2020-06-02, Exam in

Turbulence modeling, MTF270

e Time: 14.00-18.00 Location: Zoom
e Teacher: Lars Davidson, phone 772 1404, 0730-791 161
e The teacher is available on telephone

e Checking the evaluation and results of your written exam: at 12-13 on 28 and 29
October in my office

e Grading: 20-29p: 3, 30-39: 4, 40-50: 5.

T1.

T2.

a) Show that the term below in the non-linear model is symmetric and trace-less.
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b) Consider the flow in the upper half of a fully-developed channel flow (see Fig. 1). Make a
sketch how the three terms in the streamwise momentum equation vary vs. z2. Which
terns are non-zero at the wall?
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Figure 1. Resolved (blue solid line) and viscus (dashed red line) shear stress
a) Consider the transport equation for the Reynolds stresses in the upper half of a fully-

developed channel flow (see Fig. 1). Make a sketch how the largest source terms in the
vjvh equation vary vs. x» in the log-region. Which terns are non-zero at the wall?
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b) Streamline curvature: consider a boundary layer, 6(x;), on the upper surface of an
airfoil (see figure below) where the streamlines are curved along the wall. Show that
the Reynolds stress model gives an increased or decreased (which is it?) turbulence
production, i.e. the turbulence is decreased or increased.
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Figure 2. Airfoil. The boundary layers, §(z1), and the wake illustrated in red. 21 =0 and z1 = ¢
at leading and trailing edge, respectively.

T3. a) Consider the V2F model. Explain the difference between v2 and vi2.

b) Consider a 1D finite volume grid. In SGS models based on the dynamic procedure we
use test filtering. Compute the test filtered velocity using a test filter which is four

times larger than the grid filter, i.e. A =4A

T4. a) Explain the energy transfer in the figure below.
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Figure 1: Transfer of kinetic turbulent energy.
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b) Consider a k — v; turbulence model. In this model, the k& equation reads
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How do you modify this model into a k¥ — v; DES model?

T5. Consider the flow in a boundary later along a plane located at 2 = 0. You can download
files either from the course home page

http://www.tfd.chalmers.se/"lada/comp_turb_model/exam

or at Canvas. Use the Python script read.py or the Matlab/Octave script read.m to
read the data exam_data.txt. The data file has five columns with y, U, k, w, v{v}, at one
x station far downstream.

e Plot o] vs. z7.

e There are requirements on LES that §/Ax and §/Az should stay within certain
limits. Are those requirements satisfied?

e Compute the location of the RANS-LES interface defined by the ¥ —w DES model.

e Compute and plot the ratio of the modelled to the resolved shear stress. Does this
ratio show that the flow is well-resolved or not?

Note: your Python/Matlab/Octave code must be uploaded to Canvas.
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http://www.tfd.chalmers.se/~lada/comp_turb_model/exam

MTF270 Turbulence modeling: Formula sheet sune 4,2020

The continuity and Navier-Stokes equations for compressible flow read
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The continuity, Navier-Stokes and temperature equations for incompressible flow with constant
viscosity read (conservative form)
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»The Navier-Stokes equation for incompressible flow with constant viscosity read (non-conservative
form, p denotes the hydrostatic pressure,i.e. p = 0if v; = 0)
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The time averaged continuity equation, Navier-Stokes equation temperature equations read
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The Boussinesq assumption reads
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The modeled W equation with IP model reads
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»The exact transport equation for turbulent heat heat flux vector v0’ reads
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»The exact k equation reads

(9]6 (91_)]]6 ﬁa/l_)z (9 1/—/ 1 T 8]{3 (91) 81) 7
—_— = —V.V. _ | = — 8 —_ ) — — g; 9/
ot " om, - Vigm,  owy | pUP TR0 T o | T o o, 90V
»The exact W equation reads
v’ o N 9.
v 4 (o) = oy LA §
ot gy RV = UGy, T gy,
O (= T e L
dx ( vV + 5kaip + p(skujp v O
81) 81}3 S — 77 av (9 /
A - —2
+ P (61:] + 2 l) gzﬁv 0" — g;Bvi0 V(’)xk axk
»The modelled k and ¢ equations
8k + 3 8k (91_)1' 817j 8@- + ﬂyt 89
Ay S ;
ot 7 ox, ‘ Ox; Ox;) Ox;j gi og Ox;
PR L N
© O0x; o) 0z;
0e L0 e (0n on\ on
ot "oz, ~ K\ 0z; 0z, ) 0z,
N ey 00 . g2 0 L b Oe
CE 17 o €25 a - a
1gk: 9 0x; % O0x; 0. ) Ox;
»DES
E3/2  pl/2
= —— = : RANS lengthscale
€ B*w

Cprsl, A =max(Az,Ay,Az) : LES lengthscale



