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11.3 Cross-sectional Layout, Location of 
Traverse Points, and Verification of the Ab-
sence of Cyclonic Flow. Same as Method 1, 
Sections 11.3 and 11.4, respectively. 

12.0 Data Analysis and Calculations 
[Reserved] 

13.0 Method Performance [Reserved] 

14.0 Pollution Prevention [Reserved] 

15.0 Waste Management [Reserved] 

16.0 References 

Same as Method 1, Section 16.0, References 
1 through 6, with the addition of the fol-
lowing: 

1. Vollaro, Robert F. Recommended Proce-
dure for Sample Traverses in Ducts Smaller 
Than 12 Inches in Diameter. U.S. Environ-
mental Protection Agency, Emission Meas-
urement Branch, Research Triangle Park, 
North Carolina. January 1977. 

17.0 Tables, Diagrams, Flowcharts, and 
Validation Data 

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

NOTE: This method does not include all of 
the specifications (e.g., equipment and sup-
plies) and procedures (e.g., sampling) essen-
tial to its performance. Some material is in-
corporated by reference from other methods 
in this part. Therefore, to obtain reliable re-
sults, persons using this method should have 
a thorough knowledge of at least the fol-
lowing additional test method: Method 1. 

1.0 Scope and Application. 

1.1 This method is applicable for the de-
termination of the average velocity and the 
volumetric flow rate of a gas stream. 

1.2 This method is not applicable at meas-
urement sites that fail to meet the criteria 
of Method 1, Section 11.1. Also, the method 
cannot be used for direct measurement in cy-
clonic or swirling gas streams; Section 11.4 
of Method 1 shows how to determine cyclonic 
or swirling flow conditions. When unaccept-

able conditions exist, alternative procedures, 
subject to the approval of the Administrator, 
must be employed to produce accurate flow 
rate determinations. Examples of such alter-
native procedures are: (1) to install straight-
ening vanes; (2) to calculate the total volu-
metric flow rate stoichiometrically, or (3) to 
move to another measurement site at which 
the flow is acceptable. 

1.3 Data Quality Objectives. Adherence to 
the requirements of this method will en-
hance the quality of the data obtained from 
air pollutant sampling methods. 

2.0 Summary of Method. 

2.1 The average gas velocity in a stack is 
determined from the gas density and from 
measurement of the average velocity head 
with a Type S (Stausscheibe or reverse type) 
pitot tube. 
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3.0 Definitions [Reserved] 

4.0 Interferences [Reserved] 

5.0 Safety 

5.1 Disclaimer. This method may involve 
hazardous materials, operations, and equip-
ment. This test method may not address all 
of the safety problems associated with its 
use. It is the responsibility of the user of this 
test method to establish appropriate safety 
and health practices and determine the ap-
plicability of regulatory limitations prior to 
performing this test method. 

6.0 Equipment and Supplies 

Specifications for the apparatus are given 
below. Any other apparatus that has been 
demonstrated (subject to approval of the Ad-
ministrator) to be capable of meeting the 
specifications will be considered acceptable. 

6.1 Type S Pitot Tube. 
6.1.1 Pitot tube made of metal tubing 

(e.g., stainless steel) as shown in Figure 2–1. 
It is recommended that the external tubing 
diameter (dimension Dt, Figure 2–2b) be be-
tween 0.48 and 0.95 cm (3⁄16 and 3⁄8 inch). There 
shall be an equal distance from the base of 
each leg of the pitot tube to its face-opening 
plane (dimensions PA and PB, Figure 2–2b); it 
is recommended that this distance be be-
tween 1.05 and 1.50 times the external tubing 
diameter. The face openings of the pitot tube 
shall, preferably, be aligned as shown in Fig-
ure 2–2; however, slight misalignments of the 
openings are permissible (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 number shall 
be assigned to the pitot tube; this number 
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 meets the specifications of Sections 
6.7 and 10.2. Note, however, that the static 
and impact pressure holes of standard pitot 
tubes are susceptible to plugging in particu-
late-laden gas streams. Therefore, whenever 
a standard pitot tube is used to perform a 
traverse, adequate proof must be furnished 
that the openings of the pitot tube have not 
plugged up during the traverse period. This 
can be accomplished by comparing the veloc-
ity head (Dp) measurement recorded at a se-
lected traverse point (readable Dp value) 
with a second Dp measurement recorded after 
‘‘back purging’’ with pressurized air to clean 
the impact and static holes of the standard 
pitot tube. If the before and after Dp meas-
urements are within 5 percent, then the tra-
verse data are acceptable. Otherwise, the 
data should be rejected and the traverse 
measurements redone. Note that the selected 
traverse point should be one that dem-
onstrates a readable Dp value. If ‘‘back purg-
ing’’ at regular intervals is part of a routine 
procedure, then comparative Dp measure-

ments shall be conducted as above for the 
last two traverse points that exhibit suitable 
Dp measurements. 

