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Computational Fluid Mechanics

Partl: Numerical Methods

Objective:
Numerical methods for fluids mechanics and their accuracy

Introduction

Numerical methods for fluid mechanics (1) ~ Basic equations
Numerical methods for fluid mechanics (2) ~Discretizing schemes
Numerical methods for fluid mechanics (3) ~Coupling algorism
Numerical methods for fluid mechanics (4) ~Additional problems
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Reliability of numerical simulation

Summary
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Computational Fluid Mechanics

Partl: Numerical Methods (2a)

2. Numerical methods for fluid mechanics (1) ~ governing equations
— Governing equations of fluid flow
— Typical solutions of fluid flow
— Additional models for complex flow phenomena



Governing Egs. of Fluid mechanics
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Governing Egs. of Fluid Flow

Non-dimensional Parameters

— Reynolds no.
(length) X (velocity) spaceship
(viscosity) < .

_ Mach no = | Sowpd wave Airplane

(velocity) ./~ (Sound speed) k</_\ Turbulence
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— Knussen no. : Machine

(free pass) /(length) MD

length (log)



Non-dimensional Parameters
- in the governing eq.-

L 8,0* +ufai*__p*aii b =p'T" Po _ p
LU Jor T ox ox' Poly
L|.ow . .ou | o | 1orr ou | [ F ...
— " puj = L P | | o 4 o',
t,U Ot Ox PU” ||0x; | pUL || 30x oy UL
L |.or, . .OT
tOUp o L e
2 [ ] 2

:_{ Py }p*]*{ A }a{ﬁ u | U }qf{ LQ }q*

pOCV]-E) IOOCVUL axj B IOOUL L CV]-E) pOCVU
t=tty, x,=x,L, w,=u,U, p=pp,, T=T1,, p=pp,
J=F, 4=0q



Non-dimensional Parameters
- in the governing eq.-

Parameter of fluid flow
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Lagrangean vs. Eularian formulations

Lagriggean IMV
Do _(99 vy i)
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Conservation low

Mass flux vector
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Conservation low

Flux vector vs. Stress tensor
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Conservation low

Momentum flux vector
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Exercise 23

Calculate each component of momentum flux through the vertical surface
(n & s in fig.) of considering volume.
Derive the conservation law for y-direction component of momentum (pv)



Computational Fluid Mechanics

Partl: Numerical Methods (2b)

2. Numerical methods for fluid mechanics (1) ~ governing equations
— Governing equations of fluid flow
— Typical solutions of fluid flow
— Additional models for complex flow phenomena



Typical solutions of fluid flow
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Solution of convection

: t-—=t
*Model of scalar convection 0

(linear eq.)
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Solution of diffusion and external force




Solution of Interaction step

Mach No. :Ma=U/a

a: sound speed
U: flow velocity




Solution of Interaction step

if Ma—0
a(sound speed) —o0




Solution of Interaction step




Solution of 1D compressible flow
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Solution of Interaction step




Profiles of shock wave
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Exercise 2b

Solve the following equations of qb(x) and draw the profiles for
different parameter values.

90) 0’
u a = Fy u, 1" are constant parameter

0<x<L p=0 atx=0
p=1 atx=1L



Computational Fluid Mechanics

Partl: Numerical Methods (2a)

2. Numerical methods for fluid mechanics (1) ~ governing equations
— Governing equations of fluid flow
— Typical solutions of fluid flow
— Additional models for complex flow phenomena



Complexity of system

Strong coupling

convection Interaction diffusion

P
i
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1) hyperbolic(compressible)
2) harmonic(sound wave)

3) parabolic(incompressible)
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external-force

Mass

momentum

energy

Combined solution
Is needed




Complexity of system

Weak coupling

convction
op _ 0Op
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Additional egs.

Interaction  diffusion production

1T

- Turbulence

model
-NonNewtonian
‘ fluid

Mass

momentum

energy
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-Buoyancy force

- Multi-phase
model

- Chemical reaction




Model of Combustion Flow
— Basic eqgs. of reactive flow—
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Detail reactions of H2-02 flame

Spices N, o, H, H,O OH
Lewis No. 1.11 0.3 1.12 0.73
Spices O H H,0, HO, -
Lewis No. 0.7 0.18 1.12 1.1 -
H+0Oy < OH+O H;Oo+M <+ OH+OH+M \
Hy,+0O < OH+H H-O5 +OH <« H>O0 + HO,
H,O+0O <+ OH+ OH O+HOy; <+ OH+ 0O
H, +OH ¢« H,O+H H+HO; « O+ H0
H+O0,+M' — HO,+M! H+O0+M* «+ OH+M? 1
H+HO, — OH+OH O0+0+M © Os+M H2+502©H20
H+HO; — Hy+ 0O H,O, +H <+ H>O+ OH
OH +HO, — H,0+ 0O, H,O, +H <« HO, +H,
H+H+M! — Hy+M! O+0OH+M < HO,+M
H+OH+M! — H,O0+M! H, + 0, < OH+OH J
HO2 + HO2  — Hy02 + 02 . 21 reactions



Model of Combustion Flow
— non—dimensional parameters of mass & heat transfer—

e Nusseltno. Ny = M h: heat transfer coefficient
L .
A : Thermal conductivity
V
* Prandtlno. Pr=— v: kinetic viscosity
94
_ V
e Schmidt no. Sc = B D : mass diffusion conductivity

* Lewis no. Le= a: temp. diffusion conductivity
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Model of Combustion Flow
— non—dimensional parameters of reactive flow—
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Model of Combustion
— mechanics of reactive flow—
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Mass transport
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Mass transport

Distribution of mole fraction
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Energy transport
Theory. pdl’l = dp—l- ,OTdS
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Solution of combustion flow

convection Interaction diffusion external-force

Mass
momentum
energy
1T
Heat source
Additional egs. Weak relation by low Ma approx.

p@Ya . oY, chemical
ot ’ ox, spices



Exercise 2c¢

Consider a system of equations for complex flow phenomena
and analyze its coupling process to fluid dynamics;

Ex. Multi-phase flow
Buoyancy flow
Magneto-hydrodynamics
Flow in porous media
Plasma flow etc.



