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UNG DUNG PHUONG PHAP LES PE MO PHONG CHO CAC PAM CHAY
APPLYING THE LES METHOD FOR THE SIMULATION OF FIRES

Nguyén Quang An
Truong Dai hoc Phong chdy, Chita chay; annqt34@yahoo.com.vn

Tom tét - Bai toan mé phéng dam chay la mot bai toan phurc tap,
trong do6 bao gdm ca bai toan vé dong luc hoc chat Iwu, bai toan
vé trao dbi nhiét va cac phan &ng hoéa hoc trong dam chay. Cac
phuong phap mé phéng cho dam chay hién nay déu la cac
phwong phap gan dang véi khéi lwong tinh toan rét Ién. Bai bao
nay gi¢i thiéu vé &ng dung cta phwong phap LES, trong dé cé
st dung phan mém FDS dé mo6 phdng cho cac dam chay. Két
qua nghién ctu dwoc ap dung cho mét mé hinh don gian dé
minh hoa cho phwong phap. V&i rng dung ctia phwong phap nay
cho phép ching ta nhan dwoc két qua mé phéng kha chinh xac
v6i day du céc théng sb can thiét, ddng thoi né ciing gitp gidm
dang k& khéi lwong tinh toan khi mé phang.

Tir khéa - mé phéng; chay; chét lwu; nhiét; tinh toan

1. Pat vén dé

LES duoc viét tit tir thuat ngir Large Eddy Simulation
(tam dich 1a mo6 phdng xody rong) 1a mot phuong phap ky
thuat mo phong cho cac bai toan dong luc hoc chét luu
(CFD). Phuong phap nay bt dau duoc dé xuat vao nim
1963 boi Joseph Smagorinsky dé mo phong dong khong
khi trong khi quyén. Sau d6 k¥ thuit phwong phéap nay
duoc nghién ciru phét trién Ung dung trong nhiéu linh
vuce, trong do c6 ca trng dung md phong cho dam chay.
Nhiém vy co ban cua phwong phap LES 1a giai gan dung
phuong trinh Navier - Stokes trong bai toan dong luc hoc
chét luu nhd k¥ thuat dién toan.

Bén canh phuong phap LES con ¢6 cac phuong phap khac
nhu phuong phap m6 phong sb tryc tiép (DNS) hodc phuong
phap s0 Reynold trung binh (RANS). Tuy nhién phuong phap
LES vuot tri ve kha nang tinh todn m6 phong véi két qua kha
chinh xac. Hién nay cic phan mém mé phong CFD chu yéu
dua trén phuong phap nay, trong d6 c6 phin mém FDS ding
cho mo phong dam chay. Mac du phuong phap LES da giup
cai thién dang ké thoi gian gian md phong, nhung thuc t& khi
chay céc chuong trinh md phong cho d4m chay van mét kha
nhiéu thoi gian. Két qua nghién ctru dudi day gitp ta thay
duoc anh huong cua cac cach chia ludi trong phuong phap
LES dén toc d6 md phong. Khi tién hanh mé phong cho mot
dam chay cu thé, cn x4c dinh duoc cach chia luéi hop 1y méi
¢6 thé dam bao tinh trung thuc cua két qua va dam bao dugc
thoi gian tinh todan mo phong.

2. Két qua nghién ciru va khao sat
2.1. Co sé Iy thuyét
2.1.1. Phuong trinh Navier-Stokes

Phuong trinh Navier-Stokes miéu ta dong chay cua
chat Iuu. Pay 1a mot trong nhimg phuong trinh chi dao
dugc dung trong phan mém FDS dé mo6 phong cho dam
chay theo phwong phap LES [6]. Phuong trinh nay duoc
xdy dung tir cac dinh luat bao toan khéi luong, dong
luong va nang luong, duoc viét cho mot thé tich bt ky

Abstract - The fire simulation problem is a complex one, which
includes the problems of fluid dynamics, heat transfer and
chemical reactions in a fire. The current methods for fire
simulation are approximate ones with a great volume of
calculations. This paper introduces the application of the LES
method, which involves the use of the FDS software to simulate a
fire. The findings of the research are applied to a simple model to
illustrate the method. The application of this method allows us to
get the simulation results quite accurately with all the necessary
parameters; at the same time, it also significantly reduces the
volume of the simulation calculations.
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[1], [2], [3], [4]. Dang tong quét:
p[%+u.Vu):—Vp+V.T+f 1)

Trong do:

Vp= gl’mp 1a Gradient &p suat;

T 1a Tensor ung Suét;

VT =divT 14 cac lyc bién dang trong chat luu, théng
thuong do hi€u rng cua tinh nhdt;

f1a cac lyc khac (chang han nhu trong lyc).

