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ABSTRACT: 

 
Scramjet engines are propulsion systems that operate in the supersonic flight regime, 

where the flow of air into the engine is supersonic. In a scramjet engine, the fuel is 

mixed with air in the supersonic combustion process, and the resulting exhaust gases 

provide the thrust for the engine. One of the critical challenges in designing scramjet 

engines is achieving efficient fuel-air mixing, which is crucial for achieving high 

combustion efficiency and generating high thrust. To address this challenge, an 

injection strategy with high penetration depth has been developed for the short 

residence time of fuel in the supersonic step combustor. The step combustor is a 

component of the scramjet engine that is responsible for slowing down the incoming air 

to subsonic speeds before mixing it with fuel. By using an injection strategy with high 

penetration depth, the fuel can mix more efficiently with the air, resulting in improved 

combustion efficiency. The study focuses on analyzing the supersonic flow over various 

bluff body models placed in the step combustor. Bluff bodies are objects that are placed 

in the flow path of air to create turbulence and mixing. The study observes the shock 

wave interactions between the bluff body models and differentiates them based on 

pressure, velocity, temperature, and recirculation area. The goal is to determine the 

optimal fuel-air mixing ratio for efficient combustion by selecting the best-performing 

bluff body model. The study aims to provide insights into designing more efficient 

scramjet engines for supersonic flight. By improving fuel-air mixing efficiency, the study 

could contribute to the development of more efficient and cost-effective scramjet 

engines, which could have significant applications in supersonic transportation, 

hypersonic flight, and space exploration. 

 

 

 KEYWORDS: Bluff bodies, Step combustors, Supersonic combustors,  Streamlined 

bodies, Aero foils, Recirculation area, Disturbed flow Wake, Near-wake Flow 

instabilities, Penetration depth, Turbulence , Reynolds number. 
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CHAPTER 1 
 

                                        INTRODUCTION 
 

1.1 BLUFF BODY: 

In aerodynamics, a bluff body is a shape whose length in one direction is comparable 

to or greater than the length in the perpendicular direction. This results in a greater 

influence of pressure on the force acting on the body, compared to skin friction. Even 

streamlined shapes like airfoils can exhibit bluff body behavior when at large angles. 

Circular cylinders are often used as a standard to look at the properties of bluff body 

flows, which are characterized by a separation of the flow that creates a disturbed flow 

region behind the body. This region can trigger and amplify different types of convective 

and absolute flow instabilities, leading to the formation of two- or three-dimensional 

unsteady flow structures. As the Reynolds number increases, these instabilities 

eventually give rise to turbulence. 

 

1.2 FLOW OVER DIFFERENT TYPES OF BLUFF BODIES: 

Viscosity affects bluff solids with rounded-end rear faces and streamlined shapes with 

huge angles of attack, causing significant forces and moments. The magnitude of the 

wake is proportional to the incoming flow's body form and orientation, with both the 

near wake having low velocities and a roughly stable pressure reduced than that of the 

undisturbed pressure. Karman Street is characterized by identical vortices of similar 

strength oriented across two parallel paths and displaced half a wavelength in the 

distant wake. Vortex shedding causes uneven flow and vibration issues. 

a) Circular Bluff Body 
 

Circular bluff bodies both have real-world and academic applications in fluid dynamics. 

At low flow rates, fluid movement around circular cylinders shows a variety of key 

physical processes like as splitting, vortexes, and instability in the wake. The existence 

of many other things in the flow generates flow interruption when circular cylinders are 

clustered together, which is critical in aerodynamics and hydrodynamics.   
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b)  Rectangular Bluff Body 

Rectangular bluff bodies describe the flow field's causes of unsteadiness. Various 

causes of flow-field unsteadiness, such as approaching instability, vortices (the re-

attachment), and vortex-induced- induced procedures, display unique frequency 

ranges. The flexible system's dynamics can cause interactions among these several 

kinds of unsteadiness. 

C) Triangular Bluff Body 
 

The triangle bluff body is important in engine combustion, notably in combustors, where 

it anchors a turbulent flame. A hot gas recirculating area burns the reactive streams, 

which is formed by the back into the past stair or a bluffing object. For the creation of 

prospective combustion chambers and passive as well as active combustion control 

mechanisms, a greater knowledge of flame holding, turbulent kinematics interactions, 

vortices movements, combustion destabilization, sparking, and recrystallization is 

required. 

 d) D-shaped bluff body 
 

D-shaped short convex bodies have a round nose as well as a squared tail afterbody 

and are used in vehicles, subways, blunt airfoils, and airship gondolas. Flows through 

D-shaped cylinders at different C/D payout ratios reveal that the C/D ratios have a 

considerable influence on the variations in the wake region at a constant freestream 

velocity. Vortex-induced vibration is just a significant issue, and studies reveal that the 

afterbody has a significant impact on dispersion patterns and may modify the VIV 

nature of a structure. The frequency responses of a D-shaped body are influenced by 

Vertical motion and bounding. 

 

1.3 UNDERSTANDING THE DRAG COEFFICIENTS ON DIFFERENT BLUFF 
BODIES 
 
Aerospace engineers are primarily interested in the aerodynamics of streamlined 

shapes that gradually taper to a sharp point at their trailing edges, such as airfoils and 

wings. However, in various engineering applications, blunt bodies with non-streamlined 
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or streamlined shapes with blunt front and/or rear faces, also known as bluff bodies, 

are encountered. The total drag on a body is made up of two main components: skin 

friction drag and pressure drag. In the case of bluff bodies, pressure drag typically 

dominates the total drag due to the large low-pressure zone created in the wake at the 

rear of the body, as shown in the accompanying figure. 

 

                          Fig1.1: Flow over streamlined and wedge bodies 
 

A bluff body provides huge flow separation which develops at the body's extremes or 

corners, as well as a broad wake with low pressures, resulting in significant ultimate 

drag. 

 

1.4 WAKE CHARACTERISTICS 
 
The Wake characteristics are the features of the recirculating airflow after a static or 

moving blunt body which is caused by friction and also can create disturbance and fluid 

divergence. Moreover, changes in the density of the fluid both above and beneath the 

boundary, in addition to gravitation or interfacial tension, influence the wave patterns 

upon that sea surface created by only a moving vehicle like a boat. 

 

As that the Reynolds number varies owing to flow regime changes, the sophistication 

of vortex dynamics rises. The current work does not intend to evaluate all convex 

bodies, but rather to investigate the features and dynamics of wake wakes under 

diverse fluidic circumstances and flow regimes. To that end, the study investigates the 

effect of four essential factors upon bluffs body reawakening for just a broad variety of 

Reynolds numbers: Strouhal number (St), bluff body cross-section, vorticity, and 
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circulation in vortices are all factors to consider. 

