@ TAP CHI )
‘@ J KHi TUGNG THUY VAN

Bai bdo khoa hoc
Ap dung thir nghiém phan mém ma nguéon mé OpenFOAM mo
phong li bun da

Ping Truong An'"
' Truong Pai hoc Khoa hoc Tu Nhién, Dai hoc Quéc gia TP. HCM; dtan@hcmus.edu.vn
*Tac gia lién h¢: dtan@hcmus.edu.vn; Tel.: +84-909719878

Ban Bién tap nhan bai: 12/3/2021; Ngay phan bién xong: 9/5/2021; Ngay ding bai:
25/6/2021

Tém tit: Lii bun d4 1a mot dang dong chay nang lugng cao chira nudc, dat, cat va soi da
tron 1an v&i nhau thuong hinh thanh & cac ving doi nai doc. Nang luong ma li bun da tao
ra khi va cham véi cac chudng ngai vat trén duong di chuyén ciia chiing thuong rat 16m, co
thé gy thiét hai vé nguoi va tai san. Trong nghién ciru nay, phan mém OpenFOAM budc
dau duogc ap dung thir nghiém dé mo phong dong i bun da ciia mét kénh thyc nghiém. Kha
nang mo phong 1t bun da cua phan mém duoc danh gia thong qua so sanh cac chi s6 thong
ke sai s giita két qua mo phong cua nd voi dir liéu do dac va voi két qua mo phong tur phan
mém InterMixingflow. Sai $0 Rmean va RMSE gitra két qua mo phong cua phan mém véi du
liéu thuc do lan lugt 1a 0,72 va 5,43 trong khi gia tri tuong ung tu phan mém
InterMixingflow 1a 0,85 va 5,83. Thong qua phan tich cac chi s6 sai so tur phan mém da ap
dung va phan mém InterMixingflow, c6 thé thiy phdn mém OpenFOAM rat c6 trién vong
dé xem xét ap dung mo phong 1i bun dé cho cac truong hop kénh ty nhién.

Twr khéa: Lii bun da; OpenFOAM; Ap suét cao; Béo; Dong nang luong cao.

1. Mé dau

L bun da 1a mot hién tuong ty nhién thuong xuét hién & cac vung ddi nui, nang lugng
duoc tao ra khi dong chay nay tiép xuc voi vat can trén duong chung di chuyén laratlon [l
3]. Theo [4] dong chay 1t bun 1a mot dang dong chdy bao gom hdn hop nuée, dat déa va tham
chi chira ca vat lidu tho xay ra phd bién ¢ khu vic doi nai gay thiét hai 16n vé nguoi va tai
san. Do dong chay 1l bun pha tron nhiéu loai vat liéu khac nhau nén nang lugng chung tao
ra 16n hon nhiéu so véi dong chay chi chira nude va vi thé thiét hai do chung gy ra cho cac
khu vuc chiu tac dong truc tiép 14 rat 16n [3, 5-7]. Cho dén nay, cac khao sat thuc dia dé tim
hiéu nghién clru vé dong chay 1 bun van con gap phai nhiéu thach thirc do chi phi kha t6n
kém va mat an toan dbi voi ngudi tham gia khao sat [7-9]. Chinh vi thé, cac tlep can nghién
ctru vé dong chay lii bun dang dugc ap dung phd bién hién nay 14 sir dung thiét bj cong nghé
bay d6 phan giai cao giam sat bé mit (dirborne Lidar) [10—12]. [10] d4 tién hanh mot nghién
clru vé 1 bun da XAy ra tai thi trin Matata & Plenty, phia Dong New Zealand. Nhém nghién
ctru da sit dung thiét bi bay do phan gidi cao Airborne Lidar dé giam sat bé mat dat cta khu
vuc xay ra 1t bun sau sy kién mua cuc 16n. Su kién mua nay gay ra hién tugng sat truot dat,
da trén dién rong va dong chay li bun gdy anh hudng 16n dén khu vyc Awatarariki va
Waitepuru thugc Matata. Nghién ctru da chi ra, vi€c ap dung cong nghé bay giam sat Airborne
Lidar nghién ctru dong chay 1ii bun cho thdy trién vong kha quan cua ky thuat nay. Nam 2016,
[12] d4 ap dung thiét bi cong nghé bay Airborne Lidar giam sat nhitng thay d6i vé bé mit dia
hinh do dong chay 1ii bun gay ra cho khu vuc Umyeon, Han Qudc. Trong nghién ctru da sir
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dung thiét bi Airborne Lidar bay giam sat xung quanh khu vuc xay ra lii bun va rit ra nhan
xét rang, phuong phap s dung cong nghé bay Airborne Lidar trong giam sat dong chay 1u
bun nén dugc khuyén khich ap dung nhiéu hon cho cac khu vuc thuong xay ra lii bun khac
ctia Han Qudc ciing nhu cac khu vye trén thé giéi. Bén canh st dung cong nghé bay Airborne
Lidar dé giam sat, nghién ctru vé dong chay 1i bun, hudng tiép can st dung mé hinh sé mé
phong dién bién dong chay i bun ciing duge ap dung rong rii ¢ nhiéu noi trén thé gidi [13—
15]. Cu thé, ndm 2013 [16] da tién hanh nghién ciru ddnh gia kha nang ap dung ctia mé hinh
s6 mo phong dong chay 1ii bun cho 16 truong hop kénh thuc nghiém duoc thiét 1ap tai Vién
K¥ thuat Giam sat Rii ro Mién nai thudc truong Pai hoc Tai nguyén Thién nhién va Doi
song Vienna.

