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NGHIEN CUU DONG CHAY TREN TRAN XA LU CO MO NHAM
GIA CUONG BANG MO HINH DONG CHAY HAI PHA

Lé Thi Thu Hién, Dwong Hoai Pirc, Pinh Hai Ping
Truong Dai hoc Thuy loi

Tém tat: Bai bdo sir dung mé hinh thity lyc 3 chiéu Flow 3D trong mé phong dong chay qua tran,
bé tiéu néng ciia tran xa lii Ngan Truoi véi hai phicong dn mé nham gia cwong trén doc: nham am
va nham dwong. Mo hinh thuy dong luc hoc Flow 3D dua trén hé phuong trinh Navier-Stokes la
cong cu hitu hiéu trong mo phong cdc dac tinh thuy luc phirc tap cua dong chay qua cdc cong
trinh thiiy loi. Két qua tinh todn cao trinh muc mede va van toc vmg véi 2 cap leu lwong khéc nhau
duoc so sanh voi sé liéu thwe nghiém img véi ca hai phwong én tiéu ndng trén doc. Ngodi ra bai
bdo ciing chi ra sy can thiét phai thém mé hinh trén khi trong viéc mé phéng dong chdy c6 xdo
trén 1om trén cdc céng trinh thiy loi va lya chon phirong dn mé nham hop 1y bang mé hinh todn
Tix khéa: Flow-3D, tran xd lii, bé tiéu nang, dac tinh thuy luc, mé nhdam

Sumary: My research uses Flow 3D model in simulating the flow through the spillway, stirling
basin of the Ngan Truoi spillway with two options of reinforced piles on slopes: negative and
positive roughness. The Flow 3D hydrodynamic model based on the Navier-Stokes system is an
effective tool in simulating the complex hydraulic properties of the flow through irrigation
constructions. Calculation results of water level and velocity with 2 different operating conditions
are compared with empirical data for both slope dissipation alternatives. In addition the paper
also points out the need to add air entrainment models in the simulation of large turbulent flows
on hydraulic works as well as select the optimal dissipated obstacles by using numerical model.

trén md hinh toan RANs dé giai hé phuong trinh
Navier-Stokes, bao gdm cac mo hinh dong rdi,
tron khi dé bat duoe hién tuong tu tron khi cua
dong chay qua tran, dbc nudc, bé tiéu ning. Rat
nhiéu nhitng nghién ctru vé dong chay trén cac
tran c6 bac ¢ do doc kha 16n nhu [1, 2, 5, 6].
Nam 2009, S. Felder and H. Chanson dua ra
nghién ctru su tiéu tan ning luong trén doc nude
¢6 bac c6 do dbc nho, [7]. Tuy nhién, theo hiéu
biét ciia cac tac gia, dic tinh ciia dong chay trén
cac tran xa 1t c6 mb nham lai chua duoc nghién
ctru nhidu. O Viét nam, loai tran nay kha phé
bién, c6 khoang 50 cong trinh. Do ddc ciia cac
loai tran xa I nay dao dong trong khoang 5%
dén 15%, nbi tiép véi kénh dan ha luu bing bé

1. PAT VAN DE

An toan dap va céc cong trinh phu trg nhu tran
xa 1fi, cong, v.v... ludn déng mot vai trd quan
trong trong quan 1y luu vuc, ho chia & Viét
nam. Sy hu héng cta cac dang cong trinh nay
s& dan tai nhiing thi¢t hai, hau qua kho ludng ca
con nguoi va vat chit & ha luu cong trinh do
song il vo dap gay nén. Vi vay, viéc nghién ctru
dac tinh thay lyc ctia dong chay qua cac cong
trinh nay tng v6i cac cap lam viéc khic nhau
ludn can duge xem xét. MO hinh toan, tir lau
luén dugc coi la cong cu hiru hi€u trong mo
phong céac bai toan thuy dong luc hoc. Gan day,
Flow 3D dugc coi la mdt cong cu hitu hi¢u
trong nghién ctru céc bai toan thity lyc phuc tap.

