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This study aims to investigate some physical parameters in presence 

of an oblique shock wave numerically. Computational fluid 

dynamics has been used to analyze fluid behavior upstream and 

downstream of the shock wave. To obtain a good resolution, the 

computational domain is constructed by fine meshing. Due to its 

wide use in engineering applications, Air has been used as fluid 

material. A wedge of half-angle  = 22   has been used to intercept 

the airflow path and founding the oblique shock wave of angle. For 

gathering comprehensive information, the air flows have been tested 

for three Mach numbers, namely slightly higher than 1, slightly 

higher than two, and slightly higher than three (M1~=1, M2~=2, and 

M3~=3) and represented as a case (a), (b) and (c) respectively. The 

continuity equation, momentum equation, and energy equation have 

been solved numerically. Velocity, turbulent viscosity, total 

pressure, and total enthalpy have been investigated upstream and 

downstream of the shockwave for the three different Mach numbers. 

The results showed that the total pressure downstream of the shock 

wave was less than that of the upstream shock wave. In addition, the 

turbulent viscosity area around the object becomes thicker as the 

Mach numbers become bigger. Also, the total pressure was slightly 

different for the three different Mach numbers. These behaviors of 

the above-mentioned parameters are attributed to the shock wave 

effects. In addition, the oblique shock wave angle  is appeared to 

be decreased as the Mach number increased. 
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1. Introduction 

       In supersonic airflow, an oblique shock wave of angle    will be constructing in case a 

wedge of half-angle  intercept the airflow as illustrated in Error! Reference source not found..      

 

 

 

 

 

 

The oblique shock wave is created because of an abrupt decrease in the airflow. The shock 

wave area is a very small region in the air where the air properties change significantly. Two 

cases of oblique shock waves of two different angles are possible. The oblique shock wave of 

a large angle  is called a strong shock wave while that of a small angle  is called a weak shock 

wave. On the two sides of the oblique shock wave the equations which describe the change in 

the airflow variables are as follow [1]:  

𝒄𝒐𝒕 𝜽 = 𝒕𝒂𝒏 ∅ [
(𝜸+𝟏)𝑴𝟐

𝟐(𝑴𝟐𝒔𝒊𝒏𝟐∅ −𝟏
− 𝟏]                        (1) 

 

𝑻𝟏

𝑻𝒐
=

[𝟐𝜸𝑴𝟐𝒔𝒊𝒏𝟐∅−(𝜸−𝟏)] [(𝜸−𝟏)𝑴𝟐𝒔𝒊𝒏𝟐∅ +𝟐]

(𝜸+𝟏)𝟐𝑴𝟐𝒔𝒊𝒏𝟐∅
                  (2) 

 

𝑷𝒕𝟏

𝑷𝒕𝒐
= [

(𝜸+𝟏)𝑴𝟐𝒔𝒊𝒏𝟐∅

(𝜸−𝟏)𝑴𝟐𝒔𝒊𝒏𝟐∅+𝟐
]

𝜸

𝜸−𝟏
 [

(𝜸+𝟏)

𝟐𝜸𝑴𝟐𝒔𝒊𝒏𝟐∅−(𝜸−𝟏) 
]

𝟏

𝜸−𝟏
             (3) 

 

𝑴𝟏
𝟐𝒔𝒊𝒏𝟐(∅ − 𝜽) =

(𝜸−𝟏)𝑴𝟐𝒔𝒊𝒏𝟐∅+𝟐

𝟐𝜸𝑴𝟐𝒔𝒊𝒏𝟐∅−(𝜸−𝟏)
                         (4) 

 

 

Figure 1: Oblique shock wave sketch. 
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𝑷𝟏

𝑷𝟎
=

𝟐𝜸𝑴𝟐𝒔𝒊𝒏𝟐∅−(𝜸−𝟏)

(𝜸−𝟏)
                                                            (5)   

𝝆𝟏

𝝆𝟎
=

(𝜸+𝟏)𝑴𝟐𝒔𝒊𝒏𝟐∅

(𝜸−𝟏)𝑴𝟐𝒔𝒊𝒏𝟐∅+𝟐
                                       (5) 

