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BAI BAO KHOA HQC

NGHIEN CUU LUU TOC MACH DONG VA AP SUAT MACH DPONG
O HA LUU TRAN XA LU THUY PIEN HOA BINH

Nguyén Thé Hung', Trin Vii', Lé Nguyén Trung', Nguyén Vin Som’

Tém tit: Dong chdy sau ha lueu cong trinh luén la mot chil dé phirc tap do su bién dpng vé phiong
chiéu ciing nhw gid tri. Su bién dong hinh thanh nén luu t6c mach dong cua cé van téc va dp sudt.
Trong nghién ciru ndy, heu toc mach dong va dp sudt mach déng ha luu tran xa lii thiy dién Hoa
Binh dugc xdc dinh théng qua viéc mé phéng bang mé hinh vt Iy. Dya trén s6 liéu do dac dwoc
vdn téc khéng x6i va dp sudt cuc dai doc theo ha lwu tran xa lii sé dwoc xdc dinh. Ddy sé la co so
dé yra chon vdt liéu ciing nhu tinh todn 6n dinh cho cdc cong trinh chéng x6i 16 ha leu tran xa 1.
Tir khoa: Ap suit mach dong, luu t&c mach dong, md hinh vét ly, thily dién Hoa Binh.

1. MO DAU

Viée thiét ké cong trinh bao vé bd ha luu cac
tran xa lii 13 mot vin dé quan trong d6i véi moi
cong trinh ho chira. Tuy nhién viéc xac dinh cac
thong sb6 dé thiét ké cong trinh gip nhitng thach
thirc 16n. Dong chay sau tran xa Iii thuong 1a dong
chay rbi, c6 van tbc 16n va 4p sudt cao (M. R.
Bhajantri, T. I. Eldho, and P. B. Deolalikar, 2006).
Hon nita thanh phﬁn mach dong cua van tdc va ap
suat s& 1am ting gi4 tri ma cOng trinh can thiét
phai chéng chiu. Théng thudong, dé nghién ctru
thanh phin mach dong nay thi cac tiép can kha thi
nhét 13 str dung mé hinh vt ly (C. K. Novakoski,
E. Conterato, M. Marques, E. D. Teixeira, G. A.
Lima, and A. Mees, 2017) (V. Ivanov and M. M.
Mukhammadiev, 1986) (A. Amador, Marti
Sanchez-Juny , and J. Dolz, 2009). Cac mo6 hinh
thiy luc vat ly thuong dugc st dung trong céac
giai doan thiét ké dé t6i wu hoa két cu va dam
béo két cAu hoat déng an toan. Hon nita, né co
mot vai trd quan trong dé hd trg trong qua trinh
ra quyét dinh. M6 hinh thuy lyc c6 thé giap
ngudi ra quyét dinh hinh dung 15 hon vé truong
dong chay, trude khi chon mdt thiét k& phii hop
(Hubert Chanson, 2004).

" Trung tém Thiy dién, Vién Néing luwong.
? Khoa Céng trinh, trong Pai hoc Thiy loi

Trong nghién ctru ndy, céc tic gia st dung mo
hinh vét 1y @& m6 phong dong chay ha luu tran xa
18 cua thuy dién Hoa Binh. Théng qua qu4 trinh
md phong dong chdy, ap sudt mach dong va luu
téc mach dong s& dugc do dac dé phén tich. Hinh
la thé hién hinh anh chup tir Google Earth doan
song nghién ctru, hinh 1b thé hién anh chup thuc
t& tir thwong lru xudng ha huu.

Hinh 1. Hinh dnh doan song nghién ciru
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2. PHUONG PHAP NGHIEN CUU

Trong dong chay réi téc dé tirc thoi cua
dong chdy hay 4p sult ttc thoi tai 1 didm
dugc phin thanh hai thanh phdn nhu trong
cong thire (1) va (2)

u=ia+u' (1)

p=p+p" (2)

Véi u va p 1a Ivu tbe tée thoi va ap suit
tirc thoi;

U va P 13 Iuu tde va &p suat trung binh;

u’ va p’ la luu tdc mach dong va 4p suét
mach dong.