6.2 Differential Pressure Gauge. An in-
clined manometer or equivalent device. Most 
sampling trains are equipped with a 10 in. 
(water column) inclined-vertical manometer, 
having 0.01 in. H20 divisions on the 0 to 1 in. 
inclined scale, and 0.1 in. H20 divisions on the 
1 to 10 in. vertical scale. This type of ma-
nometer (or other gauge of equivalent sensi-
tivity) is satisfactory for the measurement 
of Dp values as low as 1.27 mm (0.05 in.) H20. 
However, a differential pressure gauge of 
greater sensitivity shall be used (subject to 
the approval of the Administrator), if any of 
the following is found to be true: (1) the 
arithmetic average of all Dp readings at the 
traverse points in the stack is less than 1.27 
mm (0.05 in.) H20; (2) for traverses of 12 or 
more points, more than 10 percent of the in-
dividual Dp readings are below 1.27 mm (0.05 
in.) H20; or (3) for traverses of fewer than 12 
points, more than one Dp reading is below 
1.27 mm (0.05 in.) H20. Reference 18 (see Sec-
tion 17.0) describes commercially available 
instrumentation for the measurement of 
low-range gas velocities. 

6.2.1 As an alternative to criteria (1) 
through (3) above, Equation 2–1 (Section 12.2) 
may be used to determine the necessity of 
using a more sensitive differential pressure 
gauge. If T is greater than 1.05, the velocity 
head data are unacceptable and a more sen-
sitive differential pressure gauge must be 
used. 

NOTE: If differential pressure gauges other 
than inclined manometers are used (e.g., 
magnehelic gauges), their calibration must 
be checked after each test series. To check 
the calibration of a differential pressure 
gauge, compare Dp readings of the gauge 
with those of a gauge-oil manometer at a 
minimum of three points, approximately 
representing the range of Dp values in the 
stack. If, at each point, the values of Dp as 
read by the differential pressure gauge and 
gauge-oil manometer agree to within 5 per-
cent, the differential pressure gauge shall be 
considered to be in proper calibration. Other-
wise, the test series shall either be voided, or 
procedures to adjust the measured Dp values 
and final results shall be used, subject to the 
approval of the Administrator. 

6.3 Temperature Sensor. A thermocouple, 
liquid-filled bulb thermometer, bimetallic 
thermometer, mercury-in-glass thermom-
eter, or other gauge capable of measuring 
temperatures to within 1.5 percent of the 
minimum absolute stack temperature. The 
temperature sensor shall be attached to the 
pitot tube such that the sensor tip does not 
touch any metal; the gauge shall be in an in-
terference-free arrangement with respect to 
the pitot tube face openings (see Figure 2–1 
and Figure 2–4). Alternative positions may 
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be used if the pitot tube-temperature gauge 
system is calibrated according to the proce-
dure of Section 10.0. Provided that a dif-
ference of not more than 1 percent in the av-
erage velocity measurement is introduced, 
the temperature gauge need not be attached 
to the pitot tube. This alternative is subject 
to the approval of the Administrator. 

6.4 Pressure Probe and Gauge. A piezom-
eter tube and mercury- or water-filled U- 
tube manometer capable of measuring stack 
pressure to within 2.5 mm (0.1 in.) Hg. The 
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 may also be used as the pressure probe. 

6.5 Barometer. A mercury, aneroid, or 
other barometer capable of measuring at-
mospheric pressure to within 2.54 mm (0.1 
in.) Hg. 

NOTE: The barometric pressure reading 
may be obtained from a nearby National 
Weather Service station. In this case, the 
station value (which is the absolute baro-
metric pressure) shall be requested and an 
adjustment for elevation differences between 
the weather station and sampling point shall 
be made at a rate of minus 2.5 mm (0.1 in.) 
Hg per 30 m (100 ft) elevation increase or plus 
2.5 mm (0.1 in.) Hg per 30 m (100 ft.) for ele-
vation decrease. 

