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Experimental work on the Low Reynolds Number
Behaviour of 2-Hole Offset Probes
Ajit, Iqbal Ahmed Khan
Abstract: Whenever a dusty or slurry air passes through the Ltype pitot tube its impurities struck at 900 bend, resulting in the
partially choking of the air flow through this device. And eventually
its accuracy is decreased with the passage of time. Alternatively,
such type of obstruction of the air flow can be avoided by using Stype pitot tube. Keeping this in mind, in the present work we had used
S-type pitot tube of diameters ranging from 1.23 mm to 9.54 mm to
test against the standard (L-type) pitot tube to control the accuracy of
S-type pitot tube co-efficient. An experimental work has been carried
out in a simulated wind tunnel environment. The results of the
present work showed that there a slight dip over a velocity range of 3
to 14 m/s. Further, it is observed that for higher Reynolds numbers
or at higher velocities of the air (more than 14 m/s) the co-efficient
performance of S-pitot tube is found almost constant.
Keywords: 2-Hole Offset Probes, S-type Pitot tube coefficients;
Wind tunnel test; Stack gas velocity

I.

INTRODUCTION

A Two-hole offset probe (S-type probe) and Pitot-static
probe (L-type probe) are pressure measurement instruments
used to measure fluid flow velocity [1, 2]. The working
principle and objective of both probes are similar, but the
geometries are different. However, two-hole offset probe
has been shown to be efficient in high concentration slurry
environment because obstruction does not occur during flow
in the tube [3, 4, 5]. L-type probe is bent by 90˚ between leg
length and nominal length therefore obstruction occurs
during the slurry flow. When particles pass through bend,
they are trapped and this type of obstruction stops the fluid
flow in L-type probe [6]. Manufacturing process of S-type
probe is easier than L-type probe, and manufacturing cost is
also less [2, 7]. Therefore, we have used S-type probe
instead of L-type probe. The pitot-static probe has a
coefficient close to one (±0.5%) and hence can be used
without calibration while the probe coefficient of the twohole offset probe is sensitive to slight variation in geometry
and hence needs calibration before use [8,3]. The response
time of two-hole offset probe is less than that of Pitot-static
probe because inner diameter of S-type probe is larger than
that of L-type probe.Earlier studies reported the effect of
geometries of S-type probe on flow velocity measurements
[9, 10, 11]. Kang and colleagues conducted experimental
and numerical studies to determine the factors that affect the
accuracy of the flow rate measurement using the S-type
probe [2]. They investigated effect of the Reynolds
numbers, misaligned

installations and manufacturing quality on S-type probe
coefficients by considering the flow rate measurement
environment in industrial stacks. They found that deviation
and uncertainty of S-type probe coefficients in the range of
3000 < Re < 22,000 were less than 0.3% and 1.2%,
respectively. Hence, as long as S-type probe was
manufactured properly, the change of Reynolds numbers has
no effect on probe coefficient. However, Trang and
colleagues reported variation of coefficient of S-type probe
on five different manufactures of S-type probe. The results
of these experiments indicate that the coefficient curve of Stype probe fluctuated at small velocities around from 0.2%
to 0.7%. The trend of coefficient curve oscillates more
strongly (±1 %) at low range of Reynolds number than
larger one. Most of the coefficient values for the S-type
probe in this study were 0.81 or 0.82 which is smaller than
suggested value of 0.84 ± 0.01 [10]. Williams and
Dejarnette studied the effect of geometry and construction
of S-type pitot tube on the accuracy of S-type probes.
Fourteen different S-type pitot tube configurations were
tested in the North Carolina State University subsonic wind
tunnel at speeds from 4.52 m/s to 30.48 m/s to determine the
effects of probe geometry and speed on the pitot coefficient.
They found that the probe coefficient decreases slightly as
the velocity increases, but this decrease is sufficiently small
for the probe coefficient to be represented by an average
value in this range of velocities, and its probe coefficient
would change less than 5% of the accepted value of 0.85,
therefore, it is recommended for future applications [9].In
the present study, S-type probe is used to determine the
stack gas velocity and volumetric flow rate for stack or
dusty environment (Figure 1) [1]. We evaluate the variation
in coefficient of S-type pitot tube with changes in the
velocity of the air in the range from 3.73 m/s to 33.97 m/s.
Here we use S-type probe of different diameters ranging
from 1.23 to 9.54 to see the effect of Reynolds number on
coefficients of S-type pitot tube. During the flow rate
measurement with an S-type probe it was noticed that the
probe coefficient showed a dip in a certain range of speeds.
We further determine if this dip is real and how it varies
with Reynolds number.
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Figure 1: S-type probe and nomenclature

Figure 2: Systematic diagram of experimental setup
II.

