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ABSTRACT 

In this day and age, researchers and engineers are actively exploring research in the supersonic Mach number flow 

field, primarily related to the base pressure of aerospace vehicles and nozzle variants. The boundary layer theory 

explained the flow separation caused by fluid motion. The turbulent boundary layer at the base will generate 

supersonic expansion flow in the recirculation zone, resulting in a pressure decrease at the base region and a free 

viscous layer from the base region towards the free stream direction. Several experimental studies on base pressure 

and flow development have been conducted with sudden expansion. Base pressure is affected by the geometry of 

the passage, the area ratio, and the L/D ratio. Numerical simulation simulates the flow from a Converging-

Diverging nozzle that has suddenly expanded into an enlarged duct with a cavity. The Mach number for this study 

is 1.8, and the area ratio is 2.56. The L/D ratio considered was from 1 to 10. The nozzle pressure ratio and aspect 

ratio of the cavity were considered in this study. The study investigates the impact of cavity location from the base 

wall toward the base pressure using Computational Fluid Dynamics. The simulated nozzle pressure ratio was for 

over, under, and ideally expanded cases. The results show that the NPR and cavity location from the base wall 

strongly influenced the base pressure. 
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INTRODUCTION  

The shear layer divides baseflow into two central regions. The shear layer will generate strong vortices, increasing 

the overall drag force, and the net drag force is made up of skin friction, wave, and base drag. There are two 

primary techniques for reducing base drag. As a result, base pressure influences base drag. These two base 

variables are inversely proportional to each other, so as base pressure rises, base drag falls, and vice versa. Also, 

as base drag decreases, the range of aerodynamic devices expands. The flow control method used is a cavity. The 

passive control technique is the primary focus. The purpose of flow control is to disrupt the base flow. The Cavity 

geometry is used to manipulate the flow. As a result, the base pressure will rise while the base drag will fall. The 

passive control technique in a cavity is the primary focus. The purpose of the cavities is to raise the base pressure. 

The effect of cavities as a passive controller on base pressure at supersonic Mach number was investigated in this 

study. 

There is a distinction in drag form between the subsonic and supersonic flow. The drag in subsonic flow comprises 

skin friction drag and base drag, whereas wave drag is added in supersonic flow. First, skin friction drag is 

produced due to viscosity, accelerating this boundary layer air in the direction of travel [1]. Because skin friction 

drag is a solid-fluid interaction, the drag depends on both the solid and fluid properties. Finally, rough surfaces 

will have higher skin friction than smooth surfaces. Second, base drag is caused by negative pressure behind a 

projectile's base. The influence of the upstream boundary layer keeps it going. Third, wave drag refers to the drag 

caused by the formation of shocks at supersonic and high supersonic speeds [1]. When an aircraft reaches the 

speed of sound, shock waves are created along the surface. The shock waves change the static pressure and cause 

total pressure loss. Wave drag is related to the development of shock waves. The magnitude of wave drag is 
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proportional to the flow's Mach number. As a result, shock waves are nothing more than an air disruption caused 

by high airflow speeds. 

The condition of the forced flow of the fluid can be used to calculate the fluid flow. External flow is defined as 

the flow of an unbounded fluid over a surface. Second, internal flow refers to flow in a pipe that is entirely bounded 

by solid surfaces. Cases of internal flow past a sudden increase in a compressible flow are presented by Wick [2]. 

The flow is first affected upstream. The flow will be affected by the entrance if the flow at the entry is sonic or 

supersonic. However, the flow will be influenced by the entrance flow when it is subsonic. Second, when the flow 

in the entrance section is sonic or supersonic, the pressure at the corner is determined by upstream conditions. 

 

Figure 1. External sudden expansions flow [2]. 

 

Figure 2. Internal sudden expansions flow [2]. 

Wick [2] discusses the differences and similarities of the two types of flow described earlier. The only difference 

between internal and external flow is the wall shear stresses in the wake and the reattached boundary layer in the 

internal flow. The pressure gradients of parallel wall sections change as the internal flow of the sudden expansion 

changes. Furthermore, the intersection of the jet boundary will be in the form of Mach lines, with the expansion 

waves originating from the opposite corner in the internal flow. The wake region, which exists in both flows, is 

the only similarity. 