Két qua nghién ciru chi ra rang, phuong phap tiép can mé hinh sé mé phong dong chay
lil bun da cho sy twong dong tot voi dit liéu do dac thuc nghiém tir mo hinh vat Iy phong thi
nghiém. Mot nghién ciru dugce tién hanh boi [17] st dung mé hinh s6 3 chiéu Mohr—Coulomb
dwa trén 2 pha dong chay ran (bun, da) va 1ong (nugce) cho kénh thyc nghiém co do déc 16n.
Céc két qua mo phong chi ra kha nang ing dung tiém nang cua mo hinh s6 trong mé phong
cac qua trinh thiy dong hoc phirc tap cua cac dong chay hdn hop 1t bun voi vat liéu ran co
kich thudc hat kha da dang. Viéc khao sat thuc dia dé nghién ctru vé dong chay 1i bun nhu
dugc trinh bay con ddi mat nhidu thach thirc va chwa dugc tién hanh rong rai, trong khi tiép
can dua vao thiét bi cong ngh¢ bay Airborne Lidar con kha tén kém thi mé hinh s6 dugc xem
1a hudng tiép can dé kha thi hién nay [1, 13-14].

Chinh vi vdy, muc tiéu ciia nghién ctru nay la: a) 4p dung phan mém mi ngudn mo
OpenFOAM mo6 phong dong chay hdn hop lil bun cho trudng hop kénh nhan tao duoc xay
dung tir phong thi nghiém va b) tién t6i xem xét 4p dung phan mém mo phong dong chay li
bun cho trudng hop kénh tu nhién trong mot nghién ctru tiép theo.

2. Phuwong phap nghién ctru va dir li€u

2.1. Khu vuc nghién ciru

Trong nghién ctru ndy, dit liéu dé tién chay mé phong 1 bun da duogc thu thap tir [8].
Kénh thuc nghiém xay dung trong phong thi nghiém dya trén hinh dang lii bun xay ra trong
kénh ty nhién (Hinh 1a) va kénh thyc nghiém trong trudng hop nghién ctru nay dugc thiét ké
6 chiéu dai 7,5 m va rong 2,0 m (Hinh 1b). Kénh thyc nghiém dugc chia 2 doan véi do dbe
kénh thay dbi tir 10 dén 30°. Trong d6, doan kénh tht I dai 4,4 m va d6 dbc kénh (B = 30°)
va doan kénh thr IT ¢6 chiéu dai 3,1 m voi do dbe (B = 10°) (Hinh 1b).

a Tensor
cam bién

Hinh 1. Phéc thao 1{i bun d4 a) kénh tu nhién va b) kénh thuc nghiém quy mo phong thi nghiém [8, 15].

