B.E AERONAUTICAL ENGINEERING

Choice Based Credit System (CBCS) and Outcome Based Education (OBE)
SEMESTER - VII _ N

COMPUTATIONAL FLUID DYNAMICS

| Course Code [ 18AE72 [CIE Marks | 40
| Teaching Hours/Week (L:T:P) | (3:0:0) |SEE Marks | 60
- Credits | 03 | Exam Hours 03 -
Course Learning Objectives:
. Know the basic equations of fluid dynamics, boundary layer and discretization.
. Understand the source and vortex panel method.
. Know about FDM, FVM and FEM.
Module-1

Introduction: CFD Applications. Need for Parallel Computers in CFD algorithms. Models of flows.
Substantial derivative, Divergence of velocity. Continuity, Momentum, and Energy Equations-Derivation in
various forms. Integral versus Differential form of equations. Comments on governing equations. Physical
boundary conditions. Forms of equations especially suitable for CFD work. Shock capturing, and shock fitting.
Module-2

M lathematical Behaviour of Partial Differential Equations: Classification of partial differential equations.
¥Cramer Rule and Eigen value methods for classification. Hyperbolic, parabolic, and elliptic forms of equations.
Impact of classification on physical and computational fluid dynamics. Case studies: steady inviscid supersonic
flow, unsteady inviscid flow, steady boundary layer flow, and unsteady thermal conduction, steady subsonic
inviscid flow.

Module-3

Grid Generation and Adaptive Grids: Need for grid generation and Body-fitted coordinate system.
Structured Grids-essential features. Structured Grid generation techniques- algebraic and numerical methods.
Unstructured Grids-cssential features. Unstructured Grid generation techniques- Delaunay-Voronoi diagram,
advancing front method. Surface grid generation, multi-block grid generation, and meshless methods. Grid
quality and adaptive grids. Structured grids adaptive methods and unstructured grids adaptive methods.

Module-4 i

Discretisation & Transformation:

Discretisation: Finite differences methods, and difference equations. Explicit and Tmplicit approaches.
Unsteady Problem -Explicit versus Implicit Scheme. Errors and stability analysis. Time marching and space
marching. Reflection boundary condition. Relaxation techniques. Alternating direction implicit method.
Successive over relaxation/under relaxation. Second order Lax-Wendroff method, mid-point Leap frog method,
“upwind scheme, numerical viscosity, and artificial viscosity.

. Fransformation: Transformation of governing partial differential equations from physical domain to
| computational domain. Matrices and Jacobians of transformation. Example of transformation. Generic form of
the Governing flow equations in Strong Conservative form in the Transformed Space.

Module-5
Finite Volume
techniques (overlapping control v
and implicit time stepping. Time
splitting, approximate factorisation. Artificial dissi
problems. Upwind biasing.

Technique and Some Applications: Spatial discretisation- cell centered and cell vertex
olume, duel control volume). Temporal discretisation- Explicit time stepping.

step calculation. Upwind scheme and high resolution scheme. Flux vector
pation and flux limiters. Unsteady flows and heat conduction

Course Outcomes: At the end of the course the student will be able to:
1. CO1 :Differentiate the FDM, FVM and FEM
CO2: Perform the flow, structural and thermal analysis.
CO3: Utilize the discretization methods according to the application.

2
174
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Question paper pattern:
e The question paper will have ten full questions carrying equal marks.
e Each full question will be for 20 marks.

e There will be two full questions (with a maximum of four sub- questions) from each module.
e Each full question will have sub- question covering all the topics under a module.
L]

The students will have to answer five full questions, selecting one full question from each module.

C’I Title of the Book e Name of the Publisher Edition and Year
No. Author/s
Textbook/s
1 Applied Computational Fluid ‘ Gupta S.C Wiley, India 2019
Dynamics
2 Computational Fluid Dynamics | John D. Anderson | McGraw Hill 2013
Reference Books
1 Computational Fluid John F. Wendt Springer 3 Edition, 2013
Dynamics-An Introduction
2 Numerical Computation of Charles Hirsch | Elsevier 1% edition,2007
| Internal and External Flows
3 | Computational Fluid Dynamics | Klaus A 1993
\ for Engincers Hoffmann and
l SteveT. Chiang
4 Fundamentals of CFD Tapan K. Universities Press 2004
Sengupta
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Important Note - 1

1 Je(

| | ‘ } 15AE72

[ 1111
1 |

Seventh Semester B.E. Degree Examination, Aug./Sept.2020
Computational Fluid Dynamics

Time: 3 hrs, Max. Marks: 80

Note: Answer any FIVE full questions, choosing ONE full question from each module.

odule-1
I a. Derive momentum equation for small fluid element fixed in space and for small element
moving in space, with viscous terms. (10 Marks)

: ; Lo Du ol i
b. Show that substantial derivative p-b— oceurring in non-conservative form of momentum
t

equation can be written in the following way that is representative of conservative form

i(p
a
OR
2 a. Whatare the various boundary conditions? (06 Marks)
b, What are CFD ideas to understand? (10 Marks)
Module-2
3 a. Through the Cramer rule determine the slopes of characteristic lines for potential 2-D flow
_ ,\Ou  Gv y .
equation  {1-M? )-‘—; - o 0 , where u and v are perturbation velocities in the flow. M.
ox oy

is free stream Mach number. (12 Marks)

b, Explain how steady boundary layer flow can be governed by ?arabolic equations. (04 Marks)

OR
4 Exptain_ the_different mathematical behavior of CFD equations that reflects different
physical behavior of flow field: Give an example of each case. (16 Marks)

Module-3
5 a. Deseribe Hermite Polynomial Interpolation. (08 Marks)
b. Develop a cubic Hermite Polynomial for following function

fx) =x*+x* £ xF+ x + | (08 Marks)

OR
6 a. Explain elliptic grid generation technique. (08 Marks)

b. Describe the following for structured adaptive grid generation:
(i) Control function approach
(i) Variational methods (08 Marks)

Module-4
7 a. Describe the following :
(i) Upwind differencing
(i) Midpoint leap frog differencing techniques
(iii) Reflection Boundary condition, (09 Marks)

| of 2
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15AE72

Use an explicit numerical method to solve the heat copduction equation
o1 o'
- a .\ —
il ox’ .
Boundary conditions : T(0,t) = T(1,1) =0 (t=0) : T(x, 0)= S_mr:r_x} (0sxxg1)
Both ends held at zero temperature given initial temperature distribution.
Use the following paramelers.
At=0.1 Ax =0.25 a=0.1 . Carryoutiterations till 0.3 sec. (07 Marks)

OR
Consider the following transformation for accomplishing grid stretching :
E=x, n=In(y+1H
What happens to goveming flow equations in both the physical and computattona‘[ plane
with this transformation? Show this with an example of 2-D continuity equation for

compressible flow through matrices technique for transformation of grids. (10 Marks)
Explain the above with Inverse Transformation through use of Jacobean. (06 Marks)
Module-5
Write shortnotes on following :
Numerical viscosity (04 Marks)
Flux vector splitting (06 Marks)
Approximate Factorisation (06 Marks)
“
OR !

