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The study of velocity field of the dynamical air
flow developing around the spatial structure of
a petroleum coke plant using the F.E.M.

Mihai D.L. Talu, Stefan D.L. Talu and Marin Bica

Abstract— This paper presents a part of results concerning the
simulation of the aerodynamics flow velocity field developing
surround a petrochemistry petroleum coke plant. The spatial
distributions of velocity is result as impact between the air and the
spatial structure of plant. The punctual values of velocity are
determinated through numerical simulations using the F.E.M. which
have initial data determinated through experimental measurements.
After this calculus the theoretical results are comparated with the real
measurements make in few important points and calculated the
corresponding errors. The Cosmos Flow 2007 software was used to
make the analysis through numerical simulation. The obtained results
comfirm the accuracy of method and assure the possibility to use this
method with confidence in activity of design process of a petroleum
coke plant.
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I. INTRODUCTION

N Romania the production of petroleum coke in majority

of cases is based on the method of tardy carbon —
producing. This study developed in this paper is concentrated
on investigation of the velocity field developed around a
petrochemistry petroleum coke plant which working at 1996
on the Onesti oil distillery platform.

The real installation is an ensemble constituted with four
identical section presented in Fig. 1 and which alternatively
work in cycles by 48 hours in according with the algorithm
of the technological process, [17].
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The solicitation of wind represents an important loading
which must obligatory to take into consideration in design
activity of plant.

For this reason is demanding to make a detailed
investigation of velocity field which is straight lied with
other sizes as pressure, viscosity and density as it show in the
Navier-Stokes equation used to describe the dynamical flow
of the real fluids [15] and [16].

Il. THE SPATIAL MODEL OF THE PETROLEUM COKE
PLANT

The spatial model of plant is made with aid of the
SolidWorks 2007 softwear [24] starting at the original
execution drawings of the installation.

The dimensional sizes of plant are big 28 x 6 x 6 m* and
the geometry is complicated, Fig. 1. Also the spatial model
was presented in papers [17] to [21].
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Fig. 1. The spatial model of the petroleum coke plant
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In Fig. 1 is given the 3D isometric view with no a) and In Fig. 5 and Fig. 6 are given the isometric section of
with section b) where is mark the important elements of plant. ~ ensemble taper bottom — support of plant and two details with
In Fig. 2 and in Fig. 3 are presented the 3D isometric view  section through this ensemble.
with section of the ensembles dome - spherical bottom and
taper bottom - support of plant.

-

\'\

Fig. 5. The spatial section through the support and taper-bottom
Fig. 2. The spatial section through the spherical bottom - dome

b)

Fig. 6. The spatial details section through the support

Fig. 3. The spatial model of the ensemble taper bottom - support of petroleum coke plant
The 3D isometric model of the petroleum coke plant view In Eig. 7 is given the isometric view of _joint between the
from the direction taper bottom to dome is given in Fig. 4. cylindrical body, the nervures and the shell rings of plant.
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Fig. 7. A detail of joint between the reinforcing rings,
nervures and shell rings

I1l. THE EXPERIMENTAL MEASUREMENTS

On the exterior surfaces of the reinforcing rings 1, 3, 5, 7
and 9, noted in concordance with the execution drawings, are
mounted a number of 15 sensor elements in points P; to Pys
placed included in planes Plane 1 and Plane 2 with scope to
measure the punctual values of the velocity field which are
connected to the Multilyzer analyzer, Fig. 8, [17].

Fig. 4. The 3D isometric model of the petroleum coke plant
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Fig. 8. The position of the Multilyzer’s sensors placed on the plant

The initial velocity, pressure and temperature of wind at
impact with the surfaces of the metal structure, considering a
constant value on whole height structure, of atmospheric front,
after experimental measurements are given in Tab. 1.

Table 1. The initial vy, po and T, of wind at impact
Vo [M/s] Po [Pa] To [°C]
41,66 99330 16

Also the results of measurements concerning the physical
sizes in points P, to Py5 are presented in Tab. 2.

Table 2. The results of measurements in points P; to Pys

Points | p [Pa] T[°C] | p[kg/m?] | v [m/s]
Py 99528.83 16.15 1.1981 19.251
P, 99739.75 16.20 1.2010 14.813
P3 99751.41 16.21 1.2016 14.526
Py 99678.42 16.20 1.2013 14.704
Ps 99210.90 16.07 1.1970 23.405
Pe 98254.25 16.21 1.1825 3.978
P7 98251.03 | 16.225 1.1830 2.522
Pg 98228.03 | 16.226 1.1833 2.301
Py 08218.38 | 16.224 1.1837 2.936
P1o 9819543 | 16.196 1.1843 7.359
P11 96298.70 13.85 1.1685 69.387
P, 95743.12 13.42 1.1640 75.462
P13 95634.89 13.35 1.1636 76.438
P14 95706.18 13.44 1.1646 75.193
Pis 96345.24 14.03 1.1707 66.776
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IV. THE ANALYSISWITHTHE F.E.M. OF THE
VELOCITY FIELD OF DYNAMICAL AIR FLOW

4.1 The initial data for numerical simulation

The study of the aerodynamically flow fields velocity
around the plant with the finite element method is made with
aid of the CosmosFlow 2007 softwear, [25].

The initial data of simulation taked into consideration:

—the variation with temperature of the air properties as the

dynamical viscosity and the density, [8] and [9];

—the flow of air around the surfaces of plant including all

the regimes by type laminar, by transitions and turbulent;

-the recommendation of calculus concerning the initial

data of simulation give in [27];

—the incident angle of air with structure is equal with
o = 90° (situation of the maximum stress effects) and the
atmospheric front which attacks the 3D plant structure
has all the physical properties homogeneous, Fig. 9.

