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Abstract: The objective of the current research is investigation 

of the pulsating flow effect on the size of partially premixed and 
diffusion flame, experimentally. The pulsation provided through 
a rotary ball valve in accordance with a variable speed motor 
arrangement increased the flame temperature and thus more heat 
is released. The used S-type thermocouple can measure the flame 
temperature at strouhal number [St] is 0 and 0.005 for the flow, 
the flame temperature has been measured at five planes as each 
plane has five radii. Fast Fourier Transform (FFT) has been used 
to determine the dominant frequency response of the pulsating 
flame temperatures. Increasing strouhal number of the mixture 
(LPG fuel and air) flow increases the turbulence intensity and 
thus the dominant frequency response of the pulsating flame 
increases. The dominant frequency at St=0 is larger than the 
dominant frequency at St= 0.005 for all the planes of the 
combustion chamber.  Increasing strouhal number reduces the 
size of the pulsating partially premixed and diffusion flame by a 
maximum of 40 and 35 %, respectively. The pulsation process will 
optimize design of the burners. 

Keywords: External pulsation, Oscillation flame, Inlet flame 
port, Partially premixed flame, Pulsation frequency, pulsejet 
combustor. 

I. INTRODUCTION 

Pulsating flames have been investigated in combustion 
science; the turbulent flame has been generated by the 
pulsation process. The pulsation process can enhance the 
characteristics of the turbulent flame such as; reduction of the 
flame length and thus optimize design of the burners. 
Frequency response of the turbulent flame fluctuation 
indicates to turbulence intensity, it can be measured by many 
of different techniques such as; high speed camera, infrared 
thermometer and thermocouple. 
     The researchers used high speed digital camera to 
investigate the characteristics of partially premixed flame. 
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 In the flame length in all the cases studied tip flickering mode 
of oscillations are observed at low fuel flow rates while bulk 
flickering mode of oscillations are observed in the flame 
length in all the cases studied with high fuel flow rates. At 
higher fuel/air flow rates and in the absence of external 
pulsation, shear layer instabilities set in the flame cause flame 
fluctuation.[1-5] 
 By using high speed direct/schlieren imaging and digital 
image processing techniques the nonlinear response of an 
acoustic modulated methane diffusion flame is investigated. 
The acoustic excitation results in changes in the observed 
flame oscillation frequency and flow structure evolutions in 
accordance to different frequency and amplitude of the 
excitation signals. It is found that the flame response shows a 
variety of expected nonlinear properties. Four types of 
nonlinear responses has been observed and analyzed. [6-17] 
Firstly, at low excitation frequencies (6–20 Hz), a 
bulge-merging phenomenon is observed to be responsible for 
the flame oscillating at half the excitation frequency, which is 
a common nonlinear phenomenon of frequency division. 
Secondly, the flow structure breaking down during the 
combustion process causes the doubling frequency harmonics 
in the frequency spectra. Thirdly, in high frequency cases, 
typical sub peaks, which are equal to the sum and difference 
of the excitation harmonics and natural flickering frequency, 
are observed in the nozzle region due to the interactions of 
buoyancy induced and acoustically driven flow structures. 
Finally, the excitation frequency amplitude is increased at 
stronger excitation perturbations, which is due to the 
increasing size of acoustic driven flow area. The coupling 
between thermal buoyancy and acoustic excitation in the 
upstream flame region is complex and shows typical 
nonlinear responses.  On the one hand, the fuel/air mixing and 
combustion process is influenced by acoustic wave. On the 
other hand, the coupling between the buoyancy driven and 
acoustically driven flow structures affects the flame frequency 
consequently. The observed nonlinear frequency modes can 
be explained by nonlinear theory. The physical mechanisms 
in forming these nonlinear frequency modes have been 
attempted [8-25]. In the previous studies, the pulsating flow 
effect on characteristics of the partially premixed and 
diffusion flame has been investigated by using advanced 
equipments such as; high speed digital camera which is high 
accurate and more expensive. Therefore, the objective of the 
present research is to be experimentally investigated effect of 
the pulsation process on size of the partially premixed and 
diffusion flame by using S-type 
thermocouple.  
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The measurement process of the flame temperature 
fluctuation has been completed at none pulsating flame (St=0) 
and pulsating flame (St= 0.005). The dominant frequency 
response of the flame which indicates to turbulence intensity 
has been evaluated by Fast Fourier Transform (FFT) and thus 
the change in size of the flame has been determined. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
    
