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METHOD 2 - DETERMINATION OF STACK GAS VELOCITY AND
VOLUMETRIC FLOW RATE (TYPE S PITOT TUBE)

NOTE: This nethod does not include all of the
specifications (e.g., equipnment and supplies) and procedures
(e.g., sanpling) essential to its performance. Sone
material is incorporated by reference fromother nethods in
this part. Therefore, to obtain reliable results, persons
using this nmethod should have a thorough know edge of at
| east the follow ng additional test nethod: Method 1
1.0 Scope and Application.

1.1 This nmethod is applicable for the determ nation
of the average velocity and the volunetric flow rate of a
gas stream

1.2 This nmethod is not applicable at nmeasurenent
sites that fail to neet the criteria of Method 1, Section
11.1. Al'so, the nmethod cannot be used for direct
measurenent in cyclonic or swrling gas streans; Section
11.4 of Method 1 shows how to determ ne cyclonic or swirling
flow conditions. Wen unacceptable conditions exist,
alternative procedures, subject to the approval of the
Adm ni strator, nust be enployed to produce accurate fl ow
rate determ nations. Exanples of such alternative
procedures are: (1) to install straightening vanes; (2) to

calculate the total volunetric flow rate stoichionetrically,
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or (3) to nove to another neasurenent site at which the flow
i's acceptabl e.

1.3 Data Quality Objectives. Adherence to the
requirenents of this nmethod wll enhance the quality of the
data obtained fromair pollutant sanpling methods.

2.0 Summary of Method.

2.1 The average gas velocity in a stack is determ ned
fromthe gas density and from neasurenent of the average
velocity head with a Type S (Stausschei be or reverse type)
pitot tube.

3.0 Definitions. [Reserved]
4.0 Interferences. [Reserved]
5.0 Safety.

5.1 Disclainer. This nethod may invol ve hazardous
materials, operations, and equipnment. This test nethod may
not address all of the safety problens associated with its
use. It is the responsibility of the user of this test
met hod to establish appropriate safety and health practices
and determne the applicability of regulatory limtations
prior to performng this test nethod.

6.0 Equipment and Supplies.
Specifications for the apparatus are given below. Any

ot her apparatus that has been denonstrated (subject to
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approval of the Adm nistrator) to be capable of neeting the
specifications will be considered acceptabl e.

6.1 Type S Pitot Tube.

6.1.1 Pitot tube nade of netal tubing (e.g-,
stainless steel) as shown in Figure 2-1. It is recomended
that the external tubing dianeter (dinension D, Figure 2-
2b) be between 0.48 and 0.95 cm (3/16 and 3/8 inch). There
shall be an equal distance fromthe base of each leg of the
pitot tube to its face-opening plane (dinensions P, and Pg,
Figure 2-2b); it is recommended that this distance be
between 1.05 and 1.50 tinmes the external tubing dianeter.
The face openings of the pitot tube shall, preferably, be
aligned as shown in Figure 2-2; however, slight
m sal i gnments of the openings are perm ssible (see Figure 2-
3).

6.1.2 The Type S pitot tube shall have a known
coefficient, determined as outlined in Section 10.0. An
identification nunber shall be assigned to the pitot tube;
this nunber shall be permanently marked or engraved on the
body of the tube. A standard pitot tube may be used instead
of a Type S, provided that it neets the specifications of
Sections 6.7 and 10.2. Note, however, that the static and
i npact pressure holes of standard pitot tubes are

susceptible to plugging in particul ate-1aden gas streans.
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Therefore, whenever a standard pitot tube is used to perform
a traverse, adequate proof nust be furnished that the
openi ngs of the pitot tube have not plugged up during the
traverse period. This can be acconplished by conparing the
vel ocity head ()p) neasurenent recorded at a sel ected
traverse point (readable )p value) with a second )p
measur enent recorded after "back purging” with pressurized
air to clean the inpact and static holes of the standard
pitot tube. |If the before and after )p neasurenents are
within 5 percent, then the traverse data are acceptable.
O herwi se, the data should be rejected and the traverse
measurenents redone. Note that the selected traverse point
shoul d be one that denonstrates a readable )p value. |If
"back purging" at regular intervals is part of a routine
procedure, then conparative )p neasurenents shall be
conducted as above for the last two traverse points that
exhi bit suitable )p neasurenents.

