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Amnorauist. [Ipy npoektyBaHHi Oy/iBeb i CIIOPY OHIEIO 3 OCHOBHUX [II0YNX HABAHTAXEHD € BiTpoBe. Ocob-
JINBO BEJMKHUI BIJIIB BOHO Ma€ /IS BePTUKATbHUX IUJIIHAPUIHUX pedepByapiB (BIIP) mpu pospaxynky
10TO eJIeMeHTIB Ha CTiHKICTh. Y JaHill cTaTTi PO3TJIAAAETHCS TTOPIBHAIBHII aHATI3 aepPOANHAMITHUX Xapak-
Tepuctuk st Moziesti BIIP, i mporrosyBaHHS Ha OCHOBI OTPUMaHUX Pe3yJbTaTiB aepPOANHAMIYHUX XapaKTe-
puctuk s rpynu BIIP crioco6oM uncenbHOro MoziesitoBatHst y nporpaMmuoMy komiuiekci SolidWorks Flow
Simulations, Tako 3ampoONOHOBAHO METOAMYHUN IMiaAXi[ 3a0e3leuye KOpeKTHe BifoOpaskeHHs (isMuHUX
TpoTieciB OOTIKAHHs BITPOBUM MOTOKOM CTiHKH pe3epByapa. [l Tpynu 3 4-X pe3epByapiB Ha OCHOBI 4n-
CeJIbHOTO MOJIEJTIOBAaHHS OTPMMAHO YTOUHEHI 3HAUEHHS aepPOANHAMIYHUX K0ediIi€HTiB BiTPOBOTO THUCKY JIS
KOJKHOTO 3 TPYIU Pe3epByapis, 10 3a0e31euyoTh Hajall YTOUHEHy OILIHKY HAmpysKeHO-AedOPMOBaHOIO
CTaHy KOHCTPYKIII CTIHKM B MOPIBHSHHI 3 HOPMOBaHUM 3apa3 IIiAX0A0M 3a JAep>KaBHUMU OyIiBeJbHUMU
wopmamu ([IBH) ta €spoxon.

Ko4oBi ciioBa: BepTUKAIBHUI IIJIIHAPUYHUI pe3epByap, YncesibHe MOJIETIOBAHHS, BITDOBUI THUCK,
aeponUHAMIYHUN KOoeDillieHT.
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Annotamus. [Ipu mpoekTHpPOBaHUM 3/IaHUIT U COOPY>KEHUI OJHOW M3 OCHOBHBIX JEHCTBYIONINX HArpy30K
stBysieTCst BeTpoBast. OcoGeHHO GOJBIIIOE BJAMSHUE OHA UMEET /IS BEPTUKATIbHBIX IHUJIHHIPHYECKUX pPe3ep-
ByapoB (BI[P) npu pacyere ero ajleMeHTOB Ha YCTOWYMBOCTh. B aHHOIT cTaThe paccMaTPUBAETCSI COTIOCTA-
BUTEJIbHBIN aHA/IN3 a9POAMHAMIYECKNX XapaKTepucTuk st mozenn BILP, m mporHo3mpoBanme Ha oCHOBe
MOJIYYEHHBIX PE3YJIbTATOB adPOANHAMUYECKUX XapaKTepuCTUK st rpynnbsl BIIP croco6oM 4nciieHHOTO
MojiesIupoBanus B iporpaMMHoM Komruiekce SolidWorks Flow Simulations, taxyke npeyoxkeH MeToamdec-
KU TOAX0/ 06eCeYnBaoINil KOPPEKTHOE 0TOOpaskeHe (DU3MUECKUX TIPOIECCOB OOTEKAHUS BETPOBBIM
MIOTOKOM CTeHKHU pe3epByapa. [l rpymibl u3 4-X pe3epByapoB Ha OCHOBE YHCJIEHHOTO MOIETMPOBAHUS TI0-
JIy4eHbl YTOUHEHHbBIE 3HAYEHUs] a9POANHAMNYECKIX KOI(PHUIINEHTOB BETPOBOTO [MABJIEHUS JJII KAKIOTO U3
TPYTIITBI Pe3epByapoB 00eCceYnBaIONINE B AaIbHEHIIEM YTOUHEHHYIO ONEHKY HampsiKeHHO-1ehOpMUPOBaH-
HOTO COCTOSTHUSI KOHCTPYKIIUU CTEHKU 10 CPABHEHUIO C HOPMUPYEMBIM B HACTOSIINI MOMEHT TTOXO/IOM TIO
[IBH n Espokoz.
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Abstract. When designing buildings and structures one of the main existing loads is the wind. A particularly
large impact it has for vertical cylindrical tanks (VCT) in the calculation of its members on sustainability.
This article examines the comparative analysis of aerodynamic characteristics of the model VCT, and
forecasting on the basis of the received results of aerodynamic characteristics for group VCT method of
numerical modeling in complex software Solid Works Flow Simulations, also suggests a methodological
approach which ensures the correct display of physical processes of the flow of the wind flow vessel wall. For
the group of 4 tanks on the basis of numerical simulation, the specified values of aerodynamic coefficients of
wind pressure for each group of tanks providing further refined assessment of stress-mode of construction
of the wall in comparison with regulated in the present approach, DBN and Euro codes have been carried

out.

