














RECCMMENDED PROCEDURE FOR SAMPLE TRAVERSES 

IN DUCTS SMALLER THAN 12 INCHES IN DIAMETER 

Robert F. Vollaro** 

INTRODUCTION 

In source sampling, stack gas velocity is usually measured with a 

Type-S pitot tube. In many field applications, the pitot tube is attached 

to a sampling probe, equipped with a nozzle and thermocouple. This combi- 

nation is called a pitobe assembly. Most conventional pitobe assemblies* 

have a cylindrical sampling probe of l-inch diameter, but, occasionally, 

an assembly has an external cylindrical sheath of about Z-l/Z inches in 

diameter, encasing the probe, pitot tube and thermocouple. When a pitobe 

assembly is used to traverse a duct that is 36 inches or less in diameter, 

the pitobe assembly can "block" a significant part of the duct cross section, 

as illustrated in the projected-area models, Figures la and lb. This reduction 

in the effective cross-sectional area of the duct causes a temporary, local 

increase in the average velocity of the flowing fluid. In most pitobe 

assemblies, the impact opening of the Type-S pitot tube liesin approximately 

the same plane as the probe sheath (Figure '2) and, whenever appreciable sheath 

blockage exists, velocity head (aP) readings made with the pitot tube tend 

to reflect the local increase in gas velocity, and are not truly representa- 

tive of the mainstream velocity. Recent studies 1, 2 have shown that, for 

sample traverses in ducts having diameters or equivalent diameters between 

12 and 36 inches, blockage effects are not particularly severe, and a simple 

*Designed according to the specifications outlined in APTD-0581 (Reference 3), 
or allowable modifications thereof. 

** Emission Measurement Branch, ESED, OAQPS, EPA, RTP, NC, Januar.y 1977 
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Figure 1. Projected-area models for typical pitobe assemblies; shaded area represents approximate 
average sheath blockage for a sample traverse. 
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Figure 2. Type-S pitot tube, attached to a sampling probe, showing that. the pitot impact 
opening and probe sheath lie in approximately the same plane. 
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adjustment in the value of the Type-S pitot tube coefficient (C,) can be 

made to compensate for the pseudo-high AP readings (Figure 3). When the 

duct diameter (D,) is less than 12 inches, however, probe sheath blockage 

effects intensify, and the adjustment technique illustrated in Figure 3 no 

longer applies. Therefore, alternative methodology must be used in order 

to obtain representative sample traverses in ducts of this size. The 

purpose of this paper is to propose a method by which satisfactory sample 

traverses can be conducted when D, is between 4 and 12 inches. 

METHODOLOGY 

PROPOSED METHOD FOR SAMPLE TRAVERSES 

WHEN 4 in. 2 D, < 12 in. 

To conduct representative sample traverses in ducts having diameters 

between 4 and 12 inches, it is recommended that the arrangement illustrated 

in Figure 4 be used. In Figure 4, velocity head (AP) readings are taken 

downstream of the actual sampling site. The purpose of the straight run of 

duct between the sampling and velocity measurement sites is to allow the flow 

profile, temporarily disturbed by the presence of the sample probe, to redevelop 

different from those of a convent 

of these components are discussed 

A. Pitot tube. 

and stabilize. The pitot tube and sampling nozzle shown in Figure 4 are 

ional pitobe assembly;3 construction deta 

below. 

ils 

A standard pitot tube shall be used, instead of a Type-S, to monitor 

stack gas velocity. When D, is less than 12 inches, a Type-S pitot tube can 

begin to block a significant part of the duct cross section and yield 
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pseudo-high AP values. Cross-section blockage is not a serious problem 

with a standard pitot tube, however, for two reasons: (1) the impact and 

static pressure openings of a standard pitot tube, unlike those of a 

Type-S, follow a 90" bend, and are located well upstream of the stem of 

the tube (compare Figures 2 and 5); and (2) when properly aligned, the 

sensing head of a standard pitot tube is parallel, not perpendicular, to 

the flow streamlines in the duct. 

The preferred design for the standard pitot tube is the hemispherical- 

nosed design (Figure 5). Pitot tubes constructed according to the criteria 

illustrated in Figure 5 will have coefficients of 0.99 + 0.014' 5. Note, 

however, that for convenient tubing diameters (dimension "D" Figure 5), the 

static and impact sensing holes of the hemispherical-type pitot tube will 

be very small, thus making the tube susceptible to plugging, in particulate 

or liquid droplet-laden gas streams. Therefore, whenever these conditions 

are encountered, either of the following can be done: (1) a "back purge" 

system of some kind can be used to clean out, periodically, the static and 

impact holes; or (2) a modified hemispherical-nosed pitot tube (Figure 6), 

which features a shortened stem and enlarged impact and static pressure holes, 

can be used instead of the conventional hemispherical type. It has recently 

been demonstrated that the coefficients of the conventional and modified 

hemispherical-nosed tubes are essentially the same.6 

B. Sampling nozzle. 

The sampling nozzle can either be of the buttonhook or elbow design. 

