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Tém tit

Nuéde nhay la co ché tiéu tin ndng lwong quan
trong trong dong chay kénh ho, hiéu qua tiéu nang
c6 thé dwgc cdi thién dang ké thong qua viéc sir
dung cdc dang ddy nham dwoc thiét ké riéng biét.
Trong s6 cdc dang ddy nhdm hién cé, nén nham
lang tru tam gidc vuong tao ra hién twong tach
dong manh va hinh thanh cdc cau triic xody phirc
tap. Tuy nhién, méi lién hé co hoc giita cau tric
xody, dong nang roi va qud trinh tiéu tén ndng
lwong ciia mede nhay trén loai nén nham ndy van
chua dwoc lam ré mot cach hé théng. Do vay,
nghién cuu nay sw dung dit lieu moé phong dong
luc hoc chat long (CFD) da dwoc kiém chung dé
khdo sdt, phan tich va danh gia sw hinh thanh cdu
triic xoay, twong tdc cua dong chay voi day nham
va qud trinh tiéu tan dong ndng roi trong nwdc
nhay tie do trén nén nham ling tru tam gidc vudng.
Két qua gép phan lam sdng t6 co ché tiéu ning
tiang cuong do déay nham chi phéi, dong thoi cung
cdp co so khoa hoc cho viéc 161 wu thiét ké bé tiéu
nang trong cac cong trinh thuy loi va thodt nuoc.
Tur khoa: Nu'o':c nhay tie do, nén nham ling tru tam
gidc vuong, cau truc xody, tiéu tan nang luwong, bé
tiéu nang.

Abstract

Hydraulic jumps play a fundamental role in
energy dissipation in open-channel flows, and
their energy dissipation efficiency can be
substantially enhanced by employing
appropriately designed rough beds. Among
various  roughness  configurations,  right
triangular prismatic rough beds are known to
induce intense flow separation and generate
highly complex vortex structures. Nevertheless,

the underlying mechanical relationship between

vortex dynamics, turbulent kinetic energy
dissipation, and the overall energy dissipation of
hydraulic jumps over such rough beds has not yet
been systematically clarified. In this study,
validated computational fluid dynamics (CFD)
simulations are employed to investigate the
formation and evolution of vortex structures, the
interaction between the flow and the rough bed
geometry, and the associated turbulent kinetic
energy dissipation in free hydraulic jumps over
right triangular prismatic rough beds. The
findings provide new insights into the roughness-
dominated energy dissipation mechanism and
establish a scientific basis for the optimized
design of energy dissipation basins in hydraulic
and drainage engineering applications.
Keywords: Free hydraulic jump, right triangular
prism rough beds, vortex structure, energy
dissipation, stilling basin.

1. Pit van dé

Nudc nhay hoan chinh 1a mdt trong nhitng bién
phap tiéu tan nang lugng chu dao trong cic cong
trinh thuy 1o1, thoat nudc dong chay ho (dap tran xa
1d, déc nude, cong, ...) c6 bd tri bé tidu nang nham
giam ning luong dong chay xiét qua dap tran hay
cdng, gitip han ché nguy co x6i 1& ha luu [1, 2].
Hiéu qua tiéu nang cua nudc nhay phu thudc manh
vao tuong tic chat 1ong tai ving nudc xody (roller
zone) va ciu triic dong chay gan d4y. Nhiéu nghién
ctru kinh dién da tap trung lam 6 cac dic trung cua
nuéc nhay trén nén tron, bao gdm dic trung hinh
hoc viung nudc nhdy (46 sau lién hgp nudc nhay y»,
chiéu dai nudc nha L;, dudng mit nudc), phan bd
vén tdc va ciu tric rdi tong thé [3-11]. Tuy nhién,
day tron thuong dan dén chiéu dai khu nuée xody
(L+) 16n va hiéu qua tiéu nang han ché, do do cac
mo hinh ddy nhdm nhén tao da dugc st dung rong
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rdi nhim gia ting muc do rdi va ting cuong su xao
tron dong chay.

Nén nham g6p phan tao ra hién twong tach dong
va phat sinh xoay phia sau phan tir nham, tir d6 lam
bién ddi dang ké cau tric thuy dong luc ctia nude nhay
[12, 13]. Cac nghién ctru trude day da khao sat nhidu
dang nham nhén tao nhu: Khdi lap phuong, khbi da
giac, khdi lang tru nhdm hinh sin, tam gidc, chit nhat,
tam giac vudng, ... [14-26], cho thiy day nham c6 thé
lam giam khoang 20% dén 50% chiéu dai nudc nhay
(L)) so v&i day tron va cai thién dang ké muc do tidu
tan nang lugng (7). Tuy nhién, anh hudng cua day
nham dang lang try tam giac vudng, cling nhu cac moé
hinh d4y nham néi chung, van chua dugc phan tich
mot cach day du, dic biét dudi goc do cau tric xody
va sy phan bd tiéu tan dong nang réi trong dong chay.

Mit khéc, cdu tric xody giit vai trod trung tim trong
viéc kiém soat trao ddi dong lugng, qué trinh x40 tron
va muc d6 ti€u tdn nang lugng trong nudc nhay [12,
25]. Pong thoi, mic tidu tan nang luong tong thé phu
thugc manh vao sy phat trién cua dong 16i trong vung
chan nudc nhay, ving nude xody va khu vyc sat day
nham. Do d6, can thiét tién hanh nghién ctru chuyén
sau hon nham mé ta chi tiét dong luc xody va co ché
tiéu tan nang luong trén nén nham ling tru tam giac
vudng dé 1ap day khoang tréng nghién ciru nay.

