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В работе представлена разработанная методика и спроектировано устройство для определения 

числа Маха при сверхзвуковом истечении газа. Проведен анализ различных методов определения чис-

ла Маха, в том числе, измерение давления на границе потока, применение скачков уплотнения, ис-

пользование оптических методов. Проведено сравнение точности показаний при использовании рас-

смотренных методов. На основе полученных результатов разработана методика высокоточного 

определения числа Маха, включающая комбинацию нескольких независимых методов измерения. 

Спроектировано устройство, реализующее данную методику измерения, и рассмотрены результаты 

экспериментальных испытаний в аэродинамической трубе, включая показания приборов, графики и 

таблицы, подтверждающие точность и достоверность полученных данных. Проанализирована их 

точность и достоверность. С помощью проведенного анализа можно обеспечить выбор наиболее 

рационального метода определения числа Маха на начальном этапе проектирования летательных 

аппаратов, таких как самолеты, ракеты, истребители, БПЛА. Точное знание числа Маха позволяет 

инженерам оптимизировать аэродинамические характеристики аппарата, обеспечить безопас-

ность полета, повысить эффективность двигателей и общую производительность воздушного 

транспорта. Кроме того, число Маха является важнейшим критерием подобия при моделировании  

в аэродинамических исследованиях, что делает разработанную методику и устройство актуальны-

ми не только для конструирования летательных аппаратов, но и для широкого спектра научных и 

инженерных исследований в области авиаракетной техники. Подчеркивается, что наличие надеж-

ной методики определения числа Маха позволяет существенно сократить время и ресурсы, затрачи-

ваемые на тестирование и совершенствование летательных аппаратов, а также способствует раз-

витию инновационных технологий в области авиации и космонавтики.  
 

Ключевые слова: число Маха, сверхзвуковой поток, определение числа Маха, методика измере-

ния, устройство для измерения. 
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The paper presents the developed methodology and designed a device for determining the Mach number 

during supersonic gas outflow. An analysis of various methods for determining the Mach number was car-

ried out, including measuring the pressure at the flow boundary, the use of shock waves, and the use of 

optical methods. A comparison of the accuracy of the readings when using the considered methods was 

made. Based on the results obtained, a technique for high-precision determination of the Mach number has 

been developed, including a combination of several independent measurement methods. A device has been 

designed that implements this measurement technique, and the results of experimental tests in a wind tun-

nel have been reviewed, including instrument readings, graphs and tables confirming the accuracy and 

reliability of the data obtained. Their accuracy and reliability are analyzed. Using the analysis, it is possi-

ble to ensure the selection of the most rational method for determining the Mach number at the initial stage 

of designing aircraft, such as airplanes, missiles, fighters, and UAVs. Accurate knowledge of the Mach 

number allows engineers to optimize the aerodynamic characteristics of the aircraft, ensure flight safety, 

improve engine efficiency and overall air transport performance. In addition, the Mach number is the most 

important criterion of similarity when modeling in aerodynamic research, which makes the developed me-

thodology and device relevant not only for the design of aircraft, but also for a wide range of scientific and 

engineering research in the field of aeronautical technology. It is emphasized that the presence of a reli-

able method for determining the Mach number can significantly reduce the time and resources spent on 

testing and improving aircraft, and also contributes to the development of innovative technologies in the 

field of aviation and astronautics. 

 

Keywords: Mach number, supersonic flow, determination of Mach number, measurement technique, 

measurement device. 

 

Introduction 

Testing of aircraft under aerodynamic loading is a common method of full-scale experiment, in which 

the studied model of the aircraft, which is a reduced copy of the designed product, is studied under simu-

lated conditions close to operational ones. This approach allows, even at the design stage, to clarify the 

adopted design loads and evaluate the obtained results of the calculations performed and the rationality 

of the adopted design schemes and design solutions for the existing aerodynamic and strength effects that 

can lead to failures in the operation of the aircraft. 

The Mach number is the main criterion for the similarity of supersonic flows and is used to calcu-

late and design aircraft moving in a supersonic flow. Accurate determination of the Mach number en-

sures the trouble-free operation of supersonic aircraft. 

Determining the Mach number is of decisive importance for choosing a rational shape and optimal 

strength model of the wing’s bearing surfaces, which allows achieving high aerodynamic quality in 

various aircraft flight modes. 

