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Abstract

China is a region of frequent sandstorm weather, according to the roughly
statistics, the annual damage caused by sandstorms against direct economic losses is
up to 5.4 billion yuan. More and more people are aware of the importance of
sandstorm research. In the 1980s, some researchers have started to researche the
sandstorm movement numerical simulation. In the current , many model forms have
been proposed. For high, long-span building, the wind effect on the the structures has
been greatly enhanced, resulting in wind load control design of buildings as one
major load. At present, in the civil engineering field, the use of CFD methods to
study the effects of Wind-Blown-Sand load on the surface of buildings is very rare.
This article is based on commercial CFD software FLUENT, researching of the
numerical simulation of wind loads on the surface of building and Wind-Blown-Sand
Two Phase Flow field around the building.

In the case of the numerical simulation of wind loads on the surface of
building, first of all, determining the simulation of turbulence model - shear stress
model (SST). Secondly, AIJ model CAARC model and numerical simulation results
of wind tunnel tests and the results were compared and analyzed the results of
numerical simulation and wind tunnel test results have a good consistency to prove
that the use of CFD simulation of the surface of buildings the accuracy of the wind .

In the case of the numerical simulation of the load of wind-blown-sand two
phase flow of building, first of all, according to the records of our country for more
than four decades of the sandstorm weather reports, selecting of the biggest
sandstorm statistical results in Beijing and Gansu , the quality of the atmospheric
aerosol maxima concentration conversion of particle size. Secondly, in the case of
the load on the basis of the second phase (the particle phase), sand particles have
equivalent size, on the basis of the results of wind load ,adding the second phase (the
particle phase), assuming that the concentration of uniform sand, sand with gas phase
and there is no slippage, and the gas phase sand coupler with a one-way coupling,
that is, the sand has no relative of the gas phase.The last analysis: same wind sand;

different concentrations, Wind sand, different concentrations.The last, according to

S10-



Abstract

the simulation results: the same volume fraction of sand, different wind speeds; the
same volume fraction of sand, different wind speeds, AlJ and CAARC models have
been respectively studied. AIJ on CAARC model and the model of wind and sand deposited

on the surface have been studied to verify the CFD simulation in two-phase feasibility.

Keywords computational wind engineering, numerical simulation,

wind-blown-sand two phase flow, surface wind pressure, FLUENT
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Fig. 2-1 The process of sediment particles transport

(1) EH
1 3
Fe =% p,D°¢g (2-1)
A p, —RISIERARR
D — VR ERA
(2) EHHEE T
_1 s dp )
Fr = 67ZD P dy (2-2)

A p——AREE;
(3) Stocks #MEFEI FeRF) th Tk 5 RAIMR BB =4, &bk
BRI IS S, T A SYSROE TR IS S A .
YRR TR VR

u-u,D
Re, = ——F— (2-3)
|4
A U — R RHKRED &
U, — I sk

p

v — RIS sk E R A
*ETE Stocks Bﬂjj/éﬁa % Rep<1 Hﬂ"

-13 -



Fo = 37fﬂD(U -U p) (2-4)
L B ——FRIEN TR R

2 Re,>1 I, TSR FIARIEN 112 3L,

1 2
FD = CD gpﬂ[) ‘U—Up‘(U—Up)a (2_5)

X C — M RE:
(4) Magnus 71 HIVPRLIIERS =4 . Magnus F+713RIE =,
_ T3 _ v -
FM_8D;ﬂJL%{w 28pj (2-6)
X o —WER/NERI AR

% o NER BT A A (R B

(5) Saffman 71 1965 4E [ Saffman %5 HEMEIHE YA b /NER 32 3 B TR BN

Ji 3BT T),
&zlﬁﬁy@—{%ﬁf/%é+v 2-7)
oU

A o ——/NERPITE AL SR (VU SER L 5

222 RUbimes4FiE

KD A S S HWEE D RLR B . E T AR T =< 5V iR
PRI AN 5] 26 B A ERA TR AR ELAE o DL A 0 1 I 8 1 AR R R XD
g5
2221 iCROKEMESERNS BN R BoR, SRWEE a4
53(90% LA )2 AEVDTH LA 30em )i BE @I 1, JCHZEFTE 0~10ecmf 5
FE(Z9 15 80%), ol i b is 3 e —Flr i v R iz 0 5 . BAREUE insk
2-1 FiRP,

-14-



5 2 DA BUE AT 7T

2 2-1 WGE U=9.8m/s I AN 7] i B Wb iz il b
Table 2-1 U=9.8m/s, values of the wind flow sediment transportion

i (cm) | 0~10 | 10~20 | 20~30 | 30~40 | 40~50 | 50~60 | 60~70

WE(%) | 7932 | 1230 | 4.79 1.50 0.95 0.40 0.74
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Y Y, ——k o K B FERU