Gén day, cac tiéu chi nhan dién xody truyén thong
va hién dai nhu: Tiéu chi Q (Q - criterion) hay phuong
phép Liutex/Rortex (Liutex/Rortex method) da duogc
tmg dung cho cac dong chay cé tach dong phtrc tap dé
tach riéng thanh phan quay thuc khoi bién dang, cho
phép nhan dién chinh xé4c cac ciu triic xody va theo doi
su tién hoa cuia chung [12, 27]. Trong nghién ctru vé
nudc nhay trén day nham, phuong phap Liutex/Rortex
dugc chung minh hi¢u qua hon tiéu chi O trong viéc
nam bit cau triic quay thuc va mdi lién hé vai tiéu tan
nang lwong, dic biét khi sir dung mé hinh r6i RNG k-¢
két hop véi CFD [27].

Mic dil, dd c6 mot s cong trinh nghién ctru [10, 12,
27] gbp phan mo rong hiéu biét v& su hinh thanh va phat
trién cua xody trong nude nhay. Nhung chua c6 nghién
clru ndo tich hop ddng thoi cac tidu chi nhan dién xody,
phan tich dong ning rbi (TKE, k) va téc do tiéu tan ning
lugng (¢) dé 1am rd, hiéu biét day du vé co ché tidu nang
tang cudng do day nham chi phdi. Khoang trong nay dic
biét rd khi xem xét cac nén nham hinh hoc phirc tap nhu
lang tru tam gidc vudng [25], von tao ra cic xody va ddp
manh va khac biét so v6i cac dang nham truyén thong.
Do d6, nghién ctru nay tép trung vao viéc phan tich sy
tién hoa cta ciu tric xody va moi quan hé cia ching voi
cac dic trung k, & trong nudc nhay trén nén nham ling
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tru tam giac vudng [25], nhim cung cip mot cach tiép
can toan dién cho viéc danh gia hiéu qua tiéu nang va tbi
uu hoa céc thiét ké bé tiéu ning.

2. Co s¢ dir liéu va phwong phap nghién ciru
2.1. Co so dir liéu nghién ciru

Dir liéu sir dung trong nghién ctru nay dugc ké
thira tir cong trinh dd coéng bd cua T. C. Ty va nhom
nghién ctru [25], v6i md hinh CFD da dugc kiém
ching va hi€u chinh dya trén b dir li¢u thyc nghiém
cua H. Samadi-Boroujeni va nhom nghién ctu [21],
qua céc thong s6 thuy luc dic trung bao gom: Do sau
lién hop sau nudc nhay (y2), chiéu dai nudc nhay (L))
va phan bd van téc dong chu trong ving nude nhay.
Bén canh d6, [25] ciing d3 tién hanh phan tich d6 nhay
ctia lu6i tinh toan ddi véi hai tham s thuy lyc quan
trong (2 va L;), qua d6 khang dinh d¢ tin cay va tinh
héi tu cia mo hinh sb.

Tir tai lidu [25], cac cAu hinh diy nham dwoc hé
thong hoa trong Bang 1, trong khi so dd nuéc nhay
hoan chinh (tu do, 6n dinh) trén nén nham lang try tam
gidc vudng dugc trinh bay chi tiét tai Hinh 1. Két qua
md phong s6 duoc tong hop trong Bang 2, bao gdm 210
trudng hop tinh toan voi cac td hop diéu kién thuy luc
va hinh hoc day nham khac nhau, tao thanh bd co so dir
lidu c6 tinh hé thong va bao quat.

Cu thé, d6i voi mdi trudng hop mo phong, cac didu
kién ddu vao ciia mo hinh sé bao gdm: Loai hinh day
nham, diéu kién dong chay xiét dau kénh (dic trung
b6i y1 va s6 Fry), cung véi gia tri y; thir dan. Két qua
dau ra thu duoc bao gom: Céac thong sé thiy luc co
ban (32, L) va cac dac trung thuy dong luc hoc cua
dong chay trong vung nudc nhay.

Trén co s& d6, bo dir lidu gdm 210 kich ban mo
phong duogc sir dung dé phan tich ciu tric xody va
danh gia hiéu qua tiéu ning ciia dong chay trén nén
nham nghién ctru, dam bao tinh nhat quan vé phuong
phép va do tin cay vé mit khoa hoc.

| Lj (khu vuc nude nhay) |

Mit nude

f |
au kénh Lk - Chiéu dai kénh
| |

N Pham vi b6 tri dy nhém - L |
b

Hinh 1. Nwéc nhdy hoan chinh trén nén nham [25]
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Bdng 1. M6 hinh day nham nghién ciru [25]

M6 hinh Dac trung hinh hgc cia nén nham
Dong chay ¢
- m -
M I - \“\. - \“\_‘J\\\\r
B != WJ\ — =
Dong chay Pham vi nén nham
M_II R e s g g g P
B T 5]
Dong chay ¢ f
M NN NI
N el l"“L;
D¢ ha
Dong chiy |
M1V =LA 11
Tsk ~ P Ls

Trong do: ¢, s 1a chidu cao va chiéu rong ciia phan
tor nham; L 1a khoang cach gitra cac md nham; m1, m»
tuong tmg 12 h & s6 mai déc phan tir nham vé thuong
va ha luu kénh [25].

