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TUONG QUAN CHIEU SAU VA CHIEU DAI NUGC NHAY HOAN CHINH
TRONG LONG DAN PHI LANG TRU MO RONG DAN

The relationship between the depth and length of the hydraulic jump in the gradually expanding channel

with rectangular cross section.

Lé Thi Viét Ha
Truong Pai hoc Giao théng Van tai

Tém tit: Nudc nhay 13 hién twong dong chay bién doi dot ngot tir do sau d(‘)ng chay
nho6 hon d6 sau phéan gidi sang do sau dong chay 16n hon d6 sdu phén gioéi hay tur
trang thai chay xiét s sang trang thai chay ém. Tuy theo nang luong cua dong chay
trurdc nude nhay va cau tao cia long dan ma chleu sdu cling nhu chiéu dai cua dong
chay trong pham vi nu6c nhay hay tai mat cit cudi nuéc nhay s& co nhiing su b1en
d6i khac nhau. Bai bao nay trinh bay két qua kiém chimg cong thire giai tich vé mbi
quan hé giira chiéu sau va chiéu dai nudc nhay hoan chinh trong long dan phi lang
try mé& rong dan, day bang, mit cit ngang hinh chir nhat bang sé liéu thuc nghiém.

Abstract: Hydraulic jump is a rapidly varied flow that dissipates a significant
amount of energy by changing the flow regime from supercritical to subcritical.
Depending on the energy of the flow at vena contracta cross section and the structu-
re of the channel, the depth and length of the flow in the range of jump roller or at
the end of the aeration length will have different variations. This article presents the
results of verifying the proposed formula on the relationship between the depth and
length of the hydraulic jump in the gradually expanding horizontal rectangular chan-

nel with experimental data.

1. MO DAU

Céc nghién ctru vé nudc nhay hoan chinh di co
tir cach day gan 200 nim. Nghién ciru dau tién
duoc biét dén 1a Bélanger nim 1828 [1] khi dua
ra phuong trinh tinh chiéu sau nudc nhay hoan
chinh trén long dan lang try day bang mit cat hinh
chir nhat. Cac tac gia tiép theo nghién ciru ké thira
va phat trién voi nhiéu dang cong thirc khac, nhu
B.A. Bakhmeteff va A.E. Matzke (1936)[2], O
Vaxiliép (1956)[3], G.H. Kosiakova (1961)[3],
M.D. Trectousov (1963)[3], P.K. Tsveskov
(1964)[3], 1. Pikalov (1964)[3], Rajaratman
(1965)[4], M.A. Mikhaliev (1971)[6], D.
Dumitrescu va E. Rawzvan (Rumani) (1975)[7],
H.T. An (1975)[8], N.V. Mao (1977)[9]. Hién nay
hién twong nudc nhay van con nhan dugc quan
tAm clia rat nhiéu cac nha khoa hoc. Céc cong
thirc méi duoc thiét 1ap tir 1y thuyét, thuc nghiém,
phuong phap sé hodc két hop nhidu phuong phap
v6i nhau khong ngimg dugc cong bd trong thoi
gian gan day nhu A.M. Gharangik, M.H.
Chaudhry (1991)[10], S. Pagliara, M. Palermo
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(2011D)[11], N. Hassanpour, D.A. Hosseinzadeh,
D. Farsadizadeh, C. Gualtieri (2017)[12], S
Nikmehr, Y. Aminpour (2020) [13]. Cac nghién
cru ndy chua dé cap dén hién tuong nudc nhay
hoan chinh trén long dan day bang phi lang tru
mat cat hinh chit nhat mo rong dan bang 1y thuyét
16p bién va dong tia rdi, dic biét 1a chwa c6 cong
thirc giai tich nao tinh toan chiéu dai khu nudc
nhay. Bai bao nay gioi thiéu phuong phap xay
dung cong thirc gidi tich tinh do sau sau khu xody
mat, do sau lién hié¢p cua nudc nhay, chiéu dai khu
xody mit va chiéu dai nudc nhay nho 1y thuyét
dong tia roi va 16p bién. Tir d6. tién hanh xay
dung twong quan giita chiéu sdu va chiéu dai nudc
nhay trong truong hop duge dé xuit.

