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DPAC TRUNG NOI TIEP NUOC NHAY TREN LONG DAN
PHI LANG TRU CO PQ DOC LON

ThS. 1€ Thi ViétHa
Tweong dai hoc Giao thong Vin tdi

Tom tit: Nhiéu hién teong nuedc nhay da diwoc nghién cim trén thé gidi, tuy nhién, cong trinh
nghién cuu dé cdp den hign twong nucc nhdy tén trén long dan phi lang tru day doc chua co
nhiéu. Do do bai bao nay muon dé cdp deén van deé noi trén.

Tir Khoéa: Niede nhay, long dan phi ling tru, ddy doc

Abstract: Many hydraulic jump phenomenons have been studied in the world, however, there is
no research refers to hydrmaulic jump in non-prism atic channel with slope bottom. Therefore, the

article refers to the above problem.

Key words: Hydraulich jum p, non — prism atic channel, slope bottom .

1. MO PAU

Hién tuong ndi tiép bing nuéc nhay day trong
long dan hé v6i cac diic trung co ban clia nd
dad ¢o rat nhiéu cong trinh nghién ctu trén thé
gi6i va Viét Nam, nhu: P. K Tsveskov, M. b
Trectowov. I Pikalov, Dumitru Dumitrescu va
Ernest Rawzvan, M.A Mikhaliev, Rajaratram,
Abdul Khader, G.H Kosiakova, Hoang Tu An,
Nguyén Vin Mao, Nguyén Vian Pang. Con
trong khu vuc chdy qua do tir khong ap sang
c6 4p xuat hién hién tuong ndi tiép bing nude
nhay day trong duong hdm c6 ap, thuong duoe
goi 1a nudc nhay trong duong dng co ap (long
din kin), c6 thé ké dén cic nghién clu cia
K.V Kiseliev, Hoang Van Quy, v.v.. [2, 10,
11]. Nudc nhay trén kénh day nham cing co
nhiéu cdng trinh nghién ctru nhu cia M. A
Mikhaliev, Naguyén Vin Ding, Nguyén Dinh
Béo [2, 12]. Qing rat nhiéu cic két qua nghién
ctru cua nhidu nha thuy lyc khac [1-6,12].

Tuy nhién cac cong trinh nghién ciru ndy mai

Ngudi phan bién: PGS TS. Lé Vian Nghi

chi tap trung vao cac truong hop ndi tiép bing
nudc nhdy cho mot trong céc truong hop: long
dan lang try day bang; long din phi kng try
day bang [13]; long din lang try day dbc; long
dan lang try diy c6 d@ doc thay ddi va khong
gian mo rong @t ngdt dy bang VoI cac
phuong phap nghién ciu bao gdm: giai tich,
thuc nghiém, phuong phap sb, két hop hai
trong ba phuong phap trén.

Nhu vay hi¢n tugng nudc nhay nudc nhay day
trén long dan phi ling try mé Ong dan c6 day
dbc chua dwoc d& cap dén. Trong bai bao nay
bang phuong phip gai tich két hop voi thuc
nghiém vin & nudc nhay trong didu kién trén
dugc nghién ciu

I. SO PO BAI TOAN VA PHUONG PHAP
NGHIEN CUU

Bai toan nudc nhay trén kénh phi lang tru trén
day doc dirge nghién ctru ¢6 so d6 nhu Hinh 1
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Hinh 1: So do bai todn nuwde nhay trén long dan phi ling tru ddy doc
O hinh trén co:

h',h,b: Chidu siu dong chay vuong goc voi
long dan, chiéu sau dng chay theo phuong
dimg b rong ong dan trudc nude nhay;
h',h,b: Chiéu sdu dong chay vuong goc véi
long dan, chiéu sau dng chay theo phuong
dimg, b rong bng dan trong khu xody;
h,".h,,b, : Chiéu sau dong chay vudng goc véi
long dan, chiéu siu dng chay theo phwong
dimg b rong 1ong din sau khu xody:
25,i : Goc mo rong cla day long dan, & de
day cua long dan;
l,: Chiéu dai khu xody mit.
0Ox, Oy, Oz Céc tryc toa & theo hinh 1.
Phuong phép nghién ctru trong bai toan nay la
két hop gilla nghién ciru bing giai tich va thuc
nghiém trén mo hinh vt 1y:

- Nghién ctru bang giai tich nham xdy dung
cac cong thirc gidi tich & xac dinh mot sé dic
trung ciia hién tuong ndi tiép chay diy trén
long din phi king try, day doc.