 
                                  Fig 1.2: Types of different bluff body shapes 

 
1.5 UNDERSTANDING THE SHOCK INTERACTIONS ON BLUFF BODIES 

 

Shock waves are extremely narrow regions in which flow properties change 

abruptly. These waves are commonly known as oblique shock waves, as they 

usually form at an oblique inclination relative to the incoming flow. A regular seismic 

wave is an exception to the oblique shock, occurring when the wave angle is 90 

degrees. In addition to oblique shock waves, supersonic flows are characterized by 

oblique. Prandtl-Meyer waveforms are examples of expansion waves in which the 

pressure lowers consistently over the wave. 

 

These waves are created due to the propagation of information through molecular 

collisions, which cannot penetrate certain regions of the supersonic flow. Fig.1.3 

illustrates the key parameters across oblique shock and expansion waves. As the 

flow crosses an oblique shock wave, the Mach number abruptly decreases while 

the pressure, density, and temperature experience a sudden increase. On the other 

hand, across an expansion wave, the Mach number increases while the pressure, 

density, and temperature decrease. 

 

The curved bow shock is depicted in Fig.1.3, standing at a distance δ (shock 

detachment distance) in front of a blunt body in a supersonic flow. At point a, the 

shock wave is normal to the upstream flow, corresponding to a normal shock wave. 

However, the shock wave gradually becomes weaker and curved as it moves away 
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from point a, eventually transforming into a Mach wave (pressure wave traveling 

with the speed of sound) at larger distances from the body. 

  
 

Fig 1.3: Different regimes of flow. 
         

1.6 COMBUSTER 

A combustor also commonly referred to as a burner, combustion process, or flame 

catcher, is a crucial component of a ramjet or higher-efficiency engine in which 

combustion takes place. In a gas turbine engine, the combustion chamber or 

combustor is responsible for heating the high-pressure air supplied by the 

compression system at constant pressure as the fuel/air mix burns. The resulting 

burned mix is then exhausted from the combustor through the nozzle guide vanes 

to the turbine. In contrast, in a ramjet or scramjet engine, the exhaust is directly fed 

out through the nozzle.The design of the combustor is critical as it must Despite the 

extremely high airflow rates, maintain steady combustion. Combustors are 

meticulously constructed to combine & spark the fuel and the air beforehand mixing 

in additional air to finish the burning process. While early gas turbine engines was 

using singular chambers known as a can-type combustor, current combustors come 

in three basic shapes: could be, annulus, as well as cannular (also known as can-

annular tubo-annular). Moreover, afterburners are classified as a sort of combustor. 

For engines such as ramjets and scramjets, the combustion process is incredibly 
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intense, and the use of bodies can significantly impact the engine's efficiency. These 

bodies play a crucial role in making the process more efficient. 

 

1.7 RECIRCULATION ZONE 
 

In a supersonic combustor, the recirculation zone is a crucial element that helps to 

achieve efficient combustion and stable operation. The recirculation zone is a region of 

the combustor where the fuel and air mixture recirculate back on itself. This region is 

typically located at the end of the combustor where the fuel is injected into the air 

stream. The recirculation zone is important because it helps to mix the fuel and air 

thoroughly, promoting efficient combustion. In a supersonic combustor, Because of the 

tremendous speed of air and propellant, the recirculating region is especially significant. 

can cause them to separate and reduce combustion efficiency. By creating a 

recirculation zone, the fuel, and air are forced to mix, which increases the likelihood of 

complete combustion. 

 

Additionally, the recirculation zone can help to stabilize the combustion process by 

creating a more uniform flow of air and fuel. This helps to prevent combustion instability 

and flame blowout, which can be particularly problematic in supersonic combustion 

systems. Overall, the recirculation zone plays a critical role in the operation of a 

supersonic combustor, helping to achieve efficient combustion and stable operation. 

By ensuring that the fuel and air mix thoroughly and creating a uniform flow, the 

recirculation zone can help to optimize combustion performance and minimize the risk 

of combustion instability. 

 

1.8. APPLICATION – CAVITY-BASED FLAME HOLDER  

  

In the cases of combustion under supersonic conditions, the utilization of flame holder 

is essential. The purpose of the flame holder is to inject recirculation zones which are 

similar in aspect to eddy and move much slower than the free stream. The goal of the 

introduction of recirculation zones is to promote the effective fusion of fuel and air that 

will continuously sustain combustion. Attributes that determines a cavity to be an 
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effective flame-holder are: 

• High static pressure  

• Low overall temperature  

• Large recirculation zones 

• Minimum drag 

 

 

Fig 1.4: Flow attributes of cavity-based flame-holder. 
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CHAPTER 2 

 LITERATURE SURVEY 

 

   2.1 BLUFF BODY FLAME STABILIZATION 
 

Ahmed A. Abdel – Rehim al(2013) study on Flame stabilization is a crucial process 

in afterburner systems that involves establishing a continuous ignition source in a 

gasoline-air combination with a high velocity compared to the turbulent flame speed. 

This is accomplished by enabling strong combustion products to mingle with 

the unburned fuel-air combination. A circulating flow of burnt material is often used 

to provide a consistent supply of high flame for this procedure. This recycling of 

combustion byproducts in the wake for a bluff-body ignition holder creates high - 

pressure steam that supply the energy and quantity of combustion products 

necessary to spark the incomplete combustion substance moving through the wake. 

Comparable processes can occur after a stage or in a wall break time. 

 

However, heat exchange out from gas to the external wall might lower the combustion 

temperatures inside the recirculation region, making stability more difficult. Injecting 

a supplementary flue gas into the unburned flow is an alternate way for producing 

the requisite wake region with high recirculation. This relationship between the two 

streams creates a wake zone with intense recirculation, which helps to stabilize the 

flame. 

 

 

Fig 2.1 :Flame Stabilization using the bluff body. 
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2.2 INNER HEATING OF THE FUEL-AIR MIXTURE DURING COMBUSTION BY 
BLUFF BODY SHAPES  
 

Mohmmad Abdelhameed al (2021) have been conducted on the use of bluff body 

shapes over a broad range of equivalency proportions and shutoff valve velocity 

profiles for flame stabilization. This approach creates a circulating zone with better 

combustion byproducts and low-speed active molecules that serve as a continual 

igniting source for new reactants. The velocity profile created by a convex body's 

blocking effect drives a part of the elevated reactants into the recirculation region and 

ignites, leading to a stable flame. 

 

Investigators also looked at the effect of reheating leftovers the fuel- air mixture even 

before entering the burning zone, which was discovered to increase flammability limits. 

However, care must be taken to prevent excessive heat loads, early initiation of 

chemical reactions upstream, and flame flashback. Most research on preheated fuel-

air mixtures has been focused on miniaturized combustors, while studies related to 

trapped recirculation zones have concentrated on aero-engines. 