6.6 Gas Density Determination Equip-
ment. Method 3 equipment, if needed (see 
Section 8.6), to determine the stack gas dry 
molecular weight, and Method 4 (reference 
method) or Method 5 equipment for moisture 
content determination. Other methods may 
be used subject to approval of the Adminis-
trator. 

6.7 Calibration Pitot Tube. When calibra-
tion of the Type S pitot tube is necessary 
(see Section 10.1), a standard pitot tube shall 
be used for a reference. The standard pitot 
tube shall, preferably, have a known coeffi-
cient, obtained either (1) directly from the 
National Institute of Standards and Tech-
nology (NIST), Gaithersburg MD 20899, (301) 
975–2002, or (2) by calibration against another 
standard pitot tube with an NIST-traceable 
coefficient. Alternatively, a standard pitot 
tube designed according to the criteria given 
in Sections 6.7.1 through 6.7.5 below and il-
lustrated in Figure 2–5 (see also References 7, 
8, and 17 in Section 17.0) may be used. Pitot 
tubes designed according to these specifica-
tions will have baseline coefficients of 0.99 
±0.01. 

6.7.1 Standard Pitot Design. 
6.7.1.1 Hemispherical (shown in Figure 2– 

5), ellipsoidal, or conical tip. 
6.7.1.2 A minimum of six diameters 

straight run (based upon D, the external di-
ameter of the tube) between the tip and the 
static pressure holes. 

6.7.1.3 A minimum of eight diameters 
straight run between the static pressure 

holes and the centerline of the external tube, 
following the 90° bend. 

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

6.7.1.5 90° bend, with curved or mitered 
junction. 

6.8 Differential Pressure Gauge for Type S 
Pitot Tube Calibration. An inclined manom-
eter or equivalent. If the single-velocity cali-
bration technique is employed (see Section 
10.1.2.3), the calibration differential pressure 
gauge shall be readable to the nearest 0.127 
mm (0.005 in.) H20. For multivelocity calibra-
tions, the gauge shall be readable to the 
nearest 0.127 mm (0.005 in.) H20 for Dp values 
between 1.27 and 25.4 mm (0.05 and 1.00 in.) 
H20, and to the nearest 1.27 mm (0.05 in.) H20 
for Dp values above 25.4 mm (1.00 in.) H20. A 
special, more sensitive gauge will be re-
quired to read Dp values below 1.27 mm (0.05 
in.) H20 (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 Fig-
ure 2–1. Capillary tubing or surge tanks in-
stalled between the manometer and pitot 
tube may be used to dampen Dp fluctuations. 
It is recommended, but not required, that a 
pretest leak-check be conducted as follows: 
(1) blow through the pitot impact opening 
until at least 7.6 cm (3.0 in.) H20 velocity 
head registers on the manometer; then, close 
off the impact opening. The pressure shall 
remain stable for at least 15 seconds; (2) do 
the same for the static pressure side, except 
using suction to obtain the minimum of 7.6 
cm (3.0 in.) H20. Other leak-check procedures, 
subject to the approval of the Administrator, 
may be used. 

8.2 Level and zero the manometer. Be-
cause the manometer level and zero may 
drift due to vibrations and temperature 
changes, make periodic checks during the 
traverse (at least once per hour). Record all 
necessary data on a form similar to that 
shown in Figure 2–6. 

8.3 Measure the velocity head and tem-
perature at the traverse points specified by 
Method 1. Ensure that the proper differential 
pressure gauge is being used for the range of 
Dp values encountered (see Section 6.2). If it 
is necessary to change to a more sensitive 
gauge, do so, and remeasure the Dp and tem-
perature readings at each traverse point. 
Conduct a post-test leak-check (mandatory), 
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 Determine the atmospheric pressure. 
8.6 Determine the stack gas dry molec-

ular weight. For combustion processes or 
processes that emit essentially CO2, O2, CO, 
and N2, use Method 3. For processes emitting 
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essentially air, an analysis need not be con-
ducted; use a dry molecular weight of 29.0. 
For other processes, other methods, subject 
to the approval of the Administrator, must 
be used. 

8.7 Obtain the moisture content from 
Method 4 (reference method, or equivalent) 
or from Method 5. 

8.8 Determine the cross-sectional area of 
the stack or duct at the sampling location. 
Whenever possible, physically measure the 
stack dimensions rather than using blue-
prints. Do not assume that stack diameters 
are equal. Measure each diameter distance to 
verify its dimensions. 

