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Numerical simulation of the transverse flow over spans of girder bridges °
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Introduction. The technique of numerical modeling of the
transverse flow over span structures of bridges on the basis of
the two-dimensional URANS (Unsteady Reynolds-averaged
Navier-Stokes) approach used in the modern methods and
software packages for computational fluid dynamics is verified.
The work objective was debugging and experimental substanti-
ation of this technique with the use of the database on the aero-
dynamic characteristics of the cross-sections of span structures
of girder bridges of standard shapes pre-developed by the au-
thors.

Materials and Methods. A numerical simulation of the trans-
verse flow of low-turbulent (smooth) and turbulent air flows
around the bridge structures in a range of practically interesting
attack angles is carried out. SST k — w. turbulence model was
used as the closing one. The technique was preliminarily tested
on the check problem for the flow of the rectangular cross-
section beams. Calculations were carried out using the licensed
ANSYS software.

Research Results. The calculated dependences on the attack
angle of the aerodynamic coefficients of forces (drag and lift)
and the moment of the cross sections of the girder bridges of
standard shapes are obtained. These data refer to the span
structures at the construction phase (without deck and parapets,
without parapets) and operation phase, under the conditions of
model smooth and turbulent incoming flow. The latter allows
us to outline the boundaries for more weighted estimates of the
aerodynamic characteristics of the girder bridges in a real wind
current. The best agreement with the experimental data was
obtained from the drag of the cross-section. The magnitude of
the lifting force is more sensitive to the presence and extent of
the separation regions, so its numerical determination is less
accurate. The reproduction of the angle-of-attack effect on the

aerodynamic moment of the cross-section is the most challeng-

“The research is done within the frame of the independent R&D.

Bseoenue. BepudunrpoBana MeTOAMKAa YUCIEHHOTO MoJe-
JUPOBAHUS IIONEPEYHOTO OOTEKAHMs NPOJIETHBIX CTPOCHUMH
MOCTOB Ha OCHOBE HECTallMOHAPHOTO pemleHus PeiHonbnca
mis ypaBHenuit HaBee — Crokca (URANS, Unsteady
Reynolds-averaged Navier — Stokes). JlaHHBIH ABYMEpHEIH
HOJX0J MCIOJb3YeTCs B COBPEMEHHBIX METOJaX M IaKeTax
HPUKJIAJHBIX NPOTPAMM BBIYMCIMTENBHON THIPOa’pOAHHA-
mukn. llemn paboTbl — oOTNIaAKa W SKCIEPUMEHTAIBHOE
000CHOBaHME yKa3aHHOW METOOUKH. [l peanusanuu Imo-
CTaBJICHHOW LIEJIM HCIIONB30BaHA paHee pa3paboTaHHAs aB-
TopamMu 0a3a JaHHBIX N0 a3POJUHAMHYECKHM XapaKTepH-
CTHKaM IIOTIEPEYHBIX CEYCHHMH IPOJETHBIX CTPOEHUil Oa-
JIOYHBIX MOCTOB THIIOBBIX (OPM.

