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Abstract

The aerodynamic forces on box girder section and flow field are simulated by CFD (computational
fluid dynamics) method in TSI (Technical Specifications for Interoperability) gusty wind at the an-
gles of attack from -5° to +5°. Reynolds-averaged Navier-Stokes (RANS) equations for 2D incom-
pressible unsteady flow are integrated with RNG (Renormalized Group) k-& turbulence model in

this research. The time histories of the aerodynamic forces on the box girder section in TSI gusty
wind slowly fluctuate around the reference values based on the quasi-steady assumption, but the
oscillation amplitudes at high angles of attack are relatively large. The sudden change of drag
coefficient, the change of lift coefficient lagging the wind speed of the TSI gust, and the favorable
and adverse pressure gradients are observed and analyzed.
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1. 518

JE 8 RO P T A LUR 3 A 1) BRRCGR R R o RS AT e i KU, R RS
THE AT XT3l 7700 N AR PRI EM R R PR A 1057 a0, A BRI R
Kt 537 KA IR 32 R (AR 1) B R R B R 8k 1] [2]0 2) ATk ik 6T XUk Rk R e I XGE, AR5
TERTIRHEAT BN I RIS HT o 127722 RENE 789375 TR 45 K4 5 30 1 L R R A DG 1 [3] o 3) BRARL R KUK FH B [ AH
SR ERE RN FR, SRR S RGN SR . 77 AT AR SRS RGN, AN TE
ZRI3 M5 . TSI (Technical Specifications for Interoperability) [ KU R [4] 5k & Her—Fh,  A] LA RGE AR
R E AR B AR, TR )RR R Z10 2R R BT [5] [6] 5 IRUBE R R v 280 b 1 il 1) 4 )
N7 (EXEER BT, BT AR, BB =50 RE0HE TSI BERIER T
FIZERIS BN o A SCHE TR S5 AU ¥ (frozen turbulence hypothesis) [8] [9], B2 FLUENT %44, %M CFD
(Computational Fluid Dynamics) /7 5t TSI B XWE R F GE b i (1) <80 0 S iRtk

2. PIIE{EE

2.1 ERER

AR AL RE A 5 R I XG53 TSI B KUBRARI[4] [ 7] B XUXGER V (t) 5 s
V(t)=p(t)u (1)

S, U AR I35 51 R RGE, BLU =10 m/s ﬂ(t)j‘y%ﬁﬁﬁiﬂ&&ﬁjﬁ@%%&u

A+(A-1)sin(nt+0.5n) 1<t<15

A+(A-1)sin(nt-0.5r) 15<t<2
B(t)=42-A—(A-1)sin(nt—15r) 3<t<35 (2)

2—A+(A-1)sin(nt +2.51) 35<t<4

1.0 tI I EE

A, A AERRERXGESRTE, HRIESCHR[4] [7]E 1.7
2.2. HRRB T EE,
Z2 CHR[10] 4 FOMF AR RS, FERITm & 1 s W ARMH a=-5 ~+5" . CFD 115 H4E R
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FAPAE, THEI(n A 2)HL 20B x 30B KA X I(B AR WKt 58, B =0.30 m), ARt
AR, o, AR BT N0 FEE B R R W0 108, HY 130 S BE AT W T 0 20B. 5
BOA R L NI SR E N H (velocity-inlet) . N4 A X RIS (symmetry). H AR A H O
(pressure-outlet). #HEERE ANTLIFFEEET (wall). [ 5 X EREUFE N I TSI B XK .
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Figure 1. The section of box girder (unit: cm)
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Figure 2. Numerical simulation domain
2. BUEERITEE

23. [5@hh

SE SO ALBR 2 TSI U BARIA o 1 FI I (R SR T B R B Cy (o) « THA R B
C (o) FJHE 5% Cy (a):

Cp (@) =Fy (@)/(0.50U%BL) (3a)
C(a)=F (a)/(050U%BL) (3h)
Cy () =M (a)/(0.50U°B°L) (30

A, B NFHRBIHATIESEE, BB =030m; L AMBHTERKE, by —4ilm, L=1.0m;
p NEEE, B p=1225kg/m®; Fy(a). F(a)FIM (o) 5851 REALER 2R A I T 1
B3 Th R R R R T I TF  ELE h0) (AE 1), Sk i 3 B8 S T A9 A

SRR BR R T TSI eI LRI A o 18 F T T (B ) 28 Co 6 (at) « FHARBIC 6 (art)
P15 R K Cyy 6 (1) :

