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What is CFD and its objective

* Computational Fluid Dynamics

¢+ Historically Analytical Fluild Dynamics (AFD) and
EFD (Experimental Fluid Dynamics) was used. CFD
has become feasible due to the advent of high speed
digital computers.

% Computer simulation for prediction of fluid-flow
phenomena.

“» The objective of CFD is to model the continuous fluids
with Partial Differential Equations (PDEs) and
discretize PDEs into an algebra problem (Taylor
series), solve 1it, validate 1t and achieve simulation
based design.
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Why use CFD?

* Analysis and Design
“»*Simulation-based design instead of “build & test”

“*More cost effectively and more rapidly than with
experiments

“*CFD solution provides high-fidelity database for
interrogation of flow field

“*Simulation of physical fluid phenomena that are
difficult to be measured by experiments
“*Scale simulations (e.g., full-scale ships, airplanes)
“*Hazards (e.g., explosions, radiation, pollution)
“*Physics (e.g., weather prediction, planetary boundary layer,
stellar evolution)

“*Knowledge and exploration of flow physics
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CED vs. Experiment

CFD gives an insight into flow patterns that are difficult, expensive or impossible

to study using traditional (experimental) techniques

EXPERIMENTS SIMULATIONS
Quantitative description of flow Quantitative prediction of flow
phenomena using measurements phenomena using CFD software
e for one quantity at a time e for all desired quantities
e at a limited number of points e with high resolution in
and time instants space and time
e for a laboratory-scale model e for the actual flow domain
e for a limited range of problems e for virtually any problem and
and operating conditions realistic operating conditions
Error sources: measurement errors, Error sources: modeling, discretiza-
flow disturbances by the probes tion, iteration, implementation
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CED vs. Experiment

As a rule, CFD does not replace the measurements completely but the amount

of experimentation and the overall cost can be significantly reduced.

EXPERIMENTS SIMULATIONS
Equipment and personnel

¢ expensive e cheap(er) are difficult to transport
e slow e fast(er) :

: CFD sottware is portable,
e sequential e parallel .

: : easy to use and modity

e single-purpose e multiple-purpose

The results of a CFD simulation are never 100% reliable because
e the iInput data may involve too much guessing or imprecision
e the mathematical model of the problem at hand may be inadequate

e the accuracy of the results is limited by the available computing power
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Applications of CFD

“* Applications of CFD are numerous!

“*Flow and heat transfer in industrial processes (boilers, heat
exchangers, combustion equipment, pumps, blowers,

piping, etc.).
“* Aerodynamics of ground vehicles, aircraft, missiles. Film

coating, thermoforming 1n material processing
applications.

“*Flow and heat transfer in propulsion and power generation
systems.

“*Ventilation, heating, and cooling flows in buildings.

“*Chemical vapor deposition (CVD) for integrated circuit
manufacturing.

“»*Heat transfer for electronics packaging applications.
“*And many, many more!
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Water turbine
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Windmill
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Wind turbine
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Wind turbine

\\\\i&’ Razi University

UGS (Sl ety




1 03e+00
3 186-01
8.01e-01
B BRe-01
5.72e-01
4 58e-01
343e-01
2.29-01
1 14e-01
0 00&+00

f\ '}‘ Razi Unive:’si.ty
"\ﬁ\"' ijb aMJ




Hand pump
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Motor pump
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Heat exchanging

U-tube heat exchanger
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tilation and Air Conditioning (HVA()

S

Front side view Rear side view

Static Pressure Distribution over the surface of Ring Fan

LD
N ff\ Razi University




feat; Ventilation and Air Conditioning (HVAG
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Blode Angle
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SECTION B-B
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Fire modeling
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Aerodynamics
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Aerodynamics
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Aerodynamics
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Aerodynamics
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Thrust
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Marine
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Internal combustion engines
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Internal combustion engines

Crank Angle: -235.0
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Turbo machinery
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Airflow over buildings

Upstream wind-
speed profile

Separated zones

on roof and slides Lateral edge and

Reattachments elevated vortex pair
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Pollution control
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Blood flow

Challenges:

Very Complex
Rheology of blood
Walls are flexible
Pressure-wave travels
along the arteries.

Frequently encounter
bifurcation

E Atherosclarotic artary

There are vary small veins

Narrowed artery |
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Artificial heart




AT A VAV ey
e CaTAVAVAY OO
R "g_;%‘nv VA A

AT A, o
BRI EOINORR
YA

TATATATARAY gy, T AV
S s
AT AV AYAVAVAYAY g A VAV Y
R S AT
pp‘:i}.‘-‘-‘ * g -~"ﬁ¢g§"’* A

e
A TATATAV AV
FAVAVAYAD
DA
o
A
A
Vi v,
Pavawa vt T

AN
Y
O

....
a1 H‘
VATATAY
TavgSyaa
VAV Vv v
T e

)
AN
Mo AT AREN
.«Eﬁ*ﬂ"'&?ﬁ?ﬂi"‘
#meﬁ%{e"iﬁyf'
15 e Ly YA N
tﬂ,,ﬂg‘ﬁm%i'

oh
T

FEALAARR
oy ATy,
LR

‘s:b
]

AP
SR

AN,
# gy#v;vmx.a‘

C30
%

I
¥y
£

P o
Ty
ALY %ﬁ- Y,
AR
T A
H"‘;ﬂ'

.
SR
J

;) AT e
N AT v e,

o
Ly ‘ﬁ)-‘l AT
LB

vy Lt i
L AT S
RN
oA AL v YaT at i
A Ty
T AV AVAT Ly ¥
A WA AN g$ ris

.t
i) |
‘?ﬁ £ ,‘Fﬂ‘hﬁ,f

Cardiology

Right PA
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Cardiology
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Human airway

a centre line plana jamde release plana
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Respiratory Airway

Mouth-Throat

Wikosity {mis)
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Trachea

Tracheobronchial
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Gas-solid flow
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Eatesiin, metal foam, and hybrid heat’Sinks

/ Wall-adiabatic
Wall-adiabatic ]
yoet = Symmetry Symmetry Symmetry
. outet ¢ et
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(a) (b) (c)

Boundary conditions and computational domain for (a) parallel, (b) impinging, and (c) induced flow.

Geometry of (a) plate-fin, (b) metal foam, and (c) hybrid heat sinks.
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Temperature contour of the hybrid heat sink under (2) parallel, (b) impinging, and (c) induced flows
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