H& tro 6n tap [DE CUONG CHU'O'NG TRINH DAI HOC]

Nghién ciru khoa hgc cong nghé

TINH TOAN HE SO QUAN SAT GIC'A MOT BE MAT VI PHAN VA MOT BE
MAT HO'U HAN €O CAC LO TRONG DANG HINH TRON SU’ DUNG
PHUONG PHAP MO PHONG MONTE-CARLO

Pham Ngoc Chungl*, Nguyén Nhu Hiéu?

Tém tit: Hé s6 quan sat la mot tham sé quan trong duwoc sir dung trong tinh todn
trao doi bire xq giita cdc bé mdt trong cdc bai todn truyén nhiét cia khoa hoc kj
thudt. Trong bai bdo nay, cdc tdc gid nghién ciru bai todn xdc dinh hé so quan sdt
gitta mot bé mat vi phadn va mot bé mat hitu han 6 chita cdc 16 tréng dang hinh tron
st dung ky thudt mo phong Monte-Carlo. Trong pham vi nghién cuu cua bai bao,
cde tde gia xét bé mdt hitu han cé dang hinh chit nhdt. Cdc tinh todn dwoc thiee hién
cho trweong hop bé mdt vi  phan song song voi mat phdng chira bé mat hitu han dang
xét. Sy phu thugc cua hé so quan sat vao khoang cdch, vi tri bé mdt vi phdn, bdn
kinh va sw phdn bé cia cdc 16 trong duwoc khao sdt chi tiét. Két qua thu dwoc chi ra
rang nghiém mé phong bang phuong phdp Monte-Carlo la khd gan voi nghiém gidi
tich. Su" hoi tu cua nghzem thu duoc tie moé phong Monte-Carlo duoc danh gia thong
qua sé tia phat ra tir bé mat vi phdn va so tia dén dugc bé mdt hitu han dang xét.
Gia tri ty so giita s6 tia dén dirgc bé mat hitu han va $0 tia phdt ra cho ta hé so quan
sdt can tim. Tinh todn thuc té chi ra rang khi sé tia phdt ra di Ién thi hé s6 quan sdt
trong mé phong Monte-Carlo sé tiém cdn gid tri chinh xdc va tudn theo ludt sé Ion.

Tiur khéa: M6 phong Monte-Carlo; Hé sb quan sat; Bé mat hitu han; B& mit vi phén; L3 tréng hinh tron.

1. DAT VAN DE

Xudt phat tir bai toan burc xa nhiét giita hai bé mat vt thé khac nhau, nguoi ta dua ra
khai niém hé sb quan sat dya trén mot sd gia thiét vé nang luong buc xa gilta cac bé mat
[1,2]. Tir nhitng gia thiét vé mat vat 1y, nguoi ta thu duge biéu thie toan hoc cho hé sb
quan sat Fij khi nhin bé mt j tir bé mit i nhu sau [1,2]:

cos¢. cos¢
Fij = A.[.[ : dAj dA;, (1)

trong d6: ¢ , ¢ 1a goc gitta dudng néi ha1 diém bat ky thudc hai bé mit voi phap tuyén bé
mit tai hai diém do; r 1a khoang cach gifra hai diém trén hai bé mat; Aj , Aj la dién tich cac
bé mit (xem hinh 1). Tir dinh nghia ctia hé s6 quan sat (1), ta thu duoc quan hé A; Fij=Aj
Fji . N6i chung hé b Fij khac véi Fii , ching chi béng nhau khi dién tich hai bé mit dang
xét bang nhau.

Tir (1), c6 thé thiy rang hé sd quan sat chi phu thudc vao dang hinh hoc va huéng cia
cac bé mat cling nhu khoang cach gitta ching. Do sy phure tap khi tinh cac tich phan mat,
nguoi ta co thé thu dugc nghiém giai tich cua (1) trong mét s6 truong hop hinh hoc don
gian cia cac bé mat, chang han hai bé mat phang hinh chit nhat [3], mién vi phan va hinh
tron [4], cac hinh da giac [5], mi€n vi phan va hinh try [6]. Tuy nhién, khi dang hinh hoc
cua cac bé mat phuc tap thi viée tim nghiém giai tich la kha kho khan [7,8]. Do do, cac
phuong phap s6 s€ dugc sir dung dé tinh toan x4p xi biéu thirc hé sb quan sat (1) Mot

trong nhirng phuong phap s6 1a phuong phap Monte-Carlo dya trén co s s6 ngau nhién
trong x4c suat théng ké [7-9].
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Phuong phap Monte-Carlo ¢6 wu diém 1a d& dang thuc hién cho nhiéu loai bai toan
khac nhau, ngay ca nhitng bai toan c6 d6 phtrc tap nhit dinh. Phuong phap nay cho két qua
uoc lugng nghiém cia bai toan kha tién loi, nhung c6 mét nhuoc diém 1a thoi gian tinh
toan twong ddi 16n, mit nhiéu tai nguyén ctia may tinh.

