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Abstract - Numerical simulation of blunt end and bevel end coaxial nozzle jets for incompressible flow is carried out using 
Detached Eddy Simulation (DES). Transient analysis is preformed for three velocity ratios 0.5, 1 and 2. The results obtained 
by 45 deg bevel end nozzle have been validated and benchmarked with the experimental results carried out. Jets diffuse at a 
faster rate in bevel end nozzle compared to blunt end due to higher shear between the shorter and longer edges of the nozzle 
leading to flow instabilities in bevel end nozzle jets. Also jets continue to be in the form of lump for all velocity ratios in 
blunt end nozzle whereas jets diffuse in bevel end nozzle. This diffusive behavior will be more effective in enhancing mixing 
phenomena between the jets. 
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I. INTRODUCTION 
 
Coaxial jets with turbulence find its practical 
application in various fields of study particularly in 
industrial burners, ejectors, jet pumps, combustion 
chamber, mixing tanks, cooling systems etc. 
Understanding the behavior of jets and its turbulent 
mixing, to improve its efficiency finds challenging. 
Further, study of mixing of liquids makes problem 
more complicated in comparison to gases, since 
density and acceleration due to gravity plays a 
significant role.  Hence study of water flow behaviour 
is done on inclination given to nozzle exit to control 
the flow characteristics in the near field.  
Flow phenomenon is different for different velocity 
ratios (VR) in coaxial jets. An early study on flow 
separation and turbulent mixing of the primary jet 
with the surrounding fluid is done by Khodadadi etal 
[1] for lower velocity ratios. He measured axial mean 
and rms velocities using laser Doppler anemometer 
and showed the presence of coherent structures with 
the help of spectral analysis. Antonio Segalini [2] in 
his doctoral thesis experimentally found out the wake 
formation behind the separating wall of the two jets 
and clear shedding of vertices for unit velocity ratios. 
This enhances the mixing between the inner and outer 
shear layer which is a consequence of flow 
instability. Similar research work is carried out by J. 
L. Borean etal [3] and A. Ahmed etal [4] on 
asymmetric coaxial jet flows in wind tunnel test 
facility. Results showed that cross-streamwise 
distribution of Reynolds normal stress, jet velocity 
and streamwise variation of excess mean velocity are 
close to free jets even in presence of co-flowing 
stream of wind tunnel.  But third order moment of 
stream wise velocity distribution differs in 
comparison with free jets showing radial distribution 
differently. Stirring and mixing properties in the near 
field of single phase coaxial jets for large velocity 
ratios is studied extensively by N. W. M. Ko and H. 
Au [5], E. Villermaux etal [6,7]. When VR < 

VRcritical, fast outer jet pinches the slow inner jet near 
the end of central potential core creating alternate 
shedding of vortices and when VR > VRcritical central 
potential core is truncated followed by unsteady 
recirculation bubble with low frequency oscillation. 
Recirculation has wake type instability which 
oscillates at large amplitude and low frequency 
compared to Kelvin Helmholtz mode. Mixing 
determines the vorticity thickness and elongation rate. 
The mixing results obtained by experiments were 
validated numerically by Balarac etal [8] by 
demonstrating the role of coherent structures in 
mixing mechanisms.                                                                                                           
A parallel study is conducted to find the effect of 
nozzle pressure ratio (NPR) for different velocity 
ratios and area ratios in coaxial jets during mixing by 
Behrouzi etal [9], N, Karthikeyan etal [10] and Hai 
Tau Shi [11]. Results showed higher NPR and area 
ratios improves rate of mixing with increased 
potential core length due to higher concentration of 
turbulent energy in the inner shear layer. The 
potential core length shall be reduced by 40% without    
coflow.                                                                                  
 
Also with the introduction of swirl, faster 
development of jet, increase of azimuthal instability 
of ring vortices due to periodic vortex filaments 
stretching and compression, sub-harmonic 
distribution of energy due to merging of vertices and 
influence of Forcing frequency on the jet width 
growth and centreline velocity decay is shown by 
Ahmed etal [4] and M. M. Ribeiro etal [12].                                    
More recently the influence of inclination given to 
nozzle exit is studied by T. H. New etal [13, 14, 15]. 
Flow observation showed strong axis switching 
behavior for non inclined elliptic nozzle, shear 
instabilities and vortex rollups parallel to exit for 300 
inclination and rapid reorientation of vertex rollups 
for 600inclination. Also primary jet deflections are 
smaller in large area ratio jets compared to small area 
ratio jets. 
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Inspite of many research works in the field of coaxial 
jets have been done, however none of them provides 
information on comparison of numerical 3D transient 
analysis of blunt and bevel end nozzle exit jets and 
phenomenon of eddy breakup and its time point.                                                                                                                                    

