PRELI M NARY METHOD 001 - 6/19/86
PRE- 001

METHOD _ - DI RECT MEASUREMENT OF GAS VELOCI TY AND VOLUMETRI C
FLOARATE UNDER CYCLONI C FLOW CONDI TI ONS ( PROPELLER ANEMOVETER)

1. Applicability and Principle

1.1 Applicability. This nmethod applies to the nmeasurenent of
gas velocities in locations where cyclonic flow conditions exist
and gas tenperatures range fromO to 50°C (e.g., cooling tower

exhausts) .

1.2 Principle. A propeller anenoneter is used to neasure gas
velocity directly. The area of the stack cross section at the
sanpling location is used to calculate volunetric flowate, and
tenperature and pressure measurenments are used to correct vol unes
to standard conditi ons.

2. Appar at us

Specifications for the apparatus are given bel ow

2.1 Propeller Anenoneter. A vane axial propeller anenoneter
capabl e of neasuring gas velocities to wwthin 2 percent. The
manuf acturer’ s recomended range (all-angle) shall be sufficient
for the expected mninumflow rates at the sanpling conditions.
Tenperature, pressure, noisture, corrosive characteristics, and
sanpling locations are factors necessary to consider in choosing
a suitable propeller anenoneter.

2.2 Data Qutput Device. A digital voltnmeter, anal og voltneter,
stripchart recorder, data-logger, or conputer capable of
di spl aying a propeller anenoneter output to within 1 percent and
at a m nimum frequency of one reading per m nute.

2.3 Tenperature Gauge. Sane as Method 2, Section 2.3 for vol une
correction to standard conditions.

2.4 Baroneter. Sane as Method 2, Section 2.5 for vol une
correction to standard conditi ons.

2.5 Calibration Equipnent.
2.5.1 Synchronous Mdtor. A variable speed synchronous notor

capabl e of providing a known constant rotational speed to the
i nput shaft of the propeller anenoneter for purposes of conparing
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and adjusting the output signal to known val ues.

2.5.2 Bearing Torque Disc. A variable torque applicator capable
of applying a range of torques to the input shaft of the
propel | er anenmoneter fromzero to the manufacturer’s recommended
“poor performance” criterion.

2.5.3 Wnd Tunnel. A wind tunnel capable of providing stable
vel ocities over the expected range of velocities to be neasured.
Air flow should be fully devel oped turbulent flow in the axial
direction only. Means shall be available to quantify anbient
tenperature and pressure for correction to standard conditions.
Means shall also be available to rotate the propeller anenoneter,
within the wind tunnel, through 180° (£90° of the centerline) and
note the angle of rotation in 10° increnents.

2.5.4 Calibration Pitot Tube. Sane as Method 2, Section 2.7 for
determ nation of wind tunnel velocities to within 1 percent.

2.5.5 D fferential Pressure Gauge for Calibration Pitot Tube.
Sanme as Method 2, Section 2.8 for use with the standard pitot
tube during wind tunnel velocity determ nations.

3. Procedure

3.1 Proper Munting of Propeller Anenoneter. Attach the
propel |l er anenoneter to a suitable device (probe, rail, rod,
etc.) To facilitate traversing the stack/duct cross-section.
Ensure that all flow obstructions created by (1) the sanpling
support equi pnent (rail, etc.) are a mninmum of two propeller

di aneters downstream of the propeller and (2) the sanpling
equi pnent (nozzles) are a mninmum of 2 inches upstream of the

propel |l er and have a maxi mum obstructive area (projected area )
10 percent the size of the propeller’s area of rotation. Ensure
that the propeller anenoneter is properly aligned with the
centerline of the stack/duct and stably nounted (vibration and
subsequent msalignnent will create serious errors in the
velocity and volunetric flow rate results). Connect electrical
connections for velocity data recording as shown in Figure PA-1.

3.2 Cross Sectional Area. Determ ne the stack/duct dinensions
at the sanpling location. Include the total area (at the
sanpling location) without regard to the velocity in the stack.

