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PAT MOT NGUON THAI O NHIEM KHONG KHf

NGUYEN THE DUC, TRAN VAN TRAN

v - S
1. DAT VAN DE
Mét trong céc ngudn thii chit ddc hai vio trong khdng khi quan trong nhit 1d cdc nhi miy

céng nghiép. Do yéu ciu vé ngudn nhin lye, ngudn nguyén lidu v. v..., thong thudng ching dwoe
x4y dwng gin cic khu viee dan cw.
Khi xiy dung mdt nhd mdy trong mét ving ¢6 cdc khu vwe déin cuw, bai todn cé thé d3t ra 1a:
Trong nhirng vi tri thuin loi v& m¥t kinh t& 38 d%t nh3 mdy, vi tri ndo s& 1am t8i thidu inh
hwédng 6 nhiém lén cdc khu vie dén cw, va nhitng vi trf ndo khéng Iim cho céc tiéu chndn vé sinh
dang dwgce quy dinh tal cdc khu virc din cw bi vi pham.

2. DAT BAI TOAN

Gik st m8t nhi miy céng nghidp phat ra chit thai véi cdng sudt Q. ngudn chis thdi die tai

dlém o = (:130, yo,h).
Phwong trinh truyen chit trong mien try G &4 1ém la:

do ., 8 Jdp :
o +divup +op = 3.7 3, + ulp + Q8{r — 1) (2.1}

véi cde didu kidn:

=0 trén X

| aﬁ.ﬂago trén ¥y
dz
%IO trén By
Jz

=0 tai £t=0

trong d6 ky hidu:
© - noéng 45 chit thai.
v - hé s8 khuyéch tan theo chidu thing ding z.
i - ha s8 khuy€ch tan theo cac chidu nim ngang: = va y.
u - véc to vin téc.
% - mit xung quanh cia G,
3o - mit ddy cda G.
Yy - mit dinh cda G tai 48 cao H.

22



C4c thanh phin véc to vin t8c trong lép bidn hinh tinh dwec tinh todn.bdi phircmg phép sit
dung trong mesometeorology {1], & day gi st bing c4ch ndo dé ta cé cdc.thong tin cin this ve
tru‘é’ng gié, phwong trinh {2.1) dwoc st dung dé gidi bai todn vE sw trii ra cda chit giy 6 nhiém
tir ngudn thdi dit tai difm ro € G.

Liy tich phin 1&i gidi the dwoc trong khodng thi gian 0 € £ < T hitu han nio 46, Khi
dé lwong chit thdi trong mdt mién tru Gy phia trén mién din cw O € Iy ldy trung binh trong
khodng thed gian 0 <t < T la: '

T
JE = bfdt/gadG (2.2)
]

Gy

trong 46 b = 1/T.
Lwong chit thii t8ng cing ling 1én b8 mit dit trong mikn O € Ty dwoc d4nh gid bdi: _

T
Ji = afdtf{pdi} (2.3)
4]

(979

trong dé a = w, + aw.
wg 14 van t8¢ roi tw do éda hat dwoe xdc dinh i c¢dng thic Stok.
Céc phif€m ham (2.2)7 va .(2.3) 13 cdc trudrng hop riéng cia mét phifm him téng quit

J= [Tdt/ppdc: {2.4)

a

Phifm him tdng qudt ndy dwoc st dung 4% d4nh gid & nhidm trong cic trwdmg hop khac

nhaun.

Phiém ham {2.2) 13 trwdng hop riéng cda phifm hdm (2.4) véi

bowéi r € Gy
P= rgéGk

P

0 vé
Phiém ham (2.3) dng véi

_{a vin re {l
P= 0 vé ré O

Néi chung trong phiém him (2.4), him p dwge x4c dinh troée phy thude vao lrgng 6 nhifm
mh ta quan tim. Gid tri phi€ém ham (2.4) phu thudc vio phin b3 néng 6 p vi phin bd nbng &
© phu thudc vao vi trf 4iém dit ngudn thai ro qua cdc phwong trinh dang (2.1).

Bai todn tréd thinh: Tim misn Wy gao cho

T .
J:fdtfppdc:<c véi rg €Wy
0 .

Trong dé € 13 hing s8 ndo d6 dwoe xdc dinh tir cdc tidu chudn vé sinh y & cho phép.

