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Descriptions of Fluid Flows
OUTLINE
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Descriptions of Fluid Flows Continuous Medium Hypothesis

CONTINUOUS MEDIUM HYPOTHESIS
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Descriptions of Fluid Flows Continuous Medium Hypothesis

CONTINUOUS MEDIUM HYPOTHESIS
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Descriptions of Fluid Flows Eulerian Description and Lagrangian Description

Two WAYS TO DESCRIBE FLUID FLOWS
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Descriptions of Fluid Flows Eulerian Description and Lagrangian Description

Two WAYS TO DESCRIBE FLUID FLOWS
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Descriptions of Fluid Flows Eulerian Description and Lagrangian Description

THE EULERIAN DESCRIPTION
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Descriptions of Fluid Flows Eulerian Description and Lagrangian Description

THE LAGRANGIAN DESCRIPTION
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Descriptions of Fluid Flows Eulerian Description and Lagrangian Description

THE LAGRANGIAN DESCRIPTION
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Descriptions of Fluid Flows Eulerian Description and Lagrangian Description

FrROM EULERIAN TO LAGRANGIAN
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Descriptions of Fluid Flows Eulerian Description and Lagrangian Description

FrROM EULERIAN TO LAGRANGIAN
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Descriptions of Fluid Flows Eulerian Description and Lagrangian Description

FrROM EULERIAN TO LAGRANGIAN

EEIt=0 N CIL=Xg » €=y 5 C3=5 ﬂ

= 7 =x0(1+t)f+y0(1+t)2f+z0(1+t)31:'

(2) hIEEE R R BA A ik

= 2 I+ 0)]=0

x = tz -
62
a,= Py [yD (1 + t)z] Zy0

2 2
az:fat ;2[ 1+t)3] 6z,(1+1)

Dongke Sun (SEU, China)

Advanced Fluid Mechanics

Constitutive Equation 13 /114



Descriptions of Fluid Flows Eulerian Description and Lagrangian Description

FrROM EULERIAN TO LAGRANGIAN
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Descriptions of Fluid Flows Eulerian Description and Lagrangian Description

FrROM EULERIAN TO LAGRANGIAN

x=xe", y= yﬂ(1+t) , T=12,€ 2'(1+1‘)

(1) LABRRI&LHR B R BRI 3

u= o _ —2x,e Y
ot ( )2
_ oy _ _2y1+17
"= ot 2y°(1+t) (1+t)

] 2z,¢’ (1 + t)fzt

w=2z0621[(1+t)72_(1+t) (1+t)

REPHHNETNER, T8
T .
e (PP I (P

Dongke Sun (SEU, China) Advanced Fluid Mechanics Constitutive Equation 15 / 114



Descriptions of Fluid Flows Eulerian Description and Lagrangian Description

STEADY, UNSTEADY
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Descriptions of Fluid Flows Eulerian Description and Lagrangian Description

STEADY, UNSTEADY
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Descriptions of Fluid Flows Eulerian Description and Lagrangian Description

HOMOGENEOUS, HETEROGENEOUS
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Descriptions of Fluid Flows Streamline, Pathline, Streakline, Streamtube

STREAMLINE, PATHLINE, STREAKLINE
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Descriptions of Fluid Flows Streamline, Pathline, Streakline, Streamtube

STREAMLINE, PATHLINE, STREAKLINE

+ JRRWTFR
dl =dxi +dyj +dzk
i=ui+vj+wk
i j k
dl xu=\dx dy dz|=0

u v w

W E dy dz ‘

; u(x, ¥y, z,t) = v(x,y,z,t) - w(x,
et REW, x, y, 7, tHEHT

Dongke Sun (SEU, China) Advanced Fluid Mechanics Constitutive Equation 20 /114



Descriptions of Fluid Flows Streamline, Pathline, Streakline, Streamtube

STREAMLINE, PATHLINE, STREAKLINE

‘fﬁd: Bk F @ .5 ik K 3. u=x(l+21) ,v=y,w=0

N

s M A (L Dk

mﬁ @ Inx =In y(1+zt) +e @ x= Cly(1+2:)

EREY =0 =D x=y=1 =) ¢ =1

LR, Hilk
bR A A R TR

Dongke Sun (SEU, China) Advanced Fluid Mechanics Constitutive Equation 21 /114



Descriptions of Fluid Flows Streamline, Pathline, Streakline, Streamtube

STREAMLINE, PATHLINE, STREAKLINE
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Descriptions of Fluid Flows Streamline, Pathline, Streakline, Streamtube

STREAMLINE, PATHLINE, STREAKLINE

{11[; Bk F & % 7 & K u=x(1+21‘) ,v=y , w=0

L.