D6i v6i bai toan buc xa nhiét noi chung,
va tinh toan hé s6 quan sat ndi riéng,
phuong phap Monte-Carlo duoc nghién
ctru tir nhitng thap nién 60, 70 cia thé ky
trude [1,2], co thé ké dén cac cong trinh
cia Chen va Churchill [10], Corlett [11],
Campbell [12].

Gan day, Vujicic [13] da sir dung phuong
phép Monte-Carlo két hop véi ky thuat sai
phéan hitu han dé uéc lugng hé ) quan sat,
sau do so sanh voi nghiém giai tich thu duoc
4, trong vai truong hop don gian. Cac tac gia do
Hinh L. Minh hoa hinh hoc khi tinh hé ¢~ 92 S dung phuong php m6 phong Monte-

Carlo, dong thoi danh gia thoi gian tinh toan

quan sdt giita hai bé mat Aj Va A . va dé chinh x4c

cta phuong phap. Méi day, Jacques [15] dé xuat mot k¥ thudt tinh toan nham muc dich giam
thoi gian tinh toan khi két hop mé phong Monte-Carlo v6i phuong phap phan tir hiru han.

Trong nhiéu (mg dung, cac dang hinh hoc bé mit kha phong phi va da dang, tinh toan hé s6
quan sat mang y nghia thuc tién trong cac ing dung d6. Pham vi nghién ciru ciia bai bao 1a tinh
toan hé s6 quan sat dbi voi cac bé mat vi phan va bé mit ¢ chtra cac 16 tréng (xem minh hoa
cac 16 tréng trong [16]). Cac bé mit loai nay thudng xuat hién trong két ciu cua cac thiét bi,
linh kién dién t. Hiéu duoc cac dic tinh hinh hoc va dic tinh truyén nhiét gilta cac bé mit,
nguoi ta ¢o thé thit ké cac chi tiét thiét bi véi muc dich t6i wu nao do.

Bai toan tinh hé s quan sat giira bé mit vi phan va bé mat co 16 tréng van chua duoc
khao sat chi tiét trong nhitng nghién ctru trudc day mic du vé mat ki thuat ta c6 thé tinh
hé s6 quan sat giita mot bé mit vi phﬁn va mot 15 trong [4]. Muyc dich ctua nghién ctu nay
la sir dung md phong Monte-Carlo dé tinh toan va khdo sat hé sé quan st giita mot bé mat
vi phan va moét bé mit hitu han c6 cac 16 trong, gidi han tinh todn cho trudng hop bé mit
Vi phan song song v&i mot bé mat hinh chit nhat c6 chira mot, hai va nhiéu 15 trong hinh
tron. Két qua mo phong sd chi ra rang cac két qua cua phuong phap Monte-Carlo so voi
phuong phap giai tich 1a kha gan nhau. Diéu nay cho cho thiy phuong phép Monte-Carlo
1 tin cay va c6 thé mé rong cho nhiéu bai toan phirc tap hon lién quan dén cac loai bé mat
vdi cac dang hinh hoc khac nhau.

2. PHUONG PHAP MONTE-CARLO TINH TOAN HE SO QUAN SAT GIO'A HAI BE MAT

Boi vi hé s6 quan sat (1) xudt phat tir mot s6 gia thiét vat Iy vé tuong tac birc xa bé mat,
do d6 cach tiép can mo phong sb Monte-Carlo ciing str dung cac gia thiét d6 dé tinh todn
xap xi hé s6 quan sat. Ta sir dung mot sé gia thiét nhu dudi day cho bé mat phat tia, luat
phan bd cua tia phét ra va cach thirc chia nang luong phat ra thanh cac géi ning luong. Ba
gia thiét nay 1 quan trong, dé dam bao rang cach thirc thuc hién moé phong Monte-Carlo 13
ly tuong vé mat vat 1y [1, 2].

2.1. Mot sb gid thiét
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- B& mit phat tia 1a bé mit khuéch tan. Khi do, cac tia trén bé mit co thé phat ra theo moi
hudng nim trong pham vi mit tiép dién v6i bé mit tai diém phét tia va phan khong gian phia
trén bé mit, tirc 1 cac tia phat ra ndm trén nira ban cau c6 day nam trén mat tiép dién.

- Ning lwong céc tia phat ra ¢6 phan bé theo ludt cosin. Ludt ndy dam bao ring tia
phét ra c6 phan bd déu trén nira mét cdu phia trén mit phang phat tia.

- C6 thé chia phan ning lwong phét ra tir phan tir i thanh N goi niang lwong, mdi goi co
ning luong nhu nhau. Mbi tia phat ra duoc dic trung béi mot goéi ning luong tuong ing.
Thuc té, tia dai dién nay chira mot ) luong rat 16n cac tia vé mat vat ly (xem [1, 2, 13]).

