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XAY DUNG CONG THU'C THUC NGHIEM TiNH TOAN PQ SAU
SAU NUOC NHAY TRONG KENH MAT CAT CHU NHAT
CO XET PEN ANH HUONG CUA LUC CAN

Ho Viét Hung
Truong Pai hoc Thuy loi

Tém tit: PG sdu sau nuwde nhdy la mét dic trung quan trong cia nwée nhdy, dnh hwong trie
tiép dén do sau va chiéu dai cia bé tiéu nang sau ddp tran hodc cong ngam. Do do, viéc xdy
dung cong thirc dé tinh todn chinh xdc d¢ sau sau nwée nhay la rat can thiét va c6 y nghia thuc
tién cao. Bai bdo nay trinh bay viéc thiét ldp va kiém dinh cdc cong thire thue nghiém dé tinh
todn ty s6 do sau lién hiép cia mede nhay, dp dung cho kénh lang tru ddy bang cé mdt cat ngang
hinh chiv nhat, khi xét @én anh huwong cua ma sat. Pinh Y Buckingham dwoc sir dung dé xac dinh
méi lién hé giiva do sdu nuée nhay va cdc yéu 16 thiy luc khdc. Cdc sé liéu thi nghiém nwéc nhdy
cua Hager va Bretz da dwoc ng dung dé xdc dinh cdc hé sé va kiém dinh cdc cong thu’c Két
qua kiém dinh déc ldp cho thdy, sai sé twong d6i trung binh nhé hon 2% va hé sé6 R? sap sz bang
1. Nhuw vdy, cdc céng thire dwoc dé xudt ¢6 dang don gian, pham vi sir dung rong ma van dam
bado do chinh xdc cao cia két qua tinh todn.

Tw khéa: Nwoc nhay, do sau lién hiép, Buckingham, cong thvrc thuc nghiém.

Summary: The sequent depth of the hydraulic jump is an essential characteristic of a hydraulic
jump that directly affects the depth and length of the stilling basin after the spillway or culvert.
Therefore, establishing formulas for accurately calculating the sequent depth of a hydraulic
jump is very necessary and has high practical significance. This paper presents the
establishment and testing of the empirical formulas to calculate the conjugate depths ratio of a
hydraulic jump, applied to the horizontal prismatic channel with a rectangular cross-section,
considering the influence of friction. Buckingham's theorem is used to determine the relationship
between the conjugate depths' ratio of a hydraulic jump and other hydraulic factors. Hager and
Bretz's experiment data on hydraulic jumps were used to determine the coefficients and test the
formulas. Independent test results show that the mean absolute percentage error is less than 2%
and the determination coefficient R? is approximately equal to 1. Thus, the proposed formulas
have a simple form and a wide application range, ensuring high accuracy in calculating results.
Keywords: Hydraulic jump, conjugate depths, Buckingham, empirical formula.

1. GIOI THIEU CHUNG tiéu nang. Céac ddc trung hinh hoc cua nudc
nhay can duogc tinh toan gdm cé: do sau trude
va sau nudc nhay, do sau cudi khu x04y cudn,
chiéu dai khu xo4y va chiéu dai nudc nhay. Do
sau sau nudc nhay 1a mot dac trung quan trong
cua nudc nhay, né phuc vu cho vi¢c xac dinh
vi tri nudc nhay trong kénh, hinh thirc nbi tiép
Ngdy nhén bai: 11/8/2023 sau cong trinh, dang nudc nhay ngip hay tu

Ngdy thong qua phan bi¢n: 21/9/2023 do. Dya trén cac do sdu nudc nhay sé€ tinh toan
Ngay duyét dang: 29/9/2023

Trong tinh toan thiét ké bé tiéu ning sau dap
tran hodc céng ngﬁm, viéc xac dinh ding do
sdu sau nudc nhay rit quan trong, né anh
hudng truc tiép dén do sau va chidu dai cua bé
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dugc chiéu dai khu xody cua nudc nhdy va
kich thudc bé ti€u nang.