S, S, ——H P HE LRI

2) VIR JIME K — o #EBY  SST B8 (1 k Fl o [¥1fi1ic 7 A2 S k — o £

TIZEAL, 735 A

d d 0 kK. =~

— (k) +—(pku, ) =— (T, —)+G, Y, +S ]
at(p) aXi(/o i) aXj(kaxj) « =Y 5 (2-14)
0 0 0 ow . ~
— +—(pau))=— (T, —)+G, -Y, +D, +S ]
at(/oco) aXi(p i) aX_(,,Jax_) oY, +tD,+S, (2-15)

J J
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X G, =(G,,10pMkw);
G =26G,;
Vi
D, —— % AR IE T
Q) BEERH S AR, 7R EE AR BT, Rk SR
WARDIL DT [ FE A AL, T HLif 4 s 51 32 BE 1 PHAS AT ] 17 1534 i),
ik 5 BT Ak 2 R BN AE AR, TR R AR AR T R OV R . Il
FRT I NP IX S WEMSNE . WERT 38 RERE, T E e 4
itz ANEUBPEE R 83, i VIR Ay S, Bl sk SR
AR, B 2-2 Pros.
X I B I XA A AR T k. — R SR IR Oy “BE R BSR4
B N TR e 5 — PP RR Oy I BEAR AL ” 3%, TR AB 1E, I
A BT A SZoRG 1 s ) DX AR B8 FH O ) 20 SR ok . T BE T e B R 2R
IRZ, ACRHIH)EFluent$ {1 134 FH B A4 27 R AT 17 B T R 4
(Non-Equilibrium Wall Functions), & & — =5 & JJ86 BE i — J2 15 04 BE 11 R 24

uﬁ‘ u' =25Iny" +5.5

B (A

R Ll s 2L
HFRe M

HithE 2

Y

y'=5 Y'=60 lny”
2-2 BT X8 A s R
Fig. 2-2 Distribution of velocity near the wall
2323 AIRIERL K IEHYJ7: LES(Large Eddy Simulation) it it £ A i A1/
AT TR B, FHBEAS B =4E Navier-Stokes /5 F2 >R A2 1a) 7 M 1) R R i J@ T
— A ABL RS R SR AT AL ] [RIPE N RBE I o KRS A B AR 0 . T it Y
k5 5 ¥ & 32 B R R R IE ), RRUBE B i A AR I R B A% 3%
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5 2 DA BUE AT 7T

2 /NREERTbs, T/ ROBE o e £ 2R BIFERBE B IIPER, LT & A [F PR .
LES X iHHEALINAE AT CPU [ BEZOR MR i, SR B THE U 1§
R, KI5 R HiE&r iz .

2.4 REHENBERU

2.4.1 SERERBFIEER

AT ] 4 A L P B AR 28 93 A3 S50 A o A 28 R RO A A 2
2411 EENFARE  ESA AR ERR Y EE LA TR . N B
T LMY .

(1) TBRBHER LB ESN TSP ARG A&M: Bk A R =
il AR RS R AR A, R NS B A S5 R F A b 55 T4
AR A B, BUAH 2 (R AR B AHFAEZ [N A AR, BV, 3
BAREE L BT IRA Y S A B EA,  BURIAE 5 I AR AH 2 18] (1) FE ) 2
W& AT

() NEBIRE  (RERRAERK e Mg, AR, W\E, Y
R E M, BRAER AT BOER, BN A E T
UKLV R K IR R 51 I BH 77, (HIE /& A AT R Bk (12 8), 55856
SR ZER K

(3) AR (B 128 LR ARR I BRI AR /2 5 SE PR AR A 2 E 1)
Wik BARBRE: EhRmt, PR SSHEEA RS, §—0AEf
S HREE, R R ORI AE 2 R T A S, IR
BRI B A . FAIEE RST SR X 20 ORiAE , 34 RS 48 R RO 5 A A (] )
FEFNERRE . BRI R AL bR R P AR BERORI A, & AT PLE R A [ 2 A6 7E T 5
A TRORLAEASYE, S R EOX SRR, R 25 T 56 8 H 25 e R
FHE) & P IS RS -

24.12 BEERNERE  BECNR AR R AR RN S E B E BURE IE
AL ML JURH:

(1) BRI FAREY X R 70 P AH I S T A AR o E 2 A 2 22
WS RIURE AT ZE 0 AR I B HR 52, 28 88 RIS Hh AN AH 5% 1) T ik 31 1) SRR
Mgz . WIGERCFEs), PR B E AP,
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(2) BUriBEN FIEAREEY B0k AL PUE AR 2 DL A s I e WA 2R D R Al
I BBk B s Eh R, R BENLT R . 1% 51446 T Hutchinson, 1t
Ja XAIR Z a5 AW e th R A e 3 71X — 8 . BRI AR AE TR I @
BB TN

(3) BUhLimom T BRI RIAS B HARRY AR 2 X ks B R BUTE A (A IE
84> R T ORI Y BN P, A IE TR AN IR, TR
JT IR AN BE AL 5 R SR AL BRI AR, 2B M H AT AR IR Z .