9.0 Quality Control 

Section Quality control measure Effect 

10.1–10.4 ........................... Sampling equipment calibration ............... Ensure accurate measurement of stack gas flow rate, 
sample volume. 

10.0 Calibration and Standardization 

10.1 Type S Pitot Tube. Before its initial 
use, carefully examine 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 meet these alignment specifications. 
After verifying the face opening alignment, 
measure and record the following dimensions 
of the pitot tube: (a) the external tubing di-
ameter (dimension Dt, Figure 2–2b); and (b) 
the base-to-opening plane distances (dimen-
sions PA and PB, Figure 2–2b). If Dt is between 
0.48 and 0.95 cm 3⁄16 and 3⁄8 in.), and if PA and 
PB are equal and between 1.05 and 1.50 Dt, 
there are two possible options: (1) the pitot 
tube may be calibrated according to the pro-
cedure outlined in Sections 10.1.2 through 
10.1.5, or (2) a baseline (isolated tube) coeffi-
cient value of 0.84 may be assigned to the 
pitot tube. Note, however, that if the pitot 
tube is part of an assembly, calibration may 
still be required, despite knowledge of the 
baseline coefficient value (see Section 10.1.1). 
If Dt, PA, and PB are outside the specified 
limits, the pitot tube must be calibrated as 
outlined in Sections 10.1.2 through 10.1.5. 

10.1.1 Type S Pitot Tube Assemblies. Dur-
ing sample and velocity traverses, the iso-
lated Type S pitot tube is not always used; 
in many instances, the pitot tube is used in 
combination with other source-sampling 
components (e.g., thermocouple, sampling 
probe, nozzle) as part of an ‘‘assembly.’’ The 
presence of other sampling components can 
sometimes affect the baseline value of the 
Type S pitot tube coefficient (Reference 9 in 
Section 17.0); therefore, an assigned (or oth-
erwise known) baseline coefficient value may 
or may not be valid for a given assembly. 
The baseline and assembly coefficient values 
will be identical only when the relative 
placement of the components in the assem-
bly is such that aerodynamic interference ef-
fects are eliminated. Figures 2–4, 2–7, and 2– 
8 illustrate interference-free component ar-
rangements for Type S pitot tubes having ex-
ternal tubing diameters between 0.48 and 0.95 
cm (3⁄16 and 3⁄8 in.). Type S pitot tube assem-

blies that fail to meet any or all of the speci-
fications of Figures 2–4, 2–7, and 2-8 shall be 
calibrated according to the procedure out-
lined in Sections 10.1.2 through 10.1.5, and 
prior to calibration, the values of the inter-
component spacings (pitot-nozzle, pitot-ther-
mocouple, pitot-probe sheath) shall be meas-
ured and recorded. 

NOTE: Do not use a Type S pitot tube as-
sembly that is constructed such that the im-
pact pressure opening plane of the pitot tube 
is below the entry plane of the nozzle (see 
Figure 2–6B). 

10.1.2 Calibration Setup. If the Type S 
pitot tube is to be calibrated, one leg of the 
tube shall be permanently marked A, and the 
other, B. Calibration shall be performed in a 
flow system having the following essential 
design features: 

10.1.2.1 The flowing gas stream must be 
confined to a duct of definite cross-sectional 
area, either circular or rectangular. For cir-
cular cross sections, the minimum duct di-
ameter shall be 30.48 cm (12 in.); for rectan-
gular cross sections, the width (shorter side) 
shall be at least 25.4 cm (10 in.). 

10.1.2.2 The cross-sectional area of the 
calibration duct must be constant over a dis-
tance of 10 or more duct diameters. For a 
rectangular cross section, use an equivalent 
diameter, calculated according to Equation 
2–2 (see Section 12.3), to determine the num-
ber of duct diameters. To ensure the pres-
ence of stable, fully developed flow patterns 
at the calibration site, or ‘‘test section,’’ the 
site must be located at least eight diameters 
downstream and two diameters upstream 
from the nearest disturbances. 

NOTE: The eight- and two-diameter criteria 
are not absolute; other test section locations 
may be used (subject to approval of the Ad-
ministrator), provided that the flow at the 
test site has been demonstrated to be or 
found stable and parallel to the duct axis. 