The developed module is based on the assumption of steady, one-dimensional, isentropic flow. There is no heat 

exchange within the control volume of isentropic flow, and viscous losses are negligible. However, boundary 

layers, wakes, and shockwaves are taken into account. When the flow of the free-stream Mach number changes 

to one, a critical condition occurs. The actual situation happened at the nozzle throat. When the initial flow is 

supersonic, the normal shock wave is formed due to a spontaneous change in the flow as the velocity decreases 

and the pressure rises. As the pressure after the shockwave rises, the supersonic effect will be terminated. 

Concurrently, the velocity falls, and the subsonic flow continues until the backpressure equals the ambient 

pressure. By lowering the back pressure below the throat pressure, a supersonic region develops downstream at 

the throat. The shockwave may reoccur at the divergent part, and the subsonic flow will continue. The 

backpressure is then reduced further until the shockwave moves down the divergent portion of the nozzle. 

LITERATURE REVIEW 

The nozzle exit area for supersonic flow is classified into three states: over-expanded, fully-expanded, and under-

expanded. The fully expanded case is the nozzle exit design condition. The flow is over-expanded when the exit 
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to atmospheric pressure ratio is less than one. The flow is under-expanded when the exit pressure to atmospheric 

pressure ratio is more significant. 

 

Figure 3. Flow field in the enlarged duct [3] 

Pandey and Rathakrishnan [3] investigated the expansion flow in over-expanded and under-expanded cases. Both 

cases occur at supersonic speeds—an expansion fan formed at the convergent-divergent nozzle exit in an under-

expanded flow case. As a result of the earlier reattachment, the reattachment length is reduced. Then, in the case 

of an over-expanded flow, an oblique shock wave formed at the nozzle exit. As a result of the delayed shocks, the 

reattachment time will be longer. The vortices formed inside the region between the base and the reattachment 

point will create a suction force in both cases. The suction force's strength is proportional to the length of the 

reattachment; the shorter the length, the greater the vortices' power. 

Wick [2] defined the base pressure as the internal or external downstream flow pressure. When the flow area 

expands, the jet boundary at the corner will separate the main flow from the wake. The base pressure is regulated 

using either the active or passive control methods. The external power source is required for active flow 

management because it can be turned on and off. However, the procedure necessitates additional time and money. 

There is a need to change the geometry of the enlarged duct for passive flow management, such as adding ribs or 

cavities. The device is always operational, which is an added benefit. Passive flow control methods improve the 

condition of flight vehicles by manipulating the flow characteristics in the boundary layer. Flow manipulation is 

an efficient way to control mixing in the separated shear layer. Nusselt [4], the first researcher to conduct 

experiments with the high-velocity gas flow through sudden expansion, based his findings on three conditions. If 

the entrance velocity is subsonic, the base pressure equals the entrance pressure for starters. Second, if the entrance 

flow is supersonic, the base pressure may equal, be less than, or be greater than the entrance pressure. Third, the 

expansion waves from the opposite corner do not affect the jet region if the entrance Mach number is unity. 

Korst [5] investigates the base pressure in a transonic and supersonic flow where the flow enters the base after the 

wake is either sonic or supersonic. He developed a physical flow model based on free stream and mass 

conservation in the separated zone. He also looked into the impact of mass bleed in the wake. As a result, the 

findings were very similar to Wick's. Anderson and Williams [6] reported the findings of their study on base 

pressure and noise caused by air expanding suddenly in a cylindrical duct. First, the duct-to-nozzle area ratio and 

nozzle geometry determine the minimum base pressure value. Second, at jet pressures roughly equal to those 
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required to produce minimum base pressure, overall noise is at a minimum. At jet pressure, overall noise is 

minimal, approximately equivalent to that needed to make minimum base pressure. 

Cavities can be active, passive, reactive, continuous, or discontinuous. According to Asadullah et al. [8], the 

complexity of cavity flow necessitates understanding the method within and around it and its effect on base 

pressure and a multidisciplinary approach. This concept aims to create a convenient pressure gradient by trapping 

two counter-rotating vortices inside the cavities. These trapped vortices over the suction surface will create a 

different low-pressure region, resulting in less drag. The presence of cavities boosted the lift-to-drag ratio. For a 

nozzle’s sudden expansion duct flow control, a static cylinder has been used in recent years shows promising 

results in controlling base pressure flows for supersonic flow regimes [9]. They conducted several experiments 

for each expanded condition, such as over, perfectly, and under expanded supersonic regimes at Mach number 2.0 

with a sudden expansion duct of the area ratio of 9. The semi-circular grooved cavity in BFS was developed to 

control the separated flow [10] to reduce drag. The investigation also found the effects of single & multiple cavities 

[11]. Passive control of base drag in compressible subsonic flow using dimple [12] and multiple cavity [13]. 