2.42 FLUENT Z#E5&EE!

H BTA PP EUE TR B D7 VR AR B 2 AR BR — R g B H 7 iR R R — BR
$1 7775 Fluent 11 2 AHRASE AY il 2 B T X AP AR
2421 BB —HRIARBAE R 1F Fluent WP PR B H B B AR Y8E0E KR P — i
B H 7 MRS A OB S, BRI 4E- Bt e B 2, T
BUMH 2@ v R RS R E R, ARG E IS S 2 . B EUH AR
T LA &, REMEEER S, SR — N EARERE, 1A
B S ZAHIAR AR L 2R AR . R BB S AT P ) v R L, BAT 1
LHETUAR V48 2 (1) 18] B 58 B o
2422 BRRI—BRBIFE  EMRRL—BRF 7E R, AN A ARt A s B AH B 28 1
LRSI TN e I ey 1/ 12 DT L N A R £ =W 1L RS S I | ST AN 12 K
(phasic volume fraction) & . ARFRZEIE I (B A2 (R E SR, & AHI AR
R ET 1o WEAHBSFEITRERT DR — 78, X L7850 T A (1A
H#EARMTE R LI 1T 2 E A 7T LU — Sk e 0 &R, ATTREAE B
RTFEEA, BAb, X TNk (granular flows), WA PLE N 4> Fig3h 18
[ BARAE T R A

f£ FLUENT 1, 35 =FhRkhr-Bhr Z MR, a8 iR iR s
(VOF), JRAEWEET (Mixtrue), LLLKRKF7 A (Eulerian).
(1)VOFRE!  FTiBVOFMLAY, & —Fhfe [l e ) RChL kg T (R PR ER 7. 4
T B B — P Bl 22 Fh B AN A Bl A) 1 22 SRy, o] DUR A IX M AL . fEVOF
B, AFERRAAA I HE —EETTRE, RN A T E
TC, HBIESR T AR S A R RR
QyEEYRE TR AT H TP AH IR B AR AR BURRL) . RN FE B
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5 2 DA BUE AT 7T

B b, AR AL B O B BB A E SR, IRAIIA ALK AR S IR S Y B E
JiRE, FFIE A R R B U . TRE B SR VA IR AR B 5. BT AT
— BRI BRI B o, and o, FTLLZ 0 A1 1 Z AR EAE, B T4 g AN
A p B A B TR A BIALE T%ﬂlbﬁ}#mﬂ}u , FOVFAHDAAS A 38 B 2
2. 2%k, WA LMRE DRI R R Bz s, IR SRR 3 &) 2 M
UL

REBADKRG HNESME TR, Warsh 7R, RammEIE,
5 AR BT, I AR R R R ARECR A (n SR AR DL BAAS [ 3 i 3
g).

)7 A A 3% 482 7 F2 (Continuity Equation for the Mixture)

L (pm)+ V- (py ) =1 (2-16)

X v, —— B

n .
_ _ A PV
7. = Zk—l

m

P (2-17)
P ——IRE LS
pm = Zakpk
=1 (2-18)

o, — 5 KA IR AL 4

m ——HTROREH ) 8 ST I ) i A i
2)VR A AR ) 3)) & 77 £ (Momentum Equation for the Mixture)
TR B () 8 7 R AT LLE R B A A & B B T R R ARk R . BT
R NITRER,

0 _ _ o _ _ R : o
a(pmvm)_'—v -(pmeVm)z —Vp +V: I:/um (va +VVI )]+pmg +F+V '(Zakpkvdr,kvdr,kj
k=1

(2-19)
X n—AHHEG
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F——&A7;
iy —VRERGIE

Hin = D O by (2-20)
k=1
Vo« — 55 M K IR -

Vgk =V —V (2-21)

m

3)IR AR ) RE & /5 #£(Energy Equation for the Mixture)
REEM e E TR A,

0 Q& o
- (@ E)+V-D (@ (oE, + P)= V- (kyy VT )+ S, (2-22)
k=1 k=1

K ke —— AR T,
Se — T IR #
£ —h P % (2-23)
P 2
A)VFEXT (I )3 FITEE A% 3 i (Relative (slip)Velocity and the Drift Velocity)
A XT3 (A8 T T ) B e SO EE A (p ) B BE AR N T EAH (g ) B E
E’

|

<
I

Vo=V — (2-24)

ap p q

RSP AU R (v, T L R ik R

\7dr,p = Z kpk_» (2-25)
k=1 pm

5) 55 — FH AR AL 4> #0 J7 £ (Volume  Fraction Equation for the Secondary

Phases)
MER A p BELLT AR, TSRS A p KRR O,
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5 2 DA BUE AT 7T

%(“ppp)+v'(appp\7m):_v'(apppvdr,p) (2-26)

(3) BRAMERY  BRAIBLAYE Fluent F i E &I 2 BRI B T —E4
TH n MRS E T ARSI RERR A — A . B U S S A e R A
HAE I . AE 7 UARAS T B & A IS O, ORI (IR — 1) ) A B 5 4R R
B R - 2 AN F o X TR, o] R g s B R SR AT ah e . A
[F]AH 2 18] ) 3y B A8 et AR TR S 20 . @i FLUENT A - E 5 R %k
(user-defined functions), 7] PAxE X Bh&AZH 1 1H5H J7 2.

