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The mean pressure distributions of a single circular cylinder in the branch of a T-junction are experimentally
investigated with intelligent pressure scanners (PSI 9116) in wind tunnel. Experimental data of the circular
cylinder in a straight duct are conducted to provide a benchmark. Mean pressure distributions of the circular
cylinder are obtained at different positions along streamwise direction under the velocity ratio (R) ranging from
0.117 to 0.614. Two dimensionless parameters including correlation coefficient (¢) and amplitude ratio (AR), are
defined to analyse the pressure characteristics around the circular cylinder. In the T-junction, the pressure
coefficients around a cylinder are suffered different influence at different positions, which is analysed in detall,
and the level of the influence gets more and more weaken as the increase of the distance from the suction
junction to the cylinder centre (z/Dn) until up to the benchmark. The change regulations of the main features
included the front stagnation point, the rear stagnation point and the separation points are also presented.

1. Introduction

High speed railway plays a vital role in economic development and social progress, especially in today’s China
(Sun et al., 2010). Aerodynamics problems accompanied by the speed-up of train system should be urgently
resolved. Ventilation is very important in the train house and the power module. The air exchange can be
described as a simplified weak suction (jet) model in a T pipe junction as the velocity of the air in the ventilating
device is rather small than the high speed train. The flow characteristic of weak suction (jet) takes significant
effects on the drag coefficient, heat transfer efficiency, flow resistance and so on (Raghunathan et al., 2002).
For flow in T pipe junction Liepsch et al. (1982) presented measurements and numerical calculations of laminar
flow in a plane 90° bifurcation. The influence of Reynolds number and mass flow ratio on the velocity filed,
streamlines, local shear stress and pressure drop were exhibited. Neary and Sotiropoulos (1996) presented a
numerical study on laminar flows through 90-degree diversions of rectangular cross-section for various
Reynolds numbers, discharge ratios and aspect ratios. The flow topology patterns including zones of
recirculation and streamwise vortices were exhibited. Costa et al. (2006) reported the pressure drop for the flow
of a Newtonian fluid in 90° tee junctions with sharp and round corners. It was found that rounding the corners
reduced the energy losses by between 10 % and 20 %. These studies mainly focus on the jet flow in T-junction.
Few researches have been devoted to the suction flow in T-junction. In the present work, the pressure
distributions around a circular cylinder are focused on the branch of a T-junction suction flow. Experimental
studies of mean pressure distributions around a circular cylinder are conducted in the branch of a T-junction at
twelve positions along the branch streamwise direction, z/Dn = 0.5, 1, 1.5, 2, 3, 4, 5, 6, 7, 9, 11, 13 and five
velocity ratios, R =0.117, 0.150, 0.263, 0.439, and 0.614. Another one case in a straight duct are also measured
to provide a benchmark. Two dimensionless parameters, correlation coefficient (o) and amplitude ratio (AR),
are proposed to analyze the pressure characteristics around the circular cylinder in T-junction.
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2. Experimental system and procedure

The experiments are conducted in an open T-shape wind tunnel with two blowers running at the same time.
There are two ducts included in present system, the main duct and the branch. The shape of the cross-section
of the main duct and the branch are square and rectangle, respectively. Figure 1 shows the schematic diagram
of the experiment apparatus. Graph A is the local enlarged main-duct/branch-interface and graph B is the
details of the circular cylinder and the pressure taps. The test cylinder of 23 mm outer diameter (d) and 110 mm
length (1) is vertically mounted in the branch centreline. It is made mainly of acrylic glass and has a smooth
surface to neglect the influence of roughness on the flow flied. Thirty-two static pressure taps of 0.8 mm
diameter are equally spaced along the middle circumference of the circular cylinder. Silicon tubes with small
diameter are used to connect the pressure taps and intelligent pressure scanners with precision of 0.1%. Thus
we can obtain the pressure data around the circular cylinder at the same time. The two-dimensional geometric
model is shown in Figure 2, with the origin located in the projection of the branch duct centre on the back side
of the main duct. The circular cylinder is vertically mounted in the branch centreline, which can be moved totally
12 positions, z/Dnh = 0.5, 1, 1.5, 2, 3, 4, 5, 6, 7, 9, 11, 13 (as shown in Figure 2). Here z refers to
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Figure 1: Schematic diagram of experiment system.
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Figure 2: 2D illustration of the T-junction.
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the distance from the origin to the cylinder centre and Dn refers to the hydraulic diameter of the branch duct with
dimension of 110 mm. In order to compare the T-junction and the straight duct, a benchmark pressure
distribution is obtained in the branch duct connected with a new entrance section, which is approximately 14Dy
away from the branch duct entrance, as shown in Figure 1 (black dotted line). The main duct and side duct are
removed from the branch duct. Thus, the T-shape junction becomes a straight duct which can provide the
benchmark for the comparison with the T-junction.

