / RHO1 % RPMC / RPM1 #% KRHO / KRKhOC

54 YFC = YF x ( RPMC / RPNM] )%%2,
55 PONIC = POW] * { |PMC / RPM] )*x3, = RHOIC / RHOl * KRHO / KRHOC
56 POWQC = POWC % { RPMC / RPM, )#*%3, » RHCIC / RHCl *» KRHO / KRHOC
7 ETAC = ETA
58 C
59 PETURN
€ C
€l ene
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SUBROUTINE VOLPRS ( PTAL,CP14MDCT,C2,C11,4C179yJCyCF4RHUF )

PRT,L LABSRC.CUTV

1
3
m
g
6
6
8
9
15
1
9 COMMON / PRFRM / RHO1 ,RHO2 LEK1  ,EK2  ,POWI ,POWC
12 1 POWOC yRPML SRPMC  4KC yRHOLC ,TIC
14 2 PTALC
15 COMMON / PLNAVG / MOOTI ,MBOTZ2 ,MDOT3 ,YF WPS1  ,PS2
16 1 PS3 4BV, sP¥Z  4PI1  JPIZ  ,PSAL
17 2 PSA:  JPSAZ TST  JTSZ  IPFT  IPPS )
1 3 PFV KP
19 COMMON / PROP / K N o MU
20 COMMON / OUTVP / GFC  ,PFTC oPFVC ,PFSC KPC  ,ETASC ,
21 1 , STAT JETATC ,ETAS
Z COMMON / OUTME / MDOTC IYFC = 1POWIC ,KRHGC ,ETAC ,RHOMC
23 ¢
34 REAL MOGT  ,JC JKP ,KC ,KPC JKPKPC
25 1 MODCT1 JMOCT2 JKRHOC K
26 c
21 E###*‘i#**#*#####t‘*##*##*#*******4*‘4‘#“*#*‘#*#******#‘#*tﬁ****#**‘*c
26 c
32 € CALCULATE PERFORMANCE ¢
2i‘ CHx kAR RAKE AR BB KA RS BRI R I A RE R KSR S RS RARR RS AR AR IR N AN RR R RN kN9
32 ¢
33 RHOF = RHOL # PTAL / ((({ PSALl * (t 1. + £K1 /
34 1 C JC « CP1I % TS1 ) 1) 1)
g QF z C2 % MOCT /7 RHOF
6 PFT = BTz =~ PTI1
37 PFV Z RF02 » EK2 / C11
. c PFS Z PFT - PFV
EJ (232 ¥ E 222 F RSP P 2T SRR 22 R RS2SR 2R 22 2] 1ol
4y ¢ ¢
u§ ¢ CCNVERT PZFFORMANCE TC SPECIFIED CONCITIONS ¢
q ~
44 E##t***##*#**##*.*‘*'*‘***‘**#***#*****##*“‘*‘*#******t‘*‘#*‘*#**‘*“C
45 ¢
46 y z T (K = is ) / K % POWI % C17 /7 ( GF * PTAL )
47 X = PFT / PTAl
43 KP 2 Z % ALOGL 1o + X 1 /7 (LU X % ALOGU 10 % 2 ) )))
49 POWO - GF » PFT * KP / C17
€ 5 TAT = PCwQ / PQWI
EY ETAL 2 EOx® £ BR¥Y, oy
5z 7C S Z %K/ (K =14 0% (KL =1e ) 7 KC * PTAL / PTALC *
€3 . ( RPMC / RPM1 )#%Z. % RHC1C / RHGF
54 A ALOG( 3% + X ) % ALOG( 14 ¢ 2C ) 7 BLOGI 1. + Z ) #
&5 . ( K -~ 2.0 /7 %K % KC /7 CKC = 14 )
56 XC = IxPe AY) - 1,
£7 KPKPC = 72 / 2C # XC 7/ X # K / ¢ K = 14 ) % ( KC < 1o ) /7 KC
58 KPC < KP 7/ KPKPC
£6 aF € S QF # RFMC / RPM1 * KPKPC
60 PFTC = PFT % RHO1C / RHOF % ( RPMC / RPM1 )#%2 % KPKPC
61 PEVC = PFV % ( RPMC / RPM1 )%%Z # RKOIC / FHOF
62 PFSC = PFTC - PFVC
€3 POWIC = POWI * RHOLC / RHOF % ( RPMC / PPM] )%%3., % KPKPC
64 POWOE = PCWC * RHOIC 7 SHCF # ( RPHC /7 RPMI )#%X, & KPKPC
5 ETATC = ETAT
56 ) ETASC = ETAT * PFSC / PFTC
68 ; RETURN
£9 c
70 END
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LABsLABSRC(1).0UTVI1S)

1 *“*t*#l*‘#‘#‘*‘*‘*#‘i.“‘t*‘“‘*‘*“‘*‘*‘“‘**‘**‘ﬁ"#ﬁ‘**“‘.“‘“‘C
2 C#t*t*t#t*t‘##t!#tt P P T T T T T T T T T T I e T P TS
2 g &
g ¢ SUBROUTINE GUTV OUTPUTS RESULTS FRCM VOLUME FLOW RATE / ¢
s ¢ PRESSURE APPROACH ¢
7 C*###**#t##*#*#t##.*"It*‘*‘#*#‘#**#‘*t‘**“t‘**#‘*"ﬁt“‘*#“#*‘*#tlitc
g S‘*‘&#‘#‘#‘*“‘t‘ti##*#’.#*“#*‘#t“t#*“‘t‘tt‘#*‘*‘#““*‘#‘*#ﬁ““*t‘c
ii i SUBROUTINE OUTV ( QF, RHOF, IU )