2.5 KRB/

AT S WA ZE WA B HE 1 XA P AR R SE AR AL . oWy T, 3
YORLER 32 31 LA RS S A T PR 4E . BT T, X R A AR
TR, WRHDRIRE NG, MIEERZ DLy R NRr sl 3 T
T BAERA %, AR R i R P, 91N T =Rt dmi (14 75
R——ELEARAL L T VI A T RE AU IR AN R A R . BRI PR
TGN T PRSI T ——BR - H A% B H 7 iR AR - B 5 1% AR B R —
BN EAR T RAR A T BRI
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£ 35 #AEFER X RER SR ERED

3.1 5|5

RGO P AR RO AE SRR UL R B At 2 B, AN VD kLIS b
RLARR 70 BOE PIARL Y BT o LU AR /N, ARGERUROIN B R e 7 2 MR A . A
BT Fluent B0 G B SR i KU 1 70 A5 D 230 3R AL 1 1:1:0.5
RN TT AR CAARC #EAL, 1581 1 1§ XURIBkD AR TR 1 s & i XU
I AT RLITAR I L o

32 BREWERRSER

3.2.1 WERXSFZEDMEFE

R VD R B R AU, [ PG AL [X e 5 DY Ry b 28 e ey i (
W, A3k, drdE, ORI — K E v R R X RS 7. DFFR ], R
BG4S, BN RIh RIERAEH A, WA RN THRIDEIX
M B FGIRFE N AT IEE , A2 REX, BEER SR Eihs
RE R HB WS, BUE A FEDRAR VD BV B R A P DR, AR R
PEAb-ZREE AR . Horh, FEALIR AL 11 ANEERE, RIGKL 34 NP,
IR B R MR e K WG 5 B/ N e ILEE R 73 DA S84, sk 3-1 o

R 3-1 W ARBERAHEER S bt

Fig. 3-1 values of five constants in K —& model

5 Mk 1) Bl K XU (m/'s) I/ BE WL (m)
o >10 %%, 225 <50

GiH 284, 220 <200

Hh 6~8 %, =17 200~250
55 4~6 %, 210 500~1000

WEW ERRAFEREAEFET 4 A2 5 H, TERGRATNES . P5b
WX AR R RRTRER TR, FiRm, mERNNNEST4 51 H
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o5 3 E SR HUSUR XD 9 AR i A AR

35 H30H, MK 13-18 BRI AR RS S K gt

At

322 WERRERSRBRFHE

6 H R RA IR KNG FE OB, WA Akn, AR,
BRI A R B TR K Ye A A 2R 55 FARIR, 3L 22 R 5 T R I 1<
WA AR ZES . EERICYBARHTBUNRE, A hT5 Jesg im0 Uk E5 . 16 Al
JEERPRENRBE KT, & 70%E4, HUGRFDL 25%KE4, ik
DR 5%, 1990 4F 4 H 25 HRAEFEILE D AR, KRARERAEREN
I R EB S 1.14947 x10* pg/m?*P¥, pHIbHX, 1993 45 H 5 H 15
I 42 55, HIRI P E R4 B R T BRE RS, KB XGEIL 34m/s, K
J112 2%, H/NREULEE N Om. 7E 15 I 44 433 16 I5F, 16 I 30 233 16 B 45 43
FHARPIR BN B, HFAWNTIE . BREERERIER, A KR RRE
AT IR AREIRE TR, AR R AR BT R4 BE FIE 300m, VDR5
Wi /5 BEAE 2100m, LA IR IR IR A 1.017X 10° pg/m® » ¥R Bt )5,
VORI R RIAR 0 AT E BT LE 4.750-6.750, TIRWIH RN 6.44401°40,

3.3 AN EEXGD R B BERU

3.3.1 JLiaJEE

A e VA H A SO 58 BT AlJ(Architectural Institute of Japan) A 1 5T
CFDECAR IS T @M LB 1:1:0.5 (RS R, 1992-1998 4R, %
WHFCHTIRE 1 3 BRSO AN DMV B FE AT T e A J T 17 K8 g XTI X 56 AT
CFDBLIUAIF 7T o A% SCAEA) FH 3 R T 56 Al F) it b, A R P A AL PR BB A
WWFTT. FECFDHHFluent6.3.26 HIRTALEI R Gambit2.3.16 1, #%JFA R
SEJUATAEAS . R RSF: 60mx60mx30m.

