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Abstract

Mean velocities and turbulence characteristics in the swirling flow of a gun-type gas burner (GTGB) were measured
with a triaxial hot-wire probe (T-probe) and compared with previous data measured with an X-type hot-wire probe (X-
probe). Vectors and axial mean velocity data obtained by the measurement of the two types of probes in the horizontal
plane and in the cross section differ in magnitude, but have very similar shape in overall distribution. Axial mean veloc-
ity components show especially wide differences around the slits and outer part of the swirl vanes within the range of
X/R=2. Also, various turbulence intensities appear in a similar trend to axial mean velocity components within the
range of X/R=2. The radial component of turbulence intensity around the slits and the outer part of swirl vanes above
the range of X/R=2 has an opposite phenomenon. On the whole, the T-probe’s measurements appear smaller than the
X-probe’s. This shows that the X-probe is better than the T-probe, especially on the swirling flow because it is much
easier to use.
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1. Introduction

A gun-type gas burner (GTGB), consisting of a
baffle plate, swirl vanes and slits, was applied to a gas
furnace. Swirl vanes were mounted radially on the
conical baffle plate to cause a rotational motion into
the central part of the GTGB, and slits were mounted
radially around the outside of swirl vanes to form jets
to the axial flow. With this configuration, the GTGB
produces a swirling flow. A swirling flow forms a
recirculation zone and high turbulence because it
produces an adverse pressure gradient in the axial
direction of the burner [1-3]. Moreover, a swirling
flow offers a big diffusive capacity that increases
entrainment rate and thereby promotes mixing of fuel
and air by large increments. A swirling flow is widely
used in gas turbines or industrial boilers etc., because
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it shortens the length of flames and enables a lean
burn through the stabilization of flames [4, 5].

It has been shown that the behavior of swirling
flow is better controlled by streamlined curvature,
centrifugal acceleration and turbulence transport than
by a pressure effect [6]. Especially, the recirculation
zone in a swirling flow has a reverse flow because the
above three kinds of effects cause a vortex breakdown
phenomenon equivalent to the abrupt deceleration of
the axial velocity component in the central part of
flow. It is reported that the recirculation zone in-
creases the entrainment rate and mixing, because the
flow becomes unstable with helical disturbances - a
type of instability caused by centrifugal force [3, 7].
As a result, it is known that the axial mean velocity
component obtained experimentally in a swirling
flow is distributed like a wake at the jet axis, with its
local maximum value at a certain radius. However, if
the flow is far away from the jet exit, these phenom-
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ena disappear [7].

Such swirling flow phenomena are directly meas-
ured and analyzed through flow visualization tech-
nique or particle image velocimetry (PIV) or compu-
tational fluid dynamics (CFD), etc., and can be indi-
rectly measured and analyzed through a laser-Doppler
anemometer (LDA) or hot-wire anemometer (HWA)
or multi-hole pressure probe, etc. Here, an HWA is
one of the measuring instruments that can easily be
used to measure a three-dimensional flow field in-
cluding swirling flow in an isothermal flow. It is well
known that an HWA offers high spatial resolution,
lessens flow interference against many kinds of fluid
flows and can use a small sized sensor with good
sensitivity even in high frequency response and low
velocity [8, 9]. An HWA frequently is preferred be-
cause it can measure turbulence characteristics more
correctly and economically than any other measuring
instrument.

Most HWA'’s sensors that are used to measure
three-dimensional flow and turbulence characteristics
are known as inclined I-type hot-wire probe (I-probe),
X-type hot-wire probe (X-probe) and triple hot-wire
probe (T-probe), etc. However, because an inclined I-
probe or X-probe necessarily must be rotated to ex-
actly the same measurement position to get mean
velocities of each directional component and turbu-
lence characteristics on three-dimensional flow fields,
a useful measurement cannot be carried out from one
position at a time. Also, when these probes are rotated,
infinitesimally different results in magnitude of the
axial velocity component may be obtained because
positioning of the probe can be inconsistent. These
inconsistencies are mainly due to inaccurate align-
ment between the flow direction and the probe, or
differences in the manufacture of probe support and
mounting probe on the traversing unit. On the other
hand, even though there is a shortcoming in that the
measurement of instantaneous three-dimensional
velocities by the T-probe is valid only when a free
velocity vector enters through a cone of about 70°
[10], if the T-probe is aligned exactly on the defined
flow fields, there is an advantage in that the T-probe
can easily get more correct information about the
flow field than an inclined I-probe or X-probe.