Flow 3D mé phong dong chay dang 3 chiéu dya
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roi ty do xubng. Chiéu dai déc phu thudc vao
diéu kién dia hinh, tr 50m dén 240m. Luu
luong dong chay qua loai cong trinh nay ciing
kha 16n nén van toc dong chay trén tran c6 thé
16n hon 20nv/s & cubi déc. Vi vay, dé tiéu hao
phan ning luong kha 16n trén doc nhim giam
hu hai bé mat hay giam thiéu kich thudc cong
trinh tiéu ning & phia sau can phai c6 bién phap
tidu tan ning lwong phi hop trén dbc. Sir dung
cac md nham trén ddc nude cho muc dich tiéu
hao ning lugng dong chay trén doc nay da va
dang dugc nghién ciru rong rdi. M6 nham am
va mb nham duong bé tri trén toan bd ddc nude
c6 tac dung tidu ning rat tot. Tuy nhién, chiing
c6 thé tao ra 4p suat 4m hay gia tang kha ning
xam thyc trén déc nuée khi dong chay co van
toc 16m, [8]. Vi vay, can phai c6 dénh gia phan
tich dé chi ra loai md nham nao vira dam bao
kha ning tiéu hao ning lugng, vira giam thiéu
hién tuong ndy. Ngoai ra, sy xam nhap khi
trong dong chay xiét— noi c6 sy x4o tron 16n
ciing c6 thé anh huong t6i dong chay trén doc

0
%+Vx(pmum)—Vx(Ume) =0

t
Trong d6 pm va um 1a khdi luong riéng trung
binh va van tdc trung binh. S6 hang thir ba bén
vé trai goi la roi khuéceh tan nd chi hoat dong

0(Pln)
ot
trong d6 P 1a ap suit, T 13 tensor Gmg sut
Reynolds.
Mb hinh tron khi trong Flow 3D c6 thé bét khi
di vao bé mit cta dong chay khi dong chay co
su xdo tron manh liét do luc gdy ra dao dong
o .
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nude va trong bé. Vi vdy, trong ndi dung bai
bao nay, céc tac gid xac dinh céc dac trung thuy
lyc ctia dong chay qua tran x4 1ii - bé tiéu ning
Ngan Truoi, Ha Tinh khi khong xét va co xét
dén hién tuong tron khi nhim chi ra viéc can
thiét cua viéc c6 thém md hinh tron khi khi tinh
todn dong chay cé sy xdo tron manh. Cac Kkét
qua tinh theo md6 hinh toan dugc so sanh véi gia
tri do dac béng mo hinh vat ly.

2. PHUONG PHAP NGHIEN CUU
2.1. Mo hinh toan

Mb hinh thuong mai thity dong lwc hoc 3 chiéu
Flow-3D dugc xay dung bdi cong ty Flow
Scien INc. Trong nhitng nim gan day, mo hinh
nay dugc st dung rong rdi do kha nang xur ly
dugc nhidu van dé thuy luc cua dong chay.
Flow 3D dya trén phuong phép thé tich hitu han
giai hé phuong trinh bao toan khdi lugng va
dong lugng Navier-Stokes 3 chiéu. Véi dong
chdy tron khi, phuong trinh lién tuc dugc viét
nhu sau:

M
khi dong rdi sinh ra do khdi lwgng riéng khong

14 hang s6. Phuong trinh dong lwong ciia dong
chdy tron khi dugc mo ta nhu sau:

+Vx(p,u,u,)=-VP+p g+Vx1=0 (2)

ctia dong chay cho rdi, xoay (biéu thi bang luc
F,) 16n hon Iyc can bang Fq sinh ra do trong luc
va stic cang bé mat. Vi vay, thé tich khi di vao
dong chay 8V co thé duoc xac dinh bang cac
phuong trinh toén hoc sau:

3)

€r
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2(F —F, 172 )
§V — kairAs {%} neu F:f > Fd (4)
0 néu F,<F,

Trong d6 Lt la chiéu dai dong r6i; CNU = 0.9;
kr , er twong tng 13 hai thong sé ning lwong rdi
va ning luong tiéu tan. py 1a khdi lrong riéng
clia nude; gy 1a thanh phan gia tdc trong truong
vudng goc v6i bé mit dong chdy; o 14 hé sb
strc cang bé mat; 8V 1a thé tich khi di vao dong
chdy trong mot don vi thoi gian.

Flow 3D cung cip 2 loai mé hinh dong réi nham
md ta tinh rdi ctia dong chay. Cac mé hinh ho
RANSs nhu: md hinh mdt phuong trinh £, hai
phuong trinh k-¢, hay Renormalization Group
(RNG) k-wl1 Trong bai bdo nay céc tac gid st
dung mo hinh dong r6i RNG k-0 dé mo phong
dong chay qua cong trinh thuy loi.

