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MO DAU

1.Tinh cap thiét cia luan an

Nudc nhay [a mot hién tuong thuy luc caa dong chay ho, hién twong nay dugc
&p dung rat nhiéu trong thuc té, nhu tiéu nang dong chay sau cong trinh, x&o tron khi
vao nudc, thiét ké bé nén bin ¢ hé théng xtr Iy nude thai, 4p dung trong tinh toan
thiét ké cdng, cau...

Nghién ctu vé nude nhay 13 mot van dé kinh dién, 6 lich sir tir hang trim nam
trude, ngudi phat hién hién tugng nudc nhay dau tién 1a Leonardo da Vinci (1452-
1519), sau d6 Bidone (ndm 1818-1819) da mo ta k§ hon hién tugng nay. Bélanger
(nam 1828) da xa@y dung dugc cong thic tinh d6 sau lién hiép nudc nhay trén kénh
c6 mat cat ngang hinh chir nhat va danh dau budc khai dau vé phan tich hién tuong
nudc nhay. Nghién ciru nude nhay trén thé gigi rat da dang, tir nghién cau ly thuyét
dén thuc nghiém va két qua cho ra rat nhiéu cac cong thirc ly thuyét, cong thirc ban
thuc nghiém va céng thuc thuc nghiém vai cac dac trung tinh toan khac nhau.

O Viét Nam, ciing co rat nhiéu dé tai nghién ciru va ung dung vé nudc nhay,
nhu nghién ciu cia Hoang Tu An (2005) vé nuéc nhiay day, Nguyén Vin Ding
(1998) vé qua trinh nudc nhay ndi tiép chay day; Nguyén Vin Cung vé nudc nhay
song; L& Thi Viét Ha (luan an tién si, 2018) vé nudc nhay trong kénh doc mé rong. ..
cac nghién ctru di khai thac cac dic trung co ban ciia nudc nhay trong cac diéu kién
khac nhau, tir d6 d c6 nhitng ap dung thuc té mang lai hiéu qua va loi ich thiét thuc.

Phan tich cho thiy, nghién ciru vé& nude nhay trong 16ng dan mat cat ngang
hinh thang can van con tuong ddi it, cong thirc con han ché va nhiéu cong thirc hién
c6 van chua phu hop trong tinh toan (do tinh chit da dang vé mai déc kénh, do dbc
long ddn va cac dic trung xody rdi phuc tap). Mat khac, nude nhay trén long dan hinh
thang can chu yéu duoc nghién ctiu theo phuong phap thuc nghiém, cac yéu té anh
huong dén dic trung nudc nhay ciing chwa duoc xem xét ddy du bang cac phuwong
trinh ly thuyét, nhu cac nghién ctiru thuc nghiém vé nuée nhay caa Samir Kateb (Luan
an tién si, 2014) ddi véi kénh day dbc c6 mat cat ngang hinh thang (mé hinh thuc
nghiém c6 day b =20cm va mai doc kénh 76,2°), nghién ctiru nudc nhay ndi tiép kénh

hinh thang (trén kénh c6 chiéu rong day b = 20cm, mai déc 73°) véi kénh chir nhat
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cua SIAD Rafik (luan an tién si, 2018), hay nghién cttu phan b truong van téc trong
nuéc nhay trén kénh hinh thang (mat cit ngang c6 day rong b = 20cm) cia Nobarian
B.F. (2019)... déu dya trén phan tich thuc nghiém vé médi twong quan gitra cac dic
trung thay luc cia nudc nhay, ma chua xay dung duoc cac to hop bao gdm céac yéu
t6 nghién ciru gan lién véi co so ly thuyét.

Trong thyc té, tiéu niang sau cong trinh dbi voi 10ng dan c6 mit cit ngang hinh
thang ciing da duoc trién khai & mot sé cong trinh thyc té, nhu cong trinh tiéu ning
sau dap tran cua Thuy dién Hoi Xuan (Thanh Hoa, 2005), dap tran Na San (Son La,
2018)..., nhung cac phuong an tinh toan, thiét ké déu dya trén cac cong thic tinh cho
mit cat ngang chit nhat, sau d6 sir dung thi nghiém mé hinh dé diéu chinh thiét ké ky
thuat, diéu nay dan dén gitra tinh toan ban dau va thiét ké sau thi nghiém c6 nhiing
sai léch nhat dinh.

Bén canh do, cac céng thic ap dung cho tinh toan cac dac trung thuy dong cua
nuéc nhay trong kénh c6 mat cat hinh thang van con han ché va chua dam bao su phu
hop khi &p dung thuc té, dic biét bat loi khi thiét ké cong trinh ma khéng ¢ thi
nghiém mo hinh dé diéu chinh thiét ké k¥ thuat. Diéu nay cho thay viéc nghién ctu
ly thuyét va két hop véi thuc nghiém vé nuéc nhay trén kénh hinh thang can 1a mot
bai toan thiét thuc.

Do vay “Nghién ciru dac trung hinh hoc ciia nwéc nhdy day trong kénh ling
tru mdt cdt ngang hinh thang” mang nhiéu y nghia khoa hoc va 1a co s¢ cho &p dung
cac dic trung nudc nhay trong tinh toan thiét ké cac cong trinh thay loi, cong trinh
xur ly nuée va thiét ké cac cong trinh dan sinh khéc.

2. Muc tiéu va nhiém vu nghién ciru

Muc tiéu nghién citu dwoc dinh hudéng theo céc tiéu chi sau:

+ Xac dinh cac dac trung hinh hoc cua nudc nhay, nhu d6 sdu dong chay trudc
va sau khu xody, chiéu dai dong chay khu xody ciia nudc nhay trong kénh hinh thang.

+ Pua ra chi dan vé tinh toan cac kich thuéc hinh hoc cuaa hién twong nudc
nhay dé thiét ké cong trinh tiéu nang c6 ap dung nudc nhay hoan chinh trong long

dan mat cat ngang hinh thang.



Nhiém vu nghién curu:

+ Giai hé phuong trinh vi phan co ban Navier-Stokes, ap dung két qua nghién
ctru dé phén tich nude nhay trong kénh hinh thang can, tir d6 xac dinh cong thic Iy
thuyét tinh d6 sdu dong chay trudc va sau khu xody caa nudc nhay.

+ Ap dung phuong trinh ning luong dé xay dung cong thic ban thuc nghiém
vé chiéu dai dong chay khu xody cua nuéc nhay.

+ Thi nghiém trén mé hinh vat 1y dé xac dinh co sé dit liéu, tir d6 kiém nghiém
cac cdng thac ly thuyét va xac dinh céc hé sb thuc nghiém trong cac cong thac ly
thuyét, cong thuac ban thyc nghiém va xay dung céc cong thuc thuc nghiém vé tinh
cac dac trung hinh hoc khu xo0ay ctua nudc nhay.

3. Poi twong va pham vi nghién cieu

Poi tirong nghién cizu: Nghién ctu hién tugng nude nhay trong kénh ling tru,
day bang, khdng ¢ ma rong trén mit bang.

Pham vi nghién cizu: Nghién ctru nudc nhay sau dap tran mat cat thuc dung
trong kénh ling tru hinh thang can c6 hé sé mai déc m = 1, dy bang, khéng c6 mo
rong trén mit bang trong diéu kién nudc nhay o6n dinh (s6 Frpi = 4,0 = 9,0).

4. Céch tiép can va phwong phap nghién ciru
4.1 Cach tiép cdn ciia lugn dn

Tiép can muc tiéu nghién ctu theo phuong phap Iy thuyét va thuc nghiém.
Trong d6, xay dung cac cong thic theo hudng phan tich Iy thuyét, voi tat ca cac
nguyén nhan va dic thu tic dong 1én qua trinh nuéc nhay. Sau d6 sir dung s6 lidu
thuc nghiém dé diéu chinh céac thong sb trong cong thuc hodc xay dung cong thic
thuc nghiém phd hop dua trén co sé Iy thuyét d¢a nghién cuau.

4.2 Cac phwong phap nghién ciru

Phwong phdp ké thira: Tong hop tai liéu, danh gia tong quan cac nghién ctu
lién quan & trong nudc va trén thé gigi, ké thira va sir dung cac dir liéu co san, dic
biét 1a bo dir liéu cua Wanoscheck R. va Hager W. (1989).

Phuwong phdp phan tich va tong hop Iy thuyét:

Phan tich 1a nghién cau cac tai liéu, ly luan khac nhau bang cach phan tich

chdng thanh ting bo phan dé tim hiéu sau sic vé ddi tuong.



Tong hop la lién két tirng mat, tirng bo phan thong tin da dwoc phan tich tao
ra hé théng ly thuyét day du va sau sic vé di twong nghién cau. Diéu nay thé hién
trong viéc ap dung hé phuong trinh Navier-Stokes va phuong trinh can bang ning
lwong cua dong chay dé phan tich cac dic trung thity dong ciia nude nhay.

Phuong phdp nghién cuu thuc nghiém: Nghién citu mé hinh thi nghiém tai
Phong thi nghiém trong diém quéc gia vé dong luc hoc sdng bién - Vién Khoa hoc
thay loi Viét Nam, str dung céc dit liéu thue nghiém dé kiém ching va hiéu chinh céac
cong thae da xay dung.

Phwong phdp phan tich thong ké: St dung phan mém cia MS Excel 2019 va
phan mém IBM SPSS 26 dé phan tich xu ly céc thong tin sb liéu thuc nghiém. St
dung cac tiéu chuan trong phan tich di liéu thong ké (nhu MAPE, MSE, RMSE,
R2...) dé danh gia két qua tinh toan vai s6 lidu thuc do.

Phwong phdp chuyén gia: Dé dam bao d6 tin cay cua cac phwong phap nghién
ctru va cong thirc dé xuat vé cac dic trung ciia nudc nhay, tac gia tiép thu y kién tur
cac cudc hoi thao, cac budi gop y cia chuyén gia dé hoan thién noi dung nghién cau.

Phuwong phdp phdn tich thir nguyén: Str dung ly thuyét Pi (IT) ciia Buckingham
dé phan tich xac dinh cac mdi quan hé cia cac dic trung hinh hoc caa nudc nhay va
cac yéu td anh huong, dé xac dinh duoc cac dit liéu can thu thap.

Phwong phdp mé hinh toan: Ap dung md hinh toan dy bao cac dic trung hinh
hoc caa nudc nhay, nghién ctu lan dau tién da 4p dung md hinh Hoc may “Cay quyét
dinh” va “Rung ngau nhién” dé du bao do sau sau khu xody va chiéu dai khu xoay
ctia nudc nhay trong kénh hinh thang can, day bang c6 mai déc m = 1.

5. Y nghia khoa hoc va y nghia thyc tién
5.1 Y nghia khoa hoc

- Luan &n d4 giai hé phuong trinh Navier-stokes dé xac dinh cong thic tinh do
sau dong chay trudc va sau khu xoay (y1, yr) ciia nudc nhay trong kénh hinh thang,
ddng thoi phan tich dugc v nghia va gia tri ty 18 hé s6 dong luong khu xoay (k).

- Luan &n da xay dung co sé khoa hoc vé xac dinh chiéu dai khu xoay (Lr) cua

nudc nhay.



- Luan &n da ap dung cac cong cu hién dai cta cong nghé “Hoc may” vao
nghién ctru xac dinh cac dac trung hinh hoc ctia nudc nhay va da dap ing duoc muc
dich nghién ctru vé dic trung hinh hoc cua nuéc nhay.

5.2 Y nghia thuc tién

- Két qua nghién ctru cua luan 4n c6 d6 chinh xac va sy tin cay cao, déng thoi
g6p phan 1am rd thém vé quy luat, dic diém va tinh chat caa nudc nhay 6n dinh trong
kénh hinh thang can. Viéc xac dinh dugc cac cong thic ly thuyét, cong thirc ban thuc
nghiém va c6ng thuc thuc nghiém cho cac dac trung hinh hoc ciua nudc nhay trong
kénh hinh thang can da cho phép mé rong hon vé viéc ap dung nudc nhay. Bén canh
d6 mo ra dugc nhiéu dinh hudng phat trién ké tiép.

- Luan &n da dé xuat quy trinh tinh céc kich thudc hinh hoc ciia nudc nhay
trong viéc xac dinh thong sb trong thiét ké cong trinh, phuong phap tinh dam bao
dugc cé&c co so khoa hoc va tinh chinh xéc khi &p dung.

6. Nhirng diém méi caa luan an
+ Giai hé phuong trinh Navier-Stokes véi diéu kién nuéc nhay 6n dinh (Fry =
4,0 +9,0), tir d6 xay dung duoc cong thic ly thuyét (3.36) va gia tri ty 1 hé s6 dong
lwong (k) theo (3.27) vé xac dinh d6 sdu dong chay khu xody cia nudc nhay trong
kénh mit cat ngang hinh thang can, day bang.
+ Xac dinh cong thic vé quy luat bién doi chiéu dai dong chay (3.40) theo
phuong trinh nang lugng.
+ Nghién ctru véi nuéc nhay 6n dinh (Fry = 4,0 + 9,0) trong kénh hinh thang
can day bang ¢6 mai déc m = 1, da dé xuat duoc cac két qua sau:
- Cong thic ly thuyét (3.36) pht hop khi c6 M1 > 0,2 va gia tri ty & vé hé sb
dong lwong dong chay khu xoéy k = 0,92 1a tt nhat cho cong thic (3.36).
Xay dung dugc Bang 3.9, Hinh 3.5 va cong thic thuc nghiém (3.39) dé
xac dinh do sau dong chay sau khu xody (yr) caa nudc nhay 6n dinh véi
moi gia tri M1 = [0, 1].

- Thiét 1ap duoc cdng thic ban thuc nghiém (3.50), cong thirc thuc nghiém
(3.53) ¢6 pham vi &p dung (3.54) vé xac dinh chiéu dai khu xoéy (Lr) cua

nuéc nhay 6n dinh.



7. Cau trdc caa luan an

Ngoai phan M¢ dau, Két luan va kién nghi, Tai liéu tham khao, Phuc lyc thi
Luan an gom c6 03 chuong:

Chuwong I - Tong quan vé nwéc nhay day

Céc khai niém co ban vé nudc nhay day trong kénh ha, cac nghién ciru trong
va ngoai nudc vé nudc nhay trén kénh lang tru (mat cat ngang hinh chix nhat va hinh
thang), tir d6 phan tich anh huéng cua cac yéu t thuy dong dén dic trung hinh hoc
ctiia nuwdc nhay, 1am co s cho viéc nghién ciru va dé xuat cac cong thic moi.

Chuwong II — Co sé khoa hoc nghién ciu cac dic treng nwéc nhay trén
kénh mit cit hinh thang

Trinh bay cac phuong trinh co ban dé 1am co s cho nghién ciru xac dinh cac
dic trung hinh hoc ciia nudc nhay, cac ly thuyét vé tuong ty va mé hinh hda trong
nghién ctu thuc nghiém, cac thuat todn hoi quy va danh gia kiém nghiém két qua
phan tich dy bao. Nghién ctiu ly thuyét cia moé hinh “Hoc May” va phan tich sy phu
hop khi &p dung vao nghién ctru dac trung hinh hoc cta nudc nhay.

Bén canh d6, con trinh bay vé &p dung ly thuyét Pi dé phan tich cac yéu té anh
hudng dén cac dic trung hinh hoc ciia nudc nhay, xay dung cac mé hinh vat ly thi
nghiém nudc nhay, tir d6 xac dinh s6 liéu thi nghiém can thu thap va ¢anh méi quan
hé giira cac yéu td thuy dong c6 anh hudng 13n nhau trong nghién ciru nuée nhay.

Chuong IIT - Xay dwng cong thire xac dinh cac dic trung hinh hoc
ciia nwéc nhay trong kénh ling tru mit cit ngang hinh thang

Két hop vai phan tich Iy thuyét & Chuong 11, di giai bai toan xac dinh do sau
dong chay sau khu xody, xay dung cac cong thirc ban thuc va thuc nghiém vé cac dic
trung hinh hoc cua nudc nhay.

Sir dung dit liéu thuc nghiém kiém nghiém cong thuc ly thuyét, xac dinh cac
hé sb thuc nghiém trong cong thic ban thuc nghiém va cac cong thic thuc nghiém,
ddng thoi 4p dung cong nghé Hoc may “Rirng ngau nhién” trong nghién cau cac dac
trung hinh hoc cua nudc nhay.

Ngoai ra, tng dung cac cong thirc da xay dung vao tinh todn cac dac trung cua

nuéc nhay trong viée xac dinh céc thdng sb co ban cho mét cong trinh thyc té.



CHUONG I - TONG QUAN VE NUOC NHAY PAY

1.1 Céac khéi niém co ban
1.1.1 Dong chdy én dinh khéong déu

D6 1a dong chay ma cac yéu tb thuy lec khong phu thudc vao thoi gian, nhung
bién doi doc theo chiéu dong chay [16][82].

Trong thiét ké cong trinh, dong -

................. 2 lAE
s R g A A T O (e U S N EGL
chay 6n dinh khong déu duoc ap dung . ;’j V2 VZ
~ . s s p X , - 149 29 29 -
cho phan tich va tinh toan doi voi |, 9 al
_— €. E
dong chay ho, nhu dong chay trong |~ [y| y Vo v. %
kénh h¢, dong chdy qua dap tran dap Z, ' /
) z Mat chuan 2
tran, dong chay qua cong ... 1 2

1.1.2 Nang lwong don vi dong chay . , » .
. o 5 Hinh 1.1 Mat cat nghién cizu chuyén
Trong dong chay, tong nang dong cua dong chay

luong cua Mot don vi trong luong

chét long duoc xac dinh bang tong cac cot nudc cia mit cat so véi mat chuan (Hinh
1.1) [27]. Nang luong don vi dong chay (E) duoc xac dinh tai 1 mat cat thé hién nhu
sau[22][27]:

aV?

E=Z+y+
ng

1.1.3 Naing lwong don vi ciia mdt cit
Do 1a nang luong cua maot don vi o
trong lugng chat long cua dong chay tai

mot mat cat nhat dinh tinh déi voi mat

I Q = const

chuan nim ngang di qua diém thip nhat

L e

ciia mat cit d6 [27][82]. Nang luong don & min
vi mat cat (e) tai mot vi tri duoc thé hién  Hinh 1.2 Puong qud trinh nang heong
nhu sau (Hinh 1.1): don vi mat cat

0Q?

e=y+——r
y 20A°

(1.2)



1.1.4 P sdu phin gii
Véi mot luu luong da cho va tai mot mat cit xac dinh, d sau 1am cho ning

luong don vi caa mit cit ¢ tri sé nho nhat duoc goi 1a 6 sau phan gidi (ye) [82].
Tai d6 sdu phan giagi yc cé (Hinh 1.2):

aQ’
20A°

emin = yc + (13)

Tur (1.3) thiy ye chi phu thudc luu lwgng dong chay (Q) va dién tich mat cét
uét (A). Bo sau phan giéi duoc sir dung dé danh gia trang thai dong chay (chay xiét,
chay 8m), xac dinh sy xuat hién cia nudc nhay va 1a mot yéu td trong tinh toan cac
dac trung hinh hoc khac ctia nudc nhay.

Cong thirc tong quét xac dinh do sdu phan gisi [82]:

oQ? _ Al
g T,

C

(1.4)

1.1.5 Sé Froude
S6 Froude duoc dé xut boi William Froude (nim 1870). S6 Froude la dai
lwong khéng thir nguyén va dugc xac dinh nhu sau [45][82]:
oV
Fr, =— 1.5
>~ oD (1.5)
Déi véi kénh c6 mit cat ngang hinh chir nhat, thi d6 sau thay lec (D) va do
sau dong chay (y) nhu nhau (D = y), véi kénh chir nhat thi s6 Froude dugc thé hién:
aV

\/5 (1.6)

Lueu y: Trong mot s6 tai lisu ¢ Viét Nam, sé Froude duoc tinh theo V2, do d6

Fr=

can chi y vé sy phi hop cua s6 Froude trong cong thirc va diéu kién ap dung.
1.2 Hién twgng nwoc nhay
1.2.1 Khdi qudt vé nwéc nhdy

Khi dong chay thay doi tir trang thai chay xiét (y < yc) sang trang thai chay ém
(y > yc), hay muc nuée nhanh chéng thay doi tir myuc nudc thip sang muc nude cao
trong mot khoang cach ngan, khi d6 s& dan dén su thay doi dot ngot cua duong mat

nudc vai sy chuyén dong réi c6 mach dong 16n va nang lwong dong chay bi tiéu hao
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manh, hién tuong nay goi la
Sau
“Nudc nhay”. Hién twong nudc awse

nhay

nhay duoc quan séat thiy ¢ sau

canh ctra coéng diéu tiét nudc,

A
>

chan dap tran hoic noi d6 ddc
kénh (i > ic) dot ngot chuyénsang  Hinh 1.3 Qud trinh nuéc nhay trong kénh
dang phang hon (i < ic) [37][82].

Nhu vay: “Nuoc nhay la sy mo réng dot ngét cua dong chay ter do su nho
hon do sau phan giodi sang dé sau lén hon do sau phan gidi” [1][82].

Pic diém phan biét caa nuéc nhay voi dong chay 6n dinh khong déu, 13 do s
ton tai cua “Khu xody”, ddy 1a khu vuc ¢6 dong chay nguoc chiéu so véi huéng van
téc dong chinh va tao thanh khu vyc “xody” [1]. Kha ning tiéu ning ciia nudc nhay
phu thudc vao dic diém va ciu tao caa khu xody.

1.2.2 Céu tritc nwéce nhay dday trong kénh hinh thang

Nudc nhay cé thé duoc phan thanh nhiéu dang, nhu nuéc nhay phang (nuéc
nhay trén kénh chit nhat) hodc nudc nhay khong gian (khi mat cat dong chay bién doi
hodc d6 doc day khac khong). Con nudc nhay trén kénh hinh thang day bang Ia loai
nuéc nhay “ban khong gian”, vi cau tric nudc nhay ngoai bién doi doc theo chiéu
dong chay, con bién doi theo phuong ngang trén bé mat mai ddc, tac 1a cac phan tu
chat l16ng chuyén dong trén mai déc trong khu vuce nudce nhay theo 3 phuong cia hé

truc Oxyz (Hinh 1.4), con theo chiéu 1dng dan chi phu thudc theo phuong x [58].

......

Hudng dong chdy mit

....... = Hudng dong chay ddy

Hinh 1.4 Cdu tgo céc thanh phan dong chdy cia nwdc nhay trén 10ng dan c6 mat
ngang hinh thang [58]
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Tir so d6 Hinh 1.4, cho thay cau trdc dong chay cua hién twong nudc nhay trén
long dan c6 mit cit ngang hinh thang duoc mé ta nhu sau [30][58]:

+ Khu vuc @ ¢6 van téc 16n, ddy 1a khu vic dong chay trude nudc nhay.

+ Khu vuc @, c6 cac dong chay chuyén dong tir dudi 1én va tao ra khu vuc
dong chay phan tan manh.

+ Khu vic @, cac dong tia ¢ day do tac dung quan tinh nén tao thanh hé thong
duong dong tach day va tao thanh mot khu “xoay” ¢ day.

+ Khu vuc @, phan dong chay ¢ trén bé mat chuyén dong nguoc vé phia

thuong Iuu va tao thanh khu “xody” ca ¢ dong chay chinh va khu vgc hinh ném & mai
dbc tao thanh khu vuc nude nhay.

+ Khu vyc ®, phan dong chinh caa dong chay van tiép tuc chuyén dong vé
phia ha luu.

+ Khu vuc ®, phan ddy dong chay chuyén dong doc theo cac mai dc va khu
vuc dong cudn & day tao thanh khu chuyén dong tir dudi 1én.

+ Khu vuc ha luu @, dong chay khéng tham gia vao khu xoay cuén nhung lai
6 anh huong truc tiép dén dudi nudc nhay.

Fr1=6,85 B
20
16
12
8

,
s
4

m =0,26

Hinh 1.6 Cdu tric dong chay xody trong nwéc nhay ¢ thanh bén cia kénh hinh

thang véi 3 logi mai doc theo mé hinh Flow 3D [29]
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Nhu vay, nudc nhay trén kénh hinh thang can, ngoai dong xody cudn trén bé
mét dong chay chinh (turong tw nuée nhay phang), con cé cac dong xody cudn trén bé
mat cac mai dbc kénh, cac dong chay day va mat dan xen 13n nhau, tao nén qua trinh
Xao tron phuc tap ¢ khu vuc “xody cudn” cua nudc nhay. Cac nghién ciru cua
Wanoscheck R. va Hager W. (1989)[58], Hager W. (1992)[30], Bahador Fatehi
Nobarian va cong su (2019)[29] di biéu thi day du vé dic trung ndi bo dong chay va
md phong qué trinh bién ddi truong van tdc trong khu xody, nhung cac nghién ciu
Vvé xé4c dinh dic trung hinh hoc nudc nhay van con nhiéu van dé can mé rong véi cac
phan tich ly thuyét va thuc nghiém.

Péi voi cau trac nude nhay trén kénh ¢d mat cat ngang chit nhat, s& khdng
xuat hién dong chay xoay trén bé mat mai déc, cac dic tinh dong xody cudn va dong
chay 2 pha (khi va long) trén bé mat dong chinh tuong tu nhu trén kénh hinh thang.
Nhu vay, kha ning réi ciia nuéc nhay trén kénh chir nhat s& nho hon kénh hinh thang,
dan t6i kha nang tiéu nang sé& thip hon so vai kénh hinh thang.

Céc dic trung hinh hoc co ban cia nuée nhay (Hinh 1.3) bao gom:

+ D sau phan giagi (yo);

+ D0 sau trude nudc nhay (y1): Do sdu dong chay & vi tri bat dau nudc nhay,
vi tri ndy da duoc thong nhat trong nhiéu nghién cau khéac nhau [1];

+ Do sau dong chay sau khu xody (yr): Do sau tai vi tri két thiic caa khu xody,
d6 sau nay dugc xac dinh dira vao quan sét thuc nghiém va dic trung phan b luu toc
trén mat cit ngang (vi du nhu diém A ¢ Hinh 1.5).

+ P06 sau lién hiép caa nudc nhay (y2): Do su tai vi tri két thiic khu xody, ma
& d6 dic trung vé luu tdc tré nén on dinh (vi du nhu diém B ¢ Hinh 1.5). Vi tri nay
rat kho xac dinh, thuong dia vao dic trung ctia duong mat nude va su on dinh caa
dong chay.

+ Chiéu dai khu xody cua nudc nhay (Lr): Khoang cach tir chan nudc nhay
dén vj tri két thic khu xody & d6 sau yr.

+ Chiéu dai nuéc nhay (hay chiéu dai tuyét d6i cua nudc nhay, Lj): Khoang

cach tir chan nudc nhay dén vi tri do sau lién hiép (y2) cia nude nhay.

-11 -



1.3 Phéan loai nwéc nhay

C6 nhiéu phwong phap phan loai nuéc nhay khéac nhau, mdi phwong phap déu
c6 dac diém riéng vé nghién ciru va danh gia nuwéc nhay. Mot s6 phuong phap phan
loai nuéc nhay duogc thé hién nhu sau:

+ Phan loai theo hinh dang cta nudc nhay;

+ Phan loai theo ty s6 sau va trudc nuéc nhay (y, /y,);

+ Phan loai dya vao sé Froude trudc nudc nhay.

Trong nghién ctu ¢ day, sir dung phuong phap phéan loai nudc nhay thuong
ding theo s6 Froude trude nudc nhay. Cac loai nudc nhay dugc mé ta nhu sau [82]:

+ Nuwdc nhay s6ng: Mat nudce cd dang hinh song.

+ Nuwéc nhay yéu: Mat nudc phat trién cac xody cuon nho, mit nudc ha luu
turong d6i phang, van téc dong chay gan 6n dinh, ton that ning lwong nho.

+ Nuwéc nhay dao dong: Tia nude di tir day 1én bé mat va dao dong tro di tro
lai khéng c6 chu ky cé dinh, tao séng 16n va gay phé hoai 1én bo kénh.

+ Nuwdoc nhdy én dinh: O ha luu, diém dau xody cudn noi c6 van toc cao, tia
nude ¢ xu huéng thang hang tai cing mot mat cat. Nudc nhay ¢ su can bang ning
lwong va hiéu suit tot nhat.

+ Nuéc nhay manh: Van tde tia nudc 16n, lién tuc tao ra xody trén bé mat nude
nhay, tao ra song ¢ ha luu, ¢6 hiéu qua tiéu hao nang lugng lon.

Nudc nhay duoc tong hop va phan loai theo sé Froude tai Bang 1.1 nhu sau:

Bang 1.1 Bang tong hep phan logi niréc nhay

Bradley, Peterka (1957) Chanson (2004) [23], Hiéu
Montes (1998) [74] _
[19], Hager (1992) [30] V.T Chow (2009)[82] | qua tiéu
Fra Nudc nhay Fry Nudc nhay Fry Nudéc nhay| nang (%)
Khong co . .
1.0+17 ) 12+2.0 Song 1+1.7 song <5
xoay
, Dao .
1.7+25 | Chuanbi | 2.0+4.0 1.7+25 yeu 5+15
dong
Chuyén 7
25+45 i 40+9.0 | ondinh | 25+45 | daodong | 15+45
iep
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Bradley, Peterka (1957) Chanson (2004) [23], Hiéu
Montes (1998) [74] "
[19], Hager (1992) [30] V.T Chow (2009)[82] | qua tiéu
Fry Nudc nhay Fry Nudéc nhay Fry Nudéc nhay| nang (%)
45+9.0 | Ondinh 45+9.0 | ondinh | 45+70
Khong 6n Tiéu
>9.0 >9.0 >9.0 manh 70 + 85
dinh nang lon

Pham vi nghién ctru nudc nhay duoc sir dung 1 tredng hop “nudc nhay on
dinh” ¢6 s6 Froude trudc nudc nhay duge dé xuat tir 4,0 dén 9,0.
1.4 Céc nghién ciru vé nwéc nhay trén thé giei va ¢ Viét Nam
1.4.1 Nghién citu nwdc nhay trén thé giéi
1.4.1.1 Nhdn dién vé nuée nhay
Nudc nhay lan dau tién duoc Leonardo da Vinci (1452-1519) dé xuat vao thé
ky 16, khi d6 ong chi mé ta lai hién twgng dong chay trong thyc té [74].
Nam 1818-1819, Giorgio Bidone mé ta bang hién twong dong chay c6 su nhay
vot vé do sdu, ma chua cé cac Iy luan, nghién ciru danh gia khoa hoc cu thé [23].
Nam 1828, Bélanger da xay dung cong thirc xac dinh d6 sau lién hiép cia nudc
nhay, dong thoi danh dau su ra doi cho nghién ciru va ang dung cta nudc nhay [82].
Nudc nhay duoc nhan dién bao gom céc dic trung hinh hoc co ban, nhu d6
sau phan gidi (yc), do sau lién hiép (y1, y2) va chiéu dai nuée nhay (Lj).
1.4.1.2. B$ sdu phdn gidi dong chay 6n dinh khéng déu trong kénh hinh thang
Xuit phat tir cdng thire tong quat (1.4), phan tich cho kénh cé mit cit ngang
chir nhat, céng thic ly thuyét vé do sau phan giéi nhu sau [45][82]:

’ 2
(04
Yeon =3 g—SZ (1.7)

Déi véi kénh mat ngang hinh tam giac can [45][82]:
1
_ Z(XQZ 5 (l 8)
thr _( gmz j
Déi véi kénh hinh thang can, d6 sau phan gigi xac dinh theo phwong trinh co
ban (1.4) s& gap mot phuong trinh bac 6, twong ddi phic tap va khong xac dinh duoc

cong thirc tong quét.
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Nghién ctru vé d6 sau phan gidi caa kénh hinh thang duoc thé hién nhu sau:
a. Phuong phdp thir dan va do thi ham s

Tir phuong trinh co ban (1.4), vé do thi ham sé e = f(y), tir 46 xac dinh gia tri
d6 sau phan gidi yc tai noi c¢6 gia e nhod nhat (emin).

Tir phuong trinh co ban (1.4), giai biang cach tim nghiém gan dung theo
phuong phap thir dan hozc sir dung céng cu phan mém tin hoc.
b. Phurong phdp s6

Str dung phuong phap Newton — Raphson, hodc phuong phap mang than kinh
(ANN) dé tim cong thirc tinh do sdu phan gigi. Cac nghién ciru nhu sau:

+ Cong thurc theo Zhengzhong Wang (1998) [86]

Ap dung phuong phap Newton-Raphson, cong thire tinh d su phan giéi duoc

dé xuét nhu sau.

b 1616
=—1/ 4/1 4K{1 AK |1+ 4K(1+4K)Y® } -1
Y. 2m{\/+ +4K[ 1+ 4K (L+ 4K)™* | (1.9)
véi K =am’Q?/(gb®)
+ Cong thirc Vatankhah va Easa (2011) [83]

Yy, = 0,25%sc(1+ 0,2722gh04)70:3% (1.10)
voi g, =4K" o didukien 0<¢e, <0,25

+ Cong thuc Vatankhah (2013) [84]

3
my, 1 1£5t°§64+1}
] | I e (1.12)
b 2 2 6ty

0,734

Vi t, =1+1161 (1+0,666e;°")

+ COng thuc H. Arvanaghi, Gh. Mahtabi, M. Rashidi (2015) [34]

% =-1,55K"® +1,68K"" +0,644 (1.12)

+ COng thuc Tiejie Cheng, Jun Wang, Jueyi Sui (2018) [62]
Ap dung phuong phap chia d6i (phuong phap day cung ctia Newton), c4c tac
gia xay dung dugc cong thirc tinh d6 sdu phan gigi cho kénh hinh thang bat ky:
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yc‘sﬂzi/OLQZI:(ml-sz)yc,s+b:'/|:(m1+r2n2)yc,s+b} (113)

g.coso

Pay la cong thic tinh ding dan va dua thém thanh phan do doc day long dan
(cos0) dé phan tich tinh toan, do d6 khong tinh truc tiép ma phai tinh nhiéu lan cho
dén khi ye,s+1 ~ Ye,s, nhung lai &p dung cho kénh hinh thang c6 méi déc bat ky.

+ COng thuc cua Farzin Salmasi (2020) [28]

Ung dung cdng nghé mang than kinh (ANN) phan tich chudi sb liéu thu duoc
cong thuc tinh d6 su phan gigi vai hé sb twong quan sai s R? 1an luot cia cong thirc
(1.14) va (1.15) lan luot 12 0,998 va 0,996 [28].

Cac cong thurc nhu sau:

0,473 0,242
yc:0,856(gj (%} —o,oss(ﬂj (1.14)

b gll3m m
Hoic
m.Q4/3 m.Q2/3

C. Phuong phap ban thuc nghiém
Str dung phuong phap phan

tich ly thuyét, két hop co so dit liéu két -

qua do sau phan gidi chinh xac dé xac 1 ye

dinh cong thirc tinh @6 sau phan gidi. Ny EAuk Sl
+ Cong thizc H. Arvanaghi, G. ' A
Mahtabi, M. Rashidi (2015) [34]

Téc gia kéo dai hai méi kénh ~ --------------- Homoooo e

hinh thang can chuyén thanh kénh ¢6  Hinh 1.7 So dé tink d6 sau phan gisi khi kéo
mat cit tam giac can, sau do tinh ty 1& dai thanh dang tam giac
giita cAc mat cat dé xay dung cong thirc do sdu phan gidi, hé s cua cong thic dugc
xac dinh twong quan gitra gia tri phan tich theo cong thuc va gia tri thuec:
Y. _ 2,57x(Q"/Q)
Y. 153+(Q"/Q)

trong do: Q"=Q+Q’

(1.16)
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Q: Luu lugng dong chay kénh hinh thang dé tinh d6 su phan gisi (m?/s)

Q’: Luu lwong dong chay cua kénh tam giac phia dudi (m®/s)

yc - yICTr ~h= y.CTr - b/(zm)

15
b 4 ' 2anl2
y’ctr duge tinh nhu sau: Yo, :( gm? j
Sai s6 tinh toan duoc tac gia xac dinh vao khoang 1,34% [34].
d. Phuong phap thuc nghiéem
Ké dén céc cong thie cua:

+ Cong thuic Agordtskin (lién x6 cii) [1]:

y. = (1- %N +0,10567 j Yeen (1.17)
Voi: o = MYcen
b

Cong thtc cua Agordtskin cho thdy néu kénh hinh thang can ma m = 0 thi
cong thuc tro vé cong thic tinh kénh chit nhat. Tuy nhién cong thic nay sau khi phan
tich véi cac thong sé bat ky thi ¢ sai so tinh toan twong ddi 1on.

+ Cong thzc Straub (1982) [16]:

0,27
b d ’ b
Ye = 0’81( m°7°pt% j N 30m (1.18)
2
Vsi: p -9
g

Cong thuc thuc nghiém (1.18) c6 két qua tinh twong ddi chinh xéac véi diéu
Kién 0,1<Q/b25 <4,0, NéU Q/b?* < 0,1 duoc tinh theo kénh chir nhat.

+ Cong thuzc Swamee P.K. (1993) [66]

) g_l)2 0,7 gmz 0,42 70:476
Y. —[( % j +[2Q2j ] (1.19)

Cong thirc cua Swamee néu tinh cho kénh chit nhat (m = 0) thi yc cho s6 mil

0,224 < 1/3, céng thuc nay khéng ap dung cho truong hop kénh chir nhat.
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Bang 1.2 Truong dir liéu phéan tich do sau phéan gidi (yc) theo cac céng thic

TT Théng sb Ky hiéu Don vi Max Min
1 | Luu lugng Q mé/s 100 1
2 | Chiéu rong day b m 10 1
3 | Mai déc kénh m - 2,0 0,5
4 | B0 sau phan gidi Ve m 3,7 0,28

(Chi tiét tai phu luc 6.1)

Do sau phan gidi yc dugc xac dinh bang phuong phap thtr dan theo cong thic
(1.4), goi day 1a “Gia tri diing”, cac cong thirc xac dinh do sau phan gigi tot s& cho
két qua cang gan véi “Gia tri diing” va sai s6 6n dinh (khdng c6 cac sai s6 dot ngot

tang cao).

Theo phan tich d4nh gi4 tai Hinh 1.8 vai 25 diém kiém nghiém (cac gia tri thé
hién tai Phu luc 6.1) cho thay, cong thirc Tiejie Cheng va cs (2018) c6 két qua tét,
nhung can phai lap lai thi dan it nhat 4 1an. Cong thirc cua Wang (1998), Vatankhah
and Easa (2011) va Vatankhah (2013) c6 sai s0 t6i da nho nhat, 1an lugt 0,06% (Q =
20 m%s, b =2m, m = 1), 0,1% va 0,05 (Q = 110 m%s, b = 10m va m = 0,5). Cong
thirc F. Salmasi (2020) con ¢6 gia tri &m va sai s6 16n nhat I1én toi 124% (Q = 1 m3/s,
b =3m vam = 0,5), cac két qua tinh todn khdng 6n dinh, sai sé bién dong I6n.

Nghién ctiru cho mét sé cong thirc khac cho thiy ¢ nhiing sai s6 dot bién 16n,
nhu cong thic cua Agorotskill (1930) cho sai s6 I6n nhat dén 91,28% (Q = 20 m3/s,
b= 1m vam = 1) va nhiéu gia tri tinh toan co sai sé dot bién 16n khac so véi gia tri
chinh xéc, cong thirc Straub (1982) c6 sai s6 16n nhat 12 33,87% (Q = 1 m%/s, b = 3m,
m = 0,5) va H. Arvanaghi va cong su (2015) c6 xuat hién két qua tinh toan véi sai s6
16N nhét téi 6% (Q =5 md/s, b =3m, m = 0,5 va Q = 100 m¥s, b = 10m, m = 0,5).

Céc cdng thire tinh d6 su phan gigi ¢ trén rat da dang, mdi cdng thirc c6 dic
trung riéng va diéu kién sir dung. Can c6 cac cong thirc don gian va dam bao sai s6

cho phép dé thuan loi hon trong nghién ctru nudc nhay.
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—
S
—
[3)
>

0.405 0.280 0.222 0.580 0.418 0.330 0.988 0.754 0.633 1.328 1.048 0.856 1.973 1.645 1.514 1.845 2.380 2.011 2.024 2.364 1.895 2.309 2.727 3.719 2.092

W Gia trj ding

0.405 0.281 0.222 0.579 0.419 0.330 1.012 0.754 0.634 1.882 1.050 0.854 3.774 1.652 1.516 1.843 3.769 2.305 2.020 2.538 1.896 2.307 2.722 6.330 2.093
0.404 0.279 0.147 0.581 0.419 0.331 1.009 0.759 0.628 1.422 1.061 0.859 2.171 1.678 1.551 1.874 2.591 2.119 2.058 2.470 1931 2.352 2.785 4.094 2.114

B Agorotskin
K Straus

0.405 0.280 0.222 0.580 0.418 0.330 0.988 0.754 0.633 1.328 1.048 0.856 1973 1.646 1.514 1.845 2.380 2.011 2.024 2.364 1.895 2.309 2.727 3.719 2.091

0 Wang

B Vatankhah&Easa 0.405 0.280 0.222 0.580 0.418 0.330 0.989 0.754 0.633 1.327 1.048 0.856 1.972 1.646 1.513 1.845 2.379 2.011 2.025 2.364 1.896 2.309 2.728 3.717 2.090

0.406 0.286 0.426 0.582 0.419 0.331 0.993 0.755 0.671 1.334 1.052 0.859 1.983 1.652 1.516 1.851 2.392 2.020 2.032 2.374 1903 2.316 2.738 3.737 2.221

B Arvanaghi,

0.405 0.280 0.222 0.580 0.418 0.330 0.988 0.754 0.633 1.323 1.048 0.855 1.961 1.645 1.514 1.845 2.369 2.007 2.024 2.361 1.894 2.309 2.726 3.700 2.091

OTiejie Cheng
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an so Vo

t ngang hinh thang cé

an gisi cua kénh co mat cd

ha

sau p

ong hop tinh toan do

I4

cac tru

do

9
A

eu

Hinh 1.8 Bi
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1.4.1.3. Nudc nhay trén long ddn cé mdt cdt ngang hinh chir nhdt
a. B¢ sau lién hiép nuoc nhay

Nghién ctru d6i vaoi kénh nhén, mit cat ngang hinh chit nhat, d6 sau lién hiép
cua nudc nhay dugc xac dinh nhu sau:

@ Phuong phap gidi tich

Belanger (1828) di phan tich dinh luat bao toan dong luong ddi voi nudc nhay

trén kénh chir nhat [1][82], xac dinh dugc cong thire tinh d6 sau lién hiép nudc nhay:

3
1
Yo 2(Jreser -1)=3 \/m{yﬂj -1 (1.20)

Y1 Y1

Xét twong tu theo Fra co:

3
y =22 \/l+8(y°ﬂj -1 (1.21)
2 Y2

Cong thuc (1.20) va (1.21) dung dé tinh d6 sau lién hiép nudc nhay trong kénh
chtr nhat.

@ Phuwrong phap ban thyc nghiém

+ Theo Rajaratnam (1965) [16] dé xut cong thirc nhu sau:

3
[y—zj - (1 —&+2Fr )[ﬁj +2F =0 (1.22)
Y1 Y1

trong d6: € 1a hé s6 luc cat day khong thir nguyén
Phuong trinh thé dugc anh hudng diéu kién dong rbi dén do sau lién hiép nudc
nhay, tuy nhién viéc xac dinh ¢ dua vao thuc nghiém.
+ Nghién cizu cua Hager (1992) [30]
Dua trén cong thuc ciaa Benglager (1828), Hager W.(1992) da phan tich dir
liéu thuc nghiém cho nudc nhay trén kénh chir nhat va rat ngon cdng thie tinh d6 sau

lién hi¢p nudc nhay nhu sau:

Y=%(\/1+8F1‘12 —l)z\/EFrl -y (1.23)

véi cac gia tri Fry >3

-19-



+ Theo Ead va Rajaratnam (2002) [26]

Can ¢t VAo phén tich phuong trinh dong lwong va dé xuét:

Y1 1

Xem xét gia tri p cho ca kénh day nhan va ddy nham theo cong thuc:

3
(ﬁ] —(2+Fr - 2pFrf)[ﬁJ +2Fr? =0 (1.24)

w=0,16Fr? —0,80Fr, +1

+ Theo Sarma va Newnham (1975) [16], d3 st dung gia tri hé sé sira chita

dong niang a = 1,045 dé tinh toan va dé xuat:
i}—?:%(\/l+10,4Fr12 —1) (1.25)

+ Nghién ctru thuc nghiém cta Harry Edmar Schulz va cong su (2015) [33]
qua céc dir li¢u cua cac tac gia: Hager W.H. (1992)[30], Peterka A.J. (1984)[54] va
Marques M.G. (1997)[43] da cho cong thirc tinh d6 sau lién hiép nudc nhay:

L2 _1,29Fr, 0,116 (1.26)
Yi

Nhu vay, d6 sau lién hiép nuéc nhay doi véi kénh ling try 6 mat cit ngang
hinh chir nhat khi xét treong hop khéng c6 anh huong luc can dugc tinh theo Bélanger
(1828), nhung khi xem xét cu thé cac anh hudng téi qué trinh nuéc nhay thi con nhiéu
van dé can duoc xem xét, diéu ndy cho thay van dé anh huéng dong chay réi dén do
sau lién hiép nudc nhay can dugc nghién ciru va danh gia sau hon.

b. Chiéu dai nuéc nhay

Chiéu dai nudc nhay 13 mot thong sé quan trong trong thiét ké tiéu niang cho
cong trinh, n6 duoc xac dinh tir vi tri bat dau nudce nhay dén diém két thuc nude nhay.
Trong thuc té ¢ thé quan sat duoc rd rang khu xody cia nuéc nhay, diéu nay thé hién
qua dic trung dudng mit nudce, sy xuat hién bot khi nguoc dong... Con diém ma dong
chay 6n dinh sau nudc nhay, khé xac dinh, can do dac dit liéu thuc nghiém rét chi tiét
va con phu thugc rat nhiéu vao kinh nghiém quan sat thuc nghiém.

