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ABSTRACT 

Time averaged mean velocity and velocity fluctuation along the wake axis of an elliptic cone with base-jet 

injection is presented. At subsonic free-stream velocity of 25m/s (Re= 0.6666 x 105), all the experiments were 

executed in a table top wind tunnel. From the base of the cone air at atmospheric temperature was injected from a 

circular exit shape base-jet at three different base-jet injection ratios (IR) as 0.5, 1.0 and 1.5. Constant Temperature 

hot-wire Anemometer (DANTECH- CTA) was used to measure velocity. Circular exit shape base-jets of three 

different sizes (AR = 0.005, 0.01 and 0.015) were used in the experiments. Some notable conclusions made from the 

experimental results are, at lower base-jet injection velocity effect on the location of wake axis parameters is 

insignificant, due to insufficient momentum of the base-jet to encounter the recirculating fluid. Irrespective of the jet 

size the rate of expansion of a jet injected from an elliptic cone is greater than that of circular cone.  
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1. INTRODUCTION 

 The main parameters affecting the combustion process in a combustor are closely related to the geometrical 

shape of the bluff body flame holder and the aerodynamic properties of the reverse flow region. In particular, the 

shape of the reverse flow region, and the location of front and rear stagnation points are important factors for flame 

stabilization. Circular cones are commonly used as bluff body flame holders for which one of the methods of fuel jet 

injection is base-jet injection. This type of combustors requires a fuel rich mixture at the flame front. Two 

dimensional shapes like circular, square, rectangle, triangle, elliptic are used for base jet injection in the combustor 

to get better combustion stability and efficiency. Bluff body should have smaller wake size, lower suction pressure 

in the wake and reduction of unsteadiness of wake flow. 

Effect of equivalence ratio on axial velocity distribution and length or recirculation zone behind a triangular 

rod (two dimensional) was studied by Fujii (1981). Experimental and computational study of flow behind a circular 

cylinder with and without base-jet was done by (Papailiou, 2000; Bakrozis, 1999) discussed the effect of operating 

Reynolds number and air jet injection ratio behind a two-dimensional cylinder of square cross section. Unconfined 

annular flow with central jet was studied using laser sheet flow visualization method, by (Li, 1987; Ma, 1993) 

investigated the effect of blockage ratio of the central bluff-body, bluff-body angle and injection ratio on the mixing 

and recirculation of a concentric bluff-body burner. 

In the present section effect of base-jet size (AR) on the wake axis parameters (Ljp, MRV and PASP) are 

analyzed. When the size of the jet is increased it leads to increase in mass flow for the same exit velocity. Increase 

in mass flow causes increase in momentum of the jet. In this section effect of increase in momentum of the base-jet 

on Um and (u’)rms is analyzed by means of changing the jet size. 

2. EXPERIMENT 

Wind Tunnel: A closed jet type test section subsonic table top wind tunnel with four blade propeller at the circular 

exit was used for the experiment. A 15HP three phase induction motor used to power the propeller via variable speed 

gear box. A Rectangular shape test section of 240mm x 180mm cross section and 660 mm long centrally houses the 

test model. The experiments for which results are presented in this paper are carried out only at 25 m/s free-stream 

velocity (Reynolds number 0.6666 x 105 based on model diameter).  A two dimensional traversing mechanism 

is attached on the side wall (5mm thick) of the test section with due care about the flow disturbance and leakage of 

the air.  

Test Model and Base Jet Assembly: Brass circular cone of fineness ratio (l/d) 2.75 was fabricated by CNC milling. 

Length (l) and base diameter (d) of the cone are 110.4mm and 40.5 mm respectively. The cone is made hollow for 

the convenient mounting of base-jet supply systems. Circular exit cross section jet was used with three different jet 

to base area ratio (AR = Aj/Ab) as 0.005, 0.01 and 0.015. Air required for the injection is supplied by a two stage 

reciprocating compressor through 1.6mm tube after filtering dust and moisture. An integrated pressure regulating 

valve (PRV, 0 – 10kgf/cm2) cum moisture filter is used to avoid the intrusion of dust or moisture into the base jet 

which will severely damage the CTA sensor. During the experiments base jet exit velocity (IR) was controlled by 

the pressure regulating valve available near an air reservoir. Before the experiments all the base jets undergo the 

velocity calibration. Before starting the experiments hot-wire sensor is calibrated by using available velocity 

calibrator. A standard one dimensional sensor calibration procedure was followed.  
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3. RESULTS AND DISCUSSIONS 

 Mean velocity and velocity fluctuation distributions at different injection ratios (IR) of circular base-jet (AR 

= 0.005) is presented in Figure 3.1 and 3.2 respectively.  From the mean velocity distribution of different IR jets it is 

known that the jet expansion rate within the reverse flow region of elliptic cone is relatively greater than that of a 

circular cone (Table 5.1 and 5.2). 