3.3.2 ITERBHBE

BT RAGDFZ F RTINS G, AT —5g 2t D s X
B SRR T RO RE I BAT — e OV ], AERUE R m] 45 e AT IR =

-25-



PEHE XIS SEBR S I o T B e 75 225 8 B TR X I
BOK, MIREEERR, THEENOC, THERRSAC; ik Esad s, ] gl
FILE R . A SCRAIUA A v FRE S @Y = B LN 30, K SURE
FETHEIRIBN T 1/3 4b, W 30 S T 350 fa 1 K T 85 = FE 10 {7,
PACRIEIR Bk B 7850 K RS o tFEIRIBUR ST : 900m(30H) x600m(20H)*300m
(10H). ALV B[Sk & 3-1 pr .

Grid Dec 03, 2008
FLUENT &.3 (3d, pbns, sstkw)

3-1 BRI

Fig. 3-1 The scale of computation model

3.3.3 M B TTRYIEEE

[P £ 21 TR R oA g 3t ) T B 45 SR B HERA VR B AR ORI S . AR S5 R A%
ARG 1) RS PEAE N, 5 T HEAT IR G R RS RI I, s (1 Kl
BD AR RS AR ARBIORE, ERERZ, KM R, A RER L LR
B BB AP AR R RS L EOR, RIS A A 2.
M 2 U, R 2K RS B E AR SSRGS RS, A5 2 IR N 468660
A, PREICHCN 938416 >0 ALY BRI kS A B 1] 3-2 AT

-26 -



3 3 5 MR HUBUR YD PIAR 7 B AT

Grid Dec 03, 2008 Grid Dec 03, 2008 |
FLUENT 6.3 (3d, pbns, micture, ssthw) FLUENT 6.3 (3d, pbns, sstkw)

a) PSR A b) A% =y R IEOR
Kl 3-2 TR RS
Fig. 3-2 Computation model’s mesh gird

3.3.4 AFFHHIER

A BERGA TR OAE: NS A, W5 ak e, BEmia A%t A
B ES TR 32 .

3.3.5 imntRE K iR AR A

(1) FHFASES R PIRRASRIMOIEER it MU SR P V) BT 48 K — oo LAY
(SST K~ T UAHEAY). WAL AR AL TR o 0 T IR A2 I
FRO R LA AR O SR 5 S o B MO 1 55 Tk 2 A 0 AT 0 i
BRI,

p= (3-)
IR E
r=oe (3-2)

R —EAR T KT 1000, ¥R-FEPARHPE 1 24, 0 — WP FER A+
/INF0.001. FIFXEESEL, winT DA THR A FoRL 7 2 TR P E BR e 2 . R
[ 5& H Crowe et al.Z5 H (i —F il 5 v
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R 32 AU TR RIL TR E
Fig. 3-2 Configuration of computation model of AlJ

TEHCRE RHHE, RIERXN: U /U =(2/2,4)", Hh

a =025, 7,,=0.1m, U, =5m/s
L o PR 9 v RE AR AL 24 1K
0.23, 2<2,
| =40.1(z/2,)"* z, <2<z, , Hpz,=5m, z,=450m
. 0.1 2>1
PR, it ’ AW
Wi K SRR £ SR o 945 k=1.5(u-1)
klAS k0.5
_ (075 _ _
g_c”'T_ 0= oz HHC,=0.09
)7

AR R E: | = 100(2/30)0'5
SFAGE, mENAE k AlmRAERCR ¢ ARRE o fENRAL I A
Y% UDF %if25 FLUENT {E4#2 I s28l, VE PR 1.

H Ol Rk J& 77 H4 F (outflow)

BET A 2% 1 TC i F2 B I (wall)

ZxE kI E (-270m, 0, -270m)
1
L rl+x)3
— == 3-3
d, (6 ’() G-
- (3-4)
v

AR RL T IR AN [, AR Z TR SRR B 7T LAY =20 b R n e,
HZ IR E AR HUR U, VR NBIARIFAAR A ot n] DL I ) A
WESZMRL T [i2 3, (BRRL T RRIAIZ S A B . BEEH, TREPEL R
PSR HERA] MR G R AL 30X — 2R i) f. o TR S8 i as, & A XA
(s A, VAR IE S HE S AT I e R RT3 2 Y [R] I REF e SR i i vH #E
-y B R IER RS . BN, TR A AN B AT S R DAL 13X A 17
O, (B T B2 R LA B — LR I BOR B e R MR BN 5. X
piIE= e S S |- 2 0Bl e Sy VAR B AR Ry LN EEp AR R el Ly AR =
VU RO ), AT BB AR R A e L ) A R RS ) L T