2. CONG THUC GIAI TiCH

Cong thie x4c dinh mdi quan hé giita chiéu sau
va chiéu dai nudc nhay hoan chinh trong long dan
day bang phi lang tru mé rong dan mat cét hinh
chir nhat dugc thiét 1ap bang phuong phap giai
tich tur ly thuyet 16p bién va dong tia roi.

2.1. So' d6 bai todn
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So do bai toan nghién clru thé hién trén Hinh 1
v6i cac ky hiéu: Chiéu sau va chiéu rong trudce
nudc nhay (h,, b,); Chiéu sau va chiéu rong cu01
khu xody (h,, b,); Chiéu sau va chiéu rong cudi
nuéc nhay (h,, b,,); Chiéu dai khu xody L,, chiéu
dai nuéc nhay L, ; Géc md rong long dan 2a;
Truc toa do theo phuong doc, ngang va dung lan
luotlax,y, z

Hinh 1. So d@6 bai todn

2.2. Piéu kién bai toin

Cac gia thiét duoc chdp nhan dé thiét 1ap cong
thirc gom:

- Coi nudc nhady 1a mot dong tia ty do & ntra
khong gian trén c6 ddy khong thaim nudc, khong
gian hitu han m& rong dan, phan bd luu toc theo
Schlichting [8] v&i un, um 14 thanh phan luu toc
mat va va luu tée 16n nhit ¢ day:

PSR L U
=1, [l | z “ l[ i |

u, —u, v h h/

- Luu luong khong thay d6i theo thoi gian:

Q = const (2)

- Dong chay lién tuc va khong xét dén anh
huong ctia ham khi trong khu vuc nudc nhay;

- Pay 1ong dan nhin Iy tuong, do d6 c6 thé bo

qua lyc ma sat;
- Mit cat ngang dong chay hinh chir nhat:

(1)

S=Bh=bh: 2" =0 3)
|" il

- Ap suét phan bd theo quy luat thuy tinh:

p=vh 4)

- B6 qua chiéu day 16p bién st thanh;

- Cac dai luong trung binh theo phuong ngang
(Oy) ¢6 gia tri nhu nhau tai moi diém.

2.3. Cac phwong trinh 1y thuyét co ban

Tir cac gia thiét trén, hé phuong trinh co ban
viét trong khong gian bi gidi han cta dong tia tu
do ¢6 chiéu rong B, nhu sau:

- Tich phan Karman:

Q)

ot

1 aPF

P o

(L PR
= Iu ds= [F.ds (5)

- Phuong trinh Reynolds mé rong:

=1 h F=1 ﬂ|
. dlbu) |1 r{hu}:]x & bu N
% b~ ix oz

i}

(6)
1 @(byh)
4
P
trong d6: Q: luu lugng dong chay; u, w: thanh
phan Iuu tdc trung binh thoi gian theo phuong x
va z; x: chidu dai xdo tron rdi theo gia thuyét
Prandtl[2]; B,b: bé rong mat thoang va day cua
dong chay; P: ap luc thuy tinh.
2.4. Phuong trinh tinh toan cac dac trung
hinh hoc
2.4.1. Chiéu sdu dong chay 7
Tich phan Karman khi dong chay on dinh trén
kénh day bang duoc bién doi vé dang:

= 2
paxch A g

dz ot

J'u-'d.h;r P _¢
k1 &

(7

u,

Phan bé luu tdc theo Schlichting, dat m =
(T

duoc viét lai dudi dang:
§f i" 'll
u=u, {I—|11]|E'|— +m (8)
Ll
Diéu kién bién cua bai toan: Tai mat cit dau
nudc nhdy (x = 0; h = h,); Tai mét cat cudi khu
x0dy mat (x = L,; h = h,); Tai mat cat cudi nudc
Ilhéy (X Lmr’ h= h2)