12 COMMON / PRFRM / RHOL LRHO2 LEK1  ,2K2  ,POMI_,POWO

13 1 , POWOC SRFMI  ,RPMC ,KC TRHO1C sT1C

14 3 PTALC

15 COMMON 7/ PLNAVG / MDOTI ,MOOT2 ,MUOT3 ,YF JPS1  LPS2

16 1 PSI  JPV1 ~ IPV2  JPT1 P12  ,PSA1l

17 2 PSAZ ¢PSA3 ,TS1  ,TSZ  ,PFT  ,PFS

18 3 PFV.  JKP

19 COMMON / PROP  / K R MU

26 COMMON 7 OUTVP /7 QFC_  +PFTC_ +PFYC +PFSC ,KPC  ,LETASC ,

21 1 ETAT JETATC ,ETAS

22 COMMON 7/ CUTME 7 MDOTC ,YFC  ,PCWIC ,KRHCC ,ETAC ,RHOMC

23 JCOMMON 7 UVOPRR / UGER_ UPFTR JUPFVR ,UPFSR ,UETATR,UETASR,

25 LCOMMON / UVOPRS / UGFS  ,UPFTS JUPFVS ,UPFSS ,UETATS,UETASS,

27 COMMON / UMASS / UMDIER,UYER ,UPIR .UETAR JURHOMRsLPOR

23 1 UMBTFSIUYFS JUPIS  sUETAS sURHOMS,LPOS

29 COMMON /7 UVPCR / ugrca TUPFTCR,UPFSCR, "UFFVERIUPICR IUPOCR ,

7 1 UETACR

i COMMON / UVPCS /7 UGFCS ,UPFTCS,UPFSCS,UPFVCS,UPICS ,UPOCS ,

Ep 1 UETACS

¥ c

38 ) REAL KP oKC ,KPC  ,MDOT1 ,MDOT2

o]

36 INTEGER 2

37 c

3¢ . GATA 2725/

43J C#’*ﬁ**#“*#t#.‘t‘4##'&#‘##‘#‘#**‘*****#‘**.#‘#‘4‘**““I‘i*‘*#*‘ﬁﬁﬁtﬁﬁc

41 C c

42 ¢ CUTPUT PERFCRMANCE RESULTS ¢

:’; E'*#t***‘**t*#‘#.*‘**#*#***t‘****#"**‘**““‘*“*‘ BEARRIR SRS RS R %k
o)

46 WRITE (Z,10C3)

47 WRITE (2323068)

48 WRITE (Z42010)

49 WRITE (Z92011)

55 . WRITE (Z,5€12)

“1

52 uN - SGRT ( UGFR + LGFS )

53 PAN = SGRT ( UQFR )

5y SYS = SQRT ( UQFS )

gs AUR T ON * QF

56 ARAN = RAN * GF

57 ASYS T SYS » crc

g PCUN = LN % 1uCe

2§ BERAN © ENm % 16

63 PCSYS = SYS * 1.C.

€l c _

% IF ( 1U «EQe 1 ) THEN

63 WPITE (2,505C) QF JAUNGPCUN,ARAN,PCRAN,ASYS,PCSYS

64 WRITE (Z,5ECI)

65 ELSE )

66 WRITE (Z,6C0C) QF yAUN,PCUN,ARAN,PCRAN,ASYS,PCSYS

€7 WRITE (2,5CC1)

68 ENDG IF

6% c

13 UN Z SQRT ( UPFTR ¢ UPFTS )

71 RAN = SGRT ( UPFTR )

72 SYS = SQRT ( UPFTS )

73 AUN = UN » PFY

74 ARAN = RAN * PFT

75 ASYS <= SYS % PFT
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s AUNSPCUN,ARAN,FCRAN,ASYS,PCSYS

w
v v 7] w 7] v >
>= > > > > > v
v %] (%] wv wn [ 8]
(S (8] [S] 8] Q (&) a
a a [« 8 a a Q. L
- - - - - - (7]
7] w %] [%] %] %) >
> > > > > > v
723 %] %) w v v <t
< < L q < .S < -
- - - - - - N
& Z P z < 2 < e
< « < < a < @ &
o [+ 4 74 o w 24 [ M
) s Q 3 o %) o M
a a. [-% a a a - # oo
- - - - - - - ﬂ 3
2 2 F4 z = z < C
< < o « < < o =8
x o o4 o (=4 @ R*4 | ¥z
< « < < < - - 145
Z = z z 4 -4 D ge
o =] wv p=) 2 v e 2 - (&) - =t
[§] o (7] (8] [8) > (@] (&) Q. g =
Q. a. L. a. a. '8 [+ 8 a ) - wv hc 3
- - o - - a - - 4 z o & 2
z Z =] z z =) z z a 2 a -
s o o o 2 o} o < P - i..m
g < * - < L4 + ~ L4 < - S G
zZ - - Z - - & - - - -~ Z4 ey & o~ -— qu
(W] - o ul v xaxwn Li> > [N | [T
T . [l XY ] paTe 'S > > p 78 S xx v Io [ - 4. 4%} g s
e e e +—a o, [P T s s 0 0O a [Py TRV e e 0O a e il i NI S < a DOOOWVO ¢ a o 35
[&1834) 0.4 A.VIVTNL OV Q0.0 >>>0O0) ao0o X3 8000 aan €000 ey
€I D) e s DIDODLt D NI ~ema e DIODLLUIDD = DODDOOOIID e - DODOQOWLL ) =
K] et e Q.Q Q. rtréme Cree (S]] Q.0 O et e=tend et O OO Ot oot L O Q.0 Q rerd v 2 =}
cdederd o~ d - ~ O NN - - My M — - W N — - M m
*8a O 0o ®* ® [ PR W] ap RS RR [AXSEN«15} *HE RN FR (S B ] &) R RRRR KR
) sSOUY O Pt e O - [17, JV, V-7, § e aad N oW = | < =
ZUV U er e oo £V IV G es e XXX ZVN X Fee e e ZV L e = we o v ZWn 1o °
LA WNN NN DI PESA>Z A WNN NN DTOZLIZ <> NN NN DI LIC>Z <A™ WNN NN [Fls S8 -0l 123
DXV e e VNTNDENIDIEUY 6o NNNDDENDO Y, = NNNIDE NIQV o= = e VNN D NDDE N 1% &
iR =
W Duitg WW HEL O st it DWW AEREOE AP Dlour Ll PRI D W TR RERART NI - p
bbb bl [ T N H—— =l “ &
Zzwn bbbl bt -7, el anla] Zwn i L] zwV Pt Pt et p- X7 & o
2> —xxluge ZNZ IO~ (0K VN2 I> wxohlxie ZNZ Q> = ulixd 2ZnZa > AR
Dawn TXTNARO Z0nZa>2Dawv ZERNZXED ZVNZC>DOen T BN 2RO ZVNZTA>D0WV TFNERD ZNT<C>2a V) @&
OOU W ] ¥ ZEC>IDXNOVO L 4 Z ZI>IDTNOVO L ] T 2a>Dr VU OU L 3 2 2Aa> DLV -
aaa = [N] W Doviagaaltd - L W Dxvda<ada (W] W Dxrndago oo (W] I DxVaaaLn Q xmo.w
’ =0
5=
&8
J &
(8} (8} (&) (] (&} [8) &) (8} [8) 4
~
v
Z