Céc nha khoa hoc nghién ctru vé van nay co thé ké dén: Riegel Beebe (1917),
Ludin (1927), Woycicki (1931), Knapp (1932), Safranez (1933-39), Aravin (1935),
Kinney (1935), Bakhmeteff va Matzke (1936), Douma (1934), Posey (1941), Moore
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(1943), Wu (1949), and Bradley - Peterka (1955-57), Bambang S. va Lalu M. (2017),
Martin Mundo-Molina, José Luis Diaz Pérez (2019)...

Nghién ctru chiéu dai nude nhay cha yéu 1a nghién ciru thyc nghiém va dé xuat
cac cong thirc kinh nghiém, trong nghién ctru da phan biét vé chiéu dai nudc nhay
nhu sau:

+ Chiéu dai nudc nhay tuyét ddi (Lj), cac nghién cau tai Bang 1.3.
+ Chiéu dai khu xody cua nuéc nhay (Lr), cac nghién ciru tai Bang 1.4.
Bang 1.3 Cong thizc kinh nghiém vé tinh chiéu dai nwréc nhay kénh chiz nhat
STT Tac gia Cong thuc
Lj = y1(4,5—\/1/Vc)

1. Ludin (1927) [16] ) )
Vi Ve: van toc tai mat cat co hep

2. N.N. Pavlovsky [1] [14] Lj =2,5(1,9y2 —y1) Vvéi (Fri>3)
3. Safrenech [14] Lj = 4,5y véi (Fr1 > 3)
4. | Pikalov [1] Lj = dy1 /14 2F1% v6i (Fri > 3)
5. Safranez (1927) [14][16] Lj~5,2.y2

Bakhmetov ~va  Matchick |
6. Lj ~ 5(y2—Y1)

(1936)[14] [16]

L, =(625y,/E)| (V.- VL)' (20) - E.-E.)]

Véi: E=y+V?/(29)

7. Knapp (1932) [16]

8. Smetana (1935) [16] Lj = 6(y2—Yy1)

9. Kinney (1935) [16] Lj =~ 6,02(y2 —y1)

10. | Douma (1934) [16] Lj=3.y:

11. | Posey (1941) [16] Lj~(4,5+7)(y2—-VY1)

12. | Wu (1949) [16] Lj ~ 10(y2 — y1)Fry 016

13. | Woycicki (1934) [16] L;=(y,— ¥,)(8-0,5y,/y,)
14. | Ivanchenko (1935) [16] Lj ~ 10,6(y2 — y1)(Fri2) 018
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STT Tac gia Cong thac
. y y \VA
15. | Einwachter (1933)[16] L =[15.2-02m e | La oo M
o)
M.O. Chertausov (1935) [1] _
16. Lj = 10,3y1(Fri — 1)°8 véi Fry > 3
[14][16]
17. | Page (1935) [16] Lj ~ 5,6.y2
18. | Riegel, Beeba (1917) [16] Lj = 5(y2 — y1)
19. | Aravin (1935) [16] Lj ~ 5,4(y2 — Y1)
20. | Silvester (1964)[63] Lj =9,75y1(Fry — 1)101
21. | Hager (1992) [30] L, = 220.y,.tanh [ i 1)
22. | Triatmojo (1993) [16] Lj ~ (5+7)(Y2— Y1)
Marques va cong su (1997) |
23, Lj=8,5(y2—y1)
[33][43]
oa. | Simees (2008) [331173 Lj Fr’ —81,85Fr +6113
| Simoes (2008) [33][73] y,  —0,62-10,71Fr,
25. | Simdes va cong su (2012) [33] | Lj =9,52(y2 — y1)
- Abolfazl N.G va cong su |Lj=Kk. yc
" | (2013) [13] Vi hé sb thuc nghiem k = 11
. . Lj Frlz’1
Sanjeev K.G va cong su (2013) | — =4769,1 +25,064
27. Yi R,
[75] o
Vi Rer 1a s6 Reynolds trudc nudc nhay
L Fr 3 [
Harry E.S va cong su (2015) —=3,62—= _0’157Frf\/h>
28. Y. h
[33] o
V6l h ZY1/(y2 -y,
’g Bambang S. va Lalu M. (2017) | Lj = Cj(yz — y1)
| [A7] Véi: Cj = 3,8274 + 3,0883(y, /vy, )™
20 Martin Mundo-Molina, José | Lj = 4,5456(y2 — y1)+087

Luis Diaz Pérez (2019) [48]

V6il1,2<Fri<5va0,11 <yi/b <0,28
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Bang 1.4 Cong thizc kinh nghiém vé chiéu dai khu xody cia nwdc nhdy

Do rong kénh thi

TT Téc gia _ Cong thic
nghiém (cm)
Sarma va
LT 6,73(Fr, -1)
1. | Newnham 30.5 Y1
(1973) [31] khi Fr, <4
Hager W.H et. al Lr_ S(Ffl - §j
2. 0,99 + 50 Y 2
(1990) [31] khi 2,5<Fr, <8
khi ®<0,1
%%::—12+160tanh(Fq/20)
1
, Busch 20 khi 01<®<0,7
F.(1981)[21] %: ~12+100 tanh(Fr, /12,5)
1
trong d6 0= %
EE:&Z@—Q)
N. Afzal Y,
N 2002)[50 «
(2002)[50] VoI Fr, > 4; an
Y,
Safranez (1929 Lr
5, (1929) 49,9 — =6Fn,
[31][64] Yi
6 Pietrkowski 10 Lr_ 5, 9F,
(1932) [31][53] Yy
Schroder (1963
. (1963) 59 8 Lr 40 {i(u 8Frz) - 3}
[31][50] Vi 16
Lr_s, 2Fr, —10,4
Malik (972)| |
8. [31][50] 16,7; 33,3 va 50. +[5Fr1—7,5+O,17(Fr1—3)4)]0)

Voi:3<Fri<e
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M&i quan hé cia Lj va Lr dugc N. Afzal (2002) [50] dwa ra danh gia so bo va

chi ra méi quan hé nhu sau [50]:
Lr=al; (1.27)

trongdo:  ala hé sé nghién ciru thuc nghiém

Theo nghién ctu cua Sarma va Newnham (1973) [50], cho thiy quan hé giira
Lj/Lr = 1,3. COn cé&c nghién ctru khac ciing chua di siu vao phan tich van dé nay.

Xem xét cac cong thuc vé chiéu dai nuée nhay (Lj) va chiéu dai khu xody (Lr),
da cho thay cac két qua khong dong nhat, diéu nay 1a do mdi cong thic déu xay dung
dua trén két qua thyc nghiém va diéu kién thi nghiém khac nhau. Song mdi cong thuc
lai 6 y nghia riéng vé xac dinh cac yéu t6 anh hudng dén chiéu dai nude nhay.
1.4.1.4. Nuée nhay trén long dan cé mdt cdt ngang hinh thang

a. D¢ sau lién hiép cua nuwoc nhay

+ Nghién citu cua A.N. Rakhmanov (1930)

Vi kénh bat ky, A.N. Rakhmanov (1930) da dé xuat cong thirc xac dinh do

sau lién hi¢p nudc nhay phu thudc vao do sau phan gidi, thé hién nhu sau:

2
y, =1,22< 0,2y, (1.28)
N)
1,2y>
y, =—Je (1.29)
y;+0,2.y,

Nghién ctru thuc nghiém A.N. Rakhmanov (1930) cho kénh bat ky, phu thudc
vao do siu phan gidi (ye), thuc té 13 phu thudc vao sé Froude. Tuy nhién nghién ctru
chua chi ra cac yéu tb phu thudc khac, nhu anh hudéng ctia hé s6 M va mai doc m.

+ Nghién cizu ciza Wanoschek R. va Hager W.(1989) [58]

Wanoschek R. va Hager W.(1989) da sur dung phuong trinh bao toan dong cho
Mt cat trude va sau nudc nhay, tir d6 xay phuong trinh dai s6 xac dinh do sau lién

hiép cho kénh hinh thang, day bang nhu sau:

1+M 1+2M 2YM 2M
Fr2|1— - Y1+ 22 | |1+25
rl{ Y(1+MY)} 2(1+|v|)2[ [+ 3 ) (+ 3 ﬂ (1.30)
. m.yl
M=—2L
Vo1 b
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Tir cdng thae (1.30), céc tac gia da xdy dung duoc biéu d6 Hinh 1.9 véi cac
giatri M =0;0,1; 0,2; 0,3; 0,4 va o, d6ng thoi kiém dinh bang thuc nghiém véi kénh

dan hinh thang c6 hé sé mai déc m = 1.

Y
11
| =
v v ]
[ ]
9 . = _
[}
M
7 _
5 L -— " -
3 _
//
-
1 e | | | | |
1 3 5 7 9 11 13
FI"1

Hinh 1.9 Biéu do vé ty 1é dé sau lién hiép nuéc nhdy va sé Froude theo hé s¢ M

Tir biéu d6 Hinh 1.9, quan hé giira dudng cong ly thuyét va thic nghiém van
con chua hoi tu hoan toan, dic biét 1a cac truong hop M1 < 0,2, nén can nghién ciu
sau dé xac dinh chinh xé4c su bién doi cua do sau lién hiép nudc nhay theo sé Froude.

+ Nghién cizu cua Sadiq S.M (2012) [67]

Ap dung dinh luat can bang dong lugng cho mat cit trudc va sau cia nudc
nhay, Sadiqg S.M (2012) [67] da xay dung phuong trinh tinh d¢ sau lién hi¢p nudc
nhay cho kénh nhin va day bang (b6 qua ma sat), nghién ctru di giai tim do sau lién
hiép caa nuéc nhay bang cac so @b hoic bang biéu.

Cong thic téng quét cua Sadiq S.M (2012) ¢6 dang nhu sau:

aY®+bY*+cY3+dY2+eY +f=0 (1.31)

Trong d6 a, b, ¢, d, e, f1a cac thong s6 phu thudc vao Frp, y2, y1 va m.

Nghién ctru cia Sadigq S.M (2012) [67] méi chi ding lai & Iy thuyét, dong thoi
la phuwong phéap tinh toan c6 y nghia trong phén tich 1y thuyét. Nhung nghién ciru
chua khao sat cy thé va danh gia cho long dan rong va do sau nho (trudng hop trong
thuc té hay gap c6 M1 nho).

+ Nghién cizu cua Samir Kateb (2014) [70]

Samir Kateb (2014) [70] nghién cru thuc nghiém (luan an tién si), vé méi quan

hé giira ty I¢ do sau lién hiép nudc nhay (y2/y1) véi s6 Fros cho kénh hinh thang can
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(mai déc co goc nghiéng 76,2° hay m = 0,245), day long dan c6 goc nghiéng (o) va
thay d6i tir -0,005 < tano < 0,02, két qua cho thay:
Y =(9,180 tana + 1,19)Frp: (1.32)

Vi 3,46 <Frp1<13,17va 0,031<M = % <0,093

Samir Kateb (2014) véi nghién ctiru thuc nghiém, chi ra quan hé gitra d6 sau
lién hiép véi sé Froude, con céc yéu td anh huong khac chua duoc xét dén, gidi han
cua gia tri My rat nho.

+ Nghién cizu cua Samir Kateb va cong s (2015) [68]

Nghién ciru cua Samir Kateb va cong su (2015) [68] la phéan tich thuc nghiém
vé d6 sau lién hiép nudc nhay trén kénh hinh thang can, c6 mai dbc véi goc nghiéng
1a 73° (m = 0,31), d dbc day thay doi. Nghién ctiu da xac dinh dugc méi quan hé cua
ty 1 do sau lién hiép nudc nhay véi sé Froude va do doc day kénh (o).

Y =(10,22i +1,18)Fr,, (1.33)

V6i1>0,1=tga.<0,02va 1,5 <Frp1<12

Cac nghién ctru cua Samir kateb (2014), Samir Kateb va cong su (2015) da
tich hop kénh day bang vao kénh ddc, nhung chi méi nghién cttu cho mét loai kénh
hinh thang c6 mai déc c6 dinh. Cong thire (1.32) va (1.33) ¢6 su tuong dong va su sai
léch trong hé sb thuc nghiém rat nho. Cac nghién cau ndy chua c6 sy tong quat hoa
lién quan tGi su thay d6i vé mai doc cua kénh.

+ Nghién cizu cua Sonia Cherhabil va Mahmoud Debabeche (2016) [76]

Nghién cau thuc nghiém dugc thue hién trén mot kénh hinh thang can c6 chiéu
dai 6 m, chiéu rong day 20 cm va goc nghiéng mai doc 72,68 °(m = 0,31 ). Do sau
dong chay trude nudc nhady mé twong (ng véi: y1 = 20, 30, 40, 50 va 60 (mm). Do
déc day kénh co gié tri i (%) = 0,005; 0,01; 0,015; 0,02; 0,00; -0,005; -0,01. Sir dung
22 tim ngudng tran thanh mong dé thuc hién dang cao muc nuéc ha luu va khong
ché qué trinh nudc nhay. Pa xac dinh dwoc cac cong thuc thuc nghiém cho ting
truong hop nghién ctu theo yi, nhung chua ¢ su phan tich tong quat chung. Cac
trrong hop nghién ctru ¢6 luu lwgng nho, cac cong thic phan tich theo ting gia tri y1,

diéu nay dan dén 1a s& c6 vd sé cong thire khac nhau, bat lgi trong wng dung.

- 26 -



+ Nghién cizu cua SIAD, Rafik (2018) [71]

SIAD, Rafik (2018) [71] thuc hién dé tai tién si chuyén nganh thuy luc vé nudc
nhay. Nghién ciru nudc nhay trong doan ndi tiép tir kénh hinh thang (méi doc kénh
m = 0,31, chiéu rong b = 0,2m, dai L;ref = 4m) sang kénh chix nhat (chiéu rong b =
0,6m), da cho thiy d6 sau lién hiép nudc nhay s& phu thudc vao vi tri chan nuéc nhay
Xuat hién & trén kénh hinh thang thang (Xi > 0) hoac trén kénh chir nhat (Xi = 0).

(o] C B B A A

L0 L] N\ 4 —

Kim do muc nuéc (‘ -~

S —
-, —

—_—

Cc B A
Mat cit ngang chit nhat | Mat cat ngpng chit nhat Mat cét ngang hinh thang LJ ref Ll

Y2

Hinh 1.10 Mdt bang va mdt cat cua cdu triic nwdc nhdy trén doan kénh néi tiép 1ong
dan hinh thang can sang 10ng ddn hinh chéiz nhdt cia SIAD (2018)[71]

Két qua nghién ciru thyc nghiém rat ra dugc cac cong thuc sau:
- Vi gia tri 0 < Xi < 0,4 thi:

Y = (L,20.Xi + 0,57)Fy; e (1.34)

- Vi giatri 0,4 <Xi < 1,0 thi:
Y = (-0,27.Xi + 1,17)Frp 0% (1.35)

. X

Trong do Xi=—1

j ref
X1: Khoang céch tir cubi kénh hinh thang dén chan nudc nhay
Lj rer- Chiéu dai kénh hinh thang can, c6 goc mai doc 73° (m = 0,31)
Két qua nghién ciru bi anh hudng bai md hinh thuc nghiém véi chiéu dai kénh
hinh thang. Khi kénh qué dai hoac quéa ngan thi s& cho nhitng anh huéng khéc nhau,
van dé dat ra 1a quy luat thay doi chiéu dai kénh hinh thang s& anh huong thé nao dén
dac trung thuy dong cia nudc nhay.
+ Nghién cizu cua Shahin S.A va cgng s (2018) [72]
Shahin S.A va cong su (2018) [72] da nghién ciru ddi vai kénh mit cit ngang

hinh thang can ¢6 hé sé6 mai doc 1,0 va 1,5 va do rong day ciia mé hinh 0,2m, da chi
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mdi quan hé gitra ty 1 do sau lién hiép nudc nhay (y2/y1) véi sé Froude trude nudc
nhay (Fri), tir d6 xay dung duoc cong thuc thuc nghiém nhu sau:

- Theo quan hé tuyén tinh:

Fr’, =79,17+ 0,73(ﬁj 939,813 501 (1.36)
¥i b
- Theo quan hé phi tuyén
0,538 -3,938
Fr? = o,oomm(ﬁj (%j (1.37)
Y b

Céc han ché cua cong thic thuc nghiém (1.36) va (1.37) ¢6 hé sé twong quan
(R?) cua md hinh lan luogt 1 0,814 va 0,802, dong thoi cac quan hé chi ra khdng c6
xu thé hoi tu tuyét doi. Biéu nay 1a do phan tich hdn hop dir liéu caa kénh c6 mai dbc
bang 1,5 va 1,0, bén canh d6 lwong dit liéu khong du 16n (c6 8 dir liéu véi mai déc m
=1,5va 9 dir liéu cho mai déc m = 1 [72]), bén canh d6 sb Frps trong nghién cau bién
do6i trong pham vi rat nho tir 2 dén 4,4, tinh tong quat hoa khdng cao.

+ Nghién cizu cua Bahador F.N va cong sw (2019) [18]

Bahador F.N (2019) [18] nghién ciru ddi véi nudc nhay trén kénh c6 mat cat
ngang hinh thang véi mai doc lan luot 0,26, 0,58 va 1,0 trén mo hinh ¢6 do rong day
0,2m véi luu lugng thi nghiém tir 30 I/s dén 90 I/s, s6 Frpr = 1,2 + 8,67. Di chira
mdi hé gitta s& Frp: va ty 1& d6 sau lién hiép nudc nhay (y2/y1) c6 quan hé chit chg,
tuy nhién, nghién cau mai phan tich vé van téc tac thoi trude nude nhay, ma khong
chi rd quan hé vé do sau lién hiép cia nudc nhay, cho nén céc danh gia va phan tich
van chua chi rd anh huéng t6i dic trung hinh hoc cua nudc nhay.

Nhu vy, nghién ctru nudc nhay trén kénh c6 mat cit ngang hinh thang can
theo tirng loai nuéc nhay & Bang 1.1 14 rat quan trong, dong thoi nhan manh dbi voi
trang thai nudc on dinh 12 rat can thiét.

Céc nghién ciru chi ra rang, d6 sau lién hiép nude nhay trén kénh hinh thang
can cha yéu dugc xac dinh dudi dang céng thuac thuc nghiém, phu thudc vao sé
Froude trudc nudc nhay, nhung véi cac kénh c6 mai dc khac nhau thi céng thirc tinh
c6 su thay doi dang ké vé cac hé sé thuc nghiém. Déi véi nghién ciu ly thuyét van

chua dugc thé hién ro rang. Diéu ndy can phai co bai toan va cong thirc cu thé dé xac
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dinh d6 sau lién hiép cia nudc nhay, trong d6 cac van dé anh huéng sic can dong
chay xoay ciing phai nghién cau bd sung theo ly thuyét va thuc nghiém.
b. Chiéu dai nuréc nhay

Chiéu dai nudc nhay trén kénh hinh thang can duoc nghién ciu chu yéu dya
vao thuc nghiém, cac nghién ciu cho thiy nhu sau:

+ Nghién cizu cua Posey, C. J. va Hsing, P. S. (1938) [55]

Nghién ciru thuc nghiém Posey, C. J. va Hsing, P. S. (1938) [55] cho thay c6
su anh huéng cua mai doc kénh hinh thang, nén nghien ctu nuéc nhay c6 xem xét

tGi ca diéu kién ma rong trén mai doc, két qua nghién ciru cho thay:

B,-B
L, =5y, [1+4 /?] (1.38)

Voi: B=b+2my
Néu véi kénh chir nhat thi cong thuc trén con lai
Lj =5y, (1.39)

Cong thic (1.39) dugc sir dung pho bién trong tinh toan chiéu dai nudc nhay
dé thiét bé tiéu nang c6 mit cat ngang hinh chir nht.

Nghién ctu Posey, C. J. va Hsing, P. S. (1938) mai chi xét dén cac yéu té hinh
hoc, con dic trung dong hoc vin con duge xét dén, dan dén chua danh gia hét cac
yéu té anh huong dén chiéu dai nude nhay.

+ Nghién cizu cua Silvester, R (1964) [63]

Silvester, R (1964) [65] st dung dir li¢u thuc nghiém cua cua Press (1961)
[50][63], tir &6 phan tich cac moi quan hé giita chiéu dai nudc nhay véi d6 sau trudc
nuéc nhay, cho thiy cac quan hé nay hoi tu véi sé Froude, tir d6 rit ra:

L.
?’ =9,75(Fry, —1)™" (1.40)
1

Nghién ctu Silvester, R (1964) cha yéu xem xét anh huéng cua cac yéu to
trude nude nhay, didu nay da khong xét dén anh huang cua bién ddi ¢ cac khu xoay.

+ Nghién cizu cua Hager W.H. (1992) [30]

Nghién ctru cta cac tac gia dua trén dir liéu cua Press (1961), da phan tich ro

c4u trac nudc nhay trong 10ng dan hinh thang can, dong thoi tién hanh nghién ctu

-29-



thuc nghiém vé méi quan hé gitta do sau lién hiép, chiéu dai nudc nhay véi céc yéu
t6 anh hudng, rat ra duoc:
L.
L =7,1(1+10M)
Yo=Y (1.41)
vsi M=m.y, /b <025

Hager W.H. (1992) da xem xét toi dd cao nudc nhay, nhung dac trung thuy
dong (sé Froude) chua dé cap, trong khi dé day 1a yéu té quan trong phan tich cac
dac trung hinh hoc cua nudc nhay.

+ Nghién cizu cua Rajaratnam va Subramanya (1968) [57]

Rajaratnam va Subramanya (1968) tir nghién ctru thyc nghiém, rut ra:

5 _5,08F1, - 7,82 (1.42)
Yi
Vi diéu kién Frpg > 4,4

Tuong ty nghién cau cua Silvester (1964), yéu té dic trung sau nudc nhay van
chua duoc xem xét cu thé. Chiéu dai nuéc nhay 1a ham tuyén tinh theo s6 Froude,
diéu nay khong pht hop véi hau hét cac nghién ctu vé kénh lang tru, vi cac anh
hudng dén chiéu dai nudc nhay rat da dang va kho xuat hién cac quan hé tuyén tinh.

+ Nghién cizu cua Ohtsu (1976) [59]

Phan tich cac méi quan hé dya trén cac nghién ciru thuc nghiém vé nuéc nhay

trén kénh hinh thang can, Ohtsu (1976) da xay dyng cong thirc tinh nhu sau:
L.
log,, (mj =1,7In+0,315m +1,58 (1.43)

Véi Lo: Chiéu dai nudc nhay theo Ohtsu (m)
AH=E1-E; n=AH/E,
E1, E2: Ning luong dong chay mit cit trude va sau nudc nhay
Nghién ciru Ohtsu (1976) da phan tich co ban cho cac yéu té anh hudng dén
chiéu dai nuéc nhay.
+ Nghién cizu Robert W. va Hager W.H. (1989) [58]
Nghién ctru di phan tich quan hé giira s6 Froude va do sau lién hiép nuéc

nhay, nhung chua chi rd cac mbi quan hé nay trong cac cong thirc tinh toan. Vai chiéu
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dai nuéc nhay, nghién cau chi ra méi qua hé gitra chiéu dai nudc nhay va sé Fri,
nghién ciru chi khai quat vé dic diém cua nuéc nhay, danh gia bién doi luu toc trén
mit cat ngang, doc theo dong chay, dong thai phan tich chiéu dai nudc nhay va moi
turong quan cua no theo cac cong thurc cua Silvester (1964) va Ohstu (1976). Tac gia
chua xay dyng cu thé vé chiéu dai nudc nhay, nhung lai cung cap bo dir liéu co ban
cho céc nha nghién cau.

+ Nghién cuzu cua N. Afzal (2002) [50]

Cong thtc tinh chiéu dai nude nhay dwa trén thuc nghiém va ty sé giira 4o sau
lién hiép dé tinh toan, tuy nhién nghién ctru nay chua déng bo, khong xét dén tat ca
cac yéu t6 anh huong dén qué trinh dong chay.

L.
—=6,9(1- o) (1.44)

2

Véi a=y,/Y,

N. Afzal (2002) phan tich dic tinh dudng mit nude dé xac dinh chiéu dai nude
nhay, nhung méi chi xem xét vé yéu té hinh hoc, chura xem xét dén dic trung dong
hoc khéc. Nghién ciu phén tich quan hé hinh vé hinh dang nuéc nhay, diéu nay rat
kho danh gia chinh xac cac yéu to dong hoc anh hudng dén chiéu dai nuée nhay.

+ Nghién ciru cua Sadigq Salman Muhsun (2012) [67]

Sadig Salman Muhsun (2012) [67] st dung nghién ctu cua N. Afzal (2002)
[50], dua trén phan tich toan hoc trién khai tinh toan bing phuong phap 1y thuyét vé
dic trung nudc nhay trén kénh hinh thang cén, da chi ra mi twong quan gita 6
Froude véi ty 1& d6 sau lién hiép nudc nhay voi nang luong mit cat (y2/Eq).

Nghién cttu méi chi phén tich theo ly thuyét va thé hién dudi dang biéu d6
quan hé, ma chwa c6 kiém nghiém vé thuc nghiém cu thé.

+ Nghién cizu cua Samir Kateb (2014) [70]

Nghién ctru trong luan an tién si ctia Samir Kateb (2014) [70] da phan tich
chiéu dai nuée nhay trén kénh déc day kénh b = 0,2m va hé s6 méi dbc kénh cb dinh
nghiéng mét goc 76,2° (m = 0,246), cho thay:

Lj

— =9,58Fr,, —24,59 (1.45)
Y,
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trong do: {346 < Fr, < 1317, 0,005 <i < 0,02; 0,031 <M < 0,093}

Nghién ctu nay khi xem quan hé gitta (Lj/y1) véi Frpi cé twong quan dang
tuyén tinh va bién d6i tir 46 déc 4m sang duong, tuy nhién bién do thay ddi do doc
kha nho, ddn ¢én mé hinh nghién ciu thién vé kénh day bang la chinh, hé s M1 va
mai doc caa kénh qua nho (m = 0,246) nén mirc d6 trong dong cua nghién ciu thién
vé kénh chit nhat, chua 1am sang to y nghia thyc té cia kénh hinh thang can.

+ Nghién cizu cua SIAD, Rafik (2018) [71]

Khi nghién ctu luan an tién si vé nudc nhay, SIAD R. (2018) phan tich nuéc
nhay trén md hinh 1ong dan ndi tiép cua kénh hinh thang c6 d6 rong day 0,2m, mai
déc nghiéng goc 73° (m = 0,31), dai Ljrer = 4m voi kénh chit nhat c6 do rong day
0,6m, dai 7m, két qua phan tich thuc nghiém da cho thay:

Lj

— =9,97Fr,, -0,307 (1.46)
Y,

Véididukien: {209 < Fr,, < 10,55 0,0 < Xi < 10 }

Cong thirc (1.46) néu Xi = 1 thi nudc nhay trong kénh hinh thang, va Xi = 0
thi nuéc nhay xay ra hoan toan trong kénh chir nhat. Nghién ctiu nay han ché tng
dung thuc té rat nhiéu, do diéu kién vé chiéu dai kénh hinh thang cé dinh kich thudc
va khong cé su thay doi theo tirng dic diém riéng nude nhay.

+ Nghién cizu cua Bahador Fatehi Nobarian va cong su (2019) [18]

Bahador F.N. va cong su (2019) nghién ctru vé méi quan hé giita cac dic trung
hinh hoc (Lj va y2/y1) va nang lugng nudc nhay trén kénh hinh thang can (vai 3 loai
mai doc khac nhau: m = 1; 0,58 va 0,26) véi sé Froude (Fr1) trude nuéc nhay di cho
thay cac quan hé phd hop, tuy nhién nghién citu méi chi két luan vé cac quan hé nay
ma chua chi rd cac tinh toan cu thé cho ting diéu kién khac nhau.

Hau hét cac cong thuc thuc nghiém vé chiéu dai nudc nhay trén kénh hinh
thang can chu yéu duoc thuc hién trén md hinh dong chay dudi ctra cdng (cira van),
bén canh d6 chiéu rong day kénh thi nghiém nho (thudng & mirc 0,2m) chua biéu thi
hét cac van dé anh huang kich thuéc mé hinh thi nghiém va dong chay réi dén cac

ddc trung nudc nhay.
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Céc cong thirc da xem xét & trén cho thay, chua co su phan tach r rang trong
nghién caru d6i véi cac loai nudc nhay khac nhau va loai hinh nuéc nhay sau cong
trinh (dap tran hay qua céng). Do vay qua trinh van dung cac cong thirc s& gap nhiéu
kho khan trong (ng dung cho bai toan thuc té.

Hién tai ¢ Viét Nam, cac cong thuc tinh toan dac trung hinh hoc nudc nhay
cho 1ong dan c6 mit cat ngang hinh thang can, day bang van chua duoc nghién ctu
day du. Trong thuc té van sir dung cdng thire tinh cho mit cat hinh chix nhat dé thay
thé va bo sung stra chira thiét ké bang thuc nghiém mé hinh.

Nghién ctu vé nude nhay trén kénh hinh thang hién tai twong ddi it, cac nghién
ctru van chua duoc hoan thién, cac danh gia (ng dung con han ché, nhung thuc té
hién tuong nay lai xuat hién kha nhiéu va c6 y nghia nhat dinh trong tinh toan thiét
ké cong trinh.
1.4.1.5 Ung dung céng nghé “Tri tué nhan tao” trong nghién civu niedc nhay

Cong nghé Tri tué nhan tao (Al) bao trum nhiéu nhanh nghién ciru khéac nhau,
nhu Hoc May (Machince Learning), Hoc sau (Deep Learning). Hién nay, cac nghién
ctiru vé tng dung Tri tué nhan tao, Hoc may da trién khai sau rong nhiéu linh vuc va
nganh nghé, trong 6 bao gdm ca cac nghién ciru vé linh vyc thity lyc néi chung va
nudc nhay nudc riéng.

Nghién cau cua Steven L. Brunton va cong su (2019) da téng quan vé Hoc
may va tng dung co ban trong co hoc chat long, di phan tich va cho thay @ng dung
hoc may cho hiéu qua tét trong nghién ciru thiy luc, c6 thé hd tro trong danh gia cac
md hinh vat Iy, c6 thé chia sé di liéu tot hon [80]. Melhem va cong su (1996) da phan
tich cac giai phap Hoc may tng dung trong k¥ thuat véi co so dir liéu phu hop, Hoc
may cho két qua nhanh chong va d6 chinh xac cao [47].

Nghién ctru cia Mahdi Naseri va Faridah Othman (2012)[40] da minh chirng
kha nang Gng dung tét cua thuat toan ANN trong xac dinh chiéu dai nudc nhay,
nghién ciu cua L. Houichi va cong su (2013) [38] vé chiéu dai nuéc nhay trén long
dan c6 mat cat ngang chir U (ddy 1a nira hinh tron duong kinh 0,245m va phan trén 1a
hinh chit nhat ndi tiép ntra hinh tron c¢6 d6 cao 0,7m), xac dinh chiéu dai nudc nhay
trén kénh chir nhat sau ctra cong véi thiét ké nhiéu cira thdo ¢ Ai cap caa Mohamed
F. Sauida (2016) [41], nghién ciru caa Akram Abbaspour (2013) [15] vé so sanh hiéu
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qua ung dung gitra Mang than kinh nhan tao (ANN) va Thuat toan di truyén (GP) vé
xéc dinh chiéu dai nuéc nhay, do sau lién hiép va ning luegng caa nuéc nhay. Masoud
Karbasi and H. Md. Azamathulla (2016) [49] phéan tich so sanh gitra Thuat todn mo
phong Gen (GEP) va Ky thuat Tri tué nhan tao (ANN and SVR) vé cé4c phan tich
chiéu dai nudc nhay trén kénh nham véi cac yéu té anh huong khac nhau. Nghién
ctru chiéu dai nude nhay trén 1ong dan nham théng qua cac moé hinh Tri tué nhan tao
khac nhau (nhu GEP, ANNSs) ciia P. Khosravinai va cong su [56]. Ung dung Phan
loai Cay quyét dinh (J48) va Mang than kinh da 16p (NN) dé phan loai nudc nhay
trén 10ng dan nham ctia Ghorban Mahtabi va cong su (2020) ...

Qua khao sat trén cho thay, cac nghién cau ap dung rat nhiéu thuat toan ANN
vao nghién ctru xac dinh cac dac trung cua nudc nhay, trong khi 6 mé hinh trng dung
Hoc méy (nhu Cay quyét dinh, Ring ngau nhién ...) gan nhu chua duoc nghién ciu.
1.4.2 Nghién ciru nudc nhay ¢ Viét Nam
1.4.2.1 Céc nghién ciru vé mede nhdy

+ Nghién cizu cia Hoang Tu An (2005) [1]

Cac cong trinh khoa hoc nhu tai liéu “Thuy luc cong trinh” cua GS. TS Hoang
Tu An [1], d4 nghién ctu hién teong nuéc nhay trong 1ong dan ling tru day déc va
day bang dua trén co sé ly thuyét 16p bién caa dong tia chay réi véi dang mat cat
khac nhau, nghién ctru da giai quyét cac bai toan nudc nhay trén long dan chir nhat
bang phwong phép 1y thuyét (tich phan hé phuong trinh Reynolds, giai bai toan theo
hé thirc nang lugng...). Nghién ctru da dinh hudng vé phan tich ly thuyét déi véi cac
dang kénh c6 mit cit khac nhau, nhung chua phan tich rd vé kénh hinh thang can.

+ Nghién cizu Nguyén Vin Péng (1989) [4]

Téc gia Nguyén Vian Pang (Luan Tién si, 1989) da dya theo ly thuyét 16p
bién, nghién cau dong chay réi trong nuéc nhay qua md hinh dong chay Reynolds —
Bussinesque dé dé nghi phuong phap “Hé thirc tich phan ning luong”. Tir d6 dé xéac
dinh cic dic trung trung binh thoi gian trong nudc nhay phang.

Hé thirc tich phan nang luong thé hién:

AildnG+Ai2d_(p+Ai3d_n+ i4d_mJr iSd_n—l_AiGdﬂ:A”
d di d da di d

(1.47)
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Trong dé: Ajjla cac ma tran hé sb; & 1a chiéu day 16p bién sat thanh ran; h 1a
d6 sau dong chay; hy 1a d6 sau trude nudc nhay; ¢ 1a cao d6 dong tia; un 1a luu toc
cuia dong chay nguoc chiéu; um 1a Iuu toc 16n nhét trén truc tia; A 12 hé sb suc can &

16p bién.

v6i  i=1 c6 phuong trinh ning lugng trong l6p bién sét thanh ran [0; ]
1= 2 c6 phuong trinh lién tuc
i =3 c6 phuong trinh dong luong trong 16p bién sét thanh ran [0; 8]
| =4 ¢6 phuong trinh dong lugng trong dong tia (b + J, h)
i =5 c6 phuong trinh nang lugng trong dong tia (b + 8, h)
i = 6 c6 phuong trinh 15i thé

Nghién ciing da phén tich rd cac dic trung hinh hoc ciia nudc nhay vé do sau
dong chay sau khu xody (hr) va chiéu dai khu xody (Lr) cia nudc nhay véi do sau
lién hiep (h2) va chiéu dai (Lj) cua nudc nhay. Tuy nhién, d6i voi nude nhay khong
gian va ban khong gian (nudc nhay trén kénh hinh thang cén) thi nghién ctru chua
dugc xem xét dén. Trong nghién ctu ndy, da chi rd cac dic trung hinh hoc co ban
ctia nudc nhay, lam tién dé cho céc nghién ciu bo sung khac.

+ Nghién cizu Lueu Nhw Phii va Nguyén Vin Toan (2013): Dya trén két qua thi
nghiém vé nuéc nhay trong diéu kién dong chay 6n dinh, d6 mé cira van nho dé ra
cong thic tinh chiéu sau lién hiép sau nudc nhay [11]. Phuong phap nghién ctu thuc
hién dé danh gia dong chay qua cong va nuéc nhay trong long dan c6 mat cat ngang
hinh chix nhat.

+ Nghién cizu ciza Ho Viét Hung (2016)[10] vé dé xuét xac dinh kich thuéc va
cao trinh bé tiéu nang c6 mat cat chir nhat ciia nudc nhay hoan chinh nhu sau:

- 1,483¢

Jad,

VG Zp 1a cao trinh day bé (m); z4: Cao trinh myc nudc ha lvu (m); q: Luu

Z, =2, +0,377d, (1.48)

luong dong chay don vi (m3/s/m); di: D9 sau trude nude nhay (m).
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+ Nghién citu ciia Hé Viét Hung va Lé Xuan Hién (2017) [9] vé chiéu dai bé
tiéu ning c6 mb nham Ién loai B va C theo mé hinh thi nghiém cua USBR, nghién
ctru chi ra kha ning anh huong caa mé nham dén chiéu dai nudc nhay trén long dan
mat cit ngang chir nhat.

- Chiéu dai bé tiéu ning loai 2 theo phan loai USBR

Li = d2 (-0,0133F:% + 0,3129 F; + 2,4863) (1.49)
- Chiéu dai bé tiéu ning loai 3:
Lin = d2(-0,0092. F12 + 0,2102 F1 + 1,54863) (1.50)

véi da @6 sau lién hiép cia nudc nhay (m); F1 12 s6 Froude trude nudc nhay.

Nghién ctru gilp cho qua trinh phan tich thuc nghiém va danh gia nudc nhay

phU hop hon. Tuy nhién, cac dang mat cat khac thi chua dugc xem xét va phan tich.
+ Nghién cizu cia Lé Thi Viét Ha (Lugn &n tién si - 2018) [6] vé nudc nhay

trong 10ng dan mé rong co d6 doc 16n di xay dung duoc cong thic ly thuyét va co
két qua thue nghiém dé danh gia. Nghién ciu chi ra chiéu sau twong ddi (nx) va chiéu

dai trong d6i cudi khu xoay (lx) theo hé phwong trinh sau:

2_ 2 E E—_1
E"-m +E.In( #n )( )=o45'—x

A(M’ -1)+B,(n -1)+C,.In £7_1 (E-n )(E+1) " h (1.51)

N’ —(2BF+G)n +3,12F=0

Trong dé: nx 12 do sau twong dbi cua dong chay; Ix 1a chiéu dai twong ddi cudi
khu xody; h1 1 d6 sau trude nude nhay; B 1a Bé rong twong ddi tai vi tri x trong khu
X0dy cua nudc nhay; A, B, C, E, G, F la cac hé s phuong trinh;

Bén canh d6, mdi quan hé gitta Lr va Lj ciing dwoc chi ra:

Lr=(0,82 = 0,85) Lj (1.52)

Nghién ctru da phan tich duoc cac dac trung thuy dong luc hoc cua nude nhay
bang cac phuong trinh 1y thuyét, nhung két qua chwa dé cap va ap dung cho long dan
c6 mit cit ngang hinh thang can, hinh chir nhat day bang. Nghién ciru nay, da gidp
cho viéc phan tich vé dong réi dugc sang to hon.

Nhu vay, hau hét cac nghién ctu vé& nuée nhay & Viét Nam chwa xem xét dén

dic trung hinh hoc nudc nhay trén kénh hinh thang va cac (g dung thuc té.
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1.4.2.2 Mét s6 cong trinh thuc té

a. Cong trinh thiy dién Hoi Xudn
* Tén cong trinh
Tén cong trinh: Dy &n thay dién Hoi Xuan

Dia diém xay dung: trén sdng M4, thudc dia phan H. Quan Hoa, T. Thanh Hoa.

* Thong sé cong trinh

Quy mé cdng trinh bao gom cac hang muc va céac thdng sé co ban sau:

- Dap bé tdng trong luc co cao trinh dinh dap 86.0m, chiéu cao 16n nhat khoang

43m, chiéu dai dap theo dinh 243.2m.

- Pap tran xa li duoc xay dung chinh giita 1ong séng M4, géom 05 khoang,
chiéu rong mdi khoang 1a 15.0m. Mat dap tran c6 dang mat cong khong chan khong
Co-ri-gho 6-phi-xe-rop, chan dap tran ndi lién vai bé tiéu nang & cao trinh V46.0m.

- Bé tiéu ning dai 30m, ddy ¢ cao trinhvV46.0m, cudi bé 1am mai vat 45° noi

1én doan lat san bao vé ha luu & cao trinh V49.0m.

R 4
)
3 PR y 4
y,
¥/

Hinh 1.11 Phdi canh cong trinh thay dién

2432

D

46.00
400

138,04

Hinh 1.12 Mt cat ngang bé tiéu

Hoi Xuan (nguon VNECO) nang
p | I I I I I
W | ] e
WHH == -1 ﬂ%ﬂ}
B ::::::I::'*_ W — — - -
) ||| g (] ]
_g__ ==
\I | I Ad_ [ ' T T1 M TTTT
Hinh 1.13 Mat bang bé tiéu néng.
* Dénh gid

Cong trinh Thuy dién Hoi Xuan, véi thiét ké dap tran va tiéu ning trén bé c6
mit cat ngang hinh thang véi két cau tiéu nang két hop, cho thay hiéu qua cong trinh

-37-



vé miat két cau co thé rGt ngan bé tiéu nang (tir chiéu dai bé 39m rdt ngan lai con
30m), tang hi¢u qua ti€éu nang sau cong trinh (tdng 5%) .

Nhu vay, khi sir dung bé tiéu c6 mat cat ngang hinh thang cho thay loi ich vé
két cau cdng trinh, kha nang tiéu ning dong chay sau dap.
b. Cong trinh thuy dién Na San
* Tén cbng trinh

Hé théng thay loi Na San, huyén Mai Son, tinh Son La [5].

Ho Chiéng Dong cua hé thdng thuy loi Na San c6: Dung tich hitu ich yéu cau
Vh = 3,51 triéu m3, dung tich toan bo hd chira tinh toan V = 3,99 triéu m?, cao trinh
muc nudc dang binh thuong tinh toan 760,0m.
* Thdng sé cong trinh

Tran xa li duge diéu tiét bang ctra van géom 2 khoang tran, khau dién mdi
khoang tran 7x6m, cao trinh ngudng tran ctra van 754m va ngudng tran tu do 760,0m.

Pap Chiéng Dong la bé téng trong luc Cao trinh dinh dap 1a 762m, chiéu dai
dinh dap dang bo phai 12 58,8m, bo trai 1a 52,0m, chiéu rong 6m.

Sr g}
55_ 729.0 Q
o e ~ 150 Fl
E&%’ 724.0 (&7
F— L '
653 1@l g e
596 g

Hinh 1.14 Cdt ngang bé tiéu nang Hinh 1.15 Két cau cong trinh hoan thién

20,00

ﬁ | Tutmg thirgng lu cac 1.70m Tim h lru md hinh o0 1.0m
H /M_ /M—
s jl[i == P e ST e T A
R\ T
e
| E S ; i
55\}_ 4 g
; al| &=-» AR
I :
«3%“ i é ) f"- =
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'y 4 1y quay
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Hinh 1.16 Mdt bang tong thé xay ding md hinh
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* Danh gia

Cong trinh tiéu ning cua Hé thong thuy loi Na San — Son La b tri theo dang
mat cat ngang két hop hinh thang va hinh chit nhat, tuy vay nudc nhay chan cong
trinh xuat hién trong khu mat cat ngang hinh thang.

Thi nghiém nghién cttu md hinh cho thay & cap luu luong thiét ké Q = 426,3
m?¥s, chiéu dai nudc nhay 39m.

Hiéu qua tiéu ning cua cdng trinh khi st dung nudc nhay ngap c¢6 cac mé
nham tiéu nang dang rang luoc dat tir 72,74% +76,99% [5], cho théy tinh kha thi va
t61 wu ctia cong trinh tidu ning c6 mat cit ngang hinh thang.