Bing 2. Trwong hop mé phéng va két qud [25]

M6 Trwomghop Fni n » Lj
hinh mé phéng ) (cm) (cm) (m)

No. 1,5+ 7,3+ 0,28 +
M1 48+94
(1+45) 30 31,6 1,25
No. 1,5+ 7,2+ 0,30 +
M_II 4,8 +8,6
(46 = 90) 2,5 242 0,87
No. 1,5+ 7,6 = 0,27 +
M 11T 5,0+8,6
- 91 = 150) 3,0 28,1 1,08
No. 1,5+ 735+ 032+
M 1V 5,0+8,6
(151 +210) 2,5 232 0,82

2.2. Phwong phdp nghién ciru

Nghién ctru nay tng dung ti€u chi O va phuong
phap Liutex/ Rortex 1a cac cong cu truyén thong va
hién dai dé nhan dién va biéu dién céu trac X04y trong
nude nhay. Co so 1y thuyét ciia 2 phuong phap néu
trén duoc gidi thiéu rt co ban nhu sau:

Tiéu chi Q dua trén phan tich cta tensor gradient
van téc VV, v6i V = (u, v, w), tensor VV cod thé duoc
phan tich thanh phan ddi xtng S; va phan ddi xing
€y, trong khong gian 3 chiéu: i, j cocac giatrilal, 2
va 3; i chi thanh phan van téc (u, v, w); j chi huéng
theo toa do (x, y, z). Tiéu chi Q dugc xdy dung nham
biéu thi su chiém wu thé ciia chuyén dong quay so voi
bién dang, biéu thirc x4c dinh O nhu sau:

Q:%(Qijgij_SijSij); 1)
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S.: :i %4_%
! 2 aXJ aXi

_ifov Y
QJ_z{axj o

(1)

Xét vé mat ¥ nghia vat 1y, ving ¢6 O > 0 1a ving
chuyén dong quay chi phdi hay ving c6 kha nang la
161 xo0dy (vortex core) [28]. Nguoc lai, viing c6 O <0
1a viing bién dang chi phéi, khong phai viing xody. Do
vay, tiu chi O 1a mét trong nhiing phuong phap nhan
dang xo4y truyén thong va phd bién nhit trong van dé
tinh toan dong luc hoc chit long.

Phuong phap Liutex/ Rortex dugc dinh nghia la
vecto Liutex/ Rortex, ¢ thé biéu dién rd rang ca
huéng va d6 1on ciia chuyén dong quay. Chi tiét vé
dinh nghia toan hoc ctua Liutex/ Rortex cé thé duoc
tim thiy trong tai liéu C. Liu va nnk. [29]. Dang vecto
cua Liutex/Rortex nhan dugc tir phuong trinh (2) va
d6 16n dugce xac dinh boi phuong trinh (3).

R={(o)- o) -azz i @)
R :<5,F>—4/§5,F>2 _4)? 3)

lan luot 1a d6 16n va hudng cta
véc to x0dy va A la phan ao cia

Trong do: R,
Liutex/ Rortex;
gia tri ngudng.

7
@

3. Két qua va thao luin

3.1. Nhdn dién va phan tich céu triic xody trong
nwdc nhdy day nham

Hién tugng nudc nhay trén day nham dugc dic
trung boi truong van toc thay doi rat nhanh, bién dang
manh va tuong tac phtc tap gitta dong chay chinh
(dong chu - main flow) véi céu hinh ddy nham. Trong
bdi canh nay, viéc nhan dién va phan tich cAu tric
xody 1a co s quan trong dé hiéu rd co ché phat sinh
rdi va tiéu tan nang luong dong chay. Bai bao st dung
dong thoi tiéu chi O va phuong phap Liutex/Rortex
thong qua qua trinh hau xir Iy CFD nham mo ta day
du dac trung xody ctuia dong chdy cho nudc nhay day
nhém nghién cuu.

Hinh 2 trinh bay phan bd khong gian cua cau tric
x04y trong nudc nhay dugc nhan dién theo tiéu chi Q
v6i 2 gia tri ngudng O = 100 va 200s72 tai s6 Fr; = 6,7
cho md hinh ddy nham M _IV8 (No.188). Theo dinh
nghia, Q > 0 biéu thi cac ving ma nang lugng quay
ctia dong chay chiém uu thé so voi bién dang, cho
phép nhén dién so bd cac khu vyc c6 kha nang ton tai
xody. Két qua cho thiy cac ving O > 0 xuét hién chu
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yéu tai hai khu vyc dic trung cta nude nhay ving I,
II (xem Hinh 2b).

Véi cac gia tri ngudng Q = 100 va 200 s, két qua
cho thiy su twong ddng trong viéc nhan dién phan bd
céc cau triic xoay doc theo kénh. Tuy nhién, khi ting
ngudng O 1én 20052, mat do xoay quan sat dugc tai
ving I (kénh dan vao), ving III (day kénh ha luu sau
nude nhay) va tai mat thoang trong khu vuc nudc nhay
(vung II) giam 18 rét, trong khi khu vuc chan nudc
nhay va ving dy nham trong ving II hau nhu khong
¢6 su thay ddi dang ké. Piéu nay cho thiy han ché cua
tiéu chi Q trong viéc nhéan dién cac cAu trac x0ay thuc
trong dong chay nudc nhay. Cuy thé, tiéu chi nay c6 xu
hudng nhan dién ca cac vung co bién dang ¢t manh
nhung khong nhat thiét ton tai chuyén dong quay thuc,
dién hinh nhu tai vung I va khu vuc mat thoang cia
nudc nhay. Do d6, mac du tiéu chi Q cho phép xac
dinh nhanh pham vi anh huéng téng quat ciia cac ving
r6i, nhung chwa du kha nang 1am sang t6 ban chét cia
céc cau triic xody dong vai tro chi phdi co ché tidu tan
nang lugng trong nudc nhay.