 

Figure 4. Cavities in enlarged duct [9] 

Tanner [14] investigated the base cavity at incidence angles ranging from 0° to 25°. The experiment was based 

on the investigation, the results gathered for the base cavity at angles of incidence influenced by tail surfaces on 

base pressure. He concludes that the cavity base's base pressure coefficient is greater than the standard base's. As 

a result, the base pressure coefficient for the cavity base is more significant than it would be without the cavity 

base. According to Tanner [14], Morel also discussed the base pressure at zero angle incidence as influenced by 

the base cavity depths, T/D. The base pressure coefficient decreases as the depth of the base cavity increases. As 

a result, a base cavity could increase base pressure in axisymmetric flow while decreasing base drag. 

 

Figure 5. Sketch of a multi-step afterbody [11] 

The flow characteristics of a multi-step after-body were studied by Viswanath [15]. Afterbody boat-tailing can 

reduce drag. However, the afterbody shape was chosen to determine the amount of drag reduction. The flow past 

a multi-step afterbody was influenced by separated flow at the steps and base in the flow field at Mach 2. The 

boundary layer separation-reattachment processes influenced the base flow, resulting in distortion effects in the 

turbulent boundary layer before the base. The length influenced the recovery of a turbulent layer, contributing to 

the step's separation conditions and height ratio. Afterbody boat-tailing is one of the most effective ways to reduce 
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the base drag of blunt bases. A disc is used to regulate flow downstream of a blunt base. According to Viswanath 

[16], it results in a smooth flow in the near wake with a vortex located between the base and the disc. A blunt-

nose cylinder's forebody drag can also be reduced by installing a disc with a smaller diameter in front at a distance. 

The drag of the body-disc combination is influenced by several factors, including the base diameter, disc diameter, 

disc thickness, spindle diameter, and length between the base and the disc. The shape of the disc's rim will also 

impact the drag. In other words, a stable vortex trapped between the cylinder's base and the disc contributes to the 

smooth flow of the cylinder-disc combination. 

Mair [17] demonstrated the reduction in drag for typically locked vortex afterbodies at low speeds. He explained 

that the body-disc configuration could experience a drag spike for a specific combination of disc diameter and 

spacing due to the highly unsteady nature of the near-wake flow. An unstable vortex trapped between the base 

and the disc is the cause of this condition. According to Rathakrishnan [18], the presence of secondary circulation 

in the enlarged duct reduces the oscillatory effect of the flow. As a result, the flow will develop smoothly from 

the base pressure. As a result, when compared to the plain passage, passive controls in the form of annular ribs 

will significantly reduce base pressure. The base pressure is optimal when the annular ribs aspect ratio is 3:1. Ribs 

with aspect ratios of 3:2 and 3:3 will increase the base pressure. The aerospikes can synchronize the pressure for 

subsonic to sonic Mach numbers to control the base pressure in the CD nozzle [19]. 

 

Figure 6. Experimental model with ribs [15] 

On the other hand using tiny jets controller in sudden expansion duct several studies have been found in base 

pressure control in recent years [20]–[35] using an experimental approach as well as numerical simulations [36]–

[44]. The CFD study shows an area ratio of sudden expansion duct with different flow-field contours in detail 

[45]. In some cases, the CFD approach compared with experimental results to find the accuracy in results for such 

studies of passive control with rectangular rib [46] in the blunt base of the convergent nozzle. This trend continues 

even when the jets are under-expanded due to the vast area ratio of the enlarged duct [47]. The CFD study shows 

an area ratio of sudden expansion duct with different flow-field contours in detail [48], [49]. Turbulence modeling 

is a critical part of the fluent study; for compressible flows, a density-based model has been found in most cases 

[50]–[52]. Also, the result showed different expansion corners of the duct. It concluded that an isolator with one 

expansion corner was more efficient in achieving a high static pressure rise [53]. Influence of micro jets on the 

flow development in the enlarged duct at supersonic Mach number. Additionally, the CFD method was used to 

investigate external flow formation over different types of airfoil like NACA 2014 [56], CH10 [57], and wedge 

[58], [59]. The flow control method in a bluff body was also found using non-circular in a front face [60], [61] 

and splitter plate [62], [63] with the CFD approach. 