From Figs.1.a-b, it can be noted that pulsating process of the 
flow is completed through a pulley and rotary valve (pulsator) 
which rotate via the DC motor by V-belt. By using of the 
inverter, speed of the pulsating flow has been changed via the 
DC motor and thus there is different strouhal number of the 
pulsating flow. The mixture flow of fuel (LPG) and oxidizer 
enters the combustion chamber through diameter nozzle tip 
equals 12.25 mm in partially premixed case while the air 
flows through inner diameter nozzle tip equals 12.25 mm and 
fuel flows through outer diameter equals 21 mm. The flow 
rate of fuel and air has been measured by using four 
rotameters 

II. TEST RIG AND EXPERIMENTAL WORK 

    The construction details of the test rig employed to 
investigate the combustion pulsating system via rotary ball 

valve (pulsator) are show in the following figure, (see Fig. 
1.a-b). 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 

The S-type thermocouple (Platinum/Rhodium (90%Pt, 
10%Rh)), which has diameter probe equals 0.25 mm, it has 
been used to measure flame temperature fluctuation, 
instantaneously. Max 31856 module and an Arduino Uno 
card have been used via an Arduino circuit to display 
temperatures data via the computer. By using Fast Fourier 
Transform (FFT) excel sheet, the dominant frequency 
response has been determined, through input number of 
readings for the flame temperatures which equals 256 
readings into excel sheet to output the dominant frequency 
response spectrum.  
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III. RESULTS AND DISCUSSION 

       In the current research, by using S- Type thermocouple, 
Arduino Uno circuit and Arduino program, the flame 
temperature fluctuation has been measured. The flame 
temperature fluctuation has been measured at St= 0 and 0.005 
for the flow mixture where; St= f.d/v as; f = 0 and 3.33 Hz, d = 
0.0127 m and v = 8. 
28 m/s, because the response time of the used S-type 
thermocouple (∆t) = 1/7 sec. and thus maximum frequency= 
7/2= 3.5 Hz. Therefore, frequency of the pulsator= 3.33 (St= 
0.005) ≥ maximum frequency of the used thermocouple= 3.5 

Hz. Accuracy of the thermocouple= ± 1.5 ℃. The flame 

frequency has been evaluated by applying FFT (Fast Fourier 
Transform) and thus the dominated frequency flame is 
determined. The measurements has been completed at five 
horizontal distances (from burner inlet); 40, 70, 100, 130, 160 
mm from the burner inlet. The distribution of these distances 
depends on studying of effect of pulsating flow on the flame 
length as starting of the stable flame is at 4 mm. Each distance 
is divided into five radii; 0, 10, 20, 30, 40 mm from center of 
the flame. Behind, it is completed at A/F= 60/3= 20. The 
analysis of the results will be presented, as follows; 
 

 
Fig. 2.a:Dominant frequency at r= 0 mm and  St = 0   

 
Fig. 2.b: Dominant frequency at r= 0 mm and  St = 0.005 
     From Fig. 2.a, it can be noted that the flame frequency is 
dominated by the flickering due to buoyancy and the 
dominant frequency is 0.02 Hz, when St= 0 (0 rpm) and at 
center of the flame. In Fig. 2.b, the dominant frequency of the 
pulsating flame is 2.02 Hz, when St= 0.005 (200 rpm) and at 
center of the flame. In addition, from Table (1), the dominant 
frequencies at St= 0.005 are higher than the dominant 
frequency at St= 0 due to increasing strouhal number of the 

pulsating flow increases turbulence intensity of the flame and 
thus increases the temperature fluctuation and the dominant 
frequency. 