M6 hinh day nham M_IV8 (No.188).
(Pay nham: ¢ = 2cm, s = 3cm, Ly = 2cm, mai déc m = 1,5)
a) 0= 10052 Mat nu(’ycl

y1=2cm

0 .

0 0 50 100 150 200 250 300 350 400 450 500
Pau kénh

Mat nudc
Vung 111

b) O = 2005

Sz 0.5

T 0 EEeEE

0 50 100 150 200 250 300 350 400 450 500

Hinh 2. Nhin dign phin b6 khéong gian ciu triic xody
theo tiéu chi Q véi gid tri nguwong 100 va 200 s
Dé khic phuyc han ché cua tiéu chi Q, phwong phap
Liutex/ Rortex dugc sir dung nham tach riéng thanh
phan quay thuc khoi truong bién dang (xem Hinh 3).
Két qua theo Liutex/ Rortex cho thdy cic xody quay
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(Pay nham: = 2cm, s = 3cm, Ls = 2cm, mai déc m = 1,5)

a) M_18 (No.38)

Mat nudce l

b) M_II8 (No.83)

Chan nude nhay

0246 8101214161820
¢) M_IV8 (No.188)

Mait nudc

Chan nude nhay

e

2 —
—

au ken]
Ma. t nu 7

d) M_III8 (No.128)

Chan nudc nhay

e
— 05 Hal
b ‘ 0.5
e i
0 0246 8101214161820

Péu kénh

Hinh 3. Nhin dign phin bo khong gian ciu triic xody

theo phwong phap Liutex/Rotex voi y1 = 2cm, Fri = 6,7
thyc hinh thanh r6 rét ngay tai vung chan nudc
nhay, noi dong chay c6 sy doi huéng dot ngot va
tuong tic manh véi cac phan tir nham dau tién. Cac
x04y nay co truc quay xac dinh rd rang, voi cuong do
16n va hudng quay phu hop véi chidu chuyén dong
ctia dong chay chinh. Theo chiéu dong chay, cac xody
ban dau bi kéo gidn, nghiéng truc va phan tich thanh
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nhidu cdu trac xody thir cép do tac déng cua trudng
van tbc khong dong déu va hinh hoc ddy nham. Hinh
3 cho théy qué trinh nay dién ra lién tyc, thé hién su
tién hoa dién hinh ctia cu tric xody trong dong chay
1di, tir cac xody quy mé 16n duoc tao ra tai chan nudc
nhay dén cac xody nho hon phan b trong 16p sat day
va viing r6i phia trén.Ciu triic xoay dong chay gan day,
noi chiu anh hudng truc tiép cia md nham duoc nhan
dién kha rd rang. Piéu nay cho thay diy nham khong
chi 1am gia tang sy xdo tron cuc bd ma con dong vai
tro chu dong trong vi¢c duy tri va tai sinh cac xody
quay thuc doc theo chiéu dong chay. So véi két qua
nhén dién theo tiéu chi O, phuong phap Liutex/ Rortex
cho phép xac dinh chinh xé4c cac ciu triic xody ¢ ¥
nghia vat 1y, 1 cc tac nhan tryc tiép tham gia vao qua
trinh truyén va phan rd nang luong. Pay 14 co s¢ quan
trong d¢é lién két phan tich ciu triic xody véi cac dic
trung r6i dinh luong nhu dong nang rdi k va toc do
tiéu tan ning lugng rdi e.

Su tién héa clia cau triic xody trong nudc nhay trén
day nham M_IV8 duoc nhan dién kha chi tiét trén
Hinh 4, bang phwong phap Liutex/Rortex tai cac thoi
diém véi chu ky T, cung cap cai nhin dong hoc vé qua
trinh hinh thanh, phat trién, tuong téc va suy giam ciia
céc cdu tric xody trong ving nudc nhay:

(i) Giai doan hinh thanh xo4y tai chan nudc nhay
(1 =T/4): Tir Hinh 4a cho thiy cac cdu tric xody quay
thyc dau tién duoc hinh thanh ngay tai ving chén
nude nhay. Tai day, sy dao chiéu cuc bd cua dong chay
va sy thay doi van toc nhanh tao diéu kién cho cac
x04y c6 cudng do cao xuat hién véi truc quay rd rang.
Céc xo0dy so cap nay dong vai tro 1a ngudn sinh rdi
ban ddu, chuyén héa dong ning dong chay trung binh
thanh dong nang rdi.

(ii) Giai doan phat trién va tuong tac xody trong
vung 16i chinh (r, = 2T/4 va 3 = 3T/4): O khu vuc
ngay sau chan nudc nhay, Hinh 4b va ¢ cho thdy cac
xody so cap khong ton tai doc 1ap ma nhanh chong
twong tac voi nhau ciing nhu véi trudng van tée khong
dong déu do hinh hoc dy nham tao ra. Cac xody bi
kéo gian, nghiéng truc va phan tach thanh cac xoay
thir cip c6 quy moé 16n, nhé khac nhau. Sy xuét hién
ddng thoi cia nhidu xody véi cudong do khac nhau
trong cung mot khu vuc phan anh trang thai rdi phat
trién manh, trong d6 cac xody lién tuc trao ddi ning
lugng théng qua twong tac phi tuyén. Day chinh la
biéu hién ctia qua trinh truyén ning lugng tir thang 16n
xudng cac thang nhé hon, mot dic trung ¢t 18i cua
dong chay rbi trong nude nhay.