An analysis of currently existing methods for calculating the Mach number allows us to select the 

optimal approach for the selected flow mode (or combination of modes during flight), and to justify 

the possibility of using existing calculation methods at the stage of experimental development of air-

craft.  

The aim of this research is to develop a methodology and design a device for determining the Mach 

number of a supersonic flow.  

The study examines the main methods for determining the Mach number. These include measuring 

the pressure in a gas flow, determining the characteristics of compression shocks, optical measurement 

methods, etc. A comparative analysis of the capabilities and limitations of each method is carried out. 

Based on the data obtained, a method and device for high-precision measurement of the Mach number 

in a supersonic gas flow are developed. 

To determine the Mach number, indirect measurement methods are usually used, based on the 

analysis of various physical effects in the gas (liquid) flow during its movement or interaction with an 

obstacle based on the measurement and analysis of other flow parameters that can be measured. For an 

isentropic flow, the Mach number can be found using the following relationships: 
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It is necessary to know the combination of parameters of the stagnant and moving fluid 

(temperature, density or pressure) included in each of these equations, measured experimentally. The 

initial parameters of the stagnant fluid p0 and T0, which remain stable throughout the isentropic flow 

field, are relatively easy to measure directly, for example, in the gas supply chamber of a wind tunnel 

(WT), where the flow velocity is relatively low. If we know the initial values (p0) of pressure and 

temperature(T0), using the equation of state p/ = RT, we can find the flow density0.  

As for static values when measuring flow parameters, it should be noted that there are currently no ef-

fective methods for directly measuring temperature.(Т). The flow temperature (Т) can be determined in-

directly by measuring, for example, the local speed of propagation of sound waves in a gas (liquid) flow, 

which for a given gas depends only on its temperature.  (а
2
 = kRT). But this method does not allow one 

to determine the speed of sound (and, consequently, the temperature) at a specific point in the flow, since 

the emitter and receiver of sound waves must be located at a certain fixed distance from each other.  [1]. 

It is much easier to measure the density ρ in a compressible fluid flow using indirect methods based 

on the relationship between density and the optical parameters of the medium (refractive index, ab-

sorption or emission). Optical methods for measuring density associated with the refractive index 

make it possible to study the flow of gas (liquid) in disturbed regions of isentropic and non-isentropic 

flows.  
 

Determination of Mach number by measuring total and static pressures  

At supersonic speeds of the incoming flow, a direct compression shock is formed in front of the 

measuring nozzle, behind which the speed of the gas flow drops below the speed of sound.  The nozzle 

measures the pressure in the gas flow, equal to the total pressure behind the compression shock. In this 

case, the pressure before the compression shock differs from the measured pressure by the amount of 

mechanical energy loss.  These losses are characterized by the coefficient of recovery of the total pres-

sure , which is the ratio of the pressures during flow deceleration p02/p01 before and after the com-

pression shock. In the case of a direct jump, this coefficient can be determined by the following for-

mula : 
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 Formula (3) allows us to determine the Mach number (M1) in the flow based on the measured 

pressure values before (p01) and after (p02) the shock wave.  Due to the fact that the flow before the 

compression shock can be considered isentropic, the pressure p01 is taken to be equal to the stagnation 

pressure in the gas supply chamber in the wind tunnel.  

Thus, to determine the Mach number, one of the measured pressures is the total pressure in the feed 

chamber in the wind tunnel. In this case, the measured pressure can be the total pressure behind the 

normal shock or the static pressure in the working section of the wind tunnel. To determine the Mach 

number of a subsonic flow, the static pressure in the gas flow is usually measured.  
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To measure total pressure p02 , nozzles in the form of 

a cylindrical tube with an opening facing upstream are 

often used.  (fig. 1).  

 In order to measure the total pressure of the gas 

flow more accurately , the inlet opening of the nozzle is 

usually made significantly smaller than its outer diame-

ter, so that the inlet opening is located completely be-

hind the direct shock wave.  