2.2. Xap xi hé sb quan sat bang phuong phap Monte-Carlo

Trong phuwong phap Monte-Carlo [1, 2, 13], ta xét N tia, mdi tia mang cing mot ning
lwong phat ra tir phin tir bé mit i . Goi tong ning lugng phat ra tir bé mat i 14 @j . Khi do,
moi tia s& c6 ning luong la:

® oo

ray =

)
N

Néu c6 M tia dap vao phan tr bé mat j thi phdn tr bé mat  j nhan dugc nang lugng

lAd =m® . Hésdquansat F  lac nay s& duge tinh xdp xi boi FMC [1, 2, 13]:
ij ray ij ij

()} mao
MC ij ray m
W= ENG - ©
o i ray N

Ttc 13 hé sé quan sat s& xdp xi bang ti s giita s6 tia ma phan tr bé mat j nhan duoc va
tong so tia phat ra tir phan tir bé mat i . Tlr (3) c6 thé nhan xét rang, néu tong so tia phat
ra cang 1on thi gia tri xap xi F _'_V'(’ cang gan gia tri tinh duoc tir bi€u thire toan hoc (1):
1]

Fij =lim 4)
N =+ N
Gia tri M phu thudc vao so tia phat ra N, dang hinh hoc bé mét j va vi tri cia n6 so véi
I . V&i cing mot lugng tia phat ra, néu bé mit J nho thi sb luong M tia nhan dugc ciing
nho. Ngudi ta chi ra ring do chinh xac ciia phuong phap Monte-Carlo ti 18 véi gia tri

1/+/N va sur hoi tu nghiém tuan theo luat s6 lon (xem [1, 2]).

3. AP DUNG PHUONG PHAP MONTE-CARLO TINH TOAN HE SO QUAN SAT GIOA
MOT BE MAT VI PHAN VA MOT BE MAT HINH CHO NHAT HO'U HAN €O CAC LO
TRONG NAM TREN HAI MAT PHANG SONG SONG

3.1. Truwdng hop bé mat chit nhat hitu han cd mot 16 tréng

Pt bai todn: Xét mién vi phan dA; (dugc xac dinh boi cac toa dd Dé Cac X1, X2, Y1,
y2 ) va mién chit nhat phang hitu han Ay c6 kich thuéc a x b (duge xac dinh boi cac toa
d6 bé Céc &S,6,m,mvaér—&=a,n2—m=Db). Mién chit nhat c6 mot 15tr6ng
ban kinh r . Hai bé mat dA1 va A2 nam trong hai mat phang song song, cich nhau mot
khoang d, nhu minh hoa trong hinh 2. Tinh h¢ s6 quan sat mién vi phan nhin mién chir
nhat hiru han.

3.1.1. Nghiém gidi tich
Ky hiéu D 1a mién tron (15 tréng), Q 14 toan mién chir nhat (khi khong c6 15 trong),

A2 = Q\ D 1a mién dang xét. Theo tinh chat ctia hé sb quan sat [1], ta co:
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F=F —F
dA-A dA-Q@  dA-D (5)

1 2 1 1

trong d6: Fga — o 12 hé s6 quan sat can tim, Fga -0 14 hé s6 quan sat mién vi phan nhin toan
1 2 1

mién chit nhat (khi khong c6 16 tréng), Fgai —p 1a hé s6 quan sat mién vi phan nhin mién

tron (13 tréng).

- A

Hinh 2. Bé mat vi phdn va bé mdt chi Hinh 3. Géc cau 8, ¢ tai Mg .

nhdt ¢é mot 16 tréng.

Trong thuc té tinh toan sb, mién vi phan co thé coi 1a mot mién chit nhat vo cung bé.
Ngudi ta di tim dugce nghiém giai tich cho hé sb quan sat trong truong hop hai mién hinh
chit nhit nim trong hai mit phing song song v6i nhau. Do do, ta c6 thé tinh toan hé sb
quan sat giita mién vi phan va mién hinh chit nhat nhu sau [3]:

2 2 22

1 o
Coa== 3333 (- DGy 7k §) ©)
A L
tI‘OIlg dé, 1 1=1k=1 j=1li=1 J
1
1 | 3 _
G= _{(y_”) L(x—§)2+d Hgarctan Lol 1
27 L(x—f)z +d? 72

[
! 2 |
2 277 - d 2 2 2
c(x-0) (y-m) "+ d"] arctanx—gl——lnl(x—.f)Jr(y—f;) +d 7,
L J 2 11

| 2
(y-7) +d ]
. L1 , )
Khi e # 0 ( e 1a khoang cach tir tam mién vi phan dén duong thang di qua tdm cua 16
trong va song song voi truc Z , xem hinh 3), nghiém giai tich ctia Fga —p 12 [4]:
1

I 1

2

FM_D:1|1- 1-(1d)+(de) / I | @)
I A
Khi e = 0 thi biéu thirc ctia Fga —p la:
F -—L
w0 14 (dr)? . )
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3.1.2. Cdc buée mé phong Monte-Carlo trong tinh todn hé sé quan sat

Chon hé truc toa d0 Oxyz nhu hinh 3. Ta thuc hién mé phong Monte-Carlo theo cac
budc nhu dudi day theo phuong phap phat tia da trinh bay trong phan 2.2.