Ap dung voi chat khi trong dam chdy, ta ¢6 phuong
trinh viét dudi dang tensor [5]:
opy; op

o T o T
Trong d6: p 12 4p sudt;

i+ T+ "up;

714 tensor tmg suét;
p1a khdi lugng riéng;
fq,i ddc trung cho lyc can chua xac dinh;
M, “Uy; déc trung cho thanh phan bay hoi
hoac chay;
Céc chisd i, j
3 chi phuong z);

=1, 2, 3 (1 chi phuong x, 2 chi phuong v,

u 14 van tdc ¢6 3 thanh phan ui= Ux; Uz = Uy; Us = Us.
Néu viét phuong trinh cho ting phuong ta c6:
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Day la phuong trinh vi phéan riéng phi tuyén nhiéu an

s0. Cho dén nay chua c6 10 giai hoan chinh cho phuong

trinh nay. Phuong phap pho bién hién nay dé giai bai toan

nay 1a st dung phuong phép sai phan gan dung véi su trg
giup cia may tinh.

+ fg +m, "y,

Phuong phap mé phong s6 tryc tiép (DNS) thuc hién
bang cach chuyén truc tiép phuwong trinh Navier-Stokes
sang phuong trinh sai phén, trong d6 khoang cach khong
gian dugc chia nho c¢& millimet. Theo phuong phap d6 thi
khéi luong tinh todn s& rat 16n va s& mat rat nhiéu thoi
gian dé giai mot bai toan. Ngay ca v6i nhitng méy tinh c6
cu hinh manh d6i khi mit hang thang dé hoan thanh
chuong trinh theo phurong phap DNS.

2.1.2. Phuong phap LES

LES 1a mét phuong phap k¥ thuat duoc ap dung hiéu
qua dbi véi dong chay rdi trong chat lwu. Phuong phap
nay xudt phat tir viéc loc thong thap trong mot khoang
cach A dé loai bo b6t nhirng thanh phan bién thién nho,
nho d6 ma giam dugc khdi lwong tinh toan. Nhitng thanh
phan bién thién nho khong bi loai bo hoan toan, ma van
dugc tinh trong thanh phan phu.

Trong khong gian 3 chidu v&i phuong phéap loc phd
bién, xét mot thé tich V= dx8ydz, A=V R, Véi mot dai
lwong bién thién lién tuc @, gia tri loc dugc xac dinh theo
cong thire [5]:

X+0XI2 y+38Yy12 2+62/2
(X, Y,z,t) = — J I D(x,y',z',t")dx"dy"dz' )
VC X=6x/2 y-6yl2 2-52/2

Gia tri thyc cua dai lugng ®@ dugce xac dinh theo cong

thure:

D=0+

Trong d6 @’ 1a thanh phan hiéu chinh.

Dbi v6i chit luu nén duogc (chét khi), mot sé dai luong
thay dbi theo khdi luong rleng, do do gia tri loc can duoc
didu chinh theo khéi lugng riéng. Vé mit toan hoc da
chimg minh ring: pd = p®

Tur d6 nguoi ta dinh nghia gid tri loc Favre dugc tinh
theo cong thuce [5]: ¢ - 22
P
Khi dé ta co: pb=pd
Phuong trinh dong lugng LES c6 dang [5]:
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Bién di theo cong thirc loc Favre:
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Ta nhén thay: Uu; = U cho nén ta dinh nghia thanh

phém tensor tmg sut phu (duoc goi 1a subgrid- scale viét
tat 1a SGS) [5]:
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Phuong trinh dong luong LES dugc viét lai la:
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Vé6i phuong trinh nay, cac dai lugng déu duoc 13y gia
tri loc trong timg khong gian c6 bé rong A (kich thuédc
ludi loc). Tuy theo pham vi img dung ma bé rong A co thé
cd centimet tGi met.

Khi ap dung phuong phap LES dé mo phong cho dam
chay thi mot diéu quan trong la pha1 xac dinh bé rong A
hop 1y. Néu A 16n thi s& giam khéi luong tinh toan, nhung
sai s s& 16n, nguoc lai néu A nho thi sai s6 it, nhung khoi
lugng tinh toan s€ lon.