Explain the following :
Artificial viscosity (04 Marks)
Finite volume solution to diffusion problem below., e

d |( (T[. -

—| k—4=0 : ) (

dx l. Ax ) @ il 1ol %, :(05 Ma.rks]
Finite volume solution to conyection and diffusion problem below. & "X 3 E-

_tJ_|" dT ) d(puT) =0 :

dx\"ax)  dx - (07 Marks)

* %k ok % X%
20f2

P
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Seventh Semester B.E. Degree Examination, Dec.2019/Jan.2020
Computational Fluid Dynamics

Time: 3 hrs )
- LS. Max. Marks: 80

Note: Answer any FIVE full questions, choosing ONE fuli question from each module.

Module-1
i With the help of neat sketches, explain the different models of the flow. (06 Marks)
b Derive the momentum equation.considering an infinitesimally small fluid element moving
with tlhc flow, for an unsteady. Three dimensional, compressible and various flow with usual
netations. (10 Marks)

"'.Fp['.l-.'! ce

I
—_

will be treatea

OR
Explain the importance of CFD in modern study and the different architectures used in CtD.
(08 Marks)
Derive an expression for divergence of velocity with usual notation and explain its physical
(08 Marks)

(=]

v
-

meaning.

il

: ; #

an e remaming 4@'& pages
o ()

N '!b[l.ll.

Module-2
3 a Explain the different mathematical behavior of CED equation thateflects different physied
behavior of flow. Given anexample for each case. P (08 Marks)
Describe the external features of hyperbolie equation and explam its impact on physical
behavior of CFD problems. 2 (08 Marks)

"‘tlldiL_ ) D F R T
ana (G
'

ANA0r

OR ; -

4 4 Consider the irrigational two dimensional, inviscid steady flow of a compressible gas If the
flow field is only slight perturbed from the frecstream conditions such as the flow over as
thin body as small angles of attack and if the frégstream mach number is either subsonic or
supersonic (but not transonic or hypersonic) the” governing conformity, momentum and

to the systems: Find the roots of equations involved in such

al oy

encrgy equation can be reduced

W ANSW ."J, impulserty draw di

. of idenuficanon, appe

kind of flow problem using Cramer’s ruje: % (08 Marks)
- . . s e
b. Explain the following with relevant sketches
¥ i) Parabolised viscous flow
2= iy Unsteady in viscous flow. (08 Marks)
< Module-3
= 5 a With the help of relevant sketch explain the elliptic grid generation. (08 Marks)
:; h  Define grid quality. List the measures of quality and explain n detail. (08 Maris)
: o ids. Explain in brizf.
= ist the advantages ¢ ‘cadvantages of structured and unstructured grids. Explain in bre=:.
6 a. List the advantage: and disadvantages of struc il

ii) Meshless grids. (U8 Marks)

b Write short noteson : 1) Adaptive grids
1 of 2
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Module-4
Demonstrate the explicit and implicit approach dﬁsolvmg CFD problems. List their

advantages and disadvantages. (}i (08 Marks)
For an inviscid, mcomprcsmble, two-dime irrotational flow in a Cartesian space

explain the steps involving in numerical gy’l ¢ by relaxation technique with suitable
expressions. G (08 Marks)

f}b T 4 Hﬂ."
Q%"i OR .
Explam numerical and artifi cxaj,%pslty with suitable exp&i{g;ns. ' (08 Marks)
With suitable expressions, demonstrate the transformatw governing partial differential
equations from physwal do to computational domam (08 Marks)

&‘7 Module-5 %S
Write short notes%
1) Cell—centeﬂ hnique
i) Cell—vexte;gt hnique. %
With suxta@‘e expression explain exphclt 1e stepping scl

} 533 OR

Describe the following finite volume techniques with
i) Flux vector splitting - :
i) Spatial discritization s

"'

®.

uE (10 Marks)
Khaate (06 Marks)
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Question Bank

ml':“!\p‘ | | Jai Sri Gurudev | |
! : (i Sri Adichunchanagiri Shikshana Trust
v~  SJICINSTITUTE OF TECHNOLOGY
Estd: 1986 Chickballapur — 562 101
Department of Aeronautical Engineering
(_)l'l",.\'l'l()\ BANK
— —— P e
| 8T BJL( F'HTLE ( ()Ml’l AT l()'\ AL H l II) l)\ NAMICS
At s e 1 S —
StBJE(F”PF |(()RI;III(II‘H |
SUBJECT CODE 17AE82
|l — — IR =
| AC. If)l MIC YEAR 2021-22 (ODD SENMESTER) IS.-\'I('II | 2018-2022 .
SCHE UE. CBCS scheme (Effective from the academic year 2015 -2016) I
SEMESTER | NIt

“FACULTY NAME and T |
| DESIGNATION J-_l .r.:fl._l.)up.l M‘\ )

