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Problem 1

Make a structured two-dimensional grid with quadrilateral cells for the geometry given
below. Use between 200 and 400 cells. The inflow is along the A side. The outflow side
is marked with B. The flow is from left to right. You may use outblocking. You may draw

on the exam paper and hand this in.

Problem 2

The article by Almeland, Olsen, Bratveit and Aryal (2019) is entitled “Multiple solutions
of the Navier-Stokes equations computing water flow in sand traps”. The following

questions are related to this article:

a) Which equations were solved to compute the water flow field?

b) Which computer programs were used?

c) Looking at the seven types of errors and uncertanties in CFD results given by
ERCOFTAC, which were studied in this article?

d) Which parameters and algorithms were tested in the article?

e) What was the main conclusions of the article?

f) If you worked for a consulting company and did a CFD analysis, how would you deal

with the problems presented in the article?



Problem 3

We are looking at a wide alluvial channel with uniform sediments of particle size 1 mm.
The flow is uniform and the water depth is 1.4 m. The slope is 1:5000, and the width is
100 m.

a) Compute the Manning-Stricklers coefficient
b

Cc

)
) Compute the water velocity and water discharge

) Will the sediments move or not?

d) Compute the sediment discharge with the Engelund-Hansen formula

e) Will there be bedforms in the channel? If so, which type, and what is the estimated

length and height?

Problem 4

A physical model study of the channel from Problem 4 is to be done in a geometrical

scale of 1:40.

a) Compute the water discharge in the physical model

b) Compute the sediment size in the physical model assuming sand is used and erosion
is most important

c) Compute the sediment size in the physical model assuming sand is used and
suspended load is most important

d) Explain two problems with the sediment sizes found in question b) and c)

e) If plastic particles are used instead of sand, how will this affect question b) ?

f) If plastic particles are used instead of sand, how will this affect question a) in Problem
3 and the water depth?

g) What is a distorted model, and what is its main advantages and disadvantages for

the current case?



Problem 5

a) Describe the nutrient cycle with a figure. Include oxygen, nitrogen, phosphorous and
organic material.
b) Give the chemical formulas for Nitrite, Ammonia and Nitrate

c) Compute the stochiometry coefficient for the reaction from Nitrite to Nitrate

Problem 6
Describe the following words from limnology:

a) Aphotic
b) Dimictic
c) Cold Amictic
d) Littoral zone
e) Thermocline

f) Hypolimnion

Problem 7

On the next page, there is a script which is part of the file blockMeshDict for an

OpenFoam case.

a) Make 2D figure indicating the location of all the patches. The figure should also show
the points with indices.

b) What values should replace (X X X X) in the outlet patch? The outlet patch is on the
opposite side of the inlet patch.

c) Explain the differences between a grid created by blockMesh and one created by
snappyHexMesh. You may include words like multiblocks, block shape, orthogonal,
structured/unstructured. What are the advantages of a mesh created with
snappyHexMesh? In which cases would you use a blockMesh grid?

d) Describe the procedure to compute the coefficient of discharge for a spillway with
OpenFOAM.



blockMeshDict script:

vertices

(
(000) /0
(500) /1
(520) /2
(020) /3
(000.5) // 4
(500.5)//5
(5620.5)//6
(020.5)//7

)’.

blocks
(

);

boundary

(
topAndBottom

{
type patch;
faces
(
(0154)
(3762
),.
}

inlet

{
type patch;
faces

(
(0473)
),.
}

outlet

{
type patch;
faces

(
(X X X X)
),.

hex (01234567) (105 1) simpleGrading (14 1)

Y

=1

Figure 2.2:
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Block structure of the mesh for the cavity.



Tables and formulas
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Atomic weights: Nitrogen: 14 Carbon:12 Hydrogen:1 Oxygen:16



