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Abstract- Heating with radio frequency is an alternative thermal process which is usually efficient and rapid compared to 
conventional thermal processes.  A well-designed RF heating unit plays a major role on the efficiency of the process. 
Different parameters effect the heating performance of the system such as dielectric and geometrical properties of the 
material, electrode gap and so on. Designing the heating unit of the system for a specified material, one should measure the 
effectiveness of the proposed parameters. In this study, a heating performance criterion, called heating performance index, 
was proposed. This is a practical equation which can be applied easily to the experimental results. This index was applied to 
different sets of experiments and the effect of material thickness, electrode gap and the position of the material within the RF 
cavity was determined. 
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I. INTRODUCTION 
 
Radio frequency (RF) heating is used in various fields 
in industry like heating, drying, thawing, 
sterilizing/pasteurizing [1-8]. RF heating introduces 
many advantages over conventional thermal 
processes as it heats volumetrically instead of from 
surface to center by means of electromagnetic 
radiation. This generally provides better heating 
uniformity and rapid heating compared to hot air or 
hot water heating. The process is based on two 
mechanisms; dipole rotation and ionic conduction[9]; 
this implies that the polarization of the polar 
molecules so that the friction is occurred(Fig. 1). 

 

 
Fig.1. The schematic diagram of parallel plate RF heating 

system 
 
RF heating emerges as an alternative heating process 
recently, but a true designed RF oven is crucial to 
employ the advantages of the process. Studying on 
the design parameters of RF heating systems is a hot 
topic in literature. In a thermally insulated material, a 
temperature gradient is occurred. Temperature 
increases from center to edges[10] . Various block-
shaped foods [11] and load volumes were studied 
numerically for gaining a view about the role of the 
geometrical parameters on the heating efficiency. In a 
study, researchers focused on the heating uniformity 

of RF heating and put PEI blocks on and bottom of a 
polypropylene container and conducted the 
experiments. In another study, the same researchers 
cover the case with PEI sheet and reported that they 
enhanced the temperature uniformity in either 
method. Arching is an important problem which 
should be considered for the specific application. 
Water immersion of the material is studying for 
preventing the arching and obtaining a more uniform 
temperature distribution[12]. To predict the 
temperature uniformity some different indexes were 
proposed [13-14]. But these equations are generally 
convenient for computer simulations as they require 
elemental data or volume integration. In this study, a 
practical index, called heating performance index 
(HPI), which indicates the heating performance of the 
RF heating system was proposed and the results of 
various experiments were evaluated within this newly 
proposed concept.  
 
II. MATERIAL AND METHOD 
 
A. Heating Performance Index (HPI) 
HPI is an index which indicates the heating 
performance of the system. This recently proposed 
index takes into account the total average temperature 
change, temperature gradient of the surface and the 
distance of the average temperature value to the 
maximum and minimum values of the surface 
temperature. 
Therefore, hot spot effects on the temperature 
gradient will be eliminated. There are two sets of 
equations for two alternative cases to calculate the 
HPI for heated top surfaces. First if the average 
temperature value bigger than half of the sum of the 
maximum and minimum temperature values, equation 
one will be used. If the average temperature value 
bigger than half of the sum of the maximum and 
minimum temperature values, equation two will be 
used. This index takes into account ΔT, temperature 



International Journal of Mechanical And Production Engineering, ISSN: 2320-2092,        Volume- 5, Issue-2, Feb.-2017 
http://iraj.in 

A Novel Approach to Evaluate the Heating Performance of a Radio Frequency Oven 
 

150 

gradient and distance of the average temperature 
value to the maximum and minimum temperatures of 
the heated top surface. 
 

h. h.

h. .
(Th. − Th. )                                         

if   Th. ≥ h. h.                                (1) 
 

h. h.

h. .
(Th. − Th. )  if  

Th. ≤ h. h.                                        (2) 

Where Th.max, Th.min, Th.ave, are maximum, minimum 
and average temperature of the heated top surface 
respectively and  Tc.ave is average temperature of the 
top surface before heating. 
B. Experimental Procedure 
Five pieces of wood materials (cut from exactly the 
same kind of wood) in different geometrical 
properties (Table 1) were exposed to radio frequency 
heating process. This eliminates the dielectric 
property effect on heating characteristics.  
 