1.5 C4c yéu t co ban anh huwéng dén dic trung hinh hoc nwéc nhay
1.5.1 Céc yéu t6 anh hwéng dén dé siu lién hiép nwéc nhdy

Nghién ctu Hién tuong nudc nhay la viée xac dinh ciu tao nudc nhay, bao
gom do sau dong chay phan gisi, ¢ sau lién hiép va chiéu dai nudc nhay. Tir cac
nghién ciru thuc nghiém va ly thuyét, cho thay cac yéu té anh huong téi do sau cua
nuéc nhay duoc thé hién nhu sau:

- S6 Froude trudc nudc nhay, gia tri sé Froude cang Ién, thi ty 1¢ d6 sau lién
hiép sau va trudc nuée nhay, tiéu hao niang luong trong nudc nhay cang lén, diéu nay
thé hién trong phan loai nudc nhay (Bang 1.1) [45][82], yéu té nay duoc thé hién
trong nhiéu nghién ctru phan tich ¢ sdu dong chay cia nudc nhay, ¢é thé thay trong
nghién ctru cua Roushangar, K. va Homayounfar, F. (2013) [36].

- P nham cua 10ng dan, trong cac nghién ciru co ban, thudng bo qua ma sat
long dan, din dén cac tinh toan ly thuyét thuong cho cac gia tri khdng phi hop véi
thuc té, mot sd khao sat d6i véi nuée nhay trén kénh chit nhat da phan tich va dua
vao anh hudng ctua ma sat day, nhu Rajaratnam (1966) [16] dua vao hé sb luc cat
day, Pagliara va Palermo (2015) [52] khi xem d6 nham day 10ng dan déu c6 xét dudng
kinh hat & ty 1& 50% hoic cac truong hgp mé nham 16n day bang hoic day doc déu
cho ty 1€ @6 sau lién hiép trong nudc nhay khac nhau.

- Anh huéng cua phan b luu tde, nhu Sarma va Newnham (1975)[16] st
dung hé sé sira chira dong luong o = 1,045 dé tinh toan do sau lién hiép nudc nhay
trén kénh chit nhat va cho thay hé sb cia s6 Froude Ién hon (c6 gia tri 10,4 thay cho

8 nhu trong cong thac cua Belanger, 1828).

-39 -



- Do dbc day long dan cua kénh, cac nghién ctiu thuc nghiém da chi ra su thay
d6i d6 sau lién hiép nudc nhay theo do doc 1ong dan day kénh cho ca kénh mat cit
ngang chit nhat va mit cit ngang hinh thang, diéu nay thé hién & d6 déc &m hoac
duong déu cho cac cong thuc tinh gia tri ty 1& do sau lién hiép nudc nhay khac nhau.
Déi vai nudce nhay trén day doc cua kénh mit cat ngang chit nhat c6 Mahmoud A.R.
Eltoukhy (2016) [44] dua dbc day (SY2) vao cong thirc tinh do sau lién hiép va cac
nghién ctru khac, voi mit cit ngang hinh thang can di thé hién & cac nghién ctu cua
Samir K. (2014) [70], Siad R. (2018) [71] va cac trudng hop do ddc c6 kém day nham
I6n hozc cac mo sau nude nhay (nghién ctu cua Nasrin H. va cong su, 2017[51]).

- Pic trung hinh hoc khac cua kénh, d6i v6i kénh hinh thang can thi do sau
lién hiép nuéc nhay bi anh huong nhat dinh boi hé sé6 mai déc kénh (m) nhu nghién
ctu cua Shahin S.A va cong su (2018) [72], anh huong boi d6 sau phén gidi (yc) nhu
nghién ciu A.N. Rakhmanov (1930), sy ndi tiép cac dang mit cat khac nhau nhu
nghién curu cua Siad Rafik (2018)[71]...

1.5.2 Céc yéu t6 anh hwéng dén chiéu dai nwéc nhdy

Qua phan tich cac cong thic tinh chiéu dai nudc nhay da ¢ cta cac tac gia,
nhan thay chiéu dai nuéc nhay phu thudc vao mot sé yéu tb sau:

+ Do sau trude nudc nhay (yi), biéu thi cho nang luong va toc o dong chay
phat sinh ra nuéc nhay, c6 thé ké dén cac nghién ciru cho mat cat ngang chix nhat cua
Chertoussov (1935) [16], Hager (1992)[30] ..., cong thirc tinh cho mat cat hinh thang
cua Rajaratnam va Subramanya (1968) [56].

+ Do sdu sau nudc nhay (y2), biéu thi cho su 6n dinh ning lwong dong chay
sau nudc nhay, d6i véi mat cat ngang chit nhat ¢ kha nhiéu cac cong thic lién quan
nhu Ludin (1927) [16], Safranez (1933-39) [16], Page (1935) [16], Mahmoud Ali R.
Eltoukhy (2016) [42], H. V. Hung va L. X. Hién (2017), vé mat cit hinh thang c6
nghién ctu cua Posey C. J. va Hsing P. S. (1938) [55], N. Afzal (2002) [50]... cac
nghién ctiru ndy cho thay chiéu dai nuéc nhay phu thudc cha yéu vao yo.

+ Chénh léch mirc nudc trude va sau nudc nhay (y2 — y1), biéu thi cho chénh
léch dong chay trude va sau nude nhay, cac cong thire nghién ctu vé chiéu dai nudc
nay phu thudc khac nhiéu vao yéu té nay, nhu dbi véi mat cat ngang chir nhat c6
Bakhmeteff, Matzke (1936) [16], Smetana(1935) [16], Wu (1949) [16], Triatmojo
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(1993) [16], Bambang Sulistiono, Lalu Makrup (2017) [17]..., mit cat ngang hinh
thang c6 nghién ctru cua Silvester, R (1964) [63], Ohtsu (1976) [59].

+ Ty 1€ d¢ sau sau va trude nudc nhay (yz/y1 ,yl/yz), ty 1€ nay ciing duoc

xem xét dén trong mot s nghién ctu vé chiéu dai nuéc nhay, thé hién trong cac
nghién cttu vé& mit cit chir nhat cua Woycicki (1931) [16], Bambang Sulistiono, Lalu
Makrup (2017) [17]..., vé mat cat hinh thang c6 N. Afzal (2002) [50].

+ S6 Froude trudc nudce nhay (Fri), gia tri nay anh huong kha sau sic dén
chiéu dai nuéc nhay, c6 thé thiy trong nghién ctu vé mat cat ngang hinh chir nhat
cua lvanchenko (1935) [16], Wu (1949)[16], Silvester (1964) [63], Hager (1992)[30],
Mahmoud Ali R. Eltoukhy (2016) [41], Bambang S., Lalu M. (2017)[17], H. V. Hung
va L. X. Hién (2017), Roushangar, K. va Homayounfar, F. (2019)[36]..., dbi v&i mat
cat ngang hinh thang c6 Rajaratnam va cs (1968)[56], Kateb S. (2014)[70]...

+ Do sau phan gioi cua dong chay (yc), gié tri nay ciing c6 anh huong nhat
dinh dén chiéu dai nudc nhay, diéu nay duoc thé hién trong nghién cau cia Abolfazl
N.G (2013) [13] tir phan tich mdi quan hé cua cac yéu té anh huéng dén chiéu dai
nuéc nhay theo ly thuyét Pi ciia Buckingham dén xay dung cong thuc nghiém.

+ S6 Reynolds, yéu t6 anh huang nay thé hién trong nghién cau thuc nghiém
cua Sanjeev K.G va cong su (2013) [75]

Tir cac phan tich anh huong cia cac yéu té dén chiéu dai nudc, cho thiy gia
tri chiéu dai nuéc nhay phu thudc vao cac théng sé co ban:

Lj = f(y1, Y2, Y, Fr1, Re, e) (1.53)

Phuong trinh (1.53) md ta cac méi quan hé thuc nghiém giita chiéu dai nuéc nhay
Va cc yéu td anh huong. Trong do, Lj va Lr c6 mdi quan hé véi nhau, do vay cac dic diém
caa (1.53) cling dugc xem tuong tu cho L.

1.6 Vén dé dit ra va hwéng nghién ciru
1.6.1 Céc vin dé cin nghién ciru

Tong quan cac nghién ciru dbi véi kénh lang try hinh chit nhat va hinh thang
c6 bé mat phang véi diéu kién day bang hoic day doc cho thay:

+ Nudc nhay c6 vai trd rat quan trong trong ung dung déi véi cac cong trinh

thuc té, dac biét thiét ké tiéu nang cho dong chay sau cong trinh (dap tran, cng), ndi
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tiép cac kénh. Mdi loai nuéc nhay déu cé nhirng dic diém riéng vé hinh thai dong luc
hoc va dic biét 1a kha ning tiéu nang cua dong chay. Biéu nay cho thay nghién ciu
nuéc nhay trén 10ng din lang tru ddi véi ting loai nude nhay 14 rat can thiét va I co
s& khoa hoc dé di dén mot két qua c6 do chinh xéc cao.

+ D4i véi d6 sau lién hiép nude nhay, thi kénh co6 mit cit ngang hinh chix nhat
chu yéu sir dung céng thuc caa Belanger (1828) 1am co sd nghién ctru. Trong khi do,
d6 sau lién hiép cua nudc nhay d6i véi kénh hinh thang can cd cac nghién cau ly
thuyét co ban nhung chua chi ra rd rang cac minh chitng hoic chi duoc nghién ctu
thuc nghiém. Nén van con han ché rat 16n trong ap dung trong thuc té.

+ Céc nghién ctu vé chiéu dai nude nhay tir kénh c6 mat cit ngang hinh chir
nhat dén kénh hinh thang can, chu yéu la cac cong thirc thuc nghiém, tuy cac nghién
ctru kha phong phti, nhung pham vi tng dung chua chi rd, ang dung thyc té déi voi
nuéc nhay ty do van con nhiéu van dé chua phu hop.

+ Phan tich ciing cho thay cac nghién ciru nuéc nhay trong kénh hinh thang
v6i mai déc m = 1 van chua dugc hoan thién, cac két qua nghién ciu méi dung ¢
thuc nghiém hozc phan tich Iy thuyét ma chua c6 kiém chung. Bong thoi, dya trén
dic trung mot sé cdng trinh thuc té di co, cho thay nghién ciru nuée nhay trong kénh
hinh thang véi hé sé mai dc m = 1 van con can hoan thién hon.

+ Can cir trén cau tric nudc nhay trén kénh lang tru (mat cat ngang hinh chit
nhat va hinh thang), cho thiy do siu trudc nudc nhay (y1) théng nhat cho céc nghién
Cclru, con do sau sau nudc nhay dugc phén chia ra do séu sau khu xoday (yr) va do sau
lién hiép cta nudc nhay (y2), vi tri xac dinh 2 gia tri d6 sdu nay tuwong ung voéi 2 gia
tri chiéu dai ciia nude nhay 1a chiéu dai khu xody (Lr) va chiéu dai nudc nhay (Lj).

Do tinh chat cua nudc nhay khong on dinh, nén viéc xac dinh vi tri két thic
ctia nudc nhay la rat kho khan, phy thudc vao qua trinh thyc nghiém trén md hinh vat
ly, trong khi d6 vi tri cudi khu xody cua nudc nhay thi xac dinh thuan loi hon (dua
trén dong xoay cuon, dac trung cac bot khi trong nudc nhay va duong mat nudc trén
bé mat). Nén nghién ciru & day tap trung phan tich d6i véi cac yéu té hinh hoc trong

khu xoay cua nudc nhay.
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Tir cac phan tich trén, cho thiy nghién ctru nudc nhay trén kénh hinh thang
can, dac biét 1a nudc nhay sau cong trinh dap tran c6 ¥ nghia thiét thuc trong phan
tich khoa hoc va tng dung cho cac cong trinh thyc té.

1.6.2 Dinh hwong nghién cuu

Dinh hudng nghién ctru s& tap trung vao mot sb ndi dung sau:

+ Dai véi ly thuyét:

Giai bai toan ly thuyét vé xac dinh cac dic trung hinh hoc cua nude nhay. Xuat
phét tir hé phuong trinh vi phan Navier-Stokes, xac dinh cac diéu kién bién nghién
ctru cho 1ong dan c¢6 mat cat ngang hinh thang can, day bang dé xac dinh phuong
trinh tinh toan d6 sau dong chay trudc va sau khu xody cua nudc nhay (yi, yr). St
dung phuong trinh can bang ning lugng dé phan tich xac dinh chiéu dai khu xoay cua
nudc nhay (Lr).

+ Poi véi thyee nghiém:

Nghién ciu nuéc nhay bang mé hinh vat 1y dé kiém dinh cac cong thic ly
thuyét, xac dinh céc hé sb thuc nghiém ddi véi cac cac dac trung cua nudc nhay.

Trong d6, nghién cau di sdu vé nudc nhay 6n dinh (c6 Froa = 4,0 — 9,0) trong
long din lang tru c6 mat cat ngang hinh thang can (c6 day bang va hé sé mai déc long
dan m = 1). Dic biét, sir dung mé hinh vat ly 1ong cing c6 kich thudc 16n (nhu 1ong
dan cua kénh tiéu nang thi nghiém I1a b = 33,5cm va b = 55cm) nham dam bao su phu
hop gitta cac két qua nghién ctu thue nghiém va cdng trinh thuc té.

1.7 Két luan Chuong I

Nghién ctru nuée nhay trén thé gioi va Viét Nam rat phong phu, cac nghién
ctru vé kénh chir nhat twong d6i da dang va c6 nhiéu &p dung cu thé trong thyc té.
Tuy nhién ddi véi nude nhay trong kénh hinh thang, ¢ it nghién ciu va cha yéu la
nghién ciu thuc nghiém mé hinh, dic biét viéc ap dung cac cong thac vao thuc té
cong trinh van chua duoc chuan hda va ¢ nhirng huéng dan cu thé.

Nghién ctru da thuc hién duoc cac van dé sau:

® Thé hién céc khai niém co ban, phan loai va dic trung thuy dong luc hoc
ctia nudc nhay dé phuc vu cho qué trinh nghién ctru va danh gia thuan loi hon.

@ Tong hop dugc cac nghién cau (10 cong thic) vé xac dinh do sdu phan gidi

(Yc) cho kénh hinh thang va da phan chia thanh 4 phuong phap nghién ciu co ban.
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® Trinh bay dugc cac nghién ciu vé dic trung hinh hoc caa nuéc nhay trong
kénh hinh chit nhat, trong d6 thong ké dugc 06 nghién ciru vé d6 sau lién hiép, 30
cong thirc vé chiéu dai nudc nhay va 08 cong thirc vé chiéu dai khu xody nudc nhay.

@ Nghién ctru vé dic trung hinh hoc cua nudc nhay trong kénh hinh thang,
gom c6 08 nghién ciru vé do sau lién hiép cua nuée nhay, 11 nghién ctu vé chiéu dai
nuéc nhay. Trong d6 ¢6 01 nghién ctru vé kénh hinh thang c6 méi doc m = 1, nhung
chua giai quyét triét dé vé xac dinh cong thirc va pham vi nghién ciu.

® Trinh bay vé tng dung “Tri tué nhan tao” trong nghién ctu thiy lec va dinh
huéng &p dung md hinh Hoc may “Rirng ngau nhién” vao nghién ciru nudc nhay.

C>Ph&lﬂchduqcCécyéutéénhhuéngdéncécdécnvmglﬁnhhoccﬁanuéc
nhay tir cac nghién ctru dd c6, nham muc dich xac dinh dugc mdi lién hé giira cac dic
trung thay dong, dé tir 46 c6 co s nghién ciau xay dung va danh gia cac cong thuc
ban thuc nghiém va thuc nghiém cho phu hop.

@ Xac dinh duoc van dé nghién ctu vé dic trung hinh hoc ciia nuéc nhay
trong kénh hinh thang can, day bang c6 mai doc m = 1, bao gom d6 sau khu xoay (y1
vayy), chiéu dai khu xody cia nudc nhay (Lr).

Nghién ctu cac dac trung hinh hoc cua nudc nhay sau dap tran véi cac mo
hinh kich thudc 16n, ¢d ty 1é twong Gng Vi cong trinh trong thyc té, mang ¥ nghia

thiét thyuc va rat can thiét trong diéu kién hién nay.
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CHUONG II - CO SO KHOA HQC VA PHUONG PHAP XAC PINH
CAC PAC TRUNG NUOC NHAY TRONG KENH LANG TRU MAT CAT
HINH THANG

2.1 Co sé ly thuyét phén tich dic trung hinh hoc ciia nwéc nhay
2.1.1 Pic diém ciia nwéc nhay

Trong nudc nhay, dic tinh cua dong tia réi rat phic tap, dugc xuat hién trong
cau tric dong xody trén bé mat va thanh bén (kénh hinh thang). B¢ giai cac bai toan
ly thuyét trong nuéc nhay, phuong phap 16p bién do Prandtl (1904) [1] dé xuét dap

trmg duoc cac yéu cau nghién cuu. .
u xoay

Céc nghién ctu cho thay, sic can

dong chay xuat hién & 16p bién sét thanh

ran va dic tinh dong xody réi trén bé mat,

cac ton that nay phu thudc d6 sau cua dong

chay va dic diém v& do nham trén bé mat  Hinh 2.1 So do dong tia va phan bo
[1]. Diéu nay cho thdy cac quy luat tén vdn toc cia nuge nhdy
that trong nudc nhay ciing tuan theo dac diém vé ton that nang luong trong dong chay.
Nghién ctru hién tuong nudc nhay tai thé tich kiém tra, khu vuc gisi han bai
mat cit dong chay truéc (1-1) va sau (2-2) khu xody cia nuéc nhay, cac dic trung
thuy dong luc hoc tuan theo phuong trinh bao toan dong luong va nang luong
[13][27][82]. Méi quan hé chitng minh cho qué trinh hinh thanh va tiéu hao ning
lugng cua nudc nhay (AE), thé hién nhu Hinh 2.2.

Can biing dong R o Ning lugng
Y, lugng dong chdy Qud trinh nudc nhdy Yy don vi mat cit

Khu xody

Yr

Yef-- S Sl “-- yr**"*yc’"* -
Y ‘

M,=M, M L, en‘lim._Ai.J‘ e

Hinh 2.2 Méi quan hé déng lwong, ning lwong Véi qud trinh nwéc nhay [27]
Nhu vy, phuong trinh vi phan co ban Navier-Stokes (thé hién quy luat bao
toan dong luong) va phuong trinh can bing ning lwong 13 co sé quan trong trong viéc

nghién cuu dac trung hinh hoc cuia nudc nhay.
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2.1.2 Phwong trinh co bdn xdc dinh d¢ sdu dong chdy ciia khu xody
2.1.2.1 Phuwong trinh vi phdn co ban cua chdt léng chuyén dong

Chuyén dong cua chat 1ong phu thugc vao nhiéu yéu td, dé xem xét cac day du
cac yéu té anh huong dén chuyén dong dén chat long, thi phuong trinh vi phan co
ban cua Navier-Stokes da mo ta duoc cac dac trung thuy dong luc hoc cia dong chay.

Phuong trinh Navier-stokes duoc viét dudi dang tong quat nhu sau [27]:

Qudén tinh
ov
2
PG AVTY = -Vp Vv f 2.1)
t Gia (6 Gradient ~ do nhgt  Luc
Gia t6¢c doi luu 4p sudt
tic thoi

Khi xem xét voi chat lIong khong nén duoc, chuyén dong lién tuc, phwong trinh

Navier-Stokes viét dudi dang toa do Descartes nhu sau[1][27]:

ou ou ou _au 1| op or, Ot, Ot
—+U—+V—+W—=F +—| ——+ + +

ot OX oy oz p| ox ox oy oz

0 0 0

@+U@+V@+WQ=E]+1 _P | Ty Ty Ty (2.2)
ot OX oy 0z p| oy ox oy oz

ow, ow ow . ow_ . 1 dp 0t ot, or,

ot OX oz * p| 0z ox oy oz

trong do:

u, v, w 1a thanh phan Iuu téc trung binh thoi gian theo phuong x, y va z;

p: khéi luong riéng cua chat long;

p: Ap suat trén bé mat cua khéi chat long;

7ij: Ung suat trén bé mat khéi chat long theo phuong i va j;

Fx, Fy, F la luc khéi don vi theo phuong x, y, z.

Phuong trinh (2.2) khéng thé tim loi giai chinh xac bang cac phuong phap tich
phan thong thudng, ma thudng dugc giai gan dung bang phuong phép s6 hoic phuong
phép giai tich véi cac diéu kién bién kém theo.

Trong nghién ctu ¢ day, st dung phuong trinh (2.2) giai theo phuong phap
16p bién do Prandtl (1904) dé xuét, sau do6 tich phan va xac dinh phuong trinh dai s6

co ban ap dung trong nghién ctu nudc nhay.
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Phuong trinh (2.2) véi diéu kién riéng caa dong chay trong khu vue nuée nhay,
s& duoc phan tich va giai tim nghiém xac dinh cac dic trung vé do su dong chay
trudc va sau khu xody cua nudc nhay.
2.1.2.2 CAc gid thiét dp dung cho phwong trinh Navier-Stokes

Céc gia thiét 4p dung cho qué trinh giai phuong trinh Navier-Stokes nhu sau:

+ Dong chay 6n dinh, lién tuc: Q = const;

+ Quy luat phan bé &p suat theo quy luat thuy tinh;

+ Lyc khéi 1a trong luc, chiéu 1én phwong doc truc x (huéng chuyén dong cua
dong chay): Fx = gi

+ Chat long khong nén dugc ¢6 p = const, hay dp/dt =0

+ Mt cat lang tru doi xung;

+ Coi thanh phan ma sét réi cua dong chay ty 1& véi cot nude luu toc.
2.1.2.3 Phuong trinh Navier-Stokes cho dong chat Iong chuyén dong

Dé giai phuong trinh Navier-Stokes cho dong chay trong hé thong khéng gian
bat ky, tich phan phuong trinh vi phan (2.2) trén mat cit ngang A bang cach tich phan
ting s6 hang cua phuong trinh.

Véi diéu kién: tai z = 0 thi u, v, w = 0 va trén mat thoang thi u = un.

jé—”d =—j wA—uA _R_, A (2.3)
5 Ot ato ot ot

J a—d uadA uvzA 8_dA

A Oy y Y a o (2.4)
_[ a—d = W% u—dA= w%— %A

s 0Z 0zl, » Oz 0z 4 0z

8A 8A ov oW
u—dA+ |u—dA
azJ [;[ oy { oz } (25)
Xét phuong trinh vi phan lién tuc cta dong chay khong nén dugc, co:
ou ov ow _au 8V oW (2.6)
—+—+—=0 =
oX oy oz X 8y oz
A I D[R], DA
ox O0Aoy o0Aoz O0A\ oy) OA\ oz
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= J'—dA_ —+W— (2.7)

Thay (2.6) va (2.7) vao (2.5) c6

J'VEdA+J'W—dA_— J'—dA+£ G_Xd

A
ou 8Q , OA ou
= wdA = U — uZda
—[ J\ 0z "ox " ox J\ OX (28)
ou 0A
u—dA =— |u’dA—-u’ —
;[ OX -[ OX (29)
Thay (2.9) vao (2.8) co:
0Q 0.2
v —dA + —dA—— —+— u-dA
j j " j (2.10)
1 0P
1Pga-1 9 pga-1P
% p OX p 8X p OX (2.11)
Ap lyc bé mat duogc tinh theo cong thuc:
P = [pdA (2.12)
A

Céc tich phan vé tng suat bé mat khdi chat long nghién ciu duoc xac dinh

theo luc ma sét trén bé mat (Tj) cua khi chat long nhu sau:

i‘c dA— XX :Iacs—xdi

2 OX oX OX

0 oT,

o A =— =0 (2.13)
iﬁy Y ox

Q‘c JAA = — 0 ITZXdA—TZX.A| yzﬂ—‘coA

20z OX o  ox

trong d6 voi dong chay 1 chiéu theo phuong x s& co:

Ty =T, =0 T, =0, (ung suit phap theo phuong x)
z=0 1, =71, (&ng suét tiép)
z=Yy 1, =0
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Tur cac gié tri (2.3), (2.10), (2.11) va (2.13), tich phan phuong trinh Navier-
Stokes viét theo khong gian chuyén dong nhu sau:

X 2 fega-u, 2o Lo [r a8

ot ax "ox  "ox o p OX
(2.14)
oT
Y P T T | 2 [ Dgp
pl ox ox  0OX p OX
2.1.2.4 Tich phdn phuong trinh Navier-Stokes cho nuwdc nhay trong kénh lang tru day
bing
Tir c4c gia thiét trén, &p dung cho phuong trinh (2.14), rat ra dugc:

01 - . 10P 10T 1(0c

2 [udA=[gidA-=E = R s

axl ;[g pox p X ( ox j (2.15)

Nghién ctru cho truong hop kénh day bang: i = 0, tir (2.15) c6:

jusz 10T, +1 op j%dA SN
pax ox 5 OX p

= ;X[J\[u +fjdA+ jp+c )dAJzE"A

- j(u%ﬁuz)dA%jpdA:%OA (2.16)

trong do:
Tzx = Tréi T Tting
Chi xét khuyéch tan rdi, nén gié tri ting = 0, nhu vay s& con lai:
Tzx = Tréi =pBU2
Vi B 1a hé s6 khéch tan réi theo phuong dong chay (xx).
Lai co:

j(u2 +BU2)dA = o, VA
A

[(p+o,)dA=yzA

A

T, =pLV? V6i £ 1a hé s6 dic trung mite d6 réi, anh hudng vé ton that

ma sat cia dong chay tai mat cat nghién ctu [1]
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Thay vao (2.16) c6 phuong trinh:
(a, —C)V:A+ 1y.zCA =C

RUt gon phuong trinh nhu sau:

* 2
A[“O'V +zcj:c0 (2.17)

g
véi Co: Hang sé tich phan
Xeét (2.17) tai 2 mat cat (1-1) va (2-2) cua dong chay trudc va sau khu xody

ctiia nudc nhay, phuong trinh thé hién nhu sau:

VA VA
A{“Ol_lJrzclJ:Az (%—2+Z°2j (2.18)
g g
trong d6: o, : Hé so sira chita dong lugng c6 xét dén anh huéng qua trinh

dong réi manh (véi o, =a, —¢);
Ai: Dién tich mit cat udt (m?);
Zei: DO sau trong tam mat cat uét (m);

Phuong trinh (2.18) la tich phén cta phuong trinh Navier-Stokes theo phuwong
chuyén dong cua dong chay, phuong trinh thé hién ¥ nghia caa dinh luat bao toan
dong luong cua dong chay. Céc hé sé va thong sé khéch tan réi duogc biéu thi thong
qua cac hé sb thuc nghiém.

Phuong trinh (2.18) dugc st dung dé tinh d6 su khu xody ciia nudc nhay trén
kénh lang tru day bang c6 mat cat ngang bat ky.

2.1.3 Phwong trinh co bin xdc dinh chiéu dai khu xody ciia nwéc nhdy
2.1.3.1 Cdc gidi thiét co ban

Mot sb gia thiét 4p dung cho phuong trinh ning luong trong xac dinh chiéu
dai khu xoay cua nuéc nhay:

+ Chat long khong nén dugc, chuyén dong lién tuc;

+ DOng chay 6n dinh thay d6i dan;

+ Cac dic trung thiy luc dugc phan tich theo tinh chat trung binh tir d6 sau y1
dén yr (dudng mat nudc, dudng ning...);

+ Nghién ctru cho kénh day bang (d6 dbc day i = 0).

- 50 -



2.1.3.2 Phuong trinh xdc dinh chiéu dai dong chay

Chuyén dong cua chét long ludn thoa man diéu kién can bang vé ning luong,
dbi voi dong chay trong nudc nhay tir mat cat truée nude nhay (1-1) dén mat cat sau
nudc nhay (2-2), da chiu anh huong tir thanh phan luc ma séat caa dong chay va su
x40 tron cua dong chay 2 pha trong khu xody cia nuéc nhay. Nghién ctu véi gia thiét
dong chay trong khu xody cua nudc nhay coi chuyén dong cua chat 16ng & trang théi
thay d6i dan tir mit cit truede sang mit cat sau khu xody véi trang théai on dinh trong
dong chu luu. Xem xét phuong trinh can bang ning lugng cho chuyén dong caa dong
chay tir mat cit (1-1) sang mat cat (2-2), thé hién tai so d6 Hinh 2.3 va Hinh 2.4.

Pudng ning

Az

- ~—0) P

by N\Qﬂc‘“ u Matcat (2-2)
Mitcit (1-1)

Hinh 2.3 So d6 dong tia va mat cdt wot  Hinh 2.4 So dé phan tich phwong trinh
Cua nuoc nhdy sau dap tran nang luong trong nuwoc nhay

Goi ton that nang luong giita 2 mat cat trude va sau khu xody 1a AE | tiéu hao
nang lugng ndy dugc mo ta boi 2 ton that dong chay, gom ton that cuc bo va ton that
doc duong, nhu sau:

AE =hy +h, (2.19)

CAc gi4 tri ton that duoc xac dinh nhu sau:

+ T6n that cuc bo (he) duoc coi nhu loai ton that mé rong dot ngot. Do dong
chay trong nudc nhay c6 mat cat mg rong dan tir A; dén Ao, dudng mat nudc trung
binh ¢6 dang logarit, dong chay dot bién mé rong s& ngan hon chiéu dai dong chay
khu xody (0 < x < Lr/2) [1], nén dé xac dinh gia tri ton that cuc bo trung binh cho
toan khu xody, nghién ctru da st dung van téc trung binh giira 2 mit cit dé phan tich
t6n that theo dinh dang cua cong thirc Boorda-Canot.

Ton that cuc bo duoc xac dinh nhu sau:

2\ 2
h, =(1—%J \2/—;’ (2.20)
2
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+ T6n that doc duong (ha) duoc xac dinh theo phuwong trinh co ban cia dong
déu va tinh véi do déc thay luc trung binh c6 dang tuyén tinh trong khu xoay (d6 déc
duong nang), nghién ciu trong trang thai dong chay réi thanh nham. Ton that doc

duong dugce xac dinh nhu sau:

22
h, = L

Thay (2.20), (2.21) va (2.19) vao phuong trinh (2.24) co:

2\
AEz(l—ij ﬁ+Q_22|_ (2.22)
AZ 2g Ktb
AE—(1-A,1A,) (V212
- L= (1-A 2)2( 5/2) (2.23)
(Q/Ky)
trong do:

hw 13 d6 su dong chay trung binh giita 2 mat cat trude va sau nudc nhay

ity

h, =S¥

Vi, Ko 12 van téc va Modun luu lwgng trung binh gitra 2 mat cat tinh theo hy.
Ko =AuCrvRe

A, Cir VA Ry 12 dién tich mit cit, hé s6 Chezy va ban kinh thay lyc tinh theo
gia tri hp.

AE 1a tiéu nang trong nudc nhay (m), dugc thé hién nhu sau:

RAVA o, V2
AE = 1V1 | 2V2
(yﬁ 2 j (yr+ 2 ] (2.24)

Cong thirc (2.23) 1a cdng thire Iy thuyét xac dinh chiéu dai tir mat cat 1-1 dén

mat cat 2-2 cta dong chay, phuong trinh nay thiét 1ap dya trén dong chay 6n dinh
thay doi dan, duoc st dung lam co s& dé nghién ctiu chiéu dai khu xody cua nuéc
nhay.

Trong thuc té, c6 rat nhiéu cac yéu té tac dong dé hinh thanh nén chiéu dai
khu x0dy cua nudc nhay, dic biét qué trinh dong tia réi va khuéch tan ban khong gian

& trén mai kénh dan. Trong d6 cong thirc x4c dinh chiéu dai tir ton that doc duong co
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¥ nghia biéu thi twong ty nhu dic trung vé ng suat bé mat day cia dong chay, nén
c6 thé coi la thanh phan luc ma sét 1én dong chay, nhung chua mé ta dugc dic trung
khuéch tan réi trong 1ong dan va bé mat mai déc kénh.

Bén canh d6, cong thirc cong thirc (2.23) duogc viét trong diéu kién dong chay
6n dinh, nhung d6i véi dic trung cua khu xody cia nudc nhay 1a sy bién doi mé rong
dot ngot vé dong chay, nén cong thire (2.23) s& cho gia tri rat [on so vai thuc té chiéu
dai khu xody cua nuéc nhay. Vi vy, xac dinh chiéu dai caa khu xody thi can phai bd
sung cac hé sé theo nghién ctru thuc nghiém.

2.2 Co sé& ly thuyét twong tu va md hinh hoa
2.2.1 Ly thuyét vé phan tich thir nguyén
2.2.1.1 Thir nguyén cua mot dai luvong

Phan tich tht nguyén 1a mot phuong phap giai quyét mot van dé vat ly bang
cach ddng nhat cac tham sé dé giam sé luong cac bién cé lién quan. Phan tich tha
nguyén rat hiru ich trong thyc nghiém mé hinh vi nd cung cip maot chi dan vé céc yéu
t6 anh hudng dén cac hién tuong dugc nghién ciu [5][22].

Bang 2.1 Cac thir nguyén co ban

TT Dai luong Don vi Thtr nguyén (Hé MLTO)
1 Khoi lugng kg M
2 Chiéu dai m L
3 Thoi gian S T
4 Nhiét do °C 0

Hau hét cac phuong phap pho bién dugc sir dung trong phan tich thir nguyén
1a phuong phap Rayleigh (nguyén 1y co ban) va Ly thuyét Pi caa Buckingham. Trong
nghién ciu ¢ day, ap dung dung Ly thuyét Pi ciia Buckingham dé phan tich céac yéu
t6 anh huong t6i ddi tugng nghién cuau.
2.2.1.2 Ly thuyét Pi (I1) ciia Buckingham

Ly thuyét Pi (IT) dwoc hiéu 1a sé lwong nhém khéng thir nguyén dé xac dinh
mot van dé bang téng sé bién n (mat do, do nhét ...) trir di s6 luong cac tha nguyén
co ban dung dé biéu thi cac bién k (vi du nhu d6 dai, thoi gian va khéi luong...)[5].

Phuong trinh theo nhém Pi thé hién nhu sau:
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®(ITy, [To,..., TTnk) =0 (2.25)
Theo ly thuyét Pi caa Buckingham, phuong trinh (2.25) duoc bién déi thanh
mdi quan hé nhu sau:
I, =(I0,, I, ... I1, ) (2.26)
Phuong trinh (2.26) dugc sir dung dé phan tich va danh gia cac yéu td anh
huong dén dai lugng can nghién ctu, déng thoi chi ra cac dic trung dit liéu can thu
thap trong nghién ciru thuc nghiém mo hinh vat ly.
2.2.2 Cdc dai lwong dau vao va ra ciia nghién ciru
Céc yéu t6 lién quan, anh hudng téi dic trung hinh hoc cua nudc nhay chia
thanh nhom dir liéu dau vao va dix liéu dau ra. Cac dit liéu nay duoc thé hién nhu sau:
+ Dir liéu dau vao 1a cac dai luong cha dong diéu khién duoc theo ¥ dinh thi
nghiém gom: Cac thong s6 cong trinh va luu lwong xa qua mo hinh, d6 sau myc nudc
trudc va sau nudc nhay.
+ Dir liéu dau ra 1a do sdu dong chay trudc va sau khu xody, chiéu dai khu
X04y cudn cua nudc nhay.

Bang 2.2 Thiz nguyén cua cac thdng sé thay liee dau vao

TT Théng s6 Ky hiéu | Thtr nguyén

| | Pai lwong dau vao

1 | Chiéu rong day kénh b [L]

2 | Hé sé mai doc m -

3 | Luu luong dong chay Q [L3TY]

4 | Van téc dong chay trudc nudc nhay V1 [LTY

5 | B0 s&u dong chay trudc nudc nhay Y1 [L]

6 | Khéi luong riéng cia nuéc P [ML-]

7 | Giatéc trong truong g [LT

8 | Bo nhét dong luc cua nude H [MLATH
Il | Pailwong dau ra

9 | Bo sdu dong chay sau khu xody cua nudc nhay Yr [L]

10 | Chiéu dai khu xoay cua nudc nhay Lr [L]

-54 -



2.2.3 Hién twong twong tw va chudn twong tw vé kich thwéc mé hinh vit Iy
2.2.3.1 Hién twong tuwong ty

Hai hién tuong goi 1a twong tu (hay dong dang) 13 khi cin ctr trén dic trung
cua hién tuong nay c6 thé suy ra dic trung cua hién tuong kia khi dya vao mot phép
bién dbi co ban nao dé. Do vy, khi nghién ctru vé dic trung thuy dong hoc cua cong
trinh, thiét ké ché tao cac thiét b (oto, may bay...) nguoi ta thuong dua trén mé hinh
thi nghiém tuong tu [5].

Pé xay dung cong thac thaty luc tir phuong phép phan tich tha nguyén, hién
tugng tuong tu dong vai trd quan trong trong xac dinh sé mil twong ty cua dai luong
dan xuat nao do.

Trong co hoc chét 16ng néi chung, thily luc hoc cong trinh néi riéng c6 ba loai
tuong tu co ban [1][5]:

+ Twong ty hinh hoc: Khi mé hinh va nguyén mau cé cac dic trung hinh hoc
tuong tng ty 1& v4i nhau theo mot tidu chuan twong tu vé chiéu dai.

+ Twong ti ddng hoc: Tuong ti vé chuyén dong cua cac thanh phan gitra mo
hinh va nguyén mau. Hay néi cach khac khi cac dai luong vé van tdc, gia toc & cac
diém twong Gmg gitta mé hinh va nguyén méu c6 dai lugng twong tu nhau.

+ Twong tw dong lyc hoc: Tuong tu cua luc tac dung gitra moé hinh va nguyén
mAu nhim dam bao ti 1é nhu nhau cta cac véc-to luc gitta mo hinh va nguyén mau.

Tuong ty dong luc hoc c6 thé ké dén cac twong tur vé s Reynolds va sé Froude,
02 gi tri nay dugc sir dung dé xay dung md hinh nghién ciru thi nghiém.
2.2.3.2 Ung dung dinh ludt twong tir cho dong chdy hé

Trong k¥ thuat thuong xay dung mé hinh thi cac thong sé khdng tha nguyén
phai duoc bao toan giira mé hinh va nguyén hinh, cac théng sb nay dwoc st dung lam
tiéu chuan dé xay dyng mé hinh.

Mot sb tieu chuan duoc thé hién nhu sau:

a. Tiéu chudn Reynolds

S6 Reynolds la thong sé phd bién nhat trong nghién ciru dong chay cua thuy
luc hoc, mé hinh twong tu sir dung sé Reynolds thudng ap dung cho dong c6 4p, nhu
dong chay trong 6ng, dong chay trong may bom hoic cac dong bao quanh vat chuyén

dong véi van toc 1on (nhu may bay, tau thiy ...) [1][5][22]
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S6 Reynolds la ty sé gitta luc quén tinh va lyc nhét, do d6 cac van dé vé dong
chay cua chat long trong d6 luc nhét 1a chu yéu. Khi sé6 Reynolds nho thi hiéu tng
nhét 12 quan trong, khi sé Reynolds 16n thi hiéu tng quan tinh chiém uu thé. Cac mo
hinh duoc thiét ké dé tuong tu theo luat Reynolds, thi s6 Reynolds ciia md hinh phai
bang sé Reynolds ciia nguy@n mau.

Tiéu chuan md hinh Reynolds giira mé hinh va nguyén hinh luén twong dong,
trang thai chay & ca md hinh va nguyén hinh ludn nam trong khu vuc chay rdi thanh
nham.

b. Tiéu chudn Froude

S6 Froude 12 mot tham sé khéng thir nguyén quan trong trong nghién cau dong
chay khong ap, thuong st dung trong xay dueng mo hinh cho kénh ha, dong chay qua
dap tran, nudc nhay, md phong song tac dung vao vat thé (tau, thuyén ...). Vé mat
vat ly, sb Froude dai dién cho ty I gitra luc quan tinh va luc hap dan, nén anh huong
cua trong luc tac dong rat I16n trong mé phong theo tiéu chuan Froude [1][5][22].

Thuec té, m6 hinh twong tu theo sé Froude thudng dugc dung phan tich cac loai
hinh tac dong cua dong chay hd, nhu cin cr trén s6 Froude phan loai nudc nhay,
phan loai trang thai chay... do d6 khi nghién ctru trén mo hinh phong thi nghiém, sb
Froude duoc ding 1am co sé nghién ctru dé dua cac két qua tir mo hinh thi nghiém ra
thiét ké cong trinh thuc té [78][81].

c. Tiéu chuan Weber

Tham s6 khong thi nguyén lién quan dén hiéu Gng sirc cing bé mat, sé Weber
trg thanh mot tham sb quan trong khi xir Iy cac ung dung lién quan dén giao dién cua
dong chét long nhu dong chay cua chét 16ng trong mang mong va sy hinh thanh bong
bong. Tiéu chuan Weber 1a qui luat thé hién cac yéu té caa mé hinh vat Iy duwa trén
s6 Weber, 14 ty sb gitra can bac hai cua luc quan tinh va luc cing bé mat.

Pé dam bao dong chay khéng chiu anh huong cua stc cang mat ngoai, sé We
nhé nhét can 16n hon 54 hay chiéu sau cot nudc tran nho nhat 1a 0,03m [69]. Trong
TCVN 8214:2009 ciing quy dinh d6 sau muc nudc thi nghiém mé hinh khéng nho
hon 2,0 cm (muyc 3.1) [12], gia tri nay c6 thé &p dung trong mét sé thi nghiém hién
truong, con do dac thi nghiém trén mé hinh phai ¢dam bao khdng nho hon 0,03m d6i
véi d6 sau dong chay.
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2.3 Cac ham toan hoc mé ta méi quan hé giira cac dir liéu
2.3.1 Mt s6 thudt todn hoi quy

Cac dang ham s6 héi qui 12 ham f nao d6 dé lién két dir liéu giira hai bién X,
Y véi nhau. Mot sé thuat toan hoi qui duoc &p dung trong nghién ctru nhu sau:

a. Hoi quy tuyén tinh

Ham hoi quy tuyén tinh c6 dang:

Y=aX+b (2.27)

trong do: a, b 1a céc thdng s6 can xac dinh tir tap hop bo s6 (X,y):i.

b. Héi quy phi tuyén
- Tuong quan da thtrc
Y =ar+axX +azx? + arsx3 + ...+ an.x"? (2.28)
trong d6:  au, a...an 12 cac hang sb tinh toan

- Tuong quan liiy thura

Y =axt (2.29)
trong do: a 1a hé 6, t 14 6 mil ciia ham tuwong quan.

- Ham tuwong quan phi tuyén da bién

Y=a. X" +a, X} +..+a.X" (2.30)

Céc ham tuong quan trén duoc tinh todn va phén tich day da trong phan mém
MS Excel va IBM SPSS 26 [25] khi xir ly dir liéu nghién cu.

2.3.2 Tiéu chudn kiém nghiém két qua tinh todn
a. Hé so twong quan (R?)

Trong hdi quy, hé sb tuong quan R? 13 mot thude do vé mic d6 gan dung cua
cac du doan hoi quy véi cac diém dit lidu thuc. Gié tri R? dat t6i 1 chi ra rang nhitng
du doan hoi quy hoan toan phd hop véi dit liéu. Gia tri ciia R? ndm ngoai pham vi 0
dén 1 o thé xay ra khi m6 hinh phu hop véi dit liéu kém, céc gia tri siéu phang hoic
nam ngang.

Hé s6 twong quan duoc xac dinh nhu sau:

SS Z(yi _fi )2

R2 :1_ res :1_ i (231)




trong do:
+ SSres: TOng binh phuong do sai 1éch gitra tinh toan va thuc do

+ SStot: Tong binh phuong do sai 1éch so voi gia tri trung binh
o . — 1
+ Gi4 tr1 trung binh dugc xac dinh nhu sau: y, = — Z Y,
N

+Vyi: Céc gia tri thuc do
+ fi: Cac gia tri tinh toan
Can ctr vao phan tich dix liéu thdng ké, cho thay gia tri R? s& cho mirc d6 danh
gia nhu Bang 2.3 sau [46]:

Bang 2.3 Ddnh gid mikc dg tirong quan giira c&c bién

TT Hé s6 R? Muc d6 danh gia
1 0,80 = 1,000 Tuong quan rat cao
2 0,60 + 0,799 Tuong quan cao
3 0,40 +~ 0,599 Tuong quan trung binh
4 0,20 + 0,399 Tuong quan thap
5 0,00+ 0,199 Tuong quan rét thap

Trong phan mém MS Excel, IBM SPSS 26 cac chudi sé duoc danh gia bang
chi s6 R2 Cac ham tuong quan dugc xac dinh khi ¢6 s6 R? tét hon.
b. Sai s6 twong doi (&)

Sai s6 tuong ddi duoc tinh theo ty 1& phan trim, nham muc tiéu danh gia sai

sb gitra s liéu thuc do va tinh toan.

il
e = 211100 (%) (2.32)

i
Sai s6 tuyét dbi trung binh & c6 gia tri tir 0 dén 100, khi gia tri sai s nay cang
gan 0 thi phwong phap tinh toan cang dam bao d6 chinh xac vé thuat toan.
C. Sai sé tuyér doi trung binh (MAE)
Sai s6 tuyét ddi trung binh (Mean Absolute Error — MAE) la chi sé trung binh
ctia cac sai sé trong mot tap hop cac gia tri, nhung khong xem xét duoc xu. Sai s6

tuyét ddi gitra du doan va quan sat thuc té, duoc xac dinh nhu sau:
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MAE = %Z|yi —f,| (2.33)

i=1

MAE cang gan 0, thi md hinh hdi quy cang tt.
d. Sai ¢ binh phirong trung binh (MSE)

Sai sd binh phuong trung binh (Mean squared error - MSE )[85] la mét
cong cu dung dé do gia trj trung binh binh phuong cia cac sai so.