2.2. M0 phéng dam chay theo phwong phdap LES
2.2.1. Gigi thigu phan mém FDS

FDS (viét tit cua Fire Dynamics Simulator) 1a mot
phin mém mé phong dong luc hoc chét lwu (CFD) cia
dong khi va lira chuyén dong. Phdn mém nay giai quyét
cac bai toan md phdong LES trén co s¢ cac phuong trinh
Navier-Stokes phti hop véi tdc do thap, dong nhiét chuyén
dong, voi trong tam 1a khéi va nhiét do van chuyén tur
dam chay [5][6]. Pay la phin mém dugc phat trién boi
Vién Quéc gia vé Tiéu chuin va Cong nghé (NIST) ctia
B6 Thuong mai Hoa Ky, ph01 hop v6i Trung tim Nghién
ctru ky thuat VTT cua Phan Lan. Phan mém nay c6 thé tai
mién phi tai dia chi sau:

https://code.google.com/p/fds-smv/

Di kém véi FDS con co phan mém Smokeview la
chuong trinh dong hanh tryc quan dugc st dung d€ hién
thi dir liéu dau ra cua FDS va dir liéu duoc hién thi dudi
dang hinh anh dong trén may tinh.

DPé c¢6 mot chuong trinh FDS, ta phai tao mot Input
file bang mot trinh soan thao bit ky (ching han Notepad).
Tét ca cac dit lidu dAu vao cia bai toan nhu dién tich dam
chay, nhiét lugng ciia ddm chay, cac vat can... déu duogc
nhap vao Input file. Sau khi soan xong Input file, ta ghi lai
v6i phan mé rong 1a fds. Ciu truc co ban cua Input file
nhu vi du duéi day [6]:

&HEAD CHID="corner', TITLE='Corner'/(Bit diu)

&TIME T_END=30.0/(Thoi gian md phong)

&DUMP RENDER_FILE="corner.gel’,
DT_RESTART=300.0/(Théng s6 diu ra)

&MESH ID="Mesh’, 1JK=30,30,60,
XB=0.0,1.5,0.0,1.5,0.0,3.0/(Thdng sb 1udi loc)

&REAC ID='Reaction1',(Thong s6 phan ting)

&OBST XB=0.0,1.5,0.9,1.0,0.0,3.0,
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SURF_ID="WALLY (Théng s vét can)

&VENT ~ SURF_ID="OPEN;,
XB=0.0,0.0,0.0,1.5,0.0,3.0/(Thong so 16i thoat khi)

&TAIL /(Két thuc chwong trinh)

Dé thuc hién chwong trinh, ta dung 1énh Open With
rdi chon chuong trinh fds.exe. Chuong trinh sé tao ra file
Smokeview v6i phan mé rong 1a smv ciing mot sb file dir
lidu khac. Dé xem két qua diu ra ta cho chay file smv vira
tao xong, chuong trinh Smokeview sé& hién thi dir lidu
dang hinh anh dong. Cac dir li€u md phong con dugc luu
trong céc file voi phan mé rong csv dé co thé xem bang
cac phan mém khac (Chang han nhu chwong trinh Exel).

Pé dam bao d6 chinh xac khi mé phong, khi tao Input
file can phai tinh toan kich thudc ludi loc va budc thoi
gian lay miu theo phép sai phan.

Kich thudc ludi loc duge xac dinh sao cho ty s6 D/A
¢6 gié tri tir 4 dén 16. Trong d6 D dugc goi la duong kinh
Iira dic trung dugc tinh theo cong thic sau [6]:

2/5

_Q
) ™

Trong d6: Q 1a nhiét lugng toa ra tir dam chay (kW);

D= (4)

p1a khbi luong riéng ciia khong khi (kg/md);
Cp la nhiét dung riéng ctia khong khi (kJ/kg.K);
T 1a nhiét d§ mai truong (K);

g 1a gia tdc trong trudng (m/s?).

Budc thoi gian lay mau phy thudc vao kich thudce ludi
loc va dugc tinh theo cong thirc [6]:

At ~5(AxAY.AZ)" JgH (s)

Trong d6:

AX, Ay, Az la kich thude luédi loc theo cac phuong (m);

g 1a gia tdc trong truong (m/s?);

H 1a chiéu cao ctia mién tinh toan (m).

Budc thoi gian léy mﬁq ¢6 thé thay doi trong qué trinh
mo phong. Trong phan mém FDS budc thoi gian ndy sé&
duoc tinh toan ty dong.