2.2. Téng quan vé phan mém OpenFOAM

OpenFOAM dugc viét tic tir cum tu—Open Source Field Operation And Manipulation,
1a phan mém ngudén mao dugce phat trién boi Dai hoc Imperial, Anh Quoc [19]. Phan mém nay
dugc Henry Weller xay dung dua trén y tudng chinh lay tor m6 phong dong luc hoc co luu
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chat (CFD—Computational Fluid Dynamics) v6i phuong phap thé tich hitu han duoc sir dung
lam thuét giai [19, 20-22]. Nam 2000, phan mém OpenFOAM dugc cong bd nhu mot phan
mém thuong mai [19]. Sau d6, phan mém OpenFOAM dugc s6 hitu boi Quy OpenFOAM va
dén nhiing nim 2013, phan mém nay duoc hop nhét cho ca hai phién ban thuong mai va ma
ngudn mé [20-21]. Cac module ciia phan mém OpenFOAM viét trén nén tang l1ap trinh
hudng d6i tuong sir dung ngon ngit C++ [19]. OpenFOAM la tap hop ctia khoang 250 chuong
trinh con dugc nhung trong hon 100 module [19-22]. V& co ban, cac chuong trinh con cua
phan mém OpenFOAM duogc t6 chirc thanh 3 khéi (Hinh 2) bao gf)m (1) Khéi tlén xu ly
(Pre-processing) gom cac céng cu mod hinh hoa va chia ludi; (2) Khéi gidi (Solving) gdm cac
bd giai chuan dugc cung cap san hoic do nguoi dung tu xay dung va bd sung thém vao thu
vién ctia OpenFOAM; va (3) Khdi phan tich, thé hién 10i giai (Post—processing) gdm cac thu
vién cong cu phuc vu viéc biéu dién, hién thi két qua tinh toan.

Thu vién mi nguon mé OpenFOAM
i3 3T O
Tiénxwly | | Giai bai toan || i thiphan

tich 1oi giai
< e Sk L
—— Cac P() giai Sir dung bé
Céc cong cu ¢6 san hay ParaView hay
va cac tién ich | nguoi dﬁ.ng EnSight
phat trién

Hinh 2. Phac thao ba khéi hoat dong trong phin mém OpenFOAM.

2.3. Co s6 Iy thuyét ciia phan mém OpenFOAM

Hau hét cac chuong trinh con mé phong dong chay trong phan mém OpenFOAM st
dung mét trong cac thuat toan PISO—Pressure—Implicit Split-Operator, SIMPLE-Semi—
Implicit Method for Pressure—Linked Equations hay két hop ca hai thuat giai PISO va
SIMPLE dugc goi voi tén PIMPLE [20]. Trong d6, thuat giai PIMPLE thuce thi vong lap ghep
ndi tich hop phuong trinh dong luong va bao toan khdi lwong tir cac phuwong trinh rdi RANS
(h¢ phuong trinh Reynolds—averaged Navier—Stokes) [20, 23]. Thuat giai PIMPLE tich hop
trong phan mém OpenFOAM cé thé ap dung cho cac nghién ciru:

M6 phoéng hoat dong cua canh turbine tau ngdm, mo phong tuong tac giita thuyén va
nude, mod phong dién bién v& dap va mo phong chuyén dong ciia dong chay lii bun. Phan
mém OpenFOAM duogc xay dung dua trén hé phuong trinh chu dao sau:

Phuong trinh lién tuc

7 V-U=0 (1)

Phuong trinh van chuyén
20 4 V- (Uay) =0 )

Phuong trinh dong lugng
20D 1V (pU x U) = ~Vp + V- T+ pf (3)

Trong d6 U 14 thanh phan van toc; p 1a mat do trung binh cta cac chat; T 1a tensor ung
suat nhét ciia hdn hop; f 1a tong cac luc khic; a,,, [a tong cua phan sé biéu thi thanh phan
ctia thanh phan bun va cét tai mot diém khong thoi gian [19].

Trong d6 «,, trong phuong trinh (2) dugc xac dinh boi phuong trinh (4).

am = az + az “4)

Phan khong khi ciing anh huong dén a,, nay qua phuong trinh (5).

a,=1—-a, %)
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Trong d6 a; 1a tham sb biéu thi thanh phan khong khi; a, 1a tham s biéu thi thanh
phan bun; a; 1a tham s biéu thi thanh phan cat.