Module -1
. S . I —
0. cailiasie Bloom’s COs
No. | Questions Il
| E xplain the different mmpum architectures used in CFD. E xplain the i A g
' importance of CFD in modern study and the solution of problems in Fluid ! L2 v
| Mechanics.
» | With the help of a neat sketch explain the method of solving flow field 12 COl
) ! over a supersonic blunt- -nosed body | |
3 \ With the help of neat sketches L\pl 1in the different models of the flow. L2 Col
4 | Derive an cxprcuzsu‘rn for Substantial Derivative with usual notations L3 COl
|
1 T . ' e S : s 2
5 | Derive an L\]“IIL\HIUH for Time Rate of change following a mmmg fluid L3 col
| element - o - o '
(_ Explain  the models ol the flows to obtain Conservation and 12 Col
0]
Non-conservation form of Equ ations
T 7 | Derivean -.\ptu«mn for Divergence of Velocity ity with usual notations L3 COl
— R [
1 With the help of a neat shetch c\plnm the models of Finite Control 12 Col
b e
Volume.
Pl Derive the Momentum Equation “considering an m infinitesimally small fluid
9 clement moving with the flow. for unsteady. three-dimensional, 1, Ccol
| k.DlTI]_SGIhiL and viscous flow with usual notations
l___m_" Derive the Energy y Equation considering an infinitesimally small fluid L col
| | element moving wit ith the flow. with u usual notations 'y
Page | 1
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Module -2 -
0 Bloom’s ~
P, Cuestions 11 COs
I | Explain the classification of Quasi-Linear Partial Differential Equations 2 1 €02 ¢
2 Apply Eigen Value method to a Quasi-linear partial differential equation L3 co? |
for the mathematical classification as elliptic. parabolic and hyperbolic. | .
3| Apply Cramer Rule t0 a Quasi-linear partial differential equation for the L3 co2 |
mathematical classification as elliptic, parabolic and hyperbolic. -
4 Explain the different mathematical behavior of CFD equations  that L2 co2
reflects different physical behavior of flow: give an example in eachcase. | ~— | |
5 Assuming a system of quasi-lE;icﬁ?c—'quali_ons. with the help of a 5 i
Cha!'acteristic curve at a point p(x.y). classity the different types of PDE’s L3 oz !
stating example for each type. {
6 | Determine the type of PDE for the following equation: l
| | 14 co2 |
Also if a variable @ is introduced such that u = and v = ’
Determine the nature of PDE.
7 Describe the essential features of hyperbolic equation impact on physical coO?
behavior of CFD problems. & :
8 Explain the following with relevant skelches : o)
i) Steady Inviscid Supersonic Flow s L | coz
i) Unsteady Inviscid Flow _ 1 q - ’
9 | Describe the essential features of parabolic equation impact on phy
behavior of CFD problems.
10 | Explain the following with relevant sketches
i) Steady Boundary Laver Flows
ii) Parabolized Viscous Flow
iii) Unsteady Thermal Conduction
11 For the one dimensional unsteady thermal conduction t
semi-infinite fluid. write the governing equation. boundary condi
plot the typical solution characteristics.
12 | Consider the irrotational. 2-D) steady flow of a compressible gas. 1

flow field is slightly perturbed from free stream like flow over a thin | |
profile. Find the roots of equations involved in such kind of
problem, using Eigen method. :
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Question Bank

SICIT
Module -3
0. [ Bloom’s e
No. Questions LL
1. | Define grid gencration and describe the importance of boundary fitted L2 CO3
co-ordinate system in CFD.
2. | With the help of relevant sketches explain boundary fitted co- -ordinate L2 CO3
system
3. | Explain the boundary fitted coordinate system for the divergent duct. L2 CO3
4. | List the features of Structured grids? Explain the different methods of > CO3
structured grid generation with suitable sketches. B
5. | Explain the following with relevant sketches
i) Algebraic Methods L2 CO3
- ii) Differential Equation Technigue or Numerical Method
6. | List the features of Unstructured grids? Explain the different methods of L2 CO3
unstructured grid generation with suitable sketches,
7. | Explain the following with relevant sketches Loz
i) Point Insertion Schemes or Delaunay-Voronoi Diagram
ii)  Advancing Front Methods '
8. | Discuss the need of grid generation of grid generation in
summarize the following methods of grid generation.
i) Surface Grid Generation
i) Multi Block Grid Generation
iii) Meshless Methods
9. | Discuss the following
i)  Striving for quality
i) Grid design guidelines and total cell count
10.| With the help of relevant sketches explain the adaptive grid generation, |
11.| Differentiate Structured and Unstructured Adaptive grids with
sketches.
12.| List the essential properties of grids
13.| Explain the importance of various coordinate systems in gﬁiﬁ
12.| Consider a Trapezoid in (x.y) plane as shown in fig,

corresponding to (£.) coordinates at 0.2 units apart. Take fi
Trapezoid as A(0.0). B(20.0). C(20.10) and D(0.5) - e
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Muodule -4 |

" Bloom's
Questions L

Summarize the essence of discretization in CFD L2

- . - e . iy 1 ‘_‘ | 1 -i
[!)?r{ve the Taylor Series approach for the construction of finite L3 CO4 \
Difference Equation 1

e

With the help of neat grids explain the graphical concept of finite | L3 CO4
difference modules and list the pros and cons of higher order accuracy |

Hlustrate a portion of a boundary and explain what happens at the L3 CO4
boundary. Also describe the reflection boundary conditions

Derive a difference equation for an unsteady one dimensional heat 3 CcO4
conduction equation with thermal diffusivity with usual notations. ' -

Del-nonstratc the Explicit and Implicit approaches of solving CFD. List L3 CO4
their advantages and disadvantages i

Expla'in the different types of errors involved in solving finite difference L2 CO4
cquations and summarize the stability analysis :

Consider the viscous flow of air over a flat plate. Ata given station ir
flow direction. the variation of the flow velocity u in the di
perpendicular to the plate (the y direction) is given by the expressi
1582(1-¢*") where L is the characteristics length — 0,0988 m
T'he units of u is m/s. the viscosity co-efficient 1= 1.7894 x 10°
the above equation is used 1o provide the values of u at discrete
equally spaced in the y-direction R
Y(m) u(m’s)
0 0
0.03 45.88
0.006 87.407
0.009 124.977 ,
The values of u listed above are discrete values at the distanc
located at y = 0. 0.003, 0.006, 0,009 in the same '
obtained from a numerical finite-difference solution of the fl
Using these discrete values calculate the shear stress at
three different ways namely
i) First order one-sided difference
i) Second order one-sided difference L
iii) Third order one-sided difference
Finally compare these calculated finite-difference results
value of T, as specilied by the equation above

It = f(x.y). solve the flow domain using
considering a 3x2 unit square mesh as show
boundary values are ul, u2, u3, u6, us, u9. ul2 =
ull =18, f5 = 8. {8 = 20. Obtain the values of u$ an
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SICIT Question Bank

,—\ Module -5
0. Bloom’s
Questions COs
No. 1L

i) Relaxation Technique

ii)  Alternating Direct Implicit (ADI) Method
I iii) Successive Over relaxation and Under Relaxation L3 COs
iv)  Second Order Lax-Wendorff Method
v)  Mid-Point Leap Frog Method

vi) Upwind Scheme

2. | With the help of relevant sketches illustrate Numerical Dissipation. L2 COs
Numerical Diffusion and Numerical and Artificial Viscosity
3. | Explain Lax-Wendroff technique for Time marching (