10.1.2.3 The flow system shall have the ca-
pacity to generate a test-section velocity 
around 910 m/min (3,000 ft/min). This velocity 
must be constant with time to guarantee 
steady flow during calibration. Note that 
Type S pitot tube coefficients obtained by 
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single-velocity calibration at 910 m/min 
(3,000 ft/min) will generally be valid to ±3 
percent for the measurement of velocities 
above 300 m/min (1,000 ft/min) and to ±6 per-
cent for the measurement of velocities be-
tween 180 and 300 m/min (600 and 1,000 ft/ 
min). If a more precise correlation between 
the pitot tube coefficient, (Cp), and velocity 
is desired, the flow system should have the 
capacity to generate at least four distinct, 
time-invariant test-section velocities cov-
ering the velocity range from 180 to 1,500 m/ 
min (600 to 5,000 ft/min), and calibration data 
shall be taken at regular 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 located slightly down-
stream of the Type S port, so that the stand-
ard and Type S impact openings will lie in 
the same cross-sectional plane during cali-
bration. To facilitate alignment of the pitot 
tubes during calibration, it is advisable that 
the test section be constructed of 
PlexiglasTM or some other transparent mate-
rial. 

10.1.3 Calibration Procedure. Note that 
this procedure is a general one and must not 
be used without 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 cali-
bration data for the A and B sides of the 
Type S pitot tube, proceed as follows: 

10.1.3.1 Make sure that the manometer is 
properly filled and that the oil is free from 
contamination and is of the proper density. 
Inspect and leak-check all pitot lines; repair 
or replace if necessary. 

10.1.3.2 Level and zero the manometer. 
Switch on the fan, and allow the flow to sta-
bilize. Seal the Type S pitot tube entry port. 

10.1.3.3 Ensure that the manometer is 
level and zeroed. Position the standard pitot 
tube at the calibration point (determined 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 an-
gles. Make sure that the entry port sur-
rounding the tube is properly sealed. 

10.1.3.4 Read Dpstd, and record its value in 
a data table similar to the one shown in Fig-
ure 2–9. Remove the standard pitot tube from 
the duct, and disconnect it from the manom-
eter. Seal the standard entry port. 

10.1.3.5 Connect the Type S pitot tube to 
the manometer and leak-check. Open the 
Type S tube entry port. Check the manom-
eter level and zero. Insert and align the Type 
S pitot tube so that its A side impact open-
ing is at the same point as was the standard 
pitot tube and is pointed directly into the 
flow. Make sure that the entry port sur-
rounding the tube is properly sealed. 

10.1.3.6 Read Dps, and enter its value in 
the data table. Remove the Type S pitot tube 
from the duct, and disconnect it from the 
manometer. 

10.1.3.7 Repeat Steps 10.1.3.3 through 
10.1.3.6 until three pairs of Dp 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 Perform calculations as described 
in Section 12.4. Use the Type S pitot tube 
only if the values of sA and sB are less than 
or equal to 0.01 and if the absolute value of 
the difference between Cp(A) and Cp(B) is 0.01 or 
less. 

10.1.4 Special Considerations. 
10.1.4.1 Selection of Calibration Point. 
10.1.4.1.1 When 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 measured or cal-
culated, (i.e. Cp(A) 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 
components (nozzle, thermocouple, sample 
probe) in an arrangement that is free from 
aerodynamic interference effects (see Fig-
ures 2–4, 2–7, and 2–8). 

10.1.4.1.2 For Type S pitot tube-thermo-
couple combinations (without probe assem-
bly), 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-thermocouple combination is used by 
itself or with other components in an inter-
ference-free arrangement (Figures 2–4, 2–7, 
and 2–8). 

10.1.4.1.3 For Type S pitot tube combina-
tions with complete probe assemblies, the 
calibration point should be located at or 
near the center of the duct; however, inser-
tion of a probe sheath into a small duct may 
cause significant cross-sectional area inter-
ference and blockage and yield incorrect co-
efficient values (Reference 9 in Section 17.0). 
Therefore, to minimize the blockage effect, 
the calibration point may be a few inches 
off-center if necessary. The actual blockage 
effect will be negligible when the theoretical 
blockage, as determined by a projected-area 
model of the probe sheath, is 2 percent or 
less of the duct cross-sectional area for as-
semblies without external sheaths (Figure 2– 
10a), and 3 percent or less for assemblies with 
external sheaths (Figure 2–10b). 