When measuring static pressure (p1) in a supersonic 

flow, special nozzles with a pointed conical or ogive 

head are used to reduce the intensity of compression 

shocks and improve the accuracy of flow characteristic 

measurements (Fig. 2, a, b). The receiving holes in 

them are located at a significant distance from the be-

ginning of the cylindrical part and their axis is perpen-

dicular to the direction of the undisturbed flow  
 

 
 

Рис. 2. Насадки для измерения статического давления в сверхзвуковом потоке 
 

Fig. 2. Nozzles for measuring static pressure in supersonic flow 

 

To measure static pressure at supersonic speeds, a semi-wedge-shaped nozzle is often used (Fig. 2, c). 

The receiving hole in it is located on the flat side of the nozzle and the static pressure p1 is determined 

not immediately behind the compression shock, but behind the frontal disturbance wave, where pres-

sure changes have a less effect on the measurement results and this error can be neglected.  
In this case, to determine the Mach number, you can use the Rayleigh formula  
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By measuring the pressure at the critical point behind the normal compression shock (р02) and the 

static pressure in front of the shock wave in the gas flow (р1), we can determine М1.  
 

Determination of the Mach number of a gas (liquid) flow by an optical method  

Optical research methods have become widespread in the study of high-speed flows, when com-

pressibility is affected. At high supersonic speeds, optical methods make it possible to obtain flow 

spectra and conduct studies that are virtually impossible to carry out using other methods. The main 

advantages of optical methods are the lack of inertia and the absence of the need to introduce me-

chanical devices into the flow to disturb it. When using spark light sources, optical methods can be 

used to photograph processes that occur within millionths of a second. Spark light sources allow one 

 

Рис. 1. Насадок для измерения полного  

давления в сверхзвуковом потоке 
 

Fig. 1. Nozzles for measuring the total  

pressure in a supersonic flow 
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to obtain a time scan of the process in non-stationary flows in the form of a series of photographs of 

the flow, separated by very small time intervals. 

Optical research methods are based on the relationship between the density of the moving medium 

and the optical properties of the gas flow. Three of the most important optical methods are shadow, 

schlieren and interferometric. These methods are based on the dependence of the speed of light on the 

density of the gas (liquid) medium which its rays pass through. The refractive index of rays (n), equal 

to the ratio of the speed of light (c) in a certain medium to the speed of light (c0) in a vacuum 

(n = c/c0), depends on the density of the medium being studied: 
 

0

0

1 ( 1) ,n n


   
                                                               (5) 

 

where n0 and 0 are respectively the initial values of the refractive index of the medium and the gas 

density of the flow under study. 
From formula (5) it is evident that in a medium with a changing density the refractive index is also 

variable. This leads to a double effect when light rays pass through the medium under study. Firstly, 

there is a reversal of the shock wave front. This effect is used in the shadow and schlieren methods. 

Secondly, a phase shift is observed, which is different for rays with different characteristics. This phe-

nomenon is the basis of the interferometric method. 
The disturbed gas flow in the working part of the wind tunnel is an optically non-uniform flow, char-

acterized, among other things, by non-uniform density and different refractive indices in the flow. 
The physical picture of the gas flow around a point source of disturbances is as follows. The distur-

bance waves caused by a local source of disturbances are spherical waves of low intensity. They prop-

agate at the speed of sound (а), forming a family of spherical waves with a radius from zero to аt over 

the finite time interval under consideration. When a local source of disturbances moves with a velocity 

V < а, spherical waves shift towards the source ahead of it. При этом источник возмущения нахо-

дится внутри сферической волны (рис. 3, a). In this case, the disturbance source is located inside 

the spherical wave (Fig. 3, a). In the case where the velocity of the disturbance source is higher than 

the propagation velocity of the shock wave (V > a), it overtakes the waves, leaving them behind in the 

form of an expanding cone, the apex of which is the disturbance source (Fig. 3, b).  
The cone obtained as a result of the interaction of the oncoming flow with an obstacle is the enve-

lope of spherical disturbance waves and is called the disturbance cone, or Mach cone. If this cone is 

conditionally cut by a plane passing through its axis, then we obtain straight lines OB and OB1, called 

disturbance lines (Mach lines), which are shock waves of infinitely small intensity. Угол , равный 

половине угла при вершине конуса, называется углом возмущений.The angle , equal to half the 

angle at the cone’s apex, is called the perturbation angle. This angle is related to the speed of the body 

and the speed of sound by the following relationship  
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To do this the angle  is measured with the required accuracy and then the Mach number (M) is 

calculated using formula (6). 

