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Abstract 

Supersonic mixing and combustion enhancement is primarily focused to increase the efficiency of 

scramjet engine. The research on a fuel injection system performance is widely developing today. In 

scramjet engine, the air and fuel mixing is improper due to the supersonic flow inside the combustor. 

The flame instabilization occurs due to less resident time of air which tends to affect the output 

efficiency and it leads to loss of fuel energy. Hence apart from the modern research studies on 

various fuel injection techniques inside the supersonic combustor, this study provides the idea of 

various alternating wedge designs to enhance the air and fuel mixture. Also reducing the consumption 

of fuel in the combustor gives a great impact in usage of fuel energy efficiently in the aviation field. 

 
Keywords: Scramjet, Hyper mixer injector, Alternating wedge injection, Mach number, Combustion 

efficiency and energy efficient techniques. 

 

Introduction 

Scramjet is a key component for the 

hypersonic flight operating condition. The 

scramjet engine is composed of three main 

components such as converging inlet, 

combustor and nozzle, as shown in figure 1. In 

scramjet combustor, the flow should be 

supersonic. The mixing of air and fuel at 

supersonic speed in the combustor is the 

highly challenging process in the supersonic 

combustor. If the fuel and air mixture is 

improper, then the flame instabilization will 

occur in the combustion chamber. Due to the 

less resident time of air, the hyper mixer fuel 

injectors or alternative wall injector designs 

are installed in the combustor to improve the 

air and fuel mixture. 

Hyper mixer injector is a two-dimensional 

compression ramp at the upstream side and a 

streamwise vortices generating section. The 

wedges were formed by extended 

compression ramp from the upstream side and 

are arranged alternately in the span width 

direction (Kubo et al., 2014). 

 
Fig.1: Schematic of Scramjet Engine 

 

Hyper mixer injector is also known as 

alternating wedge ramp injector. Figure 2 

shows the schematic diagram of an alternating 

wedge hyper mixer. Another type of fuel 

injector is a strut based fuel injection system. 

The design of strut mixing device includes 

both regular and parallel injection method. The 
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shock formation at the leading edge of strut 

improves fuel air mixing. The alternating 

wedge design at the trailing edge enhances 

the mixing of air and fuel (Patel et. al., 2015); it 

is called as alternating wedge strut. 

 

Fig.2: Alternating wedge hyper mixer (Ogawa and 

Kodera 2015) 

Review of Literature 

The combustion efficiency is significantly 

increased by installing the alternating wedge 

injection struts, which create longitudinal 

vortices but reduce the stability of the flame 

(Fureby et al., 2015). The combustion in 

alternating wedge injection strut occurs 

between the sidewalls and a central mixing 

region, where mixing is facilitated by the 

vortices and vigorous multimode combustion 

occurs downstream of the mixing region 

(Fureby et al., 2015). 

 

The experimental investigation of combustion 

performance on scramjet engine by applying a 

swept shape to the ramp wedges of the hyper 

mixer fuel injectors (Kubo et. al., 2015) shows 

the higher thrust performance than the non-

swept ramp wedges. In the case of wall-

mounted non-swept ramp injectors, (Kubo et. 

al., 2015) the combustion performance were 

significantly decremented. These performance 

decrements were controlled by using the 

swept ramp injectors 

 

Fig.3: The Schematic of hyper mixer injectors (Strut 

type) (Kubo et. al., 2015) 

 

 

Fig.4: The Schematic of hyper mixer injectors (Wall mounted type) (Kubo et. al., 2015) 

 

The numerical study of cavity shaped 

combustor with backwards-facing step and 

forward ramp with an injector at a certain 

inclination angle opposing the inlet flow (Mani 

et. al., 2015) shows the higher temperature at 

the exit, which leads to the increase of 

combustion performance. Also, the higher 

inclination angle of the injector gives higher 

efficiency than the injector with a lower angle 

of inclination. The cavity-based scramjet 

combustor enhances the fuel/air mixing and 

improves the flame holding. 

The numerical investigation of the hyper mixer 

with a row of alternating wedges having 

central fuel injection as shown in fig. 2 (Ogawa 
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and Kodera 2015) shows the favorable 

efficient fuel/air mixing in narrow spanwise 

spacing which creates strong streamwise 

vortex but does not improve the fuel/air mixing. 