Bude 1. Tao diém ngau nhién M g ( X0, Y0, 0) ¢6 phan bb déu trén mién vi phan dA; .

Bude 2. Tim toa d6 diém M thudc mit phéng chtra bé mat chit nhat hitu han Az ¢6 18
trbng ban kinh r .
- Tir diém ngau nhién Mg , phat mét tia ngiu nhién M o U ¢6 goc cau 6, ¢ theo quy

luat [2]:
I J1-rand(d),

] (10)
| =27 rand(1),

trong d6: rand(1) ky hiéu s6 ngau nhién c6 phan b déu trén doan [0,1].
- Tia M o U c6 thé cht mit phing do ( chira mién chit nhat A2 tai M ¢o toa

Xm,yM,ZM):

[| xm =xo+ d tan Ocose R R
{ym =yo+dtan dsing ‘gelo, — | ,CDG[O, 271'] (11)
|L L 2]

Zzm =d

Bude 3. Xac dinh didu kién dé cc tia ngAu nhién phat ra tir Mo ddp vao mién Ay (diéu
kién dé M e Az).

Diéu kién dé c4c tia ngau nhién phat ra tir M o € dA1 déap vao A2 la:
[e<x <& n<y, <7,

|Lﬁ(XM—fc)2+(yM—77c)22r2. (12)
_Hai diéu kién dau tién 1a diéu kién dé M € Q , diéu kién thtr ba la && M nim ngoai 15
trong (nam ngoai mién tron D ).

Burée 4. Xac dinh sb tia dap vao Az (sb diem M e A2 ). Goi m 1a s6 diém M nam trong
mién A2 , N 1a sd tia ngau nhién phat ra tir diém ngau nhién Mo . Khi d6, gia tri hé s6 quan
sat la:

m

e —
Fia™-n =
12 "

(13)

3.2. Truwdng hop bé mat chit nhat hitu han ¢ hai 16 trbng
Bai toan dugc dat ra nhu bai todn muc 3.1, nhung mién chit nhat co hai 16 tréng D1 va
D2 (mo ta trong hinh 4).
3.2.1. Nghiém gidi tich
Ky hiéu D1, D2 1a mién tron 1 va 2 (mién 13 tréng 1 va 2), Q 1 toan mién chir nhat (khi
khong c6 16 trong), Az = Q \ (D1 v D2 ) 1a mién dang xét. Khi do:
F =k -F -k

dA-A dA -Q dA-D dA-D (14)
1 2 1 1 1 1 2
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: F
O day: Fga —adugc tinh theo (6), FdA—-D , - duoc tinh theo (8) hoic (9).

1 1

3.2.2. Nghiém mé phong Monte-Carlo
Céc bude tién hanh mé phong twong tu nhu truong hop mét 13 tréng, tuy nhién, diéu

kién dé tia ngiu nhién phat ra tir Mo dap vao mién Ay dang xét 1a:

o . . - —

t

OloloIo]

«——=C
D b A

Hinh 4. Bé mat vi phén va bé mdt chir Hinh 5. M6 hinh bé mdt chif nhdt
nhdt ¢6 hai 16 trong. 6 nhiéu 16 trong.

<x < <
[§<x <& . n<y <p

[1 (15)
i
|L (- 2c )P +(ym-pc fP2r?, G- e )2+ (ym - ) =02,
( a b ) U( 3a b ) i g
Trong(15), C1| & +—, m+ — ,d|, “ed&+—,m +—, d| lahaitoaddtam
\ 2 ) \ 4 2 )
ctia hai 10 trong. Hai diéu kién dau tién cta (15) la diéu kién dé M e Q, hai diéu kién

cudi 1a diéu kién ¢é M nam ngoai hai 16 trong D1 va D>

3.3. Trudng hop bé mat chit nhat hitu han ¢é nhiéu 16 trbng

Gia str bé mit chit nhat hiru han ABCD kich thuéc a x b ¢6 canh AD duogc chia lam
m doan béng nhau, mdi doan dai a/m . Canh AB dugc chia thanh n doan béng nhau, mdi
doan dai b/ n . Ta thu duoc ludi chir nhat m x n (xem hinh 5). Trén mdi hinh chit nhat con
(mét Iudi), ta tao mot 18 trong hinh tron ban kinh r , ¢6 tdm 1a tim ctia mat ludi. Didu kién
rang budc cua ban kinh r la:
[a b]
0<r<min{ — r (16)
L2m 2n]