 

where To, Mo and Pto are the temperature, Mach number, and total pressure upstream of the 

oblique shock wave respectively, while T1, M1, and Pt1 are the same variables downstream of 

the oblique shock wave. In addition,  is the specific heat ratio. Due to its widespread in 

engineering applications, the shock wave has studded intensively in different engineering areas 

[2], [3], [4], [5].  Moreover, because of their importance in aeronautical applications, recently 

shock wave has gained inevitable significance. Also, shock wave boundary layer interaction 

received great attention in the high-speed aeronautic area.  [6] investigated the normal shock 

wave boundary layer numerically. [7] studied the correlations for shock wave boundary layer 

interaction by use of numerical technique using an in-house solver. The modifications 

suggested are seen to improve the applicability of the existing correlations. [8] studied the 

effects of unsteady oblique shock waves on the mixing efficiency of a two-dimensional 

supersonic mixing layer. They used direct numerical simulation. The effects of three conditions 

on the mixing efficiency of the mixing layer have been performed. Their results indicated that 

the mixing layer is affected by the shock wave. [9] studied the detonations in condensed phase 

explosives and they investigated the oblique shock waves in the surrounding fluids. Fluid 

material was considered an ideal gas. Their study was conducted numerically. Depending on 

the specific heat ratio, they observed four structures behind the oblique shock wave. [10] 

obtained numerical simulation boundary condition based on outburst characteristics. The 

propagation characteristics of shock wave and gas flow were performed numerically. They 

concluded that the air shock wave was formed because of air medium was compressed by 

transient high-pressure gas which expands in the roadway strongly. Also, the gas flow of high 

velocity and the shock wave was constructed behind the shock wavefront. [11] had constructed 

a method of multi-shock wave system to improve turbine reliability. The grooved surface nozzle 

was investigated. They concluded that in the multi-shockwave system the intensity of the shock 

wave is weakened compared to the single normal shock wave and hence the impact on the 

turbine wheel will be less effective. It could be noted that the oblique shock wave occurs in 

various engineering configurations as in over-expanded nozzles or the supersonic aircraft's 

inlet. [12] presented experimental results of shock wave/turbulent boundary layer interaction. 

Strong unsteadiness was developing inside the separated zone. They concluded the feasibility 
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of the spatial-time correlation between wall pressure and velocity in the shock wave turbulent 

boundary layer for compressible flow. [13] proposed a simple theoretical approach to determine 

a complicated oblique shock wave of internal flow with supersonic inflow boundary conditions. 

The main conclusion was that the predicted results of the incident shock wave at several inlet 

conditions were in good agreement with the results of the numerical simulations. 

2. Procedure  

     In this study, computational fluid dynamics (CFD) has been used to investigate the oblique 

shock wave using air as fluid material. The computational domain has been constructed at 4 m 

in length, while the inlet and outflow height were 0.5 m and 1 m respectively. The deflection 

angle of the flow has been created by use of a wedge of half-angle  = 22  and has been used 

to intercept the airflow path and founding the oblique shock wave of angle as illustrated in 

Figure 2. The air flows have been tested for three different Mach numbers, namely slightly 

higher than one, slightly higher than two, and slightly higher than three, (M1~=1, M2~=2, and 

M3~=3) and represented as cases A, B, and C respectively. To obtain a good resolution, the 

computational domain is constructed with fine meshing. To perform the simulation, the 

momentum conservation equation, continuity equation, and energy equation have been solved 

numerically. The mathematical form of conservation of momentum is given as follows: 

𝝏

𝝏𝒕
 (𝝆�⃗⃗� ) + 𝜵. (𝝆�⃗⃗�  �⃗⃗� ) = −𝜵𝒑 + 𝜵(�̿� ) + 𝝆�⃗⃗� + �⃗⃗�            (6) 

where p and  are the static pressure and the density respectively.  

 𝜏̿ is the stress tensor, while 𝜌𝑔  and 𝐹  are the gravitational body force and external body forces 

respectively.  

Also, the stress tensor 𝜏̿ is represented as in equation 8.  

�̿� =  𝝁[(𝜵�⃗⃗� + 𝜵�⃗⃗� 𝑻 ) −
𝟐

𝟑
 𝜵. �⃗⃗�  𝑰]                             (7) 

where µ denotes the molecular viscosity, and I denote the unit tensor. 