P4d giki quy&t bii tosn niy théng qua phwong trinh (2.1), ta s3 phii gidi v6 s& Bin phurang
trinh (2.1) v vigc lam nay 13 khéng thuc &, -

Thay thé cho cdch lam niy, G. 1. Marchuk d3 dwa ra thndt todn xiy dung bii todn Ilen h0'p
va gidi phvong trinh lign hop chi mét Tin.
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3. PHUONG PHAP GIAI

3.1. Bai to4n lién hop .
Vé&i him p xdc dinh trwée trong (2.4). Phuwong trink lién ho'p vo'1 phlromg trink (2.1), xdy
du’ng theo phwong phdp cla Marchuk (1] ¢6 dang san

a‘P* 3 * .
- g Ap* + (31
a1 52" 8z THA¥ TP (3.1a)
véi cac didu kign
@' =0 trén =
dp* .
;D =0 trén Xy
s (3.1b)
Azl .
=" trén L
8z

' =0 tal £=0

Nghi¢m ¢ cia phwong trinh {2.1) v3 nghiém ¢* cla phrong trinh (3.1} thda min déng nhit
thirc 481 nglu: ,

T

. r
dt | ppdG = dt[go"’QS r—roldQd : 3.2
! ! J Jrase=rie (5.2
Tir (2.4} va (3.2) tacb
T
. o
5 ‘

GiA st réng p*(r,t} 12 nghiém cda (3.1a) vd (3.1b). Thay th& vic (3.3) ta thn dwge him

‘ T
i =a et (5.4)

Bay gi¥r ta cb thé sit dung ham J(r) tim vi tri a5t nguon thii ro trong mien cé thé d3t dwec
dé him J(T) dat cue tidu tai 48,

Tuy vay, trong thwe t€, gidi phdp cudi cling cdn phu thude vio dia hinh, giao théng, ngndn
nhin lwc v cdc tifu chuin ki_nh té khac. Vi viy triwéc hét cin chon midm Wi thda man doi héi
vé sinh, y t& dang dwgc quy dinh.

Jr)<C vé reW;

3.2. Phuong phép gidi s6 bai toan lién hop

D& thu dwge ham J(r) qua (3.4), truéc tién ta phdi gidi bii todn lién hop (3.1) dg thu dwege
him p*(r,t).

Viée gidi phwong trinh 3 (3.1) chi khidc véi vige gidi cdc phwrong trinh truy8n chit thong thwomg
& chd né dwoc thuwe hién theo chifu thdi gian ddo ngwoc.

Dt t = T —t;, u = —u; ta dwa dwge phwong trinh (3.1) vB dang phwong trinh truyén chit
théng thwong '

* *

ad . . ., a2
(;:1 +divue” o’ = 557 ai +ﬂAp*.+Q5(r—r0) (3.5)
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véi chc didu kién

p*=0 tréin ¥

a *

LA ap® trén Lo
dz

a *

Lid =0 trén Zg
3z

fp*EO t?_ll t1=0

Sau niy dé don giln, ta s&€ bd di cdc chi 88 duwdi cda u; va £; trong phrong trinh (3.5).
D4 gidi phwong trinh (3.5) ching t8i st dung phwong phép sai phan mé t4 trong [2]. Phwong
phap thuidn tién cho viée chia lwéi khéng dén,

Sai phin theo chidu thoi gian

Khodng théi gian [0, 7] dwoc chia nhd think cic khodng véi 43 dM At. Véi ditn kién ban
dBu, viéc gidi phwong trinh (3.5) thwc hién tulin ty theo timg bwée th¥i gian tr t =0 dén t = T.
_ Nhiém vu trong irng bwée 13: bidt p* tai thdi difm ¢, tim »* tai thid diém t + At Lwoc d5 sai
phin th¥i gian st dung & diy 13 lrge d6 an hodn toin. Lwoe dd hidn, lwge d5 Crank-Nicolson
vi cdc lege d5 4n khéng hodn todn khic s& dwa d8n cdc két qud khong thwe & vE mit vat Iy khi
birdc thdi gian khéng dd uhd {2]. Khi phii ddnh gid & nhi€m trung binh trong khodng thii gian
16m (théng thwdmg t3i thidu 13 mdt nim), viée ldy bwée thoi gian nhd s&€ 13m khéi lwong tinh todn
vwot qud khi ning hién cé.