Hién nay, d0 sau sau nudc nhay trong kénh
lang tru day bang, mat cit chir nhat thuong
duogc tinh theo cong thic Belanger (1828)
khi biét s6 Froude va dd sdu truGc nude
nhdy [1]. Cong thuc nay dugc xay dyng trén
co s& ap dung Phuong trinh dong luong cho
nudc nhdy day trong kénh chir nhat, day
bang, khi bo qua lyc ma sat va coi ap suét
phan bd theo quy luat nhu thuy tinh trong
cic mit cit trudc va sau nudc nhay. Ung
dung cong thirc Belanger (1) ¢6 thé xac dinh

ty sé hai do sdu lién hiép cua nudc nhay
(xem Hinh 1).

Y*=ﬁ=%(—1+«/1+8|:rf) )

= 2
Jan (2)

Trong do6: hi va hy — cac do sau trude va sau
nude nhay; Fri — s6 Froude trude nudc nhay;
V1 — van tbe trung binh tai mat cit trude nude
nhay; g — gia tdc trong truong.
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Hinh 1: Cac d¢ sau lién hiép cua nwoc nhay, md phong theo Hager [3]

Nam 1973, Sarma K.V.N. va Newnham D.A.
dé xuat cong thic tinh ty s6 d6 sau nuéc nhay
theo dang tuong tu cong thac (1), ap dung cho
truong hop sé Froude trudc nude nhay nhod
hon 4 [7]. Trong cong thic cia Sarma, ty so
d6 siu nude nhay chi phu thudc vao sé Fri va
€O gia tri I6n hon so véi khi tinh theo cong
thuc (1). Ngoai ra, cac tac gia khac nhu
Peterka (1984) [5], Bretz (1987) [2], Hager
(1989) [3] di cong bd cac nghién ciu cua
minh dya trén céc thi nghi¢m trong mang kinh
khi do dac cac @6 sau lién hiép cua nudc nhay
va chiéu dai khu xody. Peterka khuyén céo sir
dung cong thuc (1) va cho rang nudc nhay it bi
anh huong boi d6 sau ha luu khi sé Fry thay
dbi trong khoang tir 4.5 dén 9. Tuy nhién, céc
két qua nghién cau caa Hager lai cho thiy,

trong thuc té khi sé Fri tuong d6i 16n va do
sau hy nho, do sau sau nudc nhay hz s€ ¢o tri
s6 nhé hon so véi tinh toan theo cong thic (1).
Hinh 2 cho thiy ty s6 Y* tinh theo (1) Ién hon
két qua thi nghiém cua Hager khi sé Fri 16n
hon 5.5. Nguyén nhan 12 do tinh nhét cua chat
long va dd nham bé mit 1ong dan da gy ra luc
ma sat tdc dung vao dong chay lam giam d6
sau sau nudc nhay.

Hager di xay dung cac dd thi dé tra ty sé do
sau lién hiép ctia nudc nhay, khi xét dén anh
huéng cia do sau twong ddi trude nudc nhay
(h/b) va tinh nhét caa chat long théng qua sb
Reynolds [3]. Hager ciing dé& xuat cong thirc
gan ding dé tinh d6 sdu sau nuéc nhay trong
kénh chit nhat nim ngang. Retsinis va
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Papanicolaou (2020) da st dung phuong phap
s6 dé khao sat duong mat nuéc va md phong
nuéc nhay trong kénh chit nhat nam ngang khi
s6 Fri dao dong tir 2.44 dén 5.38, két qua tinh
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toan dugc kiém dinh béng sé lieu thuc do
trong phong thi nghiém [6]. Retsinis va
Papanicolaou khong dé xuét cong thic nao dé
tinh toan d6 sau sau nudc nhay.
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Hinh 2: So sanh ty sé Y tinh theo Belanger (1) va két qua thi nghiém cua Hager

Vi vay, van dé dat ra |a: can thiét 1ap mét cong
thire tinh d6 sau sau nudc nhay mot cach chinh
xac, don gian va phu hop véi thuc té. Bai bao
nay sé& trinh bay viéc xay dung cong thac hoi
quy phi tuyén da bién dé tinh toan ty s6 do sau
lién hiép cta nudc nhay, ap dung cho kénh
lang try day bang c6 mit cit ngang hinh chir
nhat. Cong thic nay duoc kiém dinh doc lap
nham dam bao tinh khach quan va do chinh
xéc cua két qua tinh toan.

