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K TME226 Group discussions at Zoom lectures

TME226 Lecture 1

1. Watch the on-line lecture Eulerian and Lagrangian Description at

http://www.tfd.chalmers.se/˜lada/MoF/flow viz.html

2. The first part (approx. the first 12 minutes) describes the difference between

Lagrangian and Eulerian points and velocities.

3. The formula
∂T

∂t
+vi

∂T

∂xi

is nicely explained in (after approx. 12 minutes) where

the example is the flow in a river

4. Read Sections 1.1 and 1.2 carefully.

Discussion • What is the main difference between the flow in Section 1.2 and in the

movie?

• Instead of the radioactive tracer in a river, give another example from real

life that describes the difference between the local time derivative, ∂φ/∂t
and the convective term, v1

∂φ
∂x1

(φ may be concentration, temperature, ve-

locity component . . . ).

http://www.tfd.chalmers.se/~lada/MoF/flow_viz.html
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TME226 Lecture 5

1. Go back and watch the on-line lecture Boundary layers (5:30 minutes into the

movie at

http://www.tfd.chalmers.se/˜lada/MoF/flow viz.html

i. Here they define the circulation in a boundary layer and connects it to the

vorticity in the area bounded by the line integral (cf. Eq. 1.24)

• How does τw evolve in the x1 direction? Compare with the flow in

Assignment 1.

• How does the lecturer compute circulation? How does it evolve in the

x1 direction? When doing the integration over a rectangle for comput-

ing the circulation, how large must the rectangle be?

• Consider the ideal vortex line in Section 4.4.5. Compute the circulation.

Is it zero or non-zero? You can also compute it using the vorticity see

Eq. 1.24. Is the vorticity zero or non-zero? (the flow is “ideal”, isn’t

it?)

http://www.tfd.chalmers.se/~lada/MoF/flow_viz.html
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TME226 Lecture 6

Watch the on-line lecture Turbulence (the first 22 minutes)

http://www.tfd.chalmers.se/˜lada/MoF/flow viz.html

1. vi = v̄i + v′i is always 3D and unsteady. What about v̄i? Is it always unsteady?

Always 3D?

2. The lecturer says turbulence is disorderer (some people call it chaotic). What

does he mean? Turbulence is governed by Navier-Stokes, isn’t it?

3. The movie shows laminar flow in a pipe. The viscosity is decreased, and the

pressure drop (i.e. the resistance, the drag, the loss) decreases. Why? The

viscosity is further decreased, and the pressure drop increases. Why?

4. Dye is introduced into the pipe. For laminar flow, the dye does not mix with the

water; in turbulent flow it does. When the mixing occurs, what happens with the

pressure drop?

Watch the on-line lecture Turbulence (10 minutes into the movie) at

http://www.tfd.chalmers.se/˜lada/MoF/flow viz.html

1. The lecturer shows the difference between a laminar and turbulent velocity pro-

file for pipe flow (cf. the figure at p. 292). Is the wall shear stress τw = µ
∂v̄1
∂x2

largest in laminar or turbulent flow?

2. What is the connection between mixing and the cross-stream (i.e. v′
2
) fluctua-

tions.

3. There is a connection between the increased pressure drop and increased mixing.

Why?

4. After 16 minutes, the flow in jets is consider. Two turbulent jet flows are shown,

one at low Reynolds number and one at high Reynolds number. They look very

similar in one way and very different in another way. Which scales are similar

and which are different?

5. The two turbulent jet flows have the same energy input and hence the same dissi-

pation. Use this fact to explain why the smallest scales (Kolmogorov) in the high

Reynolds number jet must be smaller that those in the low Reynolds number jet.

http://www.tfd.chalmers.se/~lada/MoF/flow_viz.html
http://www.tfd.chalmers.se/~lada/MoF/flow_viz.html
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TME226 Lecture 7

1. Look at Turbulent flow around a wing at You Tube

(a) Why do they trip the boundary layer? (what does “trip” mean?)

(b) At the trailing edge, you see a blue region. What does it show?

(c) Consider the upper and lower surface: where is the pressure high and low?

Where is the pressure lowest? Highest?

(d) If you compute circulation, what sign does is have?

(e) The boundary layer is thicker on the upper (suction) surface than on the

lower: why?

(f) What is von Kármán vortex shedding? Can you give an example where is

occurs near you? (everyday!)

2. Consider the RANS equations where you have two diffusion terms,
∂v̄i

∂xj∂xj

and −∂v′iv
′

j/∂xj . In the boundary layer, where are they large? They are both

forces/unit time: where in the boundary layer are they positive and negative?

What about the pressure gradient,
∂p̄

∂xi

?