K IO DM AR (LD s g B

WA 2 IR BT A Ui

BABE == | U A AR A
b_y FRELHEDL, &

dt BRI —%
Ry =—> x=ce™ | y=ce

MEEHE =0 == x=y=1 =) ¢,=c,=1
@ x=er(1+t) , y=e’ @ x=y1+lu,1,

Dongke Sun (SEU, China) Advanced Fluid Mechanics Constitutive Equation 23 /114



Descriptions of Fluid Flows Streamline, Pathline, Streakline, Streamtube

STREAMLINE, PATHLINE, STREAKLINE
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Descriptions of Fluid Flows Streamline, Pathline, Streakline, Streamtube

STREAMLINE, PATHLINE, STREAKLINE
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Descriptions of Fluid Flows Streamline, Pathline, Streakline, Streamtube

STREAMLINE, PATHLINE, STREAKLINE

m ORG—RRAFIERZR A AT, BUERXRAMMRE, 1E'
FEFFRINIE S AL FTLAMRAZ . E B EIHRE . I Qi'ﬁﬂﬂd)%ﬁ

- — Slre:mained
i I wa 5
unnel walls ; o = 2,’

—_—DJ
Tunnel at time t; Tunnel at ti
—————
—_— _ —_———
B —
= B e —
— 7 ot ) =
TR s e
—_—
_———__'___/ ——— e
Tunnel at l2 Tunnel at ty
e Lty
e —— e
e e C“—*—
M
——-————/'_
—
Tunnel at 14 Tunncl at l5

Steady flow: Particle pathline = Streamline

Dongke Sun (SEU, China Advanced Fluid Mechanics Constitutive Equation 24 / 114
g



Streamline, Pathline, Streakline, Streamtube

Descriptions of Fluid Flows

STREAMLINE, PATHLINE, STREAKLINE
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Descriptions of Fluid Flows Streamline, Pathline, Streakline, Streamtube

STREAMLINE, PATHLINE, STREAKLINE
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Descriptions of Fluid Flows Streamline, Pathline, Streakline, Streamtube

STREAMLINE, PATHLINE, STREAKLINE
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Descriptions of Fluid Flows Streamline, Pathline, Streakline, Streamtube

STREAMLINE, PATHLINE, STREAKLINE
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Descriptions of Fluid Flows Streamline, Pathline, Streakline, Streamtube

STREAMLINE, PATHLINE, STREAKLINE
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Descriptions of Fluid Flows Streamline, Pathline, Streakline, Streamtube

STREAMLINE, PATHLINE, STREAKLINE
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Descriptions of Fluid Flows Streamline, Pathline, Streakline, Streamtube

STREAMLINE, PATHLINE, STREAKLINE
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Descriptions of Fluid Flows Streamline, Pathline, Streakline, Streamtube

STREAMLINE, PATHLINE, STREAKLINE
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Descriptions of Fluid Flows Streamline, Pathline, Streakline, Streamtube

STREAMTUBE
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Descriptions of Fluid Flows Streamline, Pathline, Streakline, Streamtube
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Descriptions of Fluid Flows Streamline, Pathline, Streakline, Streamtube
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Descriptions of Fluid Flows Streamline, Pathline, Streakline, Streamtube
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Material Substantial Derivative
OUTLINE

® MATERIAL SUBSTANTIAL DERIVATIVE
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Material Substantial Derivative

SUBSTANTIAL DERIVATIVE
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Material Substantial Derivative

SUBSTANTIAL DERIVATIVE
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Material Substantial Derivative

SUBSTANTIAL DERIVATIVE
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Material Substantial Derivative

SUBSTANTIAL DERIVATIVE
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Material Substantial Derivative

SUBSTANTIAL DERIVATIVE
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Material Substantial Derivative

SUBSTANTIAL DERIVATIVE
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Material Substantial Derivative

SUBSTANTIAL DERIVATIVE
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Material Substantial Derivative

SUBSTANTIAL DERIVATIVE - EXAMPLE
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Material Substantial Derivative

SUBSTANTIAL DERIVATIVE - EXAMPLE
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Material Substantial Derivative

SUBSTANTIAL DERIVATIVE - EXAMPLE
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Material Substantial Derivative

SUBSTANTIAL DERIVATIVE - EXAMPLE
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Reynolds Transport Theorem
OUTLINE

® REYNOLDS TRANSPORT THEOREM
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Reynolds Transport Theorem
REYNOLDS TRANSPORT THEOREM
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Reynolds Transport Theorem
THE SYSTEM - PHYSICAL THEOREMS
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Reynolds Transport Theorem

