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NOTICE

All Performance Test Codes must adhere to the requirements of ASME PTC 1, General Instructions. The following

information is based on that document and is included here for emphasis and for the convenience of the user of the Code. It
lying this

Lent with

the best engineering knowledge and practice currently available. They were developed by balanced commitfees rep-
resepting all concerned interests and specify procedures, instrumentation, equipment-operating requirementd, calcula-
tion|methods, and uncertainty analysis.
en tests are run in accordance with a code, the test results themselves, without adjustmentfor uncertainty|yield the
bestlavailable indication of the actual performance of the tested equipment. ASME Performarnce Test Codes do n¢t specify
meahs to compare those results to contractual guarantees. Therefore, it is recommendedthat the parties to a cojnmercial
test pgree before starting the test and preferably before signing the contract on the method to be used for comppring the
test fesults to the contractual guarantees. It is beyond the scope of any code to determine or interpret how such|compar-
isonf shall be made.

vii
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FOREWORD

The American Society of Mechanical Engineers (ASME) has a long history of developing and publishing test code
blowers and compressors. The predecessor to the Test Code for Displacement Compressors, Vacuum Pumps,
Blowers,[low designated as
ASME PTC 10, was originally issued in 1934, followed by several edltlons

The teg¢hnology of blowers, compressors, and ancillary components has advanced since the last revisions of these c
The dev¢lopments have included new types of blower and compressor mechanisms, new techniques for ¢ontrol
modulatfon, and the widespread commercialization of packages with all the mechanical and electrieal’' compon
required)for a fully operable system combined in an integrated factory-assembled unit. The wide application of var

s for
and
ers,

des.
and
ents
able

speed m¢tor control and close-coupled motors and blowers were especially problematic in the application of the edrlier

performance and power test codes.

The el¢ctric power industry and the wastewater treatmentindustry were particularly concéefned by the inadequaci
the earli¢r codes in predicting and confirming energy consumption of the systems used ta’provide low-pressure air t
wastewalter treatment process.

In 201p the Consortium for Energy Efficiency (CEE) approached ASME and severakindividuals with the suggestion|
a new p¢rformance test code be developed. This Code intends to incorporate the following features:

(a) tethnology neutral evaluation, to allow direct comparison of various.blower systems

(b) wire-to-air power consumption, to allow convenient prediction of ‘@n-site energy requirements

(c) ingdlustry acceptance, with rigorously developed and credible procedures for the test itself and related calculd
methoddlogies

This ngw Code, ASME PTC 13, Wire-to-Air Performance Test Code for Blower Systems, is the result of many hundre
hours of|dedicated work by professionals from a broad crossssection of industries involved in the manufacture
applicatipn of blowers. The needs of the wastewater treatmentindustry were important in the development of the (
but it is anticipated that the Code can be used for any application of low-pressure air blowers.

The cdntents of this Code are comprehensive. Thesifitent is that the required test procedures and instruments
s can be implemented solely by the use of\this Code. Many other ASME codes are referenced to permit e
ination of various test aspects in greater detail if necessary. This Code quantifies the statistical uncertainty of the meas
ments aipd provides rigorous examples to follew.

The members of the PTC 13 Committee would like to thank all of the participants in the development of this Pe
mance Tgst Code. This includes many individuals outside the Committee who provided expertise and guidance, wit
which this work could not have bee¢n completed. Particular thanks go to Mr. John Oleyar, the founding chair o

es of
b the

that

tion

s of
and
ode,

tion
kam-
ure-

for-
hout
F the

Committee, and to Jack Karian, the, ASME Staff Secretary who guided and assisted the Committee through the fnost

critical sfages.

This Standard is availablefopn public review on a continuing basis. This provides an opportunity for additional pyiblic

input frdm industry, academia, regulatory agencies, and the public-at-large.
ASME [PTC 19.1-2018was approved by the PTC Standards Committee on January 3, 2018, and was approved 3
American National Stanidard by the ANSI Board of Standards Review on July 20, 2018.

S an
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CORRESPONDENCE WITH THE PTC COMMITTEE

General. ASME Standards are developed and maintained with the intent to represent the consensus of concerned
interests. As such, users of this Standard may interact with the Committee by requesting interpretations, proposing

revisiony

Propo
or desird
publishe

The C
citing th
including

Propo
an appro
immedial

Reque
Standard
existing
Case apf

Interp|
Standard
Committ

Reque
formisa
automat

If the
Committ]
ommend

Subject:
Edition:

Question:

or a case, and attending Committee meetings. Lorrespondence should be addressed to:

Secretary, PTC Standards Committee

The American Society of Mechanical Engineers
Two Park Avenue

New York, NY 10016-5990
http://go.asme.org/Inquiry

5ing Revisions. Revisions are made periodically to the Standard to incorporate changes that appear neceq
ble, as demonstrated by the experience gained from the application of the Standard: Approved revisions w
d periodically.

mmittee welcomes proposals for revisions to this Standard. Such proposals should be as specific as posg
b paragraph number(s), the proposed wording, and a detailed description of the reasons for the prop
b any pertinent documentation.

5ing a Case. Cases may be issued to provide alternative rules when justified, to permit early implementati
ved revision when the need is urgent, or to provide rules not eovered by existing provisions. Cases are effe
tely upon ASME approval and shall be posted on the ASME Committee web page.

5ts for Cases shall provide a Statement of Need and Background Information. The request should identif;
and the paragraph, figure, or table number(s), and be*written as a Question and Reply in the same form,
Cases. Requests for Cases should also indicate the applicable edition(s) of the Standard to which the prop
lies.

retations. Upon request, the PTC Standards:Committee will render an interpretation of any requirement o
.Interpretations can only be rendered in résponse to a written request sent to the Secretary of the PTC Stand;
ce.

5ts for interpretation should preferably be submitted through the online Interpretation Submittal Form,
ccessible at http://go.asme.org/InterpretationRequest. Upon submittal of the form, the Inquirer will receiy
c e-mail confirming receipt.
nquirer is unable to use(the’ online form, he/she may mail the request to the Secretary of the PTC Stand
ee at the above address. The request for an interpretation should be clear and unambiguous. It is further
ed that the Inquirerssubmit his/her request in the following format:

Cite the applicable paragraph number(s) and the topic of the inquiry in one or two w
Cite the applicable edition of the Standard for which the interpretation is being reque

Phrase the question as a request for an interpretation of a specific requirement suitabl
general understanding and use, not as a request for an approval of a proprietary desig
situation. Please provide a condensed and precise question, composed in such away t

sary
1l be

ible,
psal,

n of
Ctive

r the
ht as
bsed

f the
ards

The
ean

ards
rec-

rds.
sted.
e for
nor
hata

Proposed Reply(ies):

Background Information:

“yes” or “no” reply is acceptable.

entering replies to more than one question, please number the questions and rep

Provide a proposed reply(ies) in the form of “Yes” or “No,” with explanation as needed. If

lies.

Provide the Committee with any background information that will assist the Committee in

understanding the inquiry. The Inquirer may also include any plans or drawings that are
necessary to explain the question; however, they should not contain proprietary names or

information.
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Requests thatare notin the format described above may be rewritten in the appropriate format by the Committee prior
to being answered, which may inadvertently change the intent of the original request.

Moreover, ASME does not act as a consultant for specific engineering problems or for the general application or
understanding of the Standard requirements. If, based on the inquiry information submitted, it is the opinion of
the Committee that the Inquirer should seek assistance, the inquiry will be returned with the recommendation
that such assistance be obtained.

ASME procedures provide for reconsideration of any interpretation when or if additional information that might affect
an interpretation is available. Further, persons aggrieved by an interpretation may appeal to the cognizant ASME
Committee or Subcommittee. ASME does not “approve,” “
devie, or activity.

» o«

certify,” “rate,” or “endorse” any item, construction, proprietary

Afttending Committee Meetings. The PTC Standards Committee regularly holds meetings and/or telephong confer-
encds that are open to the public. Persons wishing to attend any meeting and/or telephone conference should cgntact the
Secrgtary of the PTC Standards Committee. Future Committee meeting dates and locations can be found-on the Cgmmittee
Pagg at http://go.asme.org/PTCcommittee.

Xi
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INTRODUCTION

The distinction between blowers, fans, and compressors in common practice is rather vague; accordingly, machines
that use any of these names may be tested under the provisions of this Code provided the gas media is air, pressure of the
inlet air OW 1S Cl0Se to [ocal atmosp

The
power

The reported data and the procedures defined herein may be used by manufacturers or designers prior to equipinent
purchasg to project performance at inlet air conditions differing from-tested or standard conditions.

The reported data and the procedures as defined herein or as modified by agreement between parties may be us¢d to
verify pdqrformance at specified inlet air conditions differing from the tested conditions.

It is irflcumbent on the parties conducting the test and using the reported test results to

(a) identify differences between the tested and specifiedinilet and discharge air conditions

(b) identify differences between tested and proposed-or' purchased equipment configurations

(c) verify that any variations between test and installed configurations fall within the limits of the methodology for
convertihg performance data to predicted conditions

(d) evipluate the performance impact of differerices in configuration or components between the tested blower sy$tem
and the |nstalled configurations of the blower.system

Xii
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ASME PTC 13-2018

Section 1
Object and Scope

1-1 |OBJECT

The purpose of this Code is to measure the electric

(a) provide the rules for testing blower packages to
determine wire-to-air performance using ambient air
(4) provide methods for comparing measured.aqp

(d) blower system volumetric flow rate
(H) blower system isentropic head or, alternatively,

1-2 SCOPE

The scope of this Code is limited to wire-to-air perfor-
mance testing of blowers in a controlledenvironment and
does not include field testing. The term “blower|’ implies
that the machine is used primarily for delivery|of air at
pressure ratios equal to or lessthan 3.0. This Codd does not
include procedures for détérmining the blower|system'’s
mechanical and acousgtical characteristics, nor if it appli-
cable to machines employing forced interstage [cooling.

1-3 APPLICABILITY

A blower test shall be considered an ASME (ode test
only if\the test procedures comply with the prpcedures
and.allowed variations specified by this Code.

1-4 TEST UNCERTAINTY

The uncertainties of blower package test results depend
on features of the installation and on parametdrs of the
performance test such as the instruments selected, their
locations, and the number and frequency of readings. This
Code requires an agreement between parties forfa pretest
and/or a post-test uncertainty analysis. The pretest anal-
ysisis required to effectively plan the test. It allows correc-
tive action to be taken prior to the test, either to [decrease
the uncertainty to alevel consistent with the overpll objec-
tive of the test or to reduce the cost of the test while still
attaining the objective. The post-test uncertaintyf analysis
shall be used to determine the uncertainty intervdls for the
actual test. This analysis should confirm thq pretest
systematic and random uncertainty estimates. [[t serves
either to validate the quality of the test results or to
expose problems.

For a blower package, the following independént items
shall be the typical uncertainties when a test is p¢rformed
in accordance with this Code:

Additional quantities that can be determined are

(a) properties of gases at the blower inlet

(b) blower speed

(c) relative set positions of inlet or discharge flow-
modulating devices (e.g., valves, vanes, etc.)

Henceforth, the term “operating conditions” shall
encompass these conditions.

Typical Uncertainty

+1.0% (¥1.5%) (refer to
subsection 4-5)

Parameter

Inlet volumetric flow rate

Pressure ratio (PD blowers) +0.5%
Isentropic head (dynamic blowers) +0.5%
Total wire-power measurement +0.9%


https://asmenormdoc.com/api2/?name=ASME PTC 13 2018.pdf

ASME PTC 13-2018

1-5 REFERENCES

The following publications are referenced in this Code,
both in general and in specific sections. For references to
specific sections, see the editions of the referenced codes
in effect at the time of publication of this Code. The latest
edition of codes, if different from those indicated, super-
sede these editions and should be used for defining testing

requirements. In case of discrepancies between this Code
and the £, n o | 4 thalatact adit: o filbao vofox
uuuuuuuuuuuuuuu —thelatest-edition-of-therefer

ASME MFC-3M-2004, Measurement of Fluid Flow in Pipes
Using Orifice, Nozzle, and Venturi

ASME PTC 1-2011, General Instructions

ASME PTC 2-2001, Definitions and Values

ASME PTC 9-1970,1 Displacement Compressors, Vacuum
Pumps and Blowers

ASME PTC 10-1997, Performance Test Code on Compres-
sors and Exhausters

ASME PTC 19.1-2013, Test Uncertainty

enced cgdes shall take precedence unless specifically
stated otherwise.

ASME B40.100-2013, Pressure Gauges and Gauge Attach-
ments

ASME International Steam Tables for Industrial Use, Third
Editioph (CRTD-Volume 58), 2014

ASME PTC 19.2-2010, Pressure Measurement

ASME PTC 19.3-1974, Temperature Measuremeént

ASME PTC 19.3 TW-2010, Thermowells

ASME PTC 19.5-2004, Flow Measurement

Publisher: The American Society of Mechanical Engirjeers
(ASME), Two Park Avenue, New Yark, NY 10016-5990
(www.asme.org)

! This is no longer an American National Standard or an ASME-
approved standard. It is available for historical reference only.
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Section 2
Definitions and Description of Terms

2-1|SYMBOLS

The symbols used in this Code are as defined in
Table 2-1-1 unless otherwise indicated in the text.
Bothh U.S. Customary and SI units are shown. In some
casdgs, other dimensionally consistent units may be
used for calculations.

2-2|SUBSCRIPTS

Cgrtain values for thermodynamic state and mass flow
rate|are used in the computation of the dimensionless
performance parameters M,,, Re,, r,, 1, ¢, and ..
Unlgss otherwise specifically stated, the thermodynamic
total conditions are used.

The subscripts used in these equations and listed in
Tablle 2-2-2 are interpreted as follows:

(d) The subscript “i” on thermodynamic state variables
dengtes inlet conditions. For single entry streams, it refers
to conditions at the section inlet measurement stationt

(W) Thesubscript “d” onthermodynamic state varjables
dengtes discharge conditions. It refers to conditionisat the
maifstream discharge measurement station.

2-3 | DEFINITIONS

absdlute pressure: the pressure measured above a perfect
vacyum.

absdlute temperature: the temperature measured above
absdlute zero. It is stated (in)degrees Rankine or kelvin.
The [Rankine temperatute is the Fahrenheit temperature
plus| 459.67 and theKelvin temperature is the Celsius
temperature plusg273.15.

acceptance test:-a-performance test carried out in accor-
dange withttHis Code to determine if a new or modified
pieck ofrequipment satisfactorily meets its performance
critdrigypermitting the purchaser to “accept” it from the

three-phase power, P = /3 -V -1 -pf, expresseéfl in kilo-
watts (KW).

ambient pressure: the absolute pressureof the anjbient air
measured in the vicinity of the blowerinlet and%easured
at the stagnation condition. This-will equal bafometric
pressure under typical conditions.

ambient temperature: the.temperature of the anfbient air
in the vicinity of the/blower, but unaffected by]it.

apparent power: the'véctor sum of reactive and repl power.
It is the square root of the sum of the squares of the active
and reactive‘powers; it is expressed in kilovoltfamperes
(kVA).

base réference conditions: the values of all the|external
parameters, i.e.,, parameters outside the test Qoundary
td/which the test results are corrected.

blower package: defined by the limits of the [scope of
supply as specified in the overall project coptractual
agreement pertaining to the blower installatjon. This
shall include all deliverable components to form gn opera-
tional machine, including but not limited o inlet,
discharge, and all power devices that affedt power
consumption. See also packaged blower.

calibration: the process of comparing the respopse of an
instrument to a standard instrument over some fneasure-
ment range and adjusting the instrument to njatch the
standard if appropriate.

choke flow: the point where a dynamic machine i run ata
given speed and the flow is increased until maximum volu-
metric flow rate is attained and the pressure/vdlumetric
flow rate curve appears nearly vertical. Also cplled the
“stonewall point,” further attempts to increase vqlumetric
flow rate result in a negligible change.

compressibility factor: an expression of the deviatjon of the
real gas from an ideal gas. In this Code, the comprEssibility

suppier:

accuracy: the closeness of agreement between a measured
value and the true value.

active power: the portion of power that delivers useful
work to an electric circuit. Active power, also called
real power, is the product of the root mean squared
(RMS) voltage (V), RMS current, and power factor (pf)
times the square-root of the number of phases, i.e., for

factor, Z, is defined as 1.0, and omitted from relevant equa-
tions.

control volume: a region of space selected for analysis
where the flow streams entering and leaving, as well
as the power input and heat exchange by conduction,
convection, and radiation, can be quantitatively
defined. Such a region can be considered to be in equilib-
rium for both mass and energy balance.
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Table 2-1-1 Nomenclature

Units
Symbol Description U.S. Customary SI
A Flow channel cross-sectional area ft* m?
Acoustic velocity ft/sec m/s
Intercept of empirical correlation rpm rpm
Cq Coefficient of discharge of flow element dimensionless dimensionless
Cp Specific heat at constant pressure Btu/lbm-°R J/kg':K
¢, Specific heat at constant volume Btu/lbm-°R ]/kg-K
) Molar specific heat at constant pressure Btu/lbmol-°R J/kmol-K
< Molar specific heat at constant volume Btu/lbmol-°R J/kmol-K
D Diameter ft m
d Diameter of fluid meter bore or individual tubes of tube bundle ft m
F Force Ibf N
g Gravitational standard acceleration constant [Note (1)] 32.1741 ft/sec? 9.8067 m/s?
e Dimensional constant 32.1741 ft-lbmIbf-sec? 1 m-kg/N-s?
h Enthalpy Btu/Ibm J/kg
HR Humidity ratio diménsionless dimensionlesp
J Mechanical equivalent of heat 778169 ft-1bf/Btu 4.187 J/kg-K
k Flow coefficient for flow conditioning pressure loss dimensionless dimensionlesp
MW Molecular weight Ibm/lbmol kg/kmol
M, Fluid Mach number dimensionless dimensionlesp
M,, Machine Mach number dimensionless dimensionlesl;
m Slope of empirical speed correlation ft® /revolution m?/revolutioh
N Rotational speed rpm rpm
n Number, quantity, unit conversion factor dimensionless dimensionlesp
P Power hp kw
p Pressure (absolute or gauge) psia (Ibf/in.?-abs) kPa (a)
psig (Ibf/in.?-ga) kPa (g)
Dy Velocity pressure psi (Ibf/in.?) kPa
am Mass flow rate Ibm/min kg/min
qy Volumetric flow rate ft /min m3/h
R Universal gas constant 1,545.3488 ft-Ibf/1bmol-°R | 8314.47 ]/knjol-K
1.98588 Btu/lbmol-°R
Rg= Rmix || Specific gas constant for\tlle mixture (R /MW,;,) ft-1bf/lbm-°R ]/kgK
Btu/lbm-°R
RA, RB, RC|| Machine Reyneld$ Tiumber correction constants dimensionless dimensionlesp
Re Fluid Reynolds-humber dimensionless dimensionlesl;
Re,, Machiné\Reynolds number dimensionless dimensionlesl;
RH Relative' humidity % %
r Pressure ratio across fluid meter dimensionless dimensionlesp
Ty Recovery factor dimensionless dimensionlesls
Ty Pressure ratio dimensionless dimensionless
rg Gas power ratio dimensionless dimensionless
r, Ratio of specific volumes dimensionless dimensionless
T Temperature °R, °F K, °C
Time sec S
u Internal energy Btu/lbm J/kg
U Blade tip speed ft/sec m/s
4 Velocity ft/sec m/s
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Table 2-1-1 Nomenclature (Cont’d)

Units
Symbol Description U.S. Customary SI
v Specific volume ft3/lbm m®/kg
w Work per unit mass ft-1bf/lbm ]/kg
X Mole fraction dimensionless dimensionless
a, Coefficient of thermal expansion of a material in./in.-°F m/m-°C
A Diameter ratio of fluid meter, d/D dimensionless dimensipnless
B, Temperature coefficient for saturated vapor pressure, empirical dimensionless dimensipnless
Ap Differential pressure psi (Ibf/in.?) kPa
Surface roughness in. mm
e Gas expansion factor dimensionless dimensipnless
Efficiency dimensionless dimensipnless
q Flow coefficient dimensionless dimensipnless
Ratio of specific heats, ¢,/c, dimensignless dimensipnless
4 Absolute viscosity Ibmi/ftisec N-s/m?
Kinematic viscosity ft¥/sec m?/s
Ji Density 1bm/ft3 kg/m?
s Isentropic compression work per unit mass coefficient (isentropic head dimensionless dimensipnless
coefficient)
Partial derivative dimensionless dimensipnless

NOTE: (1) For local acceleration, refer to ASME PTC 2-2001.

curnent transducer (CT) system: an instrument transz
fornjer used to reduce a high current to a proportionately
lowgr current that may be safely applied to a measuring
instfument.

datd acquisition system (DAQ): a system, typically micro-
prodessor based, that accepts electric signals representa-
tive pf measured physical parameters.from transducers or
tranpmitters. DAQ may include all or some of the following
fundtions:

(a) conversion to engineering units

(h) data display

(c) archiving and data.storage

(d) analog and digital conversion

(e) calculation/of secondary data from measurements

diffeyential pressure: the difference between any two pres-
sures measuxed with respect to a common reference (e.g.,
the flifférence between two absolute pressures).

dimensional constant: the dimensional constant, g., is

to reduce arelationship to a complete set of dimehsionless
products.

discharge static pressure: the absolute static pressure that
exists at the discharge control volume.

discharge static temperature: the absolute static fempera-
ture that exists at the discharge control volumé¢.

discharge total pressure: the absolute total prespure that
exists at the discharge control volume. Unless spiecifically
stated otherwise, this is the blower discharge pre¢ssure as
used in this Code.

discharge total temperature: the absolute total fempera-
ture that exists at the discharge control volumg. Unless
specifically stated otherwise, this is the blower discharge
temperature as used in this Code.

dynamic (centrifugal) blower: a machine that creates
airflow and static pressure rise by means of alrotating
impeller transferring kinetic energy to an ajrstream

required to account for the units of length, time, and
force. Itis equal to 32.1741 ft-lbm/Ibf-sec?. The numerical
value is unaffected by the local gravitational acceleration.

dimensionless analysis: the algebraic theory of equations
that are invariant under arbitrary transformations of the
size of the fundamental units of measurement; utilizing
dimensionally homogeneous equations to derive dimen-
sionless products for particular systems of measurement,

and then converts some of that energy to static pressure.

equivalence: the specified operating conditions and the
test operating conditions which, for the purpose of this
Code, are said to demonstrate equivalence when, for
the same flow coefficient, the ratios of the two dimension-
less parameters (specific volume ratio and machine Mach
number) fall within the limits prescribed in Tables 3-5.4-1
and 3-5.4-2 and Figure 3-5.4-1.
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Table 2-2-2 Subscripts

D = characteristic length of inside pipe diameter at the
pressure control volume

V = average velocity at the pressure control volume

v = kinematic viscosity that exists for the static

temperature and pressure at the control volume

The variables in the Reynolds number must be
expressed in consistent units to yield a dimensionless
ratio. In the case of velocity, V, at the pressure control

Symbol Description

1, In Upstream of fluid meter

2, 2n Downstream or at throat of fluid meter, at impeller outlet
blade tip diameter

a Ambient

abs Absolute

adj Adjusted

av AVETage

d lower discharge conditions at test reference boundary

da ry air

db ry-bulb

des esign

est stimated

exp eference for thermal expansion ratio

ga auge

i lower inlet conditions at test reference boundary

mix as mixture

meas easured

N otal number of readings

p olytropic process

pr redicted

s Isentropic process

sh $haft

sp Jpecified conditions

static Jtatic

std Ytandard conditions

NG Yaturated vapor

t Test conditions

tot Total conditions

vp Yapor

external [cooling: the medium suppliedto the blower to
which the generated heat is finally rejected. This Code
applies|to a compression appdaratus that does not
contain gompressed gas codling, or compression jacket
cooling |by liquid means;\or a form of intercooling
other than free conveetion (non-forced). See also inter-
cooling.

flow coefficient: a dimensionless parameter defined as the
inlet voliimetricflow rate divided by the product of the
impelley rotational tip speed and the impeller outer

volume, the local velocity may be calculated fron] the
local conditions of mass flow rate; inside pipe diamgter,
D, and resulting density, p, of the local temperature| and
pressure; and molecular weight, MW.

full scale: the full-scale measurement range'of a measyring
instrument utilized in the evaluatiof ‘of instrument geso-
lution for suitability and measurement quality or ugjcer-
tainty.
gauge pressure: pressuresthat is measured directly with
the existing barometricipressure as the zero base rgfer-
ence.

inlet static pressufe: the absolute static pressure that efists
at the inlet to-the control volume.

inlet statictemperature: the absolute static temperdture
that exists’/at the inlet to the control volume.

inlet;total pressure: the absolute total pressure that ekists
atthe inlet to the control volume. Unless specifically stated
otherwise, this is the blower inlet pressure as used i this
Code.

inlet total temperature: the absolute total temperdture
that exists at the inlet to the control volume. Unless|spe-
cifically stated otherwise, this is the blower inlet tempgera-
ture used in this Code.

inlet volumetric flow rate: the rate of flow that is deter-
mined by delivered mass flow rate divided by jnlet
total density as defined by the inlet to the corjtrol
volume boundary.

instrument: a tool or device used to measure phypical
dimensions of length, thickness, width, weight, or{ any
other value of a variable. These variables can include
size, weight, pressure, temperature, fluid flow, voltage,
electric current, density, viscosity, and power. Senfsors
are included that may not, by themselves, incorpdrate
a display but may transmit signals to renmote
computer-type devices for display, processing, or

diametricare=:

fluctuation: the highest reading minus the lowest reading
divided by the average of all readings for a specific
measurement, expressed as a percent.

fluid Reynolds number: the Reynolds number (Re) for the
gas flow in a pipe. It is defined by the equation

Re = VD/v

where

process control. Also included are items of ancillary equip-
ment directly affecting the display of the primary instru-
ment, e.g., ammeter shunt.

intercooling: the removal of heat from a gas between
stages. This Code applies to a compression apparatus
that does not contain compressed gas cooling, or compres-
sion jacket cooling by liquid means, or a form of inter-
cooling other than free convection (non-forced). See
also external cooling.
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isentropic compression: a reversible, adiabatic compres-
sion process where entropy remains constant. Unless spe-
cifically stated, isentropic compression is considered in
this Code.

isentropic enthalpy rise: also called isentropic head; itis the
energy required to isentropically compress a unit mass of
gas from the inlet total pressure and total temperature to
the dlscharge total pressure. The total pressure and

of the gas and the change in the kinetic energy of the
gas.|The change in the gravitational potential energy of
the pas is assumed negligible between inlet and outlet
prodess connections. Isentropic head is considered in
this [Code.

isengropic head coefficient: the dimensionless ratio of the
isentropic head to the sum of the squares of the blade tip
spedds of all stages in a given section.

isentropic power of compression: the ideal power of
compression for a given isentropic enthalpy rise for a
giveh mass flow rate.

machine Mach number: defined as the ratio of the blade
velocity at the largest blade tip diameter of the first
impé¢ller for dynamic machines to the acoustic velocity
at the total inlet condition.

NOTE: This is not the local fluid Mach number.

machine Reynolds number: defined by the equation
Re,, = Ub/v

whefe

b|= a characteristic length

U|= velocity at the outer blade tip diameter of the first
impeller or of the first stage rotor tip diameter of
the leading edge

v|= total kinematic viscosity\of the gas at the blower
inlet

For dynamic blowers)b shall be taken as the outlet
width at the outeriblade diameter of the first stage
impeller. These variables must be expressed in consistent
unit to yield a-dimensionless ratio.

meakurementerror: the true, unknown difference between
the measured value and the true value.

meakurement uncertainty: the uncertainty of a measured

packaged blower: a blower with prime mover and trans-
mission that is fully piped and wired internally, includes
ancillary and auxiliary items of equipment, and may be
stationary or mobile (portable unit), where these are
within the scope of supply. See also blower package.

parties to a test: those persons and companies interested
in the results. May include, but shall not be limited to,
blower manufacturer end user or equipment owner,
, blower

packager or de51gnee(s) of the above.

polytropic compression: a reversible compfession process
between the inlet total pressure and temperaturp and the
discharge total pressure and tempernature. The tgtal pres-
sures and temperatures are used to account for the
compression of the gas and.the change in thg kinetic
energy of the gas. The change'ih the gravitational potential
energy is assumed negligible between inlet ad outlet
process connections~The polytropic process follows a
path such that the,polytropic exponent is ¢onstant
during the compression process.

positive displacement (PD) blower: a machine thdt creates
airflow and static pressure rise by allowing syccessive
volumes'of gas to be aspirated into and exhaysted out
of a.closed space by means of the displacenfent of a
compression element.

potential transformer (pt): an instrument trapsformer
used to reduce a high electric voltage to a proportionately
lower electric voltage that may be safely applied to a
measuring instrument to measure electric potential.

power factor (pf): the cosine of the angle of pHase shift
between voltage and current in an inductive load.

pressure ratio: the ratio of the absolute disch
pressure to the absolute inlet total pressure.

ge total

pressure rise: the difference between the dischqrge total
pressure and the inlet total pressure.

raw data: the recorded observation of an instrument taken
during the test run.

reactive power: power stored in and discharged by induc-
tive loads in a circuit. It is expressed in kilovoltjamperes
reactive (kvar). Reactive components cause a plase shift
between voltage and current in an AC circuit.

reading: the average of the corrected individual fobserva-
tions (raw data) at any given measurement ste1tion.

result, based on a combination of the systematic and preci-
sion statistical error components of uncertainty, that
yields a band of confidence about the true value.

mechanical losses: the total power consumed by frictional
losses of integral gearing, bearings, and seals, etc.

normal inlet volumetric flow rate: see standard inlet volu-
metric flow rate.

shaft rotational speed: the revolutions of the motor or
blower drive shaft per unit of time.

similitude: similarity of behavior for modeling systems
with equal similarity parameters sharing geometric simi-
larity, kinematic similarity, and dynamic similarity. This
concept provides a method of comparison between funda-
mentally similar physical systems by following an appro-
priate matching of the dimensionless parameters. For the
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purpose of this definition, similitude and similarity are
used interchangeably.

specific volume: the volume occupied by a unit mass of gas.
This is a thermodynamic parameter determined once the
total pressure and temperature are known. The specific
volume is the reciprocal of the density.

specified operating conditions: those conditions for which
the blower performance is to be determined.

test reading: one recording of all required test instrumen-
tation.

test tolerance: a commercially agreed upon tolerance that
may be applied to test results or to guarantees. Tolerance
is often related to variability in the performance of
machines of the same design. Although not advised by
ASME (see Notice), parties may agree to include a compo-
nent of test tolerance related to test uncertainty. This may
ormaynothave some relationship to measurementuncer-

stage: cpmprised, for a dynamic blower, of a single
impeller|and its associated stationary flow passages.

standard inlet volumetric flow rate: often defined by
industry with a number of different conditions that
may be |ndustry- or user-specific, defining a standard
cubic fept per minute (SCFM) or “normal,” N, cubic
meters per hour, N-m3/h. An example of this can be
seen as PCFM defined by a gas condition of 68°F, 14.7
psia, and 36% RH. Alternatively, this may be defined in
N-m3/h hs a gas condition in SI units of 0°C, 101.3259
kPa, and 0% RH. The gas conditions defining S or N
may be different than the values above, but must be iden-
tified foy the conversions herein. Refer to Section 3 for
additionjl guidance. Essentially, the standard condition
flow valyes above are a mass flow; hence the importance
of gathefing the defining gas condition.

static prgssure: the absolute or gauge pressure determined
in such ajway that no effect is produced by the velocity ofa
flowing fluid.

static temperature: the temperature determined in such a
way that|no effect is produced by the velocity of a flowing
fluid.

steady stqite: the condition in which change in tefiiperature
rise (T4 |- T;) within a 5-min interval is less than 1°F
(0.55°C)

surge point: defined in dynamic blowers-as the inlet volu-
metric flpw rate for a given speed below which the blower
operatiojn becomes unstable. This“occurs when flow is
reduced fand the blower back pressure exceeds the pres-
sure deyeloped by the bhlower; a breakdown in flow
results. This immediatély-causes a reversal in the flow
directiop and reduces/the blower back pressure. The
moment|this happens, regular compression is resumed
and the fycle is\repeated.

systematjcserror: a consistent error caused by an inaccu-

racy inv ﬁlxring either the oghservation or measurement

tainty. Test tolerances are purely contractual issues| and
thus totally out of the jurisdiction of ASME Performpnce
Test Codes.

total pressure: also called stagnation pressure; it ig the
absolute or gauge pressure that exists when a moving
fluid is brought to rest and its kinetie ehergy is convegrted
to an enthalpy rise by an isentropic€ process from the fflow
condition to the stagnation condition. In a stationary hody
of fluid, the static and total‘pressures are equal.

total temperature: also called stagnation temperature} it is
the temperature thatexists when a moving fluid is brought
to rest and its kinetic energy is converted to an enthalpy
rise by an isentropic process from the flow condition tp the
stagnation.condition. In a stationary body of fluid| the
static and‘the total temperatures are equal.

tracedable: the availability of records demonstratinig an
instrument can be traced through a series of calibragions
tovan appropriate, recognized national or international
$tandard.

turndown: the ratio of the minimum stated volumgtric
flow rate and the maximum stated volumetric flow
rate at the specified inlet conditions. This can alternjitely
be expressed as a difference.

uncertainty: the interval about the measurement or result
that contains the true value for a given confidence level.
Expressed in U, it may be used as a quantitative asgess-
ment of the quality of a test, and a threshold value mdy be
used by agreement between parties as a standard for a
test. While not advised by ASME (see Notice), it [may
be used in an agreement between parties to form an aqcep-
tance interval around a test result for comparison of|that
result to specified performance. Without an agreethent
between parties, uncertainty shall not be used as a cothpo-
nent of test tolerance.

variable voltage/variable frequency (V.V.V.F): an electijonic

process inherent to the system. Systematic errors are
not random or caused by chance.

temperature rise: the difference between the discharge
total temperature and the inlet total temperature.

test operating conditions: the operating conditions
prevailing during the test.

test point: three or more test readings that fall within the
permissible specified fluctuation and are averaged.

device used to convert AC line frequency to a recreated
variable output of voltage or current at variable frequency
to drive an electro-mechanical motor with varying speed
and varying torque capability. This is noted as variable
frequency drive (VFD) herein.

variable frequency drive (VFD): see variable voltage/vari-
able frequency.
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velocity pressure: also called kinetic pressure; it is the
difference between the total pressure and the static pres-
sure at the same point in a fluid.

velocity temperature: also called kinetic temperature; it is
the difference between the total temperature and the
static temperature at the control volume.

wire-to-air power: the blower package total wire power, or
the electric power measured at the power input to the

bearing cooling fans, coolant pump and heat exchanger,
enclosure and package cooling fan, sine wave filter or
output reactor, variable frequency drive and cooling
fan, input choke or line reactor, harmonic filter, local
control panel, programmable logic controller (PLC) or
processor, human machine interface (HMI) and miscella-
neous electronics, voltage transformer(s), DC power
supplies, power conditioner, etc. as identified by agree-
ment between the parties. If the blower package receives

blower-package—Fthis—shattinclude-attpower-constming
electrical components of the blower package as required
for installation and normal operation, i.e., drive motor,
motpr cooling fan, magnetic bearing and controller,

multiple power feeds, this is the sum of all wir¢ powers
measured individually.
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Section 3
Guiding Principles

3-1 INTRODUCTION

Applicption of this Code to a specific blower system test
requires| various decisions. This Section explains what
decisions shall be made and gives general guidelines
for perfdrming a Code test.

Any te¢st shall be performed only after the blower
system hjps been found by inspection to be in a satisfactory
condition to undergo the test.

3-2 PERFORMANCE TEST OPERATING
PH|LOSOPHY

The ppurpose of this Code is to measure the electric
power cpnsumption associated with a specified perfor-
mance dondition of a blower package, referred to as
wire-to-3ir performance.

This Code describes procedures for coincident
measur¢ments of blower package air capacity (as
defined in terms of inlet volumetric flow rate), isentropic
head or blower pressure (PD blowers), and electric input
active ppwer (input wire). These measurements are
conduct¢d to determine performance verification with
a specifjed inlet volumetric flow rate at asspecified
inlet lochtion and isentropic head or blower pressure
(PD blowers) condition. A specified performance condi-
tion is cqmprised of inlet volumetric flow rate, discharge
pressurg requirement, barometric préssure, inlet pres-
sure (optionally adjusted for additional inlet loss consid-
erations|e.g., dirty filter loss),inlet temperature, and inlet
moisturq content (relative htimidity). Performance veri-
fication phows that a blower package can produce the
specified performance“condition and the input electric
power r¢quired tovoperate the blower package.