Diéu kién (16) dam bao cac 18 trong nam trong mdi mat ludi va khong giao nhau. Khi

r — 0 ta thu dugc mién chit nhat ABCD khong ¢6 15 trong. Goi Cij 1a tam cua 13 tréng

& vi tri mét luéi (i . ) . Toa d0 cua Cijj |aci,~\(§1 +(2i- 1)—a, m +(2] —1)£ ,d\\. Ta
2m 2n

can tinh hé s6 quan sat bé mit vi phéan nhin bé mit chit nhat c6 nhiéu 15 tréng

nay. 3.3.1. Nghiém gidi tich
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Goi Fga-p  1ahésd quan sat cuia mién vi phan nhin mién tron D;j j tam Cjj, ban kinh
.

ij

I . Ta biét dugc nghiém chinh xac Fga —p va hé s6 quan sat Fga - mién vi phan nhin toan
1 1

mién chir nhat Q (mién chit nhat ABCD khéng c6 16 trong). Khi d6, hé s6 quan sat cua

mién vi phan nhin mién chit nhat c6 10 trong:

|_dAl—Az - |_dA1 —Q_ zz I_dAl -Dij ' (17)
ij

3.3.2. Nghiém mé phong Monte-Carlo

Thuét toAn mé phong nhu hai truong hop & trén nhung diéu kién dé tia ngdu nhién phat
ra tir Mo dép vao mién A dang xét (diéu kién &€ M e Ay ) tuan theo hai budc sau:

- Néu M nam ngoai mién Q thi tia phat ra tir Mo khong dap vao mién dang xét Ay .

-Néu M nam trong mién Q thi cin xac dinh M thudc mét lu6i nao, néu M thude 18
tréng ctia mit ludi do thi tia phat ra tir Mg khong dap vao mién dang xét Az , nguoc lai thi
M e Ay dang xét.

Két qua sé ciia nghiém mé phong sé va nghiém giai tich ctia ca ba truong hop trén s&
duogc trinh bay trong muc 4 sau day.

4. KET QUA SO VA THAO LUAN

4.1. Trwdng hop bé mit chir nhat hitu han c6 mot 16 tréng

Léy toa do P& Cac bé mat chit nhatla & =0(m), &=2(m), m=0(m),
n2=1(m),a=¢&2-&=2(m),b=1732-m=1(m);contoaddo P& Cac bé mit
vi phén X1, X2, Y1, Y2 dugc chon sao cho dién tich cta bé mit vi phan 1a kha nho va br:ing
khoang 1 / 202 14n so v6i dién tich bé mit chit nhat, khoang cach giira hai mit phiang song

song chira hai bé mat nay 1a d = 0.5 (m) . Ban kinh 15 tréng r = 0.4 ( m) . Hé s6 quan sat
giita hai bé mit dugc mé ta trong cac hinh 6-10. Hinh 6 mo ta sy phan bd tia ngiu nhién
phat ra tir bé mat vi phan dA1 toi dap vao bé mdt Ay trong quan sat ba chiéu tir md phong
Monte-Carlo.

Bing 1. Két qua tinh toan nghiém mé phéng Monte-Carlo va thoi gian tinh twong img.

S tia phit N Ngll\ljém moé phéng Nghiém chinh xc Thai gian tinh toan
onte-Carlo (s)
102 0.3000 0.2788 0.0160
10° 0.2570 0.2788 0.0460
104 0.2741 0.2788 0.2350
3 x10* 0.2765 0.2788 0.6880
5 x10* 0.2782 0.2788 1.1280
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Hinh 7 mé ta sy hoi tu ciia nghiém sb theo Monte-Carlo so v6i nghiém giai tich. Khi N
cang 16n thi sai s0 gitta nghi€ém mo6 phong Monte-Carlo va nghiém chinh xac cang
giam. V&i sb tia phatra N = 10% thi hé sé quan sat theo Monte-Carlo la Fve =0.2741,

1 2
con nghiém giai tich Fga: — A2 = 0.2788 ; P chinh xac ciia phuong phap Monte-Carlo 1y
hai chit s6 sau ddu phiy. Quan sat bang 1, ta ciing thdy khi s tia phat ra tir bé mét vi phin
N ting lén thi nghiém mé phong sb Monte-Carlo cang gan nghiém chinh xac, tuy nhién,
thoi gian tinh toan ciing tang 1én.

