
APL361 - Advanced fluid dynamics
Prateek Gupta

Department of Applied Mechanics, IIT Delhi

Overview lecture
July 25, 2025

prgupta@am.iitd.ac.in

Computational physics of flows and materials 1/15



Outline

Brief recap of APL106

APL361

Course policy and takehome

2023-2024 Semester 1

2024-2025 Semester 1

Computational physics of flows and materials Prateek Gupta overview Overview lecture July 25, 2025 2/15



APL106 : Lagrangian vs Eulerian
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APL106 : Reynolds Transport Theorem

flux of an intensive quantity ϕ : f = ρϕu
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APL106 : Governing equations

for Φ = m, ϕ = dΦ
dm = 1, we get continuity

equation

∂

∂t

∫
V

ρdV +

∮
S

ρu · n̂dS = 0.
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dm = 1, we get continuity

equation

∂
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for Φ = mu, ϕ = u, we get momentum equation
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∫
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for Φ = me, ϕ = e (total energy), we get the total
energy equation

dΦ
dt

=
∂
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∫
V
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∮
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∫
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∮
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∮
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q · n̂dS
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APL106 : Fluid Mechanics

Conservation laws (mass, momentum, energy)

Fluid kinematics

Integral analysis

Stokes flow 

Hydrostatics

Differential analysis

Dimensional analysis
Reynolds 

number

Flows with 

moderate 

Generalized Bernoulli's 

equation

Potential flow

Boundary layer theory

Compressible flows(1D)
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APL361 : Advanced fluid dynamics
Conservation laws (mass, momentum, energy)

Differential analysis

Stokes flow 

Dimensional analysis
Reynolds 

number
Potential flow

Boundary layer theory
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APL361 : Advanced fluid dynamics
Conservation laws (mass, momentum, energy)

Differential analysis
Solution techniques for PDEs, unsteady problems asymptotics

Analytical solutions
Lubrication theory
Hele-Shaw cell

Flow past a sphere
Lift on wings

Singular perturbation asmptotics
Stokes flow 

Dimensional analysis
Reynolds 

number
Potential flow

Boundary layer theory

Hydrodynamic stability

theoryTurbulence
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APL361 : Course policy and takehome
Assessment: Mid-term (30%), Major exam (30%), Best 5 (out of 7) quizzes (40%)
Tentative audit criterion - 30%
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APL361 : Course policy and takehome
Assessment: Mid-term (30%), Major exam (30%), Best 5 (out of 7) quizzes (40%)
Tentative audit criterion - 30%

By the end of the this course, hopefully,
you would know how to solve a few linear PDEs and how to reduce a few nonlinear PDEs into
nonlinear ODEs.
you would have some idea of how asymptotics work. Regular and singular perturbation
techniques will be used extensively in the course.
fluid dynamics will seem less daunting...
turbulence won’t give you nightmares...
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APL361 : 2023-2024 Semester 1

Eventually 2 students failed (after re-major).
Around 15% of the class was actually interested in the course material (that too only to a
limited extent).
Intermediate difficulty of exams (from my side). Quiz-1 was same as your APL106 quiz-1.
Avg scores: Quiz -1 (20.5/50), Quiz - 2(14/50), Midterm (20.4/140), Major (28/160)
Max scores: Quiz -1 (45/50), Quiz - 2 (29/50), Midterm (58/140), Major (90/160)

Computational physics of flows and materials Prateek Gupta overview Overview lecture July 25, 2025 11/15



APL361 : 2023-2024 Semester 1 - feedback

As usual, most of the feedback was “No
opinion”. Participants - 18/36
A few disliked long exams.
A few hated that I didn’t approve of their
career choices.
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APL361: 2024-2025 Semester 1

Eventually 1 student failed (after re-major).
Around 10% of the class was actually interested in the course material (that too only to a
limited extent). Thanks to our esteemed faculty reinforcing that SDE at “Microsoft” (and the
likes) is a core job for ECM batch, and then keeping advanced fluid mechanics as a core course!
Avg scores: Quiz -1 (15/40), Quiz - 2(9.8/40), Quiz - 3 (11.6/40), Quiz-4 (11.3/40), Quiz-5
(2.14/40), Quiz-6 (9.7/40), Quiz-7 (11.7/40) Midterm (29.9/120), Major (22/120)
Max scores: 29, 32.5, 36, 28.5, 20, 32, 30, 89, 70
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APL361: 2024-2025 Semester 1-feedback
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APL361: 2024-2025 Semester 1-feedback

Participants - 24/40
Majority said quizzes helped in continuous learning.
A few did not like that I was not human being enough!
Link to my blood report.....
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APL361 : learnings
“You can only take a horse to the water but you can’t make it drink”

My commitment is towards the subject and doing justice to the content, considering your
background knowledge.
I am not here to put my judgement of your personalities in writing. I would appreciate if you do
the same.
My personal opinions towards your career choices should matter as much as anyone else’s.
Afterall, it is your choice, and if it is an informed choice, it shouldn’t matter what others think.
Even if you are not particularly interested in the subject, it is your core course.
Feedback is the key to continuous improvement.

Index notation....
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