X T HOHAT G B B0 AT, Mixture B8R g AT U . SR Ao L B
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o5 3 E SR HUSUR XD 9 AR i A AR

FEX I —8B 4y, 2448 Euler 1551, Mixture £ L Euler #5780 2/ 5K fif—
oy e, BT Mixture BRI R EE D, iHEREERG—%, K580

R 3.2 ARG g7k, b XD RSB R
11494.7 pg/m® (HUE R B w1 —IK) . BT InEeE,

-6
5= APy _ 11494.7 <10 —8910.62x10-° (3-5)
a.p, 1.29
k=P _4789x10° (3-6)
Y
1
L 7Tl+xk

E:(ETJ =478 (3-7)

PRI R~ m T LUE B BTS2 1) (W2l R InERIRAR) . X TR
F/NT 10% WORLF- BRI R, SR A B SO Y o (H 2 T B B A A ok
TIATPOL I TH R ML, BIFE S A0 & T BRER A — MU (I8 AT 1T,
THEIEAENCOR, Sie = H Al ek & oiE e . tl, RAE-&BAL AT
. REBAE—ME L ZHRES, EREREAGMHMNIIE. BN E
T2, FHAHM volume fraction 8, PASAHXTIEFEMIARETE, ML Tt
HIHFEENMIZ .

(2) REVEZBZE (BUE Bk A SRR, Bk 5 W8 B A,
BN IER; BRI RSENMG, AR ER L B SH0 8 ik
3-3 fme

* 3-3 RSB E
Fig. 3-3 Configuration of particle phase

I R4, YrHE=ERE, IRIARTR 34 KRARBR R EIRE,
pm g/cm’ % ng/m’

Jb 5t 5.0 3.33 3.451862x1077 1.14947x10*

Hill 6.444 3.17 3.208201x107 1.01700 % 10°

3.3.6 KESHANEE

N

H

NGy

=

e, BAAWIRGENE, HEOVEEL MBS Huk A sE E .

-29-



RS N B U o 2 AT

R AT e, B GRRAE R, I AR SR AT QUICK Mk, Tidmsk
fift 77 %R SIMPLEC 3% JEA M REUN 0.3, FUAbR A B i

3.3.7 HERMUSERSXIELSHh

() FHRERY £ AL BRE #KCF AT E 24 AN A 9 S0 mihz
Ho ADBRRGE, Rkl mAn Bkl 3-3 fis.
H Dx . H
10‘41;« 4x0.2H 0&»412;491»4 8x0.2H 2x01H[0.H 4x0.2H 0&341

_ 12 34 5|67 8 9101112 13 14151¢ 17 18 19 20 2|

Kl3-3 ALY 4 ROEB K 2 o 1 il A &
Fig. 3-3  AlJ full sacle model and the distribution of pressure tubes

Ly kIR N v =3.451862x 1077 pg/m® Alv = 3.208201 x10~° pug/m’, HJZ
Vo =5m/s i, 15 RURI RS, 19 XURADL 45 IR -5 b IRUBRDL 45 R XU SR HL AL
W 3-4 Fios .
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o5 3 E SR HUSUR XD 9 AR i A AR

—— 7 — S
05 +%;%/; A 0.5 M +}%/9[‘J?L
fé 00 & 00
B -1 H -
L e L e
A SV
1.0 V -1.0 Y
0 5 10 J“J Il‘ 15 20 25 : 0 5 10 ‘w ﬁ 15 20 2‘5
a) v =3.451862x107 pg/m’ b) v =3.208201x10° pg/m’
B 3-4 v =5m/s, MAEFPHXERE

Fig.3-4 V =5m/s, mean pressure coefficients on the surface points
T A R PR R SRR T XS I REME , SN TRV =5m/s
ORI E S N v = 3.451862x 107 pug/m®, v =3.208201 x10~° pg/m’ i, K&
FHUNE 3-5 FiR.

1.04
‘_i::Q —=— u=3451862%10"
05 —+— v=3.208201%10"
ﬁ 00
¢
B Wi
-1.0 gt

-1.5

1
0 5 10 15 20 25
RS

Kl3-5 v =5m/s, MACFRUE R4
Fig. 3-5 V =5m/s,» mean pressure coefficients on the surface points

MR L

D R KGR RSG EEE, R XU R a AT, A2 SRS R] e 45 SR
77 RIFM—BOCR. EEXNE, SEGEBENIAE, BILER S5 XIRRR A7
E—EMRZE, RHERE—BAHZEL 0.05 724 . SRR, B 15 KRR
6 45 R W) & BB

2) ¥R YD KL, VORI A 2 B AR A IR, VDR IR,
1 MBI D AR TR S 3R 1T ) XA BB 23524k, YRR 2D 10 80 2%
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RS N B U o 2 AT

I, WU RECRLIEIN 1 6%; VDR AR, 1 RAIERD AR /TR 54
PN IS RECEAG 3, WORIIRIE N 10 7B g0y, WU RECRL8E N 1 15%.