The present work is focused on Detached 
Eddy Simulation of blunt end and bevel end coaxial 
nozzle exit jets and study the turbulent mixing and its 
location, effect of bevel angle on near field flow 
characteristics for different velocity ratios and 
benchmark the experimental work carried out by New 
T. H and T. Sioli [14] on inclined coaxial jets 

 
II. GEOMETRIC DETAILS  
 

 
Fig.  1. a Geometric dimensions of the tank 

 
Fig.  1. b Geometry of blunt end and bevel end nozzle 

 
The geometry of the tank and nozzles are shown in 
fig. 1 (a) and (b). Geometry consists of circular 
coaxial nozzle attached to inner face of the left wall 
of the rectangular tank measuring [1000(l) x 400(b) x 
400(h)] mm. The coaxial nozzle measures with 
primary nozzle diameter of 20 mm and secondary 
nozzle diameter of 40 mm with 1 mm separating wall 
thickness to have secondary to primary nozzle area 
ratio (AR) as 4. The outlet area of the tank is 
considered in such a way that pressure outlet 
condition will not influence main stream flow 
condition. Two geometries are analyzed based on 
geometry of coaxial nozzle. One is of blunt end 
coaxial nozzle and the other is of bevel end coaxial 
nozzle with bevel angle 45 deg. Geometry is 
constructed keeping the origin as reference for both 
blunt and bevel end nozzle configuration. 
 
III. COMPUTATIONAL DETAILS 

 
Fig.  1. c  Meshed computational domain 

Fig. 1. (c) shows half symmetry of the tank  taken as 
computational domain for study. The domain is 
meshed using ABAQUS/CAE and analyzed using 
ANSYS FLUENT. The computational grid consists 
of 3 dimensional hexahedral mesh of size of about 8.4 
million cells. Mesh sizing is done using local biased 
seeding based on the flow region. The mesh quality 
parameters are checked and maintained within 
allowable limits to obtain accurate results.  
The governing equations of mass and momentum are 
numerically solved by means of pressure based finite 
volume method using Detached Eddy Simulation. 
Detached Eddy Simulation behaves as hybrid model 
which combines the best aspects of both Large Eddy 
Simulation (LES) and Reynolds Average Navier 
Stokes (RANS) models. When the turbulent length 
scale is less than the maximum grid dimension, 
model solves in RANS mode and when it exceeds 
grid dimension LES model will be solved. Hence this 
model reduces the cost of computation since grid 
resolution required is not as high as LES model. DES 
provides smooth velocity profile while switching 
between LES and RANS model and hence a 
promising approach for the present work. 
 
The flow is incompressible and turbulent. Water is 
taken as fluid domain. Velocity inlet, pressure outlet 
and wall for top surface of the tank is set as boundary 
condition (BC). Time scale of 5e-4 s is provided for 
transient analysis. Second order discretization 
schemes are used for better accuracy of results. 
 
The transient analysis is done for 3 velocity ratios 
(U2/U1) 0.5, 1 and 2 by maintaining primary jet 
velocity (U1) of 0.14 m/s constant and varying the 
secondary jet velocity (U2) according to above said 
velocity ratios. Two sets of transient analysis are 
conducted, one for blunt end and other bevel end 
coaxial nozzle. 
 
IV. RESULTS AND DISCUSSION 
 
4.1 Validation of results 
The numerical simulation results of the present work 
are compared with the experimental results obtained 
by New and Tsioli [14]. Fig. 2 (a), (b) and (c) shows 
the variation of jet streamwise velocity components 
along the axis from the origin in comparison with the 
experimental PIV results. It is observed that there is a 
decay of  streamwise velocity profile after 50 mm for 
VR = 0.5 which is due to the mixing initiation of the 
high velocity primary jet with the low velocity 
secondary jet at this point. Whereas for VR = 1, both 
the primary and secondary jets continues to be in the 
same velocity. In the case of VR = 2, the influence of 
secondary jet on the primary jet will be maximum 
hence found to be in increasing trend. However the 
present analysis results deviates more in this case 
which can be attributed to the influence of exit 
atmospheric pressure on the jet velocity in the 
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experimental work compared to the present work. 
However, in the present work, exit area is matched 
with inlet area so that mass conservation is 
maintained and influence of exit boundary condition 
on the jet is minimum. 
 