2. PHUONG PHAP NGHIEN CUU VA
CAC DU LIEU CAN THIET

2.1. Ap dung phwong trinh déng lweng va
bPinh ly Pi ciia Buckingham

Nham muc dich xac dinh mdi quan hé gitra d6
sau nudc nhay voi cac yéu té thay luc khac,
phuong trinh dong luong dugc ap dung cho
doan dong chay 1-2 trong pham vi nudc nhay
(Hinh 1), xét kénh chir nhat nam ngang, truc X
dugc chon trung vai day kénh hudng theo
chiéu dong chay. Phuong trinh dong lugng két
hop véi phuong trinh lién tuc (3) s€ cé dang
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(4) dudi day.
Q=V,A =V,A,; A =bh; A, =bh,
v, =y ®)
2 h2 1
> F.=FR-F-F,=pQ(,-V,)
(4)

PuA = P A, —7,PL = pvlbhl(hivl -Vi)
2
Trong d6: Q — luu lwgng dong chay; V2 - van
téc trung binh tai mat cat sau nuéc nhay; b —
chiéu rong long dan chix nhat; A; va Az — dién
tich mat cét udt trude va sau nudc nhay; Fi va
F2 — &p lyc thuy dong tac dung vao cac mit cat
1 va 2, trude va sau nudc nhay; Fms — luc ma
sat cua thanh rin tac dung vao doan dong chay
1-2; pe1 VA Pe2 — &p Suat tai trong tam mat cat 1
va 2; p — khéi luong riéng cua chat long; L —
chiéu dai nudc nhay; P - chu vi uét trung binh

caa doan 1-2; %o - ing suét tiép trung binh tai
bé mat 10ng dan. pe VA pe2 phu thudc loai chét
Iong va cac do sau trudc va sau nudcC nhay,
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trong dong chay ha, cac &p suat co thé biéu thi
dudi dang ham sé (5).

Ps = P(p,9.h)

P.. = P(p.9,h,)

()

Chu vi uét trung binh phu thudc vao cac do
sau hy, hp va chiéu rong b. Theo Hager (1990)
[5], chidu dai nuéc nhay phu thudc vao sé Fry
va do sau hy nén co thé viét dusi dang ham sé
(6) nhu sau:
P=P(h,h,,b)
L=L(V;,h,9)
Ung suit tiép trung binh tai bé mat long dan
phu thudc ban kinh thay luc Rn va cac yéu tb
khac nhu p, y, e, V1, Vo, &p dung phuong trinh
lién tuc (3) s& thu duoc ham s6 (7).

Z'_o= F(b,h,h,,V,, p, 1,€) )

Trong d6: p — hé s6 nhét cua chat long; e — do
nham tuyét d6i cua long dan. Nhu vy, do sau
sau nudc nhay 1a ham sé caa nhiéu bién sé,

(6)

dugc thé hién trong phuong trinh (8).
h, = f(h,V,,b, p, 11,€,9) (8)

Trong (8) c6 tat ca 8 bién s va chira du 3 thir
nguyén co ban M, L, T. Do vay, theo Dinh ly
Buckingham s& tim dugc 5 ham IT ¢6 mébi lién
hé vai nhau theo phuong trinh (9).

I, =CD(H2,H3,H4,H5) (9)

Két qua tinh toan theo Pinh Iy Pi thu duoc 5
ham IT nhu sau:
Mi=ho/hi;M2=Fri;M3=Re:i" ; Ma=¢e/h1;
IIs=hi/b

Trong d6: Res” - s6 Reynold hiéu chinh tai mat
¢t trude nudc nhay duogc tinh theo cong thirc
(10); v - hé s6 nhét dong hoc cua nudc. Ky
hiéu ham I11 = Y; ham I1s = .