6.2 Differential Pressure Gauge. An inclined
manonet er or equi val ent device. Most sanpling trains are
equi pped with a 10 in. (water columm) inclined-vertical
manoneter, having 0.01 in. HOdivisions on the O to 1 in
inclined scale, and 0.1 in. HO divisions on the 1 to 10 in.
vertical scale. This type of nmanoneter (or other gauge of
equi val ent sensitivity) is satisfactory for the nmeasurenent

of )p values as lowas 1.27 nm (0.05 in.) HO. However, a
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differential pressure gauge of greater sensitivity shall be
used (subject to the approval of the Admnistrator), if any
of the followwng is found to be true: (1) the arithnetic
average of all )p readings at the traverse points in the
stack is less than 1.27 nmm (0.05 in.) HO; (2) for traverses
of 12 or nore points, nore than 10 percent of the individual
)p readings are below 1.27 mm (0.05 in.) HO0; or (3) for
traverses of fewer than 12 points, nore than one )p reading
is below 1.27 mm (0.05 in.) HO. Reference 18 (see Section
17.0) describes commercially avail able instrunentation for
t he measurenent of | owrange gas velocities.

6.2.1 As an alternative to criteria (1) through (3)
above, Equation 2-1 (Section 12.2) may be used to determ ne
the necessity of using a nore sensitive differential
pressure gauge. |If T is greater than 1.05, the velocity
head data are unacceptable and a nore sensitive differential
pressure gauge nust be used.

NOTE: |If differential pressure gauges other than
i nclined manoneters are used (e.g., nmagnehelic gauges),
their calibration nust be checked after each test series.

To check the calibration of a differential pressure gauge,
conpare )p readings of the gauge with those of a gauge-oi
manoneter at a mnimum of three points, approxi mtely

representing the range of )p values in the stack. If, at
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each point, the values of )p as read by the differenti al
pressure gauge and gauge-oil manoneter agree to within 5
percent, the differential pressure gauge shall be considered
to be in proper calibration. Oherwi se, the test series
shal | either be voided, or procedures to adjust the neasured
)p values and final results shall be used, subject to the
approval of the Adm nistrator.

6.3 Tenperature Sensor. A thernocouple, |iquid-
filled bulb thernmonmeter, binmetallic thernonmeter, mercury-in-
gl ass thernoneter, or other gauge capabl e of neasuring
tenperatures to within 1.5 percent of the m ni num absol ute
stack tenperature. The tenperature sensor shall be attached
to the pitot tube such that the sensor tip does not touch
any netal; the gauge shall be in an interference-free
arrangenment with respect to the pitot tube face openings
(see Figure 2-1 and Figure 2-4). Alternative positions my
be used if the pitot tube-tenperature gauge systemis
cal i brated according to the procedure of Section 10.0.
Provided that a difference of not nore than 1 percent in the
average velocity neasurenent is introduced, the tenperature
gauge need not be attached to the pitot tube. This
alternative is subject to the approval of the Adm nistrator.

6.4 Pressure Probe and Gauge. A piezoneter tube and
mercury- or water-filled U tube manoneter capabl e of

measuring stack pressure to wwthin 2.5 m (0.1 in.) Hg. The
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static tap of a standard type pitot tube or one leg of a
Type S pitot tube with the face opening planes positioned
parallel to the gas flow nay al so be used as the pressure
pr obe.

6.5 Baroneter. A nercury, aneroid, or other
baronet er capabl e of nmeasuring atnospheric pressure to
within 2.54 m (0.1 in.) Hg.

NOTE: The baronetric pressure reading nmay be obtai ned
froma nearby National Wather Service station. In this
case, the station value (which is the absol ute baronetric
pressure) shall be requested and an adjustnent for el evation
di fferences between the weat her station and sanpling point
shall be made at a rate of mnus 2.5 mMm (0.1 in.) Hg per 30
m (100 ft) elevation increase or plus 2.5 nm (0.1 in.) Hg
per 30 m (100 ft.) for elevation decrease.

6.6 Gas Density Determ nation Equi pnent. Method 3
equi pnent, if needed (see Section 8.6), to determ ne the
stack gas dry nol ecul ar weight, and Method 4 (reference
met hod) or Method 5 equi pnent for noisture content
determ nation. Oher nethods may be used subject to
approval of the Adm nistrator.

6.7 Calibration Pitot Tube. \When calibration of the
Type S pitot tube is necessary (see Section 10.1), a

standard pitot tube shall be used for a reference. The
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standard pitot tube shall, preferably, have a known
coefficient, obtained either (1) directly fromthe National
Institute of Standards and Technol ogy (NI ST), Gaithersburg
MD 20899, (301) 975-2002, or (2) by calibration against
anot her standard pitot tube with an NI ST-traceabl e
coefficient. Alternatively, a standard pitot tube designed
according to the criteria given in Sections 6.7.1 through
6.7.5 below and illustrated in Figure 2-5 (see al so
Ref erences 7, 8, and 17 in Section 17.0) may be used. Pitot
t ubes desi gned according to these specifications wll have
basel i ne coefficients of 0.99 + 0.01.