2009-2010 — 12 Marks)
4. | What is Upwind Scheme? Explain in brief ( VTU, Dec 20(
Marks)
s, | What is alternating Director Implicit (ADI) technique? Exp‘laiuf
Dec 2010 — 10 Marks)
6. | What is successive over-relaxation and under-relaxation
! ( VITU. June/luly 2011 — 8 Marks)
For a 2D. unsteady heat conduction in a Cartesian space
7. steps involved in numerical solving by DI technique  with
expressions '
Derive the expression for ampln" ication factor and sta
8. | for a numerical solution using Lax-Wendroft techr
equation with one-step scheme.
| Write short notes on:

9. i) Time and space marching in CFD i
i) Various general schemes of solution of PDEs
i) Upwind schemes in CFD (VTU, Dec 2011 - 20

Note:
I Questions shall be framed by consolidating comprehensively |
e Exercise problems of text books references
e Previous year question VTU exam Question paper. (Mark
question)
Questions by Experts during Interview/Academic Audit
Internet sources/ other Universities examination questi
Own / experience.
» Gate questions mentioning the year.
2. Questions shall follow all the Bloom's learning levels wit
action verbs
3. There shall be a total of 50 questions considering10 gt
module, of which. 3 questions each at L1 and L2, 2 ques
question each at L4 and L5/L6.
4. Ensure the coverage of all Cos.
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Assignment

| | Jai Sri Gurudev | |
Sri Adichunchanagiri Shikshana Trust *

SJC INSTITUTE OF TECHNOLOGY

Estd: 1986 Chickballapur — 562 101

Department of Aeronautical Enginecering
ASSIGNMENT

SUBJECT TITLE COM P_ll‘l_';\TIONAL FLUID DY NAMI_C_S

SUBJECT TYPE CORE /ELECHVE

SUBJECT CODE 17AES2

ACADEMIC YEAR 2021-22 (ODD SEMESTER) BATCH 20182022
SCHEME CBCS scheme (Effective from the academic year 2016 -20 | i |
SEMESTER v 3 ;

ol e Prof. Deepa M S

Module -1 TO Module-5

0. Questions
No. MINI PROJECT TOPICS
Modelling of 2-D Incompressible and Inviscid flow over Cambewef E
I | (NACA 2415) and plotting of pressure distribution and velocity vectors
| Subsonic Mach number using ANSYS Workbench
. Modelling of 2-D Incomplewhle and Inviseid Now over Cambered
= | (NACA 2415) and ploting ot pressure distribution and vﬁloelty &'m
Supersonic Mach number using ANSYS Workbench
| Modelling of 2-D Incompressible and Inviscid flow over Flat Piate of thig
2« | mmand 10 em long and plotting of pressure distribution and velocity
Subsonic Mach number using ANSYS Workbench b
Modelling of 2-D Incompressible and Inviscid flow over
4| mm and 10 ¢m long and plotting of pressure distribution
Supersonic Mach number
Modelling of 2-D Incompressible and Inviscid flow over
5. | (NACA 0015) and plotting of pressure distribution and vel
Subsonic Mach number
Modelling of 2-D Incompressible and Inviseid flow over
6. | diameter and plotting of pressure distribution and veloc
Mach number .
Modelling of 2-D Incompressible and Inviscid ﬂow
7. | and height 8.5 cm  and plotting of pressure distributio
Subsonic Mach number
. Modelling of 2-D Incompressible and Inviscid flow ove

(NACA 0015) and plotting ol pressure distribution and
Subsonic Mach number _
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Assignment /

SICIT -- —
s g e v of sides 10.5 Co).
Moo s S . | K e , ver a wedge of sides 10 ,
Madelling of 2-1) Incompressible and Invm.lfl 9?.tl‘“!“’l :'u”d velocity vectors for LS & L6 COs |
9. | and height 8.5 cm and plotting of pressure distributiol 0.
Subsonic Mach number S— e 10 Tt . COl-
Modelling of 2-D Incompressible and Inviscid flow over a “’“I"_‘I‘Tr"l.’l tl-;-m;i:' LS&L6 |
10| diameter and plotting of pressure distribution and velocity vectors for Subs COs
| Mach number
L Module -2
3 T Gweon s | =8
No. AL -
1 Determine the type of PDE for the following equation:
[4 o2
Also if'a variable @ is introduced such that u = and v =
Determine the nature of PDE. :
Consider the irrotational, 2-D steady low of a compressible gas, The _
flow field is slightly perturbed from free stream like flow over a thin 14 co2
profile. Find the roots ol cquations involved in such kind of flow | -t 2R
problem. using Figen method, TR
o Module -3 -
0. ~ Questions
No. S 8
4| Consider a Trapezoid in (x.y) plane as shown in fig. Generate a
corresponding to (&) coordinates at 0.2 units apart, Take four |
Trapezoid as A(0.0), B(20.0). C(20.10) and 1(0.5) -
Module -4
0. Questions
No. e
I | Consider the viscous flow of air over a flat

flow direction, the variation of the flow
perpendicular to the plate (the v direction)
1582(1-¢™"") where L is the characteristics length -
The units of u is m/s. the viscosity co-efficient ij-,f

he above equation is used to provide the value
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SICT Lesson Plan

Jah Sri Gurudev | |

Sei Adichunchanagin Shikshana Trust ©

SJC INSTITUTE OF TECHNOLOGY

Chickballapur — 562 101

Estd: 1986
Department of Aeronautical Engineering
oSS0 PL AN
SUBJECTTITLE | COMPUTATIONAL FLUID DYNAMICS
CSUBJECTTYPE F‘(SEI_I- [ELECHYE e S
SUBJECT CODE  I3AET2 LU
ACADEMIC YEAR  2021-22 (ODD SEMESTER) LBATEJIﬁ
| SCHEME (B( S scheme (K lTr.'cluc f'rum the academic yea
SEMESTER & SECTION _ \u .+ =
A MARKS 4 | EXAM M
 NUMBER OF LECTURE 3 A rT I-
HOURVWEEK _ ~ . LECTURE
—— . T " Na.aﬁ‘m‘“ 7
FACULTY NAME Prof, Deepa ¥ s ] ff;‘lNﬂ ED
( Oblﬂb L(:ARN!NG UBJL( TIVES: 1his course will enable sludentslo e
L __hmmih_;__bu»u. "tﬂl.l!lulh of flurd dynariies. boundary layer and disereliz
2. Understand the source and vortex pance! méthod i =i
3. Know about | l)\! FVM and FI'M ey ; .l_
(,nurie Outcﬂmes' At the end of this course, SIUdLT‘Ih are able w0
COl  Describe the basics of CFD. its sover nug cquations of various I'Iqw Im

torm. (L3)
l ‘02 Compare Ih&. physics of the Hlow with the muhun.ﬂu il nchaworm'
CCOJ | Idemily and compute the suitabile erid generation and trdnsfnmﬂﬁm‘l"