Co (at) = Foq (1) /(050U BL) (4a)
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Cio(@t)=F g (at)/(05pUBL)
Cu o () = Mg (a,1)/(0.5pU°B°L) @)

R, Fog(ant)s Fug(@t) Fi Mg (a,t) 40500 s 208 LA FF RIS, SCIE 7 1 1 B
TR SR T R 1= 71

HRAR 2 B, TSI BEIRTE T R AT 0B B8, h REOR A R BN B %1 Co g () «
Co oo (@0, t) FI Cyy oo () SHISIRIAET T 1985 1= 50 11 REAFAE L F 5

(4b)

Coco (@)= B*(1)Co (@) (52)

Cioo(at)=p4(t)C,(a) (5b)

Cu co(at) = B*(t)Cu (@) (5¢)
3. HFER
3.1 =HIARE

KA BRARBE K fiff 5 T Boussineq I &l MR AY ) — 4EJE € 8 AN v R4 5 1 P2 N-S T2
%+%: (62)
o P )
ot ox oy ox ox\"ax) oy " oy
S O I

R, p WESEE, B p=1.225kg/m’ ; uF1v 48 BARUARHS x Ry M&kz%l 77 T BB 5 t St ]
P=p+2pk/3, p NEAFHIE, k AMWMENAEE: ue=p+u, p AT LR, B
p=17894x10"°kg/(m-s), p AETHITHFE R

k A1 g1, 1 RNG k-¢ T It B2 (1 32 4 7 R [ 118 7€ -

ok ok ok)_ @ ok o ok
p —+uUu—+V— k/uef +— 6“{kluef_ +Sk (7a)
ot ox oy Y ox) oy oy
p % i =i(%ﬂef a—g}ri agﬂefa—g +S,-R, (7¢)
ot ox oy ox ox) oy oy

X o M, 72 5MRER ke A 2L Prandtl 3% R, ART-HIRNAZ R I m R RCR & 15201 S,

IR, FOVEARRE X2 WSCHRILL] [12]. R 8 u < i) T = pC K [e o ASCRII I ATR Y i&z.
C,=142, C, =168, C,=100, «, =1.o , 1,=438, p~0012, C,6=00845.

3.2. WHEMEEEELK

DURILS o = +4° 9, E 5] 3 Bras 0 3 Fh S TF B350 S0 Skt WG U =10 my/s A F T 48 SE T R & 70
S NEREL KT RS REE TSI FEX BRI . K VYL SR A R o T SRt 47
PRSI 23, HHR AR XA AR SCHR[12] [13]WE . A% 1 [ A A 62,828, LIRS i E N
1.0 mm, THHEAR YT <13, WK 2 7RG LA E6 R X AT T RS N, S RS RN 64,351,
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Figure 3. Local meshes of three gird schemes

& 3. 3 #hIt& EERE

Table 1. Comparison of the CFD results and wind tunnel test data of static coefficients of aerodynamic forces

F 1. CFD A= 0 N R M SRR RIS

A% 1 A% 2 WHE 3
=R R4 F[10] : - -
CFD it% AR R % CFD it# TR 2 CFD it# TR 2
Co 0.4127 0.4793 16.14% 0.4822 16.84% 0.4793 16.14%
C. 0.4365 0.4814 10.29% 0.5025 15.12% 0.5266 20.64%
Cw 0.1157 0.1400 21.00% 0.1388 19.97% 0.1393 20.40%

HE— M 1, 43R LLEACHT [A] 45K 0.00005 s 1 0.0005 s i & 48 2 W i 1 =4 1 &% it
B2 BT RIRRES 45 AR Z W35 2 fis. ATRAE R, B AR a) 5K 3K %) 0.0005 s Ji5, CFD
BUETHH RS A 2 2B K, AR CFD 5158 F AR 8] 25 K 0.0005 s.

Table 2. Numerical results of static coefficients of aerodynamic forces at different iteration time steps

® 2. FNEERMEIS KBNS DRI EER

CD CL CM
JEAR )25 K
CFD it TR 2 CFD it TR % CFD it# TR %
0.00005 s 0.4791 16.09% 0.4691 7.47% 0.1394 20.48%
0.0001s 0.4793 16.14% 0.4814 10.29% 0.1400 21.00%
0.0005 s 0.4796 16.21% 0.4823 10.49% 0.1401 21.09%