6.7.1 Standard Pitot Design.

6.7.1.1 Hem spherical (shown in Figure 2-5),
el lipsoidal, or conical tip.

6.7.1.2 A mnimumof six dianmeters straight run
(based upon D, the external dianeter of the tube) between
the tip and the static pressure hol es.

6.7.1.3 A mninmmof eight dianeters straight run
bet ween the static pressure holes and the centerline of the
external tube, follow ng the 90° bend.

6.7.1.4 Static pressure holes of equal size
(approximately 0.1 D), equally spaced in a piezoneter ring
configuration.

6.7.1.5 90° bend, with curved or mtered junction.
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6.8 Differential Pressure Gauge for Type S Pitot Tube
Calibration. An inclined manoneter or equivalent. |If the
single-velocity calibration technique is enployed (see
Section 10.1.2.3), the calibration differential pressure
gauge shall be readable to the nearest 0.127 nm (0.005 in.)
H,0. For nultivelocity calibrations, the gauge shall be
readabl e to the nearest 0.127 mm (0.005 in.) HO for )p
val ues between 1.27 and 25.4 mm (0.05 and 1.00 in.) HO, and
to the nearest 1.27 nm (0.05 in.) HO for )p val ues above
25.4 mm (1.00 in.) HO. A special, nore sensitive gauge
Wil be required to read )p val ues below 1.27 mm (0.05 in.)
H,0 (see Reference 18 in Section 16.0).

7.0 Reagents and Standards. [Reserved]
8.0 Sample Collection and Analysis.

8.1 Set up the apparatus as shown in Figure 2-1.
Capillary tubing or surge tanks installed between the
manonet er and pitot tube may be used to danpen )p
fluctuations. It is recommended, but not required, that a
pretest |eak-check be conducted as follows: (1) blow
through the pitot inpact opening until at least 7.6 cm (3.0
in.) HO velocity head registers on the nmanoneter; then,
cl ose off the inpact opening. The pressure shall remain
stable for at |east 15 seconds; (2) do the sanme for the

static pressure side, except using suction to obtain the
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mnimmof 7.6 cm (3.0 in.) HO0. Oher |eak-check
procedures, subject to the approval of the Adm nistrator,
may be used.

8.2 Level and zero the manoneter. Because the
manoneter |evel and zero may drift due to vibrations and
t enper at ure changes, make periodi c checks during the
traverse (at | east once per hour). Record all necessary
data on a formsimlar to that shown in Figure 2-6

8.3 Measure the velocity head and tenperature at the
traverse points specified by Method 1. Ensure that the
proper differential pressure gauge is being used for the
range of )p values encountered (see Section 6.2). If it is
necessary to change to a nore sensitive gauge, do so, and
remeasure the )p and tenperature readi ngs at each traverse
point. Conduct a post-test |eak-check (nmandatory), as
described in Section 8.1 above, to validate the traverse
run.

8.4 Measure the static pressure in the stack. One
reading is usually adequate.

8.5 Determ ne the atnospheric pressure.

8.6 Determne the stack gas dry nol ecul ar wei ght.
For conbustion processes or processes that emt essentially
CO, O, CO and N,, use Method 3. For processes emtting
essentially air, an analysis need not be conducted; use a

dry nol ecul ar weight of 29.0. For other processes, other
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met hods, subject to the approval of the Adm nistrator, nust
be used.

8.7 (Obtain the noisture content from Met hod 4
(reference nethod, or equivalent) or from Method 5.

8.8 Determne the cross-sectional area of the stack
or duct at the sanpling |location. Wenever possible,
physi cal ly nmeasure the stack di nensions rather than using
bl ueprints. Do not assunme that stack dianmeters are equal.
Measure each dianeter distance to verify its dinensions.

9.0 Quality Control.

Section Quality Control Measure Effect

10.1-10.4 Sanpling equi prent Ensure accurate
cal i bration measur enent of stack
gas flow rate, sanple
vol ume