CO4 T Niustrate the fundamentals of discretization in FYM, £ DM and F
COS | Interpret different sehemes and their stabliy in mlp!wtll)apg"

CO-PO MATRIX a ‘,3
RETE T e Tk
OUTCOM [FPOL{PO2 (100 (POg  Pos [POG 107 (08 (Fan
ks .
Note: i | T e R e fema st
(Ul I i 2 L 2 . . » p Sl |
- — - | et _r = :I'
i (03 | 1 1 1 X ¥ <ty 2 > al:
YT D oy L e
[RVA 3 2 i R, | _—
4 p_u__._L___-ﬂ__aﬁ.._, e
04 3 i 3 ® I - - =
e€on 1 3.1} 3 2 e = o |
S W [GATE! A et [ Mt 1
AMEE ol / rn p
dustification of CO-FO mapping ' oy L
:- Assigrments from NPEEL i the o of yuiz and Problems wlI( )
= A Mini Projeet covering all the OO and 1'80s will be g " 1
e i
- . - "
b | FE
S T_...‘- . ‘el ; -.I‘_;"A'.:"
4 ] L {4 R
L O N L PR RENEN S B e By WL R R SV,
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‘ Al dKI GURKUDLEY||
‘ 8.J.C. INSTITUTE OF TECHNOLOGY
l)l'.l’r\R'l'MEN"l' OF AERONAUTICAL ENGG,

COMPUTATIONAL FLUID DYNAMICS - 18AE72
QUESTION BANK -1

i|’-~-$|-'-N—°_'~;________ ~_ Questions - | CO ] Levels_j
— MODULE I |
p———__l____mn the different computer architectures used in CFD COl1 L2
i 2. Explain the importance of CFD in modern study and the solution CO1 | %
| of problems in Fluid Mechanics o _ |
3. With the help of a neat sketch explain the method of solving flow Co1 L2
| field over a supersonic blunt-nosed body
4. | Describe the CFD ideas to understand and its application COl L2
S, ‘ \;Vilh the help of neat sketches explain the different models of the o1 L2
flow.
6. ‘ Deri\;e an_expression for Substantial Derivative with usual Cco1 L3
| notations
7. | Derive an expression for Time Rate of change following a co1 L3
_moving fluid element
8. | Explain the models of the flows to obtain C onservation and Non- CO1 L2
| conservation form of Equations
9. Deri\fe an expression for Divergence of Velocity with usual Co1 L3
| notations
. 10. | With the help of a neat sketch explain the models of Finite col L2
' Control Volume.
G 11. | Withthe help of a neat sketch explain the models of Infinitesimal Col1 L2
i | Fluid Element
{ 12. | Explain the physical significance of Divergence of Velocity and CO1 L3
}7 | derive an expression for the same with usual notations.
13. | Derive Continuity Equation considering a model of the finite COl1 L3
- _ control volume fixed in space with usual notations
14. | Explain the method Shock fitting in CFD CO1 L2
15. | Derive Continuity Equation considering a model of the finite COl L3
_control volume moving with the fluid with usual notations
16. | Explain the method of Shock Capturing in CFD CO1 L2
17. | Derive  Continuity Equation considering a model of
| infinitesimally small element fixed in space with usual notations CO1 L3
18. | Explain the differences between Integral and Differential forms Col1 L2
of equations
19. | Derive  Continuity  Equation considering a model of
infinitesimally small element moving with the flow with usual CO1 L3
notations
20. | Explain the physical boundary conditions used in CFD COl1 L2
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 Derive the Momentum F,qua_tion “Ea.i;.d'eriﬁg an infi

small fluid element moving with the flow, for unst

nitesimall

9 |l\"“’“L

_ : cady, three- | COI i L3
— dimensional, compressible and viscous flow with usual notations RN
22. | Listdown the comments done on the different types dfguvc}nung T = "8
| equations and explain. - C0s . L3
23. | Derive the Energy Equation considering an infinitesimally smaHT“}.;)l oy l—.3 B
fluid element moving with the flow, with usual notations | 5
24. | Explain the different forms of the governing equations | Cof | L2
particularly suited for CFD work. 1
MODULE II N
25. | Explain the classification of Quasi-Linear Partial Differential . |
Eq{:ations . il 12 :
26. | Apply Eigen Value method to a Quasi-linear partial differential | '
equation for the mathematical classification as elliptic, parabolic CO2 L3 |
and hyperbolic. | i
27. | Apply Cramer Rule to a Quasi-linear partial differential equation
| for the mathematical classification as elliptic, parabolic and CO2 L3
| hyperbolic.
28. | Explain the different mathematical behavior of CFD equations
that reflects different physical behavior of flow; give an example | CO2 L2
in cach case.
29. | Assuming a system of quasi-linear equations, with the help of a
characteristic curve at a point p(x,y), classify the different types cO2 L3
of PDE’s stating example for each type.
30. Detam:inc the type of PDE f%lhc following equation:
' v - € w
B T 20 ""E?Icg;“o Co? L4
Also if a variabl® @ is introduced stich that u =D Pand v = D
_ Determine the nature of PDE. oM [
31. | Describe the essential features of hyperbolic equation impact od CO2 L3
physical behavior of CFD problems.
32. | Explain the following with relevant sketches
1) Steady Inviscid Supersonic Flow cO2 L2
i) Unsteady Inviscid Flow
33. | Describe the essential features of parabolic equation impact on coz L3
physical behavior of CFD problems.
34. | Explain the following with relevant sketches
1) Steady Boundary Layer Flows
1) Parabolized Viscous Flow A% w8
ii1) Unsteady Thermal Conduction
35. | For the one dimensional unsteady thermal conduction through a
semi-infinite fluid, write the governing equation, boundary| CO2 L3
conditions and plot the typical solution characteristics.
36. | Consider the irrotational, 2-D steady flow of a compressible gas.
The flow field is slightly perturbed from free stream like flow coz L4
over a thin profile. Find the roots of equations involved in such
- kind of flow problem, using Eigen method.
=

