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TOM TAT: Bai bdo gidi thiéu mor mé hinh todn s6 3 chiéu tinh todn su lan truyén khéi bui
z‘rong khéng khi. Trudng vdn téc va khi ap dwoc gidi tir cde phuwong trinh chuyén dgng vdi gid thiét
dp sudt phén bé theo quy ludt thily tinh. Khoi byi duoc tinh todn tir phuong trinh vdn tdi. Cdc
phuong trinh dugc gidi trong toa d§ “sigma” theo phiong phap thé tich hitu han, so dé ADI clia
Douglas - Gunn. dnh huong ctia mdt ddt t6i su lan z‘ruyen ctia khdi bui dwge mé hinh hod mot cdch
thich hop. M6 hinh duoc k:em chimg vdi loi gidi gidi tich. Bai bdo ciing trinh bay mgt 50 két qua
mé phong ban ddu lan truyén khéi bui 6 khu vuc thanh phé Viing Tau.

1. GIOI THIEU

Hién nay tren thé glm ciing nhu & Viét nam, nguy co xay ra tham hoa mdi trudng khong khi 1a
rét 16n. Do vy vén dé kiém soét né ciing rit duge quan tdm nghién ciru va xdy dung céc cong cy
trg gitp tinh toan qué trinh phét tdn & nhidm 1a mot ndi dung quan trong. Bai bao nhim gidi thigu
mét md hinh todn s& 3 chiéu tinh toan sy lan truyén khéi bui trong khong khi. Trong mé hinh
chuyén dong ctia khdng khi duge gidi tir cdc phuong trinh khi — nhiét dgng luc hoc va la co so cho
phuong trinh vén tai khéi buyi lo limg trong khéng khi. Céc phuong trinh dugc giai theo phuong
phép thé tich hiru han va so dd ADI cta Douglas — Gunn dugc su' dung cho céc phuong trinh dién
tién theo thoi gian. Dé gia ting d9 chinh xdc cta 161 gidi viing ghn mit dét, cac phuong trinh duge
dua vé toa d6 “sigma” va didu kién bién mit d4t cia phuong trinh vén tai khéi bui duge sir dung
mét cach thich hop.

Mb hinh dugc kiém chimg véi 15i giai g1a| tich. Bai béo ciing trinh bay mot s6 md phéng ban
dau sur lan truyén khéi bui & khu vuc thanh phd Viing Tau. K&t qua cho thdy md hinh ¢6 do chinh
x4c kha tét va c6 thé dap tmg cho céc dja hinh phic tap.

2. MO HINH 3 CHIEU LAN TRUYEN KHOI BUI

2.1 Phuong trinh co ban

Chuyén déng cia khong khi ¢6 dic trung cta chuyén dong 16p bién, trong d6 trén phuong
vudng géc vai mat dit dp sudt phén b theo quy ludt thiy tinh. Trong hé toa d§ Descartes vudng
g6¢ Vi truc z hudng 18n, chuyén dong ndy ciing véi qua trinh lan truyén khéi bui duge mo ta boi
cac phuong trinh sau:
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Trong d6:

V =U.i +V.j - vector thanh phin vén téc gi6 trén phuong ngang;
w - thanh phén van téc gi6 trén phuong thing dimg;
C - ndng d9 khéi bui lo limg;
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V,= —(?—? + i}' - to4n tir vi phan trén mit phing z=const;
ox oy
p -dp sudt;
Yo, - khéi lugng riéng cha khéng khi (dugc coi 12 khong doi do cac tinh

toan duge thuc hién cho ving g?in mit dét);

f =2Qsing - hé sb Coriolis (Q - tdc do quay trai dat; o - vi do)

g - gia tbc trong trudng;

K, Ky - 46 nhét r8i va hé s6 khuéch tan rbi theo phuong thing dimg;

B B - 56 hang mb ta s trao dbi dong lugng va sy lan truyén byi khéi theo
phuong ngang do chuyén ddng duéi mit ludi.

Mién tinh dugc 14y 12 hinh chir nhat c6 canh song song v6i hudng gid va tir mit dat, z=z, 1én
t6i d6 cao z=77. P cao ndy duge Iy di 16n d& dia hinh khdng con anh huéng t6i chuyén dong. vé
mit tinh toan, mit trén cta mién tinh 12 tuong ty mit thoang cia dong chay hé cla chit long va
trén d6 cling c6 mot dp sudt “p,“ ndo do. Pé don gian trong cach viét ta ciing ding chit “mit
thodng” cho n6. V&i mién tinh nhu trén, didu kién bién cho (1) - (4) duge x4c dinh nhwr sau.