 
Figure.1. Mean velocity distributions at different IR along the wake axis of a elliptic cone with circular 

base-jet of AR = 0.005 

 It implies that for a constant AR, jet shape and IR base-jet, expansion of jet injected from an elliptic cone is 

quicker than a jet injected from a circular cone. Increase in IR causes increase in jet expansion rate behind elliptic 

cone also. At smaller IR (0.5), difference between magnitude of Um between with and without base-jet is insignificant 

at the downstream of JSP. But, increase in IR causes significant change in mean velocity at the downstream of PASP 

(after 1d). After PASP, difference in magnitude of Um of IR = 1.0 and 1.5 jets are 15% and 21% lower than Um of 

without base-jet respectively. 

 Velocity fluctuation distributions of jet injected behind an elliptic cone is different than a jet injected from 

circular cone. A smooth transition is observed between maximum fluctuations to minimum fluctuation behind a 

circular cone. But for an elliptic cone from its maximum fluctuation to minimum fluctuation, rate of reduction is 

greater than that of circular cone at all IR. Downstream of the PASP of an elliptic cone also difference in magnitude 

of (u')rms between with and without base-jet is insignificant at all the tested IR. There is no difference in (u')rms is 

observed at the exit of IR = 0.5 and 1.0 but, IR increase to 1.5, 49% of increase in (u')rms is noted. Near to PASP (1d), 

velocity fluctuation of IR = 1.5 jet is 20% lower than that of without base-jet. 

 Effect of injection ratios on mean velocity distributions of AR = 0.01 circular base-jet is presented in Figure 

3. At higher IR (1.5), there is no sign of reverse flow between JSP and PASP. Since the length of reverse flow region 

of elliptic cone is smaller when compare with the circular cone, high IR jets with higher momentum easily encounters 

the reverse flow along the wake axis. Values of Ljp of the higher IR jets also conforms the same information. At the 

downstream of PASP (after 1.0 d), maximum of 18% difference in mean velocity can be observed between Um of 

with and without base-jet. Difference between the magnitude of Um of IR = 1.0 and 1.5 is insignificant at the 

downstream of PASP. 

  
Figure.2.Velocity fluctuations distributions at 

different IR along the wake axis of a elliptic cone 

with circular base-jetofAR = 0.005 

Figure.3.Mean velocity distributions at different IR 

along the wake axis of a elliptic cone with circular 

base-jet of AR = 0.01 

 Velocity fluctuation plot (Figure 3.4) shows that there is a remarkable increase in u' for increase in IR. While 

the IR increased from 0.5 to 1.0 and 1.5 results to 97% and 231% increase in u' at the exit with respect to u' of IR = 

0.5 jet. At AR = 0.01 also there is no significant difference in magnitude of u' at the downstream of PASP as shown 

in figure 3.4.  
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Figure.4. Velocity fluctuations distribution at 

different IR along the wake axis of a elliptic cone 

with circular base-jet of AR = 0.01 

Figure.5. Mean velocity distributions at different 

IR along the wake axis of a elliptic cone with 

circular base-jet of AR = 0.015 

 Effect of IR of a circular shape base-jet (AR = 0.015) injected from an elliptic cone on mean velocity and 

(u')rms is presented in Figure 3.4 and 3.5 respectively. Behind the elliptic cone also at higher area ratio and IR 

formation of secondary vortex can be observed near the jet exit as the local acceleration. Downstream of PASP, 

significant difference (18% smaller) in Um distribution is observed between with and without base-jet. After PASP 

there is no difference in magnitude of Um of different IR base-jets. But magnitude of (u')rms distribution behind the 

PASP is similar for all the tested IR jets. Velocity fluctuation at the exit of the higher IR jets (IR = 1.0 and 1.25) 

135% and 161% greater than the u' of IR = 0.5 jet respectively. 

 
Figure.6. Velocity fluctuations distributions at different IR along the wake axis of a elliptic cone with circular 

base-jet of AR = 0.015 

4. CONCLUSION 

 Effect of injection ratio (IR) of different area ratio (AR) circular base-jet on the wake axis mean velocity and 

its fluctuation were analyzed for an elliptic cone. From the analysis it is found that  

At lower injection velocity (IR = 0.5), effect on the location of wake axis parameters is insignificant due to 

insufficient momentum of the base-jet to encounter the recirculating fluid. As the IR increased, length of base-jet 

penetration (Ljp) also increases due to the increase in jet momentum. Rate of increase of Ljp at lower IR is greater 

than at higher IR because of existence of acceleration and deceleration zone along the wake axis. 

 Increase in IR causes increase in expansion rate of base-jet along the wake axis. Expansion rate of base-jet 

injected from elliptic cone is higher than that of a circular cone. At constant IR increase in area ratio results to increase 

in fluctuation of the velocity at the jet exit. At higher IR and AR, generation of counter acting secondary vortex 

causing local acceleration for some distance from its exit. 
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