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Aim and Objectives:

The aim of the measurement is to investigate the flow field in Borda-Carnot
(right angle diffuser) and a diffuser (with a smaller angle) by two techniques:

1. Flow visualization
2. Taking the pressure distribution along the channel walls.

The objectives of the measurement are to determine the connection between the
wall pressure distribution and the flow pattern and also to determine the
efficiency of the both diffuser elements.

Measurement Task:

The assignments are as follows:

- Measuring the pressure distribution along the walls and determining the
efficiency of both diffusers.

- Making sketches of the directions of the air flow in the channels based on
flow visualization.

- Checking the inlet and outlet velocity profiles

General Data:

Before measurement: After measurement:

Proom = 99875 [Pa] Proom = 99862 [Pa]

Troom = 20.7 [°C] = 293.85 [K] Troom = 20.9 [°C] = 294.05 [K]
Average:

Proom = 99868.5 [Pa]

Troom = 20.8 [°C] = 293.95 [K]

Specific gas constant of the air: 287 [J/kgK]

Po __ 998685
R+T,  287%293.95

Density of Air:  pgir =

k
Pair = 1.184 [m_gg]



Geometry Dimensions of the Diffusers:

Orifice inlet plate diameter: 154 mm, cross-sectional area= 0.0186 m?

Diffuser inlet cross-sectional area = Borda-Carnot inlet cross sectional area: 0.01 m?
Diffuser outlet cross-sectional area = Borda-Carnot outlet cross sectional area: 0.016 m?
Borda-Carnot bed length: 950 mm

Diffuser bed length: 942 m

Measurement Procedure:

The measurement began with recording the room’s temperature and the ambient
pressure. The inlet orifice diameter was measured, and the digital manometer
was calibrated with the Betz manometer.

The first diffuser channel (Borda-Carnot) was set up. Borda-Carnot diffuser has
a sudden cross section expansion (90 degrees angle) as shown in the figure 01.
In this case the 200x50 mm cross-section is expanded to a 320x50 mm cross
section. The walls of the channel were tried to be set as symmetrical as possible.
Pins with threads attached to them were pinned to the bed of the channel. These
threads are used to indicate the pattern of the air flow in the channel. There are
26 pressuring points (taps) on each wall side to be used for measuring the
pressure at the walls of the channel.

After the set-up was ready the (miniature) wind tunnel was turned on. Firstly the
inlet orifice’s pressure was measured by a digital manometer. And by the use of
a connecting tube, the pressures at the taps along both walls were measured one
by one by the digital manometer.

Pictures were taken to record the shape and pattern of the threads in the channel.
Finally by a Prantle-probe, the inlet dynamic pressure was measured at 11 point
of the channels inlet cross-section. This was also done at the outlet of the
channel at 10 points.
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Then the channel was changed to a diffuser with a smaller angle of change and
the same procedure was followed for the new set-up. This time there are 24
pointing measures on each diffuser wall sides, Figure 02. The Prantle-probe
measurement was not repeated for the new setup’s inlet cross-section since the

inlet cross sectional area was the same. Though, it was done for the outlet of the
diffuser at 10 points along the outlet cross-section.
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Figure 02
Calculations:
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Error Calculation

Borda-Carnot

an L ~
0Apout-in T 0.7599%51.15 0.0257
- B8~ 0012

0Apor T 0.7599%51.152

811 = /(L7 +0.0257) + (1.7 + 0.012) * = 0.04812

81 _ 0.04812

n -~ 05666

Conclusion:

Diffuser
on 1 ~
0Apout-in T 0.7599%52.42 0.0251
o 2432~ 0.0116

0Apor T 0.7599%52.422

811 = v/0.0025 + 0.00054 = 0.0551

&n_
- =0.0918

The calculations show that the efficiency of the diffuser channel is higher than
the efficiency of the Borda-Carnot channel. By comparing the pictures of the
flow visualization flags it is seen that in the Borda-Carnot setup, close to the
right angle corner some of the flags are even pointing to the opposite direction
of the initial flow. But on the diffuser setup this does not happen. The flags are
tilted a bit at the cross-sectional area which the angle increases but none of them
are turned to the opposite direction. This can support the calculations meaning
that the boundary layer is thicker in the Borda-Carnot setup according to the
pictures which results in the loss of energy and thus the decrease of efficiency of
this Borda-Carnot setup compared to the diffuser setup in this very experiment.
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Comparing the Velocities in the Channel
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Comparing the Efficiency
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digital manometer calibration with Betz manometer

20 198.28 196.2 198.28
23.2 230.89 227.592 230.89
28.3 281.06 277.623 281.06
32.7 325.43 320.787 325.43
41.3 411.21 405.153 411.21

Digital Manometer No. 10 - Channel 1

BETZ [PA]

200 250
DIGITAL [PA]

13.2 130.68 129.492 130.68
17.4 172.26 170.694 172.26
25.4 251.76 249.174 251.76
34 337.22 333.54 337.22
40.4 407.07 396.324 407.07

Digital Manometer No. 00 - Channel 1
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