Thuec té 14 MSE ludn 1udn c6 gié tri duong (ludn khac 0) 1a do ngiu nhién cua
gi4 tri thyc té tao nén su sai khac nhat dinh véi gia tri du bao. MSE 1a thudc do chat
luong ctia mot cong cu wdce lwong va co gid tri cang gan 0 cang tot.

MSE = %Zn:(yi ) (2.34)
i=1
e. Sai s¢ chudan (RMSE)
Sai s6 chuan (Root Mean Square Error - RMSE)[85] 1a cin bac hai cua trung

binh vé su khac biét binh phuong giita gié tri du doan va quan sat thuc té.

n 2

RMSE = \/EZ(yi ~f,) (2.35)

)

Gié tri RMSE cang gan 0, phuong trinh hdi quy cang tét.
2.4 Ly thuyét co ban vé mo hinh Hoe may “Rirng ngiu nghién”
2.4.1 Khéi quat chung

Hoc may (Machine Learning) la mot tip con cua Tri tué nhan tao (Artificial
Intelligence) dugc phat trién tir nhitng thap ky 80 cia thé ky 20 [8], Hoc May 1a mot
linh vyc cia Khoa Hoc May Tinh c6 kha nang tu hoc hoi dua trén co s¢ dit li¢u dua
vao ma khong doi hoi cac thuat toan 1ap trinh cy thé cho ddi tugng nghién ciru.
2.4.2 Danh gia dit liéu ciia nwoc nhdy va sw phu hop voi thudt toan Hoc mady

Dir liéu sir dung cho giai phap Hoc may phai dam bao tinh doc 1ap va c6 méi
lién hé vai muc tiéu phan tich. Trong nghién ctru nuéc nhay cac dac trung hinh hoc
nhu d6 siu sau khu xody, chiéu dai caa nudc nhay c6 xét dén cac yéu td anh husng
déu c6 tinh doc 1ap va théa man cac dic trung co so dit liéu &p dung cho qué trinh
hoc may. Bé kiém tra trong cac md hinh Hoc may, s& sir dung mét phan co sé dit liéu

dé kiém d6 chinh xac ciia mé hinh.
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Can ctr vao truong dir liéu phan tich & trén, cac sb liéu thu thap trén md hinh
vat 1y tong hop lai gom c6 (Lr, y1, yr, Q) la céc gié tri doc 1ap, con (m, b) 1a théng sb
ctia md hinh nghién ctru, méi mé hinh nghién cau c6 mot gia tri hinh hoc (m, b) riéng.

Nghién ctu & ddy, s& xem xét sy bién doi cac thong sé (Lr, y1, yr, Q) cho mdi
truong hop thi nghiém. Sé 1an 1am thi nghiém cang nhiéu, co s& dit liéu phan tich méi
quan hé giita cac bién muc tiéu va bién dir liéu cang chit chg.

Trong quan hé ham sd, cac théng s (Lr, 1, Yr, Q) 6 mot quan hé chat ché nao
do, tc 1a xay dyng dugc mot ham sé dé dam bao cac dit lidu “vira khop”. Nhung
thuc té o rat nhiéu yéu t6 tac dong, cling nhu sy bién doi cac thdng sé quan sét trong
thuc té, nén dan dén céc sai s6 ngau nhién khach quan, diéu ndy lam cho cac thong
sb co ban hoac cac té hop cac thong sé co ban sé phan tan, nhung thudng xoay quanh
mot gia tri hoi tu nao do6, cin c trén cac gia tri nay co thé ding cac thuat toan hoi
quy dé phan tich su hoi tu caa cac théng sé nudc nhay.

Piéu nay cho thay, phuwong phap Tri tué nhan tao, Hoc may hoic Hoc sau co
thé 4p dung vao nghién ctru dic trung hinh hoc caa nuéc nhay.

2.4.3 Phan tich gidi thuat “Hoc Mdy” trong nghién ciru ddc trung nwoc nhdy

Ap dung Hoc may trong phan tich cac dic trung thiy luc trong nudc nhay,
duogc mo ta bang mot quy trinh nhu sau:

+ Bwdéc 1. Phén tich bai todn thuy lyc cho hién tugng nudc nhay trén kénh
lang tru thong qua cac phuong trinh toan hoc hoac cac céng thirc thuc nghiém da co,
dé danh gia mdi quan hé giita cac yéu té thuy luc véi nhau. Phan nay thuong ding
phuong phap kinh nghiém (phan tich cac céng thirc da c6) hoac dung phuong trinh
toan hoc dé mé ta (ap dung ly thuyét Pi ciia Buckingham dé phan tich).

M6 hinh phan tich Hoc may mé phong nhu Hinh 2.5 véi ham s6 f 1a thuat
toan dung dé phan tich trong mé hinh Hoc may, tham sé (a, b, ¢ ...) 1 co so dit lidu

dau vao, gia tri y 12 ham muc tiéu tinh toan.
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Thong tin Dit liéu —
Loai nudc nhdy
Luu lugng (m3/s)
Thong tin d4u vio Do sau trude nude nhdy (m)
Do rong long dan (m)
Hé s& mdi doc Pau vao
S6 Froude .
Do nhdm long dan ...
Thong s6 Do siu sau nuc nhdy f
phan tich thiét k& Chiéu dai nudc nhay y=f(ab,c,....)

Du bdo d6 siu " Paura
va chiéu dai nu6c nhdy

San phim

Hinh 2.5 So d6 phan tich Hoc may cho diz liéu trong niréc nhay

+ Bwéc 2. Xay dung mo hinh thi nghiém, thuc hién thi nghiém va thu thap cac
dix liéu tir mé hinh thi nghiém vat ly, xi ly dit liéu thd va xay dung tap hop thong sé
dé dua vao mé hinh hoc méy dé phan tich. Dir liéu chia ra lam 2 loai: Dit liéu muc
tiéu (thdng sé can du doan) va dir liéu lién quan (bién phan tich). Dit liéu muc tiéu
can phan tich 12 6 sau sau khu xody (yr) va chiéu dai nudc nhay (L). Bén canh d6
can c6 1 bo dir liéu st dung dé kiém dinh mé hinh hoc may.

+ Buwdc 3. Vi rat nhiéu cac loai md hinh Hoc may khac nhau, can xac dinh
md hinh phu hop véi dic diém cua bai toan nghién cau

+ Bwéc 4. Kiém tra tinh toan du biao mo hinh nuéc nhay. Dung bo di liéu
kiém dinh md hinh hoc may da xay dung ¢ trén dé dy bao cac két qua tinh toan, so
sanh két qua tinh toan véi két qua do dac thuc té, danh gia sai s6 ctia mo hinh.

Véi cac phan tich trén, dwa vao dic diém ciaa mé hinh Hoc may, nghién ctu
s& phan tich di sau vao tng dung mo hinh Hoc mday “Rirng ngau nhién”, trong d6 mo
hinh “Cay quyét dinh” 1a mét bo phan co s& ciia mé hinh “Rirng ngau nhién”.

2.4.4 Mé hinh hoc mdy “Cay quyét dinh”

Cay quyét dinh 12 mot trong nhitng phwong phap tiép can mé hinh dy doan,
duogc sir dung trong thong ké, khai thac dir liéu va phan tich xu huéng. Sir dung cay
quyét dinh (nhu mot mé hinh dy doan) dé di tir cac quan sat vé mot gia trj muc tiéu
ctia thong sd d6 (biéu dién trong cac nhanh) dén két luan (biéu thi trong cac “I&”).

Thuat toan hoi quy cua “Cay” s& s dung sai sé trung binh binh phuong
(MSE) d& quyét dinh tach mot nit “Quyét dinh” thanh hai nat “14” va “nat quyét
dinh” méi [39][61][77].
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Nt quyét dinh =Nitgose |
Nhénh cay \ =>[Nhdnh |

=
[ Nt quyét dinh | [ Niit quyét dinh | —>|Niit bén trong

Nat quyet dinh

Qi
£ > Niit 14
:> [nt dau cudi

Hinh 2.6 So d6 phan tich mo hinh Cay  Hinh 2.7 C4u tric thugt toan cua cay
quyét dinh nhj phan quyét dinh nhj phén

Xem xét mot “Cay quyét dinh nhi phan”, thuat toan dau tién s& chon mét gia
tri va chia dir liéu thanh hai tap “con”. Béi véi mdi tap hop “con”, md hinh sé tinh

toan gia tri MSE riéng biét. “Cay” s& chon “nhanh” gia tri co két qua la gia tri MSE
nho nhét dé tiép tuc phan tich [39][61][77]:

min,, {Z(yi ~ Ve )2} (2.36)

Trong d6: yi la gia tri thuc té du doan trong ving R; y, la gia trj trung binh
cua vung dugc chon R.

Cay quyét dinh nhi phan 1a mdi ndt chi ¢ 2 phan “nhanh, 14” va phan tich 1an
luot cho tat ca c4c bién trong truong dir liéu.
2.4.5 M6 hinh hoc mdy “Rirng ngdu nhién”

“Rimg ngau nhién” 13 mot tip hop cua nhidu “Cay quyét dinh”, trong d6 mdi
“Cay” duoc tao ngau nhién tlr viéc tai chon mau (chon ngau nhién 1 phén cua dir li€u)
va chon ngau nhién cac bién tir toan bd cac bién trong trong dir lidu.

Véi mot co ché nhu vay,
Cay 1 Cay 2 Cayn

“Rirng ngiu nhién” s& cho mot két

2i i}‘% 2§E %% oo 2§E 1}(%
qua chinh xac cao hon, nhung f ) - fa )
khong thé ndm bét duoc co ché \\ /

hoat dong cua thuat toan, do cau Trung b iz cho
u doan

tric qua phuc tap cia mo hinh @

[20][39][61][77].
M6 hinh Hoc may “Rurng

ngau nhién” thudc vé phuong . .
) o Hinh 2.8 C4u trac mo hinh “Reng ngau nhién”
phap “Hoc c6 giam sat”.
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Thuat toan caa mo hinh rirng ngau nhién c6 thé mo ta nhu sau:
g(x) = Zaifi (%) (2.37)
i=1

trong do:
fi(x) 1a m6 hinh co s& cua “Cay quyét dinh” thi i
ai: Trong s6 ciaa md hinh “Cay trong rung”, Zai =1

K§ thuat thé hién trong (2.37) dugc sir dung rong rai va co hiéu suat du doan

tét, con duoc goi 1a “Tap hop cac mé hinh”.

2.5 Ung dung quy hoach thuc nghiém trong nghién cétu nwéc nhay

2.5.1 Cdc ddic diém ciia mé hinh thi nghiém diam béo diéu kién twong dong véi cong
trinh thuc té

Nghién ctru nudc nhay trong phong thi nghiém la viéc xay dung mét mo hinh
thu nho, trén d6 phan tich cac dic trung thuy dong luc hoc, cac hién tuong va moi
turong quan gitra Cac hién tuong, trén co s¢ ung dung cac phép bién d6i twong tu dé
dua cac két qua nghién ciu trén mo hinh vao thiét ké cong trinh thyc té.

M® hinh thi nghiém xac dinh cic dac trung hinh hoc cua hién tugng nudc
nhay, bao gom céac tham sb vat 1y ciia mé hinh dugc xem xét dén [32]:

+ Dgc tinh cia chat long: khéi lugng riéng, hé s6 nhat dam bao gitta md hinh
va nguyén hinh, nghién caru mot loai chét long 1a nuéc. Vé stic cang bé mat dam bao
d6 sau dong chay tdi thiéu (y > 3cm) trong md hinh thi nghiém, dam bao diéu kién
theo tiéu chuan Weber.

+ Kich thwéc hinh hoc: Ty 1é mat cat ngang, mai déc, vat liéu lam kénh (46
nham bé mit), qua trinh hinh thanh nuéc nhay sau cong trinh (dap tran)... dam bao
su twong ddng gitra md hinh va cong trinh thyc té. M6 hinh thi nghiém dang kinh
hiru co ¢6 hé s6 nham Manning n = 0,011 (&4p dung cho hé sé mé hinh AL = 20 + 120),
tuong duong hé s6 nham cua bé tdng trong cong trinh thuc té (n = 0,015 + 0,023).

Kich thuéc mé hinh 1ong dan, dép tng diéu kién chiéu rong day kénh b>20cm
(diéu kién loai bé anh hudng caa thanh bén, strc cang bé mat tac dong 1én dong chay
trong mo hinh thi nghiém). Vi cac cong trinh nghién ciu va thi nghiém mé hinh

thuc té, cho thay kich thudc chiéu rong kénh hinh thang dam thi cho thi nghiém mé

-63 -



hinh 12 0,2m <b < 0,6m ( thé hién ¢ Bang 1.4, hoic nhu mé hinh thi nghiém caa Thuy
dién Na San c6 b = 0,58m[7], Thuy dién H6i Xuan c¢6 b = 0,5m...). Khi thiét ké md
hinh thi nghiém, lya chon kich thudc kénh phi hop véi dic diém va diéu kién thi
nghiém cta cum cong trinh dau madi (dap tran, cira van...).

+ Piéu kién bién cia dong chdy: Luu lwong, do sdu trudc va sau nudc nhay,
chiéu dai nuéc nhay, van tdc trung binh ... déu dugc xac dinh theo ty Ié & dang khéng
thir nguy@n trén md hinh nghién ciu. Bé dam bao nghién ctu thoa mén cac twong
quan gitta md hinh thi nghiém va cong trinh thyc té, chi tiéu vé can dap ung la sb
Froude. Nén mé hinh thi nghiém can dam bao dai dit liéu vé s6 Froude trong pham
vi nghién cau. Nhu vay, cac dic trung thuy dong s& c6 quy luat bién doi trén mé thi
nghiém tuong tu V&i cong trinh trong thyc té.

+ Cdc dac tinh cia dong 2 pha (pha khi va long), cac truong chay réi vi mo
(nhu &p suat mach dong) ..., duoc nghién ciru dudi dang cac dic trung stic can dong
chay trén md hinh.

+ Hang so vdt 1y co ban: gia toc trong truong (g), 6 dbc long din (i = 0)...
thoa man cac diéu Kién tuong tu céng trinh thyc té

Trong nghién ctiu ¢ dy, s& phan tich dic trung hinh hoc nudc nhay mét chiéu
doc theo 1ong din dua trén cac qua trinh don gian héa va xét dén céc hé sb thuc
nghiém dé dic trung cho cac tham sé anh hudng dén nudc nhay.

2.5.2 D¢ sdu dong chdy sau khu xody cua nwéc nhdy
Ap dung phuong trinh tich phan (2.18), cac yéu té anh huong chinh dugc viét
dudi dang quan hé ham sé:
f(yr, y1, Q, V1, Vo, m, b, ., 0, p, 1, G, ZE)=0 (2.38)
Trong phuong trinh (2.38) c6 quan hé nhu sau:
AV, =A,V, hayQ=AV
Nén phuong trinh trén lugc gian cac yéu té trung hop, con lai:
f(yr, y1, V1, b, u, p, m, g, 2)=0 (2.39)
Trong phuong trinh trén c6 sé lwong bién doi doc 1ap 12 9, chon 3 thir nguyén

co ban 1a M, L va T, khi d6 mot dai lwong s& duoc biéu dién theo cong thirc s6 mil
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cua céac thir nguyén co ban (M2.L°.T¢) . Trong sé céac bién (V1, y1 va p). Cac gia tri
trong ham Pi dugc xac dinh lai tir (2.39) nhu sau:

f(yr, b, n, m, g, Z€)=0 (2.40)

I, = Vyp™y,

I, =[ LT ][] [ML® ] [L] = moLT°

I1, = M% Lo T8 = MO

Pdng nhat thir nguyén 2 vé co:

c,=0 c,=0

a,+b,—-3c,+1=0 =b, =-1

-a,=0 c,=0
Ta co: leﬁ

Y1
I, =Vi2y2pb = 11, =[ LT[ [L]* [ML?]" [L] = M°L°T®
Tuong ty giai dugc:
{a,=0  b,=-1 ¢,=0}

Vay: I1,=—

I, = V/°. fa P 1
I, =[ LT L] [ ML [ [ ML T [ = MOLT®

M Cz3+1 Laa+b3 -3¢ —1—I——a3—1 =M 0 LO-I—O

Poéng nhat thir nguyeén, giai ra duoc:

{a;=-1  b,=-1 c¢,=-1} Vay: 1‘13:\/M
IM,=m

I = V1a5- fs p=g

I, = [LT‘lTS [L]™ .[ML—3]°5 [LT?]=MLT°

H5 — MC5 .La5+b5—3c5+1.-|-—a5—2 — MOLOTO
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Viy. I = V172y1 g= %
1

Két qua phan tich tha nguyén theo ham I1 & (2.40) c6:
o(IT,,I1,,11,,IT,, I, T ) = 0

Y. b oy, J
ol 21,—, e (2.41)
(yl Y, Voyip VZ

trong do co: I, = mo_ 1
V.y,p Re
Pay la gia tri nghich dao cua sé Reynolds, mé hinh dugc thi nghiém véi dong
chay & khu vyc binh phuong stc can thoa man diéu kién Re > Regn nén bé qua anh
hudng cua Reynolds.

_gy: 1

VR
Pay la gia tri nghich dao cua s6 Froude trudc nudc nhay.
Phuong trinh (2.41) tré thanh

P

Phuong trinh phan tich theo Ly thuyét IT ciia Buckingham dugc thé hién:
ﬁ:\{f{ ,m, Fr, Z&j
Y1 Yi

Trong phén tich cho thay, gia tri ¢6 sau lién hiép cd lién quan véi hé s6 mo

rong mit cat va sé Froude trude nuéc nhay. Quan hé twong quan thé hién nhu sau:

Loy (myl Fr zaj (2.42)

Néu m = 0, bo qua ton that thi quan hé (2.42) con lai la Yo _ =¥ (Fr,) dung voi

Y1

cbng thirc cua Belanger (1882). Cac nha khoa hoc nhu Ratjanam (1968) da mé rong
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cong thizc Belanger dé nghién ctru, dac biét cac nghién ciu véi day co md nham thi
phai xem xét ca hé sb ton thit va dwa vao trong cong thirc tinh d6 sau sau khu xoédy
ctia nudc nhay. Phuong trinh (2.42) thé hién cac dong nhu phan tich tai muc 1.5.
2.5.3 Chiéu dai khu xody ciia nwéc nhdy

Ap dung phuong trinh xac dinh chiéu dai dong chay khu xody cta nudc nhay
(2.23), cho thay gia trj chiéu dai nuéc nhay phu thudc vao cac yéu td co ban nhu sau:

f(Lry, Y, Vi, V,,m,p,ug,b.e) (2.43)

Do théa man cac diéu kién cta phuong trinh lién tuc, nén céc gié tri Vi, V2 va
V tuong duong, chi can sir dung V1 dé tinh toan, cc gia tri dién tich, chu vi uét (A,
P) duoc thay bang tri s6 y1, yr. Gia tri e (@6 nham tuyét d6i) dic trung gia tri K, Vi
Kw = f(R, n) = f(y1, yr, ).

Trong phuong trinh trén s dai luong bién d6i doc lap chi con lai 10. Dung
phuong phap Buckingham (Ly thuyét IT) vai viéc lra chon 3 dai lwong co ban 13 V1
[LT], p [ML?], y1 [L], ta c6 phién ham méi véi 10 — 3 = 7 dai lwong khong tha
nguyén.

f(Lr,y,mb,u,g,e) =0 (2.44)

Theo ly thuyét Pi c6:

B(T1,,T1,, T1,, IT,, T, T, I1, ) =0 (2.45)

Tinh céc gia ITi nhu sau:

M=V et L
I, =[ LT L] [ M2 ] [L] =MoL
Il = Mcl La1+b1—3c1+1 -I-—a1 _ MOLOTO

17 . . =

Poéng nhat thir nguyén 2 vé co:

q,=0 m, =0
m,+n, -39, +1=0 =N, =-1
_m].:O q].:
. L
Taco: I, =—+
Y1

Tuong tu cac gia tri ITi dugc tinh nhu sau:
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I, =m
m, =Yt ; M, =—"  —f(Re)
Y1 VLY.p
b g.y 1 e
H4:— HSZV—;:F H7:—
y1 1 r.l yl

Do md hinh ludn théa man diéu kién Re > Regn, dong chay ludn & trang thai
chay réi thanh hoan toan nham trén ca mé hinh thi nghiém va cong trinh thuc té. Bén
canh d6, ton that chu yéu do dic trung khuéch tan rdi trong khu xody va su cat dong
bé mat bai khong khi [32], nén gia tri ITs, khéng anh hudng dén chiéu dai nuéc nhay,
trong nghién ctu ¢é thé bo qua viéc phan tich cac gia tri nay.

Theo dinh ly Buckingham IT, phuong trinh (2.45) s€ thanh:

B(E,&’m’B’Frﬂij = 0
Yi' Y1 W Y1

E:q{ﬁ,m,pryij (2.46)
Y1 y, b Y1

Phuong trinh (2.46) twong tu Vi cac nghién ciru ciia Rouse va cong su. (1959),
Sarma va Newnham (1973), Hager W. va cong su (1990) [31][30]...

Pbi véi kénh chir nhat va thanh nhan (b6 qua )[79], thi m = 0, thi quan hé
(2.46) con lai:
H:‘I’(yr/yl, Fr,) (2.47)

1

Déi véi kénh hinh thang can, thi c6 quan hé:

2M, +1 m.
Fr,, = ++.Fr1 véi M=
M, +1 b

Nhu vay quan hé (2.46) c6 thé viét thanh:

L
Ll q{ﬁ, Fr.,, EJ (2.48)
Y1 Yi Y1

Phuong trinh (2.48) pht hop véi mét s6 cong thire thuc nghiém xac dinh chiéu

dai nudc nhay da c6. Phuong trinh (2.48) tuong tu nhu nghién ctru cia Hamed Azimi
va cong su (2018)[35], phuong trinh di thé hién day du céc yéu td tac dong dén chiéu

dai nudc nhay (nhu phan tich tai muc 1.5).
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2.5.4 Ciu tgo mé hinh thi nghi¢m

Cin cir trén co sd ly thuyét xay dung md hinh vat Iy, mé hinh thi nghiém céng
trinh nudc nhay sau dap tran duoc bd tri tai Trung thm Nghién ciu Thay lyc thudc
Phong Thi nghiém Trong diém Quéc gia vé Pong luc hoc séng bién, Vién Khoa hoc
Thuy lgi Viét Nam.
2.5.4.1 Muc dich thi nghiém

+ Nghién ctru hién tugng nudc nhay sau dap tran trong 1ong dan ling tru co
mat cit ngang hinh thang.

+ Po dac cac thdng sé cua nude nhay trén cac md hinh.

+ S0 sanh két qua do dac véi két qua tinh toan bang céc cong thic ly thuyét
da xay dung ¢ Chuong 2.

+ Sir dung cac phan mém théng ké (nhu IBM SPSS 26, MS Excel 2019) dé
md phong lai bién d6i cua cong thic Iy thuyét twong tng voi céc gia tri thuc do, tir
d6 dé xuat cac cdng thirc ban thuc nghiém, thue nghiém wng dung cho tinh toan thiy
luc cong trinh.
2.5.4.2 Cac phép do dac duoc thuc hién

Do lwu lwong: Dé xac dinh luu lwong cip vao mé hinh, dung mang luong chir
nhat, véi ngudng la dap tran thanh mong ( Hinh 2.10). Luu lugng duoc xac dinh theo
cong thirc Rehbock.

Fu

P Y T T M T M ™

Hinh 2.9 May thuy binh, mia do d¢ sau Hinh 2.10 Mdng lwong va kim do dé
dong chay xdc dinh luu lvong
M¢ van dé dan nudc vao mang ludng (Hinh 2.10), st dung kim do muyc nudc

trong binh dé xac dinh do cao muc nudce trén dap tran thanh mong trong mang luong.
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Tir d6 sir dung cong thizc Rehbock dé xac dinh luu lwgng dong chay di vao mé hinh
thi nghiém (thé hién gia tri do trén phu luc 5.1).

Do cao dé mit nwéc: Sir dung kim do muc nuéc ¢b dinh, may thay chuan
Ni04 va MIA dé do cao d6 mat nuge (Hinh 2.9), két hop kiém tra bang thudc thép.

Do chiéu dai khu xody cugn cia nwéc nhdy: Chiéu dai khu xody cua nuéc
nhay 14 phép do khé khin nhat vi nd thuong bién dong, nén dugc chi y dic biét.
Chiéu dai khu xoay cua nuéc nhay tinh tir diém trén kénh c6 d6 sau & diém trude khu
xoay dén diém két thic khu xody quan sat duoc ¢ thanh kénh va két hop véi dit liéu
do duong mat nudc. Vi tri khi dong chay quan lai cudi cung 1a diém két thic caa khu
x0ay, co thé quan sat thdng qua bot khi chuyén dong dang vong cung tir day kénh noi
lén mat nude va huéng dong chay nguoc. Trong phép do nay, vi tri két thic xoay
cudn la vi tri tinh theo phuong phap trung binh thoi gian.
2.5.4.3 Cdu tao thi nghiém

+ Mot dap tran mat cat thuc dung duoc thiét ké bang thay tinh hiru co.

+ Kénh thuy tinh c6 mat ¢t ngang hinh thang véi hé s6 mai déc m = 1, chiéu
rong day kénh dugc lya chon la b = 0,55m va b = 0,335cm (dam bao kich thuéc mo
hinh twong duong, pht hop vai cac nghién ctu va cong trinh thuc té), chiéu dai kénh
thay tinh L = 4m.

+ Khu vuc 10ng din ha thap tao 6n dinh muc nude tinh cudi mé hinh va dat
truéc cira cudi, cira cudi sir dung diéu khién nang ha muc nuéc ¢ ha luu va thay doi
phu hop cho cac trueong hop thi nghiém khac nhau.

+ Céc thiét bj do myc nuéc va khéng ché muc nudc ha luu khi thi nghiém.

Khu ha luu diéu

Ho nuéc tinh ~ Pap tran Maing kinh thi nghiém khi€n dong chdy
H Znguong 5
— = Khu x04y cua Khu
nudc nhay P r}u’(’jc Cira
8 tinh  cyei
Az \W%ﬁ Y2 BE . \ %
‘ 700 W L#_’ R=—=
Li

Hinh 2.11 So dé mdt cat doc md hinh thi nghiém
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50]
1
50

650
550

50

/
i = y ' y '
L 10y m= m=

L 700 | 335 550

Hinh 2.12 Mdt bang thiét ké dau méi Hinh 2.13 Cac mdt cdt ngang 1ong ddn c6
tran co cia hé s6 mai doc m = 1

Hinh 2.14 Lap dat, can chinh ddy Hinh 2.15 Ldp dat dap dau méi va hoan
kénh dan dam bdo day phang thién trén mé hinh véi b = 55cm

« LA LF

Hinh 2.16 Hé thong van diéu khién Hinh 2.17 Bdp ddu moi va kénh

thay doi muec medc ha lwu dap hinh thang c6 b = 33,5cm
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2.5.4.4 Pdnh gid sai s6 mé hinh

Sai s6 thuc nghiém mé hinh vat ly bao gom sai sb trong ché tao, xay dung va
do dac sb liéu. Dic biét sai s6 trong qua trinh do dac dix liéu, do qué trinh réi manh
ctia nuwdc nhay. Céc sai s6 dugc phan tich va danh gia nhu sau:

+ Sai s6 do ché tqo:

- Sai s6 tai mang luong: Sai s6 kich thude mang ludng +1mm va do rong thyuc
té ctia mang luong l1a 800mm.

Sai s6 tai mang ludng xac dinh: 1/800 ~ 0,1%

- Sai s mang kinh: Kénh dan kinh c6 do rong day 1a 0,55cm va 33,5cm. Qua
trinh gia cong kénh kinh theo dang tiéu chuan thi nghiém véi sai s6 £2mm.

Sai s6 twong dbi 1on nhat duoc xéac dinh: 2/335 ~ 0,6%

- Sai s6 dap dau médi: Pap dau méi ché tao bang kinh hitu co, c6 sai s6 +0,2mm,
kich thudc bé rong dap nho nhat 33,5cm, twong (ng Véi sai s6 16n nhat 0,12%. Do
sau dong chay nho nhat 3cm tuwong (ng sai s6 0,6%.

- Sai sb 16n nhat dap dau mdi mac phai bao gém ché tao, xay dung va lap dat
Ao _ ‘ Ah

h

theo chiéu ngang va dung la: — + ‘%’ =0,6+0,12=0,72(%)
@

+ Sai s6 do thiét bi

- Sai s6 do muc nudc bang kim do 13 0,1mm;

- Sai s6 do myc nuéc bang mia va may Ni04 12 0,1mm;

- Sai 6 do chiéu dai bang thudc thép 1a 0,5mm (1/2 khoang chia);

+ Sai 6 trong qua trinh thu thdp dzz liéu theec nghiém

- Sai s6 tinh luu lugng bang cdng thirc Rehbock qua méang luong 12 1%;

- Cao trinh muyc nuéce nho nhat 30cm, sai s6 khoang 0,33%.

Keét lugn: Cac sai s6 ciia md hinh giéi han trong pham vi céc gi tri cho phép
theo TCVN8214:2009. M6 hinh du diéu kién dé nghién ctu thi nghiém.
2.5.4.5 Piéu kién dp dung mé hinh

Nghién ctru cho dong chay ha, yéu té trong luc dong vai tro chit yéu, diéu nay
thé hién qua s Froude, hay c6 thé néi s6 Froude cua mé hinh va nguyén hinh twong

tu nhau. Cac bo dit liéu nghién ciru déu dam bao sé Frpy = 4,0 + 9,0.
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Bén canh d6, vé ché o dong chay giita mo hinh va nguyén hinh tuwong tu, thé
hién qua trang théi chay, diéu nay dugc dam bao thong qua s Reynolds. Giit mé hinh
va nguyén hinh dam bao trang thai chay réi thanh hoan toan nham (chay réi & khu
sirc can binh phuong). S6 Reynolds nghién ciu ¢6 gigi han tir 87.000 dén 280.000
(Phu luc 5.2), I16n hon Regh= 5.000+10.000 (Hoang Van Quy, 1979).

P6 nhdm ciia mo hinh va nguyén hinh dam tinh twong tu, diéu nay thé hién
qua cac nghién ctru vé dic trung hinh hoc c6 anh hudng béi yéu td ¢6 nham 1ong dan
(Chuong 2, Chuong 3), m6 hinh sir dung kinh hitu co twong duong khi phan tich cho
nguy@n hinh bang bé téng véi ty 1é mé hinh tir A = 20 + 120.

Vé anh huong d6 nhét, dic tinh chat long va stc cing mit ngoai, cac thi
nghiém dam bao d6 sau dong chay y > 3cm va chiéu rong day long dan b > 20cm.
2.6 Phwong phap thi nghiém va xir Iy sé ligu
2.6.1 Cac trwong hop nghién cvwu thi nghiém moé hinh

Tur phan tich méi quan giita cac dic trung thuy dong cua nudc nhay bang ly
thuyét ham Pi, cho thiy cac dai lugng can thu thap ¢ mdi cap thi nghiém nhu sau:

Bdng 2.4 Céc thong sé do dac trén md hinh thi nghiém vat ly

TT Théng sb Ky hiéu Pon vi Ghi chu
1 | Luu luong dong chay Q ms3/s Do trén mang luong
2 | Do sau trude nudc nhay Y1 m Do trén mo hinh
3 | B sau sau khu xoay Yr m Do trén mo hinh
4 | Chiéu dai khu xoéy L m DPo trén mo hinh

Xét thyc nghiém yéu tb toan phan 2 mic m yéu t6 anh huong thi s6 thi nghiém
t6i thiéu phai thuc hién 12 2™ [3]. Trong nghién cau ¢ day, cac chudi thi nghiém duoc
lap 14 t6 hop cua cac théng so: Q, yi, Y2 Va L.

Nhu vay sé thi nghiém téi thiéu can thuc hién l1a: N = 2% = 16 thi nghiém.
Xay dung kich ban véi théng sé dau vao thi nghiém véi 14 cap luu lugng tir 201 m3/s
dén 0,04 m3/s. Mdi cap luu lugng khong ché do sau dong chay y» thay doi tuong
duong 2 hoic 4 1an. Téng cong cd 45 trudng hop thi nghiém khi t6 hop véi muc nuéce

ha Iuu (dam bao diéu kién dit liéu thi nghiém st dung trong nghién citu thyc nghiém).
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2.6.2 Phwong phdp thi nghiém va thu thdp dit liéu thi nghiém
2.6.2.1 Phwong phap thi nghiém

+ Phuong phap thuc hién duoc tién hanh véi dai luu luong tir 16n nhat (Q =
201 1/s) d@én nho nhat (Q = 40 I/s) chay qua dap tran va phan chia 14 cép luu luong
(cAp luu lwong phan chia dya trén luu luong 16n nhat va nho nhat caa dong chay qua
dap tran, phan chia cac truong hop do dé dam bao cho sé Froude truéc nhay dai dién
cho cac truong hop nuéc nhay 6n dinh).

+ M&i trudng hop thi nghiém duoc tién hanh theo cac bude: Cho nudc chay
qua dép tran, diéu chinh muc nudc ha luu dé tao nude nhay & 10ng dan trén kénh mat
cit ngang hinh thang. Nhu vay, mdi cap luu luong s& tao dugc mot trudng hop nude
nhay & chan cong trinh, dong thoi thay d6i muc nuéc ha luu tao ra 2 dén 3 truong
hop nuéc nhay trong 10ng kénh dan (phuong phap thuc hién la nang cao dinh dap tran

bang phai chan hoic tao nude nhay ty do trén long dan khi ha thip mirc nudc ha luu).

+ Pit may thuy chuan, can bang va xac dinh mbc do dac tai vi tri dat may thuy
chuan (hinh 2.21), mbc do tai day kénh din hinh thang, do thém mdc trén thanh dap
tran (Kiém tra muc nudce trén dinh dap tran dau moi).

+ Mot ngudi cam MIA dung trén cau do, dat dau MIA (dinh nhon miii thép)
Va0 Vi tri can do (hinh 2.20 va 2.21), khi d6 nguoi sir dung may thuy binh s& doc dit
licu. Két hop dir lidu moc tai vi tri may do, moc day kénh va cao d6 diém do dé xéac
dinh d6 sdu muc nudc tai vi tri do. M&i mat cit do sé do tai 3 diém (nhu hinh 2.18),
va lay gia tri trung binh dé xac dinh do sau dong chay (Két qua do chi tiét mot s6
truong hop dugc thé hién tai Phu luc 5.1).

+ Xac dinh chiéu dai khu xody bang thudc thép, day 1a budc khi khan khi thyc
nghiém. Pau tién x4c dinh vi tri bat dau nudc nhay (Hinh 2.24), vi tri nay xac dinh
thuan loi do vi tri bat dau khu xody d& xac dinh, sau d6 dinh vi vj tri dau khu xoay
trén thanh bé. Tiép theo, quan sat dic trung khu xody ¢ thanh bé, dic diém bé mat
khu xody dé xac dinh vi tri két thic khu xoay, danh dau trén thanh bé (Hinh 2.23).
Dung thudc thép dé do chiéu dai khu xody (Hinh 2.24).
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Nt/

l {

550

Hinh 2.18 Cac vi tri do Hinh 2.19 Kim do muc Hinh 2.20 Do muc niréc bang
cao do mat nuwoc nude thuong luu long ho MIA vdi kénh c6 b = 55cm

Hinh 2.21 Po sé liéu muc nuoc tir Hinh 2.22 Hé théng diéu khién muec nuéc
MIA trén md hinh c6 b = 33,5¢cm va kim do muc nuwoc ha luu

9

Hinh 2.23 Xdc dinh vi tri cusi khu Hinh 2.24 Po chiéu dai khu xody cua
xoay trén mo hinh nuoc nhay
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2.6.2.2 Dir liéu thi nghiém mo hinh

Téng hop céc két qua do dac nude nhay trén mé hinh vat ly sau khi thi nghiém,
v6i mdi cap luu luong, da thuc hién do 1 1an chi tiét duong mat nude, sau d6 2 dén 3
lan tiép theo diéu chinh thay d6i muc nudc ha luu dé do cac dic trung hinh hoc nuéc
nhay trén kénh dan. Sé liéu thuc nghiém nhu Bang 2.5:

Bang 2.5 Tong hop sé liéu do dac ddc trieng niedc nhay theo cac cap heu heong

Gia | Kimdomang | Luulugng | b Dac trung hinh hoc nudc nhay
tri | luong(cm) (m¥s) | (m) | yi(m) yr (m) Lr (m)

Max 47.55 0.201 0.55 0.092 0.488 2.1

Min 30.2 0.04 0.335 0.04 0.182 0.8

(Chi tiét tai Phy luc 5.1)

Nhgn xét: Véi dir liéu nghién ciru thuc nghiém mé hinh vat ly tai Bang 2.5 cho
thay, luu lwong dong chay nghién ciu trai dai tir Q = 40 1/s dén 201 I/s, gia tri chiéu
dai khu xody luén nam trong pham vi kénh nghién ctu (kénh dai L = 4m). Sé liéu
phan tich 45 truong hop, loai bo cac truong hop ¢6 Frpi < 4,0 (khéng phu hop véi
pham vi nghién cau), con lai 34 trudng hop 6 s6 Frpi = 4,0 + 8,4 (Bang 2.6).

Nhu vay, dit liéu di dap tng dé phan tich vé bién d6i cac dic trung hinh hoc
ctia nudc nhay on dinh trong kénh hinh thang can, day bang c6 mai décm = 1.
2.7 Mbi quan hé thuc nghiém giira cac dic trung thily dong trong nwéc nhay
2.7.1 Co so dir liéu phédn tich dac trung hinh hoc nuwoc nhady

Tur dix liéu Bang 2.5, phan tich cac thdng sé anh huong dén nude nhay dudi
dang khong thtr nguyén, tir @6 thu duoc bang co s¢ dir liéu nhu sau:

Bdng 2.6 C4c thdng sé Vé dic trung hinh hoc Ciia nwdc nhay

Lr Lr Y,
ol v o
Max | 7.978 | 8.402 | 0.275 | 39.583 | 5.000 | 9.396 | 280127 | 24.087
Min | 3.936 | 4.149 | 0.073 | 17.742 | 3.916 | 4.258 | 87273 | 4.130
(chi tiét diz liu trinh bay Phy luc 5.2)

Gia tri Fri Fro: M1 Re: AE/y1
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2.7.2 Anh hwéng sé Froude dén dé siu dong chdy sau khu xoay

S6 Froude trude nude nhay ¢6 anh huong lén dén do sau dong chay sau khu
X04y cua nudc nhay, didu nay thé hién rd trong céng thire tinh toan nuéc nhay cho
long dan lang try (Mt cat chir nhat va hinh thang) va trong phan tich ly thuyét Pi cua
Buckingham di v&i nuée nhay trén kénh ling try hinh thang can

11

y =0.0908x2- 0.0476x + 2.9578 x
9 R?=0.9492 e

Y'Y+

3

2 s 6 o 8 10
Hinh 2.25 Quan hé giiza ty 1é dé sau dong chdy sau khu xo0ay cia nwéc nhdy véi sé
Froude trudc nuwoc nhay

Khi phan tich quan h¢ gitra ty 1€ d6 su dong chay sau khu xo0dy ctia nuéc nhay
véi sb Froude, cho thady mdi quan hé twong quan cao (R? = 0,95), diéu nay cho thay
su phu thudc chit ché cua do sdu dong chay sau khu xody cua nuéc nhay vao sb
Froude trude nudc nhay.

Tuong ty nhu cic nghién khac, cho thay s6 Frps 13 yéu té anh hudng chinh dén
d6 sau dong chay sau khu xody.

2.7.3 Cdc diic trung anh hwéng dén chiéu dai khu xody
2.7.3.1 Anh huéng ty 1é do sdu truée va sau khu xody dén chiéu dai niede nhay

Do sau dong chay khu xody cua nudc nhay va chiéu dai khu xody cua nudc
nhay thé méi quan hé khé sau sac, diéu nay thé hién trong céac cong thirc thuc nghiém
vé chiéu dai nudc nhay trén kénh chit nhat va kénh hinh thang.

Xem xét phan tich cac cong thic tinh chiéu dai nuéc nhay thuc nghiém va
cong thizc phan tich theo ly thuyét can bang niang lugng trén kénh lang tru (kénh cé
mat cit ngang hinh chir nhat va hinh thang can), thi ty 1& do sau truéc va sau khu xoay
ciia nude nhay 6 mdi quan hé chit ché vai chiéu dai khu xody cua nudc nhay (Muc

1.5). Mdi quan hé nay dugc thé hién nhu sau:
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45

y=-0.1212x?+5.2857x - 0.9816 A
R?=0.9441

> 35
5

25

A
15 - :
3 5 7 9 11
yr‘ly1

Hinh 2.26 M4i quan hé giiza Lrly: Véi ty 6 yrlya
Tur biéu @6 phan tich (Hinh 2.26) nhan thdy quan hé gitra cac gia tri chiéu dai
Vi ty s6 do su dong chay sau khu xody ciia nude nhay rat chat ché (R = 0,94), diéu
nay cling dwoc hién rd trong cac cong thuc tinh vé chiéu dai cua nuéc nhay trén kénh
lang tru. Khi xay dung cong thic tinh chiéu dai trong nudc nhay, ty 18 d6 sau dong
chay ciia nudc nhay ciing 1a mot thong sb can thiét va quan trong.
Xem xét mdi quan hé gitta Lr va yr, cho thay day 1a quan hé chat ché (R? =
0,93), tuy nhién khi s Froude ting, quan hé nay bi phan tan do dic trung cac qua
trinh dong xody trong kénh hinh thang, méi quan hé giira Lr va yr phu hop véi rat
nhiéu cong thic thuc nghiém vé xac dinh chiéu dai nudc nhay trong kénh chit nhat.
Nhung néu xem xét ty 1& (Lr/yr) vé6i cac dic trung hinh hoc khac s& cho thay quan hé
phan tan (Hinh 2.28), quan hé nay khdng phu hop véi nghién ciu vé xac dinh chiéu

dai khu xoay ¢ day.

y=-1.5448x7 +5.5983x - 0.2132
R*=0.9379
A A
20 " 5 .
~ . % x x y =-0.008x? + 0.0002x + 4.6349
E Z * “Wox R?=0259
15 g5
- }“K 2 M X
x X
X x
x X
1.0 4 x X
05 4
P A A N S S Y AP S N SN S S S
0.1 02 03 04 05 06 3 4 5 6 7 8 9 10
¥, (m) YlYs

Hinh 2.27 Quan hé (Lr) vdi (yr) Hinh 2.28 Quan hé Lrly: vai ty |é do
sau sau khu xody (yr/y1)
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Nhu vay, quan hé giira chiéu dai dong chay (Lr/y1) va ty 1é d6 sdu dong chay
sau khu xoay cua nuéc nhay (yr/y1) 1a ham phi tuyén va duoc thé hién rd trong cac
nghién cau vé cdng thic xac dinh chiéu dai caa nudc nhay.
2.7.3.2 Quan hé giita chiéu dai dong chay khu xody ciia nwéc nhdy va sé6 Froude

S6 Froude 1a mot thdng sé dic trung cho luc quan tinh va trong lec, s Froude
dugc dung dé danh gia, phan loai nudc nhay [13][16][82], phan tich ly thuyét can
bang ton that ning lwong (céng thuc (2.23)) va cac nghién ciu khéac cho thay méi
quan hé giita s6 Froude va chiéu dai nuéc nhay.

Xem xét day du yéu té anh hudng dén chiéu dai nuéc nhay bao gom do sau
lién hiép nudc nhay (y1, yr), 46 su dong chay phan gidi (yc), hé sé mai déc kénh (m),
hé s6 ma rong mat cat (My) va dic biét 1a sé Froude trude nudc nhay.

Truong phai nghién cau xay dung cong thire tinh chiéu dai nudc nhay ¢ chira
gia tri Froude trudc nude nhay 1a kha phé bién, sé Froude xuat hién trong rat nhiéu
cac cong thic tinh chiéu dai nudc nhay trén kénh lang tru (nhu Tréctonxop, Picaldp,
0O.M.Aivadian, Wu, lvanchenko, Chertoussov, Silvester, Hager, Rajaratham and
Subramanya...), quan hé gitta chiéu dai nuéc nhay va s Froude trudc nudc nhay
cling 14 quan hé phi tuyén. Trong cong thirc ban thuc nghiém, quan hé gitra Lr va Frp
la ham bac 2.