More precisely, the M number can be determined by the angle of inclination of the shock wave on a 

wedge-shaped nozzle or cone, the apex of which is located at the studied point of the gas flow, and the 

axis is aligned with the direction of the flow velocity vector. If the angle at the apex  does not exceed 

a certain calculated limit value, then the flow is characterized by the occurrence of a rectilinear at-

tached shock wave in front of the obstacle, the front of which is inclined at an angle  to the velocity 

vector V of the incoming flow (Fig. 4).  
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Рис. 3. Образование волн слабого возмущения при различной скорости движения тела:  
а) V < a; б) V > a, где V – скорость движения точечного источника; a – скорость звука 

 

Fig. 3. The formation of waves of weak disturbance at different speeds of body movement: 

а) V < a; б) V > a, where V – the speed of movement of the point source; a – the speed of sound 

 

In this case, to determine the Mach number (M), one can use the relationship between the Mach 

number, the shock wave front inclination angle , and the cone opening angle or wedge angle. For a 

wedge-shaped nozzle, this relationship is expressed by the equation  
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Using optical research methods, it is possible to photograph the oncoming flow near the wedge-

shaped nozzle and obtain a light-shadow photograph, which will depict the shock wave line. 
 

 
 

Рис. 4. Обтекание клина сверхзвуковым потоком газа:  
 – угол возмущения;  – угол наклона ударной волны;  – угол раскрытия конуса или клина 

 

Fig. 4. Flow around a wedge with a supersonic gas flow:  
 – is the angle of disturbance;  – is the angle of inclination of the shock wave;  

 – is the angle of opening of the cone or wedge 

 
The shadow method is widely used to observe compression shocks. Fig. 5 schematically shows a 

shadow image of a compression shock with detailing of characteristic zones. The working part of the 

wind tunnel (WT) is illuminated by a parallel light stream. At a constant density of the medium the 

light rays passing the working part of the gas flow uniformly illuminate the screen. The compression 

shock causes optical non-uniformity in the flow field. This is due to the change in flow density in the 

longitudinal direction. Light rays deviate from the original direction causing uneven illumination of 

the E screen. Moreover within the compression shock the illumination has a lower intensity than be-

hind the shock. A photograph of a compression shock is a dark band in the oncoming flow limited by a 

bright border with decreasing illumination  [2–11]. 
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Рис. 5. Визуализация скачка уплотнения:   
a – схема метода; б – теневое изображение скачка уплотнения; 1 – граница скачка уплотнения;  

2 – сверхзвуковой поток; 3 – зона пониженной освещенности; 4 – зона повышенной освещенности 
 

Fig. 5. Visualization of the seal jump:  

a – diagram of the method; b – shadow image of the seal jump; 1 – boundary of the seal jump;  

2 – supersonic flow; 3 – low-light zone;4 – high-light zone 

 

 

 The main disadvantage of the shadow method is the low accuracy of the results of quantitative 

measurements of flow characteristics (including density distribution). The reason for this is that light 

rays after refraction from different points of the flow can hit the same place on the screen. Therefore, 

in practice, the Schlieren method or the interferometric method are more preferable for visual determi-

nation of density and pressure in a gas flow.  

The Schlieren method is based on measuring the magnitude of the displacement of a light beam 

passing through an optically inhomogeneous medium from the initial velocity vector. In the case of a 

flat flow (laminar flow), this displacement is proportional to the density gradient. 

The interferometric method involves dividing a monochromatic light beam into two coherent light 

streams (reference and working), which after passing a fixed distance are reunited and produce inter-

ference effects that can be measured. When light beams pass through a medium with a constant den-

sity, the interference fringes will be parallel to each other. If one of the light beams encounters a me-

dium with a different refractive index, a shift in the light wave will occur. With the existing density 

gradient, the fringes are additionally deformed. The gas flow density is determined by the measured 

value of the shift and deformation of the light fringes. 

 

Suggested solutions  

To measure the Mach number in supersonic flows various experimental devices and practical meth-

ods can be used such as wind tunnels and stands, laser diagnostic devices, gas flow density measurement 

methods, etc. 

