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Virtual Laboratory Work in the Course of Hydromechanics 

«The Cavitation Tests of Centrifugal Pump» 
 

 

 

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.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

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 camera, 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 motors 

(1, 2), tested centrifugal pump (3), reservoir (4), suction and pressure pipelines, flow rate 

valve (5), vacuum pump (6), instrumentation: manometer (7) and vacuum gauges (8, 9),  

diaphragm with a differential manometer (10) and a tachometer (11), power supply panels 

for centrifugal (12) and vacuum pumps (13). 
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Figure 2 – Image of a Simulation Laboratory Equipment  

for Cavitation Tests of Centrifugal Pump 
 

PHYSICAL PROCESS DESCRIPTION 

 

Cavitation is a violation of the continuity of the fluid flow due to the appearance of 

bubbles or cavities in it, filled with steam and gas. Cavitation occurs when the absolute 

pressure in the flow drops to the pressure of the saturated vapor of the fluid at a given 

temperature. In this case, bubbles are intensely released from the fluid, filled with fluid 

vapor and gases dissolved in it (the fluid boils). Typically, gas evolution from a fluid is 

insignificant and does not significantly affect the technical parameters of the pumps, so 

cavitation is called steam. In the future, the term cavitation will mean steam cavitation. 

Bubbles that are released from the fluid in places of reduced pressure and are filled 

with steam, are carried away by the flow and, falling into the region with increased 

pressure, condense. In this case, the particles of fluid surrounding the vapor bubbles at 

very high velocities rush into the space previously occupied by steam. A collision of fluid 

particles occurs, accompanied by an instant local increase in pressure, reaching tens, and 

even hundreds of MPa. If condensation occurs near the walls of the pump channels, the 
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wall material is rapidly destroyed. Moreover, in the first place, those places in which there 

are microscopic cracks on the surface of the walls are destroyed.  

For example, graphite inclusions are first knocked out of cast iron, and then the 

fluid, acting as a wedge, destroys the wall material even more intensely, forming significant 

shells on their surface. In addition, the wall material undergoes destruction from the 

chemical effects of oxygen-rich air and various gases released from the fluid. The described 

process of destruction of the walls of the channels is called erosion and is a dangerous 

consequence of cavitation. Impeller damage due to cavitation is shown in Figure 1. 

 

 

Figure 3 – Impeller Damage due to Cavitation 

 
The external manifestation of cavitation is the presence of noise, vibration, a drop in 

pressure, feed, power and efficiency. Obviously, pump operation in cavitation mode is 

unacceptable. 

The occurrence and nature of cavitation phenomena are determined by the 

cavitation reserve Δh ‒ the excess of the specific energy of the адгшв at the entrance to the 

pump over the specific energy of its saturated vapors: 

g

p

gg

p
h S







vapor
2

2














  ,     (1) 

where р and υS ‒ absolute pressure and speed at the inlet to the pump; рs.steam ‒ saturated 

vapor pressure of the fluid at the pump inlet , depending on the type of liquid and its 

temperature. For water and gasoline рvapor are given in table 1. 

 
Table 1 – Saturated vapor pressure of the liquid at the pump inlet pvapor, kPa 

t, оC 5 10 15 20 25 30 40 60 80 100 

Water 0.32 1.21 1.69 2.34 3.17 4.24 7.37 20.2 48.2 103.3 

Gasoline ‒ ‒ ‒ 16.3 ‒ ‒ 33.2 55.8 103.3 ‒ 
 

 The initial stage of cavitation is determined by the critical cavitation reserve Δhcr ‒ 

the cavitation reserve at which a pressure drop of 2% is observed in the pump on a 

particular cavitation characteristic (Н=f(Δh)), or by 1 m with a pump pressure of more 

than 50 m. 
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The value of the critical cavitation reserve Δhcr, m, can be determined during 

cavitation tests of the pump by a particular cavitation characteristic, or by the formula: 
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where n ‒ the rotation frequency, rpm; Q ‒ pump flow, m3/s; С ‒ cavitation coefficient, the 

value of which depends on the design features of the pump and is equal to: 600‒800 ‒ for 

low-speed pumps; 800‒1000 ‒ for normal pumps; 1000‒1200 ‒ for high-speed pumps. 