0.45
—— Nghiém Monte-Carlo
04y = Nghiém chinh xéc
=035
g 03
=2
“% 025}
o
o2t
0.15¢
0.1 : :
10' 10° 10° 10*
,  Sotiaphatra
Hinh 6. Quan sdt 3D cua sw phdn bo Hinh 7. Hé so quan sat bé mdt vi phdn
tia ngau nhién phdat ra tir bé mdt vi nhin bé mat hitu han co mot 16 trong theo
phdn dap vao bé mat hitu han trong tia ngau nhién phat ra ti bé mat vi phan.

trieong hop mét 16 trong.

Hinh 8 phéac hoa hé s6 quan sat khi bé mat vi phan di chuyén trén duong thiang y = 0.5
tir vi tri X = 0 dén X = 4 . Quan sat hinh v& ta ¢ thé nhan xét rang hé s6 quan sat c6 dang
d6i xting qua dudng thang X = 1 khi bé mat vi phan ndm trong gidi han ciia mién chir nhat
theo truc X tir vi tri X = 0 dén X = 2, con khi mién vi phan di ra ngoai gidi han ciia mién
chit nhat thi h¢ s6 quan sat s& giam dan va tién vé khong.

0.5

o
FS

at

H¢ s6 quan sa
©
w

,
A

¢
o
N

o
a

—— Nghiém Monte-Carlo
----- Nghiém chinh x4c

o 1 L 1
0 1 2 3 4

Vi tri mién vi phéan theo phuong x

Hinh 8. H¢ sé quan sat bé mat vi phdn nhin bé mat hitu han cé mét 16 tréng khi vi
tri bé mdt vi phan thay déi trén duong thangy =0.5 tirvi trix =0 dén x =4 .
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Hinh 9 chi ra sy phu thudc ctia hé s6 quan sat vao khoang cach d gitta mién vi phan va

mién chir nhat. G day,a=2('m),b=1(m), d dugc ldy tir 0.01 (m) dén 10 (m); mién
vi phan duoc giir tai vi tri ma khoang cach € tir tim mién vi phan dén dudng thing di qua
tam cua 16 trong va song song véi truc z bang khong (e =0 ). Tir hinh v& ta thiy rang néu
khoang cach giira bé mat vi phan va bé mat chit nhat kha gé”m nhau thi hé s6 quan sat s€
gan khong va khi khoang cach ¢ khoang 0.61 (m) thi hé s6 quan st 1a 16n nhét

khoang 0.2825; khi khoang cach cang 1on thi hé sb quan sat s& giam xudng va tiém can vé
khong. M6t diém luu ¥ 13 khi d kha nho thi hé sb quan sat xip xi bang khong, didu nay 1a
vi khi mién vi phan nim gan vi tri trung tdm 15, cac tia phat ra tir mién vi phan s& xuyén
qua 15 yé thoat khoi bé mat hinh chit nhat, s tia dap duogc vao mién chir nhat la khong
dang ke.

0.35 . . ' : 07
0.65f Nghiém Monte-Carlo
03 Nghiém Monte-Carlo i [ R I K Nghiém chinh xac
----- Nghiém chinh xac 061 ;
0.25 . -
= 055
2 o
g 02 g 05}
z <« 045}
“©0.15 7
- 2 04
Te 10 035}
0.05 03}
0.25 L L :
00 é % + s ) 0 0.1 - 0.2 0.3 04
S Bén kinh r
Khoang cach d LA
Hinh 9. Hé so quan sat bé mdt vi phdn Hinh 10. Hé s6 quan sdt bé mdt vi phdn
nhin bé mat hitu han co mot 16 trong khi nhin bé mat hitu han co mot 16 trong khi
khoang cdch d thay doi. ban kinh r cua lo trong thay doi.

Hinh 10 chi ra sy phu thudc ctia hé sb quan sat va ban kinh r cta 16 tréng. O day,
a=2 ( m) ,b=1 ( m) ,d=0.5 ( m) , mién vi phan duoc giit ¢ dinh tai vi tri khoang cach
€ tir tAm mién vi phan dén dudng thang di qua tdm cua 10 trong va song song voi truc z
bing khong (€ = 0); Ban kinh r cta 13 trong thay dbi tir 0 dén 0.4 (M). Hinh v& thé hi¢n
rang khi r tang thi h¢ s6 quan sat s& giam xudng tir gia tri 1on nhat 0.6689 khi khong cé 16
tréng dén gi4 tri nho nhat 0.2788 khi c6 13 tréng véi ban kinh r = 0.4 (m) .

4.2. Trwdng hop bé mat chit nhat hitu han cé hai 16 tréng

Trong trudong hop bé mat hinh chit nhat ¢ hai 15 tréng, kich thudc hinh chir nhat duoc
liy tuong tu nhu phan 4.1. Ban kinh mdi 16 tréng duoc lay 1a r = 0.4 (m). Tam 13 tréng
dugc 1ay theo (15). Két qua s6 duoc thé hién trén cac hinh 11-14.

