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B.E AERONAUTICAL ENGINEERING
Choice Based Credit System (CBCS) and Outcome Based Education (OBE)
SEMESTER - VII
COMPUTATIONAL FLUID DYNAMICS

_Course Code 18AE72 CIE Marks 40 3
Teaching Hours/Week (L:T:P) (3:0:0) SEE Marks 60 v
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

“Mathematical Behaviour of Partial Differential Equations: Classification of partial differential equations.
¥Cramer Rule and Ei gen 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-essential 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

Discretisation & Transformation:
Discretisation: Finite differences methods, and difference equations. Explicit and Implicit 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,
*aipwind 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 cquations in Strong Conservative form in the Transformed Space.

Module-5
Finite Volume Technique and Some Applications: Spatial discretisation- cell centered and cell vertex
techniques (overlapping control volume, duel control volume). Temporal discretisation- Explicit time stepping,
and implicit time stepping. Time step calculation. Upwind scheme and high resolution scheme. Flux vector
splitting, approximate factorisation. Artificial dissipation and flux limiters. Unsteady flows and heat conduction

problems. Upwind biasing.

Course Outcomes: At the end of the course the student will be able to:
if CO1 :Differentiate the FDM, FVM and FEM

2. CO2: Perform the flow, structural and thermal analysis.
3. CO3: Utilize the discretization methods according to the application. |
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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.

Each full question will have sub- question covering all the topics under a module.
The students will have to answer five full questions, selecting one full question from each module.

-y Title of the Book IR ST 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 Engineers Hoffmann and
SteveT. Chiang
4 Fundamentals of CFD Tapan K. Universities Press 2004
Sengupta
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al to evaluator and /or equations written eg. 4248

On completing your answers. comp

Important Note : 1.

5

Any revealing of identification. appe

2

0. will be treated as malpractice

HEREEEN N

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

usn | |
]

Time: 3 hrs. Max. Marks: 80
Note: Answer any FIVE full questions, choosing ONE full question from each module.

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

. ; - Du Caxh o
b. Show that substantial derivative p? occurring in non-conservative form of momentum
t

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

J(pu ,
(—(—‘——f) + V.(puV) (06 Marks)
a
OR
2 a. What are 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 - oOv 3 i,
equation (1 -M; )—{ - " 0 , where u and v are perturbation veloeities 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.  Describe Hermite Polynomial Interpolation. (08 Marks)
b. Develop a cubic Hermite Polynomial for following function

fix) = x* + x> h X+ x + 1 (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
(ii) 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)

| a2
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Use an explicit numerical method to solve the heat conduction equation

ar 8"
ot ! ox’
Boundary conditions : T(0,t)=T(l,1)=0 (t=0) ; T(x,0)= Sin(mx) (0=x<1)
Both ends held at zero temperature given initial temperature distribution.
Use the following parameters.
At=0.1 Ax=0.25 a=0.1 . Carryout iterations till 0.3 sec. (07 Marks)

OR
Consider the following transformation for accomplishing grid stretching :
E=%, n=In(y £ B
What happens to goveming flow equations in both the physical and computational plane
with this transformation? Show this with an example of 2-D continuity equation for Q

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. ok
d(, aT) :

—] k—1{=0 A . H
dx \.&.0x% ) & fihlf'i..iv'. .(05 Ma‘rks)

Finite volume solution to convection and diffusion problem below. &~ < Bk
i”kﬂ‘i_d(puT‘)_O ' .
dx\ox ) dx (07 Marks)

' EEEE
20f2
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Seventh Semester B.E. Degree Examination, Dec.2019/Jan.2020

Computational Fluid Dynamics

Time: 3 hrs. ’
Max. Marks: R0
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Note: Answer any FIVE full questions, choosing ONE full question from each module.

Module-1

With the help of neat sketches, explain the different models of the flow. (06 Marks)
Derive the momentum equation. considering an infinitesumally small fluid element moving
with ?hc flow, for an unsteady. Three dimensional, compressible and various flow with usual
notations. (10 Marks)

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

meaning. (08 Marks)

&
Module-2
Explain the different mathematical behavior of CFD equation that-eflects different physied
behavior of flow. Given an-example for each case. P (08 Marks)
Describe the external features of hyperbolie equation and explam its impact on physical
behavior of CFD problems. Wy (08 Marks)

OR :
Consider the irrigational two dimensional, inviscid steady flow of a compressible gas. If the
m the freestream 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

the systems. Find the roots of equations involved in such
‘ (08 Marks)

flow field is only slight perturbed fro

energy equation can be reduced to
kind of flow problem using Cramer’s rui]e;%t:
Explain the following with relevant sketches !
i) Parabolised viscous flow

i) Unsteady in viscous flow. (08 Marks)

Module-3
With the help of relevant sketch explain the elliptic grid generation. (08 Marks)
(08 Marks)

Define grid quality. List the measures of quality and explain in detail.

OR - S
List the advantages and disadvantages of structured and unstructured grids. Explalg) ;anF!:fj-
- } arxs

if) Meshless grids. (08 Marks)

Write short notes on : 1) Adaptive grids
1-of2
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Module-4 / Ty
7 a. Demonstrate the explicit and implicit approach dﬁsolvmg CFD problems. List their
advantages and disadvantages. (08 Marks)

b. For an inviscid, 1nc0mpre351ble two- dimerkm 1rr0tat|ona1 flow in a Cartesian space
explain the steps involving in numerical Qp‘&lg by relaxation technique with suitable

expressions. A (08 Marks)
% D

. OR

8 a  Explain numerical and artificial v cosity with suitable exP!'@ssmns (08 Marks)
b.  With suitable expressions, demonstrate the transfonnatx,t%gm@ overning partial differential
equations from physical do to computational domam w (08 Marks)

'

‘S‘V Module-5 6_)\'”
9 a  Write short notes%‘:.‘:1
1) Cell—centee& ique %

1) Cell-vertex technique. %
b. With su1ta@‘e expression explain exphc

LY c;’s

0 Descnbe the following finite vglume tech.mques
1) Flux vector spllttmg
i1) Spatial d1scrmzatxom

®.