10.0 Calibration and Standardization.

10.1 Type S Pitot Tube. Before its initial use,
carefully exam ne the Type S pitot tube top, side, and end
views to verify that the face openings of the tube are
aligned within the specifications illustrated in Figures 2-2
and 2-3. The pitot tube shall not be used if it fails to
nmeet these alignnent specifications. After verifying the
face opening alignnment, neasure and record the foll ow ng
di mrensions of the pitot tube: (a) the external tubing
di aneter (dinension D, Figure 2-2b); and (b) the base-to-

openi ng pl ane di stances (dinensions P, and Pg, Figure 2-2b).
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If D is between 0.48 and 0.95 cm (3/16 and 3/8 in.), and if
P, and P; are equal and between 1.05 and 1.50 D, there are
two possible options: (1) the pitot tube may be calibrated
according to the procedure outlined in Sections 10.1.2
through 10.1.5, or (2) a baseline (isolated tube)
coefficient value of 0.84 may be assigned to the pitot tube.
Not e, however, that if the pitot tube is part of an
assenbly, calibration may still be required, despite
know edge of the baseline coefficient value (see Section
10.1.1). If D, P, and Pg are outside the specified limts,
the pitot tube nust be calibrated as outlined in Sections
10.1. 2 through 10.1.5.

10.1.1 Type S Pitot Tube Assenblies. During sanple
and velocity traverses, the isolated Type S pitot tube is
not always used; in many instances, the pitot tube is used
in conbination with other source-sanpling conponents (e.g-.,
t hermocoupl e, sanpling probe, nozzle) as part of an
"assenbly." The presence of other sanpling conponents can
sonetinmes affect the baseline value of the Type S pitot tube
coefficient (Reference 9 in Section 17.0); therefore, an
assi gned (or otherw se known) baseline coefficient val ue may
or may not be valid for a given assenbly. The basel i ne and
assenbly coefficient values will be identical only when the

relative placenent of the conponents in the assenbly is such
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that aerodynamc interference effects are elim nated.
Figures 2-4, 2-7, and 2-8 illustrate interference-free
conponent arrangenents for Type S pitot tubes having
external tubing dianeters between 0.48 and 0.95 cm (3/16 and
3/8 in.). Type S pitot tube assenblies that fail to neet
any or all of the specifications of Figures 2-4, 2-7, and 2-
8 shall be calibrated according to the procedure outlined in
Sections 10.1.2 through 10.1.5, and prior to calibration,
t he val ues of the interconponent spacings (pitot-nozzle,
pitot-thernmocouple, pitot-probe sheath) shall be neasured
and recorded.

NOTE: Do not use a Type S pitot tube assenbly that is
constructed such that the inpact pressure opening plane of
the pitot tube is below the entry plane of the nozzle (see
Fi gure 2-6B).

10.1.2 Calibration Setup. |If the Type S pitot tube
is to be calibrated, one | eg of the tube shall be
permanently marked A, and the other, B. Calibration shal
be perforned in a flow system having the foll ow ng essenti al
desi gn features:

10.1.2.1 The flow ng gas stream nust be confined to a
duct of definite cross-sectional area, either circular or
rectangular. For circular cross sections, the m nimum duct

di aneter shall be 30.48 cm (12 in.); for rectangul ar cross
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sections, the width (shorter side) shall be at |east 25.4 cm
(10 in.).

10.1.2.2 The cross-sectional area of the calibration
duct nust be constant over a distance of 10 or nore duct
di aneters. For a rectangul ar cross section, use an
equi val ent di aneter, cal culated according to Equation 2-2
(see Section 12.3), to determ ne the nunber of duct
di aneters. To ensure the presence of stable, fully
devel oped flow patterns at the calibration site, or "test

section,”" the site nust be |ocated at |east eight dianeters
downstream and two di aneters upstream fromthe nearest
di st ur bances.

NOTE: The eight- and two-di aneter criteria are not
absol ute; other test section |ocations may be used (subject
to approval of the Adm nistrator), provided that the flow at
the test site has been denonstrated to be or found stable
and parallel to the duct axis.

10.1.2.3 The flow system shall have the capacity to
generate a test-section velocity around 910 mmn (3, 000
ft/mn). This velocity nust be constant with tine to
guarantee steady flow during calibration. Note that Type S
pitot tube coefficients obtained by single-velocity

calibration at 910 mimn (3,000 ft/mn) wll generally be

valid to 3 percent for the neasurenent of velocities above
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300 Mmn (1,000 ft/mn) and to = 6 percent for the
measurenent of velocities between 180 and 300 mimn (600 and
1,000 ft/mn). |If a nore precise correlation between the
pitot tube coefficient ,(C), and velocity is desired, the
fl ow system shoul d have the capacity to generate at | east
four distinct, tinme-invariant test-section velocities
covering the velocity range from 180 to 1,500 nimn (600 to
5,000 ft/mn), and calibration data shall be taken at
regul ar velocity intervals over this range (see References 9
and 14 in Section 17.0 for details).