Do v’ va p’ 1a mét dai Iuong bién ddi theo

thoi gian nhu hinh 2. Theo mot sb céc tai lidy
tham khao (H. Mouri, M. Takaoka, A. Hori, ang
Y. Kawashima, 2002) (M. Lin, B. Su, S. C, L,
Y. T. Yin, Q. W. Wang, and Y. T. Chen, 2018)
quy ludt phén phoi ciia u’ va p’ tuan theo ham
phén phdi chuin Gauss. Him mat d6 phan b
x4c sut ciia né c6 dar}g nhu phwong trinh (3)
1 ¥

oLV 2T (3)
- Trong d6:
+ Hu : ky vong ctia Iuwu téc mach dong;
+ Ou : phuong sai lwu tbc mach dong

N

: 0
T (s) -

15 20

Hinh 2. Luu toc tirc thoi, luu t6c trung binh va lwu téc mach dong

Trong phuong trinh (3) ¢6 hai tham sé théng
ké 1a ky vong Hu va phwong sai Tu. V6i luu tée
mach dong v’, do gia tri luu tdc tic thyi u s&
dao dong xung quanh gi4 trj trung binh i, do
vy tu = 0. Nhu vay, tham sé théng ké duy nhét
con lai s& 1a phuong sai % . Tuong tu nhu vay
v6i &p sudt mach dong.

Dé tinh gid trj tirc thoi cta van toe va ap
suét thay vi sit dung mot gi4 tri bién dbéi w’
hay p’, nguoi ta thuong dua vé dang cong
thirc v6i nhitng gid tri ¢6 dinh nhu phwong
trinh (4) va (5):

u= T+ kol (4)

p=ptko, (5)

Trong d6: o, va o, lan luot 1a phuong sai luu
tdc mach dong u’ va phwong sai 4p sudt mach
dong p’; k dugce goi 1a hé sb tin cay. Gia tri k
cang tang thi muc do tin cay s& cang tang. Theo
quy luit thdng ké cua phan phdi chuin, véi k
14n hrot bing 1, 2 va 3 thi mirc do tin cdy lan
luot 13 68.2%, 95.4% va 99.7% (hinh 3). Véik
= 3 mirc d6 tin cdy da gan dat t6i 100%. Do vay
gia tri k=3 thuong duoc Iiya chon.
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Hinh 3. Dé tin cdy cua phdn phéi chudn vng véi cdc gid tri k

T cong thirc (3) cho thdy gié tri cuc dai cua
uvapcod thé x4c dinh néu xac dinh dwgc gia tri
trung binh va phuong sai. Do vdy trong nghién
ctru nay, phuong phap md hinh vét ly s€ duogc
thyc hién dé do dac céac gia tri trung binh va
phuong sai cua van tbc va 4p sut & ha luu tran
x4 1l nhd may thuy dién Hoa Binh. M6 hinh thi
nghiém ha hru hd chira thuy dién Hoa Binh

duoc x4y dung la md hinh long mém vat liéu
101, ty 16 mo6 hinh: nguyén hinh 1a 1:100 (Vién
Ning lwgng, 2021). Theo (Hubert Chanson,
2004) voi ty 18 nay thi anh hudéng trong luc
trong mo hinh s& chiém wu thé. Anh huéng nay
rit quan trong trong cdc mé hinh md phong
dong chay mit. Hinh 4 thé hién hinh &nh hién
trang mo hinh trude khi m¢ nuée thi nghiém.

Hinh 4. Hinh anh mé hinh thi nghiém ha luu hé chita thuy dién Hoa Binh

Nghién clru tip trung phan tich s6 lidu do dac
van tdc va ap spét tai doan séng ha luu tran tir
mit cit HL19 dén HL25 (hinh 5). Ung v6i moi
mit cit co 08 diém thuy truc do van tbc & day
song duogc thiét 1ap. Trong do, 2 diém thuy truc
TT1 va TT2 dai dién cho vén tdc & bo trai, 2
diém thity trgc TT7 va TT8 dai dién cho van toc

bo phai. Céc diém thiy tryc con lai thé hién vAn
tbc & long song. Pbi v6i yéu t6 ap sudt, nghién
ciru chi tién hanh do dac & 2 by séng nhim danh
gi4 4p suat mach dong Ién hé théng ke bao vé
bo. 22 diém do &p sut bén b phai va 24 diém
ap suit do bén bod trai dwoc nghién ciru tién
hanh do dac nhu trong hinh 6.
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Hinh 5. So do vi tri do vdn téc trong mé hinh
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Hinh 6. So dé vi tri do dp sudt trong mé hinh lue