Recoghizing that'the blower inlet condition in a test
facility ¢an almost never be matched to the specified
1, this”Code provides a basis for deriving a test

operating condition with priority emphasis on matching
inlet volumetric flow rate and parameters for isentropic
head or pressure ratio.

While blower work and other thermodynamic proper-
ties at test and specified conditions may be more similar at
speeds other than the speed required for the specified
condition, the contributions of noncompression compo-
nents to the overall electric power consumption of the
package may be poorly represented at alternative oper-

ating speeds, e.g., mechanical considerations. This/Code
provides guidance on permissible deviations both for
operating conditions and for the thermodynantic prdper-
ties of air.
For dynamic blowers, the operating speed at the speci-
fied point is achieved via the matching of inlet volumgtric
flow rate and isentropic head,at test conditions. Fof PD
blowers, the operating speéd at the specified poipt is
achieved via the matching-of inlet volumetric flow|rate
and pressure ratio at test conditions. The matchirng of
inlet volumetric flow rate and isentropic Head
(dynamic blow€ps) or pressure ratio (PD blowjers)
shall be considered herein as the primary methdd of
testing.
Users of this Code are reminded to properly differ-
entiate blower inlet volumetric flow rate defjned
herein-from the popular forms of standard or nofmal
inlet volumetric flow rate (e.g., SCFM or N-m3/}) in
blower performance specifications. Standard or nofmal
inlet volumetric flow rate indicates an inlet volumptric
flow rate at one distinct set of standard or nofmal
inlet conditions identifying temperature, barometric pres-
sure, and inlet moisture content that are not related t¢ the
inlet conditions in which the blower is specified to
perform. Standard or normal inlet volumetric flow|rate
is, in essence, a means of stating that a blower is reqyired
to deliver a specific dry air mass flow rate. When
presented with specified blower performance condifions
that use standard or normal inlet volumetric flow|rate
requirements, users of this Code should immedigtely
determine the mass flow of dry air associated witlf the
specified standard or normal inlet volumetric flow|rate
and convert that mass flow to a volumetric moisf air
inlet volumetric flow rate required to convey [that
same mass flow of dry air at the specified inlet conditjons.
The inlet volumetric flow rate determined in this mapner
i iate i i ised
with evaluations made in accordance with this Code.
The general approach for finding a test performance
condition is to match the inlet volumetric flow rate of
the blower at test condition to the inlet volumetric
flow rate at the specified condition. For a dynamic
blower, the pressure rise for the test condition is
found by determining the isentropic head at the specified
condition and then calculating the pressure rise necessary
to achieve the same isentropic head at the test condition.
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For a PD blower, the pressure rise for the test condition is
found by determining the pressure ratio at the specified
condition and then achieving the same pressure ratio at
the test condition.

Achieving the test performance described here will
result in a mass flow rate and associated power input
that does not match the specified condition directly.
For dynamic and PD blowers, the power at the specified
condition is determined by translating the power

(a) detailed test objectives, including specified perfor-
mance and operating conditions to be tested

(b) location and timing of test

(c) individual designated as responsible for conducting
the test

(d) test personnel and assignments, including
witnesses

(e) testboundaries (thermodynamic and electric refer-
ence boundaries)

meapured at the test condition as defined herein to the
spedified condition. For these volumetric machines, the
trarslation of input electric power measurement
congiders the ratio of inlet air density at test and specified
conditions to compare the ratio of the delivered mass flow
ratep for the test and specified conditions, and minor
deviations in the matching of inlet volumetric flow
rate} isentropic head (dynamic blower), or pressure
ratip (PD blower), as appropriately defined for the
type of blower package. Matching inlet volumetric flow
rate|and isentropic head (dynamic blower) or inlet volu-
metfic flow rate and pressure ratio (PD blower), and
tranglating the input electric power using this method,
will Jaccurately establish the operating performance at
spedified conditions. Additional items specified in the
cor;I‘ol boundary that may deviate from the thermody-
namjic and electric reference boundary at test are quanti-
fied [in Tables 3-5.2-1 and 3-5.2-2.

Electric input power addressed in this Code refers spe-
cificplly to active or real electric power, P, and not to
apparent power (which includes the reactive component
of sypplied power). While blower systems do utilize.some
reactive power, this Code considers that most users are
direftly charged for electric power primatily based on
actiye power consumed at a site. Charges’for reactive
power are often captured in site-specific surcharges,
and |it is considered impractical to attempt to quantify
the Jmpact of a specific blower system on the reactive
powler component of the power costs. Active power is
used in predicting power(at)specified conditions based
on dctive power measured at test conditions.

NOTE: As described in the Notice, when tests are run in accor-
dance with a Codethe‘test results themselves, without adjust-
ment for uncertainty, yield the best available indication of the
actudl performance of the tested equipment. ASME Performance
Test|Codestde*not specify means to compare those results to
contfactual guarantees. Therefore, it is recommended that
the parties to a commercial test agree before starting the

(f) schematic and graphic description of meajurement
locations (test apparatus layout)

(g) selection of type of instruments

(h) method and timing of calibration of instj

(i) confidentiality of test results

(j) number of copies of originalydata requirgd

(k) data to be recorded and method of recording and
archiving data

() values of measurement uncertainty and ny
determining overall test uncertainty

(m) method of‘\@perating equipment un

uments

ethod of

ler test,

including that efjany auxiliary equipment, th¢ perfor-
mance of which may influence the test result
(n) method of maintaining constant operating condi-

tions as hear as possible to those specified

(o) “method of determining duration of operatipn under
test conditions before test readings are started;

{p) duration and number of test runs

(q) number and frequency of observations

(r) method of computing results including njethod of
translation of test conditions to the specified dondition
(including whether or not the effects of machine Reynolds
number correction, leakage flow, or mechanical Ipsses are
to be considered)

(s) method of comparing test results with
performance

(t) establishment of whether or not test tolg
will be used in comparing testresults, adjusted to
conditions, with specified performance

(u) test report format

(v) pretest inspections

(w) establishment of threshold values for pretest
uncertainty and/or post-test uncertainty intefvals for
acceptance of test quality

(x) intent of contract or specification test|require-
ments, if ambiguities or omissions appear evident

pecified

rance(s)
Kpecified

3-2.2 Preliminary Test Runs

test and preferably before signing the contract on the
method to be used for comparing the test results to the contrac-
tual guarantees. It is beyond the scope of any Code to determine
or interpret how such comparisons shall be made.

3-2.1 Prior Agreements

The typical items upon which agreement shall be
reached prior to conducting the test, as documented in
a formal test plan, include

11

Preliminary test runs, with records, are recommended
to determine if equipment is in proper condition for
testing, to serve to check instruments and methods of
measurement, to check adequacy of organization and
procedures, and to train personnel. All parties to the
test may conduct reasonable preliminary test runs as nec-
essary. Observations during preliminary test runs should
be carried through to the calculation of results as an
overall check of procedure, layout, and organization. If
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such a preliminary test run complies with all the necessary
requirements of the appropriate test code, it may be used
as an official test run within the meaning of the applicable
code. This also functions to ascertain if the reading fluc-
tuations fall within the limits prescribed in Table 3-5.5-1.

All instrument observations pertinent to the test shall
be taken during the preliminary test run. These commonly
include

(a) inlet pressure

Inlet volumetric flow rate is defined as the delivered mass
flow divided by the blower package inlet density. The
blower package inlet density may be equal to ambient
density, or different from ambient density as a conse-
quence of connected installation piping and the associated
pressure losses.

3-3.5 Specific Volume Ratio

. Matching the specific volume ratio between test and
(b) in et_tempergtgre specified conditions shall be a primary objectiveCof| this
(© re ative humidity or wet bulb temperature Test Code. The allowable deviations detailed“herein
(@ d_l pcharge pressure ensure the consideration of similarity and acceptaility
(e) digcharge temperature

(f) electric input power consumption

(g) flgw device pressures and temperatures

(h) speed

(i) lubricanttemperatures, inlet and outlet, of bearings,
seals, anf speed changing gear, if applicable

(j) co¢lant and lubricant flows, if applicable

(k) barometric pressure

(1) belt tension

(m) time

A set pf sample calculations shall be made using the
preliminary test data to assure that the correct test
speed hds been selected, and that the test parameters
of Table|3-5.4-1 or Table 3-5.4-2 are obtainable for the
overall gerformance run.

3-3 TESTS: SPECIAL CONSIDERATIONS OF THIS
TEST CODE

3-3.1 Cpnversion of Test Results

The mgthods of this Code may be applied for conversion
of test repults to specified operating conditions for blower
packageg.

3-3.2 Application Limitations

This C
coolers.
cations.

pde shall not apply to blower packages with inter-
Parties may refer to ASME PTC 10 for such appli-

3-33S

This cpde shall.hot apply to blowers with side streams.
Side strepms consider the capacity inflow or outflow of a
blower spction that crosses the thermodynamic reference
and thus adds to or subtracts from the delivered process
gas and thus provides a deviation in the measurement
quantities between test and site conditions.

de Streams

3-3.4 Inlet Volumetric Flow Rate

Inlet volumetric flow rate shall be measured at the
discharge of the blower package to ensure leakage
flow is not included in the delivered air measurement.

12

for comparing between test and specified ‘conditiors.

3-3.6 Exchanges of Heat Across\the Control
Volume

This Code includes testing of‘\blowers where theremay
be incidental exchanges of heat across the control volume
that are not directly related to the work of the blower.
Examples include active rejection of heat from mofors,
VFDs, power conditioning appurtenances, and/or
control components. The components being copled
may be within the electric power control volumle as
may be the.components that provide the active heat rgjec-
tion.

Incidental heat rejection systems may transfer hept to
an independent external environment where the rejdcted
fieat has no further effect on the blower system. In| this
case, the parties should be mutually aware of this heatfload
and its effect, if any, on the independent external environ-
ment.

It is important for the parties to recognize and agree
upon the magnitude of incidental heat exchanpges
across the blower system control volume; howgver,
this Code does not address measuring these loads or
testing for conformance with specifications. The pafties
may agree to make such measurements with methods
appropriate to the manner and medium(s) of heat
exchange.

Incidental heat rejection systems may also transferfheat
to the inlet gas flow of the blower within the control
volume of the blower system. For these systems| the
blower work is calculated based upon conditions extgrnal
to the thermodynamic reference boundary for the package
and the control volume. Variations of the magnitude df the
i ifi ndi-

tions are not considered in this Test Code.

The overall isentropic head or pressure ratio following
the relevant compression technology, inlet volumetric
flow rate, and package wire power shall not be affected
between test and specified conditions, taking thermody-
namic and electric system reference boundaries into
consideration.
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3-3.7 Measurement of Speed

This Code focuses on inlet volumetric air flow, electric
power consumption, and pressure ratio as the primary
testing parameters. Speed is not included as part of
the preferred calculation methodology for determining
wire-to-air power or for correcting measurements at
test conditions to projected performance at specified

conditions. The Code requirements are compatible
4Kkl

3-3.9 Preparation

Prior to conducting a test, the manufacturer or supplier
shall have reasonable opportunity to examine the equip-
ment, correct defects, and render the equipment suitable
to test. The manufacturer, however, is not thereby empow-
ered to alter or adjust equipment or conditions in such a
way thatregulations, contract, safety, or other stipulations
are altered or voided. The manufacturer may not make
ses that

otk SR £ for & £ 13

with-eenstantspeedblowersystems—and-Systems
employing alternate methods of flow modulation.

Speed may be used in secondary calculations such as
Re,,|(see Nonmandatory Appendix D). Blower system
limitations or test ambient conditions may prevent
achieving the required volumetric flow rate. In these
casep, procedures are provided in the Code for flow correc-
tion$ based on blower speed at test conditions. The proce-
durd for flow correction for dynamic blowers is provided
in pgra. 3-5.4.1. The procedure for flow correction for PD
blowers is provided in para. 5-4.5.1.

Speed may, by agreement of the parties, be included in
the fest measurements and test reports. In some cases
spedd is useful as reference information or as confirma-
tion pf compliance with specified requirements and limits.

In[ all cases where speed measurement is required, it
shall conform to subsection 4-7. The requirement for
spedd measurement, measurement techniques, allowable
deviptions, and allowable fluctuations shall be agreed to
by the parties prior to conducting the test.

3-3./8 Mechanical Flow Modulation

D
dev

'namic blowers may be modulated by throttling
ces on inlet or discharge, or by meahs of guide
vangs on inlet or discharge.

If plower air flow is modulated by inlet throttling valves
or by inlet guide vanes, the devices\shall be considered
inside the thermodynamic referfence boundary provided
in pgra. 3-5.2. All measurements-for test conditions shall
be made upstream of these devices.

If blower air flow is miodulated by discharge throttling
valvles or discharge,guide vanes, the devices shall be
conpidered insidé the thermodynamic reference
boupdary provided in para. 3-5.2. All measurements
for fest conditions shall be made downstream of these
devikes. ASsecond discharge throttling valve downstream
of thepressure measurement point is used to simulate

Syst meback nressure and-is not part of the reference
) o 7 T

adichas o . B
SR StH e R tS—to—the— P et StPHIP§

may prevent immediate, continuous, and reliable opera-
tion at all capacities or outputs under all Specififed oper-
ating conditions. Any actions taken must be documented
and immediately reported to all parties'to the t¢st. As an
example, belt tension shall be within the belt fnanufac-
turer’s published recommendations; it is apgropriate
for manufacturer or suppliercto check and readjust belt
tension after machine d1ds'run for a break-ip period
that has been identified:and completed as reqyired.

3-3.10 Starting-and Stopping

Tests shall’be conducted as promptly as possible
following.initial equipment operation and predliminary
test runs.The equipment should be operated for $ufficient
time.to~demonstrate that intended test conditipns have
been‘established, i.e., steady state. Agreement dn proce-
dures and time should be reached before commehcing the
test.

3-3.11 Steady State

The blower shall be operated at the required c
for a sufficient period of time to show that all yariables
have stabilized and achieved a steady-state cpndition.
Steady state is defined as demonstrating the dffference
between inlet and outlet temperatures of th¢ blower
package [AT = (T4 — T;)] does not vary greater than
1°F (0.55°C) for a period of 5 min or more.

nditions

3-3.12 Readjustments

During the test, readjustments to the equipnhent that
caninfluence the results of the test shall require rgpetition
of any test runs conducted prior to the readjystments.
There shall be no adjustments that are inapgropriate
for reliable and continuous operation followihg a test
under any and all of the specified outputs and dperating
conditions. For example, belt tension may requjire read-

boundary.

For all guide vanes and throttling valves, percentage
open values shall be recorded as reference for each
data point. Percentage open values shall be based on
the angular or linear travel of the operator as limited
by the mechanical limits of the operator. Limit switches
or other electrical limits on operator movement that differ
from the mechanical limitations shall be ignored.

13

justment to maintain manufacturer’s recommended spec-
ification. If any such readjustment is required, all affected
test runs should be discarded and all suspect tests rerun,
including as a minimum the test run immediately prior to
the readjustment.
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3-3.13 Data Collection

Data shall be collected manually or by automatic data
collecting equipment. If data is collected manually, a suit-
able number of observers shall be employed to insure
suffiecient time to take and record all readings with appro-
priate care and precision. Automatic data logging and
advanced instrument systems shall be calibrated to the
required accuracy. If necessary, specify duplicate instru-
mentatiqrand-takesimtltaneousreadingsforcertainte
points tq attain the specified accuracy of the test.

Data dcquisition systems (DAQ), including input and
output devices and communications, shall be installed
to minimize signal noise from electromagnetic and
radio inferference. Algorithms used for conversion of
signals fo engineering units and for calculation of
secondaly data and performance values shall be docu-
mented.|The accuracy of conversions and calculations
shall be flemonstrated by at least one set of data calcula-
tions shqwing the complete algebraic sequence of values.
Data displayed in the report of results shall use a number
of signifirant digits consistent with the uncertainty of the
test.

3-3.14 Test Administration

The pdrties to the test shall designate a test coordinator
to direct|the test. Communication arrangements between
all test pgarties and personnel and the test coordinator
should Be established. Complete written records of the
test, including even those details that at the time may
seem irr¢levant, should be prepared. Controls by ordinaky
operating (indicating, reporting, or integrating) instru-
ments, the preparation of graphic logs, and clese\stper-
vision should be established to assure the equipment
under tgst is operating in substantial aceord with the
intended conditions.

3-4 IN§TRUMENTS

3-4.1 Lpcation and ldentification of Instruments

Transdlucers shall bedoeated to minimize the effect of
ambient|conditions .On _uncertainty, e.g., temperature or
temperafture variations. Care shall be used in routing
lead wirgs to the.data collection equipment via shielded
cabling fo pteyent electric noise in the signal. Manual
instrum¢nts=shall be located so that they can be read

3-4.2 Frequency and Timing of Observations

The timing of instrument observations shall be deter-
mined by an analysis of the time lag of both the instrument
and the process so that a correct and meaningful mean
value and departure from allowable operating conditions
shall be determined. Sufficient observations shall be
recorded to prove that steady-state conditions existed
during the test where this is a requirement. A sufficient
ramber-of-ebse tors—sh be—taken—to—redueq the

random component of uncertainty to an acceptablejevel.

3-5 TEST OPERATION
3-5.1 Safety

The party providing the test site’shall be responsible for
establishing the requirements’ of system protectior. An
overall comprehensive hazdrd and safety plan is
advised. An emergency exit and evacuation plan shpuld
be considered.

3-5.2 Reference-Boundaries

Figure 3-5¢2*1"depicts a generic performance bounfary
of a bloweér system. Within this performance boundary,
there are‘two reference boundaries: a thermodynfmic
perfokmance boundary and an electric performfnce
boundary.

(a) Thermodynamic Performance Boundary. The ther-
modynamic performance boundary defined herein fhall
be specified as the plane of the inlet airstream intq the
blower package, referenced as subscript “i”;| the
package perimeter wetted by the process fluid; and the
plane of the outlet process connection, referenced as
subscript “d.” The ambient conditions, referenced as
subscript “a,” shall represent fluid properties measpred
prior to passing the inlet plane at locations defined per
paras. 4-3.12 and 4-4.8. The thermodynamic performpnce
boundary includes components within the test boundary
and outside the testboundary. Table 3-5.2-1 is intend¢d to
be used as a test-specific checklist to define components
that shall be included or excluded from the performpnce
boundary and agreed upon between the parties to ajtest.

The package test shall include all thermodynamic-
affecting devices, measured collectively or separafely,
identified and considered in the package pressure (Jsen-
tropic head) calculation. Individual thermodyndmic

with precision and convenience by the observer(s). All
instruments shall be marked uniquely and unmistakably
for identification. Calibration tables, charts, or mathemat-
ical relationships shall be readily available to all parties of
the test. Observers recording data shall be instructed on
the desired degree of precision of readings. Test instru-
ments shall be arranged, installed, and calibrated as per
Section 4.

affecting devices shall be agreed to and noted in the
test report defined in Section 6. It is the responsibility
of the specifier to identify differences between ambient
conditions and conditions of the process air input to
the blower package as shown in Figure 3-5.2-1.

(b) Electric Performance Boundary. The electric system
performance boundary defined herein shall be specified to
include all electrical components of the blower package, as
defined by the contractual scope of supply, to form the site
operational package. Table 3-5.2-2 is intended to be used
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Figure 3-5.2-1 Blower Package Performance Boundary and Internal Reference Boundaries

Blower Package Performance Control Volume Boundary
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| __——Test inlet condition: measure
temperature, pressure

[ ————Test ambient condition:

Inlet Components in
Performance Boundary
but Not in
Thermodynamic
Test Boundary

measure pressure and relativ

Process air input to
f| 'specified blower package

dition: set blower condition to match inlet volumetric flow at specified condition for setting pressures.
pbn, specified inlet pressure to account for inlet components not in test boundary.
bn, specified discharge pressure to account for discharge components not in test boundary

Specified)inlet condition: sped
(adjusted for all system losse
point of specified package), tg
and relative humidity

connection
d volumetric flow
e orinlet

sure temperature,
er speed

humidity

ify inlet pressure
to connection
mperature,

(c) Set pressure to match specified isentropic head (centrifugal) or to match specified pressure ratio (displacement).

See Section 3-2.
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Table 3-5.2-1 Process and Fluid Components

Table 3-5.2-2 Electric Power-Related Components

Included in Performance Boundary

Included in Performance Boundary

Determine Determine
Included by Not Included by Not
Component in Test | Calculation | Applicable Component in Test | Calculation | Applicable
Inlet filter Drive motor

Inlet silencer

Discharge silencer

Motor cooling fan(s)

Magnetic bearing and

Inlet isolatien—walw controller
Throttling|valve Bearing cooling fan(s)
After cool¢r Coolant pumps
Misc. pipe|and fittings Lubrication pumps and
accessories
Inlet air cgoler H N ' ¢
eat exchanger fans
Discharge |check valve X &
. ) . Package cooling fan
Discharge |isolation valve VED
Enclosure [doors or panel
openingp VED line-side power-
Estimated |system inlet conditioning equipment
press djop VFD load-side power-
ditioni . ¢
Additionaljcomponents not conditioning equipmen
listed included as Eddy current or variable
forming|the blower speed clutch
package] Operation contfol panel(s)

as a test-ppecific checklist to define components that shall
be included or excluded from the performance boundary
and agrded upon between the parties to a test.

The ppckage test shall include all electric-power-
consumihg devices, measured collectively or separately)
identified and summed as the package electric power
consumption. Individual power consumers shall be
and noted in the test report defined in.Section 6.

The physical and thermodynamic properties of the
specifi
through the equations of state detailed in Section 5.
The option of using tabulated data or an equation of
state correlation as a source for these properties shall
be agreed upon prior to the test. For more information,
see Nonmandatory Appendix H.

The physical and thermodynamic properties of the
specified and test air that shall be determined from
the ambient temperature, pressure, and inlet moisture
content (RH) throughout the expected pressure and

16

Power/isolation
transformers and power
supplies

Power conditioner
Blower and motor cooling
VED cooling

Additional components not
listed included as
forming the blower
package

temperature range, and that shall be known or accur
determined, are

(a) molecular weight

(b) specific heat at constant pressure

(c) ratio of specific heats

(d) viscosity

(e) isentropic exponent

The test speed shall be selected to operate the blowr at
the inlet volumetric flow rate and isentropic head (or pres-
sure ratio for PD blowers) that are determined thrpugh

tely

examination of the specified performance and operati

ating speed of the blower and shall be maintained within
the mechanical limits of the blower package.
Consideration should be given to critical speeds of
rotating equipment in selecting the test speed.
Test pressures and temperatures shall not exceed the
maximum allowable pressures and temperatures for the
blower and motor.
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Table 3-5.4-1 Permissible Deviations of Similitude
Parameters for a Test of Dynamic Blowers

Limit of Test Values as
% of Specified Values

Parameter Min. Max.
Specific volume ratio, v;/vy 95 105
Inlet volumetric flow rate, g, 99 101
Isentropic head, W; 100 101

Maintaining the pressure ratio within the limits of
Table 3-5.4-2, adjust the blower speed to achieve the
highest inlet volumetric flow rate obtainable at the test
conditions within the allowable limits of the blower
motor and record the performance data. See para.
5-4.5.1. Use this data to plot wire-to-air power vs. flow
rate at the specified pressure ratio. Use this plot to extrap-
olate the wire-to-air power at the target inlet volumetric
flow rate and pressure ratio using a nonzero intercept

Ma(,} illU lVldLil lll,llll‘UCl, MIm OCT Figult D= 41

GENBRAL NOTE: In cases where the package available power may be
excedded during a test due to inlet conditions of the ambient test
environment, refer to para. 3-5.4.1.

3-5/4 Permissible Deviations Between Test and
Specified Operating Conditions

This Code defines one classification of test, which is
basdd on the deviations between test and specified oper-
ating conditions. Tests shall be conducted with ambient air
as the specified and test gas. Deviations of operating condi-
tion$ and properties of air between the specified and the
test|performance conditions shall be subject to the
follgwing limitations: the individual and combined
effe¢ts shall not exceed the limits of Table 3-5.4-1 for
dyngmic machines or Table 3-5.4-2 for PD machines.

The specified gas and test gas may differ by conditions:
this phould be noted in the test report. To maximize accu=
racy|of test results, test conditions should duplicate speci-
fied| operating conditions as closely as possible.
Calcplation procedures are given in Section 5 for gases
confprming to Ideal Gas Laws.

Figure 3-5.4-1 Allowable Machine Mach Number Departures for Dynamic Blowers

method.

Deviations from the above procedure andjfo¥inodifica-
tions to the blower package to accommiodate| the test
should be agreed upon by the parties/It is'reconpmended
that the end user and/or specifying engineer conjsider the
inherent uncertainty in predictionjand measurpment of
blower performance and include appropriate tqlerances
on flow and power based’on‘the process requirements.
This consideration of tolerances is particularly important
for fixed-speed machines that provide negligible adjust-
ment of performance’on the test stand. The machine speci-
fications should,'clearly state allowable tolprances,
especially regarding inlet flow, to ensure that the manu-
facturer considers these tolerances and providgs appro-
priate factors of safety in the machine selection.

Note'that the use of a shop VFD with PD blowef systems
specified to operate at constant speed solely to [compen-
sate for deviations between inlet volumetric floy rates at
specified conditions and inlet volumetric flow rafes at test
conditions is not permitted. In this case, the flow rates
shall be based on actual operating speed of|the test
system at the specified electric power frgquency.
Power projected for specified conditions shall pe calcu-
lated using the method identified in para. 5-4.4.1.
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Table 3-5.4-2 Permissible Deviations of Operating
Conditions for Positive Displacement (PD) Blowers

Limit of Test Value Limit of Test Value
as % of Specified as % of Specified
Value for Constant- Value for Variable-
Speed PD Blowers Speed PD Blowers

N, = N, Wosp (3-5-5)
s — t . — -5-
i Wt

’

For configurations with a piped inlet or allowable by
design, an inlet throttle device may be utilized to
reduce inlet density of the blower package to maintain

Parameter Min. Max. Min. Max. . . .. . .
> . 100 102 100 02 within operational limits. The inlet paths in such cases
ressure ratio shall not affect the field operational configuration. Inlet
Inlet volumetric 100 110 98 102 onfisurationin-all-cases-shall-follow—the—suidan f
flowrap Mo (] corfigurationinall-ecasesshall-follow—th Suidan eo
para. 4-3.5.

NOTE: (1) There may be situations where it is not possible to achieve
the target|inlet volumetric flow rate within the deviation indicated
above duefto differences between the specified and actual test densi-
ties and pgwer limitations of the blower package. For PD blowers, this
may be addressed by referring to para. 5-4.5.1.

3-5.4.]1 Operational Speed Deviation. In cases where
the package available power may be exceeded during a
test due fo inlet conditions of the test air and environment,
the folloying considerations shall be conformed to in lieu
of operdting outside the limits of the blower system
power.
For dynamic blower packages, a deviation of opera-
tional speed at test conditions shall fall within a range
of (as pqrcent design values)

N

096 < [—

Ny

< 1.04 (3-5-1)

The pé¢rmissible deviations provided in Table 3-5.4-1
shall prgvail as follows (as percent of design values):
Inlet volumetric flow rate

N N,

0.99-q, - 1Ll < q,, < 1.01-q, (™ ot (3-5-2)
»Sp ]\]Sp ] »SP. Z\Isp

Isentrppic head
2 2

N Nt | (353

1.00 - Wysp - N < W< 101-W, | —- (3-5-3)
sp sp

In such cases, thé blower system shall be operated at the

operating condltlons and resultmg test volumetric
flow rate and isentropic head collected during test, use
the following equations:

Volumetric flow rate rotation speed check

9
N, = N;-| 22 (3-5-4)

’

Isentropic head rotation speed check

3-5.5 Test Point Data Collection

When all variables have stabilized, the.test personnel
shall take the first set of readings of(all essential ingtru-
ments. A minimum of three sets ofreadings shall be thken
during each test point.

The minimum duration of‘a test point, after stabfliza-
tion, shall be 15 min from(the start of the first set of nead-
ings to the end of the third set of readings. The three
readings for each test-point shall be within the fluctugtion
tolerances listed4n Table 3-5.5-1.

A test pointeonsiders one complete set of instrument
readings obtained in a 1-min period. The individual rjead-
ings recorded in a 1-min period are summed and diviided
by the-total number of readings to establish an avefage.
This(average is then used as the test point data.

3-5.6 Performance Curve Data Collection

When performance curves are required by spécific
agreement between the parties to verify the complete
blower range of operation, a multipoint test should be
performed. For a variable flow machine, one or rore
sets of 5-point (minimum) curves are collected oyer a

Table 3-5.5-1 Permissible Fluctuations of Test Readings

Fluctuation

(%)
Measurement, Symbol, Units [Note (f1)]
Inlet pressure, p;, psia 2
Inlet temperature, T;, °R 0.5
Discharge pressure, pg, psia 2
Differential pressure of flow-measuring device, Ap, 1

Relative humidity, RH, % 2
Wire power, P, kW 1
Line voltage, V, volts 2
Speed, N, rpm 1

GENERAL NOTE: The fluctuations follow Tables 3-5.4-1 and 3-5.4-2.

NOTE: (1) A fluctuation is the percent difference between the
minimum and maximum test reading divided by the average of all
sets readings for one test point.
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selected range of operation. A point shall be taken at
approximately the specified volumetric flow rate. The
additional points should consist of one point near
surge, two points between specified volumetric flow
rate and surge, and one or more points at volumetric
flow rates higher than the specified point, including
the maximum volumetric flow rate point. PD blowers
shall utilize the maximum operating pressure as the
“surge” condition. The proximity between points and
etween client an

r dynamic blowers, the performance curve should
pressure vs. flow and power vs. flow using units
breed between the parties.

riable-speed PD blowers should plot flow vs. speed
power vs. speed and/or flow vs. power at constant
sure, using units as agreed between the parties.
blower plots should include one point near the
mum flow as limited by differential temperature
one point near the maximum flow as limited by
ower of motor power, speed, or pressure.

fer to Nonmandatory Appendix F for examples.

3-5[7 Establishing Minimum Continuous Flow

r every specified point of operation tested, the
mum continuous flow prior to surge for the asso-
ciat¢d speed, vane, or inlet valve condition (inclusive)
shoyld be determined when required by specific agree-
menjt between the parties.

Cgnsidering dynamic blowers, the flow at which.surge
occurs can be determined by slowly reducing the flow rate
at thle test speed until indications of unstable of pulsating
flow] appear. The severity of surge will vary 'widely as a
fundtion of pressure ratio, type of blower; and capacitance
of the piping system. Surge may besidentified by noise,
fluctuations in the differential pressure of the flow
nozzle, or a drop and/or fluctuation of the pressure
andfor temperature.

When the surge flow hasbeen identified, the flow should
be ifcreased slightly_until stable operation is restored
(migimum continuous flow) so that a complete set of
perfprmance data may be taken. This process may be
repdated a second time to demonstrate the reliability
of the initidlsetting.

Lgcation of the surge condition as defined above and
agreled between parties shall be determined for a given

min]

3-5.8 Establishing Maximum Continuous Flow

For every specified point of operation tested, the “choke
flow,” or maximum continuous flow for the associated
speed, vane, or inlet valve condition (inclusive), should
be determined when required by specific agreement
between the parties.

Considering dynamic blowers, the choke flow should be
determined by gradually opening the discharge throttle
i HrEetad i pre until
the flow remains essentially constant with‘dgcreasing
discharge pressure. Record all measured datfa points
for this condition.

If choke flow is to be determined,the facilitie
designed so as not to limit maximum flow. This
performed within the mechanical”limits of the
under test.

shall be
shall be
machine

3-5.9 Inconsistent Measurements

If any measurement influencing the result offa test is
inconsistent with.some other like measurement, plthough
either or both of them may have been made sfrictly in
accordance with the rules of the individual test code,
the cause‘of the inconsistency shall be identified and elimi-
nated:

Where four independent instruments are|used to
mmeéasure a pressure or temperature value pnd one
recorded observation is inconsistent due to meaqurement
error, its value shall be discarded and the valjie deter-
mined from the average of the other thred. Where
fewer than four independent measuring deyices are
used, all values shall be used and averaged to determine
the measurement value.

3-5.10 Errors and Uncertainties

[t should be recognized that the results of the t¢st calcu-
lations are subject to error caused by the inaccyracies of
the test instruments and/or procedures. An unfertainty
analysis should be made prior to the test to assurg that the
test objectives can be met. The detailed procedures are
given in ASME PTC 19.1 and are discussed in Section 7.

The uncertainty is a measure of the quality of the test
and should not be used as a measure of the qualjty of the
machine.

3-5.11 Piping

operating point with the surge protection system
engaged for at least a portion of the test. The speed
and vane or inlet valve condition for a given operating
point shall be maintained for surge verification. Record
all measured data points for this condition.

[t should be understood that a surge flow established in
a shop test may not define the surge conditions which will
occur in the field due to differences in piping configuration
and system response.

19

Piping arrangements required to conduct a test under
the Code are detailed in Section 4. Permissible alternates
are described for convenience and suitability. A selection
suitable for the prevailing test conditions shall be made
and described in the test report.

Minimum straight lengths of piping at the inlet,
discharge, and on both sides of the flow device are speci-
fied in Section 4.
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When blowers are treated as a number of individual
sections, these piping requirements apply to each
section. Such piping between sections may not occur natu-
rally in the design. When it does not, the parties of the test
should elect by mutual agreement which sections and
components are to be included in the Thermodynamic
Test Reference Boundary and the Performance Boundary.

3-6 RECORDS

on calibration instrument scaling. Adjustments to read-
ings to compensate for calibration errors, instrument defi-
ciencies, or DAQ deficiencies are not permissible, except as
agreed to by all parties. The test log should constitute a
complete record of events including details that at the time
may seem trivial or irrelevant. Erasures on, or destruction
or deletion of any data record, page of the test log, or any
recorded observation is not permitted. If corrected, the
alteration shall be entered so that the original entry

3-6.1 DLta Records and the Test Log

The test log shall identify the blower system manufac-
turer, mqdel, and serial number. Testlocation, driver iden-
tification], test instruments used, and test date shall be
listed. Raw data for each test point shall be recorded
as obsefved, along with the time each set of data is
recorded. Corrections and corrected readings shall be
listed separately in the test report.

Atthe rompletion of the test, the log and complete set of
test datd shall be signed by the representatives of the
interest¢d parties. Copies of all shall be furnished to
the interpsted parties. The test report shall be completed
in accordlance with the instructions in Section 6.

For alllacceptance and other official tests, a complete set
of data apd a complete copy of the testlog shall become the
property of each of the parties to the test. The original log;
data shepts, files, and disks; recorder charts; tapes; etc.,
being the only evidence of actual test conditions, shall
permit cJear and legible reproduction. Copying by hand
is not permitted. The completed data records shall
include the date and time of day the observation was
recorded. The observations shall be actual instrfument
readingg, with conversion to engineering uhits based

remains legible and an explanation is included.| For
manual data collection, the test observationsishall be
entered on carefully prepared forms that,eonstitute
original data sheets authenticated by the observer’s signa-
ture. For automatic data collection, printed.cutput or glec-
tronic files shall be authenticated by the engine¢r in
charge and other representatives of the parties td the
test. When no paper copy is/generated, the partig¢s to
the test must agree in advance’to the method used for
authenticating, reproducing; and distributing the glata.
Copies of the electronig’data files must be distribpted
to each of the partiesto'the testimmediately upon conpple-
tion of the test. The data files shall be in a format that is
agreeable between all parties. Data residing on a maghine
should not rethain there unless a backup, permanent fopy
is made;:

3-62Analysis and Interpretation

During the conduct of a test, or during the subsequent
analysis or interpretation of the observed data, an obyious
inconsistency may be found. If so, reasonable effort shpuld
be made to adjust or eliminate the inconsistency. Fafiling
this, test runs should be repeated.

20
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Section 4
Instruments and Methods of Measurement

4-1|GENERAL CONSIDERATION

4-1]1 Instrument Selection

Inistrumentation is required to determine the inlet and
discharge gas states, flow rate, blower speed, and package
power consumption. The selection of instrumentation
shal] be determined by the uncertainty limit requirements
of tHe test as well as by the suitability for the test condi-
tions. The instrument selection shall be justified by calcu-
lation that the uncertainty in results meets the stated test
objeftives.