Keywords: vertical cylindrical tank, numerical simulation, wind pressure, aerodynamic coefficient.

Introduction

Vertical cylindrical tanks are used for storing black
and light oil products, chemicals, oil, water and all
possible liquids. When designing the similar
buildings and structures, one of the main existing
loads affecting a tack isa wind load which is taken
into account in the stability design of structure
components.

To design a wind load of a structure there are
some methods of determining the aerodynamic
characteristics, with the analytical and
experimental findings being used. The exact
analytical solutionsin the structural aerodynamics
cover a sufficiently limited range of problems as
it's rather difficult to get a clear-cut mathematical
model for the aerodynamic processes and therefore
in most cases the research for new and complex
structures is carried on in the wind tunnel which
is a reliable device to study the airflow around
buildings, structures and their complexes. In recent
years specialist tend to address themselves to the
numerical simulation of the aerodynamic
processes. What is more, the up-to-date
multiprocessor computer systems are powerful

enough to solve the similar problems. So, in the
last years more and more attention is paid to the
numerical simulation of these processes with the
help of the computational hydrodynamics.

Analysis of the recent research and
publications

The wind effect and aerodynamic behavior of
vertical cylindrical tanks for storing oil and oil
products was thoroughly studied by P. A. Mac-
Donald and R. J. Holroyd [1-3, 9-12], by
G. A. Savitsky [4] and in Kucherenko Research
Institute [5].

Using a vertical cylindrical tank (VCT) as an
example, the verification analysis of the
aerodynamic characteristics given in [13] was
carried out for the VCT experimental model and
presented in this paper together with the results
of the numerical simulation in the software
package Solid Works Flow Simulations [18].
Besides, there was performed a comparative
analysis of the obtained results and the current
normative documents [15].
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The purpose of this paper is a comparative
analysis of the aerodynamic characteristics for the
VCT model obtained with the use of different
techniques and forecasting developed from the
obtained results of the aerodynamic characteristics
of the VCT group.

Statement of the problem for the numerical
experiment

— to obtain the aerodynamic coefficients for a
free-standing vertical cylindrical tank
represented as a smooth circular cylinder with
the set-up geometric and thermodynamic
metrics;

— to compare the obtained results in the form of
the coefficients of wind pressure on a VCT wall
and the experimental data in [13] and norms
in [14, 15];

— a permissible convergence being in the range
of 10-15 %, to perform the calculations for a
group of 4 vertical cylindrical tanks.

a)
Initial data ’
of simulation L |
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When designing buildings and structures, the
aerodynamic formulas given in the normative
documents DBN (State Building Norms) and
Eurocods [14, 15] are used to determine wind
loads. When designing according to the normative
requirements [ 14, 15], the wind load is determined
with the use of the diagram of dependence of the
aerodynamic coefficients on the position of the
angle between the element of the cylindrical
surface and the wind flow direction. The quantity
of these values therewith depends on Reynolds'
number. For the home norms, the coefficients are
determined at Re > 4 - 10°, and for the European
norms the coefficients are determined from three
values of Reynolds' number, namely, Re = 2 - 10,
Re=107, Re=5-10°.

To analyze the convergence of the results of
determining the wind load on a wall of the full-scale
tank design and a model made relative to the tank
size V=2.5thousand m?at the 1 /400 scale, consider
an example of determining the aerodynamic
coefficients of the wind load from Eurocode 1 [15]

b)

Figure 1. Model of a cylindrical vertical tank tested in a wind tunnel [13]: a) the model design; b) a fragment of the

design model SolidWorks Flow Simulation.

a) b)

9.41H=5.65m &

SH-10H 20H

18.8H=11.3m

Figure 2. The rated operating conditions in the computer simulation of the wind influence: a) guidelines of how to
plot the rated operating conditions; b) the rated operating conditions for the model under study.



176

and from the results of the numerical simulation
with the use of the software package Solid Works
Flow Simulations [18]. At the initial data of the
characteristics of the velocity wind flow, the value
of Reynolds' number is determined from the
formulae:

b-U(z,)
v

where b is the diameter, b = 0.3 m;
v is the kinematic viscosity of air,
v=1.5-10" m?/sec;
U(z,) is the peak value of wind velocity,
U(z,) = 25 m/sec.
Re=4.9-10°, that corresponds to the values of

the coefficients determined from Eurocod 1 at
Re=5-10°[15].