Rez :ﬂ
19

(10)

Nhu vy, ty s6 hai d6 sau cua nudc nhay dugc
biéu thi bang phwong trinh (11).

Y =ﬁ=q>[Frl,Rej,3,ﬁJ
h h b

2.2. Cac dir liéu can thiét

(11)

Dé thiét 1ap cong thuc thuc nghiém theo dang
phuong trinh (11) va hiéu chinh cac hé sé, tac
gia bai bao nay da thu thap dir liu thi nghiém
tor 2 nghién cau cua Hager va nnk (1989,
1990) [3], [4]. Trong cac nghién cau cua
minh, Hager va nnk da tién hanh 4 chudi thi
nghiém trong mang chir nhat nam ngang c6
chiéu rong 500 mm va 98 mm. Pay mo hinh
va tuong bén trai 1am bang nhuya PVC, tudng
bén phai 1am bang kinh dé tién quan sat nudc
nhay. Do d6 theo Hager, 6 nham tuyét ddi
cia long dan mo hinh 14 e = 0.005 mm [3].
Céc thi nghiém dugc thuc hién ¢ nhiét d6 tir
16 dén 18 °C, vi vy hé sb nhét dong hoc cua
nuéc 1a v = 1.1*10° m%s. S Reynolds Re:
tai mat cit truée nudc nhay duoc tinh theo
cac cong thuc (12).
_ ViR,

o

Re, (12)
Tong cong 144 bo sé lidu thi nghiém cua
Hager va 18 bo sé liéu caa Bretz di duogc sir
dung trong bai bao nay. Théng sb thay luc cua
cac chudi thi nghiém dugc théng ké trong
Bang 1 dudi day. Tac gia bai bao nay da su
dung phan mém SPSS va 144 bo dir liéu dé
xac dinh céc hé sb trong cong thirc hdi quy phi
tuyén da bién. Cong thic thuc nghiém nay
dugc kiém dinh doc 1ap bang bo sb liéu thi
nghiém cua Bretz (1987). Chudi dit lieu dé
kiém dinh gom 18 bo két qua thi nghiém do
Bretz thuc hién trong mang kinh chir nhat day
bang c6 chiéu rong 500 mm [2].
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Bang 1: Cac thong s6 co ban cilia cac thi nghiém

CONG NGHE

Chu(ﬁthi o =hi/b Fri Re1.10° Re1*.10° e/hl
nghi¢m

0.012 6.56-15.31 0.35-0.71 0.09-0.18 0.0008
0.019 5.24-11.83 0.57-1.11 0.15-0.29 0.0005
! 0.03 4.70-8.60 0.95-1.69 0.25-0.45 0.0003
b,=500mm 0.038 3.26-7.87 0.87-2.14 0.25-0.57 0.0003
0.057 3.33-5.88 1.61-2.90 0.45-0.81 0.0002
0.078 3.34-4.36 2.50-3.29 0.72-0.95 0.0001
0.1 3.39-10.87 0.30-1.10 0.09-0.33 0.0005
0.12 4.80-8.98 0.58-1.17 0.18-0.37 0.0004
0.19 4.01-8.26 0.81-1.81 0.28-0.63 0.0003
2 0.26 4.73-6.92 1.41-2.11 0.53-0.80 0.0002
b,=98mm 0.36 3.49-5.83 1.49-2.53 0.64-1.09 0.0001
0.39 3.60-5.55 1.69-2.67 0.74-1.18 0.0001
0.55 2.69-4.56 1.78-3.13 0.92-1.64 0.0001
0.65 2.45-4.15 1.94-3.43 1.10-2.00 0.0001

3 0.055-0.068 3.96-11.12 1.87-7.04 0.52-1.99 0.0002-0.0001
bs=500mm | 0.098-0.109 2.26-8.56 2.32-10.27 0.69-3.12 0.0001
0.01 4.33-15.96 0.19-0.54 0.05-0.14 0.001
4 0.021 2.88-11.37 0.34-1.21 0.09-0.31 0.0005
0.024 2.94-9.91 0.44-1.34 0.12-0.35 0.0004
bs=500mm 0.048 3.06-6.71 1.15-2.53 0.32-0.69 0.0002
0.072 2.38-5.38 1.75-3.63 0.50-1.04 0.0001