4-12 Calibration Certificates

Cglibration certificates shall be available for all test
instfuments used and shall be dated within the previous
12 nhonths. Calibration shall be traceable to a recognized
natipnal or international standard. Refer to ASME PTC
19.1] for additional guidance. A test stand utilizing data
collgction equipment shall be calibrated to insure that
botH the primary element and any interface containing
an analog to digital conversion is included asleither a
composite or a separate calibration.

4-2| POWER

This subsection gives instructions for accurately deter-
mining the input power quantitiesrequired to operate the
blower system being evaluated in whatever form is
reqired. Although electric-power is typically predomi-
nant, all power inputite’the blower system shall be
conyerted to kilowatts and added together. All energy
entdring the system boundary shall be accounted for,
including power required for secondary cooling
systpms intluding but not limited to pumped cooling
liqujd méchanical energy. Refer to para. 3-5.2 for more
detajls,

power supplied to the blower system. The powerfrequired
to operate the blower system at any given'\test ppint shall
be deemed as the cumulative power entering thie system
boundary of the blower.

The methods given herein in€lude direct defermina-
tions of active power (kilowatts), volt-ampere|reactive
power (var), and power factoer (pf) consumed|in alter-
nating-current single-phase and polyphase|electric
circuits. This subsection'also gives guidance for.itl;e calcu-

lation of ancillary devices required to operate thie blower
system. This subsection does not include such feasure-
ments of fundamental electric properties as|voltage,
current, ffequency, resistance, and impedanc¢, except
as needed to support the objectives of this doqument.

4-2.1"Wire Power Measurement Technique

Electric system parameters required for the gxecution
of this Code include cumulative gross electric inpfit, power
factor, power to other auxiliary system electric 1¢ads, and
associated power factor values. Blondel’s theorem for the
measurement of electric power or energy states thatin an
electric system of n conductors, n - 1 metering glements
are required to measure the true power or energy of the
system. Therefore, the metering methods requirgd for use
on each of the following systems are:

(a) two-wire systems — one single-element|meter

(b) three-wire systems — two single-elemerjt meters
or one two-element meter

(c) four-wire systems — three single-elemert meters
or one three-element meter

4-2.1.1 Power Analyzer Method. The type (f instru-
mentation approved in determining input powgr of the
performance test results is a high-accuracy power
analyzer. Other methods of power measyrement
contain tolerance errors that can contribute unrjecessary
uncertainty to the result. At a minimum, the power

The choice of method and instruments, required calcu-
lations, and corrections to be applied in any given case
shall depend on the purpose of the measurement, the accu-
racy required, and the nature of the circuit to be measured.

This subsection shall not supersede the guidance or re-
quirements of any ASME or IEEE standard. The intent is to
simplify the requirements for these measurements as they
apply to this Code’s tests and to provide a common plat-
form for power measurement across different technolo-
gies evaluated. This Code requires the determination of

analyzer shall have the capability to measure voltage,
current, active power, and power factor.

The power analyzer can also provide other measure-
ment parameters such as volt-ampere (VA), var, and
frequency. Some power analyzers permit measuring
and displaying all three currents and all three voltages
of a three-phase motor simultaneously.
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Note that all power measurements shall be made at the
input supply to the blower assembly. Measurements shall
not be taken after any power factor correction circuitry
and/or variable frequency drives (VFD). See
Figures 4-2.1.1-1 and 4-2.1.1-2.

4-2.1.2 Minimum Accuracy and Function Require-
ments of Power Analyzer. Table 4-2.1.2-1 references
the minimum requirements for power analyzers by accu-

reading instrument may be used if a master instrument is
used to calibrate the verification instrument at the time of
the test. Means shall be provided to verify the accuracy of
the primary transducer signal to the displayed engi-
neering units. The verification instrument shall be in
place of one of the instruments required by this Code.
The permissible deviation of the verification instrument
shall be 2 times the total of the absolute values of the speci-
fied accuracy of the two types ofindependent instruments,

racy and
range of

CAUTION
power ai

function All accuracies are bhetween a freguency
N 7

10 Hz and 7 kHz.

: The voltage, current, and frequency ratings of the
alyzer must be within the scope of the equipment

being teied, and the instrumentation must have an appro-

priate r

4-2.1
analyzer
dance w
dures. S
should h
ment beil
bration
scheduld
to a recd

For po
tion sha
inputs td

4-3 PR
4-31 P

Pressy
of £0.03
accuracy
calibrati

standard.

4-3.2 P
Accep

olution of measurement.

3 Calibration of Power Analyzer. Power
instrumentation should be calibrated in accor-
th the manufacturer’s specifications and proce-
tandard instruments and calibration sources
hve a higher accuracy than the measuring instru-
ng calibrated. All standard instruments and cali-
ources should be under a primary calibration
and should have calibration records traceable
gnized national or international standard.

wer meters that produce analog output, calibra-
1 include full-loop calibration from the source
the output method used during the test.

ESSURE

ressure Measurement Standards

re calibration instruments shall have an‘accuracy
D% of reading and a resolution of 0.1\times the
. Pressure measurement instruments used for
n shall be certified by a nationahor*international

ressure Measurement Selection

able pressure measurement instruments shall

include

ourdon tube gauges, transducers, transmitters,

liquid c¢lumn manofmeters, impact tubes, Pitot static
tubes, Harometers;tand other devices described in
ASME PTC 19.2

The selectionof instrumentation shall be determined by
the uncefrtainty limit requirements of the test as well as
suitabilityfo e 1T OTAitions. The i UTITE
tion shall be justified by calculation that the uncertainty in
results meets the stated test objectives.

4-3.3 Instrument Verification

If programmable instruments are used for any readout
at a given measuring station, or if a DAQ is used, at least
one parallel, local, direct readout of a nonprogrammable
measurement device shall be provided for verification of
reading. As an alternative, a programmable, local, direct-

22

unless another agreement is made between all parf

4-3.4 Pressure Measurement Averaging

Where multiple independent instrumehts are usg
measure a pressure and one of the measurementsis in
sistent due to measurement erref,-its value sha
discarded and the value determined from the ave
of the other readings.

4-3.5 Pressure Measurement Locations

For pressure measurements in piping, at each presg
measurement location, four separate instruments sha
installed withdmeasurements located at 90-deg in
ments around the pipe circumference, or as dets
for the measurement location. The four measuring
may be‘tied together (i.e., manifold) to creat
average. The pressure instrumentations shal
indexed 45 deg from adjacent temperature measure
locations. The location of the pressure measurer
stations has a specific relation to the inlet (p;)

ies.

d to
con-
1 be
rage

sure
1l be
cre-
iled
taps
b an
be
ent
hent
and

outlet (py) sections of the blower. The instrument

tubing size shall match the tap size. Guidance
minimum lengths of straight pipe is provide
Figures 4-3.5-1 through 4-3.5-4. The appropriate fi
shall be selected and indicated in the test ref
Concentric expansion cones and flexible conned
may be considered as straight pipe in calculating dij
sions for Figures 4-3.5-2 and 4-3.5-4.

4-3.6 Pressure Measurement Instrument Typ

Refer to ASME PTC 19.2 for supplemental informd
on instruments to measure pressure. When pres
transducers and other pressure measurement dev
are used, these instruments shall be calibrate
described in ASME PTC 19.2. Where gauge lines

for
d in
pure
ort.
tors
nen-

ES

tion
Kure
ices
d as
are

the
L un-

filled with liquids, provide means to measure|
balanced liquid head.

If requested, in addition to calibration certificates, veri-
fication of pressure instrument calibration shall be
conducted at the time of the blower performance test.
Dead-weight gauges, manometers, or air calibrators
can be used to verify instrument conformity with provided
calibration. If the verification procedure shows the pres-
sure instruments are not properly calibrated, either the
pressure instruments should be recalibrated or the test
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Figure 4-2.1.1-1 Power Analyzer Connection (Single Point)
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Figure 4-2.1.1-2 Power Analyzer Connection Including Secondary/Additional Power Feed
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Table 4-2.1.2-1 Minimum Accuracy and Function
Requirement of Power Analyzer

Parameter

Value

Basic power, W, VA, VAR
[Note (1)]

Voltage (potential) transformer
(PT)

Current transducer (CT)

+0.2% of reading,
+0.1% full scale per phase

+0.3% of reading,
+0.05% full scale (600 V)
+0.3% of reading,
+0.05% full scale (500 A)

Figure 4-3.5-2 Discharge Configuration

B min.
|<— Amin. —>

KS in. min.

Powdr factor [Notes (2) and (3)]
Sampling rate

0.1 pf

1,089 samples/cycle
50k samples/sec

Freqliency range 30 Hz to 70 Hz, +0.2% of reading
Bandjvidth 3 kHz for current, 7 kHz for
voltage
Harnjonics 1% reading, +0.05%
full scale per phase
NOTES:

(1) Ifthe auxiliary power is less than 5% of total performance power

dt the performance point being tested, a precision measurement
ihstrument is not required for the auxiliary power measurement.

(2) Based on 50 Hz/60 Hz line frequency.
(3) Only applicable if power factor is used with voltage and amperage

to calculate power. Power factor is not applicable if power is
directly measured using a power analyzer.

Figure 4-3.5-1 Inlet Configuration

B min.

«—— A min. —>|<— 24 in. min.,—>

12 in. min. ]

/ 6 in. min.

A )
] -D G) N - -
¥ P
L Z 1
Inlet stesd Inlet temperature
Zrtessure d 4 measuring stations
90?5 space spaced 90 deg apart
eg apart (45 deg from static
pressur
Minimum Dimension
Inlet Opening Preceded by A B
Straight run 2D 3D
Elbow 2D 3D
Reducer 3D 5D
Valve 8D 10D
Flow device 3D 5D

Fan

NN

Discharge static
pressure
4 measuring
taps spaced
90 deg apart

N S
< p

\~ Discharge temperdture
4. measuring taps|spaced
90 deg apart (45 deg
from static pressyre)

Minimum Dimenfion

Discharge Opehing Followed by A B
Straight €un 2D 3
Elbow 2D 3D
Reducer 3D 5D
Valve 3D 5D
Flow device 8D 10

results should be adjusted by the amount of the difference.
The decision on the course of action shall be agrged to by
all parties. When a DAQ is utilized for recording, the instru-
ments, verified from the source to the acquisition feadout/
recording system, shall include all analog to digitdl conver-
sions in the measurement and acquisition chain, pnd shall
be within the permissible deviations as stated herein.
Where pulsations are anticipated, pressure $nubbers
shall be used. Pressure snubbers are recommended for
PD blower pressure measurement. Orifice[type or
porous element type snubbers are acceptaple. The
snubber shall be installed in the pressure in4trument
tubing close to the instrument. Refer tp ASME

B40.100-2013 for more information.

4-3.6.1 Bourdon Tubes. Bourdon tubes o

similar

gauges should be selected to operate in the midrange

arrange-

ment of the graduations shall be readable. The tempera-
ture of the gauge during calibration, either as listed on the
calibration certificates or as performed at time of test in
the blower test lab, shall be within 40°F of the indoor

ambient temperature prevailing during the test.

4-3.6.2 Manometers. Manometers can be either U-
tube or single-leg design. Scales shall be engraved in
inch graduations with a resolution of 0.1 in. of water
or better. Tubes shall be of appropriate length and
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Figure 4-3.5-3 Vortex Producing Axial Inlet

See Figure 4-3.5-1
for min. dimensions

Inlet static pressure ——
4 taps spaced

90 deg apart

S | |

— E) D O Blower package.
T
Intake into * n
pdckage

Inlet temperature
4 taps spaced 90 deg apart

(45 deg from static pressure
. taps)
Straigljtener
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Figure 4-3.5-4 Diffusing Volute Discharge With Nonsymmetric Flow

See Figure 4-3.5-2 for
minimum dimensions—\

—
i

A
!

———————————— 6Dmin. ———— =

—®=— 1D min. = Discharge static
pressure 4 taps
& spaced 90 deg apart

o
D o 8 —

P

= .
B * Discharge temperature Discharge from
Blower package 4 taps spaced 90 deg apart packa_ge (to flgv
(45 deg from static metering sectio
pressure taps)

Flow conditioner
(optional)
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Figure 4-3.7-1 Pipe Velocity Measurement Loci

4-3.6.3 Transducers and Transmitters. Pressure
transducers and transmitters shall be selected with pres-
sure ranges appropriate for the expected test pressures. It
is recommended these instruments be selected to operate
in the midrange of the scale, from 20% to 80% of full scale;
this shall be agreed upon between all parties pending
review of calibration certificates verifying linearity
within the selected usage or operating range. Differential
pressure transmitters may be selected to operate in the

Stafionary array mounted on crossbars in a circular conduit

fluids of suitable specific gravity to permit easy reading of
differentials within 0.5%.0f the reading. Small-bore
manjometers less thant%/in. are subject to appreciable
errof resulting from’¢apillary forces, variable meniscuses,
and festricted sepafiation of entrained gas bubbles. These
errofrs vary with-the type of fluid, the tube diameter, and
the fube cleanlihess. Correction tables for meniscus error
shal| berused for tube bores less than % in. Single-leg
manjpiiretérs shall have both liquid levels visible with a
mear OT adjUsStINg the scale to [0 | [ [
the instrument is in use. Single-leg manometers shall
be checked for zero position before and after the test.
Manometer fluid shall be chemically stable when in
contact with air and metal parts of the instrument.

The specific gravity and the coefficient of thermal
expansion of the fluid shall be determined before the
test. See ASME PTC 19.2 for further guidance.

ero po O W €

range of 5% to 95% of full scale if a valid calibratjon certi-
ficate verifies linearity within this range.

Ring manifolds are permissible if separate tray
for each instrument are utilized.

smitters

4-3.7 Velocity Pressure

Velocity pressure shall be €ither computed on[the basis
of average velocity, as calculated in accordahce with
Section 5, or determined by a Pitot tube traverse of
two stations. The.average shall be the ratio of the
measured volume rate to the pipe area of the

below 5% ‘ef the absolute static pressure. Ot}
the Pitet tube traverse method shall be used.
station; the traverse shall consist of ten reading§ at posi-
tiohs representing equal areas of the pipe cross dection as
shown in Figure 4-3.7-1, with suitable design fodifica-
tions for adaptation to prevailing pressure, vglocities,
and pipe sizes.

4-3.8 Static Pressure

Static pressure shall be taken as the arithmeti¢ average
of individual raw data observations from the nfimber of
measuring instruments utilized, spaced 90 deg infthe same
plane of the pipe perpendicular to the axis of flow. The
error associated with different tap geometries described
in ASME PTC 19.2 shall be taken into considerafion. The
diameter of the outer pressure tap shall be twice that of the
inner pressure tap. The wall thickness, including any re-
inforcement, shall be greater than 1.5 times the |nner tap
diameter and less than 6 times the inner tap diamfeter. The
hole shall be drilled normal to the pipe surface |(perpen-
dicular) and shall be free of burrs. A preferred connection
is obtained by welding a half coupling to the pipefand then

location. Refer to Figure 4-3.8-1 for pressure tap installa-
tion in thin-wall piping.

4-3.9 Total Pressure

In cases where the velocity pressure guidance in
para. 4-3.8 is not met, total pressure probes shall be
used to measure pressure at the same stations where
the static measurements are made. Where the absolute
values from the number of stations utilized differ by

27
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Figure 4-3.8-1 Reinforced Pressure Tap for Thin Wall
Piping

the vicinity of the blower package inlet and free of the
effects of velocity.

Total pressure should be directly measured by the use
of total-pressure probes inserted into the flow stream
(such probes shall be properly oriented or directionally
compensated to ensure proper measurement). The
measurement obtained by a total-pressure probe can
be influenced to varying extent by spatial location. In
the event of significant unresolved differences from the

Pressure Tap for Thin Wall Piping

more thdn 1.0%, the cause shall be determined and the
conditiop corrected. See ASME PTC 19.2 for further guid-
ance as ell as guidance for gauge snubbers.

4-3.10 |nlet Pressure

Inlet pressure is the total pressure prevailing at the
blower gackage inlet. It is the sum of the static pressure
and the|velocity pressure. Static pressure shall be
measuref as specified for inlet pipes in para. 4-3.5.

Wherd no inlet pipe is used, as in Figure 4-3.10-1, the
inlet totdl pressure shall be measured by four separate
instrum¢nts. The face inlet velocity shall be less than
1,000 ft/jmin at rated airflow at the point of measurement)
Barometfic pressure is equivalent to inlet pressure id-this
case, prdvided the barometric pressure instrument'is in

Measurement area

Figure 4-3.10-1 Package Inlet

velocityto-be Iess\
than~h000 ft/min - /.

|
| total pressure deduced from the static pressure|and
i average velocity, the static-pressure-based result’shall
§ | E prevail.
S0 e—24a If more than one process air inlet to the ‘package is

provided, the pressure measurement settp shall be djipli-
cated ateach inlet. The overall package inlet pressure fhall
be averaged proportional to the flow area through pach
inlet, in accordance with the following equation fof the
example of two inlets:

4 )

= | — + | —=
b [A1+A2)P1 [A1+A2]p2

4-3.11 Discharge Pressure

3-1

Discharge pressure is the total pressure prevailipg at
the'blower discharge. It shall be taken as the supn of
thee static pressure and the velocity pressure. Static pres-
sure shall be measured as illustrated in Figures 4-3.5-2
and 4-3.5-4.

Inlet grille

? |
: in this‘area / i
i
- T
i i
@ i
i i
2L —] i i
i i
i @
P ]
| |
i !
‘‘‘‘‘‘‘‘‘‘‘ i _ o
Package Package
<36 in. max.—>
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Total pressure may be directly measured by the use of
total pressure probes inserted into the flow stream. When
used, such probes shall be properly oriented to insure
proper measurement.

The measurement obtained by a total-pressure probe
can be influenced to varying extent by spatial location. In
the event of significant unresolved differences from the
total pressure deduced from the static pressure and
average velocity, the static-pressure-based result shall

tors as long as measurements achieve thermal stability
prior to time of recording.

The selection of instrumentation shall be determined by
the uncertainty limit requirements of the test as well as
suitability for the test conditions. The instrument selec-
tion shall be justified by calculation that the uncertainty in
results meets the stated test objectives.

4-4.2.1 Thermometer.Ifaliquid-in-glassthermometer

prevjail.

Iffan optional flow conditioner is used, the measured
statilc pressure must be adjusted to account for the pres-
sureldrop through the flow conditioner by adding the pres-
surg drop through the flow conditioner to the absolute
statilc pressure measured downstream of the flow condi-
tioner:

2
gvd
2 g,

= pd,rneas + k (4-3-2)

Refer to Table 4-5.3-1 for values of k.

4-3112 Ambient Pressure

Ainbient pressure shall be recorded at the beginning of
eacl] test point. The instrument(s) shall be located at the
air $ource for the test. The instrument(s) shall be
proflected from weather and direct sunlight. A single
bardmeter may be used for the barometric pressure read-
ings| Alternatively, a single absolute pressure transducef
and [transmitter may be used.

4-3

Te¢st pressures shall not exceed the maximum allowable
opeffating pressures for the blower.

13 Pressure Measurement Constraints

4-4| TEMPERATURE

4-4

D
tem

1 Temperature Measurement Standards

y block or liquid bath calibrators shall be used for
perature instruments. Accuracy shall be +0.02°F
(£0.p1°C) and resolution shall be 0.01° Fahrenheit or
Celsjus. Temperature measurement instruments used
for dalibration shall be certified by a national or interna-
tiongl standard.

4-412 Instrument-Selection

is co]nr‘fnr‘, itshallbeinstalledin athermaowell-There may

be a need for an emergent stem correction. Referjto ASME

PTC 19.3 for further information.

all have
of mate-

4-4.2.2 Thermocouples. Thermocouples s}
junctions silver brazed or welded. TheSelection
rials shall be suitable for air within the temperatyre range
being measured. Calibration shall be made with the
complete assembly, including the instrument, the refer-
ence junction, and the lead’wires. If the well i integral
with the thermocouple, the well shall also be fincluded
in the calibratipnyAccuracy shall not be l¢ss than
+0.3°F (+0.15°C)=Refer to ASME PTC 19.3.

4-4.2.3 Resistance Temperature Detector (RTD). Each
RTD shall’be’a nominal 100 ohm-in., three- or fopur-wire,
hermetically sealed, platinum resistance element. The
sensing element shall be enclosed in an outer shedth. Accu-
racy shall be £0.3°F (£0.15°C) over the specified qperating
range.

4-4.2.4 Thermometer Wells. Thermometer] wells, if
used, shall be as small in diameter and with |walls as
thin as conditions will permit. Wells shall be gvaluated
for the conditions of anticipated use to deterpnine the
time lag and the corrections to be applied. The fempera-
ture element should be springloaded in the thernjowell, or
other means may be used to ensure thermal congluctivity.

4-4.3 Instrument Verification

readouts
, at least
hmmable

If programmable instruments are used for any
at a given measuring station, or if a DAQ is used
one parallel, local, direct readout of a nonprogr
measurement device shall be provided for verification of
reading. As an alternative, a programmable, locgl, direct-
reading instrument may be used if a master instijument is
used to calibrate the verification instrument at tHe time of
the test. Means shall be provided to verify the acfuracy of
the primary transducer signal to the displayed engi-

Reference should be made to ASME PTC 19.3 for supple-
mental information on instruments to measure tempera-
ture. Temperature shall be measured by thermocouples,
liquid-in-glass thermometers, resistance temperature
detectors, or other devices with equivalent accuracy.
The range of their scales, the sensitivity, and the required
accuracy shall be selected to minimize uncertainty. Ther-
mowells of the type indicated by ASME PTC 19.3 for a
particular velocity may be used with temperature detec-

29

neering units. The veriiication istrument shall be in
place of one of the instruments required by this Code.
The permissible deviation of the verification instrument
shall be 2 times the total of the absolute values of the speci-
fied accuracy of the two types of independent instruments
unless another agreement is made between all parties.
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4-4.4 Temperature Measurement Averaging

Where multiple independent instruments are used to
measure a temperature value and one recorded observa-
tion is inconsistent due to measurement error, its value
shall be discarded.

The number of instrument readings for each test point
shall be within the fluctuation tolerances established
herein. In no case shall fewer than two instruments be

some of these devices have a relatively slow response
time. See para. 3-3.11 for thermal stability requirements
between data points.

4-4.7 Total Temperature

Total temperature is the sum of static temperature and
velocity temperature. Normally, the actual temperature
measured is a value between static and total temperature.

used.

4-4.5 Tlemperature Measurement Locations

At each temperature measurement location, four sepa-
rate instfruments shall be installed with measurements
located gt 90-deg increments around the pipe circumfer-
ence, or|as detailed for the measurement location. The
temperafure instrumentations shall be indexed 45 deg
from adjpcent pressure measurement locations. The loca-
tions of the temperature measurement stations have a
specific felation to the inlet and outlet sections of the
blower.

The immersion length shall be at least 30% of the pipe
radius. Reference should be made to ASME PTC 19.3 for
supplemlental information. The instrument tubing size
shall mafch the tap size.

4-4.6 Tlemperature Measurement

The fdllowing general precautions are recommended
when making any temperature measurement:

(a) The instrument installation should assure that
thermal| conductance by radiation, convection,, and
conductipon between the temperature-sensitive element
and all external thermal bodies (pipe wall; external
portions|of thermometer wells and thermocouple, etc.)
shall be|negligible in comparison to the\eonductance
between| the sensor and the medium being measured.

the flowing fluid. The piping insulation shall have a
thermal resistance of 12 hr- ft*- °F/Btu - in.
(c) Td minimize the unavoidable conduction of heat,

The velocity temperature is then corrected for the
recovery factor and added to the measured observa'tion.
The recovery factor shall be provided by the instrupent
supplier and is further detailed in Section 5. Special
temperature probes made to measure totahtemperdture
need little or no correction. For total temperature corjver-
sion, see para. 5-1.5.

4-4.8 Inlet Temperature

Inlet temperature is thetotal temperature prevailing at
the blower package inletyWhen the blower is tested with
aninlet pipe, four temperature taps shall be spaced 90-deg
apart and displaced”45 deg from the static prespure
sensors (see Figures 4-3.5-1 and 4-3.5-3). Ambient and
inlet temperatures shall be measured separately.

If the air’source is from the room and no inlet pipi
provided; the inlet condition shall be measured af
point.where the airflow stream passes the bounflary
and‘the instruments shall be located as close as pospible
to the package, as long as the allowable deviation betyeen
instrument readings is met, and they shall be located if the
inlet airstream. Precautions shall be taken to prepent
negative pressures in the vicinity of the temperature
instrument, which may be caused by strong winds,
blower inlets, or ventilating fans. For test arrangements
with no inlet piping, the inlet velocity shall be less than
1000 ft/min at rated airflow at the point of measurement.
Ambient temperature is equivalent to inlet temperatufre in
this case.

If more than one process air inlet to the package is
provided, the temperature measurement setup shall be
duplicated at each inlet. The overall package inlet
temperature shall be averaged proportional to the [flow
area through each inlet in accordance with the folloying
equation:

A
L =|—F|0 +
A + Ay

hg is
the

4-4-1)

T P
A+ Ay

the temperature measuring device snall extend a Surlicient
distance into the fluid stream, it shall be atleast 309% of the
pipe radius, and it shall be installed perpendicular to the
wall.

(d) Precaution shall be taken to avoid insertion of the
temperature measuring device into a stagnant area when
measuring the temperature of a flowing medium.

(e) Temperature measurement devices should be
selected to operate in the midrange of the scale, 10%
to 90% of full scale. Caution should be taken because

30

The inlet conditions shall be measured at the point
where the airflow stream passes the system boundary.
Ambient temperature shall be measured separately
with a single instrument as reference only for systems
with piped inlets.
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4-4.9 Discharge Temperature

Discharge temperature is the total temperature
prevailing at the blower discharge. When a blower is
assembled for test with a discharge pipe, the instruments
shall be located as shown in Figure 4-3.5-2 or Figure
4-3.5-4, spaced 90-deg apart, and displaced 45 deg
from the pressure taps.

When the values of raw data observations utilized differ

shal] be determined and corrected.

4-4{10 Temperature Measurement Constraints

Te¢sttemperatures shall not exceed the maximum allow-
able|operating temperatures for the blower.

4-5| VOLUMETRIC FLOW RATE

4-5{1 Flow-Measuring Devices

Flpw shall be measured by using a differential pressure-
typeldevice such as a concentric square-edge orifice, ASME
flow nozzle, Herschel-type venturi tube, or alternate
device of equal or better accuracy and in conformance
with ASME PTC 19.5-2004. This Code is primarily
focused on airflow measurement utilizing a square-
edgd orifice for a differential-type flow element. Reference
shall be made to ASME PTC 19.5-2004 for general instruc-
tionjand detailed description of the differential-type flow:
elenpents as provided in Sections 3, 4, 5, 6, and 7 _fer
compressible fluids. The interested parties shall mutually
agree upon the type of metering device to be used and the
choife shall be stated in the test procedure.dnd report.
An orifice type of differential pressufejclass meter
congists of a flat plate through which the diameter, d,
in the general equation for mass flow: {eq. (4-5-1)] has
been bored precisely and is thinrelative to the diameter
of the flow-metering section (see/ASME PTC 19.5-2004,
subgection 4-5 for machine tolerances). The upstream
edges of the meter that-are exposed to flow must be
sharp. The primary element is, therefore, referred to as
a thin-plate, squaré-edged orifice. It is the most widely
used differential _pressure class meter because of its
low [cost and/high accuracy.
The temperdture and pressure measurements in this
sectjonor flow-measuring devices and calculations
refer to’static conditions and do not require total condi-

flow rate converted to inlet conditions, which excludes
losses by shaft leakage, condensation, and other
normal leakage that may be inherent in the blower
design. This Code measures the delivered mass flow
rate corrected to the inlet density condition to equate
the net inlet volumetric flow rate of the blower system
between the site and shop test conditions.

Considering an orifice as a flow-metering element, the
differential pressure shall be measured from static taps
ocated in the vicinity of the orifice as indicated in

in ASME PT@19.5-2004, Table 7-1.2-1, General
Flow conditioner shall be of tubular, crossed
Etoile type to ensure uniform flow in advance of the differ-
ential\fluid device. See para. 4-5.3 for guidancq on flow
conditioners.

4-5.3 Flow Conditioners

Flow conditioners shall be of the tubular, crosded-plate,
or Etoile design. The following section provides guidance
for the construction of these types of flow conflitioning
devices. The use of flow conditioners may not decrease
the requirements for straight pipe and may ndt reduce
the test uncertainty.

The recommended designs of flow conditioners are
shown in Figures 4-3.5-3, 4-3.5-4, and 4-53-1. For
both removing swirl and smoothing the yelocity
profile, a flow conditioner of the tube-bundl¢ type is
preferred. Tube-bundle designs [see Figure 4-5.3-1, illus-
tration (a)] with between 19 and 41 tubes have been used
successfully.

A tube bundle straightener consists of a nymber of
parallel tubes fixed together and held rigidly in the
pipe. It is important in this case that the variqus tubes
are parallel with each other and with the pipg axis. If
this requirement is not met, the straightener itself

tions for the calculations. Total conditions are resolved in
the iteration required in the flow calculations and there-
fore are built into the calculation procedures.

4-5.2 Location of Flow-Measuring Device and
Instrumentation

The flow-measuring device shall be located in a piping
arrangement following the blower system discharge. It
shall be used to determine the net delivered volumetric

mIght Introduce disturbances into the flow. There shall
be at least 19 tubes. Their length shall be at least 20
times the tube diameter. The tubes shall be joined in a
bundle and installed tangential to the pipe wall.

The use of a tubular flow conditioner with at least 19
tubes, a crossed-plate flow conditioner with the minimum
number of plates [see Figure 4-5.3-1, illustration (b)], or a
flow conditioner with the Etoile [see Figure 4-5.3-1, illus-
tration (c)] is recommended for removing swirl. See Table
4-5.3-1 for the loss coefficient for each type of flow
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Figure 4-5.3-1 Recommended Designs of Flow Conditioner

Tubes

2D

]

(a) Tubular
1
N
N T
(b)'Cressed Plates

Slots for . Studs for

Etoile locating Straightener  “go0ring
straightener straightener pipe straightener
blades
0.078D

+ [

! 2D |

(c) Etoile

32



https://asmenormdoc.com/api2/?name=ASME PTC 13 2018.pdf

ASME PTC 13-2018

Table 4-5.3-1 Loss Coefficients for Flow Conditioners

Flow Conditioner Type Loss Coefficient, k

Tube bundle
41 tubes 8.0
19 tubes 5.0
Crossed plates 2.2
Etoile 1.1

GENERAL NOTE: Flow conditioner estimated loss is determined as

other than those specified in ASME PTC 19.5-2004,
Table 7-1.2-1. The pipe is considered straight when it
appears so by visual inspection. The required
minimum straight lengths of pipe, which conform to
the description above, vary according to the nature of
the fittings, the type of primary element, and the diameter
ratio. ASME PTC 19.5-2004, Table 7-1.2-1 indicates the
upstream and downstream straight lengths required
for installation between various fittings and the

C

follows:
2
_ |V
Aploss - k[ 2 ]

wherf k is the multiple of the upstream dynamic pressure.

cond
Etoi

itioner. For additional guidance on crossed-plate and
e flow conditioners, refer to ASME PTC 19.5-2004.

4-5/4 Metering Section Fabrication of Piping

e normal methods of fabricating piping and compo-
nenfs are not satisfactory for accurate flow measurement.
The requirements set forth below must be followed and,
for sptisfactory results, no deviations may be permitted. In
the fest lab design stages, check the installation drawing
for ¢larity and precision of fabrication instructions.
Inside pipe walls shall not be polished but should be
as sinooth as is commercially practical. Seamless pipe\or
coldfdrawn seamless tubing should be used. Seamedpipe
is agceptable when the seam is parallel to the flow direc-
tion|and the seam follows the guidance of \(b).

(H) Grooves, scoring, pits, raised ridges.resulting from
seaps, distortion caused by welding, offsets, backing
ringp, and similar irregularities, regardless of size, that
champge the inside diameter at-swch points by more
than k/D < 107 shall not be permitted. When required,
the roughness may be corrected by filling in, grinding,
or filing off to obtain smioothness within.

shotlld be affected by valves located downstream of
the primary élement. Any upstream valves before the
prinjary-element shall be fully open and follow require-
menfts of Figure 4-5.5-1 and ASME PTC 19.5-2004, Table 7-

primary element.

(b) ASME PTC 19.5-2004, Table 7-1.2-1 ireedmmends
the piping installation for these meter types! Foy installa-
tion lengths that reside between the two listed lengths in
the table, a systematic uncertainty of +0:5% shall pe added
to the coefficient of discharge component. Straightlengths
shorter than those given in payehtheses in this tgble shall
not be acceptable for a test.

(c) The internal_pipe diameter, D (1
Figure 4-5.5-1), shallybe measured on four
diameters in the plane of the inlet pressure fap port.
Check measurements shall be made on three|or more
diameters in{two additional cross sections at least two
pipe diameters from the inlet face of the orifjce plate
or flow fhozzle, or past the weld, whichevgr is the
greater distance. The values of all such upstream
diameters shall be at maximum 0.4%. The ayerage of
all"diameters near the plane of the inlet pregsure tap
shall be used in computing the diameter ratfo of the
primary element.

(d) Measurements of the diameter of the outlgt section
shall be made in the plane of the outlet pressufe tap to
ensure that the diameter of the outlet section agrees with
that of the inlet section, within twice the toleraince given
above for the diameters of the inlet section.

(e) Flanges, when used, shall be constru
attached to the pipe so that there is no reces$ greater
than Y, in. (6 mm) between the primary elerhent and
the end of the pipe, measured parallel to thg axis of
the pipe.

(f) ASME PTC 19.5-2004, Table 7-1.2-1 summdrizes the
recommendations for the length of metering secfion to be
fabricated as a function of the piping surrounding the flow
measurement location. Minimum straight lenfgths are
required between various fittings located upsfream or
downstream of the differential-type flow elemfent. It is
not practical to show every possible installation;

lationsnot covered-exnlicithz orwhere the pnini 10~
r J 7 r°r ‘g Conflg

efer to
or more

ted and

1.2-1.

4-5.5 Metering Section Piping Adjacent to the
Primary Element

(a) The primary element or flow section shall be fitted
between two sections of straight cylindrical pipe of
constant cross-sectional area, in which there is no obstruc-
tion or branch connection (whether or not there is flow
into or out of such connections during measurement)

33

uration and fittings are not known at the time of design, the
worst case shall be used (the maximum lengths of straight
pipe). When more than one type of piping configuration is
found upstream of the metering section, each one of which
may have some effect, then the metering section shall be
fabricated in accordance with the maximum lengths speci-
fied on the applicable schedules. A calibration should be
performed in accordance with ASME PTC 19.5-2004, para.
7-2.4(b). The straight lengths given in ASME PTC 19.5-
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Figure 4-5.5-1 Flow-Measuring Device Piping Arrangement

/—Flow measuring device: corner or flange taps
£ A'ﬁ $iol .

P
Alternate: downstream temperature
measurement location [Note (2)]
/_ Face B (

Upstream pressure:

Upstream temperature four measuring taps
four measurements spaced spaced 90 deg apart

90 deg apart (45 deg from temperature)
[Notes (1) and (2)] [Note (1)]
! Face A
! [
! Flow direction _____~ CP _;g 1 Cb | @TD
JE N S 1 . /S e S e o =2 B B i e _(:)_ .......... L \/—
' ]

] — n

[Note (3)] — |,

5D to 6D

4 [Note (4)] l«— E
!

Flow conditioner [Note (4)] ,

GENERAL NOTES:
(a) Tap shall also be known as mmeasurement location.

(b) All dimensions shall be meapured from the appropriate face of the differential device.
(c) Piping shall be insulated as jn para. 4-4.6.

(d) see para. 4-5.7 for referencifig dimension E, fi, f5.

(e) Drawing is not to scale.

NOTES:
(1) Flowmetering section: see ASME PTC 19.5-2004, Table 7-1.2-1 for required straight lengths.

(2) Differential pressure measugfement by corner or flange taps, upstream or downstream (D and D/2 taps) are also acceptable.
(3) Pressure and temperature njeasurement locations shall be rotated circumferentially 45 deg in comparison’to each other.
(4) Temperature measurement Jocations following the differential device shall be also acceptable.