10.1.2.4 Two entry ports, one for each of the
standard and Type S pitot tubes, shall be cut in the test
section. The standard pitot entry port shall be | ocated
slightly downstream of the Type S port, so that the standard
and Type S inpact openings will lie in the sane cross-
sectional plane during calibration. To facilitate alignnment
of the pitot tubes during calibration, it is advisable that
the test section be constructed of Plexiglas™ or sone ot her
transparent materi al

10.1.3 Calibration Procedure. Note that this
procedure is a general one and nust not be used w t hout
first referring to the special considerations presented in
Section 10.1.5. Note also that this procedure applies only

to single-velocity calibration. To obtain calibration data
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for the A and B sides of the Type S pitot tube, proceed as
fol |l ows:

10.1.3.1 WMake sure that the manoneter is properly
filled and that the oil is free fromcontam nation and is of
the proper density. |Inspect and | eak-check all pitot |ines;
repair or replace if necessary.

10.1.3.2 Level and zero the manoneter. Switch on the
fan, and allow the flow to stabilize. Seal the Type S pitot
tube entry port.

10.1.3.3 Ensure that the manoneter is |evel and
zeroed. Position the standard pitot tube at the calibration
point (determ ned as outlined in Section 10.1.5.1), and
align the tube so that its tip is pointed directly into the
flow Particular care should be taken in aligning the tube
to avoid yaw and pitch angles. Mke sure that the entry
port surrounding the tube is properly seal ed.

10.1.3.4 Read )pgq and record its value in a data
table simlar to the one shown in Figure 2-9. Renove the
standard pitot tube fromthe duct, and disconnect it from
the manoneter. Seal the standard entry port.

10.1.3.5 Connect the Type S pitot tube to the
manonet er and | eak-check. Open the Type S tube entry port.
Check the manoneter |evel and zero. Insert and align the
Type S pitot tube so that its A side inpact opening is at

the sane point as was the standard pitot tube and is pointed
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directly into the flow Mke sure that the entry port
surroundi ng the tube is properly seal ed.

10.1.3.6 Read )ps, and enter its value in the data
table. Renove the Type S pitot tube fromthe duct, and
di sconnect it fromthe manoneter.

10.1.3.7 Repeat Steps 10.1.3.3 through 10.1.3.6 until
three pairs of )p readings have been obtained for the A side
of the Type S pitot tube.

10.1.3.8 Repeat Steps 10.1.3.3 through 10.1.3.7 for
the B side of the Type S pitot tube.

10.1.3.9 Performcal cul ati ons as described in Section
12.4. Use the Type S pitot tube only if the values of F,
and F; are less than or equal to 0.01 and if the absol ute
val ue of the difference between G, and C,g is 0.01 or
| ess.

10.1.4 Special Considerations.

10.1.4.1 Selection of Calibration Point.

10.1.4.1.1 Wen an isolated Type S pitot tube is
calibrated, select a calibration point at or near the center
of the duct, and follow the procedures outlined in Section
10.1.3. The Type S pitot coefficients neasured or
calculated, [i.e. Gy and Cp(B)] will be valid, so long as
either: (1) the isolated pitot tube is used; or (2) the
pitot tube is used with other conponents (nozzle,

t hermocoupl e, sanple probe) in an arrangenent that is free
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fromaerodynam c interference effects (see Figures 2-4, 2-7,
and 2-8).

10.1.4.1.2 For Type S pitot tube-thernocoupl e
conbi nations (w thout probe assenbly), select a calibration
point at or near the center of the duct, and follow the
procedures outlined in Section 10.1.3. The coefficients so
obtained will be valid so long as the pitot tube-
t hermocoupl e conmbination is used by itself or with other
conponents in an interference-free arrangenent (Figures 2-4,
2-7, and 2-8).

10.1.4.1.3 For Type S pitot tube conbinations with
conpl ete probe assenblies, the calibration point should be
| ocated at or near the center of the duct; however,
insertion of a probe sheath into a small duct nmay cause
significant cross-sectional area interference and bl ockage
and yield incorrect coefficient values (Reference 9 in
Section 17.0). Therefore, to mnimze the bl ockage effect,
the calibration point may be a few inches off-center if
necessary. The actual bl ockage effect wll be negligible
when the theoretical blockage, as determ ned by a projected-
area nodel of the probe sheath, is 2 percent or |less of the
duct cross-sectional area for assenblies w thout external
sheaths (Figure 2-10a), and 3 percent or |ess for assenblies

with external sheaths (Figure 2-10Db).
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10.1.4.2 For those probe assenblies in which pitot
tube-nozzle interference is a factor (1.e., those in which
the pitot-nozzle separation distance fails to neet the
specifications illustrated in Figure 2-7A), the val ue of
Gysy depends upon the anmount of free space between the tube
and nozzle and, therefore, is a function of nozzle size. |In
t hese instances, separate calibrations shall be perforned
wi th each of the commonly used nozzle sizes in place. Note
that the single-velocity calibration technique is acceptable
for this purpose, even though the | arger nozzle sizes
(>0.635 cmor 1/4 in.) are not ordinarily used for
i sokinetic sanpling at velocities around 910 mMmn (3, 000
ft/mn), which is the calibration velocity. Note also that
it is not necessary to draw an isokinetic sanple during
calibration (see Reference 19 in Section 17.0).

