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Abstract

Wind load is one of the important loads on the buildings and is indispensable in
the architectural engineering design. With the appearance of long-span roofs, high-rise
buildings and long-span bridges, wind load plays a more and more important role in
engineering, and it may become one of the control loads for structural design. At
present, the study of numerical calculation of wind load has been developed from
basic research to the practical application. However, there are few studies in
numerical simulation of buildings in the wind-sand field. As the dust storms in north
China become frequently, the numerical calculation of buildings in the wind-sand

field studied in this paper will have important practical significance.

In this paper, numerical calculations are carried out on the single high-rise
buildings and two symmetric high-rise building. Hybrid grids are made to divide the
domain; the Realizable k-¢ model and Eularian Model are utilized to compute
wind-sand field of the planar single body and two adjacent tall buildings in
atmospheric boundary layer. The surface pressures of buildings are simulated under
the conditions of the volume fraction of the sand respectively as 0 (wind field), 2%,
4%, 6%, 8% and 10% and then the results are compared.

It is shown that with the increase of the volume fraction of the sand phase, the
pressure coefficient increases, and the pressure contour of the building surface

changes to some extent.

Key words: numerical simulation, high-rise building, computational wind
engineering, wind-sand field, Realizable k-& Model, Eularian Model
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8,=1, Hi=j; §,;=0, Hizj. 5uRAEHIESERR, u ZFEBER
KRS, AROMESE, RRKRRRASRE, ERSHTERNERS K.
51N Boussinesq Bi/E, TEIWMMIHIXBRAETUAHE 4, BESW
FIRAR gy, TR T MAEEPREEN—K: BHREER EW. PriEKR
RO R 4 SRS PR RERO XA, KEHE 4 OHT
BRHESD, BREASERRGE. THERE, —FERE, WAEEL.

2.5.3 k- TR RS

k-eBmFIERE BArETIREPERABNTE, BRELNBHHTEED ZIRAE k-
AL, 78 FLUENT S4FRET =F kB HERE, B ipd kiR, EBL
B kBRI FNET 5CT Realizable k-cfSifY,

PRt ket R

PRt ke MBI R B X SR AR NER F, RERIEHFRAFE TR
BhEE k MEFEH e, BEPHE K KRS HBETHERTRE, MREP T
Kz T ENT —EREE .

SEAER A B AT R R R AR B HE ke P T R IR AL
HBNRE k R

o), ok _of . m o] 3,00 o, -
Ao | (ur 2y = - 23
o PV ax{( “r e e, G, ) P )
FER R 12
— ou,
6(p£)+pUk6_s=i (;Hi)ﬁ +Ca 6U,(6U YUy cpf  (220)
at axk axk 0'5 axk k ax 6)6 k

BHTARMMERAERIAT, FE (2.4), (2.6) 7 (2.7) AAHU
THREARR:

HHETTE:

16



EMKETLFALR

o(pUU,) _ _a_g o , a0,

&, ox, 6xj( ‘é‘xj"/’u;u})
BN AE k TTHE:
i EY R
7oe 0 thyoe | Ge aU, ou, oU, &
pngx:zal[(”+a—.)7iZ}+ kP e, ) Cr—

HE (2-20). (2-25). (2-26) F1 (2-27) WAL THEAERER:

0, — o .00
— U P)=—T—)+S
5 PUO =5 T50)

AF: OFHERRXE, TH XFBRE S A EMR
A RS 1, TTH k Meit &

2
H=pC, o, BECHEH.

PR ke T IR RBE D T RATR:
£ 2.1 keHEPHRH

Cu G G O O,

0.09 1.44 1.92 1.0 1.3

(2-25)

(2-26)

(2-27)

(2-28)

Pl k-eBMBIERIERFR R TR /2 T/ ZHRA, ERTRER.
LHEBERINRE HRERIN, XFEE—ENRE. RERERE LERP,
MNFEBENANENTE, BEMERE L, RARK, HERE 4 REFAREN

rE. MAEZHRENELT, RARERAREN, 4 NZEZRARENKE.
AT IRAMHE k-e R EUHIBRIG, WEHTRER Y T XA kB ERBIETR, T

ENB—FNARE ZHEBETE: Realizable k-efRH.
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Realizable k-sff!.

Realizable k-etEE!d k MefIEEB LB T RHN:

Q(;;t_k)+5(§x’ju ;}[( +#:)5;—}+G - pe (2-28)
a(gf) a(g:u) ax,[( +£ :)g:;:}+PC1E£ - PG, k+j/1; (2-28)
0 =10, 0,=12, G =max(04, 29, =19
77=(2Ey-E,,)”2-’E, E""E(%“’Z,}(z'zs)
,u,=pCﬂ—I;—2; cﬂ=m, 4, AU HBRERHENRE.