(iii) Giai doan suy giam va tai sinh xody (t = T):
mdc du cac xody O vung trén da quay tro lai cho chu
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ky tiép theo, nhung cic xody gan day van duoc duy tri
va tai sinh do tuong tac 1ap lai giira dong chay va cac
phan tir nham. O céc vi tri xa hon vé ha luu nhu Hinh
4d cho thay cuong do cac xoay giam dan. Dy la giai
doan ma nang luong rdi da dugc chuyén phan 16n sang
cac thang nho va bi tiéu tan boi do nhot ctia chat long.
Qua trinh suy giam nay khong dién ra dot ngot ma
mang tinh lién tyc, phan 4nh su can bang giita qua
trinh sinh r6i tai day nham va qua trinh tidu tan ning
luong.

(Pay nham: ¢ =2cm, s = 3cm, Ly = 2cm, mai déc m = 1,5)

a)n=T/4

(M6 hinh day nham M_IV8)

Dong chay

R Ha luu kénh
Nén nham

PAau kénh

b) &> =2T/4

<8 W

IR
SIS >
\,')v%_;\.\\;

Dong chay

R Ha luu ké
Nén nham @ luu kénh

Piu kénh

¢)t:=3T/4 Dong chay

NS

AN
WSS
\!\ SN

N Ha Iuu kénh
Nén nham

PAu kénh

d)#=T

Dong chay

5 Ha lIuu kénh
Nén nham

PAu kénh

Hinh 4. Sy tién héa ciia céu triic xody trong nwéc nhdy
trén nén nham véi diéu ki¢n y1=2 cm, Fr1=6,7
Téng hop cac phan tich tir Hinh 4 cho thay ciu tric
x04y trong nudc nhay trén ddy nham trai qua mot chu
trinh kha hoan chinh gdm: Hinh thanh, phat trién,
tuong tac, phan ra va tiéu tan. Chu trinh nay chinh la
biéu hién cu thé cho qua trinh truyén dong ning rdi tir
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céc xody 16n xubng cac xody nhé hon cho dén khi bi
tiéu tan trong dong chay rdi. Do dé, cac ciu tric xody
quay thyc duoc nhan dién béng Liutex/Rortex khong
chi mang y nghia mo ta hinh thai dong chdy ma con
dong vai tro trung tim trong viéc diéu khién phan bd
dac trung kva .

Tir cac két qua nghién ciru trén cho thdy cac xody
trong nudc nhay trén day nham la nhimng cu trac quay
thuc c6 ngudn gdc co hoc rd rang, tiéu chi O x4c dinh
nhanh pham vi ving réi, con phwong phép Liutex/
Rortex nhan dién chinh xé4c cic xody truc tiép tham
gia truyén va phan rd ning luong dong chay. Dé dinh
lwong mirc déng gop cua cac ciu tric ndy vao hiéu
qua tiéu nang, nghién ctu tiép tuc phan tich hai dai
luong rdi mang tinh nang luong 14 dong ning rdi k va
toc do tidu tan e. Viéc khao sat phan bd khong gian
clia k, & va ddi chiéu véi cac ving xody da xac dinh
cho phép thiét 1ap mdi lién h¢ dinh lugng giira cAu triic
xody - dong nang rdi - tiéu tan niang lugng, qua d6 lam
16 su khac biét vé hidu qua tiéu nang gitra cac cdu hinh
day nham.

3.2. DPdc trung réi ciia dong chdy véi nwéc nhiy
trén nén nhdm

Trong dong luc hoc chat long, dong ning rdi
(Turbulence kinetic energy - TKE, k) 1a dong ning
trung binh trén mdi don vi khéi lugng lién quan dén
cac xody trong dong chay rdi. V& mat vat 1y, dong
nang 16i duoc dic trung boi cac dao dong van tde (u’,
v’, w’) trung binh binh phuong do duogc, cong thirc (4).

=@+ @ e @

V6i md phong CFD, k khong duoc tinh truc tiép
tu dao dong van tdc tire thoi ma duoc xac dinh thong
qua phuong trinh van chuyén TKE. Truong hop voi
md hinh réi RNG k-¢ cho cac mo phong s6 [25]:

k ku; k
W, a(;a»Xiu.) :aixi{[“aﬂk];x_}%k —

]

ope) | olpeui) _ 0 s 0Os e, l6,
ot 6Xi 6XJ o

&

82

—Coep T

Trong d6, k va ¢ lan luot 1a dong ning rdi va toc

d6 tiéu tan nang lugng rdi. Cac hang sb oy,0,,Cy, va
C,, duogc gidi thi¢u bdi V. Yakhot va nnk [30].

Céc hinh tir (a) dén (e) trong Hinh 5 thé hién phan

bd khong gian cua tri s6 k theo phuong doc dong chay

v6i cting s6 Fri = 6,7. Quan sat cho thay, ving c6 gia
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tri k& cao luén xuét hién tai bién ranh gidi gitra dong
chu (trang thai chay xiét) va khu vuc nude xody, ving
k cao md rong theo d6 sau, phan bd ko dang bat di
xung 10 rét, véi cudong do rdi 1on tap trung gan day
hon. Piéu nay phan anh vai trd cua ddy nham trong
viée: (i) tang toc d6 thay doi van te gan day, (ii) kich
thich cac xody thtr cip va ving tich dong phia sau
phan tr nham b tri.
k (J/kg)

e
0.00 0.10 0.20 0.30 0.40
Z o
| =
¥ X

a) Day nhén, y1 = 2,0cm k (J/kg)

0.000 0.100 0.200 0.300 0.400

0.2 k
0.0
: : : | . . . : : i

(m) ‘oo 0.24 0.48 0.72

b) R_17(No.33), y1 = 1,5cm

k (J/kg)