- Phuong phép nghién ctru bang thyc nghiém
nhim kiém ching cic cong thic duoc thiét
lap.

IIL. THIET LAP CONG THUC TINH TOAN
CAC PAC TRUNG (UA NUOC NHAY TREN
KENH PHI LANG TRU, CO PO DOC LON

L1

Hién tuong nudc nhdy trén long dan phi king
tru mo rong dan ddy doc dugc nghién ciru dua
vao mot sO gia thiét va co sé toan hoc sau:

C 4c gia thiét va co sé toan hoc

1. Nude nhay duge coi la mdt dongtiaty do &
ntm khong gian trén co day khong thdm nudc,
khong gian hitu han m& rong dan véi goc mo
long din 26 = const;
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2. Phan bd Iuu téc theo Schlichting:

u-—-u z
= (1-7"") = f(n); n==
U —u h

m n

(3.1)

(u,,u,: thinh phan luu tdc mat va hm tdc
16n nhét & day long din trong khu vyc nudc
nhay) [2];

3. Luu lwrong khong thay ddi theo thoi gian

29

4. Dong chay lién tyc:
( a_Q + a_S —
ox ot
khong xét dén anh hudng cta ham khi trong

khu vuc nudc nhay;

5. Pay long din nhin Iy tudng do do co thé bo
qua lyc ma sat; Bo qua chiéu day 16p bién sat
thanh, 6, =0;

(32)

0) 33)

6. Mit cit ngang dng chay hinh chitnhét:
0b

=-0

C:

z

S = Bh = bh; (34)

7. Ap suit phan bd theo quy luat thiy tinh :

8. Luc khoila trong luc:

F =gi 3.6)

9. Cac da lugng trung binh theo phuong

ngang Oy c6 gia trinhunhau tai moi diém.

Tir cac gia thiét trén, hé phuong trinh co ban

cta dong tia dugc viét cho khong gian c6 gisi

han véi chiéu ong B c¢6 dang:

- Tich phan Karman:

ijuzdsz jdeS—ia—P

Ox % 5 p Ox

- Phuong trinh Reynolds hai chiéu dimg mo

rong

L20w ljab“%n d(bu)
ox by oOx

(3.7)

oz (3.8)
1%@6_2“
0z 07*

0

o) _,

=gib—g
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trong do:

F,: Lyc khoi don vi theo phuong vudng goe
véi tre Ox; F. = gi;

u,w: thanh phan hru toc trung binh thoi gan
theo phuong x vaz;

I: chiéu dai x40 tron 1di theo gia thuyét Prandtl
(2}

b: bé rong mat thoang va day cia dong chay
trong long dan;

P: ap luc thuy tinh.

IL2. D) sdu dong chay trong khu xody va
nuédc nhiy )

Tich phan Karman (3.7) khi dong chay 6n dinh
trén kénh day déc duoc bién doi vé dang
J.uzdS + %: J. (giS)dx +C= .[ (gibh’)dx+ C
N 0 0

Phian b Iuu tdc theo Schlichting (3.1), dat

u K . , .
m, =—L dugc viet lai dudi dang
Uy

u=u,[(1=m,)f()+m,]
Gia thiét & siu h’ bién ddi theo hinh dang;

h'=h'+— (3.11)

kl
Hé s6 ki duoc chon sao cho trong lugng khéi
nudc duoc gidi han boi day long din va mat
thoang bang trong luong khdi nudc tinh theo
duong (3.11) va day. Hé sb nay duoc xic dinh
béng thuc nghiém. Mat khac hé s0 k, cing co
thé tim dirgc nhd phuong phap gin ding cia
Bogomolov AL Trong tii tio nay, hé sb k>
liy nhu véi kénh lking tru Cic tai liéu thi
nghiém trén mo hinh cho thay hé s6 &, tinh
cho kénh phi ling tru c6 thé chip nhan diroc
theo cdng thuc [2]:
3i
1+2i(1-2i)

bicu kién bién bai toan nhu sau:

(3.12)

* Taimit cit du nudc nhay x =0, h=h;

* Taimit cat cudi khu x04dy mat

x=1I, h=h;
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* Tai mit cat cudi nude nhay x = L, h=h,.
Thay phuong trinh (3.10), (3.11) vao tich phan
Karman (3.9), sau mot vai phép bién di thu
dugc phuong trinh tinh d6 sau sau khu xody:
gb’h” (ik, —1)+bh'
V,%b,h,"+gb,h,? —gibk,h, )
-2V,’h,"” b, =0

(1.32m,° +0.852m, +1)

(3.13)

voi o =156 (3.14)
" (1+1.22m,}

O cubi khu xody m, =0, «a, =1,56, taivi tri

dong chay sau nuéc nhay oOn  dinh

m=1a,=10 [2].