di

Luu tbc trung binh @ va mach dong luu téc dinh phwong va chiéu cua hru téc. Ap suft su
u' duoc do béng thiét bi dién tor nhin hiéu P. trung binh P va mach dong 4p suét p' duoc do nh
EMS do Ha Lan ché tao v6i 2 ddu do B30 va bing  thiét bi dién tr nhdn hiéu Do
E40 két hop véi bd thu thip xt 1y tin hiéu DaqBo0k200/260; DaqBook200/2005 véi céc 16m
dién tor DaqBook200/2005, twong tmg véi ddu do &p sudt dién tir PCDR duoc gin véi H
ting pham vi tri s6 lwu téc cdn do. Piu do diém do thong qua hé théng ong din va két dai
lru téc dong chay E30, E40 cho phép xic ndi véi mdy tinh thu thap di licu tw dong do dat
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Ha Lan ché tao. Ap suit trung binh thoi gian
P con dwoc do bing éng do 4p két hop véi do
béng thiét bj dién tir n6i trén. Cac thiét bi
dién tir d3 duogc kiém dinh theo tiéu chuin
truede khi dwa vao sir dung.

Nghién ctru tién hanh 06 thi nghiém tuong

tng cac cip luu lwong nhu & bang 1. Dya trén
két qué do dac luu tbe trung binh, luu tdc mach
dong, ap suét trung binh, ap suit mach dong cia
cac diém do, nghién ciru s& xac dinh duge vin
tbc cuc dai va ap sudt cuc dai tng véi cac cép
dong chay.

Bang 1. Cac kich ban thi nghiém

STT Trudng hop Q xa (m’/s)
1 | Mo 10 t6 may 3024
2 | M& 10 tb may va 2 cira xa sdu (7+8) 5772
3 | M6 10 t6 may va 5 cira x& sau (5+9) 11924
4 | Mé 10 t6 may va 9 cira x4 siu (4+9) 19044
5 | M8 10 t6 may, 12 cira x4 su va 4 clra x4 mit s§ (3+6) 26600
6 | M& 10 td may, 12 cilra x4 sdu va 6 clra x4 mat 37800

* Gid tri luu lwong da duoc quy vé gid tri ciia nguyén hinh

3. KET QUA VA THAO LUAN

Dua trén sd liéu do dac tir cac diém thuy
trec do, tién hanh x4c dinh van téc cuc dai tai
diém do theo cong thic (4). Van téc cuc dai
tai ting khu vuc duoc 14y 13 van téc cuc dai
ctia nhém diém dic trung cho khu vuc (bd
trai: diém TT1, TT2; bd phai diém TT7, TTS
va long séng TT3+TT6). Két qua luu tbc cuc
dai doc theo nhanh s6ng theo tirng mit cit cho
bdi cidc hinh dwdi diy (hinh 7a+g). Nhin
chung lwu tdc cuc dai c6 xu huéng tdang khi
lru lugng xa ting, tuy nhién cling c6 mot s6
diém do ngoai quy luat nay. Piéu nay thé hién
sy phirc tap cua dong chay sau tran xa I, tuy
nhién ciing c6 thé do sai sé cia thiét bi do.
Doc theo doan sdng, van téc cuc dai dat gia tri
16n nhét tai vi tri hé x6i (mat cit HLI19,
HL20). Theo s6 liéu tinh todn van téc 16n cuc
dai ung véi cép xa luu lwong 16n nhit c6 thé
dat dén khoang 40m/s (hinh 7a, 7b). Tai khu

vuc sin sau (mit cit HL21, HL22, HL23) v4n
tbc cuc dai dong chay gidm manh xubng <
20m/s (ing v6i cép hru lwong 16n nhét).

Nhén théy, tai cac cép luu lwgng thép I te
cuc dai ¢ 2 bo cling nhu long song khong cé su
chénh léch nhidu. Tuy nhién, khi luu lwong ting
1én, sw chénh léch 16n vé& vén tdc cuc dai xuét
hién. Sy chénh 1éch nay ciing khong gidng nhau
doc theo nhanh séng. Do dic diém vi tri cia tran
x4 Iii dat léch, sat bo trai song. Piéu nay din
dén vén tdc dong chdy tai bo trai ngay sau tran
x4 1{i 14 16n nhit. Tuy nhién cang xudi vé phia
ha Iuu, sy khic biét van toc cuc dai giita hai boy
dong chay cang giam. Pén doan song tiép giap
song tu nhién (hinh 7f va 7g), tbc d6 dong chay
cuc dai gifta 2 bo trong dwong nhau. Gia tri ndy
giao dong tir 4+6 m/s trong moi cAp lru lwong.
DAy la gia tri quan trong trong viéc Iwa chon vt
liéu ddm bao khong bi x6i cho tuyén ke bao vé
bo tai ha luu doan séng nay.
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a: mat cat HL19

b: mat cit HL20

| Loy ' : c: mit cit HL.21

14 i / d: mat cat HL22
12 / e: mit cat HL23
£10 ——— f: miit cat HL24
-8 g: mit cat HL25