(10 Marks)
(06 Marks)

e stepping sc¢
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Question Bank

P | | Jai Sri Gurudev | |

m Sri Adichunchanagiri Shikshana Trust
e~ SJCINSTITUTE OF TECHNOLOGY

Estd: 1986 Chickballapur — 562 101

Department of Aeronautical Engineering

QUESTION BANK

L S‘LBJ!‘(IH”I '(()Ml’l T \[I()f\ AL lllll) I)\'\\\II(H
S'l.BJF(f?]’Pf'ﬁh_nrﬁ%(()R[ SERECTIVE . T ]
S( BJECT (()DL—_MD ¥ ql'f_\l .82 7 7 | | S -
ACADEMIC YEAR ' "(;ZI_"Z(()I)];;T\II STER) ] li-_\'l;'-li - ._-___.Tm_;(l;’ -

-‘ SCHEME o TERE ] CBCS scheme (Elfective !nnn_ﬂu academic vear le_l-'ﬁ -2010) o
SEMESTER  |wvm | ’ _

I
e | SRR L

Prof. Deepa M S

;. FACULTY NAME and
| DESIGNATION

Unu’uh’
—_— B B~ -
‘ ,E')( ) i Questions B"TZ’ 5 | cos
| l \pldl[l the different mmpulu architectures used in CFD. E xplain the

P unpmmmc of CFD in modern study and the solution of problems in Fluid L2 COl

1 \1\.&,]_1@!\.5 B

> | With the help of a neat sketch explain the method of solving flow field 12 CO|

) | over a super sonic blunt-nosed body U )

3 \ With the hdp of neat sketches explain the different models of the flow. L2 Col
| 4 | Der I\L_JH-C\})IL\\IUI'I for Substantial Derivative with usual notations -3 COl
- 5 T DUI\L—;lﬁ_&\iﬁlt.\\lnn for Time Rate of change following - a movi nu fluid L3 col
' J;.ngnl o - e :
| 6 " Explain  the models of the flows to obtain Conservation and 12 COl

| Non- conservation form of L quations
b T[)cm > an t.\pu_ssiun for Divergence of V elocity with usual notations L3 COl
‘S_—* With the help of a Teat sketch explain “the models of Finite Control o COl
- Volume.
| Derive the Momentum E Lllldll(m considering an n infinitesimally small fluid |

9 clement moving with the flow, for unsteady. three-dimensional, L3 Col
‘ _compressible ar and viscous flow with usual notations
5 TL Derive the Energy lqualmn unmdumu an ll'lllhlh,%ll'l‘ld”\f small fluid L3 col
| | element moving w ith the flow. with usual n notations

Page | 1
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. & //
Question Bank

L —
_— -._—-_H_'“_—_———_
Module -2 ;
Bloom’s
e Questions L1 COs
No. .
I | Explain the classification of Quasi-Linear Partial Differential Equations 2 CE_J
2 Apply Eigen Value method to a Quasi-linear partial differential equation ‘ L3 co? |
for the mathematical classification as elliptic, parabolic and hyperbolic. 3 o
3 Apply Cramer Rule to 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 co? |
reflects different physical behavior of flow: give an example in each case. - - J,l
5 Assuming a system of quasi-linear equations, with the help of a 5 |
characteristic curve at a point p(x.y). classify the ditferent types of PDE’s | L3 coz2 |
stating example for each type. | |
6 Determine the type of PDE for the following equation: J (
| L | cO2 |
Also ifa variable d is introduced such that u = and v = | |
Determine the nature of PDE.
7 Descri_be the essential features of hyperbolic equation impact on physical L3 cO2
behavior of CFD problems.
8 Explain the following with relevant sketches :
1) Steady Inviscid Supersonic Flow £3v.01 :
i) Unsteady Inviscid Flow o :
9 Describe the essential features of parabolic equation impact on physical |
behavior of CFD problems. '
10| Explain the following with relevant sketches
i) Steady Boundary Layer Flows
ii)  Parabolized Viscous Flow
iii) Unsteady Thermal Conduction _
It | For the one dimensional unsteady thermal conduction through
semi-infinite fluid. write the governing equation. boundary conditions a
plot the typical solution characteristics.
12| Consider the irrotational, 2-D steady flow of a compressible gas.

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

Module -3

Nao.

Bloom's

uestions COs
Q L

Define grid generation and describe the importance of boundary fitted L2 CcO3
co-ordinate system in CFD.

With the help of relevant sketches explain boundary fitted co-ordinate 12 CO3
system

Explain the boundary fitted coordinate system for the divergent duct. L2 CO3

List the features of Structured grids? Explain the different methods of L2 cO3
structured grid generation with suitable sketches. B

Explain the following with relevant sketches
i) Algebraic Methods
i) Differential Equation Technique or Numerical Method

{2 CO3

List the features of Unstructured grids? Explain the different methods of L2 CO3
unstructured grid generation with suitable sketches.

Explain the following with relevant sketches
i) Point Insertion Schemes or Delaunay-Voronoi Diagram
i)  Advancing Front Methods

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

Discuss the following
i) Striving for quality
ii)  Grid design guidelines and total cell count

With the help of relevant sketches explain the adaptive grid ger

Differentiate Structured and Unstructured Adaptive grids with
sketches.

List the essential properties of grids

Explain the importance of various coordinate systems in grid g

Consider a Trapezoid iﬁ;.y) plane as shown in fig. Genel
corresponding to (&) coordinates at 0.2 units apart. Take :
Trapezoid as A(0.0). B(20.0). €(20.10) and D(0.5)
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Question Bank

SICIT —
Module -4 1
o Bloom’s !
oy ! Questions £ COs |
= —
l' I ’ Summarize the essence of discretization in CFD L2 CO4
[ 2. | Derive the Taylor Series approach for the construction of finite L3 C?
[ Difference Equation . |
(3. [ With the help of neat grids explain the graphical concept of finite | L3 CO4
L difference modules and list the pros and cons of higher order accuracy '1
f 4. | Hlustrate a portion of a boundary and explain what happens at the L3 Co4
| boundary. Also describe the reflection boundary conditions ) :
‘ 3. | Derive a difference equation for an ‘unsteady one dimensional heat | 5 CO4
conduction equation with thermal diffusivity with usual notations. ? = _J
r 6. | Demonstrate the Explicit and Implicit approaches of solving CFD. List | . CO4
| their advantages and disadvantages s Lo 5
! 7. Explain the different types of errors involved in solving finite difference CO4
cquations and summarize the stability analysis ' L&
! 8. | Consider the viscous flow of air over a flat plate. At a given station in the
flow direction. the variation of the flow velocity u in the direction
! perpendicular to the plate (the y direction) is given by the expression u = |
‘ 1582(1-¢™"") where L is the characteristics length — 0.0988 m
' The units of u is m/s. the viscosity co-efficient 1= 1.7894 x 107> ¥
' the above equation is used to provide the values of u at discrete grid
' equally spaced in the y-direction
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 nature
obtained from a numerical finite-difference solution of the flow
Using these discrete values calculate the shear stress at t
three different ways namely

i) First order one-sided difference

ii)  Second order one-sided difference

iii) Third order one-sided difference
Finally compare these calculated finite-difference results
value of T, as specified by the equation above

g, |If = f(x.y). solve the flow domain using FV\

considering a 3x2 unit square mesh as shown in F
boundary values are ul, u2, u3, u6, us. u9. ul2 =0
ull =18, f5 =8, 18 = 20. Obtain the values of u5 anc
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SICIT

Question Bank

Module -5

Bloom’s

Questions COy
LL

With the help of neat grids and equations explain
i) Relaxation Technique
i) Alternating Direct Implicit (ADI) Method
iii) Successive Over relaxation and Under Relaxation L3 COs5
iv) Second Order Lax-Wendorff Method
v)  Mid-Point Leap Frog Method
vi) Upwind Scheme

t2

With the help of relevant sketches illustrate Numerical Dissipation. L2 COs
Numerical Diffusion and Numerical and Artificial Viscosity : |

(%]

Explain  Lax-Wendroff technique for Time marching ( VTU,
2009-2010 — 12 Marks)

What is Upwind Scheme? Explain in brief ( VTU. Dec 2009-
Marks)

What is alternating Director Implicit (ADI) technique? Explail’t(
Dec 2010 — 10 Marks) ;

What is successive over-relaxation and under-relaxation
( VTU, June/July 2011 — 8 Marks)

For a 2D. unsteady heat conduction in a Cartesian space exp
steps involved in numerical solving by DI technique with
expressions

Derive the expression for amplification factor and stability
for a numerical solution using Lax-Wendroff technique
equation with one-step scheme.