T-probes were successful with many types of flows
after Jorgensen [11] published the speed conversion
equation of a probe that corrects acrodynamic inter-
ference due to probe support that happens whenever
vector direction on a probe axis is changed. For ex-

ample, Gaulier [12] used T-probes to the speed range
of airflow in domestic fuel burners.

In this study, a three-dimensional flow field of the
GTGB [13] with the geometric swirl number 0.34 and
swirl vane angle 24° was measured with the T-probe.
Then measurement results obtained by the T-probe
were compared with already published data from X-
probes [13-15]. The purpose of this study is to grasp
correctly how mean velocities and turbulence charac-
teristics react according to each probe in the flow
field of the GTGB.

2. Experimental apparatus and method

2.1 Experimental apparatus

Fig. 1 shows the detailed geometric structure of the
GTGB used in this experiment. This gas burner,
which was developed for gas furnaces with heating
capacity of 15000 kcal/hr, consists of a conical baffle
plate inclined by 45° on the head of circular tube and
eight slits arranged radially at regular intervals to the
outer circumference of the baffle plate. This baffle
plate was blocked within a diameter of 25 mm, and
eight swirl vanes were arranged radially at 45° inter-
vals from a diameter of 25 mm to a diameter of 57.8
mm.

Fig. 2 illustrates the process for measuring three-
dimensional turbulent flow fields from the GTGB
mounted to the test section of a subsonic wind tunnel
by using HWA system. A subsonic wind tunnel con-
sists of a centrifugal blower with 3.75 kW AC motor,
diffuser, tranquilization, contraction and test section.
An inverter was used to change wind tunnel speed
and to make the number of blower rotations fixed.
The dimensions of this test section are width 220 mm,
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Fig. 1. Configuration of the GTGB.
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Fig. 2. Experimental apparatus diagram including hot-wire
anemometer system.
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Fig. 4. Relationship between the T-probe and the actual coor-
dinate system.

height 220 mm and length 410 mm. Maximum veloc-
ity in the exit of the test section is about 35 m/s, and
turbulence intensity is below about 0.02% at about 13
m/s except the edges 20 mm away from the inner wall
of the test section. The three-dimensional HWA sys-
tem (Dantec 90N10 Streamline) used to measure a
turbulent flow field in the state of non-combustion
consists of a constant temperature-type HWA, speed
and direction calibrator (Dantec 90HO1 & 90HO02),
three-dimensional automatic traversing unit (Dantec
41T50 & 41T75) and computer. Here, all of them are
linked by RS-232C interface, and the speed calibrator
is connected with an air compressor with an effective

pressure 10 kg/cm”.

2.2 Experimental method

2.2.1 Three-dimensional velocity calculation method
by the T-probe

In this study, the T-probe (Dantec, S5R91) shown
in Fig. 3 was used for the measurement of three-
dimensional velocities. The measurement of three-
dimensional flow velocities by the T-probe follows
[11, 16, 17]; that is, when a T-probe is situated in the
three-dimensional space of flow, its axis aligns with
the main flow vector as shown in Fig. 4. If velocities
that satisfy the wire coordinate system related with
three kinds of wires 1, 2 and 3 composing a T-probe
are defined as U;, U, and Ujs, respectively, and if
three-dimensional velocity components for X, Y and
Z direction are defined as U, ¥V and W, respec-
tively, the relationship of these velocities is given as
Eq. (1) in probe coordinate system satisfying Fig. 4.

U =U,c0s54.736° +U, c0s54.736° + Uz c0s 54.736°

V ==U, cos45” —U, cos135° + U cos90°

W =-U, cos114.094° — U, cos114.094° — U c0s 35.264°

O

On the other hand, when the cooling effects for
tangential direction of wire and interference phe-
nomenon of probe support are considered, if effective
cooling velocity on each wire is defined as Uy,
Ujep and Usyy , respectively, and if yaw coeffi-
cient and pitch are defined as k;, %, respectively,
the velocity components of U;, U, and U; for
wire coordinate system are given by Eq. (2).