8T02Z-€T J.Ld ISV
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Table 4-5.6-1 Values of Constants in the General Equation for Various Units

Values of Constants

Units for Mass Units for Meter Units for Units for
Flow Rate, q,,, Geometry, Fluid Differential Proportionality Units Conversion
Units d or D, Density, p Pressure, Ap Constant, g, Constant, n
kg kg ke 1/2
— m 3 Pa ge = 1.0 dimensionless n=10———
sec m m-sec”-Pa
1
: 2
Ib_m . 1b_m E g = 32.1741- 1bm £t = 3000 i [ inZ spc? /
hr mn. 3 in2 ¢ bfsect = 30005 T
secANftS T
slugs slug Ibf stugfe [
— — - = imensi = 10| ——
sec ft PE @2 g. = 1.0 dimensionless n bfsec?

2004, Table 7-1.2-1 are minimum values, and straight
lengths longer than those indicated are always recom-
menjded.

(q) If the upstream piping configuration is more
complicated than as listed, see ASME PTC 19.5-2004.

(") In the case of venturis, if one of the minimum
strajght lengths adopted is between the values listed in
ASME PTC 19.5-2004, Table 7-1.2-2 and +0.5%, additional
uncgrtainty shall be applied to the flow coefficient uncer-
tainty.

4-5/6 General Equation for Mass Flow Rate
Through a Differential Pressure Class‘Meter

Fgrmulas for calculating mass flow for a variety of flow-
meapuring devices as provided in ASME PTC 19.5-2004
shall be used. Methods are included forthe determination
of the discharge coefficient, fluid expansion factor, and
metpring element thermal expansion coefficient for
varipus flow elements. Nomenclature and symbols
follqw ASME PTC 19.5-2004~ All pressures are static
and |not total.

(a) The general equation for mass flow is

2p,(Ap)g,
a8

9y, = n%dzcdsl (4-5-1)

Equation® 4-5-1 is applied to flow calculations for all
orifices and nozzles, and is valid both for liquids and

4-5.6.1 Calculation of Expansion Factor, &,

(a) For orifices, abrupt radial as well as axigl expan-
sions take place, and the analytical derivption of
eq. (4-5-3] is‘invalid. It has been determined|that the
producttef C; and &; for subsonic flow orifices|depends
on Rerand the acoustic ratio, Ap/kp,. Basedl on the
datayif p, is the value of density upstream of [the fluid
meter used for the flow calculation, then

Ap

4%p, 5.
go=1- {0.41 +035(f) } ' (o)

(b) The expansion factor for nozzles, with density
determined at the upstream pressure tap, Has been
derived

& =
1 4 /2
rz/K[ K ] 1- r(K;D 1 - (ﬁexp) (4-5-3)

o b 1 - (ﬂexp)4r2/’<
where r is defined as
(4-5-4)

-5

for gases flowing at subsonic velocity. Density shall be
based on static measurements. This Code is focused
primarily on airflow and utilizing orifices for volumetric
flow rate measurement. If nozzles are utilized for volu-
metric flow rate measurement, then refer to ASME PTC
19.5-2004.

(b) Values of n and g. for commonly used combinations
of units are shown in Table 4-5.6-1. Use of other units for
any parameter(s) in the general equation is permissible,
provided the n factor is correctly determined.
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Equation (4-5-4]1s valid for any gas or vapor for which k
is known.

(c) Equations (4-5-2) and (4-5-3) are valid only for
cases where p,/p1 2 0.8. Differential pressure meters
must not be sized for compressible fluids such that the
pressure ratio is lower than 0.8 to avoid Mach number
effects. Therefore, the ratio of the flowmeter differential
pressure to the pressure measurement upstream of the
flow element shall be in the following range:
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00 <|—]| <02 (4-5-5)

_Pl

(d) Temperature can be measured downstream of the
meter to avoid disturbing the flow profile. Static pressure
shall be measured at the upstream tap. Temperature at the
upstream tap, T4, can be calculated assuming the ideal gas
relation using eq. (4-5-6) and the relationship Ap =p; - p»

d T

exp — dmeas + aelementdmeas(T - meas) (4-5-8)
Dexp = Dmeas T apipeDmeas(T — Tineas) (4-5-9)
d
B = —2 (4-5-10)
® Dexp

4-5.9 Procedure for Sizing a Differential Pressure

when the piping and flange locations in the flow-metering
section gre insulated as per para. 4-4.6.
(k—1)/x A (xk—1)/x
1, =522 =512 (45-6)
Py Py
4-5.7 Empirical Formulations for Discharge
Coefficient, C4
The erppirical formulation for the discharge coefficient
for orifides is given by the following equation:
2.1 8
Cq = 05959 + 0.0312(ﬂexp) - 0.1840<ﬂexp>
4
+ —O'O%OLl(ﬂeXP) — 0.0337L (ﬂ )3
4 ' 2\Fexp (4-5-7)
1= (ﬂeXP)
2.5
. 9171 (fhyp)
R(e).75
where
= lorifice plate thickness
L, = |[dimensionless correction for upstream-tap loca-
tion
= |l1/D, measured from upstream~Face A
l; = |distance from upstream face of orifice plate to
upstream pressure tap
L', = [dimensionless correcfion for downstream tap
location
= |(I - E)/D, meastired from downstream Face B
I, = |distance from~iipstream face of orifice plate to
downstream.pressure tap
Refer o ASME'PTC 19.5-2004, Figure 4-2-1.
4-5.8 T XP3
Primary Element

In actual flow conditions, both d and D change from the
measured values in the factory or laboratory because of
thermal expansion or contraction. This occurs when the
flowing fluid is at a different temperature than that at
which the primary element and the pipe were measured,
and if the pipe and element are of different materials or
originally calibrated at different temperatures for each.
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Class Meter and Selection

The user must be careful when sizing a differéntial pres-
sure class meter that the calculated fey,, d/Reynjolds
number, and r, as measured across the‘elemen{ are
within the specified ranges for each meter. The resolytion
of measurements from instrumentation shall follow|that
as described in Section 4. If any limyitations are excedded,
then either a different size of th€ same meter type (d, P, or
both) shall be used or a different type of differential pres-
sure class meter shouldibe-evaluated for the applic;}lion.
The metering sectionjatrangement, and length dithen-
sions shall be per para. 4-5.5.

Differential elass meters have a limited range for ogera-
tion. In selecting’and sizing a meter, care shall be taken to
stay withinnthe limitations of the meter, piping arrange-
ment, instrumentation, and gas and thermodynamic grop-
erties.

[fthe chosen value of differential pressure for the d¢
or expected flow rate in the sizing of an orifice result§ in a
calculated By, that exceeds the prescribed limits, it{may
be necessary to use a flow nozzle or venturi. Both deyices
have a higher flow measurement capacity in comparison
to orifice devices for the same size beta ratio. For rgfer-
ence, discharge coefficients for nozzles and venturi-
metering runs are in the order of 1.0 compared to
typical discharge coefficients of orifices in the ordér of
0.6. The discharge coefficient shall be determined as
described herein.

sign

4-5.10 Restrictions of Use

The following restrictions must be met for proper ukse of
these meters:
(a) The flowmeter, flow section, pressure taps,|and
connecting tubing shall be manufactured, installed,|and
used in strict accordance with the specifications hefein.
(b) Theflow shallbe steady or changing very slowly as a
ime—Rulsations—n hal-be-small
compared with the total flow rate. The frequency of
data collection shall adequately cover several periods
of unsteady flow. Refer to ASME 19.5-2004, Section 6
for additional guidance regarding pulsating flow.

4-5.11 Flow Calculation Procedure

(a) Equation (4-5-1) shall be used for all differential
pressure class meters and is valid for subsonic airflow
measurement.
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(b) Used for airflow, &, is given by eq. (4-5-2) for
orifices.

(c) Perpara.4-5.8,dand D shall be corrected to the fluid
temperature of the measurement.

(d) The applicable air density shall be determined from
static pressure and static temperature measurements.

(e) All quantities in the general eq. (4-5-1), except the
discharge coefficient, are known once steps 4-5.6.1(b)
through 4-5.6.1(d) have been completed. Because Cy
dep¢nds on Reynolds number, which itself depends on
flowrate, eq. (4-5-1) is now solved by iteration. It is conve-
nienft to initially guess a discharge coefficient of C;= 0.6 for
orifires. A reiteration is begun using the new value of the
discharge coefficient as calculated from the new Reynolds
number from the previous iteration.

(f] This process shall be continued until the difference
between successive calculated flow rates is less than
0.003%. It is also convenient to simply iterate until
conyergence to five significant digits is achieved. Conver-
gende is generally achieved with four iterations.

4-5)12 Introduction to Orifice Meters

445.12.1 Types of Thin-Plate, Square-Edged Orifices.
Thirl-plate, square-edged orifices are classified based on
the Jocations of their differential pressure taps. The three
types of tap geometries recommended by this Code for
primary data when conducting ASME performance
testg in accordance with a code are

ASME 19.5-2004, Table 4-5.1 to review minimum
orifice plate thickness, E, for stainless steel orifice plates.

4-5.12.4 Upstream Face A. With zero differential pres-
sure applied, the plate upstream Face A shall be flat within
0.01(D - d)/2. The orifice plate mounting shall have no
significant distorting effect on the plate.

The upstream Face A shall have a maximum roughness
of no greater than 5 pin. (0.13 um) within a circle whose
diameterisnotlessthan D andisconcentricwith the bore.
The lip-like upstream side of the orificé/plate that
extends out of the pipe and is called the tagshall be perma-
nently marked with identification of the/upstrg¢am side,
measured bore diameter, orifice identifying jnumber,
plate thickness and angle of bevel, even if zero

4-5.12.5 Beta Ratio Recommendation ((Orifice
Diameter). The inner diameter of the differential
device, d, shall be sugh’that 0.20 < Bcyp|< 0.75;
however, it is recomimended that a Sy, of 0.70 not be
exceeded. Refer to‘\ASME PTC 19.5-2004, Tabl¢ 7-1.2-1
for additional guidance.

Where thelbeta ratio is defined as the ratio of
diameter-0f the differential device, d, divided by
diameter\D, piping wall of the fluid metering s

and noting eq. (4-5-10), considering the therm
sion of materials becomes therefore

the inner
the inner
lection

(4-5-11)

1 expan-

(a
(b
(¢

flange taps
) D and D/2 taps
corner taps

Pylessure-tap locations for flange taps and @,and D/2
taps| shall be given by the measured distance from the
centlerline of the pressure tap to the upstream Face A
or tp the downstream Face B of the“orifice plate, as
seer] in Figure 4-5.5-1. The thickhess of the gaskets or
other sealing material is included.in the given dimension.

4
Four
(see
rate

(0]
larit]
Diffd
taps|
eac

5.12.2 Multiple Sets of Differential Pressure Taps.
pairs of differential pressure taps shall be required
Figure 4-5.5-1). Differential pressure taps are sepa-
by 90 deg gircumferentially.
ifice degradation through use, dirt, or other irregu-
es can, go unnoticed if only one set of taps is used.
rential\pressure shall be measured at each set of
The flow calculation shall be done separately for
pair and averaged Investigation shall he required

d exp
D,

exp

Pep =

Figure 4-5.12.3-1 Deflection of an Orifice Plate by
Differential Pressure

D

if the results differ from each tap set calculation by
more than the flow measurement uncertainty.

4-5.12.3 Deflection and the Required Thickness, E, of
Orifice Plate. Deflection of the orifice plate during flowing
conditions is unavoidable (Figure 4-5.12.3-1), but shall be
small enough so that the total deflection, 7, is less than
0.005(D - d)/2 (assuming the plate was perfectly flat
with zero differential pressure applied). Reference
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Simple support (fitting)
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4-5.12.6 Eccentricity of Orifice in Metering Section.
An orifice plate shall be perpendicular to the centerline
of the metering run within 1 deg. The manufacturing and
installation requirements needed to comply with these
restrictions are addressed in ASME PTC 19.5.

4-5.13 Machining Tolerances and Dimensions for
Differential Pressure Taps

AngularPosition. The centerlme of the taps shall meetthe
pipe cenferline and be at right angles to it within +2 deg. At
the point of breakthrough, the hole shall be circular.

The edges shall be flush with the internal surface of the
pipe walland shall be as sharp as can be reasonably manu-
factured]Because of the criticality of eliminating burrs or
wire wedges at the inner edge, rounding is permitted but it
should bg minimized. The radius caused by rounding shall
not excded 0.0625d. Visually, no irregularities should
appear ipside the connecting hole, on the edges of the
hole drilled in the pipe wall, or in the pipe wall close
to the pyessure tap.

The nlaximum allowable diameters of the tap holes
through the pipe wall or flange are provided in
para. 4-3.8, or can be referenced from ASME PTC 19.5.
Interpolation for intermediate sizes is permitted.
Upstreath and downstream tap holes shall be the same
diameteq. The minimum size of the tap holes is 0.25 in.
(6 mm).

The pifessure tap holes shall be circular and cylindrical.
They shquld be constructed such that they may abruptly,
increaselin diameter at any location away from the inner
wall.

4-5.13
pressure
pressurg

.2 Orifice Tap Metering Runs. The spaeing, [, ofa
tap is the distance between the cénterline of the
tap and the plane of one spgcified face of the
orifice glate. When installing the pressure taps, take
into acqount the thickness of the gaskets and/or
sealing rhaterial that is used.

(a) Spacing of Flange Taps.The center of the tap for p, is
1;=1.00n. (25.4 mm) measured from the upstream Face A
of the orifice plate. The-cénter of the tap for p,isl, =1.00in.
(25.4 mm) measured\from the downstream Face B of the
orifice plate. Manufacturing tolerances for flange tap loca-
tions arg showmiin ASME PTC 19.5-2004, Figure 4-2.1.

(b) Spacing ofD and D/Z Taps The center of the tap for
prisly =L 0 eain-Fa
plate. The center of the tap for p2is 12— 1 OO in. (25 4 mm)
measured from the downstream Face B of the orifice plate.
Manufacturing tolerances for D and D/2 taps locations are
shown in of ASME PTC 19.5-2004, Figure 4-2.1.

(c) Corner tap orifice metering runs are allowable, and
shall follow the proper guidance of ASME PTC 19.5-2004.
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4-5.14 Location of Temperature and Static
Pressure Measurements

The general equation for mass flow [eq. (4-5-1)] was
developed to calculate the velocity at the throat of the
device. Thus, temperature and static pressure measure-
ments for density and viscosity determination shall
preferably be determined at the upstream side of the
orlflce However temperature measurement upstream

erferew W e e ture
thermowells can be located between 5D and 6D-dgwn-
stream of the orifice Face B.

For air, with the requirement that p,/p; > 0.80
upstream temperature may be determined assuming
tropic expansion of the fluid across the orifice.

the
sen-

4-5.15 Piping and Test Arrangement

Pipe configurations used\for performance tedting
blowers is the key ingredient to achieving good|test
results. Incorrect dimensions, air leaks, poor surface
preparation, and many other variables can lead to jnac-

curate test readifigs. Once the air is discharged fronj the
blower, the piping shall be responsible for simulating the
characteristics that the air will experience when the
blower is.installed on-site (pressure, temperature, flow).
(a) Discharge Piping
Theblower discharge piping is composed of three ain

séctions: the pre-metering section, the metering sedtion,
and the post-metering section. The metering secfion,
being the most important, shall follow straight ruf re-
quirements. Other components of the metering se¢tion
include the metering device, flow conditioner (optiopnal),
throttling device, and instrumentation. The pre-metgring
section contains the discharge flange, pressure faps,
temperature taps, and any piping bends that prefede
the straight run (metering section). The post-metgring
section contains the remaining piping required to
expel the test air in the proper location. In some cases,
the manufacturer may choose to install a silencefr on
piping. No measurement instrumentation is requir¢d in
this section. The guidelines in subsection 4-5 shall be
followed to ensure that the metering section is capgable
of accurately measuring airflow.
Straight lengths for pipe sections containing a flow
orifice shall meet the recommended dimensionfs as
stated in ASME PTC 19.5-2004, Table 7-1.2-1 For
H e e; the

dlfference in length may be w1th1n 10% of the required
length if this discrepancy is agreed upon by both parties.

4-6 RELATIVE HUMIDITY

The instruments shall be located at the air source for the
test. The instruments shall be protected from weather,
direct sunlight, and fluctuating temperature changes.
The relative humidity shall be measured in the vicinity
of the inlet temperature instrument location in an area
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of relatively low velocity (less than 500 ft/min), such that
the relative humidity and temperature measurements are
considered from the same air source and that the water
vapor fraction thereby calculated is representative of the
inlet source. If it is believed that the inlet temperature is
different than the temperature at the point of relative
humidity measurement while vapor fraction is
unchanged, then a separate measurement of temperature
shall be taken with the relative humidity measurement in

4-7 SPEED MEASUREMENT

Blower rotational speed shall be measured with instru-
mentation having an accuracy greater than or equal to
0.15%. Frequency measurement via, for example,
power analyzer, magnetic pickup, or laser strobe can
be used following the accuracy defined herein.

orddr to determine the vapor fraction of the inlet air.

39
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Section 5
Computation of Results

5-1 INT|RODUCTION

5-1.3 Total Pressure and Temperature Conditjons

5-1.1 The Calculation Procedure Ga_s §tate static test point data sha_llbe converted to totgl
condition values for the computational,procedure. [This
The process of establishing blower performance from  does not preclude final presentation-in terms of sfatic
test datq involves a number of calculation steps for all  conditions, but total values are used i the intermedliate
blower types, including positive displacement and calculations.
dynamic| This Section provides the calculation structure The relationship between sfatic and total properties is
for the differing blower types and details the suitable  velocity dependent. Averag&total properties shall befesti-
common| calculations for air as the compressible fluid. mated herein from the ayerage velocity at the meagure-
In chronplogical order, the steps are as follows: ment station.
(a) Process the raw test data. The average veloecity at the measurement statign is
(b) Cdmpute inlet air conditions. given by
(c) Select suitable performance calculation methodol- q
ogy bajsed on compression technology (see V= mA (3-1-2)
Figure 5}1.1-1). Pstatic
d) Cdlculate test performance. O . .
(@) 4 p Simplified methods for converting between statid and
5-1.2 Fluctuations total Cond.itions at lon fluid Mach numbers shall be
presented in the following paragraphs.
Three jor more sets of readings shall be used and aver-
aged to pbtain the test point. The allowable fluctuation 5-1.4 Test Pressure
bet ts of readi is sh in Table 3-5(5-1.
erweet) sets 0 Teatings 15 showh th tabie For measurement station fluid Mach numbers of 0}2 or
The fluctnation shall be computed by taking the difference s
. . . N less, the effects of compressibility are small. A good
ofthe highest reading and the lowest reading and dividing . . . .
. approximation of velocity pressure may be obtained by
by the ayerage of all the readings. L .
assuming incompressible flow at the measurement
AF = 100(Ay — Ap) station and calculating an approximate density from
1< (5-1-1) the measured static pressure and measured temperafure.
,Z A;
n’ _ pstatic
i=1 Pstatic = (31-3)
Rngeas
where
Ay = highest readjng q
b . . . V., = —m (5-1-4)
A; = Jjith reading,\value at current iteration av Dy
A, = Jowest réading stati
AF = fluctuation expressed in % (see Table 3-5.5-1) 5
i = fterafion number ' p=po. + PVay (¢1-5)
n = kofal number of readings static 2
C

If the fluctuation values of Table 3-5.5-1 are satisfied,

then the

point shall be assumed to be valid.

5-1.2.1 Test Point Data. The individual readings shall

be summed and divided by the total number of readings to
establish an average. This average shall be used as the test
point data.

5-1.5 Test Temperature: Recovery Factor

The temperature indicated by a sensing element is
normally a value somewhere between the static and
total temperature, depending upon the ability of the
sensor to recover the converted kinetic energy of the
gas stream. This ability is defined in terms of a recovery
factor.
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Figure 5-1.1-1 Calculation Methodology Framework

'Y Step A: N
Determine specified performance requirements
\_ Determine specified thermodynamic conditions Y,

( Step B: )
Determine specified system mechanical configuration
\_ Determine specified system electrical configuration )

!

Step C:
Calculate the test inlet volumetric flow rate required to
L meet specified conditions

Positive Displacement —I— Dynamic Blower

J

Step D-P: ) ( Step D-D{ )
Prepare blower and instrumentation for test, Prepare blower and instftumentation for test,
verify readiness, measure ambient conditions ) \_ verify readiness, measure ambient conditions Y,
Step E-P: h ( Step E-D: h
Calculate the pressure ratio and test discharge pressure Calculate the isentropic head and test discharge prepsure
required to meet specified conditions ) \_ required-to meet specified conditions )
Step F-P: ) ( Step F-D: )
Modulate blower to achieve required flow; Moedulate blower to achieve required flow;
modulate discharge restriction to achieve required pressure ratio ) \/,modulate discharge restriction to achieve required head )
Step G-P: ) (5 Step G-D: )
Calculate the predicted discharge pressure at specified Calculate the predicted discharge pressure at specified
conditions from test pressure ratio ) \ conditions from test isentropic head )
I ¢ |
(" Step H: )
Calculate the predicted flow rate at specified conditions
L from test mass flow rate )
Y
( Step I: A
Calculate.the predicted system power at specified conditions
\_ from ratio of test and specified isentropic power )
( A
Step J:
Verify predicted parameters meet specified requirements
Prepare test report
\. J
T — Tyt . .
rpss meas static (5-1-6) The difference between total and static temperatures
T = Tgtatic should be evaluated from the following equatiop consid-

ering the c, at the blower inlet condition (this gpplies to

The recavery factor is primarily dependent upon discharge total and static temperatures also):
geometri¢ configuration, orientation, and fluid Mach )
nu[ll‘UCl. SLdllddl L‘li[‘cd Pcl fUl IIIdIICT LTS1 LUdU Wcllb T _ T R — T’MV (5_1_7)
(refer to ASME PTC 19.3) used at velocities below 300 T (g,ep)

ft/sechave arecovery factor forair equal to 0.65. Recovery

factors for various sensors may be available from the
instrument manufacturer.

The test total temperature shall be calculated from the
measured temperature taking into account the effect of
recovery factor.

41

This equation is accurate for ideal gases (using an inlet
cp). It is less accurate for fluid Mach numbers above 0.2.

The above equation and the definition of recovery factor
ry shall combine to give:
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2

Vav )

T =
(2Jg.cp)

Ttatic + (1 = rf)( (5-1-8)

See Nonmandatory Appendix G for further information
regarding appropriate use of the mechanical equivalent of
heat, J, and g..

5-1.6 Test Density

£ ool d i balll 1 lotad £ tha tact

otherwise stated. This is the blower package inlet volu-
metric flow rate.

If the performance is specified as mass flow rate and
discharge pressure at specific inlet conditions, then the
corresponding inlet volumetric flow rate can be calcu-
lated. This will be the test volumetric flow rate. Note
that relative humidity must be included in the calculation.

5-2 COMPUTATIONAL METHODS FOR IDEAL

The tepttotal-densttyshalbeealenlatedfremthetest

total pressure and total temperature as
o = Prot
tot R'Ttot

NOTE: Itif important to reflect dimensionally consistent units in
calculatiops throughout this Performance Test Code.

(5-1-9)

5-1.7 Speed Irregularity

As with fluctuations, the speed irregularity shall be
maintained during a test point as defined below within
a range pf -0% to 1%. This is computed by taking the
minimum and maximum speeds during an operating

test point collection and dividing by the average of
said spe¢ds. See Table 3-5.5-1.
N, = Nmax - Nmin
" (Nmax+Nmin) (5-1-10)
2

In mahy cases, the nominal frequency of the utility,
power qJource will differ from the specified power
frequendy, which will affect the operating speed(of the

GASES

The thermodynamic properties of air shall be d¢ter-
mined for the test and specified inlet air.conditions by
using the equations detailed herein.

The saturated vapor pressure may he determined by
referring to the saturation line of the ASME Steam
Tables, or by directly solving for the thermodynamic
saturation pressure through the/implicit quadratic equa-
tion supplied therein.

Similarly, the followirig.empirical equation may be psed
to determine the saturated vapor pressure with sirpilar

accuracy in comparison to the steam tables for| the
temperature range of 32.02°F to 130°F.
psv(psia) = 2349.081 - 103e%) (32-1)
wheréthe temperature coefficient, S, is
—7202.236
B, = 7 367 d-2-2)

T(°R) — 70.431

5-2.1 Water Vapor and Air Components

5-2.1.1 Water Vapor. The water vapor pressure of the

blower $ystem. The use of a shop variable frequency  inlet air is
drive or|a generator to obtain the specified frequency, B, = RH-p, (3-2-3)
typically] 50.0 Hz or 60.0 Hz, is permissible so long as P
the fluctyiation and deviation are within the limits identi-
fied in Thble 3-5.5-1 and subsection-4-2. HR.... = (MWVP)_ pVP (54-2-4)
mix
MWy, ) p P
5-1.8 Inlet Volumetric Flow_Rate Definition ©
This Cpde uses a voluntetric flow rate definition in the By
calculatipn process that'has the units of volumetric flow Xop = —— (32-5)
rate Fa
D, d _
Qi = (5-1-11) R - _K 26
ptot,i e Mwmix
where Refer to Nonmandatory Appendix H for additional
qma = delivered mass flow rate information.
Pror; = total inlet density

This definition is consistent with the use of total proper-
ties in the calculation procedure. It does not represent the
actual local volumetric flow rate because it is based upon
total rather than static density. All references to calculated
volumetric flow rate shall imply this definition unless

42

5-2.1.2 Molecular Weight. The mole weight of the

mixture of dry air (da) and water vapor (vp) is defined as
MW, = (1 — xvp)MWda + %, MW, (5-2-7)

where
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MW, =28970-2
Ibmol
Ibm

MW,,, =18.015
Ibmol

5-2.1.3 Air Density. The air density for a given condi-
tion (7) is defined as

i (5-2-8)

p; R

mix,i L

flow rate shall be converted to the inlet volumetric flow
rate (e.g., icfm) as follows:

B @),
qv,i,sp - qv,a,sp (P)
i

P (5-2-13)

(&),

qv,a,sp
(pa — Apl — APZ"' - Apn)sp

542.1.4 Absolute Fluid Viscosity. The absolute viscos-
ity i§ calculated from the absolute inlet temperature (°R).
The |absolute fluid viscosity of air is calculated as

Wiy = {—9.5472 1077 [1;-(°R) ]2

+ 0.0063768 [T,-(OR)] + 0.6702} (5-2-9)

) 10_7( lbff-tzsec )

The absolute fluid viscosity of water vapor is calculated
as

Y
Hyy = 1.0129-10 [T,( Rj

+ 0.0028789 [Ti("R)] + 0.08873 } (5-2-10)

—7( 1bf -
.10 7(b 2sec)
ft

The absolute viscosity of a mixture of air and ‘water
vapqr is calculated as

Mda(l - xvp)\/MWda + Mvp(pr)« Mvvvp
(1 - xvp)\/MWda + (xvp)\/MVva

2 Conversion From Standard Condition to Site-
Actual Volumetric Flow Rate

(5-2-11)

Hmif =

5-2

The following equation:converts a standard volumetric
flowJrate (i.e., SCFM{’into a site-actual volumetric flow rate
(i.e.,]acfm), to equate the volumetric flow rate of dry air
between the standard and site actual conditions. In some
casep, the detual volumetric flow rate refers to ambient

5-2.3 Specific Heat of Constant Pressure aLd Ratio
of Specific Heats
Rankine

lated as
d at the

With the absolute temperature used here as
(°R), the specific heat of dry ajir will be calct
follows considering mole basis, and considers¢
inlet condition:

Cpda = [3.647458 — 708054 -1074(T) + 9.4127

‘p i (5-2-14)

1077(T?) — 2.54339-10710(T%)]-R
Sy up = 403380 — 5.1711-10~4(T) + 1.05975
1078(1?) - 292781107 1%(T3) | R

(5-2-15)

where the universal gas constant is used as
Btu
l-°R

R 1.98588
mo

The molar specific heat of the mixture shall pe calcu-
lated from the individual components as follows:

2 %l

MW,

mix

(1 - xvp)fp,da + ’Cvpfp,vp
MWix

Cp,mix
(5-2-16)

Performance calculations shall use the equatiohs above.
The mixture-specific heat at inlet conditiong shall be
used for determining isentropic power and work per
unit mass for specified and test conditions.
(5-2-17)

Kmix,i = Ki

The ratio of specific heats referencing the temjperature

conditiofis, condition of the mixture specific heats is
(b —p) (T Cp, mix
t V — 5-2-18
Ya,sp = Dstd e - J (5-2-12) i Cp,mix — Rmix ( :
s = Tostd T P

- p“P)sp

where the pressure and temperature units reference abso-
lute conditions.

To calculate the volumetric flow rate into the blower
considering the sum of pressure losses of the inlet
system from ducting, filtration, etc., the actual volumetric

43

Refer to Nonmandatory Appendix H for additional
information. Performance calculations shall use the equa-
tions above.
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5-2.4 Calculating Predicted Power

The thermodynamic properties of air shall be calculated
for test conditions based on the measured absolute
temperature of the inlet air.

Based on the value of k, the isentropic power of
compression corresponding to test and specified condi-
tions should be calculated

( Kmix \ [ M ] (o2 100

K . —1
mix,sp
pd,sp “mix,sp Td,t
faded — 1 == -
pi,sp T;',t
Td,pr = Ti,sp' S +1
mix,
P
p mix, £
Bt .
Pt
-3-4)

K = qy'pi'LmJ'Kmix'li'[’P e 1J R

The values of all parameters should be based on the test
measurements for power calculations at test conditions.
The valups of all parameters should be at specified values
for powgr calculations at specified conditions.

Extragolation from test to specified conditions should
be made by calculating the power of compression for both
conditiops from thermodynamic equations, and then

applying| the ratio of these two powers to the measured
total sysfem test power
P,
p_ =p.>F (5-2-20)
pr t P
st

5-3 DYNAMIC BLOWERS

Corredting the process values of the performance test
for a dleamic blower is detailed below. Figure 5-1.1-1

details ghe flow of calculations for the procedure to
detail th¢ conditions and order of the calculation methods.
5-3.1 Specific Volume Ratio
The specific volume is defined as
p = L (5-3-1)
p

The splecific volume ratio is the ratio-ef inlet to discharge

§
5-3.2 Isentropic Compression Work per-Unit r1ass
(Isentropic Head)

The isentropic compression work per unit mass (
tropic head) is
- 1] &

€y

sen-

Kmix— 1
Kmix

Kmix

R
. LT, 3-5)
Kmix — 1 MWx

I/Vsz

Package pressure ratio
_
b

p 3-6)

5-3.3 Dynamic Blower Power Prediction: Test
Flow/Speed Matching Specified Flow/Sy

5-3.3.1 Test Flow/Speed Matching Specified Flow/
Speed. The inlet volumetric flow rate at specified cqndi-
tions (qy,sp) is defined with eq. (5-2-13) for the spegified
conditions. The inlet volumetric flow rate defined with eq.
(5-2-13) shall be established as the test inlet volumgtric
flow rate.

Inlet volumetric flow rate

eed

d3-7)

qv,sp = qv,t

The isentropic head at specified conditions (W {,) is

total spekific volume defined with eq. (5-3-5) for the specified conditions.
P ' 3. Theisentropichead as defined in eq. (5-3-5) shall be e§tab-
no= v/ (53-2) " Jished as the test isentropic head.
o Isentropic head
Therefore, considering-eq. (5-3-1):
Wep = Wet (5-3-8)
= p/p; (5-3-3)
The dlsch ified dii . Extrapolation from test wire power to predicted wire
€ djscharge ten.lperatur'e at specifie ' con 1t10r'15f 1S power at specified conditions shall therefore be calcullated
requiredfor.calculating the discharge density at specified through the ratio of test to specified conditions of the [nlet
conditiobhs_The discharge temperature should be esti-
S T density, et volumetric flow Tate, and 13entropic head

mated using the temperatures measured at test.
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through the following equation for predicted power (Pp,):

; W,
Py = B Bpji| | sy | [Mosp (5-3-9a)
Pyi 9t Wt
Alternatively
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pSp,i ’ qv,sp ) VVS;SP Prp i 9 pr,1 Wy r,1
B = Bo| = (5-3-9b) B, = Bo| 25| [ (5-3-15a)
Pryi "y, Vst Pt i 9y, st
p Alternatively
p =p. 2P (5-3-9¢)
pr e Ppi "Dy rl.I/VS 1
ot p_—p,.| B bl e (5-3-15b)
pr— 7t o g W
The isentropic power referred to in eq. (5-3-9¢) shall be G
calcwlated-as:
— P,
Bysp = Pp,itG,sp Woysp (5-3-10) P, =P .[—S’W’l] (5-3-15¢)
pr t P
s,t
arjd
B, = Prit by W, ¢ (5-3-11) The isentropic power referred to in €q. (5-3-15c) shall

Equation (5-3-12) calculates the predicted discharge
predsure at site conditions for isentropic head from
the fest and parameters described above.

Kmix
Kmix—1
1A
Kmix — 1 Spr 5-3-12
Pg =Pit'1"'(mlx ) ip ( )
pri ’ Kmix -T;
MW ix

543.3.2 Dynamic Blower Power Prediction: Test Flow/
SpeId Not Matching Specified Flow/Speed. Mechanical
or ofher limitations may require that test speed differ from
spedified speed.
Pyoper consideration of the impact of mechanical of
assdciated losses on total power consumption-shall
limit the allowable difference to within +4%. If there is
a speed difference within this range, the corrective equa-
tion$ herein shall be used.
Co¢nsidering the speed ratio permissible deviations
desdribed in eq. (3-5-1), and corollary*eqs. (3-5-2) and
(3-53), the following equations. 'shall predict the inlet
volumetric flow rate and isentrepic head:

Injet volumetric flow rate

q 185 q tH
V;P"; v, Nt

Isentropic head

N, 2

'pr

W, = W|—
s,pr,1 t[ Nt ]

(5-3-13)

(5-3-14)

be calculated as follows:
Fpr,1 = Pp,i "y, o1 ° Vvsp,,l (5-3-16)
The following equ@ation calculates the predicted
discharge pressuresat site conditions from test apd quan-
tities above whef a‘speed deviation applies:
Predicted discharge pressure

o~ Pt
(5-3-17)

5-3.4 Machine Mach Number

Paragraph 3-5.4 describes permissible dgviations
between test and specified operating conditipns. The
machine Mach number parameter prescrib¢d there
shall be calculated as

(5-3-18)

Single stage (reference tip speed for a single jmpeller)
U2 = TEND2 (5'3'19)

Multistage (the addition of the tip speed sqyared for
each impeller)

NOTE: Use egs. (3-5-4) and (3-5-5) to verify the selected test
speed for the above equations. Subscript “1” is used herein
to follow the use of the speed ratio calculation in the inlet volu-
metric flow and isentropic head calculations.

Extrapolation from test to predicted conditions shall
therefore be calculated through the ratio of test to speci-
fied conditions of the inlet density, inlet volumetric flow
rate, and isentropic head through the following equation
for the predicted power as:

Up)* = X (U = nN[Z (DZ},})J (5-3-20a)
Uy = 4 (Ug)? (5-3-20b)

5.4 PD BLOWERS

The method for testing and predicting the performance
of a PD blower is detailed herein. At its core, the specified
flow and total pressure ratio shall be matched during the
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test. Nonmandatory Appendix C illustrates the calcula-
tions and the procedure to determine thermodynamic
conditions and illustrates the order of the calculation
methods.

5-4.1 Adjustment of Results to Specified

5-4.4.1 Isentropic Power Predictions. For variable-
speed blowers, the power projection shall be based on
specified and test volumetric flow rate for predicting
power at specified conditions. The predicted power
shall be corrected for differences in flow rate, inlet condi-
tions, and density.