 

This study aims to explore the effects of fuel mixture preheating aided by a trapped 

recirculation zone on lean flammability limits of high-velocity premixed reactants. Prior 

research on bluff bodies used for preheating fuel-air mixing has demonstrated that an 

optimal cavity height exists at which equivalence ratios are minimum. Furthermore, the 

low and high The maximum flow rate of air with a coinciding fuel flow rate was used to 

estimate the lean limits connected with each bluff body. Any rise in flow of air or 

reduction in fuel flow that exceeds these limitations leads in an abrupt shutoff valve. 

 

The study placed the cavity at different blowoff limits, including low entrance velocity 

limits and high entrance velocity limits. Table 2 summarizes the flammability limits 

during low and high lean operating conditions for different types of bluff bodies, 

including their lower and upper diameters, as well as the corresponding blowoff 
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velocities. 

 

Additionally, the study examined the impact of bluff body preheating on the blowoff 

velocity. The preheating effect is described by the temperature ratio, which was found 

to be inversely proportional to the blowoff velocity of the mixture entering the 

combustion zone. Therefore, it also describes the maximum allowable blowoff velocity. 

Based on the findings of the study, bluff body 3rd type was found to be the most efficient 

compared to other designs, the highest temperature throughout all hollow lengths. On 

the other hand, type 1 had the lowest temperature gains except at low cavity height. 

In this research, they placed the hollow at various blowoff limits short access velocity 

limitations (a) Large initial velocity limits 

 

 

 
 
 
 
 
 
 
 
 
 
 
 

(a)                                                                (b) 
                         

Fig 2.2: The a and b displays the plots on low and high velocity limit 
 

Table 2.1: Summary of flammability limits during short and large lean limiting 
conditions 

 

Bluff bodies L H Velocity L (m/s) 𝑉velocity H (m/s) 

 1 0.52 0.95 160 180 

   2 0.63 0.94 148 168 

 3 0.42 0.91 117 140 



11  

2.3 PRESSURE WAVE IN SUPERSONIC COMBUSTION ENGINES  

 
Shijiun Diao .al (2012) According to the research, the fuel distribution in the engine is 

not uniform, and a considerable amount of fuel is not burned, resulting in reduced 

engine performance. The engine's layout, depicted in Figure 7, is rectangular with a 

length of 3.1m in length, 230mm in width, and 260mm in height. This consists of an 

intake, separator, boiler, and exhaust, with its walls drawn back at such a 45° angle to 

deflect leakage during the engine supersonic speeds beginning. The intake is a corner 

compressing type with a morphological pressure ratio of 2.76 and no strut, and the 

combustor entry has a back into the past step. Twelve major longitudinal gasoline H2 

injection (hole diameter 2.5mm) are located 30mm downwards of the step on each side 

wall. The M6S42 arrangement has a 230-mm isolator and a filled (6/6-height) strut 

that's just as high as that of the back wall (29). The authors intend to show the outcomes 

of burning tasks performed on two engine 

 
 
 
 
 
 
 
 
 

 
 

                                    Fig 2.3: supersonic combustion engine 
 

The investigators are interested in offering the findings of burning simulations 

performed on 2 stroke configurations: the RJTF with the 6/6-Height Strut as well as the 

suggested upgraded arrangement with the tug boat Tilt. 

 

 

 

 

 

 

 

                                     Fig 2.4: height and boat tail configuration
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2.4 THE IMPACT OF A BLUFF BODY WITH A HOLE IN A MICRO - CHANNELS 
REACTION CHAMBER  

 

Won Hyun Kim .al (2019) study is another useful way for stabilizing combustion as well 

as increasing burning rate in micro combustors is the convex body methodology. Prior 

research has found that introducing a convex body into to the mini reaction chamber 

may raise the burning keep blowing limit, as well as the length of the solid body 

influences the limit, according to the friction factor. Aiwu et al [30] showed that even a 

quasi-bluff body had a greater knock limit than a triangular bluff body due to poorer 

flame stretching in the sub bluff body instance. 

 
 
 
 
 
 
 
 
 
 

                               
                                        Fig 2.5: convex body in a chamber 
 

A recent study investigated the impacts of a convex bodies with such a slot inside a 

segments and sub combustor were investigated, and it was discovered that perhaps 

the tiny hole spacing % used to have a major impact on performance and emission 

characteristics. The flaming region migrated downwards as the tiny hole gaps % grew 

likely related to the entering incomplete combustion mixed flow through into the slash 

gap wanting to push the flame area. Surprisingly, as even the slit space widened, the 

flame area traveled ahead and became linked to the bulk body border. The existence 

of such a supplementary swirl underneath the free surface as the slit gap expanded, 

thus drawing the flame upstream, explains this phenomenon. 

2.5. CONTOURED UPSTREAM WALL  

Will Landsberg. al (2019) research paper utilized numerical simulations to look into the 

impact of different hole profiles on the upstream wall of holes in scramjet combustors. 
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The study aimed to analyze four cavity profiles achieved by replacing the forward-facing 

step with ramps angled at 60 and 24.5 degrees or by stream tracing and adapt to the 

primary vortex aerodynamically. The results indicated that in Mach 8 combustor flows 

without fuel injection, the secondary vortex was eliminated completely. The initial 

source of hollow drag was identified as the rapid expansion of the cavity frontal wall 

over the rear-facing step, which led to extremely low pressure. The researchers also 

noted that modifying a front hollow wall to eliminate the smaller vortex could reduce the 

drag. For all holes, the secondary vortex was eliminated entirely in non-fueled Mach 8 

scramjet combustor flows, and A ramp was installed in place of the rear-facing step. A 

24.5-degree vacuous frontal ramp, on the other hand, was inadequate to generate 

separation among the boundary layers, but a 60-degree slope resulted in quick 

detachment. For fueled cases, both combined and 60-degree ramp configurations 

demonstrated drag reductions of 6.6 percent and 6.6 percent, respectively. Although 

drag reductions were observed in lower Mach number flows, aerodynamic contouring 

was necessary to increase flight speeds. 

2.6 UPSTREAM CAVITY IN SCRAMJET COMBUSTOR 

In 2019, Tim Roosa, Adrian Pudseya, Mathew Bricallia, and Hideaki Ogawa conducted 

a investigation on the impact of upstream voids on the performance of a generic 

scramjet combustor arrangement. The study focused on chemically frozen flow and 

considered three different wall conditions. The study's findings revealed that the 

forward cavity enhanced mixing efficiency by up to 8% relative to a benchmark at the 

domain's end (x/d = 500), based on the architecture and surface treatment. The hollow 

with the greatest volume, L/D = 25, was discovered to have been most effective in 

improving mixture effectiveness across all sidewall treatments. The cavity, on the other 

hand, increased overall pressure drops front of the injector. Yet, depending of the 

lengths of the reaction chamber, the nose shocks in instances with voids was weaker, 

resulting in lower total energy losses in comparison to the base behind the sprayer.. 