4. HREHRRN =5 NFRHEIE

PIEIRFNGEY =10 m/s UK a = -5 ~ +5° (E 1, TH 545 B R T I A0/ 0 =20 0 R EUE R B
TXIRAIE S5 R[10], AHXHRZE 20% /47, WA 3 P THEARZE ] REsRis T4 SR i B =i 7
AUERBE,  BLR T F B v& A1 i LU A%, UM T CFD BB tHS IS . RNG k-e Tt 2 S i 53 2%
PRE PR T THSEORE . CRD THERL A R SR bl R R I =30 0 R 0 A oK
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Table 3. Comparison of CFD results and wind tunnel data of static coefficients of aerodynamic forces
2 3. CFD it BRI N =2 N AR S NG E RAIFIEE

R fi © < Cu
= CFD it8  JXURREE[10] #HXFiRZE CFDiFE  KURIRIE[10] HMXHRZE  CFD & KURRIE[10] HHXTiRZE
-5 0.4206 0.3290 27.84%  0.4839 0.4914 -1.53% 0.2271 0.1798 26.31%
-4 0.3913 0.3279 19.34%  0.6406 0.5820 10.07% 0.2259 0.1807 25.01%
-3 0.3931 0.3298 19.19%  0.8009 0.6438 24.40% 0.2193 0.1691 29.69%
-2 0.3778 0.3413 10.69%  0.8139 0.6366 27.85% 0.1733 0.1543 12.31%
-1 0.4047 0.3574 13.23%  0.7659 0.6041 26.78% 0.1625 0.1410 15.25%
0 0.4231 0.3709 14.07%  0.7060 0.5584 26.43% 0.1611 0.1298 24.11%
1 0.4340 0.3803 1412%  0.6487 0.5032 28.91% 0.1461 0.1211 20.64%
2 0.4553 0.3920 16.15%  0.5882 0.4712 24.83% 0.1423 0.1173 21.31%
3 0.4714 0.4042 16.63% 05221 0.4513 15.69% 0.1378 0.1163 18.49%
4 0.4796 0.4127 16.21%  0.4823 0.4365 10.49% 0.1401 0.1157 21.09%
5 0.4873 0.4251 14.63%  0.4607 0.4109 12.12% 0.1386 0.1153 20.21%

5. TSI BERAER THRTE NS RGN
5.1. #AREEMNSIIHEFYE

4 TSI FERBAKB A o = -5 ~ +5° I, CFD {83 B R Co g (a,t) . FHHRHCL g (a)
FISHERBLCyy o (o) A LA BIEISE B 548 Co oo (@)« Coo (@0,t) FICyy oo (@, t) /NIEHEED, (B AR
BN =55 7 AR MENIEIE R, Ll = 0,22, —4", 25 KU 9, CFD i BIMLN R A Ty
FHOR 758 RN R 2220 BN ] 4~6 TR . TSI B RAE FI R RS I /30 /0 DA R 6 A VE. 1) TSI
R IXAF: PR T BEL 3 5 52 R IRy B AR — 8, L5 50 IR PR RS B B K, ) 4(c)
oo TERE MBI %t =155,355 5, FLIRMHFEML Cy o (a,t) FE7E VI R IMBKER LR, Wl 4 7
e FRETET t =1.55,3.5 s I %R 54 dV /dt (FR R EREE . BRI 1, CFD AR SERII )5 K
N, X RRBERL G . M RGEV (1) <U FLRGE IR/ B RGEAS BRI, FE7ER B S LR,
1] 4(b) RN A(d)FTR . 2) TEGURICAERIT, BLIIRITE I 5 SN R i BB B R . 26UV (1) > U
X B, Blte[L2]s, Bifffa=-4",-5 ML) RECo i (o t) MU a = -4, 45" ITH I R HC g (at)
WEENERERAR . {H7ERGEV (1) <U X B, E1te[3,4]s, =407 5 MOt il 28 7E XU 73 B T 24 0 50
W RE RIS . 3) TSI R T TH /1 RHLC g (o, t) AL TR RURGEAS (. 7EV (1) <U FIK B, X
A EBE B ROV B, T+ RBC g (o, t) FIRANT Cgo (ait) s FERGE EFHIOREL, T+ RHL
Coo () X T Cpgo (0 t) —sE R ES, Wl 5(b). 2] 5(d). 4) RIS, ERGEV (t)<U
X B R TR B R 2% Cy 6 (@ ) IR KT Cy g0 (a0 t) s 1 6(b)+ 4 6(d).
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Figure 4. Time history of the coefficient of drag in TSI gusty wind
4. TSI B RAER T HIBE ) R AT 22k