DI~ OO0 LI 4 M N O OO DI ANM F DO M0 D~ (I F L O = O M AN M LD O DO D =40M 3N D0 00D UM T DD D AN M DO DO 4
P PP 00 £ 00 O0U) €0 QO COCO ONGE OF O O ON Of ONO- O T 2L (D D0 Clemh rmd et el ol ot emto=t NI CUON NN N OO ONFY MY MM MMM > I3 I3 I3 T I3 F U0
Jo B B L Lo ke Lo R L R L R R R e R e L R R e R e e L e e e R e R e e Rl l el el ok ala it le ke le)




Copyrighted matetial licensed to Houman Salemi on 11-Apr-2008. Single user license only. Copying and Networking prohibited. Distributed by Thomson Scientific, Inc.,

b 1
LUVL O
* .
* *
* 3*
* »
»* #*
* *
»* +*
» *
* #*
» *
* *
* *
[} %] [V ) » *
> > > > » *
(%) (%] %] (%] [V B ] * *
(e} (8] > > (SN S ) * *
o [+ v (%] o a * *
- - (8} (S} - - * *
7 vy a. a vi v »* %* =
> > - - > > » - =
(%] [%} %] %] % % * # 9]
< > > > < < * OO 5%
- - (%] (%) - - * % et b _....O
z = L= < Zz < »* % OO L o
< < - - < < * # ITT £ &
-2 @ Zz 2 x «@ * * oo 50 %
= (5] < < [T * v o* 5 g
Q. o (44 o a a ® - K e — 0
- - Q o - - 4 » & ol
4 4 a -9 Z Z * D QO =8
< = - - < < # ¥ IX 251
@ <4 z Z x o # W # aa = B
< < ~ < - < - < < * @ * xa ;20
- - 24 [« 4 - - 3% * S m
P14 a4 ("] < (%] < %] & = * 2 k ~- - e
pm J - ] - (4 wvr - . D O # © # QO =) m
@] (3] L p<d < b o [E NS * ¥ OO % -
a Q. - =) ~— o x a a fON B e (8] i
- - ) ©w 1Jd o [ 4 - - # X # WO w o R
< < =2 Q. =2 a =2 Z & % W * - - o =R
o s | - - p= B | #*# > % NN 2 Lo
L < -~ z * ~e z -~ -« " Z B - [
- - = = - = # O #* wul 4+~ AR
ZO (4] @ v < xewv < @xo v Zu W %® O R -+ =ow
ul ® 2 [ aad o - (7 1% 1% - PR THY TS wo o * * @xowv o.m
o Q o« <L - <L < (%2} [=loN o] T I *» - % o VOO m e
~a o [ ol s sl sl B - 4 [l et I VAR IR 4 TIXTu Ul #e e =(r ¥ # 3 % =< lae <3
W aa QU - bt el CLIO0 - o O GCoulu a ® QO [T28 [+ [SX S 8] & g
iadala e ded DIADE=F=TAUDIC3 i DO 310 W DIODDITITTAIO -~~~ -~ = # - ¥ ~~ o 36 Jom | P P P & go]
Qe Qe WL Lt et L) bt et ot o=t O X o ettt o O P ) > I V,m
-t OO 0 -t —— D o~ e st st -t O o~ — o~ — E -3 o » — N P~ o~ - o) A
Ly (30 *E R SRR O R RE R O * % xRN [ & Qe O % »* LI e * * 9 o @
LIT2 V2 BN~ 17 2] [l = - @D - sy W Fxr N B * e 8 ()t b= m.ﬂ,
[« BRI T QUOX ZVI TV UI ok ZV LV (W Q@ £V ZVI T e - ity ) ® ¥ QU JOULLOD o Zwn 1R g
WNNG NN DTIZLPIZAD> WY TTOZAL>»ZIL> DU TFOARLZA»ZL>» WN N N N & # wWid AN T OTZ C>- © &
LRt el g NUVINDE VNI oo NINDENICEVI = NNVNDXNIOV) s~ e = % * e maesse TNNDEWV e
NN NN NN NO#® » CINNNT < 7
Dl LA PORPLE AR DR 8] sese L0 NENL A N ) b e QLRI TR DWW -~ # DD e TN HIL =
[k ol S o S Y T [ Ll YT # L ] =21
e LUV LY £V Lklwi PRL Y] o Wt W B * [WEPSTR R VS 28] m.d
- reuwxe Z2NZC> ZVNZa> ZTNZAL> ~ixllo bt = PR N o ot ol o o =V &g
XV IXC ZNZAVQA V) LNZa>o@ N i ZNLa>Ooawv XVIZL b - R * [l Lt ] “—NZ L> () mr
[T - T 2O VO00 XY T DEVNOVL X ZE>IDLEVN0OV0 L J o xx o # A Ll XX 2> 9
— w W Deenagqaen o XX DrNEagdi o IR D0 NCIIOANT - L W Z3ZT OE OH# # - EREIXIEX DViQE< =
* * S
1 » <
# *
# *
A * it
< [S) (8 o (8] (S} (&) O VLLLLOW (&) (8]
NFIT DG~ OO M O 00 LIt (NN U O DO =40d MT LN O DO TVt UM T IO X O Dt N LD D~ O D I TN D PR DY e M) U0 O
W 6L L) LU LW WO 20D DD 010 W0 W30 P~ s P P T P PP €0 (X060 (O A 00 D G0 OO 00 0.0 O LI D 02 LICID Ded wtemiot vdvt el bt 40N IO DN NN Y
gt ot o et rdrnd 0t ot oot o 4 et rbvd o rert ol bk vt vt ot vt = bt et ] e e 4 e e OO O N NN O O NN CFOIE NN O ON TS 0 IO CIONOE NN