Also, the data optimization techniques has made the attenstion in solving such probelms of mechanical 

engineering using the analysis such as clustering analysis, heat maps are used to envisage the enormous data from 

wind tunnel tests results by Asif et al. [64], [65]. They mentioned that back-propagation models (BPMs) are 

established on input and output options to forecast the pressure at large Mach numbers. Based on their results, the 

BPMs with 2- hidden layers with four neurons per layer are highly appropriate for the relapse analysis. Quadros 

et al. [66] used CFD simulations of turbulent supersonic flow results to form relations between input and output 

of the Mamdani-based fuzzy logic approach. Triangular, generalized bell shape and Gaussian membership 

functions. With these previous studies, it can be realized that the fuzzy logic technique will help determine the 

parameters in pressure base control. 
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METHODOLOGY 

ANSYS Workbench, based on Fluid Flow (Fluent) analysis systems, was used for the entire process's 

Computational Fluid Dynamics (CFD) software. Figure 7 depicts an axisymmetric C-D nozzle connected to a 

circular duct and an annular rectangular cavity. Based on the experimental setup by Pandey and Rathakrishnan 

[3], the dimensions for the convergent-divergent nozzle with suddenly expanded circular are as follows. 

 

Figure 7. Converging diverging nozzle model suddenly expanded into a duct with an annular cavity 

The current work has a Mach number of 1.8. The duct diameter is fixed at D = 16 mm, and the duct length, L, 

varies according to the L/D ratio. The nozzle inlet has a diameter of 22.34 mm, and the nozzle outlet has a diameter 

of 10 mm. The convergent angle, θc, is 15 degrees, and the divergent angle, θd, is 5 degrees. Two-cavity aspect 

ratios were used in this study. The aspect ratio is defined as the cavity width to cavity height ratio. The cavity 

aspect ratio one dimension is 3:3, and the cavity aspect ratio 2 is 6:3—the L/D ratio, which ranges from 1 to 10. 

After creating the domain geometry with Design Modeler, the next critical step is mesh generation. This section 

divides the domain geometry into smaller and non-overlapping subdomains to solve the flow physics within the 

domain geometry. The essential fluid flows are numerically solved to determine the discrete values of flow 

properties such as velocity and pressure, according to each mesh of cells in the domain geometry. According to 

Koomullil et al. [67], mesh generation can be classified into two types based on the topology of the domain 

elements: structured meshes and unstructured meshes. The mesh in this project is generated automatically using 

the Quadrilateral Dominant method. This method ensures that the element's size is symmetrical throughout the 

geometry. 

The assumptions are made to mimic the flow behavior with the exact physical situation and ensure that the 

numerical simulation methods compromise the actual physical condition. The continuity equation, also known as 

the conservation of mass equation, can be defined as follows: 

𝜕𝜌

𝜕𝑡
+ ∇. (𝜌𝑉) = 0           (1) 

In the Cartesian coordinate system, the continuity equation can be written as: 

𝜕𝜌

𝜕𝑡
+ 𝜌 (

𝜕𝑢

𝜕𝑥
+

𝜕𝑣

𝜕𝑦
+

𝜕𝑤

𝜕𝑧
) = 0               (2) 

The first assumption is a steady-state two-dimensional flow because the flow is symmetric along the flow 

direction. The fluid is compressible, according to the second assumption. These two assumptions are as follows: 

𝜕𝜌

𝜕𝑡
+ 𝜌 (

𝜕𝑢

𝜕𝑥
+

𝜕𝑣

𝜕𝑦
) = 0           (3) 

ρ is the density of the flow, u is the velocity in the x-direction, and v is the velocity in the y-direction. Equation 

(3) can be written in a cylindrical coordinate system: 

1

𝑟

𝜕(𝜌𝑟𝑢)

𝜕𝑟
+

𝜕(𝜌𝑣)