Write short notes on:
i) Time and space marching in CFD
ii)  Various general schemes of solution of PDEs numeri
iii) Upwind schemes in CFD (VTU, Dec 2011 — 20 Mz

Note:

[. Questions shall be framed by consolidating comprehensively fi

l‘~J

LoJ

- Questions shall follow all the Bloom's learning levels with aj
action verbs
. There shall be a total of 50 questions consndermglO question
module, of which, 3 questions each at L1 and L2, 2 questions
question each at L4 and L5/L6. e
. Ensure the coverage of all Cos.

Exercise problems of text books' references
Previous year question VTU exam Question paper. (Mark |
question) e
Questions by Experts during Interview/Academic Audit e
Internet sources/ other Universities examination question p. ‘
Own / experience.

Gate questions mentioning the year.
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Assignment

| | Jai Sri Gurudev | |
Sri Adichunchanagiri Shikshana Trust ®

SJC INSTITUTE OF TECHNOLOGY

Estd986 Chickballapur — 562 101

Department of Aeronautical Engineering
ASSIGNMENT

SUBJECT TITLE COMPUTATIONAL FLUID DYNAMICS
SUBJECT TYPE CORE /ELECHVE
SUBJECT CODE 17ALE82
ACADEMIC YEAR 2021-22 ((-)DD SEMESTER) BATCH . 2018-2022
SCHEME CBCS scheme (Effective from the academic vear 2016 s ;
SEMESTER Vit e
;}gﬁ;jgggE i Prof. Deepa M S
Module -1 TO Module-3
0. Questions
No. MINI PROJECT TOPICS

Modelling of 2-D ]I‘lLompl"EbSlblE and Invnscnd ﬂow over Cam

Subsonic Mach number usmg ANSYS Workbench

!“J

Modelling of 2-D Incompressible and I[nviscid flow over Cambered
(NACA 2415) and plotting of pressure distribution and velocity vectol
Supersonic Mach number using ANSYS Workbench

(V5]

Modelling of 2-D Incompressible and Inviscid flow over Flat Plate of thicl
mm and 10 em long and plotting of pressure distribution and velocity vect
Subsonic Mach number using ANSYS Workbench

Modelling of 2-D Incompressible and Inviscid flow over Flat P
mm and 10 cm long and plotting of pressure distribution and vs
Supersonic Mach number

Modelling of 2-D Incompressible and Inviscid Now over Sy
(NACA 0015) and plotting ol pressure distribution and ve}omty' B
Subsonic Mach number

Modelling of 2-D Incompress‘ible and Inviscid flow over a lei
diameter and plotting of pressure distribution and velﬂmty vecl
Mach number

Modelling of 2-D Incompressible and Inviscid flow
and height 8.5 cm  and plotting of pressure distribution
Subsonic Mach number

Modelling of 2-D Incompressible and Inviscid flow |
(NACA 0015) and plotting of pressure distribution and
Subsonic Mach number
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Assignment

SICHT S —.
_ . of sides 10.5 | COJ. |
e T P woid Now over a wedge of sides | e i
Modelling of 2-D) Incompressible ftm'l llW!‘:U!fl u-i‘l‘muti‘un and veloclty vectors for 1S & L6 cos |
9. | and height 8.5 cm and plotting of pressure dis | . ' 15
Subsonic Mach number 0 cm | | CcO]
Modelling of 2-D Incompressible and Inviscid flow over i t‘)'l!lllhzl"ns! 1:1::1?;" L8 & L6 Ol |
10.| diameter and plotting of pressure distribution and velocity vectors for Sub: 08
Mach number
Sant ~ Module -2
0. T Questions -  Blooms | COs
No. N T S
[ Determine the type of PDE for the following equation:
1.4 CO2
Also if a variable @ is introduced such that u = and v =
Determine the nature of PDE, e
Consider the irrotational, 2-D steady Mow of a compressible gas, The
flow field is slightly perturbed from free stream like flow over a thin 4 €O2
profile. Find the roots of cquations involved in such kind of flow | = |
problem, using Eigen method. L i
R Module -3
o —Gieesiions
No. S B
1 Consider a Trapezoid in (x.y) plane as shown in fig. Generate
corresponding to (&) coordinates at 0.2 units apart. Take four
Trapezoid as A(0.0), B(20.0). C(20.10) and >(0,5)
Module -4
0. Questions
No. L
I | Consider the viscous flow of air over a flat plate. A
flow direction, the variation of the flow ve
perpendicular to the plate (the v direction) is k
1582(1-e™") where L is the characteristics length -
The units of u is m/s. the viscosity co-efficient p =

e

he above equation is used to provide the valugs u
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SICHT Lesson Plan

1| Jai 5ri Gurudev | |
Sri Adichunchanagir: Shikshana Trust ©

SJC INSTITUTE OF TECHNOLOGY

Chickballapur — 562 101

Estd: 1986

Department of Aeronautical Engineering

LESSO PLAN

SUBJECTTITLE - ,(mm I\I‘I(J\AI H L:!i_)g\_f_ri‘@&llcs
 SUBJECT TYPE (g_J_R& TELECTIVE i vl eSin, S
SUBJECT CODE L I8AET2 ) ‘,’ U e
ACADEMIC YEAR | 2021-22 (ODD SEMESTER) BM'CH \
 SCHEME | CBCS scheme (Effective from the acadmic
SEMESTER & SECTION _ yu o e

A MARKS _ B L | EXAM MARKS

 NUMBER OF LECTURE 3 r-o Ni

 HOURYWEEK b adodl ,___ ‘RE I

- T } NO. OF ﬂﬂ
FACULTY NAME Prof. Deepa ¥ 5 HANDLED

( ObR‘sL LEARNING OBJ'!:( TIVES: Ihis C UJISL‘ Wl” enable sludents 1o '-«-:-,;.&;?.; -
1. Know the basic eqpations of fluid dynamics. boundary layer and dise