Phuong trinh (2) chi xét dén pha 1ong, nén can phai xét thém pha khi cho cac mé phong
dong chay bun. Di v6i pha ran (dong chay bun) phuong trinh van chuyén c6 dang sau:

6“'” +V-Uay) + V- (U,ay) =0 (6)

Trong &6 U, la thanh phan vén tdc giao thoa giita hai pha 1ong va khi.
Thuat toan PIMPLE ap dung cho m6 phdéng dong chay lii bun dugc minh hoa ¢ hinh 3.

Sai

bung

Hinh 3. Thuat toan PIMPLE ap dung cho m6 phong 1ii bun da.

2.4. Céc diéu kién dau va bién

Cac dir liéu thu thdp phuc vu mé phong 1t bun da trong truong hop nghién ctru nay gom:
thé tich dong chay, mat do hdn hop (pnn). Trong d6, thuc nghiém dugc tién hanh véi ty 1¢ pha
tron gitta nudc (pwmn), bun khoang véi kich thudc min, bun khoang véi kich thude tho, cat
min, cat tho va cac hat ¢ kich thudce tur soi trd 1€n voi goc ma sat § = 36°. Déi véi pha khi,
mat do nudc (pw) va ing suat mat thoang (to,) dugc miéu ta chi tiét & Bang 1.

Bang 1. Cac tham s thiét 1ap va thu thap phuc vu mé phong dong chay 1 bun.

Tham sb Ky hiéu Gia tri Pon vi
Mat d6 nuée Pw 1000 kg.m™
Mat d6 hdn hop Phh 1802 kg.m
Ung suat m3t thoang Too 41,33 Pa
Thé tich dong chay \Y% 0,01 m’

Ty 1¢ pha tron nuée Pwihh 28,5 %
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Tham s Ky hiéu Gia tri Pon vi
Ty 1& bun khoang min Psoihh 1,6 %
Ty 1€ bun khoang thd Psr/hh 8.8 %
Ty 1¢ cat min Psf/hh 27,8 %
Ty 18 cat tho Pst/hh 47,8 %
Ty 1¢ hat kich thudc tir s6i trd 1€n Psre/hh 14,0 %

~ Nghién ctru dugc tién hanh véi khong gian ludi Ax = 0,02 m, Ay = 0,01 m va Az thay
doi tur 0,001 dén 0,025 m (Hinh 4). D& dam bao cac thiét lap m6 phong bat duge cac chuyén
dong véi van toc 16n, bude thoi gian tinh toan dugc thiét 1ap At = 0,04 giay.

a;=0o=1

Pop = A+ 2,05 + 005
My = 08+ a5+ 105y
= [ s

a=1o=0

Hinh 4. Minh hoa luéi sit dung mo6 phong dong chay 14 bun da [ 19].
3. Két qua va thio luin

3.1. Két qua mé phéng dong chay Iii bun

Mo phong dién bién dong chay hén hop li bun duoc minh hoa trén hinh 5. Hinh 5 thé
hién cac khoang thoi gian di chuyén ctia dong chay 1ii bun tir luc bit ddu mé phong (Hinh 5a)
dén khoang thoi gian sau 2 gidy di chuyén cia dong 1ii bun (Hinh 5b) va sau cac khoang thoi
gian di chuyén tiép theo cta ching tir gidy thir tu (Hinh 5c¢), gidy thi 8, 16 va gidy thu 20
(Hinh 5d, 5e va 5f). Nhin chung, hinh 5 thé hién két qua mé phong dong chay i bun tir phan
mém OpenFOAM phui hop véi xu thé dién bién hién twong 1d bun trong thuc té.

Hinh 5. Minh hoa két qua md phong dong 1ii bun dé theo thoi gian tir luc bat ddu xay ra sy kién
(Hinh 5a) dén khi két thac sy kién (Hinh 5f) cta khéi vat liéu nude va hdn hop bun, dét va cat.
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3.2. Pdnh gid két qua mé phong

Két qua mo phong dong chay It bun tur phan mém OpenFOAM duoc so sanh véi dit liéu
do dac thyc nghiém va so voi két qua nghién ctru tir cong trinh nghién ctru da dugc cong bd
[4] ding phan mém InterMixingflow cho cing dit liéu ma nghién ctru nay ap dung (Bang 2).
Béng 2 va hinh 6a thé hién dong chay 1ii bun mo phong tir phan mém OpenFOAM cho tri s6
thép hon so véi dir liéu thue do va phan mém InterMixingflow. Tuy nhién, vé dién bién xu
thé va thoi gian tré ctia dong chay 1 bun thi phan mém OpenFOAM cho két qua phu hop
hon véi dir lidu thuc do va v6i két qua mo phong tir phan mém InterMixingflow (Hinh 6b).