3.3 Zero Qutput System Zero all recording devices by carefully
bring the propeller anenoneter to a standstill. Record anbient
tenperature and pressure data and note tine and date as



*ya815 ue4 Jamo]) bBupood uy Bujunoy pus Bujuoyiised Jajewowasuy Jaiiedoid ‘| -ireanby 4

uojsSusWq WnWiuy sa93We|q J3[jadodad 2 = A

uojsuaw|q Wwnw 2 = X

M
oM X281S ol 118M 9835

=

J3ajawousauy

.
49| adoagd |/ | A

juswdnb3 |u\_
ydoddng bujjdweg

jndyng __.2%._






shown in the exanple data sheet Figure PA-2.

3.4 Determnation of Gas Velocity. Measure the gas velocity and
tenperature at the traverse points specified by Method 2 or other
applicable nethod. (Note: Due to the size of nobst propellers,
traverse points within 10 cmof a sidewalk will be unneasurable.)
Al ternatively, based on the prelimnary traverse or the previous
measurenent, the stack tenperature may be nmeasured at a single
point if the gas tenperatures at all points are wwthin 5°F of the
aver age tenperature.

4. Calibration

4.1 Propeller Anenoneter. The propeller anenoneter shall be
calibrated before its initial use in the field. Both
el ectro/ nmechani cal and performance paraneters shall be checked
during calibration according to the procedures supplied by the
manufacturer. Calibration procedures in 4.1.1, 4.1.2 and 4.1.3
shal |l be conducted before the initial field use. Calibration
procedures in 4.1.3 shall be conducted for each propeller in use
and whenever the structural integrity of a propeller or
shaft/generator housing is in question.

4.1.1 CGenerator Qutput Test. To assess the integrity of the
el ectrical output, a variable speed synchronous notor to rotate
the propeller anenoneter input shaft at known rotational
velocities will be required. A mninmmof tw speeds shall be
used to check the electrical output of each shaft/generator
housi ng. The two speeds chosen shall fall on either side of the
expected shaft velocities under field use.

Coupl e the synchronous notor to the anenoneter input shaft
according to the manufacturer’ specifications (to ensure no
slippage occurs). Attach an output device to the anenoneter
el ectrical outputs and start the notor. Obtain the first
rotational test speed and record the anenoneter output in either
nmv DC or rpm Obtain the second rotational test speed and record
t he anenoneter output. Continue with additional rotational test
speeds if applicable. Repeat each test speed in order to obtain
a total of three output readings for each speed.

Average the three output readings fromeach rotational test speed
applied and conpare these results with the manufacturer’s
specifications (e.g., linear rpnminV ratio). Results should
conpare with specifications to within 2 percent.

4.1.2 Bearing Torque Test. To assess the integrity of the
mechani cal bearings supporting the input shaft, a bearing torque

5



FI GURE PA-2. EXAMPLE VELOCI TY AND VOLUMETRI C FLOARATE DATA SHEET

Pl ant/ Locati on

Dat e Run

Oper ators Time (start/finish

St ack/ duct di nensi ons m(in.)
Cross sectional area nt (in.?
Anenonmeter | D no. Calibration Date

Anenpnet er el ectronechanical rotation

Anenoneter axial/rotational velocity ratio

Anmbi ent Tenperature °C (°F) Baronetric Pressure mm Hg (in. Hg)
Traverse | Stack/ Duct Tenp. Anenonet er Qut put Gas Vel ocity
poi nt Vs, ms (A/'s)
no. ts, °C(°F) |Ts, °K(°R [V, MV Ve, rpm




test shall be conducted. Attach a torque applicator (e.g., bearing torque
disc) to the anenoneter input shaft which will apply a range of known,
repeat abl e torques beyond the manufacturer’s “poor perfornmance” criterion.
Starting wwth a 0.1 gmcmtorque, continually increase the applied torque
in 0.1 gmcmincrenents until the shaft begins to turn. Record the applied
torque required to create shaft rotation and repeat two tinmes. Results
fromall three tests should be below the manufacturer’s specification for
“poor performance.” Conduct this check after the non-axial flow
calibration to docunent the torque required during the calibration.

4.1.3 Non-Axial Flow Test. Assess the representativeness of the
manuf acturer’s angul ar flow calibration curve by conducting a wi nd tunnel
test on each propeller in use and generating a percent response-vs-w nd
angl e curve for conparison. Attach the propeller anenoneter to the w nd
tunnel to allow a full 180° rotation (£90° fromthe center line) wthin the
tunnel. Connect all other apparatus to display/record anenoneter outputs.