Tir cac sb lieu nghién cau thuc nghiém mé hinh vat ly (Bang 2.6), ta c6 moi
quan hé nhu Hinh 2.29 va Hinh 2.30:

45 45

0 N
y=-0.0028x’ +43219x+ 2.2708 y=0.0532x"+3.4623x+3.7727
R*=09536 - R?=0955

25 25

15 s L L L ' L L " L + L " L n 15

Fr, Fry
Hinh 2.29 Biéu do quan hé gisza Lr/y:  Hinh 2.30 Biéu do quan hé giiza Lriy:

vdi Fri vdi Frpa
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Quan hé¢ gitra (Lr/y1) véi s6 Fri va Frps theo biéu d6 Hinh 2.29 va Hinh 2.30
duoc phan tich trén phan mém MS Excel c6 hé sé quan hé trong quan véi nhau rat
cao (R2=0,95). Quan hé giira chiéu dai nudc nhay véi sé Froude c6 xu hudng hoi tu,
diéu nay khéa phu hop véi mét sé cong thic tinh chiéu dai nuéc nhay trén kénh ling
tru va s6 Froude anh huéng rat 16n dén tri s chiéu dai nuée nhay. Quan hé nay c6 xu
hudng twong tu nhu cac nghién cau trong kénh chir nhat va kénh hinh thang, nhu
nghién ciu Samir Kateb (2014) [70], Siad Rafik (2018) [71]...

Trong thuc té khong nén dung quan hé doc lap nay dé tinh d6 sau sau khu xoéy
ctiia nuée nhay, vi tuy cé hé sb twong quan rat cao, nhung cac gi tri tinh toan lai c6
bién do phan b kha rong, nén néu st dung céng thirc twong quan nay s& cho sai s6
tinh toan khé 16n. Ma khi xay dung cong thic thuc nghiém con can két hop véi cac
yéu t6 anh huong khac dé giam thiéu sai sé do cong thirc thuc nghiém gay ra.
2.7.3.3 Quan hé giita chiéu dai dong chay khu xody ciia nide nhdy va sé Reynolds

S6 Reynolds 1a mot théng sé quan trong trong nghién cau dong chay, sb
Reynolds dac trung cho luc quén tinh va luc nhét.

S6 Reynolds nghién ciau ¢ day duoc tinh théng qua ban kinh thay luc (R) cua
mit cat trude nude nhay, diéu kién nuéc ¢ 20 do C.

S6 Reynolds ciing 1a thong s dic trung cho trang thai dong chay. Méi quan
hé nay duoc thé hién nhu Hinh 2.31:

50
y = -2E-10x2+ 0.0001x + 10.754
_40 R?=0.1667 w
) +
= + +
= 30 + * *
+ +* + -
+ +
20 * s Poa
+
10 e e e S —
50000 100000 150000 200000 250000 300000
Re,

Hinh 2.31 Quan hé giira Lr/y1 véi s6 Reynolds (Re1) truedc niéc nhay
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Nhin trén Biéu d6 quan hé (Hinh 2.31) cho thay quan hé giira chiéu dai nuéc
nhay va s6 Reynolds kh& phan tan.

Do vay, thiét 1ap quan hé giita chiéu dai nudc nhay va sé Reynolds khdng c6
nhiéu ¥ nghia va rat khd xac lap anh huong cua sé Reynolds téi chiéu dai nudc nhay,
diéu nay phi hop véi hau hét cac cong thirc ban thuc nghiém va thuc nghiém di co.
2.7.3.4 M6i quan hé giita chiéu dai dong chay khu xody cia niwde nhdy véi ning
lwong dong chay

Chiéu dai dong chay khu xody va ning luong dong chay ciia nudc nhay 6 moi
quan hé khang khit, diéu nay thé hién rd qua cong thirc phan tich theo ly thuyét can
bang ning luong, trong cac cdng thirc thue nghiém vé chiéu dai nude nhay trén kénh
lang tru cAc tac gia cling da sir dung yéu té niang luong dong chay dé xac dinh cong

thac thuc nghiém.

50
y=-0.0175x?+1.3571x + 13.97

40 R*=0.949 +
>
S

30

20

10

Hinh 2.32 Méi quan hé giiza chiéu dai nwdc nhay Véi tiéu nang dong chay

Tir quan hé giira chiéu dai nuéc nhay véi nang luegng dong chay theo biéu dd
Hinh 2.32. Cho thay chiéu dai nudc nhay c6 quan hé chit ché véi nang luong dong
chay, hé sé phu hop caa mé hinh R? rat cao (R? > 0,9). Nén khi phan tich cong thirc
ctia chiéu dai nuée nhay thong qua phuong trinh can bang niang luong (2.23) 1a hoan
toan phu hop va cé co sd khoa hoc rd rang.

Nhur vay: Khi phan tich xac dinh cdng thtc chiéu dai nuée nhay (Lr) béan thuc
nghiém theo d6 sau trudc nudc nhay (y1) la phu hop va dam bao tinh twong quan chat

ché gitra chiéu dai nuéc nhay véi cac yéu té anh huang khac.
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2.8 Két luan Chuong II

Céc noi dung co ban cia Churong 2 dugc thé hién nhu sau:

@ Tich phuong trinh vi phan co ban Naiver-Stokes va xac dinh dugc phuong
trinh co ban (2.18) xac dinh d6 sdu dong chay sau khu xody . Phan tich phuwong trinh
co ban (2.23) vé& mdi quan hé giira chiéu dai dong chay trong nudc nhay véi cac yéu
t6 anh huong, tir d6 1am co sé xay dung cdng thirc xac dinh chiéu dai khu xoay cua
nudc nhay.

@ Trén co so ly thuyét twong tu, Iy thuyét tha nguyén va mé hinh, da thiét lap
duoc cac quan hé giira cac dic trung hinh hoc cia nudc nhay véi cac yéu té anh
huong, tir d6 xac dinh dy du céc thdng s6 can do dac trén mé hinh vat ly.

® Phan tich day du cac ddc trung va su phi hop cia cong nghé Hoc May ting
dung trong nghién ciru nude nhay, phan tich day da cau tric va thuat toan cia mo
hinh Hoc may “Rurng ngau nhién”.

@ Xac dinh duoc cac chi tiéu danh gia, phan tich kiém nghiém két qua tinh
toan bang cac cong cu théng ké phi hop.

® B4 tri va thuc nghiém trén md hinh vat Ii, tir d6 xac dinh duoc co sé dit lidu
phuc vu cho nghién ctru dac trung hinh hoc cua nudc nhay (Bang 2.5).

® Phan tich dugc méi quan hé thuc nghiém gitra cac yéu tb thity dong véi cac
dic trung hinh hoc cua nuéc nhay trén kénh c6 mat cat ngang hinh thang can. Két
hop vai phéan tich tai muc 1.5, s&€ dam bao co s¢ cho cac nghién ciu xay dung cac

cdng thie ban thuc nghiém va thuc nghiém vé dic trung hinh hoc cta nuéc nhay.
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CHUONG III - XAY DUNG CONG THUC XAC PINH CAC PAC
TRUNG HINH HQC CUA NUOC NHAY TRONG KENH LANG TRU MAT
CAT NGANG HINH THANG

3.1 Xay dwng cong thire xac dinh d§ sau phan gioi

3.1.1 Xay dung cong thirc xdac dinh dj sdau phan gioi
Do sau phan gigi cuia kénh hinh thang da duogc nghién ciru véi cac thuat toan
bién d6i phirc tap khéc hhau, nhu phuong phap Newton-raphson, phuong phap day
cung hozc giai dya trén bién doi phuong trinh hinh hoc, ANN... Trong nghién ctu
nay, da phan tich 1y thuyét, xay dung phuong trinh todn hoc va 4p dung chudi dit li¢u
thuc dé phan xay dung cong thirc xac dinh d6 sau phan gisi caa kénh hinh thang can.
Cong thic tong quét vé do sau phan gioi [27][82]:

aQ? _ A_i

g T,

C

(3. 1)

Bién d6i vé dang:

aQ? A} (b+my.)’y:
g T b+2my,

c

(3.2)

trong do: Ac = (b + m.yc).yc Tc = b + 2myc
Pé giai tim nghiém tong quat caa phuong trinh (3.2) 13 twong d6i phuc tap, vi
day 1a phuong trinh bac 6, khdng co céch giai tong quat.
m.
Mcz_byc = my,=bM,
Thay vao (3.2), rit ra duoc:

aQ®  @1+M)°
gb?  1i2Mm, " (3.3)

Dit:

Theo (3.3) co:

2 :(1+MC)3y3 ~ Yen _ 1+M, (3.4)
oleom, Y. 3L+2M,
1+ M,

(3.5)

bathamsé: 9(M,) = ﬁ
' 31+2M_

Khao sat véi chudi dix liéu vai 1000 sé lidu dugc thé hién trong Bang 3.1.
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Bang 3.1 Khodng bién déi cua cac thong sé khao sdt danh gia

STT | Thongsé | Ponvi | Nhonhat Lén nhat
1 Q m/s 1 120
2 b m 1 10
3 m - 0.5 2
4 Ve m 0.14 3.9
5 M. - 0.1 2.5

Mc

0.0 0?5 1..0 1..5 2?0 2.5

Hinh 3.1 Quan h¢ giira Mc va g(Mc) theo diz ligu nghién cuu
Tir biéu dd twong quan Hinh 3.1 ta thiét 1ap dugc phuong trinh nhu sau:
5

M)~—M_ +1 3.6
g(M.)~ 2 M. (3.6)
Tir (3.4) va (3.6), bién doi vé phuong trinh bac 2 nhu sau:
om
_yg Yo Yeon = 0 (37)

13b
Phuong trinh (3.7) 13 phuong trinh bac 2 theo an ye, véi kénh chix nhat (m =
0) thi tr (3.7) co6 do s&u phén gidi yc cta kénh hinh thang tro thanh d6 su phén gioi
cua kénh chir nhat (yc = yeen), khi m = 0 giai (3.7) ta duoc:
20m

13b
== I+ —y e -1
Ve 10.m[ 13p 7o ]

yeen tinh theo cong thuc (1.7)

(3.8)

trong do:
Khi phan tich mdi quan hé twong quan gitta dai lwong Vé Ye, Yeen VA Cac hé sb

theo gia tri m, da xac dinh dwoc cdng thirc kinh nghiém vé do sau phan giai:
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b
Y, = B
(0,004m?+0,0128m +1)

(3.9)

—0,037m* +0,32

Yeen
Cong thuc (3.8), (3.9) duoc dung dé tinh do sdu phan giéi cia kénh hinh thang
can, cdng thirc ndy co thé tinh toan cho ca kénh chir nhat va kénh hinh thang can.
3.1.2 Pdnh gid vé céng thirc xdc dinh dp sdu phin gidi
Bang 3.2 Tinh todan dé sau phan gidi cua kénh hinh thang theo cdng thzc (3.8)

Gia Gia tri mau thu Gia tri tinh toan
tri Q b thir dan CN theo
o | ye Mo | & (%)
(m3/s) | (m) theo (3.1) (m) | (M) (3.8) (m)
Max | 100 | 10 2 2.727 3.442 | 0481 | 2.727 0.37
Min 1 1 |05 0.28 0.294 | 0.019 | 0.279 0

(chi tiét tinh toan tai Phuy luc 6.1)
Bang 3.3 Tinh todan dé sau phan gioi cua kénh hinh thang theo cong thic (3.9)

Gia Gia tri mau thu Gié tri tinh toan
tri Q b yethirdan | yeon | Yetheo (3.8)
m & (%)
(m3s) | (m) theo (3.1) (m) | (m) (m)
Max | 100 10 2 2.727 3.442 2.731 14.75
Min 1 1 0.5 0.28 0.294 0.218 0.15
(chi tiét tinh toan tai Phy luc 6.1)
3 o
[ mCT (3.8) 0’/,::’_,—’
§ *°1 *CT(3.9) -0.37% .~ %~ "+0.37%
I : H37% -
c 21 o
< ; i
':;_" 1.5 ¢ == =
© : s
0] 11 =
E 05 1 :
('>>, 0 S I
0 0.5 1 1.5 2 25 3

yc (m) - Gia tri cha mau thlr
Hinh 3.2 So sanh dg sau phan gidi giga gia tri tinh toan va mau the
Kiém nghiém két qud tinh toan: Panh gia sai s6 giira cac cong thac ban thuc

nghiém (3.8), (3.9) va phuong phap tinh theo cong thuc (3. 1).
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Bang 3.4 Pdnh gid két qua tinh toan theo chi tiéu thong ké

Congthic | MAE MSE RMSE R? MAPE (%)
CT 38 0.002 0.000 0.003 | 0.999 0.188
CT 3.9 0.088 0.023 0152 | 0.962 5.376

Nhan xét: Tur cac két qua phan tich trén cho thay, gia tri y. theo cong thic
(3.8) cho két qua tét hon cong thirc (3.9), dé xuat sir dung cong thirc (3.8) trong cac
tinh toan vé do phan giéi trong nghién ctiru nay. Phan tich y. theo cong thirc (3.8) voi
cac didu kién dong chay khéc nhau cho thay sai s6 nho hon 0,37%, gia tri R? xap xi
1 va cac chi tiéu thong ké khac xap xi hodc bang khéng (ching to két qua tinh toan
gan nhu chinh x4c), sai s6 trung binh tuyét dbi ciia phuong phap tinh toan MAPE =
0,188% rat nho so véi sai s6 16n nhat cua chudi tinh toan (0,37%) va khéng c6 sai s6
dot bién trong pham vi kiém tra. Biéu nay cho thay, cong thirc d& xuat (3.8) vé xac
dinh do sau phan gigi (yc) dam bao két qua tinh toan cho kénh hinh thang can.
3.2 Xay dwng cong thire xac dinh d9 sdu dong chay sau khu xoay cia nwéc nhay

3.2.1 Thiét lap phwong trinh xdc dinh dp siu

dong chdy sau khu xoay trén kénh hinh thang i< ! >,'
3.2.1.1 Cac ddc trung ciia mdt cdat ngang hinh gl | ’
thang can ry $
Xét mot kénh lang try hinh thang cé: b
S6 Froude tinh theo do sau dong chay (¥)  inh 3.3 Mt ¢t hinh thang can
F2_ oV (3.10)
ay
bat:
M= % 1a hé s6 ma rong mat cat kénh hinh thang
Co:
bM = my (3.11)
A=(b+my)y=(M+1)b.y (3.12)
T=b+2my=(2M+1)b (3.13)
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1 1

T+2by b+2b|\/|+2by 3M+2 (3.14)
““Tib3 b+2bM+b 3 M+l ”

3.2.1.2 Xdy dung phwong trinh vé dé sdu dong chay khu xody ciia mede nhdy

Tir phuong trinh (2.18), &p dung cho cac mit cit trude nudce nhay (1-1) va sau

nudc nhay (2-2) cua khu xoay, co:

*\ /2
Flz(OLM\/l +chJAlzco (3-15)
g
Va
o, V2
Fz :[M"'Zcz]Az: Co (3-16)
g
Tur (3.15) c6
1 1
* \ 42 * 2 *M1+*
F = Olgs Vi +z, |A = O 04 Vy A 3 2 y, |((M;+D)b.y,
g o gy, M;+1
1 1
-~ F=|Zup, §Ml 2 (M, +1)b.y?
1 . Ml 1 1
= Fl:{oc01 F2.(M, +1)+ M, += }by1 (3.17)
1
trong do:
m.
M, = byl (3.18)

Xét teong ty vai (3.16) co:

F, _{%z F2.(M, +1)+ M, += }byr (3.19)
G‘Z
a. Tinh hé s dé sdu sau va triede nwde nuwdc nhay
pat  v=2 (3.20)

Y1
Tu (3.18) va (3.20) co:
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M, = mg’r —YM, (3.21)

Ta co:

2 2 2
'A\_jlé — (M1+1)byl — M1+1 Y—2 (322)
A2 | (M, +D)by, Y.M, +1

Theo phuong trinh lién tuc co:

AV, =AV, = V,=—V, (3.23)
Nhu vay co:

_%V, 0, AT, %(MJ al= (3.24)
rl '

Fr22 - A2 rl
gy, o, AJY YM, +1

Thay (3.21), (3.24) vao (3.19) co:

a*
FZ_[ oz%( M, +1 J YRV M, +1) 42 Lym, +1 }by,

o, o, | Y.M, +1
L e S M) 1y L b.y? 3.25
T, VM e T3 T P (3.25)

Tur (2.18), (3.15), (3.16), (3.22), (3.23), (3.24) va (3.25) c0:

%, MY SF2 4 %Y.Ml+%

M1 2 by?  (3.26)

byl_

1

a*
{ (M +1)+ M, +—
o

Vé&i mat cat (1-1) trude khu xody nudc nhay, tir (2.17) co:
=0y —§
Tai mat cat trude nudc nhay, c6 van toc 16n va dong chay xiét manh, nhung

su bién ddi trudng van téc, mach dong va dong xody réi 2 chiéu khdng manh, nén

) A, A fr A s o
ddc trung thanh phan xoay roi {1 = 0, do d6 c6 thé coi: —* =1
(x’l
Tai mat cat (2-2) sau khu xoay, c6: o, = o, —C,
Sau khu x0ay ctia nuéc nhay, treong van toc bién doi trén bé mat dong chay

chinh va trén bé mat mai doc hinh thang, dac biét anh huong cia qua trinh xoay roi
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va dic trung dong chay 2 chiéu & khu xody, nén tai mat cat (2-2) gia tri o # o, Khi

do dat nhu sau:

k=2 (3.27)

k duoc goi la hé sb ty 1¢ dong luong khu xody cua nudc nhay

Gia tri k phu thudc vao dic trung treong van toc sau khu xody va muac do xody
réi cua dong chay. Gia trj k thé hién ¥ nghia cta qué trinh xody rdi tac dong dén hé
s6 sira chita dong lwong (aoz) tai mat cat nghién ctiu, vai mdi loai nudc nhay va dac
trung long dan khéc nhau s& cho cac gia tri k khac nhau. Hé s6 &2 ddi véi trudng hop
tai mit cat c6 dong chay 6n dinh (nhu vi tri xac dinh do sau lién hiép y2) thi rat nho,
lac d6 a0z ~ o (thé hién trong Nguyén Canh Cam va cong sy, 2005 [2]) va k = 1 thi
phuong trinh (3.26) sé€ tro thanh phuong trinh co ban cua nudc nhay thuong gap va
cho cbng thuc tinh nhu cong thuc (3.28).

Bién d6i toan hoc (3.26) thu dugc nhu sau:

M2.Y® Jrng.Y4 +§Y3 —[BFfl.(M1 +1)+ M, +g} M,.Y?

; (3.28)
—[3Ffl.(|\/|l +1)+ M, +E}Y +3kF2(M,+1)" =0

Cong thic (3.28) néu lay My = 0, k ~ 1 thi s& tra thanh:

Y3_ (2Fr12 + 1)Y Y 2Fr2 =0 (3.29)

Cong thue (3.29) la cong thirc tinh d sau lién hiép nudc nhay trén kénh chir
nhat day bang (i = 0) cua Bélanger (1828), [1][82], ¢6 nghiém:

Y :%(m -1) (3.30)

Do tinh todn nudc nhay trén kénh ling try mat cit hinh thang can, nén sb
Froude cua trude nudc nhay dugc thé hién nhu sau:
()(‘Vl2 _ 2Ml +1F2
gD, M, +1 "

V6i D1: Do sau thay luc ciia mit cat (1-1) trude nuée nhay, D, = A, /T,

2 _
I:rD_

(3.31)

Khi 10ng dan c6 mat cat ngang hinh chit nhat, thi: Frpr = Fr

-89 -



Thay (3.31) vao (3.28) cé:

2
25+ 2M Y 4 oye o gpe, MitD)” 3y e
2 2 2M, +1 2
2 M, +1)°
lare M By gk, M g
2M, +1 2 2M, +1

Loai bo truong hop dong chay déu (y: = yr), phuong trinh trén trg thanh:

M2Y* + (M -I-ng)YS +(M/? -|-ng -I-g)Yz

3.32)
: M, +1)° (
far M g By gk (Mt
2M, +1 2 2M, +1
Trong do cac gia tri tinh nhu sau:
v Y M, = m.y, M, = m.y.
Y b b

o _ Ve AL T _2M+1( M, +1 (v,
Pt gD, T,AY 2M_+1( M, +1) |y,
yc: DO su phan gidi caa dong chay dugc tinh theo céng thic (3.8)
b. Tinh hé sé dé sdu trude va sau nwéc nhay
Dt n :§ (3.33)

Bién d6i toan hoc twong ty phwong tinh (3.32), thu duoc phwong trinh sau:

5 5 3
Min® + (M +§M2)n3 +(M3 +EM2 +E)Tl2

(M, +1)? (3.34)

2M, +1

1(M,+1) 0

+| —3F2%,.
{ 2 k 2M, +1

M, +M, +g}n—3F,2D2.

Phuong trinh (3.32), (3.34) duoc xay dung dé xac dinh mdi quan hé cua do
sau khu xoay cua nudc nhay trén kénh ling try d6i xang hinh thang can.
3.2.2 Xdy duwng cong thirc Xac dinh do sdu dong chdy sau khu xody ciia nwéc nhay

Giai phuong trinh (3.32), (3.34) tinh ty s6 d6 sau dong chay sau khu xody cua
nuéc nhay, néu Mz, 2 = 0 (kénh c6 mat cat ngang chi nhat) thi nghiém duoc tinh theo

cbng thuc cua Bélanger (1828). Hai phuong trinh (3.32) va (3.34) tuong tu nhau,
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trong pham vi nghién ciru & day chi xem xét mot phuong trinh (3.32), bién doi thanh

phuong trinh (3.35) véi M1 # 0 nhu sau:

5 2
Y
2M, 2|v| 2)
3.35
, _(M+? 13 (M, +1)’ (3:35)
BFrd 1= Y -3kF —2:0
(2M, +1)M, M, 2|\/|l " (2M, +1)M,
5 M, +1)2 1 3
pat: a=(1+— _ gz M+ 1
' ( 2M1) ¢ for (2M, +1)M, YTV
5 3 M, +1)°
b=1+_—+_— d=-3.kFr3,. (M, 1) >
2M,  2M, (2M, +1)M,
2
g2 w = b® —3ac+12d
4 3
s =2b* —9abc + 27¢? + 27ad — 72bd q=-a’+4ab—-8c
1/3
v 23w S (S+\/—4.W3+32 j
- 1/3 _
3(s+\/—4.w3 +52) 54

Giai dugc nghiém cua phuong trinh (3.35) xac dinh quan hé gitra d6 sau dong

chay trudc va sau khu xody cua nudc nhay theo céng thirc phu hop nhu sau:

q
=—+—\/f+v+z+ f-v-— z+
\/ f+v+z (3.36)

Cong thic (3.36) 1a cong thirc tinh méi twong quan giita dd sdu dong chay sau
khu x0dy cua nudc nhay trén 1ong dan mat cat ngang hinh thang can, dy bang.

Str dung cbng thuc (3.36), tinh toan ty 1€ d6 sdu dong chay trudc va sau khu
x0ay voi M1 = (0 1), k = 1 va s6 Fro1 =(3,5 + 9), két qua thé hién & Bang 3.5 va Hinh
3.4. Nhu vay, Bang 3.5 va Hinh 3.4 dung dé tra gia tri cua cong thuc (3.36).

Bang 3.5 Phan tich két qua ty 1é dé sau dong chdy sau khu xody ciia nwdc nhay

M1

Fro.| O (005010150203 |04|05|06 0708|0910

3,5 | 4,47 |3,2913,46|3,50|3,51|3,48|3,41|3,34|3,28|3,23|3,18|3,14|3,10

4 |5,18 (3,86|4,00|4,02(4,02|3,94|3,84(3,75|3,67|3,60(3,54|3,49 3,44
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M1
Frp.| O (0050101502 0304|0506 (07]08/|09]|10
5 (6,59 |4,97|5,04|5,02(4,99|4,81|4,65|4,51|4,40|4,30|4,22|4,15|4,09
6 | 8,00 |6,046,03(5,96|5,90]|5,63|5,41|5,22|5,08|4,96(4,85|4,77|4,69
7 1941|7,08|6,97|6,85(6,78|6,41|6,12|5,90|5,72 5,57 |5,45|5,35|5,27
8 |10,82|8,09,7,87(7,71|7,61|7,15/6,81|6,54|6,33|6,17|6,03(5,91|5,81
9 112,24|9,078,74(8,548,41|7,87|7,47|7,16|6,92|6,73 6,57 | 6,44 | 6,33

Str dung dit liéu tai Bang 3.5, thé hién trén biéu d6 nhu sau:

14

LY

12 1

10 |

10

Hinh 3.4 Quan hé giira ty 1¢ dé su dong chay sau khu xoay (Y) theo M1 va Frp:

Trong thuc té, do sau lién hiép nudc nhay bién d6i phuc tap, phu thudc vao

nhiéu yéu t6 khac nhau, nhu qua trinh xody cudn cua dong tia, ma sat dong chay va

phan bd luu toc khong déu trén mat cat udt va doc theo dong chay.

Do vay, d6 sau sau khu xoay tinh theo céng thuc (3.36) hoac theo Bang 3.5

va Hinh 3.4 véi diéu kién sé M1 > 0,2 ¢6 quy luat bién d6i pha hop, diéu nay tuong
tu nghién ctu cia Wanoscheck R. va Hager W. (1989) va Hager W. (1992). Khi My
< 0,2 thi quy luat bién d6i cua cong thic (3.36) da khong phu hop cho tinh toan do

sau dong chay sau khu xody cua nudc nhay, vi theo cdng thuc ly thuyét (3.36) thi mot

b6 gid tri (Y va Frpi) s& tim duoc nhiéu gia tri M1 (Hinh 3.4), trong khi d6 véi 1 gia

tri Frpa s& cho duy nhat mot gia tri y va dan dén sé& chi co duy nhat 1 gia tri Y.
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Nguyén nhan co ban cua cong thac (3.36) khéng phu hop khi M1 < 0,2 1a do
cong thic (3.36) la nghiém todn hoc cia phuong trinh bac 4, nén xay ra truong hop
nghich bién & mot s6 khu vuc M; < 0,2 va gay ra hién tugng chong nghiém. Do do,
can phai xt 1y riéng khi tinh do sdu dong chay sau khu xoéy khi M: < 0,2.

3.2.3 Xdc dinh hé soé ty 1¢ dong lwong khu xody ciia nwdc nhdiy

Phén tich phuong trinh (3.36), c4c gia tri biéu thi tai Bang 3.5 va Hinh 3.4 cho
thy, khi M1 > 0,2, thi dic trung hinh hoc khu xody s& dam bao quy luat bién d6i phi
hop vai nghién ctu ly thuyét. Do vay, dé xac dinh hé s6 k, nghién ctu s& sir dung bo
dir liéu nghién ctu thuc nghiém hién tai va dir liéu caa Wanoschek R. & Hager W.
(1989) dé nghién cau. Dit liéu nghién ciu phai dam bao diéu kién:

{4.0<Fr, <90 M,202 vy, >3cm|

Dir lidu nghién ciu sau khi loc bo theo diéu kién, con lai 22 bo dir liéu (néu
Xét theo tiéu chuan 2™, thi dir liéu nghién ctru dam bao phan tich xac dinh xu thé bién
doi cua gié tri nghién ctru, vi theo Chuong 2 cé: 24 = 16 < 22 bo dit lidu), dit liéu
nghién cau thé hién duoc thé hién nhu sau:

Bang 3.6 Dz lidu thuc nghiém nghién cizu vé dé sau dong chdy sau khu xody

Giatri | Q (I/s) y1 (m) Yr (M) Fro: M1 Y = Yrly1
Max 0.158 0.092 0.448 8.681 0.406 7.922
Min 0.0242 | 0.0405 0.17 3.636 0.2 3.556

(Bang dir liéu chi tiét tai phy luc 6.2)

Tur cng thac (3.36), ty 1€ do sdu dong chay sau khu xoay theo cac truong hop:

Fr,,= 4 5; 6; 7; 8; 9; 10.

M, = 0,2; 0,3; 0,4; 0,5; 0,6; 0,7; 0,8; 0,9; 1,0. (3.37)

k= 0,9; 0,91; 0,92; 0,94; 0,95; 0,97; 1; 1,045; 1,56.

Nhu vay, mdi mot t6 hop (Froi, M1) & Bang 3.6 va mot gid tri k & diéu kién
(3.37) s€ giai tim dugc mét gid tri tinh todn (Yw) theo cdng thuc (3.36), sau do su
dung céc chi tiéu thong ké dé danh gia gitra gia tri thuc do (Yw) voi gi tri tinh toan

(Yt) d6i véi ting trueong hop.
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Dé thuan logi, cac bang tra gia tri tinh toan (Yw) & cong thuc (3.36) duoc lap

san theo cac gié tri k khac nhau (Phu luc 6.3). Mot sb truong hop tinh toan dugc thé

hién & Bang 3.7 nhu sau:

Bang 3.7 Gia tri tinh toan do sau sau khu xoay theo cong thuc (3.36)

Gia k=1 k=0.93 k=0.92 k=0.91
| Fror | My Yid
tr1 Yit €% | Y €% | Yu €% | Yu %
Max | 8.681 | 0.406 | 7.922 | 7.980 | 5.3 | 7.872 | 4.1 | 7.856| 4.0| 7.840 | 3.8
Min | 3.636 | 0.200 | 3.556 | 3.524 | 0.3 [ 3.471 | 0.0 | 3.463| 0.3|3.455| 0.1
(Bang diz liéu chi tiét tai phu luc 6.3)
Két qua nghién ciru céc chi tiéu thong ké duoc tap hop theo Bang 3.8 sau:
Bang 3.8 C&c chi tiéu phan tich thong ké trong nghién cizu hé sé k
TT Kk MAE MSE RMSE R? Ml AP
(%)
1 1 0.111 0.021 0.146 0.982 2.034
2 0.95 0.080 0.016 0.127 0.986 1.441
3 0.94 0.078 0.012 0.108 0.990 1.450
4 0.93 0.078 0.011 0.106 0.990 1.453
5 0.92 0.079 0.011 0.104 0.991 1.498
6 0.91 0.081 0.011 0.105 0.990 1.546
7 0.9 0.085 0.011 0.107 0.990 1.625
Max 1 0.111 0.021 0.146 0.991 2.034
Min 0.9 0.078 0.011 0.104 0.982 1.441

Tir cac chi tiéu danh gia trong thong ké tai Bang 3.8 cho thay, khi k = 0,91,
0,92, 0,93 va 0,94 sé& cho cac tham sb thong ké tét nhat, nhung gia tri k = 0,92 cho

hiéu qua tinh todn cua cong thuc Iy thuyét (3.36) 1a tot hon ¢ tham s6 R2 va RMSE.

Nhu vay, gi4 tri thuc nghiém vé hé sé ty 1é dong luong khu xody duoc xac

dinh 1a k = 0,92, gié tri nay nho hon 1 (diéu nay la do qua trinh réi phic tap, gay ra

can dong chay ¢ khu xoay 16n) va hé sé nay ap dung cho nuéc nhay on dinh (Frpr =

4,0 +9,0) trong kénh lang tru hinh thang c4n, day bang c6 méi déc m = 1.

3.2.4 Xay dung phwong phdp xdc dinh d¢ sau sau khu xody ciia nwéc nhdy

Pé tim d6 sau sau khu xody cia nudc nhay tir phuong trinh (3.36) cho thay

néu hé sé M1 < 0,2 thi gié tri phuong trinh (3.36) khdng 6n dinh. Dé giai quyét hién

tugng nay, nhitng gia tri nam trong khoang tir M1 = 0,0 + 0,2 s& dugc tinh noi suy

-94 -




theo céc gia tri dix liéu nghiém phan tich trén Bang 3.7. Két qua phan tich noi suy dbi
Vi cac trudng hop M1 < 0,2 va tinh theo hé s6 k = 0,92 nhu sau:
Bang 3.9 Gia tri ty so dg sau dong chay sau khu xody cia nwéc véi k = 0,92
M
0 [005/01(015/02(03(04/05]|06|07]08]|09]| 1
5.18 | 4.53 14.17|3.99|3.90|3.86(3.77|3.69|3.62|3.55|3.49|3.45|3.40
6.59 | 5.78 |5.30(5.03|4.87(4.73|4.58|4.45(4.3414.254.174.11|4.05
8.00 | 7.00 6.38]6.01|5.78{5.55|5.33|5.16(5.02|4.904.814.72|4.65
941 | 8.20 |7.43|6.96(6.65[6.32(6.05|5.84|5.66|5.52|5.41|5.31|5.22
10.82| 9.38 |8.45|7.86|7.48|7.06|6.73|6.48|6.28|6.11|5.98|5.86 5.76
12.24110.54|9.44 |8.74|8.28|7.77|7.39|7.10|6.86 | 6.68 | 6.52|6.39 | 6.28

Frpi

©O©| 0| N o o

Bang 3.9 duoc str dung dé xac dinh do sau dong chay sau khu xoay cua nuéc

nhay theo bo s6 (Fro: va My), duoc thé hién trén biéu d¢6 Hinh 3.5 nhu sau.

14
Y -M1=0
12 +
| M1 = 0.05
= - M1=0.1
10 +
- M1=0.15
- M1=0.2
- M1=0.3
8 -+ - M1=0.4
- M1=0.6
- M1 =0.8
« ML =1.0
6 -
a4 -
Frp:
2 L L 1 L I L 1 L 1 : L 1 1 L : L 1 L L : 1 L 1 L : 1 1 1 L : 1 L L 1 { 1 1 L L
3 q 5 6 7 8 9 10 11

Hinh 3.5 D¢ sau dong chay sau khu xody vai Frp: khi k =0,92
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M&bi quan hé giira ty 1¢ do sdu dong chay sau khu xody ciia nudc nhay va Frog
la mot duwong cong bac 2 theo cac gia tri M1 khac nhau va 1a duong cong thoa mén
phuong trinh toan toan hoc c6 hé s phi hop R = 1.

Nhur vay, khi xac dinh ty 1€ d6 sdu dong chay sau khu xo0dy cta nudc nhay su
dung Bang 3.9 hoic biéu ¢ Hinh 3.5 s& pht hop hon, vi dang cho moi gia tri M va
Froi = 4,0 + 9,0 (trong pham vi nuéc nhay 6n dinh).

3.2.5 Phan tich thwe nghiém vé dp sdu sau khu xody ciia nwéc nhdy trén kénh mdt
cdt ngang hinh thang
3.2.5.1 Tinh d¢ sau dong chay sau khu xoay cua nwdc nhay

Tir cé4c gid tri do dac trén mé hinh vat Iy, két hop véi cong thirc xac dinh ty 1¢
d6 sau sau khu xoay cua nudc nhay (3.36) va Bang 3.9 hoac Hinh 3.5. St dung bo di
liéu thyc nghiém nghién ctu va dir li¢u cia Wanschek R. & Hager W. (1989) véi
tong s6 46 cap s lidu dé phan tich theo phuong phép 1y thuyét.

Xac dinh dugc cac thong so tinh toan theo phuong phap ly thuyét dbi véi do
sau sau khu xody cua nudc nhay:

Bang 3.10 Tinh dé sdu dong chdy sau khu xody theo phirong phdp 1y thuyét

Gia Gia tri thuc do Gia tri tinh toan
tri | Q(m3s) | yi(m) | yr(m) | Frps M1 Yit yr (M) & (%)
Max | 0.201 | 0.092 | 0.488 | 8.681 | 0.406 | 8.869 0.478 5.6
Min | 0.0242 | 0.04 | 0.170 | 3.636 | 0.073 | 3.463 0.168 0.3
(chi tiét tinh toan tai Phy luc 6.4)
0.6 _-
10%_,’/’ -
05 - - . B +10%
g‘ /’/,’ o”’,”
; 0.4 _- - ke -
= et Lout
é 03 - ”,” ”,»’
= e
= 02 - ’,f’:,,”/
0.1 S

0.2 0.3 0.4 0.5 0.6
yr (m) gia tri thuc do

Hinh 3.6 Biéu d6 gia tri tinh toan va thire do ciia dg sau sau khu xoay (yr)
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Nhgn xét: Tinh toan do sau sau khu xody cua nudc nhay theo Bang 3.9 hoac
Hinh 3.5 cho thay giira két qua tinh toan va thuc do c6 sai s6 16n nhit 5,6%.

Nhu vay, khi tinh 6 sdu dong chay sau khu xody caa nudc nhay 6n dinh trong
kénh hinh thang, c6 thé st dung cdng thuc (3.36) theo gié tri k = 0,92, Bang 3.9 hoic
biéu dd Hinh 3.5. Néu gia tri M1 < 0,2 thi chi st dung Bang 3.9 hoic hoac biéu do
Hinh 3.5 d xéc dinh.
3.2.5.2 Xdc dinh cong thirc thire nghiém vé d¢ sau dong chdy sau khu xody

Xuat phat tir mbi quan hé giita cac yéu t6 dic trung ciia nuéc nhay va do sau
dong chay sau khu xody cta nudc nhay tai muc 1.5, phén tich nghién cuu theo ly
thuyét ham Pi cua Buckingham (2.42) va coi ton that 1a mot phan dic trung boi cac

hé s6 thuc nghiém (vi ton that cd thé phan tich dua trén dic trung cua cong thic
Darcy-Veysbach, biéu thi > ¢ =f [(Vf/Zg)/yl] =f(Fr) ).
Khi d6 phuong trinh xac dinh mdi lién hé gitra céc yéu té nhu sau:
Y./ ="¥(M,,Fr)

Dua trén ciu trlic ciia cac cong thirc vé do sdu dong chay sau khu xody tai muc

(3.38)

1.4.1.4, d& xuat phwong trinh vé dic trung hinh hoc nuéc nhay nhu sau:
Yo /Y, = a(Mf)(Frf)

voi:  a, b, ¢ la cac hé sb thuc nghiém co6 xét dén cac dac trung vé ton that
nang luong, 4p suit mach dong va dic trung rdi ciia khu xody trong nuée nhay.

Can cur vao dir liéu thuc nghiém tai Bang 2.5 va dir liéu tir nghién curu cua
Wanoschek R. & Hager W (1989), nghién cuu tap hop dix liéu caa 3 moé hinh kénh
dan c6 mat cit ngang hinh thang can, mai doc m = 1 khéac nhau, gom c6 kénh c6 bé
rong day b 1a 55cm, 33,5cm va 20cm. Tap hop duoc 46 bo dir liéu dé nghién cau,
trong d6 tach ra 10 bo dit liéu dé kiém dinh va 36 b dir liéu dé xay dung cong thic.

Bang 3.11 D ligu nghién cuzu xay dung cong thic thuc nghi¢m

Giatri | Q(M%s) | yi(m) | yr(m) | Lr(m) | M Fri Fror | b (m)
Max 0.193 0.092 | 0.488 2.1 0406 | 9.315 | 10.074 | 0.55
Min 0.0242 0.04 0.17 0.7 |0.073 | 3.639 | 4.131 0.2
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Bang 3.12 Dir liéu kiém dinh két qua nghién cizu

TT [Q@M%s) [ yi(m) | yr(m) | Lr(m) | M; Fri Fro: | b (cm)
1 0.118 0.062 | 0.264 1.1 0.113 | 3.988 | 4.185 | 0.55
2 0.201 0.065 | 0.443 1.8 0.118 | 6.297 | 6.621 | 0.55
3 0.201 0.079 | 0.398 1.7 0.144 | 4595 | 4875 | 0.55
4 0.078 0.06 0.274 1.3 0.179 | 4.290 | 4.604 | 0.335
5 0.136 0.083 0.39 1.8 0.248 | 4.344 | 4.756 | 0.335
6 0.04 0.04 0.186 0.8 0.119 | 4.257 | 4.478 | 0.335
7 0.149 0.074 | 0.434 2 0.221 | 5.778 | 6.279 | 0.335
8 0.055 |[0.0611 | 0.287 14 0.306 | 4.453 | 4.947 0.2
9 0.085 |[0.0812 | 0.352 1.75 0.406 | 4.171 | 4.735 0.2

Max 0.201 0.083 | 0.443 2 0.406 | 6.297 | 6.621 | 0.55

Min 0.04 0.04 0.186 0.8 0.113 | 3.988 | 4.185 0.2

Ap dung phan mém IBM SPSS 26 cho bo dit liéu nghién ciu, két qua xac dinh

duoc cac hé s6 thuc nghiém (Phu luc 1), c6 cdng thirc nhu sau:

Ir _ 0,959M, 02 Fr0 %

" (3.39)

Str dung dir liéu Bang 3.11 dé kiém dinh cong thirc (3.39) vé tinh ty Ié d6 sau

dong chay sau khu xoay cua nuéc nhay, két qua tinh toan duoc hién nhu sau:

Bang 3.13 D¢ sau dong chay sau khu xody nweéc nhay theo cong thec thiec nghiem

Gid tri Dt liéu thyc nghi¢m Két qua tinh
“1QM¥s) | M Fr ydys | ydys | yr(m) | (%)
Max 0.193 0.406 | 9.315 9.396 | 9.372 | 0.481 7.1
Min 0.0242 | 0.073 | 3.639 3.847 | 3.581 | 0.170 0.0

(chi tiét tinh toan tai Phy luc 6.6)

Bang 3.14 Tinh todn véi di liéu kiém tra vé dé sau chay sau khu xody theo cong
tharc thyec nghiém

T Dt liéu thuc nghiém Két qua tinh
ye(m) | M Fry ydyr | ydys | yr(m) | &(%)
1 0.264 | 0.113 3.988 | 4.258 4,548 0.282 6.8
2 0.443 | 0.118 | 6.297 | 6.815 | 6.936 0.451 1.8
3 0.398 | 0.144 | 4595 | 5.038 | 5.045 0.399 0.1
4 0.274 | 0.179 4290 | 4.567 4.607 0.276 0.9
5 0.39 0.248 | 4.344 | 4699 | 4.484 0.372 4.6
6 0.186 | 0.119 | 4.257 | 4.650 | 4.802 0.192 3.3
7 0.434 | 0.221 5.778 5.865 5.937 0.439 1.2
8 0.287 | 0.306 | 4.453 | 4.697 | 4.475 0.273 4.7
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- Dt liéu thyc nghi¢m Két qua tinh
yr(m) | M Fri ydyr | ydyr | yr(m) | (%)

9 0.352 | 0406 | 4.171 | 4.335 | 4.068 0.330 6.2
Max | 0.443 | 0.406 | 6.297 | 6.815 | 6.936 0.451 6.8
Min | 0.186 | 0.113 | 3.988 | 4.258 | 4.068 0.192 0.1

Céc két qua tinh toan duoc thé hién nhu biéu d sau:

0.6 r -
i A D liéu phin tich -70/%. -1 _-

5%- 05 1 % D liéu kiém tra -7 - .- +10%

? 0.4 ,”/ A’-\,»”/

2z : e 3 2

o oo0s3 e Tt

E [ e /f, - 2

S o024 Pty it

E T

S oq . . . .

0.1 0.2 0.3 0.4 0.5 0.6

yr (m) gia tri thwc do

Hinh 3.7 Biéu dé ty 1é @6 sau sau khu xody ciia niréc nhay giira gia tri thue do va
tinh theo cdng thuic thiuc nghiém

Panh gia két qua tinh toan theo cdng thuc ly thuyét (3.36) va cong thuc thuc
nghiém (3.39) ddi voi toan bo dir liéu, cac chi tiéu phan thdng ké khi phan tich dix
licu thuc do va két qua tinh theo cdng thuc nghiém thé hién ¢ Bang 3.15 nhu sau:

Bang 3.15 Céac chi tiéu thong ké theo cac phuwong phdp tinh @6 sau dong chay sau

khu x0ay cua nuoc nhay

STT | Phuong phap tinhtoan | MAE | MSE | RMSE | R? | MAPE (%)
1 | Cong thic Iy thuyét 0.006 | 0.000 | 0.008 | 0.991 1.725
2 | Cong thitc thuc nghiém | 0.009 | 0.000 | 0.012 | 0.978 2.776

Tt c4c chi tiéu théng ké cho thdy quan hé twong quan giira gia tri thuc do va
tinh toan theo cong thic Iy thuyét rat cao (hé s R? > 0,9), bén canh d6 céac chi s6
thdng ké khéc cing rat nho, tién gan dén khong d4 dam bao cho d6 chinh xéc cua
phuong phap tinh toan va sai s6 MAPE rat nho d6i véi ca 2 phuong phap tinh.

Cong thire ly thuyét c6 sai sb 16n nhat ¢ dir liéu phan tich 12 5,6%, nho hon
sai s6 o v6i phuong phap ding cong thic thuc nghiém (7,1%), diéu ndy do cac yéu

t6 anh huong va quy luat dac thd cia dong chay chua dugc xem xem xét trong cong
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thac thyc nghiém. Tuy nhién, cong thirc thuc nghiém (3.39) ¢6 phuong phép tinh don

gian, dé thuc hién hon cong thuc ly thuyét (3.36).

Nhur vay, nghién ctru phan tich d6 sau dong chay sau khu xoay ctia nuéc nhay

déu co do chinh xé&c cao va dam bao ap dung cho nghién ctu thuc té.

3.2.5.3 Panh gia cac cong thire xdc dinh do sdu dong chdy sau khu xoay
So sanh két qua tinh toan do su dong chay sau khu xoay (yr) giita céng thirc

ly thuyét, cdng thirc thuc nghiém va cong thirc cua tac gia khac ddi véi toan bo dir

liéu nghién cau va dir liéu ciia Wanocheck R. &Hager W. (1989)[58].