Copyrighted material licensed to Houman Salemi on 11-Apr-2008. Single user license only. Copying and Networking prohibited. Distributed by Thomson Scientific, Inc.,

n » v v n [
7] v > > > > > >
> > ) %) v wn w w
7 % 8} Q o [$] Q Q
5 o a a a o a a
a Q. - - - - - -
- [ v 7.} %] v [ )
(7.} 7.3 > > > > > >
> > v %) 7)) 17, 7] v
7 v < < - < < -
a < - - - - - - .
- - < z z Z =z < [}
z =2 < < < < < << P
-« b o a @ @ @ o U
@ « O ) o v s o s <
Q (%) a Q. a a a a £
a a - - - - - - & o
- - 2 2 =z z 4 Z E g
z z < < < Y « < 5o &
< Ded @ @ o« x - 4 <4 £ g
113 (3 - < ot - < < - < < =g
- L. ¢ - - - - - - o o
- - ) 2 z 73 z z v 2 z - 24
z z 4] o o '8 =) > 5 = = £x
poo o J [t (& (9 - (8] (8] - (& (] [ zZ B
o ey w a a w a a w o G '8 g %
a o. a - - a - - a - - — -
- - b= z z o z z b= z z a <R
z z o = =] = o = ) Ll
2 2 * ~e < < * -~ £~ « *~ - -t B T
< «t - - - - - - + - - 5 e
2Z e - xown P8 (8] cwwn ;O (8] xwwn 20 (] Sl
wo 8} QLY T - (158 w v 7] QOO wi> > x o ] [t ot
T w —— Tu u LIV YV I [ >>> Tu W LU OU [STS) B g
¢ oo ¥ 54 LLlLUOOU s e s Q o L bUOO » 08 0 Q. LWL OOUe oo »Q o At o e » ooy
(§¥ald) N S T T B aQaavnoc) a0 a >> >0 00 aso = 00eE0 S &
T ~emm DI LI ~mmem - DOl OLI) ~amem A DDLU LI ~aawm A 20 DO 1) DIOM ‘oW
— o= Carmt e DO QL rdvd e Crlet C)oe O O.Q rtmie W O Q.0 Quet i QDo e h O et Qo @ b
~0a 09 - —— hed ettt - - (N ——— ~ M M - - IS
3+ » LU O TR R Qo ao L E T ER ¥ Y oo LR TN 2 [ZTE RN 78] ® HER eH < €
enu O T anN VW - s BN P N ow [—— - g @
TV Fee eoe XL ZV 2V Teem oo QXX ZV 2V O ee e e XX LV &LV oo an a «Z Tmuan =
P 2 TV LY N T AN X» 2> 1INIE NS DAPZA»Za> WNN NN FIPZL>Z AP UINN NS FL A L7 T | Ym
DAV s~ - BOIVNDENIEY) o= = NNINITNDIO N e~ ww VNNIDENDEN s — DV DK VInn £ 5
oy &
MO Dbt WMg PO LI 1 Dty Wi g VAL N 0 D Wt L DO e Bl DWW W INEIINIEIRIRIRY = L
—_—— - [ S T S - el [ Lo o = P [
ZzWwn [ L I 1o F ] WV bt el i Zwv L S I T ] 2V Il BT T = wr @ &
ZaC> walloe ZNZL> —@EXiIEE ZVNZI> Xl 2 NZ aA» X uiXe Z22Za V> 1o =
Sawn ZETNIEO ZnIZa>Drwn TR IO ZwunZza>Jawn EENX XL ZNZC>Dxwn EEUEY 1= 2L DN = 8
LOOU L. - Z 2O DaxVu0oU W | 2 2dax»DXO0V W i T ZADE MR W - 2 D an VU >NL K-
[ W Y] [ W Danaacaan - L} W Douvaaao oo b LU Dawvdadg < aa ("] w DA et a g m;m
ks
&8
Cog
L
i
~
(8] [§) (@] (&) [S) (8] () o N

L O JedlNM FTLION DO G I F U DM DO Tt NMT DD M0 O 13 AUV F D P O =0 13 O D OD A~ M LN D~ D0 T4 "M DD P~ O M
NNMMMMMMMM NS T3 T3 33T 33000 0NN O OU 6 Q0 OO O L0 NOND O~ P~ P P P P e P 0 O DWW QWA VAT RGO 00 00 OC WO
NNENNNCININ NN NN N AN NN AIEI O N C LA O NN OO 0N O 0 OO (NN O LaVIoF ot RaV Il oV [SS AV EAT RV AN [N MoV oV TN [ N TV LN WAV ANY NN DN TNV PN T R PN PR NV Y VPPV