Chia phuong trinh(3.13) cho 8 hang gb,’h,';

dat:

Fr! =V—12; ﬂzﬁ; n, _h_E, §=E;

gh b h R by

cong thire (3.13) c6 dang khong thir nguyén:
—(2BF +GYp, +20,F =0 |
— FI’12 - _lkug)
(A=) (-ik)p

I3 Chiéu dai khu xoay va chiéu dai

nwét nhay:

Sir dung phuong trinh Reynolds md rdng (3.8)

v6i gia thiét u~u f(7) va ong din mo rong

(3.15)

dan co6 gcmo & néngj =210 :
X

4195 — 6361801k, s (Llik, + 09),, 636a,’k1gd
b(1- ki) ‘ (1- ki)

, 4,450

 =—1
1— ki

A A 2
Thong so ¢,

'+ 1,1a12}dh'= 0,45(a,” + 220" Jix

v,y oliattnl
Ofbfuy £l 4, | Ofofus £ o)l

‘{b‘{ | T G
= glb — gﬁabxiz_
— 212b a[u néf(n v)] 82 [umf(nv)]
bit:
A =[O
o - LI pr ke = LEQ 1
.. 4wa&mnd&@n Ll

dn?’ h
Thay vao phuong trinh (3 16) duoc:

2 b dh’

b(A-B) "D (3.17)

2

= 2bgi- Zg(bﬂ +2h'tgd) - CBum
dx h'

Tur cong thuc tich phan Karman (3.7) tim dirgc

biéu thirctinh u *

;g (2\712b1h1' Lh’h

u, = . —h’zJ =

=—£ (-1} 2’=h/ 2P 1
0,632h' B

Gia hé¢ phuong trinh (3.17) va (3.18) thu dirgc
phuong trinh tinh sy bién di cua do sau doc
theo chiéu dii ddng chdy, qua mot vai phép
bién ddi tim dirgc phuong trinh vi phan thudng
dudi cac dang sau

(3.19)

nhan g tri drong khi i >0,13, con v6i 0<i<0,13 thi &’ <0, lac nay h¢

phuong trinh (3.17) va (3.18) dugc bién dbi nhu sau:

2 V.
) Lla, Wﬂd” = 045dx| (3 70)

(4-636ik e tes  h° h? 6,36a’ktgd k' 1
- 5 + 0,9+ -
b(1-ki) o’ -r*) " la’-h") b
a, =h'\JCBF +G

Két hop cac phuong trinh (3.15), (3.19), (3.20) diroc cac két qua sau
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I1.3.1 Cic dac trung cia khu xody trong
long dan phi ling tru day docvoi i >0,13:
bat:

_2-3]8ik, &k, tgd
bopll-ki) e
_ (Llik, +0,9)
l (1_1(1i)812
AE?  636EEk tgd (3.21)
C = —+ P
g, Be,
(LI-B
SUE.
1
a
E=,ﬂ2BF+G5 =h_1'
1

Tich phan hai vé phuong trinh (3.19) thu duoc
quy luat thay doi hinh dang trung binh cta mat
thoéng trong khu vuc nude nhay:

P 2
Al(nh2—1)+}31(nh—1)+c11n%+ B.2)
+ Dlarctgﬁm—;l2 = 0,451,

E"+gm, h,
Cac dic trung chiéu dai va do sau khu xoay
cia nuéc nhay khi thay x=/, n=n_ vao
(3.15) va 3.22) véi a, =156 thu dugc cac
cong thic:
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113.2 Cdc dic trung ciia khu xody trong
long dan philingtru ddy doc véi 0<i<0.13:
bit:

(3,18ik, —2 k,Etgs

pli-ki) (324)
LI8E & tgd
P ﬂ(l_kli)

Tich phan hai vé phuong trinh (3.20) duoc quy
ludt thay dbi hinh dang trung binh ciia mit
thoang trong khu vuc nuéc nhay:

2 _ 2
A,ln,7 = 1)-0.9(n, — 1)+ C,In E —n

h
cpn BBl o s x
(E-n, (E+1) 7 h/
Véi cach lam tuong tu nhu khi j>0,13, su
dung (3.15) va (3.25) ta thu duoc:

> +
-1 3.2%)