Sk k-e B LB R IN, Realizable k-eE T EFE:

1. WRMEEHEARNRETEN, SINT ElREMMET XPIAE;

2. eFBRRETRAZM, FEFHFELEIABEEE kK AERPHIFAED
G,

3. e FEPHABE _AEEEAFTRE, ELKERNKAE, 5811
e hF. HRME k-eAELF Realizable k-e KB R WM T E B AEEMIR IR E
B BN, BRI R E Re BAMUEE, TR, XHEEEX KK
#zh, MRRBEARS, WRKKShZWAWSFRENEER, XHALER
X P9 B AR R BRI AL B T 76

2.5.4 BETHI R ¥k

H M TIER LU ke BN A TR MR = B R AR B X, E1R K
BRI R E R R K E R AR R R L EA X A EREN
R, XERREEM R RERTER MMAE. FLENT RAT A ZRX
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FEAARMEEREE. ZERBENEMSEIXEATEEAN R, £5—

5EEESKT S4B RRAXEA, SRS SEEMSHE—MEHE

RERGERA, INER EMIN D SARERNEE—IMATRS2E LHERE

FMREZ ZRAE, EMHAETEAFSHENE, ELERTEPNAR .
EET R BE R A AR AT AT

L BT E AE 2RI B US X, TENEESEBE ST

AR B BRENDETE, NS HERA:

ut :i‘:lln bLd +B=llny++B (2-29)
u ok v k

£¢u-=\/7w/p, ﬁj’q@?%ﬁ)ﬁ, Twﬂgﬁw,ﬁﬁ: 'El‘jﬁ'ﬁx=04—042,

B=50-55, %=Bu

WEXFAEHGEU, MERRSHE, h T RERAKSHERTEELEY, »
WE)\U&_F R&:

+

_ y(CL"k},”) _ p'l'/-:(CLMkLM)
v T,

u+

(2-29)

Kbk, RYA P MRS, -, RIBHETEBNRENS. RALREL,
BEH RS ETTRA

u' = %ln(Ey") (2-30)

2. BRI PRI, EE—NAW A P HEINE S MERLEEA, MEESE
B 3o

8. B— I ATRSREZMRKNHBHERY 4, RAERARYEL, TS
T RHE:

= YO B u _ym (2-31)
g v In(Ey*)/ k  u,
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N /.. S /.7
't

= = - (2-32)
f}:—ln(Ey*)+Pc, &r[In(Ey")/ k+p]

MHE P EREREEN— AT ENAETRERE LHE u WUETH
¥ MBS BT BAKE .

4. WBE—AWHAEP Lk Re, REFE, k2 B0k FRTE, LUR

%#{gy'-‘-] —0(y NEETFREOLH). EERHNE, NRE— I RTER

w

EEMUIEABEFERESME, S8k, =0EAGR&Y, BEERR
BoEF, AP ETHUXEZS. EX—MEHERT, k MFESHEER

3/41.3/2
C.'k,

BT BAAE, m[%] _0, #Ede, = 2 e .

FEFEL RS R UT RGN L

1. B MATAEEEANTEFER y; MiZ#£11.5-30< y; <200-400
2 . ATENMRERBNNFELEESRR, NERAEMIEATE, URTIE
S REERREL, k. e &y BRABEFRIFIATIR04-0.5 5%,

3. ke AEFHEINLE, NMIBEEXLE, k BekEKRTE, AMMIH
EEBEET k, e IALE.
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=, KEZHRESNNEATENER
3.1 Bulerian Model i
3.1.1 FHETTE
3.1.11REFENE
ZEAH ¢ YR s BIELE SR R:
g;(aqpq)+v~(aqpqvq)=0 (3-1)
Hep =g RRZHM, o=s REWHAR: o, B o MOBERIEL Be, +a, =1;
p,,%q*ﬁﬂ‘]"%}ﬁ; pg =1.225kg/m’®, p,=2700kg/m’; v, & q HKEE.
3. 1. L2 BEFEHE
FHM g W BTFENE:
%(agpgvg)+V~(agpgv‘vg)=—ang+V- T, +a,p,8+K, (v, -v,) (3-2)
Heb p AZSA0 ¢ YR s HERES.
T, R O A M O K K K X % E O,

v =a,u (v, +'vV;)+ag(zx 2, )v. v, AR B BRI

JIHE, A, =12x107Pa-s1, p,=18x10°Pa-s. INZ—MEfKE. ghESH
MEE, g=98ms’; K, =K, AZAH—VHBAHETHR AL,