However the process of developing new devices for studying supersonic flows and measuring the 

Mach number is complicated by a number of reasons: 

1. Complexity of test conditions. Supersonic flows are characterized by high speeds, extreme tem-

peratures and intense dynamic loads, which require specialized and reliable devices for measuring the 

Mach number. 
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2. Accuracy and reliability. Measuring the Mach number in supersonic flows requires high accu-

racy and reliability of results. The development of new devices involves extensive research and testing 

to ensure correct measurements. 

3. High costs. Developing new devices for measuring the Mach number in supersonic flows may 

require significant financial investments in research, development and production of specialized 

equipment. 

Although the development of new devices for measuring Mach number in supersonic flows pre-

sents certain difficulties, ongoing research and technological developments in this area can lead to im-

provements in existing methods and the development of new, more efficient devices for measuring 

Mach number in the future. 

When planning a natural experiment it is necessary to create conditions that are as close to real 

ones as possible and ensure the possibility of practical use of the obtained results. This requires reli-

able and accurate planning of the experiment [12]. 

First of all, it is a question of satisfying the laws of similarity. First of all, it is necessary to ensure 

strict geometric and dynamic similarity. In addition to geometric similarity, the equality of the Rey-

nolds and Mach numbers must be maintained.  

Before the development of the method and device for determining the Mach number of a super-

sonic flow began, a thorough patent and technical search was conducted. The purpose of the search 

was to identify existing technical solutions in this area, as well as to determine promising areas for the 

development of new methods and devices. 

The search was carried out in the patent databases of leading patent offices, such as Russian Fed-

eral Service for Intellectual Property (Rospatent), the European Patent Office, and the United States 

Patent and Trademark Office. Patents for inventions related to methods and devices for measuring su-

personic flow parameters including Mach number were considered. 

An analysis of the search results showed that there are a number of solutions based on various 

physical principles of measuring the Mach number. The most common are methods based on measur-

ing static and total pressure, using compression shocks, and optical methods. At the same time, exist-

ing devices implementing these methods have limitations in accuracy, measurement range, and operat-

ing conditions. 

Thus, the patent search showed the relevance of developing new high-precision methods and de-

vices for determining the Mach number of supersonic flows, taking into account the shortcomings of 

existing solutions. The data obtained during the search were used in the formation of the technical 

specifications for the design of a device for measuring the Mach number. 

 

Description of the gas-dynamic stand and the work progress  

The main element of the gas-dynamic stand is the device for determining the Mach number, shown 

in Fig. 6.  

The work is carried out on a gas-dynamic stand, its diagram  is shown in Fig. 7. Air from the high-

pressure pump is fed to a controlled pneumatic reducer, where it is reduced to a specified value, and 

enters the gas supply chamber of the wind tunnel 1. The air condition parameters in the feed chamber 

are monitored in terms of temperature and pressure 0 0( , )T p using the readings of: pressure gauge 

thermometer 2, connected to temperature sensor 3, and spring pressure gauge 4, connected to total 

pressure receiver 5. At the same time, the total pressure in the gas feed chamber 01p  is recorded by the 

inductive pressure sensor DD-10 6. The experimentally studied supersonic nozzle 7 is fixed on the 

feed chamber flange. To measure the braking pressure behind the shock 02p  in the supersonic flow of 

the working part of the wind tunnel, the total pressure receiver 8 is used, connected to the inductive 

pressure sensor 9 by means of a measuring cable. An electric signal proportional to the value of the 

measured pressure, through pressure sensors 6, 9 and amplifier 10, is fed to the connector of the  



 

 

 

Siberian Aerospace Journal.  Vol. 25,  No. 3 
 

 304 

analog-to-digital converter (ADC) 11 of the personal computer 12. In the ADC, the analog signal is 

converted into a digital code, which is entered into the data array of the machine’s memory.   