 Frequency Response at 70 mm from the Burner Inlet 
     At this the plane, the dominant frequencies response will 
be determined at the second plane of the combustion chamber, 
five radii and St= 0 & 0.005, as follows; 

A. Effect of the Pulsation on Frequency Response of the 
Partially Premixed Flame Temperature 

    Effect of the pulsating flow on frequency response of the 
partially premixed flame temperature fluctuation will be 
shown at five planes and each plane has five radii, as follows; 
 

  Frequency Response at 40 mm from the Burner 
Inlet 

    At this the plane, the dominant frequencies response will be 
determined at the first plane of the combustion chamber, at 
five radii and strouhal number equals 0&0.005, as follows;  
   The dominant frequencies at the first plane will be shown in 
the following table; 

Table (1): Dominant frequencies at the first plane 

Radius (mm) 
Dominant frequency (Hz)  

at St= 0-0.005 
0 0.02-2.02 

10 0.01-1.85 

20 0.13-0.41 

30 0.01-0.27 

40 0.109-0.11 

        At center of the flame, the dominant frequencies will be 
illustrated in the following figure; The dominant frequencies 
at the second plane will be shown in the following table; 

Table (2): Dominant frequencies at the second plane 

Radius (mm) 
Dominant frequency (Hz)  

at St= 0-0.005 
0 0.109-0.11 

10 0.1-0.3 

20 0.08-0.19 

30 0.07-0.16 

40 0.05-0.11 

From Table (2), it can be noted that the dominant flame 
frequencies at St= 0.005 are still higher than the dominant 
flame frequencies at St= 0 such as the trend of the dominant 
frequencies at the second plane. 

 Frequency Response at 100 mm from the Burner 
Inlet 

    At this the plane, the frequency response will be 
determined at the third plane of the combustion chamber, five 
radii and St= 0 & 0.005, as follows; 
The dominant frequencies at the third plane will be shown in 
the following table; 

Table (3): Dominant frequencies at the third plane 

Radius (mm) 
Dominant frequency (Hz)  

at St= 0-0.005 
0 0.109-1.94 

10 0.1-0.41 
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20 0.1-0.27 

30 0.1-0.22 

40 0.1-0.27 

     From table (3), in addition, it can be noted that the trend of 
the dominant flame frequencies at St= 0.005 is higher than the 
dominant flame frequencies at St= 0.  

 Frequency Response at 130 mm from the Burner 
Inlet 

    At this the plane, the frequency response will be 
determined at the fourth plane of the combustion chamber, 
five radii and St= 0 & 0.005, as follows; 
  The dominant frequencies at the fourth plane will be shown 
in the following table; 

Table (4): Dominant frequencies at the fourth plane 

Radius (mm) 
Dominant frequency (Hz)  

at St= 0-0.005 
0 0.13-2.1 

10 0.05-1.05 

20 0.08-0.72 

30 0.05-0.4 

40 0.05-0.29 

    From Table (4), also, it can be noted that at the current 
plane, the trend of the dominant frequencies is the same trend 
of the dominant frequencies at the first, second and third 
plane. 

 Frequency Response at 160 mm from the Burner 
Inlet 

     At this the plane, frequency response will be determined 
at the fifth plane of the combustion chamber, five radii and 
St= 0 & 0.005, as follows; 
The dominant frequencies at the fifth plane will be shown in 
the following table; 

Table (5): Dominant frequencies at the fifth plane 

Radius (mm) 
Dominant frequency (Hz)  

at St= 0-0.005 
0 0.109-1.49 

10 0.1- 0.85 

20 0.02- 0.21 

30 0.02- 0.19 

40 0.02- 0.08 

    From Table (5), also, it can be noted that the dominant 
frequencies at St= 0.005 is higher than the dominant 
frequency at St= 0 such as the previous planes. 

