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Virtual Laboratory Work in the Course of Hydromechanics 

«Experimental Illustration of the Laminar and Turbulent Flow of Fluid» 
 

 

 

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 

 

The simulation model of laboratory equipment (Figure 2) includes a horizontally 

arranged glass tube (1), which is designed to study the movement of water in various 

modes (diameter of tube is 10 mm), a pressure tank (2), a container with a dye solution 

(3), which is supplied by opening the valve through the tube to the inlet cross section of 

glass tube. Laboratory equipment also includes a measuring tank and a stopwatch for 

measuring the flow of water in a glass tube. Water flow value is measured at the site of 

water discharge (4). 

Water is supplied to the pressure tank through the supply line by opening the valve 

(5). The pressure tank is equipped with an overflow device to maintain the water level at a 

constant elevation during the experiments.  

Regulation of the flow of water, therefore, and the average velocity of its movement 

in a glass pipe, is carried out by the control valve (6). On the glass tube there are 

piezometers (7) for determining head losses along the length lh  (by the difference of their 

readings).  
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Figure 2 – Image of a Simulation Laboratory Equipment  

for Experimental Illustration of the Laminar and Turbulent Flow of Fluid 
 

 

 

PHYSICAL PROCESS DESCRIPTION 

 

Numerous experimental studies have established that fluid movement can occur 

either in the laminar or turbulent modes. 

Laminar mode is observed at low velocities. In this case, the colored streams of the 

liquid do not mix, being preserved along the entire length of the stream, i.e. fluid movement 

in the laminar mode is jet; there is no mixing of fluid particles. 

The turbulent mode is observed at considerable velocities and is characterized by 

intense mixing of fluid particles, which causes the pulsation of velocities and pressure. 

The average flow velocity at which a change occurs in the mode of motion of a fluid 

is called critical cr . The value of it, as shown by experiments in pipelines of circular cross-
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section, depends on the type of fluid, characterized by dynamic viscosity   and density  , 

as well as on the diameter of the pipeline d. At the same time, experiments have established 

that the value of a dimensionless algebraic complex corresponding to a critical velocity cr :  

 

  const
v

dd
d  2320Re crcr

cr






     (1) 

 

  2320Re cr d  is called the critical Reynolds number. The stable laminar mode of 

fluid motion is observed with the Reynolds number     2320ReRe cr  dd
v

d
, and the 

turbulent mode with     2320ReRe cr  dd
v

d
.  

So the Reynolds number 

 

 
v

d
d


Re  ,      (2) 

 

is a criterion that allows to judge the mode of movement of the fluid in a tube with a round 

cross-section, working full section. 

The value of 



v , having the dimension [m2/s], included in formulas (1) and (2), 

is called the kinematic coefficient of viscosity of a fluid. 

It follows from the above that to determine the mode of pressure motion of the 

liquid in a circular pipeline, it is sufficient to calculate the Reynolds number by the formula 

(2), and compare it with the critical one. 

 

Knowledge of the mode of motion of the fluid is necessary for the correct estimation 

of head losses in hydraulic calculations. As shown by experiments in round pipes at 

pressure uniform motion (their results are shown in Figure 3 as a graph of dependence of 

head loss lh  from the average velocity  ), in the laminar mode the head loss lh  is 

proportional to the average velocity   in the degree 1.0, and in the turbulent mode ‒ in the 

degree 275.1 m . Note that using this graph, determine the magnitude of the critical 

velocity cr , and through it ‒ the critical Reynolds number by the formula (1). 
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Figure 3 – Graph of the Head Loss along the Length lh  from the Average Velocity υ in 

Logarithmic Form 
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LABORATORY WORK DESCRIPTION 

 

Laboratory Work Objectives:  

1. To be convinced on experience by coloring of a stream of water in a glass pipe in 

existence of laminar and turbulent modes.  