Trong céc cong thuc vé xac dinh do su sau khu xody, céng thuc cua A.N.

Rakhmanov (1930) phu hgp v6i nghién ctru, nén trong nghién ctru nay da sir dung

cong thirc nay dé phén tich cho bd 46 dir lidu thuc do, két qua tinh toan nhu sau:

Bdng 3.16 D¢ sau dong chay sau khu xody theo A.N. Rakhmanov (1930)

T Gia tr1 thuc do Gia tri tinh toan

Q (m¥s) | b(m) | yr(m) [ yr(m) | ye(m) | yr(m) | &(%)
Max 0.201 0.55 | 0.092 | 0.488 0.225 0.521 16.6
Min | 0.0242 0.2 0.04 0.17 0.097 0.188 1.6

(Chi tiét tai phu luc 6.7)

So sanh véi cac cong thuc tinh toan theo Iy thuyét (3.36) va thuc nghiém

(3.39) cho thay, cong ciia A.N. Rakhmanov (1930) c6 sai s6 16n hon, cac gia tri phan

tich vé do su dong chay sau khu xoay thé hién tai Hinh 3.8 sau.

0.6

0.5 +

0.4 A

(m) tinh toan

yr

0.3 +

0.2 A

o Céng thirc ly thuyét

x Cong thure thire nghiém

© A.N. Rakhmanov

0.2

0.3

0.4 0.5 0.6

yr (m) gia tri thue do

Hinh 3.8 Mdéi quan hé giira gid tri thuc do va tinh todn ciia dé sau sau khu xody cia

nuoc nhay
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Tur Hinh 3.8 cho thdy, cac gia tri tinh toan tir cong thic Iy thuyét c6 o phu
hop tot nhit, cac diém phan tich hi tu theo dudng tap trung (duong Iy thuyét khi ma
gia tri thuc do va tinh toan nhu nhau), cac gia tri tinh toan theo cong thirc cua A.N.
Rakhmanov (1930) c6 gia tri thién 1on so véi duong tap trung va cé sai s6 16n so V6
cac cong thirc dé xuét.

3.3 Xay dwng cong thire xac dinh chiéu dai nwéc nhay trong kénh Ling tru day
bang c6 mit cit ngang hinh thang

3.3.1 Xdy dwng céong thivc bdn thie nghiém xdc dinh chiéu dai nudéc nhay

3.3.1.1 Phan tich va déanh gid céng thirc tinh chiéu miedc nhay

Quaé trinh bién d6i dong chay dua trén anh huong caa nhiéu yéu t ban dau,
trong do co cac dac trung hinh hoc va thuy lyc cta dong chay trude nudc nhay, nén
chia 2 vé ctia phuong trinh (2.23) cho y1 s& ¢ hé sé ty 1é chiéu dai dong chay theo

do sau dugc xac dinh nhu sau:

AE—(1=A /A, Y (V2/2
M-ot_1 (A=A, 2)2( a!2) (3.40)
Y. Vi (Q/K,)

Phuong trinh (3.40) biéu thi quan hé chiéu dai nudc nhay va d6 sau dong chay

trude nudc nhay. Gia tri Mn 1a hé s6 khdng thir nguyén vé dic trung phat trién chiéu
dai khu xoay theo d6 sau trudc nudc nhay.

Tt phuong trinh (3.40) xac dinh chiéu dai khu xody theo ham sé thuc nghiém

nhu sau:
5 =) (3.41)
Ti€u nang trong nudc nhay dugc xac dinh nhu sau:
AE=E, -E, f _5 ;lEZ (3.42)
trong do:
E_1 y1+(xl\/12j:1+lotlv12 :1+£Fr21 (3.43)
Yi Y 29 2 9y, 2
E._1f, ujy_[lzuj
i v\ 20 ) v 29y,
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E, y( 1 2)
—===L1+—-F 3.44
Yi. Y 2 " ( )

Mt khac khi tinh sb Froude theo d6 sdu dong chay giira 2 mit cét, dua trén

phuong trinh lién tuc, mdi quan hé giira 02 s6 Froude duogc x4c dinh nhu sau:
AR R (3.45)

Thay (3.45) vao (3.44) sé co:
E 1y, A’
5 :L( M fat FflJ (3.46)
i il 2Y. A
Thay (3.43), (3.46)vao (3.42) co:
v T2 A "2 y, AL

2
- ATE - (1—3’/-} ; (1— %j F2 (3.47)
1 1 2
Thay (3.47) vao (3.40) sé co:

Moot [ Y| LA -t 1—ﬁ2v—£ 3.48
ey [ A A e O

Cong thic (3.48) cho thay hé sé My bi anh huéng bai sé Froude cua mit cat
truée nudc nhay (Fr), nén Lrfy: ciing phu thudc vao Fri (hoic Frps), diéu nay cho
thay cong thirc (3.48) phi hop véi cac nghién ciu vé chiéu dai nudc nhay trén kénh
hinh thang cua Silvester (1964) [65], Rajaratnam va Subramanya (1968)[57] va céng
thirc tinh chiéu dai nudc nhay trén kénh mit cat chir nhat cua nhiéu tac gia khac déu
chiu anh huong cua sé Froude trude nudc nhay.

Tir (3.31), thay Frp: cho Fri, cong thic (3.48) duoc viét lai nhu sau:

A 2

M = 1 y 1 2 M, +1 1 A \/2
———|1-= |+ | 1-— Fr2 1 .

" (Q/Ktb)2 [[ y1] 2( A;)[ZMl 1] bt yl( Az) 29} (3.49)

Cong thtc (3.48) va (3.49) l1a cong thirc phan tich chiéu dai dong chay véi

trang thai dong chay 6n dinh déu va thay d6i dan. Trong khi d6, nudc nhay 13 hién

tugng nhay vot vé& do sau dong chay trong mot khoang cach ngan véi tiéu hao ning
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lwgng 160, qué trinh dong chay réi khuyéch tan manh va c6 su anh huéng caa dong
chay 2 chiéu (khu xoay cuén), 2 pha (nudc va khi). Do vay gié tri Mn theo cong thirc
(3.48) va (3.49) s& I6n gap nhiéu lan gié tri chiéu dai khu xody (Lr/y1) thuc do cua
nuéc nhay, nén méi quan hé giira chiéu dai khu xody va gié tri ty 1 chiéu dai dong
chay (Mn) can phai xac theo nghién ctu thuc nghiém.
3.3.1.2 Thiét lip cong thire ban thie nghiém vé chiéu dai khu xody ciia nwéc nhay
Can cr vao sb liéu thuc nghiém tai Bang 2.5, s liéu cua Wanoschek R. &
Hager W. (1989), dir liéu nghién ctru tap hop thanh b dix liéu phan tich céng thuc va
dir liéu kiém dinh (thé hién tai Phu luc 6.5). Xuét phét tir céng thirc (3.48), tinh toan
cac thanh phan co ban theo chudi dix liéu tinh toan nhu Bang 3.16 sau:

Bang 3.17 Phan tich diz liéu thiec nghiém vé chiéu dai khu xody ciia nuréc nhay
T (m?/s) b(m) | ys (m) (anr) o (rrll<3t7s) (An]?)
Max | 0.193 | 0.55| 0.092 | 2.1 | 39.583 | 6.824 | 1.475| 35267 | 10.471
Min | 0.0242 0.2| 004 | 0.7 |17.263| 0.517 |0.173 | 1729 | 7.455

(chi tiét tinh toan tai phu luc 6.8)
Xay dyng mdi quan hé giita In(Mn) véi Lr/y: nhu biéu db sau:

Mn | In(Mn)

45

y = 0.9576x2- 10.462x + 43.072
R?=0.9711

A A

35 +

Lrly,

25 +

15

In(Mn)
Hinh 3.9 Méi quan hé giiza In(Mn) véi chiéu dai khu xody cia nwéc nhay (Lrlyi)
Cong thirc chiéu dai khu xody ctia nude nhay on dinh duoc thé hién nhu sau:
Lr_ 0,9576[In(Mn)]” ~10,462 In(Mn) + 43,072 (3.50)

1

trong do: Mn dugc tinh theo cdng thac (3.48)
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A

Cong thtc (3.50) 1a cdng thirc “ban thuc nghiém” dé xac dinh chiéu dai khu

x0ay cua nuéc nhay on dinh (Frp: = 4,0 + 9,0) trong kénh hinh thang can, day bang

co mai ddcm=1.

3.3.1.3 Kiém tra va ddanh gid cong thirc

Tur c6ng thuee (3.50) tién hanh tinh toan cac gia tri chiéu dai khu xody cia nudc

nhay theo céng thirc ban thuc nghiém nhu Bang 3.18 sau:

Bang 3.18 Chiéu dai khu xody cia nuéc nhay theo céng thic ban thuc nghiém

Gia tr1 thuc do Gia tri tinh toan
Gia | Lrdo AE Lr tinh &
_ Ki Mn Ln(Mn) | Lr/y:tt
tri | (m) (m) (m) (%)
Max | 2.1 | 6.82 | 1.475 | 35267 10.471 | 38.515 2.047 8.8
Min| 0.7 | 052 | 0.173 1729 7.455 18.300 0.745 0.1

(chi tiét tinh toan tai Phu luc 6.9)

Bang 3.19 Kiém tra cong thizc ban thuc nghiém theo diz liéu kiém dinh

Gia tr1 thuc do Gia tri tinh toan
TT

(ctr)n) (Ir_nr) (rr|1<3t/bs) AE (M) | Mn | Ln(Mn) | Lrlys (anr) (08/0 )

1 055 | 1.1 | 2.7476 | 0.276 | 2098 | 7.649 |19.074| 1.183 | 7.5
2 055 | 1.8 | 6.0438 | 0.900 | 11950 | 9.389 |29.256 | 1.902 | 5.6
3 0.55 | 1.7 | 5.3929 | 0.500 | 4161 8.333 |22.389| 1.769 | 4.0
4 0.335| 1.3 | 1.8521 | 0.327 | 2767 7.925 |20.306 | 1.218 | 6.3
5 0.335| 1.8 | 3.5504 | 0.464 | 3487 8.157 |21.448 | 1.780 | 1.1
6 0.335| 0.8 | 0.9189 | 0.208 | 2441 7.800 [19.730| 0.789 | 1.4
7 0.335| 2 | 4.0724 | 0.865 | 8311 9.025 |26.652| 1972 | 14
8 0.2 1.4 | 1.3463 | 0.372 | 3368 | 8.122 |21.270 | 1.300 | 7.2
9 0.2 | 1.75|2.0846 | 0.426 | 2893 | 7.970 | 20.518 | 1.666 | 4.8
Max | 0.55 2 6.044 | 0.900 | 11950 | 9.389 |29.256 | 1.972 | 7.5
Min | 0.2 | 0.8 | 0.919 | 0.208 | 2098 | 7.649 |19.074| 0.789 | 1.1

thuc nghiém nhu Hinh 3.10 sau:

Tur dir liéu Bang 3.18, biéu thi mdi quan hé giira gia tri tinh toan va do dac
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Lr (m) gié tri thue do
Hinh 3.10 Chiéu dai khu xody giira gia tri thuee do va tinh todn theo (3.50)

Nhdn xét: Xay dung céng thirc (3.50) tinh chiéu dai khu xody cua nudc nhay
theo ly thuyét nang luong, cho thay gia tri thuc do va gia tri tinh toan c6 do phii hop
rat cao (R? = 0,98), trong phan tich cdng thic thi sai sé thuc do va tinh toan I6n nht
la 8,8% va trong dix liéu kiém dinh sai s6 16n nhat 7,5%. Biéu nay cho thay, chiéu dai
khu xody c6 su bién d6i manh, phu thudc vao nhiéu yéu té anh huong khac nhau.

Cdng thirc ban thuc nghiém (3.50) duoc xay dung trén co s phuong trinh can
bang nang luong va thé hién cac quy luat phd hop véi nghién ciu thuc nghiém.
3.3.2 Xdc dinh cong thirc thwe nghi¢m vé chiéu dai khu xody ciia nwéc nhdy

Can ctr vao cac phan tich méi quan hé gitra ty 1¢ chiéu dai nudc nhay (Lr/y:)
VGi cac yéu td anh huong tai muc 1.5, xem xét cac dic trung & ¢éng thic ban thuc
nghiém vé chiéu dai khu xody (3.50) va sy phan tich cac yéu té anh huong dén chiéu
dai nuéc nhay bang ly thuyét Pi caa Buckingham (2.46) cho kénh hinh thang can mai
décm = 1, da dé xuat dinh dang cong thirc thuc nghiém dua trén su rdt gon cia cong

thic ban thyc nghiém (3.50) nhu sau:

Lr (e () L AR g
y—l—{aJ{yJ }HYJ +[1 Angrljuf} (3.51)

Vvéi a, ¢, d, e va f 12 cac hé sb thuc nghiém
Nhu vay, v6i phuong phap don gian hoa cong thic (3.50), két hop céc dit lidu

thuc do trén mo hinh thi nghiém (Bang 2.5) va dit liéu nghién ctu cia Wanoschek R.
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& Hager W. (1989), dix liéu phan tich bao gom 46 bo s6 liu, trong d6 tach ra 20%
(trong duwong 9 bo dir liéu) dit liéu dé phuc vu kiém dinh (chi tiét dir liéu tai Phu luc
6.5 va Bang 3.11). Dir liéu kiém tra s& dam bao dai dién cho 3 mé hinh nghién cau
véi kich thudc 10ng dan 1a 0,55cm, 0,335cm va 0,2cm.

Tt c4c dit liéu nghién ctu, st dung phan mém SPSS 26 dé xac dinh duoc cac
hé sb thuc nghiém (Phu luc 1) bang phwong phap hoi qui va cdng thirc thuc nghiém

vé chiéu dai khu xody duoc thé hién nhu sau:

Lr e 4,926 0,94 AZ
y_ = I:B, 038_[y_] :H:[%] +[1_A—12] Fr10v683 +0,578] (352)
1 1 1 2

Phan tich cong thic (3.52), cho thdy thanh phan (efy1) tir gia tri Max dén Min
cua (e/y1) tai Bang 3.19, co: (e/yl)"'926 ~0

trong d6: e = 0,5 x 1073 (m) 1a d6 nham tuyét d6i 1ong dan kénh c6 mat rat nhin
(mat kinh) [2] va y1 xac dinh theo Phu luc 5.1.

Nhu vay, cong thuc (3.52) rut gon lai thanh:

094 )
%4,038“%] +(1—%j Froe +0,578} (3.53)
1 1 2

Cong thic (3.53) 1a cbng thirc xac dinh chiéu dai khu xody cua nudc nhay
trong kénh hinh thang can, c6 mai déc m = 1 va pham vi efy: = 0,0054 + 0,0125 hay
twong duong voi:

e/y, =1/200+1/80 (3.54)

Ap dung cdng thic (3.53) cho céac dit lidu nghién ciu, cho thiy muc do sai
léch gitra thyc nghiém va két qua du bao nhu Bang 3.20 sau:

Bang 3.20 Két qua tinh toan phan tich diz liéu chiéu dai khu xody ciia niréc nhay

Gia tri thuc do Gia tri phan tich
TT
ely1 yily:r | Fr1 )(Ar\rllz) '(Ar‘;z) Lr/yy | Lrlys | Lr (m) ’(3%)

Max | 0.0125 |9.396 | 9.315 | 0.051 | 0.507 | 2.100 | 38.372 | 1.996| 9.9
Min | 0.0054 | 3.847 | 3.639 | 0.010 | 0.063 | 0.700 | 17.931 | 0.769| 0.1
(chi tiét s6 liéu tai phu luc 6.10)
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Bang 3.21 Tinh toan theo dz liéu kiém dinh cho cong thic thyc nghiém

TT Gia tr1 thuc do Gia tri phan tich
ydyr | Fri | At (m?) | Ao (m?) | Lrlyr | Lrlys | Lr(m) | € (%)
1 4.258 | 3.988 | 0.038 0.215 1.1 |18.913| 1.173 6.6
2 6.815 | 6.297 | 0.040 0.440 1.8 |29.032 | 1.887 4.8
3 5.038 | 4595 | 0.050 0.377 1.7 | 22136 | 1.749 2.9
4 4.567 | 4.290 | 0.024 0.167 1.3 |20.467 | 1.228 5.5
5 4.699 | 4.344 | 0.035 0.283 1.8 [21.142 | 1.755 2.5
6 4.650 | 4.257 | 0.015 0.097 0.8 |20.475| 0.819 2.4
7 5.865 | 5.778 | 0.030 0.334 2 26.103 | 1.932 3.4
8 4.697 | 4.453 | 0.016 0.140 1.4 |21.373| 1.306 6.7
9 4335 [ 4.171| 0.023 0.194 1.75 | 20.091 | 1.631 6.8
Max | 6.815 | 6.297 | 0.050 0.440 | 2.000 | 29.032 | 1.932 6.8
Min | 4.258 | 3.988 | 0.015 0.097 |0.800|18.913 | 0.819 2.4

Tur két qua phan tich dit liéu xay dung cong thirc va két qua kiém tra, danh gia

mdi quan hé gitra dit liéu thyc do vao tinh toan theo cong thirc thuc nghiém nhu sau:

Lr (m) theo CT thuc nghiém

2.5 >
© Dir liéu phan tich -
A z -10%/ -7
+ Dir lieu kiém tra P "’10"’/;
2.0 + ’// ’/’
- R LS
s -
[ % s
15 T B -
e 2 =
1.0 + e
o 7
0.5 ~ i b i
0.5 1.0 1.5 2.0

2.5

Lr (m) gia tri thuc do

Hinh 3.11 Biéu dé chiéu dai nwéc nhdy véi dit liéu thuee do va tinh todn theo cong

thuzc theec nghiém (3.52)

Kiém dinh céng thic (3.50) va (3.53) theo céc chi tiéu phan tich hoi quy ddi

véi toan bo dit liéu kiém dinh nhu sau:

Bang 3.22 Phan tich cac chi tiéu danh gid héi quy vé chiéu dai khu xody

1T Cong thirc MAE | MSE | RMSE | R? MAPE (%)
1 | Cong thuc ban thyc nghiém | 0.064 | 0.005 | 0.072 | 0.962 4.365
2 | Cong thtrc thye nghiém 0.070 | 0.006 | 0.075 | 0.959 4.628
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Nhdn xét: Tr Bang 3.22, cho thay khi st dung cdng thirc ban thuc nghiém va
codng thac thuc nghiém cho toan b dir liéu kiém tra (09 b sé liéu), cho thiy ca 2
cong thirc déu cho cé4c chi tiéu danh gia thong ké vé tinh toan chiéu dai khu xoay rat
t6t, hé sé R? rat cao (R? > 0,9), cac chi tiéu danh gia khac déu tién rat gan khong.

Tuy nhién, xét vé mit gié tri, c6 thé thay cong thirc ban thyc nghiém cé hiéu
qua t6t hon cong thirc thuc nghiém, vi xem xét duoc nhiéu cac yéu té anh huong dén
chiéu dai khu xo4y hon. Ca 2 cdng thirc déu c6 sai s6 nho, phil hop sir dung dé phan
tich chiéu dai nuéc nhay va lya chon gia tri bat loi dé thiét ké.
3.4 Xac dinh dic trung hinh hoc nwéc nhay biang mé hinh “Rirng ngiu nhién”
3.4.1 Xdy dung mé hinh Rirng ngéu nhién

Str dung phan mém Matlab dé viét chuong trinh “Rurng ngau nhién” theo thuat
toan Least-Squares Boosting (LS _Boost) cua Friedman (2001).
* Qud trinh wéc heong tham sé dwa trén hai buéc chinh:

- Buéc 1: Huan luyén mé hinh Rirng ngau nhién.

- Budc 2: Udc luong tham s dua trén mo hinh da huan luyén.

Ramdom Forest

ALGORITHM 2 (LS Boost).

Fyx)=7
For m =1to M do:

Yi=yi—Fpna(x), i=1,N
R* (pm! am) = argmina.p Ziil[jl - ph(xj; a)g
RMSE Fn(x)=Fp_1(%) + prh(x;2,)
MAPE endFor
end Algorithm

Hinh 3.12 So dé khoi xay ding mo Hinh 3.13 Cau truc thugt toan Least-
hinh Hoc may Squares Boost cua Friedman (2001) [20]
* Mgt s6 ma nguon:

+ Huén luyén mé hinh:

MdlI = fitrensemble(Tbl,ResponseVarName) (3.55)
+ Dy doan két qua dya trén md hinh huan luyén
Results = predict(MdI1,testdata) (3.56)

Mo hinh Rung ngau nhién dugc xay dung trén moi truong Matlab R2020b,
may tinh Cai dat hé diéu hanh Windows 10, 8GB RAM, Chip Core i5 2.67 Ghz.
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) MATLAB R2020b ) MATLAB R2020b

HOME PLOTS EDITOR PUBLISH HOME PLOTS EDITOR PUBLISH

@ EE v D » Machine-Leaming ¥ Decision-tree @ HE ¥ D> Machine-Learning } Decision-tree
(@ MO 7 Fdlitor - D:\Machine-Learing\Decision-tree\regression_tree.m (ETTa=eWMON I Fditor - D:\Machine-Learning\Random-Forest\regression.m
Name | regression treem | regressionm | regressionlength Name | regressionm | regression_freem | regressionlength3m | 4 |
Fmatab2s.| 1| FH matiab 26.| 3-  vfit = predict (Mdl,¥2)
Ematlab—De. 2 Ematlab—De. 4
‘j regression..| 3 -  Adepth = tablel2array( Xdepth ); ‘jregressicn.. 5-  Adepth = tableZarray( Xdepth);
4- Bdepth= tableZarray( Ydepth);: 6~  Bdepth= tablelarray( Ydepth);
5 3Mdl2 = fitrensemble (Adepth,Bdepth); 7
6 - Ctest=tableZarray( XdepthTest ); 8- Mdl2depth = fitrensemble(Adepth,Bdepth):
7= tree = fitctree(Adepth,Bdepth): 8= CdepthTest=table2array( XdepthTest):
Bil= ketqua tree=predict (tree,Ctest); 10
9 11-  YfitdepthTest = predict (Md12depth,CdepthTest)
10 - view(tree, 'mode’, 'graph') 12
11 13
— Command Window ————— Command Window
a. Ma Iénh cua Cay quyeét dinh a. Ma Iénh cua Rung ngau nhién

Hinh 3.14 Cac ma I¢énh thuc hién chuong trinh hoc may theo mo hinh LS_Boost
trong phan mém Matlab 2020b
3.4.2 Xdc dinh dj sdu sau khu xody cua nwéc nhdy
3.4.2.1 Co so dit liéu trong phan tich do sau sau khu xody cua nuwoc nhay
Ap dung phuong phap 1y thuyét Pi ciia Buckingham (Chuong 2) d6i véi hién
tugng nudc nhay trén kénh lang tru hinh thang can. Truong dit liéu thu thap dau vao

dua vao quan séat cac thi nghiém trén md hinh bao gom: yi, yr, m, b, Fr1 va Zg.
Trong nghién ciu, coi ton that »"& 1a mot thanh phan tham sé an caa mo hinh.
Cac truong dir liéu cta phuong phap Hoc maynhu sau:

+ Bién muc tiéu: 37
Yi

+ Bién dit li¢u phan tich: my%’ Fr..

Bang 3.23 D lidu dé sau sau khu xody cia niwdc nhdy dé phan tich hoc may

STT | Théng sb Max Min Ghi chu
1 Yo /Yy 9.396 3.847 Bién muc tiéu
2 | My=my,/b | 0406 0.073 o
Bien phan tich
3 Fr, 9.315 3.639

(Diz liéu chi tiét tai Phy luc 6.5)
Dix liéu kiém tra sir dung theo Bang 3.11 dé kiém nghiém két qua du bao tir

mo hinh Hoc may.
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3.4.2.2 Két qua tinh todn do sau lién hiép ciia mede nhdy theo mé hinh Hoc mdy

Di liéu phan tich Hoc may caa do sau lién hiép nuéc nhay 46 dix liéu, gom 03
md hinh vat 1y c6 kich thudc khac nhau. Trong d6 tach khoang 20% dix liéu dé kiém
dinh két qua phan tich ciia mé hinh. Nhu vay gom c6 9 dit liéu dung dé kiém dinh do
chinh xac ctiia mé hinh (Bang 3.11).

Cac budc tinh toan d¢ sau lién hiép nudc nhay:

Bwéc 1.Nhap di liéu bién phan tich, ky hiéu Xdepth

Tao dit liéu bién phan tich trong mé hinh la Adepth (Hinh 3.15)

Buwéc 2.Nhap dix lidu bién muc tiéu, ky hiéu Ydepth

Tao dit liéu bién muc tiéu trong mé hinh 12 Bdepth (Hinh 3.16)

Buwéc 3.Huan luyén mé hinh, ky hiéu Mdl2depth (Hinh 3.17)

Buwéc 4.Nhap dir lidu kiém dinh mé hinh véi bién muc tiéu duoc ky hiéu l1a
XdepthTest (Hinh 3.18).

Buwéc 5. Phan tich dix liéu d6 sau lién hiép nudc nhay, cho két qua theo dix liéu
YfitdepthTest (Hinh 3.21) d6i véi md hinh Rirng ngau nhién.

) MATLAB R2020b J MATLAB R2020b

HOME HOME
| EHA » D: » Machine-Learning » Randomr FE P HE= » D: » Machine-Learning
Current Folder @ | [ Editor - regressionlength3.m Current Folder @ | [Z Editor - regressionlen
Name | Xdepth | XdepthTest | Name | Xdepth | Ydept
£ matlab_.. ~ | 37x2 table £ matlab_.. ~ [EH 37x1 table
E matlab-... 1 2 ‘ E matlab-... 1 >
EH matiab-... VarName3  VarName4 EH matlab-... VarName?2
i matlab-L. f57 4.7600 0.2500 EH matlab-L. f57) 4.8400|
E ::z::Et 28 5.2800 0.3100) E ::::E:t 28| 53800
E matlab- .. 29 7.8200 0.3000 E matlab-.. 29 7.2400
EH matiab-.. |30 7.8500 0.2000 B matlab | |20 7.9200
#) regressi.. |31 6.8200 0.3000 ) regressi.. |31 6.5200
#') regressi... 32 4.4800 0.4100 #] regressi... 32 4.5900
“"| regressi... 33 6.3200 0.2000 “" regressi... 33 6.5200
) regressi.. ¥ |34 4.6900 0.2000 £ regressi.. ¥ |34 5.0900
regressionlen... ~ |35 3.6400 0.4100 regressionlen... ~ |35 3.8500
Workspace @ |36 3.9400 0.2000 Workspace = |36 4.2000
Name 37 9.3200 0.2000 Name 37 9
(& Md ~ = w0 Mdl ~ 38
g Mdl2 < & mMdi2 <
& Mdl2depth Command Window 8| Mdi2depth Command Window
B RAAID At —es = = — — [ L N I | B, T S
Hinh 3.15 D ligu phén tich Hoc may Hinh 3.16 Bien muc tiéu trong

Hoc may

- 110 -



J MATLAB R2020b ) MATLAB R2020b

HOME PLOTS VARIABLE

HOME PLOTS

< EHA » D: » Machine-Learning » Random-Forest »

Current Fol.. ® | [# Editor - regression.m (J] » (9 ﬁ » D: » Machine-Learning » Ranc
3 N |1 R MdRdepth X | Current Folder ® | [ Editor - regressionlength3.m
[:Tj matlab.. D @ 1x1 RegressionEnsemble 3

Name = | XdepthTest | Xdepth
% matlab.. Property - Value e
== rnat:aE.. i Regularization i1 E matlab—"' 2 % 9x2 table
& E:ﬂ:b" oY 48x1 double [ matlab-.. 1 5

" X 48x2 doubl

[ matlab.. ?_éRowsUsed HX e £ matlab-... VarName3  VarNamed
e matlab..| - [y 48x1 double EH matlab-L. |, 3.9900 0.1100
‘J Tegress: || ModelParameters 1x1 EnsembleParams E matlab-L..
] regress.. | NumObservations 48 E lab 2 6.3000 0.1200
) regress... [0 BinEdges 0x0 cell matlab-L. 3 45900 0.1400
a regress.. ¥ || HyperparameterOptimizationResults 1 E matlab-... : .

regression....  ~ %z;etj;?irctlapr;e;idors [l}(Z cell E matlab-... 4 4.2900 0.1800

Work: ® a f
GLLEHTS /) QRespuu Nam v J regressi... 5 4.3400 0.2500

% ExpandedPredictorNames 1x2 cell regressi... 6 42600 0.1200
< 1| ResponseTransform ‘none’ .

» 1] vethod LSBoost regressi.. |7 5.7800 0.2200
| {}] LearnerNames 1x1 cell ﬂ regressi... v 8 4.4500 0.3100
QReasonForTermination ‘Terminated normally R
£ Fitinfo 100¢1 double regressionlen... ~ fg 4.1700 0.4100
| {1 FitinfoDescription 2xT cell = o
-] UsePredForlearner [] Workspace &

1] NumTrained 100 11
| ()] Trained 100x1 cell 12
-] TrainedWeights 100x1 double
CombineWeights ‘WeightedSum' <
L .
Command Window = Mdl2depth Command Window
B AN Am == :

Hinh 3.18 Diz liéu kiém dinh du
bao czza mo hinh

Hinh 3.17 Cac tham sé dao tao trong mod
hinh Hoc may
<\ MATLAB R2020b

HOME PLOTS

Classif...

J MATLAB R2020b

J MATLAB R2020b
HOME
<= EE

Current Folder @

PLOTS

HOME

<»>EH

PLOTS

» D: » Machine-lea

L DE [ Editor - regressic

File Tool: Deskto Tree Windoy Help ~

A ® M Editor - regressio Name = | YfitdepthTest
Click to display: Identity | ketqua_tree % matlab_.. ~ | 9x1 double
s matlab-...
H - HH 9x1 double 1
0 et |
= | 1 = mat:az't“ 2 6.3500
1 4.4000 matiab-t.
FH matlab-L. 3 46384
2 6.5200 EH matlab-... 4 4.5835
3 4.8600 £ matlab-.. |5 44759
4 A4.4400 - regressi... 6 4.5212
. " regressi... 7 5.9095
5 4.4100 c regressi... 8 45887
6 4.4400 J regressi.. ¥ | g 1.0821
7 53800 regressionm... ~ |4
8 4.5900 Workspace ® |11
12
9 4.4000
r.. ~ |1n 13
< <
- @ . Command Window
4.88.38 N Command Window CLengthlest

Hinh 3.19 So'do “Cdy Hinh 3.20 Két qud tinh

Hinh 3.21 Két quda dw b&o

quyét dinh” khi phan ticl todn theo mé hinh “Cady cua mo hinh hoc may
quyét dinh” “Ring ngau nhién”’
Két qua phan tich theo “Cay quyét dinh” thé hién trong Hinh 3.20, két qua

dé sau sau khu xoay

phan tich “Rirng ngiu nhién” thé hién trong Hinh 3.21 va so d6 “Cay quyét dinh” thé
hién theo Hinh 3.19.
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Két qua phan tich theo 2 mé hinh Hoc may 1a “Cay quyét dinh” vao “Rung
ngau” nhién duoc danh gia trong Bang 3.24.

Bang 3.24 Két qua phdn tich dg sau lién hiép nuéc nhay tir mé hinh hoc may

Dtr liéu thuc do Gia tri du bao
TT MH Cay quyét dinh | MH Rimng ngiu nhién
Fra M1 Yily1
yrly1 e (%) yily1 e (%)
1 399 011 4.26 4.400 3.3 4191 1.6
2 6.30| 0.12 6.82 6.520 4.3 6.350 6.8
3 459 ] 0.14 5.04 4.860 3.5 4.638 79
4 429| 0.8 4.57 4.440 2.8 4.584 0.4
5 4341 0.25 4.70 4.440 5.5 4.476 4.7
6 426| 0.12 4.65 4.440 4.5 4.521 2.8
7 5.78 | 0.22 5.86 5.380 8.3 5.909 0.8
8 445] 0.31 4.70 4.590 2.3 4.589 2.3
9 417 ] 041 4.33 4.400 1.5 4.082 5.8
Max 6.30| 041 6.82 6.52 8.3 6.35 7.9
Min 399 011 4.26 4.4 1.5 4.19 0.4

Tir Bang 3.24 cho thay, sai s6 kiém dinh 16n nhét giita thuc do va tinh toan
cia md hinh “Ring ngau nhién” (7,9%) tét hon so véi mé hinh “Cay quyét dinh”
(8,3%), diéu nay cho thay mé hinh “Rung ngau nhién” c¢6 hiéu qua trong viéc phan
tich chudi di liéu.

Sai s6 tinh toan dit liéu kiém dinh cho thay sai sb I6n nhat khoang 7,9%, gia
tri ndy cao hon so véi sai s6 tinh toan theo ly thuyét (5,4%) va cong thtc thuc nghiém
(6,8%). Tuy nhién, ddy la nghién ciu trong pham vi nho, céc dit liéu ¢d xu thé hoi tu
t6t. Phuong phap nay van con phai bo sung nhiéu dir liéu hon nita, dé c6 ¢ng dung
rong réi, va cé két qua phan tich tét hon.

Nhu vay, phuong phép tinh todn theo mé hinh hoc may “Rurng ngau nhién”
véi thuat toan LS_Boost ciia Breiman, L (2001) da cho thay hiéu qua tét trong phan
tich d6 sau sau khu xoay cua nudc nhay.

3.4.3 Xdc dinh chiéu dai khu xody ciia nwéc nhdy
3.4.3.1 Co s6 dit liéu trong phan tich chiéu dai khu xody

Ap dung phuong phéap dinh Iy Pi ciia Buckingham d6i voi hién tuong nudc
nhay trén kénh lang tru hinh thang can (Chuong 2). Truong dit liéu thu thap dau vao

dua vao quan sat cac thi nghiém trén md hinh vat Iy bao gom: Lv, y1, yr, m, b, Fry.
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Trong d6 cac dir liéu (b, m) ¢6 dinh theo tirng mé hinh thi nghiém, thé hién trong
thong s6 M.

Nghién ctu dugc thuc hién trong trudong hop ¢b dinh vé gié tri (m), su bién
d6i ctia (m) anh hudong dén cac yéu té chiéu dai nuéc nhay thi s& dugc nghién ctu
tiép theo. Ap dung phuong phap Hoc may véi dit liéu phan tich tai Bang 3.11 (chi tiét
Phu luc 6.5) va kiém dinh dit liéu tai Bang 3.11

Truong dit liéu ddu vao nhu sau:

2 o Lr
+ Bién muc tieu: —
Y1

+ Bién dit liéu phan tich: % M,, Fr,

Bang 3.25 Diz liéu chiéu dai khu xody cia nwéc nhay theo md hinh hoc may

STT | Théng sé Max Min Ghi cha
1 Lr/y, 30.583 17.263 Bién muyc tiéu
2 M1 0.406 0.073
3 Fri 9.32 3.64 Bién anh huong
4 yily1 9.396 3.847

(Diz ligu thé hién tai phy luc 6.5)

Dix liéu kiém tra sir dung dit liéu tai Bang 3.11dé kiém dinh két qua phan tich
chiéu dai khu xody cua nudc nhay tir md hinh hoc may.
3.4.3.2 Xdc dinh chiéu khu xody ciia nwéc nhdy theo mé hinh Hoc mdy

Str dung 46 dir lidu dé phan tich chiéu dai nuéc nhay, véi dic trung vé bién
anh huang va bién muc tiéu, trong d6 tach ra 9 bo dir lidu (20% dir liéu, bao géom 3
md hinh long dan) dé kiém tra két qua tinh toan caa md hinh hoc may.

Cac budc tinh toan va phan tich tuong tu nhu tinh toan cho d6 sau lién hiép

nuéc nhay, két qua phan tich du bao cia mo hinh nhu sau:
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) MATLAB R2020b

J MATLAB R2020b

HOME PLOTS VARIABLE HOME PLOTS APPS
<A » D: ¥ Machine-Learning » Random-Forest » a5 5 » D: » Machine-Learning
Current Folder ® | [#] Editor - regression.m Current Folder @ | [ Editor - regression.m
Name = | Xlength | Ylength | XlengthTest Name = | YLength | Xleng
[ matlab_... A [ 373 table (H matlab_.. ~ fEH 37x1 table
[ matlab-... 1 2 3 FH matlab-... 1 2
£ matlab-.. VarName3  VarName4 Var3 £ matlab-... VarName2
Elmateb L bl 7600 02500 48400 EH matlab-L. Jog 20.9000
EH matlsbrL [y 52800 03100 53800 £ matlab-L 27 22.8900
] matlab-L. FH matlab-L.
EB matlab-. 29 7.8200 0.3000 7.2400 E atlabe. o8 22.9500
T ratib. 30 78500 02000 7.9200 EH matiob [ 22 32,8400
“regressi. 31| 68200 03000 65200 “Tegei o 31.7800
‘j regressi... 32 4.4800 0.4100 4.5900 ﬂ regressi... 31 28.0500
ﬂ regressi... 33 6.3200 0.2000 6.5200 regressi... 32 20.9600|
‘j regressi.. ¥ |34 4.6900 0.2000 5.0900 regressi.. ¥ |33 26.9600
regressionm.. ~ |35 3.6400 04100 3.8500 regression.m... ~ |34 22
Workspace (@ |36| 39400 02000 42000 Workspace @ |35 17.2600
37 9.3200 0.2000 9 36 17.2800)
N 38 37 39.2200
&| Mdl2depth 4 & Mdl2depth <

@| MdIZLength
oy

Bién anh huong

Command Window \I\jdl2Length Command Window

b. Bién muc tiéu

Hinh 3.22 Di# ligu phan tich mé hinh Hoc may cho chiéu dai khu xoay

) MATLAB R2020b J MATLAB R2020b

HOME PLOTS VARIABLE HOME

<fpEHA » D: » Machine-Leaming » Random-Forest » < EHA » D: » Machine-Learning
Current Folder @ | [ Editor - regression.m Current Folder @ | [# Editor - regressionlen
Name | Ylength | XlengthTest ' | Xlength Name = | ¥fitLlengthTest |
H matlab .. ~ | 953 table H matlab ... A |F 9x1 double
F matlab-... 1 2 3 [ matlab-... 1 >
£ matlab-.. VarName3  VarName4 Var3 £ matlab-.. 1 16.9449
] matlab L. f 39900 01100 4.2600 EH matlab-L. |5 ke
 matab-L 6:3000 01200 68200 £ matlab-L. 3| 206899
F matlab-L. [ matlab-L.
B matiab-_. (L 45000 01400 50400 . 4] 214200
[ matiab-. 4 42900 01800 45700 FH matab-. |5| 216624
a. . PIE 43400 02500 47000 ) regressi.. | 6| 204743
regressi... 6 4.2600 0.1200 4.6500 ﬁ regressi... 7 28.0777
regressi.. |7 5.7800 02200  5.8600 “" regressi... 8 20.5410
regressi.. ¥ |g 4450 03100 47000 ) regressi.. ¥ [9 208002
regression.m... ~ |9 4.1700 0.4100 4.3300 regressionlen... ~ l4q
Workspace (@ |10 Workspace ® |11
1 12
. 12 ~ 13
@) Mdl2depth < | Mdl2depth <

@] MdI2Length

.

Command Window

a. Bien myc tiéu (kiém tra)

..j Mdl2Length Command Window

b. Két qua kiém tra

Hinh 3.23 Két qua phan tich md hinh Hoc may cho chiéu dai khu xoay

Bang 3.26 Bdng dir liéu kiém tra cua két qua chay mé hinh vé chiéu dai khu xoay

TT Dir liéu thuc do Gia tri du bao
Lr/y: Fri M yily1 Li/y1 € (%)
1 17.74 3.99 0.11 4.26 16.945 4.5
2 27.69 6.30 0.12 6.82 26.182 5.5
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TT Dt liéu thyc do Gia tri du bao
Lrly: Fri M1 Yily1 L+/y1 € (%)
3 21.52 4.59 0.14 5.04 20.690 3.9
4 21.67 4.29 0.18 4.57 21.429 1.1
9) 21.69 4.34 0.25 4.70 21.662 0.1
6 20.00 4.26 0.12 4.65 20.474 24
7 27.03 5.78 0.22 5.86 28.078 3.9
8 22.09 4.45 0.31 4.70 20.541 7.0
9 21.55 4.17 0.41 4.33 20.809 3.4
Max | 27.69 6.30 041 6.82 28.08 7.03
Min | 17.74 3.99 0.11 4.26 16.94 0.11

Phén tich co sé dir liéu thuc nghiém vé chiéu dai khu xody ciia nude nhay, véi

3 tham s6 co ban (M, yr/y1 va Fri) da cho thdy: Két qua du bao véi dir lidu thuc do

ctia cac md hinh vat ly c6 sai s6 16n nhat 7,0% (Bang 3.26), hiéu qua dy bao ciia mo

hinh tét hon cac phuong phap khéc (sai s6 1on nhat caa cong thac ban thuc nghiém
va thyc nghiém vé chiéu dai nudc nhay lan luot 12 8,0% va 7,5%).

Bang 3.27 Phan tich c&c chi tiéu danh gid héi quy vé do sau sau khu xody va chiéu

dai khu xody cua nwoc nhay theo mo hinh “Hoc mday”

1T Cong thirc MAE | MSE | RMSE | R? MAPE (%)
1 | D9 sau sau khu xody 0.190 | 0.058 | 0.242 | 0.905 3.681
2 | Chiéu dai khu xoay 0.802 | 0.884 | 0.940 | 0.900 3.927

Phén tich danh gia chi tiéu thong ké dbi voi dir liéu kiém tra tinh theo mé hinh
hoc may, cho thay R? ~ 0,9 (twong quan manh), cac chi s thong ké khéc ciling gan 0,
dam bao két qua tinh toan hiéu qua tot trong dy bao.

Nhu vay, @ng dung mé hinh hoc may vao nghién ctru xac dinh chiéu khu xoay
cua dai nudc nhay trén kénh hinh thang cho két qua tét.
3.5 Quy trinh tinh toan xac dinh cac dic trung nwéc nhay trong thiét ké cong
trinh tiéu nang
3.5.1 Co s6 xdc dinh cdc kich thuwdc hinh hoc ciia nwoc nhdy

Can ctr VAo cac cong thirc dé xuat, cac két qua nghién ctru thi do sau dong chay

sau khu xody cua nudc nhay duoc dé xuat theo cac cong thirc & Bang 3.28 sau:
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Bang 3.28 Cong thure tinh do sau dong chay sau khu xody cua nwrdc nhay

TT | Ky hiéu Cong thuce Loai cong thurc
+ Str dung cong thire (3.36) khi M1 > 0,2 véi k =
1 | Esl.l |0,92 cho kénh hinh thang cin, mai doc m=1,c6| Ly thuyét
Frp1 =4,0 = 9,0.
+ Tra tai Bang 3.9 hoac Hinh 3.5 vé&i moi gia tri
] A . Ban thyc
2 Esl.2 | M1 kh&c nhau cho nudc nhay trong kénh hinh .
A I nghi¢m
thang can, mai doc m= 1, ¢6 Frp1 = 4,0 + 9,0.
Vi _ 0,959M 01200
Y1
3 Es2 _ o Thuc nghiém
Vi trong kénh hinh thang can, mai doc m = 1,
cO Frp1 = 4,0+9,0.

Trong tinh toan thuc té, s& ap dung cac phwong an tinh toan trén, dé tir d6 lua

chon gié tri d6 sdu dong chay sau khu xody ctia nudc nhay cho phu hgp, wu tién lya

chon cac gi4 tri tinh toan theo Iy thuyét va c6 su bét loi.

Can ctr vao cong thac thyc nghiém da xay dung, dua trén cac phén tich va

danh gia xac dinh chiéu dai dong chay khu xody cia nuéc nhay, tir d6 chon gia tri
tinh chiéu dai pht hop khi thiét ké cong trinh.
Bang 3.29 Céc cong thirc tinh chiéu dai dong chay khu xody ciia nudc nhay

TT Cong thire Ghi chd
Lr_ 0,9576[Ln(Mn)]’ —10,462 Ln(Mn)+ 43,072
. Y. Ban thuc
Vi Mn dugc xac dinh theo céng thue (3.48) hoac (3.49), nghiém
kénh hinh thang can, mai décm = 1, c6 Frp1 =4,0+9,0.
Lr A
L3083 [y_j +[1__;]Frlov6ss+o,578
, Y, Yy A Thuyc
Vi didu kién (3.54), kénh hinh thang can, mai ddc m =1, | nghiém
c6 Frp1=4,0+9,0.