THE SYSTEM - SUBSTANTIAL DERIVATIVE
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Reynolds Transport Theorem
REYNOLDS TRANSPORT THEOREM
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Reynolds Transport Theorem
REYNOLDS TRANSPORT THEOREM
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Reynolds Transport Theorem
REYNOLDS TRANSPORT THEOREM
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Reynolds Transport Theorem
REYNOLDS TRANSPORT THEOREM
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Reynolds Transport Theorem
REYNOLDS TRANSPORT THEOREM
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Reynolds Transport Theorem
REYNOLDS TRANSPORT THEOREM

Reynolds Transport Theorem
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Reynolds Transport Theorem
REYNOLDS TRANSPORT THEOREM

Reynolds Transport Theorem
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Reynolds Transport Theorem
REYNOLDS TRANSPORT THEOREM - SAMPLE
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Reynolds Transport Theorem

REYNOLDS TRANSPORT THEOREM - SAMPLE
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Reynolds Transport Theorem

REYNOLDS TRANSPORT THEOREM - SAMPLE
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Reynolds Transport Theorem
REYNOLDS TRANSPORT THEOREM - SAMPLE
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Reynolds Transport Theorem
REYNOLDS TRANSPORT THEOREM - SAMPLE
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Helmholtz Velocity Decomposing Theorem
OUTLINE

o HELMHOLTZ VELOCITY DECOMPOSING THEOREM
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Helmholtz Velocity Decomposing Theorem Expressions of Strain Rate and Rotation Rate Tensor

HELMHOLTZ DECOMPOSITION
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Helmholtz Velocity Decomposing Theorem Expressions of Strain Rate and Rotation Rate Tensor

VELOCITY DECOMPOSITION
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Helmholtz Velocity Decomposing Theorem Expressions of Strain Rate and Rotation Rate Tensor

VELOCITY DECOMPOSITION
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Helmholtz Velocity Decomposing Theorem Expressions of Strain Rate and Rotation Rate Tensor

VELOCITY DECOMPOSITION
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Helmholtz Velocity Decomposing Theorem Expressions of Strain Rate and Rotation Rate Tensor

VELOCITY DECOMPOSITION
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Helmholtz Velocity Decomposing Theorem Expressions of Strain Rate and Rotation Rate Tensor

VELOCITY DECOMPOSITION
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Helmholtz Velocity Decomposing Theorem Expressions of Strain Rate and Rotation Rate Tensor

VELOCITY DECOMPOSITION
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Helmholtz Velocity Decomposing Theorem Physical Meanings of Strain Rate and Rotation Rate Tensors

LINEAR DEFORMATION
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Helmholtz Velocity Decomposing Theorem Physical Meanings of Strain Rate and Rotation Rate Tensors

LINEAR DEFORMATION
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Helmholtz Velocity Decomposing Theorem

A E IR LA X &

Physical Meanings of Strain Rate and Rotation Rate Tensors
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Helmholtz Velocity Decomposing Theorem Physical Meanings of Strain Rate and Rotation Rate Tensors
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Helmholtz Velocity Decomposing Theorem Physical Meanings of Strain Rate and Rotation Rate Tensors

ANGULAR DEFORMATION
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Helmholtz Velocity Decomposing Theorem Physical Meanings of Strain Rate and Rotation Rate Tensors

R EZ s LT X %

% dadt )
da = lim (tan_l _ O Udt da = @dt

i dr + 2dedt ) — Oz O

ou

9u qyydt df = —-dt
dB = lim [ tan! % = %dt dy
dt=>0 dy + grdydt dy

i 8 & BDRYHERE | e

3 / Time, ¢ + dt
dQZ:’Y—i—dO{—'YO d[iA// '
2y + da + d = 27 Nl T

1
= d, = 5(da—df) o
o, 1 (6’1} au> S

e udE l

Iz

V2T T 2

or Oy

B C: x

Dongke Sun (SEU, China) Advanced Fluid Mechanics Constitutive Equation 74 / 114



Helmholtz Velocity Decomposing Theorem Physical Meanings of Strain Rate and Rotation Rate Tensors

ROTATION AND VORTICITY
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Helmholtz Velocity Decomposing Theorem Physical Meanings of Strain Rate and Rotation Rate Tensors

ROTATION AND VORTICITY

o HizE: HEEERAEZOAFOBHIAIEE wor Flwop BT 147
ERRNHA S MR AEE AIRE, SRS A EALE.