)X R, M ST E, S RAE RS AR XU R E0E B
Ao XTI, 1 RAE RSP AR USRI AL, (B4R
PHRAEAR N

(2) RO B ROR IR =, ST XA DRI TR ELR -
ATJ BERLYDRIAR PR AR 0 2o A i B 3-6 B o

aaaaa
33333
333333
33333
333333
33333
333333
aaaaa
33333
333333
33333
333333
33333
333333
aaaaa
33333
aaaaa
aaaaa

321205

Contours of Volume fraction (phase-2) Dec 03,2008
FLUENT 6.3 (3d, pbns, mixure, sstkw)

3-6 AR HL
Fig. 3-6 The volume fraction of phase 2
M AR, S TR ROR TR B AR, A SR N T F) T A
FEVRIPTARIR R, H AR HIREEAN I o RT3 R, ¥ B2 PRI
WG
BYPROR AR R, N EREEANERS, VORI AT = E B 3-7 s

321005 320005
321008 321608
321808 321605
321605 321805
321605 321605
321605 321008
321605 321008
321605 321008
321605 321808
321608 321605
321008 321605
321008 305
321005 321605
221008 305
321008 321008
321008 321805
321608 321605
321605 321005
321008 % 321805
321805 —x 321005 —X
321605 321008
! i
| Contours of Volume fraction (phase-2) Dec 04, 2008 | Contours of Volume fraction (phase-2) Dec (4, 2008
| FLUENT 6.3 (3d, pbns. mixture, sstkw) FLUENT 6.3 (3d, pbns, mixture, sstkw)
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5 3 & IR g ORI R 1 AR U7 SUE AR A

a) V =5m/s b) V =10m/s
Kl 3-7 YRR EE o3 A s 1
Fig. 3-7 The contour map of the volume fraction

MIDRLE) AT 2 AT DL e N ERUE AN [RI 30 PG 573 A7 1% AR AL,
(BT IR 5~ 73 A1 5 DLBETUE A 38t N FUE BER/NIF, RIORLIA B 55 s 14
DI AR R AE B XU, SIS ORI, ORI A S DO AR, XIS
Y. VRIEER S, RURGER AN TR o (R A T ORR B 32 A 1) 5
FHAHIE . WA TALN, 75 WU AR RSO 73 A7 )P SRR FE 22 30 AT 0.25%

3.4 CAARC fREIR DMy BERRTL

3.4.1 BERBREKBSHAYIZE

CAARC 5 A #5 7] /& tH Wardlaw 11 Moss(1965) 7 B 0 it 25 & ) & 51 &
(CAARC: Commonwealth Advisory Aeronautical Reasearch Council) P/ 2% 32
PR — Fhbs 4 e 2 AT, DR B & AN EEAEL B AR XU R RG] 1) S 6 45
CAARC = JZ 2 50 br 7 B 2 2 — & RO R ST A 30.48(Dy) X 45.72(Dy) X
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W R~ 30.48(Dy)m X 45.72(Dy)m X 182.88(H)m

X=2H+1Dy+5H. Y=1.5H+1D, +1.5H. Z=1H+1.5H

- o
! Forp X ORIRURA, Y AR, Z AR T

REEWIES FREEHIRIRG, PR ETTHON 1568112 4

SRR, FA R0 U/U,, =(2/2,4)% Hbia =03,

PNEBuE S Jlc
Z, =0.6096m, U =12.7m/s
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/% UDF of specifying steady—state exponent velocity profile boundary */
#include “udf.h”

#define a 0.3
#define height 0.1
#define v _height 5
#tdefine Cu 0. 09
#define Zg 450.0
#define Zb 5.0
#define VKC 0. 41
#define scale 1.0
#define TLC1 100.0
#define TLC2 30.0

double Velocity Profile(double z)
{
double V;
if (z<=Zg)
V=v_height*pow((z/height), a) ;
else
V=v_height*pow ((Zg/height), a) ;

return(V) ;

double Turb Intensity(double z)

{

- 45 -



double TI;
if (z<=Zb)
T1=0. 23;
else if ((z>Zb)&&(z<=Zg))
TI1=0. 100*pow ((z/Zg), —0. 2) ;
else
T1=0;

return(TI) ;

double Turb Length(double z)
{
double TL;
if (z<=Zb)
TL=TLC1/scale*pow ((Zb/TLC2), 0. 5) ;
else
TL=TLC1/scale*pow ((z/TLC2),0.5) ;
return(TL) ;

DEFINE PROFILE (v profile, thread, index)
{

real x[ND NDJ;
real z,V;

face t f;

begin f loop(f, thread)
{
F CENTROID (x, f, thread) ;
z=scalexx[2];
V=Velocity Profile(z);
F PROFILE (f, thread, index)=V;
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}
end f loop (f, thread)