B. Effect of the Pulsation on Frequency Response of the 
Diffusion Flame Temperature 

    Effect of the pulsating flow on frequency response of the 
diffusion flame temperature fluctuation will be shown at five 
planes and radii, as follows; 

 Frequency Response at 40 mm from the Burner Inlet 
     In this the part, frequency response will be determined at 
the first plane of the combustion chamber, at five radii and 
strouhal number equals 0&0.005, as follows;  
    The dominant frequencies at the first plane will be shown in 
the following table; 

Table (6): Dominant frequencies at the first plane 

Radius (mm) 
Dominant frequency (Hz)  

at St= 0-0.005 
0 0.03-0.16 

10 0.05-0.11 

20 0.27-0.43 

30 0.08-0.44 

40 0.14-0.19 

     From Table (6), it can be noted that the flame frequency is 
dominated by the flickering due to buoyancy and the 
dominant frequency is 0.03 Hz, when St= 0 (0 rpm) and at 
center of the flame. In addition, the dominant frequency of the 
pulsating flame is 0.16 Hz, when St= 0.005 (200 rpm) and at 
center of the flame. The dominant frequencies at St= 0.005 is 
higher than the dominant frequencies at St= 0 due to 
increasing strouhal number of the pulsating flow increases 
turbulence intensity of the flame and thus increases the 
temperature fluctuation and the dominant frequency. 

 Frequency Response at 70 mm from the Burner Inlet 
     At this the plane, frequency response will be determined at 
the second plane of the combustion chamber, five radii and 
St= 0 & 0.005, as follows; 
The dominant frequencies at the second plane will be shown 
in the following table; 

Table (7): Dominant frequencies at the second plane 

Radius (mm) 
Dominant frequency (Hz)  

at St= 0-0.005 
0 0.08-0.3 

10 0.05-0.4 

20 0.11-0.52 

30 0.11-0.44 

40 0.03-0.46 

     From Table (7), in addition, it can be noted that the 
dominant flame frequencies at St= 0.005 is still higher than 
the dominant flame frequencies at St= 0.  

 Frequency Response at 100 mm from the Burner 
Inlet 

    In this the part, the frequency response will be determined 
at the third plane of the combustion chamber, five radii and 
St= 0 & 0.005, as follows; 
    The dominant frequencies at the third plane will be shown 
in the following table; 

Table (8): Dominant frequencies at the third plane 

Radius (mm) 
Dominant frequency (Hz)  

at St= 0-0.005 
0 0.19-0.3 

10 0.05-0.11 

20 0.027-0.27 

30 0.14-0.49 

40 0.05-0.16 

      From Table (8), also, at the current plane, it can be noted 
that trends of the dominant flame frequencies data at St= 0 
and 0.005 are such as trends of the dominant flame 
frequencies data at the previous planes. 

 Frequency Response at 130 mm from the Burner 
Inlet 

    At this the plane, the frequency response will be 
determined at the fourth plane of the combustion chamber, 
five radii and St= 0 & 0.005, as follows; 
The dominant frequencies at the 
fourth plane will be shown in the 
following table; 
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Table (9): Dominant frequencies at the fourth plane 

Radius (mm) 
Dominant frequency (Hz)  

at St= 0-0.005 
0 0.027-0.25 

10 0.19-0.98 

20 0.08-0.38 

30 0.027-0.19 

40 0.11-0.24 

    From Table (9), In addition, it can be noted that the 
dominant frequencies at St= 0.005 is still higher than the 
dominant frequencies at St= 0 such as the previous planes. 
 Frequency Response at 130 mm from the Burner Inlet 
  At this the plane, frequency response will be determined at 
the fifth plane of the combustion chamber, five radii and St= 0 
& 0.005, as follows; 

 
Fig.3.a. Distributions of dominant frequencies at the non- 

pulsating flame (Partially premixed case) 

 
Fig.3.b. Distributions of dominant frequencies at the 

pulsating flame (Partially premixed case) 
The dominant frequencies at the fifth plane will be shown in 
the following table; 

Table (10): Dominant frequencies at the fifth plane 

Radius (mm) 
Dominant frequency (Hz)  

at St= 0-0.005 
0 0.027-0.08 

10 0.027- 0.16 

20 0.055- 0.22 

30 0.08- 0.1 

40 0.027- 0.22 

From Table (10), also, it can be noted that the dominant 
frequencies at St= 0.005 is higher than the dominant 
frequencies at St= 0.  