2.3. Phwong phap danh gia sai s6

Céc tri s6 cta hé s6 tit dinh (R?), Sai s6 binh
phuong trung binh (MSE), Sai sb cin quan
phuong (RMSE), Sai sd tuyét ddi trung binh
(MAE), Sai s6 twong ddi (RE), Sai sé tuong dbi
trung binh (MAPE) di duoc st dung dé danh gia
sai s6 cua két qua tinh toan. Cac tri s6 trén duoc

tinh todn theo cac cong thirc tir (13) dén (18).
M5 hinh toan cho két qua co do chinh xéc cao
khi tri s ciia R? gan bang 1 va céc sai s6 nho.

RE_1- L (13)
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MSE = E_Zn:(Pi -0 (14)

RMSE = %Zn;(Pi -0 (15)
1 n

MAE :H§(|e—oi|) (16)

RE=2 =P L 100% (17)
0

MAPE = - Z STl (18)

Trong d6: Oi, Oiva Pj lan luot 13 trj sb thuc
do, tri s6 thuc do trung binh va tri s6 tinh toan
tuong tng thir i; n 14 s6 1an tinh.

3. KET QUA NGHIEN CUU VA
THAO LUAN

3.1. Xac dinh cac hé sé caa cong thirc
thwc nghiém

Trén co s& phuong trinh (11), phan mém IBM
SPSS 20 da duoc sir dung dé xac dinh cac hé
s6 cuia phuong trinh hdi quy phi tuyén da bién
€6 dang nhu phuong trinh (19). Pay la cong

thirc thyc nghiém thé hién mbi lién hé giira 5
ham II, trong d6, c4c hé sb lan luot 1a: a, b, c,
d, x1, X2, x3, x4.

Y=a*Fri*x1+b*Rei"*"x2+c* o x3
+d* (e/hl) » (19)

Pé xac dinh chinh x4c cac hé sb, khi sb Fri
dao dong trong mdt pham vi rong, tdc gia bai
b4o ndy da chia chudi dit liéu thanh 2 phan:
phan 1 bao gom 68 bo sb lidu véi s6 Fri < 5.5;
phan 2 ¢6 76 bo sb liéu v6i s6 Fry > 5.5.

3.1.1. Cbng thi#c thuc nghiém khi sé
Fri <55

Két qua tinh toan xac dinh cac hé sd trong
phuong trinh (19) khi s6 Fr1 nho hon 5.5 duoc
thong ké trong Bang 2 (theo s li¢u tir SPSS).
C6 thé thdy rang, x4 bang 7 lam cho tri sb cua
s6 hang cudi cung trong (19) rat nho, sap si
bang 0. Gia tri ctia x1 16n hon nhiéu so véi x2
chung t6 mirc do anh hudng cua sé Fri 13 16n
hon so véi s Rer. Nhu vay tir Bang 2 s& co
phuong trinh (20), loai bo sé hang cudi cing
vi tri s6 khong dang ké, thu dugc phuong trinh
(21) 1a cong thirc thyc nghiém dé tinh toan ty
s6 do sau lién hiép ciia nuéc nhay trong kénh
chir nhat day bang khi s Fri nhé hon 5.5.

Bang 2: Gia tri ciia cac hé s6 trong cong thirc thwe nghiém khi Fr1 < 5.5

H¢ s6 a x1 b

c X3 d x4

0.093 2.3 0.102

Gi4 tri

0.196

1.465 -0.087 1 7

h,
h

Fri <5.5: Y = &

Fri <5.5: Y =

0.087
=0.09Fr2% +0.1Re***° 1+1.47 [%j

b

-0.087 7
=0.09Fr12-3+o.1Re;°-196+1.47(ﬂj +[Ej (20)

h

(21)