𝜕𝑧
= 0        (4) 

r is the radius in the z-direction, 𝑢 is the velocity in the z-direction, and 𝑣 is the velocity in the y-direction. The 

gas density is a variable when the Mach number is more significant than 0.3 compressible flow analysis. As a 
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result, the ideal gas constant is chosen. The third assumption is that the velocity flow is turbulent. Turbulence 

happens when there are random fluctuations in the fluid. As a result, the k-epsilon (k-) turbulence model is 

employed. This model is used in flow situations to provide economy, robustness, and sufficient accuracy. The 

turbulent kinetic energy (k equation) can be expressed as follows: 

𝜕(𝜌𝑢𝐾)

𝜕𝑧
+

1

𝑟

𝜕(𝜌𝑣𝐾)

𝜕𝑟

𝜕

𝜕𝑧
[(𝜇 +

𝜇𝑡

𝜎𝑘
)

𝜕𝐾

𝜕𝑧
] +

1

𝑟

𝜕

𝜕𝑟
[𝑟 (𝜇 +

𝜇𝑡

𝜎𝑘
)

𝜕𝐾

𝜕𝑟
] 𝜌𝜀 + 𝐺        (5) 

𝜎𝑘 is the turbulent Prandtl number for K, 𝜀 is the turbulent kinetic energy dissipation rate, and G is the turbulence 

generation term. G can be written as: 

𝐺 =  𝜇𝑡 (
𝜕𝑢𝑖

𝜕𝑥𝑗
+

𝜕𝑢𝑗

𝜕𝑥𝑖
)

𝜕𝑢𝑖

𝜕𝑥𝑗
−

2

3
𝑘𝛿𝑖𝑗

𝜕𝑢𝑖

𝜕𝑥𝑗
        (6) 

The kinetic energy of turbulence dissipation (𝜀 equation) can be described as: 

𝜕(𝜌𝑢𝜀)

𝜕𝑧
+

1

𝑟

𝜕(𝜌𝑣𝜀)

𝜕𝑟
=  

𝜕

𝜕𝑧
[(𝜇 +

𝜇𝑡

𝜎𝜀
)

𝜕𝜀

𝜕𝑧
] +

1

𝑟

𝜕

𝜕𝑟
[𝑟 (𝜇 +

𝜇𝑡

𝜎𝜀
)

𝜕𝜀

𝜕𝑟
] − 𝐶1𝑓1 (

𝜀

𝐾
) 𝐺 − 𝐶2𝑓2 (

𝜀2

𝐾
)               (7) 

𝜇𝑡 is the turbulent viscosity, 𝐶1, 𝐶2, 𝑓1, 𝑓2, 𝜎𝜀 and 𝜇𝑡 are arbitrary constants for the kinetic energy of turbulence 

dissipation model in Equation (6) and Equation (7). The fourth assumption is that fluid viscosity is a function of 

temperature. The law of Sutherland was chosen as the dynamic viscosity. Sutherland’s viscosity model based on 

three coefficients is defined as: 

𝜇 =  𝜇0 (
𝑇

𝑇0
)

3/2 𝑇0+𝑆

𝑇+𝑆
        (8) 

𝜇 is the viscosity, 𝜇0 is the reference viscosity, T is the static temperature, 𝑇0 is the reference temperature, and S 

is the Sutherland constant. The last assumption is the flow exits from the duct at ambient atmospheric pressure. 

The mesh independence test was performed to determine the best grid size. This is because higher NPR 

necessitates more iterations and a longer computing time. Selecting the appropriate element size can obtain higher 

accuracy with less computing time. In general, 10k iterations are sufficient for the solutions to converge, but the 

iterations are set to 20k to ensure that the solutions converged correctly. The element size is varied several times 

to ensure that the solution converges. After a mesh independence check with three different element sizes, the 

element size 0.1 mm with nodes around 50353 and the number of elements 49594 was chosen, as shown in Figure 

8. 

 

Figure 8. The base pressure for different element sizes having converged values 

NPR (P01/Pa) 2.10 was chosen from Pandey and Rathakrishnan's [3] previous paper to compare the current work. 

This geometry validation aims to simulate the theoretical flow parameters for the model with cavity aspect ratio 
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1 using CFD simulation (ANSYS Fluent) in 2D modeling. For verification, the current work's L/D was varied 

from 2 to 10. 

 

Figure 9. Verification of present work. 

Figure 9 depicts the curves of current and previous work data. The curves all follow the same pattern, and each 

point is close to the one before it. The percentage error was calculated as well. The current work had a percentage 

error of less than 10% compared to the previous work. As a result, the recent work's validation was successful. 