Copyrighted material i

(%)
[SXS] Z
» » jos J
* #
* % Wi
-~ -
* » 2 -
L X - - ”
* % o » -4 - -
» % viod . - ” E
* % o x tn . ]
* & < - . E 4 w
* Qe [ E 4 — -
(%2} w 1% w) % » I =0 e - - [ 2]
> > > > LR ] [ o T = ” 'S - .
v 17 v %] 7 v - n - 3 . - ™ ~ W@@
[$) () (&) o > > » % & X< ~ ] . - (oY
o a a. o v v - % L O -~ e . Le] (s
- - - - (8] (&) * & IT. wd 2 N L (o] -
%) n 7] 7] a a *® QO e+~ D N - - w M 25
> > > > - - * # < W . L] [ - L =
["2] ) (%] (%] vy vy - ® (4] L= - e . - ~ ul 175
o« < - < > > i X M~ X = ™y . - . <
- - - - v [%} #* » a D [ VI ¢ . ) w e~
z z = z < < * a as = u b ¥ - s
< < < « - - LR a IX e m,O - ~ . ~ =
x o [+4 [74 d zZ * o e Z O w - . @
(%] (53 © [5) <z < #* » W Ve <UD - ~ - &
Q. a. a. Q. e 4 w LR o e —rte F4] ™~ - N m
- - - - %) (3] * st D e O e e . -~ L !
z z Z 2 a. a * % N XZ axX L — ] - &
< < L3 <t - - ® * N ML e 3N e (2] W . o)
¢4 24 [+ ¢4 pid Z - & W I euty e [T - O] =
< < < -t 3 < * % [ x Xk e £ - . x =
- - - - -~ [vd [s4 * @ A *LI oONe 4 . ) .
4 Z 2 z « « * B (7, SRS k& [0}  J z i
p] ) - > ] v - - * » N e et N = -4 £
[S] Q (] (8] (&) z P » e o ke L) e prid . b=t
a a Vv a a < 2 = # & W X @ eQ Ped — - i
- - (9] - - - (¥ (8] * % - D~ WXZ 4 . b3 =
z F4 o prd 2 [N] a o i % < * s JOD~D - - - -2
o > Q. D o s} - - % » @ .~ L er s -~ - > - <
< < = < < pad Z * % XKE De =Ne WX ~H e b
- - - - + o~ = = an £ IO ChX ee NP~ Noe N> £ ]
(S (8] + o~ (&) (&) < T4 » O =] N A es N N .
Z ] Zzo o rawv - - [S) » " a  eZ Xultye O * = ~D e ; E
Wz = [ - 4%} wizs E] [SXS1S] w (8] a * % M * OO sty e e Q) -
Io o QO VOV OLL TOo o L {SNS 'S -~ %) x * & > ~L e wM g LI-MLO o)
Q. [+ % QOOOOO ¢ s ¢ -0 a (ool anl od ool ol S TN SN R 4 L= 4 (&} ~ * » L) s s Di—sre ol oy o) | o
[ W.W. N I 15 &4} Wb L CITIT - a a * % Tme s NI OM DD =
~—— e~ DDDOOOMIIL) e DODE= k0D Ly W] x x * % DNEX D M e A VI NS m
LWt O Q. 0.4 vt Qet (T (W TE R P =« * wdNET- X OANDLU X2 W Lwv =
AN W ——— ERTV- RV, ROV ] - —~e mm mm s * ONG oD Zw ) «OZ 2 ad 2 @
W L *RRR R (SN & BN &] & RARFRE Dot WDt Gl OO o~ * " >NDS e > e IO M XX < &
swIW DWW ol el e YUY WV = M~ M T T O R me a(Mt-e e s e oL L QL Al M;
(& B - - xaxa Zwvn L) G = = - o @I LV Zv LY W W, Ou N # e e F e e Te e Te e Te m
wNg NN FATL A Z AP LIt N PAFX D LA DL DN D WD (2 # R N ML O XN St B st et - =
- NNNIENIDIAN o~ NVINDANIEY) e e e ae on N R L KO L) CO~ 3 L € 3 L > L 3¢ XX =
NN NN NN iy - AR PMHIULTZOTT o I3 T T P
DI Lud Lt ot DWW uiw HHOH B I 1 s o v o (N B e e U e e Mo M) s e ) g ©
[N - - B e Z A Qe - S 8 pe e 8 -
inielilednia =un lsdnilainlal ZU Ll Lt Wik Wb W Y # R daHdr ¢ <r AT NS Al gaNa < g
- o ZVZa>» i ZNZEL> - e e e e D R R XEAY. e ed XX T NEI AN AMATY g,
X EVE RC ZunLarIxEV X XN XXC ENZ A3 DEEVY Pt kb e b L B R R A XX QL0 X O KL =
w - 2 ZL>DIVOO0V -1 Z Za>DVENOVY X XX G Y& & W ##F OOFrOTNO~RO00 OO0 0O OO0 =
— [} W DaOVva<<a 6. 4 W W DavidagwaQtll 232 2T Vg ZTT T O AR LLWL * el sl LW kb W o]
#*+ # -t et 8d et - —t -t e
## OO0 O - NOO D) G O
% DD 4 - NG et dny MY
#€ Y O YOO Iy 00 o
L I T BN [ I 'S T2 R, TV NV, YV, TRV PV
[§] (&) w [ (&} (. [§) (@] U 0LLO
DR Dt CIM IO I~T N Dot M VTOM WO Ot NN T DI 00 DACIM P N OO Yt "I D O~ OO FeACIMIF IO OO TN M P N0 D08
03 €07 Q05 () ot oot ot ot vt (NN MO NN MY MMM MM MM P 3 23 3 33 T U0 D DU DU O DO D 00 W00 OO M I PP pa e I e
1 MM MY MM M MM FTMIN MMV R M MBIV MM N N MM MM R M M MV N M MV N N N M MM MR MM MM R MR PN M M M) 8




Copyrighted material licensed to Houman Salemi on 11-Apr-2008. Single user ficense only. Copying and Networking prohibited. Distributed by Thomson Scientific, Inc.,

N = e LJ Ly 4 —ooLMma e MW Dl L b W L.
AL T BT T LT SUZ e R ) mE RS e ST -
ML DOTCOErR OEM UGN L < ML« )= » - O et M) M < ey MY M) (M)
QA VLLW *Q 1l o0 L, Ll ®udle o wiye ~ ol ol oW o L Sl
F* v e e s Mo r Mes Mo Mo o (e eide alfds T Je Je Te M Me
S meeerd B Ed ARl m et nnede INE NN mcd wrt et et B S ey
L D3O DU I PO PO DO L« @ et @0 L 2K L KL DX L D¢ b Xl >
CTTTT T T ¢+ oFT ®FF o Dwe DT oF o o3 oF oF o3 «
MY o v ™ e 1) et N e MY e e MY e S L (N VS V) D) e N M M) )

