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Abstract: This paper introduces the research progress of fluid mechanics. Fluid is a general 
term for gas and liquid. Fluid mechanics is also a general concept, which has many branches, 
such as: earth fluid mechanics, hydrodynamics, aerodynamics, seepage mechanics, physical-
chemical fluid dynamics, multiphase fluid mechanics, plasma dynamics and electromagnetic 
fluid mechanics, environmental fluid mechanics, biological rheology, and so on. Therefore, 
fluid mechanics includes both the basic theory of natural science and the application of 
engineering science. The above mainly explains the content and branch of fluid mechanics 
from the perspective of the research object. In addition, from the perspective of fluid force, it 
can be divided into fluid statics, fluid kinematics and fluid dynamics; From the study of 
different “mechanical models”, there are ideal fluid dynamics, viscous fluid dynamics, 
incompressible fluid dynamics, compressible fluid dynamics and non-Newtonian fluid 
dynamics. 

1. Introduction 

Fluid mechanics is one of the important branches of mechanics. It comes from production practice 
like other disciplines, so ancient fluid mechanics was closely related to human production activities. 
For example, Archimedes' quantitative theory of buoyancy, PASCAL's hydrostatics relationship, Da 
Vinci and Galileo's research on the resistance of moving objects. Our country from Li Bing, Guan 
Zhong water control, Shen Kuo floating leakage instrument, Ge Hong's flying car to Jie Xuan vortex 
test and so on. Most of these achievements are intuitive qualitative knowledge of the objective world, 
which has not yet been elevated to theory. Classical fluid mechanics was developed in the 17th century. 
The first credit goes to Newton for inventing calculus. In his book Mathematical Principles of Natural 
Philosophy, he also studied shear stress formulas for viscous fluids, the theory of sound and tides. In 
the 18th century, in 1738, the famous Bernoulli theorem was proposed. In 1752, Dalembert obtained 
the equation of continuity. In particular, Euler in 1775 proposed the method of describing fluid motion 
and the equations of non-viscous fluid motion, promoting non-viscous flow, including the study of 
water wave motion with free surface. Therefore, Euler is the founder of theoretical fluid dynamics. The 
major advances of the 19th century were the preliminary study of inviscid rotational and viscous flows. 
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In 1823 and 1845, Navid and Stokes respectively derived the basic equations of the movement of 
viscous fluid, which became the famous N-S equation and was verified by the flow formula of viscous 
fluid in a circular tube obtained by Haigh and Poiseuille through experiments. This was the beginning 
of the theory of viscous fluid movement. In 1858, Helmholtz's theorem was the basic starting point for 
the study of vortex motion, so they were the founders of the study of invisibiless vortex motion. In the 
19th century, nonlinear waves began to be recognized, such as the practical observation of isolated 
waves by Russell in 1834, and the third-order solution of finite amplitude waves obtained by Stokes in 
1847 are typical examples. Through the study of hyperbolic equation, discontinuous solution was found. 
In 1869, Rankin gave the relation before and after shock wave. This is a preliminary study of the 
compressibility of flows. Thus it can be seen that the emergence of classical fluid mechanics, so that 
our understanding is established on a strict theoretical basis. However, it is separated from empirical 
and semi-empirical hydraulics, which have practical applications. Due to the limitations of knowledge, 
there is no theoretical explanation for the resistance of a moving body (the Dalembert Paradox). For the 
two most important fluids, water and air, the viscosity is so small that it is difficult to understand how 
friction, ignored by classical theory, could affect the motion of a fluid to such an extent[1]. So it was 
that the hydraulic engineer observed the unexplicable, and the mathematician explained the 
unobservable. 