2 2 2 2 2 2
Uleffzkl 'Ul +U2 +h] U3
2 2 2 2 2 2
U2eff:h2'U1 +k2'U2+U3 (2)

2 2 2 7172 2 772
U3eﬁr :UI +h3 'U2 +k3 U3

Because the T-probe is calibrated with the velocity
in the direction of the probe axis, U,y can be re-
placed as U, -(1+k? +h*)*>-c0s35.264° . Here,
35.264° is an angle that the flow velocity forms with a
vertical plane to the wires. Therefore, Eq. (2) can be
modified again by Eq. (3). That is,

U, (1+k + Y- cos®35.264°

=k12-U12+U22+h12-U32
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U3, - (1+ k3 + h3)-cos® 35.264°
=h3 U +k3 U3 + U3
2 2,42 2 o
Uiew - (L+ k3 + h3) - cos™ 35.264

=Ul+h U3 +k3-U3

(€)

If yaw coefficient and pitch for each wire of Eq. (3)
through the T-probe’s calibration are given, the mag-
nitudes of velocities U;, U, and Uj; for each wire
can be obtained easily in Eq. (3). Then, if the magni-
tudes of velocities for each wire are substituted again
for Eq. (1), actual velocity components of U, V
and W that satisfy the probe coordinate system of
flow can be easily obtained for X, Y and Z directions,
respectively.

2.2.2 Velocity measurement method

The exit velocity of the burner in this study was set
up under the static pressure of 164 Pa collected from
four pressure taps placed on the side of the burner.
This static pressure was obtained when an air flow-
rate of 450 {/min for combustion was supplied to the
burner. The sampling frequency of the A/D converter
was 10 kHz per channel, and the sampling number
was 102,400 per channel. Also, a low-pass filter of
signal conditioner was set up by 30 kHz per channel.
Velocity calibration by the T-probe was carried out
from 0 m/s to 20 m/s. The resulting velocity calibra-
tion accuracy was better than +1% through the fifth
polynomial curve fit analysis.

Direction calibration for Egs. (2) and (3) was car-
ried out by rotating a probe inclined 30° to the axial
flow at 10° intervals from 0° to 350° at constant ve-
locity 10.5 m/s in order to remove the effects of the
interference of each wire on rotational flow. For each
wire, average yaw coefficients were obtained by
kf =0.043 , k3 =0.083 and k7 =0.084 , respec-
tively, and average pitch coefficients were obtained
by hf =1.07, h3 =1.045 and hj =1.061, respec-
tively. All processes can be handled automatically by
the built-in software “Streamware” [17].

Next, the T-probe was mounted on an automatic
traversing unit, keeping the same direction as when it
was set up to the calibrator. Then main velocity
measurements were carried out after a correct center
point was again determined through the velocity data
obtained by traversing a probe finely right and left, or
up and down, at the exit plane of the burner in addi-
tion to geometric burner center.

As shown in Fig. 1, the GTGB adopted in this

study was used after the flame rod and igniter in-
stalled to the conical baffle plate was eliminated and
after their holes were blocked with adhesive tape.
Because the burner shape is symmetrical with regard
to the burner’s center, velocity measurement positions
for X direction and Y direction in the X-Y plane
(horizontal plane) at Z=0 mm, under specified air
flow-rate conditions for protecting a sensor from the
burner exit, were selected at 10mm intervals from 5
mm up to 305 mm and from -70 mm to 70 mm at 5
mm intervals, respectively. Then, measurement posi-
tions for radial direction (R) and for rotational direc-
tion (0) in the Y-Z plane (cross section) at X=55 mm
distance from the burner exit were selected from 0
mm to 70 mm at 5 mm intervals and from 0° to 355°
at 5° intervals, respectively. Here, the fast jet speed
spouting out of eight narrow slits was measured in
detail by traversing a probe in steps of 1 mm. The
indoor temperature of the laboratory was kept steady
at 20+0.5C to minimize any speed error due to tem-
perature change as much as possible. The change of
wind tunnel speed due to line voltage fluctuation was
controlled with an automatic voltage regulator.

3. Experimental results and discussions

3.1 Comparison of vector and mean velocity profiles

Fig. 5 shows the vector distribution plotted by
mean velocities of each directional component ob-
tained in the X-Y plane with the X-probe and T-probe,
respectively. The axial mean velocity component U is
displayed together in these pictures. Although the
magnitude of mean velocity U distributions shows a
small difference between the two probes, the distribu-
tion forms of U show similar images on the whole.
However, vector distributions show some differences
in the vicinity of the slits and outside of the swirl
vanes within the range of about X/R=2 equivalent to
the relatively initial region, but they have appeared
similar in magnitude and direction in other regions.
Such differences occur because each probe influences
the mean velocities of radial component V and rota-
tional W more greatly than axial mean velocity com-
ponent U.