2. Calculate by experimental data of the Reynolds number in the laminar and 

turbulent modes, compare them with the critical one, make sure that in the laminar mode 

crReRe   and in the turbulent mode crReRe  .  

3. Using the experimental data, plot the  lglg fhl   graph, determine the critical 

velocity cr  with its help, and use it to calculate the critical Reynolds number  
v

d
d

cr

crRe


 .  

4. Confirm with the help of the graph  lglg fhl  , that in the laminar mode the 

head loss along the length lh  is proportional to the average velocity in the first degree, and 

in the turbulent mode ‒ degree 275.1 m . 

 

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

1. Open the water supply valve on the supply pipe and fill the pressure tank with 

water so that the overflow device works.  

2. Open a slightly regulating valve on the glass tube so that the velocity of the water 

in it is small (the water must outflow in a thin stream). 

3. Open the tap on the container with the dye and turn on the flow of the dye 

solution into the glass tube. Make sure that the colored stream of water is a distinct thread 

along the entire length of the tube. 

4. Measure the flow of water Q in the tube using a measuring receptacle and a 

stopwatch. 

5. Take into account the water temperature specified by the teacher. 

6.  Record the measurement results into the table 1. 

7. Increase the velocity of water movement in the glass tube by opening the control 

valve, but in such a way that the colored trickle of fluid is maintained, i.e. so that the mode 

remains laminar and, having performed the same measurements as in the first experiment, 

record their results in the table 1. 

8. With a further increase in the opening of the control valve, create a turbulent 

mode in the glass tube (this will be indicated by intensive mixing of the dye solution with 

water) and perform the third and fourth experiments as described above. The 

measurement results recorded in the table 1. 

9. To fill in table 2, do ten similar experiments, increasing the opening of the control 

valve in the range from 0 to 100% in each experiment so that 4–5 measurements were 

performed in a laminar mode, and 5–6 in a turbulent one. Record the measurement results 

in the table 2. 

10. Perform all calculations provided by tables 1 and 2. 
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11. According to the data of table 2, build the  crlglg fhl   graph and determine 

with its help the critical velocity cr , and through it also  
v

dcr

.expcrRe


 , as well as the 

degrees mL, mT and proportionality coefficients BL and BT. 

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

 

Table 1 – Determination of critical Reynolds number 

№ Measured and Calculated Values Units 

Experimental Results 

Laminar Mode Turbulent Mode 

Exp. 1 Exp. 2 Exp. 3 Exp. 4 

1 
The volume of water in the 
measuring receptacle W 

cm3 
    

2 Receptacle filling time t s     

3 Water flow rate Q = W/t cm3/s     

4 Internal diameter of the tube d cm 1.0 

5 
Cross-sectional area of the tube  
S = πd2/4 

cm2 
    

6 Average flow velocity = Q/S cm/s     

7 Water temperature T оС  

8 
Kinematic coefficient of viscosity 
of water v 

cm2/s 0.0088 

9 Reynolds number  
v

d
d


Re  ‒ 

    

10 
Critical Reynolds Number (by 
reference) Recr(ref)          

‒ 
 

 

Table 2 – Results of Measurements and Calculations 

№ Measured and Calculated Values Units 
Experimental Results 

1 2 3 4 5 6 7 8 9 10 

1 
The volume of water in the 
measuring receptacle W  

cm3 
          

2 Receptacle filling time t s           

3 Water flow rate Q = W/t cm3/s           
4 Internal diameter of the tube d  cm 1.0 

5 
Cross-sectional area of the tube  
S = πd2/4 

cm2 
 

6 Average flow velocity = Q/S cm/s           

7 Average velocity logarithm lg   ‒           

8 Water level in piezometer 1, ∇1  cm           

9 Water level in piezometer 2, ∇2 cm           

10 Head loss by the length hl =∇1‒∇2 cm           

11 Logarithm of head loss by length lghl  ‒           

12 Water temperature T оС  

13 
Kinematic coefficient of viscosity of 
water v  

cm2/s 0.0088 

 