10.1.4.3 For a probe assenbly constructed such that
its pitot tube is always used in the sane orientation, only
one side of the pitot tube need be calibrated (the side
which will face the flow). The pitot tube nmust still neet
the alignnment specifications of Figure 2-2 or 2-3, however,
and nust have an average deviation (F) value of 0.01 or |ess
(see Section 10.1.4.4).

10.1.5 Field Use and Recalibration.

10.1.5.1 Field Use.
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10.1.5.1.1 Wien a Type S pitot tube (isolated or in
an assenbly) is used in the field, the appropriate
coefficient value (whether assigned or obtained by
calibration) shall be used to performvelocity cal cul ati ons.
For calibrated Type S pitot tubes, the A side coefficient
shal | be used when the A side of the tube faces the flow
and the B side coefficient shall be used when the B side
faces the flow Alternatively, the arithnetic average of
the A and B side coefficient values may be used,
irrespective of which side faces the flow

10.1.5.1.2 Wen a probe assenbly is used to sanple a
smal | duct, 30.5 to 912.4 cm (12 to 36 in.) in dianmeter, the
probe sheath sonetinmes bl ocks a significant part of the duct
Cross-section, causing a reduction in the effective val ue of
GCys)- Consult Reference 9 (see Section 17.0) for details.
Conventional pitot-sanpling probe assenblies are not
recommended for use in ducts having inside dianeters smaller
than 30.5 cm (12 in.) (see Reference 16 in Section 17.0).

10.1.5.2 Recalibration.

10.1.5.2.1 |Isolated Pitot Tubes. After each field
use, the pitot tube shall be carefully reexam ned in top,
side, and end views. |If the pitot face openings are stil
aligned within the specifications illustrated in Figure 2-2
and Figure 2-3, it can be assuned that the baseline

coefficient of the pitot tube has not changed. |f, however,
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t he tube has been damaged to the extent that it no |onger
nmeets the specifications of Figure 2-2 and Figure 2-3, the
damage shall either be repaired to restore proper alignnment
of the face openings, or the tube shall be discarded.

10.1.5.2.2 Pitot Tube Assenblies. After each field
use, check the face opening alignnment of the pitot tube, as
in Section 10.1.5.2.1. Al so, reneasure the interconponent
spaci ngs of the assenbly. If the interconponent spacings
have not changed and the face opening alignnent is
acceptable, it can be assuned that the coefficient of the
assenbly has not changed. |If the face opening alignnent is
no longer within the specifications of Figure 2-2 and Figure
2-3, either repair the damage or replace the pitot tube
(calibrating the new assenbly, if necessary). |If the
i nt er conponent spaci ngs have changed, restore the original
spaci ngs, or recalibrate the assenbly.

10.2 Standard Pitot Tube (if applicable). If a
standard pitot tube is used for the velocity traverse, the
tube shall be constructed according to the criteria of
Section 6.7 and shall be assigned a baseline coefficient
value of 0.99. |If the standard pitot tube is used as part
of an assenbly, the tube shall be in an interference-free
arrangenent (subject to the approval of the Adm nistrator).

10.3 Tenperature Sensors.
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10.3.1 After each field use, calibrate dial
thernmoneters, liquid-filled bulb thernoneters, thernocouple-
potenti onmeter systens, and other sensors at a tenperature
within 10 percent of the average absol ute stack tenperature.
For tenperatures up to 405°C (761°F), use an ASTM nercury-
in-glass reference thernmoneter, or equivalent, as a
reference. Alternatively, either a reference thernocouple
and potentioneter (calibrated against N ST standards) or
thernmonetric fixed points (e.g., ice bath and boiling water,
corrected for baronetric pressure) may be used. For
t enper at ures above 405°C (761°F), use a reference
t her nocoupl e- potenti onmeter system cali brated agai nst N ST
standards or an alternative reference, subject to the
approval of the Adm nistrator.