 
Fig. 5: The Schematic of Cavity shaped combustor 

 

The higher fuel/air mixing is achieved by 

greater vertical height and augments 

streamwise vortex circulation with the help of 

steeper ramp angle (Ogawa and Kodera 2015). 

The streamwise vortex interaction across the 

symmetry plans plays a vital role in convective 

mixing of fuel air. 

 

The numerical investigation of hydrogen-

fueled scramjet combustor with two types of 

strut flame holder having circular strut injector, 

for three angles of attack (Pandey et. al., 2016) 

shows different performance. For air Mach 

number 6 in the combustor, the hydrogen is 

injected to the surrounding flow due to 

streamwise vorticity created by the circular 

strut injector, leads to the increase of pressure 

and temperature which are enough for auto-

ignition. The ignition delay is observed for a 

different angle of attack. The shortest ignition 

delay is noted in the negative angle of attack, 

= -4
0
, (Pandey et. al., 2016), so the increase 

of temperature is also observed in the 

negative angle of attack, whereas the positive 

angle of attack shows most prolonged ignition 

delay. For the negative angle of attack, shock 

trains have been observed, which enhances 

the combustion and decreases the ignition 

delay. Thus combustion efficiency is at the 

maximum level for negative angle of attack 

(Pandey et. al., 2016). 

The numerical analysis has been carried out 

between double strut and strut side fuel 

injection models (Obula Reddy et. al., 2017). 

 

 
Fig. 6: The Schematic of circular strut injector with 

Zero angle of attack 

 

The result shows the formation of strong 

oblique shock at the leading edge of strut and 

reflected back at combustor internal walls 

(Obula Reddy et. al., 2017). Due to impinge of 

strut side fuel jet, more oblique shocks are 

formed and lead to an increase in static 

pressure at boundary layer separation. It 

improves the air and fuel mixing by carrying 

the fuel jets along with the oblique shocks. 

Double strut decreases ignition delay (Obula 

Reddy et. al., 2017). Thus combustion 

efficiency is higher in strut side fuel injection 

than double strut model. 

 

 
Fig. 7: The Schematic of Scramjet Combustor with 

strut side (top and bottom) fuel injection and with 

double strut fuel injection. 

 

The numerical study on flow field 

characteristics of the different cavity-based 

scramjet combustors with transverse injection 

at various angles of injectors (Ambicapathy et 

al., 2014) shows a variety of flow features 

resulting from the interactions between 

injectors flow, boundary layer, cavity flow and 

shock waves. The overall result shows the 

cavity shaped combustor with backwards-

facing step and forward ramp with the injector 

at a 45
0 

angle of injection which is opposing 

the inlet flow shows higher temperature 

compared to other models (Mani et. al., 2015 

and Ambicapathy et al., 2014). 
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Fig. 8: The schematic of cavity-based scramjet 

combustor with transverse injector 

 

An experimental study of flush all scramjet 

combustor model without wall mounting flame 

holding devices under the stimulated test 

condition of Mach 6, (Hu et al., 2014), shows 

the best combustion performance. 

 

Conclusion 

 

The primary focus in increasing the scramjets 

performance is determined by increasing the 

combustor efficiency. Particularly, fuel 

injection methods are being optimized through 

various hyper mixers to attain high 

performance.   This study on fuel injector in 

scramjet combustor shows the enhancement 

of fuel and air mixture inside the combustor. 

The alternating wedge injection struts 

increases the efficiency of the combustion by 

creating longitudinal vortices. Also by 

implementing swept ramp injectors , the 

combustion performance decrements were 

controlled .The circular strut injector with 

negative angle of attack shows the maximum 

level of combustion efficiency when compared 

with circular strut with positive angle of attack , 

which is due to decrease of ignition delay and 

shock train formation in negative angle of 

attack. The usage of double strut also 

decreases ignition delay but oblique shock 

formation is reduced, which carry fuel jets. 

This study reveals that the combustion 

efficiency is more in strut side fuel injection 

than the double strut. Also it was studied that 

the cavity shaped combustion with an injector 

having inclination angle creates higher 

temperature at exit, which in turn provides 

better performance. The cavity also acts as a 

flame holder in the combustor. This paper 

suggest that implementing of cavity shape 

followed by circular alternating wedge injector 

with negative angle of attack gives higher 

performance in fuel and air mixing. Also the 

flames were stabilized due to the cavity flame 

holder. These techniques are improved to 

increase the efficient usage of fuel energy.  
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