—_— e

2. ancrstand the source and vortex panel méihod gt

3 [\nm\ about | l)\! FVYM md FEM ST

Loursc Outcomes- At the end of th c ;um sludgrls aru ablu 10

TCOI | Describe the basics of CF . its governing ¢ Juations of various ow modglir
torm. (L3) =

U):,ﬁ Compare 1 the ph\ sIL: of Ii ¢ Ilu' with H\L nmthun.nu.ul hbthlOf ol pa

' CO3.  Identify and compute the suitable grid generation and transforn alis ch
4 Ll

(04 Hiustrate the [hc tundammlals Jl dmml:u!lnn m FVM I DM and FEM
‘ L(JS Inlurprul dtlh.rt.nl S¢ !utns.\ and their stubi ! Iy in mnpli* (F[) applic:

CO-PO MATRIX R84
ol N e T T
OUTeom &m[lnz PO ||-m FOS [POG(POT [FOS [PFO) 110
s "y
Nole: — a0 _
ot B W T A 2 |2 L
—_——— ¢ l . Jro i i A S
“s CO2 3 | 3 3 i R . e .Q:“: e ”k
el T T e
03 3| 2 i ! - RS
. - . } e ad s
|
2 o s 7 RO (D T A S S S i g 8 e
—_— e —— $o—— ] I} . -k - —p -
Cos 33320 ] < SN
e T el -t
Justification of CO-PO mapping 3 o L

- Assighments from NPEEL n the Jonm of guiz and Problems wllI W~
= A Mini Projeet covering all the COs and 508 will be given s ient
v 4

st
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' AL dKI GURUDEYVY]|
‘ S.J.C. INSTITUTE OF TECHNOLOGY
Dl-.PARTMEN'I’ OF AERONAUTICAL ENGG.,

COMPUTATIONAL FLUID DYNAMICS - 18AE72
QUESTION BANK -1

| U Questions } CcO | Levels j
e | MODULE I i1
L‘___l____q Explain the different computer architectures used in CFD COl1 L2 |
i 2, Explain the importance of CFD in modern study and the solution L2
| . e . COl1 ,
— of problems in Fluid Mechanies _ ' |
| 3. With the help of a neat sketch explain the method of solving flow L2 |
" : CoOl
field over a supersonic blunt-nosed body
4. Describe the CFD ideas to understand and its application COl L2 |
s. With the help of neat sketches explain the different models of the o1 L2 T
flow.
6. Dem"e an expression for Substantial Derivative with usual Ccol1 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 Conservation and Non-
Sy . Co1 L2
conservation form of Equations
9. Demfe an expression for Divergence of Velocity with usual CO1 L3
notations
10. | With the help of a neat sketch explain the models of Finite
' CO1 L2
Control Volume.
11. | Withthe help of a neat sketch explain the models of Infinitesimal
! : CO1 L2
1 Fluid Element
| 12. | Explain the physical significance of Divergence of Velocity and
: o : ; CO1 L3
- derive an expression for the same with usual notations.
| 13. | Derive Continuity Equation considering a model of the finite
I - : . CO1 L3
| control volume fixed in space with usual notations
14. | Explain the method Shock fitting in CFD COl1 L2
15. | Derive Continuity Equation considering a model of the finite CO1 L3
i 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 CoOl1 L3
18. [:xplam -the differences between Integral and Differential forms Co1 L2
o 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 CO1 L2
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kT

Derive the Momentum Equation_a;ﬁ;ldcﬁil‘g_ a}i"in_f'm‘;té;iﬁu{l-lfyf.‘r
small fluid element moving with the flow, for unsteady, three- |

: cor L3
. dimensional, compressible and viscous flow withusual notations | | Jr
22. | Listdown the comments done on the different types ufgovcrnfn} { : [
| Cquations and explain. . g, T - |
23. | Derive the Energy Equation considering an infinitesimally smallT N ('O'l | L3
o fluid element moving with the flow, with usual notations | ‘ | |
24. | Explain the different forms of the governing equations | Col [ 12 .
- particularly suited for CFD work. | |
MODULE II '
25. | Explain the classification of Quasi-Linear Partial Differential | N [ T
Equations = | Co2 d |
26. | Apply Eigen Value method to a Quasi-linear partial differential ] |
equation for the mathematical classification as elliptic, parabolic CcO2 L3 f
and hyperbolic, J' '
27. | Apply Cramer Rule to a Quasi-linear partial differential equation [ ]
for the mathematical classification as elliptic, parabolic and cO2 L3 lr
hyperbolic. |
28. | Explain the different mathematical behavior of CFD equations ol
that reflects different physical behavior of flow; give an example CcO2 L2
in each 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. | Determine the type of PDE f%the following equation:
u v - Uy
w T PO "‘FH{-":,';;C‘O co2 L4
Also if a variablt @ is introduced stich that u ﬁand v =’Q¢ |
| Determine the nature of PDE, oM BY
31. | Describe the essential features of hyperbolic equation impact o CO2 L3
physical behavior of CFD problems.
32. | Explain the following with relevant sketches
1) Steady Inviscid Supersonic Flow co2 L2
1) Unsteady Inviscid Flow
33. | Describe the essential features of parabolic equation impact on Cco2 L3
physical behavior of CFD problems.
34. | Explain the following with relevant sketches
1) Steady Boundary Layer Flows
i) Parabolized Viscous Flow ol .
iii) 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 1s slight]y perturbed from free stream lik_c flow CO2 L4
over a thin profile. Find the roots of equations involved in such
kind of flow problem, using Eigen method.

yx il‘w

perond
wie of Technology
C. sy 404
sé H\G“B"M ;
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Duration: 90 minutes

Max Marks: 50+10(MCQs)
Date: 25.11.2021 Time: 2:00 to 3:3&13_{1\1 e
| Blooms
Question . Marks | CO Level
Number | - —
‘ PART A L
" ' a) Explain the different computer architectures used in CFD 5 Col1 L2 |
l l \ |
| b) Describe the method of Shock Capturing in CFD S CO1 Lz |
. OR L
. F a) With the help of neat sketches explain the different models of the flow. 5 CO1 2 = |
| gl
| b) Describe the physical boundary conditions used in CFD 5 COl1 L2 |
‘ X | Develop Continuity Equation considering a model of the finite control volume ’
4 | fixed in space with usual notations 19 cot L3 “
]
i OR |
, ' Considering an infinitesimally small fluid element moving with the flow, for '
. g g
! 4 | unsteady, - three-dimensional, compressible and viscous flow with usual 10 Co1 L3
i‘ | notations arrive at the Momentum Equation ,
| 5 [ Derive an expression for Substantial Derivative with usual notations 10 Co1 ks L |
[ , T T s BN - OR
K . - . = n . I
6 | Explain the physical meaning for Divergence of Velocity and derive an 10 CO1 L3 *\
| _expression with usual notations.
; & | Apply Cramer’s Rule to a Quasi-linear partial differential equation for the ;3
| | mathematical classification as elliptic, parabolic and hyperbolic. 10 co2 L3 |
{ [ — > _1
" R e B f. OR E
~‘ JT Describe the essential features of hyperbolic equation impact on physical ¥
E 8. | behavior of CFD problems, 10 Co2 L3
‘ ' ’ lllgstratc the following with relevant sketches
9 | 1) Steady Boundary Layer Flows 10 C02 L2
' 2 1 i) Parabolized Viscous Flow
; e i OR *
| ExPIajrl the following with relevant sketches ]
[ 10 ) Steady Inviscid Supersonic Flow 10 co2 L2
e —L__ii) Unsteady Inviscid Flow
[___7_____‘ i PABLB - MULTIPLE CHOICE QUESTIONS
. | CFD is the third approach for fluid flow analysis. What are the other two
| approaches?
L. |a) Tl)&()l'eFical and eXperimental  b) Physical and Mathematical I €Ol L
I. ¢) Numerical and CXperimental () Experimental and physical
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| CFD carries out experiments. | ] o ’
) a) Observational b) Analytical | _ ]
"~ | ¢)Field d) Numerical |