X =3a_,agpgc R,
T 4y 4 P\,

s s

v,-—vglo v,, B Y R B W B Z&EE,

v, =o.5[A-o.06R,, +l006R, } +0.12%, (ZB—A)+A2J , Hod=a M, %

@, <0858 B=08a,'"", %o, >0850, B=a,: C, HRNEHK",
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P,V =V

d : d, AUKE

2
CD=[0.63+ 48 ) . R, WHMEES R, =

e, vr,: 4

7, XAHESEI, =1.2x10"m.
YHAR s KB BTFEFE:
-gt—(a:pavl)-,' V. (a:p:vsvs)= —a:Vp —Vp: +V. T: + a.fp.vg + K& (v8 - V,) (3_3)

ﬁq: p,%ﬁﬁiﬂiﬁ [37” mps =a.1p56: +2p:(1+esb12gogségﬂj° € =07%J
VHBREXRERY: g hERASHRY, RIEVHHEMEORLE,

113771
g,{l—( % ) ] D @, B RN BAARAN, o, =075,

a.v,m ax

0, hYHARRE, SYHEHIEEMEIEERIEL Y , HER7EHR
%[%(p,a,e:)w (o,2,v,86, )] =(-PI+7,): Vv, + v-(ka,ve, )- Ve, +, (3-4)

X 4 kK N U R E B B F OB R K .

e .
k, = ‘5“"’55;”? i [1 ; 3-‘;68 2,8, + 1;’?;2a,g.:| : 7, AT BT RABIREES]

BB, 5, = 6‘113% P2, 0 ¢, RENIDRIREZ NI
s /3
M RET 8 Y, ¢, =-3K,6, .
v BRI A NARE, 1, = a0, (7v, + Vv, (,1_, -2 ,,,)v.v,l )
1/2
KRR B B, ﬂ,=§a,p,d,g,(1+e1(%—J o, HORARRIBT IR

g ’ /u.1=:u:.col+ﬂc.un ’ #I,wl E :{0}\ *ﬁ *ﬁ H{J Ejt ﬁ *‘5 E t 4 ’
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4 P 1/2 . . _
Hy ol =-5-a,p,d_,g,(1+e,{;’J i M jb ?J" *-!L *E B(J Zj] jJ *\5 & t41 ’

a,d,p,6,x[ 2
=S sPeN T 14 2 3e —
Ius,hn 6(3—6,) [1_*- 5 (1+e.rX e.r lh.“go]

3.1.2 imfisny

LR IR AR T, XY RAERE LIS ) R R RS/ A M B E SRR A
. SRR RIE R - EBHH R E RS AR RREE &R
WANIRERS, YRR AT (A Tchen BiR3kE Y,

K ke 18!

H,
L8 Vlcg]+agG,'g —a, P&, + 2,0, I,

O,

gt—(agpg,xg)+v . (agpgvzxg)= V-[ag
(3-5)

g,

g(axpxsz )+ v (axpzvtez )‘_‘ v (az &g—Vs: J +a, ‘zi (CIBGL: ~CoPy8y )"’ %P, Ilg
2

(3-6)

2

R, p, HEAVREBIIEE, 4, =p,C, 5, HHC, =009, G, B

&g

BTEAHEAFHEEHESRBORIDE K 17~ £,

dv,. v, \ov
Gep = M| =2+ “]‘%ﬁ*?ﬁgmﬁﬁﬁﬁﬁm
g 1.8 6x, o, 6xj

M, M0, REY R AN A B EBEm 9T,

by =25, +V,, Ve )» Ty =Ci, gn v, hEEARE

MHEXNEE: kL, DZRHERANDHNEAERND T £,



EMKRETLFEMIRL

3 K
~C, ;&/Jucﬂg’
g

a,B,K," ('—:L + 0.5]

4

H F

b oy [0:00068+7,
=4LK | —————— ’ =
g 14 1+ nag 77‘8

C;=18-135c0s*6, 6 ANPHARREEZHMPHARERNEL v, HIRA,

3 D.f D
§=[v,g|/1/21cx /3,; v, REBER, v, ={a,ga, Va, -O',g;g Vagj , Hh

o, =075, D, =D, =%k,,cﬂx,/ag,/1+cﬂ5’ M, =144, C, =192,

Cy =12, C, =009, o, =10, o, =13X4HHK"“2,
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RSN BRI BE

4.1 JUATBERL R 37 K P ORI 43

'S

TEREECK 1225m X425 mX
173 &b, ATEBRPZHE TR TERERN

BHEYHILARS A 25m X 25m X 100m,
425m, BV E T AT

PR R B — AT . Mg

i

£, BHEYLARRMFR, FIA

TEFR:

IN/N/NK UONAYAVAVAY
NVAVAVAVA N
KX XANNINTAAT )

AT ¥ S ¥l T i i W Y A DL

A A S Nl N, Wl e ~ 3
e s e e e S T
AN A W A SN A S A TN S A N
ot Y D VARV AV AS VAT YA ST 4T AV g,
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ZMRFETTEALRT

4.2 A FZHRIRE
4.2. 1 NOBF&E

FEM: ERURIURERREREREEN, @/u)=(2/2,)" R z,, 4,
ASHEBBENSHRELHRRE, REFYTRE &E A 200m FEHY) T KE
% 40n/s; z, u Sy BIRFISRPEBEINNOFHRE: o HRERABEEY,

B a =0.25", T3 RIEL A Fluent 34LHY UDF (User—defined functions)
5B 5 Fluent #BOEH,

YRR HEEY 2000 kg/m’, MIGHEER 0, a,=2%,4%,6%,8%,10%
8, =0.001m* / s*
4.2.2 EHHOUREMSF

*ﬁﬁﬂg.j? pg=00

4.2.3 BEBREMH

BAYREAME, RATESNEELE.
4.2.4 NIRAFFMH |

NIRUF RN FERELA R, IREEEREASE.
4.2.5 U RE R BT E

1 Realizable k-e# 8, SHIRIRE THUEMT 4

_ {0.31, z<z, (41

0.1(z/2,)°%, z,<z<z,

AHp: 2,5 5m, z, BX 450m, FEHFEERS EMEIEEL FIRAIERE

K RE BARLERREE, k=05w-1)°, e=0.09"*?/1, I AWHRNE, k
FleF#EX A UDF 4w#2 5 Fluent fEEOSEI.
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4.3 JHEFKAR

VHERA 3D BKEE, HBEIKMEE TEARNERATANEENEEE
FEER, RPN EHERATHEERRN_aRER, EEENBEXAT
SIMPLEC &%k, wWERE AR, HARERZHY— A 25m, 50m, 75m, 100m ZLHT
HRVEREMNS, BT, R THA (B 4.3). HEFFEAT
BENMAEHEAR (Adapted Grid ), FHkfCHnt B0 XA X BT RN
#, UEEERNTIE RS, 235 RAaERSEh 0(R), 2%,
4%, 6% 8%, 10%¥E(T T H{EsEsl.

-
©-0-0-0-0-0-80-8

&
-8-0-0-0-0-0-0-0-0-0
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15¢

o -0-0-0-0-0-0-0-0-0-6-0-0-0-0-0-80-0-8
Ll B L 8  Jn J o s n s Jn g8 B g i

M43 MAGEE GHED
4. 4 THEERMT
4.4.1 RESHEZHR
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HRE S TR R

1. BRYHERESHAEE, BREMUE —RANE. BANEER
HIREIWRE ) EH, B 5 Xt IR R ) 2 Y0 73 (A e300 KL T
Az

2. HURNAGRIBAWIEKE, FREENERAES, HHEMEK.

3. FURELE, SHPPRARERSETNIEAR, LAMKKEERERETR
EHYTHYT K ERFTOHAN, BERRYE XNELBLAEXEREEL,
EHREL, SEXZEMRAK,

4.4.2 EARBHLELE
ER—MEHREECoE X A:
C,=2p!/pu; (4-1)
Rep: pHENES, o ATSHE, Bh1L 225ke/n°, u, W B A TRERHIR
.

0.4 4

0.3

0.2+

0.1+

EhRN

0.0+

0.1+

<0.29

0.34

0.4 T T T T T
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4.7 3|8 4.10 L5 1 T A RKWRABAR T BT RER BRI ER LR &
LiLIEEE

1L NFEEK, PHAKRSEHER, RERZBEZER. EOBRKE
HIFED R R Fk E. HP7E 25n WE T, YRABGRS SN 10% F1y)
RIABER B8 0 ALK ERE N RBAEERE 105LAA; 7 50n ®ME T, B
BRXEEHREAAEEIGE 20%:; 7 750 BmE T, BEBRRKEENREUEZEE
2 13%. UiBAEERAMNPEIA R REZREK.

2. WTFREX, PHABGRISEER, REREBEZHER. EORXE
H ILZE P O T S R TET A BB AL YPRIARRRR 2 0 10%ET R RAR AR 2 08
0 WAL ASAEH RPAREHAE 10%EH5. HP, £ 50 BET, WHAAER
S8 1%, AEXHEHEEEK.

3. MFEATMH (100m), REREHAAE. EHBEAEEXAESME
RIS SR o YRIARER BN 0 BnZ] 10%3T B T AL 10%E4 .
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