10.1.4.2 For those probe assemblies in 
which pitot tube-nozzle interference is a fac-
tor (i.e., those in which the pitot-nozzle sepa-
ration distance fails to meet the specifica-
tions illustrated in Figure 2–7A), the value of 
Cp(s) depends upon the amount of free space 
between the tube and nozzle and, therefore, 
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is a function of nozzle size. In these in-
stances, separate calibrations shall be per-
formed with each of the commonly used noz-
zle sizes in place. Note that the single-veloc-
ity calibration technique is acceptable for 
this purpose, even though the larger nozzle 
sizes (>0.635 cm or 1⁄4 in.) are not ordinarily 
used for isokinetic sampling at velocities 
around 910 m/min (3,000 ft/min), which is the 
calibration velocity. Note also that it is not 
necessary to draw an isokinetic sample dur-
ing calibration (see Reference 19 in Section 
17.0). 

10.1.4.3 For a probe assembly constructed 
such that its pitot tube is always used in the 
same orientation, only one side of the pitot 
tube need be calibrated (the side which will 
face the flow). The pitot tube must still meet 
the alignment specifications of Figure 2–2 or 
2–3, however, and must have an average devi-
ation (s) value of 0.01 or less (see Section 
10.1.4.4). 

10.1.5 Field Use and Recalibration. 
10.1.5.1 Field Use. 
10.1.5.1.1 When a Type S pitot tube (iso-

lated or in an assembly) is used in the field, 
the appropriate coefficient value (whether 
assigned or obtained by calibration) shall be 
used to perform velocity calculations. For 
calibrated Type S pitot tubes, the A side co-
efficient shall 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 arithmetic average of the 
A and B side coefficient values may be used, 
irrespective of which side faces the flow. 

10.1.5.1.2 When a probe assembly is used to 
sample a small duct, 30.5 to 91.4 cm (12 to 36 
in.) in diameter, the probe sheath sometimes 
blocks a significant part of the duct cross- 
section, causing a reduction in the effective 
value of Cp(s). Consult Reference 9 (see Sec-
tion 17.0) for details. Conventional pitot- 
sampling probe assemblies are not rec-
ommended for use in ducts having inside di-
ameters 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 re-
examined in top, side, and end views. If the 
pitot face openings are still aligned within 
the specifications illustrated in Figure 2–2 
and Figure 2–3, it can be assumed that the 
baseline coefficient of the pitot tube has not 
changed. If, however, the tube has been dam-
aged to the extent that it no longer meets 
the specifications of Figure 2–2 and Figure 2– 
3, the damage shall either be repaired to re-
store proper alignment of the face openings, 
or the tube shall be discarded. 

10.1.5.2.2 Pitot Tube Assemblies. After 
each field use, check the face opening align-
ment of the pitot tube, as in Section 
10.1.5.2.1. Also, remeasure the intercompo-
nent spacings of the assembly. If the inter-
component spacings have not changed and 

the face opening alignment is acceptable, it 
can be assumed that the coefficient of the as-
sembly has not changed. If the face opening 
alignment is no longer within the specifica-
tions of Figure 2–2 and Figure 2–3, either re-
pair the damage or replace the pitot tube 
(calibrating the new assembly, if necessary). 
If the intercomponent spacings have 
changed, restore the original spacings, or re-
calibrate the assembly. 

10.2 Standard Pitot Tube (if applicable). If 
a standard pitot tube is used for the velocity 
traverse, the tube shall be constructed ac-
cording 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 assembly, the tube shall be in an 
interference-free arrangement (subject to 
the approval of the Administrator). 

10.3 Temperature Sensors. 
10.3.1 After each field use, calibrate dial 

thermometers, liquid-filled bulb thermom-
eters, thermocouple-potentiometer systems, 
and other sensors at a temperature within 10 
percent of the average absolute stack tem-
perature. For temperatures up to 405 °C (761 
°F), use an ASTM mercury-in-glass reference 
thermometer, or equivalent, as a reference. 
Alternatively, either a reference thermo-
couple and potentiometer (calibrated against 
NIST standards) or thermometric fixed 
points (e.g., ice bath and boiling water, cor-
rected for barometric pressure) may be used. 
For temperatures above 405 °C (761 °F), use a 
reference thermocouple-potentiometer sys-
tem calibrated against NIST standards or an 
alternative reference, subject to the ap-
proval of the Administrator. 