5.JC.
CHICKE
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|
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i

Max Marks: 50+10(MCQs)

Time: 2:00103:30PM
: | | Bloom’s
Question | , Marks | CO Level
 Number | : —
I PART A ! »
] r?nv]_li—xplain the different cuh1puter architectures used in CFD [ 5 CO1 L2
| 1 .
- ___j_tl)_Dj;_;;cribe the method of Shock Capturing in CFD 5 co1 | Lz |
[ - OR 1
[ ! a) With the help of neat sketches explain the different models of the flow. 5 (@(0]] i S|
I 2
| __ | b) Describe the physical boundary conditions used in CFD 5 CO1 L2 |
) Develop Continuity Equation considering a model of the finite control volume '
. ¢ fixed in space with usual notations 10 $0l e
| o ]
[— OR |
! Considering an infinitesimally small fluid element moving with the flow, for |
| 4 | unsteady, three-dimensional, compressible and viscous flow with usual 10 Co1 L3 |
i notations arrive at the Momentum Equation
|
2 ‘ Derive an expression for Substantial Derivative with usual notations 10 Col1 i3 |
e e j
6 T[prlain the physical meaning for Divergence of Velocity and derive an 10 CO1 L3
L | expression with usual notations. '
. . | Apply Cramer’s Rule to a Quasi-linear partial differential cquation for the .
: | mathematical classification as elliptic, parabolic and hyperbolic. 10 co2 L3 |
i - |
S - OR |
F)escribe the essential features of hyperbolic equation impact on physical 'L
8. behavior of CFD problems. 10 COo2 L3
| ==
‘ ‘ llustrate the following with relevant sketches
9 | .i.) Steady E}oundgry Layer Flows 10 c0o2 L2
o _ L 1) Parabolized Viscous Flow
[ et OR 1.4
| | pr_lan; the following with relevant sketches 94
10 | D) Steady ]nvisgid_Supersonic Flow 10 Cco2 L2
i 1) Unsteady Inviscid Flow
———— PAR:['_B - MULTIPLE CHOICE QUESTIONS
CFD is the third approach for fluid flow analysis. What are the other two
approaches?
. | a) Theoretical and experimental  b) Physical and Mathematical 1 COl L
| ¢) Numerical and CXperimental () Experimental and physical
< el go e
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['CFD carries out _ ~_ experiments. | o ’
a) Observational b) Analytical | i
¢) Field d) Numerical

——

" This created a problem in modelling supersonic blunt nose.
a) Change of flow equations from elliptic to hyperbolic

' b) High speed with high temperature

| ¢) Supersonic Mach number d) High temperatures

-
b

"1 What is the advantage of numerical methods over analytical method” I |
4 a) Speed b) Cost ' 1 col ] L1
| ¢) Flexibility d) Time .

" Which of these plots are irrelevant to CFD post-processing? ‘ \ |
5 | a) Contour plots b) Vector plots .
| ¢) Xy plots d) Bar plots | ‘

e e

: , 1
An equation modelled using infinitesimally small element leads to |

a) Partial differential equation b) Integral equation ' cO2 | Lt

¢) Differential equation d) Linear differential equation

ek

What are the two major types of boundary conditions?

|

|

I

7 a) Wall and symmetry b) Inlet and outlet \ L1
|
|

¢) Dirichlet and Neumann  d) Initial and physical

Which of these is not a type of flows based on their mathematical behavior?
8 a) Circular b) Elliptic 1 cO? \ Ll
¢) Parabolic d) Hyperbolic

The lines along which the derivatives of the dependent variables are ‘ \
| indeterminate are called

| &) parabolic lines b) characteristic lines 1 cO2 L1
¢) hyperbolic lines d) transition lines

What are the two methods used to find the type of PDEs?
a) Lagrangian Method and Eulerian method
' b) Cramer’s method and Eulerian method
|l el ;
| ¢) Cramer’s method and Lagrangian Method 1 ol it
| d) Cramer’s method and Eigenvalue method

¥ q

COURSE OUTCOMES: On successful completion of this course, students should be able to

CO-| Descr_ibc thc; ba;ics_uf C FD and pgrailel compu‘ting\and explain the various flow models, its governing equations
| of fluid motion in differential and integral form. (L3)

CO-2 | Compare the physics of the flow with the mathematical behavior of partial differential equations. (L3)

CO-3 | ldentify and compute the suitable grid generation and transformation techniques for a given problem. (L4)

CO-4 | llustrate the fundamentals of discretization in FVM, FDM and FEM techniques. (L3)

T

5 | Interpret different schemes and their stability in simple CFD applications. (L4)
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JAT'SRI GURUDEV](|
SJLCVINSTITUTE OF TECHNOLOGY
DEPARTMENT OF AERONAUTICAL ENGG.
FOR THE ACADEMIC YEAR 2021-22

COMPUTATIONAL FLUID DYNAMICS - 15AE72
TUTORIALS 11

[ SL No, | . _ Questions ) | €O | Levels
L T ——— l}'I_ODULF;!II |
. [?t‘fillc grid generation and describe the importance of boundary | CO3 [ L2
L | fitted co-ordinate system in CFD. B I ) |
With the help of relevant sketches explain boundary fitted co- | : '
- 2_‘ __| Ordinate 5,‘_5‘_5'.'". ' il sl -
With the help of relevant sketches explain Elliptic Grid

_ 1 : EFﬂcr;uinn ¥ ’ o o) C03 | ke
r o :;-L.‘lcgl‘ain the boundary fitted coordinate system for the divergent CO3 L2
} S. _—_1_Dcscrihe elliptic grid generation with suitable example CO3 L2

 List the features of Structured grids? Explain the different Co3 L2
. 6. methods of structured grid generation with suitable sketches.
| Explain the following with relevant sketches
| 7. | i) Algebraic Methods CO3 L2

| ii) Differential Equation Technique or Numerical Method

| List the features of Unstructured grids? Explain the different O3 L2
| | methods of unstructured grid generation with suitable sketches,
| Explain the following with relevant sketches
: 9. 1) Point Insertion Schemes or Delaunay-Voronoi Diagram CcO3 L2
r | i) Advancing Front Methods
2 _r List the differences between structured and unstructured grids CO3 L2

'  Discuss the need of grid generation of grid generation in CFD

! " and summarize the following methods of grid generation.

