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Synopsis

Stably stratified flows past a 3D sphere and a hemisphere are simulated
using a new non-oscillatory forward-in-time (NFT) anelastic unstructured-mesh
flow solver that accounts for both laminar and turbulent boundary layers.
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Fig. 1: The y = 0 cross-section of the primary 3D hybrid mesh, consisting of prismatic layers around
the sphere and tetrahedral elements elsewhere. The left panel shows the mesh over the whole
domain, while the right panel shows the prismatic layers around the sphere.



Stably Stratified flow past a sphere with laminar boundary layers
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Fig.2 Vertical velocity isolines in y = 0 plane (top)
and y = 0 plane (bottom), for Fr = 0.4 and Re = 200.
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Fig. 3 The dynamic drag coefficient, AC;=Cy, Re,F—lr —
Cqs(Re,0), for Re = 200 and 1/Fr =0.1t09.0.
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A study Is reported that examines simulations of stratified three-dimensional flow _ 0000 }
past a sphere and a hemisphere for a range of stable stratifications, and both laminar g
and turbulent boundary layer flows. § § oo
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A non-oscillatory forward-in-time (NFT) nonhydrostatic unstructured-mesh flow E E
solver Is employed to integrate inhomogeneous transport equations, 3 g o
oY . .
P —div(vy) + R, according to .
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where A denotes the Multi-dimensional Positive Definite Advection Transport Figure 4: The dynamic drag coefficient, Figure 5: The dynamic drag coefficient as the sum of
- - - ) _ 1 _ . . _ : :
Algorithm (MPDATA) [4], and y*! is the solution sought at the node i of a AC4=C4 (Re,7-) = Ca(Re, 0), for Re = 200 pressure and frictional drag; cf. Fig. 9 in [1].
co-located mesh at time stepn + 1. . and 1/Fr=0.1109.0.
The spatial discretisation uses the edge-based median-dual finite volume approach, 1 1
Integrating the generic physical form of the governing PDE over arbitrarily-shaped £ :
cells. j
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computational mesh connecting vertices i and j of the primary mesh pierces (at

the edge centre) the face S; of a computational dual cell
surrounding vertex i.
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Figure 1: The edge-based median-dual approach in 2D (left) and 3D (right).

Stratified laminar Flow Past a Sphere e L I ™ T e

Fr = 0.5,Re = 200 Fr = 0.25,Re = 200
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; ‘;v.‘:gf_‘\;vm*mw et Figure 6: Dynamic pressure distribution on the sphere’s surface. Red and
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blue curves correspond to y = 0 and z = 0 planes shown in Fig. 3; cf. Figure
4 in [1]. The angle is measured from the upstream stagnation point.

Stratified Turbulent Flow Past a
Sphere and a Hemi-sphere

Figure 2: The y = 0 cross-section of the primary 3D hybrid mesh, consisting of prismatic
layers around the sphere and tetrahedral elements elsewhere. The left panel shows the mesh

over the whole domain, while the right panel shows the prismatic layers around the sphere. ) ;EEEEEEEEEEEEE;}EEEE ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ
A sphere of radius a = 0.5 Is placed In the centre of the 20 x 20 X 20 domain; o Secassssssresens
see Fig. 2. The incompressbile Boussinesq option of the anelastic model [4] IS :::::::Eié;m
o

adopted. The Reynolds number (Re = 2pUa/u) 1s 200 and the Froude
number (Fr = U/Na) varies from 0.1 to 200, and +oo .

Figure 7. Re - + and Fr = 1/3 flows past the
sphere (top) and the hemisphere (bottom) iny = 0
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Figure 3: Vertical velocity isolines in y = 0 plane (top) and z = 0 plane (bottom) for selected Froude numbers;

positive and negative values are plotted with solid and dashed lines, respectively. Representative velocity vectors
are also shown. These solutions compare well with corresponding numerical and laboratory results in [1] and [2].
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