Moreover, the study observed that the introduction of cavities led to an increase in wall 

heat flux, especially on the cavity's aft wall. However, in cases with high wall 

temperatures, fuel fed into the cavity contributed to wall cooling. In conclusion, the 
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study highlighted the significant impact of upstream cavities on the performance of a 

scramjet combustor, with the largest cavity volume proving to be the most effective in 

enhancing mixing efficiency. The study also showed that while cavities may increase 

pressure drops upstream of the injector, they can lead to lower overall pressure loss 

depending on the combustor length. 
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CHAPTER 3 

AIM AND SCOPE 

3.1 AIM: 

The aim is to investigate the use of a bluff body to generate a recirculation zone in the 

step-down part of a supersonic combustor to enhance combustion efficiency. The 

objective is to determine the optimal size, shape, and location of the wedge body to 

achieve the desired recirculation region while minimizing the pressure losses and flow 

instability. 

 

3.2 SCOPE: 

The scope of this project includes experimental and numerical simulations to optimize 

the design of the wedge body for a supersonic combustor. The specific research 

includes.The investigation of the effects of various factors on the size and position of 

the recirculation region is an important aspect of fluid dynamics research. To this end, 

several aspects of the flow will be examined. Firstly, the length and form of the wedge 

body will be studied to determine how they impact the size and position of the 

recirculation region. Secondly, research will be conducted to determine the optimal 

spacing between the reaction chamber and the wedge body in order to achieve the 

desired recirculation region. Thirdly, the impact of the inflow flow's angle of attack on 

the dimensions and position of the recirculation region will be analyzed. Finally, the 

influence of the entering flow's Drag coefficient and temperature on the size and 

location of the recirculation zone will be explored. These investigations will provide 

valuable insights into the underlying mechanisms of recirculation and help to optimize 

the design of fluid flow systems. 
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CHAPTER 4 

COMPUTATIONAL AND EXPERIMENTAL ANALYSIS 

 

4.1 METHODOLOGY 

The methodology for this project will involve experimental testing in a wind 

tunnel to validate the numerical simulations and optimize the design of the 

bluff body. The expected outcomes of this project include the identification 

of the optimal design parameters for a wedge body in a supersonic step 

combustor and the development of guidelines for future research in this 

area. The limitations of this project include the time and resource 

constraints, as well as the technical challenges associated with designing 

and testing supersonic combustion systems. The significance of this 

project lies in its potential to enhance the efficiency and performance of 

supersonic combustion systems. 

4.1.1 COMPUTATIONAL ANALYSIS 

Fig 4.1: Dimensions of the computational domain, where D is the depth of the 

cavity 

PRESSURE FAR-FIELD 

2D 

DOWN STREAM WALL 

D 

INLET 

OUTLET 
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UPSTREAM FRONT 
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Fig 4.2: displays the 2D sketching of the computational domain. 

A computational domain refers to the extension for which the governing equations must 

be calculated in order to obtain results concerning the flow around a geometrical object 

under investigation. The main objective behind the creation of the computational 

domain is to discretize or mesh the space within the domain. The creation of a domain 

must be performed after considering what type of problem is being solved, external or 

internal aerodynamics. The domain in figure 11 is an example of external aerodynamics 

since the flow, although entering the cavity, migrates over the wall which the cavity is 

a part of. So for these problems, the boundary of the domain must be placed adequately 

away from the object’s surface that is in focus. In contrast an oversized domain may 

also pose problems, as more space means more grids or elements that might lead to 

more computation time. For this current project, a cavity of horizontal span to 

profoundness ratio of 3 is being investigated. The shape of the domain is fairly simple, 

which is a rectangular box with a cavity protruding at the bottom boundary of the 

domain. The shape is kept fairly simple for easier assigning of dimensions and 

boundary conditions. The dimensions of the domain is chosen in such a way that any 

major alterations that have been brought about to the flow, either by the presence of 

cavity or shock or their interaction, is well within the boundary of the domain. The 

dimension of the domain that was used for computational study is given in figure 1. The 
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entire domain was calculated with respect to the depth of the cavity. The wedge or the 

shock generator is kept at a height twice the depth, such that the impingement of shock 

occurs on the shear layer over the cavity. The nose of the wedge is placed at a height 

twice the depth while the other heights at which the other two edges are positioned vary 

with the angle of the wedge. The determination of the horizontal span and the 

profoundness of the cavity is determined by the base paper by Gruber et al. The cavity 

downstream length is twice that of the upstream span. This was done in order for the 

better comprehension of flow field aft of the shock and the shock generator. The 

pressure far-field is positioned at a height 25 times the depth of the cavity.  

4.1.2. SHOCK GENERATOR OR WEDGE 

An object (or in this case wedge as shown in figure 4.), when moving through air at a 

velocity that is greater than the sound's speed, results in compression of air flow thus 

resulting in the formation of a shock wave. Shock wave is an irreversible occurrence in 

supersonic flow properties like pressure, temperature, density etc. It is a region of 

discontinuity inside which the mechanisms of friction and thermal conduction take place 

which redeems the shock internally irreversibly giving rise to increase in entropy across 

it. The oblique shock wave that has thus originated is attached to the nose of the edge. 

The flow both upstream and down-stream of the shockwave experiences enormous 

alterations in the flow-field. 

 

 

Fig 4.3 : Flow past a wedge. Where θ - half wedge angle and β is the shock angle.  
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4.1.2.1 Equations for shock wave relations: 

 

(Where,  

• The subscript 1 denotes the flow characteristic upstream of the shock 

• The subscript 2 denotes the flow property downwards of the shock; and P 

denotes the air pressure at that point. 

• T refers to the temperature of the fluid • 

• ρ is that its density  

• M is its Mach number  

• γ is the heat capacity ratio 

                           Fig 4.4:The equation for shock wave relation 

 

The lengths of the wedge for all the cases were kept constant which is 100mm. The 

constant wedge that is utilized for varying positions and the positioning distance is 

measured with length of the wedge body from initial position. This process is applied 

for all different bluff bodies with specific dimension as shown below 
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(A) PENTAGONAL WEDGE BODY                                  (B) WEDGE WITH SQUARE ENDING                                                                                           

 

  (C) WEDGE WITH RECTANGLE ENDING                                       (D) TRIANGULAR WEDGE BODY 

                                                            

                                                               (E) DIAMOND BODY   

 

Fig 4.5: The below pictures display the dimensions of each bluff body utilized in 

the computational domain 
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4.1.3. Meshed Domain: 

 

There are two types of 2-D meshes:  

• Quadrilateral 

• Triangle  

                        

                                          Fig 4.6: Types of mesh elements.  