' 11. l 1) Surface Grid Generation CO03 L2

( | i) Multi Block Grid Generation
iii)  Meshless Methods

' Define Mesh/Grid Quality and explain in detail the different o vs

| e | measures of grid quality
| | Discuss the following
_| 13. ’ i) Striving for quality C0O3 L2
' . ii) Grid design guidelines and total cell count
f | With the help of relevant sketches explain the adaptive grid Co3
| W% | generation. ;
|} | 15 ’ Differentiate Structured and Unstructured Adaptive grids with CO3 L2

o suitable sketches.
~ 16 ll List the essential properties of grids CO3 12
e | Explain the importance of various coordinate systems in grid co3 L2
| B generation

Consider a Trapezoid in (x.y) plane as shown in fig. Generate a _

! 15 ' mesh corresporfding to (.n) coordinates at 0.2 units apart. Take co3 N
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[ four points of Trapczoﬁ_ as A(0.0), B(i'().U)ﬁ_ﬁ_'(ZlLl{)} and |
‘ D(0.5)

A '

4
| N
| A=—— 2 —>
MODULE 1V
1. Summarize the essence of discretization in CFD CO4 L2
D?rive the Taylo.r Series approach for the construction of finite CO4 L3
Difference Equation
With the help of neat grids explain the graphical concept of
3: finite difference modules and list the pros and cons of higher CO4 L3
order accuracy
[llustrate a portion of a boundary and explain what happens at CO4 L3
the boundary. Also describe the reflection boundary conditions
Derive a difference equation for an unsteady one dimensional
5. heat conduction equation with thermal diffusivity with usual CO4 L3
notations.
Demonstrate the Explicit and Implicit approaches of solving CO4 L3
CFD. List their advantages and disadvantages :

| I;;_ W{WM 5 %w
| ROFE SOR &
S'hs—“ ,""‘M Dep:*:fr: :‘fu& .—nam,c:%zw@

L= Y N l ! ll J?e OfT
Q‘CHP(‘M
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- Name of the staff: Mrs. Deepa M S

" Date:
l__“_____——\——_

24.12.2021

NOTE: Only the following information’s to be given 1o the students

Duration: 90 minutes
Date: 27.12.2021

S.J.C. Institute of Technology
Department of Aeronautical Engineering
Continuous Internal Evaluation: [I
Semester: VII

PA]’;

5 2

—— = _ Signature %"' ahop
T\Re\"iewer's Signature: f —
NS O Z f
J ¢ 471 .
./ 2, '_ ,.«'..f,_;ir*;,,/;‘,/;

Subject Name & Code: COMPUTATIONAL FLUID DYNAMICS - 18AE72

Instructions

Answer ALL THE QUESTIONS

Max Marks: 50+-10(MCQs)
Time: 2:00 to 3:30 PM

'T)uestion ]

co

Number PA RT A ! sy ‘ i
a) Explain the boundary fitted coordinate system for the ,
divergent duct. | CO3 L2
| b) List the features of structured grids? Describe the different | :
methods of structured grid generation with suitable | co3 3
sketches. l
OR
a) Discuss the need of grid generation of grid generation in '.
CFD and summarize the Surface Grid Generation | co3 L2
2 | b) List the features of Unstructured grids? Explain the |
. different methods of unstructured grid generation with . Co3 L3
| suitable sketches. ']
Ia) Define Mesh/Grid Quality and explain in detail the i'
. different measures of grid quality . Cco3 L2
| ) b) Consider a Trapezoid in (x.y) plane as shown in fig. |
% Generate a mesh corresponding to (£.1) coordinates at 0.2 5
units apart. Take four points of Trapezoid as A(0.0), B(20,0), € . 1)
} | C(20,10) and D(0,5) f
OR g
B a) List the essential properties of grids and explain t :
b) Consider a Trapezoid in (x.y) plane as shown in fig. e | g
4 Generate a mesh corresponding to (£.n) coordinates at 0.3 1
units apart. Take four points of Trapezoid as A(0.0), B(30,0), co3 L4

C(30,15) and D(0,5)
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— — W &
- et speration in ™
— n of grid ge . ,
Y ed of grid generatic of grid VAN
Discuss the need of & . thods of g ‘ /
' Discuss the following me | 10 | cos | L,/

CFD and summarize | _ |

| } seneration. _ | |

S ﬁe Multi Block Grid Generation | __i_ |

| iii) Meshless Methods ,
e ———

'" OR |
L . = - | |
' " Explain the following with relevant sketches ,,l"';—_i’ico“ L2 |

/ 1 Diagram
i) Point Insertion Schemes or Delaunay-Voronol Diagr

6 !
ii) Advancing Front Methods . _ [ |
; : : . . - t of
With the help of neat grids expldm the graphical (:OI;C}:Z‘P O ' o | oo L3 ’
7 finite difference modules and list the pros and cons ot hig ’ f |
order accuracy J——‘_—'___#__———f
OR 1 ' _lTJ
. [
[llustrate a portion of a boundary and explain what happens | ‘
- . 1. L3 @
8 at the boundary. Also describe the reflection boundary 10 Co4 ‘| .
' conditions ' {
;rDc‘rive the Taylor Ser‘ies approach for the construction of i ol s, |
9 finite Difference Equation ]
| |
OR
| 'Derive a difference equation for an unsteady one
10| dimensional heat conduction equation with thermal | |p CoH L3
| diffusivity with usual notations.

PART B - MULTIPLE CHOICE QUESTIONS

| When can we say that a problem is suitable to be solved using CFD?

' a) The PDE has no solution

b) The solution to PDE is unique and it depends continuously on the initial and
boundary conditions 1 CO3 L1
¢) The PDE has more than one solution

‘ d) The solution to PDE is unique and independent of the initial and boundary
conditions

Discretization of the physical domain of interest results in
a) Boundaries b) Discretized equations

ndanes ) A 1 COo4 | LI
¢) Discrete cells d) Exponential equations

- Which of these methods is not a method of discretization?
a) Finite volume method b) Finite difference method 1 CO3 L1
¢) Spectral element method d) Finite element method

Discrelization of the governing equations result in
a) Integral equations b) Quasi-linear partial differential equations 1 CO4 L1

| ¢) Partial differential equations  d) Algebraic equations

What is lhe main Qisad\=an1age of explicit schemes in a time-dependent problem?
a) Marclup £ solution b) Simultaneous equations 1 CO4 L1
) dmall time-step size d) Small grid size
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| What is ads anﬂlgeoﬁs'i_rrmpl_icit schemes?