RESULTS AND DISCUSSION 

Figure 10 depicts the base pressure for a plain duct and an enlarged duct with a cavity at L/Ds ranging from 1 to 

10. The base pressure for the plain duct is the lowest compared to the dilated duct with control (as shown by the 

dark blue line). However, the main focus is on discussing the results related to the base's location. As shown in 

Figure 10, the light blue line in Figure 10 (a) for NPR 2 has the highest base pressure ratio compared to the others. 

So, for L/D 1 to 10, the most efficient cavity location for NPR 2 is 2D from the base. The effective cavity location 

for NPR 5 varies with L/D, as shown in Figure 10 (b). From L/D 1 to 2, the base pressure decreases. The grey line 

depicts the efficient location is at 1D from the base. The base pressure is almost constant for all control locations 

in the duct when L/D is greater than 3. The appropriate cavity location is 0.5D from the base, as indicated by the 

orange line. The base pressure dropped from L/D 1 to 2 for NPR 5.75, as shown in Figure 10 (c). Then, the base 

pressure is nearly constant from L/D greater than 2. This demonstrates that the shortest duct length required for 

the flow to remain attached is L/D = 2. The best cavity location for NPR 5.75 is 0.5D from the base, as shown by 

the orange line. The base pressure for NPR 7 and NPR 9 changes only slightly from L/D 1 to 10. According to 

the graph, the orange line has a higher base pressure value. As a result, the effective cavity location for these NPR 

is 0.5D away from the base wall. 
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(a) (b) 

  

(c) (d) 

 

(e) 

Figure 10. The base pressure ratio variations with L/D for plain duct and duct control at numerous locations. 
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Figure 11 illustrates the normalized base pressure for a plain duct and an enlarged duct with control at various 

NPRs. The dark blue color line represents the plain duct base pressure ratio, while the other colors represent 

control. According to the figures, for NPR less than five nozzles over-expanded, it is difficult to determine which 

model has the preferred cavity location to obtain the highest base pressure. These findings confirm that the control 

(either active or passive) is ineffective when nozles are over-expanded. It can also be seen that the base pressure 

fluctuates inconsistently for all of the L/Ds in this study. However, in this case, the base pressure fell sharply from 

NPR 2 to NPR 5, except NPR 3 for L/D 1 and 2, as shown in Figures 11 (a) and (b). This decrease in base pressure 

is related to the degree of expansion as the jets are over-expanded until NPR = 5.75. As the NPR gradually rises, 

the level of over-expansion decreases, as do the base pressure values. 

On the contrary, NPR's base pressure has increased by more than 5. This trend reversal is associated with a shift 

in expansion levels. Jets were over-expanded until NPR equaled 5. Any NPR greater than 5.75 causes jets to 

become under-expanded and the nozzles to flow under the influence of a favorable pressure gradient. Control is 

effective at this NPR and beyond, increasing the base pressure. Compared to other models, the plain duct has the 

lowest base pressure. Based on Figure 11, the base pressure for the model with an enlarged duct at cavity location 

0.5D from the base pressure is the most effective among the other models. This is evident in the orange line plots 

from the graphs with the highest base pressure ratios compared to other models. According to the graphs in the 

figure above, the presence of a cavity is effective for higher NPR. 

  

(a) (b) 

  

(c) (d) 
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(e) (f) 

 

(g) 

Figure 11. The base pressure ratio varies with NPR for plain duct and enlarged duct with a cavity. 

CONTOURS RESULT FOR C-D NOZZLE EXPANDED SUDDENLY INTO CIRCULAR DUCT WITH 

CONTROL 

The contour results were gathered at various L/D, cavity location, and cavity aspect ratios for Mach number 1.8 

with an area ratio of 2.56 and an NPR range of 2 to 9. The current study demonstrates that the presence of a cavity 

has a significant impact on base pressure. The contour results are classified into five groups, which are as follows: 

1. The pressure distribution for the present work model with cavity aspect ratio 3:3 and cavity location 0.5D 

2. The pressure distribution for the present work model with cavity aspect ratio 3:3 and cavity location 1D 

3. The pressure distribution for the present work model with cavity aspect ratio 3:3 and cavity location 1.5D 

4. The pressure distribution for the present work model with cavity aspect ratio 3:3 and cavity location 2D 

5. The pressure distribution for the present work model with cavity aspect ratio 3:6 and cavity location 1D 

The L/D 1 contour results for Groups 2 and higher are not included because the flow may not be attached to the 

duct wall. The pressure distribution contours for the C-D nozzle that suddenly expanded into an enlarged duct 

with the cavity are depicted in the figures below. The maximum pressure value is red, while the minimum pressure 

value is indicated by dark blue. 
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Table 1. The model geometry for Group 1 with L/D 1. 