Table 1.The geometrical properties of five different samples 

 
 

A pilot scale 5 kW and 13.56 MHz RF generator and 
an 80 x 80 x 60 cm3 RF oven which allows the 
adjustment of the height of the upper electrode was 
used in this study. As the objective of the study is to 
observe the heating performance of the system in 
different surface areas, distance from the upper 
electrode and positions in the RF cavity, experiment 
parameters were set accordingly. These parameters 
are electrode gaps(65 mm,75 mm and 85 
mm),material thicknesses(25 mm,40 mm and 50 mm) 
and the surface areas(7000, 18000, 50000 mm2). In 
order to adjust the distance between upper surfaces of 
the specimens and the upper electrode teflon supports 
were put under the specimens. All experiments were 
performed 600 s. At the end of the experiments 
specimens were taken out immediately and thermal 
images were taken FLIR-E6 model thermal camera. 
In order to determine the effect of surface area on the 
heating performance, three specimens of the same 
thickness and different top surface areas (S3, S4 and 
S5) were heated at the same time in the specified 
electrode gap (85 mm). Besides, this specimens were 
raised with 10 mm Teflon(T10) and 20 mm 
Teflon(T20) supports. This allows understanding the 
effect of the specimens’ vertical position within the 
RF cavity (Fig 2).  

 
Fig 2. Sketch of same thickness material with different surface 

areas 

Also, these results give the electrode gap effect. 
Another set of experiments conducted to determine 
the effect of thickness on the heating performance. 
For this purpose, the specimens with the same surface 
area (S1, S2 and S3) were tested in two different 
electrode gaps(75 and 85 mm). For eliminating the 
coupled effect of the distance from the upper 
electrode, all specimens were set at the same height 
with the teflon supports as seen in Fig 3. 

 

 
Fig 3.Sketch of three different thickness materials with same 

distance to upper electrode 
 
RESULTS 
 
Fig 4a and Fig 4b represent the heating rates and HPI 
at the same thickness and different surface areas. 
Besides, the values of the experiments which were 
conducted with non-teflon (NT), T10 and T20 
specimens. It is observed that the heating 
performances of the specimens change with the 
changing surface area. Although it can be clearly 
stated that the lower the surface area, the higher the 
heating rate, the heating performances do not show 
the same trend. HPI values increase with the 
increasing surface area in an extent, than start to 
decrease. Decreasing values of HPI represent the 
enhanced heating performance. Besides, while 
approximating the specimen to the upper electrode 
enhances the heating performance to an extent, 
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beyond a certain distance, it doesn’t show a clear 
influence on the heating performance. This 
phenomenon is justified in Fig. 5a and Fig 5b which 
indicates a significant difference between HPI values 
of non-teflon and 10 mm Teflon specimens in 65 mm 
75 mm and 85 mm electrode gap while any 

considerable changes are observed between the 
different cases of 10 mm Teflon and 20 mm Teflon 
specimens. It can be concluded that the HPI values 
should be considered in addition to the heating rates 
in order to design an effective RF oven and determine 
the optimum capacity. 

 

 
Fig 4. (a&b) The heating rate and HPI values of the heated top surface for the samples with different surface areas 

 

 
Fig 5. (a&b) HPI values of the samples with different thickness and same distance to upper electrode 

 
CONCLUSIONS 
 
Radio frequency treatment is currently used in many 
industrial applications and has a potential to be able 
to adapt in different areas such as composite material 
curing. The hot topic of RF treatment is uniform 
heating. The newly proposed heating performance 
index allows the designers to test the effectiveness of 
the system as it takes into account the temperature 
gradient occurred on the surface of the material as 
well as the temperature increase simultaneously. The 
tests in this study were set for measuring the heating 
performance of the system with changing electrode 
gap, distance from the upper electrode and material 
thickness.  
 
Further studies can be conducted for different 
parameters like dielectric properties. 
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