0.000 0.100 0.200 0.300 0.400

03
0.0
(m) ‘o0 ' 03 = o072 108 144 180
C) R_HQ (NOSS), yi= 2,5 cm k (J/kg)
0.000 0.100 0.200 0.300 0.400
\ |
0.23
0.0 m
(m) 0.0 0.3 0.6 0.9 1.2 1.5
d) R III11 (No.143 =2
)R _ (No.143), y1 = 2cm k (/ke)
0.000 0.100 0.200 0.300 0.400
E | 2 W | |
0.25
0.0
m) ‘oo " o3 = o8 o8 12 15

e) R_TV8(No.188), y1 =2cm
Hinh 5. Tri 56 k trén cdc ddy nham véi cing Fri = 6,7

Mbdt s6 su khac biét vé dac diém rdi cua dong chay

trong nudc nhay gitta day tron va nham dugc phan tich

trong Bang 3. Vé ban chét vét 1y, d4y tron chi tao rdi théng

qua thay ddi van tbc 16n theo phuong vudng goc véi dong

chay, trong khi d4y nham tao thém nhiéu ngudn sinh rdi

thir cép, lam thay di 16n céu tric rdi ciia nudc nhay.
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Bing 3. Diic diém réi ciia dong chdy tai nwéc nhdy

Dic diém Day tron Piy nham

. Téap trung 6 ranh {Ranh gidi dong chu
Vitri k cuc o
dai oidi dong chiva {va khu nudc xoay;
ai.

khu nude xody. |vung gin ddy.

Phan bd theo Ving rdi hep, |Ving rdi mé rong,

do sau. suy giam chdm. {suy giam nhanh.
Tinh ddng Phan bd tuong {Phan bé khong déu,
nhét. d6i muot. xuét hién dinh cuc bb.
.. ., \Thay ddi van toc I6n
Thay doi van toc A
L. ) theo phuong vudng
Co chésinh  {l6n theo phuong | | . ]
.. R o goc dong chay; Tach
roi. vuong goc dong

. dong va xoay sau
chay. ]
nham.

Dua trén phan bé gia tri ctia k trén Hinh 5. Gi4 tri
kmax dat khoang 0,35 dén 0,4 J/kg va tap trung chu
dao tai ranh gigi dong chu va ving nudc cudn, trén
dinh cac md nham rd rét hon so voi day tron. Téc d6
thay doi cua k suy giam nhanh theo chiéu dai nudc
nhay hon so vé&i day tron (chiéu dai nudc nhay trén
day nham giam khoang 50% so v&i day tron [25]).
Trén ddy nham nghién ciru, sy khac biét rdi cua dong
chay xuét phat tir cac co ché sau: (i) tach dong phia
sau phan tir nham, tao ving xody cudng buc; (ii)
trong tac gitra xody nham va xody cudn chinh (roller
vortices); (iii) chuyén dich nang lugng tir xody 16n
sang xody nho, din dén ting kha ning tiéu ning.
Nguoc lai, day tron thiéu cac co ché sinh rdi thir cép,
nén réi phu thudc cha yéu vao mirc thay ddi van tbc
gitra dong chu va khu nudc xody, suy gidm cham lam
tang chiéu dai khu nudc xody dé dong chay chuyén
trang thai hoan chinh tir dong chay xiét sang dong
chay ém.

Phén bé k cho thdy day nham nghién ciru khong
chi lam ting cuong d6 réi ma con lam thay doi cdu
trac rdi trong nude nhay. So véi day tron, nude nhay
trén d4y nham co ving réi phat trién mé rong theo do
sdu va phan bd khong gian phirc tap hon, phan 4nh
hiéu qua sinh va tiéu rdi vuot troi. Didu nay giai thich
16 hon co ché gia tang hiéu qua tiéu ning va rat ngin
chiéu dai nu6c nhay khi sir dung day nham.

3.3. Co ché va hiéu qud tiéu ning ciia cdc nén
nhdam nghién ciru

Qua trinh tiéu nang thyc dugc dac trung boi tde do
tiéu tan roi & (Turbulent dissipation rate, ¢ - J/kg/s), dai
dién cho giai doan cudi cing cta qua trinh truyén
dong nang réi tir cac xody 16n xudng cac xody nhé hon
cho dén khi bj tiéu tan (dong nang réi dwoc chuyén
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hoa thanh nhiét thong qua tac dong cua do nhét chat
16ng). Céc két qua mod phong cho thiy e dat gia tri 16n
nhit tai cac ving c6 mirc thay dbi van tdc cao va tai
16p dong chay sat day nham dugc nhéan dién rat 1, noi
céc xody sinh ra boi phan tir nham bi pha v& nhanh
chong thanh céc xody nho hon (xem két hop Hinh 4
va 6).

Nudc nhay trén day nham nghién ciru tao ra cic cdu
triic xody quay thuan manh mé, cic xody nay dong vai
trd 1a nguon sinh rdi chu dao, lam gia ting déng ké dong
nang rbi k va thiic day qua trinh truyén ning luong tir
thang 16n xudng thang nho, dan dén tdc d¢ tiéu tan & cao
hon. Su twong tic dong thoi giita cAu tric xody, k va &
tao nén co ché tiéu nang vuot troi clia nude nhay trén day
nham so véi day tron.