Trén hinh 11, vi mién vi phan nam tai vi tri hinh chiéu ctia tim mién chit nhat nén khu
vuc xung quanh tAm mién chir nhat s& tap trung nhiéu diém giao cit cua tia chiéu tdi, mat
d6 diém khu vuc nay s€ 16n hon cac khu vuc khac. Hinh 12 mo ta sy thay ddi coa hé sb
quan sat khi vi tri mién vi phan thay d6i trong doan [0, 2] theo phuong x trong khi phuong
y ¢6 dinh trén dudng thang y = 0.5 . Ta c6 thé thay tinh ddi xtmg thu dugc ciia hé s6 quan
sat qua duong thang X = 1 khi vi tri vi phan di chuyén tir dau nay dén dau kia ctia mién chir
nhat. Diéu nay 1a do vi tri d6i xting nhau ctia hai mién tron qua dudng thang X = 1 . Tai vi
tri X = 1, hé s6 quan sat dat gia tri 1on nhat bang 0.3166.
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ra tir bé mdt vi phdn ddp vio bé mdt hitu nhin bé mat hitu han c6 hai 16 trong khi vi
han truong hop hai 16 trong trong quan sat  tri bé mat vi phdn thay doi trén dwong
ba chiéu. thingy =05 tirvitrix=0dénx=2.
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Hinh 13. Hé 5o quan sat bé mat vi phdn Hinh 14. Hé 56 quan sat bé mdt vi phdn
nhin bé mat hivu han co hai 1o trong khi nhin bé mat hitu han cé hai 16 trong
khoang cdch d thay doi. khi ban kinh r cia I6 trong thay doi.

Khi khoang cach d 16n dén, tirc mién vi phan s€ di chuyén ra xa so v&i mién chit nhat,
thi hé sé quan sat s& giam dan va tiém can vé gia tri khong. Két qué nay dugc minh hoa
trén hinh 13 khi khoang cach d thay dbi trong khoang tir 0.01 dén 10 (m) Khac véi két
qua trén hinh 9 trong trudng hop mot 16, trén hinh 13, khi d kha nho, hé s6 quan sat tlen
dan vé mot; Piéu nay 1a do ¢ khoang cach nho gan mién chit nhat, cic tia phat ra tir mién
Vi phén c6 thé gan nhu 100% dén duge mién chir nhat. Nghiém thu dugc tir md phong Monte-
Carlo dugc so sanh voi nghiém chinh xac cho thay hai két qua 1a gn trung khit 1€n nhau. Trén
hinh 14, ta khao sat hé so quan sat khi thay d6i ban kinh cia 10 trong. Ta luén dam bao rang 16
trng nam tron trong hinh chir nhat, tirc 1a 0 < r < min {a/ 4,b/ 2} . Khi
16 trong 16m dan, s tia dap vao bé mat dang xem xét s& giam di, va do d6 hé sé quan sat s&
giam theo su ting cua kich thudc 18 trong. Trong hinh 14, ban kinh r cta 15 tréng thay d6i
tir 0 dén 0.4 (m). Hé sb quan sat 16n nhat tai gia tri r =0, tirc 1a hinh chit nhat khong c6 18
tréng (vi tri hinh chir nhat va mién vi phan dugc gilt cb dinh).

4.3. Truong hop bé mit chir nhat hiru han c¢é nhiéu 1§ trong
Trong phan nay, ta tinh toan 10 truong hop véi s6 16 trong 1a 1 x1, 2 x1, 2 x 2, 3 x1,
3x2,3x3,4x1,4x2,4x3,4x%x4. Kichthu('rchinhchfrnhétphiatréndu’qc1§y1€1
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axb=2(m)x1(m).Bankinh I3 tréng r 1a nhu nhau trong 10 trudng hop ké trén va
bang 0.1 (m). Vi tri vi phan l4y tai hinh chiéu ctia tim hinh chit nhat trén mit phiang Oxy (
e =0). Két qua hé s6 quan sat dugc cho trong bang 2. C6 thé thiy ring, véi cic phan bd

khac nhau cua 16 tréng thi hé sé quan sat s& khac nhau, ching han truong hop 1 x1 18
trbng cho hé s6 quan sat khac vé6i truong hop 2 x1 15 trong. Mic du truong hop 2 x1 16
trbng 1am cho hinh chit nhat bi khuyét nhiéu hon truong hop 1 x1 13 tréng (dién tich cac 15
tr(‘:)ng la nhu nhau‘), nhung lai c6 hé s6 quan sat 16n hon, diéu nay 1a do cach bd tri 2 x1 ‘15
trong va vi tri mién vi phan lam cho mién dién tich ¢ giita hinh chitr nhat nhan dugc nhiéu
tia chiéu dén hon truong hop 1 x1 16 ma & d6 co sy mat mat tia khi phat tia tir mién

vi phan chiéu t6i mién chit nhat. Bang 2 cho ta két qua sai s6 twong ddi cua phuong phap
Monte-Carlo chi vao khoang 1% so vdi nghiém chinh x4c.