P
b
=
Pt
1
&
<
[}
S
S
By
o
=
&
&
Z
&0
=
2
=]
S

- -
- -
o o
- - —
- - ~y -
- Lag L} . [} o - ™M
Lt ] . L4 o~ 79] t - ™M .
. td (8] —t Lo ol My .« N
o - ~ u - (X & (X = -~ e N
-t [T L - ™MW LN - = M) T e W
|78 - - M - SN OB e M s et W - -
- [ag] ™M . 2] & o T - . . T L - M ~3
Lag] . . E 3 - O O F TF o~ - M . .
. - =3 — w O> O> e 4 L ™M « T ™M
T —t (] 'S - [ d [ ol PSR VN - e I o~
—t L. u - [ IV Lo IR R - - M M - b uw
. - - ) e N WV M M o — W - -
- ~ N - F A2 a7 . s ™M u - ™M N
gl . . Lal - D D M M e - N . .
- ~ ~ — w O VD ~ ~ b ™M e M
] - - (TS - Ul w [ TS T - o M e M
-4 [T L. - (T2 TG 4 ol « - - ™M I ~ L u M
. - - VY - Jd [ . oW - - @B
- ” 13} . 0 awld wd . e 3 - M N B s
~ . . u - OZ UZ T T e e e - g o
. 3 [*) - U ZF Zrt e LY e T ) & m
T - — w - < L b W - « T e~ N 8 R
-~ o [ L - s X XE e e M FoM Wk .m, m
uy L - - E [ 4 TR 4 WM « N L - - it
. - ~ @ —_~ e =L O OD . . LA BT - (Y = % o
Lag} [o3] e 8 NM N WD W M (2% - 7 . = m &
2"} . Fal MONGd ND XU EN N 9 e e . N & =
w 193] N (a1} - D N L0 b W - « U N e Jh.. m
- 1 MR W * = =N QX QX =« & & 0 W O 15
[ . - L —_— - . » - < u -~ E w .m
wul - - - (R 1 o] L} e v < O X L () o5
P - a o A L_dmmn > e N Q - - = x 000 ) m
o o. g DA De NG (13 X X & x X ° = o R
z T - a +e > mN = N e x = X X e - s =
- - - » -~ ad e ~ ~ D . - T - - D~ 25 !ﬂm
- - > - XX CUIN) = e -l O - X - - X U (o3 »]
-~ > 0 X DN P mem~ o~ . X 0 e xX D - v
N e - ~ e e MINL N* -~ - > i~ - oM =
~N e s = - - .= [ S o T 3 - o b - o Py =1
-~ Qe [l ad Ll >0 >l - - O e | o o] TS R
e et ND N OH QO+ e DD I oA O D - £
MUWONED NA Nd P ZVIMBEZ2a3 s mMgM oM D o v b
e LINE L -’ o Ll JZ ee LN NNe o sl v ) e — M o)
MDD e =D =O L L o FVW B o N L MOM ML Z D whd ©
ALI(Ie L= TEAE & TS 4 o4 DN QDD e tiNNL ~ DT el 4N A D> et O S ..m
g
@
el
-
<
=
=
<
B
2
2
5
£
@
=
TNO

bbb b~ @~ S bl G S} e - = S 4= Spu Sl Spe Sk o
N aAd T ST AL T QT FT A 7L < gLV ANS (Ng TELT CT
AT EUT AL AT AT I T 4T x S AL s e d T N At S
Lo corL ool Now e b oo e % gLoLALhruol oL o
OO0 O O Do OO OO O (&) O o O O o O D P
bbb wl bt Wl L w [ | PR VIR VUR VOR PU PO . L4
— - — - -4 ed Hd 4T a4 “ o~ P T ]
N T eRy el -ty 13 ¥ | St T e B R [ ]
MNITFTH DOD D~ D Mo 3 [} e BEECE IS B s BNV B
ey Y 0 U0y (R e ~ [ SR S S A A L
[ 2V To TPy Ve WY 1¥o BENNVE1Fe BRNNFY L IVE BRI 1V) BENNY) | w0 PO o B R Y ]

e VT O Nk NI LI O DRI e IS WD N R et ny S, 2 0T
[V TE- o QWS IPRN- & (TAR o SN E N REA SR B N e SR O RV .8 SRS | G 30 L) J 6 ) Sk WRT R o Rl Bl S il stainhand AN
MIPTMIMAN DRI MMM NIRRT T P Ty T T T T T T

|
|




APPENDIX C
SAMPLE COMPUTER OUTPUT

The following sample output is based on a four-point traverse. Obviously, no real test will have as
few points as this, but additional points are not necessary to illustrate the calculations and the results.
Input data and intermediate calculations, as well as final results, are given. Both actual and converted
results are shown. The results are given for both the mass flow rate — specific energy approach and
the volume flow rate — pressure approach. The same measurements were used tc obtain the results
for the two different approaches.
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APPENDIX D
DERIVATIONS OF UNCERTAINTY EQUATIONS

This Appendix deals with the propagation of uncertainties into the results. Included are derivations
for four of the uncertainty equations that appear in Par. 5.12. The other equations in Par. 5.12 can be
derived in a manner similar to one of the four examples. All of the derivations follow the approach
suggested in Ref. (2).