Thay (7) vao tich phan Karman (4), dugc
phuong trinh x&c dinh chi€u sau sau khu xody:

gh’h® —bh(2ubyh, +gbyhi |+

3 9
+2|:||2h|2h'[r = ©)

1 32m” +0,852m

(1+1,22m)’

voi iy, =156 (10)
O cubi kh}l xoay m = 0, a = 1,56, tai vi tri sau
nude nhay 6n dinh o, = 1.
Chia phuong trinh (9) cho s6 hang gbjhi nhan
dugc cong thuc c6 dang khong thr nguyén:

rl'-';_|’ b "'lh
h

EEJ'I+‘.I.Jh—I—2|.1m|:'=U
(11)
" h | b
F=Fr; —i=1
Iy
Nghiém cua (11) la:
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a |

h = 'E_ Iih f'+1iullx[n—+]

by 3y by RE Y 1

.:I'\.'I.:|I.|:"|" ( )
TF

b

2 "FeG |

i, L A

il =
H'*' 'l

Khi a,, = 1, cong thic (12) két qua chiéu sau
lién hi¢p sau nudc nhay trén kénh day bang md
rong dan.

h 2 I i J
— = —|+1'.||:|;1l-. ——
hy 3V by L3
3J3F (13)
cosg = 2
(1 b I-‘+E5]
L by

2.4.2. Chiéu dai khu xody va chiéu dai nuéc
nhady

St dung phuong trinh Reynolds mo rong (6) voi
gia thiét u ~ umf(z/h) va 1ong dan mo rong dan co
goc mo 2a, db/dx = 2tga va dat:

iz F
o ﬂ[h] (14)
3 i .
(GG
O = 4K r'-.?h_‘:] 'k.h_ h-;
AT
dl\‘”' dlu-]
nhan dugc phuong trinh:
h{A - H} M +4[.-"'|.—H}Iumlj=u—
2 b |Jh. dh 1 » (15)

ml

—B=2g[ b—+2Zhtg C
. [d+ 15(:)] ]1“

II.'II:

Pong thoi dira vao cong thic tich phan Karman
(5), nhan dugc:

2o B 2uib;hy .
o 0,632h

B u.;:h (o -0°)

2 : b
a’ =hj (2Fy +I]|?'

2 M
hib 4

! 1—']" =
gh b )

Giai hé (15) va (16) nhan duoc phuong trinh xac
dinh su bién ddi cua chiéu sau doc theo chiéu

m| NGUGI XAY DUNG SO THANG 5 & 6 - 2022

dong chay:
g2 _pt
Az(n?=1)-0.9(n-1)+Cyin =21+
EZ -
E iy —1
+E, ln{ 2 )t ) = 0,45
(E; —m)(E; +1) h,
L (17)

As Hﬁtgcx; C, 4 T2E Etgu;
B P

E,=J2BF+G = Ia—';
I

b by h

E' I-"'I 1 E l-"I T hl

Phuong trinh (17) biéu dién quy luat thay doi

hinh dang trung binh cia mat thoang trong khu

vuc nudc nhay. Khi h = h, thi (17) 1a cong thirc

tinh chiéu dai nudc nhay trong long din mé rong
dan, hay x =L,

E r|:
Ag(ns—1)-0,9(n; —1)+C5In 1
S(m8-1)-09(n, 1)+ 1l

{I !-+T|E}|:| i) I} “_45[

+Eyln

(Es—ma)(Ey+1) h,
A, = _R.‘.’;lgu; C.= 4, TEI-‘.E.'_’;lE_{:: (18)
' B ' B
a0 = . Hy
1= -.J'.EJ‘SI]' i = h: .
h,
'1 ——l - = —
Po=— & b, L h,