 

 
Рис. 6. Устройство для определения числа Маха сверхзвукового потока:  

1 – приемник полного давления; 2 – приемник статического давления. Приемники давления закреплены 
на узле поворота, состоящего из 3 – звездообразной державки; 4 – редуктора; 5 – асинхронного двигателя 

РД-09 с короткозамкнутым ротором 
 

Fig. 6. A device for determining the Mach number of a supersonic flow:  
1 – full pressure receiver; 2 – static pressure receiver. The pressure receivers are mounted on a rotation unit consisting 

of: a 3 – star holder; 4 – gearbox; 5 – RD-09 asynchronous motor with a short-circuited rotor 
 

 
 

Рис. 7. Газодинамический стенд:  
1 – форкамера аэродинамической трубы; 2 – манометрический термометр; 3 – датчик температуры;  
4 – пружинный манометр; 5, 8 – приемники полного давления; 6, 9 – индуктивный датчик давления;  

7 – сверхзвуковое сопло; 10 – усилитель; 11 – аналоговый цифровой преобразователь;  
12 – электронная вычислительная машина; 13 – клиновой насадок; 14 – оптический прибор;  

15 – фотографическая пленка; 16 – датчик давления 
 

Fig. 7. Gas dynamic stand:  
1 – wind tunnel pre-chamber; 2 – pressure gauge thermometer; 3 – temperature sensor;  

4 – spring pressure gauge; 5, 8 – full pressure receivers; 6, 9 – inductive pressure sensor;  
7 – supersonic nozzle; 10 – amplifier; 11 – analog digital converter; 12 – electronic computer;  

13 – wedge nozzle; 14 – optical device; 15 – photographic film; 16 – pressure sensor 
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When determining the Mach number using the optical method, a special nozzle 13 in the form of a 

wedge with an angle  = 20 is introduced into the field of the working part. A qualitative picture of 

the supersonic flow around the wedge is observed using the optical device IAB-451 14 and is recorded 

on the light-sensitive plate 15. The wedge nozzle also allows determining the static pressure 1p of the 

gas flow. For this purpose, the static pressure receiver is synchronized with the pressure sensor 16. 

Before the experiment, the pressure sensors are calibrated. During the calibration, the pressure con-

trolled by the pressure gauge is supplied to the sensor and the voltage on the ADC connector is deter-

mined at the same time. The set of data corresponding to different pressure values is approximated by 

a polynomial of the 1st–3rd degree. The polynomial coefficients are used by the program when calcu-

lating the pressure based on the voltage values obtained from the pressure sensors during the meas-

urement process [13–15]. 

 

Procedure for conducting the experiment  

1. To determine and record the critical dcr and exit section diameters da of the supersonic nozzle 

under study (see Fig. 7). 

2. To measure the opening angle of the wedge attachment 13. Check the sharp front edge for chips, 

cracks and nicks . 

3. To fasten the supersonic nozzle 7 to the mating flange of the gas supply chamber 1 . 

4. To fix the device with full pressure measuring nozzles and a wedge nozzle in the coordinate de-

vice. 

5. To connect pressure sensor 6 and spring pressure gauge 4 to full pressure nozzle 5, and sensor 9 

to full pressure nozzle 8. Connect static pressure nozzle 13 to sensor 16. 

6. To bring the optical device IAB-451 14 to the investigated area of the working part to record the 

compression shock. Turn on the working instrument illumination . 

7. To prepare a photo recorder (camera, video camera) for work . 

8. The full pressure nozzle 8 is installed using a coordinate device along the axis of the incoming 

flow of the supersonic nozzle 7 in the immediate vicinity of its exit section. . 

9. To turn on the wind tunnel and use the reducer on the control panel to set the working pressure  

p01 in the gas supply chamber.  

10. After establishing the operating mode, record the braking pressure and temperature (p01, T0) in 

the feed chamber and the braking pressure behind the direct compression shock p02. Conduct a visual 

observation of the flow pattern around the pressure receiver  

11. To replace the full pressure nozzle 8 at the flow point under study with a wedge nozzle 13.  

12. To record the static pressure p1 and braking parameters in the gas supply chamber (p01,T0). 

13. To conduct a visual observation of the flow pattern around the wedge. Record the spectrum of 

the flow around the wedge on a light-sensitive plate.  