064Form#02a - Rev, No. 02 b?
@ SJCIT Page: 2/2 S

|

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

I

|

' 1
' b) High speed with high temperature .
' ¢) Supersonic Mach number d) High temperatures 1

| What is the advantage of numerical methods over analytical method?
a) Speed b) Cost
| ¢) Flexibility d) Time

| 'Which of these plots are irrelevant to CFD post-processing?
5 | ) Contour plots b) Vector plots
| ¢) xy plots d) Bar plots

6. a) Partial differential equation b) Integral equation

|
An equation modelled using infinitesimally small element leads to l‘
¢) Differential equation d) Linear differential equation

1 | CO2 Ll

- What are the two major types of boundary conditions?
s | &) Wall and symmetry b) Inlet and outlet

_ 1 Cco2
¢) Dirichlet and Neumann  d) Initial and physical

Which of these is not a type of flows based on their mathematical behavior?
N a) Circular b) Elliptic
¢) Parabolic d) Hyperbolic

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

@)

o

rd
I____ —

35

| a) 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
10 ‘ b) Cramer:s method and Eulerian' method 1 co2 L1
| ¢) Cramer’s method and Lagrangian Method

‘1 d) Cramer’s method and Eigenvalue method .
|

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

co.; | 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)

C0-2 | Compare the physics of the flow with the mathematical behavior of partial differential equations, (L.3)

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)

| Interpret different schemes and their stability in simple CFD applications. (L4)
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S.J.C.INSTITUTE OF TECHNOLOGY
DEPARTMENT OF AERONAUTICAL ENGG.
FOR THE ACADEMIC YEAR 2021- 22

COMPUTATIONAL FLUID DYNAMICS - I15AET2
TUTORIALS 11

| SLNo. | S QuesTions ) | co | Levels
MODULE I ‘

—
|
| Define | grid generation and describe the importance of boundary
B com hmd co-ordinate system in CFD, oA Rl
_ T W:jth lthr. help of relevant sketches explain boundary fitted co- CO3 12
: ordinate system '
— L —
|3 l 2\ ith the help of relevant sketches explain Elliptic Grid | o3 L2
| 7" | Generation )
l‘ 4 Lli\plam the boundary fitted coordinate system for the divergent CO3 L2 i
I uct
S. | Describe elliptic grid generation with suitable example CO3 L2
J List the features of Structured grids? Explain the different
[ 6. methods of structured grid generation with suitable sketches. i 1t
| | Explain the following with relevant sketches
l 7. | i) Algebraic Methods CcO3 L2
- j i) Differential Equation Technique or Numerical Method
l P | List the features of Unstructured grids? Explain the different o3
# | methods of unstructured grid generation with suitable sketches. % 2
; | Explain the following with relevant sketches
9. ! i) Point Insertion Schemes or Delaunay-Voronoi Diagram Cco3 L2
JJ ii) Advancing Front Methods
10. List the differences between structured and unstructured grids CO3 L2

‘![ f Discuss the need of grid generation of grid generation in CFD
| ' and summarize the following methods of grid generation.

11. J' 1) Surface Grid Generation CO3 L2
J r i) Multi Block Grid Generation
o PO 1i1) Meshless Methods

-‘ Define Mesh/Grid Quality and explain in detail the different Cco3 L2

|
1 12'___ [ measures of grid quality
, T Discuss the following
{ 1 A Striving for quality CcOo3 L2
‘ | i) Grid design guidelines and total cell count
Tra s | With the help of relevant sketches explain the adaptive grid COB T
L__ hai | generation.
| Differentiate Structured and Unstructured Adaptive grids with

|
s ?5' J suitable sketches. co3 L2
|16 | List the essential properties of grids CO3 L2
[ 17 " Expla'in‘ the importance of various coordinate systems in grid CO3 L2

generation

Consider a Trapezoid in (x,y) plane as shown in fig. Generate a
l 18 mesh corresponding to (£,1) coordinates at 0.2 units apart. Take co3 Kl
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777‘_1"0?“ ﬁit—b—'& Trapezoid as A(0,0), B(20,0), ((20,10) and
' D(0.5)
&
)
I 10
<
o
L
| N e — —>
MODULE IV
1. Summarize the essence of discretization in CFD CO4 L2
5 Drterive the Taylonr 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 CcO4 L3
order accuracy
4 Ilustrate 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.
6 Demonstrate the Explicit and Implicit approaches of solving CO4 L3
' CFD. List their advantages and disadvantages '
i J9or
&721] }M Deparfrr,qn} a«t‘,UOR & HEAD
S e Ut Aaranautical Enginaering

.G Institute of .
- Hsiiuie of Tachnade
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S.J.C. Institute of Technology
Department of Aeronautical Engineering
Continuous Internal Evaluation: [
Semester: VII
Subject Name & Code: COMPUTATIONAL FLUID DYNAMICS - 18AE72

. Instructions
Duration: 90 minutes

Max Marks: 50+-10(MCOs
Date: 27.12.2021

Time: 2:00 to 3:30 PM
Answer ALL THE QUESTIONS

| Question Marks  CO Levels
Number PAQ(F A |

a) Explain the boundary fitted coordinate system for the |

divergent duct. P AR PR e
1 b) List the features of structured grids? Describe the different 5
methods of structured grid generation with suitable |

5 co3 L3
sketches. I
OR
a) Discuss the need of grid generation of grid generation in | ’ '
CFD and summarize the Surface Grid Generation et e

% b) List the features of Unstructured grids? Explain the
different methods of unstructured grid generation with

5 Cco3 13
suitable sketches.
a) Define Mesh/Grid Quality and explain in detail the ‘
different measures of grid quality 5 | cos L2