(2

Hinh 7. Luu téc cuc dai ung voi cdc cd}) luu luong tai doan séng ha luu tran

Tai hdu hét cic diém do, 4p suit cuc dai ting theo, diéu d6 kéo theo ap suét ting theo.
ting theo cic cip luu lwong xa li (bang 2). Duya trén sb lidu do 4p suét trung binh va 4p I
Didu nay c6 thé giai thich do thanh phin 4p sudt mach dong, 4p sudt cuc dai cla doan
sut thay tinh d6ng vai trd quan trong trong soéng ha lvu tran x4 18 thuy dién Hoa Binh |
tdng 4p sudt. Thanh phan 4p sudt thiy tinh duoc thé hién trong bang 2. Pay s& 13 co s&
phu thudc vao d9 sdu muc nudc tai diém do. cho viéc tinh toan én dinh cho tuyén ke bao H
Khi lwu lugng ting, myc nudc séng ciing V€ bo & ha luu tran xa 1.

Bang 2. Gia tri 4p suit cwc dai tai cic diém do (mH,0) ‘ :

‘\

Cao Bo trdi Cao B0 phéi I

do do |

Vitd | diém Vitd | diém |
o Ql | Q| Q3 | Q4 | Q5 | Q6 0 Ql | Q2| Q@ | Q4 | Q5 | Q6

(m) (m)

BT3.1 | 1170 | 3.10 | 490 | 7.39 | 12.04 | 12,51 | 1143 | BP3.1 | 124 |2.64 | 538 | 7.88 | 1027 | 10.90 | 14.12
BT3.2 | 14.20 3.15 | 578 | 1039 | 11.89 | 9.94 | BP32 | 15.8 277 | 528 | 850 | 12.56 | 12.12
BT4.1 | 12.50 | 3.10 | 450 | 7.42 | 10.16 | 12.28 | 12.96 | BP4.1 | 129 |2.24 | 473 | 7.15 | 9.94 | 10.63 | 13.70
BT4.2 | 13.80 357 | 5.86 | 9.02 | 1332 | 13.28 | BP42 | 16.1 201 328 | 614 | 768 |9.76
BT5.1 | 12.50 437 | 746 | 9.04 | 1450 | 1469 | BP5.1 | 122 | 3.04 | 565 | 8.00 | 1095 | 11.03 | 15.08
BT5.2 | 13.90 3.09 | 643 | 895 | 1271 | 13.94 | BP5.2 | 16.7 407 | 668 |690 |10.53
BT6.1 | 16.00 407 | 744 | 1249 | 1130 | BP6.1 | 11.8 | 338 | 565 | 9.08 | 11.90 | 12.62 | 16.22
BT6.2 | 1640 | 364 | 639 | 1017 | 11.06 | BP62 | 141 | 1.12 [ 370 | 950 | 9.85 | 10.51 | 14.53

BT7.1 | 15.00 505|870 | 1165|1357 | BP7.1 | 11.8 | 335|541 | 9.04 | 11.86 | 13.76 | 1741 ‘

BT7.2 | 15.20 483 | 8.12 | 11.69 | 1345 | BP7.2 | 11.8 | 341 | 568 | 9.54 | 1273 | 14.66 | 16.20 i
BT8.1 | 12.80 3.88 | 738 | 1091 | 12.29 | 16.06 | BP8.1 | 12.1 |3.07 | 523 | 9.02 | 11.62 | 1470 | 1648
BT8.2 | 12.90 344 | 6.89 | 10.66 | 1223 | 15.03 | BP82 | 12.1 |3.04 | 519 | 9.13 | 11.85 | 17.46 | 16.71
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Cao Bo trai

Cao B0 phéi
do do
Viti | diém Vit | diém
Ql | Q2 | Q3 | Q4 Q5 Q6 Ql | Q2 | Q3 Q4 | Q5 Q6
do do
(m) (m)