Mamepuanvt u memoowi. TIpoBeIeHO YHCIEHHOE MOJEIHPO-
BaHHE MOINEPEYHOr0 OOTEKAaHUS MOCTOBBIX CTPOCHUH HH3-
KOTYpOyJIeHTHBIMH (TJIaAKUMHU) U TypOYJICHTHBIMH BO3/IYIII-
HEIMH IIOTOKaMH B IHAaNa3oHE IPAKTUYECKH HHTEPECHBIX
YTJIO0B aTaku. B urore mcmnosb3oBanack MoJeNnb TypOyIeHT-
Hoctu SST k — w. MeToauka npeaBapuTeabHO oTpaboTaHa
Ha TECTOBOHM 3amaue oOTekaHHS OalOK IPSIMOYTOJBEHOIO
HOIEPEYHOro ceyeHus. Pacyers! MPOBOJMINCH C HOMOIIBIO
JULEH3UOHHOr0 NporpaMMHoro kommiekca ANSYS.
Pesynomamer uccieoosanus. Ilokazano, KakuM o00pazom
Yroj aTakd OmIpejaenseT CHibl (IOABEMHYI0 H J1000BOTO
CONIPOTUBJICHUSI) MU MOMEHT IOINEPEYHBIX Ce4YeHHi Oanod-
HBIX MOCTOB TUIOBBIX (GopM. IlosrydeHHBIC pacyeTHbIE 3a-
BHCHMOCTHU OTHOCSTCS K IIPOJIETHBIM CTPOCHHSM Ha CTaJUsIX
MOHTaxa (0e3 IUINTBI MEePeKPhITHS W OTpaxKJeHHd, 0e3
OTP@XACHMUH) M OKCINIyaTalliM B YCIOBUSX MOJEIBHBIX
Haberarwmmx MOTOKOB — TIIAJKOTO U TypOyJIeHTHOTO. JTO
HO3BOJIICT OYEPTUTh TPAHULIBI JUI O0Jiee B3BELICHHBIX Olle-
HOK a9POAMHAMHUUYECKHUX XapPaKTEPUCTHK OAJOYHBIX MOCTOB
B PEaJbHOM BETPOBOM IIOTOKE.
Jlo60oBO€  CONPOTHBIIEHHE  CEYCHHIO  JE€MOHCTPHUpYET
HawIydlIee COTJIACOBAHUE C ONBITHBIMH JAaHHBIMU. Benmun-
Ha MOJBbEMHOH cuibl Oojiee 4yBCTBUTEIbHA K HAIHYUIO U
MPOTSDKEHHOCTH OTPBIBHBIX 30H, IIOITOMY €€ pacdeTHoe
ompejencHue MeHee TO4HO. Haumbonee mpoOieMHBIM Ui
0OJBIMHCTBA KOHQUTYpanuil SBISETCS BOCHPOU3BEICHHE
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ing for the majority of configurations.

Discussion and Conclusions. Comparison of the calculated and
experimental data indicates the applicability of the URANS
approach to the operational prediction of the aerodynamic
characteristics of the single-beam span structures. In the case of
multi-beam span structures, where the aerodynamic interfer-
ence between separate girders plays an important role, the
URANS approach must apparently give way to more accurate
eddy-resolving methods. The results obtained can be used in
the aerodynamic analysis of structures and in practice of the
relevant design organizations in the field of transport construc-

tion.

Keywords: mechanics of fluid, gas and plasma; mathematical
simulation; computational aerohydrodynamics, URANS ap-
proach, bridge spans, aerodynamic characteristics.
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BIUSIHUS yTJIa aTakd Ha adpOJMHAMUYECKHH MOMEHT cede-
HUSL.

Obcyocoenue u 3aknouenus. CpaBHEHHE pPACUETHBIX U
OTBITHBIX HAHHBIX CBUAETENBCTBYET O NPUMEHHUMOCTH
URANS-nogxona x onepaTuBHOMY NPEACKAa3aHUIO adPOIU-
HaMHYECKHX XapaKTEepPUCTUK OTHOOANOYHBIX IIPOJIETHBIX
ctpoernid. Ecnu ke pedb UAeT 0 MHOroOaJO4YHBIX MPOJIET-
HBIX CTPOEHUSX, CYIMIECTBEHHYIO POJIb UTPACT adpOAMHAMHU-
yeckas MHTEpGEpeHLUUS MEXIy OTAeNbHbIMH Oankamu. B
stoMm ciaydae BMecto URANS-nogxona cienyer npuMeHsSTh
Oojee TOYHBIE BHXpepaspemaroniie MeToisl. IlomydeHHbIe
pe3yabTaThl MOTYT OBITh HCIOJIb30BaHBI B HCCIEIOBAHUIX
A’POJNHAMHUKH COOPYKEHHH M B IPAKTHKE IPOECKTHBIX Op-
raHu3anui B cepe TpaHCIIOPTHOTO CTPOUTEIIBCTBA.