In the experimental process, the air flow from the laboratory room is induced to the main duct and the branch
by two frequency modulation blowers running at the same time. Here, velocity ratio, R, is given as:

R=Yo (1)
V

In Eq(1), Vb and Vm refer to the bulk mean velocity in the branch duct and in the main duct inlet, obtained by a
rotor flowmeter (80 - 400 m%h) with precision of 1.5 % and a Pitot tube mounted at the flow metering duct
respectively, as shown in Figure 2 and Figure 1. During the experimental process in the T-junction, the volume
flow rate in the branch duct Qv is maintained at 6.39 X102 m?s (also for the benchmark), the corresponding
bulk velocity Vb is 5.28 m/s. By modulating frequency of the two blowers, five cases of velocity ratio R are
examined: 0.117, 0.150, 0.263, 0.439 and 0.614.

3. Data reduction

In the present T-junction configuration, the pressure coefficient, Cp (6), is defined as:

C,(0)= P(6) ~ Prin @)
5PVie

where p(6) and pmin refer to the pressure value at a certain angle and the minimum pressure around the circular

cylinder. Ve and p are the centreline velocity in the main duct and the density of air, respectively.

Another two parameters including correlation coefficient (o) and amplitude ratio (AR) which measure the

similarity between pressure distributions obtained in T-junction and in straight duct and describe the change
level of amplitude, respectively, are defined as follows:

S [C36) - CE@)ICI (6, +5)~CL(8,+ O)] o
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where C](6),,, and C7(6),., refer to the maximum pressure coefficient of pressure distributions obtained in T-

junction and in the benchmark. More details about the above parameters can be found in Wu et al. 2015.

4. Results and discussion

Figure 3 shows the typical case of the pressure distributions at different positions and the corresponding
correlation coefficients and amplitude ratios under R =0.117. For the benchmark, the pressure distribution curve
is symmetric. It monotonically declines from 0° (front stagnation point) until to the location where the flow
boundary layer separates with two minimum values occurring at 67.5° and 292.5°, between which the pressure
coefficients maintain low levels and have a little minimum value at 180° (rear stagnation point). In T-junction,
not enough far from the bifurcation, the pressure distribution curves are obviously asymmetry due to the highly
non-uniform oncoming flow.
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Figure 3: Pressure distributions at different positions and the corresponding correlation coefficients and
amplitude ratios under R = 0.117.

At z/Dn= 0.5, one peak point occurs at about 203° and two minimum points at about 135° and 270°. The pressure
coefficients from 315° to 360° and 0° to 120° change a little. The holistic pressure coefficients around the cylinder
are lower than the benchmark especially at the front stagnation region. At z/Dn = 1, there is still one peak point
at about 203° and the value is larger. Only one obvious minimum point can be seen at about 270° and the
pressure coefficients increases from 0° to 203°. Also the holistic pressure coefficients around the cylinder are
larger than that at z/Dn = 0.5.

From z/Dn = 1.5 to z/Dn = 7, double peaks and separation points are noticed and the corresponding locations
show an angle shift right to the benchmark. Wu et al. 2015 reported that in the branch of T-junction two clockwise
large eddies occupy most region of the duct. One is located in front of the circular cylinder, and the other behind
it. The circular cylinder is located at the edges of both eddies. Thus, dynamic pressures are exerted on the
circular cylinder from two almost opposite directions. That is the reason why double peaks occur in pressure
distribution curves. The value at the front stagnation point is smaller than that at the rear stagnation point from
z/Dn=1.5t0 z/Dn = 2, but larger at farther positions. This reflects the relative strength of the two eddies around
the cylinder. From z/Dn = 9, the pressure distribution curve is already almost symmetric, very close to the
benchmark, although some lower values exist at the front stagnation region.
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As mentioned before, the main features including the front stagnation point, the rear stagnation point and the
separation points appear again from z/Dn = 1.5 and the change regulations are analyzed as follows.