 

Processing the results of the experiment  

1. Using the obtained values of the critical and exit diameters of the nozzle of the designed experi-

mental setup from the tables of gas-dynamic functions, we determine the Mach number Ма and the 

velocity coefficient λа at its section, as well as the braking pressure in the gas supply chamber 01p , 

corresponding to the calculated pressure of the gas outflow from the nozzle. The data are shown in 

Table 1.  
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Table 1  

Nozzle characteristics  
 

крd  ad  q  aM  
0

p
p

   
0p  a  

mm mm    Pa  

14 28.7 0.238 3 0.027 3.75 1.965 
 

2. Based on the measured values of total pressures p01 and  p02 and formula (3), we determine the 

Mach number:  
1

1 12
1

02

2 201
1 1

1 1
M

2 2 .
1 1

1 M M
2 2

k

k kk k
p

k kp
k

     
   

           
   

 

 

3.  Using the values of static pressure  p1 and total pressure behind the shock wave p02, we deter-

mine the Mach number using formula (4) 

4. Using the photograph (Fig. 8) we measure the inclination angles of the disturbance line  and the 

compression shock  

 

 
 

Рис. 8. Фотография наклона линии возмущения 

и скачка уплотнения 
 

Fig. 8. A photo of the slope of the disturbance line  

and the surge of the seal 

 

5. To determine the number M using the angle  and formula (6): 
 

1

sin
M 

 . 

 

6. To determine the number M by the angles   and using equation (7):  
 

The measurement and calculation data are listed in Table 2.  
 

Table 2 

Results of the experiment  
 

№ 

п/п 
Method for 

determining 

the Mach 

number  

Р01 Р02 Р1 Р01/ Р02 Р02/ Р1 μ sinμ β θ Ма 

Measure-

ment error  

  Pa Pa Pa   degree  degree degree  % 
Pneumometric method  

1 By pressure 

ratio  

02

01

p
p  

40 14 – 0.35 – – – – – 2.98 0.67 
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End table 2 
 

№ 

п/п 
Method for 

determining 

the Mach 

number  

Р01 Р02 Р1 Р01/ Р02 Р02/ Р1 μ sinμ β θ Ма 

Measure-

ment error  

  Pa Pa Pa   degree  degree degree  % 
2 By pressure 

ratio  

02

1

p
p  

– 14 1.4 – 0.1 – – – – 2.8 7.14 

Optical method  
3 By the an-

gle of dis-

turbance   

– – – – – 21 0.358 – – 2.79 7.52 

4 By shock 

angle and 

wedge an-

gle  

– – – – – – – 38 20 2.97 1.01 

 

 

Analysis of the determination of the accuracy of measuring the Mach number of supersonic 

flow  

It is advisable to use measurements of static pressure in the working part of the wind tunnel up to 

numbers M = 1.6–1.8. At high Mach numbers, the static pressure in the working section of the wind 

tunnel drops sharply, changing insignificantly further along the length of the working section of the 

tunnel. At the same time, the accuracy of determining the Mach number (M) decreases sharply. De-

termining the Mach number based on the results of measuring the total pressure behind the normal 

shock wave p02 at speeds slightly exceeding the speed of sound is not accurate enough due to the low 

difference in pressure before (p01) and after (p02) the shock wave. But with increasing Mach number, 

the losses in the shock wave increase. At M > 1.8, using p02 gives sufficient accuracy in determining 

the Mach number by this method.  

Optical methods do not always make it possible to see the Mach lines. Instead, shock waves of very 

low, limited intensity are observed, formed, for example, by the sharp edge of a wedge nozzle. The 

value of the Mach number calculated from the angle of weak disturbances is somewhat less than its 

actual value, since the propagation speed of the observed weak waves somewhat exceeds the speed of 

sound and their envelope will be inclined to the direction of the velocity at an angle somewhat greater 

than μ. 

 

 

Conclusion 

As a result of the work, a method was developed and a device for measuring the Mach number of a 

supersonic gas flow was designed. The proposed approach is based on the use of point pressure sen-

sors installed in a specially designed device along the flow under study. Experimental studies have 

shown that the accuracy of determining the Mach number using the developed device is 2–3 % in the 

Mach number range from 1.5 to 3.5. This is comparable to the accuracy achieved using traditional me-

thods based on measuring total and static pressures. The advantage of the proposed method is the abil-

ity to locally determine the Mach number in various flow sections without disturbing its structure. This 

allows us to study the distribution of the Mach number in a limited space, which is important for ana-

lyzing complex supersonic gas-dynamic phenomena.  
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