KnaiodeBble c10Ba: MeXaHHWKa >KHIKOCTH, Ta3a M IUIa3MBL
MaTEMaTH4YeCKOe MOJICIMPOBAHUE; BBIYMCIUTENIbHAS T'HAPO-
aspoauHamuka; URANS-monxon; mponeTHble CTPOCHHS MO-
CTOB; a3POAUHAMHUYECKHE XapAKTEPUCTHKY.
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Introduction. It is known that wind flow around engineering structures is, as a rule, instable turbulent in na-
ture; different-scale eddy structures are observed in the flow [1, 2]. Nearby bluff bodies (to which, in particular,
bridge spans belong), unsteady detached flow regions occur [3]. Accordingly, adequate modeling of the turbulence
effects is now an important requirement for the simulation experiment techniques.

Large Eddy Simulation, LES, and Detached Eddy Simulation, DES, are used to evaluate the aerodynamics
of structures. However, the use of these methods is complicated by their high resource intensity, the reasons for
which are as follows:

— tridimensionality of the task;

— strict requirements to the computational grid density in the near-wall region and in the “focus” region [4];
— restrictions on the time integration step;

— relatively large time window length for gathering nonstationary statistics in steady state.

At the same time, it is known [5] that for cylindrical prisms that are close in shape to beam bridge spans, the
two-dimensional approach reproduces the basic flow properties (primary unstable mode in the body wake is essen-
tially two-dimensional). Thus, a POD analysis (Proper Orthogonal Decomposition) of the flow near the prism with B
/ H =15 (H is depth of section) relative section depth was performed in [6]. As a result, it was established that the 1st
and 2nd disturbance modes are two-dimensional (constant over the span) and correspond to the vorticity transfer
along the surface. Three-dimensional modes change along the span at a reference length that is no less than B section
depth.

For the operational prediction of aerodynamic characteristics (ADC) of bridge structures and wind-tunnel
test tracking, the authors used nonstationary 2D modeling based on URANS approach, Unsteady Reynolds-averaged
Navier-Stokes. Its applicability to the definition of ADC of the bluff bodies (stationary and oscillating) was studied
in a number of works by foreign authors (see, for example, [7]).

Materials and Methods. When setting up computer-based experiments, the recommendations given in [8—
10] were considered. The calculations were carried out in the ANSY'S Fluent program.

The technique was preliminary tested on the check problem of flow around beams with rectangular cross-
section. As a result, K — o shear stress transport (SST) model was chosen to describe the flow turbulence, and the

grid parameters and the numerical algorithm were selected.
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The extension of the rectangular computational domain is (30 ... 40) H lengthwise, and (14 ... 20) H — trans-
versely. The front face of the streamlined body was spaced apart from the input boundary at (8 ... 12) H.

We used low-Reynolds-number grids (y" < 4 ... 5 dimensionless distance of the first node to the wall) that
enabled to calculate the boundary layer separation and reattachment. Considering the complexity of the streamlined
body contours, multiblock grids were constructed. The internal female block consisted of quadrilateral elements
whose density increased closer to the body surface. A layer with a structured orthogonal quadrilateral grid was gen-
erated immediately at the wall. The wake region was covered with a grid of square cells sizing of no more than H/15
... H/10. The cell size increased to H/4 ... H/3 to the outer boundaries. The cross-sectional perimeter contained about
10% ... 10’ cells depending on its shape. The total number of cells ranged from 40—50 thousand (for sections of simple
shapes) to 250-300 thousand (for complex ones). An example of the computational grid near a beam of trapezoidal

section with overlapping and fencing is shown in Fig. 1.

Fig. 1. Example of computational grid (fragment)

When solving the Navier — Stokes equations, the velocity — pressure relationship was implemented using the
SIMPLE algorithm. The convection and viscous terms of the equations of flow and the transport of turbulent parame-
ters were approximated by schemes of second-order accuracy.

