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Abstract. The paper uses dimensional analysis to develop a theoretical prediction of the yield of a high 
frequency silent discharge ozone generator at atmospheric pressure.  To verify the viability of the resulting  yield 
equation, a rectangular shaped chamber with a 0.75 mm air gap was constructed. Aluminium mesh electrodes 
were used, with metal tape and a planar mica sheet forming a dielectric barrier. The power supply to the chamber 
was from a modified class E resonant power inverter. It is established that prediction using the yield equation 
based on fractional function matches closely with data obtained from the experimental findings. 

INTRODUCTION 
 

It has found that ozone gas is used in wide application in many water treatment, pharmaceutical and other 
applications [1, 2] as it leaves no harmful residuals in environment. The most economical method of ozone 
generation is a silent discharge [3,4] and this discharge has been investigated [5] with a view to improving 
the overall yield. Dimensional analysis [6] is a useful tool for predicting the oxygen yield from a given 
reaction chamber [7]. To use this, it is necessary to determine the significant parameters that influence the 
yield and then to properly formulate and weight these in a mathematical model. Useful models have been 
developed for ozone generation by pulse streamer discharge [7, 8], but to date no corresponding analysis has 
been reported for the high frequency silent discharge. The paper uses dimensional analysis to predict the 
ozone yield (in g/kWh) of a high frequency silent discharge. Results predicted from the analysis are 
compared with practical measurements. 

EXPERIMENTAL, RESULTS AND DISCUSSION  
 

Based on the evidences in the literatures, the most prominent in ozone yields parameters are: gas flow 
rate, power absorbed by the chamber, pressure, applied voltage, frequency, the permittivity of the dielectric 
medium and the discharge gap [1,8]. These parameters are grouped into four fundamental dimensional 
quantities: length (L), mass (M), time (T) and current (A) as summarized in Table 1.The general relationship 
between the ozone yield and the parameters in Table 1 can be written in the following equation [6] 

3 ,  , , , , ,g r sO function f V P d f P                                                       (1) 
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TABLE 1. Parameters influence the ozone yield 
Parameters Symbol   Unit Dimension 
ozone yield O3 g/kWh L 2M2 
frequency f Herzt (Hz) T 1 

voltage V Volt (V) L2MT 3A 1 
power P Watt (W) L2M1T 3 

discharge gap dg Meter (M) L1 
permittivity of dielectric  F/m L-3M 1T2A4 

flow rate fr Litre/minute (L/m) L3T 1 
pressure Ps Pascal (Pa) L 1MT 2 

 
By following the steps in Buckingham’s Theorem [6], these eight parameters are expressed in terms 

of fundamental dimensions as shown in the first four rows of the dimensional matrix in Equation (1). The 
determinants of the first four rows and the last four columns of the matrix are non-zeros with rank four. The 
number of dimensionless products ( ) that characterize the system is only four: 1, 2, 3, 4. 

 O3 f V P dg fr Ps   
L -2 0 3 2 1 2 -1 -3  
M 0 0 0 1 0 1 1 -1  
T 2 -1 -1 -3 0 -3 -2 4 (2) 
A 0 0 0 0 0 -1 0 2  

1 1 0 0 0  

C 

 
2 0 1 0 0  
3 0 0 1 0  
4 0 0 0 1  

whereas C is determined by  C= D(A-1. B)T   [6]                      (3) 
in which 

A =
-1  2 -1 -3
0  1  1 -1
0  3 -2 -4
0 -1  0   2

,  B =

-2  0  3  2
0  0  0  1
2 -1 -1 -3
0  0  0  0

, D = 

1 0 0 0
0 1 0 0
0 0 1 0
0 0 0 1

, C = 
1 1
2 2

-4  2  0 0
  3 -1  0 0
-1  0 -
  0 -1 -1 0   

When the result follow equation (1) and (2) then value of C is in (1) yields: 
 O3 f V P dg fr Ps   
L -2 0 3 2 1 2 -1 -3  
M 0 0 0 1 0 1 1 -1  
T 2 -1 -1 -3 0 -3 -2 4  
A 0 0 0 0 0 -1 0 2                                (4) 

