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Virtual Laboratory Work in the Course of Hydromechanics
«The Study of Centrifugal Fan Characteristics»

PRINCIPLES OF INTERACTION WITH THE VIRTUAL MODEL
OF THE LABORATORY EQUIPMENT

The simulation model of the laboratory equipment is an interactive geometric
structure placed in a virtual three-dimensional space. Observation of objects is carried out
using a virtual camera. In the basic (free) mode, the camera can rotate around the focus
point (Figure 1). The focus point of the camera can move in the vertical frontal plane. In
addition, the camera can distance itself relative to the focus point for an arbitrary distance
bounded by the dimensions of the work space of 3D scene.
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Figure 1 - Principle of the Camera Control in Free Mode
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Basic manipulations with the camera in a free mode are carried out using a
computer mouse. Herewith pressing and holding the left mouse button with the
accompanying movement of the mouse moves the focus point of the camera in the frontal
plane of work space. Clicking and holding the right mouse button while moving the mouse
causes the camera to rotate relative to the focus point. The angles of rotation (azimuth and
elevation) of the camera are limited by the dimensions of the 3D work space. The distance
between camera and focus point is changing by rotating the mouse scroll wheel in the
forward and reverse directions.

Note: in some virtlabs, the focus point may move in a horizontal plane!

In addition to the free mode, the camera can switch to individual elements of the
laboratory equipment. Switching the camera to the individual object is performed by
hovering the mouse over the object with a subsequent single click of the left mouse button.
In this case, the camera can take a static position or be able to move in a vertical plane by
hovering the mouse pointer to the edges of the screen or using the keyboard arrow keys.
The clicking on an arbitrary area of the screen is return of the camera to basic mode.

The interaction with the control elements of the simulational laboratory equipment
is carried out by hovering the mouse over the object and then pressing (or a single click)
the left (or right) mouse button. Specific of the control for different elements may vary. For
example, continuously regulating elements (flow control valves, etc.) require holding the
left or right mouse button to change their state. Elements of discrete action (gates or
latches) require a single click of the left mouse button.

At the moment of hovering the mouse pointer over the object, manipulations with
the camera are temporarily unavailable. Similarly, when manipulating the camersj, it is not
possible to perform actions on the controls elements of the lab equipment.

VIRTUAL MODEL OF THE LABORATORY EQUIPMENT

A simulation model of a laboratory equipment (Figure 2) includes an electric motor
(1), centrifugal fan (2), suction pipeline (3), pressure pipeline (4), static pressure
measuring unit in the suction pipeline (5), collector vacuum measuring unit (6), gate valve
(7), electric motor control panel (8), fan velocity controller (9), tachometer (10), electrical
measuring instruments (11), differential alcohol manometer (12) and micromanometer

(13).
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Figure 2 - Image of a Slmulatlon Laboratory Equipment
for Experimental Study of Centrifugal Fan Characteristics

PHYSICAL PROCESS DESCRIPTION

The vacuum measurement (Pac) is performed on a micromanometer scale. In the
inclined state of the measuring tube of the device, the liquid (tinted alcohol) located inside
the tube has a horizontal free surface, therefore, the reading on the scale must be taken
relative to the center of the free surface of the liquid.

The current air flow (m/s) in the system is calculated by the equation:
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where ¢ - collector ratio, ¢ = 0.98...0.99;
Ss - suction pipe cross-section area, Ss=0.057 m?;
g - acceleration of gravity, g = 9.80665 m/s?;
Po - air density, po = 1.225 kg/m3;
Pyac - collector vacuum (determined by micromanometer), kgf/m?2:
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where Hn, - reading on a micromanometer scale, mm of alcohol column;
psp - alcohol density, psp = 800 kg/m3;
km - micromanometer coefficient equal to the sine of the angle of the measuring
tube of the device (km = 0,4);
A - correction for changes in microclimatic conditions in the vacuum
measuring zone:
A:760~(273+tk)’ 3)
293-P,.
where tx - collector air temperature, °C;
Pam - atmospheric pressure, mmHg.

For normal conditions (tk = 20 °C and Patm = 760 mmHg) A = 1.

The static pressure in the suction pipe is measured on the millimeter scale of the
differential alcohol manometer located on the measuring stand of the unit, relative to the
zero point of the scale (Figure 3).

Figure 3 - Measurement of Static Pressure in the Suction Line Using a Differential Alcohol
Pressure Gauge

The static pressure in the suction pipe (Pst1, kgf/m?) is determined by the formula:

_ HUl'psp'A )
1000
where Hyp - is the difference between the liquid levels in the U-shaped tube of the

differential pressure gauge, mm alcohol column.
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The static pressure at the outlet of the pressure pipe of the installation corresponds
to atmospheric pressure (Psi2=Patm)-

The frequency of rotation of the fan shaft (rpm) is fixed by the dial tachometer
located in the upper right part of the measuring stand.

The fan power (kW) is fixed by the arrow kilowatt meter located on the right side of

the measuring stand. It should be noted that the scale of the instrument is graded unevenly
(Figure 4).

Figure 4 - Measuring Fan Power Using a Kilowatt Meter

LABORATORY WORK DESCRIPTION

Laboratory Work Objectives:

Obtaining aerodynamic characteristics of the fan (Qeur, 1, Pan and 1) and comparing
them with the nomogram of the centrifugal fan.

The Order of the Work and the Processing of Experimental Data:

1. Turn on the fan motor, set the initial opening of the valve and determine the
current air flow.

2. Determine the vacuum in the collector using a micromanometer.

3. Measure the static pressure in the suction pipe using a differential manometer.
4. Take readings from the tachometer and kilowatt meter.

5. Calculate the air velocity (m/s) in the suction and pressure pipes:

Q
V. = Xour
1 Ss ; (5)
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where Ss, Sp - cross-section area of the suction and pressure pipelines, m?2 (in this model of
the laboratory equipment Ss= 0,057 m2, Sp(1) = 0,057 m2, Sp2) = 0,074 m?2).
6. From the obtained values of the air flow velocities in the suction and pressure
pipelines, determine the dynamic components of the total air pressure (kgf/m?):

0y -V,

dynl — ;gl ; (7)
0y -V,

Paynz = ;_ 92 (8)

7. Determine the total pressure developed by the fan, using the equation of pressure

balance:

Pfan = denZ B denl + I:)sr2 + I:)srl 9)

8. Calculate the fan efficiency:
n:chr'Pfan°g 10
N-1000 (10)

where N - fan power, kW (as indicated by the kilowatt meter).

9. The results of the measured and calculated parameters are listed in table 1.

10. The obtained aerodynamic characteristics of the fan (Qcur, n, Pran and n) are
compared with the fan nomogram (Figure 5).

11. Give a conclusion of the results of the work.

Table 1 - Results of Measurements and Calculations
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Figure 5 - Aerodynamic Characteristics of a High-Pressure Fan on a Logarithmic Scale of
Coordinate Axes