The nozzle shall meet the general design criteria specified in Section 2.1.1 

of the revised version of EPA Method 5, except that the entry plane of the 



8 



9 



10 

nozzle must be at least 2 nozzle diameters (i.d.) upstream of the probe 

sheath blockage plane (see Figure 7). 

PROCEDURES 

The following procedures shall be used to perform sample traverses 

using the arrangement illustrated in Figure 4: 

A. Location of sampling site. 

Select a sampling site that is at least 8 duct diameters downstream 

and 10 diameters upstream from the nearest flow disturbances; this allows 

the velocity measurement site to be located 8 diameters downstream of the 

sampling location and 2 diameters upstream of the nearest flow disturbance 

(see Figure 4). For rectangular stacks, use an equivalent diameter, calcu- 

lated from the following equation, to determine the upstream and downstream 

distances: 

D +$k$ 
.e (Equation 1) 

Where: 

De = Equivalent diameter 

L = Length of cross section 

W = Width of cross section 

If a sampling site located 8 diameters downstream and 10 diameters upstream 

from the nearest disturbances is not available, select a site that meets 

these criteria as nearly as possible. Under no circumstances, however, shall 

a sampling site be chosen which is less than 2 diameters downstream and 2.5 

diameters upstream from the nearest disturbances; this guarantees a minimum 
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of 2 diameters of straight run between the sampling and velocity measure- 

ment sites, and 0.5 diameters between the velocity measurement site and 

the nearest flow disturbance. 

B. Number of traverse points. 

The correct number of traverse points shall be determined from 

Figure 8. To use Figure 8, proceed as follows: first, determine the three 

distances, "A", "B", and "C", and express each distance in terms of duct 

diameters; second, read from Figure 8 the number of traverse points 

corresponding to each of these three distances; third, select the highest 

of the three numbers of traverse points, or a greater number, so that for 

circular ducts the number is a multiple of 4; for rectangular ducts, the 

number should be chosen so that it is one of those shown in 

Table 2. 

C. Location of traverse points, circular cross sections. 

For circular stacks, locate the traverse points on 2 perpendicular 

diameters, according to Table 1 and the example of Figure 9a. Any traverse 

point located less than l/2 inch from the stack wall will not be acceptable ' 

for use as a sampling point; all such traverse points shall be "adjusted" 

by relocating them to a distance of l/2 inch from the wall. In some cases, 

this relocation process may involve combining two adjacent traverse points 

to for-m a single "adjusted" point; thus, in some instances, the number of 

points actually used for sampling may be less than the number of traverse 

points obtained from Figure 8. 

D. Location of traverse points, rectangular cross sections. 

For rectangular stacks, divide the cross section into as many 

equal rectangular elemental areas as traverse points (as 
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Table 1. LOCATION OF TRAVERSE POINTS 

IN CIRCULAR STACKS (PERCENT OF STACK 
DIAMETER FROM INSIDE WALL TO TRAVERSE POINT) 

Traverse 
point 
number 
on a 
diameter 

1 

2 
3 
4 
5 
6 

7 
8 
9 

10 
11 
12 

13 
14 
15 

16 
17 
18 

19 
20 
21 
22 
23 
24 

Number of traverse points on a diameter 

6 8 10 12 14 16 18 20 22 
1.1 
3.5 
6.0 

8.7 
11.6 
14.6 

18.0 
21.8 

26.2 
31.5 
39.3 

60.7 
68.5 
73.8 
78.2 

82.0 
85.4 
88.4 
91.3 
94.0 
96.5 
98.9 

2 4 

6.7 
25.0 

75.0 
33.3 

24 
1.1 
3.2 

5.5 
7.9 

10.5 
13.2 

16.1 
1914 

23.0 
27.2 
32.3 

39.8 
60.2 
67.7 

72.8 
77.0 
80.6 
83.9 
86.8 
89.5 
92.1 
94.5 

96.8 
98.9 

14.6 
85.4 

4.4 
14.6 

29.6 
70.4 
55.4 

35.6 

3.2 
10.5 
19.4 

i2.3 
57.7 

$0.6 
39.5 
j6.8 

2.6 
8.2 

14.6 
Z2.6 
34.2 

55.8 
77.4 
35.4 

31 .a 
37.4 

2.1 
6.7 

II .8 
17.7 
25.0 
35.6 

54.4 
‘5 .o 

32.3 
88.2 
33.3 
97.9 

1.8 
5.7 

9.9 
,14.6 
20.1 
26.9 

36.6 
63.4 

73.1 
79.9 
85.4 
90.1 

94.3 
98.2 

1.6 
4.9 

8.5 
12.5 
16.9 
z2.0 

Z8.3 
37.5 

52.5 
II .7 
78.0 
33.1 

37.5 
31.5 
35.1 
38.4 

1 .4 
4.4 

7.5 
10.9 
14.6 
18.8 

23.6 
29.6 

38.2 
61 .8 
70.4 
76.4 

81 .2 
85.4 
89.1 
92.5 

95.6 
98.6 

1.3 
3.9 

6.7 
9.7 

12.9 
16.5 
20.4 

25.0 

30.6 
38.8 
61.2 
69.4 

75.0 
79.6 
83.5 

87.1 
90.3 
93.3 
96.1 
98.7 

, 
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Figure 9a. Cross section of circular stack divided i&o 
12 equal areas, showing location of traverse points. 