Giai 2 hé phuong trinh [(12), (17)] va [(13),
(18)] nhan duoc cac dac trung hinh hoc khong thir
nguyén gom chiéu sau va chiéu dai twong ddi sau

khu xoayn, =" —* ; chiéu siu va chiéu dai
[ [
- ; ) h . L ‘e
twong doi sau nudc nhay 1 = .
h, h,
b

2.4.3. So sanh két qud tinh todn giita cdc tic gid

Nghién ctru tién hanh so sanh véi nhimg cong
thirc ctia cac nha khoa hoc khac trong diéu kién
tga = 0,06; & = 0,05; Fr, = 20 + 70. Két qua thé
hién trén Hinh 2 va 3.

Hinh 2 va 3 cho thay cong thirc dé xuat pht hop
vGi cOng thirc cua cac tac gia khac.

3. KIEM CHUNG BANG SO LIEU THIi
NGHIEM
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Tl b gilain ek Fr

g TG s ner nkdy

e
= Lobrg T i £ eody

tr,
i - H1 ] &0 a3 ¥ o5 il B [l

Hinh 2. Moi quan hé chiéu sau twong doi va so Frl

Quan hé piika L'h, wa Fr,

m— = TSk
=4 ' Aumani
14 - *  asdiap
= g Thilft Sau miuroe iy
= Tfng thi sau Rhu oody

kin] 5 3n 315 &0 a5 a0 5% -] B85 EIEI'

Hinh 3. Méi quan hé chiéu dai twong déi va sé Frl

3.1. M6 hinh thi nghiém

Dé kiém chung d6 tin ciy ciia cong thirc dé xuat
[(12), (17)] va [(13), (18)], nghién ciru tién hanh
thi nghi¢ém trén mo6 hinh vat 1y dugc xay dung dua
vao 1y thuyét twong tu [14]. M6 hinh dugc thuc
hién tai Truong Pai hoc Thuy loi (Hinh 4). Mo
hinh vt 1y thi nghiém gom:

Hinh 4. M6 hinh thi nghiém

- Kinh hiru co lam long dan, khe van, ctra phai.
Long dan dugc thiét ké mo rong dan, do trén
khung sat chiéu rong dau mang 1 0,277m; chiéu
rong cudi mang 13 0,491m; chiéu dai méang la
2,44m.

- Mang lang tru ndi tiép phia ha luu duoc xay
bﬁng gach trat vira xi mang, bé rong 0,491m;
chiéu dai 1,5m; & cudi c6 cira van dang phai co
thé diéu chinh d6 mo.

- Kinh hitu co ¢6 hé s6 nham: n = 0,008 + 0,009,
day 10mm. C6 thé quan sat bang mét thudng vi tri
nudc nhay, cac khu xody cudn, xody cuc bd va
nhitng diéu kién thuy luc khac.

Muc dich cia viéc thiét ké cira van dang phai &
thuong va ha luu mé hinh nham diéu chinh vi tri
nudc nhay cho phi hop. Bén canh d6 két hop véi
diéu chinh luu lugng nuée cép dé dat duoc so Frl
theo y mudn. Nghién clru tién hanh thi nghiém véi
sO Froude ¢ mit cat dau nudc nhay Frl thay doi
trong khoang 20 + 65.

Sai s6 ctia mo hinh va phép do nhu sau:

- Sai sb cac diém do cao d6 va chiéu dai (m):

+ Sai s6 vé dia hinh va céc cao d¢ khéc tai cac
diém khong ché : + 1,0mm.

+ Sai s6 vé kich thudc cac bo phan ché tao bang
kinh hiru co: £ 0,5mm.

+ Sai s6 do cao d6 theo may thily binh Sokkia:
1,0mm.