Conditions Predicted power for variable speed blowers
Itis unlikely that the actual test conditions will duplicate (41 W,
psp,t Vsp Ssp
Speciﬁeil conditions. Predictions of power at cpnr‘iﬁ'nd PF' = Pf 11 —1-]1— (5-4-3a)
conditions shall be made by extrapolation of measured t pf,i} L Ty, J L Ws, J
parametegrs to the specified conditions. Power predictions
shall be a4djusted to specified conditions for deviations in Alternatively
flow, inlgt pressure, and pressure ratio. The method used . W
. .. %p;l ql/ S
for adjustments assumes that the blower efficiency P, = P, ¥ (5-f-3b)
remains [unchanged for the deviations within the limits P Pyi* 9y, Wy
of Table|3-5.4-2.
. Alternatively
5-4.2 Test Pressure Ratio
P,
The pijessure ratio during the test shall be set equal to Py = B [ﬂ] (5f-39)
the specjfied pressure ratio and maintained within the Et
limits giyen in Table 3-5.4-2 by adjusting the discharge o
pressur¢. Failure to maintain the required pressure For constantsspeed blowers, the power projection phall
ratio shdll constitute an invalid test. The pressure ratio ~ bebased on actual test volumetric flow rate for predigting
at specified and test conditions shall be calculated power at specified conditions. The predicted power phall
using tofal conditions. be corrected for differences in inlet conditions|and
P density:
rp = fd ot (5-4-1) Predicted power for constant-speed blowers
p,
i,tot psp ; M/ssp
Ppr =P- o —= (5-4-4)
5-4.3 Test Flow Rate Pei )\ W

The vdlumetric flow rate into the blower package-at'the

5-4.4.2 Predicting Discharge Pressure and Klow

referencg boundary during the test shall be set equal to the L ) A .

specified flow rate and maintained within the litits given Rates. By definition, the predicted 1.nlet volum ’tr%c

in Table B-5.4-2 by adjusting the blower speed. The volu- flow rate Shau be equal to the test inlet Yolum ptric

metric flow rate should be either directly specified or ﬂow rate within the bounds of the test point defned

calculatdd from the specified mass(flow rate and inlet ™ Table 3-5.4-2.

density. [The required flow rate(should be attained by Di,pr = ,ift

modulatjon of a VFD or similar_device if variable speed

is specifipd, or by changing sheaves if belt-driven constant The predicted static discharge pressure at specjfied

speed is|specified. inlet conditions shall be calculated using the specjfied

For copstant-speed/blower packages, either belt driven ~ inlet pressure and the test pressure ratio

or direct] coupled, thesinlet volumetric flow rate at speci- pd,pr,static = Tpt 'pi,sp,static (3-4-5)

fied conditions shallequal the inlet volumetric flow rate at

test condlitions-for calculiltlon of projected performance B pr statioyga = Phprstatic ~ Pasp (F-4-6)
Ty, = 9y (5-4-2)

5-4.4 Power Predictions

It is recognized that some elements of the total wire
power input to a packaged blower are independent of
shaft speed and ambient pressure, e.g., the power
input to a separately driven cooling fan and power
consumed by regulation systems.

Note that deviations in discharge temperature will not
affect speed or pressure ratio for the test.

46

The predicted mass flow rate at specified inlet condi-
tions shall be calculated using the test inlet volumetric
flow rate and the inlet density at specified conditions:

Dn,pr = Yo t Prpi (5-4-7)

The standard flow rate at specified standard conditions
shall be calculated from the test inlet flow rate and the
appropriate thermodynamic conditions:
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Fasp ™ Bp,sp Tyq Pisp

Brstd = Dyt (5-4-8)

Pyd — psv,std'RHStd T;;SP pu,sp

5-4.5 Deviation From Specified Data

Should the deviation between specified data and test
data exceed the values of Table 3-5.4-2, the method for
adjusting the measured data to the specified conditions
shall be agreed to by the parties and should be based

where
b = the x-intercept of the linear correlation between
rotational speed and volumetric flow rate.
m = the slope of the linear correlation between rota-
tional speed and volumetric flow rate

The values for m and b are obtained as follows:
(a) Modulate blower speed to operate the blower at

on e TMacIie CITaractertStics determined by tie
blower manufacturer if agreed to by the parties.

544.5.1 Volumetric Flow Rate Correction for Speed.
Corgections to volumetric flow rate shall be required
when the difference between the test inlet conditions
and [the specified inlet conditions result in the inability
to operate a PD blower system at the speed required
to njeet the required inlet volumetric flow rate without
cauding mechanical damage or motor overload. This meth-
odology shall not be used to compensate for the difference
between specified capacity and actual capacity for
systpms specified to operate at constant speed at site
conditions.

4. =g - Nesp = b (5-4-9)
pr PA Ny — b

NOTE: The shaft designation “sh” in the terms Ny, s, and Ny, . shall
be ejther the operating blower shaft speed or the motor shaft
speefl, with appropriate belt slip consideration as required:

The volumetric flow rate at any speed can be calctlated
from

g, =m-(N - b) (5-4-10)

two different volumetric flow rates at the speciffed pres-
sure ratio. Two test flow rates are required forthe linear
interpolation. One test flow rate shall be‘apprdximately
90% of the specified flow rate, and one“flow ifate shall
be approximately 80% of the specifiedflow rate. No devia-
tion more than 20% below the target flow |shall be
permitted to provide assurange“of linearity.

m = qV.Z / qv.l (5_4_11)
Ny "= Np
b= Ny — L (5-4-12)
m

(b) By agreement of the parties, data and corfrelations
from previously conducted tests may be used to dptermine
m and’b, provided appropriate corrections are|{made to
compensate for differences between the speciffed pres-
sure ratio and the pressure ratio in the previofis tests.

(c) Onlyiftestdatais notavailable and by agrdement of
the parties, the value of m may be assumed to bg 1.0 and
the value of b may be assumed to be zero. Thiq shall be
noted in the test report as “estimated flow.”

NOTE: This correction methodology is not applicablg to direct
coupled constant speed blower systems.

47
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Section 6
Report of Results

6-1 GENERAL REQUIREMENTS

The rgport shall be a document prepared in suitable
form to formally present clearly and concisely the test
data obderved and computed. The report shall present
sufficienf information to demonstrate that all objectives
of the tepts have been obtained and the required meth-
odology |mplemented. The report shall follow the general
outline given in the following paragraphs.

Copied of the original test data log, certificates of instru-
ment calibration, prime mover data as needed, description
of test arrangement and instrumentation, and any special
written ggreements pertaining to the test or the computa-
tion of results shall be included.

The rgport should include the following distinct
sections:

(a) executive summary

(b) detailed report of the test

(c) appendices and illustrations

6-2 EXECUTIVE SUMMARY

The eyecutive summary should contain, at minimum

(a) date(s) of test

(b) biief description of the object of the“test, test
results, §pecified operating conditions and\performance
requirernents, specified test points,(and conclusions
reached

(c) detailed description of the blower system, including
type of blower, motor, control ok flow modulation method,
and descfiption of all accesseries and auxiliary equipment

(d) test coordinator(s) signature(s) and date

(e) reyiewer(s) andTeportwriter(s) signature and date

(f) witness(es), purchaser(s) or other party(ies) signa-
ture verifying concurrence with reported raw data

(g) final veport, after review of results, may include
approval, signature, and date

the effect of the deviation, and the resolution betwéen the
parties as to the acceptance of the deviations.

Pipe sizes, including inside diameteys, inlet lopver
dimensions, blower impeller dimensions, €ooling appa-
ratus or methods, type and locations$ of any flow cdndi-
tioners or straighteners, and the<locations of inlet|and
discharge airstreams should be ‘identified. All elegtric,
process, and fluid componentsvinside the test referpnce
boundary as defined in stbsection 3-5 should be idpnti-
fied. System components required for operation buf not
included in the test apparatus or differing from the [final
installed configuration shall be identified per the tables in
subsection 3-5fAny system components outside the rpfer-
ence boundary that could impact the test results or blgwer
performance should be identified.

6-31Detailed Report: Instruments or Test
Apparatus

For all measurements, the report must includq the
following information for each instrument or test appa-
ratus:

(a) type of instrument, operating principle, output
signal, and local indication (if any)

(b) manufacturer name, model number, and sgrial
number

(c) critical dimensions of the instrument

(d) fluctuations of the measurements

(e) uncertainty of the instrument and measuremgent

(f) range of the instrument

(g) smallest division on the instrument’s scale

(h) last calibration date, calibrating agency, and cqpies
of certificates of calibration

6-3.2 Detailed Report: Measurements

The detailed report should include
(a) average test point data for each measurenjent,

6-3 DETAILED REPORT

The detailed report of the test should provide all
required data and information necessary to verify that
the test and analysis of the test are in conformance
with this Code and the requirements of all contracts, speci-
fications, and other agreements between the parties. Any
deviations from the requirements of this Code must be
explicitly noted, along with the reason for the deviation,

including time of the measurement and deviations
from specified values as identified in subsection 3-5
(b) measured data for each test point for all blower

types, including, as a minimum

(1) barometric pressure, ambient static tempera-
ture, and relative humidity or wet bulb temperature

(2) inlet static pressure and inlet static temperature
if the system inlet reference boundary is not at ambient
conditions (or total if measured directly)
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(3) discharge static pressure and discharge static
temperature (or total if measured directly)

(4) flowmeter differential pressure for differential
pressure class meters or mass flow measurement for
other types

(5) voltage, current, power factor, and power
measurements for each phase of all electric power
inputs crossing the system reference boundary

(6) flowrates and inletand discharge temperature of

(-m) predicted power at specified conditions

(-n) power at specified conditions adjusted to
include differences between test and specified system
configurations, including extrapolations to compensate
for speed or other mechanical limitations

(-0) predicted mass flow rate at specified condi-
tions

(-p) additional test parameters or results required
by specification but not included in this Code’s require-

any [cooling flow streams crossing the system reference
boundary
(7) operating speed of the blower and motor if
ired by para. 3-3.7

all significant calculated and derived values,
ding the uncertainty of each
(1) for all blowers, the reported data for each test
point shall include, as a minimum,
(-a) total temperature and pressure for each
meapurement point
(-b) mole fraction of water vapor, gas constant,
molecular weight
(-c) inlet, discharge, and average specific heat
(-d) mixture ratio of specific heats, k
(-e) ambient, inlet,and discharge air density at test
specified conditions
(-f) discharge mass flow rate as measured and
corrected to specified units if different from test units
of mjeasure
(-g) inlet volumetric flow rate at the reference
boundary as measured and corrected to specified units
if different from test units of measure
(-h) pressure ratio across the reference‘bheundary
(-i) total measured electric active power
(-j) isentropic power at specified and test condi-

reqy

(¢

incly

and

and

tion
(-k) predicted volumetriclow rate at specified
itions
(-1) predicted pressure ratio and discharge pres-
at specified conditions

cong

sure

ments
(2) for dynamic blowers only, the reported
each test point shall also include
(-a) isentropic head
(-b) inlet volumetric flow rate
(-c) machine Mach number,
(-d) rise to surge at gonstant speed and
valve configuration
(d) tabular and graphic.presentation of the te
(e) discussion and{details of the test results’ u
ties
(f) discussionref the test results, deviation frqg
fied performance, and conclusions

data for

vane or

6t results
hcertain-

m speci-

6-4 APPENDICES

Appendices and illustrations are optional and may be
provided as required to clarify description of th¢ circum-
stances, equipment, and methodology of the test{ descrip-
tion of methods of calibrations of instruments; qutline of
details of calculations including a sample set of gomputa-
tions, descriptions, and statements depicting special
testing apparatus; result of preliminary inspections
and trials; and any supporting information required to
make the report a complete, self-contained dpcument
of the entire undertaking. Reference infornjation of
interest to the parties but not required by the [Code for
predicting performance may be included in the appen-
dices.
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Section 7
Test Uncertainty

7-1 OVERVIEW

Uncerfainty analysis is a procedure used to quantify the
accuracy] of test results. Pretest and post-test uncertainty
analyseq are indispensable methods to determine the
quality of the performance test. The parties of the perfor-
mance tgst shall agree to the quality of the test and to the
requirenpents for a pretest and/or post-test uncertainty
analysis.

Evalua
quality o
actions
Becausg
overall U
made to
of test 3
test-run

ting test uncertainty provides a measure of the
f the test results and calculations. It helps identify
needed to achieve the desired uncertainty.
the contribution of each measurement to
ncertainty is identified, improvements can be
these parameters to achieve the desired level
ccuracy. Uncertainty analysis also provides
validation, demonstrates compliance with agree-
ments, ahd determines sensitivity, 8;, of each parameter.

The unjiqueness of this Code’s test objectives precludes
exhaustiye treatment of uncertainty in this Code. The user
should r¢fer to ASME PTC 19.1, the primary reference for
uncertaihty calculations, for additional detailed informa-
tion and [reference. Any uncertainty analysis method that
conform$ to ASME PTC 19.1 shall be acceptable;

ASME [PTC 19.1 includes discussions and methods that
enable the user to select an appropriate unicertainty model
for analysis and reporting test results. It defines,
, and illustrates the terms-and methods used
to provifle meaningful estimates.of the uncertainty of
measurements and performance’test results.

The upcertainty analysis'should be tailored to meet
individyal test objectives. The following discussion
describef the calculation method in general terms. The
sample dalculations\presented in Nonmandatory Appen-
dix A arje intended to demonstrate the methodology
for referpncé information.

The fdllowing is a brief summary of the step-by-step

(b) Step 2. List elemental error sources.
(1) Prepare a list of all possible measurement ¢
sources.
(2) Group error sources according.to calibra
data acquisition, or data reduction,
(c) Step 3. Estimate elemental-érrors.
(1) Obtain estimate of each error in Step 2.
(2) Classify as systematic\er random error.

(d) Step 4. Calculate systematic uncertainty, bx,

rror

fion,

and

random uncertainty, $x,for each parameter.

(e) Step 5. Calculdte'systematic uncertainty contfibu-

2
tion, (bx-9i> , dnd*random uncertainty contribution,
1

2
(%91.) , for\each parameter.
1

(f) Step 6. Calculate combined uncertainty of the rqsult,
UpR!:
(g) Step 7. Calculate the expanded uncertainty, Yros.
(h) Step 8. Report.
(1) symbol(s) used in the calculations
(2) description of parameter
(3) units
(4) nominal value (average of measurements)
(5) systematic standard uncertainty, bxl.
(6) standard deviation of the mean (random 4
dard uncertainty), Sx,
(7) sensitivity, 6;
(8) systematic standard uncertainty contributi

tan-

n of
the combined uncertainty of the result, (ba_ciei)z

(9) random standard uncertainty contribution df the
combined uncertainty of the result, (sﬁigi)z

tion
S in

(10) summary report table displaying inform3
associated with the result, as shown in the exampl
Nonmandatory Appendix 4, including

calculation procedure that shall be conducted before
and after each test, as agreed between parties, as
presented in ASME PTC 19.1.
(a) Step 1. Define the measurement process.

(1) Review test objectives and test duration.

(2) List all independent measurement parameters
and the associated nominal levels.

(3) List all calibrations and instrument setups.

(4) Define the functional relationship between the
independent parameters and the test result.

50

{-aJ combined uncertainty of the result, Uz
(-b) total absolute uncertainty, Uggs
Finalize the uncertainty analysis pertaining to the
performance test and the conclusion between the
parties regarding acceptance of the quality of the test.
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Figure 7-2.1.1-1 Measurement Error Diagram

True value

/|

«<—Random error

7-2.1.1 Random and Systematic Components of
Measurement Errors. The total error for each measure-
ment has two components, random and systematic, as
shown in Figure 7-2.1.1-1. Values of the two components
shall be determined by calculation or estimation of each of

the contributing error sources.

Repeated measurements of the same quantity by the

same measuring system operated by the same p

ersonnel

do not yield identical values. This is the manifestation of

7-2
7-2]
R3

Sect
on

Systematic error

UNDERSTANDING TEST UNCERTAINTY

1 Uncertainty Versus Error

ndom and systematic “uncertainties” are calculations
of the elemental “error” sources. The objective of this
on is to calculate test uncertainty and to concentrate
roviding an understanding of uncertainty.

random error. Random error is described by
(Gaussian) probability distribution, as illust
Figure 7-2.1.1-2.

Systematic error is a characteristic of thé meag
system. Systematic uncertainty is not random
essentially fixed (although unknown) quantit
experiment or test that uses‘a specific ins
system and data reduction,and calculation pro

When the magnitude and'sign of a systemati
known, it shall be handled as a correction to the ]
value, with the corrected value used to calculat
result. Systematic uncertainty estimates consi
uncertainty analysis attempt to cover those sy
errors whiese magnitudes are unknown. Exa
systematic errors intended to be include

Figure 7-2.1.1-2 Gaussian Probability Distribution Curve

The true value falls somewhere
between p.—20 and p+20

Frequencey of Measurement

95% of the time _\

The test result, u, is the
/ population average

BN

Bias
(systematic
error)

Population
distribution

Uncertainty, Ug

normal
rated by

urement
p it is an
y in any
frument
fedures.
error is
heasured
the test
dered in
stematic
mples of
1 in the

Legend:
= true average of a population

u
o

true standard deviation of a population

w20

GENERAL NOTE: The true value (dashed line) is somewhere within the 20 region with 95% confidence.
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uncertainty analysis are drift in calibration of a pressure
transmitter, the errors resulting from calculation proce-
dure approximations, and the potential errors made in
estimating values for unmeasured parameters.

There is a high probability (usually 95%) that a band
defined by the measured value * the uncertainty shall
include the true value.

7-2.2 Systematic Standard Uncertainty, b;

7-2.4 Correlated vs. Uncorrelated Systematic
Uncertainty

Equation (7-2-1) assumes that the systematic standard
uncertainties of the measured parameters are all indepen-
dent of each other. There are, however, many practical
situations where this is not true; for example, when
using the same instruments to measure different para-
meters, or when using multiple instruments of the

The syjstematic standard uncertainty, b;, is an estimate,
based on experience, of the error of the average value not
eliminat¢d through calibration. The systematic error can
be redug¢ed with better instrument calibration and/or
increasing the quantity of instruments. The instrument
accuracy or “bias,” By, is an example of a systematic
error. THis accuracy is typically provided by the instru-
ment mgnufacturer and is often expressed as a percent
of readifjg and/or percent of full scale.

7-2.2f1 Estimating Systematic Uncertainties, b;.
Systematic uncertainties shall be estimated using the
experienjce of the parties and the suggestions and analyses
presenteld in ASME PTC 19.1; these should reflect the 95%
confidenice level used for Performance Test Codes. For
assistanfce in establishing reasonable values for the
systematflic uncertainty, consider the following:

(a) for normally distributed values, based on large
degrees pf freedom and symmetric b;, a 95% confidence

B

level can be estimated by b; = (f)

(b) thp cumulative test experience of the parties

(c) the calibration lab’s accuracy and experience\with
various Instrument types

(d) experience with duplicate instruments measuring
the samp quantity, or different types of\instruments
measuring the same quantity

(e) the DAQ used, including the instrumentation and
completle measuring circuit with the digital/analog
conversdtion and measurement

(f) thg calibration of the\‘eye” for manual readings,
including repeatability

7-2.3 Cpmbining Systematic Uncertainties

When pll the systématic influences have been evaluated
at the 95P% confidence level they shall be combined into a
single faftop;<(bx), for the measurement by the root sum

o>dIIIT t_y}JC t‘uat]uavc ‘UCCII Lol}i‘l)l atcd agaiubttlu: S>dIIIT 'tdl’l-
dard to measure the same parameter. In these cases, Jome
of the systematic errors are said to be correlated, and the
combined systematic uncertainty of the average
measured value should not be reduced using the jroot
sum square method; rather, it should be considerqd to
be the uncertainty of a single instrument measuring
the parameter in question. The ‘parties should ref¢r to
ASME PTC 19.1 for detailstwficalculating correldtion
effects, and to the examplesishown later in this Se

7-2.5 Random Standard Uncertainty of a Sa

Sx

Several erronrsources associated with the test in$tru-
mentationare reflected as scatter in the data ovey the
test-time_interval. It is generally assumed thaf] the
scatteris normally distributed and can be approximated

statistically. For a sample measurement, the mean value is

gi‘/en by
Z = i
i= 1

N

(1:2-2)

where X; represents the value of each individual meaqure-
ment in the sample and N is the number of sampple
measurements.

The standard deviation of the sample, s,, is given by

(7:2-3)

The random standard uncertainty, Sx, is the stanflard
deviation of the mean, or
SX
Sy g

N

The value of N - 1 in eq. (7-2-3) is referred to a§ the

(F2-4)

square method, as defined in eq. (7-2-1).

(7-2-1)
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degrees of freedom. Increasing the number of measure-
ments, and thus the degrees of freedom, improves the
accuracy of the statistical calculations and reduces the
random standard uncertainty of the sample. For a 95%
confidence level, at least 30 measurements should be
made.

In practice, much of the data taken during a test may be
from single measurements or an average of measure-
ments over a short period of time. In such situations,
the degrees of freedom are quite small and the
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corresponding confidence level of the random standard
uncertainty is lower than the desired 95% confidence
level. In that case, additional measurements should be
taken at steady-state conditions, prior to the test run
and/or immediately thereafter, to provide enough data
to produce a higher confidence level. Additional guidance
is available in ASME PTC 19.1.

7-2.6 Sensitivity Coefficients, 0;

(7-2-5)

(7-2-6)

The sensitivity coefficients, 0;, are a measure of the
sengfitivity of the calculated result to the changes in the
pargmeter in question. In practice, because a performance
test fypically requires the use of a complex set of iterative
calcpilation algorithms, the sensitivity of a parameter is
detdrmined numerically by perturbing the measured
valug of that parameter by a small amount and recording
the ¢hange in the calculated result. The sensitivity shall be
calctyilated as the change in the calculated result divided by
the dhange in the measured parameter. Sensitivities can be
calctilated as either relative or absolute, but care must be
to maintain consistency in units throughout the
overall uncertainty calculation. Sensitivities of compo-
nenfs (variables) within calculation equations are deter-
ming¢d by performing the partial derivative with respect to
the ndividual component or variable.

7-277 Absolute Systematic, bg, and Random
Standard, sg, Uncertainty

The absolute systematic and random standard uncer-
tainty shall be calculated by the absolute standard uncer-
tainfy contributions as follows:
solute systematic uncertainty:

7-2.8 Combining Absolute Systematic, bg| and
Random Standard, sg, for Combine

Uncertainty, ug

The combined uncertainty, up, for'each pqrameter
measured shall be calculated frém,the root suth square
of the systematic and random components| At this
point the random standard.uncertainty caldulations
have been made on thé\one standard deviation basis
expressed by eq. (7-2:7).

v L
ug = Y (bp)* + (p)? (7-2-7)

7-2.9 Calculating Expanded Uncertainty ¢f the
Result, Ug

Assuming the values are normally distributed, pased on
large degrees of freedom and symmetric syptematic

uhcertainty, the expanded uncertainty of the r¢sult at a
95% confidence level is given by eq. (7-2-8).
uR’95 = ZuR (7-2-8)

For cases where the above assumptions are ot valid,
refer to ASME PTC 19.1.
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I-1 OBJECT AND SCOPE
ThisA

I-1.1 Giyven Conditions

(a) Standard Conditions. The following are the standard conditions used in this example:

(b) Specified Conditions. The following are the specified conditions_used in this example:

I-1.2 Objective of Calculations

ASME PTC 13-2018

Mandatory Appendix |
Airflow Conversions

Conditions Values

Temperature, Tgsq 68.0°F

Pressure, psia 1470022 4
‘ .2

1.

Relative humidity, RHgq 36%

Conditions Values
Volumetric flow rate, 10,000 SCEM (ft*/min at standard
Asp,std condition)
Inlet temperature, T, 40.0°F
Barometric pressure, pg s, Ibf

m.

Inlet pressure, p; s, 3 5ooﬂabs
RN

m.

Relative humidity, RHgq 25%

bpendix provides an example of rigorous determination of volumetric flow rate at specified conditions basedon a
standard volume flow.

The ohjjective of the calculations in this Appendix is to determine the volumetric flow rate at specified conditions|that

will deliyer the same mass flow of dry air as that implied by the standard volumetric flow rate specified in I-1.1(b)

saturate
the empi
able to t

1-2 CAL
1-2.1 S4

| vapor pressure,cah be determined by referring to the saturation line of the ASME Steam Tables; alternati

he steam table$ for the temperature range of 32.02°F to 130°F.

CULATIONS
turated Vapor-Pressure Beta Coefficients

The
vely,

Fical eq. (5-2-2)\(repeated herein) can be used to determine the saturated vapor pressure with accuracy conjpar-

The empirical function is based on temperature, T, in Rankine units.

NOTE:

—7,202.2367

ﬁsv = (5-2-2 [repeated])

T(°R) — 70.431

T (°R) refers to a function argument for temperature expressed exclusively in degrees Rankine for this empirical function
that leads to determination of saturated vapor pressure in air. Other functions may use tabs as a function argument for
temperature expressed in absolute scale using units that correspond to the units system being used for the calculations.
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(a) Standard Condition

—7,202.2367
=B, | Tudl°R]| = : = —15.7516
Pov st ﬂ”[ sl ]] (68 +459.67) °R — 70.431
(b) Specified Condition
—7,202.2367 167791

= T OR =
ﬂsv;Sp ﬁSV[ bspl ]) (40+459.67) °R — 70.431

I-Z.I Saturated Vapor Pressures
e

The empirical function is based on the beta coefficient.

5, (TI°R]) = 2.34908 - 10° - eﬂsv(T[f’R])%abs

m.

(d) Standard Condition

o 6 —15.7516 Ibf
Bystd = By (Tedl R1) = 234908-10° - ¢~ 15731 = 0.3300235bs

In,;
(W) Specified Condition

6 —16.7791 Ibf
Pugp = 2, (T lR1) = 2.34908:10° - ¢ S 01213~ abs

.

I1-2.3 Air Mixture Vapor Pressures

This function is based on saturated vapor pressure and relative humidity.
5, (TI°R], RH) = (T[°R]) - RH

(a) Standard Condition
pvp,std = pvp(TStd[oR]’ RHstd)
= p,(Tdl°R]) - RHgq

= 0.3390%:&5 -0.36
in.
= O.lZZO%abs

in.
() Specified Condition

= 1 (T [°R], RHy,)
= £, (Tigl"RI)-RHy,

pvp,sp

= 0.121332abs -0.25

in.

= 0.0303%;1[)5

m.

I1-2.4 Air Mixture Molecular Weights

The molecular weight of the air mixture is based on mole-fraction proportions of dry air and water vapor in the mixture.
MW,, = 28.970 Ibm/lbmol
MW,, = 18.015 lbm/Ibmol

vp
X,p = mole fraction of water vapor in mix = vapor pressure/total pressure
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(T[°R] - RH) B, (T[°R],RH)
%,,(T[°R], RH, p) = 2 = Z
p , P

MW,y (T[R), RH, p) = MW,,,- x,,(T[°R], RH, p) + MW, [1 = %,,(T[*R], RH, p)|
(a) Standard Condition

O.IZZO%abs

/[ \ Bop std in
Xyp,std = *vp| Lstd) Bstds Bpq ) = = = U.UUsS
P A )T 147002 abs
in.
MWhix std = MWmix(Tstdf RHgtd, pstd) = MWyater Xyp,std MWy,(1 - xvp,std)
1 1 1
—18.015-2™ . 0.0083 + 289702 . (1 — 0.0083) = 28.879—°™
Ibmo Ibmol Ibmpl

(b) Specified Condition

) 0.0303%abs

vp,sp in.
- Ibf
) 13.500—]32 abs

m.

= 0.0022

Fp,sp = xvz’(Ti,SP* RfLgp) Pi,sp)

MW gp = MWy (T,-,Sp, RH,, pi)sp) = MWy, gy *+ MWgo(1 = )
= 18.015-2™ . 0.0022 + 28.970—°M0% (1 — 0.0022) = 2894500
Ibmol bihol Ibmol

1-2.5 Air Mixture Densities

These|densities are derived from the ideal gas law.
ft - Ibf
Ibmol « fR

p(T['R), T BH, p) = —

MW, (T[°R],RH, p)

Universal Gas Constant, R = 1,545.3488

NOTE: With MW ,,;, already determined, p.ahd T can be used with any units that are consistent with the units for the chosen univiersal
gas consthnt.

(a) Staindard Condition

.2
147002 . 14400
= p( G RH ) = ud = L = 0.07497020
fud T QW T B T TRy  1sas.ass—t of S 3
—° __.T d ¥ . —
MWpigstd ——fbmol: R (65.+459.67) °R
28.8790
Ibmol
(b) S Ll:":cd Condition
.2
p 135002 . 14400 .
= . = bsp — in. ft _ m
ﬂi,sp = ﬂ(Tz,sp; RHspr P,'}Sp> = Ry = ereans s = 0.07287—&3
MWiigsp % % - (40 + 459.67) °R
28.9453 ——
Ibmol
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I1-2.6 Air Mixture Humidity Ratios, HR, Specific Humidities, SH

This is the ratio of the mass of air to the mass of water in the mixture. This ratio shall allow separation of the mass flow of
water and the mass flow of dry air from the mass flow of an air mixture.

mass
SH,, = HR, = [ d ]
ix

massj,

. _(MW,) (TR, RH,p) - RH
HR i (T[°R], RH, p) = [deu).p_Psat(T[OR]’RH’p) T
R (MW, pvp(T["R], RH,p)
T \MWye ) p—p,, (TIRLRH, p)

(d) Standard Condition

MW, Byp,std
P vp,st
HRpixstd = HRmix(’I;td' RHgq, pstd) = [ )

MWaa ) Bya — Byp,std
18.015 Ibm O‘IZZO%abs
_ Ibmol |, in. _
= Tbm BF = 0.00521
28970—— | (14.700 — 0.1220)—-abs
Ibmo in.2

(W) Specified Condition

MW, ¢ Bop,sp
HRmix,sp = HRmix(Ti,spJ RHsp; pi,sp) = [ " er].

MW Pissp T Bop,sp
Ibf
18.015 Ibm 0.03047abs
_ Ibmol in. = 0.0014
Ibm

28.970—— | (13500 — 0.0304)Eabs
Ibmol in2

I-2.7Y Mass Flow of Mixture at Standard Conditions
This is the mass flow of the mixture from the specified standard volumetric flow rate.

Gy mix (b TR, T, RH, p) = q-p(T[°R], T, RH, p)

Fgr the standard condition (in which volumetric flow rate is specified)
3 Ibm Ibm
qm,mix,std = qm,mix<qsp,std’ Tstd' RHStd’ pStd) = qsp,std 'pstd = IO’OOOE . 007497? = 7497E
I-Z.I Mass Flow of Dry Air
Thi

s is the mass-£lew of dry air included in the specified standard volumetric flow rate. It is specified to be deliivered at
the $pecified condition.

mass,,

qm,mix = qm,da + qm,vp =qm,da + qm,da'(

massf,la)m_m= U, da + qm,da'HRmiX = qm,da'(l + HRpyit)

Rearranging (and expressing as function)

Gy, micl® TIR], T, RH, p)
qm da(q’ T[OR]r T; RHr p) = m, mix o
| 1 + HRy;(T[°R], RH, p)

For the standard condition (in which volumetric flow rate is specified)

Ibm
D, mix,std 74975 Ibm
D, da,std = qm,da(qstd’ Tstd) RHstq, pstd) = (1+HR iy std) - 14 0.00521 - 745.85
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1-2.9 Mass Flow of Mixture at Specified Conditions

This is the mass flow of the mixture at specified conditions that delivers the specified mass flow of dry air.

(a) Gm,da,sp = Am,airsta- (Fundamental equality for converting standard volumetric flow rate to volumetric flow rate at
specified condition.)

mass,,

qm,mix = qm,du + qm,vp = qm,da + qud“.(massda) . = qm,da + qm;dﬂ.HRmix - qm:d“‘(l + HRmiX)
mix

qm)mix\‘b 1[ 1\]; 1, K1, p) = qm)da\‘jl 1[ 1\]; L, RIL, p)-11 7+ H“mixkl[ 1\]; R, Pl

(b) Specified Condition

qm,mix,sp = qm,mix(qstd’ T;ISP’ T;ISP’ RHSP’ pi,sp) = qm,da,std ) (1 + HRm'lX;SP)

= 7458%™ (1 4 00014) = 746800
min

min

1-2.10 Yolumetric Flow Rate of Mixture
This if the volumetric flow rate of the mixture at specified conditions.
Im
p(T[°R], T, REjp)

4(4,p TI°RI, T, RH, p) =

(a) Far the specified condition:
Ibm

T ., RH Tminsg, = i ae
9p = q<qm,mix,s r diyspy Rieps Py ) = = bm 7
P P P Pissp 0.07287&—1;1 min

11-3 A SIMPLIFIED EQUATION

The following equation is an algebraic reduction of the procedure rigorously demonstrated herein where the volurhe of
a humid pir mixture containing a quantity:ef'dry air at one set of conditions can be converted to a volume of a humiyd air
mixture pt different conditions that contains the same quantity of dry air.

Pid _pr(lgtd[oF]’ RH,tq) ( Tabs, sp

q (l d’ Tabs,stds Tabs,sp’ Tsea[°Fl, Tsp[cF]f Bid By RHstds RHsp) S e 0
S\ [spss $ i2 spss Py —pvp(T;p[ F]fRHsp) Tabs,std

For the example given

Btd TP, ,std ’I;,sp
qsp(‘std’ Lta VT spr Tsedr Tiyspr By i spr RHgq, RHsp) = dgq - )

Pigp " Bpsp ) \Tsd
2 [ (14.700 — 0.1220) Albi abs ] 2
= 10,000— - n = 10,248—
min- 1 (13,500 — 0.0304)—2abs min
in.

This achieves the same result, but the rigorous demonstration offers a better sense of what the simplified equation is
doing.
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Nonmandatory Appendix A
Sample Uncertainty Calculations

A-1{INTRODUCTION

This Appendix shows the uncertainty calculation procedures for power measurement and for the thermiodymamics of
isenfropic head and volumetric flow rate.

A-2 POWER MEASUREMENT

This uncertainty calculation and example for power measurement is based on the equations presented in Jection 7.
Thege calculations shall demonstrate the methodology for reference information.
T4ble A-2-1 tabulates the parameters necessary to obtain the uncertainty results forthe instrumentation typidally used
for power measurement. Table A-2-2 is completed with expected or assumed values of systematic and random uncer-
tainties based on the specific instrumentation to be used. Reference subsectiafy4-2 for details on power meaqurement
instfuments and methods.

A-3[ISENTROPIC HEAD AND VOLUMETRIC FLOW RATE

The procedures for the uncertainty calculations for the thermodynamics of isentropic head and volumetric flow rate
shal] be described separately to review each process in detail:Tlfese methods shall be worked as exhaustive calfulations
and ps examples of the contributions of the components into the respective uncertainty and sensitivity contribution. The
respective differential equations for the sensitivity coefficients are shown in detail for reference; however, the dollection
of values in detail are not specifically provided because of the brevity of this Section.

A-3]1 Isentropic Head Uncertainty Method
(a) Isentropic Head [repeated from eq. (5:3-5) for reference]

Kmix_l

.
Kni Bitot | ™ (A-3-1)
W'\ (%)Ri,mixi},tot -1

K i tot

mix

(h) Functional Equation®of Isentropic Head

W = f(KmiX’ Rgs Titotr P ot pd,tot) (A-3-2)
(c) Sensitivity-Function for Isentropic Head
oW, oW, oW, oW, oW,
AW, = —dc + —SdR, + —dT; + —dp, + —dp, (A33)
ok 0Rg oT; api i @pd

Table A-3.1-1 outlines the independent parameters for each pressure and temperature measurement in the isentropic
head uncertainty calculation example. Substituting X; for the partial differential (sensitivity contribution) in the equation

dw. dR dp. d

il Xkd_K + Xg _8 + XTd_T + X ﬁ + X ﬁ (A-3-4)
d K T P; p. 71 P
4 i d

results in the sensitivity equations for isentropic head, dW;/dX;, as put forth in Table A-3.1-2. Table A-3.1-3 summarizes
the relative uncertainties in the calculation example.
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Table A-2-1 Power Measurement Data

Bias, % of System Std. Random Std. System Std. Random Std.
Parameter, Nominal Keading, Uncertainty, % ol Uncertainty, % of _ Sensitivity, Hmreertaimty Uncertainty
Symbol, Units Measured by Value Bz, Reading, bz, [Note(1)] Reading, °%, 6;[Note (2)] Contribution)( bfﬁ!i)2 Contribution, (sfﬂi)2
Main Driver
Power, P, kW Power [analyzer, 234.0 0.3000 0.1500 0.0637 0.0225] 0.0041
Voltage, V, volts Potentjal transformef-(PT) 488.6 0.3500 0.1750 0.0637 0.0306 0.0041
Current, I, amperes (A) Current transformer (€T) 294.5 0.3500 0.1750 0.0637 1 0.0306 0.0041
Main driver SUM 0.0838 0.1220
Auxiliary Power

Power, P, kW Auxiliafy power analyzer 16 1.000 0.5000 0.1257 1 0.2500 0.0158
Voltage, V, volts Potentjal transformer (PT) 487.0 1.200 0.6000 0.1257 1 0.3600 0.0158

Amp nfeter 5.0 1.000 0.5000 0.1257 1 0.2500f 0.0158
Current, I, amperes (A)

Currenf transformer (CT) 5000 2.500 0.1257 1 6.250 0.0158
Power factor, pf 0.4 0.1000 0.0500 0.0000 1.176 0.0035 0.0000
Aux. power SUM 7.113 0.0632

Net Power

Main driver SUM 234.0 0.3097 0.0000 0.95 0.0864 0.0000
Aux. power SUM 1.6 2679 0.0000 0.05 0.0179 0.0000
Net power SUM 235.6 SUM 0.1045) 0.0000
NOTES:

(1) Each bias is assumed to havj
(2) These sensitivities are assu

e a 95% confidence level, normal distribution, and degrees of freedom >30.
hed for this example; every test will have its own set, depending on th€ characteristics of the equipment being tested.