Usually, an X-probe can only sense instantaneous
velocities when the velocity vectors on the same
plane enter by £45° on a probe axis, but a T-probe can
only sense the instantaneous velocities of the conical
space inclined about +£35.3° to the probe axis among
velocity vectors existing in all planes. As a result,
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Fig. 5. Vector and mean velocity contour plot measured in the X-Y plane.
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Fig. 6. Comparisons of mean velocity U distribution along the downstream distance in the X-Y plane.

because the mixing effect between the fast jet from
the slits and the rotational flow from the switl vanes
acts dominantly in the vicinity of the slits and outside
of the swirl vanes within the range of about X/R=2, if
the spreading angle of flow velocity is beyond the
limits of the T-probe’s sensing velocity, the values of
mean velocities U, V and W may not be properly
calculated. Champagne et al. [18] have pointed out
that the attack angle of rotational flow affected by a
hot-wire probe is less than 45° when weak swirling
flow has a swirl number less than 0.57. On the other
hand, the attack angle in the gas burner [13] used in
this study can be expected to be smaller than 45° be-
cause the swirl vane angle is equal to 24° and the
geometric swirl number corresponds to 0.34, but it
may be beyond the angle of £35.3° equivalent to the
sensing extent of the T-probe in some ranges where
the spreading effect is large. Therefore, for more cor-
rect verification, additional measurements need to be

carried out with the LDA or multi-hole pressure
probes capable of detecting the flow direction. Ac-
cording to Dantec Dynamics Company’s published
data, because only three-dimensional rotational flow
generally occurs when a helicopter takes off or lands
on the deck of an offshore helidrome structure, mean
velocities of both longitudinal component and trans-
verse measured by the X-probe were overestimated
by 10% relative to those by the T-probe [19].

Fig. 6 shows dimensionless profiles of mean veloc-
ity U measured with the X-probe and T-probe,
respectively, along the downstream distance at three
radial positions. Here, mean velocity U was normal-
ized by maximum burner exit velocity (U,). Mean
velocity U/U, distributions along the downstream
distance show similar curves regardless of the probe’s
type, in the centerline corresponding to Y/R=0, in the
outside of the swirl vanes equivalent to Y/R=-0.8974
and in the vicinity of the slits equivalent to Y/R=-
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Fig. 8. Comparisons of mean velocity distribution measured in the X-Y plane.

1.0256. However, measurement values from the T-
probe in the vicinity of the slits and outside of the
swirl vanes within the range of about X/R=2 locally
appear about 16% smaller than those from the X-
probe. This may be caused by the spreading angle of
the swirling flow diffusing at faster speed in the initial
region near the burner exit, affecting the two probes
differently. Measurement values from the T-probe in
other regions have appeared to be about 10% smaller
than those from the X-probe.

Fig. 7 shows the contour, including mean velocity
U, as well as vector distribution that appears by both
radial component V and rotational W measured with
the X-probe and the T-probe, respectively, in the Y-Z
plane of X/R=1.4103. Mean velocity U shown by the

X-probe here is the value calculated by arithmetic
mean between two mean velocities obtained when the
X-probe was rotated twice. All the mean velocities by
the two probes show tiny magnitude differences, but
the overall shapes of their distributions are very simi-
lar. The fast jet spouted from the vicinity of the slits
shows a long hanging image because it is spread by
being pushed to the outside by a high centrifugal
force created by the rotational flow of the swirl vanes.
Also, all vector distributions indicating rotational
flow show images that rotate clockwise. However, the
rotational direction of the vector formed around the
vicinity of the slits appears as measurements by the
X-probe extend more to the outside of the burner than
those by the T-probe. The vector magnitude clearly
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reveals quite a different picture of distribution in the
burner central part between the slits. The distributions
measured by the X-probe appear relatively circular,
while those measured by the T-probe show a triangu-
lar form. All things considered, it looks as though the
T-probe has a bad sensing resolution to the swirling
velocity. It appears that the T-probe is more sensitive
to the measuring position than the X-probe. That is,
even though we traverse the probe within the very
small space such as 0.1 mm in the swirling flow, if
we don’t match the T-probe to the exact position that
we want to measure, some differences in magnitude
between the two probes can easily occur.