 
Fig.  2. a Comparison of Non-dimensionalized  streamwise 

velocity along the axis for CFD result Vs experimental data for 
VR= 0.5 

 

 
Fig.  2. b Comparison of Non-dimensionalized  streamwise 

velocity along the axis for CFD result Vs experimental data for 
VR=1 

 

 
Fig.  2. c Comparison of Non-dimensionalized  streamwise 

velocity along the axis for CFD result Vs experimental data for 
VR=2 

 
Variation of cross-stream velocity components along 
the axis from origin is shown in the fig 3 (a), (b) and 
(c). The result shows cross-stream velocity 
components obtained from analysis matches with the 
experimental results well within the acceptable limit. 
 

 
Fig. 3. a. Comparison of Non-dimensionalized  cross stream 

velocity along the axis for CFD result Vs experimental data for 
VR=0.5 

 

 
Fig. 3. b. Comparison of Non-dimensionalized  cross stream 

velocity along the axis for CFD result Vs experimental data for 
VR=1 

 

 
Fig. 3.c. Comparison of Non-dimensionalized  cross stream 

velocity along the axis for CFD result Vs experimental data for 
VR=2 

 

4.2 Comparison of flow behavior between blunt 
end and bevel end coaxial nozzle jets 
Structured Hexahedral mesh result predicts the 
realistic flow pattern concerned for the analysis. 
Axial velocity contour plot for blunt end and bevel 
end for velocity ratios 0.5, 1 and 2 are shown in fig 4, 
5 and 6 respectively. From the plots it is observed 
that there is huge momentum transfer occurring 
between primary and secondary jets in case of bevel 
end compared to blunt end nozzle. In case of bevel 
end nozzle jet, reduction of coherency between 
shorter and longer nozzle lengths increases the shear 
force between the layers. This leads to shear 
instabilities between layers thereby leading to 
dissipation of turbulent kinetic energy.  
The comparative contour plots of blunt end and bevel 
end coaxial nozzle flow pattern shows the bevel end 
has more turbulence due to shear instabilities thereby 
improving the mixing phenomenon. Data present in 
the table is taken at the point where the fluid streams 
near the shorter and longer nozzle lengths of the 
secondary fluid mix with the primary fluid and 
initiates detachment. From the table 1shown below, 
for Velocity Ratio of 0.5, blunt end shows the lump 
formation in addition to necking at 0.163 m from the 
nozzle inlet. This is recorded at 4.05 s where the 
primary jet influences the secondary to maximum and 
detachment follows. Comparing this with bevel end, 
the diffusion of the jets is observed instead of lump 
formation at 6.4 s and at 0.257 m. With the increase 
in the velocity of the secondary jet, it is observed that 
jets diffuse at a faster rate in the case of bevel end 
nozzle which inturn enhances the rate of mixing.   
 

Table 1: Comparison of blunt end and bevel end nozzle jets 

 Blunt end nozzle 
(lump formation) 

Bevel end nozzle 
(diffusion of jets) 

VR Distance 
(m) 

Time 
(s) 

Distance 
(m) 

Time 
(s) 

0.5 0.163 4.05 0.257 6.4 

1 0.18 4.6 0.249 7.75 

2 0.35 8.55 0.179 4.1 
 

Blunt end    Bevel end 

 
Fig. 4. (a &b) Axial velocity contour for blunt end and bevel 

end coaxial nozzle jet for VR=0.5 

  
Fig. 5. (a &b) Axial velocity contour for blunt end and bevel 

end coaxial nozzle jet for VR=1 
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Fig. 6. (a &b) Axial velocity contour for blunt end and bevel 

end coaxial nozzle jet for VR=2 
 
CONCLUSIONS 
 
1. The present numerical model is validated against 

the experimental work carried out for bevel end 
coaxial nozzle with bevel angle 45 deg and 
results agree well.  

2. Jets diffuse at a faster rate in bevel end nozzle 
compared to blunt end due to higher shear and 
flow instabilities in bevel end nozzle jets. In 
addition larger the velocity ratio (VR > 1) 
smaller will be the time taken for diffusion. 

3. Comparing the plots we can observe that jet 
continues to exist in the form of lump in blunt 
end for all velocity ratios whereas in bevel end 
nozzle jets diffuse for all velocity ratios.  

 
NOMENCLATURE 
 
D1 primary (inner) nozzle diameter (m) 
D2 secondary (outer) nozzle diameter (m) 
U1 primary jet velocity (m/s) 
U2 secondary jet velocity (m/s) 
VR velocity ratio (U2/U1) 
AR Area ratio (D2/D1)2 

X distance from origin along axis 
u streamwise component of velocity 
Origin 50 mm from inlet along axis  
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