Fig. 9. The attack of the atmospheric front to the 3D structure plant

4.2. The results of simulation

4.2.1. The graphical results of simulation with the F.E.M.

In continuation are presented the 2D and 3D distribution of
the velocity fields in different sections placed in horizontal or
vertical planes and the distributions of the potential lines of
velocity fields (the line with velocity constant property) which
are accompanied by the numerical values marked on plots,
Fig. 10 to Fig. 43.

The detalied specifications are given in labels attached to
the presented plots.
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Fig. 10. The 3D velocity field on the plant’s surfaces
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Fig. 11. The 2D velocity field on the Plane 2
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Fig. 12. The 2D potential line of velocity field on Plane 2
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Fig. 13. The 2D velocity field on the Plane 1
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Fig. 17. The 2D velocity field on horizontal plane
through the reinforcing nervure of the eighth shell ring
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Fig. 18. The 2D potential line of velocity field on horizontal

plane through the reinforcing nervure of the eighth shell ring

Fig. 14. The 2D potential line of velocity field on Plane 1 l:;.‘:: Tw )
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Fig. 15. The 2D velocity field on horizontal plane

through the reinforcing nervure of the ninth shell ring
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Fig. 16. The 2D potential line of velocity field on horizontal Fig. 20. The 2D potential line of velocity field on horizontal
plane through the reinforcing nervure of the ninth shell ring plane through the reinforcing nervure of the seventh shell ring
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Fig. 21. The 2D velocity field on horizontal plane
through the reinforcing nervure of the sixth shell ring
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Fig. 22. The 2D potential line of velocity field on horizontal
plane through the reinforcing nervure of the sixth shell ring

Fig. 23. The 2D velocity field on horizontal plane
through the reinforcing nervure of the fifth shell ring
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Fig. 24. The 2D potential [ine of velocity field on horizontal
plane through the reinforcing nervure of the fifth shell ring
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Fig. 25. The 2D velocity field on horizontal plane
through the reinforcing nervure of the fourth shell ring
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Fig. 26. The 2D potential line of velocity field on horizontal
plane through the reinforcing nervure of the fourth shell ring
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Fig. 27. The 2D velocity field on horizontal plane
through the reinforcing nervure of the third shell ring
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Fig. 28. The 2D potential line of velocity field on horizontal
plane through the reinforcing nervure of the third shell ring
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Fig. 29. The 2D velocity field on horizontal plane
thrm:gh the reinforcing nervure of the second shell ring
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Fig. 30. The 2D potent|a1 line of velouty fleld on horizontal
plane through the relnforcmg nervure of the second shell ring
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Fig. 31. The 2D velocity field on horizontal plane
through the reinforcing nervure of the first shell ring

Fig. 32. The 2D potential line of velocity field on horizontal
plane through the reinforcing nervure of the second shell ring
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At this point is presented the velocity fields in vertical
plane of section from P, to P,.
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Fig. 34. The 2D potential line of velocity field on Plane 1
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Fig. 35. The position of section on the top view of plant
for vertical planes: Plane 3 and Plane 4
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Fig. 36. The 2D velocity field on the Plane 3
corresponding to the section level at dz = 1 [m]
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Fig. 38. The 2D velocity field on the Plane 4
corresponding to the section level at d, = 1 [m]
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Fig. 39. The 2D potential line of velocity field on Plane 4

The character of the dynamical turbulent flow, on
ensemble or in detail corresponding to the major sections of
the petroleum coke plant, is presented through visualization
the element fluid trajectories which are included into the
velocity field (Fig. 40 to Fig. 44).
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Fig. 40. The 3D trajectories flow through to
the ensemble dome-spherical bottom
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Fig. 44. The 3D trajectories flow around the taper bottom

4.2.1. The numerical results of simulation with F.E.M.

The results of numerical study made with the aid of F.E.M.
concerning the values of velocity calculated in points Py to Pis
and calculus of error are given in Tab. 3.

Table 3. The Ve, (Pi), Vin (P) and g (Py).

Points | Ve [M/S] | vin [Mis] | & [%]
Fig. 41. The 3D trajectories flow around the cylindrical body P, 19.251 19.676 2.20
P, 14.813 15.131 2.14
P 14.526 14.855 2.26
Py 14.704 15.227 3.55
Ps 23.405 24.252 3.61
Ps 3.978 4.059 2.03
P, 2.522 2.576 2.14
Pg 2.301 2.361 2.60
Pqy 2.936 3.042 3.61
P 7.359 7.64 3.81
P11 69.387 70.796 2.03
P, 75.462 77.076 2.13
Pis 76.438 78.41 2.57
Fig. 42. The 3D trajectories flow around the support of plant P 75.193 77.682 3.31
Pis 66.776 69.353 3.85
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V. CONCLUSIONS

Analyzing the distribution fields of velocity as result of the
experimental measurements and theoretical calculus (Tab. 2
and Tab. 3) we can conclude that the distributions velocity is
no uniform on whole surface of petroleum coke plant.

The no uniformity fields growth up with the increasing of
velocity value, Fig. 10 to Fig. 39.

The complex geometry of the external surface disturbing
in totality without exceptions the distribution fields of
velocity over / under or lateral of 3D metal structure of plant
and the trajectories of the fluid elements are complex curves
in space, Fig. 40 to Fig. 44.

The calculus of error concerning the results obtained
through numerical simulations made with aid of F.E.M. is
acceptable under 4 %, as result of hypothesis initial accepted
that the flow of the atmospheric front have physical sizes
homogeneous and the impact angle o is constant end equal
with value o = 90°.

The results confirm the possibility of method to assure the
precision necessary to use this method with confidence in
activity of design a petroleum coke plant.
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