At the front stagnation point, a deviation angle of about 56° gradually shifts back to 0° which is the same with
the benchmark with the increase of z/Dn as shown in Figure 3, and the corresponding value of pressure
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Figure 4: Pressure distributions at different positions under different R.
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Figure 5: Correlation coefficients (a) and amplitude ratios (b) under different R.

coefficient increases first and then decreases gradually, until close to the benchmark. The two separation points
are between the front stagnation point and the rear stagnation point (region) and the similar changes can be



216

seen. The left separation point (in Figure 3) has the shift angle from about 101° to 67.5° and the right separation
point from 349° to 292.5°, although some special cases exist.

At the rear stagnation region, the peak point exists notably at about 214° from z/Dn = 1.5 to z/Dn = 3, while the
pressure coefficient turns out to be more and more smooth and gentle between the two separation points at
farther positions especially from z/Dn = 9, which position has almost the same pressure distributions with the
benchmark.

The correlation coefficients and amplitude ratios under R = 0.117 are presented in the last graph in Figure 3.
Here z/Dn = 0 at abscissa axis means the benchmark where both correlation coefficient and amplitude ratio
equal to 1 which is for a comparison. Totally, it can be seen that the correlation coefficient decreases first and
increases as the increase of z/Dn. It changes sharply near the position of z/Dn = 3 where has a minimum value
of about 0.47 and reaches to 0.98, very close to 1 at the benchmark which can also be reflected in Figure 3 that
the curve shape at z/Dn = 9 is very familiar with that at the benchmark. The amplitude ratio generally increases
first and then decreases. It is pointed that the maximum pressure coefficient locates in the range of 6 > 180°
from z/Dn= 0.5 to z/Dn= 2, while at the front stagnation point (6 < 90°) when z/Dn > 2, leading to some unregularly
changes in amplitude ratio at these positions.

Figures 4-5 depict the pressure distributions at different positions under other velocity ratios and the
corresponding correlation coefficients and amplitude ratios. Generally, with the increase of velocity ratio, the
pressure coefficients present lower values in all positions around the cylinder, especially at the front stagnation
and rear stagnation region, as shown in Figure 4, and the recovery to the benchmark also becomes faster,
which can also be seen from the higher correlation coefficients in Figure 5 (a). At a single velocity ratio, the
correlation coefficients decrease first and then increase. The positions of the minimum points are closer to the
suction slot and the corresponding values are larger as the increase of velocity ratio. All the correlation
coefficients are greater than 0.97, very close to the benchmark, when z/Dn = 7. For R = 0.614, the minimum
value is already 0.9 and the pressure distribution curve is almost symmetry at z/Dn = 0.5. That means the
changes remain similar but the influence of the suction flow on the branch duct gets more and more weaken
with the larger velocity ratio. The amplitude ratios increase first and then decrease for R < 0.263 while decrease
first and then increase for larger velocity ratios as presented in Figure 6 (b).

5. Conclusions

Experimental studies of pressure distributions around a circular cylinder in the branch of a T-junction are
conducted. One test case in a straight duct is performed to provide a benchmark. For a single velocity ratio in
the T-junction, the change regulations of the main features included the front stagnation point, the rear
stagnation point and the separation points are also presented. Generally, with the increase of velocity ratio, the
correlation coefficients increase. The amplitude ratios increase first and then decrease for R < 0.263 while
decrease first and then increase for larger velocity ratios. For R = 0.614, the minimum correlation coefficient is
already 0.9 and the pressure distribution curve is almost symmetry at z/Dn = 0.5. That means the suction effect
on the branch duct is very small. The pressure distributions around a cylinder are suffered different influence at
different positions, which is analysed in detail, and the level of the influence gets more and more weaken as the
increase of z/Dn until up to the benchmark. That means the same with the benchmark.
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