2.2. M hinh vat 1y

Dy 4n “Hé thong Thuy loi Ngan Truoi-Cim
Trang, Ha Tinh” do Téng Cong ty Tu vin Xay

dung Thay loi Viét Nam - CTCP thiét ké, [3].
Tran c6 didu tiét, quy md 7 cira xa mit (nxBxH
=7x12.0x3.4m) nbi tiép dang déc nudc voi do
dbc So =7.0%, dai 140m, rong 100.80m, trén dbc
c6 bd tri cac mb nham gia cuong. Pau tran dai
14.7m dang thuc dung WES bang bé tong cdt
thép, cao d0 ngudng x4 la +48.60m. Poan
chuyén tiép xudng bé tiéu ning, rong 100.80m la
mdt doan bac nude dai 23m c6 bd tri cac bac cao
0.75m, tir cao trinh +36.4m xudng cao trinh
+30m. Poan kénh chuyén tiép duoc ndi tir cudi
bé tiéu ning dén dau kénh xa: dai 310m, c6 mit
cit hinh thang; hé s6 mai m=2.0, két ciu béng bé
tong cot thép. M6 hinh dugc xay dung voi ty 18
1/50 nhdm kiém tra cac dic tinh thay lyc nhu
muc nude, luu tde, ap sut trén tran, doc nudc,
bé tiéu ning va dé xuat phuong 4n cai tao cong
trinh, (Hinh 1). C6 hai hinh thirc mé nham b tri
trén toan doc nude duoc xay dung trong md hinh
vat Iy. M6 nhdm 4m tuong tmg v6i phuong an
thiét ké (PATK); M6 nham dwong twong Gmg vai
phuong an hoan thi¢én (PAHT), (Hinh 2, 3).

Hinh 1: M6 hinh vat ly cua tran xa lii Ngan Truoi
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Hinh 2: Cau tgo chi tiét cua mo nham dm va mo nham dwong

Céc gia tri thuc do trén mo6 hinh dugc nhan véi
ty 1¢ mo hinh dé ra céc kich thudc trén nguyén
hinh, sau do6 so sanh voi cac két qua tuong tng
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trong mo hinh toan. Hai truong hop thi nghiém
duogc 1y dé so sanh v6i két qua cua Flow 3D
nhu trong bang 1.
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Bang 1: Cac trwong hgp thi nghiém

Luu Cao trinh Cao trinh

. ) muc

Truong | luong muc nudc L
nuoc ha
hop Q thuong luu

(m/s) Zrw (m) luu, Zuo

(m)

1 3319 55.86 39.54

2 1061 52.00 35.11

M6 hinh Flow-3D verson 11 dugc st dung dé
md phong dong chay qua tran xa Iii va bé tiéu
nang & nguyén hinh. Dung AutoCAD-3D mé
phong cong trinh, sau d6 xuét ra file dang stl rdi
dua vao Flow 3D.

Hinh 3: Mo hinh tran trong Flow 3D.

Mién tinh toan duogc chia thanh 2 block nhu
hinh 3. Block 1 gom tran va doan dbc. Block 2
14 phan con lai. Bién trén ciia Block 1 ¢6 dang
Specific pressure la myc nude thuong luu, bién
dudi Block 1 la symmetry, hai bén la wall.
Phuong z: Trén va dudi tuong ing la symmetry.
Block 2 cling c6 bién trén la symmetry, bién
duéi 1a Flow out. PO nham bé mat cong trinh 1a
n=0.017. Piéu kién ban ddu cua bai toan la cao
trinh myc nudc thugng luu dép tran va ha luu
bé tiéu nang nhu sb liéu trong bang 1. Két qua
duoc tinh véi cac kich thude ludi khac nhau:
1.0m, 0.75m, 0.5m cho toan b cong trinh
tuong tmg véi s 6 ludi lan luot 14 463.500;
1.098.666; 3.708.000 nhim tim ra phuong an
hop 1y ca vé két qua tinh toan lan thoi gian chay
may tinh. Ngoai ra, cac tac gia st dung ludi
0.1m tinh todn cho 1m bé rong dong chay véi
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s6 6 ludi 1én dén 4.500.000 dé mod phong duogc
hién tuong nudc nhay trong bé tidu ning, dicu
nay s& dugc dé cap trong nghién ctru tiép theo.
3. KET QUA VA THAO LUAN