Bing 2. H¢ s6 quan sdt theo sé 16 trong.

Hinh 15. Quan sat 3D cua sw phdn bé tia
ngdu nhién phat ra tir bé mdt vi phan dap

16 trong.

Nghiém mé phéng Nghiém chinh xac )
m x n Monte-Carlo Fwe F Sai s0 (%)
1x1 0.6246 0.6306 0.9437
2 x1 0.6479 0.6491 0.1787
2x2 0.6342 0.6374 0.5024
3 x1 0.6226 0.6204 0.3594
3x2 0.5931 0.6012 0.3489
3x3 0.5726 0.5666 1.0559
4 x1 0.6086 0.6112 0.4203
4x2 0.5901 0.5851 0.8506
4x3 0.5378 0.5434 1.0243
4 x4 0.4973 0.5024 1.0234
0.6
0.55
= 0.5
% 0.45
Z 0.4
= oz o Noim hih e
0.3

0.25
0

.05 . 1. 15
Vi tri tam mien vi phan theo phrong x

2

Hinh 16. Hé s6 quan st bé mat vi phan
nhin bé mdt hitu han cé 4 x 3 16 trong khi vi
vao bé mat hitu han trong trieong hop 4 x 3 tri bé mat vi phan thay doi trén dwong thing
y=05nrvitrix=0dénx=2.

Hinh 15 minh hoa su phéan bd tia ngiu nhién phat ra tir b& mat vi phan dap vao mién
hitu han dang xét trong trudng hop 4 x 3 15 trong. Trén hinh 16, ta khao sat sy thay doi
ctia hé s6 quan sat khi vi tri mién vi phan thay doi trong truong hop 4 x 3 15 tréng. Trudng

hop nay, ta van cho mién vi phan di chuyén trén dudng thang y = 0.5 tir vi tri x =0 dén
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X = 2 . Ta thiy rang khi mién vi phan di chuyén ra xa vi tri tim cta hinh chir nhat thi hé
sO quan sat giam tir 0.5434 xuong 0.2911. Két qua trén hinh 16 chi ra rang nghiém Monte-
Carlo chi nhiéu nhe quanh gia tri nghiém chinh xac véi sai so twong doi nhd.

5. KET LUAN

Trong nghién ctru nay, cac tac gia da su dung phuong phap Monte- Carlo dé tinh toan
he sb quan sat giita mot bé mdt vi phan va mot bé mat hitu han c6 cac 18 tréng kh1 chung
nam trén hai mit phang song song. Phuong phap Monte-Carlo cho két qua kha gan voi két
qué thu duoc tir nghiém giai tich. Piéu nay cho thay do tin ciy cua phuong phap Monte-
Carlo. Két qua ciing chi ra rang khi sb tia phat ra N cang 16n thi d6 chinh x4c ctia phuong
phéap ciing ting Ién, tuy nhién thdi gian tinh toan mé phong ciing ting 1én dang ké. Bai bao
chi ra cdc nhan tb anh hudng dén hé sb quan sat nhu: khoang cach va vi tri cua bé mat vi
phan, ban kinh va sy phan b cta cac 15 tréng. Két qua trong bai béo c6 thé duoc mé rong
dé mo phong va khao sat hé sb quan sat cho nhiéu truong hop khac nhau véi cac hinh dang
16 trong hodc bé mit c6 cAu hinh phi hop véi cac thiét ké nhat dinh trong thuc té.
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ABSTRACT

VIEW FACTOR CALCULATION BETWEEN A DIFFERENTIAL AREA
AND A FINITE PLANE SURFACE WITH CIRCULAR HOLES
USING MONTE-CARLO SIMULATION

View factor is an important parameter used in calculating thermal radiation
exchange between surfaces in heat transfer problems of science and technology. In
this study, we are concerned with the problem of determination of view factor
between a differential area and a finite plane surface with circular holes using
techniques of Monte-Carlo simulation. In the framework of our paper, a rectangular
finite surface is considered. The calculations are carried out for the case of
differential surface parallel to the finite surface under consideration. The
dependence of view factor on the distance between two surfaces, position of the
differential surface, the radius and distribution of the holes is explored. Our result
shows that the Monte-Carlo solutions are quite close to the analytical solutions. The
convergence of solutions obtained from Monte-Carlo simulation is evaluated versus
the number of rays emitted from the differential area because the solution value of
view factor in random simulation obeys the law of large numbers.

Keywords: Monte-Carlo simulation; View factor; Plane surface; Differential area; Circular hole.
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