   Table 4.1: Differences between quadrilateral and triangular mesh element 

 

For the current project, the computational domain is maintained fairly uncomplicated. 

Therefore, the necessity for automated production of meshed elements is absent. Also, the 

production of automated mesh results in the requirement of more memory space as both the 

value and location of each individual cell are to be computed each time. So a quadrilateral 

mesh is chosen. This can be seen in figure 4.7. The quadrilateral mesh ensures that the error 

caused due to numerical diffusion remains fairly low. The use of this mesh allowed for 

specification of cell distance from the wall. This facilitated the close interpretation of shear layer 

Quadrilateral  Triangle  

• Low numerical diffusion. 

• Minimal discretization error. 

• For flow not perpendicular to the 

flow, the value of diffusion rises. 

• For intricate geometries, the 

possibility of generation of structure 

mesh is low. 

• Inadequate for industrial 

applications.  

• Possibility of automatically producing 

the mesh at a large degree. 

• Redundant elongation not achievable. 

• Higher quantities of elements are 

required. 

• Adjoining nodes prevail in the same 

plane which complicates computation. 

Therefore, inferior convergence. 
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effects at nearer portions of the wall. The regions in the proximity of the cavity are heavily 

meshed so as to visualize the flow more accurately. The visualization of the interaction of the 

shock wave and the shear layer is critical for the current study. Hence this region contains 

relatively higher grids than the region close to the pressure far field, where little to no alterations 

occur. 

 

 

 
 
 

                          Fig 4.7: Meshed domain for the current study 

 

4.1.4. Solver Setup: 

 

For the current study, the commercial software Ansys Fluent © is chosen.  

  

4.1.4.1. SOLVER TYPE - DENSITY BASED 

 

The concurrent interpretation of the governing equations including energy equation can 

be achieved by utilization of density-based solvers. There exists further classification 

based on how the linearization of the above-mentioned equations are carried out. 

Pressure 
inlet 

Pressure 
outlet 

Pressure far field 

wedge 

Air Air 

Cavity frontal wall Cavity floor Downstream section 
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Implicit - While solving a particular cell the unknown value from adjacent cells that is 

yet to be solved are included in the equation. The appearance of each unknown occurs 

in multiple equations. Therefore, there arises a requisite for concurrent solving of the 

entire domain.  

 

Explicit - While solving a particular cell the known values of the adjacent cells are 

included in the equation that is solved in order to gain a solution. The appearance of 

each unknown occurs only once. Therefore, computation is done in one cell after 

another. 

 
4.1.4.2. SOLVER TIME – STEADY 

 

The objective of the project is the comprehension of the alterations brought about in 

the basic flow attributes. Hence as an example, steady state flow is appropriate it allows 

this and other complicated flow attributes which are time-dependent can be analyzed 

further in the future. Also, the steady-state analysis provides excellent results that can 

be matched with theoretical calculations. Although in order for accuracy and for 

matching with real-time flow alterations transient state analysis has to be employed. 

Since the current study is fairly new, steady-state analysis has been adopted.  

 

4.1.4.3. MODELS  

4.1.4.3.1. ENERGY 

 

The generation of shock in the current study provides the necessity for the inclusion of 

the energy equation. The reason for inclusion is to gain appropriate final results and 

this in turn will aid in the calculation of temperature alteration in the region of the shock. 

 

 

4.1.4.3.2. VISCOUS - K-ω MODEL 

 

For the consideration of the turbulence effect of the flow under analysis, a viscous 

model is adopted. For the current study k-ω model is chosen. This model includes 
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during computation, in addition to the governing equations, two transport equations. 

The two transported variables are: 

• k - turbulent kinetic energy, for ascertaining the energy in turbulence 

• ω - Specific turbulent dissipation rate (or) scale of turbulence, for ascertaining 

the rate of dissipation per unit turbulent kinetic energy.  

This model is suitable for the present study as the shear layer close to the wall is the 

topic of interest. 

 

 

4.1.4.4. MATERIALS - DENSITY - IDEAL GAS 

 

The ideal gas is selected to implement the ideal gas law, wherein the only interaction 

that occurs between the molecules of a gas is a collision, whose energy is conservd, 

while neglecting the intermolecular attraction or repulsion that is present in real gases. 

 

The ideal gas equation: 

                                    PV = nRT 

Where, P - Pressure of the gas 

  V - Volume occupied by the gas 

  n - Amount of substance 

  R - Ideal gas constant 

  T - Temperature of the gas 

 

 

4.1.4.5. SPATIAL DISCRETIZATION 

 

This type was used because of low computational cost. Low computational cost refers 

to low computation time and memory. However, this may result in the accuracy of the 

computation being compromised due to excessive diffusion. 
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4.1.5. VALIDATION: 

 

                  Fig 4.8: Normalized Pressure vs. Effective Length in Inches 

 

For the validation of the solver that is going to be used for the current study, the effective 

length vs. normalized pressure graph is being utilized as it is in the base paper as 

depicted in figure 8. The validation is carried out without the presence of the wedge.  

 

 

Where, Normalized Pressure =   Static pressure on the wall 

                                                  ----------------------------------------- 

                                                      Free Stream Pressure 

The effective length is taken in terms of inches of the cavity wall. The overall graph 

agrees in terms of both computational and empirical data obtained from the base paper 

with the computational data obtained for the current study. This allows for further 

proceeding of conducting the study.  
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4.1.6. GRID INDEPENDENCE TEST: 

 

 

 

Fig 4.9: Grid Independence Test 

 

The next step was to conduct the grid independence test. This is done to make sure 

the values that are obtained through the study are influenced only by the conditions of 

the flow that is provided and not by the refinement of the mesh. For the choice of a 

suitable grid for the current study, the multiple grids were compared and that resulted 

in the selection of the suitable grid i.e. medium. 
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4.2. EXPERIMENTAL SETUP: 

 

4.2.1. SUPERSONIC WIND TUNNEL: 

 

           

Fig 4.10: Photograph of wind tunnel facility. 

 

The experimental analysis was achieved in the supersonic wind tunnel, which was a 

part of the facility provided in the supersonic wind tunnel laboratory. The test section 

housed both the cavity and the wedge model. The air in the tank is compressed with 

the help of a compressor. This air is then allowed to pass into the test section by 

opening the valve of the settling chamber. The air then passes through the test section 

where the model is kept. On either side of the test section, thick sheets of acrylic are 

attached to provide visibility of the flow. The pressure transducers are fixed to the 

acrylic casing. These transducers measure the value of pressure at various locations 

of the test section. The air is then allowed to exit the nozzle, which is attached to the 
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end of the test section. The cross-section of the dimension of the test section is 

25mmx25mm. For the present study the chamber pressure is operated at 1-2 kg/cm^2. 

