


 

2 Experimental setup 

The experiments were performed on a specially designed 

test bench at the Spray laboratory in the Brno University 

of Technology. All tests were performed at room 

temperature (25 °C).  
The pressurized liquid was supplied by a fuel supply 

system – see fig. 1. The liquid was pumped by centrifugal 

pump (3) from the main tank (1) via a filter (2) to the 

Coriolis mass flow meter (4). Temperature (5) and 

pressure sensors (7) were mounted before the atomizer 

(8). The mass flow rate was set by changing pump speed. 

The spray freely falls into a collector and returns into the 

main tank. 

2.1 The atomizer 

The small-sized simplex atomizer as used in a combustion 

chamber of turbojet aircraft engine, was investigated. Its 

main dimension are listed in fig. 2. Due to the small 

dimensions, the optical measurements inside the 

transparent model would be extremely difficult. For this 

reason, a scaled transparent copy, with a modular 

construction was manufactured. It consisted of three 

pieces, one with the swirl chamber, the second part with 

the tangential inlet ports and the last one a cap. This 

construction allowed changing each piece for another 

with a different geometry thus providing easy 

modification of the atomizer geometry.  

A thin transparent gasket material was used to prevent 

leakage of the liquid between the interfaces. The inner 

surfaces of every piece were grounded and polished to 

achieve transparency for the optical measurements. 

2.2 Flow match and tested liquids 

The scaled model is ten times larger than the original 

atomizer and its construction is shown in fig. 3. To 

maintain the flow behaviour, dimensionless numbers such 

as Reynolds number, swirl number and Froude number 

must remain the same as in the original atomizer. Thus a 

new inlet condition had to be proposed to fulfil these 

requirements. 

The Reynolds number is defined as the ratio of inertial 

force to the viscous force and it is a crucial parameter that 

must be maintained to simulate the behaviour of liquid in 

the original atomizer [9]: 

 Re i iw D
ν

=  (1) 

where   is the velocity inside the inlet port, D is the 

hydraulic diameter of the inlet port and ν is the liquid 

kinematic viscosity.  

Another important dimensionless number is the swirl 

number, S0. This number is basically the ratio of the radius 

of the swirl chamber, the discharge orifice and cross-

section of the inlet ports [3]. It has to be the same for the 

scaled model and the original atomizer. If the each part of 

the atomizer is scaled equally then the swirl number 

remains the same: 

 

 

(2) 

where R is radius of the swirl chamber,  is radius of the 

exit orifice and  is total cross-section of inlet ports. 

 
Fig. 1. Test bench 

 

 
Fig. 2. Sketch of the transparent atomizer, main dimensions in 

millimetres. The original atomizer is ten times smaller. 

 

 
Fig. 3. Model of the scaled transparent modular atomizer 
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Fig. 4. Schematic drawing of beam path through the 

transparent model 

 

Different issues arise in measurements of the swirl, 

radial and axial velocity component and must be taken in 

to account. Considering the matched refractive indices of 

liquid and atomizer body, the problem can be simplified 

to measurement in a planar window and thus only the 

position of the measurement volume must be corrected for 

as: 

 1

1

2
2 S

n

n
S =   (4) 

where n1 and n2 are refractive indexes of surrounding air 

and atomizer body, S1 is the position of the measuring 

volume in the air, S2 is the real position of the measuring 

volume inside the atomizer. 

However, when the refractive index is not matched i.e. 

a difference greater than 0.01 then the circular geometry 

of the swirl chamber must be considered – see fig. 4. In 

the case of the swirl velocity component measurement, 

the optical plane is perpendicular to the atomizer axis, 

therefore, the properties of the measurement volume are 

dependent on the local position of the measurement point 

into flow [14]. Both, the position and velocity must be 

corrected.  

Measurement of radial velocity component is even 

more complex and in the positions further from the 

atomizer centre, the optical aberration and measurement 

volume dislocation make the measurement almost 

impossible [14]. 

3 Results and discussion 

The results are divided into two main parts: The air core 

shape based on the high-speed visualization and the 

velocity profiles based on the LDA measurements. 

Emphasis is placed on evaluation of refractive index 

effect in both cases. 

 

 
Fig. 5. Measurement positions 

3.1 High speed visualization 

In a comparative manner, the high-speed records with 

kerosene and p-cymene as the working liquid is shown in 

fig. 6. For the kerosene image there are darker region 

towards the edge of the swirl chamber. This is caused by 

light refraction at the swirl chamber wall. It is not evident 

in the atomizer centre due to the small relative curvature. 

This problem is overcome using the liquid with the same 

refractive index as the atomizer body as can be seen for 

the results from p-cymene. 

A fully developed air core was found in all tested 

cases. It was cylindrically shaped with an extended 

diameter inside the exit orifice. Similarly shaped air cores 

were described by several authors [11, 12, 13]. The air 

core diameter (dac) inside the exit orifice was 3.09 ± 0.05 

mm and it was equal for both liquids and inlet conditions. 

In the swirl chamber, the dac was 2.1 mm for both liquids 

at Re = 1560 and it decreased by 5 % with increasing Re.  
 

 

  
Fig. 6. High-speed image, from top: Re = 1560 and 2560, left: 

Kerosene, right: p-cymene  
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Fig. 10. Radial velocity, data-rate and validation rate, 

Re = 1560, Z = 8 mm 

 

For positions higher then R/2 the laser beam deviations 

and optical aberrations corrupt the measurement volume 

and make measurements almost impossible. This is in 

agreement with [14]. The measured velocity data in 

positions with a greater diameter than R/2 are caused 

probably by noise, as the velocity magnitude is close to 

zero. 

4 Conclusion  

The internal liquid flow of a transparent pressure-swirl 

atomizer was investigated by high-speed imaging and 

LDA measurements using two liquids with different 

refractive indices.  

The internal flow generates a stable, cylindrically 

shaped air core for both liquids under the pressure regimes 

studied. Swirl velocity profiles were found to be 

independent of axial location in the swirl chamber and had 

a sharp maximum near the air-core boundary, typical for 

a Rankine vortex. 

Refractive index matching is necessary for the LDA 

measurement of radial and axial velocity components. 

However, there were only small difference in the case of 

swirl velocity measurements. Results from the high-speed 

imaging were independent of the liquid used. 
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