-
/f-‘
¢ v
&
P
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Y e
-r; b
S//
B

Hinh 1. Luéi sai phin
St dung lwge d5 sai phin thi gian hoin todn in, ta thu dwgc cdc phwong trinh sai phin 6
chira gid tri ¢* tai di€m P vi cdc di€m lan cin (hinh 1).
ap@p = apPp = ow Py +anpy t asps +arpr +appp +b {(3.8)
trong dd .

ag = DeA(lpe|} + {[- Fe, 0]]
aw = Dy A(|pw|) + [[Fu, 0]
an = Do A{{pal) + [[—Fn, 0]]
as = D, A(|p.]) + [[Fuﬂ}}
ap = DyA(|py|) + [I- F5, 0]]
ar = Dy A(jpe]} + [, O]
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o _ AzAyhz
T A
b= pAzAyAz + ahpi -
L ap =ag +ow +ay +-as +ar +ag + a’?’ +oAzAyhz

v
A
F, = uAyhz D, = BeOVAZ
(62)e
wAYyA
Fy = ugAyAz Dy, = %ﬁ
u?
Az
F, =v.,AzAz D, = ”—(-gi-—z
JOzZA
F,=v,AzAzx D, = Ba 2207
{64)n
AzA
Fp = wpAzly Dy = %;g
e Az
‘ F}zwtl_\sz Dgﬁ-fﬂg

Hinh 1 duwgc vE trong hé truc toa 46 DE cdc. Truc z 13y theo huéng tir Ty sang Déng, truc
y theo hwéng Nam d&n Bic, truc 2 14y theo hwdng dudi Ién trén. Céc difm lwéi l8n cin cda didm
P v&é phia tiy, déng, nam, bic, dwéi va trén dwoge ki hidu 1a W, B, S, N, B vd T twong Ung.

Chi s8 e chi gid tri dai leong p, v, u, F v P tai didm n¥m trén mit cda thé tich diBu khién
giii’a diém Iwéi P va didm lwéi E. (62), 12 khodng cdch gifta difm P vi didm E. Twong ty véi cic
chied w, s, n, bvat. *

88 Peclet P 1a t¥ s6.cia F va D, bdiviy P. = F./D,, P, —F,,,/D v. v op & gia tri o*
tai diém P vi tai thdi di€m di tinh todn trwde. Ky higu {{a, b]] 18y 8 16m homn trong taisd a va b
Ham A(|P]) cé dang phu thudc vic lwge 45 sai phin khdng gian.

Sai phan khong gian
S dung lirge d5 sai phin Hybrid véi;

A(lP[) = [[0,t —0,5| P[]

Lu‘o‘c dd ndy tring lwec db sai phan trung t8m véi [P < 2 va tring véi luge do sai phan
“ngwoc dong” voi [P| > 2.

Gidi he phirong trinh sai phan

S& dung phwrong phip lip quét luin hwéng. Phwong phép lp quét lain huéng, ching han
quét theo chi®u truc =, thu dwgc gif tri mdi cha " dong thii tai 63t ci che difm nim trén ting
dwong lwédi song song véi truc toa 46 x tir cde gid tri cil cda p* trén cdc dutmg lin cin song song
bing phwong phip gié.i hé phirong trinh ¢6 ma trin ba dudng chéo.

Thi¥ mot truo‘ng hop gid dinh

Nhu 44 ndi phwong phip trén ¢ thé sit dung kh1 ta bift dwec tru'Erng gi6. Khi chia khodng
thiri gian tinh todn thanh cic bwée nhd, ta s& 1y véc to vin t8c gié d¥a vio vin tdc gid trung
binh vi hwdmg chid dao trong bwéc thal gia,n d4. Ching t6i 43 thit nghiém va thiy ring phwong
phap da trinh by & trén héi tu v&i nhimg bide thdi gian dd 1én vi dwa ra nhitng két qui hcrp
Iy vé miit vis 1.

T4t nhidn v&i buwdc th¥i gian cing nhd ta ¢6 thi tin dwoc ring I gii s€ chlnh xic hon,
nhung digu ndy cé thé virgt qud kha ning tinh todn mi ta cé. Didu twong tw ciing xiy ra véi vide
chia lwéi trong khong gian.
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Sau diy I3 k& qud tfnh todn thit cda ching t8i cho mét trudmg hop gid dinh. Khodng th¥i
gian tfnh todn 1a mét nim. Buwéc thii gian tinh todn 1a mét tuln. Véc to vin t8e gié u = (v, v, w)
trong tuiin dwoc Jdy tir vin t8c gié trung binh vi hwéng gié chi dao trong tuin dwoc cho gid dinh
trong bang sau (thinh phin w luén dwge gid st bing khéng):

Tuin 1 2 3 4 5 6 7 8 9’ 10 11
w  -1,3 -15 -1,1 -1,0 01 00 0,2 -0,1 -0,1 -35 -4,
v -12 -16 -14 09 40 50 32 25 35 00 01

Tule 12 13 14 15 17 18 1% .20 21 22
u 20 -1,9 20 15 20 05 -03 -0,6 -0,09 -08 -05
v 00 -0,1 -2,0 -20 -39 -20 00 01 -01 00 05