In the current study, the continuity equation has been solved numerically. The continuity 

equation states that the rate of fluid mass which inter the control volume is equal to that which 

leaves the control volume adding to the accumulation of mass within the system. Hence 

continuity equation is called the equation for conservation of mass. The equation for 

conservation of mass, or continuity equation, can be written as follows: 

 
¶

¶ 𝒕
+ Ñ  .  ( �⃗⃗� ) = 𝑺𝒎                                      (8) 
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where   and  are the density and velocity of the fluid respectively, while Sm is the mass added 

to the continuous phase from the dispersed second phase. 

     

To 

present the thermal development across the oblique shock wave, the energy equation has been 

solved numerically. The general energy equation is given as in equation 10. 

𝝏

𝝏𝒕
(𝝆𝒉) + 𝜵 ∙ (𝒗 ⃗⃗  ⃗𝝆𝒉) = 𝜵 ∙ (𝒌𝜵𝑻) + 𝑺𝒉             (9) 

Where , h, Sh, 𝑣 ⃗⃗⃗  and 𝑘 are the density, enthalpy, volumetric heat source, velocity, and thermal 

conductivity respectively. 

3.Results and discussion 

     Measurements of velocity behavior and velocity magnitude have been performed for the 

three different Mach numbers, case (a), case (b), and case(c) as illustrated in Figure 3.  As 

expected, it can be shown that as the Mach number increased, the oblique shock wave angle  

decreased. This result is consistent with the analytical solution where for a given Mach number, 

the wave angle takes a range of possible values [1]: 

sin−1
1

𝑀
 ≤   ≤  

π

2
 

For each value of   and Mach number M, there are two possible solutions of , large and small 

value. The large value gives the stronger oblique shock wave and the flow becomes subsonic 

downstream of the oblique shock wave while the small value results in a weak oblique shock 

wave and the flow remains supersonic downstream of the oblique shock wave. The current 

investigation shows that the oblique shock wave is weak and the flow downstream has remained 

supersonic for the three cases as illustrated in Figure 3. This behavior has been emphasized by 

the total pressure investigation for the three cases as illustrated in Figure 4. The total pressure 

Figure 2: represent the computational domain. 

 

  

sketch.   
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near the wedge reached its maximum value at a distance of 3.5 m from the inlet flow to consist 

of a total pressure peak for each case. Furthermore, the maximum value of the total pressure 

near the wedge of case a was less than that of case b, and the latter was less than the total 

pressure of case c. Beyond the pressure peak, the total pressure decreased until reaching near 

4m and try to raise again. This raising has become clearer and increases as the Mach number is 

increased as can be seen for the three cases in the plot of Figure 4. The vorticities became 

stronger as the Mach number increased and certainly can contribute to many interactions which 

in turn can change the total pressure value. The measurements of total enthalpy show similar 

behavior to the total pressure i.e. a total enthalpy peak has appeared at a distant 3.5 m from the 

inlet flow as illustrated in the plot of Figure 5. It should be noted that as the Mach number 

increased, the total enthalpy peak value become higher. Furthermore, the behavior of the total 

enthalpy down the peak is not affected because of the conservation of energy. The total enthalpy 

simulation has been illustrated in Figure 6. It can be seen that the less enthalpy occurred is 

behind the wedge for all the cases with little differences because of different Mach numbers, in 

turn, stimulate more vorticities as the Mach number has increased. The effect of oblique shock 

waves on the fluid flow became more evident by investigating the turbulent viscosity of the 

fluid flow across the wedge. The simulation of turbulent viscosity has been illustrated in Figure 

7. It can be seen that the turbulent viscosity area in the shock wave region becomes thicker as 

the Mach number increases. This result is agreed well with the total pressure and total enthalpy 

results. However, the influence of the viscosity drag force decreases due to the increase in the 

airflow velocity but the influence of the form drag force caused by the pressure increases. As 

flow velocity increases, the onset of eddy currents will increase and the boundary layer will 

change to a turbulent boundary layer. Furthermore, the turbulence appears due to either increase 

in fluid flow velocity or an increase in surface roughness of the front surface wedge submerged 

into the airflow.  
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Figure 3: Velocity simulation of the three cases. 
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Figure 4: Total pressure plot of the three cases. 
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Figure 5. Total Enthalpy plot of the three cases. 