3. Consider the two diffusion terms,
∂v̄i

∂xj∂xj

and −∂v′iv
′

j/∂xj . What about at the

wall? Is anyone zero? Why?

https://www.youtube.com/watch?v=hz7UjN_vYuw
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TME226 Lecture 8

Watch the on-line lecture Turbulence (20 minutes into the movie) at

http://www.tfd.chalmers.se/˜lada/MoF/flow viz.html

i. The movie says that there is a similarity of the small scales in a channel flow and

in a jet flow. What do they mean?

ii. What happens with the small scales when the Reynolds number is increased? What

happens with the large scales? Hence, how does the ratio of the large scales to the

small scales change when the Reynolds number increases (see Eq. 5.16)

iii. In decaying turbulence, which scales die first? The scenes of the clouds show this

in a nice way.

iv. Even though the Reynolds number may be large, there are a couple of physical

phenomena which may inhibit turbulence and keep the flow laminar: mention

three.

v. Consider the flow in the channel where the fluid on the top (red) and the bottom

(yellow) are separated by a horizontal partition. The two fluids are identical. Study

how the two fluids mix downstream of the partition. In the next example, the fluid

on the top is hot (yellow) and light, and the one at the bottom (dark blue) is cold

(heavy); how do the fluids mix downstream of the partition, better or worse than in

the previous example? This flow situation is called stable stratification. In the last

example, the situation is reversed: cold, heavy fluid (dark blue) is moving on top of

hot, light fluid (yellow). How is the mixing affected? This flow situation is called

unstable stratification. Compare in meteorology where heating of the ground may

cause unstable stratification or when inversion causes stable stratification. You can

read about stable/unstable stratification in Section 12.1 at p. 160.

TME226 Lecture 9

Watch the on-line lecture Pressure field and acceleration at

http://www.tfd.chalmers.se/˜lada/MoF/flow viz.html

i. The water flow goes through the contraction. What happens with the velocity and

pressure. Try to explain.

ii. Fluid particles become thinner and elongated in the contraction. Explain why.

Hint: look at Fig. 1.6.

iii. In the movie they show that the acceleration along s, i.e.
dV 2

s /2

ds
, is related

to the pressure gradient
dp

ds
. Compare this relation with the Bernoullii equation

(Eq. 4.35)

Watch the on-line lecture Pressure field and acceleration (6 minutes into the movie)

at

http://www.tfd.chalmers.se/˜lada/MoF/flow viz.html

http://www.tfd.chalmers.se/~lada/MoF/flow_viz.html
http://www.tfd.chalmers.se/~lada/MoF/flow_viz.html
http://www.tfd.chalmers.se/~lada/MoF/flow_viz.html
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i. Water flow in a manifold (a pipe with many outlets) is presented. The pressure

decreases slowly downstream. Why?

ii. The bleeders (outlets) are opened. The pressure now increases in the downstream

direction. Why?

iii. What is the stagnation pressure? How large is the velocity at a stagnation point?

iv. What is the static pressure? How can it be measured? What is the difference

between the stagnation and the static pressures?

v. A venturi meter is a pipe that consists of a contraction and an expansion (i.e. a

diffusor). The bulk velocities at the inlet and outlet are equal, but still the pressure

at the outlet is lower than that at the inlet. There is a pressure drop. Why?

vi. What happens with the pressure drop when there is a separation in the diffusor?

vii. They increase the speed in the venturi meter. The pressure difference in the con-

traction region and the outlet increases. Since there is atmospheric pressure at the

outlet, this means that the pressure in the contraction region must decrease as we

increase the velocity of the water. Finally the water starts to boil, although the wa-

ter temperature may be around 10oC. This is called cavitation (this causes large

damages in water turbines).

viii. Explain how suction can be created by blowing in a pipe.

Watch the on-line lecture Pressure field and acceleration (18 minutes into the

movie) at

http://www.tfd.chalmers.se/˜lada/MoF/flow viz.html

i. The flow in a bend is shown. Note how the pressure near the outer wall in the bend

is smaller than near the inner wall (cf Fig. 3.6.

ii. What is the Coanda effect?

iii. The water from the tap which impinges on the horizontal pipe attaches to the sur-

face of the pipe because of the Coanda effect. How large is the pressure at the

surface of the pipe relative to the surrounding pressure?

iv. Explain the relation between streamline curvature and pressure (cf. Section 3.2.1).

v. At the end of the contraction, there is an adverse pressure gradient (∂p/∂x > 0).

Explain why.

http://www.tfd.chalmers.se/~lada/MoF/flow_viz.html
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TME226 Lecture 10

1. Two options are used for treating the wall boundary conditions: which ones?

2. When using wall functions, why is v̄i = 0 not a good boundary condition?

3. How fine should the grid be near the wall when using a low-Reynolds number

model? Why must the turbulence model be modified?

4. Consider low-Reynolds number models: what is a damping function?

5. In low-Reynolds number models, what is the boundary condition for k?

6. A boundary condition for ε

εwall = 2ν

(

∂
√
k

∂x2

)2

can be derived by using Taylor expansion. Why is this not a good b.c.?