The numerical integration was carried out by an implicit time scheme of the second-order accuracy. At inte-
gration step was (0.02... 0.04) H/V (V is incident flow velocity), i.e., under the vortex shedding with dimensionless
frequency fH/V = 0.1, it was approximately 250-300 times less than 1/f period, and this provided an acceptable reso-
lution of the non-stationary flow parameters. The established vortex trail was usually formed by H/V moment (60 ...
120). Thus, the total number of integration steps averaged 6000 + 10,000. To collect nonstationary statistics, a time
interval of at least 5 periods was used.

An example of a qualitative comparison of the computational and experimental flow patterns near the span

is shown in Fig. 2.
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b)

Fig. 2. Example of flow pattern over bridge span: experiment (@), calculation (b)

Research Results. Detailed information on ADC typical cross sections can be found in [11]. Figures 3—-14
present a comparison of the computational and experimental data on the coefficients of averaged aerodynamic forces
(drag, lift) and the moment for some specific sections.

Fig. 3. Coefficients of averaged aerodynamic forces. Here: Cy, is drag; (fya is lifting force; C,, is moment; B and H are longitudi-

nal and transverse section dimensions (excluding fencing); a is angle of attack

The incident smooth flow is characterized by the intensity of 0.5%, the turbulent one — of 8%. The computa-
tion data is represented by solid lines.
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Fig. 4. Narrow single square girder (B/H 0.75 ratio): cross-section shape (a); smooth flow (b); turbulent flow (c)
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Fig. 8. Wide single square girder (B/H 1.85 ratio): cross-section shape (a); smooth flow (); turbulent flow (c)
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Fig. 9. Wide single girder with overlapping (B/H 3.9 ratio): cross-section shape (a); smooth flow (); turbulent flow (c)
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Fig. 10. Trapezoidal girder (B/H 3.09 ratio): cross-section shape (a); smooth flow (b); turbulent flow (c)
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Fig. 12. Double-girder structure (B/H 2.75 ratio): cross-section shape (a); smooth flow (b); turbulent flow (c)

374



Gosteev Yu. A. and the others. Numerical simulation of the transverse flow over spans of girder bridges

Tocmees IO. A. u dp. Hucnennoe modenupoganue nonepeunozo 00MeKanus npoaemHblX Cmpoenuil 0ai04HbIX MOCH 06

Cxa
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Discussion and Conclusions. The analytical results show that, with some exceptions, with an increase in the
relative width of the B / H cross section of a single-beam structure, the accuracy of the calculated prediction of its ADC
rises. As a rule, the best agreement is indicated for the frontal resistance of the section. For most configurations, the
computation data is slightly higher than the drag coefficient obtained experimentally. It should be clarified that for the
considered bluff bodies, the major contribution to the cross-section drag is made by the form (pressure) drag, which is
mainly determined by the difference in pressure forces on the upstream and leeward sides of the cross section. The ac-
cepted theoretical approach coarsens the dynamics of the vortex structures in the zone behind the body, which leads to
an underestimated pressure recovery in this area.

The lift magnitude is more sensitive to the presence, extent and type (open/closed) of the detached flow regions.
This applies especially to the span structure equipped with a slab; in this case, it is possible to re-attach the flow to the
upper side of the slab with the formation of a closed separation zone (approximately at B/H>5). Therefore, in compari-
son with frontal resistance, the calculated determination of lift force is less accurate, especially for superstructures with
a floor slab.

The reproduction of the angle-of-attack effect on the acrodynamic moment of the cross section is a challenge for
most configurations.

If the aerodynamic interference [12] occurs under the cross-flow around multi-girder spans between beams, the
accuracy of the ADC prediction falls with an increase in the number of beams (relative overall section width). In this
case, it is advisable to use more accurate DES and LES eddy-resolving methods instead of the URANS approach.
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