http://creativecommons.org/licenses/by-nc/4.0/


95-83(1) (2023)1Bas J Sci 4                                                             A.H Ali                                 

92 
 

                     This article is an open access article distributed under 

the terms and conditions of the Creative Commons Attribution-

NonCommercial 4.0 International (CC BY-NC 4.0 license) 

).nc/4.0/-http://creativecommons.org/licenses/by( 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6: Total Enthalpy simulation of the three cases. 
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Figure 7: Turbulent viscosity simulation of the three cases. 
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Conclusions 

           In this study, the numerical investigation has been perfumed to predict some of the 

physical properties of an oblique shock wave. Computational fluid dynamics has been used to 

analyze fluid behavior upstream and downstream of the shock wave. Fine meshing has been 

used to obtain good resolution. Air has been used as fluid material. The oblique shock wave has 

been constructed by using a wedge of half-angle  = 22 which intercepts the airflow.  The 

study has been performed for three Mach numbers. The continuity equation, momentum 

equation, and energy equation have been solved numerically. Some of the parameters such as 

velocity, turbulent viscosity, total pressure, and total enthalpy have been investigated. The 

measurements revealed that the total pressure downstream of the oblique shock wave is less 

than that of the upstream shock wave. Furthermore, the total pressure is slightly different for 

the three cases of Mach numbers. In addition, the turbulent viscosity area around the object 

becomes thicker as the Mach numbers become bigger. It can be noted that the main conclusion 

is the oblique shock wave angle  is decreased as the Mach number increases. The differences 

in the parameters are attributed to the oblique shock wave's influence on the airflow upstream 

and downstream of the oblique shock wave.  
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دراسة عددية لموجة الصدمة المائلة    

 عامر حسين علي 

 جامعة البصرة, كلية التربية للعلوم الصرفة, قسم الفيزياء 

 مستخلص ال

بطريقة عددية. تم استخدام ديناميكية الموائع   الهدف من هذه الدراسة هو الكشف عن الخواص الفيزيائية لموجة الصدمة المائلة

الحاسوبية العددية لفهم سلوك الموجة. تم تصميم مجال الحسابات بنظام شبكي دقيق من اجل ضمان الحسابات الدقيقة. تم استخدام  

امام جريان الهواء    ₀θ= 22  الهواء كمادة مائع بسبب كثرة استخداماته في التطبيقات الهندسية. تم استخدام سطح مائل بزاوية  

تم اجراء الحسابات لثلاث قيم ماخ , وهي اكبر بقليل  لكل من   .   ليصنع موجة الصدمة المائلة والتي بدورها تصنع زاوية  

. كما تم حل معادلات الاستمرارية والزخم والطاقة بطريقة عددية. تم اجراء الحسابات للسرعة واللزوجة  3و    2و    1القيم  

والانثالبي في مقدمة ومؤخرة موجة الصدمة لقيم ماخ الثلاث. اظهرت النتائج ان الضغط الكلي خلف السطح  والضغط الكلي  

المائل هي اقل من قيمته في مقدمة السطح المائل كما ان منطقة اللزوجة حول السطح المائل تصبح اكثر سمكا مع زيادة عدد 

لفة. سلوك هذه الخواص التي ذكرت تعود لوجود تأثير موجة الصدمة. تم  ماخ. الضغط الكلي كان مختلفا قليلا مع قيم ماخ المخت

 تقل بزيادة عدد ماخ. ملاحظة ان زاوية الصدمة المائلة   

http://creativecommons.org/licenses/by-nc/4.0/
https://doi.org/10.1016/j.combustflame.2019.09.025
https://doi.org/10.1016/j.ijmst.2014.12.009
https://doi.org/10.1016/j.ijheatfluidflow.2018.03.018
https://doi.org/10.1016/j.ijheatfluidflow.2012.02.006
https://doi.org/10.1186/s42774-020-00047-6
https://doi.org/10.1186/s42774-020-00047-6