8T02Z-€T J.Ld ISV
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Table A-2-2 Summary Results of Power Measurements

Systematic Standard

Random Standard

Combined Standard

Calculated Uncertainty, % of Uncertainty, % of Uncertainty, % of Expanded Uncertainty,
Description Power, KW Reading, bp Reading, sg Reading, ug % of Reading, Ugos
Main driver 234.0 0.2894 0.1103 0.3097 0.6194
Auxiliary power 1.6 2.667 0.2514 2.679 5.358
Net power 235.6 0.3233 0.0000 0.3233 0.6466
Table A-3.1-1 Independent Parameters for Isentropic Head Uncertainty Calculation Example
Absolute
Pdrameter, Systematic Absolute Random  Absolute Absolute Systematic Absolute Rhindom
Symbol, X;, Nominal Standard Standard Sensitivity, Standard Uncertainty Standard Ungertainty
Units Value Uncertainty, bz, Uncertainty, %, 9; Contribution, (b,flﬁ?,-)2 Contribution, (5510,-)2
Ratio|of specific 1.3967 0.0000 0.0000 0.2453 0.0000 0.0000
hedt, Ki .
Gas cpnstant of the 54.029 0.0000 0.0000 1.0000 0.0000 0.0000
miyture, R;mix
_fi {Ibf
Ibm|- °R
Total|inlet 543.296 0.0943 0.0723 1.0000 8.8925 E-3 52273 E-3
tenpperature,
Tido °R
Total|inlet 14.117 0.0141 0.0102 -1.6516 5.4230 E-4 2.8379 k-4
prgssure, pij o
psi
Total|discharge 27.434 0.0247 0.0201 1.6516 1.6642 E-3 1.1020 E-3

prgssure, pgon
psi

GENHRAL NOTES:

(a) Quantity of four instruments for each pressure and temperature measurement.
(b) Yystematic standard uncertainty considers instrument\to’ DAQ system string (i.e., accuracy, full-scale, current conversion, ndnlinearity,

rlepeatability, module error, drift).

A-3]2 Volumetric Flow Rate Uncertainty Method

(a) Equation for Mass Flow [eq.,(4-5-1) repeated from subsection 4-5.6 for reference]

12p,(Ap)
g, = nedChe, | L (A3-5)
4 1 -8
2pAp(g.)
g,, = 0520527 d*Cge # (A-3-6)
4 1-p
whefe
{1‘[ \ 1./
d(in.), pL”—J Ap(psi), p =
&3 Ri,mix*T
(b) Sensitivity Function for Mass Flow
o d o a d o
dq = ﬂdcd + Hm 44 + S iy + ﬂdp + Hm_gr + ﬂdAp (A-3-7)
m o aC, od oD op oT Ap
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Table A-3.1-2

Equations of Sensitivity Contribution for Isentropic Head

Symbol, X; Nominal Value Formula for Absolute Sensitivity (dW;/dX;)
Kimix 1.39p7 Ki, mix — 1 Ki, mix— 1
B tot i,mix B tot i,mix Ki, mix
Ri,mix . Ti,tot [P- -1 Ri,mix . I;,tot * Ki, mix b -1 pd,tot pd,tot Ki, mix 1 Ki, mix — 1
i tot i tot Rimix * T tot * Ki, mix *In| ——| - | —— N
Pi tot Pi tot Ki, mix K mix
Ki, mix ~ 1 (K,', mix — 1) Ki, mix — 1
Ri,mix 54.0p9 Ki, mix—1
K.i.
Bitot | “HMEX
T tot * Ki, mix -1
Pi tot
K, mix — 1
Titot 543.396 Ki, mix—1
K,i.
Bitot | M
Rj mix * Ki, mix] -1
Pi tot
Ki, mix — 1
Ditot 14117 ki, mix_l_l
B tot Kiymix
Ri,mix : ’I;', tot .pd,tot . b
i, tot
2
Pi tot
DPad,tot 27.4B4 Ki, mix—1 .
B o | imix
Ri,mix : ’I;, tot
Pi tot

pi,tot

8T02Z-€T J.Ld ISV
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Table A-3.1-3 Summary of Relative Uncertainties

Absolute Random Combined
Parameter, Symbol, Calculated  Absolute Systematic Standard Uncertainty, Uncertainty of the Total Absolute
Units Value Uncertainty, bg SR Result, up Uncertainty, Ugos
Isentropic work, W, 21464.3 0.105 0.081 0.133 0.266
ft-Ibf/Ibm

Ug o5 1.24 x 1073 %
Net Uncertainty W
N

As shown in Table A-3.2-1, substituting X; for the partial differential (sensitivity contribution) in the following lequation

a
resullts in the sensitivity equations for mass flow (;7’"] The unit conversion of 0.52502 follows the ynits detailed therein.
i

T4ble A-3.2-2 outlines the independent parameters for each pressure and temperature measutement in the vqlumetric
flowrate uncertainty calculation example. Table A-3.2-3 summarizes the relative uncertainties inrthe calculation pxample.

A-4| SYSTEMATIC AND RANDOM STANDARD UNCERTAINTY EXAMPLES
This|section evaluates the uncertainty derived from the instrumentation measurement and the reading and acfuracy of
the PAQ. Table A-4-1 provides the systematic standard uncertainty values used for this example; the instrumentation and
datalacquisition path should be evaluated carefully per application. Table A-4-2(details the random uncertainty yalues for
the $ame parameter.

Table A-3.2-1 Equations of Sensitivity Contribution

Symbol, X; Nominal Value Formula for Absolute Sensitivity, dq,,/0X;
Cy 0.6047. 0.5250-¢-d*- [p- Ap
4
l_i
D4
d 9.9002 1.05004-Cy-&-d - \/p-Ap + 1.05004-Cd-e-d5-v/)-Ap
3‘1 at . A2
[ DY |l1-2
V' b D4]
D 18.001
1050 C4-e-d- Jp-Ap
4 )
3 d
D .{l_g)
D 27.34 026251 Cy-¢-d> Ap
4 .
oo f [
—A——hF
dp is Ap, 0.2625
T 678.43°R
| 026251-Cyee-d*-Ap - p
a2 o4t Ay
RT Vl o R
Ap 3.592 02625-¢-p-Cy-d?
_d
J/)-Ap-vl—g

63


https://asmenormdoc.com/api2/?name=ASME PTC 13 2018.pdf

ASME PTC 13-2018

Table A-3.2-2 Independent Parameters for Volumetric Flow Rate Uncertainty Calculation Example

Absolute Absolute
Absolute Absolute Systematic Systematic
Systematic Random Standard Standard
Parameter, Standard Standard Absolute Uncertainty Uncertainty
Symbol, X;, Nominal Uncertainty, Uncertainty, Sensitivity Contribution, Contribution,
Units Value bz, 5%, 0; (b%ﬂi)2 (s,@(i,v)2
Discharge coefficient, C, 0.6047 0 0 32.2602 0 0
Orifice bore diameter, d, in. 9.9002 0.0005 0 4.3378 4.7042 E-6 0
Piping borf diameter, D, . T3.00T U.00T Y] =0.2183 77645 E-8 Y]
Pressure upstream orifice, p, psi 27.34 0.02464 0.0216 0.0297 5.3661 E-7 4.1237 E-f
Temperatyre upstream orifice, T, °F ~ 218.759 0.24657 0.0883 -0.0012 8.7271 E-8 11192 E-B
Differential pressure, Ap, psid 3.592 0.005730 0.0041 2.7155 2421 E-4 1.2395 E-§
GENERAL INOTES:
(a) Four instruments used for each pressure and temperature measurement.
Table A-3.2-3 Summary of Relative Uncertainties
P3rameter, Absolute Random Combined
ymbol, Calculated Absolute Systematic Standard Uncertainty, Uncertainty of the Total Absoluie
Unit Value Uncertainty, bg Sk Result, uy Uncertainty, Yg s
Mass flow] rate, 19.508 0.016 0.011 0.019 0.039
qm Ibm}/sec
U 0.19%
Net Uncertainty (—R’%]
m
GENERAL INOTE: For this example, the calibrated instrumentation accuracies are
(a) Upstream temperature: +0.08%.
(b) Uppstream pressure: +0.21%.
(c) Differential pressure: +0.20%.
Table A-4-1 Systematic Standard Uncertainty Component of a Parameter
Example: Flow Measurement Upstream Pressure
Data Acquisition Component; Units Nominal Value
Instrumenjt range, psi 30.00
Average r¢ading of N measurements, psi 27.341
DAQ templerature at time of reading, °C 25.05
Analog Input Technical Specifications
Uncertainty Component Accuracy (acc), % Calculation Result (Resu|t)*
Current: fyill scale @25°C (77°F) 0.350 = acc - (27.341/30.00) 0.00319 1.02 Ef-05
Current: #0.0045% petr °C 0.0045 = acc - 25.05 0.001125 1.27 E}-06
Nonlinear]ty 0.030 = acc - 27.341 0.008202 6.73 EJ-05
Repeatability 0.030 = acc - 27.341 0.008202 6.73 EI05
Current (A) 0.500 = acc - 0.016 - 30 0.0024 5.76 E-06
Systematic standard uncertainty: flow measurement upstream pressure (Sum) bgl 0.02464
GENERAL NOTE: Values used in this table are amps (A) for unit consistency.
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Table A-4-2 Random Standard Uncertainty of the Mean of N Measurements

Example: Flow Measurement Upstream Pressure

Data Acquisition Component, Units Nominal Value
Instrument range, psi 30.00
Average reading of N measurements, psi 27.341
Reading min., psi 27.311
Reading max., psi 27.373
Number of instruments 4
Sum[(Xj-Xavg)*/(N - 1)] 0,000465
Delth, psi (Max.-Min.) 0062
Accyracy (Delta/Range) 0.21%
Random standard uncertainty, psi 5%, 0.0R156
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Nonmandatory Appendix B
Sample Calculation: Dynamic Blowers

B-1 INTRODUCTION

This Appendix uses a simple formula for conversion of standard conditions to site conditions for dynamic blowers| The
first step of the calculation procedure are illustrated in Figure B-1-1. Arigorous calculation for conversign from stanflard
to specified conditions is found in Mandatory Appendix I and best illustrates the principles of conversion betyeen
conditions. In the example in this Appendix, speed is a variable of the blower configuration, and it féllows the permisgible
deviations of similitude parameters established in para. 3-5.4.

B-2 STEP 1: DETERMINE CONDITIONS
B-2.1 Reference Standard Air Conditions
The firfst step shall be to determine specified conditions for mass flow rate for tise in conversion to volumetric flow|rate
(standarfl or normalized). For the purpose of this example, the reference-air/conditions are
Figure B-1-1 Preliminary Steps
(" Step 1: )
Deterinine specified conditions for mass flow rate for use l
in conversion to volumetric flow rate (standard or p
normdlized) Step 2.1:
- Temperature Determine process and fluid components (Table 3-5.2-1)
- Pressure Determine electric power-related components (Table 3-5.2-2
- Relative humidity \
\_ - Cp' Hmix' MWmix' k, Xvp Y, i
p
Step 3:
Calculate specified mass flow rate and pressure ratio
e N . . .
Step 1.1: Calculate velocity from static density
Determine the specified amhiént,inlet, and discharge Ca,lcmate tOt,a,l temperature and pressure at specified
conditions for performance.point(s) inlet cond't',o,ns . .
- Temperaturé Evaluate specified inlet volumetric flow rate (test target)
_ Pressure If specified as inlet volumetric use as is
- Relativé:humidity If specified as standard/normalized or mass flow
_ Volumatric or mass flow rate rate, convert at specified conditions
Calculate thermodyramic properties at specified conditions \_
= Cp' Rmix' MWmix' Xvp
\ l J
( Step 2: ) ¢ ¢
Determine blower type (PD/dynamic) -
Determine pertinent blower dimensions _ Positive Dynamic blower
- Inlet and discharge pipe diameters displacement procedure
- Impeller diameter (dynamic only) blower procedure
Determine system limitations
- Motor power and amps
- Max. and min. rpm
- Max. pressure ratio
- Max. discharge temperature
- Max. temperature difference
L Determine flow control method y
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Condition Value

Temperature, Tgq 68.0°F

Pressure, Fsq 14 700~Mabs
. —

mn.

Relative humidity, RHgq 36%

2 Specified Condition

late the thermodynamic properties at the specified conditions. For the purpose of this example, the spe¢ifi

are
Condition Value
Volumetric flow rate, 10,000 SCFM (ft3/min at standard
Qsp,std condition)

Inlet temperature, T, 40.0°F
Barometric pressure, 13.950%&”
Pa,sp in.

i Ibf
Inlet pressure, pis 13.500—abs (measured in zero velocity
m.

plenum room)

Discharge pressure, py 8.90%gauge (total pressure)
m.

Relative humidity, RHy, 25%
Estimated dirty filter Ibf

loss, Apy OSSP
12.2.1 Account for Dirty Filter Loss. Adjust the specified irntlet pressure to account for estimated dirty filter1
hllowance
Ibf Ibf
pi,sp,adj = pi,sp A Apl = 13.500 jabs - 0350—2
m. m.
= 13.150£f2abs
in.
12.2.2 Test Condition. In this example, room inlet and zero velocity are used. The discharge pressure and
are measured in an 18-in didmeter duct. The test conditions are
Condition Value
Inlet temperature, T;, 65.1°F

Ambient pressure, p,, 14 300ﬂabs
RARN)
mn.

Relative humidity, RH, 50%

Inlet pressure, p; ¢ 14 150ﬂabs
IR
n.

STEP 2: DETERMINE BLOWER TYPE, DIMENSIONS, AND LIMITATIONS

iats, and to

bd condi-

Dss using

empera-

The blower type — PD or dynamic — shall be determined, as well as the pertinent dimensions: inlet and discharge pipe
diameters and, for dynamic blowers, impeller diameter. The flow control method shall be ascertained. The system
limitations to be ascertained are

(a) motor power and amps

(b) maximum and minimum rpm

(c) maximum pressure ratio

(d) maximum discharge temperature

(e) maximum temperature difference

Using Tables 3-5.2-1 and 3-5.2-2 as checKlists, the process and fluid components and the electric power-related
components of the blower being tested shall be identified.
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B-4 STEP 3: ESTIMATE OPERATING CONDITION TARGETS FOR TEST

B-4.1 C

alculate Specified Volumetric Flow Rate and Pressure Ratio

Determine the volumetric flow rate for specified conditions. The specified inlet volumetric flow rate is stated for
standard air condition and, as such, is often considered as a specified mass flow rate. This value shall be converted
to a volumetric flow rate for air at specified conditions. The following example is an abbreviated method of determination.

B-4.1.1 Saturated Vapor-Pressure Beta Coefficients. The empirical function is based on T in Rankine units.

N —7202.2367

NOTE: T

function §hat leads to determination of saturated vapor pressure in air. Other functions may use t,,s as a function argumer

temperat

(a) St

(b) Sp

B-4.1.

(a) St

(b) Sp

B-4.1.

(a) St

(b) Sp

P ™ T(°R) — 70431

°R) is used to refer to a function argument for temperature expressed exclusively in degrees Rankine for ‘this emp

re expressed in absolute scale using units that correspond to the units system being used for the-calculations.
indard Condition
—7,202.2367
B = f. (Tg[°R]) = ’ = -15.7516
Pooysta = PalTsedl“RD) (68 +459.67) °R — 70.431
ecified Condition
—7,202.2367
Bog = BTl R1) = ’ =-16.7791
P ’ (40 + 459.67)°R — 70.431

p Saturated Vapor Pressures. The empirical function based on. the beta coefficient.

pSV(T[OR]) = 2.34908 - 106 . e/)’sv(T[oR])%abs

m.
indard Condition

o 6 —157516 Ibf
psv,std = Riv(’l—étd[ R]) = 2.34908- 10" ¢ = 03389m—2abs
ecified Condition

6. 167791 _ 0.1213%abs

m.

Pysp = PSV(T,-,SP["R]) = 2.34908 - 10

B Air Mixture Vapor Pressdres. This function is based on saturated vapor pressure and relative humig
PVP(T[OR];RH) = p,(T[°R]) - RH

indard Condition
. . Ibf Ibf
Bp st = Pop (Tsdl "Rl RHq) = p, (Tydl"R) *RHgeq = 0.3389—abs-0.36 = 0.1220-—abs
’ in.

m.

ecified-Condition

\ , Ibf Ibf
B = H,p( T, o[°R], RHy,) = p(T.,[°R]) -RH,, = 0.1213—=abs 025 = 0.0303—-abs

11, II1.

rical
t for

ity.

B-4.1.4 Air Mixture Volumetric Flow Rate at Specified Condition. The function used here is a shortcut. See
Mandatory Appendix I for a rigorous method to determine the volumetric flow rate at specified condition from the
volume capacity at standard condition.

Bod _pvp(ntd[oR]’RHstd) [ Top ]

qv,sp(qv,std’ Tstas TSP’ Ttal "R, TSP[OR]’ Byar psp’ RHt4, RHSP) = qv,std' o
Fyp _pvp(T;P[ R], RHSP)

Tstd
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(a) Specified Condition

Biea _pvp,std T;',sp
qv,sp = qv,sp(qv,std’ Tstds Ti;SP’ TStd[oF]’ Ti;SP[OF]’ Pyq pi,sp,adj’ RHjq, RHSP) = qv,std [ ’

P~ Ppsp ) \Tstd

& (14.700 — 0.1220)%3%
10,000— - llnb-f .
min 1 (13,150 — 0.0303)—2abs
in.

3
= 10522

min

(40 + 459.67)°R
(68 +459.67)°R

B-5

B-5

Af
lubr

B-5
R4

evalpated. Safety precautions shall be in place, and hearing and eye protection\shall be provided.

B-5
Py

explpined in subsection 3-5. Instruments shall be configured per Section 4, and instrument calibration record
per para. 4-1.2.

B-6

cond
atm

and mass flow. Real-time calculations can estimate air velocities at measurement points and make appropriat

tion
isen

resullting in a real-time display of the ¢erresponding isentropic head, in order that the blower operates at the

isen

B-6

In|
the
oper

The discharge pressure for the test should be set with@he isentropic head equal to the isentropic head at the

STEP 4: TEST PREPARATION
1 Verify Mechanical Readiness (as Applicable)

cation, belt tensioning system, and piping conditions shall be evaluated.

2 Verify Safety Considerations

fer to para. 3-5.1 for a safety overview. Belt guards, mechanical systems, and @iring and electric system

3 Preliminary Test Runs

STEP 5: DETERMINE DISCHARGE PRESSURE FOR TEST

ition. Data collection and computing systems at the test facility can enable this step with real-time measure

for total pressure and total temperature.“Additional real-time calculations provide instantaneous readd
[ropic head of the operating blower. Adjustments of a discharge throttling valve change the discharge

[ropic head.

1 Calculate the Isentropic Head for Specified Condition

the absence of such real-time calculations, or for an understanding of how test discharge pressures are det]
alculations in this Subsection provide a means of estimating the appropriate discharge pressure for the |
ate at during the test.

illustrated in Figure B-5.1-1, the next step shall be to verify mechanical readiness for the test. Bearing pnd gear

shall be

eliminary test runs shall be performed as detailed in para. 3-2.2 aznid'in accordance with test operation prpcedures

verified

Kpecified

ments of

spheric pressure, relative humidity, inlet pressure, inlet temperature, discharge pressure, discharge temperature,
e correc-

ut of the
bressure,
kpecified

ermined,
lower to
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Figure B-5.1-1 Dynamic Blower Test Calculations

4 Step 4: N
Verify mechanical readiness (as applicable)

- Bearing and gear lubrication

- Belt tensioning system

- Piping connections
Verify safety considerations (para. 3-5.1)

- Belt guards and mechanical systems

- Wiring and electrical systems

- Hearing protection, eye protection, etc
\Perform preliminary test runs as required (para. 3-2.2) )

v
/ Step 7.1 N
Calculate the inlet and discharge air velocities at test
conditions (para. 5-1.3)
Calculate the inlet and discharge velocity pressure at
test conditions (para. 5-1.4)
Calculate the inlet and discharge total temperature
\and pressure at test conditions (paras. 5-1.4 and 5-1.5)

I

4 Step 4.1 N
Verifly instrument calibration records (para. 4-1.2)
Chedk instrument configurations (Section 4)

Revigw test operation (subsection 3-5)

Note: All measurements are to be the average of three

\_ consecutive readings (para 3-5.5)
v
s Step 4.2

Meagure ambient conditions

- Barometric pressure (para. 4-3.12)

- Ambient/inlet temperature (para. 4-4.8)
L - Relative humidity (subsection 4-6) J

4 Step 5: N
Estifnate discharge pressure for test
Find pressure that will cause blower to achieve specified
isentropic head with estimated test inlet conditions
- Estimate discharge temperature at specified
conditions
- Convert specified pressure and temperature from
static to total values
- Calculate thermodynamic properties of air at
specified conditions
- Calculate isentropic head at specified conditions
- Estimate thermodynamic properties of air at test
conditons
- Calculate total pressure at test conditions to
achieve specified isentropic head
- Convert estimated total pressure to static
pressure at test conditions
o B
v
4 Step 6: .,

Opefate blower at specified volume flow and estimated
discharge pressure

- Pressure (subsection 4-3) O

- Temperature (subsection 4-4)

Medgsure inlet and discharge conditions
\Megsure discharge volumetric flow rate fsubsection 4-5) /

e Step 6.1: N
Megsure blower power d ubsection 4-2)

Megsure accessory po aw (subsection 4-2)
"l N\ )

h 4
Step 7 M\
Calcplatethe thermodynamic properties of air, water vapor,
and|mixture’at test static inlet and discharge conditions
(sulsection 5-2)

Repeat as
Required

|

4 Step 7.2: B
Calculate the total inlet and discharge thermodynamic.
properties of air, water vapor, and mixture at test
conditions (para. 5-2):

- Vapor pressure and mole fraction

- Molecular weight

- Specific mixture gas constant

- Density
\_ - Specific heats )
4 Step 1.3: N

Calculate the inlet volumetricflow rate at test conditions
(para. 5-1.8)

Calculate the isetropic h€ad at test conditions (para. 5-3.2)
Calculate Machine/Reynolds number as required
(NonmandatoryAppendix D)

Calculate Machine,Mach number (para. 5-3.4, Fig. 3-5.4-1)
Compare criti€al parameters at test conditions to
requirements to meet specified conditions
\(Table 36.4-1)

Not Within Limits

Step 6A:
Modulate blower to change flow
Modulate discharge restriction to change discharge
pressure

\4
Step 7.4:

Calculate the predicted blower system discharge pressure

(para. 5-3.3)

Step 7.5:
Compare Machine Mach numbers to limits (Figure 3-5.4-1)

A 4

Final Calculations

Within
Limits

- Vapor pressure and mole fraction

- Molecular weight (same as ambient conditions)
- Specific mixture gas constant

- Density

- Specific heats )
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B-6.1.1 Pressure Ratio

(a) Static Condition

_ pd,ga th
p\P pd,ga’ k)=
p;
(b) Specified Condition
b (890 4 1395 b | b
a;sp 5P T . . 7.
Tp,static,sp — Tp\b; i By o0 P = = = 1.738
P P ( bspiady” H,sp” fasp ) P, spadj 131502 abs
in.
B16.1.2 Air Mixture Molecular Weight at Specified Condition. The molecular weight of the air mixture
mol¢ fraction proportions of dry air and water vapor in the mixture.
Ib Ib
MWy, = 28970——— MW,, = 18.015-——
mol Ibmol

x,}, = mole fraction of water vapor in mix = vapor pressure/total pressure

p,(TIR]) - RH B, (TI°R],RH)

xyp(TI°R], RH, p) =

5 b

MWy (TI°R], RH, p) = MW, %,,,- (TI°R], RH, p) + MWy[1 = - (TI°R], RH, p) |

(a) Specified Condition

0.0304%abs

pVPrSP in
Xup,sp = Xy (Ti,s » RHgp, p; d') X = v = 0.0023
e PATBPT T Fspoad) Pipadi 131502 abs

m.

MWpnigep = MWiniy (T,-’Sp, RGP o4 dj) = MW, %, 0 + dea(l - xvp)sp)

= 180152 0.0023 + 289702 (1 — 0.0023) = 28.945-2T
bmol Ibmol Ibmol
B16.1.3 Air Mixture Density at Specified Condition. This is derived from the ideal gas law.
R = 1,545.3488 fe - Ibf Universal Gas Constant
mol -
o _ p
p(T[°R], T, RH, p) = %
-T
MW, ,ix (T[°R], RH,p)

E: With MWq,i;already determined, p and T can be used with any units consistent with the units for the chosen uni

(a) Spevified Condition

is pased on

yersal gas

2
13.150ﬂ . 155 110
ki sp,adj .2 2 b
= A = a2 — in. ft _ m
Pisp = p(Tl,sp[ R], RHsp; pi,sp,adj) = T . = i arss o = 0.0710—ft3
MW b 72 bmol - °R.
MWonix,gp bmol - 'R (40+459.67) °R
28.945
Ibmol

B-6.1.4 Mass Flow of Mixture.

qm}5p<qv; T[OR]) T, RH, p) = qv p(T[OR], T, RH, p)
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3
ft Ibm Ibm
[e]} — —_— . _— _
qm,sp(%,sp’ Tsp[ R], Ty, RHSP, pi,sp,adj) = qv,sp 'pi,sp = 10,522 o 0.0710 e = 747.1 -

B-6.1.5 Inlet Velocity at Specified Condition. These measurements are for total pressure and total temperature. See
Nonmandatory Appendix C for an example of calculating total pressures and total temperatures in a piped inlet to a

blower.
When inlet condition is room air, Vg, = 0
The inlet condition is measured in room at zero velocity. Tjtsp = Tisp = (40 + 459.67) °R

B-6.1.p Pressure Ratio (Total Pressures)

22.850%3&)5

(P 7 ) e _ T w2 g
Tptot,sp = Tp\ P sp2 = = =L
k b P\Fhsp? Hd,sp pi,sp 13.150%abs

in.

B-6.1.y Specific Heats

(a) D1y Air and Vapor. Calculate the molar specific heat of air and vapor using the empirieal function of temperature.
Calculatg the specific heat of the air mix only at the inlet temperature; adjusting the specificheat for increasing tempgera-
ture thrqugh the blower yields negligible improvements in accuracy.

. 412
3.64746 — XT84 qpeog) 4 940774 TR
- 10 1 o
¢, 4o(T[°R]) = ‘R
pda 2
0 54;38 TPRP
0.51711 1.0
405380 — 22 Z T[°RP+ 59675 - T[°R]?
_ 10 10 n
¢, »o(TI°R]) = ‘R
p,vp .
0292781 TPRP
10’

where R| = 1.98588— 2%
Ibmol - °R
Btu

= G dal Tl ™RY) = G, adl (40 + 459.67)°R] 6944

Ep,du,i,sp

_ ° . ° Btu
Cupl Trspl°R1) = 2,4 (40 + 459.67)°R] 7.990—"

Ep,vp,i,sp =

(b) Specific Heat of the Air Mixture.
0 (1 =) 2, da(TIRD) + x5, (TIRD)
Gommin TERI, %y MWy ) = —

mix

(1 - xvp,sp) * Cp,da,i,sp + Xup,sp * Cp,vp,i,sp

cp;mix;i;SP = Cp)miX(E,SP[OR]; xvp)_gp; MWmix,sp) = NV
mix, sp
(1-00023) - 6.944— 2% 4 00023-7.990 2% mu
= Ibmol - Rlbm Tomol - "R _ 0.2400 .
28.945—— Ibm - °R
Ibmol
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(c) Ratio of Specific Heats of the Air Mixture

Bt

Cpyminyssp 02400 “OR
_ 1l 2] _ m - _
Kmixsp = R - ft - Ibf Btu = 1.400
Cp, iy sp— o - 1SS 3488 P
MWy, p 02400 LI mol - II{b 778.169 ft -
m - m

28,945

mo.

B-6.1.8 Total Temperature. See Nonmandatory Appendix C for an example of calculating total pressures and total

rlaettao—a-llaiar
tO—a—oOTOWeT:

uuuuuu

B16.1.9 Isentropic Head and Isentropic Power at Specified Condition.
(a) Isentropic Head

Kmix R fimix 1
Vvs(Kmix’ Mwmix' ’1’2, rp) = — _1. W ’I; rp Kmix —1
mix miIx
. _ Kmix.sp~1
mix, sp R " Kmixsp
V\/;,sp V\/;(Kmix’sp, MWmix,sp’ Ti,tot,sp) r ,tot,sp) = T -Ti,tot,sp~ T'p,tot,sp mx,sp  — ]
mix,sp mix, sp
ft - Ibf
1,545.3488— L 1,400~ 1
1400 - 3 17400 ft  Ibf
_ . bbmol - 'R (40 + 459.67)°R-|1.738 k400 — 1| = 15973
1.400 — 1 tbm_ Ibm
28.945
Ibmol

In| more useful units:

fo-Ibf  1-kW kW
15,973 : e = 03610~
bm  y4p5378 20 om

min min

(W) Isentropic Power at Specified Condition

Ibm kw
Posp = Gy gp Waiip = 74710361097 = 269.7kW
min

B16.1.10 Isentropic Head at Test:Condition.
(a) To back calculate the discharge pressure required to match isentropic head from the specified condition with the

test fondition, begin by calculating the relevant air mix properties for the gas at the test condition using the molecular
weight of the air mix at test condition.

Ibm
MW, = 28970

mo.

Ibm
MW, = 18015~

x,}, = mole fraction of water vapor in mix = vapor pressure/total pressure

L 1
o P, UITK])-RH T, 1T NLINCT)
x,,(T[°R], RH, p) = - _ D
! p

MWy (TI°R], RH, p) = MW,y -x,,, (TI°R], RH, p) + MWy,- |1 = x,,, (T[°R], RH, p)

For the test condition
—7,202.2367

524.77°R — 70.431

= -15.9803

ﬂsv,SP = By (T, A°RI) =
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o 6 —15.9803 Ibf
Byt = B, (T ([°R]) = 2.34908-10°-¢ = 0.3066—abs

m.

. . Ibf Ibf
Byt = Bp(Tid "Rl RHy) = p (T [°R]) - RHegt = 0.3066—abs 050 = 0.1533—abs

. .

Byt 0.1533%;&)5
o vp, in.
xvp,t = xvp(’l-;,t[ R]r RHtr Pi,t> = P = — - = 0.0108

bt 14,1502 abs

.

MW e = MWoyie( T °R] RHy, p, ) = MW oy ¢ + MWgg(1 = )

bm 0108 + 28.9702™ . (1 — 0.0108) = 28.851-2™
Ibmol

Ibmo Ibmol

18.015

(b) THe test temperature ratio is an initial estimate based on isentropic temperature-rise factored up for estimlated
efficiency.
k=1
Tprotsp K — 1
0.65

r(r ,tot,sp k) = + 4

where
0.65 3 an assumed efficiency of the blower. For this initial estimatejassume that the ratio of specific heats, k, = 1.40.

To initfially estimate the test discharge pressure, assume the pressure ratio is the same as the specified pressure rgtio:

T(p,tot,t) = "(p,tot,sp) T1.738

Ibf
P(dtest) = P(i, ) H(p tot,r) = 24.593—abs

m.

For thg test condition

(Li‘*_l )— 1 1.738(%) -1

+1=—"——"——+1=1263
0.65 0.65

_ _ Tptotsp
t,t,est = rt(’p,tot,sp) 140) =

Initial [estimate of minimuny Ty est

T tottrest = Lot Tt test = (65.1 + 459.67)°R- 1.263 = 662.8°R

662.8°R — 459.67°R = 203.1°F

(c) To determine the ratio of specific heats at test conditions, calculate the molar specific heat of air and vapor using
empirical function of temperature. Calculate the specific heat of the air mix at inlet temperature.

0.708 412
3.64746 — %-T["R] + %

i oy

p,da(TI'RT) = 0254338

=S TRP
10

T[°R]?
R
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51711 1.
405380 — 05—73~T[°R] + &675~T[°R]2
_ 10 10 o
¢, ,o(TI°R]) = ‘R
p,vp .
B 02929781 TR
10
where K = 1.98588— "
Ibmol - °R
Btu

(d

(e

0

test

— T [°K = 05.1 + 459.67)°K] = 6.94/————
Cp,da,i,t Cp,da(Li,tl " KI) Cp,dall )R] Ibmol - °R

_ _ _ Btu
Spup,ist = Cpup(Tiil"RI) = G pp[(65.1 + 459.67)°R] = 8.008, ——

The specific heat of the test condition air mixture at inlet temperature is determined ‘with the equat

(1 - xvp) ' Epyda(T[o R]) + Xyp * Ep,vp(T[OR])
MWix

cp,mix TR, ) MW ) =

(1 - xvp,t) . Ep,da,i,f + Xvp,t c Jp,i,t
Cp,mix,i,t = Cp,mix(Ti,tr Xyp,tr Mwmix,t) MW
Btu Btu
(1-0.0108) - 6.947————— +0.0108 - 8.008
_ Ibmol - °R lbmol - °R _ (5417
28,8510 Ibm - °R
Ibmol
The ratio of specific heats at test conditions is determined by the equation
Cpymi 0'2412%
e 4 4 e m - e
Kmixt = R fi - Ibf Btu = 1.399
pmixt T N Bu Pl R 77sie9m bE
Mwmix,t 0.2412 _ mol - Rlb 778.169 ft -
Ibm - °R 28.851—
Ibmol
Solve the isentropic head equatien to find the target discharge pressure that matches specified isentropi
conditions.
Kmix
Kmix—1
Wi tar
_ ,target,t
Pd,target]t(vvs,target,tr MWhix T b, Kmix) = K T + 1 Pt
T

: i
Kmix — 1  MWhix

pd,target,t = pd,target,t(m;sp’ Mwmixxt’ Ti,tOt;t’ bi e Kmix,t)

lon

c head at

1.399
ft- Ibf 1399 -1
[ 1,5973— 1 Ibf Ibf
= — 4+ 1 - 14.150—abs = 24.0—ab
1399 1,545.3488% 1n. in.
' . lbmol- "RR . (45,1 +459.67) °R
1.399 -1 28.851 lbm
" Ibmol

(g) Correct total pressure to static pressure using estimated velocity and density in test measurement duct.

Dy = 18in. = L5ft
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2 2
Dyt 1.5ft
Agr = =~ o= ( ) n o= 1.77f2
) 2 2
.2
Ibf 1 X
Bl arcet t 24.0—abs - 44;“ b
— starget, in. iy _ m
pd,static,t p(Td,t’ MWmix,t’ pd,t) = R = T Ibf = 0.0973—3
Ty e 15453488 — — fi
MWix,e " bmol . R . 662.8 °R
28.851
Ibmol
3 007102
ft ft3
P 10522 — -
R min Ibm
sp ) . 0.0973—3
i, static, t ft ft
Vit est = = 5 = 4,338 —
" Ad,t 177 f¢ min
(V2
_ P, static,t (Va,1)
JJd,static,target,),‘ - pd,target,t - 2%
C
. \2 2
Ib .
00973 ~(4,338—ff . mm) LR T . L
ft min 60 - sec 1ft 321741 '2 144 in.
Ibf Ibf
= 24.0—2abs — Sec = 23.9—abs
‘ > 2
in. in.
Ibf Ibf Ibf
pd,static,target,t,ga - pd,static,target)t T by T 23-9—inzabs — 14.30 - 2a.bs = 9.60— 5

B-7 STEP 6: RUN THE TEST

4 m.

m.

B-7.1 Ierate the Blower
With target volumetric flow rate and pressure determined, the test is run with the following results:
= 762.000™
Tt " min
Ibf
pd,static,t,ga = 9'607
m.
Ty = (208 + 459.67)°R
P, = 402 kW
Inlet dondition ismeasured in room at zero velocity. Discharge condition is measured in an 18-in. diameter
1
Dimpeller = 17.72/in. N; = 12637 —
min
B-8 ST

EP(7: CALCULATE PERFORMANCE AND COMPARE PARAMETERS

hipe.

B-8.1 Predict Thermodynamic Performance at Specified Conditions by Test Results

(a) Calculate vapor pressure, mole fractions, and molecular weight of inlet air at test conditions. Use values determined

in para. B-6.1.10(a).