2.

METHODOLOGY

A. Experimental Setup
The experiments are conducted inside the wind tunnel
(Figure 2). First, the air flows from the drive section and
then enters into the settling chamber. The function of the
driver is to control the volume and the velocity of airflow.
Subsequently, due to the structure of cone velocity of the air
spontaneously increases which results a substantial pressure
difference. The readings of pressure difference are measured
by the manometer. The air having high constant velocity
then enters into the test section where the model is to be
tested. After that the air will flow into the diffuser and exit
into the atmosphere [12].
B. Physical Description Of Apparatus
1. Both the S-type probe and L-type probe are fixed
properly in the center of test section (0.58m
0.34m
0.34m) of wind tunnel at the same
downstream location as shown in Figure 2.
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3.
4.
5.

This case was taken to ensure that the probes are
properly aligned with the flow to remove the yaw
and pitch effects.
The two probes were kept sufficiently apart so that
no aerodynamic interference was present.
Now both pitot tubes are properly connected with
manometer through plastic pipes.
Leakage of air around the test section in wind
tunnel is also checked.

C. Procedure
1. Fan-1 is switched on and the frequency is increased
by a step of 5 Hz, starting from zero to 50 Hz.
2. For each frequency the reading is taken in the
manometers (for the both S-type probe and L-type
probe).
3. Once the fan-1 reaches the frequency of 50 Hz,
fan-2 is switched on.
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8.

Now frequency of fan-2 is also increased from 0 to
50 Hz with a step of 5 Hz. Similarly, for each step
the manometer reading is noted down.
When fan-2 reaches 50 Hz the frequency is noted
as 50+50 Hz.
Now frequency of fan-2 is lowered from 50 to 0 Hz
with step of 5 Hz. And the reading of manometer is
noted.
The frequency of fan-1 is reduced with step of 5 Hz
from 50 to 0 Hz and noted the manometer reading.
Repeated this experiment for different dimensions
of S-type probes.

D. Mathematical Formulas
S-type pitot coefficients are calibrated by comparing with
corresponding coefficients of standard L-type pitot tube
[13]. Manometer provides the values of
and
. Thereafter, the coefficient of S-type pitot
tube
are calculated as

Subsequently, the velocity is determined from the measured
pressures on the fore and aft legs of the S-type probe tube
from the following relations [14]

where,

is S-type probe pressure difference
= pressure measure in the forward-facing port
(fore) of S-type probe (pa)
= pressure measure in the rearward facing port
(aft) of S-type probe (pa)
Reynolds number are calculated by following formula

The value of

corresponding coefficient value ranges from 0.863 to 0.834.
Thereafter coefficient value decreases upto 0.833 where
Reynolds number is 11486 and then shows nearly constant
value. Therefore, coefficient value (Cp) is normalized to
0.833 and 45.4% of coefficient values in set of data are
smaller than or equal to normalized value (0.833) (Figure 3).
We have drawn the error bar for some coefficient point in
the graph. The error in coefficient value decreases when
Reynolds number increase, for Reynolds number range of
250 to 4000 the error is in between 5% and 1%. Also,
for Reynolds number greater than 4000, error is less
than
. After investigation we found that this type of
error trend is shown in all experiments for S-type probes
with different diameters at 250.
Likewise, all the calculation values for other diameters are
calculated and summarized in Table 1 and illustrated in
Figure 4. Experiment was conducted for S-type probe with
different diameter ranging from 1.23 to 9.54 mm and their
respective dip, Reynolds value, onset of flat curve,
normalizing value of probe coefficient, coefficient of S-type
pitot tube, scatter in the range of Reynolds number and
corresponding probe coefficient values are summarized in
Table 1.
Change in the dynamics of coefficient of S-type pitot tube
with Reynolds number are plotted in Figure 4. From Figure
4, it can be seen that plot of coefficient value of different
diameter of S-type probe at 250 angle shows flat curve after
Reynolds number 4000. Fluctuation in pressure difference
increases when the diameter of S-type probe is increased.
Fluctuation in pressure difference of 1.25 mm diameter of Stype probe is very less than that of 6.0 mm diameter which
in turn is lesser than that of 9.54 mm diameter. When Port to
Port dimension is small, pressure fluctuation is large
because the stream is not stable and gap between ports is
sufficient to generate the stream. If Port to Port dimension is
larger, forward port pressure do not affect the rearward port.

(Coefficient of viscosity) was kept at
. D is the diameter of S-type pitot

tube.
Lastly,

III.