10.3.2 The tenperature data recorded in the field
shall be considered valid. |If, during calibration, the
absol ute tenperature neasured with the sensor being
calibrated and the reference sensor agree within 1.5
percent, the tenperature data taken in the field shall be
considered valid. Oherw se, the pollutant em ssion test
shal |l either be considered invalid or adjustnments (if
appropriate) of the test results shall be made, subject to

t he approval of the Adm nistrator.
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10.4 Baroneter. Calibrate the baroneter used agai nst
a nercury baroneter
11.0 Analytical Procedure.

Sanpl e collection and anal ysis are concurrent for this
met hod (see Section 8.0).

12.0 Data Analysis and Calculations.

Carry out calculations, retaining at | east one extra
significant figure beyond that of the acquired data. Round
off figures after final calcul ation.

12.1 Nomencl at ure.

A = Cross-sectional area of stack, nt (ft?).

B = Wat er vapor in the gas stream|[from Method 4

(reference nethod) or Method 5], proportion

by vol une.
G = Pitot tube coefficient, dinmensionless.
GCs) = Type S pitot tube coefficient,

di mensi onl ess.

Gostay = Standard pitot tube coefficient; use 0.99
if the coefficient is unknown and the tube
i s designed according to the criteria of
Sections 6.7.1 to 6.7.5 of this nethod.

D. = Equi val ent di aneter.

K = 0.127 M H,0 (nmetric units).

0.005 in. HO (English units).
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Vel ocity equation constant.
Lengt h.
Mol ecul ar wei ght of stack gas, dry basis
(see Section 8.6), g/g-nole (Ib/lb-nole).
Mol ecul ar wei ght of stack gas, wet basis,
g/g-nole (Ib/lb-nole).
Total nunber of traverse points.
Baronmetric pressure at neasurenent site, mm
Hg (in. Hg).
Stack static pressure, mmHg (in. Hg).
Absol ute stack pressure (Py,, + Py, nmm Hg
(in. Hg),
St andard absol ute pressure, 760 nm Hg (29.92
in. Hg).
Dry volunmetric stack gas flowrate corrected
to standard conditions, dscm hr (dscf/hr).
Sensitivity factor for differential pressure
gauges.
Stack tenperature, °C (°F).
Absol ute stack tenperature, °K (°R).
273 + T, for nmetric units,
460 + T, for English units.
Standard absol ute tenperature, 293 °K (528
°R).

Average stack gas velocity, msec (ft/sec).
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w = W dt h.

)p = Vel ocity head of stack gas, mm H,0 (in. H0).

p; = I ndi vi dual velocity head reading at traverse
point "i", mm(in.) HO.

)Psig = Vel ocity head neasured by the standard pitot

tube, cm (in.) HO0.

Jps = Vel ocity head neasured by the Type S pitot
tube, cm (in.) HO.

3600

Conversi on Factor, sec/hr.

18.0

Mol ecul ar wei ght of water, g/g-nmole (Ib/lDb-
nol e) .

12.2 Calculate T as foll ows:

n
Y Db, +K

T=-12 Eq. 2-1

n

5 oo

12.3 Calculate D, as foll ows:

_2LW
D Tow Eq. 2-2

12.4 Calibration of Type S Pitot Tube.
12.4.1 For each of the six pairs of )p readings

three fromside A and three fromside B) obtained in

Section 10.1.3, calculate the value of the Type S pitot tube

coeffi

cient according to Equation 2-3:
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)pstd
_ ' Eg. 2-3
p(s) QNQd) )p 9

C

12.4.2 Calculate G,,, the nmean A-side coefficient,
and Gy, the mean B-side coefficient. Calculate the
di fference between these two average val ues.

12.4.3 Calculate the deviation of each of the three
A-side values of G, fromGC,,, and the deviation of each of
the three B-side values of C,s fromG,g, using Equation
2- 4.

Deviation = Cyg - Cyaor g Eq. 2-4

12.4.4 Calculate F, the average deviation fromthe
mean, for both the A and B sides of the pitot tube. Use

Equation 2-5:

3

- ) IZ; Cos) ™ Spcaor g Eq. 2-5

Aor B 3

12.5 Mol ecul ar Wi ght of Stack Gas.
M = M (1- B, + 18.0 B, Eq. 2-6
12.6 Average Stack Gas Velocity.

T
v. =K C .Dp s(abs) Eq. 2-7
s = Tp oV Pavey TR W
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m | (g/ g-nol e) (mMmHg) |3 _

34. 97 Sec (°K) (MH,0) } Metric
m | (lb/lb-mole)(in. Hy) |5 i

85.49S [ R (in. H0) } English

12.7 Average Stack Gas Dry Volunetric Fl ow Rate.

Tst d Ps
T P

s(abs) ~ std

Q=3600(1-B,) v A Eq. 2-8

13.0 Method Performance. [ Reserved]
14.0 Pollution Prevention. [Reserved]
15.0 Waste Management. [ Reserved]
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17.0 Tables, Diagrams, Flowcharts, and Validation
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1.90-2.54 cm*
(075-10in)