Tuin 23 24 25 26 37 2% 29 30 31 32 .33
u 0,4 -0,7 -07 -4,0 -1,2 0,5 -08 20 1L,t 25 14
v 06 08 07 20 25 1,0 14 1% 08 35 1,6

Tuin 34 35 36 37 38 .39 40 41 42 43 44
u -3,0 -2,5 -1,0 -1,6 -1,7 00 02 -0,1 -04 -0,1 -0,7
v 30 22 1,2 14 1,2 -1,3 iL,7 07 -05 -02 -06

Tuin 45 46 47 048 49 5 51 52
u -06 -0, .08 -07 -06 -0,1 -03 45
v -9.0 -0,5 03 -02 -0,2 -02 00

0,4

Véi i = 350m?/s, v = 350m?/s, a.= 0,15/m, 0 = 0,1/s, @ = 250¢/s, h = 30rm. Mibn tinh
todn 1a mdt hinh ling tru véi chidu cao 1000 m, chifu réng vi chifu dii cda d4y 14 6000 m. Mien
G, vA cic dwomg ding micc cla phi€m him (2.2) dwoe vE irén hinh 2 (K& qui ténh todn ghi trén
hinh v& d2 d&i sang pg/s). Hinh 3 13 két qud tinh todn véi mign Gy khéc ciing v&i troedmg gis gil
dinh trén,
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ad
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\. Hink 2
Purdng ding mic cda phifm ham (2.2} véi mitn Gy

4. KET LUAN

Nhw vy, vidc gidi quyét bai todn 43t ra trong muc 2 & trén bao gbm cée buwée:

§.00 =TT T T T T T T 1 — “r\l T T 600
5.60 } \ . ié‘.ﬁﬁ
5.20 ] :520
4.80 i :4.'3'0
4.40 ) :440
4.00 } :4..00'
3.60 : :3,50
= 1
3.20 4 320
o0 |- 32,39
240 |- 1240
2.00 i :é.aa
Al i .60
120 | 1420
2.80 ! :zzéa
0.40 I :&407
R N R R S A S R B AR S R 204

+ X4y dung hdm p trong v€ trai cda (3.1a) sac cho phi€m ham (2.4} 13 lrong & nhidm m3 ta

quan tim.
+ Gii phwong trinh lién hop (3.1a) va (3.1b).

+ St dung (3.4) thu dwoe ham J{r) tir nghidm ¢* cda phwong trinh lién hop bing cong thirc.

tich phin Simson. _
+ Chon ra mién Wy, thda man 451 hdi cda bai todn, tire 1A:

J(r)<C véi r<W,

"Trong truwdng hop c6 nhidu mi&n dan cw Gy (k= 1,2,...,n). V&i mdi midn Gy vi mdi hing
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88 ' = Oy ta tim dlch mét mign Wy, v giao cda tdt cd cic mitn Wy 88 1A mi%n cé thé 4§t ngubn
thai, Hinh 4 minh hoa cho cdch lam nay. Trong hinh 4 cic k&t qud tinh todn véi trwdmg gid gid
dinh & muc trén d8i véi midn Gy va mitn G dwegc vé trén cling mot ban db.
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_ Hinh 3
Duwdng ddng mic cia phifm hdm (2.2} véi mitn G
Cong trinh nay dwge hodn thanh véi s tai tio cda Chwong trinh Nghién ¢fu co ban trong
virc Khoa hoc tyw nhién '
Pia chi: Nhin ngay 22/10/196%
Vién Co hoc Vién KHVN

TAI LIEU THAM KHAC

Marchuk G. I. Mathematical models in environmental problems. North - Holland * Amsterdam
* New Yord * Oxford * Tokyo. .
Patankar Suhas V. Numerical heat transfer and fluid flow.
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6.00 v'*'v,h‘ _7\%\1 T T T ] 8.00
5.60 |8 A PN = % e 7740
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" Hinh 4 :
Dudmg ding mirc cia phifm ham (2.2) véi midn Gy vi Gy

SUMMARY

A NUMERICAL ALGORITHM FOR OPTIMAL LOCATION OF
AN AIR-POLLUTION OBJECT

On the base of the method suggested by G. I. Marchuc for the problem of optimal location of
an air-pollution object, such as newly built plant, in a region in which one or several habitations
arrange, in this paper a numerical algorithm is proposed. The Hybrid scheme applied for the
three-dimentional transport equation permits to integrate it with large enough time step that is
very important factor when the program is running o PC. As an example, a calculation for an
arbitrary wind field is conducted. '
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