 The operation of the pump without changing the main technical indicators, i.e., 

without cavitation, is determined by the permissible cavitation reserve Δhperm, calculated 

by the formula: 

crperm hAh   ,     (3) 

where А ‒ coefficient of cavitation reserve (A=1.05‒1.3=f (Δhcr)) (table. 2). 

 
Table 2 – Coefficient of Cavitation Reserve 

hcr, m 0‒2.5 3 4 6 7 8 10 12 14 

А 1.3 1.25 1.2 1.13 1.1 1.09 1.08 1.07 1.06 
 

The graphical dependence of the allowable cavitation reserve on the flow rate in the 

working flow rate interval Δhperm=f(Q) is called the cavitation characteristic of the pump 

(Figure 4). It is obtained during cavitation tests of the pump according to private cavitation 

characteristics. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4 – Cavitation Characteristic of the Pump 

 

 

A particular cavitation characteristic is the dependence of the pump head on the 

cavitation reserve at a constant speed, flow and temperature of the fluid H=f(Δh) (Figure 

5). 
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Figure 5 – Partial Cavitation Characteristics of the Pump 

 

When testing the pump, the cavitation reserve is determined by the formula: 
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where patm  ≈ 105 Pa ‒ atmospheric pressure; pV ‒ vacuum gauge readings, Pa. 

 The experimentally obtained  Δhexp values are reduced to the nominal velocity nnom 

by the formula: 
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then the partial cavitation characteristic of the pump is built (Figuge 5). 

For each particular cavitation characteristic Δhcr and Q are found, and then Δhperm 

(according to formula 3). Using the values of Δhperm and Q the cavitation characteristic 

Δhperm=f (Q) is constructed (Figure 4). 

Monitoring of the pump operation during its operation is performed according to 

the readings of the vacuum gauge installed at the pump inlet. The relation of the cavitation 

reserve to the vacuum can be found from the expression 
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and then, by substituting in (6) the value of the absolute pressure p from the formula (1): 
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By analogy with (8), we can write expressions for the critical and permissible 

vacuum. Critical vacuum: 
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Permissible vacuum: 
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We also use the concept of the vacuum height of the suction height НS, which is 

associated with the vacuum dependence: 
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или: 

hHH  vacS                 (12) 

The vacuum at the inlet to the pump depends on the location of the pump with 

respect to the free surface of the liquid in the receiving tank of the geometric suction height 

HS, the operating mode of the pumps and other factors. 

This dependence is found using the Bernoulli equation: 
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where hS ‒ head loss in the suction pipe. 

The maximal (critical) suction height, i.e., the height at which cavitation begins, is 

calculated by the formula: 
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Permissible suction height HS, i.e. the height at which the cavitation-free operation 

of the pump is ensured is: 
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LABORATORY WORK DESCRIPTION 

 

Laboratory Work Objectives:  

1. To verify in practice the existence of cavitation in a centrifugal pump and to clarify 

the causes of its occurrence.  

2. To master the technique of cavitation tests of a centrifugal pump.  
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3. Obtain the cavitation characteristic of the pump as a result of the tests. 

 

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

Particular cavitation characteristics H=f(Δh) should be obtained for the minimal 

(Qmin≈1.45 L/s), nominal (Qnom≈2.2 L/s) and maximal (Qmax≈3.2 L/s) flow rates. To do 

this, you must: 

1.  Switch on the pump and provide the set minimum flow rate change by the valve, 

having previously determined for it the approximate pressure drop on the differential 

manometer h [mmHg] from the formula (18). 