C. Distributions of the Dominant Frequencies in the 
Axial Direction of the Combustion Chamber 

     In this the part, distributions of the dominant frequencies 
in the axial direction of the combustion chamber at partially 
premixed and diffusion flame cases will be shown as follows; 

 Dominant Frequencies at the Partially Premixed 
Flame Case 

   Distributions of dominant frequencies at the partially 
premixed flame will be shown in the following tables; 
Table (11): Distributions of dominant frequencies at the 

non- pulsating flame (St=0) 
          Planes (mm) 
                          
Radii (mm) 

40 70 100 130 160 

0 0.02 0.109 0.19 0.027 0.027 

10 0.01 0.1 0.05 0.19 0.027 

20 0.13 0.08 0.027 0.08 0.055 

30 0.01 0.07 0.14 0.027 0.08 

40 0.109 0.05 0.05 0.11 0.027 

     In addition, distributions of dominant frequencies at the 
pulsating flame will be shown in the following table; 
Table (12): Distributions of dominant frequencies at the non- 
pulsating flame (St=0.005)  
          Planes (mm) 
                          
Radii (mm) 

40 70 100 130 160 

0 2.02 0.11 1.94 2.1 1.49 

10 1.85 0.3 0.41 1.05 0.85 

20 0.41 0.19 0.27 0.72 0.21 

30 0.27 0.16 0.22 0.4 0.19 

40 0.11 0.11 0.27 0.29 0.08 

The distributions of the dominant frequencies will be show in 
the following figures;       From Fig. 3.a, it can be seen that the 
maximum dominant frequencies are 0.109 Hz at St= 0 and 
160 mm from the burner inlet at center of the flame, while in 
Fig. 3.b, the maximum dominant frequency is 1.9 and 2.1 Hz 
at St= 0.005 and 100, 130 mm from the burner inlet and center 
of the flame. In Fig. 3.a, the maximum dominant frequency is 
0.1 Hz at St= 0, 70 mm from the burner inlet and r= 10 mm, 
while in Fig. 3.b, the maximum dominant frequency is 1.85 
Hz at St= 0.005, 40 mm from the burner inlet.     In Fig. 3.a, 
the maximum dominant frequency is 0.2 at St= 0, 160 mm 
from the burner inlet and r= 20 mm, while in Fig. 3.b, the 
maximum dominant frequency is 0.72 Hz at St= 0.005 and 
130 mm from the burner inlet. In Fig. 3.a, the maximum 
dominant frequency is 0.1 Hz at St= 0, 130 mm from the 
burner inlet and r= 30 mm, while in Fig. 3.b, the maximum 
dominant frequency is 0.42 Hz at St= 0.005 and 100 mm from 
the burner inlet 
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  In Fig. 3.a, the maximum dominant frequency is 0.109 Hz at 
St= 0, 100 mm from the burner inlet and r= 40 mm, while in 
Fig. 3.b, the maximum dominant frequency is 0.2 at St= 0.005 
and 100 mm from the burner inlet.  
     It is noted that at the pulsating condition, the density of the 
vortices and eddies are more in the regions which nearest to 
burner inlet due to the kinetic energy of the flow is high. 
Therefore, the maximum dominant frequencies occur at the 
regions that locate nearest to the burner inlet and thus the 
flame is shorter. Design of the burner is smaller in the length. 
[13, 17, 23]. This will be shown in the following figures 

 

 

 Fig. 4: length with and without pulsation 
    From Fig. 4, it can be seen that the pulsating flow reduces 
the flame length by 40% since the pulsation process causes 
shearing between the flame layers and thus generates vortices 
and eddies. The pulsation process shrinks the flame length.  

 Dominant Frequencies at Diffusion Flame Case 
    Distributions of the dominant frequencies at the diffusion 
flame will be shown in the following tables; 
Table (13): Distributions of dominant frequencies at the 

non- pulsating flame (St=0) 
          Planes (mm) 
                          
Radii (mm) 

40 70 100 130 160 

0 0.03 0.08 0.19 0.027 0.027 

10 0.05 0.05 0.05 0.19 0.027 

20 0.027 0.11 0.027 0.08 0.055 

30 0.08 0.11 0.14 0.027 0.08 

40 0.136 0.03 0.05 0.11 0.027 

 
    
   
 
 

 
Fig.5.a. Distributions of dominant frequencies at the non- 

pulsating flame(Diffusion case) 