D1 UNCERTAINTY IN m,, THE MASS FLOW RATE AT PLANE x

The equation for m, is given in Section 5 as

1
" (p;V; cos yi; cos @), (5.6-1)
n o

Not all of the variables in this equation are direct test measurements. We can get closer to
measurements by substituting for p; and V. '

B CaiPsaj B Culpy + Cups)
TR, T Ry

{5.4-5)

V, = Cipy /P8 (5.5-1)

Pj

We can also improve this analysis by adding two factors, F, and F,,,, to the original equation. Both the
number of points factor F,, and the steadiness factor f.,, are assumed equal to unity; therefore, they will
not change the original equation. However, they will provide a basis for evaluating the uncertainties
due to number of paoints and unsteadiness. Substituting for p; and V; and adding F, and F,,, gives

n

(p; + Cupb)m
FoFm Z (C111/2C1z /R1/2T1/2 p:i/2 €Os ¥; Cos d’/)x (D.1-1)
j=1 sf

e B IR

. _ A
m, = —
x Cz

It will be helpful to introduce A; which is equal to A,/n and substitute

x

cic 2 [ (g + Cupe)”
= _”C—u Fofm E A,W‘ p:,-/z €os ¥; cos ¢,)x (D.1-2)
s

2 j=1

Defining the flow through A; as my,
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cyc, ( (Py + Ci3pp)"*
AI

172
;= Cl R”ZT:I-” Py " €OS ¥, cos d),) (D.1-3)

The constants Cqq, Ci2. and C; can be considered exact and, therefore, ignored in the uncertainty
analysis. It follows that

= FoFon 2 1, (D.1-4)

Differentiating

F" 6F‘,,, I i=1
22 i,
i=

ari, Sy

=Fnm m;=-—
aFn i=1 n
am - m
X = Fn rhl =X
anm i=1 sm

am, _my
P F = (D.1-5)

Kline and McClintock {Ref. (2)] recommended a second power equation for combining uncertainties.

0
. 2 m. 2 . n 2 Cross
(dm,)’=('—:—‘drn) +(F~dr<m) of Tmd X\ +prodict (D.1-6)
n sm Z n‘ql, j=1 rms »

i=1

Assuming complete independence of the individual terms, the cross product terms are all zero.
Similarly,

n
Yo iy =iy iy A,
i=1

d Y iy = driy +diy + - - -+ dih,

1=1

(d E ) = (drh)? + (dmy)? + -+ + (dm,) + srms0 (D.1-7)

ji=1
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Hence,

. 2 . 2
(drh)? = (—':— dF,,) + (Fm— dF\.,,) + E (dri)? (D.1-8)

fi sim I =1
E ,

Dividing by (m,)%,

I g

rh‘ F,, F‘m 1 2
(Z )

in the manner of Kline and McClintock [Ref. (2)], let

Un, = dmx Up, = —— Uf = an Ug = —
m

x

etc.,where U is the absolute uncertainty and u is the relative or per unit uncertainty in the subscripted
quantity. [t is also useful to denote the partial derivative of a result with respect to a particular variable
as the sensitivity factor 6. For example,

om

O, = —

" d F“

etc.
To develop a compact notation, let
am, ) o
6, = — for variables v, , in m;
! o 1
av,,

The variablesv; jinm;are: A,,pSI,pb,R TPy, ¥ and @ Mfi =1, v, jisAj i = 2, v,,ispsl; i=3,vjispy;
i =4,v;isR;i=5,v,;isTy; i =6,v;;isp,;i =7,v,isy; andi = 8v;is ¢;. The various sensitivity factors
are:

o
YT aA, A
0 (9!7"), m,
P apy 2py + Cizpe)
“gm; m;
[V} = — = —————
Pbapy  2(pg + Ciapy)
6n’1, m,
8, = — = —
R 9e  —2R
ar,
] = — —‘—
haT,  -2T,
123
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am;
‘), = ———’ =
v ()pvi pr
im
1 4
= —— = —~tan Y; m
o, ""/’/ ¥ m,
am;
8, = — = —tan &;m
()qb

All of these sensitivity factors have the general form

m,

g vii)

where g(v; ) is a function of v, ,

We can also let

However,

where U,

Also that

is the uncertainty in the variable i, and where i = Aj, p;, pp, etc. It follows that

k

Z Um E E (or,luf)z

=1 j=1 i=1

A ST e

glvi,)

Lu-LE(T

Rearranging the equation for m, (D.1-4) gives

Also

mZ

> iyt

22
1 =1 r F\m

2 242
i ( Ui )2 =%+1(U"S/+C13U"b)
=1 i 4 2

A/’ psa/'

2 )]

]

tan? :/;,»Uil + tanzcb,Ui’.
+
G

124

Copyright © 2003 by the American Society of Mechanical Engineers.

No reproduction may be made of this material without written consent of ASME.

(D.1-10)

(D.1-11)

(D.1-12)

(D.1-13)

(D.1-14)

-OUl ‘oyueiog uoswioy] Aq pengiysiq “peuqiyosd Bupliomian pue Buifdo) Ajuo esuso); sasn aibulg 'go0z-idy-1 | UC ILIBIES UBWINGOH 0} pasusdy feuajew pabuido)



Therefore, by substituting in (D.1-9)

U:' 2 U 2 U 2 2p2 "
(*) =(_/£) *(‘“) + L0 3
. F

m\ s n): 71
Ui 1(U;, + CLUE Tlfu.\ (e U, 32 tan? YU + tane U2,
N N b g . N1 Pyy ] [
{A-+4( 2 )+Z[(R) T(r—)Jr( )]+( C )} (D.1-15)
! p\.:_/ S pv/ 19

Setting F,, and F,,, equal to unity, rearranging, and substituting relative uncertainties where possible,

. 2

2,2
2 2 2 2 = (m ! U,,\’ + C”U”b
U,,',‘ = u’n + u"\m + “’-‘\ + Z ;;,,_ __—2—-
[ X pmj

tan? z/;,»U;’.,,_ + tan2¢o,-U§I 1 7
+( 57.30° ) + g Wkt +U5V,)] (D.1-16)

This is Eq. (5.12-3).