Trong tinh toan thwc té s& can cir vao gié tri tinh toan cua 2 cdng thire trén dé

lya chon xé4c dinh gia tri chiéu dai dong chay khu xody ciia nuéc nhay cho phi hop
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trong thiét ké cong trinh. Uu tién lwa chon két qua tinh toan theo cong thirc ban thyc
nghiém va c6 gié tri bat loi.
3.5.2 Cac bwoc tinh dp sdu dong chdy sau khu xody cua nwéc nhdy

Xac dinh d6 sau dong chay sau khu xody cua nudc nhay trén kénh cé mit cat
ngang hinh thang can (m = 1) va day bang, duoc thuc hién theo cac budc nhu sau:

+ Xac dinh tan suét thiét ké caa céng trinh, nham muc dich xac dinh cap cong
trinh, quy md cdng trinh va cac thdng sb co ban caa cong trinh;

+ Xac dinh luu lvgng dong chay ang véi tan suat thiét ké;

+ Xéc dinh cac thong sé thiét ké caa cong trinh thity loi, nhu chiéu cao dap,
chiéu rong dap, cao trinh day, chiéu rong kénh tiéu nang ...

+ Tinh d6 sau dong chay co hep & chan dap &ng véi tan suat thiét ké cong
trinh, va lay gia tri d sau trudc nude nhay bang gia tri do sdu co hep dé tinh toan cac
dic trung hinh hoc trong thiét ké cong trinh tiéu nang (hc = y1).

+ Tinh d¢ sau lién hiép nudc nhay theo phuong phap tai Bang 3.28.

+ S0 sénh céc gia tri d6 sau dong chay sau khu xoay cua nudc nhay tinh tir
cong thuc ly thuyét va thuc nghiém, tir d6 phan tich xac dinh gié tri pht hop.

3.5.3 Cdc buéc tinh chiéu dai khu xody ciia nwéc nhdy

Pé xac chiéu dai dong chay khu xody cua nuéc nhay phi hop cho céng trinh
tiéu nang sau dap tran, ta thuc hién theo cac budc sau:

+ Xac dinh d¢ sau dong chay sau khu xo0dy cta nudc nhay (Muc 3.5.2).

+ Dua vao cé4c cdng thire tai Bang 3.29, tinh duoc gia tri chiéu dai dong chay
khu x0ay ctua nudc nhay.

+ S0 sanh cac két qua tinh toan va lra chon gid tri chiéu dai khu xoay phu hop.
3.5.4 Quy trinh xdc dinh cdc dac trung thiy luc cho cong trinh dp dung nuwoc nhdy

Két hop cac phan tich, nghién ciru va cac bude tinh toan dic trung hinh hoc
ctia nuée nhay trong kénh ¢d mit cit ngang hinh thang can ¢6 mai déc m = 1. Quy

trinh xac dinh dac trung hinh hoc cua nuéc nhay nhu sau:
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- C4u tao dap
- Luu lugng dong chdy thiét k&
- Chon bé tiéu nang c6 mat cat
ngang hinh thang

- Cau tao bé dy bing, mai doc
m =1, do rong ddy b

| - X4c dinh do sau co hep chan dap (hc) |

| - Tinh s6 Frp; theoy,=h ¢ |
]
i ?

Néu FrDl < 4,0 ”
hodc Frp; > 9,0 - Neu4,0<Fry,; < 9,0

Phuong phdp tinh - Nudc nhdy &n dinh
todn khéc - Tinh M theo y,
. . | - Cong thiic 1y thuyét
Chon gid tri bat lgi | _ Béng hoic biéu d6
- Cong thitc thuc nghiém

Do sau sau khu xody yr

- Cong thic ban thuc
nghiém
- Cong thitc thyc nghiém

Chon gi4 tri bat loi

Chiéu dai khu xody Lr

Chon gid tri bat 10i | Tinh chiéu dai nudc nhay
theo phuong phap khac

Tinh kich thudc
bé tiéu ning

Thiét k€ cong trinh

Hinh 3.24 Quy trinh xdc dinh ddc trung hinh hoc cua nwéc nhay én dinh

3.6 Ung dung céc cong thirc dé xuat tinh todn nwéc nhay sau dap tran cia hd
chira Na San — Son La
3.6.1 Cdc théong s co bén ciia cong trinh

Tir hd so thiét ké co ban vé vé cong trinh H6 Na San, xac dinh duoc céc chdng
s6 co ban cua dap tran trong tinh toan tiéu nang.

Bang 3.30 Thdng sé ddp tran ho chiza Chiéng Dong

N Mait cat thuc dung
T Dap tran co cua van Ophixérdp tiéu ning day
1 | Hinh thtc dap bap bé tong trong luc
2 | Cao trinh dinh dap m +762,0
3 | Chiéu cao dap 16n nhit m 34,0
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N Mt cat thuc dung

T Dap tran co ctra van Ophixérdp tiéu ning day
4 | SO khoang tran khoang 2,0

5 | Bé rong tran nxB m 2X7

6 | Luu luong xa lii thiét ké Qtk (P =1,0%) m3/s 426,3

7 | Cot nudc xa 1 thiét ké m 6,2

8 | Luu luong xa i kiém tra Qkt (P =0,2%) m3/s 510,83

9 | Cot nudce xa lii kiém tra m 7,12

10 | Chiéu cao dap 16n nhat m 41,0

3.6.2 Xdc dinh cdc thong sé thiét ké cong trinh tiéu ning

Can cir tai liéu thiét ké cong trinh, cac thong sé co ban dau vao nhu sau:

Bang 3.31 Bdng cac théng sé co bdn dé tinh tiéu nang sau dap tran

STT Thong sb Ky hiéu | Ponvi | Gia tri Ghi cha

1 | Luu luong thiét ké (1%) Q m%/s 426,3

2 | B0 sau co hep chan dap he m 0,84

3 | Kénh tiéu nang Mit cat ngang hinh thang can
4 | Hé s6 mai doc m 1

5 | Chiéu rong day kénh b m 20,5

6 | Kétciu Bé téng

. Hé s6 nham }\/Ianning (Bé . 0,018 | B& tong

mat khong nhan[2] [60])
8 | P6 nham tuyét ddi [2] e mm 5 | Bétong

3.6.3 Tinh toan théng sé hinh hoc ciia nwéc nhdy trong céng trinh tiéu ning sau

ddap tran Na San

3.6.3.1 Tinh do sdau sau nuwdc nhay

dap 1a do sau trudc nudc nhay:

Tinh nudc nhay sau dap tai chan dap tran, d6 sau dong chay co hep tai chan

he =y1

Céc thdng sb co ban tai chan ddp duoc xac dinh theo bang sau:
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Bang 3.32 Céc thdng sé thay luc cia dong chdy trude medc nhay

Q (ms)

b (m)

m

y1(m)

/\1(n12)

M1

Fry

Frpi

426.3

20.5

1

0.84

17.926

0.041

8.29

8.45

Vi gia tri Frpr = 8,45 nhu vay nudc nhay sau dap trén kénh lang tru hinh
thang can day bang 1a nudc nhay hoan chinh (nuéc nhay 6n dinh).

Str dung cac phuong phap tinh d6 sdu sau nuéc nhay bing phuwong phap liét
ké tai Bang 3.27. Do M1 = 0,041 < 0,2 nén khi ty 1€ do sau dong chay sau khu xoay
ctia nudc nhay s& tra Bang 3.9. Két qua tinh d6 sau dong chay sau khu xody cua nuée
nhay theo cac phuong an nhu Bang 3.33 sau:

Bdng 3.33 CAac gia tri do sau sau khu xody cua nudc nhay

- . Phuong phap ly | Cong thirc thuc | Ung dung mé hinh
1 /
Y thuyét nghiém Hoc May
(m¥s) | (m) | (m) | (ydys) | yr(m) | (ydys) | yr(m) | (yilys) | yr(m)
426.3| 205|084 | 10.18 | 855 | 10.18 | 8.55 9.4 7.9

Trong 03 phuong an tinh d6 sdu dong chay sau khu xo0dy ctua nudc nhay, cong
thizc thuc nghiém va phuong phép Iy thuyét c6 két qua tinh toan twong duong nhau,
phuong phép 1y thuyét cho két qua tinh toan 16n nhat. M6 hinh hoc may c6 két qua
sai léch 16n (7,7%) so vé6i phuong phap 1y thuyét, diéu nay do dir liéu Hoc may dau
vao dap tng cong trinh 16n con han ché.

Do sdu dong chay sau khu xody cua nudc nhay la: yr = 8,55 (m)
3.6.3.2 Tinh chiéu dai dong chay khu xody ciia nwée nhdy

Tur céc gia tri d6 sdu dong chay sau khu xoay cua nudc nhay da tinh ¢ trén, ap
dung cac phwong phap nghién ciru, cng thirc dé xac chiéu dai dong chay khu xoay,
két qua cac truong hop nghién cau, tinh toan duoc thé hién tai Bang 3.34 nhu sau:

Bang 3.34 Tinh chiéu dai dong chay khu xody cia nwéc nhay

Chiéu dai dong chay khu xody cta nudc nhay (m)
Q y1 = Cong thirc ban thuc Cong thirc thuc | Phuong phap
nghiém nghiém Hoc may
(m3/s) | (m) Ln(Mn) | Lr/ys |[Lr(m)| Lr/ys | Lr(m) | Lr/ys | Lr(m)
426.3 1 0.84 1 8.29 | 10.35 39.21 329 [39.78 | 3342 | 3952 | 332
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Két qua tinh toan theo cac cong thic ban thuc nghiém, cdng thire thuc nghiém
va mé hinh Hoc may (Két qua tinh toan trinh bay ¢ phu luc 4) twong dwong nhau.
Nhung két qua tinh toan caa cong thizc ban thuc nghiém cé gia tri 16n nhat.

Bén canh d6 lai co: e/y: = 5/ (1000x0,84) = 0,006, ty 1¢ nay théa man diéu
kién (3.54) dé &p dung cong thtc thuc nghiém (3.53). Nén chiéu dai nuéc nhay duoc
xac dinh dé thiét ké cong trinh sé& lay két qua theo cong thirc ban thyc nghiém (gia tri
tinh toan bat lgi nhat cho cdng trinh).

Chiéu dai tinh toan dong chay khu xoay: Lr ~ 34(m)

So séanh vai két qua tinh toan cac truong hop khac cho cong trinh Na San -
Son La nhu sau:

Bang 3.35 Cdc trwong tinh toan chiéu dai khu xody cua niréc nhay khac

Chiéu dai dong chay khu xody cua nudc nhay (m)

Q y1 | Thinghiém cua | Truong hgp kénh cht | Truong hop kénh hinh
D.T.H Hué [7] nhat thang
(m3/s) | (m) | ya(m) | La(m) | Fri | y2(m) |aLj(m)| Fri |y (m) | Lr(m)
426.3 10.84| 8.4 39 8.29 | 9.44 37.7 | 829 | 855 34.0

Ghi ch: Bdi vai kénh chit nhat duoc gitr nguyén chiéu rong day kénh va y»
duoc tinh theo cong thac (1.20) va chidu dai nudc nhay cho thiét ké duoc tinh theo
cong thirc phé bién nhu sau:

Lj =5.y2(m)
: ‘ q (4.1)
véi a ~ 0,8 la hé so xac dinh khoang cach chiéu dai bé tiéu nang

Chiéu dai khu xoay cia nudc nhay dé thiét ké cong trinh cong trinh tiéu ning
¢ ha luu dap tran duoc chon: Lr=34,0m.

Nhu vay, chiéu dai khu xody cua nudc nhay caa cng trinh c6 thé giam bét,
néu bé tri cac mb nham 16n dé hd tro tiéu nang, dac biét bé tri dang mé nham & dau
va cudi cong trinh tiéu ning nhu cac cong trinh thuong duoc thiét ké hién nay, dicu
nay s& lam giam chi phi dau tu cong trinh va dam bao an toan hon cho ha luu.
3.6.3.3 Tiéu nang cua cong trinh

Nudc nhay sau dap c6 hiéu qua tiéu ning, 1am cho dong chay 6n dinh va an

toan hon ha luu dap, véi gia tri Frpr = 8,45 thi nudc nhay ¢ chan dap tran thugc loai
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nuéc nhay 6n dinh (Bang 1.1). Ning luong tiéu nang bang nudc nhay trén kénh hinh
thang can (méi déc m = 1) duoc xac dinh nhu Bang 3.36 sau:

Bang 3.36 Bdang tinh tiéu nang cho nuwoc nhay sau dap
Q Y1 Yr Fros Vi1 V2 E: E> AE%
(m¥s) | (m) | (m) (m/is) | (m/s) | (m) (m) (%)
426.3 | 0.84| 8.55| 8.45 | 23.782| 1.701 | 29.666 | 8.707 70.6

Nudc nhay 6n dinh sau dap c6 hiéu suat tiéu ning kha 16n dat téi 70,6%, diéu

nay dam bao ha luu cong trinh 6n dinh. Mic tiéu hao ning lugng ndy nam trong phan
loai danh cho nudc nhay manh Bang 1.1.
3.7 Két luan Chwong III

Tir co s ly thuyét va dix liéu thyc nghiém, cac noi dung nghién ciru co ban dat
duoc nhu sau:

® Tur phuong vi phan co ban Navier-Stokes da tién hanh tich phan va tng
dung cho kénh hinh thang, tir d6 xay dung duoc cong thic ly thuyét (3.36) vé xac
dinh d¢ sau dong chay sau khu xo0dy ctia nudc nhay.

@ Két hop voi dit liéu thuc nghiém, da xac dinh duoc hé s6 ty 16 dong ning
khu xody ( k = 0,92), gilip cho cong thtc ly thuyét (3.36) cho két qua tét hon. Bong
thoi dé xuat phuong phéap xir Iy cac van dé khong phi hop cua cong thuc ly thuyét
bang Bang 3.9 hoic Hinh 3.5.

® Can cr vao phuong trinh can bang nang lugng va dit liéu thyc nghiém trén
md hinh vat 1y, da xay dung duoc cong thirc ban thuc nghiém (3.50) vé xac dinh chiéu
dai khu xoay cua nudc nhay.

@ Duya trén dit liéu thyc nghiém trén mé hinh vat Iy nuéc nhay 6n dinh trén
kénh hinh thang can, day bang ¢ mai doc m = 1, da xdy dung dugc cong thic thuc
nghiém vé xac dinh d6 sau dong chay sau khu xody (3.39) va cong thirc xac dinh
chiéu dai khu xoay (3.53) véi diéu kién &p dung theo (3.54).

® Ap dung céc cong thirc da dé xuat, tinh toan thiét ké cong trinh tiéu ning
cho dap tran & hé thdng cdng trinh thay loi Na San — Son La véi luu luogng thiét ké
Qrk = 426,3 m¥/s, chiéu cao dap 34m, sir dung kénh tiéu niang sau dap tran 1a kénh c6

mat cat ngang hinh thang can, hé sé mai doc m = 1, chiéu rong day long dan tiéu nang
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b =20,5m, da tinh toan duoc do sau dong chay sau khu xoay yr = 8,55m va pham vi
chiéu dai khu xody cua nudc nhay 1a Ly = 34,0m.

® Két qua tinh todn cong trinh tiéu nang cua hé théng cong trinh thay loi Na
San — Son La 1a nuéc nhay 6n dinh (v6i Frp: = 8,45), nhung hiéu qua tiéu ning rat
cao (70,6%) nam trong pham vi tiéu ning cta nudc nhay manh (Frps > 9) theo tiéu
chuan phan loai vé hiéu qua tiéu ning cta céc loai nudc nhay Bang 1.1.

@ Xay dyng md hinh Hoc may “Rurng ngau nhién” trén phan mém Matlab
2020b, (tng dung mé hinh dé vao phan tich d6 su dong chay sau khu xody va chiéu
dai khu xoay cta nudc nhay, dong thoi 4p dung phan tich cho cong trinh tiéu ning ho
Na San - Son La, két qua tinh toan tuong dudng voi cac phuong phap khac. Diéu nay
minh ching hiéu qua rng dung md hinh Hoc may vao nghién ctru nudc nhay.

M hinh hoc may la mot phuong phap phan tich hién dai dugc sir dung
trong nhiéu linh vuc, bude dau ap dung cho nghién ciru nuée nhay trong pham vi nho
da thé hién duoc hiéu qua cia phuong phap tinh. Piéu nay, cho thay Hoc may la
phuong phap pht hop cho nghién ciru va phat trién lau dai ddi véi cac bai toan thiy

luc cong trinh.
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KET LUAN VA KIEN NGHI

1. Céc két qua dat dwoc cia luan an

+ P4 phan tich, xay dung dugc mdi quan hé dinh tinh giita cac dic trung hinh
hoc nudc nhay trong kénh ling tru véi cac yéu té anh huéng trong pham vi nghién
cliru.

+ Ung dung cac ly thuyét tuong tu, ly thuyét phan tich thi nguyén, Iy thuyét
Pi ctia Buckingham dé xay dung dinh luong phuong trinh nghién ctru cac dic trung
hinh hoc ctia nuéc nhay trong kénh hinh thang, xac dinh dugc cac yéu té can thu thap
trén mo hinh thi nghiém vat ly.

+ P giai hé phuong trinh Navier-Stokes, xac dinh duoc cong thic ly thuyét
(3.36) vé tinh do sau sau khu xody (yr) va cong thirc (3.27) vé xac dinh ty 18 hé sb
dong luong cua nudc nhay (K) dbi véi nude nhay trong kénh lang tru.

+ Nghién cuu thuc nghiém cho nudc nhay trong kénh hinh thang can, day
bang, mai dbc m = 1: Xac dinh duoc gia tri ty 18 hé sé dong luong khu xody cua nudc
nhay k = 0,92. V&i do sau sau khu xody, néu hé s6 Mz > 0,2 thi &4p dung cong thic
téng quat (3.36) hoic Bang 3.9 hoic Hinh 3.5, néu M1 < 0,2 thi sir dung Bang 3.9
hoac biéu do Hinh 3.5 (chuong trinh tinh d¢ sau dong chay sau khu xody duoc xay
dung trén nén caa Excel tai Phu luc 3).

+ XAy dung duoc cong thire ban thuc nghiém (3.50) vé xac dinh chiéu dai khu
X04y cua nudc nhay 6n dinh trong kénh lang tru mat cat ngang hinh thang can, day
bang c6 mai déc kénh m = 1.

Két qua kiém nghiém cdng thirc (3.50), cho thay c4c chi tidu danh gia hoi quy
rat manh va thé hién sy chinh xac cua cong thirc dé xuat (c6 R? = 0,96 va sai sé trung
binh tuyét d6i MAPE = 4,4%).

+ Nghién ciru da xay dung 02 cong thirc thyc nghiém méi vé tinh do sau sau
khu xody (3.39) va chiéu dai khu xody (3.53) cua nudc nhay trong kénh hinh thang
can day bang c6 mai déc m = 1.

Két hop céc cong thuc thuc nghiém véi cac cong thic y thuyét va ban thuc
nghiém dé c6 co s so sanh luya chon cac théng sé trong thiét ké cong trinh ¢ tng

dung nudc nhay.
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+ Cac két qua nghién ctru budc dau cia mé hinh Hoc may “Rung ngiu nhién”,
da cho két qua trong duong voi cac phuong phap nghién ctru khéc, diéu nay thé hién
kha nang ap dung ctia mé hinh “Hoc may” trong nghién ctu.

Nhung han ché caa phuong phép 13 s& xuat hién sai s6 I6n néu gia tri du bao
nam ngoai pham vi chudi di liéu nghién ctu.

Pay mdi chi 1 nghién ctu budc dau trong tng dung céng nghé “Tri tué nhan
tao” vao nuéc nhay trong kénh hinh thang, con can nhiéu nghién ciru méi va bd sung
co sé dit liéu phong phi hon dé c6 thé dap tng duoc nhu cau san xuat trong thuc té.

+ Xay dung quy trinh sir dung cac cong thirc dé xac dinh cac dic trung hinh
hoc cta nudc nhay trén kénh hinh thang, va ap dung quy trinh vai cac cong thic mai
dé xuat vao tinh toan céac thong sé hinh hoc cua nudc nhay trong thiét ké cong trinh
tiéu nang sau dap tran.

Céc cdng thuc dé xuat dam bao tinh chinh xac va khoa hoc d6i vai phan tich
cong trinh tiéu nang cta dong chay sau céng trinh trong kénh hinh thang céan, day
bang va mai déc m = 1.

2. Kién nghi vé cac déng gop cia luan an

+ Sir dung cac Bang 3.9, Hinh 3.5, cong thire ly thuyét (3.36) va cong thirc
thuc nghiém (3.39) dé xac dinh d6 sdu dong chay sau khu xody cua nudc nhay,
tir d6 x4c dinh dugc cac kich thudc hinh hoc cua cong trinh tiéu ning (day bang,
mit cit ngang hinh thang) bang nuéc nhay 6n dinh (Frp1 = 4,0 + 9,0) sau dép tran.

+ Str dung hé s ty 1é dong lwong dong chay khu xoay k = 0,92 cho kénh
hinh thang, day bang c6 méi déc m = 1.

+ Str dung c6ng thic ban thuc nghiém (3.50) va cong thuc thuc nghiém
(3.53) dé tinh chiéu dai khu xody cta nuéc nhay on dinh (Frp1 = 4,0 + 9,0) trong
kénh hinh thang can day bang, mai doc m =1, tir d6 phan tich Iya chon chiéu dai
dong chay khu xody caa nuéc nhay phi hop di véi cong trinh thyc té.

+ Ap dung cong nghé cua linh vuc “Tri tué¢ nhan tao”, “Hoc May”, “Hoc
sau” vao nghién cau nudc nhay, can co sy chia sé dir liéu nghién ctiu caa cac nha

khoa hoc dé dam bao dit liéu day du va tranh duoc céc sai s6 cha quan.
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3. Ton tai va han ché

+ Nghién cttu méi chi duoc tién hanh trén mot kiéu mé hinh vat Iy c6 hé sb
mai déc m = 1 va ddy bang, nén cac két qua tinh toan vé gia tri ty 1¢ hé sé dong luong
khu xoay k van con nhirng gisi han.

+ Nghién cru méi chi giai quyét van dé ban dau vé dic trung hinh hoc cua
nuéc nhay, nén cac chi dan va quy trinh vé xac dinh kich thudc cong trinh thuc té
méi chi bude dinh hudéng ban dau, chua hinh thanh hoan chinh toan b qué trinh tinh
toan va thiét ké ky thuat cho cong trinh trong thyc té.

+ Co so dit lidu nghién ciu vé mé hinh Hoc may ‘Rung ngau nhién” c6 dix
licu chua du 16N, chua bao tram hét cac truong hop nghién ctu cua nudc nhay, nén
pham vi &p dung con han ché, trong luan an mai chi danh dau 1a mot phuong phap
nghién ctru méi va phu hop trong du bao cac dac trung hinh hoc cia nudc nhay trong
kénh hinh thang.

4. Pinh hwéng nghién ciu tiép theo

+ Nghién ciru tiép theo sé ting cuong nhiéu hon cho cac dang mé hinh vat ly
hinh thang can véi chiéu rong day, hé s mai déc kénh khac nhau. Bé xac dinh hé s6
k va cé&c cong thic phu hop cho moi loai kénh hinh thang cén.

+ Nghién ciru cac méi quan hé giita d6 sdu sau khu xody, chiéu dai khu xoay
(Lr) véi do sau lién hiép ciia nude nhay va chiéu dai nude nhay (Lj).

+ M¢ rong nghién ctru trong treong hop day kénh c6 do doc am, duong.

+ Nghién ciru truong hop khi c6 mé nham Ién, phan tich rd rang hon két qua
tinh toan vé chiéu dai dong chay khu xody cua nuéc nhay va tiéu ning.

+ Ung dung mé rong giai thuat hoc may (Machine Learning) vao nghién ciu
tinh toan xac dinh cac dac trung hinh hoc cta nudc nhay, dac biét xay dung bo dir
licu nghién ciru day du vé cac dic trung hinh hoc ciia nude nhay.

+ XAy dung hoan chinh céc chi dan thiét ké cong trinh thyc té ¢d &p dung nuéc

nhay trong 1ong dan lang tru c6 mit cit ngang hinh thang can.
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regressi. |7 5.7800 0.2200 ] regressi... v 5-9095
£ regressi.. ¥ |g 4.4500 03100 ﬂ regresst... 8 4.5887
regressionlen... ~ |9 41700 0.4100| w 9 4.0821
Workspace @ ||10 8.2900 0.0400| regression.m....&. iy 9.3962
11 Workspace @ |11
12 12
< 13
Command Window <

Cdepthlest=tableZarray( Xdepthlest): Command Window

a. B sung dir liéu vé dé sau khu b. Két qud vé dé sau sau khu xoay
Hinh 5 Phu luc tinh toan do sau dong chay sau khu xoay cho cong trinh Na San —
Son La

4.2 Két qud phan tich chiéu dai nwéc nhay

) MATLAB R2020b ) MATLAB R2020b

HOME PLOTS VARIABLE HOME PLOTS
<cEPEHEA » D: » Machine-Learning » Random-Forest » <A = ﬂﬁ » D: » Machine-Learning * Randoi
Current Folder ® | [ Editor - regressionlength3.m Current Folder ® | [ Editor - regressionlength3.m
Name ~ 7| XlengthTest | XLength | Ylength | Yfitl Name = | ¥fitLengthTest | XLengthTe
£ matlab_... ~ | 103 table FH matlab_... ~ | 10x1 double
(£ matlab-... 1 2 3 4 [ matlab-.. 1 2 i
matlab-... VarName3  VarName4 Var3 EH matlab-... 1 16.9449
£ matlab-L. g 3.0900 01100 42600 £ matiab-L. |51 S aqdd
[ matlab-L. - lab-1. :
2 6.3000 0.1200 6.8200| matlab-L..
{H matlab-L. EH matlab-L 3 20,6899
3 4.5900 0.1400 5.0400 matiab-L..
£ matlab-... (0 matlab-. | 4| 214290
i s
) regressi... - : . # regressi.. 6 204743
) regressi..| | |6 42600 0.1200 4.6500 .
F : regressi... 7 28.0777
J regressi... 7 5.7800 0.2200 5.8600 ﬂ -
ﬂ - regressi... 8 20.5410
regressi... t3 4.4500 0.3100 4.7000 ﬂ Y]
- . regressi.. ¥ | g 20.8092
regressionlen... ~ |9 41700 0.4100 4.3300 il S
regressionlen... 10| 39.5167]
Workspace @ | |10 82900 0.0400  10.1900 ~
=k Workspace ® |11
> 12
= 2 13
& MdI2depth <
MdI2Length <

Command Window
Cdepthlest=tablelarray( Xdepthlest):

X

Command Window
a. Bo sung dir liéu vé chiéu dai nudc nhay b, Két qua chiéu dai nuéc nhay

Hinh 6 Phy luc tinh toan chiéu dai nwéc nhay cho cong trinh Na San — Son La
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Phu Luc 5. Két qua do thi nghiém trén mé hinh vat ly

5.1 Két qud thi nghiém mé hinh

5.1.1 Sé liéu do dé sAu dong chdy

Truwong hop 1: Zmang wong = 39,73 ¢cm g Iuu lwong Q = 0,118 m3/s
Bang 1. Sé liéu thuee do tir cong trinh bang Mia va may thay binh

) S6 doc mia CT muc nudc
Ky hi¢u mat Khoang 2
TT . , tai cac diém do (m)
cat cach
TT1(P) TT2(G) | TT3(T)
1 MC1 0.00 45.10 45.70 45.40
2 MC2 30.00 53.20 52.60 53.10
3 MC3 60.00 58.70 57.10 57.40
4 MC4 90.00 62.40 62.80 61.80
5 MC5 120.00 62.70 62.90 62.60
6 MC6 150.00 62.10 62.20 62.30
7 MC7 180.00 61.70 61.40 61.50
8 MC8 210.00 62.40 62.80 62.50
9 MC9 240.00 62.70 63.50 62.80
10 MC10 270.00 61.10 62.40 62.30
Bang 2 Két qua do dwong Muec nurée
Tén Cao trinh muc nudc
Khu i L Do sau | Khoang cach
mat tai cac diém do (m) B
vuce . (m) (cm)
cat TT1 TT2 TT3
MC1 | -0.694 | -0.688 | -0.691 | -0.691 | 0.069 0
MC2 | -0.613 | -0.619 | -0.614 | -0.615 | 0.145 30
MC3 | -0.558 | -0.574 | -0.571 | -0.568 | 0.192 60
MC4 | -0.521 | -0.517 | -0.527 | -0.522 | 0.238 90
Kénh MC5 | -0.518 | -0.516 | -0.519 | -0.518 | 0.242 120
MC6 | -0.524 | -0.523 | -0.522 | -0.523 | 0.237 150
MC7 | -0.528 | -0.531 | -0.530 | -0.530 | 0.230 180
MC8 | -0.521 | -0.517 | -0.520 | -0.519 | 0.241 210
MC9 | -0.518 | -0.510 | -0.517 | -0.515 | 0.245 240
MC10 | -0.534 | -0.521 | -0.522 | -0.526 | 0.234 270
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Truwong hop 2. Zming uong = 34,68 cm g luu lugng Q = 0,073 m?/s
Bang 3 Sé liéu thue do tir cong trinh bang Mia va may thuy binh

S doc mia CT muc nudce
TT | Matcit tai cac diém do (m)
P G T
1 0.00 43.20 43.50 43.30
2 50.00 50.80 50.30 50.60
3 100.00 54.90 55.60 55.90
4 150.00 54.40 55.50 54.20
5 200.00 55.60 56.60 55.70
6 250.00 54.30 55.60 55.30
7 300.00 54.60 56.30 56.40
8 350.00 55.10 55.60 55.80
Bang 4 Két qua do dwrong muec nuéc
Khu Té? Céo t’rin}?xmuc nuge Do sau Khoang cach
mat tai cac dieém do (m) B
vuce . (m) (cm)
cat | TT1 TT2 TT3
MC1 | -0.713 | -0.710 | -0.712 | -0.712 | 0.042 0
MC2 | -0.637 | -0.642 | -0.639 | -0.639 | 0.131 50
MC3 | -0.596 | -0.589 | -0.586 | -0.590 | 0.215 100
Kénh MC4 | -0.601 | -0.590 | -0.603 | -0.598 | 0.212 150
MC5 | -0.589 | -0.579 | -0.588 | -0.585 | 0.218 200
MC6 | -0.602 | -0.589 | -0.592 | -0.594 | 0.220 250
MC7 | -0.599 | -0.582 | -0.581 | -0.587 | 0.213 300
MC8 | -0.594 | -0.589 | -0.587 | -0.590 | 0.220 350

Truwong hop 3.Zmang wong = 30.22 cm tng luu lwong Q = 0,04 m¥/s
Bdang 5 S¢ liéu thure do tir cong trinh bang Mia va may thaiy binh

S doc mia CT muc nudce
Tén mat , ) L
TT ” Mait cat tai cac diém do (m)
a
¢ p G T
MC1 0.00 43.30 45.50 45.80
MC2 20.00 49.50 49.30 50.20

- 141 -



A 5 S doc mia CT muc nudce
T | T R M e tai c4c didm do (m)
cat P G T
3 MC3 40.00 55.15 55.40 54.40
4 MC4 60.00 57.65 58.50 57.40
5 MC5 80.00 56.60 57.80 57.50
6 MC6 100.00 57.50 58.90 57.60
7 MC7 120.00 57.10 57.20 57.10
8 MC8 140.00 57.60 57.90 57.80
9 MC9 160.00 57.10 57.50 57.30
10 MC10 180.00 57.60 57.80 58.20
11 MC11 200.00 57.80 57.50 58.20
12 MC12 220.00 57.30 57.50 57.40
13 MC13 240.00 57.40 58.20 57.70
14 MC14 260.00 57.70 57.60 58.10
Bang 6 Két qud do dwong muc niedc
Khu Té? C?O t’rinlimuc nuoc ]?6 Khoing cich
mat tai cac diém do (m) B sau
el P ] G T (cm)
MC1 | -0.712 | -0.690 | -0.687 | -0.696 | 0.034 0
MC2 | -0.650 | -0.652 | -0.643 | -0.648 | 0.092 20
MC3 | -0.594 | -0.591 | -0.601 | -0.595 | 0.135 40
MC4 | -0.569 | -0.560 | -0.571 | -0.567 | 0.144 60
MC5 | -0.579 | -0.567 | -0.570 | -0.572 | 0.148 80
MC6 | -0.570 | -0.556 | -0.569 | -0.565 | 0.145 100
. MC7 | -0.574 | -0.573 | -0.574 | -0.574 | 0.146 120
Kenh MC8 | -0.569 | -0.566 | -0.567 | -0.567 | 0.143 140
MC9 | -0.574 | -0.570 | -0.572 | -0.572 | 0.148 160
MC10 | -0.569 | -0.567 | -0.563 | -0.566 | 0.144 180
MC11 | -0.567 | -0.570 | -0.563 | -0.567 | 0.143 200
MC12 | -0.572 | -0.570 | -0.571 | -0.571 | 0.149 220
MC13 | -0.571 | -0.563 | -0.568 | -0.567 | 0.143 240
MC14 | -0.568 | -0.569 | -0.564 | -0.567 | 0.143 260
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5.1.2 Két qud thi nghiém mé hinh (Bédng 2.5)

Bang 7 Tong hop sé liéu do dac ddic trung nirdc nhdy theo c&c cdp heu hrong

Kim do Luu Dac trung hinh hoc nudc nhay
TT mang luong luong b (m)
(cm) (m?/s) yr(m) | yr(m) | Lr(m)
1 39.75 0.118 0.55 0.056 0.3 1.3
2 39.75 0.118 0.55 0.062 0.264 1.1
3 47.55 0.201 0.55 0.065 0.443 1.8
4 47.55 0.201 0.55 0.079 0.398 1.7
5 38.2 0.104 0.55 0.056 0.25 1.1
6 38.2 0.104 0.55 0.041 0.332 1.3
7 38.2 0.104 0.55 0.052 0.268 1.1
8 33 0.06 0.55 0.04 0.182 0.8
9 43.4 0.155 0.55 0.048 0.451 1.9
10 44.35 0.165 0.55 0.071 0.329 1.5
11 46.82 0.193 0.55 0.081 0.36 1.7
12 34.65 0.073 0.55 0.04 0.223 0.9
13 46.82 0.193 0.55 0.055 0.488 2
14 35.25 0.078 0.335 0.057 0.286 1.2
15 35.25 0.078 0.335 0.041 0.353 1.4
16 35.25 0.078 0.335 0.06 0.274 1.3
17 40.85 0.129 0.335 0.058 0.457 2
18 40.85 0.129 0.335 0.068 0.405 1.9
19 38.65 0.108 0.335 0.069 0.346 1.5
20 43.66 0.158 0.335 0.088 0.428 2.1
21 43.66 0.158 0.335 0.092 0.418 2
22 43.66 0.158 0.335 0.079 0.448 2.1
23 30.22 0.04 0.335 0.042 0.185 0.8
24 30.22 0.04 0.335 0.04 0.186 0.8
25 41.5 0.136 0.335 0.083 0.39 1.8
26 37.95 0.101 0.335 0.056 0.373 1.6
27 37.95 0.101 0.335 0.061 0.355 1.7
28 41.5 0.136 0.335 0.086 0.379 1.7
29 41.5 0.136 0.335 0.065 0.434 2
30 36.8 0.091 0.335 0.049 0.362 1.5
31 36.8 0.091 0.335 0.054 0.347 1.5
32 36.8 0.091 0.335 0.067 0.295 1.4
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Kim do Luu Dic trung hinh hoc nude nhay
TT mang luong luong b (m)
(cm) (m3fs) ye(m) | yr(m) | Lr(m)

33 42.85 0.149 0.335 0.083 0.402 1.9

Max 47.55 0.201 0.55 0.092 0.488 2.1

Min 30.22 0.04 0.335 0.04 0.182 0.8

5.2 Phén tich cdc ddc trung thiy dong ciia nwéc nhay (Bang 2.6)
Bdng 8 CAc thdng sé vé ddc trung hinh hot ciia nwedc nhay
Lr Lr Y, R

1T Fr1 Fro: M v y. Y, er | AE/y1
1 4652 | 4.848 | 0.095 21.154 4.104 5.154 147717 | 6.444
2 4691 | 4903 | 0.102 23.214 4.333 5.357 164925 | 6.452
3 3.988 | 4.185 | 0.113 17.742 4.167 4.258 161067 | 4.444
4 6.297 | 6.621 | 0.118 27.692 4.063 6.815 271187 | 13.845
5 4595 | 4875 | 0.144 21.519 4.271 5.038 257303 | 6.335
6 4135 | 4322 | 0.102 19.643 4.400 4.464 145358 | 4.837
7 6.768 | 6.998 | 0.075 31.707 3.916 8.098 154618 | 15.646
8 4.059 | 4.194 | 0.073 20.000 4.396 4.550 89583 | 4.428
9 7.869 | 8.179 | 0.087 39.583 4.213 9.396 223787 | 22.442
10 4484 | 4733 | 0.129 21.127 4.559 4.634 217584 | 6.186
11 4236 | 4500 | 0.147 20.988 4.722 4.444 245268 | 5.309
12 4938 | 5.103 | 0.073 22.500 4.036 5.575 108993 | 7.388
13 7.896 | 8.247 | 0.100 36.364 4.098 8.873 270832 | 23.168
14 4.668 | 4.996 | 0.170 21.053 4.196 5.018 155632 | 6.707
15 7.978 | 8.402 | 0.122 34.146 3.966 8.610 171250 | 24.087
16 4290 | 4.604 | 0.179 21.667 4.745 4.567 153015 | 5.449
17 7503 | 8.037 | 0.173 34.483 4.376 7.879 255932 | 21.155
18 5.764 | 6.231 | 0.203 27.941 4.691 5.956 242205 | 11.514
19 4709 | 5.095 | 0.206 21.739 4.335 5.014 201695 | 6.918
20 4568 | 5.021 | 0.263 23.864 4.907 4.864 267914 | 6.436
21 4.234 | 4.667 | 0.275 21.739 4.785 4.543 262822 | 5.279
22 5.488 | 5.988 | 0.236 26.582 4.688 5.671 280127 | 10.255
23 3.936 | 4.149 | 0.125 19.048 4.324 4.405 87273 4.130
24 4.257 | 4478 | 0.119 20.000 4.301 4.650 88375 5.194
25 4344 | 4756 | 0.248 21.687 4.615 4.699 236334 | 5.595
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Lr Lr Y,
1T Fr1 Fro: M y_1 y—r y_1 Rei1 | AE/yl
26 6.223 | 6.654 | 0.167 28.571 4.290 6.661 202679 | 13.572
27 5.405 | 5.806 | 0.182 27.869 4.789 5.820 197031 | 9.645
28 4.090 | 4488 | 0.257 19.767 4.485 4.407 232866 | 4.806
29 6.550 | 7.063 | 0.194 30.769 4.608 6.677 259524 | 15.647
30 6.976 | 7.407 | 0.146 30.612 4.144 7.388 190246 | 17.806
31 5.952 | 6.352 | 0.161 27.778 4.323 6.426 184729 | 12.148
32 4167 | 4501 | 0.200 20.896 4.746 4.403 171779 | 5.098
33 4759 | 5211 | 0.248 22.892 4.726 4.843 258925 | 7.328
34 5.778 | 6.279 | 0.221 27.027 4.608 5.865 271034 | 11.691
Max | 7.978 | 8.402 | 0.275 39.583 4.907 9.396 280127 | 24.087
Min 3.936 | 4.149 | 0.073 17.742 3.916 4.258 87273 | 4.130

Phu luc 6. Chi tiét cac bang tinh toan trong luan an

6.1 Bang tinh do sau phan gioi

Bdang 9 Tinh todn dé sdu phan gidi cua kénh hinh thang theo cong thite dé xudt

Gia tri mau thir Tinh todn d6 sau phan giéi yc (M)
Q b o yctheo | Yyeen M. CT (%) CT | ¢(%)
(m3s) | (m) 3.1) (m)| (m) (3.8) (3.9)
1] 1| 1| 0405 | 0.467 | 0.385 | 0.404 |0.18 |0.406 |0.36
1] 2| 1| 0.28 |0.294|0.192| 0.279 | 0.26 |0.278 | 0.79
1| 3| 05| 0222 | 0.225 | 0.064 | 0.221 [ 0.26 |0.218 | 1.67
2| 1|125| 058 |0.742|0.481| 058 [0.02 |0.610 |5.14
2| 2| 15| 0.418 | 0.467 | 0.288 | 0.417 | 0.24 |0.431 |3.11
2| 3| 2| 0.33 |0.356|0.256 | 0.329 | 0.37 |0.335 | 1.58
5/ 1| 1| 0.988 | 1.366 | 0.385 | 0.989 | 0.14 |0.973 | 1.48
5/ 2| 1| 0754 | 0.86 |0.192 | 0.752 [ 0.29 |0.755 |0.18
5/ 3| 05| 0.633 | 0.657 | 0.064 | 0.631 | 0.30 |0.611 |3.49
10| 1[1.25| 1.328 | 2.168 | 0.481 | 1.325 | 0.25 |1.363 | 2.63
10| 2| 1.5| 1.048 | 1.366 | 0.288 | 1.049 | 0.07 |1.148 | 9.54
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Gia tri mau thiy Tinh todn d6 sau phan giéi yc (M)
Q b Rz theo | Yeen " CT (%) CT | e(%)
(ms) | (m) B.1) (m)| (m) (3.8) (3.9)
10| 3| 2| 0.856 | 1.042 | 0.256 | 0.855 | 0.12 |0.946 |10.53
200 2| 1| 1.645 |2.168 |0.192 | 1.647 [0.11 |1.638 |0.43
20| 3| 05| 1.514 | 1.655 | 0.064 | 1.509 |0.35 |1.404 |7.27
50| 5/|1.25| 1.845 | 2.168 | 0.096 | 1.842 | 0.16 |1.909 |3.45
50 2| 15| 238 |3.994|0.288 | 2372 [0.36 |2.661 |11.80
50| 4/1.25| 2.024 | 2516 | 0.12 | 2.024 [0.01 |2.119 |4.71
60| 3| 15| 2.364 |3.442 |0.192 | 2.366 | 0.07 |2.648 |12.02
60| 5| 2| 1.895 |2448 |0.154 | 1.896 |0.03 |2.174 |14.75
700 5| 1| 2.309 |2713]0.077 | 2.305 |0.18 |2.318 [0.39
80| 4| 1| 2727 |3.442|0.096 | 2.727 [0.00 |2.731 |0.15
100| 10| 05| 2.092 | 2.168 | 0.019 | 2.085 | 0.35 |2.017 | 3.58

6.2 D liéu phén tich dé sau sau khu xoay

Bang 10 Di# liéu thyec nghiém nghién cizu vé dé sau dong chay sau khu xody

TT | QW) |bm)| yi(m) | ye(m) | Fror | M1 | Yu=ydys
1 0.129 33.5 0.068 0.405 | 6.231 | 0.203 5.956
2 0.108 33.5 0.069 0.346 | 5.095 | 0.206 5.014
3 0.158 33.5 0.088 0.428 | 5.021 | 0.263 4.864
4 0.158 33.5 0.092 0.418 | 4.667 | 0.275 4.543
5 0.158 33.5 0.079 0.448 | 5.988 | 0.236 5.671
6 0.136 33.5 0.083 0.39 | 4.756 | 0.248 4.699
7 0.136 33.5 0.086 0.379 | 4488 | 0.257 4.407
8 0.091 33.5 0.067 0.295 | 4501 | 0.200 4.403
9 0.149 33.5 0.083 0.402 | 5.211 | 0.248 4.843
10 0.149 33.5 0.074 0.434 | 6.279 | 0.221 5.865
11 0.065 33.5 0.061 0.328 | 5.862 | 0.305 5.377
12 0.096 20 0.0609 0.441 | 8.681 | 0.305 7.241
13 0.049 20 0.0409 0.324 | 8.492 | 0.205 7.922
14 0.083 20 0.0606 0.395 | 7.568 | 0.303 6.518
15 0.091 20 0.0811 0.372 | 5.080 | 0.406 4.587
16 0.0393 20 0.0408 0.266 | 6.838 | 0.204 6.520
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TT | QWs) |blm)| yi(m) | ye(m) | Froo | M: | Yu=yiya
17 | 0.0293 | 20 | 0.0409 | 0.208 |5.078 | 0.205 5.086
18 | 0.074 20 | 0.0811 | 0.312 | 4.131 | 0.406 3.847
19 | 0.085 20 | 0.0812 | 0.352 | 4.735 | 0.406 | 4.335
20 | 0.065 20 0.081 | 0.288 | 3.636 | 0.405 3.556
21 | 0.055 20 | 0.0611 | 0.287 | 4.947 | 0.306 | 4.697
22 | 0.0242 | 20 | 0.0405 | 0.17 |4.261 | 0.203 | 4.198
Max | 0158 | 33.5 | 0.092 | 0.448 | 8.681 | 0.406 7.922
Min | 0.0242 | 20 | 0.0405 | 0.17 |3.636| 0.2 3.556