Tai miit thodng:

W(r;)::gg—+UJa—n+ngE (5)
ot ox oy
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Véi U,,V, 12 van tde tai cao dd 7=7(X,y,t). Trén mit dit, cdc didu kién bién la:

w(z,)=0 (8
ou oV 1/2

KM[E’Ez_jL :CD(U: +Vb2) (Ub’Vb) ®

[(W—W,)C—KH ﬁ] =E,-D, (10)

Trong d6 UV, - vin thc tai mét ludi sat ddy; Cp - hé sb6 ma sat; Dy, Ey - luu lugng byi ling
xudng mat dit va bi cudn 1én ngang qua b& mat cach mit dit mot khoang bing a. O day didu kién
bién mit dat déi véi bui khoi duge xir Iy theo céch thirc twong ty nhu & cic mé hinh vén tai bun cat
lo limg [1]. Trong trudng hyp bui c6 sin trén mit dét, thong lugng bui s& dugce tinh theo Van Rijn
[2]:

E,-D,=w,(C,.-C,) (11a)

Véi Cp va Cy' 12 ndng do bui tinh todn va ndng do byi bio hoa tai bé mit ndy. Tuy nhién trong
tinh todn thong thudmg khoi bui khéng c6 tirc thi trén mat dit ma tir trén trdi roi xudng. Do dé
trong pha thdi gian dau (khi khoéi byi con chua tich trén mat dat) va pha thoi gian cudi (khi khéi byi
tich trén mit dat dd bi cuon bay hét), thay cho (11a) sé la:

E,-D,=-0.C, (11b)

Trén bién’ xung quaph vén toc va ndng do khéi byi duge cho tai noi khong khi chuyén dong
vao va 4p suit cing didu kién khong cé gradient ndng d6 khéi bui duge cho tai noi khéng khi
chuyén dong ra. Trén 2 bién song song v&i hudng gid, van tc theo phuong vudng gdc véi bién va
gradient ciia vén tdc trugt trén phuong nay cing bing khong.
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2.2 M6 hinh réi

Sb hang trao dbi dong lwgng ciing nhur lan truyén chét theo phuong ngang do chuyén dong
dudi mét Iuéi & cac phuong trinh (1) va (4) duge tinh theo mé hinh d§ nhét réi:

’
F=— 0 24, aU] —| Ay 6U+6V (12a)
ox ox ) Oy oy ox
e
F, ____Q_ 24, 2 2 Ay 6U+6V (12b)
ay\ 6y 6x oy oOx
va
Ealla 6—le A R (12¢)
ox| = Ox By Oy .
Trong d6 Ay 14 d6 nhét 18i ngang va dugc tinh theo Smagorinsky [3):
2
A, = CAxhy aU] qluape L(av , ovY (13)
ox Oy oy Ox

Hé sb khuéch tan rbi Ay duge 14y bﬁng dd nhat rbi Ay HE s6C & trong khoang 0.01 - 0.5 va
trong tinh toan nay dugc lay bfmg 0,5. B9 nhdt rdi va hé sb khuéch tan réi theo phu'o'ng dimg, Ky
va Ky, dugc tinh theo mé hinh réi bac 2-1/2 ciia Mellor - Yamada [4]:

K, =qlS,; K, =4qlS, (14)
y@i Sn v’:'a. Sy — cdc ham 6n dinh. Thyc chét, theo Mellor-Yamada, Ky tin'h theo (14) 1a hé s6
khuéch tan roi cua nhiét dg. Trong nghién ctru nay chung t5i chip nhén hé sé khuéch tén rbi cta

khai byi cung duge l4y theo gié trj trén. Céc bién ¢° (2 14n dong niing rbi) va I (chidu dai dic trung
r6i) dugc giai tir cdc phuong trinh van tai:

2 2 3
% v g aw® Ok % )26 29 4 (15)
ot 8z Oz Oz Bll b
2 2 2
9L iy, (q)ew Pl O g 2, g, _L g (16)
oz oz\ 7 oz B,

Trong d6 Kq = 0.2ql - h¢ s6 khuéch tan rbi cia ddng ning rdi; Gy - sb hang ngudn rdi; - W
ham glam trén tuung, E; va B, - cic hing s mé hinh; FyvaF- thanh phan khuéch tan cta déng
niing rbi va cua chidu dai dic trumg, diroc tinh tuong tu (1 2c). Trén mat dit (z=z,) va tai bé mit bén
trén (z=n), didu kién bién cho (15) va (16) la:

(qz,qzl)zb = (Bf”ufﬁ,O) (17a)
(a%.4°1), =(0,0) (17b)

Véi up 12 van tdc ma sat tai mit dit. Xem chi tiét mo hinh rdi trong tai lidu trich dn.
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Hinh 2 Céc bién trén luéi tinh.