4 b) Consider a Trapezoid in (x.,y) plane as shown in fig. ’
1 Generate a mesh corresponding to (£,n) coordinates at 0.2

units apart. Take four points of Trapezoid as A(0,0), B(20,0), | 3
(C(20,10) and D(0.5)

CcO3 L4

OR

a) List the essential properties of grids and explain .
b) Consider a Trapezoid in (x.y) plane as shown in fig. 5 co3 v
4 Generate a mesh corresponding to (£.n) coordinates at 0.3 !

units apart. Take four points of Trapezoid as A(0.0), B(30.,0). 5 cos | L4
C(30,15) and D(0,5)
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[ TDiscuss the need of grid gene ino methods of grid |

| 'CFD and summarize the following 10 co4 |

I , a

| " : ,

: generation. ' . i
} i) Multi Block Grid Generation PR TN WSS

| | iii) Meshless Methods

OR

i ing with relevant sketches
Explain the following with re o
i) Point Insertion Schemes or Delaunay-Voronol Diagram
, ii) Advancing Front Methods . — =3
B I"'With the help of neat grids explain the graphical concep

; CO4
( 7 finite difference modules and list the pros and cons of higher 10 de———j
| | order accuracy ‘
[ OR )
[ [llustrate a portion of a boundary and explain what happens g » }
8 at the boundary. Also describe the reflection boundary 10 co
conditions : |
Derive the Taylor Series approach for the construction of i sits i1
9 ‘f finite Difference Equation I
OR
'Derive a difference equation for an unsteady one
10 dimensional heat conduction equation with thermal {o CoH L3
| diffusivity with usual notations.

PART B - MULTIPLE CHOICE QUESTIONS

i 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
Foundar_y 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 1
¢) Discrete cells d) Exponential equations

CO4 L1

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

Discretization of the governing equations result in

a) Integral equations b) Quasi-linear ial di i i
aral partial differential equations
| ©) Partial differential equations d) Algebraic equations : l H: 7
What is I!]e main c.iisadvantage of explicit schemes in a time-dependent problem?
Sk Marchlpg solution b) Simultaneous equations 1 CO4 L1
&) Small time-step size d) Small grid size
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- What is advantageous in implicit schemes?

a) Error b) Consistency
| ¢) Convergence _d) Stability e 2.
| Adaptive grids change automatically based on - S
‘a) flow field gradients b) time rate of change of the flow properties
¢) grid gradients d) time rate of change of the grid points

a) Stretched grids b) Adaptive grids
¢) Boundary-fitted grids d) Elliptic grids

o

|
’ Which type of grids is the best for flow over an airfoil?
I

———e

b

If the domain and equations are not discretized, which of these will become truc?
_a) Numerical solution cannot be obtained

b) Analytical solution cannot be obtained

¢) Initial conditions cannot be applied

d) Mathematical model cannot be obtained

=
w2
SJCIT O6HForm#02a - Rev, No, 02

1 | CO4

I | CO3

o | b) the boundary elements

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

¢) the neighbouring elements
d) the eastern and western elements

1 CO4

L1

COURSE OUTCOMES:

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

CO-1 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)
co. | 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

given problem. (14)

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

CO-5 | Interpret different schemes and their stability in simple CFD applications. (L4)

Scanned by CamScanner



47
r 06H#Form#03 - Rev. No. 00
fee | u{ 10

DEPARTMENT: AERONAUTICAL ENGINEERING

ot
Scheme & Solutions- TEST- l/11/111

Semester: VI’

Date: Hha/km
Subject Title: (oyfufoforol Hlwd  Subject Code: |24ty

Question v Marks
Number Reu) Allocated
lay | ¥ Shuen o a’%y»fb .bauwwf it
lo-dmale dq»a/nbh;l i p‘lﬁmoj /a/(am
Ond Fﬂ»fm“al //‘Lo’.'i‘
L TS i 1 s
/ _ b -
)y = : ~
i ! I
U ek |1 o
chff:')tfn) n L? rtJ %",l., ‘(; 7/71 T
bohere ‘-/f = H{¥)
' 2 Yo (RIS 4 R :
iy L
T
‘fg = ji - c‘if(‘(} 5”- ‘g
7‘-{ &J(ha} 8
b) A?LW (91 Vedowm é*dﬁmo 0{ S 71@,,
~ [ Qi Aephpe s S
dotchion
~ G, J1b'rb7«( Jpace

L va P of Co~a/dmoi U, olo
hot Mza be "‘f"am‘j o Corarang  § 3
do ot Coou Oy g Omrer T

Scanned by CamScanner



;k_

| . 068FOrm303 - Rey s . . .
m' g o AN
Page 9 “{ ‘ n . a'

Subject Title: (O vfr-lo kool /’;-.',J (J‘jfo i, Subject Code: 124 a?&
Question Solution Marge ;
Number ll\lltaca“,_d

Neor  fhor 0 o Ve o The 1 \\
rjvﬁnl, ((,,,)m /JT"/\L, o fCJL,J
( |

Shuckund Py
¥ (hucborcd f‘jT rjrwwr, Coninds
O( {hre (ol nf‘H/; ol
Covflor U‘UJ abls  wutrog,
7 ehvatC  seatho
._D)mehﬁl oc?uaﬂah &d\m?%
Y I(becm vaftod,

doay | N TRe  arrengient @{ dueets /}owq

“\mu_szo-irL U:) {*‘W &3“‘16 ; v (alad a

(a'ﬁA- | QU "z ‘M"W"\’w) Phen Fd| —)-

o (alled (Jﬁn*a f@vwhm wWheh Mool
s B8 LT

Scanned by CamScanner



- ! © 06AFormi03 - Rev, No. 00
&

\ fr Subject Title: ( ﬂp/):t{(,{ﬂ)v« oA . /{11114 f)yt Cind Ly Subject Code: 17 A é?l
'] Question Solution Marks
Number

Allocated

~Tha rJ_wouMm. I On ool e [rerts

P ',/ r 'flhtuh Gy 0{ p}. -;]r')llf‘-/\r\lr(J (){.,bu ,07“@“6%
O\“" ((Ur‘-\ o (J'b( A

,\ ‘1 H ;,{ \}{

W furg 'FJm Qoedbe, i o b
Gomursy  Ap B OUnall e, s
Gy

""‘1r-

' Uou,d oU] dfuubt h @A d‘urbau ?ﬂ?
7:401,!@1' ( O(ﬂ—oaonqb{f/l Cuvotur JW)
Mefho 44 :r( (cmmwﬂ Jwbc.c_. 7,@; ;
Ay Natbrm( malod | (;fzta& 47%%% <
oo wiadlelopfn  pefroa

. | % Pupy vehaut ™ Py ha Jouuad o

- Whea Th
L b A OH“A’).
Moud W th b*ow bvua g Mtafa‘.a« -3
bayh'm_ ‘Ttw.\. hor- unrbvh T\Aq M PKY’M
‘g//;ou . Cayy ahv b i fuel kA 4 a fhuqh 0‘

y  Omhvelvad vid, b Aded o
1 "'ftﬁ(» %‘UU*/J% rﬂ?