BT9.1 | 11.80 | 3.06 | 4.85 | 8.08 | 12.22 | 14.44 | 16.66

BP9.1 | 121 |3.04 | 501 | 10.69 | 12.11 | 16.68 | 16.79

BT9.2 | 12.10 | 2.86 | 442 | 7.88 | 11.94 | 15.13 | 15.64

BP9.2 | 121 |3.04 | 484 | 9.14 | 12.07 4 14.68 | 17.24

BT10.1 | 11.90 | 3.10 | 479 | 8.15 | 11.21 | 14.93 | 16.51

BP10.1 | 12 314 [ 5.11 | 879 | 11.56 | 15.12 | 17.45

BT102 | 1340 | 2.97 | 432 | 8.34 | 10.63 | 13.69 | 15.32

BP10.2 | 12 332 1535957 | 1222 | 1461 | 1743

BTI1.1 | 12.10 | 2.70 | 4.21 | 7.79 | 11.83 | 16.31 | 16.56

BPI1.1 | 122 459 | 507 | 870 | 11.81 | 14.26 | 17.34

BT11.2 | 1230 | 2.73 | 428 | 7.89 | 11.59 | 14.76 | 15.66

BP11.2 | 122 | 330 | 497 | 875 | 12.16 | 13.90 | 18.01

BTI2.1 | 1230 | 2.73 | 3.89 | 7.97 | 11.83 | 15.18 | 16.91

BPI2.1 | 122 | 342 | 5.04 | 10.74 | 12.08 | 13.52 | 18.95

BT12.2 | 12.30 | 2.83 | 4.29 | 8.15 | 11.90 | 14.40 | 17.36

BP122 | 122 |3.03 [ 533 | 9.16 | 12.04 | 13.63 | 17.69

BT13.1 | 9.90 |529 | 7.20 | 9.28 | 12.52 | 16.90 | 17.23

BP13.1 | 11.00 | 4.18 | 6.32 | 10.12 | 13.10 | 14.85 | 18.61

BT13.2 | 13.60 | 2.76 | 3.80 | 6.99 | 8.75 | 13.15 | 16.04

BP132 | 14.20 2.88 1554 1924 | 1220 | 1521

BT14.1 | 9.60 | 6.24 | 6.58 | 9.99 | 14.17 | 17.35 | 19.25

BT142 | 12.90 | 2.70 | 3.85 | 7.17 | 11.61 | 13.79 | 16.92

4. KET LUAN

Nghién ctru da tmg dung mo hinh vét ly dé
mé phong dong chay ha luu tran x4 1 thiy dién
Hoa Binh. Théng qua két qua nghién ciru cho
thdy sy bién dong cua huu tde va 4p sudt doc
theo long sdng ciing nhur sy phan b6 theo mit
cat. Két qua cho théy vén tbc dong chay cuc dai
bién dbi manh theo chiéu doc va ngang song.
Gi4 tri van téc cuc dai xuét hién 16n nhat trong

TAI LIEU THAM KHAO

khu vue hd x6i ngay ha Iuu tran xa 1di. Sau pham
vi hé x6i, gia tri téc d6 t6i da giam manh. Theo
chiéu ngang song cling c6 sy khac biét 16n gitra
van toc & bo va long song. Nghién ctru ciing da
dua két qua thi nghiém 4p sudt cuu dai doc hai
b doan song ha luu tran x4 1. Cac két qua
nghién ctru vé lru tbc va &p suat cuc dai la co s&
hd trg cho viéc tinh toan, lya chon cac vt liéu,
két céu ke bo ha hru.
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LOI CAM ON
Nghién ctru duge thyc hién dudi su hd tro clia dé tai “Nghién ctru xac dinh vAn tdc khong x6i c6 xét
dén mach dong dbi voi vat lidu da va khéi bé téng gia ¢b ha Ivu dép tran xa Ifi & nha may thuy dién.”

Abstract:
STUDY FLUCTUATON OF VELOCITY AND PRESSURE
AT DOWNSTREAM HOA BINH’S SPILLWAY

Turbulent flow downstream of a spillway is always a complex topic due to variations in direction as
well as value. These variations cause the fluctuations of velocity and pressure. In this study, the
values of these fluctuations in Hoa Binh hydropower spillway were determined through the
simulation in physical model. Based on observer data, the maximum velocity and pressure along the
downstream of the spillway were determined. This is the basis fo select materials as well as to
calculate the stability of anti-erosion structures at downstream.

Keywords: Fluctuation of velocity, fluctuation of pressure, physical model, Hoa Binh reservoir.
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