2.3 Phuong phap giai
Céc phuong trinh (1) - (4) va (15) - ( 16) ciing céc diéu kién bién du’qc giai theo phucrng phép
thé tich hiru han trong toa do o theo so dd giai d3 duge ching tdi phat trién trong thoi gian gén day
[5 - 7). Trong hé toa d o v&i phép bién dbi:
z-n
= (18
h+n )

mién tinh v6i mit thodng va mit dat cong tré thanh mién chit nhat c6 chiu cao bing 1 (hinh H.1).
Phép bién ddi nay cho phép tinh todn chinh xac hon chuyén déng ciing nhir qué trinh v4n tai chit &
khu vuc st ddy va khu vyc gin mit trén. Trong toa d¢ nay phuong trinh (3) dugc viét:

on, o4y, day , 00 _
o o& oy Oo
cdn cdc phuong trinh (1), (4) va (15) - (16) m‘mg duoc viét dudi dang chung:
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Trong do:

=[nU HV. HC He* Hg'l]

-

—gHz—U+JHV~—MgH ajpd gH 0, 2p 4

P pox: 0o

g’ . gH 3 dp
- H Paia™ s = [l
g — fH 5 [pdo + = aylaaa -

3
2H| G, -4
B
3
H[E,le - E_WJ
B

L 1

Trang 82



TAP CHi PHAT TRIEN KH&CN, TAP 10, S6 012007

H=n+h
H & % Py a ot
o, =W, [H

Céc didu kién bién ciing dugc bién ddi sang toa dd méi mot cach tuong (mg. Ngodi ra néu tich
phén phuong trinh (19) tir mt dat [én t&i mit thodng, s& dugce phuong trinh cho mit thodng:

o,
ot

Cac phuong trinh (19) — (21) duge giai trén ludi so le vudng géc (xem hinh H.2), trong d6
budc ludi theo phuong dimg 1a khong déu.

Trude tién mit thoang tai thai didm n+1/2 duge xéc dinh theo (21):

2 fauo+ 2 |
— |q,do +— |g,do =0 (21)
ax—l u a]}_l v

n n n n
p™I2 2 g2 AN A Quije ~ itk Wisk ~ Wi 22)
n 4172
: :

i N Ax Ay

Sau khi x4c dinh mit thodng, cac thanh phin van tdc va ndng dé cac chit tai s& dugc tinh todn
tir cdc phuong trinh'(20) theo so d8 ADI cia Douglas - Gunn [8]. Sé hang déi luu cta cac phuong
trinh dong lugng duge ndi suy theo so dd trung tdm con cia phuong trinh vén tai cc chit - theo so
db Upwind. Do dc tinh truyén séng khic nhau nén buéc thoi gian giai cac phuong trinh van tai
dugc iy 16n hon nhiéu 14n so véi cac phuong trinh ddng lugng,

3. KET QUA TINH TOAN VA PHAN TiCH
3.1 Kiém tra md hinh véi Ioi giai giai tich
Trong trudng gid véi céc thanh phan van tde F=W=0 va U=const va bo qua khuéch tén theo

phuong tryc x, 161 giai chinh x4c cta (4) cho ngudn diém lién tuc vdi cong sudt M dit tai toa do
(x=0, y=0, z=H) la: ‘

2 2 i
C(x,y,z)=—M-——EXP - Y _|gxp _(-H+wx/U) -
27Uo 0, 20

2 2
¥ 202

Loi gidi trén c6 tén 1a m6 hinh Gauss (xem [9], trg. 100) trong d6 G, va 0, 1a céc hé sb tinh tir
hé s6 khuéch tén va chi bién thién theo truc x:
24 2K
0'; =t bl B 22 =
U

X (24)

Hinh H.3 |2 phén b6 ndng dé khoi byi trén mjt phing dimg di qua ngudn theo chidu gié trong
trudmg hop diém ngudn & toa do (x=100m, y=300m, z=302.5m) c6 céng suit M=3 14kg/s, U=1m/s,
Ay=2,0m’/s va Ky=0.5m’/s. Cdc dudng déng mirc & don vi g/lit. Phan b ndng do khéi bui trén
mit phing dimg vudng géc véi huéng gié & toa d6 x=800m cho trén hinh H.4. Nhin chung i giai
s6 phit hop véi 15i giai (23). Piém khéc bigt I6n nhét 1 ludng khéi bui ctia 15i giai sé ha thép hon
so v&i 10i gidi (23) va d6 12 do 1di giai (23) dd khong tinh t&i khuéch tan trén phuong x.
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‘m 1 H 1 1 1 1 1 L I } 400 L 1 L 1 1
a) Numerical solution