The test was carried out at Mach 1.2, which is the maximum capacity of the facility. The 

C-D nozzle which is a part of the test section is designed so as to achieve the required 

flow conditions. 

 

4.2.2. CAVITY AND WEDGE MODEL: 

The cavity model is designed with L/D ratio is 3. Since the position where the wedge is 

mounted is fixed, the depth of the cavity is taken with respect to the distance between 

this position and the lower half of the test section. Therefore, the indent created in the 

lower half of the wind tunnel for the cavity has a depth of 11.5 mm. The wedge is then 

modeled out of stainless steel. The wedge in fixed in the holder as shown in figure 19. 

The screw at the end is a standard M4 screw (outer diameter = 4 mm). The wedge 

model that was designed must have a threaded hole in order to fix it to the holder. The 

cavity model was also scaled in accordance with the cavity depth. 

 

                            

Fig 4.11: Wedge holder 

 

The entire test section, portrayed in figure 20, is made of two stainless steel rod, one 

at the bottom and the other at the bottom. The rod is designed so as to form C-D nozzle 
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that controls the attributes of the flow over the model. This setup has a casing acrylic 

on both sides. The acrylic casing at the back has taps through which pressure 

transducer pipes are attached 

 

 

Fig 4.12: Test section 

 

Fig 4.13: Close-up of the wedge and cavity model mounted in the test section 

The wedge model is fixed into the holder as shown in Fig 4.13. For the design of the 

cavity model the entire stainless-steel rod is designed entirely and a groove is made 

according to the dimensions of the cavity. The groove thus made is L-shape. The 

rectangular hole through which the exits, acts as the hind wall of the cavity. 

C-D NOZZLE 
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In contrast to the design used in the computational analysis, the wedge that was 

fabricated had to have an excess projection of the flat surface at the aft of the wedge. 

This projection is to accommodate the threaded hole that is made for the fixture. 

(A)                                                                   (B) 

                                                                

 

                                                                                                   

 

 

(C)                                                                                     (D) 

 

 
(E) 

 
Fig 4.14: The above picture displays different fabricated wedge bodies from A 

to E 
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                      (F)                                                                      (G)   

Fig 4.15: Picture F and G showcases the threaded hole and screw utilized for 

holding the bluff body in the test section and changing the positions 

 
4.2.3. MATERIAL USED 
 
The material used in order to fabricate the wedge bodies is Mild Steel by CNC 

(Computer numerical control) cutting method. Mild steel is a popular material for the 

fabrication of various components, including wedge bodies used in supersonic 

combustor test sections. Mild steel is an alloy of iron and carbon, typically containing 

less than 0.25% carbon by weight. It is known for its strength, durability, and ease of 

fabrication. Mild steel parts are substantially more resistant to scratches and impact 

damage than aluminum parts. Mild steel alloys are increasingly being used in aircraft 

components that demand high strength while also being able to withstand the increased 

weight. 
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CHAPTER 5 

      RESULTS AND DISCUSSION 

 

5.1. COMPUTATIONAL RESULTS: 

The computational results for the wedge bluff bodies were obtained through a 2D 

geometry design approach, which involved keeping all the bodies within the boundaries 

of the 2D Step combustor domain. This approach was chosen because it simplifies the 

design process and computational analysis, allowing for more efficient simulations. 

 

To carry out the simulations, the wedge body was initially placed at the step position 

within the combustor domain. Then, the simulation was performed to obtain the results. 

The same process was repeated for all the differently shaped wedge bodies. 

Additionally, the wedge body was moved forward up to three positions towards the inlet 

of the combustor, and the simulation was again performed to obtain the corresponding 

results. The above-described process ensured that each of the wedge bodies was 

evaluated under similar conditions, which allowed for a fair comparison of their 

respective performances. 

 

To study the flow behavior in a step combustor domain with a wedge body inside it 

using computational fluid dynamics (CFD), it is important to carefully consider the fluid 

conditions that can accurately model the complex flow behavior. In this research work, 

the primary fluid conditions that are considered essential to visualize the recirculation 

zone are eddy viscosity, turbulence kinetic energy, and velocity u. 

 

Eddy viscosity is a measure of the turbulent viscosity in a fluid, which is critical for 

accurately modeling turbulent flows. Turbulent flows are characterized by chaotic, 

unpredictable motion and are common in high-speed or complex flow scenarios. By 

estimating the effects of turbulence on the flow behavior, eddy viscosity models allow 

for a more accurate prediction of the flow field. 
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Turbulence kinetic energy (TKE) is another important fluid condition to consider in CFD 

simulations. TKE measures the energy associated with turbulent motion in a fluid and 

provides information on the size and intensity of turbulent eddies. By incorporating TKE 

in the simulation, it is possible to better understand the nature of turbulence in the flow 

and how it affects the recirculation zone. 

 

Finally, velocity u refers to the velocity of the fluid at a given point in the domain. It is a 

fundamental fluid property that is necessary for any CFD simulation and provides 

crucial information on the direction and magnitude of the flow. In the context of this 

research work, velocity u is vital for visualizing the recirculation zone and understanding 

how it interacts with the wedge body. 

 

While there are many other fluid conditions that can be important in CFD simulations, 

these three - eddy viscosity, turbulence kinetic energy, and velocity u - are the most 

critical to accurately model the flow behavior in the step combustor domain with a 

wedge body inside it. By carefully selecting and modeling these fluid conditions, this 

research work aims to gain insight into the nature of the recirculation zone and how it 

interacts with the wedge body, ultimately contributing to a better understanding of the 

flow behavior in this complex geometry. 

 

 

 
 

Position A 
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Position B 
 

 
 

Position C 
 
 

 
 

Fig 5.1: The Eddy viscosity fluid condition results at different positions of the 

wedge body from positions A to C 

 
 

Position A 

 

 

Recirculation zone 
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Position B 

 

 

 
 

Position C 

 

 

 

Fig 5.2: The Turbulence kinetic energy fluid condition results at different 

positions of the wedge body from A to C  

 

 
 

Position A 
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Position B 

 

 

Position C 

 

Fig 5.3: The Velocity U fluid condition results at different positions of the wedge 

body from positions 

 

From the above pictures we can visualize the recirculation zone at different fluid 

conditions at different positions. The drag coefficient (CD value) of a wedge-shaped 

body placed in a supersonic step combustor depends on several factors, such as the 

shape and size of the wedge, the flow conditions, and the wedge's placement in the 

combustor. Generally, introducing a wedge into a supersonic flow increase drag, which 

can result in a higher CD value. However, the wedge's precise impact on the CD value 

relies on its placement in the combustor and the specific flow conditions. In a 

supersonic step combustor, the wedge may be strategically positioned to encourage 
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proper fuel-air mixing and combustion efficiency. If the wedge is arranged to produce 

a recirculation zone that enhances mixing, it could reduce the CD value by minimizing 

the wake size behind the wedge. Ultimately, determining how a wedge-shaped body 

affects the CD value in a supersonic step combustor necessitates specific information 

about the geometry and flow conditions. 