1 1 0 0 0 4 2 0 0  
2 0 1 0 0 3 -1 0 0  
3 0 0 1 0 -1 0 

1
2-  1

2   

4 0 0 0 1 0 -1 -1 0  
From matrix in equation (3) the set of dimensionless product is: 

2 4
1 3π r g= O f d ; 

3

2π  g

r

d
= f

f
; 

1
2

1
2

3π
s g

V=
P d

; 
4π

r s

P=
f P

                                                       (5) 

Buckingham’s theorem states [6] that the dimensionless products can be related among themselves by 
 1 2 3 4π π ,π , π= function       (6) 

This leads to the following expression: 32 4
1 2 3 4π  π πmm m

c= D π          (7) 
Equation (7) is known as monomial form, which is defined as a product of several variables with 

powers. The variable Dc is a dimensional constant, and m2 to m4 are the powers of each dimensionless 
product to be determined later. Introducing set of Equations (5) into (7) enables:  
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(8) 

By considering the physical phenomena in [1, 5, 9] and employing a trial and error method, the values of m2, 
m3, m4 are determined to be 3

2 , +3 and 1, respectively. The Equation (8) becomes 
3
2

3 7
2 2

3

3 = r
c

g s

V f
O D

f d P P
  and 

3
2

3 7
2 2

r

g s

f
K

f d P
                                                           (9) 

Since , fr, f, dg, and Ps are held constant throughout the implementation of V and P, it is convenient to write  
3

3c

O
D

VK
P

 (10) 

Fig. 1 shows the experimental set up to accomplish mathematical model. The discharge chamber is 
constructed by rectangular shaped aluminium electrodes and metal tape [9]. A modified class E high 
frequency resonant inverter is used as power supply to generate high voltage. The ozone yield is measured at 
the following conditions: flow rate =1.0 L/m, discharge gap width =0.75 mm, frequency =27.5 kHz, pressure 
=1.01325 x 105 Pa and Voltage varied from 2.0 – 4.0 kVpp. As Dc is set to 1.5, then the plot of Equation (10) 
fits well with experimental data for voltages below the saturation region in Fig. 2. However, the theoretical 
curve does not accommodate the points beyond the saturated region in which the collisions of electron and 
ozone molecules become more intensive due to excessive energy. This reaction results in reduced ozone 
production and they are accommodated by Destruction Factor (DF) in the form of: 

3
3

c

O
DF

VD K
P

 (11) 

The initial voltage (Vo) and power (Po) also must consider as 
o o

VP
V P . Three regression methods, 

namely the quadratic, third order polynomial, and fractional function, Curve Expert software is used to fit the 
data points to the curves. From Fig. 3, the fractional function results the best coefficient of determination 
(R2). Note that if R2 is unity, the regression curve fits perfectly to the DF data strand. The recommended the 
equation for DF based on fractional function : 

2

0.29 0.37

1 0.13 0.0048

o o
F

o o o o

VP
V P

D
VP VP

V P V P

    (12) 

Finally, by combining Equation (11) with (12), the equation to predict the ozone yield can be written as: 

3
2

3 7
2 2

3

3 2

0.29 0.24
1.5

1 0.13 0.0048

o or

g s

o o o o

VP
V PV f

O
f d P P VP VP

V P V P

  (13) 

In Fig. 4, the prediction curves successfully accommodate the initiation condition at the beginning of the 
ozone yield at different flow rates i.e. 0.5 and 1.0 L/m by incorporating the DF in the equation.  

CONCLUSION  

1. The paper has demonstrated the use of dimensional analysis in predicting the yield for a high frequency 
silent discharge ozone generator.  

2. An experimental unit is constructed and it is found that good agreement is obtained between 
theoretically predicted results and those obtained experimentally. 

3. The prediction curves successfully adobe the ozone yield at different flow rate with coefficient of 
determination (R2) closes to unity. 
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FIGURE 1. Experimental Set Up

FIGURE 3. DF for ozone yield
FIGURE 4. Ozone yield at 0.5 L/m and 1.0 L/m 
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FIGURE 2. Measured and calculated ozone yield 
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