10.3.2 The temperature data recorded in 
the field shall be considered valid. If, during 
calibration, the absolute temperature meas-
ured with the sensor being calibrated and the 
reference sensor agree within 1.5 percent, the 
temperature data taken in the field shall be 
considered valid. Otherwise, the pollutant 
emission test shall either be considered in-
valid or adjustments (if appropriate) of the 
test results shall be made, subject to the ap-
proval of the Administrator. 

10.4 Barometer. Calibrate the barometer 
used against a mercury barometer. 

11.0 Analytical Procedure 

Sample collection and analysis are concur-
rent for this method (see Section 8.0). 

12.0 Data Analysis and Calculations 

Carry out calculations, retaining at least 
one extra significant figure beyond that of 
the acquired data. Round off figures after 
final calculation. 

12.1 Nomenclature. 
A=Cross-sectional area of stack, m 2 (ft2). 
Bws=Water vapor in the gas stream (from 

Method 4 (reference method) or Method 5), 
proportion by volume. 
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Cp=Pitot tube coefficient, dimensionless. 
Cp(s)=Type S pitot tube coefficient, 

dimensionless. 
Cp(std)=Standard pitot tube coefficient; use 

0.99 if the coefficient is unknown and the 
tube is designed according to the criteria 
of Sections 6.7.1 to 6.7.5 of this method. 

De=Equivalent diameter. 
K=0.127 mm H2O (metric units). 0.005 in. H2O 

(English units). 
Kp=Velocity equation constant. 
L=Length. 
Md=Molecular weight of stack gas, dry basis 

(see Section 8.6), g/g-mole (lb/lb-mole). 
Ms=Molecular weight of stack gas, wet basis, 

g/g-mole (lb/lb-mole). 
n=Total number of traverse points. 
Pbar=Barometric pressure at measurement 

site, mm Hg (in. Hg). 
Pg=Stack static pressure, mm Hg (in. Hg). 
Ps=Absolute stack pressure (Pbar + Pg), mm 

Hg (in. Hg), 
Pstd=Standard absolute pressure, 760 mm Hg 

(29.92 in. Hg). 
Qsd=Dry volumetric stack gas flow rate cor-

rected to standard conditions, dscm/hr 
(dscf/hr). 

T=Sensitivity factor for differential pressure 
gauges. 

Ts=Stack temperature, °C ( °F). 
Ts(abs)=Absolute stack temperature, °K (°R). 

=273 + Ts for metric units, 
=460 + Ts for English units. 

Tstd=Standard absolute temperature, 293 °K 
(528 °R). 

Vs=Average stack gas velocity, m/sec (ft/sec). 
W=Width. 
Dp=Velocity head of stack gas, mm H2O (in. 

H20). 
Dpi=Individual velocity head reading at tra-

verse point ‘‘i’’, mm (in.) H2O. 
Dpstd=Velocity head measured by the stand-

ard pitot tube, cm (in.) H2O. 
Dps=Velocity head measured by the Type S 

pitot tube, cm (in.) H2O. 

3600=Conversion Factor, sec/hr. 
18.0=Molecular weight of water, g/g-mole (lb/ 

lb-mole). 

12.2 Calculate T as follows: 

Τ
∆

∆
=

+
=

=

∑

∑

p K

p

i
i

n

i
i

n
1

1

Eq.  2-1

12.3 Calculate De as follows: 

D
LW

L We =
+

2
Eq.  2-2

12.4 Calibration of Type S Pitot Tube. 
12.4.1 For each of the six pairs of Dp read-

ings (i.e., three from side A and three from 
side B) obtained in Section 10.1.3, calculate 
the value of the Type S pitot tube coefficient 
according to Equation 2–3: 

C C
p

pp s p
std

( ) ( )= std Eq.  2-3
∆
∆

12.4.2 Calculate Cp(A), the mean A-side co-
efficient, and Cp(B), the mean B-side coeffi-
cient. Calculate the difference between these 
two average values. 

12.4.3 Calculate the deviation of each of 
the three A-side values of Cp(s) from Cp(A), and 
the deviation of each of the three B-side val-
ues of Cp(s) from Cp(B), using Equation 2–4: 

Deviation = C Eq.  2-4p s( ) ( )− Cp A or B

12.4.4 Calculate s the average deviation 
from the mean, for both the A and B sides of 
the pitot tube. Use Equation 2–5: 

σA or B

A or B

3
Eq.  2-5=

−( ) ( )
=
∑ C Cp s p
i 1

3

12.5 Molecular Weight of Stack Gas. 

M  B Eq.  2-6s ws= −( ) +M Bd ws1 18 0.

