
MEC-El020 Fluid dynamics - Exam - 20.10.2022 

Remember to write your name on your "cheat sheets" and to return them with the 
exam papers. 

1 Fundamental equations and their solutions 

Let's consider a steady, fully developed, two-dimensional , laminar and incompressible 
tlow between two parallel plates , which are separated by a distance h = 1 mm. Both 
plates are stationary. The pressure is decreasing in the direction of the tlow with clp/ dx = 
- 2~~ kPa/ lll. The fluid between the plates has a density p = 817 kg/ m:j and a dynamic 
viscosity I' = 19.2 x 10- :j kg/(m s). 

a) What can you say about the acceleration of a fluid particle in this case? Justify your 
answer. ( 1 p) 

b) By starting from the continuity and momentum equations show that in thi s case the 
net shear force has to be balanced by the net pressure force. When dropping out 
terms, justify this separately for each term. (2p) 

c) Calculate the shear stress acting on the upper plate. (2p) 

d) We need energy to keep the flow running. Discuss the balance of mechanical energy 
in thi s case. (1 p) 

2 Boundary layers and related flows 

a) It can be shown that within a boundary layer some of the terms in the full Navier­
Stokes equations can be neglected. How can this be justified? How does this change 
the way in which the equations can be solved? (2p) 

b) Explain, why the boundary layer developing on the surface of a body is di splac­
ing the streamlines away from the body. How can you evaluate the size of this 
displacement, if you know the velocity profile within the boundary layer? (2p) 

c) lt is assumed that the pressure does not vary within the boundary layer in the 
wall -normal direction. However, pressure can vary in the direction of the fl ow 
and transversal to the flow. Discuss the influence of these (i.e. longiwdinal and 
transversal) pressure variations on the boundary layer fl ow. (2p) 

3 Instability and turbulence 

a) Explain, what we mean by the energy cascade and what is the role of the viscosity 
in thi s? (2p) , 

b) Explain, what the eddy viscosity hypothesis means. ( l p) 



c) Let 's assume that the characteristics of a turbulent fiat plate boundary layer are 
given by 

where 6 is the boundary layer thickness, c.r = 2T0 / (pU;J is the nondimensional 
shear stress on the wall and Rc_,. is the local Reynolds number based on the di stance 
from the leading edge of the plate .r. Study the boundary layer velocity protile 
at .1· = 10 m, when the freestream velocity V"XJ is 10 m/s, the density of the fluid 
is 1000 kg/1113 and the kinernatic vi scos ity is 1.0 x 10- {j m:l /s . Evaluate in which 
region of the boundary layer the point with a distance of 0.40 mm frorn the wall is 
located, and evaluate the dirnensional velocity U at this point. (3p) 

4 Numerical techniques 

a) Explain what is the difference between verification and validation. ( 1 p) 

b) Describe the different types of error in nurnerical predictions and the origins of the 
errors. (2p) 

c) A discretised forrn of the one-dirnensional convection-diffusion equation is given 
as 

T .n + n (T11- - Tn . ) - Q (T.n - ?Tn + T_n ) = rn-1 
i i l- l /J i+ 1 - l l - 1 t 

u~t 
et=~ , 

u :r 

D~t 
,B=~ , 

uT-

where u is assumed to be a positive velocity and D a diffusion coeffi cient. The 
subscripts refer to different points of the spatial discreti sation and the superscripts 
to the discrete tirne levels. Calculate the truncation error in thi s case. What is the 
spatial and ternporal order of accuracy of the scherne? (3p) 
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