 

5.1.1 Relation between CD, RMS and RECIRCULATION AREA 

The RMS value, Cd and recirculation zone are interconnected factors in the study of supersonic 

step combustors that utilize wedge bodies to increase the recirculation area. The RMS value 

represents the turbulence intensity of the flow, which reflects how much the velocity varies at 

different points in the flow. Cd, on the other hand, measures the resistance of the wedge body 

to the flow of air, while the recirculation zone is an area in the flow where the air flows back on 

itself, forming a vortex that enhances fuel-air mixing for combustion. 

When the position of the wedge body is moved along the axes, it affects the flow of air around 

it, which in turn influences the size of the recirculation zone and the turbulence in the flow. By 

measuring the Cd and the RMS value at different positions of the wedge body, researchers can 

evaluate the impact of the wedge body position on the recirculation zone. For instance, a wedge 

body position that increases the recirculation zone may also increase the turbulence and the 

drag coefficient (Cd), resulting in a higher RMS value. Conversely, a position that decreases 

the recirculation zone may also reduce the turbulence and the drag coefficient, leading to a 

lower RMS value. Therefore, by analyzing the relationship among the RMS value, Cd, and the 

recirculation zone, researchers can optimize the position of the wedge body to achieve the best 

trade-off among these factors, resulting in optimal fuel-air mixing and combustion efficiency. 

 Table 5.1:   The plots below is considered for position of wedge vs RMS   

 

Positions  RMS VALUES 

30mm 1688.993 

24.4mm 1393.566 

19.8mm 1403.567 

15.2mm 1393.879 

11.6mm 1393.879 
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In this graph, the position values are on the x-axis and the RMS values are on the y-

axis. Each data point represents a specific position and its corresponding RMS value. 

As you can see, the RMS values appear to be relatively constant across different 

positions of the wedge body, with only slight variations. 

 

 

The x-axis of the graph represents the different positions of the wedge body, ranging 

from 11.6mm to 30mm. The y-axis represents the corresponding RMS values, which 

range from 526.5108 to 561.5634. 

 

Based on the data in the graph, it appears that the RMS value increases as the position 

of the wedge body moves from 30mm towards 11.6mm, indicating an increase in 

turbulence intensity as the recirculation zone increases. This information can be used 

to determine the optimal position of the wedge body that provides the best trade-off 

between the recirculation zone and turbulence intensity for optimal fuel-air mixing and 

combustion efficiency. 

 

Table 5.2: The plots below is considered for position of wedge with square 
ending vs RMS 

 
 

 
 
 
 
 

 

Positions  RMS VALUES 

 
30mm 534.2536 

 
24.4mm 526.5108 

 
19.8mm 543.5191 

 
15.2mm 553.8715 

 
11.6mm 561.5634 
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Table 5.3: The graph plotted between the position of wedge with square ending 
vs Rms 

 

 

 

 

The x-axis of the graph represents the different positions of the wedge body, ranging 

from 11.6mm to 30mm. The y-axis represents the corresponding RMS values, which 

range from 517.2536 to 561. 5634.Based on the data in the graph, it appears that the 

RMS value increases as the position of the wedge body moves from 30mm towards 

11.6mm, indicating an increase in turbulence intensity as the recirculation zone 

increases. This information can be used to determine the optimal position of the wedge 

body that provides the best trade-off between the recirculation zone and turbulence 

intensity for optimal fuel-air mixing and combustion efficiency. However, it is important 

to note that further analysis and experimentation may be necessary to fully understand 

the relationship between these factors and optimize the supersonic step combustor 

design. 
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Table 5.4: The graph plotted between the position of diamond shaped body vs 

Rms 
 
 

 

The x-axis of the graph represents the different positions of the wedge body, ranging 

from 11.6mm to 30mm. The y-axis represents the corresponding RMS values, which 

range from 620.4218 to 665.4634. 

 

Based on the data in the graph, it appears that the RMS value increases as the position 

of the wedge body moves from 30mm towards 11.6mm, indicating an increase in 

turbulence intensity as the recirculation zone increases. However, compared to the 

previous graph, the RMS values are higher, indicating a higher turbulence intensity for 

the same positions of the wedge body. This information can be used to determine the 

optimal position of the wedge body that provides the best trade-off between the 

recirculation zone and turbulence intensity for optimal fuel-air mixing and combustion 

efficiency, taking into account the higher turbulence intensity values in this case. 

 

Based on the data in the graph, it appears that the RMS value increases as the position 

of the wedge body moves from 30mm towards 11.6mm, indicating an increase in 

turbulence intensity as the recirculation zone increases. However, compared to the 

previous graphs, the RMS  
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values are lower, indicating a lower turbulence intensity for the same positions of the 

wedge body. This information can be used to determine the optimal position of the 

wedge body that provides the best trade-off between the recirculation zone and 

turbulence intensity for optimal fuel-air mixing and combustion efficiency, taking into 

account the lower turbulence intensity values in this case. 

 

Table 5.5: The graph plotted between the position of diamond shaped body vs 
Rms 
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11.6mm 613.4634 

560

570

580

590

600

610

620

30mm 24.4mm 19.8mm 15.2mm 11.6mm

R
M

S

POSITION

Sharp edged wedge vs Turbulence 
Intensity (RMS)



42  

5.1.2 CALUCLATION OF CD VALUE FOR ALL THE WEDGE BODIES USED FOR 

THE EXPERIMENT  

 

5.1.2.1TRIANGULAR BODY 

 

To calculate the drag coefficient for a triangular shaped body with an area of 20mm, 

we need to know the drag force acting on the body, the fluid density, the velocity of the 

fluid, and the reference area of the body. 

 

Assuming we have the same fluid density and velocity as in the previous example (1.2 

kg/m^3 and 408.36 m/s, respectively), we need to determine the reference area of the 

triangular shaped body. Since the body is triangular, its reference area will depend on 

the orientation of the body relative to the flow direction. Let's assume that the triangular 

body is oriented such that its base is perpendicular to the flow direction, and its height 

is parallel to the flow direction. Then, the reference area would be: 

 

Reference area = 0.5 * base * height = 0.5 * 20 mm * 20 mm / (1000 mm/m)^2 = 0.0002 m^2 

 

Next, we need to measure the drag force acting on the triangular body experimentally. 