40 - 40 4
N " N — —thuc nghié
3541 - --thuc nghiém 35 4 o nf 1em
30 =-= tinhitodn 35 ] - = = tinh toan
| — - - InterMixing flow
< 25 1 25
§ 20 , 20
B 15 oM 15 Y
Z Ir’l_ f Y "l P ) : i’ ‘I ! /‘I\ ‘\\Aﬂ‘il\ ) y
4 e 1 \ | 5
10 ’, : o gty \I“'—"‘:\.,/hl 10 | : | ~Ih i‘-“'\ M., ]t‘
5 " -t hiro5 | S e T -
0 g H ;.4, 0 b ll ' l"L
0.0 0.2 0.4 0.6 0.8 1.0 12 1.4 1.6 0 0.2 04 0.6 0.8 1 1.2 14 1.6
Thoi gian (giay) Thoi gian (giay)

Hinh 6. So sanh két qua md phong tir phan mém OpenFOAM véi a) dit liéu do dac va b) v6i phan
mém InterMixingflow.

Bang 2. Dit liéu d6 cao dong chay 1ii bun trich xudt tir dit liéu do dac, mé phong tir phin mém
OpenFOAM va phin mém InterMixingflow tir mot nghién ctru khac.

Thoi Dit liéu do Mo phéng tir cac phin mém h (dm)
gian dac h (dm) OpenFOAM InterMixingflow
0,60 15,02 0,56 0,00
0,65 17,97 10,04 0,00
0,70 14,28 15,47 15,59
0,75 17,29 13,28 17,16
0,80 14,91 12,16 14,85
0,85 18,37 11,28 12,76
0,90 13,44 10,36 12,34
0,95 13,72 9,35 11,93
1,00 12,76 8,29 10,67
1,05 10,66 7,71 9,83
1,10 12,87 7,04 9,10
1,15 8,84 6,60 8,37
1,20 10,20 6,15 7,74
1,25 8,16 522 7,11
1,30 6,35 4,85 6,69
1,35 6,97 4,68 6,17
1,40 8,79 4,56 5,86
1,45 7,99 4,50 5,65
1,50 8,84 4,46 5,44
1,55 15,14 4,46 5,23
1,60 1,76 4,46 5,23

1,65 5,56 439 523
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So sanh két qua tinh toan dong chay 1t bun tir phan mém OpenFOAM va tir két qua mo
phong cua [8] cho thay, vé tri s6 phan mém OpenFOAM cho gid tri tinh nho hon so véi ket
qua tinh tir phan mém InterMixingflow, tuy nhién vé xu huéng va thoi gian tré thi phan mem
OpenFOAM cé thoi gian tré so voi dir liéu do dac nho (0,01 gidy) trong khi phan mém
InterMixingflow cho thoi gian tré (0,03 gidy) (Bang 2, Hinh 6b).

3.3. Phan tich mirc do phu hop

Murc d6 phu hop giita két qua mo phong dién bién dong chay 1i bun tir phin mém
OpenFOAM va phan mém InterMixingflow dugc danh gia thong qua céac chi dan sai s ty 18
sai khac trung binh (Rumean) va sai sO toan phuong trung binh (RMSE). Bang 3 thé hién két
qué phén tich mirc do pht hop ctia cac phan mém mé phong d6 cao dong chay 1 bun dua
trén chi dan sai s6 Rmean vd RMSE. T bang 4 c6 thé nhan thay, két qua mo phong tir phan
mém OpenFOAM cho cac sai $6 Rimean va RMSE lan luot 13 0,72 va 5,43 trong khi cac gia tri
sai s6 twong tng thu duoc tir phan mém InterMixingflow lan luot 13 2.3 13 0,85 va 5,83. Theo
d6, chi $6 Rimean duge xac dinh dya trén so sanh két qua mo phong ciia phan mém OpenFOAM
va dir liéu do dac 13 0,72. Theo [21], khi chi s6 Rmean tién dén 1,0 c6 nghia 1a két qua tinh
toan clia mot yéu td phu hop t6t voi thyc té va didu nay dong nghia v6i phuong phéap duoc
ap dung cho mot nghién ciru bat ky c¢6 do chinh xac cao. Thém vao dé, sai s6 RMSE tinh
dugc tir phan mém OpenFOAM cho gia tri nhd hon so véi phan mém InterMixingflow, diéu
d6 c6 nghia rang phan mém OpenFOAM rat co trién vong dé xem xét ap dung cho cac nghién
ctru md phong dong chay 1l bun twong tu cho cac kénh ty nhién.