6.3 Mgt sé bang tinh Y theo cong thizc (3.36) vdi cac gia tri k
Bang 11 Gia tri tinh toan d¢ sau sau khu xody theo céng thiic (3.36) voi cac gia tri k
k =0.97
M
02 ( 03 |04 |05 06 |07 ] 08 ] 09| 10
3.976 | 3.911 | 3.816 | 3.726 | 3.648 | 3.581 | 3.523 | 3.473 | 3.430
4,945 | 4.783 | 4.623 | 4.488 | 4.375 | 4.281 | 4.202 | 4.134 | 4.075
5.860 | 5.601 | 5.380 | 5.201 | 5.055 | 4.936 | 4.836 | 4.751 | 4.678
6.730 | 6.378 | 6.096 | 5.875 | 5.699 | 5.555 | 5.436 | 5.335 | 5.249
7.562 | 7.119 | 6.780 | 6.519 | 6.313 | 6.145 | 6.007 | 5.891 | 5.792
8.363 | 7.831 | 7.437 | 7.136 | 6.901 | 6.711 | 6.555 | 6.424 | 6.313
10 [9.136 |8.518 | 8.069 | 7.732 | 7.468 | 7.257 | 7.083 | 6.938 | 6.814
k=0.95

Fropi

O©| 00| N| O o b

Frp1
0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1,0

3.948 | 3.891 | 3.799 | 3.712 | 3.635 | 3.569 | 3.512 | 3.463 | 3.420
4,916 | 4.761 | 4.605 | 4.472 | 4.361 | 4.269 | 4.190 | 4.123 | 4.065
5.830 | 5.579 | 5.362 | 5.185 | 5.041 | 4.923 | 4.824 | 4.740 | 4.668
6.699 | 6.355 | 6.078 | 5.860 | 5.685 | 5.542 | 5.423 | 5.323 | 5.238
7.096 | 6.761 | 6.503 | 6.298 | 6.132 | 5.995 | 5.879 | 5.781 | 5.781
7.808 | 7.418 | 7.120 | 6.886 | 6.698 | 6.543 | 6.412 | 6.301 | 6.301
10 ]9.105|8.495|8.050 | 7.715 | 7.453 | 7.243 | 7.070 | 6.926 | 6.803

O©| 0| Nl O o1 &
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k=0.94

Frp:

0,2

0,3

0,4

0,5

0,6

0,7

0,8

0,9

1,0

3.934

3.881

3.790

3.704

3.628

3.563

3.506

3.457

3.415

4.902

4.751

4.597

4.465

4.355

4.262

4.184

4.117

4.060

5.815

5.568

5.353

5.177

5.034

4917

4818

4.734

4.663

6.684

6.344

6.069

5.851

5.678

5.535

5.417

5.318

5.232

7.516

7.085

6.752

6.495

6.291

6.125

5.989

5.873

5.775

O©| | Nl O o1 &>

8.316

7.796

7.408

7.112

6.879

6.691

6.536

6.406

6.296

9.088

8.483

8.040

7.707

7.446

7.236

7.064

6.920

6.797

k=0.93

Frp:

0,2

0,3

0,4

0,5

0,6

0,7

0,8

0,9

1,0

3.919

3.870

3.782

3.697

3.622

3.557

3.501

3.452

3.410

4.887

4.740

4.588

4.457

4.348

4.256

4.178

4112

4.054

5.800

5.557

5.343

5.169

5.027

4.910

4.812

4.729

4.657

6.668

6.332

6.059

5.843

5.670

5.929

5.411

5.312

5.227

7.500

7.073

6.743

6.486

6.283

6.119

5.982

5.868

5.770

©O©| 00| Nl O o1 &

8.300

7.785

7.398

7.103

6.871

6.684

6.530

6.400

6.290

9.072

8.471

8.031

7.698

7.438

7.229

7.058

6.914

6.792

k=0.91

Fropi

M1

0,2

0,3

0,4

0,5

0,6

0,7

0,8

0,9

1,0

3.890

3.849

3.765

3.682

3.608

3.544

3.489

3.441

3.399

4.857

4.718

4.570

4.442

4.334

4.243

4.167

4101

4.044

5.769

5.535

5.325

5.153

5.013

4.897

4.800

4.717

4.646

6.637

6.309

6.041

5.827

5.656

5.516

5.399

5.300

5.216

7.468

7.050

6.723

6.470

6.269

6.105

5.970

5.856

5.759

O©| 00| N| o o1 b

8.268

7.761

7.379

7.087

6.857

6.671

6.517

6.389

6.279

9.040

8.447

8.011

7.681

7.423

7.215

7.045

6.902

6.780
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k=0.9
Mz
0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1,0
3.875|3.838 | 3.756 | 3.674 | 3.602 | 3.538 | 3.484 | 3.436 | 3.394
4.841 | 4.707 | 4.561 | 4.434 | 4.327 | 4.237 | 4.161 | 4.095 | 4.039
5.754 | 5.523 | 5.316 | 5.145 | 5.006 | 4.891 | 4.794 | 4.712 | 4.641
6.621 | 6.298 | 6.031 | 5.819 | 5.649 | 5.509 | 5.393 | 5.295 | 5.210
7.452 | 7.038 | 6.714 | 6.462 | 6.261 | 6.098 | 5.964 | 5.850 | 5.753
8.251 | 7.749 | 7.369 | 7.078 | 6.849 | 6.664 | 6.511 | 6.383 | 6.273
10 [9.023|8.435|8.001|7.673|7.416|7.209 | 7.038 | 6.896 | 6.774

Frp:

O 0| Nl oo o1 >

Bdng 12 Tinh toan dé sau sau khu xoay theo cong thuc (3.36) vai dir lieu nghién cizu
k=1 k=093 | k=092 | k=0.91

TT | Fr M Y
ot ' “ Y ;) Yit ;) Yit :);) Yit OSA)
1 6.231| 0.203 | 5.956 | 6.096 | 2.4 | 5.992 | 0.6 | 5977 | 0.4 |5.962 | 0.1
2 5.095| 0.206 | 5.014 | 5.064 | 1.0 |4.964 | 1.0 4950 | 1.3|4.935| 1.6
3 5.021 | 0.263 | 4.864 |4.897 | 0.7 |4.813| 1.1|4.800| 1.3|4.788| 1.6
4 4,667 | 0.275| 45431456004 |14480| 1.4 |4.468 | 1.7 |4.456 | 1.9
5 5988 | 0.236 | 5.671|5.797 | 2.2 | 5703 | 0.6 | 5689 | 0.3 |5.675| 0.1
6 4756 | 0.248 | 4699|4680 |0.4|4592| 2.3 |4579| 2.6 | 4.566 | 2.8
7 4488 | 0.257 | 4.407 | 442110314336 | 1.6 4.324| 194311 |2.2
8 4501 | 0.200| 4.403|4.504|2.3]4.404| 0.0 4.390| 0.3|4.375|0.6
9 5.211 | 0.248 | 4843 |5.088 | 5.1 |4.999 | 3.2 14986 | 2.9|4973| 2.7
10 |6.279| 0.221 | 5.865|6.085|3.8|5986| 2.1 5971 | 1.8|5.957|1.6
11 |5.862| 0.305| 5.377|5510|25|5434 | 1.1 |5.423| 09|5.412| 0.6
12 | 8681 | 0.305| 7.241|7.622|53|7541| 417530 | 40|7.518| 3.8
13 |8.492| 0.205| 7.922|7980|0.7|7.872| 0.6 | 7.856| 0.8|7.840|1.0
14 | 7568 | 0.303 | 6.518 |6.823 | 4.7 |6.744 | 35|6.732 | 3.3|6.721| 3.1
15 |5.080| 0.406 | 4587 |4.702 | 25|4641| 1.2 |4.632| 1.0|4.623|0.8
16 |6.838| 0.204 | 6.520|6.620 | 1.5|6.514 | 0.1 | 6.499 | 0.3|6.484 | 0.6
17 |5.078 | 0.205| 5.086 |5.051| 0.7 | 4951 | 2.7 | 4936 | 29|4.921| 3.2
18 |4.131| 0406 | 3.847|3.941|24|3.882| 0.9 3874 | 0.7|3.865| 0.5
19 |4.735| 0406 | 4.335|4.427|2.1|4.367| 0.7 |4.358 | 0.5|4.350| 0.3
20 [3.636| 0.405| 3.556 |3.524|0.9|3471| 2.4 |3.463| 2.6|3.455|2.8
21 (4947 | 0.306 | 4.697 |4.759 | 1.3|4.685| 0.3 |4.674| 05|4.664|0.7
22 | 4.261 | 0.203 | 4.198 | 4.268 | 1.7 |4.170| 0.7 | 4.155| 1.0|4.140| 1.4
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TT

Frp:

M1

k=0.93

K

=0.92

k=0.91

Yid

Yit

%

Yit

€
%

Yit

€
%

Yit

€
%

Max

8.681

0.406

7.922

7.980

5.3

7.872

4.1

7.856 | 4.0

7.840

3.8

Min

3.636

0.200

3.556

3.524

0.3

3471

0.0

3.463 | 0.3

3.455

0.1

6.4 Tinh gia tri dd sau sau khu xoay theo phwong phap 1y thuyét véi k = 0,92

Bang 13 Pé sau dong chay sau khu xody theo phwong phdp 1y thuyét

Gia tr1 thuc do Gia tri tinh toan b
TT Q Y1 Yr F M Y 0 (Cm)
(ms) (m) m) I'dD1 1 & | Yr (M) | e (%)
1 0.104 | 0.052 | 0.268 | 4.848 | 0.095 | 5.178 | 0.269 | 0.5
2 0.118 | 0.056 | 0.3 |[4.903| 0.102 | 5.180 | 0.290 | 3.3
3 0.118 | 0.062 | 0.264 | 4.185 | 0.113 | 4.328 | 0.268 | 1.7
4 0.201 | 0.065 | 0.443 | 6.621 | 0.118 | 6.877 | 0.447 | 0.9
5 0.201 | 0.079 | 0.398 | 4.875| 0.144 | 4931 | 0.390 | 2.1
6 0.104 | 0.056 | 0.25 |4.322 | 0.102 | 4525 | 0.253 | 14
7 0.104 | 0.041 | 0.332 6.998 | 0.075 | 7.820 | 0.321 | 34 55
8 0.06 0.04 |0.182|4.194 | 0.073 | 4597 | 0.184 | 1.0
9 0.155 | 0.048 | 0.451|8.179 | 0.087 | 8.869 | 0.426 | 5.6
10 | 0.165 | 0.071 | 0.329 | 4.733 | 0.129 | 4.854 | 0.345 | 4.8
11 | 0.193 | 0.081 | 0.36 | 4.500 | 0.147 | 4521 | 0.366 | 1.7
12 | 0.073 | 0.04 |0.223|5.103| 0.073 | 5.679 | 0.227 | 1.9
13 | 0.193 | 0.055 | 0.488 | 8.247 | 0.100 | 8.694 | 0478 | 2.0
14 | 0.078 | 0.057 | 0.286 | 4.996 | 0.170 | 4961 | 0.283 | 1.1
15 | 0.078 | 0.041 | 0.353 |8.402 | 0.122 | 8564 | 0.351 | 0.5
16 | 0.078 | 0.06 |0.274 |4.604 | 0.179 | 4543 | 0.273 | 0.5
17 | 0.129 | 0.058 | 0.457 | 8.037 | 0.173 | 7.719 | 0.448 | 2.0
18 | 0.129 | 0.068 | 0.405 | 6.231 | 0.203 | 5.977 | 0.406 | 0.4
19 | 0.108 | 0.069 | 0.346 | 5.095 | 0.206 | 4.950 | 0.342 | 1.3
20 | 0.158 | 0.088 | 0.428 | 5.021 | 0.263 | 4.800 | 0.422 | 1.3 | 335
21 | 0.158 | 0.092 | 0.418 | 4.667 | 0.275 | 4.468 | 0.411 | 1.7
22 | 0.158 | 0.079 | 0.448 | 5.988 | 0.236 | 5.689 | 0.449 | 0.3
23 0.04 | 0.042 | 0.185|4.149 | 0.125 | 4.240 | 0.178 | 3.7
24 0.04 0.04 |0.186|4.478 | 0.119 | 4623 | 0.185 | 0.6
25 | 0.136 | 0.083 | 0.39 | 4.756 | 0.248 | 4579 | 0.380 | 2.6
26 | 0.101 | 0.056 |0.373|6.654 | 0.167 | 6.535 | 0.366 | 1.9
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Gia tri thuc do Gia tri tinh toan b
TT Q y1 Yo | E 0 (cm)
(m3fs) | (m) (m) b1 M1 Yie |Yyr (M) | e (%)
27 | 0.101 | 0.061 | 0.355|5.806 | 0.182 | 5.685 | 0.347 | 2.3
28 | 0.136 | 0.086 | 0.379|4.488 | 0.257 | 4.324 | 0.372 | 1.9
29 | 0.136 | 0.065 | 0.434|7.063 | 0.194 | 6.742 | 0.438 | 1.0
30 | 0.091 | 0.049 |0.362 | 7.407 | 0.146 | 7.365 | 0.361 | 0.3
31 | 0.091 | 0.054 |0.347 | 6.352 | 0.161 | 6.288 | 0.340 | 2.1
32 | 0.091 | 0.067 |0.295|4.501 | 0.200 | 4.390 | 0.294 | 0.3
33 | 0.149 | 0.083 | 0.402 | 5.211 | 0.248 | 4986 | 0.414 | 2.9
34 | 0.149 | 0.074 | 0.434|6.279 | 0.221 | 5971 | 0.442 | 1.8
35 | 0.065 | 0.061 |0.328 |5.862 | 0.305 | 5423 | 0.331 | 0.9
36 | 0.096 | 0.0609 | 0.441|8.681| 0.305 | 7.530 | 0.459 | 4.0
37 | 0.049 | 0.0409 | 0.324 | 8.492 | 0.205 | 7.856 | 0.321 | 0.8
38 | 0.083 | 0.0606 | 0.395| 7.568 | 0.303 | 6.732 | 0.408 | 3.3
39 | 0.091 |0.0811|0.372|5.080 | 0.406 | 4632 | 0.376 | 1.0
40 | 0.0393 | 0.0408 | 0.266 | 6.838 | 0.204 | 6.499 | 0.265 | 0.3 20
41 | 0.0293 | 0.0409 | 0.208 | 5.078 | 0.205 | 4.936 | 0.202 | 2.9
42 | 0.074 | 0.0811 |0.312 |4.131| 0.406 | 3.874 | 0.314 | 0.7
43 | 0.085 |0.0812 | 0.352 | 4.735 | 0.406 | 4.358 | 0.354 | 0.5
44 | 0.065 | 0.081 |0.288 |3.636 | 0.405 | 3.463 | 0.281 | 2.6
45 | 0.055 | 0.0611 | 0.287 | 4.947 | 0.306 | 4.674 | 0.286 | 0.5
46 | 0.0242 | 0.0405 | 0.17 | 4.261 | 0.203 | 4.155 | 0.168 | 1.0
Max | 0.201 | 0.092 | 0.488 | 8.681 | 0.406 | 8.869 | 0.478 | 5.6 55
Min | 0.0242 | 0.04 |0.170 | 3.636 | 0.073 | 3.463 | 0.168 | 0.3 20

6.5 Dir liéu phan tich vé xay dwng cong thirc thwe nghiém dé sau sau khu xoday

Bang 14 D ligu nghién cuzu xa@y dwng cong thuc thuc nghiém

TT | gy | Y2 | o [ Lrm | My | P | Frou | b(m)

0.104 | 0.052 | 0.268 | 1.1 |0.095| 4.652 | 4.848 0.55
0.118 | 0.056 | 0.3 1.3 |0.102| 4691 | 4.903 0.55
0.104 | 0.056 | 0.25 1.1 |0.102| 4135 | 4.322 0.55
0.104 | 0.041 |0332| 13 |0.0/5| 6.768 | 6.998 0.55
0.06 0.04 |0.182| 08 |0.073| 4.059 | 4.194 0.55
0.155 | 0.048 | 0451 | 18 |0.087| 7.869 | 8.179 0.55
0.165 | 0.071 | 0331 | 15 |[0.129| 4.484 | 4.733 0.55

~NoOojo|hWIN|F
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T (m3/S) y1 (m) (m) Lr (m) M Fri Frp: b (m)
8 0.193 | 0.081 | 0.36 1.8 0147 | 4236 | 4500 | 0.55
9 0.073 | 0.04 |0223| 09 |0.073| 4938 | 5.103 0.55
10 | 0.193 | 0.055 | 0488 | 21 |0.100| 7.896 | 8.247 0.55
11 | 0.078 | 0.057 | 0286 | 1.2 |0.170| 4.668 | 4996 | 0.335
12 | 0.078 | 0.041 | 0353 | 14 |0.122] 7.978 | 8.402 | 0.335
13 | 0.129 | 0.058 | 0.457 2 0.173| 7.503 | 8.037 | 0.335
14 | 0.129 | 0.068 | 0.405| 19 |0.203| 5.764 | 6.231 | 0.335
15 | 0.108 | 0.069 | 0.346 | 15 |0.206| 4.709 | 5.095 | 0.335
16 | 0.158 | 0.088 | 0428 | 2.1 |0.263| 4568 | 5.021 | 0.335
17 | 0.158 | 0.092 | 0.418 2 0.275| 4.234 | 4.667 | 0.335
18 | 0.158 | 0.079 | 0448 | 21 |0.236| 5.488 | 5988 | 0.335
19 0.04 | 0.042 1 0185| 0.8 [0.125] 3.936 | 4149 | 0.335
20 | 0.101 | 0.056 | 0.373| 16 |0.167| 6.223 | 6.654 | 0.335
21 | 0.101 | 0.061 |0.355| 1.7 |0.182| 5405 | 5.806 | 0.335
22 | 0.136 | 0.086 | 0379 | 1.7 [0.257| 4.090 | 4.488 | 0.335
23 | 0.136 | 0.065 | 0.434 2 0.194| 6.550 | 7.063 | 0.335
24 | 0.091 | 0.049 [0.362| 15 |0.146| 6.976 | 7.407 | 0.335
25 | 0.091 | 0.054 [0.347| 15 |0.161] 5952 | 6.352 | 0.335
26 | 0.091 | 0.067 | 0.295| 14 [0.200| 4.167 | 4501 | 0.335
27 | 0.149 | 0.083 | 0402 | 19 [0.248| 4.759 | 5.211 | 0.335
28 | 0.065 | 0.061 | 0328 | 14 |0.305| 5278 | 5.862 0.2
29 | 0.096 | 0.0609 | 0.441 2 0.305| 7.817 | 8.681 0.2
30 | 0.049 |0.0409]|0324| 13 |0.205| 7.851 | 8.492 0.2
31 | 0.083 |0.0606]0.39% | 1.7 [0.303| 6.816 | 7.568 0.2
32 | 0.091 |0.0811]|0372| 1.7 |0.406| 4.475 | 5.080 0.2
33 10.0393|0.0408 | 0.266 | 1.1 |0.204| 6.323 | 6.838 0.2
34 10.0293|0.0409|0.208| 0.9 [0.205| 4.695 | 5.078 0.2
35 0.074 |0.0811 | 0.312 14 10406 | 3.639 | 4.131 0.2
36 |0.0242 | 0.0405| 0.17 0.7 |0.203| 3.942 | 4.261 0.2
37 10.0579|0.0408 | 0.367 | 16 [0.204| 9315 | 10.074| 0.2

Max | 0.193 | 0.092 | 0488 | 2.1 |0.406| 9.315 | 10.074 | 0.55

Min |0.0242| 0.04 | 0.17 0.7 |0.073| 3.639 | 4.131 0.2
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6.6 Tinh toan do sau sau khu xoay theo cong thirc thuc nghiém

Bdng 15 D¢ sau dong chay sau khu xoay nwoc nhay theo cdng thirc thyc nghiém

Gia tr1 thuc do G14 tr1 tinh toan
i (m?/S) ()r/ﬁ) ()r;]r) Fry M1 Yit yr (M) | € (%)
1 0.104 0.052 0.268 4652 | 0.095 | 5.366 0.279 41
2 0.118 0.056 0.3 4691 | 0.102 | 5.361 0.300 0.1
3 0.104 0.056 0.25 4135 | 0.102 | 4.763 0.267 6.7
4 0.104 0.041 0.332 6.768 | 0.075 | 7.842 0.322 3.2
5 0.06 0.04 0.182 4.059 | 0.073 | 4.874 0.195 7.1
6 0.155 0.048 0.451 7.869 | 0.087 | 8.862 0.425 5.7
7 0.165 0.071 0.331 4484 | 0129 | 4.994 0.355 7.1
8 0.193 0.081 0.36 4236 | 0.147 | 4.661 0.378 49
9 0.073 0.04 0.223 4938 | 0.073 | 5.856 0.234 5.0
10 0.193 0.055 0.488 7.896 | 0.100 | 8.746 0.481 14
11 0.078 0.057 0.286 4668 | 0.170 | 5.017 0.286 0.0
12 0.078 0.041 0.353 7.978 | 0.122 | 8.619 0.353 0.1
13 0.129 0.058 0.457 7503 | 0.173 | 7.806 0.453 0.9
14 0.129 0.068 0.405 5764 | 0.203 | 5.983 0.407 0.5
15 0.108 0.069 0.346 4709 | 0.206 | 4.943 0.341 1.4
16 0.158 0.088 0.428 4568 | 0.263 | 4.667 0.411 4.0
17 0.158 0.092 0.418 4234 | 0.275 | 4.323 0.398 4.9
18 0.158 0.079 0.448 5488 | 0.236 | 5.613 0.443 1.0
19 0.04 0.042 0.185 3.936 | 0.125 | 4.436 0.186 0.7
20 0.101 0.056 0.373 6.223 | 0.167 | 6.580 0.369 1.2
21 0.101 0.061 0.355 5405 | 0.182 | 5.708 0.348 1.9
22 0.136 0.086 0.379 4.090 | 0.257 | 4.219 0.363 4.3
23 0.136 0.065 0.434 6.550 | 0.194 | 6.781 0.441 1.6
24 0.091 0.049 0.362 6.976 | 0.146 | 7.440 0.365 0.7
25 0.091 0.054 0.347 5952 | 0.161 | 6.339 0.342 1.4
26 0.091 0.067 0.295 4167 | 0.200 | 4.425 0.296 0.5
27 0.149 0.083 0.402 4759 | 0.248 | 4.883 0.405 0.8
28 0.065 0.061 0.328 5.278 | 0.305 | 5.247 0.320 2.4
29 0.096 0.0609 | 0.441 7.817 | 0.305 | 7.580 0.462 4.7
30 0.049 0.0409 | 0.324 7.851 | 0.205 | 7.984 0.327 0.8
31 0.083 0.0606 0.395 6.816 | 0.303 | 6.672 0.404 2.4
32 0.091 0.0811 0.372 4475 | 0.406 | 4.345 0.352 5.3
33 0.0393 0.0408 0.266 6.323 | 0.204 | 6.521 0.266 0.0
34 0.0293 | 0.0409 | 0.208 4695 | 0.205 | 4.934 0.202 3.0
35 0.074 0.0811 | 0.312 3.639 | 0.406 | 3.581 0.290 6.9
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Gia tr1 thuc do G14 tr1 tinh toan
i (m?/S) (ﬁ) (z;) Fri | Mi | Ye |y (M) | &%)
36 0.0242 0.0405 0.17 3.942 | 0.203 | 4.194 0.170 0.1
37 0.0579 0.0408 0.367 9.315 | 0.204 | 9.372 0.382 4.2
Max 0.193 0.092 0.488 9.315 | 0.406 | 9.372 0.481 7.1
Min | 0.0242 0.04 0.17 3.639 | 0.073 | 3.581 0.170 0.0

6.7 Tinh @ sau sau khu xody theo A.N. Rakhmanov (1930)

Bdng 16 D¢ sau dong chay sau khu xoay theo A.N. Rakhmanov (1930)

Gia tr1 thuc do Gia tr1 tinh toan

TT Q b y1 yr Yo yr €
(m¥s) | (m) | (m) (m) (m) (m) (%)
1 0.104 | 0.55 | 0.052 | 0.268 0.141 | 0.297 11.0
2 0.118 | 0.55 | 0.056 0.3 0.152 | 0.321 7.0
3 0.118 | 0.55 | 0.062 | 0.264 0.152 | 0.300 13.7
4 0.201 | 0.55 | 0.065 | 0.443 0.209 | 0.491 10.8
5 0.201 | 0.55 | 0.079 | 0.398 0.209 | 0.434 9.0
6 0.104 | 0.55 | 0.056 0.25 0.141 | 0.283 13.3
7 0.104 | 0.55 | 0.041 | 0.332 0.141 | 0.345 3.8
8 0.06 0.55 0.04 0.182 0.1| 0.200 9.9
9 0.155 | 0.55 | 0.048 | 0.451 0.179 | 0.459 1.7
10 0.165 | 0.55 | 0.071 | 0.329 0.186 | 0.384 16.6
11 0.193 | 0.55 | 0.081 0.36 0.204 | 0.410 13.9
12 0.073 | 0.55 0.04 0.223 0.113 | 0.245 9.8
13 0.193 | 0.55 | 0.055 | 0.488 0.204 | 0.521 6.8
14 0.078 | 0.335 | 0.057 | 0.286 0.151| 0.314 9.7
15 0.078 | 0.335 | 0.041 | 0.353 0.151| 0.384 8.9
16 0.078 | 0.335 | 0.06 0.274 0.151 | 0.303 10.7
17 0.129 | 0.335 | 0.058 | 0.457 0.201| 0.494 8.0
18 0.129 | 0.335 | 0.068 | 0.405 0.201 | 0.448 10.6
19 0.108 | 0.335 | 0.069 | 0.346 0.182 | 0.377 9.0
20 0.158 | 0.335 | 0.088 | 0.428 0.225 | 0.457 6.7
21 0.158 | 0.335 | 0.092 | 0.418 0.225 | 0.443 6.1
22 0.158 | 0.335 | 0.079 | 0.448 0.225 | 0.490 9.4
23 0.04 | 0.335| 0.042 | 0.185 0.102 | 0.200 8.1
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Gia tr1 thuc do Gia tri tinh toan

T Q b Y1 yr Ye Yr €

(m¥s) | (m) | (m) (m) (m) (m) (%)
24 0.04 |0.33 | 0.04 0.186 0.102 | 0.207 11.1
25 0.136 | 0.335 | 0.083 0.39 0.207 | 0.413 6.0
26 0.101 | 0.335 | 0.056 | 0.373 0.175| 0.404 8.3
27 0.101 | 0.335 | 0.061 | 0.355 0.175| 0.383 7.8
28 0.136 | 0.335 | 0.086 | 0.379 0.207 | 0.404 6.5
29 0.136 | 0.335 | 0.065 | 0.434 0.207 | 0.483 11.4
30 0.091 | 0.335 | 0.049 | 0.362 0.165| 0.398 10.1
31 0.091 | 0.335 | 0.054 | 0.347 0.165| 0.376 8.2
32 0.091 | 0.335 | 0.067 | 0.295 0.165| 0.327 10.7
33 0.149 | 0.335 | 0.083 | 0.402 0.218 | 0.450 12.1
34 0.149 | 0.335 | 0.074 | 0.434 0.218 | 0.485 11.7
35 0.065 0.2 0.061 | 0.328 0.167 | 0.355 8.1
36 0.096 0.2 | 0.0609 | 0.441 0.205 | 0.495 12.2
37 0.049 0.2 | 0.0409 | 0.324 0.143 | 0.353 9.0
38 0.083 0.2 | 0.0606 | 0.395 0.19| 0.439 11.2
39 0.091 0.2 | 0.0811 | 0.372 0.199 | 0.393 5.7
40 0.0393 | 0.2 | 0.0408 | 0.266 0.127 | 0.292 9.9
41 0.0293 | 0.2 | 0.0409 | 0.208 0.108 | 0.224 7.7
42 0.074 0.2 | 0.0811 | 0.312 0.179 | 0.329 54
43 0.085 0.2 | 0.0812 | 0.352 0.192 | 0.370 5.1
44 0.065 0.2 0.081 | 0.288 0.167 | 0.293 1.6
45 0.055 0.2 | 0.0611 | 0.287 0.153 | 0.306 6.7
46 0.0242 | 0.2 | 0.0405 | 0.17 0.097 | 0.188 10.9

Max 0.201| 055| 0.092| 0.488| 0.225 0.521 16.6
Min 0.0242 0.2 0.04 0.17 | 0.097 0.188 1.6

6.8 Dir liéu thi nghiém phan tich chiéu dai khu xoay

Bang 17 Phan tich dé liéu thiec nghiém vé chiéu dai khu xoay cia nwéc nhay

T (mfgls) b (m) | y1 (m) ('r;]r) i (r:f;/t’s) (AmE) Mn | Ln(Mn)
1 | 0104 | 055 | 0052 | 1.1 | 21.154 | 26601 | 0.335 | 3821 | 8248
2 | 0118 | 055 | 0056 | 1.3 | 23.214 | 32051 | 0.361 | 4342 | 8376
3 | 0104 | 055 | 0.056 | 11 | 19.643 | 24610 | 0271 | 2380 | 7.775
4 | 0104 | 055 | 0,041 | 13 | 31707 | 34792 | 0.641 | 16839 | 9.731
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TT (m?/S) b (m) | y1 (m) ('r'nr) L(ri/g’l (n}1<3t7s) (An'f) Mn | Ln(Mn)
5 | 006 | 055 | 0.04 | 0.8 | 20.000 | 1.4176 | 0.177 | 2149 | 7.673
6 | 0.155 | 055 | 0.048 | 1.9 | 39.583 | 5.8509 | 1.077 | 31176 | 10.347
7 | 0165 | 055 | 0.07L | 15 | 21.127 | 3.9716 | 0.437 | 3212 | 8.075
8 | 0193 | 055 | 0.08L | 1.7 | 20.988 | 4.6839 | 0.430 | 2786 | 7.933
9 | 0073 | 055 | 0.04 | 0.9 | 22.500 | 1.8946 | 0.296 | 4552 | 8.423
10 | 0.193 | 055 | 0.055 | 2 | 36.364 | 6.8240 | 1.274 | 28207 | 10.247
11 | 0.078 |0.335] 0.057 | 1.2 | 21.053 | 1.9446 | 0.382 | 3826 | 8.250
12 | 0078 |0.335| 0.041 | 1.4 | 34.146 | 25137 | 0.988 | 24389 | 10.102
13 | 0129 |0.335| 0.058 | 2 | 34483 | 4.1815 | 1.227 | 21648 | 9.983
14 | 0129 |0.335] 0.068 | 1.9 | 27.941 | 35504 | 0.783 | 8295 | 9.023
15 | 0.108 | 0.335| 0.069 | 1.5 | 21.739 | 2.7706 | 0.477 | 4205 | 8.344
16 | 0.158 | 0.335| 0.088 | 2.1 | 23.864 | 4.1972 | 0.566 | 4199 | 8.343
17 | 0158 |0335] 0.092 | 2 | 21.739 | 4.1034 | 0.486 | 3245 | 8.085
18 | 0.158 | 0.335| 0.079 | 2.1 | 26.582 | 4.3723 | 0.810 | 7446 | 8.915
19 | 004 |0335] 0.042 | 0.8 | 10.048 | 0.9261 | 0.173 | 1933 | 7.567
20 | 0.101 |0.335| 0.056 | 1.6 | 28571 | 2.9493 | 0.760 | 11093 | 9.314
21 | 0.101 | 0.335| 0.061 | 1.7 | 27.869 | 2.7832 | 0.588 | 6912 | 8.841
22 | 0.136 | 0.335| 0.086 | 1.7 | 19.767 | 3.4366 | 0.413 | 2767 | 7.925
23 | 0.136 |0.335| 0.065 | 2 | 30.769 | 3.9344 | 1.017 | 12610 | 9.442
24 | 0.091 |0335| 0.049 | 1.5 | 30.612 | 2.7206 | 0.873 | 15382 | 9.641
25 | 0.091 |0335| 0.054 | 1.5 | 27.778 | 25979 | 0.656 | 9442 | 9.153
26 | 0.091 |0335| 0.067 | 1.4 | 20.896 | 2.1477 | 0.342 | 2546 | 7.842
27 | 0.149 | 0.335| 0.083 | 1.9 | 22.892 | 3.7249 | 0.608 | 4241 | 8.353
28 | 0.065 | 0.2 | 0.061 | 1.4 | 22.951 | 16782 | 0575 | 5958 | 8.693
20 | 0.096 | 0.2 |0.0609| 2 | 32.841 | 2.8199 | 1.475 | 20430 | 9.925
30 | 0.049 | 02 |0.0409| 1.3 | 31.785 | 14776 | 0.973 | 21144 | 9.959
31 | 0.083 | 02 |0.0606| 17 | 28.053 | 2.3102 | 1.067 | 13231 | 9.490
32 | 0.091 | 02 |00811| 1.7 | 20.962 | 2.2844 | 0512 | 3698 | 8.215
33 |0.0393| 02 |0.0408| L1 | 26.961 | 1.0523 | 0.585 | 9885 | 9.199
34 |0.0293| 02 |0.0409| 0.9 | 22.005 | 0.7062 | 0.278 | 3645 | 8.201
35 | 0074 | 0.2 |0.0811| 1.4 | 17.263 | 1.7138 | 0.295 | 1729 | 7.455
36 |0.0242| 02 |0.0405| 0.7 | 17.284 | 05170 | 0.178 | 1768 | 7.478
37 |0.0579| 02 |0.0408| 1.6 | 39.216 | 1.8449 | 1.440 | 35267 | 10.471
Max | 0.193 | 055 | 0.092 | 2.1 | 39.583 | 6.824 | 1.475 | 35267 | 10.471
Min | 0.0242 | 02 | 004 | 07 | 17.263 | 0517 | 0.173 | 1729 | 7.455
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6.9 Bang tinh chiéu dai khu xody theo céng thiic ban thuc nghiém

Bang 18 Chiéu dai khu xody ciia nwdc nhay theo cdng thizc ban thiec nghiém

Gia tr1 thuc do Gia tri tinh toan
Lr Kib AE Lr €
TT m) | (ms) (m) Mn Ln(Mn) Lriy, (m) (%)
1 1.1 | 2.66 0.335 3821 8.248 21.928 | 1.140 | 3.7
2 1.3 | 3.21 0.361 4342 8.376 22.625 | 1.267 | 2.5
3 1.1 | 2.46 0.271 2380 7.775 19.617 | 1.099 | 0.1
4 1.3 | 3.48 0.641 | 16839 9.731 31.947 | 1.310 | 0.8
5 0.8 1.42 0.177 2149 7.673 19.176 | 0.767 | 4.1
6 19 | 5.85 1.077 | 31176 10.347 | 37.347 | 1.793 | 5.7
7 15 | 3.97 0.437 3212 8.075 21.030 | 1.493 | 0.5
8 1.7 | 4.68 0.430 2786 7.933 20.339 | 1.647 | 3.1
9 0.9 1.89 0.296 4552 8.423 22.892 | 0916 | 1.7
10 2 6.82 1.274 | 28207 10.247 | 36.420 | 2.003 | 0.2
11 1.2 1.94 0.382 3826 8.250 21.935 | 1.250 | 4.2
12 14 | 251 0.988 | 24389 10.102 | 35.107 | 1.439 | 2.8
13 2 4.18 1.227 | 21648 9.983 34.062 | 1976 | 1.2
14 1.9 | 355 0.783 8295 9.023 26.639 | 1.811 | 4.7
15 15 | 2.77 0.477 4205 8.344 22.448 | 1549 | 3.3
16 21 | 4.20 0.566 4199 8.343 22.440 | 1.975 | 6.0
17 2 4.10 0.486 3245 8.085 21.081 | 1.939 | 3.0
18 2.1 | 4.37 0.810 7446 8.915 25913 | 2.047 | 25
19 0.8 | 0.93 0.173 1933 7.567 18.738 | 0.787 | 1.6
20 16 | 2.95 0.760 | 11093 9.314 28.702 | 1.607 | 0.5
21 1.7 | 2.78 0.588 6912 8.841 25.427 | 1551 | 8.8
22 1.7 | 3.44 0.413 2767 7.925 20.305 | 1.746 | 2.7
23 2 3.93 1.017 | 12610 9.442 29.663 | 1.928 | 3.6
24 15 | 2.72 0.873 | 15382 9.641 31.215 | 1530 | 2.0
25 15 | 2.60 0.656 9442 9.153 27.538 | 1.487 | 0.9
26 14 | 2.15 0.342 2546 7.842 19.919 | 1.335 | 4.7
27 19 | 3.72 0.608 4241 8.353 22.495 | 1.867 | 1.7
28 1.4 | 1.68 0.575 5958 8.693 24.487 | 1.494 | 6.7
29 2 2.82 1.475 | 20430 9.925 33.563 | 2.044 | 2.2
30 1.3 1.48 0.973 | 21144 9.959 33.858 | 1.385 | 6.5
31 1.7 | 231 1.067 | 13231 9.490 30.032 | 1.820 | 7.1
32 1.7 | 2.28 0.512 3698 8.215 21.754 | 1.764 | 3.8
33 1.1 1.05 0.585 9885 9.199 27.864 | 1.137 | 3.4
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Gia tr1 thuc do Gia tri tinh toan
Lr Kib AE Lr €
1T m) | (ms) (m) Mn Ln(Mn) Lrly. (m) (%)
34 0.9 0.71 0.278 3645 8.201 21.678 | 0.887 | 15
35 14 1.71 0.295 1729 7.455 18.300 | 1.484 | 6.0
36 0.7 0.52 0.178 1768 7.478 18.386 | 0.745 | 6.4
37 1.6 1.84 1.440 35267 10471 | 38515 | 1571 | 1.8
Max | 2.1 6.82 1.475 35267 10471 | 38,515 | 2.047 | 8.8
Min | 0.7 0.52 0.173 1729 7.455 18.300 | 0.745 | 0.1

6.10 Tinh toan chiéu dai khu xoay theo céng thirc thuc nghiém

Bang 19 Két qud tinh toan phan tich diz liéu chiéu dai khu xody cia nuéc nhay

TT Gia tri thuc do Gia tr1 phan tich
N |y | Fro (ﬁi) (Qé) (anr) Ltfys (anr) £ (%)
1 |0.00962 |5.154 | 4.652 | 0.031 | 0.219| 1.1 |22325|1.161| 55
2 |0.00893 [5.357 |4.691| 0.034 | 0.255| 1.3 | 23.034 |1.290| 0.8
3 |0.00893 |4.464 | 4.135| 0.034 | 0.200 | 1.1 | 19.676 |1.102| 0.2
4 |0.01220 | 8.098 | 6.768 | 0.024 | 0.293 | 1.3 | 32.890 | 1.348 | 3.7
5 10.01250 | 4.550|4.059 | 0.024 | 0.133| 0.8 | 19.733 |0.789 | 1.3
6 |0.01042 [ 9.396 | 7.869 | 0.029 | 0.451| 1.9 | 37.611|1.805| 5.0
7 | 0.00704 | 4.662 | 4.484 | 0.044 | 0.292 | 15 | 20.769 | 1.475| 1.7
8 |0.00617 |4.444 4,236 | 0.051 | 0.328 | 1.7 | 19.903 |1.612| 5.2
9 |0.01250 | 5.575]4.938| 0.024 | 0.172| 0.9 | 23.770 | 0951 | 5.6
10 | 0.00909 |8.873|7.896 | 0.033 | 0.507 | 2.0 | 36.279 | 1.995| 0.2
11 | 0.00877 | 5.018 | 4.668 | 0.022 | 0.178 | 1.2 | 22.243 | 1.268 | 5.7
12 | 0.01220 | 8.610 | 7.978 | 0.015 | 0.243 | 1.4 | 35.749 | 1.466 | 4.7
13 | 0.00862 | 7.879 | 7.503 | 0.023 | 0.362 | 2.0 | 33.470 | 1.941| 29
14 | 0.00735 | 5.956 | 5.764 | 0.027 | 0.300| 1.9 | 26.308 | 1.789 | 5.8
15 | 0.00725 | 5.014 | 4.709 | 0.028 | 0.236 | 1.5 | 22.390 | 1.545| 3.0
16 | 0.00568 | 4.864 | 4568 | 0.037 | 0.327 | 2.1 | 21.925 |1.929 | 8.1
17 | 0.00543 | 4543 |4.234| 0.039 | 0.315| 2.0 | 20.596 | 1.895| 5.3
18 | 0.00633 | 5.671 |5.488 | 0.033 [0.351 | 2.1 | 25.271 | 1.996 | 4.9
19 | 0.01190 | 4.405|3.936 | 0.016 |0.096 | 0.8 | 19.403 | 0.815| 1.9
20 | 0.00893 | 6.661 | 6.223 | 0.022 | 0.264 | 1.6 | 28.722 | 1.608 | 0.5
21 | 0.00820 [5.820 | 5.405 | 0.024 | 0.245| 1.7 | 25.478 | 1.554 | 8.6
22 | 0.00581 | 4.407 | 4.090 | 0.036 | 0.271| 1.7 | 19969 |1.717| 1.0
23 | 0.00769 | 6.677 | 6.550 | 0.026 | 0.334 | 2.0 | 29.182 |1.897 | 5.2




TT Gia tr1 thuc do Gia tr1 phan tich
Ny | P (Qi) (Qé) ('r-nr) Ltlys ('r‘nr) & (%)
24 1 0.01020 | 7.388 | 6.976 | 0.019 | 0.252 | 1.5 | 31.467 | 1542 | 2.8
25 10.00926 | 6.426 | 5.952 | 0.021 | 0.237 | 15 | 27.746 | 1.498 | 0.1
26 | 0.00746 | 4.403 | 4.167 | 0.027 | 0.186 | 1.4 | 19.882 |1.332| 4.9
27 | 0.00602 | 4.843 |4.759 | 0.035 | 0.296 | 1.9 | 22.015|1.827| 3.8
28 | 0.00820 |5.377 |5.278 | 0.016 | 0.173 | 1.4 | 24.326 |1.484| 6.0
29 |0.00821 |7.241|7.817 | 0.016 | 0.283| 2.0 |32.314 1968 | 1.6
30 | 0.01222 | 7.922|7.851| 0.010 | 0.170 | 1.3 | 34.025|1.392| 7.0
31 |0.00825 | 6.518 | 6.816 | 0.016 | 0.235| 1.7 | 29.258 | 1.773 | 4.3
32 | 0.00617 | 4.587 | 4.475| 0.023 | 0.213 | 1.7 |21.214 |1.720| 1.2
33 | 0.01225 [ 6.520 | 6.323 | 0.010 | 0.124 | 1.1 | 28,531 |1.164 | 5.8
34 10.01222 | 5.086 | 4.695| 0.010 [ 0.085| 0.9 | 22595 |0.924 | 2.7
35 | 0.00617 | 3.847 | 3.639 | 0.023 | 0.160 | 1.4 | 17931 | 1454 | 3.9
36 | 0.01235 |4.198 | 3.942 | 0.010 | 0.063 | 0.7 | 18.994 | 0.769 | 9.9
37 10.01225 |8.995|9.315| 0.010 | 0.208 | 1.6 | 38.372 | 1566 | 2.2
Max | 0.00543 | 9.396 | 9.315| 0.051 | 0.507 | 2.100 | 38.372 | 1.996 | 9.9
Min | 0.01250 | 3.847 | 3.639 | 0.010 | 0.063 | 0.700 | 17.931 | 0.769 | 0.1
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Phu luc 7. Céc cdng thtc thuc nghiém trong nghién ctiu vé dic trung hinh hoc cua
nudc nhay trong kénh lang tru hinh thang can

Dua trén céc to6 hop nghién ctu, nghién ctu da dé xuat cac cong thuc khac
nhau Vé cac dic trung hinh hoc ctia nuéc nhay.

7.1 Céc cong thirc thuc nghiém vé dé sau sau khu xo4y ciia nwéc nhay

Ky

. Cong thirc R2 Pic diém
hi¢u

Samir Kateb (2014),
Samir Kateb et al. (2015),
Y Y _ 0.31Fr** +1.768 0.042 S. Cherhabil et al. (2016),
Y1 SIAD, Rafik (2018),
Bahador F.N et al. (2019)
etc.
Wanoschek R. & Hager
Y, Yr _ 0.195M1’°'192Fré'456 +1.919 0.951 W. (1989), Si’zldiq S.M
Yi (2012), Shahin S.A et
al.(2018)

1.576

Ys  25=0137M°%(Fr,, +1)
Y

+1591 00952 -

Ohtsu and Yasuda

Y (2009), Carollo et al.
(2013) etc
1
Ys i’/— = 5[\/1+ 5.329Fr5, —1} 0.938 Bélanger (1828), etc.
1
Ye % = 0,959M,*?Fr %% 0.978
1
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7.2 Céc cong thitc thuc nghiém vé chiéu dai khu xody ciia nwéc nhay

Ky .
_ Cong thirc R? Dic diem
hi¢u
L 5 285+2.956 Fr.
TS B e 0957 Tuyén tinh
11896 27N _( 14025
Y Y1

Lr, Lr=1.850(1.716+10.872M)(y,-y,)  0.903 Silvester, R (1964)

Rajaratnam et al.

Lr (1968), Kateb S.

Lrs = 4.952Fr** +1.679 0.942
Yi (2014), SIAD R.
(2018) etc
0.276 2
L T -6607 ﬁj [ —A—;j Fros 0.960 Phi tuyén
yl yl 2

Lr y e A’ RUt gon cong thic
Lrs —=3038|=L| + 1-— F*®+0578| 0966 _
Yy Yi A, ban thyc nghiém
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