Re =
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In Fig. 1a, there are given the characteristics of
the object investigated both in the wind tunnel
and in the numerical experiment. To carry out the
numerical experiment, there was used the software
package Solid Works Flow Simulations which isa
complementary module of the engineering analysis
PC SolidWorks [18]. It comprises the simulation
of fluid and gas flow, the computational grid
operation, the application of different physical
models of fluids and gases, the complex thermal
design, hydro/gas-dynamic and thermal models of
technical means, stationary and non-stationary
analyses, design of rotating objects and results
export in SolidWorks Simulation. The pre-
processor SolidWorks Flow Simulation makes it
possible to realize a fully-automatic or freehand
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Figure 3. Diagram of the aerodynamic coefficients for a single tank:
— SW_P5 corresponds to the characteristics obtained from the numerical simulation in SolidWorks Flow Simulation
for point 5 (Fig. 1), (SW_P6—-SW _ P8 for points 6-8, respectively);
— AtlasP5 corresponds to the characteristics obtained from the experiment in the wind tunnel [13] for point 5

(Fig. 1), (SW_P6-SW_P8 points 6-8, respectively);

— the Eurocod data from the normative document Eurocod 1 [15].
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method of the block construction of a compu-
tational grid.

A three-dimensional parametric geometric
model of the object under study is made in the
CAD-program SolidWorks. In the program
SolidWorks Flow Simulation they determine the
medium properties, boundary conditions, accuracy
of solution, geometry of a design zone and the
numerical solution of the problem is implemented.
The program automatically analyzes the body
geometry and forms a computational grid in a zone
of computation — domain — specified in the flow
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in the form of parallelepiped, with the body under
study being inside (Fig. 1b). The computational
grid is created by dividing the domain into cubic
cells with the sides orthogonal to the axes of the
Cartesian coordinate system.

The domain size of the VCT design model was
created in accordance with the guidelines in [17].
In Fig. 2 there are shown the rated operating
conditions of the model.

As a result of the numerical simulation the
aerodynamic coefficients for the model under study
were obtained. In Fig. 3, there are shown the
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Figure 4. Analysis of the aerodynamic coefficients for a conical roof by the corresponding points of measurements

from the experimental and numerical data.
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Figure 5. Analysis of the aerodynamic coefficients for a conical roof by the A-A sectional elevation.
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graphs of distribution of the wind pressure
coefficient C, for the wall of the VCT model
obtained from the experimental data in the wind
tunnel [13] as a result of the numerical simulation
in SolidWorks Flow Simulation and from the
normative data given in the normative document
Eurocod 1 [15].

The values of the aerodynamic coefficients
obtained from the numerical simulation and from
the experiment [13] being compared, a good
compatibility (in the range of 15 %) was obtained.
For points 8 and 5 the maximum discrepancy of
20.0 and 26.3 %, respectively, was obtained, which
is to say that these points are in the zone in which
the air flow is non-stationary, the flow turbulence
scales up and in this context the convergence
deteriorates.

For a conical roof of the model under study only
a qualitative form of compatibility of the results
obtained in the experimental [13] and numerical
investigations is observed (Fig. 4, 5).

Volodymyr Mushchanoo, Ganna Zubenko, Toan Moskalenko

In accordance with the above stated problems
and using the input data of simulation for a single
tank, the calculations were performed for a VCT
group. The basic simulation schemes of the wind
influence on a group of tanks are shown in Fig. 6.

In Fig. 7 a change of the wind direction by the
surface of the VCT group is shown more clearly.

In Fig. 8 a comparison by the points of
measurements 7 and 6 for a single spacing and for
a group of the VCT models is shown, numbers I to
IV being the numbers of spacing in the group.

Conclusions

Relying on the obtained data of the comparative
analysis of the experimental, analytical and
normative data, there was developed a design
model for calculating a single VCt and a VCT
group in the Solid Works Flow Simulation medium
for the numerical simulation of the aerodynamic
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Figure 6. The layout of a VCT group: a) wind direction onto a face; b) wind direction onto an edge; c¢) the model

sectional view.

a)

SW IIl_P6

SW IIl_P7 &=

Figure 7. The iso-fields of the wind pressure distribution by the VCT surface in the group according to the

diagrams a) and b).
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Figure 8. The diagram of the aerodynamic coefficients for a VCT group corresponding to the layout in a) and b) (see

Fig. 6).

processes. The basic feature of this procedure is
the determination of the computer simulation zone
which is 18.8H x 28.2H x 3.39H (Fig. 2b).

1) There is proposed a technical approach
providing a correct representation of the
physical processes of the wind flow past a tank
wall (the comparison of the experimental and
numerical investigation results provides
convergence in the range of 15 %).

2) For a group of 4 tanks the numerical simulation
resulted in the improved values of the
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