D2 UNCERTAINTY IN p,,, THE AVERAGE STATIC PRESSURE AT PLANE x
The equation for p,, is given in Section 5 as

E (ps/ Vy Cos l/’i cos ¢i)x

=1

Pu = (5.7-1)

n

(V; cos ¢, cos &),
;=1

The V; cos ¢; cos ¢, terms in both the numerator and denominator are weighting factors in the
averaging process. We will assume that the contributions of these weighting factors to uncertainty are
negligible and approximate Eq. (5.7-1) by

1
p\x = - E p«: (D2-1)
n =
only for the purpose of uncertainty evaluation.
Differentiating
_‘ i
dy, =~ d Y. (D.2-2)

[

Noting that

dz P\,':Z dp,;
1=

1=1

5
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and that

n 2 n
(42 p,) = 2 ooy
i=1

i=1

if we assume the cross product terms to be zero (because of independence), we find

1 n
(dpsx)z = ? E(dpsj)z

j=1

Dividing by p2,

Multiplying by p2/p}

() 5 2 ()
Psx nZ j Psx paj

Since dp;;/ps; = Upgj» the final equation is

This is Eq. (5.12-9).

D3 UNCERTAINTY IN P; FOR A CALIBRATED AC MOTOR
The equation for P, is given in Section 5 as
_10°'Wn,,

P,
Cy

Differentiating
3

0
Cus

Substituting for W and

s
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Dividing by P, squaring, and setting cross product terms to zero

(- (2]

In terms of relative uncertainties, the result including the effect of unsteadiness is

up

=2 2 2
y = Up, TUL Uy (D.3-4)

This is Eq. (5.12-16).

D4 UNCERTAINTY IN p,, THE FAN MEAN DENSITY

The equation for p,, is given in Section 5 as

p, =P1 1P (5.10-1)
2
Differentiating
1
dpm = 5 (dp + dpy) (D.4-1)
Squaring and dropping cross product terms
2 1 2 2
dpm = (dpi + dp))
Dividing by p2,
(d—‘ﬁ)z _ dei+des (D.4-2)
Pm (pr + 1’2)2
Writing in terms of uncertainties
:2 2
- (1‘,1 + U,,2 (D.4-3)

u ==
™ (o + )

This is Eq. (5.12-22).
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APPENDIX E
ASSIGNING VALUES TO PRIMARY UNCERTAINTIES

The equations in Par. 5.12 give the uncertainties of the various results of the test in terms of the
uncertainties in the test measurements and in certain other factors. These measurement and factor
uncertainties, herein called primary uncertainties, should reflect the circumstances of the test. Some
of the circumstances that affect the primary uncertainties are discussed in this Appendix. Typical
values of the primary uncertainties are also suggested here. Values are given for both the systematic
and the random components of the uncertainties where appropriate.

E1 NUMBER OF POINTS FACTOR (F))

The factor F, was introduced in Appendix D in the derivation of the uncertainty in m,. The factor F,
itself is assumed equal to unity and is dropped from the final equations for m, and for u,_. The
relative uncertainty in F, is called uz , is systematic, and is believed to have a value of 0.010r 1% rf the
specifications regarding number of points are followed. The uncertainty increases rapidly as fewer
and fewer points are used. Increasing the number of points probably does not improve the
uncertainty very rapidly. There is no random uncertainty in F,.

E2 STEADY OPERATION FACTOR FOR X (F)

The factor F,,, was introduced in Appendix D in the derivation of the uncertainty in rh,. Similar
factors F,, for other performance variables X are also required. In every case, the factor itself is
assumed equal to unity and is dropped from the final equations for X and for uy. The relative
uncertainty in F,,, is random, is called uf,_, and is evaluated from the reference measurements for the
velocity pressure p.g, the appropriate temperature Tr, and the appropriate static pressure p,z. The
evaluation is obtained as follows:

(a) obtain averages for py, Tz, and p,.x measurements for each window of time;

(b) calculate i, = (p.x * pi/Tr)"* for each window of time;

(c) calculate the mean and the standard deviation for all m, (i.e., for all windows of time);

(d) multiply the standard deviation by 2;

(e} divide by the mean and

(f) call the result uIr

Other steady operatron factors are required and a similar procedure can be used. Table E1 lists the
factors, the reference measurements, and the combinations required to determine uf ,. There is no
systematic uncertainty in F,.

E3 TEST MEASUREMENTS

Typical values for both the random and the systematic components of the uncertainties in the
various test measurements are shown in Table E2.
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TABLE E1
Factor Uncertainty Combination of Reference Measurements
Fim ut e = pig PR To”
G = PTI"
£, UR;W YR = psaR_1leTR
Fopn Fopr Pr = Pwr
Fep uR;m PR = PuarTr |
Foy v Neg = Ng
Fop “Ri,,. Pp = lpor Wy
TABLE E2
Measurement Random Uncertainty Systematic Uncertainty
A, Uy, = 0.007 u*s, = 0.007
R ufe = nil u®y = 0.002
T, U“,”, = 0.5°F UST;,' = 2°F
P, u*p, = 0.025 u’p, = 0.0M
Py uf,, = 0.015 up, = 0.0M
P U, = 0.01in. Hg U, = 0.05 in. Hg
v, vt =2 Ui, =2
& Uy =2° USy = 2°
T uf = 0,00 v’y = 0.010
: s = {om s
‘ e = {200 raiog e = 0010
' s, - o g
r = 0.010 u®, = 0.010 -
N g:: :}nil (electronic) ‘dz: : ;88;“
P, o, = 0.010 us, = 0.010
n UR, = 1 count v, = nil
t Ut = 2 sec —slip U® = 1sec

GENERAL NOTE:

These values should only be used if the actual circumstances support their use.
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The various random uncertainties that are listed in Table E2 are based on estimates of the
fluctuations in the measured variable during a typical fan test (excluding fluctuations due to
unsteady operation as reflected in the steady operation factor). These fluctuations are due in part to
the fact that the fan has a finite number of blades. The extent of the fluctuations will be influenced
by the damping that operates on the signal and therefore by the choice of instruments,

The various systematic uncertainties that are listed in Table E2 are based on the assumption that
instruments will be selected for the test in accordance with the specifications in this Code. The
values shown are based on estimates of the residual uncertainty after calibration, on estimates of the
effects of temperature and other changes not included in the calibration, and on estimates of
operator bias.
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