Wth the wind tunnel operating at 15 to 25-fps, determne the velocity at
the propeller location using a standard pitot and a differential pressure
gauge. Record the baronetric pressure and tenperature. Starting with the
propel | er anenmoneter oriented into the direction of flow (0°) rotate and
record the output readings at 10° increnments fromO° to +90° and 0° to -
90°. Plot these results on a percent response-vs-w nd angl e graph and
conpare to the manufacturer’s specifications. Differences should be within
3 percent at each point for the 100 percent axial flow response. Using the
100 percent axial flow response, conpute a velocity result and conpare it
to the velocity results neasured using the standard pitot probe. This
di fference should be with 3 percent of the pitot probe results at 0°.
Repeat this test at a velocity of 25 to 40-fps; conmpute the percent
devi ati ons as above.

Note: If the results of the propeller anenmoneter initial calibration tests
are not with the required specifications, then either corrective

mai nt enance shoul d be inplenented to correct the deficiencies or the
equi pnent in question should be considered unsatisfactory and repl aced.

4.1.4 Field Use and Recal i brati on.

4.1.4.1 Field Use. Wen the propeller anenoneter is used in the field,
t he manufacturer’s el ectronechanical ratio and axial/rotational velocity
ratio shall be used to performthe velocity cal cul ations.

4.1.4.2 Recalibration. After each test run, both a bearing torque check
and a generator output test shall be conducted. |If the bearing torque
check is nore than twice the torque recorded after the calibration or is in
the range of “poor performance” as described by the manufacturer, the
anenonet er nust be repaired or replaced and the run repeated. The
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generator output test results nust be with 5 percent of the predicted val ue
or the system nust be repaired or replaced and the run repeated.
Alternatively the tester may opt to conduct both checks at the concl usion
of all runs. However, if both criteria are not net, all runs nust be
r epeat ed.

| f both checks neet the above criteria and a visual inspection of the
propel |l er shows no apparent changes, no additional calibrations nust be
conducted. \Whenever the propeller anenoneter fails to neet of either the
above requirenents or the propeller becones danaged, a conplete
recalibration as described in 4.1.1, 4.1.2 and 4.1.3 nust be conduct ed.

4.2 Tenperature Gauge. After each test series, check the tenperature
gauge at anbient tenperature. Use an Anerican Society for Testing and
Materials (ASTM nmercury-in-glass reference thernoneter, or equivalent, as
a reference. |f the gauge being checked does not agree within 2 percent
(absolute tenperature) of the reference, the tenperature data collected in
the field shall be considered invalid or adjustnents of the test results

shall be made, subject to the approval of the Adm nistrator

4.3 Baroneter. Calibrate the baroneter used against a nercury baroneter
prior to the field test as described in Method 2.

5. Cal cul ati ons

Carry out the calculations, retaining at | east one extra decinmal figure
beyond that of the acquired data. Round off the figures after the final
cal cul ati on.

5.1 Nonencl ature

A.=St ack cross-sectional area, nt.

C.=Const ant, anenoneter manufacturer’s el ectronechanical ratio, rpm nv.
C= Constant, anenoneter manufacturer’s axial/rotational velocity ratio,
cnmrev.

P,o,=Baronetric pressure, nmm Hg.

P,=Aver age static pressure, nmm Hg.
as.=Volunetric flowate at standard conditions (20°C and 760 mm Hg), n¥/ mn.
T,=Absol ute stack tenperature, °K
t,=Stack tenperature, °C.

V,=Anenonet er vol tage out put, nV.
v,=Rot ati onal velocity, anenoneter output, rpm
v,=Stack gas velocity, m sec.

5.2 Vel ocity.

v,=C, V,(Eq. PA-1)



v,=C v,/ 100(Eq. PA-2)
=G G.V,./ 100
5.3 Volunetric Flow Rate
Q=As vs(Eq. PA-3)
=60 A, C C. V,/100

6. Bi bl i ography

1. Gll, GC, HW Carson, and RM Holnmes. A
Propel | er-Type Vertical Anenoneter. J. Applied
Met eor ol ogy, Decenber 1964.

Gll, GC The Helicoid Anenoneter. Atnosphere, Vol. 11, No. 4,
1973.