Bang 3. Két qua phan tich cac chi s sai s6 théng ké cho cac phan mém mé phong.

Phan mém Rimean RMSE
OpenFOAM 0,72 5,43
InterMixingflow 0,85 5,83

3.4 Han ché cua nghién curu

Nghién ctru dugc tién hanh dua trén dit liéu thuc nghi€ém mo hinh vat 1y, chinh vi vay
mot sb tham sb con chua duogc thu nho quy md phu hop véi thuc té (vi du nhu kich thudéc hat
s0i, d6 doc kénh) va day ciing chinh 1a mot trong nhiing nguyén nhan din dén két qua mo
phong con s6 khac biét so vai thyc té.

4. Két luan

Nghién ctru duoc trién khai nhim muyc tiéu budc dau thir nghiém kha ning ap dung phan
mém ma ngudn md OpenFOAM mo phong dong 1ii bun d4 cho truong hop kénh thuc nghiém.
Két qua thu duoc 13 co sé dé xem xét ap dung phan mém OpenFOAM cho cac nghién ciru
xa hon ddi véi cac kénh ty nhién. Két qua nghién ctru cho thay, phan mém OpenFOAM budc
dau ap dung mo phong d6 cao dong lii bun da cho trudng hop kénh thuc nghiém thu duoc
kha kha quan. Cu thé, két qua chay mé phong do cao dong 1ii bun d4 tir phan mém ma ngudn
mé OpenFOAM cho sai khac thong qua céc chi s sai s6 thong ké twong duwong v6i phan
mém InterMixingflow. Mic du két qua nghién ctru dong 1t bun d thong qua 4p dung phan
mém OpenFOAM kha quan, tuy nhién cin c6 nhirng nghién ctru xa hon dé danh gia kha nang
mo phong ciia phan mém nay cho nhimng trudng hop song, kénh trong thuc té.

Pong gop ciia tac gia: Tac gia 1a ngudi da 1én ¥ twdng va tién hanh thyc hién nghién ciru.
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Loi cdm on: Téc gia chan thanh cam on Gido su Paik Joongcheol-Vién nghién ctiu dong
chay ning lugng cao, Pai hoc Qudc Gia Gangneung da trao doi, dong gop ¥ kién gitp tac gia
hoan thanh nghién ctu nay.

Loi cam doan: Tac gia cam doan bai bao nay la cong trinh nghién cltu cia tac gia, chua
dugc cong bd ¢ dau, khong dugce sao chép tir nhimg nghién ctru trude day; khong cé su tranh
chap loi ich.
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Application of the OpenFOAM open—source software debris
flow simulations
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Abstract: Debris flow is a form of high—energy flow that includes a mixture of water, soil,
sand and gravel and they frequently occur in mountainous areas. Debris flow generated a
high—energy when they collide with obstacles in the flowing processes is enormous, which
can result in massive loss of lives and property. In this study, the OpenFOAM software was
initially tested to simulate the debris flow in the artificial channel. The performance of the
applied software is assessed by comparing the simulated results with observed data and the
simulated results of the InterMixingflow software. The statistical indicators of the
OpenFOAM software are Rmean = 0.72 and RMSE = 5.43, respectively while the correspond
values of the InterMixingflow software are Rmean = 0.85 and RMSE = 5.83, respectively.
The obtained statistical indicators implied that the OpenFOAM software is capable to
simulate the debris flow in the natural channel cases.

Keywords: Debris flow; OpenFOAM; High pressure; Typhoon; High energy flow.