2. The Development of Modern Fluid Mechanics 

Since the end of the 19th century, people have mainly studied the characteristics of viscous motion 
and high-speed motion, so that theoretical fluid mechanics can really be used to guide practice. The 
great success of aviation in the first half of this century is a convincing proof. In this period, the main 
achievements of fluid mechanics are as follows: in 1883, Reynolds' experiment discovered two states 
of fluid motion: laminar flow and turbulent flow, which was determined by the magnitude of Reynolds 
number later named by Sommerfeld, and assumed that turbulence was due to the instability of laminar 
flow. Reynolds also introduced the concept of apparent turbulent stress or virtual turbulent stress, 
which is of fundamental importance, and derived the Reynolds average equation in 1895, which is the 
main way to solve engineering problems before the emergence of computers. The significance of the 
boundary layer theory was that it solved the drag problem and brought human flight forward by at least 
half a century before it was possible to solve the complete N-S equation. At the same time, it is also the 
prototype of matched asymptotic expansion method in singular perturbation theory. In 1913, Plant 
studied lift after Kutta - Jokuvsky, and put forward the theory of lift line and the theory of minimum 
induced resistance, which solved the problem of lift of wings with limited wingspan, and made a 
contribution to aviation engineering. In 1925, Plant put forward the mixed length theory, and with the 
experiment of the system, he firstly analyzed the turbulent flow theoretically through the Reynolds 
average equation. Therefore, Pelant is worthy of being the founder of current fluid mechanics[2]. In 
1910, Taylor studied the internal structure of shock waves. In 1923, he also obtained the condition of 
flow instability between two concentric cylinders, forming the so-called Taylor vortex. He also studied 
the problems of strong explosions, armor-piercing, and droplets. Taylor's main contribution was in the 
field of turbulence. He had been interested in atmospheric turbulence and turbulent diffusion since 
1915, and also proposed the vortex diffusion theory of turbulence. By 1935, Taylor had established the 
theory of homogeneous isotropic turbulence, using statistical methods of correlation or spectral 
analysis to study this idealized turbulence model. Although it seems that this approach can not 
overcome the original difficulties of turbulence research, the theoretical results of turbulence research 
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during this period deepened people's understanding of the structure and mechanism of turbulence, and 
its significance is still immeasurable. Taylor's scientific work was characterized by his ability to 
combine deep physical insight with advanced mathematical methods and to design simple and 
sophisticated specialized experiments to confirm his theories. So Taylor's influence on mechanics was 
profound. In 1911, Kamen proved the stability of the inner wall of cylindrical wake, which can explain 
bridge wind vibration, wing flutter and other phenomena. For turbulence models, he proposed the 
similarity principle. After settling in the United States in 1929, he established the Guggenheim 
Aerodynamics Laboratory (GALCIT) in The California Institute of Technology, which almost brought 
together the best talents in the world and became the research center of aerodynamics in the world at 
that time. There advanced theoretical research, for the human aerospace career laid the foundation, so 
he was known as aerospace master. Kamen's achievements in this period focused on aerodynamics, 
including the lift surface theory of airfoil, subsonic flow approximation theory, transonic similarity 
theory, and slender body theory of supersonic flow.  In 1944, the theoretical physicist Landau proposed 
a way to transition from laminar to turbulent flow through an infinite number of bifurcations. During 
this period, the Chinese fluid mechanics experts represented by Zhou Peiyuan had entered the 
international academic arena and made outstanding contributions to the development of modern fluid 
mechanics[3]. In 1945, Zhou Peiyuan published “Solutions to the Associated Velocity and Pulsation 
Equations of turbulence” in the Quarterly Journal of Applied Mathematics in the United States. He first 
obtained the differential equations of the related functions, which laid the foundation for the modern 
theory of high-order moment mode of turbulence. Later, the vortex structure theory of turbulence was 
proposed. Qian xuesen had come to California as early as the 1930s to do research on aerodynamics 
and, together with Kamen, proposed the Kamen's formula for approximating the aerodynamic forces of 
high subsonic flow. The similitude law for transonic flow was proposed in the 1940s.  In particular, in 
1953, when studying the second-order theory of boundary layer on a plate of finite length, he proposed 
a way to overcome singularity, which was later named PLK method by Qian Xuesen. In 1944, Lin 
Jiaqiao solved a mathematical problem in the theory of flow stability, pointing out that in the stability 
problem, the fluid viscosity tends to zero is not equivalent to the case of no viscosity, and solved the 
Oll-Sommerfeld equation with the asymptotic method. . 

3. The Development of Current Fluid Mechanics 

The so-called current fluid mechanics refers to the study of flow problems closely related to 
production activities and living conditions of current human society with current theoretical methods, 
calculation and experimental techniques. Therefore, current fluid mechanics is in a period of great 
development with the combination of theoretical analysis, numerical calculation and experimental 
simulation, focusing on nonlinear problems and advancing in various branches at the same time. 
During this period, asymptotic analysis methods became more mature and became an independent 
branch of science. Sturrock and Whitham proposed multiple scale method and mean variation method 
respectively, and Van Dykc's extended perturbation series theory expanded the range of applicable 
parameters. The development of functional, group theory, topology, especially differential dynamical 
system in pure mathematics provides an effective means to study nonlinear problems[4]. The as built is 
suitable for different Mach number, Reynolds number range of typical wind tunnel flow phenomenon, 
shock tube, ballistic target and sink, tunnel, rotary table, such as laboratory equipment, developed the 
hotline technology, laser technology, ultrasonic technology and the speed, temperature, concentration 
and vorticity measurement technology, flow display and digital technology has increased man's senses, 
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can look for the new physical phenomena, And get more information. Most importantly, the rapid 
development of computers has fundamentally changed the situation that fluid mechanics is helpless in 
the face of nonlinear equations, and a large amount of data acquisition and processing has become 
possible. Since practical problems are mostly interdisciplinary, it is quite natural for new disciplines to 
emerge[5]. During this period the main achievements are as follows: the computational fluid dynamics 
has developed mature, finite difference, finite element, finite analysis, spectral methods and the 
symplectic algorithm, establish the complete theoretical system of computational fluid dynamics, the 
stability theory, the numerical dissipation of the dispersion principle of grid generation and adaptive 
techniques, iteration and accelerate the convergence method. 

4. Conclusion 

Diffusion parabolic theory is a basic theory of fluid mechanics. It includes boundary layer theory, 
multilayer boundary layer theory and inviscid approximation theory, and leads to the system 
simplification of NS equations. Diffusion parabolic equations are derived. The theory also has 
important applications in other related fields. DP equations are a kind of viscous equations between NS 
equations and Euler equations, and their mathematical characteristics are different from those of NS 
equations. DP equations are as important as Euler equations and NS equations in terms of fluid motion 
differential equations or equivalent differential equations of fluid finite discrete numerical 
approximation. Compared with NS equations and their turbulent forms, laminar and turbulent DP 
equations have fewer viscous terms, but retain the necessary molecular viscous terms and turbulent 
viscous terms. Therefore, fluid equation calculation for high Reynolds number flows forms a parallel 
field of solving NS equations, DP equations and Euler equations. The fluid theory of discrete element 
flow, especially turbulence theory, is of fundamental significance to the perfection of finite discrete 
numerical model of viscous flow. Coupling algorithm of discrete fluid theory in discrete scale level to 
achieve the specific processing for the discrete flow fluid physics calculations, can better approximate 
flow, so the fluid equation calculation and development of fluid physical computing is necessary and 
benefits, help to computational fluid dynamics and the development of viscous fluid mechanics and 
their application calculation. 
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