12.6 Average Stack Gas Velocity. 

V Eq.  2-7s = ( )K C p
T

P Mp p avg
s abs

s s

∆
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34.97
m

sec
Metric

g g mole mmHg

K mmH O

/ ⋅( )( )
°( )( )











2

1
2

85.49
m

sec

-

 H

1 1

2

1
2b b mole in.Hg

R in. O
English

/( )( )
°( )( )













12.7 Average Stack Gas Dry Volumetric 
Flow Rate. 

Q = 3600 1 B  2-8ws
abs

−( )










( )

v A
T P

T P
Eqs

std s

s std

.

13.0 Method Performance [Reserved] 

14.0 Pollution Prevention [Reserved] 

15.0 Waste Management [Reserved] 
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PLANT lllllllllllllllllll DATE llllllllllllllllllll
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RUN NO. llllllllllllllllll

STACK DIA. OR DIMENSIONS, m (in.) lll

BAROMETRIC PRESS., mm Hg (in. Hg) ll

CROSS SECTIONAL AREA, m2 (ft2) llll

OPERATORS llllllllllllllll

PITOT TUBE I.D. NO. llllllllllll

AVG. COEFFICIENT, Cp = lllllllll

LAST DATE CALIBRATED lllllllll

SCHEMATIC OF STACK CROSS SECTION 

Traverse 
Pt. No. 

Vel. Hd., 
Dp 

mm (in.) 
H2O 

Stack 
temperature Pg 

mm Hg 
(in. Hg) 

(Dp)1⁄2 
Ts, 

deg;C ( °F) 
Ts, 

°K (°R) 

Average(1) 

Figure 2–6. Velocity Traverse Data 
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PITOT TUBE IDENTIFICATION NUMBER: 
DATE: llllllllllllllllllll

CALIBRATED BY: lllllllllllll

‘‘A’’ SIDE CALIBRATION 

Run No. 
DPstd 

cm H2O 
(in H2O) 

DP(s) 
cm H2O 
(in H2O) 

Cp(s) Deviation 
Cp(s)—Cp(A) 

1 

2 

3 
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‘‘A’’ SIDE CALIBRATION—Continued 

Run No. 
DPstd 

cm H2O 
(in H2O) 

DP(s) 
cm H2O 
(in H2O) 

Cp(s) Deviation 
Cp(s)—Cp(A) 

Cp, avg 
(SIDE A) 

‘‘B’’ SIDE CALIBRATION 

Run No. 
DPstd 

cm H2O 
(in H2O) 

DP(s) 
cm H2O 
(in H2O) 

Cp(s) Deviation 
Cp(s)—Cp(B) 

1 

2 

3 

Cp, avg 
(SIDE B) 

σA or B

p s p A or B
i

C C

Eq=
−( ) ( )

=
∑

1

3

3
 2-5.

[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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METHOD 2A—DIRECT MEASUREMENT OF GAS 
VOLUME THROUGH PIPES AND SMALL DUCTS 

NOTE: This method does not include all of 
the specifications (e.g., equipment and sup-
plies) and procedures (e.g., sampling) essen-
tial to its performance. Some material is in-
corporated by reference from other methods 
in this part. Therefore, to obtain reliable re-
sults, persons using this method should have 
a thorough knowledge of at least the fol-
lowing additional test methods: Method 1, 
Method 2. 

1.0 Scope and Application 

1.1 This method is applicable for the de-
termination of gas flow rates in pipes and 
small ducts, either in-line or at exhaust posi-
tions, within the temperature range of 0 to 50 
°C (32 to 122 °F). 

1.2 Data Quality Objectives. Adherence to 
the requirements of this method will en-

hance the quality of the data obtained from 
air pollutant sampling methods. 

2.0 Summary of Method 

2.1 A gas volume meter is used to measure 
gas volume directly. Temperature and pres-
sure measurements are made to allow cor-
rection of the volume to standard conditions. 

3.0 Definitions [Reserved] 

4.0 Interferences [Reserved] 

5.0 Safety 

5.1 Disclaimer. This method may involve 
hazardous materials, operations, and equip-
ment. This test method may not address all 
of the safety problems associated with its 
use. It is the responsibility of the user of this 
test method to establish appropriate safety 
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