Group 1 

L/D 1 

Duct length 16 mm 

Cavity location from the base wall 0.5D (6.5mm) 

Cavity aspect ratio 1 

 

  

a) NPR 2 b) NPR 3 

  

c) NPR 5 d) NPR 5.75 

  

e) NPR 7 f) NPR 9 

Figure 12. The contour results for the model with L/D 1, cavity ASR 1, and cavity location 0.5D. 

Table 2. The model geometry for Group 1 with L/D 2. 

Group 1 

L/D 2 

Duct length 32 mm 

Cavity location from the base wall 0.5D (6.5mm) 

Cavity aspect ratio 1 
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a) NPR 2 b) NPR 3 

  

c) NPR 5 d) NPR 5.75 

  

e) NPR 7 f) NPR 9 

Figure 13. The contour results for the model with L/D 2, cavity ASR 1, and cavity location 0.5D. 

Table 3. The model geometry for Group 1 with L/D 3. 

Group 1 

L/D 3 

Duct length 48 mm 

Cavity location from the base wall 0.5D (6.5mm) 

Cavity aspect ratio 1 

 

  

a) NPR 2 b) NPR 3 
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c) NPR 5 d) NPR 5.75 

  

e) NPR 7 f) NPR 9 

Figure 14. The contour results for the model with L/D 3, cavity ASR 1, and cavity location 0.5D. 

Table 4. The model geometry for Group 1 with L/D 4. 

Group 1 

L/D 4 

Duct length 64 mm 

Cavity location from the base wall 0.5D (6.5mm) 

Cavity aspect ratio 1 

 

  

a) NPR 2 b) NPR 3 

  

c) NPR 5 d) NPR 5.75 
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e) NPR 7 f) NPR 9 

Figure 15. The contour results for the model with L/D 4, cavity ASR 1, and cavity location 0.5D. 

Table 5. The model geometry for Group 1 with L/D 6. 

Group 1 

L/D 6 

Duct length 96 mm 

Cavity location from the base wall 0.5D (6.5mm) 

Cavity aspect ratio 1 

 

  

a) NPR 2 b) NPR 3 

  

c) NPR 5 d) NPR 5.75 

  

e) NPR 7 f) NPR 9 

Figure 16. The contour results for the model with L/D 6, cavity ASR 1, and cavity location 0.5D. 

Table 6. The model geometry for Group 1 with L/D 8. 

Group 1 

L/D 8 

Duct length 128 mm 
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Cavity location from the base wall 0.5D (6.5mm) 

Cavity aspect ratio 1 

 

  

a) NPR 2 b) NPR 3 

  

c) NPR 5 d) NPR 5.75 

  

e) NPR 7 f) NPR 9 

Figure 17. The contour results for the model with L/D 8, cavity ASR 1, and cavity location 0.5D. 

Table 7. The model geometry for Group 1 with L/D 10. 

Group 1 

L/D 10 

Duct length 160 mm 

Cavity location from the base wall 0.5D (6.5mm) 

Cavity aspect ratio 1 

 

  
a) NPR 2 b) NPR 3 
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c) NPR 5 d) NPR 5.75 

  

e) NPR 7 f) NPR 9 

Figure 18. The contour results for the model with L/D 10, cavity ASR 1, and cavity location 0.5D. 

Table 8. The model geometry for Group 2 with L/D 2. 

Group 2 

L/D 2 

Duct length 32 mm 

Cavity location from the base wall 1D (14.5 mm) 

Cavity aspect ratio 1 

 

  

a) NPR 2 b) NPR 3 

 

c) NPR 5 
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d) NPR 7 e) NPR 9 

Figure 19. The contour results for the model with L/D 2, cavity ASR 1, and cavity location 1D. 

Table 9. The model geometry for Group 2 with L/D 3. 