B, TARE G, AHATEE iR E R

_1(0u o) 1[0 ow
YTy oy 0z T g 0z Oz

Dongke Sun (SEU, China) Advanced Fluid Mechanics Constitutive Equation 76 / 114



Helmholtz Velocity Decomposing Theorem Physical Meanings of Strain Rate and Rotation Rate Tensors

ROTATION AND VORTICITY
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Helmholtz Velocity Decomposing Theorem Description of Fluid Flows with Vorticity
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Helmholtz Velocity Decomposing Theorem Description of Fluid Flows with Vorticity
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Helmholtz Velocity Decomposing Theorem Description of Fluid Flows with Vorticity
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Helmholtz Velocity Decomposing Theorem Description of Fluid Flows with Vorticity

VELOCITY DECOMPOSITION - EXAMPLE

Bl FEAETDESGEANE D u=ay, v=w=0 |
>k (1) uﬁum&mmﬁ%ﬁéi, () Fi*f&is,,, (3)

Dongke Sun (SEU, China) Advanced Fluid Mechanics Constitutive Equation 80 /114



Helmholtz Velocity Decomposing Theorem Description of Fluid Flows with Vorticity

VELOCITY DECOMPOSITION - EXAMPLE
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Helmholtz Velocity Decomposing Theorem

Description of Fluid Flows with Vorticity

VELOCITY DECOMPOSITION - EXAMPLE
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Helmholtz Velocity Decomposing Theorem Description of Fluid Flows with Vorticity

VELOCITY DECOMPOSITION - EXAMPLE
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Patterns and classification of Fluid Flows
OUTLINE

©® PATTERNS AND CLASSIFICATION OF FLUID FLows
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Patterns and classification of Fluid Flows
MR RIRBENALAS
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Patterns and classification of Fluid Flows
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Patterns and classification of Fluid Flows

ML RIFBUREIZTS

BIEEN: BAIEISIRESHEIE
O LRI

V<V, IMENBIRE

V> v MEAINIRE

0 IImA R

Dongke Sun (SEU, China) Advanced Fluid Mechanics Constitutive Equation 87 /114



Patterns and classification of Fluid Flows

ML RIFBUREIZTS
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Patterns and classification of Fluid Flows
MR RIRBENALAS

1 At
FHEE u(r) = / w()dt,  BERHERE u, —u o
0

] u

u

L At t

Dongke Sun (SEU, China Advanced Fluid Mechanics Constitutive Equation 89 / 114
g



Patterns and classification of Fluid Flows
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Constitutive Equation
OUTLINE

® CONSTITUTIVE EQUATION
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Constitutive Equation Stress Tensor

STRESS TENSOR - STRESS VECTOR
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Constitutive Equation Stress Tensor

STRESS TENSOR - STRESS VECTOR
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Constitutive Equation Stress Tensor

STRESS TENSOR - STRESS VECTOR
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Constitutive Equation Stress Tensor

STRESS TENSOR - D’ALEMBERT PRINCIPLE
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Constitutive Equation Stress Tensor

STRESS TENSOR - D’ALEMBERT PRINCIPLE
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Constitutive Equation Stress Tensor

STRESS TENSOR - D’ALEMBERT PRINCIPLE
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Constitutive Equation Stress Tensor

STRESS TENSOR - ELEMENTS
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Constitutive Equation Stress Tensor

STRESS TENSOR - ELEMENTS
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Constitutive Equation Stress Tensor

STRESS TENSOR - ELEMENTS
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Constitutive Equation Stress Tensor

STRESS TENSOR - ELEMENTS
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Constitutive Equation Stress Tensor

STRESS TENSOR - ELEMENTS
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Constitutive Equation Constitutive Equation

CONSTITUTIVE EQUATION

n FHURER A S5TE Constitutive Equation
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n HHIE T HIRI& Stokes’ Hypothesis
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Constitutive Equation Constitutive Equation

CONSTITUTIVE EQUATION
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Constitutive Equation Constitutive Equation

CONSTITUTIVE EQUATION
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Constitutive Equation Constitutive Equation

CONSTITUTIVE EQUATION
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Constitutive Equation Constitutive Equation

CONSTITUTIVE EQUATION
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Constitutive Equation Constitutive Equation

CONSTITUTIVE EQUATION

Eiu
1 -
§(am—|—ayy—|—azz):—p+KV~u
(AW
1 2 .
3 =2uS + [5 (Opz + Oyy + 022) — g“v . u] I
Al{5 )
Y=[-p+AV-alI+2uS, /\:K—g,u (3)
WA SR
ouy, ou; Ou;
) A . J 4
pU+ 5Z]ak (61’3—1—8%’1) ()

Dongke Sun (SEU, China) Advanced Fluid Mechanics Constitutive Equation 108 / 114



Constitutive Equation

CONSTITUTIVE EQUATION

Constitutive Equation
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Constitutive Equation Viscosity Coefficients

ViscosiTy COEFFICIENT
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Constitutive Equation Viscosity Coefficients

ViscosiTy COEFFICIENT
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