18 2 22 28 3 32 38 4 42

08 1 12 14 16 34 36
i 1) #(s) i 1] #(s)
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25
o 2
o
U1 -4
o <
S TN
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Figure 5. Time history of the coefficient of lift in TSI gusty wind
5. TSI B RAE R T R EIRS F2Hh 2k
5.2. FEREENERAIAFHE

BUREBC = O ol TSI FERE R T it SR BIRsmi A A 7 (IR A R o K
xe[-10,20]m, ye[-10,1.0]m ). AN /1H S AR 5 A, R
BN CURIE B TR TN, th CH AR 9 LR 60 0 Pa. 16 MK T-H 51k e £
(t<[1.0,20]s), KR Y KB SO TR ORI, 25\ 1 K 10 mis S5 K BIR K 17
mis B (t < [L0,1.5]s ), CFD 5B FIHFIEE 0 Pa BRI AT 245 Pa. 4\ LIRS FIRA (i

17 m/s Ja, FIFSE 1SRN TRE, N D s SRR BRBI120-480 Pa; 285, A HXEIZ DN 10 mis
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I (te[1.5,2.0]s ), AkH1£)-238 PaiZ B4 AE] 0 Pa. A I (BRI A2 AR A S W7 1 1 BEL ) 5 5
fEt=1.5s BRERA RN . 76 R XU N T B 50K I B (t €[3.0,4.0]s ), FIAEAR I A0z ) i i B T 00T
TR TR/ e 2N XU B 10 mis 32250k 2155/ ME 3 mis B, CFD 543 BN LI B 0 Pa & i
/NENZ-242 Pao N XEIA R /IME. 3 mis J&, FRTFE L ANEARET 2D, N DR R SURIIE N $1 2 482 Pa;

SR NG e/ ME 3 mis iR 10 mfs I (t e [3.5,4.0]s ), A Hifi s (12 242 Pa & i/ 3

0 Pao JEARAIN I T B AR th A Fir SR AF 2 7 T AR BH A 2R A t = 3.5 s BRERFN LA

14 16 18 2 22
Fif 1] £ (s)

(@ a=0,2,5 and V(t)=U

14 16 18 2 22
I [ (s)

() a=-2",-4,-5 and Vv (t)=U

34 36 38 4 42
i) £ (s)

() «=0,2,5 and V(t)<U
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Figure 6. Time history of the coefficient of moment in TSI gusty wind
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Figure 7. Static pressure distribution at angle of attack of 0° (unit: Pa)
7.0 M FFRE SR (B Pa)
TERGERI KIS B (t e [1.0,15]s » te[3.5,4.0]s), ANITEIH 5737 R 4 4k b iE FOE R 2] 0
Pa, TR B Z op/ox < 0 , & MAHZEAR M P 3340 78 KGER/ M Be(t e [1.5,2.0]s » te[3.0,3.5]s),
M\ 1B 1R i e e A b b 7R85 n O Pa, T Rl i 5 op/ox > 0, I AR S22 1T 1) BHL 7 sk
No VR BB S N-S TR T S IR — B0 (HN AR TSI XU U4 45 (BN 220 R A kiR
AR AN B, 78 KGR T8 510 KB I B (t € [1.0,2.0]s ), TSI B XSS AE 210 R e g o 1 T
TERE KRG AN T3 50 R KGR I B (t [3.0,4.0]s ), TSI BEREASAE R R IR ss 1. R XA
N E R AT AR, BRI A XS BB, R R It S 9 o
R R I3 3 AR i AT LARE— 28 A J5] 8 P ¥ O°AI+6° XL A T A1 B2 73 A bf L IS Hh B 3
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Figure 8. Comparison of velocity distribution at angles of attack of 0° and +5° at t=1.25s (unit: m/s)

& 8. 0°FA+5° A TE t =1.25 s B HUIRE 3 fa dTEL (B 4L: m/s)

6. &it

AR RNG k-g BRI T 1 TSI FERCAAS [F] RS A P IR v A 2 W i 14 <30 70 & i
Fetke WS BILUN E2E5R: 1) TSI FERUE AT RE ARG S0 1 1) <3 7 o ik S e & B s (1 <3l
JAEINIEE BN, AH I BRI B D1 S UK . 2) CFD A 2K TSI B KU AT A b A 2 07 1
(RIBH 3 R EAE TSI RURGH I A ELIN 247 AEBRER . T R B 5 T TSI FEXRGE AL . i 1A
FAFAE NG A AR P55 o TSI RE WU RN T4 52 10 S8 JTBUE R AR SR IR T, A5 4E 5 2L CFD %X
{EAS AU A et

m
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