Group 2 

L/D 3 

Duct length 32 mm 

Cavity location from the base wall 1D (14.5 mm) 

Cavity aspect ratio 1 

 

  

a) NPR 2 b) NPR 3 

  

c) NPR 5 d) NPR 5.75 

  

e) NPR 7 f) NPR 9 

Figure 20. The contour results for the model with L/D 3, cavity ASR 1, and cavity location 1D. 

Table 10. The model geometry for Group 2 with L/D 4. 

Group 2 

L/D 4 

Duct length 64 mm 
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Cavity location from the base wall 1D (14.5 mm) 

Cavity aspect ratio 1 

 

  

a) NPR 2 b) NPR 3 

  

c) NPR 5 d) NPR 5.75 

  

e) NPR 7 f) NPR 9 

Figure 21. The contour results for the model with L/D 4, cavity ASR 1, and cavity location 1D. 

Table 11. The model geometry for Group 2 with L/D 6. 

Group 2 

L/D 6 

Duct length 96 mm 

Cavity location from the base wall 1D (14.5 mm) 

Cavity aspect ratio 1 

 

  

a) NPR 2 b) NPR 3 
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c) NPR 5 d) NPR 5.75 

 
 

e) NPR 7 f) NPR 9 

Figure 22. The contour results for the model with L/D 6, cavity ASR 1, and cavity location 1D. 

Table 12. The model geometry for Group 2 with L/D 8. 

Group 2 

L/D 8 

Duct length 128 mm 

Cavity location from the base wall 1D (14.5 mm) 

Cavity aspect ratio 1 

 

  

a) NPR 2 b) NPR 3 

 
 

c) NPR 5 d) NPR 5.75 
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e) NPR 7 f) NPR 9 

Figure 23. The contour results for the model with L/D 8, cavity ASR 1, and cavity location 1D. 

Table 13. The model geometry for Group 2 with L/D 10. 

Group 2 

L/D 10 

Duct length 160 mm 

Cavity location from the base wall 1D (14.5mm) 

Cavity aspect ratio 1 

 

 

 

a) NPR 2 b) NPR 3 

  

c) NPR 5 d) NPR 5.75 

  

e) NPR 7 f) NPR 9 

Figure 24. The contour results for the model with L/D 10, cavity ASR 1, and cavity location 1D. 

  



 Impact of Cavity Location on Base Pressure at Supersonic Mach 1.8 

144 

Table 14. The model geometry for Group 3 with L/D 2. 

Group 3 

L/D 2 

Duct length 32 mm 

Cavity location from the base wall 1.5D (22.5mm) 

Cavity aspect ratio 1 

 

  

a) NPR 2 b) NPR 3 

  

c) NPR 5 d) NPR 5.75 

  

e) NPR 7 f) NPR 9 

Figure 25. The contour results for the model with L/D 2, cavity ASR 1, and cavity location 1.5D. 

Table 15. The model geometry for Group 3 with L/D 3. 

Group 3 

L/D 3 

Duct length 48 mm 

Cavity location from the base wall 1.5D (22.5mm) 

Cavity aspect ratio 1 
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a) NPR 2 b) NPR 3 

  

c) NPR 5 d) NPR 5.75 

  

e) NPR 7 f) NPR 9 

Figure 26. The contour results for the model with L/D 3, cavity ASR 1, and cavity location 1.5D. 

Table 16. The model geometry for Group 3 with L/D 4. 

Group 3 

L/D 4 

Duct length 64 mm 

Cavity location from the base wall 1.5D (22.5mm) 

Cavity aspect ratio 1 

 

  

a) NPR 2 b) NPR 3 
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c) NPR 5 d) NPR 5.75 

  

e) NPR 7 f) NPR 9 

Figure 27. The contour results for the model with L/D 4, cavity ASR 1, and cavity location 1.5D. 

CONCLUSION 

In conclusion, in this study, the passive control effectiveness in the form of the cavity to regulate the base pressure 

is demonstrated. At Mach number 1.8 and area ratio 2.56, a cavity in the duct influenced the base pressure. The 

pressure contours at various NPR and L/D are studied and illustrated in detail, which will be extremely useful for 

understanding the pressure variations in the nozzle and duct. Compared to a plain duct, the presence of a cavity at 

the duct significantly impacts the base pressure. The greater the distance between the cavity location and the base, 

the greater the base pressure. The pressure gradient based on contour results shows that the passive control has no 

adverse effect on the wall pressure. 
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