/% profile for kinetic energy */
DEFINE PROFILE (k_profile, thread, index)
{

real x[ND NDJ;

real z,V,TI;

face t f;

begin f loop(f, thread)
{
F CENTROID (x, f, thread) ;
z=scalexx[2];
V=Velocity Profile(z);
TI=Turb Intensity(z);
F PROFILE (f, thread, index)=1. 5%pow ( (V*TI), 2) ;

end f loop(f, thread)

/* profile for dissipation rate */

DEFINE PROFILE (epsilon profile, thread, index)

{
real x[ND NDJ;
real z,V,TI, TKE, TL;

face t f;

begin f loop(f, thread)
{
F _CENTROID (x, f, thread) ;

z=scale*x[2];
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V=Velocity Profile(z);

TI=Turb Intensity(z):

TKE=1. 5%pow ((V¥T1), 2) ;
TL=Turb_Length(z) ;/*Message ("%g\n”, TL) ;*/

F PROFILE (f, thread, index)=pow (Cu, 0. 75) *pow (TKE, 1. 5) /TL;

end f loop (f, thread)

/* profile for omega */
DEFINE PROFILE (omega profile, thread, index)
{

real x[ND NDJ;

real z,V,TI, TKE, TL;

face t f;

begin f loop(f, thread)
{
F_CENTROID (x, f, thread) ;
z=scale*x[2];
V=Velocity Profile(z);
TI=Turb Intensity(z);
TKE=1. 5%pow ((V¥T1), 2) ;
TL=Turb Length(z) ;
F PROFILE (f, thread, index)=1000%pow (TKE, 0. 5) / (pow (Cu, 0. 25) *TL) ;
}
end f loop (f, thread)

-48 -



Bt ok 1

€ CAARC

/* UDF of specifying steady—state exponent velocity profile boundary */

#include “udf.h”

#define a 0.3

#define height 0. 6096
#define v _height 12.7
#tdefine Cu 0. 09
#define Zg 450.0
#tdefine Zb 5.0
#define VKC 0. 41
#define scale 1.0
#define TLC1 100.0
#define TLC2 30.0

double Velocity Profile(double z)
{
double V;
if (z<=Zg)
V=v_height*pow((z/height), a) ;
else
V=v_height*pow ((Zg/height), a) ;

return(V) ;

double Turb Intensity(double z)
{
double TI;
if (z<=Zb)
TI=0. 23;
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else if((z>Zb)&&(z<=Zg))

TI1=0. 100*pow ((z/Zg), —0. 2) ;
else

TI=0;

return(TI) ;

double Turb Length(double z)
{
double TL;
if (z<=Zb)
TL=TLC1/scale*pow ((Zb/TLC2), 0. 5) ;
else
TL=TLC1/scale*pow ((z/TLC2),0.5) ;
return(TL) ;

DEFINE PROFILE (v profile, thread, index)
{

real x[ND NDJ;
real z,V;

face t f;

begin f loop(f, thread)
{
F _CENTROID (x, f, thread) ;
z=scale*x[2];
V=Velocity Profile(z);
F PROFILE (f, thread, index)=V;
}
end f loop(f, thread)
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/* profile for kinetic energy */
DEFINE PROFILE (k profile, thread, index)
{

real x[ND NDJ;

real z,V,TI;

face t f;

begin f loop(f, thread)
{
F CENTROID (x, f, thread) ;
z=scalexx[2];
V=Velocity Profile(z);
TI=Turb Intensity(z);
F PROFILE (f, thread, index)=1. 5%pow ( (V*TI), 2) ;

end f loop (f, thread)

/* profile for dissipation rate */
DEFINE PROFILE (epsilon profile, thread, index)
{

real x[ND NDJ;

real z,V, TI, TKE, TL;

face t f;

begin f loop(f, thread)

{
F_CENTROID (x, f, thread) ;
z=scale*x[2];
V=Velocity Profile(z);
TI=Turb Intensity(z);
TKE=1. 5%pow ((V¥T1), 2) ;
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TL=Turb_Length(z) ;/*Message ("%g\n”, TL) ;*/
F PROFILE (f, thread, index)=pow (Cu, 0. 75) *pow (TKE, 1. 5) /TL;

end f loop (f, thread)

/* profile for omega */
DEFINE PROFILE (omega profile, thread, index)
{

real x[ND NDJ;

real z,V,TI, TKE, TL;

face t f;

begin f loop(f, thread)

{
F_CENTROID (x, f, thread) ;
z=scale*x[2];
V=Velocity Profile(z);
TI=Turb Intensity(z);
TKE=1. 5%pow ((V¥T1), 2) ;
TL=Turb Length(z) ;
F PROFILE (f, thread, index)=1000%pow (TKE, 0. 5) / (pow (Cu, 0. 25) *TL) ;

}
end f loop(f, thread)
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