RESULT AND DISCUSSIONS

A. Effect Of S-Type Probes With Different Diameters
At 250 Without Inter Tube Spacing
An example of coefficient S-type pitot tube of scatter value
for diameter 9.54 having Reynolds value 2114 < Re < 19238
is illustrated in Figure 3. Coefficient value shows more
scatter for Reynolds number 2990 to 10059 and
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Coefficient of S-type pitot tube
(Cp)

Coefficient of S-type probe of 9.54 mm dia vs
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Figure 3: Reynolds number effects on the 9.54 mm diameter of S-type probe
Table 1: Experimental data of S-type probes with different diameters at 250 without inter tube spacing
S.No. Diameter
Port to
Dip
Experiment Scatter in the
Flat
Normalizing Coefficient
(D) in
Port
occur
was
range of
curve
value of
value in
mm
dimension
conducted
Reynolds
show
probe
the set of
of S-type (w) in mm
in the
number and
after
coefficient
data are
probe
(w/D)
range of
corresponding Reynolds
smaller
Reynolds
probe
number
and equal
number
coefficient
to
values
normalized
value
1
9.54
26.95
Not
2114 to
12990 to 10059
11486
0.833
45.4%
(2.82)
19238
(0.863 to
0.834)
2

8.0

22.60
(2.82)

Not

1242 to
17385

1242 to 9251
(0.836 to
0.827)

11514

0.828

60.60%

3

6.40

18.80
(2.82)

Yes

1127 to
13913

9631

0.853

84.84%

4

6.0

16.95
(2.82)

Yes

1270 to
13010

5411

0.825

78.78%

5

4.0

11.30
(2.82)

Yes

849 to 8700

5785

0.863

51.51%

6

3.0

8.47 (2.82)

Not

529 to 6539

4523

0.853

45.45%

7

1.25

3.53 (2.82)

Not

260 to 2692

1127 to 3381
(0.832 to
0.846)
1270 to 4619
(0.827 to
0.826)
849 to 3079
(0.874 to
0.866)
529 to 2205
(0.866 to
0.861)
260 to 944
(0.833 to
0.852)

1776

0.845

48.48%

8

1.23

3.47 (2.82)

Not

251 to2650

251 to 1405
(0.866 to
0.852)

1937

0.846

24.24%
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Figure 4: Combine graph of coefficient of S-type probes vs Reynolds number for different diameter of probes at 25 0
angle

Figure 5: Normalization of coefficient of S-type probes vs Reynolds number for different diameter of probes at 250
angle.
Earlier researcher reported that with increase in the velocity
there is slight reduction in the probe coefficient [9].
However, here we show that probe coefficient of S-type
probes shows more fluctuation in the range of Reynolds
number from 250 to 4000 and shows almost constant value
after that, therefore coefficient of S-type probes is
normalized, after normalization we compare the result of
different diameter of S-type probes [15]. Klopfenstein
reported low value of probe coefficient with lowering air
velocity [16]. The high fluctuation in the coefficient at low
Reynolds number has been also shown by Trang and
colleagues [10].
Afterwards, all normalisation values of coefficient value of
S-type probes (Cp) with corresponding diameter of S-type
probe are plotted in Figure 5. We found that dip only occur
with three probes (like 6.40, 6.0 and 4.0 mm) and there is no
dip with other S-type probes at 250 angle. Dip occurs in
some S-type probes due to low value of Reynolds number.

were also studied. On the basis of discussion following
conclusions are drawn:
1.
2.
3.

4.

5.

The coefficient value shows more scattered value at
low range of Reynolds number than larger one.
It is also observed that no consistent dip occurs.
S-type probes showed very scattered value of probe
coefficients in the range of 650 to 4000 Reynolds
number (corresponding velocity 3m/s to 14 m/s)
and displayed almost constant values after that.
Additionally, for the Reynolds number greater than
4000, probe coefficient is
Almost constant and scatter lies between
,
which corroborates with result of Kang and
colleagues [2].
Coefficient value scatters for wide range of
velocity, if diameter of S-type probe is less than 4.0
mm. Therefore S-type probe of less than 4.0 mm
diameter is not beneficial.

IV. CONCLUSIONS AND FUTURE APPLICATIONS
The low Reynolds numbers behaviour of 2-hole offset
probes are studied by testing the S-type probes in a standard
air speed system. Factors that affect the probe coefficient
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Our results showed that the Two-hole offset probe (S-type
probe) works efficiently even in slurry environment
regardless of its diameters (1.23 mm to 9.54 mm) in
measurement of air velocity.
Though the current findings of the S-type pitot tube are
based on the wind tunnel. Further, S-type probe can be used
in chimneys to explore the utility of it.
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