+ Sai s6 vé cao do duong mat nudc, chiéu cao
song, chiéu sau dong chay va cac dai lugng cao do
khac: + 2,0mm.

+ Céc sai s6 vé d6 dai dugc danh gia theo thang
do trén dung cu thude thép: £ 0,5mm.

- Sai sb do luu luong:

+ Sai s6 kim do muyc nudc dap tran thanh mong
tai mang luong sai s6 kim do khong vuot qua
0,5mm. Theo cong thuc do luu luong, sai sb
tuong d6i cua phép do la:

,[3ah, ]_
Zh, (19)

Ab

{%} [

= (0L00063 +0,0106) = 1%

trong do: b = 0,9m; sai s6 chiéu rong Ab = Imm;
sai s6 muc nuéc Ah = 0,5mm; do cao cdt nuée
trén mang do tbi thiéu hmin = 100mm.

Sai s6 do van tdc, v6i v = Q/o thi sai sb tuong
ddi cua luu tde 1a:

.-"k"l.-' .|"'|.f:|' Aty
20
v o0 ﬂ (20)
trong do: sai s6 do dién tich:
A0 oy = (BN BB _| 03 |1 0.5 ‘a[l,l'}"n (21)
0 h b [10G0] 1000

rong cua tran trén moé hinh c6 sai sd tuyét dbi
1,0mm khi ché tao;

Sai s6 dung cu do luu tdc theo dic tinh ky thuat
ciia may 1a 1,0% (duoc phan anh qua mach dong
lru tée diém va cuong do r6i).

Nhu vy sai s6 ctia tong véan toc 1a:
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'j:f Mo =1%+0,1% + 1% =21%

Két luan: M6 hinh va céc thiét bi do dat tiéu
chuan dé thi nghiém.

3.2. Kiém dinh cong thirc

Puong mat nudc trung binh cua dong chay
trong pham vi nudc nhdy dugc tinh toan theo
cong thire dé xuat va dbi chimg bang két qua thi
nghiém trén mo hinh vat ly (Hinh 5 va 6).

Két qua kiém chung cho thdy méi quan hé giira

! y h' _h
chi€u sau tuong doi ciia dong chay "y = b = h,

1
va chiéu dai twong ddi hx phu hop vé gia tri ciing
|

nhu xu thé bién d6i két qua tinh toan va thi
nghiém.

Hinh 5. Quan h¢é giita nh va x/h, voi Fr; = 24,42,
E=0,033,i=10,00

Fryfm BOVEE: £ a0 033055 = 0,0433

il 15 i 0 10 i i

Hinh 6. Quan hé giita nh va x/h, voi Fr; = 60,83,
£E=0,033,i=0,00

4. KET LUAN:

Két qua nghién ctru cho thiy:

- Vi cac gia thiét khac nhau thi két qua tinh
toan theo cac cong thirc cho khac nhau. Cong thirc
dé xuét duoc thiét 1ap cho két qua chiéu sau tuong
dbi cua dong chay cudi nudc nhay phu hop véi
cong thirc cua cac tac gia khac. Khi s Fr, cang
16n thi sai s6 giita cong thirc dé xuat va cac cong
thtrc kinh nghiém cang tang do d¢ ham khi trong
nudc nhay va trong dong chdy tang, trong khi
cong thirc dé xuat da bo qua anh huong nay theo
gia thiét ban dau.

- Viéc tién hanh thi nghiém trén mé hinh vat Iy
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nham kiém chimg cong thirc d& xuit 1a phuong
phap duoc stir dung rong rai. Phuong phap nay yéu
cau sb liéu thi nghiém dugc do dac phai rat ti mi
bén canh viéc gidi cac phuong trinh va h¢ phuong
trinh dé xuét. Két qua thu duogc trén cac dd thi
hinh 5 va 6 cho thiy cong thirc d& xuat hoan toan
phtt hop véi s6 lidu thi nghiém trong pham vi sai
s6 cho phép.0
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