Xypt = 0.0108

MW,

it = 28.851

Ibm

bmo
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(b) Determine actual specific heat of the test conditions air mixture at inlet temperature. Use values determined in

para.

B-6.1.10(d).
Btu
Cp,mix,i,t = 02412m

(c) Determine actual ratio of specific heat at test conditions. Use values determined in Step 5, para. B-6.1.10(c).

B-8
(a

Kmix,t = 1.399

2 Air Velacities

Calculate velocities for inlet and discharge to find total pressure and temperatures.

Vi = 0. The inlet condition is room air

Dy = 18in. = 15ft

D 15 £\
Agr = ( d't) = (L) = 177 f¢
) 2 2
Ibf 144 ifi2
(9.6OO+14.3O)—2abs . 7
= — in. ft _
A, static,t = p<Td,t’ MWiyix, Pd’t> = . Ibf = 0.0962
15453488
mol - o
b - £208-4+ 459.67) °R
28.851
Ibmol
b
q 762,92 N
Vie = mt = o= = 4,480——
Paaticyt " Adt 0.0963=3- - 1.77 f¢ min

ft

Calculate total pressures. The inlet condition i§'¥oom air; velocity is zero.

(b
Ibf
P = 14.150—2abs
! in.
N2 2
P sttt (Vo2 0.09621;’—2’. (4,4801.20“““) S o
_ ,static, P - t min sec 144 in.
Bl = Bistatict T T 5 ) (9.600 + 14.300) + e 23.958—
8 2321741 ——2 in.
Ibf - sec
(c) Calculate total temperatures (specific heats required). The inlet condition is measured in room at zero|velocity.

Tttt = T;,p = (65.1 + 459.67)°R

covery factor_for air for thermocouples, ry= 0.65.

2
Vat

)

Td,t + (1 — rf>m

T4 tot ¢

R{
Specific heat for inlet air temp, for practical purposes, is sufficient for estimating total T at discharg

h

L \2
(4, 480 . Lmin )

min 60 sec

(208 + 459.67)°R + (1 — 0.65) -
2. 7781698 1oF 32.1741&”‘“2
Btu Ibf - sec

B-8.3 Total Densities
Calculate total densities for test conditions.

77
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p(T[°F], T, RH, p) = P

R
T
MWy (T[°R], RH, p)

Calcul

B-8.5 I

Use ad

(a) Isd

Knix =1 MWy

Kmix—1
“Ti+ |p,totysp Fmix  — 1

Ibf
pd ¢ 23.958 7abs

In mo

) 1mn.
r = L = = 1.693
pytobit Ibf
Pt 14.150— abs
in.
Kmix.t—1
Kmix,t R ( " )
Wee = Ws(Kmix,b MWix,t Tt ’p,tot,t) R 'MW—_t’T;',t' ptot ey N/ =1
mix, mix,
') 1,545.34881bft 'llbeR (1.399—1)
- . moL- = . (65.1 + 459.67)°R -|1.693\ 1399 ) — 1
13399 — 1 28.851bm
Ibmol

recuseful units:

16,159tt‘1bt'

16,159 ft - Ibf/Ibm

2
14.150%abs- 144 - b
o in. fi m
’Il",t[ R], T ¢, RHy, b t) = & .lﬁ,f : = 0.0'725—3
’ 1,545.3488 . ft
1;{,‘2 - R (65.1+459.67) °R
28.851
] mn]
Ibf 144 in.2
23.958 —=abs -
_ By e _ in2 @ — 009640
At = TR = fr - 1bf = 009645
P 1,545.3488———— t
MWiixt lbmol - R . 667 83 °R
28.851
Ibmol
B-8.4 Iplet Volumetric Flow Rate at Test Conditions
hite the volumetric flow rate from the test.
Ib
q 762,92 &3
q , = mt _ _ min _ 10,523—%
vt Ibm P
Pt 0.0725—-
ft
sentropic Head at Test Conditions
tual isentropic head and power from the test.
ntropic Head
Kehi R
I/"]S(Kmix; MWhixs Ty "p,tot,sp) -

(b) Isentropic Power at Test Condition

““;tv_ — = 0.3651—53"]:1
bm 4455370 =m
min min

Ibm kw

min
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B-9 PERMISSIBLE DEVIATIONS

(a) Check for permissible deviations between test and specified operating conditions similitude parameters per

para. 3-5.4.
(1) Check specific volume ratio, r,.
e 1 i i
Specific volume: v = —n, = — = —
p i P

(-a) Finding r,, requires an estimate of the discharge temperature, Ty, at the specified condition, which can be
estimated based on the discharge temperature from the test condition.

Kmix,sp~ 1
pd,sp Kmix’sp -1 &
bisp Tt
Td,sp,pr = ’Ii,sp' Kz, — 1 +1
By Kmix, t
it -1
bit
1.400—1
22,850 22 gps | 1400
in2 . _[667.83°R 3 1]
13.150 %abs $24.77°R
Tippr = (40 + 459.67)°R- = e + 1 = 643.39°R
23.960 szabs %399
in. -1
14.150 L;abs
in.

(-b) Once the discharge temperature at the spécified condition is estimated, estimate the discharge dendity at the
spedified condition.

22.850 ﬂabs .
deSP in.2

144in.2

ft2

ft - Ibf

Ibmol - °R
Ibm

Ibmol

pd,sp,pr - R
MWmix,sp

Ty ppr 5453488

28.945

Spedific volume ratio atsspecified conditions

Ibm
_ pd,Sp,pr ~ 0.0958?

vsp = = Ibm

Pis 0.0710—-
p P

SpedificGzelume ratio at test condition

Ibm

- 643.39 °R

= 1.349

= 0.0958 —-

Ibm

3

pd U.U70% ?

e

Pit 0.0725—-
ft

1.330

Specific volume ratio at test condition as percent of specific volume ratio at specified condition:

Tt 1.330

"v,sp

-100% = ——-100% =
1.349

98.6%

This conforms to the range limit of 95% to 105% established in Table 3-5.4-1.
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(2) Check inlet volumetric flow rate, q,.
> fit3
= 10522 — ¢q,, = 10,523 —

q
vsp min ’ min

Inlet volumetric flow rate at test conditions as percent of inlet volumetric flow rate at specified conditions:

3
q,, 10,523 —
—.100% = 7““3“-100% = 100.01%
9y,sp 10522

min

Thig conforms to the range limit of 99% to 101% established in Table 3-5.4-1.

(3) [Check isentropic head, Wi.
kw kw

min min
kw
0.3651 Tom
Wst min
-100% = W-IOO% = 101%
Ws,sp 03610
min

Thig conforms to the range limit of 100% to 101% established in.Table 3-5.4-1.

(4) [Check machine Mach number, M,,.
%)

M, = =
\/Kmb"w—.'gc“?
mix

For this test, inlet volumetric flow rate was matched; therefore, impeller speed and impeller diameter from tes
assumed| to be same as at specified conditions. Ng,= N, = 12,637 rpm.

L are

17.72 in. -

1 Imi i
Ny Dy = 12,637—,~6m‘“ S 12in. 5.g
M,, o, = _ =— min__60sec 2 = 0.8913
<P R \ ft - Ibf ft - b
Kmixsp * v 8 ) Visp | 15453488 — 5
mix,sp 11400 —tbmol: "R 35 174y . _sec” . 499 67°R
| Tbm Ibf
28.945———
Ibmol
, 1t
g 77200
12 637 - . _ = LD T
M — Ny-Dy - = — ! min 60sec 2 = 0.8635
mt R | ft - Ibf ft - Ibm
Mmixt © Tov & Tit ‘w 1,545.3488————— 5
! mix, ¢ 11.399 - bmol - 'R 321741 - 5 .52477°R
‘ 28.851—— Ibf
Ibmol

A check of the machine Mach numbers achieved in this example against Figure B-9-1 demonstrates that the result

conforms to these graphic limits.
Myt = My g = 0.8635 — 0.8913 = — 0.0278

(5) All deviations of similitude parameters between test and specified operating conditions are within permissible

ranges.
(b) Calculate the discharge pressure predicted for the specified condition based on the test result.
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Figure B-9-1 Allowable Machine Mach Numbers for Dynamic Blowers

0.3
8
Q 0.2
2
£
a— 0.1
rl
£
a
ES 00k
e
$S
g — -0.1
=
g
= -0.2
o
©
=
-0.3
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6
Machine Mach Number Specified [M,, ;]
Kmix
Kmix_l
m,target
Pd,target<m,targetr MWhiv Ty ) Kmix) = Kmig\> R T + 1 P
Kmixe— 1 MWpix !
pd,pr = pd,target(m/;;t’ MwmiX/SP’ ’I;';SP’ pi,sp,adj’ KmiX;SP)
1.400
16,159 ftlt-) Ibf 1.400—-1 b o
= TN + 1 “13.15—abs = 22.99—abs
Loy LS453488 =i in. in.
A0 . omol2"R. . (40+459.67) °R
1400 -1 28.945—2
Ibmol
Ibf Ibf Ibf
pd,pr,ga = pd,pr - pa,t = 2293m—23b5 — 1395 Eabs = 898m—2
B-10 STEP 8: RUN FINAL CALCULATIONS
Ag indicatedSin* Figure B-10-1, the next steps in the procedure include completing the calculations and cd
deviptions bétween test and specified conditions.

B-11).1 Predict Standard Conditions

mparing

Predict standard-condition volumetric flow rate at specified conditions, using the flow measurement obtained from the

test condition.

By~ By (TR, RH)

qv)std<qv)sp; Tstdl ’I_'gp; TStd[OR]’ ’I_'sp[OR], pstd; PSP; RHStdl RHSP) = qut .

81
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Figure B-10-1 Final Calculations

4 Step 8: N *
Calculate the predicted air flow rate at specified
{onditions and in specified units (paras. 5-2.2 and 5—4.4.2/) 4 Step 8.4: N
Correct the predicted power for additional components
not included in test per specification and agreements
4 Step 8.1: N o J
Calculate the system isentropic power at specified l
conditions (paras. 5-3.3 and 5-4.4.1)
g _/ 4 Step 9: 2\
l Compare deviations between test and specified powerto
Il | |
Ve Step 8.2: ~ e owable values y,
Calcplate the system isentropic power at test conditions
@ar hs. 5-3.9.2 and 5-4.4.1) ) \ 4
l 4 Step 9.1: N~ N\
Prepare test report (Section 6) C)
4 Step 8.3: \ .& )
Calcpulate the predicted power at specified conditions

(paras. 5-3.9.2 and 5-4.4.1)

pi,sp,adj B p"P;SP [ T;;Std ]

qv’std(qv,t; Ttds Ti,spr Tstd[oF]’ j},sp[oF],}JStd, P,-}Sp’adj, RHgq, RHSp = qv,t . — T
pi,std pvp,std

q
v,dr,std »

3
10,5231 n
min- 1 (14700 — 0.1220)—abs

n.

(13.150 - 0.0303)%abs
in. .
min

68 +459.67) °R 3
(68 +459.67) =1o,oo1—ft
(40 + 459.67).°K i

B-10.2 Predict Power

Power|shall be predicted for the specified condition based on the test result. Adjust the measured power at test by the
ratio of isentropic power at specified conditions to isentropic power at test conditions. Use the isentropic power at
specified condition determined in Step 5,¢para. B-6.1.10.

Ibm kw
min

Use thle isentropic powerdatytest condition from Step 7, para. B-8.5(b).

Ibm kw
min

Predidted pewer at specified condition is from power measured at test condition.

12 269.7 kW
p, =B -—P — 4001w 20TV _ g5 w
* Tr; 2785 KW

This example does not include corrections for additional components not included in the test. See
Nonmandatory Appendix C for examples of these types of corrections.

B-11 STEP 9: PERFORMANCE DEVIATION REPORTING AND TEST REPORTING

See Nonmandatory Appendix C.

82


https://asmenormdoc.com/api2/?name=ASME PTC 13 2018.pdf

ASME PTC 13-2018

Nonmandatory Appendix C
Sample Calculation: PD Blowers

C-1|OBJECT AND SCOPE

This Appendix presents an example of the calculation procedure intended for positive displacement (PD) blowers. This
sample procedure illustrates a screw-type PD machine with variable-speed operation, an external inlet filtef, and no
extefnal cooling devices. These calculations shall demonstrate a test configuration that is not jdentical to the pecified

confjguration.

C-11 Reference Equations

The physical constants and important properties used for reference in this Appendix are listed in Table [C-1.1-1.

In|addition, the formulas that follow shall be used to calculate the percentage variance and deviation between gpecified

and jmeasured parameters. Compare the results to Table 3-5.4-2.
(a

measured value — specified value
-100

percentage error = —
specifiedvalue

(b
measured value

deviation = —=——— - 100
specified value

C-2|STEP 1: DETERMINE CONDITIONS AND PERFORMANCE

The first step, as illustrated in Figure C-2:1;-shall be to determine the specified standard conditions and the corre-
sponpding thermodynamic properties.

C-2{1 Determine Specified Conditions

Dé¢termine the specified conditions for mass flow rate for use in conversion to volumetric flow rate. For this pxample,
flow] shall be defined by SCFM cenditions of 68°F, 14.7 psia, and 36% relative humidity. Specified temperdture and
pressure shall be assumed to-be’static and shall not include velocity-head effects unless otherwise indicated. Th¢ proper-
ties pf air at the specified\standard conditions are shown in Table C-2.1-1.

C-2)2 DetermineSpecified Performance

The specified ambient, inlet, and discharge conditions for performance point(s) shall be determined. For gpecified
design points/of the PD blower used in this Appendix, refer to Table C-2.2-1.
The spécifications of the test installation identify inlet piping losses of 0.15 psi as a result of field piping|between

ientair and the inlet flange connection. The specified isolation transformer is not included in the test equipment. The
: > o o o edin electri perineasure-

ownerandthe supplieragree thatan allowance g
ments to allow for transformer losses.
The test specification requires the isentropic wire-to-air system efficiency and the SCFM/kW at the design point be

included in the reported data.
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Table C-1.1-1 Physical Constants and Properties

Physical Constant/Property, Symbol Value
Universal gas constant, R R = 1,545.3488 ft - bf _ 1.98588 Btu
Ibmol - °R Ibmol - °R
Molecular weight of dry air, MW, MW, = 28.97“3—m
. Ibmol
Molecular weight of water vapor, MW,,, MW, = 18.015“’—“‘
P Ibmol

Power equivalence, P

1 hp = 0.7457 kW

Dimensi¢nal constant, g,

Temperdture equivalence, T

Pressurg equivalence, p

1? = 29307-10" " kW

I

Ibm - ft
= 321741 ———~
& Ibf - sec”

°R = °F + 459.67
psia = psig + p, = psig + 14.7 at standard conditions

(" Step 1: )
Deterinine specified conditions for mass flow rate for use
in conversion to volumetric flow rate (standard or
normalized)

- Temperature
- Pressure
- Relative humidity
\_ B Cp' Hmix' MWmix' k, va Y,
s N
Step 1.1:

Determine the specified ambiént,jinlet, and discharge
conditions for performance.point(s)

- Temperaturg

- Pressure

- Relativéshumidity

- Volumetric or mass flow rate

Figure C-2-1 Preliminary Steps

!

( Step 2.1:

Determine process and fluid components (Table 3-5.2-1)
\Determine electric power-related components (Table 3-5.2-2

!

( Step 3:

Calculate velocity from static density
inlet conditions
If specified as inlet volumetric use as is

rate, convert at specified conditions

Calculate specified mass flow rate and pressure ratio
Calculate total temperature and pressure at specified
Evaluate specified inlet volumetric flow rate (test target)

If specified as standard/normalized or mass flow

Determine blower type (PD/dynamic)
Determine pertinent blower dimensions
- Inlet and discharge pipe diameters
- Impeller diameter (dynamic only)
Determine system limitations

Calcujate thermodyriamic properties at specified conditions N\
= Cp' Rmix' MWmix' Xvp
\. l J
( Step 2: ) ¢

Positive
displacement
blower procedure

Dynamic blower

- Motor power and amps

- Max. and min. rpm

- Max. pressure ratio

- Max. discharge temperature
- Max. temperature difference

L Determine flow control method
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Table C-2.1-1 Properties of Air at Specified Conditions

Parameter, Symbol (Standard Condition) Value
Saturated vapor pressure, pg,std 0.339 psia
Water vapor pressure, pyp,std 0.122 psia
Mole fraction proportions of dry air/water vapor, X, s 8301073
Mole weight of mixture of dry air/water vapor, MW,y sta 28.88 Ibm
“ Ibmol
Standard mixture gas constant, Ryixstd 5351 ft - Ibf 0.0688 Btu
 lbm.°R lhm - °
[Note (1)]
Air|density of mixture, pmixstd Ibm
! ’ 0.075—
PE
Specific heat of dry air, ¢p,qasta 0240 Btu
“Ibm - °R
Specific heat of water vapor, ¢, vap,std 0.445 Btu
" Tlbm- °R
Specific heat of mixture, ¢, mixsta 0241 Btu
“Ibm- °R
Ratjo of mixture specific heats, Kpixsta 1.400

GENBRAL NOTE: These values are based on the empirical equations of subsection 5-2.

NOTE: (1) 1—2M = 778,17 R 1o
Ibm - °R Ibm - °R
Table C-2.2-1 Specified -Design Points
Parameter Specified Value

Ambient conditions at design flow

Electf
Capa

ic power

ity

DiscHarge pressure

Powqr consumption

Site 4

iping

13.95 psia barometric pressure, 100°F, 90% RH
480, VAC, 3-phase, 60 Hz

2)500 SCFM at discharge

8.50 psig at specified capacity

118 kW maximum

Schedule 40, 14 in. inlet (13.124 in. inner diameter [ID]), 12 in. discharge (11.938
in. ID)

C-2{3 Run Calculations

spedified ambient conditions.

at tH

Once specified conditions and performance have been determined, calculate the thermodynamic characteristics at the

C42.3.1 Inlet and Discharge Pressures and Temperatures. Calculate inlet and discharge pressures and temperatures
e specified-design point. At ambient conditions, static and total pressures and temperatures are equal

By = 13.9S psia

= /\‘nl = 1395 — 018 = 1220Pciq

pd,sp,static = pa,sp + pd,sp,ga

sl
T 3p,static

=_1
Ta;35p

= 1395 + 8.50 = 22.4Spsia

Top = 100 + 459.67 = 559.67°R

C-2.3.2 Moisture Content and Molecular Weight of Air. Determine the moisture contentand molecular weight of air at
the specified ambient conditions using the following empirical formulas:
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—7,202.2367

basp = °R — 70.431

— 72022367 140013
559.6770.431

— . 3 ﬁﬂzsp
psv,sp = 2,349.081- 10"

_ 03 —-147213 _
By = 2349.081-10° - 271828

= 0.94935 psia

D = = 09 - 09495 = 0.8546 psia
VP,)P )V,)P
where

Xypsp F Ibmol water per Ibmol dry air

pvp,a,sp 0.8546
xvp’sp = = —

By 13.95

Next, dletermine the molecular weight of the mixture of water vapor and air.

Mwmix,sp = (1 xv,a,sp) - MW, + Xvp,a,sp M\va
MWpyixgp = (1 — 0.0613) - 2897 + 0.0613-38.015
Ibm
MW, = 28.30
P Ibmol
C-2.3.B Specific Mixture Gas Constant. Calculate the specific niixture gas constant at the specified ambient conditjons.
Note thaf the molecular weight and gas constant of the air atispecified conditions will be unchanged throughout the
system.
ft - Ibf
7 154535 — & - Ibf
Rmixsp = yrwr = o = S46l——
mix;dysp 28.30 m
Ibmol
Btu
Rinizsp = 0.0702——
C-2.3.4 Specific Heats
(a) Cdlculate specific heats atthe specified inlet conditions using an empirical formula for determining c, from static
temperature in °R. Note that bécause ambient and inlet temperature and fraction of water are equal, the specific heat at
ambient|and inlet will be-equal.
Btu

i —4 o 7 o2
BT _ 13647458 — 7.08954- 1074 -°R + 9.41274-1077 -
PraTLT . °R [

R* — 254339107 10. °R3]-E
S Btu

pp—————— = [4.05380 — S1711-10°*.°R + 1.05975 - 10~
T rbmol - K T

6 .op2 _ 292781-10"10.

oR3] .R
J
(b) Calculate c, for each gas at the specified inlet temperature.
Sp dayisp = [3.647458 — 7.08954- 107*. 559.6 + 9.41274- 107/

. 559.67% — 2.54339- 107 10. 559.673].1.98588

Btu
& dayisp = 6.9524——
prdaisp Ibmol - °R
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Cpupyivsp = [4.05380 ~ 51711-107*.559.6 + 1.05975-107¢ - 559.67% — 2.92781-10‘10-559.673]-1.98588
_ - 802 Btu
opise = SOPTR

(c) Calculate the specific heat of the mixture at inlet conditions based on the proportions of each component.

N (1- xv,sp) “Cp,da,sp T Xv,5p Cp,vp,sp
Pymixhsp MWmiY IN2)

(d

C-3

C-3

Bl
exar]

(a
(b

(¢
(d
(e
0
(9
(h
(i
In|
inlet
0.77
sect

(1 — 0.0613) - 6.9524 + 0.0613 - 8.0239

pymixiysp = 28.30
Btu
prmiX;i,Sp = 02480 lbm OR
To complete this step, calculate k, the isentropic exponent (ratio of specific heats],/at specified inlet co
i p 02480, Bt“OR
s by m -
Kep = o = = s = 1.3946

Cp,mixi,sp — Rmix,s 0.2480 ~0.0702
P P P Tbm - °R

Ibnf PR
STEP 2: DETERMINE BLOWER TYPE

1 Determine Blower Characteristics

ower characteristics shall be determined and installation eharacteristics shall be tested. The test installati
hple uses a screw-type PD blower package that includes
blower, rated 3,200 ftg/min at 60 Hz
(1) min. blower speed 3,550 rpm, max. blower.speed 7100 rpm
motor, rated 150 hp, 3,550 rpm at full load and 60 Hz, 185 FLA
(1) min. motor speed 1,775 rpm @ 30 Hz
v-belt drive connection between blower'and motor, with automatic belt tensioning system, 2:1 ratio blow
variable frequency drive, rated 480_VAC, 60 Hz, 3-phase input power, 125 kW max. input power
flanged pipe inlet with external filter
flanged pipe discharge
sound enclosure
control panel powered-frorh motor power connections using internal control transformer
max. discharge temperatture = 300°F
this test installation; niass flow rate is measured by orifice with pressure and temperature compensation
piping is Schedule'40 12 in.-pipe with an 11.938 in. inner diameter and a flow channel cross-sectional ar

D
flo

The package air inlet boundary for the test shall be defined as the flange provided for field piping conng

onal area () of 0.548 ft.
ring testing, the blower speed shall be adjusted to provide the inlet volumetric flow rate equivalent to the
rate..The'restriction on the discharge of the blower shall be adjusted to provide the required pressur

nditions.

bn of this

er:motor

The test
Pa (4;) of

7 ft>. The test discharge piping is Schedule 40 10 in.-pipe with a 10.020 in. inner diameter and a flow chaniel cross-

Kpecified
P ratio.
ction.

C-3.

2 Document Components

Process and fluid components shall be determined and documented. See para 3-5.2(a). Table 3-5.2-1 is a test-specific
checklist intended to be prepared and agreed upon between the parties to a test. Table C-3.2-1 is that list completed per
the test installation in this Appendix.

Electric power-related components shall be determined and documented. See para 3-5.2(b). Table 3-5.2-2 is a test-
specific checklist intended to be prepared and agreed upon between the parties to a test. Table C-3.2-2 is that list
completed per the test installation in this Appendix.
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Table C-3.2-1 Process and Fluid Components

Included in Performance Boundary

Adjusted by

Component Included in Test Calculation Not Required
Inlet filter X

Inlet silencer X

Discharge silencer X

Inlet isolation valve

Throttling[valve X
After coolgr X
Misc. pipe|and fittings X

Inlet air cpoler X
Discharge [check valve X

Discharge[isolation valve X
Enclosure|doors or panel openings X

Estimated|system inlet press drop X

Table C-3.2-2 Electric Power-Related Components

Included in Performance Boundary

Adjusted by

Componeht Included in Test Calculation Not Required
Drive motpr X

Motor codlling fan(s) X

Magnetic bearing and controller X
Bearing cqoling fan(s) X
Coolant pgmps X
Lubricatiop pumps ahd\accessories X

Heat exchfinger fans X
Package cpolingfan X

VFD X

VFD line-side power-conditioning equipment X

VFD load-side power-conditioning equipment X

Eddy current or variable-speed clutch X
Operation control panel(s) X

Power/isolation transformers and power supply X

Power conditioner X
Blower and motor water conditioning or chilling X
VFD water conditioning or chilling X
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C-4 STEP 3: RUN PRETEST CALCULATIONS

C-4.1 Pretest Calculations for Specified Design Point(s)

Calculate the specified mass flow rate and pressure ratio and the required inlet flow rate at test based on total tempera-
ture and pressure.

C-4.1.1 Ambient Density and Flow Rates. Calculate the ambient density and volumetric and mass flow rates.

C

ties

.2
i in
. 13.9S psia - 1443 Ihem
= * = . : = 00657 —
“P Ruigsp Taysp 54.611bft lbe - $59.67°R ft?
-
2,500 SCFM

qsp,std =

Psa — psv,std'RHStd ) Ta,sp

q =q :
v,a,sp sp,std By = By Toq
»Sp Psp

147 — 0.3390-0.36 6 o
. _ 2500, 147 = 03390036 55967 _ 32
v,a,5p 13.95 — 0.8546  527.67 min
Ibm
= 2,952 0.0657.= 194.02——

Dn,sp =~ Dv,a,sp Pa,sp min

14.1.2 Inlet Density. Estimate the inlet density at the specified static conditions.
)
m.
13. ia-144—-
pi,sp,static 3.80 psia-144 © 0.06502 Ibm
p.) stati = —( - = 0. —_—
P R Thepstatio L sa61- 12 550 67°R ft?
Ibm - °R

b proper-

4.1.3 Discharge Air Temperature. Estimatethe discharge air temperature for use in calculating discharg
at specified conditions (see Nonmandatory Appendix ]). Use an estimated efficiency and k.
Nest = 65%
Kmix,std_1
5 sp,static fmixstd
-1 'Ti,sp,static
pi,sp,static
Td,sp,static,est = Ti,sp,static +
Tlest
(1.3996—1)
224 1.3996
(—5) —1/-559.67
13.80
T, icest = 559.67 + = 2
d,sp,static,est 0.65

Ty sp,staticest = 6-88.01°R = 228.34°F

C-4.1.4 Discharge Density. Estimate the discharge density at the specified static conditions.
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2
. m.
i, sp,static 22.45 psia 144?

pd] ;tt' = _ |
sp,static Rmix,sp-Td,sp,static,est s4.61 ft - Ibf P
Ibm - °R
Ibm
deSP;Static = 0-08605?

C-4.1.5 Area of Pipes. Calculate the area of the inlet and discharge pipes at the specified conditions.

) . (13.124 )2
n-D 12

i,sp 2
Aigp = z = 0.939 ft
) x (11.938 )2
n-Dj ’
Agp=—"L = 27— o777
4
C-4.1.6 Air Velocity at Specified Conditions. Calculate the velocity of the air at the Specified inlet and disch
conditiops. The difference between total and static pressure is negligible for determining velocity head.
Ib i
G op 194022 . 20 & &
V;,sp = , _ lr];un 60 sec  _ 52944 =3,176—
pi,sp,static ’ AI}SP 0.06502&—2l - 0.939 £ sec min
Ibm  min
q 194.02—— - & &
V;j]sp _ m,sp _ {Em 6Qsec  _ 4835—— = 2,901 —
P sp,static * Ad,sp 0.08605ﬁ—r;~ 0.777 f sec min
C-4.1.Y Velocity Pressure at Inlet.
(a) Cdlculate the velocity pressure at specified inlet conditions.
2
fi 1
V2 p (52.94—t) 00650222
LSp - Figsp,static sec ft i
Bisp = 5 = b f 1442 = 0.0197 psia
3 2321741 —2 2 2R
Ibf - sec ft

(b) C4lculate the total pressure-at specified inlet conditions.

pi,sp = pi,sp,static + pv,i,sp = 13.80 psia + 0.0197 psia = 13.820 psia

suming a recovery factor for temperature transmitters of = 0.65, calculate the total temperature at speg

arge

ified

(c) As
inlet conditions.
2
Vi,sp
Tisp = Ti sp,static + (1 - ”f) :
2- Cp, mix,i,sp
52.94%
T, ¢, = 559.67 + (1 — 0.65)- :
»Sp . .

2’0.2480$-32.1741M . 778.17ﬂ
Ibm- °R Ibf - sec? Ibm - °R

T o = $59.75°R = 100.08°F

C-4.1.8 Velocity Pressure at Discharge.

(a) Calculate the velocity pressure at specified discharge conditions.
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£\ Ibm
Vj P _ (48.35—) -0.08605—-

,Sp "~ Fd,sp,static sec 3 .

Boasp = 2g B m f tam? PR
c 2-32.1741 . -

Ibf-sec2  f

(b) Calculate the total pressure at specified discharge conditions.

Pd,sp = pd,sp,static + pv,d,sp = 22.4S psia + 0.02 psia = 22.47 psia

NOTESitcedistiharge temperature 15 estinmated,; it s Superfiluous to Tecalcutate disciarge totat temperature:
Td,sp = Td,sp,static,est = 688.01°R = 228.34°F

C{4.1.9 Inlet Volumetric Flow Rate. Calculate the inlet volumetric flow rate (ft*/min) required at test to prdduce the
spedified mass flow rate of dry air at the specified total conditions.

Ftd T Povystd RHgq T;',sp pa,sp

qv,t,sp = qsp,std ’

pa)sp - pr,Sp Tétd pj,Sp
147 — 03390036 55974 13.95 3
= 2,500 ~ : 2,980
Dtsp = = 13.95 — 08546 $27.67 13818 7 min

C4{4.1.10 Required Pressure Ratio. Calculate the required pressure ratio for testing from the specified static pfessures.

pd,sp

r = —
psp
pi,sp

2247

Fy o = i = 1.6261
PP 13,818

C-5|STEP 4: PREPARE FOR TEST
C-5{1 Verify Mechanical Readiness (as-Applicable)

MEchanical readiness for the test shall be“verified, as illustrated in Figure C-5.1-1. Bearing and gear lubrication, belt
tensjoning system, and piping connections shall be evaluated.

C-5{2 Verify Safety Considerations

Refer to para. 3-5.1 for a-safety overview. Belt guards, mechanical systems, wiring, and electric systemgq shall be
evalliated. Safety precautions shall be in place, and hearing and eye protection shall be provided.

C-5/3 Run Preliminary Tests

Pieliminaryteéstruns shall be performed as detailed in para. 3-2.2 and in accordance with the test operation prpcedures
explpined in{subsection 3-5.

C-5{4_Check Instrumentation

InSTruments snait be conngured per section 4, and Instrument calibration records veriiied per pard. 4-1.4.

NOTE: All measurements are to be the average of three consecutive readings. See para. 3-5.5.

C-5.5 Measure Ambient Conditions

Following completion of mechanical and instrumentation checks, the ambient conditions shall be measured. The
results from the test installation are shown in Table C-5.5-1.
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Figure C-5.1-1 PD Blower Testing

p ~ 4 Step 7: N
: . Sftep G . ,| Calculate density and heat capacity of air mixture at test
Verify mechanical readiness (as applicable) 7| static inlet and discharge conditions (subsection 5-2)
- Bearing and gear lubrication
- Belt tensioning system
- Piping connections
Verify safety considerations (para. 3-5.1) 4 Step 7.1: N
- Belt guards and mechanical systems Calculate the inlet and discharge air velocities at test
- Wiring and electrical systems conditions (para. 5-1.3) .
- Hearing protection, eye protection, etc Calculate the inlet _apd discharge velocity pressure at
Perfo Lics iocs [ 222, test conditions (para. 5-1.3)
p& L Y = L= Z Calculate the inlet and discharge total temperature and
l pressure at test conditions (paras. 5-1.4 and 5-1.5)
- /
e Step 4.1: N l
Verify instrument calibration records (para. 4-1.2)
Checlf instrument configurations (Section 4) 4 Step 7.2: A
Review test operation (subsection 3-5) Calculate the inlet and discharge density of the air,
Note] All measurements are to be the average of three water vapor, and mixture at total test
\_ consecutive readings (para 3-5.5) Y \_ conditions (subsection 5-2) Y,
4 Step 4.2: - l ~
Measlire ambient conditions Step 7.3:
- Barometric pressure (para. 4-3.12) Calculate the inlet volumetric flow, rate at test total
- Ambient/inlet temperature (para. 4-4.8) conditions (para. 5:1.8)
L - Relative humidity (subsection 4-6) J Calculate the pressure ratio @t test total conditions
(para. 5-3)
- Compare flow and pressure ratio at test conditions to
¢ Step 5: A requirements to meet specified conditions
Estimpte the required blower system discharge pressure and (limits¢pen Table 3-5.4-2)
\volun etric flow rate for initial test run (paras. 5-4.2 and 5-4.3/) AN J
l: dh 1 Not Within Limits
Step 6: N\ Repeat As Withi
Measjire ambient conditions Required (%) Step 7.4A: N Limits
- Barometric pressure (para. 4-3.12) late bl to ch f
ST LTI R R ) Modl:JIaa'feedisi:)hwaerr eor:st?i:t‘(i}:n t(c))v(\:,han e discharge pressure
\_ - Relative humidity (subsection 4-6) Y 9 g gep >
e Step 6.1: N Step 7.4B: N
Measpire inlet and discharge conditions Calculate the predicted blower system discharge
- Pressure (subsection 4-3) pressure (para. 5-4.4.2) [—
- Temperature (subsection 4-4) < Calculate the heat capacities and k for specified and
Measpre discharge volumetric rate (subsection 4-5) C test conditions (subsection 5-2) Y,
Measlire blower power draw (subsection 4-2) .
Measlire accessory power draw (subsection 4-2) .
Docufnent control position or speed (subsecti )
~ P P < / Final Calculations
Table C-5.5-1 Ambient Conditions at Test
Parameter, Symbol Value
Ambient temperature, T;, 78.2°F = 537.87°R

Ambient (barometric) pressure, pamb,

Relative

humidity, RH,

14.65 psia
47.5%

92


https://asmenormdoc.com/api2/?name=ASME PTC 13 2018.pdf

ASME PTC 13-2018

C-6 STEP 5: ESTIMATE DISCHARGE PRESSURE/FLOW RATE FOR TEST RUN
C-6.1 Estimate Inlet Pressure and Required Discharge Pressure at Test

Api,t,est = 0.0S psi

pi,t,static,est = pa,t - Api,t,est = 14.65 — 0.05 = 14.60 psi

% — =14 0.1 621 — 22 74
- - 1 +H4-60-1+-6261+—=23-4
Id,t,est Lt static,est 'P)SP

ki

pd,t,est,ga =Pitest Bt = 23.75 — 14.65 = 9.09 psig

C-6]2 Estimate Inlet Properties at Test Conditions

—7,202.2367
B, = —————— = —154079
b 537.87 — 70431
3 —15.4079 :
By o = 2349.081- 107 271828 = 0.4779-psid

Bpyat = RHa B, = 0475 04779 =02270 psia

0.2270
Xpp t = ——— = 0,0155
Pt 1465
Ibm
MW, ; = (1 — 0.0155) - 28.92.+ 0.0155- 18.015 = 28.80
’ Ibrnol
C-6{3 Calculate Specific-Mixture Gas Constant
ft- Ibf
;54835 —————
’ .o ft - Ibf Bt
Ripg a2l R = 53,66~ = 0.0690———
28.80 lbm’ R lbm' R
Ibmol
C-6/4 Calculate Density-at'Test Static Inlet Conditions
14.60 psi - 1441
A = or 2 _ go7ed™
mix, i,t,static,est — . - 3
53.66- T 53787°R ft
Ibm - °R

C-6|5 Calculate Initial Target Test Mass Flow Rate

Val — raY
Im,t,est Tv,t,sp Tmix1,t,static,est

Ibm
= 2978 - 0.0728 = 217 —

qm, t,est min

C-7 STEP 6: MEASURE CONDITIONS

Following the initial test run, ambient, inlet, and discharge parameters shall be measured. Mass flow rate and system
power draw shall be measured.
The results from this example are shown in Table C-7-1.
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Table C-7-1 Results of Initial Test Run

Parameter, Symbol Value
Ambient temperature, T;, 78.2°F = 537.87°R
Ambient (barometric) pressure, pg 14.65 psia
Relative humidity, RH, 47.5%
Inlet temperature, T;;static 78.2°F = 537.87°R
Discharge temperature, Ty static 204.1°F = 663.77°R
Inlet prefssure, p; ¢ static 14.58 psia
Discharge pressure (gauge), pgstaticga 9.18 psig
Discharge pressure (static), pqstatic 23.83 psia
Discharge mass flow rate, g, 219.4 Ibm/min
Motor spgeed 3339 rpm
Blower dpeed 6,678 rpm
System dlectric power draw, P, 120.3 kW
C-8 STEP 7: CALCULATE PROPERTIES
C-8.1 Calculate Properties at Static Inlet Conditions
C-8.1.1 Density. Calculate the inlet and discharge density at test static.¢onditions.
14.58 psj - 24
. ) —
_ B t static _ P i _ Ibm
Prix,i, t,static — R T = % .CIbf = 0.0727 3
mixa,t * i tstatic  §3.66—~c~—— - 537.87°R ft
Ibm» - °R
23,83 psi- 144
. 1° —
_ pd,t,static ) P £ _ 6 Ibm
Prmix, d, t,static — R T - ft - Ibf = 0.0963 3
mix,a,t"d,t;static  53.66 -663.77°R ft
Ibm - °R
C-8.1.2 Specific Heats. Calculate the inlet-and discharge specific heats at test static conditions. These values shdll be
used to ¢alculate total temperatures and.pressures.
Eplupyiye = 405380 — 5.1711- (0, 537.99 + 1.05975- 107° - §37.99> — 2.92781- 1077 537.99%|- 1.98588
Btu
c i = 8.0164——
prpht Ibmol - °R
Cp,da,it = [3.647458 — 7.08954- 107%- 537.99 + 9.41274- 107 - 537.99% — 2.54339- 10~ 10. 537.993]' 1.98588
Btu
c iy = 69483 ——M—
pydaist Ibmol - °R

(1 — 0.0155) - 6.9483 + 0.0155- 8.0164
28.80

Cp,mix,i,t =

Btu
c it = 02418 ———
p’ml‘x’llt 1 m - o

Cp upydyt = [4.05380 — 51711 - 107*. 663.77 + 1.05975 - 107+ 663.77% — 2.92781 - 10 1. 663.773]- 1.98588
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Cppd = $1259— 2
Pt ol - R

Cp,dayd)t = [3.647458 — 7.08954- 10™*. 663.77 + 9.41274- 1077 - 663.77* — 2.54339- 107 17. 663.773]- 1.98588

Btu

: = 69847 —
prda,d,t bmol - °R

\l — UUL3S) - 6.9847 + U.ULSS - 6.145Y
Cp, mix,d,t =
pymixd, 28.80

Btu
o

C ;i = 0.2431
p,mix, d, t Ibm -

2 Calculate Thermodynamic Properties at Total Test Inlet and Discharge Conditions

C-8
C18.2.1 Area of Pipes. Calculate the area of the inlet and discharge pipes at test conditions.
5 n ( 11.938 )2
n - D; ’
Ay =—2 = 2 1 — o774
' 4 4
y a (10.020 )2
T - D )
Ay, = bt _ 12 s = 0548 £
' 4 4
C18.2.2 Velocity of Air. Calculate the velocity of the aindt test inlet and discharge conditions
y 219g o . _min & &
Vi = t - 605 — 64.67— = 3,380—
Prnix, iy, static * Ait 007274=5: - 07773 f* sec min
t
I )
" 219.4 om 6“““ & &
Vi, = ¢ = nin__C0SeC — — 69.31— = 4,159—
Pmixdsistatic " Adt 0.09634—3 - 0.5476 f> sec min

ft

C48.2.3 Inlet Velocity Pressure. Calculate the velocity pressure at test inlet conditions.