Figure 9b. Cross section of rectangular stack divided 
into 12 equal areas, with traverse points at centroid 
of each area. 
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determined in Section "B" above), according to Table 2. Locate 

a traverse point at the centroid of each elemental area, according to the 

example of Figure 9b. 

E. Sampling. 

Sample at each non-adjusted traverse point for the time interval 

specified in the method being used (e.g., Method 5). If two successive 

traverse points have been relocated to a single "adjusted" traverse point, 

sample twice as long at the adjusted point as at non-adjusted points, taking 

twice as many readings, but record the data as though two separate points 

had been sampled, each for half of the total time interval. During the 

sample run, velocity head (nP) readings shall be taken at points downstream 

ing rate 

a nomograph 

.99) of the 

of, but directly 

through the nozz 

is used, be sure 

in line with, the sampling points. The sampl 

le shall be set based upon the AP readings; if 

when setting it to use the correct value (s 0 

pitot tube coefficient.7 

ALTERNATIVE SAMPLING STRATEGY (STEADY-FLOW WLY) 

If the average total volumetric flow rate in a duct is constant with 

time, it is unnecessary to monitor stack gas velocity during a sample run. 

Thus, whenever time-invariant flow is believed to exist in a stack (e.g., 

for a steady-state process), the following traverse procedures can be used 

in lieu of those outlined in the preceding sections: 

A. Location of Sampling-Velocity Measurement Site. 

When steady flow is believed to exist in a duct, the sample and 

velocity traverses can be conducted non-simultaneously; therefore, the 

sampling and velocity measurement sites need not be separate. Rather, a 
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Table 2. CROSS-SECTIONAL LAYOUT FOR RECTANGULAR STACKS 

No. of traverse 
points 

Layout 

9 3x3 

12 4x3 

16 4x4 

20 5x4 

25 5X5 

30 6x5 

36 6x6 

42 7x6 

49 7x7 



single location can be used for both sampling and velocity measurement 

(see Figure 10). 

Select a sampling-velocity measurement site that is at least 

8 duct diameters downstream and 2 diameters upstream from the nearest 

flow d isturbances. For rectangular stacks, use an equiva lent diameter 

(Equation 2) to determine the upstream and downstream distances. If a 

sampling-velocity measurement site located 8 diameters downstream and 

2 diameters upstream from the nearest disturbances is not available, 

choose a site that meets these criteria as nearly as possible. Under no 

circumstances, however, should a sampling-velocity measurement site be 

chosen that is less than 2 diameters downstream and 0.5 diameter upstream 

from the nearest disturbances. 

B. Number of Traverse Points. 

The correct number of traverse points shall be determined from 

Figure 11. To use Figure 11, proceed as follows: first, determine the 

distances "A" and "B" and express each distance in terms of duct diameters; 

second, read from Figure 11 the number of traverse points corresponding to 

each of these distances; third, select the higher of these two numbers of 

traverse points, or a greater number, so that for circular ducts the number 

is a multiple of 4 and, for rectangular ducts, the numberis one of those 

shown in Table 2. 

C. Location of Traverse Points, Circular Cross Sections 

For circular stacks, locate the traverse points on 2 perpendicular 

diameters, according to Table 1 and the example of Figure 9a. Any traverse 

point located less than l/2 inch from the stack wall will be unacceptable 

18 
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Figure 11. Minimum number of traverse points; 4 in. < D, < 12 in.; steady-flow only. 
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for use, either as a velocity traverse point or as a sample point; all 

such points shall be "adjusted" by relocating them to a distance of l/2 

inch from the wall. In some cases, this relocation process may involve 

combining two adjacent traverse points to form a single "adjusted" point; 

thus, the number of traverse points actually used will sometimes be less 

than the number of points obtained from Figure 11. 

D. Location of Traverse Points, Rectangular Cross Sections. 

For rectangular stacks., divide the cross section into as many 

equal rectangular elemental areas as traverse points (as 

determined in Section "B" above). according to Table 2. 

Locate a traverse point at the centroid of each elemental area, according 

to the example of Figure 9b. 

E. Preliminary Velocity Traverse. 

Perform a preliminary velocity traverse of the duct. Take velocity 

head (AP) readings at each traverse point, using a standard pitot tube 

(designed as shown in Figure 5 or Figure 6). Calculate the average velocity 

8 
in the duct, using Equation 2-2 in the December 23, 1971 Federal Register. 

F. Sampling 

Sample at each non-adjusted traverse point for the time interval 

specified in the method being used (e.g., Method 5). If two successive 

traverse points have been relocated to a single "adjusted" traverse point, 

sample twice as long at the adjusted point as at non-adjusted points, taking 

twice as many readings, but record the data as though two separate points 

had been sampled, each for half of the total time interval. Time-invariant 












































































































































