3.1 Anh huéng ciia kich thuéce heéi

Pé kiém tra do tin cay cua mo hinh Flow 3D
trong md phong dong chay qua tran, cac s6 liéu
cao do muc nudc tinh toan tai 10 diém do tai
tim tran duoc so sanh véi sd lidu thuc nghiém
trong ca 4 phuong an tinh, (Bang 2). O day, hé
s6 Nash dugc ding dé danh gia két qua tinh theo
mo hinh toan so v&i mo hinh vat 1y, cong thirc
tinh hé s6 nay nhu sau:

N
Z (Xsim, - XobS, )

Nash=1-- (%)

Z (Xobs, — X ons )2

i=1

2

trong d6 Xsim va Xobs twong tng 1a myc nudc,
lwu tde tinh toan va thue do tai cac vi tri nghién
ctru; i 1a chi sb gia tri tinh toan va thyc do tai
diém tha i; N 1a sb gia tri trong chudi nghién
clru.

Két qua tinh todn muc nudc, luu tbe trong
truong hop Zrr = 55.86m tng véi 2 phuong an
md nham duoc chi ra trong Hinh 4 va trong hai
Bang 2, 3. Nhin chung, céc sai s giita két qua
muyc nude tinh bang mo hinh todn va mé hinh
vat 1y khoang 5-7%. Hé sb Nash trong 4 loai
kich thudc Iudi rat tot (trén 90%). Voi luéi
0.1m, hé s6 nay gan nhu bang 1.0 & ca 3 trudng
hop tinh toan. Tuy nhién, véi két qua luu téc,
chénh I¢ch gitra tinh toan va thuc do 16m hon so
voi két qua myc nudce. Bang 2 chi ra rang, ludi
thd 1.0m cho hé s6 Nash té nhit trong ca hai
phuong an thi nghiém. Ludi 0.1m cho gia tri
nay tot nhat, phuong an thiét ké cho két qua tot
hon phuong an hoan thién vi do 6n dinh cua
dong chay trén doc tot hon. Két qua nay chi ra
rang, md hinh Flow 3D hoan toan phi hop trong
viéc mo ta dong chdy qua cac cong trinh thuy
loi ¢6 ché d6 thuy luc phuc tap. Ludi c¢6 kich
thuéc 0.5m, 0.75m cho két qua thuy luc trén
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doc nudce va trén tran kha o6n. Tuy nhién, ludi
0.1m cho két qua sat voi thuc té nhat hon cac
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loai ludi khac.

20 1

Cao do mat nuéc trén tran va doc nude Van téc trén tran va dbe nude
\\- -&-thyc do 15 ® ® .
50 | . y [lF.Sm i
g &-0.1m "éll}
;. ; -&thuc do
S0 '_‘E + 0.5m
s * |m
40.lm
30 0+
0 40 80 120 160 0 40 80 120 160
Khoang cich (m) Khoang cach
Hinh 4: Két qua muwec mede, lwu toc ciia phirong én thiét ké
Bang 2: H¢ s6 Nash ciia mue nuée
KiCH THUOC LUOI
MN TL 1 0.75 0.5 0.1 c6 khi
PATK |[(PAHT |PATK |[PAHT |[PATK |PAHT |PATK |[PAHT
55.86 0.955 0.93 0.96 0.93 0.96 0.93 0.98 0.98
52 0.966 0.96 0.96 0.986 0.99
Bang 3: H¢ s6 Nash ciia hru toc
KiCH THUOC LUOI
MN TL 1 0.75 0.5 0.1 ¢6 khi
PATK PAHT PATK PAHT PATK PAHT PATK PAHT
55.86 0.172 0.22 0.79 0.68 0.82 0.71 0.85 0.79
52 0.75 0.65 0.66 0.81 0.71

3.2. Anh huéng ciia mé hinh tron khi téi két
qua tinh toan

Viéc md phong dong chay trén déc nudc can
phai ké téi hién tugng tron khi khi d¢ sdu dong
chay trén déc nude nho. Do anh hudng cia cac
md nham ma 1am cho dong chdy trong trudng
hop nay bi xdo trdn manh mé&, khi xdm nhép vao
dong chay anh huong déng ké dén dic tinh thay
luc cta dong chdy. Khi luu lugng nhd, dong
chay trén doc khong con 1a chay tran (skiming
flow) ma c6 thé c6 dong chay thir cAp (napped
flow). Vi du viéc xudt hién dong chay thir cip
phia sau mb nham khi dong chay 14 napped flow
chi c6 thé duoc mdé phong khi c6 ké dén mod
hinh tron khi, nuéde bi quén lai phia md nham.
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Néu khong ké t6i sé tao thanh dong phun phéng
xa khong phu hop thuc té nhu hinh 5. Ngoai ra
d6 chinh xac ctia muc nudc, luu tdc tinh béng
md hinh Flow 3D c6 ké t6i tron khi tai cac diém
do so véi thi nghi¢ém ciling 16m hon so véi truong
hop khong tinh, (hinh 6).