L()

7.62cm (3iny* Temperature Sensor
..\‘\
\ pa— A\

> 8§

Type S Pitot Tube

Manometer Leak-Free Connections

* Suggested (Interference Free)
Pitot tube/Thermocouple Spacing

Figure 2-1. Type S Pitot Tube Manometer Assembly.
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Transverse |
Tube Axis |

Longitudinal

Tube Axis

w|>
|
|
|
J

BYg

[ -

B-Side Plane
(b)

Note:
105D g P < 150D ¢

PA=Pg

(&) end view; face opening planes perpendicular
to transverse axis;

(b) top view; face opening planes paraliel to
longjtucinal axis;

(©) side view; both legs of equal length and
centeriines coincident, when viewed from
both sides. Baseline coefiicient values of
0.84 may be assigned to pitot tubes con-
structed this way

Figure 2-2.

Properly Constructed Type S Pitot Tube.
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Transverse
Tube Axis
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| @ | | ® |
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A > 0 N
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© o
B o Yeaw
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®
nm_z
1 B
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—dm——————— - :\—— —%ﬁ‘ff==—‘@__lv‘

The types of face-opening misalignment shown above will not affect the baseline value of Cp(s) so
longas apd <dp2, B andf <5°,2<0.32cm(1/8in), and w<0.08 cm (/32 in) (reference
11.01in Section 16.0).

Figure 2-3. Types of face-opening misalignments that can
result from field use or 1mproper construction of type S
pitot tubes.
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Figure 2-4. Proper temperature sensor placement to
prevent interference; D, between 0.48 and 0.95 cm (3716 and
3/8 1n).
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Curved or
Mitered Junction
L~
=
L
Static
— Holes 51
wm)\\\\
e —
Hemispherical
Tip \
NI

Figure 2-5. Standard pitot tube design specifications.
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DATE RUN NO

STACK DI A. OR DI MENSIONS, m (in.)

BAROVETRI C PRESS., mm Hg (i n.

CROSS SECTI ONAL AREA, 1?7 (ft2)

OPERATORS

H)

PI TOT TUBE I.D. NO.

AVG COEFFI Cl ENT, Cp
LAST DATE CALI BRATED
SCHENMATI C OF STACK

CROSS SECTI ON

Vel . Hd.,
Traverse Ap
Pt. No. mm (in.)
H,O

St ack

Tenper at ure

Ts,

Ts,

OC (OF) OK (OR)

mm Hg
(in. Hg)

(Ap) 1/2

Aver age

Fi gure 2-6.

Vel ocity traverse data.
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v

f D,  TypeSPiotTube

’ x2190am (%) for D =13 (6in)

Dn
Sampling Nozzle
A. Bottom View; showing minimum pitot tube-nozzle separation.
Sampling Static Pressure

Sampling Nozzle Opening Plane
Probe

Impact Pressure
Opening Plane

Type S Nozzle Entry

Pitot Tube Plane \

B. Side View; to prevent pitot tube from interfering with gas
flow streamlines approaching the nozzle, the impact pressure
opening plane of the pitot tube shall be even with or above the
nozzle entry plane.

Figure 2-7. Proper pitot tube-sampling nozzle
configuration.

PI TOT TUBE | DENTI FI CATI ON NUMBER: DATE

é f D,  TypeSPiotTube

e

Sample Probe
( !

___L_@____

Figure 2-8. Minimum pitot-sample probe separation needed
to prevent interference; D, between 0.48 and 0.95 cm (3/16
and 3/8 i1n).
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CALI BRATED BY:

"A" S| DE CALI BRATI ON
AP 4 aPs)
cm H,0O cm H,0 Devi ati on
RUN NO, (in HO (in HO Gos) G - G(A
1
2
3
G, avg
(SI DE A)
"B" SI DE CALI BRATI ON
AP 4 aPs)
cm H,0 cm H,0 Devi ati on
RUN NO (in HO (in HO Cocs) G - G(B)
1
2
3
G, avg
(S| DE B)
3 _
iZl|C|O(S) ~Cocaors) Eq. 2-5
I:AorB B 3

[ Cp,avg (side A) - Cp,avg (side B)] °
* Must be less than or equal to 0.01

Figure 2-9. Pitot tube calibration data.
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Estimated
Sheath = X W X 100
Blockage Duct Area

%)

@ ®)

Figure 2-10. Projected-area models for typical pitot tube assemblie