 
Fig.5.b. Distributions of dominant frequencies at the 

pulsating flame(Diffusion case) 
From Fig. 5.a, it can be seen that the maximum dominant 
frequency is 0.19  Hz at St= 0 and 100 mm from the burner 
inlet at center of the flame, while in Fig. 5.b, the maximum 
dominant frequency is 0.3 Hz at St= 0 and 70, 100 mm from 
the burner inlet and center of the flame. In Fig. 5.a, the 
maximum dominant frequency is 0.19 Hz at St= 0, 130 mm 
from the burner inlet and r= 10 mm, while in Fig. 5.b, the 
maximum dominant frequency is 0.21 Hz at St= 0.005, 130 
mm from the burner inlet and r= 10 mm. In Fig. 5.a, the 
maximum dominant frequency is 0.11 at St= 0, 70 mm from 
the burner inlet and r= 20 mm, while in Fig. 5.b, the maximum 
dominant frequency is 0.52 Hz at St= 0.005, 70 mm from the 
burner inlet and r= 20 mm. In Fig. 5.b, the maximum 
dominant frequency is 0.14 Hz at St= 0, 100 mm from the 
burner inlet and r= 30 mm, while in Fig. 5.b, the maximum 
dominant frequency is 0.49 Hz at St= 0.005 and 100 mm from 
the burner inlet. In Fig. 5.a, the maximum dominant frequency 
is 0.13 Hz at St= 0, 100 mm from the burner inlet and r= 40 
mm, while in Fig. 5.b, the maximum dominant frequency is 
0.46 at St= 0.005 and 100 mm from the burner inlet.  
     In addition, distributions of dominant frequencies at the 
pulsating flame will be shown in the following table; 
Table (14): Distributions of dominant frequencies at the 

pulsating flame (St= 0.005) 
          Planes 
(mm) 
                          
Radii (mm) 

40 70 100 130 160 

0 0.16 0.3 0.3 0.24 0.08 

 
 
 



International Journal of Recent Technology and Engineering (IJRTE)  
ISSN: 2277-3878 (Online), Volume-9 Issue-4 November 2020 

184 

Published By: 
Blue Eyes Intelligence Engineering 
and Sciences Publication  

Retrieval Number: 100.1/ijrte.C4545099320 
DOI:10.35940/ijrte.C4545.119420 
Journal Website: www.ijrte.org 
 

10 0.11 0.4 0.11 0.21 0.16 

20 0.43 0.52 0.27 0.38 0.22 

30 0.44 0.44 0.49 0.19 0.11 

40 0.19 0.46 0.16 0.24 0.22 

The distributions of the dominant frequencies will be show in 
the following figures; In addition, It is noted that at the 
pulsating condition, the density of the vortices and eddies are 
more in the regions which nearest to burner inlet due to the 
kinetic energy of the flow is high. Therefore, the maximum 
dominant frequencies occur at the regions that locate nearest 
to the burner inlet and thus the flame is shorter. Design of the 
burner is smaller in the length. [13, 17, 23]. This will be 
shown in the following figures; 

 

 

 Fig.6. Flame length with and without 
pulsation 

 
  
   From Fig. 6, it can be seen that the pulsating flow reduces 
the flame length by 35% since the pulsation process causes 
shearing between the flame layers and thus generates vortices 
and eddies. The pulsation process shrinks the flame length. In 
partially premixed case the length of flame is shorter than the 
length of flame in diffusion case due to in the partially 
premixed case, the mixture (fuel and air) has been pulsated 
and thus the vortices and eddies are more, while in diffusion 
case the air flow has been pulsated only and thus the vortices 
and eddies are less. 

IV. CONCLUSIONS 

The obtained results showed that: 
 Pulsation of the flow mixture (fuel LPG and air) generates 

eddies and vortices and thus turbulent flame occurred in the 
partially premixed and diffusion case. 

 Increasing strouhal number of the flow increases the 
frequency response of the pulsating flame in the partially 
premixed and diffusion case. 

 Increasing strouhal number of the pulsating flow shrinks the 
pulsating flame length. 

 Length of the partially premixed flame case is shorter than 

length of the flame diffusion case. 
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