& (J/kg/s)
5

0.0 25 5.0 7. 10.0

| 1 \ 1
0.2
00 So
(m) o0 0.24 0.48 0.72 0.96 1.20

a) M _17(No.33), y1 =1,5cm
YM_I7(No.33), y & (J/kg/s)

0.0 25 5.0 7.5 10.0

(m) ‘oo " oz = o7z 108 144 180
e (J/kg/s)
b) M_II9 (No.88), y1 =2,5cm
0.0 25 5.0 7.5 10.0
| I \ ]
0.23
(m) 0.0 0.3 0.6 0.9 1.2 1.5
¢) M_III11 (No.143), y1 = 2cm & (Ikels)
0.0 25 5.0 7.5 100
| | \ 1
0.25
| ——
(m) 00 0.3 0.6 0.9 1.2 15

d) M_IV8(No.188), y1 = 2cm
Hinh 6. Phin bé &trén nén nham véi Fri = 6,7
Vi cac phan tir nham ¢ mai nghiéng bd tri
ngugc voi huong dong chady nhu mé hinh ddy nham
M I va M III thi gia tri ¢ 16n tap trung va lién tuc
trén mot vai hang nham dau cta day nham véi do
16n dat khoang tir 7,5 dén 10 J/kg/s (nhu Hinh 6a
va c). Trong khi do, voi loai day nham M II va
M _IV thi phan b khong gian cua phd gi tri & 16n
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khong lién tuc, kéo dai xudi ha luu va xuét hién
nhiéu diém cuyc tri cuc bo trén cac hang nham. Piéu
nay cho thay kiéu mo hinh day nham M I va M _III
¢6 hiéu qua tiéu tan rdi tap trung, 6n dinh tét hon
cho thiét ké bé tiéu ning so voi hai mo hinh day
nham con lai.

Nghién ciru tién hanh phan tich, danh gia va so
sanh hiéu sut tiéu nang n=(E —E+)/E« [25]
(EL+ Er lan lugt 1a ton tht nang lugng trén day tron,
nham) gitra tng cdp md hinh day nham nghién ctu
dugc thé hién chi tiét trén Hinh 7. Pudng chéo 45°
biéu thi trang thai hiéu suit tiéu nang twong duong
gitta hai mo hinh trong mdi cip, trong khi cac dudng
gach do biéu dién bién do sai léch +£12,5%. Phan b
va xu thé cta cac diém dir liéu trén d6 thi cho phép
danh gia dinh lugng mirc do khac biét vé ton that
ning luong cia timg mo hinh day nham, didu ma
nghién ctru [25] chua lam 13.

Dbi voi cap day nham M [ va M _II (Hinh 7a),
quan sat dinh lugng cho thiy da sb cac diém dir liéu
nam dudi dudng chéo 7 (M_I) = 7 (M_II). Diéu nay
cho thiy trong phan 16n cac diéu kién dong chay khao
sat, hiéu sudt tiéu nang cia mod hinh M 7 16n hon so
véi M_II. Pic biét, nhiéu diém dir liéu léch dang ké
vé phia dudi duong chéo va tiém cén bién -12,5%,
phan anh sy khéac biét rd rang va co ¥ nghia vé mit
thity luc giita hai ciu hinh day nham.

Vé mit co ché, két qua nay phu hop chit ché vai
phan tich trudng rdi va tiéu niang di trinh bay & cac
ndi dung trudc. Mo hinh ddy M I c6 xu hudng tao
ra gia tri k£ 16n hon cuc bd tai ving chan nudc nhay
va ngay sau cac phan tir nham, cho thiy murc dé kich
thich rdi ban diu manh. Tuy nhién, phan bd cua toc
do tiéu tan roi € trong M _II lai mang tinh cuc bg,
khong duy tri lién tuc doc theo day (xem Hinh 6b),
cho thay mot phan dang ké dong ning rdi duoc tich
trir trong cac ciu tric xody 10n va trung gian, nhung
chua duge chuyén hoa hiéu qua thanh cac xody nho
dé mét di.

Ngugc lai, mé hinh ddy M I thé hién cac ving
& cao phan bé déu, lién tuc va tap trung hon theo
phuong dong chay, dic biét trong 16p gin day (xem
Hinh 6a). Cé4c ciu triic xody trong md hinh day M 1
mac du c6 cuong do Liutex/ Rortex vira phai, nhung
phan rd nhanh va lién tuc, thic ddy qua trinh chuyén
hoéa k thanh ti€u tan nhét. Do d6, day nham M [
khong phai 1a mo hinh tao rbi manh, ma la mé hinh
tiéu tan rdi hiéu qua, dan dén hiéu sut tiéu ning
tdng thé cao hon day M II, phu hop v&i nghién ctru
cua nhom gia T. C. Ty va nhom nghién ctru [25].
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Hinh 7. Tén thit ning lwong qua nwéc nhdy véi cdc mo
hinh dday nham nghién ciru

Db6i v6i cap mo hinh day nham M I va M IV
(Hinh 7b), cac diém dir liéu phan bd gan dudng chéo
hon so véi cap mo hinh M I va M _II, cho thay mirc
dd khac biét vé hiéu suét tiéu nang gitra hai m6 hinh
nay nhé hon. Tuy nhién, van c6 thé nhan thay xu thé
chu dao 1a cac diém nidm dudi duong chéo, dic biét
trong vung 1 trung binh va cao, chirng t6 mo hinh
M _III nhin chung dat hiéu qué tiéu nang cao hon
M IV.

Phan tich truong rdi cho thdy M IV c6 xu huéng
tao ra k twong di 16n trong mot s6 truong hop, song
céc cAu triic xody sinh ra c6 mat do cao va twong tac
manh v6i nhau, dan dén hién tugng triét tiéu xoay va
lam gian doan qua trinh truyén dong ning rdi tir cac
xody 16n xubng cac xody nhé hon. Hé qua la toc do
tiéu tan rdi & trong M IV khéong duy tri duoc mirc
cao mdt cach 6n dinh va lién tuc doc theo chiéu dai
nude nhay. Trong khi d6, mo hinh M _[II thé hién sy
can bang hop 1y gitra cudng do6 va sy phan bd cua cac
chu triic xody quay thuc dugc hinh thanh déu din
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phia sau cac phan tor nham, két hop véi phan b e
lién tuc trong 16p sat day. Nho do, day nham M 1]
duy tri, cho phép ddng ning rdi dugc chuyén hoa
hiéu qua thanh tiéu tan nhét, dan dén hiéu suit tiéu
ning cao va it bién dong hon so véi day M IV.