Két qua tinh toan myuc nudc va van tdc tai cac
diém nghién ctru vé6i ludi 0.1m trong trudng
hop 1am viéc thir nhit Zr. = 55.86m trén hinh 6
cho thay: Khong co su khac biét nhidu vé myc
nude tinh todn bang mo hinh Flow 3D khong ké
va c6 ké toi module tron khi, trir di€m do thir
hai phia sau tran (ha luu tru pin) — noi dong
chdy bi x40 tron manh do anh hudng ctua song
Xién sau try pin. Tuy nhién véi van tdc, két qua
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tinh c6 ca mo hinh tron khi tét hon nhiéu so v6i  ké tron khi gan sat v6i thuc nghiém (11.64 m/s
trudong hop con lai & hau hét cac diém do. Ttai  so vdi 11.77 m/s — sai s0 0.83%), trong khi gia
vi tri thir ba, cach dau doc 74m, van toc khi c6  tri van toc khi khong ké tron khi sai s0 t&i 4.5%.

35.0 36.0 37.0 = 38.0 39.0 40.0 35.0 36.0 37.0 38.0 39.0 40.0
Hinh 5: Anh huong cua mo hinh tron khi toi dong chay qua bdc. Trai
(co ké trom khi); Phai (khong ké tron khi)
60 15
- Thye nghi¢m
| * €6 tron khi _10
E - Khéng tron khi e
g g
E .49
g p= -#-Thyre nghiém
Z40 ”s #-C6 tron khi
-+ Khdng trgn khi
30 0
o 60 Khoang cich (m)120 180 0 60 Khoang cach (m) 120 180

Hinh 6: Myc nudc va véan téc thuc do khi khong co va co mo hinh tron khi — Zrp, = 55.86m

39
x=161.15m

38

E
" 37
36
—o—¢6 khi
35 L Khong khi 15
0 20000 40000 -10000-5000 0 5000 10000

pressure (Pa) pressure

Hinh 7: Phén bé dp sudt theo phwong diing tai bic chuyén tiép thir nhat, Zr, = 52m - PAHT

Xem xét dai luong ap sut, thi nghiém chira véi  dimg cia bac nhung gia tri nho -3924Pa+-
phuong an thiét ké, trén doan chuyén tiép tir dsc ~ 2648Pa. PAHT c6 ap suit 4m bing -590Pa. Mit
nudc xuéng bé tiéu nang tai bac nudc thir 3, thr  khéc, c6 sy khac bi¢t tuong dbi vé két qua tinh
4 ¢6 xuét hién ap suat am cuc b trén thanh  toan phan bd ap suét theo phuong dig tai diém
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nim tai mép bac dau tién cua bac nudc trong
PAHT khi c6 ké t6i tron khi va khong ké t6i
tron khi, (Hinh 7). Két qua tinh ap suat theo mo
hinh Flow 3D khi c6 ké t6i tron khi dwoc chira
trong bang 4 cho thiy: Mic du PAHT van cho

két qua ap sudt 4m trén bac chuyén tiép nhung
tai 2 diém nim trén bac dau tién cua phén bac
nude gia tri kha nho so véi PATK. Didu nay 1a
phi hop vé6i két luan cua thi nghiém.

Bang 4: Ap suit chin khong I6m nhit trén béc tinh theo mé hinh toan

Truong | Zro (m) Ap suat chan khong 16n nhit — Ap suat chan khong 16n nhit —
hop PATK (Pa) PAHT (Pa)
1 55.86 23561.5 9027.2
2 52.00 4549.5(bac 2); 6242.8 (bac 3) 894.9 (bac 2); 981.2 (bac 3)