3.1.2. Cong thec thuc nghiém khi sé Fri Ién hon hodc bing 5.5

Khi s6 Fri 16n hon 5.5, két qua tinh toan xac dinh cac hé sb trong phuong trinh (22) duoc
thong ké trong Bang 3 (cac s6 liéu 1ay tir SPSS). Hé s6 R? khi tinh toan cac hé s cia cong

thire (22) 1a 0.985.
Y=e*Frnin

x5+ f*Rei" M x6+g*w”Xx7+h*(e/hl)"

(22)
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Bang 3: Gia tri ciia cac hé s6 trong cong thirc (22) khi Fr1>5.5

H¢ so

e

x5

f

X6

g

X7

h

x8

Gi4 tri

1.682

0.929

5.093

-0.119

0.067

-0.459

1

Bang 3 cho thay, gia tri cia h va x8 bang d va
x4, do d6 c6 thé bé qua s6 hang cudi cing
trong phuong trinh (22). Tur Bang 3 thu duogc
phuong trinh (23). Vi gia tri cia d0 nham
twong ddi rat nho va x8 = 7 nén trj s6 cua sb

Fri>=5.5: Y = &
h,
Fri>=5.5: h

Céac phuong trinh (21) va (24) thé hién rang,
dong chay r6i ¢ khu thanh tron thay lyc nén
anh huong cia sb Rer 1a dang ké.

3.2. Kiém dinh cac cong thirc thue nghi¢m

Nham dam bao tinh khach quan trong viéc
hiéu chinh va kiém dinh cong thtc ciing nhu
danh gid do chinh xéac cua két qua tinh, cac
codng thire thuc nghiém sé duoc kiém dinh doc
lap mot 1an nira. Cong thic (21) va (24) sé
dugc sir dung dé tinh toan do sdu sau nudc
nhay, sau dé so sanh két qua tinh toan voi s6
liéu thuc do trong 18 thi nghiém cua Bretz.
Két qua tinh d6 sdu sau nudc nhay theo cac
cong thirc (21) va (24), cung véi sai s6 tuong
d6i duoc thong ké trong Bang 4. C6 thé thiy
rang, két qua tinh toan caa cac cong thic thyuc
nghiém c6 sai s6 twong ddi nho, dudi 4%.
Cong thuc (24) c6 sai s6 nho hon so véi cong
thirc (21). Khi sir dung cong thirc (24) cac két

0.459
Y = EZ =1.68Fr*° —5.09Re; ****+0.07 {%)

hang cudi cing trong (23) 1a khong dang ké,
c¢6 thé bo qua, dan dén phuong trinh (24). Day
1a cong thire tinh toén ty s6 do sau lién higp
ciia nudc nhay trong kénh chir nhat day bang
khi s Fri 16n hon hodc bang 5.5.

hl -0.459 o 7
=1.68Fr’% —5.09Re, ***°+0.07 (Ej + (EJ (23)

(24)

qua tinh toan déu nho hon so véi thuc do. Viéc
nay cd thé giai thich la do diéu kién thi nghiém
cua Bretz va Hager khong hoan toan twong
dong khi s6 Fri 16n hon 5.5. Bretz di lam thi
nghiém trong mot mang kinh hoan toan, tat ca
cac mat kénh déu 1a kinh. Bang 5 va cac Hinh
3a, 3b trinh bay két qua kiém dinh cac céng
thirc (21) va (24), cho thiy cac sai s6 nho hon
10 mm va hé s R? sip si bang 1. C4c sai 6
tuong ddi trung binh cua ca 2 cong thic déu
nho hon 2%, chung té cac céng thac nay c¢6 do
chinh xé4c rat cao va phl hop dé tinh toan do
sdu sau nuéc nhay. Viéc kiém dinh doc 1ap cac
cong thac (21) va (24) bang mét chudi di lidu
chua str dung khi xay dung cong thuc da dam
bao tinh khéch quan va cho thdy ring, cong
thirc (24) c6 do chinh xac cao hon cong thuc
(21). Nhu vay, c6 thé st dung céc cong thuc
nay dé tinh d6 sau sau nudc nhay trong thuc té.