Scanned by CamScanner



e h
88 o
a,"re

L
- Page A

G

Subject Title: 3
( ’“’*f:‘fﬁﬁ\'r\tf Subject Code: 3

/

/

S

QGHFOrmu0Y - Rev, No (4[]

min"

“ ¥

Question
Number

Solution

Marks

3 a

el Al Y2 oy Ceheyq
Ag"l\h‘\n(h‘\v F“rv Pt ”\‘(v’ )
D opapn ¢ ‘}fffnwi(nl ' f}ftkr\h]m )

o

i _'_3.
X

N {4

3 :#‘ e Jopn (el Counr Ao vohe del Mefh,
to b C_j{w Moy Alialy Joluhow | ,_,/@uau?

i 1L g Uve,  an obﬁn-d with A flee
o weth Al foud Higf aaienl

40 Cc-)bnm el reloveny ‘5"“’ feotury,

y th herh  adjouy 4y U wou [fhoud

be 6‘“ (-nouﬁ‘\ o eolwe TR bvw\ﬂm.y

o oo P ety Gt S
ba ;n%m/weaﬁ* s, A< /?nﬁ«yxa OLen
X T i

M T Maves | 81 QuaAUtEl e

— Sy raen

i g R
p L"‘f‘h‘a' /W(am 09’“}"4””%0’ }\(am 3 ’,__.S_W_ e

Allocated ‘

~ .

Scanned by CamScanner



AT
e 4 Q\{O

Subject Title:

06#Form#03 - Rev, No. 00

Subject Code:

uestion Solution Marks
dumber Allocated
’ J)jkwrfm th '“3“7 waqo qvfﬂm
ﬂ'(}ur $oto P
PR
A;T\ oq/m rof §uad - f{_ il
A SR
Le Jo, W oS5cl I
By et0 - H b
W2 hae nlHR)&
gL -
> /_1,
ha n(Hh)
- §+£}; o _(rrb.f{’\
PRy
'ﬁw, o $4 0,208 Ou .0 7
B ¢ :d,“
?(u!‘j VW 7 w Candn
Ry s 4L i
‘dci'ﬁ 4 v“: q\,rj(,le!fA)J k
£

Scanned by CamScanner



et 06#Forr ev. No. ¢ O
.(&Qﬁl SICIT RARI0 Rew . 6y 2\‘5\~:
e Page 6 l 0 Q?

g >
; _ Subject Code: F
Subject Title: CD;.fumﬁy\aJ HdA a,drawa) ’c?i\(f?
{
Question Solution Marks (,'g—e

Tumber Allocateqy |\,
1{ a)) Uinr 0{ Munkal Pa»/,,,.,u@)oﬁ (j»n,h \'\
e /D”‘ (7 Ofa il Casne
Inautanall ffo{::hﬁ»a Z'ma [ {Tow (ﬂwm?,z M ey
- q-n“d ?(M\O»HO—, 5 1 B /)WW (9(
b . lyaitad  Foramm st G .
o o ¥ bt I
?“‘”"‘Jﬁ U‘/:»\Jv J malle, fup,  domanm
e M k ﬁk‘f‘@ 7&&4 & FraMpv,._.fq
do o wa““ ;f:;uuwd regie IR
4 60”""]0“3 CAnd how, /)uovhe 2 Qe o+
k) | Atoo) . 6 (300) ¢ Lo, 1) ﬁ(o,sj | .
Le30 H':.(["l, M;:[{)#_

ld(n)f {“;,"L%ty §(k,71c X
g Coopat gl 22 E@ | 8L

() 2 Spn(B-9 . Ct10% TS CF R
(AR AU 30
. (_'r-

Scanned by CamScanner



06#Form#03 - Rev. No, 00

A

b} .

? age '*r {-‘l [n

R

3 Subject Title: (‘a,\,}wmo,un 7/644 _ovmw,, Subject Code: |2 {70

\

rQuestion Solution Marks |
Number Allocated

crunolen' !

Ca| 1 Ml block (J ok
N T Be withoa gna qeroken e /;prmx
dorar. N AMA4 vcﬁaﬁ)m Calli A Yy
uomiiin , skl ot 3%; e
f b -"’i I

Fonesakia o bty JShudurd  hup  werns

Than  Umhuctured 7"?*4
¢ Q)oll7 (. behern, the block ]

N -‘]'fr\uz o .
babuidna  bot doc (ettha o block ) %
Ivue
\p;ww,, TRy bleek § K
G\ i‘o“"" 5l W 553
hxlbuﬂﬁﬁ 0{ u"’ih“mg T%‘?A W [\7’7
Mrccl a i‘d{vd Ca

Wy Mashbo "‘“'““fl" oot pocden, o b |

MeAl fyee G
@cmnfl o rebpranecEEEE M-

ho e
el A CM
th wf"":‘;h \ ro ‘\\bqn»akm N/ 3 =
ok berweny - TR RS
Vrsge S chorns, a( D‘m.
\}O(Of:l dl”j_’fiv : 2
walbod,  we roabrdid 4D

~ L st -
})mﬁhw‘ Udf‘ bt Ore@nels  Eplie,
botd o dbutrd e dde SEEEEE

equaton W thar focine o\dw&}.

ey
Scanned by CamScanner




. O6HForm #03 - Rev. No. 00 L‘/ ,'hJ
XK .
18

..(:':Wé SICIT '
i '

Pae 8 @ [0
f Subject Code: /Ay Iy

Subject Title: (DMFMMM@Q Foa i i

Solution

Marks

Question Allocated

Number

(_ Onlt.'j i ‘ ~a .

24 bt cf(ﬂw

Scanned by CamScanner




ge ‘\i E’*f [0

s Subject Title: L"(‘M!Julr Koval 7[U‘t o '”Th" N Subject Code: /)L
ﬁQuestion Solution Marks
| Number Allocated
;p, n{ {,\l\_, ) Caa, n{ {}(\/J(_ ,JH r.,,vp,, ! /'_
. D
l\ ‘a (h‘ \ - u')'“l 4 0 4
3 Dtl ' : “l} }
4 5 Us' 7wy i
N "f e G .
s L Fij 1 r‘ad ~+ Yy
OJI ﬂyIMwM f\f]@/m
!"l"\'\ Us ° LT\"‘ b()li —+ (’U\'}c!)l U [).T:-:T £
ay o G4 blny) 4 ((7*‘)‘15’L ab Yz ch{
D U, t+ - l_‘_s Du & 5,*,&7 :
- J‘\“ﬂ 011 J,
) D \ . P L\U\ \ - duy AN -Ug
| By /! oy /| 20
2 -
wygl o Wt (2% Yy + 2= o] K ) Y all T
\d\ U\l (bxq L{d ( (_‘ ) L‘y ( 'Dh " /6
S ha - - )'-l -+ R, "u_g y L e o
(i) Bliate s ol
oM ' i _,,}-0 [0
iy { S o d
4 Uy ! ~ W O + ) L)y 2
1+ ) \ —3 ,_'
(Df‘* \ (\n; A y ) i
by T8 Huton) o ) 4 Do +
i 2\ s :
i D4 (04 4
5 ) A Py e -2
e &
Ty o 2hon o HEEEE
' l 01 ’Dh -
L t R — _# 5t 144 . — .z
AW S :_D,_) AL '
{ ™ )iy - Opt ff'] L
A iy Ak e
o R g