3.3 Danh gia kha nang tiéu hao ning lugng
ciia hai phwong 4n mé nham

Viéc b tri md nham rai déu tir dau dén cudi déc
lam tiéu hao ning luong cua dong chay trén déc
kha 16n. Lop tng suit kéo (shear strain rate
magnitude) phat trién gan sat day 1a yéu t6 quan

strain rate magnitude contours

0.0 5.0 10.0 15.0 20.0

45.73

42.98

52460 54265
X

48877 50673 56.061

strain rate magnitude contours

oo 5.0 10.0 150

38.57

154.837

35.82

147.653 149.449 151.245 153.041
X

57.857

156.633

trong anh hudng t&i viée thay d6i hay tiéu tan
ning lugng. Piéu dé ciing anh hudng téi viée
khai phat hién tuong chan khong trén dbc. Vi
trong nhitng ving c6 tng suét kéo 16n sé sinh
ra cac xody va dong chay tht cip sau cac md
nham. Ap suét tai tdm cia xody giam co thé
sinh ra 4p suit 4m tai m.

strain rate magnitude contours

0.0 5.0 10.0 15.0 20.0

BT 0 e

45.8

434

strain rate magnitude contours
00 50 10.0 15.0

N 220 e

384

~N

35.8

147.00 148,62 150.24 151.86  153.48 155.10
X

Hinh 8: Phén bé iing sudt kéo ciia hai phirong dn mé nham am va dicong
ctia Truong hop 1: Zrp = 55.86m, Q = 3319 m’/s

Hinh 8, 9 cho thdy phuwong 4n md nham duong
1am cho 16p tng suat kéo phat trién manh hon
trong khoang 0.4m-0.8m lop dong chay sat
thanh. Piéu d6 c6 nghia mirc d6 rdi cta dong
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chay trén dbc trudng hop nay 16n hon trudng
hop md nham 4m, nghia 1a phin ning lugng
tiéu tan nhiéu hon.
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Hinh 9: Phén bé dai leong itng sudt kéo theo phiong dimg moé nhdm am va dwong
tai 3vitri z = 20m; x=50m va 100m truong hop Zrr, = 55.86m.

Piéu nay ciing dugc ching t6 bang két luan
trong md hinh vat Iy va mé hinh toan dya vao
cong thic (6) tinh ton thit ning lwong dong
chay trén doc nude:

2 2
h, = Zd+V—d - ZL,+V—”
2g 2g

Voi: Z4, Zo: Cao dd mat nude tai mat cat dau va
cuoidoc; Vg, Ve: Van toc dong chay tai mat cat
dau va cuoi doc.

(6)

Ung véi truong hop 1am viéc nguy hiém nhit,
ZrL = 55.86 m (P = 0.1%), luu lugng dong
chay trén tran dat t6i 3319 m%/s, xac dinh ton
that nang luong trén tran va déc nudc theo ca

20
5 Phuong an thiét ké ®
15 3
;ﬁ _ ,
S
E510
)
=1 “n
o —e—thue nghiém
J - ® - ¢6 khi
khong khi
0
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distance(m)

Hinh 10: Tiéu hao nang luong doc theo

4. KET LUAN

Viéc st dung mo hinh toan ca dong roi va tron
khi dé danh gid anh hudng cua hai loai mo nham
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hai phuong an md nham theo Hinh 10. Két
qua thyc nghiém cho thay ton that ning luong
cudi déc ctia phuong an thiét ké 1a 13.12% it
hon so v&i Phuong 4n hoan thién 14.94 %. Két
qua tinh theo c6 khi va khong khi trong ca 2
truong hop md nham 4m va dwong kha sat
nhau. Tuy vy, so sanh phin trim tén thit
ndng lugng tinh theo md hinh toan thi ty 1¢
tiéu hao ning lwong theo 2 phuong an nay lan
lwot 14 17.23% va 17.55%. Ngoai ra, van toc
trung binh dong chay cia truong hop md
nham 4m cao hon md nham dwong. Piéu do
cho thiy, phuong 4n md nham dwong lam tiéu
hao ning luong trén ddc tét hon md nham am,

[9].

20 : ; s
Phuong dn hoan thién
g &
Z10
2
E/.‘L.i
&S —o—thuc do
o = o 06 khi
khéng khi
0
0 50 _ 100 150 200
distance(m)

dong chay cia 2 phwong dn mé nham
gia cuong trén doc nude 1a can thiét. Nhing dic

tinh thuy luc cua dong chay trén doc dugc xem
xét, so sanh v&i so liéu cua thi nghi€ém nhu: muc
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nude, van tbe, ap sudt chimg to rang viéc dua  dong chay trén dbc bang thuyc nghiém va mo
ca md hinh tron khi vao mo phong dong chdy  hinh toan cho két qua mé nham dwong c6 kha
¢6 x40 tron 1on cho két qua tot nhat, gan v&i  nang tiéu hao ning lwong tt hon.

thuc do nhit. Phan tich tén thit ning lwong
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