Fig. 8 shows dimensionless mean velocity profiles
of each directional component measured with the X-
probe and the T-probe, respectively, according to the
distance of Y-axis at the location of X/R=0.1282,
0.6410 and 1.4103 in the X-Y plane. Here, all mean
velocities were normalized by maximum burner exit
velocity. Because X/R=0.1282 and X/R=0.6410 are
equivalent to the initial region where the swirling
flow centrifugal effect strongly dominates and a fast
jet exists near the slits, mean velocity U/U, be-
tween the slits and the swirl vanes from the X-probe
has locally appeared to be about 20% greater than that
from the T-probe. Also, X/R=1.4103 being equivalent
to the mixed flow region causes the fast jet to be re-
duced remarkably. The measurement value from the
X-probe appears greater on the whole than that from
the T-probe except at the edge of burner. On the other
hand, because V/U, and W /U, appear much
smaller than U /U, and show positive and negative
magnitude distributions, one follows a similar curva-
ture distribution to each other between the two probes,
another does not. It appears that, when the measure-
ment positions are not exactly identical between the
two probes and according to Dantec Dynamics Com-
pany’s published data, mean velocity measurements
by the X-probe were overestimated by 10% relative
to those by the T-probe on the rotational flow. In any
case, some local differences in velocity magnitude
and curvature distribution between the two probes
clearly seem to exist here.

3.2 Comparison of turbulence characteristics

Fig. 9 shows the profiles of turbulence intensities of
each directional component obtained with the X-
probe and the T-probe, respectively, along the down-
stream distance at three positions of the Y-axis in the

X-Y plane. Here, the turbulence intensities are non-
dimensionalized values that are ratios of the RMS
(root-mean-square) value of each directional fluctuat-
ing velocity component to the maximum burner exit
velocity. Also, RMS of the fluctuating velocity com-
ponent u expressed by the X-probe is a value recalcu-
lated by arithmetic mean from two RMS values ob-
tained when the probe is rotated two times.

In the two positions Y/R=-0.8974 and Y/R=-
1.0256, because the mixing effect between the fast jet
spouted by the slits and the rotational motion by the
swirl vanes appears to be stronger, all turbulence in-
tensities show greatly different values between the
two probes within the range of about X/R=2. How-
ever, beyond the range of about X/R=2, turbulence
intensities of /U, and v/U, show very similar
values. Here, the turbulence intensity u/U, meas-
ured by the T-probe appears a little bit smaller than
that measured by the X-probe, while the opposite
trend appears in the case of turbulence intensity
v/U, . On the contrary, the turbulence intensity
w/U, of the X-probe shows a greater value than that
of the T-probe within the range of about X/R=5. In
the case of Y/R=0, corresponding to the centerline,
because effects by both the slits and the swirl vanes
appear smaller than at other two positions, all turbu-
lence intensities show relatively small values. Here,
turbulence intensities of /U, and v/U, of the T-
probe appear smaller than those of the X-probe, while
the turbulence intensity w/U, shows almost the
same value between the two probes.

Fig. 10 shows the profiles of turbulence intensities
of each directional component obtained with the X-
probe and T-probe along the Y-axis at three positions,
X/R=0.1282, 0.6410 and 1.4103, in the X-Y plane.

Generally, in the flow field of a gas burner like the
one used in this study, because the slope of mean
velocities of each directional component is formed
largely in the vicinity of the slits and outside of the
swirl vanes near the range of burner exit, turbulence
intensity strongly increases in all directions near the
slits and outside of the swirl vanes [13-15].

Turbulence intensities of #/U, and w/U, make
a difference between the two probes in the vicinity of
the slits and outside of the swirl vanes such that great
turbulence occurs except at the burner’s central part
or edge at X/R=0.1282 and X/R=0.6410. Also, their
T-probe’s values are smaller than the X-probe’s. Tur-
bulence intensity v/U, between the two probes
shows a relatively small difference. Remarkably, in
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the case of the downstream position X/R=1.4103, the
independent features between fast jet from the slits
and fast rotational flow from the swirl vanes disap-
pear, and the mixed flow feature appears. Therefore,
turbulence intensities of /U, and w/U,, obtained
by the two probes along the range of all Y-axes (ra-
dial) direction, show a similar curved line form, and
the T-probe’s measurements are smaller than the X-
probe’s, while the turbulence intensity v/U, shows

a different distribution curve between the two probes.

Fig. 11 shows dimensionless turbulent kinetic en-
ergy distributions obtained at three axial positions
X/R=0.1282, 0.6410 and 1.4103 in the X-Y plane
with the X-probe and T-probe. Here, turbulent kinetic
energy is defined as the equation KE = (u” +v?
+w?)/2, and it is normalized by the square of maxi-
mum burner exit velocity.