Scanned by CamScanner



g
i1
F 1 p
totml SICIT O6HFOrmi03 - Rey. iy
y vy
L

el ofo.
o M . . - . ’ .\ " 21 1 . 'y
2ubject Title: (I"",j“lﬂhr‘f'd ./{,(,dra Oﬁf'rw'“’) Subject Code: ?/{‘- £ y

Question Solution Marks

Number Allocateq 1

),

Uy g1, 1 — Wy
Jl_‘“‘) .Lj -t f}l}u

H, I}u

wtical -.-Acs.-:;r‘?(

Scanned by Car‘nScah\r;er



[JATSRI GURUDEV||
SJLCANSTITUTE OF TECHNOLOGY
DEPARTMENT OF AERONAUTICAL ENGG.
FOR THE ACADEMIC YEAR 2021- 22

COMPUTATIONAL FLUID DYNAMICS - 15AE72
TUTORIALS 111

| SLNo. [ Questions CO__ | Levels
Bl B e - ~ MODULE 1V : i
. 1. | Summarize lhp essence ul‘discrg(imtiun in CFD _ 7('()4_ | L2
i 5 ‘ Derive the Taylor Series approach for the construction of finite Co4 |
- . fies . " . L3
LSS _Difference Equation _ e , o e |
,‘ | With the help of neat grids explain the graphical concept of finite
| 3. j difference modules and list the pros and cons of higher order CO4 1.3
F—k‘#i““l_‘uric);%:?w. —_— e — ]
4 - Derive a difference equation for an unsteady one dimensional heat
% | conduction equation with thermal diffusivity with usual notations. CO4 | L3
s, Demonstrate the Explicit and Implicit approaches of solving CFD. List CO4 L3
L | their advanta ges and disad_\_'@mlages _ R
| Explain the different types of errors involved in solving finite CO4 12
L6 __ difference equations and summarize the stability analysis |
. Explain Time marching technique with relevant equations CO4 L2
.8 What is numerical dissipation and dispersion CO4 Lz
' With the help of neat grids and equations explain '
) Relaxation Technique
i ii) Alternating Direct Implicit (ADI) Method
' 9. . iii) Successive Over relaxation and Under Relaxation CO4 L3
' iv) Second Order Lax-Wendorff Method
V) Mid-Point Leap Frog Method
[ i vi) Upwind Scheme
I | Derive the expression for amplification factor and stability
- 10. | requirement for a numerical solution using Lax-Wendroff technique CO4 L3
o 4ysing 1D wave equation with one-step scheme.
T Derive the expression for amplification factor and stability
J' 11. requirement for a numerical solution using central differencing for CO4 L3
l 1D unsteady heat conduction equation with genera notations..
R . MODULE Vv
i 13. Describe the finite volume discretization method, CO4 L2
14 | Differentiate between the finite difference method and
| 4. | llirllil;rtglu‘:nc mlclhod. CO4 L2
f 15 Derive finite volumeupdate formula for 1D Tinear convective L3
* | equation using upwind scheme. CO4
16 Derive finite volume update formula for 1D unsteady heat Co4 L3
| conduction equation using centered scheme.
17 Explain upwind scheme in finite volume method. CO4 L2
| T 'h:ijiﬁlﬁiﬁ '15‘1li§ﬁ§{?{:'7.§ﬁ]iuing method. cod L2
Explain numerical viscosity, artificial dissipation and its mitigation
i method in finite volume discretization. CO4 L2
1 20 Differentiate ~ between the ~ cell center  finite volume CO4 L2
approach and cell vertex finite volume approach.
L G
P, PROF ESSOR&P e TN
T o of Aeronaufiea ERG S
'517}‘% ldl@\j\ Cepartment of B0 IO
SJ.C. ins‘dzu'z? f -Wﬁ'
CHICKBALLA: Lr-00& —
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NOTE: Only the following information’s to be given to the students

S.J.C. Institute of Technology
Department of Aeronautical Engineering
Continuous Internal Evaluation: 111
Semester: VII
Subject Name & Code: COMPUTATIONAL FLUID DYNAMICS — 18AE72

Instructions
Max Marks: 50

. Duration: 90 minutes
Date: 19.01.2022 Time: 2:00 to 3:30 PM
Answer ALL THE QUESTIONS

|

J ’
" Question | Marks | CO B;?;[; ;
Number |
f PART A
Explain the different types of errors involved in solving finite

|’ f | difference equations and summarize the stability analysis 10 | CO4 L2
L |

e OR

: J'

f 2 - With the help of neat grids and equations explain Relaxation Technique 10 CO4 L2
‘h 3 | Derive a difference equation for an unsteady one-dimensional heat

: : J’ conduction equation with thermal diffusivity with usual notations. L o h
|
e OR
J

' Derive the expression for amplification factor and stability requirement

;‘ for a numerical solution using Lax-Wendroff technique using 1D wave | 10 | CO4 | L3

4
J" equation with one-step scheme.
g | With the help of neat grids and cquations explain Mid-Point Leap Frog 10 CO4 L3
" | Method
OR

CO4 L3

Implicit (ADI) Method
Differentiate between the cell center finite volume approach and cell
10 CO5 L2

| vertex finite volume approach.

6 / With the help of neat grids and equations explain Alternating Direct | 19

| ik 'ﬁ”“*r—h*f SN

OR
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_a - T finite A ference method and finite volume
' Differentiate between the finite difference method and finite

| 10 | cos | |,
'~ method. | 1
' Describe numerical viscosity. artificial dissipation and its mitig: o Cos L
= ' method in finite volume discretization. | - ]
OR B - o B
N - - ‘, |
| ' l , . . ‘
| itti - —_ | CO5 | 12
10 | IHlustrate Flux vector splitting method with usual notations | 10 |
J

COURSE OUTCOMES:

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

—

f (.‘(i)_ - Describe the basics of CFD and paral

lel computing and explain the various flow ‘

[ _ﬂ‘mls-ftsg(\)\&&?minweua[ions of fluid motion in differential and integral form. (L3) J.

co.» | Compare the physics of the flow with the mathematical behavior of partial differential
| equations. (L3)

o | Identify and comp_mre the suitable
CO-3 | 77 ;
_given problem. (1.4)

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

' CO-5 | Interpret different s
S "

grid generation and transformation techniques for a

chemes and their stability in simple CFD applications. (L4)
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