2
(64.67i) : 0.0727“’—2rl

sec

= 0.0328 psia

pvit = 2
ok bm - ft  144in.
2. 32174100 &2- 4‘;;“

Ibf - sec

C18.2.4.Inlet Total Pressure. Calculate the total pressure at test inlet conditions.
= 14.58 psia + 0.0328 psia = 14.613 psia

pi,t = pi,sp,static + Pv,i,sp

C-8.2.5 Inlet Total Temperature. Calculate the total temperature at test inlet conditions.

2
(64.67f—t)
T, = 537.87 + (1 — 0.65) - =
2.02431—28 3y g7y dbm R oogy, f o T0E
Ibm - °R Ibf - sec2 Ibm - ©

T, ; = 537.99°R = 78.32°F
C-8.2.6 Discharge Velocity Pressure. Calculate the velocity pressure at test discharge conditions.
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2
ft Ibm
2 69.31—) - 0.0963—
Vit * Pmix,d, £, static ( 3

sec ft .
Bdt= 2 = 7 = 0.0499 psia
C

2321741 Ibm - ft 144in.

Ibf - sec? £

C-8.2.7 Discharge Total Pressure. Calculate the total pressure at test discharge conditions.

Pis = B¢ static + Boar= 23.83 psia + 0.0499 psia = 23.88 psia
C-8.2.

Vit
Td,t = Td,t,static + (1 -r) ——

* Cp,mix,d, t,static

2
(0312)
Ty = 66377 + (1 — 0.65) -

sec

2024442 301741 20 R g7g 17 A
Ibm - °R Ibf - sec

Ibm¢ 2R

Tyt = 663.91°R = 204.24°F
C-83 C

@lculate Inlet/Discharge Density of Mixture at Total Test Conditions
C-8.3.

| Density. Calculate the density at test total inlet and discharge{conditions.

.2
14.61 psi- 1445

P = = 00728900
mix,i,t — ft- Ibf - o3
$3.66————— - 537.99°R ft
Ibm - °R
23.88 si-144—i“'2
P = X £ 0.0965307
mix,d,t ~ Ibf - 3
5366 663.91°R ft
bm - °R

C-84 C

alculate Flow Rate/Pressure‘Ratio at Test and Compare to Allowable Deviations
C-8.4.

I Volumetric Flow Rate. Caléulate the actual test inlet volumetric flow rate at test conditions.
Ib:
q,, 2194 ——

3
; ft
min
Gt = = bm = 010
Pmixit 0.0728920

min
ft3
Calculate the deviation between specified and test flow rate.
D,it 3,010
Deviation = —~—- 100 = —— - 100 = 101.0
Gy t,5p 2,980
The d viatiuu CUIIIVUTIIIS tU tuc I ausc }illl;t Ufr)anu tU 102“U Cbtab}ibllcd ;ll TG‘L’}C 3 5.4 2 fUl vdal ia}.}}c DIJCCC]I }J}UVVCI D) it iS
within allowable limits.

C-8.4.2 Pressure Ratio. Calculate the actual test pressure ratio from static pressures.

_ pd,t,static
Tplt = -
pi,t,static

23.88
ro= 2220 _ 1634
Pt 1461
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Calculate the deviation between specified and test pressure ratio.

Tt .
P -100=%- 100 = 100.5

Deviation =
"psp

The deviation conforms to the range limit of 100% to 102% established in Table 3-5.4-2 for variable speed blowers; itis
within allowable limits.

NOTE: Additional modulation per para. C-8.5 is not required if deviations are within limits.

c-8

C3
at tq

tion

CA

cong

c-9

c-9
C3
C-

5 Estimate Thermodynamic Properties Based on Test Blower Performance

lculate the predicted discharge pressure at specified conditions and estimate the average thermodynamic p
st and specified conditions based on test blower performance.

C48.5.1 Calculate Predicted Discharge Pressure. Calculate the predicted discharge pressure at'the specifi

. Gauge pressure shall be static to match field measurement techniques.

Bipr = Tp,th, g = 1634+ 13.82 = 22.58 psig

pd,pr,static,ga = pd,pr - pv,d,sp - pa,sp

By pr,ga = 22:58 = 0.02 — 13.95 = 8.61 psia

8.5.2 Calculate Isentropic Exponent. Calculate k, the isentropic egpenent (ratio of specific heats), at the
itions.

0.24181]3%
—
Kt = = 13989
Bt B
02418— ™ _ 0.0690——2
Tbm - °R Tom - °R

STEP 8: RUN FINAL CALCULATIONS

Fipal calculations for the parameters described herein shall be run, as outlined in Figure C-9-1.

1 Calculate Predicted Air Flow Rate

Iculate the predicted air flow rate.at specified conditions.

9.1.1 Inlet Volumetric Flow Rate. Calculate predicted inlet volumetric flow rate.
_ _ fit3
qv,i,pr - qv,i,t - 30105

19.1.2 Mass Flow'Rate. Calculate the predicted mass flow rate as SCFM, representing the equivalent mass

Bop " Bpsp  Tya Fisp

q r,std = qv,i, v
F b Fsta — psv,std - RHgq T;’SP pa,sp

foperties

bd condi-

test inlet

fdry air.

c-9.
c-

13.95—0.8546  527.67 13.82
2 Calculate Isentropic Power
9.2.1 Isentropic Power at Specified Conditions
( -
Kep Kep—1 1hp
Ps,s =4 '—'Rmix,s 'Ti,s ' rP;SP - 1f T . Ibf
P m,sp Kep— 1 P Thsp 33,000ft 'lbf

min
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Figure C-9-1 Final Calculations

4 Step 8: ™
Calculate the predicted air flow rate at specified conditions *

\and in specified units (paras. 5-2.2 and 5-4.4.2) ) 4 Step 9.3: A
Correct the predicted power for additional components not
included in test per specification and agreements

4 Step 9: N - J

Calculate the system isentropic power at specified conditions l
. 5-3. -4.4.1
(paras 5-3.3and 5 ) ) Ve Step 10: ~
l Compare deviations between test and specified power to
Ve Step 9.1: ~ \allowable values
Calcylate the system isentropic power at test conditions
(parap. 5-3.9.2 and 5-4.4.1) v

N / : Step 10.1: N©
Prepare Test Report (Section 6)

4 Step 9.2: N = /\&

Calcylate the predicted power at specified conditions —
(parap. 5-3.9.2 and 5-4.4.1)
o J
1.3946 (1.3946—1) 1
By = 194.02- — " 5461-559.75 -|1.6261" "NA — 1.
. 1.3946 — 1 33,000
P, = 93.66hp
1kw
93.66 hp - ————"= 69.84 kKW
1.341 hp
C-9.2.p Isentropic Power at Test Conditions
Kt
P % . R T e 2 1 bp
gt = q \ — ix,a,t” it t - T
) ME) -1 el L 33,0000
min
1.3989—1
1.3989 L
PHo= 2194 ————. 53.66- 537.99 - 1.6342( o) —1f-
N 1.3989 — 1 33,000
Ps,t = 101.18 hp
1kw
101.18 hp . ———— =7545kW
1.341 hp

C-9.3 Calculate Predicted Power at Specified Conditions

C-9.3.1 Gas Power Ratio. Calculate the gas power ratio of specified isentropic power to test isentropic power for
reference.

- B  69.84 0926
B, 7545
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C-9.3.2 Predicted Power. Calculate the predicted power for field operation at specified conditions in the tested
configuration.

Fsp 69.84

P, =P = 1203kW- —— = 111.36 kW
75.45

s,t

C-9.3.3 Specified Adjustment(s). Correct the predicted power at specified conditions for additional components not
included in the test per specification and agreement. The predicted power consumption shall be adjusted to include
specified transformer losses. This is the predicted total system electric power consumption at specified design conditions.

Py adj = Ppr - (1 0.02) = 111.36 - 1.02 = 113.6KW

C-9{4 Calculation Deviations

Compare the predicted performance at specified conditions to allowable deviations. Comparenthis to the gpecified
power consumption. The projected power consumption shall be lower than the specified value.

Poradj  113.6
Deviation = PR i 100 = 96.3%
B, 1180

C-9{5 Additional Reference Parameters

C4qlculate additional reference parameters specified but not included in the ¢ode. Calculate additional refererce infor-
mation requested by the specifications. Calculate the nominal wire-to-aif efficiency, including transformer |osses.

Fosp 100 = 89-84KkW

N, = = - 00 = 61.5%
YPT Py adj 113.6 kW,
Cdlculate the SCFM per kW at specified field conditions.
Iop,std 2 FM
g oy = S = 20SCEM o, 6 scrm/iw
m,per Py adj 0984 kW

NOTE: These reference parameters are not defined, in this Code.

C-10 STEP 9: PERFORMANCE DEVIATION REPORTING AND TEST REPORTING

Ré¢port data for the test report shall be collated. At a minimum, this shall include
(d) test run number

(W) date of test (day/month/year: 00/00/0000)

(c) start time (hr and min:~HH:MM)

(d) finish time (hr and“min: HH:MM)

(eJ manufacturer model no.

(f] manufacturefiserial no.

Sde Table C-10>1for the design point values and deviations of this test installation. For this example, the flucuation of
the test parameters during the test was verified within the limits of Table 3-5.5-1. The deviations are within the g4llowable
valups from\Table 3-5.4-2.
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Table C-10-1 Specified and Test Conditions and Deviation

Parameter Specified Value, Symbol Test Value, Symbol Deviation

Ambient Conditions

Barometric pressure 13.95 psia, pgsp 14.65 psia, pa: n/a
Inlet static temperature 100°F (559.67°R), T, 78.2°F (537.87°R), Ty tstatic n/a
Relative humidity 90%, RH, 47.5%, RH, n/a
Electric Power
Phase A-B 480 V 4839V 100.8
Phase B-C 480 V 4812V 100.3
Phase C-A 480 V 482.6 V 100.5
Input line [frequency 60 Hz 60.0 Hz 100.0
System power 118 kW, Py, 120.3 kW, P, n/a
Flow Rate and Thermodynamic Properties
Mass flow]|rate 194.02 lbm/min, q,, s, 219.4 Ibm/min, q,,, n/a
Discharge |static pressure 8.5 psig, Paspga 9.18 psig, paestaticga n/a
22.45 psia, pgsp,static 23.83 psia, pystatic n/a
Inlet statid pressure 13.80 psia, pjsp,static 14.58 psia, p;siatic n/a
Pressure rfatio 1.626, 1,5 1.6342, 1, 100.5
Equivalen{ inlet volumetric flow rate 2,980 ft/min, q,,.sp, 3,010 ft/min, q,;, 101.0
Discharge |static temperature n/a 204,1°F(663.77°R), T4 static n/a
Predicted mass flow rate at specified conditions 2,500 SCFM [Note (1)], 2,525 'SCFM, qpysta 101.0
qsp,std
Predicted ptatic discharge pressure at specified 8.5 psig, Paspga 8.61 psig, Paprga 101.32p9
conditiopns
Total Powpr [Note (2)] 118 kW, Py, 113.59 kKW, Py aq; 96.3
Additional Parameters/Results Required by Specification Not Included in This Code’s Requirements
Isentropic|wire-to-air efficiency at specified n/a 61.5%, ngpr n/a
conditions
SCFM per kW at specified conditions n/a 22.0 SCFM/KW, G per kw n/a
Motor spepd n/a 3,550 rpm nameplate, 3,339 rpm at test n/a
Blower spged n/a 3,550 rpm min., 7,100 rpm max., 6,678 rpm at n/a
test
Output fregquency n/a 56.4 Hz n/a
Inlet filter|pressure drop at test n/a 0.07 psi, 1.94 in. H,0 n/a
NOTES:

(1) SCFM|= standard cubic feet per'minute specified at standard conditions of 68°F, 14.7 psia, and 36% relative humidity (RH).
(2) Total power includes 2%)transformer adjustment.
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Nonmandatory Appendix D

Sample Calculation: Machine Reynolds Number Correction

D-1

inte
mac
be v
that
the

basi
App

D-2
D-2

cong
frict]
M

R4

whe

Kinematic viscosity

The performance of a dynamic blower is affected by the machine Reynolds number (Re,,). Frictional loss

The machine Reynolds number is used to characterize the state of dynamic viscous fluid forces in a blower at

OBJECT AND SCOPE

nal flow passages vary in a manner similar to friction losses in pipes or other flow channels. Differénces bet
hine Reynolds numbers at test and specified conditions are unlikely within the scope of this eode, but the va
brified by mutual agreement of the parties. If the machine Reynolds number at test operating-conditions dif]
at specified operating conditions, a correction to the test results can be used to properly/predict the perfor
blower, with agreement between parties.

5 for definition in this Code. The machine Reynolds number correction for dynamic blowers recommend
bndix is based on Wiesner (1979), simplified for ease of application.

MACHINE REYNOLDS NUMBER

1 Reference Points

ition. Different machine Reynolds number values may lead to an adjustment of efficiency to account for
onal losses occurring within impeller passage ways:
hchine Reynolds number:

Rem = U2'b/1/

ference tip speed for single stage blower:
U2 = ’ICNDZ

e

first stage impeller outlet width (length), expressed in units of feet (ft)

impeller outlet blade tip_diameter (ft)

rotational speed (rpm)

velocity of the outer blade tip diameter (ft/sec) (See Nonmandatory Appendix L)
kinematic viscosity of the gas at inlet conditions (ft?/sec)

-<
Inmnn

es in the
ween the
lues may
Fers from
mance of

The flow patterns of dynamic blowers are relatively complex. The term “machine Reynolds number” shall provide a

bd in this

h specific
differing

(D-2-1)

(L-1-2)

(D-2-2)

v=u/p
whefe
p |=\density (Ibm/ft%)
1 = absolute viscosity (Ibm/ft-sec)

The machine Reynolds number, Re,,,, isa dimensionless quantity; therefore, engineering units for b, u, v, p, and U, should

be a

ppropriately and consistently selected to yield the dimensionless quantity.
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D-2.2 Correction Factor

Since frictional losses in the dynamic blower are a function of the machine Reynolds number, the correction should be
applied to the quantity (1 - n,). The magnitude of the correction is a function of both the machine Reynolds number ratio
and the absolute value of the machine Reynolds number, with increasing effect as the machine Reynolds number
decreases.

The machine Reynolds number correction that shall be applied is

RAS RBS
(1) = (1-n,), ( p“ p] (D-2-3)
p RA; )| RB,
6 ) RC
4.80 - 107 -
RA = 0.066 + 0.934. | (4801076 (Or2-4)
Re,,
log(0.000125 + 13'67}
RB = e (0}2-5)
log[s N 13.67)
Re,,
0.988
RC= —2_ (0-2-6)
Rem0'243
where
b = fifst stage impeller outlet width (length); expressed in units of ft
& = ayerage surface roughness of the flow passage (in.)
The predicted efficiency at site conditions due to the influence of Reynolds number is
U/
e i il f2-7)
ns,t
Kmix,sp_I
P Kmix,sp
T || 22 -1 G EX:)
pi,sp
st =
$ (Tq,:=T ¢)
no = (,7 _1) (B | BBy i1 (0-2-9)
s,pr s,t RAt RBt
Predidted poweér corrected for Reynolds number:
. W,
P, =P - (@] ) (ql}sp) ) [ SSPW ) [ s t ] (D-p-10)
pr 1) g W, il

\»,i/\vt/\ /) U >Ph)

D-2.3 Limits of Application

Performance variations are a function of the machine Reynolds number as well as of differences between test (Re,,)
and specified (Re,) conditions. Figure D-2.3-1 provides the maximum and minimum permissible ratios for evaluation
according to this methodology.
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Machine Reynolds Number:
Specified:

Test:

ASME PTC 13-2018

Remsp = UZ,Sp . b/l/sp

Remt = U2,t . b/l/t

(D-2-11)

(D-2-12)

Table D-2.3-1 and Figure D-2.3-2 provide the step procedure to account for correcting machine Reynolds number.

Figure D-2.3-1 Allowable Machine Reynolds Number Departures for Dynamic Blowers

103
° 102
=1
©
o
5 % 10°
25
5 £
2 = 100
(72} QE
S
2 .
s 10
Q
o
102
103
104

108 108 107

Reynolds;Number Specified, Re, .,

108 10°

Table D-2.3-1 Machine(Reynolds Number Correction Example

Parameter, Symbol

Test

Specified

Rotatlional speed, N
Tip speed, U,
Kinetpatic viscosity, v

Machiine Reynolds number, Re,,

X . Remt

Ratio| machine Reynolds number;
emsp

RA cilculation
RB cjlculation
RC cqlculation
Test |sentropic/fficiency, 1,
Predicted isentropic efficiency, 1,

Volumetricflow rate, g,

Isenttopic head, W.

8,033 rpm

630.91 ft/sec
1.5623 x 10™*t*/sec
342,596 [Note (1)]
1.102 [Note (1)]

1.11767
0.99648
0.04465
84.885%

4,974 ft/min
12,048 ft-Ibf/1b-°R

8,000 rpm

628.319 ft/sec
1.7143 x 10™*ft*/sec
310,927 [Note (1)]

1.12534
0.99655
0.04571

84.781%
5,041 ft*/min
12,000 ft-1bf/1b-°R

Wire power, P,
Inlet density, p;

Predicted power, P,

Predicted power, with machine Reynolds number,

Ppr, Re,,

198 hp
0.0744 Ib/ft®

0.0692 Ib/ft?
185.87 hp
186.10 hp

GENERAL NOTE: Reference values are as follows: b= 0.95 in. = 0.07917 ft; e= 0.00012 ft.

NOTE: (1) See Figure D-2.3-2.
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Figure D-2.3-2 Reynolds Boundary Limit Verification
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D-3 REFERENCE

Wiesner)F.].1979.“A New Appraisal of Reynolds Number Effects g €entrifugal Compressor Performance,” ASME Joyrnal
of Engineering for Gas Turbines and Power, 101 (3): 384-392.
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Nonmandatory Appendix E
Sample Calculation: Orifice Flowmeter

OBJECT AND SCOPE

 and discharge conditions; the calculations used to develop these properties are from Appendix C.

engineering units shall be used in this example.

E-2
E-2

NOT

CALCULATING ORIFICE FLOW RATE

1 Pipe and Orifice Dimensions

C4qlculate the change in pipe and orifice dimensions due to differential thermal expansion.

dact = dmeas + AsS * dmeas (Td 7 Tmeas)
dpee = 6.128 + 9.0-107%. 6.128- (2041 — 68.3) = 6.135 in.

Dict = Dmeas + @Cs:t Dieas - (Td - Tmeas)

6

D, = 10.029 + 6.0- 105" - 10.029- (204.1 — 68.3) = 10.037 in.

E: If the pipe and orifice material are identical-or if the air temperature is close to the measurement temperature,

corrg¢ctions shall not be necessary.

E-2

2 Diameter Ratios

C3qlculate the ratio of orifice diameter to pipe diameter. Note that, per the recommendations of para. 4-5.12.5

shoyld be between 0.20 and\0.)70.

E-2

5 = dact _ 6135 _ s
At D 10037

3 Expansion‘Factor

Cdlculate‘the expansion factor for the upstream flow.

Ap
4
eo=1- (041 +035.5 ) —meas

This Appendix shall provide a sample calculation of flow rate through an orifice metering section that ishot cplibrated
hydraulic laboratory. See Table E-1-1 for details of this example. Table E-1-2 presents the air property anplysis for

¢fer to ASME PTC 19.5-2004, Section 4 for additional information and details of the basSis-of this calculation. U.S.

the above

Jthe ratio

*rfy

0.8
g, =1- (0.41 + 0.35-0.61134) 0883 9883

1.3945-23.83
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Table E-1-1 Orifice Geometry and Measurements

Orifice Design and Geometry

Parameter, Symbol Value
Discharge pipe diameter, D eas 10.029 in.
Orifice diameter, dyeas 6.128 in.
Temperature at diameter measurements, Tpeas 68.3°F = 528°R
Taps Flange type

Orifice material

316 stainless steel

Orifice copfficient of thermal expansion, a
Pipe matgrial

Pipe coefficient of thermal expansion, a,s

9 x 10 in./in. - °F
Carbon steel
6 x 10°° in./in. - °F

Expected |bias component of uncertainty 0.7%
Test Measurements
Measurements Value
Static pregsure at upstream side of orifice plate, py 23.83 psia

Static tenjperature at upstream side of orifice plate, Ty

Differentipl pressure, Apmeas

204.10°F =663.77°R
23.63 in..of H,0 = 0.853 psi

Table E-1-2 Properties of Air at Test Conditions

Property, Symbol Value
Molecular weight of air/water vapor mixture, MW, , 28.80 Ibm/Ibmol
0.0155

Fraction ¢f water vapor, X,

Density of air at the upstream side of the orifice plate, pmixdstatic
Density of inlet air, pmixi¢static

Ratio of specific heats at the upstream side of the orifice plate, k

0.0963 lbm/ft>
0.0727 lbm/ft3
1.3989

E-2.4 Mass Flow Rate

Calculfte the mass flow rate. Note that the orificecoefficient C; must be assumed and found by iteration. An initial y

of 0.6 shlall be used.
C41 = 0.60

Use A§ME PTC 19.5-2004, eq. (3-1<1)-to establish constants for the units of measure. Refer to ASME PTC 19.5-2

Table 3-L for the appropriate values for the units used; in this case, Ibm/hr shall be used.

Ibm - ft

g = 321741
¢ Ibf - sec?

2
sec

[

1 = 300 f in2 - sec? |2
f - hr?

(a) Ce‘lculate the first iteration of the flow rate.

alue

004,

2 " Prix, d, ¢, static * Aprneas &
1 - p*

T 2
qmlzn'z'dad'cl'gu'

[2-0.0963 - 0.853 - 32.1741
1 - o06113%

- T 2
g = 300+ - 6.1357-0.6-0.9883
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_ 4 1bm

4
1.3035 - 10" 1b Ib
gy = 20510 T o
6o hr min
hr

E-2.5 Absolute Viscosity

Calculate the absolute viscosity of the air using the formulas in subsection 5-2.

Hy, = { — 9.5472- 107/ (T[°R])? + 0.0063768(T[°R]) + 0.6702] : 10‘7(lbf 'Zsec]
fe

g = (—9:5472-1077-663.77% + 0.0063768 - 663.77 + 0.6702) 10‘7( Ibf 'Zsec]
ft
—71bf - sec

Hig = 4481077

_ o Tbf -
Hop = [1.0129- 1075(T[°R])? + 0.0028789(T[°R]) + 0.08873] .10 7[ b ;ec)
fi

- _( Tbf-
= (10129 1076 663.77% + 0.0028789- 66377 + 0.08873) - 10 7( b ;eCJ
ft

—71bf - sec
f*

= 24510

Hyp

_ ”da<l - xVPff)VMWa + iy (up, ) MW
(1= wp, ) VW, + () N

Hmix

448077 (1 — 0.0157)/2897 + 2.45- 107+ 0.0157/18.015

Homix (1 —0.0157)/28.97 + 0.0157+/18.015
_71Ibf-
Hinix = 4461077 =5
ft
_71Ibf - Ibm - ft s Ib
finpe = 4461077 =25 3217200 = 14310750
ft Ibf - sec ft- sec
E-2)6_Pipe Area and Velocity
Calcutate the area of the pipe and the veloCIty OI the alr In the pipe.
L, (10037 2 .
_ - Dyt _ 12 _ 2
Apipe = T 7 = 0.5495 ft
q 217. ft
v = ml = 73 _ 4106
Prnix,d tstatic” Aact 00963 -0.5495 min

107


https://asmenormdoc.com/api2/?name=ASME PTC 13 2018.pdf

ASME PTC 13-2018

E-2.7 Reynolds Number

Calculate the Reynolds number.

10.037 4,106
Prmix,d, t,static” Dot 1 0.0963 - 2 60
Rer = = -5
M mix 1.43-10

R, = 3.84- 10°

E-2.8 drifice Coefficient
(a) Cqlculate a new orifice coefficient for the second iteration. See ASME PTC 19.5-2004, eq. (4-8.4).

4 3 2.5
0.0900 - B 0.0337- 91.71- B
Cip = 0.5959 + 0.312- > — 0184055 + - act e

Dyt (1 - ﬁact ) Dact Rer )
21 8 0.09- 0.6113* 0.0337- 0.613°  91.71- 0.6113*
Cyy F 0.5959 + 0.0312- 0.6113>! — 0.184-0.6113% + o + e

10037+ (1 - 06113*) 10037 <3_84 . 105) '
Cjy = 0.6058

(b) Cqlculate the difference between the first estimate and the secondwalue of the coefficient.

Cy - C
—dl ~ =2 00 = 0.979%
Ci

Per ASME PTC 19.5-2004, para. 3-14(f), the difference must be less than 2% of the required uncertainty.
2% - 0.7%5= 0.014%

0.97% > 0.014%

E-2.9 Second Iteration

(a) Cqlculate the second iteration of the mass flow rate.

2-0.0963 - 0.853 - 32.1741

_ T 2
q,,, = 300 - 7 6.135% - 0.6058- 0.9882-\/

1 - o0.6113*
_ 4 1bm
qu = 1316 10 K
1244 - 10% Ibm Ibm
Gy =~ = 2194~
60_ r min
hr
(b) Cqlculate the second iteration of the air velocity.
219.4 ft
V= _ 24 4,146——
0.0963 - 0.5495 min
(c) Calculate the second iteration of the Reynolds number.
0.0963 . 10037 4146
Ry = %0 =388 10°
143 - 10

(d) Calculate the new orifice coefficient.
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4 3 2.5
0.09- 0.611 0.0337-0.611 171 0611
Cy3 = 0.5959 + 0.0312-0.6113>1 — 0.184- 0.6113% + 2 3 00837 7 03’75
10.037- (1 - 0.61134) 10.037 (3,88. 105) '
Cy3 = 0.6058
Cpp—C
=2~ 23 100 = 0.00%

Caz

Th

E-2]10 Mass Flow Rate

Identify the final value of the mass flow rate.

C3

E-3
As

weak function of Reynolds number, which is why so few/iterations are required for convergence. If enough 4
meapured process is known, then the alternative iterative process described in ASME PTC 19.5-2004, para. 3-14
.Instead of initially guessing the discharge coefficient, the initial guess would be the flow. With digital compptational
techhiques, it is not critical which method is Selected.
some test systems, the temperature js\measured on the downstream side of the orifice. The temperature at the

used

In

upstiream side of the orifice usually can be-assumed to be equal to the temperature at the downstream side

sign

e difference between the second and third coefficients is 0%, indicating sufficient convergence hasccfurred.

ficant loss of accuracy.

109

_ _ Ibm
qm = qu = 219.45
lIculate the volumetric flow rate of the blower system at inlet and discharge conditions for reference dnly.
3
q 219.4 ft
q,; = m 204 st
' A mix, i, t,static 0.0727 mity
3
q 219. ft
4, 4= = = 2% Gt
’ Prmix, d, t, static 0.0963 min
DISCUSSION
seen from ASME PTC 19.5-2004, eq. (3-15.11), atlargeenough Reynolds numbers the discharge coefficientis a very

bout the

g) can be

without
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Nonmandatory Appendix F
Duty Cycles

F-1 INTRODUCTION

This Cpde describes a method for testing and determining the performance of a blower at specific operatingpoints
methoddlogy in this Appendix allows determination of field performance and energy consumption if test condif
deviate from specified field conditions.

Ablower performance specification typically includes at least one design point identifying blowet.system flow rate
dischargp pressure at identified system ambient or inlet gas conditions [e.g., specified temperature(s), humidity(ies
pressurg(s)]. The specifier typically chooses this design point as the operating point under the’anticipated worst ca
these pafameters during blower system operation.

In mogtapplications, the blower will operate across a range of conditions. The specifierimay require testing at selg
points inJthe operating range to verify that the blower system’s capabilities and power eonsumption are consistent
expectatjons and with the basis for equipment selection.

The oferating range and the time of operation at various points in that range'will vary with the process and the en

(or uses] of the air delivered by the blower system. The number of evaluation“points, the identification of the inlef

The
ions

and
), or
5e of

cted
with

l use
gas

conditiops and performance requirement at each evaluation point, and cest or other penalties associated with failufe of

the systgm to meet specified requirements shall be based on the judgment of the specifier. They are not integral t
Performfnce Test Code. It is the intent of this Appendix to provide examples of points for evaluation as well as consig
tions for|use in selecting evaluation points.

F-2 SPECIFIED POINTS OF OPERATION

“Flow [rate” shall be the delivered mass flow or, alternatively, the inlet volumetric flow rate as required by the s
fications| The flow rate shall consider only the air delivered by the blower system at the discharge from the system
delivered to the process. Multiple points should-be'specified to represent alternate operating conditions, or as part
time-weijghted life-cycle performance evaluation.

If datajat more than one point of operation.are required, a test shall be made for each point. The parties to the test

the
era-

beci-
and
ofa

chall

agree prior to the tests on the method(ofjyvarying the system resistance by means of discharge restrictions, and on the

method pf controlling blower airflow rate to obtain the various points of operation.

Each t¢st point shall identify spécific system inlet conditions of air mixture and properties. Inlet gas properties sha
identifiedl at the boundary of the blower system and shall include temperature, absolute pressure, and relative humi
After corppletion of the test;the principal quantities for each test point shall be corrected as required using the ap
priate method identifiedyin this Code for the blower system and as agreed to by the parties.

F-2.1 Pprformance Curve

When |performarice curves are required to verify the complete range of blower operation, a multipoint test sha
perform¢d. Sufficient data points shall be used to verify the upper and lower limits of operation and to determin
degree of linearity or nonlinearity in the performance curves. Blower performance curves may be based on a cons

1l be
dity.
pro-

Il be
b the
tant

blower system control setting and variable discharge pressure, or the performance curves may be based on var

able

blower control settings and a constant discharge pressure. If performance curves are desired, then the parties to the test

shall agree beforehand to the number and location of points required to construct the curves.

Performance curves can be used to project energy consumption at alternate operating points. There are many possible

formats for performance curves. The format of the curves should be agreed on between the parties prior to the begin

ning

of testing. Performance curves shall be based on a specific set of inlet conditions that should be identified clearly on the

curve. The performance data should not be used at other inlet conditions without the appropriate translations.

F-2.1.1 Performance Curve for PD Blowers. See Figure F-2.1.1-1 for a common format for PD performance curves. A

minimum of three test points should be used to complete a curve.
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Figure F-2.1.1-1 Performance Curve for a Typical PD Blower
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The parties shall agree beforehand if the performance curves are to be obtained by varying blower systg
contjrol settings or blower system discharge pressure, or if performance curves are to be obtained using both
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methods.

The pariable speedvs. flow and power format is typically used for PD blowers to establish performance at varioys speeds
or t¢ determine-the required operating speed for specific performance points.

The formatinFigure F-2.1.1-1 can be used with dynamic blowers, but this is uncommon. Note that for dynamic
the perfermance is nonlinear and more than three test points may be needed to accurately define perform

F4{2.1.2 Performance Curve for Dynamic Blowers. See Figure F-2.1.2-1 for a dynamic blower performance

blowers,
ance.

curve. A

minimum of five points should be used to complete a curve. A point shall be taken at approximately the specified design
flow rate. The additional points should consist of one point near surge, two points between specified design flow rate and
surge, and one point above the specified design flow rate (preferably at 105% or greater of specified maximum flow rate).

The surge and overload test shall be conducted with the speed or other control method at the same setting as that used
to obtain the design point. The parties shall agree beforehand if the performance curves are to be obtained by varying
blower system control settings, blower system discharge pressure, or if performance curves are to be obtained using both

methods.

This format is not appropriate for PD blowers, since at constant speed and variable pressure the performance curve
would be essentially a vertical line.
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Figure F-2.1.2-1 Performance Curve for a Typical Dynamic Blower
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Figure F-2.1.3-1 Performance Curve for Any Type Blower
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This format is also useful for comparing the power consumption of blowers of different designs, as §
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2.1.3 Performance Curve for Any Blower. Figure F-2.1.3-1 illustrates a convenient format for showing th
brmance of any type of blower or for comparing blowers: plot power, consumption vs. mass flow rate at
harge pressure. If multiple pressures are evaluated, power consumption at any pointin the operating range s
rmined.

re F-2.1.3-2. A minimum of three test points per curve should be used to verify linearity, and more te
be required for plotting dynamic blower performance,

bure F-2.1.3-3 demonstrates that superimposing system curve points of pressure vs. flow on this format will
er demand vs. flow in a variable pressure system.

2 Economic Considerations

onomic considerations may dictate the number of evaluation points. The cost associated with testing each p
hlanced against the potential operating-cdst'differential between specified and actual energy consumption.
ence the number of specified evaluationpoints. The assessment of penalties based on failure to meet specifi
umption shall be balanced againstithe potential for higher equipment pricing from suppliers to offset the a
In general, larger blowers andsigher energy rates justify more extensive testing and more evaluation poin
rs should be considered in(establishing the test requirements.

Figure F-2.1.3-2 Blower Comparison Curve
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