2. Reduce the pressure at the pump inlet step by step by turning on the vacuum 

pump, starting from pressure that obviously excludes cavitation, and ending with a sharp 

drop in pressure, while ensuring Qi=const , and taking readings of the manometer, vacuum 

gauges, differential manometer and tachometer at each stage. The measurement results are 

listed in table. 3. 

3. Repeat steps 1 and 2 for nominal and maximum flow rates. 

4. Calculate the parameters necessary for constructing a particular cavitation 

characteristic: pump flow rate Q [L/s]: 

hCQ exp ,                        (18) 

where С ‒ the constant of the diaphragm (С=0.7); h ‒ the differential pressure across the 

differential manometer, mmHg; velocity in the suction and pressure pipelines υS and υP, , 

taking the diameters of the pipelines from table. 5 and translating for this Q in [m3/s]: 
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where Qexp – pump flow, m3/s; dS and dP ‒ the diameters of the suction and pressure 

pipelines, respectively, m (selected depending on the type of pump used); pump head Н, 

bearing in mind that zM = 0.5 m: 
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where pM and рV ‒ the readings of the manometer and vacuum gauge located, respectively, 

on the pressure and suction pipelines of the pump, Pa; zM ‒ excess of the rotation axis of the 

manometer needle over the connection point of the vacuum gauge, m; cavitation reserve 

Δhexp ‒ according to the formula (4), assuming saturated vapor pressure pvapor according to 

the table 1 for a given fluid temperature. 

 If in experiments the rotational velocity nexp differs from the nominal nnom 

(nnom=2900 rpm) by more than 0.5%, the cavitation reserve Δhexp must be reduced to nnom 

by formula (5). If nexp differs from nnom by less than 0.5%, take Δh=Δhexp. The calculation 

results are listed in table 3. 

 5. Build according to the results of the table 3 particular cavitation characteristics 

Нi=f(Δh) (Figure 5) for the minimum, nominal and maximum pump flows. 
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6. To obtain the cavitation characteristic Δhperm=f(Q) , it is necessary to determine 

the permissible cavitation reserve Δhperm=АΔhcr from each particular cavitation 

characteristic Hi=f(Δh), having previously determined the critical cavitation reserve Δhcr 

from the pressure drop by 2% on the curve Hi=f(Δh) and the coefficient of cavitation 

reserve A=f(Δhcr) from the table. 2. 

7. The calculation results for p. 6 are summarized in table. 4 and construct the 

cavitation characteristic Δhperm=f (Q) according to this table (Figure 4). 

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

  

Table 3 – Results of Measurements and Calculations for Construct Partial Cavitation 

Characteristics of the Pump 

Initial Conditions and Measured 
Parameters 

Calculated Values 

Patm/t , 
Pa/оС 

PM, Pa РV, Pa 
h, 

mmHg 
nexp, 
rpm 

Q, 
L/s 

Q, 
m3/s 

υs,  
m/s 

υp,  
m/s 

H,  
m 

hexp, 
m 

h, 
 m 

            

           

           

           
           

           
           

           
 

Table 4 – Data for Construct Cavitation Characteristic of the Pump 

Q, L/s hcr, m А hperm, м 

Qmin = … hcr1 = … А1 = … hperm1 = … 

Qnom = … hcr2 = … А2 = … hperm2 = … 

Qmax = … hcr3 = … А3 = … hperm3 = … 

 

Table 5 – Diameters of the Suction and Pressure Pipelines in the Laboratory Equipment for 

Cavitation Tests of Centrifugal Pump 

Pump Model Suction Pipe Diameter ds, m Pressure Pipe Diameter dp, m 

К 18/8 (1.5К 6) 0.05 0.032 

К 20/20 (2К 6) 
0.065 

0.05 К 20/18 (2К 9) 
К 45/55 (3К 6) 

0.08 
К 45/30 (3К 9) 

0.065 
К90/85 (4К 6) 0.1 

 

 

 