2.2.2. Két qua md phong

Chuong trinh FDS dé mo phong dam chay véi cac
thong so gia dinh nhu sau:

- Pam chay xuat hién trong mot khong gian hinh khéi
(1,5 x1,5x3)m;

- Dién tich ngon Iura 1a (0,3 x0,3)m véi cong sut toa
nhiét 1a 2000kW/m?;

- Nhiét luong toa ra tir ddm chay la:

Q =10,3.0,3.2000 = 180 kW
- Khdi lugng riéng ctia khong khi [7]:

p=12kg/m?
- Nhiét dung riéng ctia khéng khi [7]:
€p=1,005 kJ/kg.K
- Nhiét 3 moi truong xung quanh:
T=300K
Theo cong thirc (4) ta tinh dugc:
D=048m
Nhur vy kich thude ludi loc ndm trong khoang:
A=(0,03+0,12) m
“Két qua md phong vén tde clia cac phan tir khi tai thoi
diém t = 4s trong 3 truong hop chia ludi thé hién trong
cac Hinh 1, 2, 3.
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3. Ban luian

Khi tién hanh chay chuong trinh trén may tinh c6 cél}
hinh binh thuong (Toc d6 CPU 1,8Ghz, RAM 1GB) dé
md phong cho qua trinh dién bién 5s cho thay:

- Trudng hop thir nhat A = 3,75cm, may tinh phai thue
hién 1363 budc tinh (Time Steps), hét khoang 38 phut.

- Truong hop tht hai A = 5cm, mdy tinh phai thuc
hién 977 budc tinh, hét khoang 12 phut.

- Truong hop tht ba A = 7,5cm, may tinh phai thuc
hién 728 budc, tinh hét khoang 4 phut.

Két qua md phong cho thdy cach chia luéi loc anh
huong nhiéu dén thoi gian tinh toan va tinh chinh xac cua
két qua. Khi chia luéi loc cang nho thi tinh chinh xac
cang cao, nhung sé phép tinh cang ting va s& mat nhicu
thoi gian tinh toan.

Néu so sanh truong hop thir nhat va truong hop th
ba, kich thudc ludi loc ting 2 1an thi s6 phan tir dugc chia
giam di 2% = 8. So sanh thoi gian trong 2 truong hop cho
thy, thoi gian tinh toan trong truong hop thu ba giam
hon 8 lan so véi trudng hop thir nhat O day, thoi gian
tinh todn con c¢6 anh hudng ciia mot sé yéu td khac, ching
han nhu khéi dong chuong trinh; luu sit li€u... Khi so
sanh vé tinh chinh xac thi truong hop thir nhat phan anh
két qua trung thuc hon cac trudong hop sau.

Mot sb thir nghiém cho thay, khi tién hanh mo phong
cho mdt dam chay khong qué phuc tap véi thoi gian
khoang 10 phut thi may tinh c6 thé phai chay mét 2 hoic
3 ngay, tham chi nhiéu hon tiy theo cach chia luéi.

Véi phan mém FDS ta c6 thé mo phong duoc su bién
d6i ctia nhiéu thong sb trong dam chay nhu nhiét do, ap
suét, ndng do chat khi...

4. Két luan

V6i phuong phap LES ta hoan toan c6 thé mo phong
din bién cua mot dam chay va danh gia tac dong cua n6
d6i voi cac cong trinh xdy dyng. Trén diy méi chi 1a

nhing két qua nghién ctru budce déu, trong d6 chu yéu dé
cap dén ung dung cia phuong phap LES cung véi phan
mém FDS dé mé phong cho mot dam chay don gian.

Khi x8y dung mé hinh m6é phéng cho mdt dam chay
trong thyc té thi khdi lugng tinh toan s& rat 1on va s& mat
rat nhiéu thoi gian dé chay chuong trinh. Vi vay, dé thuc
hién chuong trinh m6 phong cho mot dam chay trong thuc
té thi can phai dugc trang bi may tinh ¢6 cau hinh manh
va trong nhiéu trudng hop, ngudi ta con sir dung nhiéu
may chay song song véi nhau.

Viéc mé phong cho mot dam chay trong thuc té chic
chan s& rat phic tap va mat nhiéu thoi gian. Dé ¢6 duoc
nhing két qua thiét thuc hon can ¢ sy dau tu nghién ctru
va van dung mot cach linh hoat phuong phép trong tirng
bai toan. Pay 1a van d¢ rat c6 ¥ nghia trong viéc tai hién
lai cac dam chay da xay ra dé phuc vu cho cong tac dicu
tra nguyén nhan chay.
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