Bang 4: So sanh két qua tinh toan véi s liéu thue do d§ siu nwée nhay

T Gia tri thwc do nwéc nhay

Tinh theo cong thirc

Tinh theo cong thirc
(24)

(27)
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h1 h2 Vi he Sai sé he Sai sé
Fri h2/h1 | (mm h2/h1 | (mm
(mm) | (mm) | (M/s) ) RE ) RE

1 | 328 | 145 605 392 | 4338 | 629 | -4.0%
2 | 391 | 118.5 579 422 | 5022 | 595 | -2.8%
3 1392 103 525 3.94 | 5.004 | 515 1.8%
4 | 415 | 983 512 4.07 | 5.299 | 521 -1.7%
5 1443 | 766 438 3.84 | 5.649 | 433 1.2%
6 | 456 | 674 400 371 | 5822 | 392 1.9%
7 | 494 | 551 357 3.63 | 6.401 | 353 1.2%
8 | 501 | 70.5 463 417 | 6.564 | 463 | 0.0%
9 | 523 53 360 3.77 | 6904 | 366 | -1.6%
10 | 5.26 | 61.3 423 408 | 6984 | 428 | -12%
1M | 527 | 455 317 3.52 | 6954 | 316 0.2%
12 | 55 36.5 265 3.29 714 | 261 1.7%
13 | 5.67 | 503 378 3.98 742 | 373 1.3%
14 | 614 | 339 278 3.54 8.03 | 272 2.1%
15 | 6.22 | 407 336 3.93 816 | 332 1.1%
16 | 6.26 33 275 3.56 819 | 270 1.7%
17 | 7.23 23 220 3.43 950 | 218 0.7%
18 | 7.82 18 187 3.29 10.28 | 185 1.0%
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KIEM DINH CONG THUC (21)
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Hinh 3a: Két qud kiém dinh cong thizc (21)
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Hinh 3b: Két qud kiém dinh cong thizc (24)

Bang 5: Két qua kiém dinh cac cong thic thwc nghiém

Két qua tinh hy | S0 1wong | RMSE[-MAE oy 1 \aPE RE | RE min
dir liéu (mm) (mm) max

Cong thic (21) 11 1032 | 797 | 0993 | 1.61% | 4.0% | 0.0%

Cong thirc (24) 7 4.12 386 | 0999 | 1.37% | 21% | 0.7%

4. KET LUAN

Bai bao nay da trinh bay mdt phuong phép
thiét 1ap cac cong thirc hdi quy phi tuyén da
bién tinh todn ty sé d6 sdu nudc nhay trong
kénh ling try day bang c6 mit cat ngang hinh
chir nhat khi xét dén anh huong cua tinh nhét
chat 1ong va cac dic tinh vat 1y cia long dan.
Xét trudng hop 1ong dan c6 do nhdm nhd, do
siu sau nudc nhay chiu anh huéng cia sd
Froude, s6 Reynolds va d6 sau tuong dbi trude
nudc nhdy. Téac gia bai bao da st dung Dinh 1y
Pi cua Buckingham, cac s6 liéu thuc do trén
md hinh vat Iy va phan mém SPSS dé xac dinh

TAI LIEU THAM KHAO

cac hé s trong cong thirc thuc nghiém. Cac
cong thuc da thé hién ré“mg, do sau sau nudc
nhay chiu anh hudng nhiéu nhat tir sé Froude
trudc nude nhay; anh huong cia sé Reynolds
trudc nude nhdy, chiéu rong twong ddi va do
nham tuong d6i 1a it hon. Cac cong thic nay
dugc kiém dinh bang cac dir liéu doc 1ap chua
sir dung khi xay dung cong thirc. Két qua kiém
dinh cho thdy cac cong thic thuc nghiém cé
d6 chinh xac rét cao, hé s6 R? gan bang 1. Vi
viy, c6 thé st dung cac cong thirc s6 (21) va
(24) @& tinh toan do sdu sau nudc nhay trong
kénh lang try nam ngang, mat cit chit nhét.
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