| a) Error b) Consistency

| ¢) Convergence _d) Stability
| Adaptive grids change automatically basedon
‘lﬁ flow field gradients b) time rate of change of the flow properties
| ¢) grid gradients d) time rate of change of the grid points

" Which type of grids is the best for flow over an airfoil?
| a) Stretched grids b) Adaptive grids
) Boundary-fitted grids d) Elliptic grids

| =—

| If the domain and equations are not discretized, which of these will become true?
~a) Numerical solution cannot be obtained

b) Analytical solution cannot be obtained

¢) Initial conditions cannot be applied

d) Mathematical model cannot be obtained

O6HFormi02a - Rey, No. 02
Page: 1/3

-

|: CO4

CoO3

L CO4

CO3 !l

L1

L1

L1

The discretized equation connects each element with
\ a) the northern and southern elements

b) the boundary elements

¢) the neighbouring elements

d) the eastern and western elements

CO4

L1

COURSE OUTCOMES:

On successful completion of this course, students should be able to

| Describe the basics of CFD and parallel computing and explain the various flow
models, its governing equations of fluid motion in differential and integral form. (L3)

equations. (L.3)

Compare the physics of the flow with the mathematical behavior of partial differential

CO-3

| given problem. (L4)

Identify and compute the suitable grid generation and transformation techniques for a

CO-4 | Illustrate the fundamentals of discretization in FVM, FDM and FEM techniques. (L3)

CO-5

Interpret different schemes and their stability in simple CFD applications. (1.4)
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SJCANSTITUTE OF TECHNOLOGY
DEPARTMENT OF AERONAUTICAL ENGG.
FOR THE ACADEMIC YEAR 2021- 22

COMPUTATIONAL FLUID DYNAMICS - I5AE72
TUTORIALS 11

SI. No : . . Questions — e 1I _CO | Levels
e | MODULE IV g L
1. | Summarize the essence of discretization in CFD _ | Co4 1.2
| Derive the Taylor Series approach for the construction of finite CO4

i : . L3
I Difference Equation . el A 0
| With the help of neat grids explain the graphical concept of finite ;
( 3 ’ difference modules and list the pros and cons of higher order COo4 | 13
| f@ccuacy 0 I S S
4| Derive a difference equation for an unsteady one dimensional heat 1

Wil ‘conduction equation with thermal diffusivity with usual notations. COo4 | L3
T 5 Dc{llturlstrattc the Explicit and Implicit approaches of solving CFD. List CO4 L3
| their advantages and | disadvantages 38

Explain the different types of errors involved in solving finite CO4 L2
6. T.__di_fft‘fi’"‘{t‘_‘-‘_qga_li_s.tn_S_Eygl summarize the stability analysis ___!
. 7. | Explain Time marching technique with relevant equations CO4 L2 |
8. | Whatis numerical dissi pation and dispersion CO4 L2 |
" - With the help of neat grids and equations explain
) Relaxation Technique
i) Alternating Direct Implicit (ADI) Method
9. i) Successive Over relaxation and Under Relaxation CO4 L3 |
iv) Second Order Lax-Wendorff Method '
V) Mid-Point Leap Frog Method
| vi) Upwind Scheme
I . Derive the expression for amplification factor and stability
-~ 0. requirement for a numerical solution using Lax-Wendroff technique CO4 L3
— J»_u;;_ing 1D wave equation with one-step scheme.
’ ‘ Derive the expression for amplification factor and stability
f 11. requirement for a numerical solution using central differencing for CO4 L3
' L ID unsteady heat conduction equation with genera notations..
f - MODULE V
}F_ 13. | Describe the finite volume discretization method. CO4 )
| Differentiate between the finite difference method and
I l'} | lL"l)rllliit'r\'o]l_:;:]Iw method. I - CO4 L2
Derive finite volumeupdate formula for 1 inear convective
! 13 _|_equation using upwi ndpsc heme. CO4 L3
= ~ Derive finite volume update formula for 1D unsteady heat
\ 16 l _ctmiiuctiml] equation usli)rlgccntered scheme. ’ CO4 L3
17 | Explain upwind scheme in finite volume method. CO4 L2
b 18 ]L_I?xﬁlﬁill Flux vector splitting method. co4 L2
i ‘ Explain numerical viscosity, artificial dissipation and its mitigation
i method in finite volume discretization. CO4 L2
| Differentiate  between the cell center finite v
3 20 \_approach and cell vertex finite volume approach. i co4 k2
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NOTE: Only the following information’s 1o be given to the students.

S.J.C. Institute of Technology
Department of Aeronautical Engineering
Continuous Internal Evaluation: 11
Semester: VII _
Subject Name & Code: COMPUTATIONAL FLUID DYNAMICS - 18AE72
Instructions
. Duration: 90 minutes
Date: 19.01.2022

Answer ALL THE QUESTIONS
— oxs

Question
Number

PART A A,
/Explain the different types of errors involved in solving

difference equations and summarize the stability analys

L OR
L 2 I With the help of neat grids and equations explain Relaxation

Derive a difference equation for an unsteady one-dim
: conduction equation with thermal diffusivity with usua

OR
. Derive the expression for amplification factor and stabi
4 for a numerical solution using Lax-Wendroff technique
equation with one-step scheme.
4 I With the help of neat grids and equations explain Mid-
Method

! With the help of neat grids and equations
Implicit (ADI) Method .
Differentiate between the cell center finite volume
vertex finite volume approach.
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T —" L Foite difference method ¢ Tnite volume
Differentiate between the finite difference method and finite W | cos &
method. B B SO -

| Describe numerical viscosity, artificial dissipation and its mitigation - Cos .

4 - method in finite volume discretization. J -
. L — -

OR o e

. . ) - " | v o]

10 | Hlustrate Flux vector splitting method with usual notations 10 | COs L2

[ o e

COURSE OUTCOMES:

On successful completion of this course, students should be able to

frt— —— 1
|

co.; | Describe the basics of CFD and parallel computing and explain the various flow
| models, its governing ¢quations of fluid motion in differential and integral form. (L3) !.

| Compare the physics of the flow with the mathematical behavior of partial differential
| equations. (L3)
CO-3 | Identify and compute the suitable grid generation and transformation techniques for a |

I | given problem. (1.4)

| CO-4 | llustrate the fundamentals of discretization in FVYM, FDM and FEM techniques. (1.3)
 Maciokisol! NG
' CO-5 | Interpret different

e —

s_chemes and their stability in simple CFD applications. (1.4)
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