Céc két qua nghién ciru ciing cung cép co s khoa
hoc quan trong cho viéc t6i wu hoa thiét ké day nham
trong bé tidu ning, dong thoi hudng téi cac cau hinh
day nham c6 kha nang chuyén hoa dong nang rdi
thanh tiéu tan nhot mot cach hidu qua va bén viing.
3.4. Thdo lugn

Két qua nhan dién va phan tich ciu triic xody trong
muc 3.1 cho thiy ring, cic xody quay thuc dugc xac
dinh bang phuong phap Liutex/Rortex khong chi 1a hé
qua hinh hoc ctia ddy nhdm ma con la co ché trung gian
chi phéi truc tiép qua trinh tiéu nang va ton thit ning
luong ciia nude nhay. Méi lién hé nay c6 thé duoc 1am
16 thong qua sy tuong tac giita dong nang rdi k va tc
d6 tiéu tan nang luong rbi ¢.

Cu thé, cac céu triic xody quy md 16n dugc hinh
thanh tap trung tai vung chan nwdc nhay va phia sau
céc phan tir nham déng vai trd nhu ngudn phat sinh k
so cap. Dudi tac dong ctia day nham, cac xody nay bi
kéo gian, bé gay va phan tach thanh cac xody c6 quy
mé nhoé hon, kich hoat mot chudi qua trinh truyén

dong nang roi tir cac xody 1én xuong cac xoay nho hon.

Qua trinh nay dugc phan anh rd rang qua su gia ting
ddng thoi cia k va ¢ trong 16p sat day nham.

Phén bd theo khong gian ciia tham sb ¢ cho thiy
céc vung tiéu tan nang luong rdi 16n nhét tring khép
voi cac khu vuc ¢6 mat d§ xoay Liutex/Rortex cao,
trong khi cac vung chi dugc nhan dién la xody theo
tiéu chi O nhung thiéu chuyén dong quay thuc lai
khong déng gop dang ké vao tiéu ning. Piéu nay
khing dinh rang chi nhirng ciu tric xody c6 ban chét
quay thuc méi 13 tic nhan hiéu qua chuyén hoa k
thanh tiéu tan nhot, qua do lam suy giam nang luong
dong chay.

Su khac biét v ton that nang lugng gilra bdn loai
mo hinh day nham (M I, M _II, M _IIl va M V) da
duoc 1am rd va phan anh mdi quan hé phuc tap giita
chu triic xody - dong nang rdi - tidu tan ning luong
trong nudc nhady. Vi vay, hiéu qua tiéu nang cuia nudc
nhay day nham khong chi phu thudc vao d6 nham
hinh hoc hay cudng d6 réi tong thé, ma duoc quyét
dinh boi kha ning hinh thanh, phat trién va phan ra
clia cac ciu trac xody quay thuc, vén dugc mo ta
chinh x4c thong qua phuong phap Liutex/Rortex.
bay chinh 1a dong gop mai va cod y nghia ciia nghién
ctru, khi 1an dau tién thiét 1ap duoc mdi lién hé tryc
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tiép giira cau truc xody - dong nang roi - ti€u tan nang
luong va ton that nang lugng cua nudc nhay trén nén
day nham.

4. Két luan

Nghién ctru nay da lam rd vai tro trung tam cuia
céu triic xody trong co ché tiéu ning ctia nude nhay
ty do (hoan chinh) trén nén day nham ling try tam
giac vuong. Thong qua viéc két hop tiéu chi O va
phuong phép Liutex/Rortex, cac ciu tric xody quay
thuc da dugc phan biét, nhdn di¢én mot cach chinh
xdc va theo dbi sy tién héa cua chung trong ving
nudc nhay.

Két qua nghién ctru cho thy tiéu chi Q chi phan
anh pham vi r6i tong quét, trong khi phwong phap
Liutex/Rortex cho phép xac dinh chinh xac cac xoay
quay thuc, cac tac nhan truc tiép tham gia vao qua
trinh chuyén hoa nang luong. Sy hinh thanh cia cac
x04y quy mo 16n, nho tai chan nudc nhdy, qua trinh
tuong tac va phan ra ciia ching trong vung nudc nhay,
cuing vai su duy tri xody trong 16p gan day do tac dong
cua hinh hoc nham, da tao nén mdt qua trinh truyén
d6ng nang rdi tir cac xody 16n xudng cac xody nhé hon
cho dén khi bj tiéu tan.

MGéi lién hé dinh luong gitra cac ving c¢6 cudong do
xody theo Liutex/Rortex cao voi cac vung co dong
nang rdi k va tdc do tiéu tan ning luong rdi & 1on da
chimg minh ring hiéu qua tiéu ning cua nudc nhay
khong chi phy thudc vao muc do rbi téng thé ma duogc
chi phéi boi kha nang hinh thanh va duy tri cac cdu
tric xody quay thuc. Trén co s& d6, nghién ciru dé xuat
mot cach tiép can méi trong phan tich va thiét ké cac
day nham trong cong trinh tiéu nang, trong d6 dac
trung céu triic xody dwoc xem 1a tiéu chi co hoc quan
trong dé nang cao hiéu qua tiéu ning ciia nudc nhay
trong cac cong trinh tiéu nang.
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