Hinh 4 Phén b6 ndng do khéi bui trén mit
phing dimg vudng gbéc véi hudng gio

o 20 M0 M0 S0 &0 700 80 00 1000
x(m)

Hinh 3 Phén b6 ndng d0 khoi byi trén mit

phing dirng di qua ngudn

3.2 Mo phéng lan truyén khéi byi tai Viing Tau

Mb hinh d3 dugc ap dung thir cho khu vuc ban ddo Viing Tau. Mién tinh (hinh H.5) c6 kich
thée 10000mx9000mx600m duge chia ludi vudng 100mx100m theo phuong ngang va 41 16p theo
phuong ding voi chidu cao cic budc ludi ting din theo quy luat Aoy, =1.02A0;. Riéng 6 ludi

sét mit dat cao bing 1/2 6 ludi gin dé. Bude thoi gian tinh dugc chon At=0,9s cho phép gidi mit
thodng va phuong trinh dong lugng dé dam bao d9 dn dinh ciia chuong trinh, con budc thoi gian

tinh ciia cdc phuong trinh tai chat 16n hon 10 1in. Viéc chon budc thoi gian khéc nhau gitp tiét
kiém thdi gian tinh toan.

Hinh 5 Dia hinh ban d4o Viing Tau

Tinh to4n dugc thuc hién & didu kién gié Pong c6 van tdc & dd cao 10m va 600m la
Vio=1,4m/s va Vg=2,7m/s.,Gia dinh ring trong 6 phit c6 180 tAn bui bi tung 1én tréi trong mdt
viing ¢6 ban kinh 100m va cao 50m & d§ cao 390m so v§i miit bién va cach dinh nai 16n khoang
3,4km vé ?hia Péng. Ciing gia thiét ring hat byi c6 dudng kinh 0,025mm va c6 khéi lugng riéng
2.10°kg/m’. Hat byi niy c6 vén tdc roi 1a W,=2,2cm/s.

Hinh H.6 m6 ta trudng vén tbc va phan bd ndng do bui trén mit phing théng dimg qua tim

d&m bui doc theo chidu gié. DAu ngdi sao chi noi xuit phat cia ddm méy bui. Pudng dbng mirc
ndng 4 bui nho nhét 14 0,4g/m’ va cic dudng cach nhau 0,4g/m’. K&t qua tinh cho thay ddm may
bui hinh thanh quanh diém bing phat, vira chuyén dong vé phia nii Lén vira phat tan rong ra va
vuot qua ni ra bién. Thanh phd Viing Tau khéng bj anh hudng bai ddm méy byi nay.
Trudng hop hat bui c6 dudng kinh 0,065mm (W,=15,0cm/s), ddm méy bui sau khi hinh thanh da
x4 thip xudng dinh ndi Lén. Tuy nhién né ciing d4 kip vugt qua nui va chi roi xudng & ntii bén kia.
Di&n tién cia d4m may byi duge trinh bay trén hinh H.7. Hinh H.8 1a hinh &nh cia ddm miy bui
nhin tir trén trdi xudng & 2 thoi didm khéc nhau (3 va 27 phit sau khi bit d4u cé byi). Pudng ddng
mirc ndng dd bui nho nhit 13 40g/m” va céc dudng cich nhau 40g/m’.
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4. KET LUAN

Bai bo da trinh bay mét md hinh tinh todn lan truyén khéi bui ving gin mzt dat. M6 hinh giai
cdc phuong trinh chuyén déng ctia khong khi ciing nhur vén tai chét bing phuong phép thé tich hiru
han. Kiém chimg véi 1&i giai giai tich cho thiy md hinh c6 d¢ chinh xéac kha tbt. Miic dit khéng c6
s6 lidu dé so sanh nhung két qua md phong lan truyén khéi bui tai ban dio Viing Tau ciing cho
thy m6 hinh cho phép md phéng duge qué trinh lan truyén khéi bui trong diéu ki¢n dja hinh phirc
tap.

NUMERICAL CALCULATION OF DUST AND SMOKE TRANSPORT ON
COMPLEX TOPOGRAPHY

Le Song Giang, Nguyen Thi Phuong
University of Technology, VNU-HCM

ABSTRACT: The paper presents a three-dimensional model for computation of dust and
smoke transport in the air. Flow-field was solved from continuum, momentum with statistic
assumption. Dust and smoke are calculated by solving their transport equations. The equations are
solved in “sigma" transformed coordinate by finite volume method with ADI scheme of Douglas -
Gunn. The ground effect was modeled. The model was tested over analytical solution. Some
preliminary results of simulation for dust and smoke transport in Vung-Tau city are also
presented.
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