When X/R=0.1282, maximum turbulent kinetic en-
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Fig. 12. Comparisons of Reynolds shear stress distribution measured in the X-Y plane.

ergy is formed near the slits, and the T-probe’s meas-
urements show some smaller differences in magni-
tude than the X-probe’s, and the gap of measurements
between the two probes is larger with a far smaller
value in the range of the swirl vanes. Also, with
X/R=0.6410, because the magnitude gap between the
two probes is much expanded to the outside of the
slits, measurements of the T-probe appear to be
smaller than those of the X-probe. Conversely, in the
case of X/R=1.4103 (that is, a mixed region), turbu-
lent kinetic energy found by the two probes along all
Y-axes, except at the burner edge, has a similar curva-
ture distribution, but the T-probe’s value appears to
be smaller than the X-probe’s.

Fig. 12 shows dimensionless turbulent shear
stresses obtained with the X-probe and T-probe at
three axial positions X/R=0.1282, 0.6410 and 1.4103
in the X-Y plane. Here, these are normalized by the
square of maximum burner exit velocity.

All turbulent shear stresses (uv/U2> and uw/UZ2)
between the two probes show positive and negative
peak values around the slits at axial position
X/R=0.1282 equivalent to the initial region. In the
case of wuv/ Ue2 , measurements by the two probes
show similar magnitude distribution and curved line
form, except at the slits, but in the case of uw/U, 82 s
they show wide differences in the range of the swirl
vanes as well as the slits. In particular, when the flow
of air goes a little more downstream, turbulent shear
stress uv/U? measured by the T-probe around the
slits and the swirl vanes at X/R=0.6410 and X/R=
1.4103 appears to be somewhat smaller than that
measured by the X-probe, and shows a curved line
distribution of similar curvature between the two
probes. On the other hand, uw/U?2 shows little dif-

ference in curvature or in magnitude between the two
probes near the slits and the switl vanes.
4. Conclusions

In this study, the mean velocities and turbulence
characteristics of each directional component from
the swirling flow of the GTGB were measured with a
T-probe and compared with the results already pre-
sented with an X-probe in order to determine the dif-
ference of speed response to the type of probe.

Vector distribution and mean velocity U, measured
by the two probes in the X-Y plane and Y-Z plane,
show a little difference in magnitude, but the whole
distribution shows a very similar shape.

Mean velocity U/U, along the downstream dis-
tance shows that measurements by the T-probe lo-
cally appear to be about 16% smaller than those by
the X-probe around the slits and outside of the swirl
vanes within the range of X/R=2, and appear to be
about 10% smaller in other ranges. In addition, mean
velocity U/U, along the Y-axis shows that the T-
probe’s value is locally about 20% smaller than the
X-probe’s only at X/R=0.1282 and X/R=0.6410.

All turbulence intensities along the downstream
distance near the slits within the range of about
X/R=2 show different magnitudes between the two
probes. However, in the case of X/R>2, even though
the absolute magnitudes of all turbulence intensities
decrease remarkably, while turbulence intensities of
u/U,and w/U, measured by the T-probe locally
appear to be distributed about 13% smaller than those
measured by the X-probe on the average, turbulence
intensity v/U, from the T-probe appears to be about
7% greater than that from the X-probe on the average.

On the whole, all measurement values of the T-
probe locally appear smaller than those of the X-
probe in regions where the rotational flow dominates,
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but their distribution trends are very similar to each
other. As a result, the X-probe seems to be better than
the T-probe, especially on the swirling flow, because
it is much easier to use.

However, even though we admit Dantec Dynamics
Company’s published data that mean velocity meas-
urements by the X-probe were overestimated by 10%
relative to those by the T-probe on rotational flow, we
must discriminate between these differences if we
believe that a T-probe is more sensitive to the measur-
ing position than an X-probe. In order to reduce the
difference in magnitude between the two probes, we
must be more careful to find the exact measuring
position, especially when we try to measure the swirl-
ing flow using a T-probe. In addition, we need to
confirm more definitely whether these are the original
exact absolute values or measurement error values by
T-probe for the swirling flow. Therefore, in this re-
search in the future, additional measurements with an
LDA or a multi-hole pressure probe (making it possi-
ble to detect a flow direction) will be needed.
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