Once we have measured the drag force, we can solve for the drag coefficient using the 

same formula as in the previous example: 

 

Drag coefficient = Drag force / (0.5 * fluid density * velocity^2 * reference area) 

 

Assuming that the drag force on the triangular body is 0.1 N, we can plug in the known 

values to obtain: 

 

Drag coefficient = 0.1 N / (0.5 * 1.2 kg/m^3 * (408.36 m/s) ^2 * 0.0002 m^2) 

 

Drag coefficient = 1.05 

 

So, for this specific case, the drag coefficient of the triangular-shaped body with an area 
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of 20mm is 1.05. 

Similarly, we calculated the cd values for all the remaining wedge bodies as shown in 

the below table 5.6 

 

Table 5.6: Coefficient of drag for all wedge bodies utilized in the project 

WEDGE BODY SHAPE       AREA OF TFH BODY CD (COEFFICIENT OF DRAG) 

TRIANGULAR BODY 20MM 1.05 

TRIANGLE WITH RECTANGLE 
ENDING 

19MM 2.44 

TRIANGLE WITH SQUARE 
ENDING 

22MM 2.07 

DIAMOND SHAPED BODY 14MM 1.99 

SHAPE WEDGE PENTAGONAL 
BODY 

13MM 2.89 

 
 

The graph plot based on the above values 
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5.1.3 Recirculation zone  

 

5.1.3.1 Recirculation region with respective to Mach  

 
For the increasing Mach number, there is a reduction in the extent of the primary 

recirculation zone. At Mach 2, the counter rotating recirculation is almost negligible. 

The migration in the position of the shear layer lifts off dictates the extent of the primary 

recirculation zone. For each increasing case of Mach number, the position over the 

cavity where the interaction between the shocks generated from the wedge and the 

shear layer occur moves closer to the hind wall. The clockwise rotating zone starts from 

the shear layer lift up position. At Mach 4, there is a formation of small recirculation 

zone close to the frontal cavity wall. Except for Mach 2, all other cases exhibited the 

zone close to hind wall rotating at a much higher velocity than the other. 

 

   (a) 

   (b) 
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   (c) 

   (d) 

   (e) 

Fig 5.4: Vector plots for (A) Mach 1 (B) Mach 1.5 (C) Mach 2 (D) Mach 2.5 (E) 

Mach 3 

 

  5.1.3.2 Recirculation zone with respective to the shape of the wedge body 

 

 By considering the wedge bodies values from the table 9 we can conclude the     

efficient recirculation zone. The recirculation is a phenomenon that occurs when the 

flow separates from the surface of the body and forms a vortex that moves back  
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towards the body. This can increase the drag on the body and cause other 

undesirable effects. The likelihood and strength of recirculation depend on several 

factors, including the shape of the body, the flow conditions, and the properties of the 

fluid. 

Based on the information provided, it is difficult to determine which body would have 

the most recirculation without additional information on the flow conditions and fluid 

properties. However, in general, bodies with sharp edges and corners, such as the 

wedge pentagonal body and the triangle with square ending, are more likely to 

experience recirculation than bodies with smoother, rounded shapes, such as the 

diamond-shaped body. Therefore, it is possible that the wedge pentagonal body or 

the triangle with square ending may have more recirculation compared to the other 

bodies listed. 

 

 

(a) Recirculation zone of Triangular body 
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(b) Recirculation zone of triangle with rectangle ending 

 

(c) Recirculation zone of triangle with rectangle ending 

 

                             (d) Recirculation zone of triangle with square ending 
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(e) Recirculation zone for diamond body 

                               

                         (f) Recirculation zone for Sharp wedge pentagonal body 

 

 

Fig 5.5 (a-f) Recirculation zone with respective to the shape of the wedge body
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5.2 EXPERIMENTAL RESULTS: 

 

5.2.1 The experimental values for the different wedge bodies are: 

 

I. TRIANGLE WITH RECTANGLE ENDING: 

CD = 2.44 

Pressure = 53375 Pa 

Temperature = 240 K 

Velocity = 373 m/s 

 

II. TRIANGLE WITH SQUARE ENDING: 

CD = 2.07 

Pressure = 53225 Pa 

Temperature = 240 K 

Velocity = 371 m/s 

 

III. DIAMOND-SHAPED BODY: 

CD = 1.99 

Pressure = 53375 Pa 

Temperature = 240 K 

Velocity = 371 m/s 

 

IV. WEDGE PENTAGONAL BODY: 

CD = 2.89 

Pressure = 53200 Pa 

Temperature = 240 K 

Velocity = 371 m/s 

 

V. TRIANGULAR BODY: 

CD = 1.05 

Pressure = 53550 Pa 

Temperature = 240 K 

Velocity = 377 m/s 
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5.2.2 Impedance occurrence during experimental work   
 

• From the below pictures we can conclude that during the supersonic flow over 

the wedge body it gets tilted due to the shock impedance occurred on it. 

• By this schlieren photographic method we can able to visualize the shocks 

occurrence on the different wedge bodies  

 

   

 

 

 

 

Fig 5.6: Visuals of shock wave occurrence during experimental work 

 

 

 

 

 

 

 

 

 

 

 

 

  (A) The wedge body at beginning of   
supersonic flow  

(B) The shock over the wedge body 
during the supersonic flow  



51  

CHAPTER 6 

SUMMARY AND CONCLUSION 

 

6.1 SUMMARY 

The study aimed to investigate the impact of differently shaped wedge bodies on the 

flow behavior in a 2D step combustor domain using computational fluid dynamics (CFD) 

Simulations. In this we considered three primary fluid conditions – eddy viscosity, 

turbulence kinetic energy, and velocity u to accurately model the complex flow behavior 

and visualize the recirculation zone. The results showed that the position of the wedge 

body in the combustor domain affects the flow behavior and the size of the recirculation 

area. By analyzing the relationship among Cd, RMS, and the recirculation zone, 

researchers can optimize the position of the wedge body to achieve the best trade-off 

among these factors. Additionally, introducing a wedge into a supersonic flow generally 

increases drag, but the precise impact on the Cd value depends on the wedge's shape, 

size, placement, and specific flow conditions. 

6.2 CONCLUSION  

From serious computational analysis the two models that are triangular wedge with 

rectangle ending and sharp pentagonal wedge body, which are positioned at 13mm 

and 19mm from the origin are considered to be the efficient bodies to achieve maximum 

recirculation zone was concluded. There are many other bluff bodies are needed to be 

investigated to Capture the best recirculation zone and its effects are still under 

research. In conclusion, the study provides valuable insights into the flow behavior in a 

2D step combustor domain with a wedge body inside it and highlights the importance 

of carefully selecting and modeling fluid conditions to accurately predict the flow field. 

The findings can aid in the design and optimization of supersonic step combustors for 

improved fuel-air mixing and combustion efficiency. 
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