2 _ 2
Az(nxz—1)+B2(nx—1)+C21nEE2 ”1X +
+E1n(E+nx—XE_l):0451¢

E-n)E+1)| 7 "hy (326)
““h' h B 3
cosa = 8,2F

(2pF+G)”

Al )4 B, 1)+ C, IM IV. KIEM CHUNG CONG THUC BANG
Er e - KET QUA THUC NG HIEM:
+D,arctg : L L 0,4511l , (3.23) IV.1. M6 hinh vét ly dugc xdy dung:
L +8‘22* ! M6 hinh thi nghiém duoc xdy dung tai sdn bai
o
Ly - ngoai troi cta phong thi nghiém thuy luc
8.2F truong dai hoc Thuy lgi. So d6 m6 hinh dirgc
O ra) thé hién & Hinh 2, bao gdm:
Nusl
Mé=Fen Cwored
= —
B s eeEs R s ess s S e
== i
‘:..'[.'. .II.-
2 =1 _l
>

Hinh 2: So'dé mé hinh thiy hec dé thi nghiém kiém chitng cong thire dupc thiét lip
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- Phin cta vao cia mo hinh 1a mét bé chira
duoc xay dung bﬁng gch x4y, co dit cua van
diéu chinh d6 mo tai vi tri tiép giap véi kénh
philang tryg

- Phan kénh phi ling try mé rong dan, duge
x4y dung bing kinh hitu co ¢6 d6 nham n =
0.08 — 0.09, day 10mm, chiéu dai mang la
2,44m véi bé rong cima vao 13 0277m, clrara
12 0,491m. Toan bd phin kénh phi ling tru
dwoc dit trén gia d& bang thép dam bao on
dinh va khong bi bién dang trong qua trinh thi
nghiém. Vi viée dat mang trén khu d& bang
thép cho phép dé& ding thay déi do dbc cia
mang khi thi nghiém. Poan kénh phi lang tru
nay co thé qun sit duoc nudc nhay, cic khu
xody, cac dién bién thay lyc xudt hién trong
mang bing mat thudng va cho phép do dac cac
dic trung ciia nuéc nhay boi sy trong sudt cla
kinh hiu co.

- Phan cira ra cia mo hinh 13 mang ling tru
duwoc xdy bang gach xdy trat vira xi mang co

cudi cd cira van dang phai d¢ diéu chinh muc
nudc ha huu.

Céac thi nghiém dwoc thuc hién véi 2 do dbc
long din 1a 7, =0156 va i, =0,036, v6i so
Fround & mit cit diu nudc nhay Frl2 thay doi
trong khoang 20 d&n 62.

Thiét bi do dac gbm may do luu tdc, kim do do
say, thudc thép c6 & chinh xac cao cing véi
cac thiét bi khac co do chinh x4c theo yéu cu
cla tiéu chuan thi nghiém mo hinh thuy Iyuc
cong trinh dau mdi thuy loi thiy dién TCVN
8214-2009.

IV2 Két qud kiém chirng cong thirc véi
long dén phi ling tru ddy doc i > 0,13 :

Téc gia tién hanh thi nghiém trén mé hinh véi
nhiéu truong hop nudc nhay trén kénh phi ling
tru co do doc long dn i = 0,156, cac két qua
thi nghiém dirgc loai bo sai so tho, thiét lap
cac dai lugng khong tht nguyén so sanh giita
cong thirc 1y thuyét, két qua thé hién trén Hinh

danh bong bé rong 0,49 1m; chiéu dai 1,5m; & 3.

Méi quan hé gitra mh va x’h1 trong truong ho'pi = 0,156

Mh

- -

-
L]

16 T
14 FI'12 = 61,23, &_, =0,032

12

20

v Fr’= 54586 =0,034

Fr?=30,51;50,043

25

35 40

X/ h1

30 50

N
a

'

Hinh 3: Moi quan hé gitta chiéu siu twong doi n, :h—zﬁ\)d chiéu dai twong doi X trong

1 1 1

truong hopi = 0,156
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T do thi hinh 3 & trén nhan thdy méi quan hé

'

gitra chiéu siu tuwong &i n,=—=—va chiéu
h' h

- £, X \ £ 5 p

dai tuong doi m thu dugc tu két qua thi

1
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nghi€ém hoan toan phu hop véi cong thic giai
tich (3.22), (3.23) tim dugc.

Ngoai ra tac gia con tién hanh thi nghiém céc
truong hop bién ddi cta sb Fr,” tir 30 dén 60
voi két qua thé hién tai Bang 1.

Bing 1: Pinh gii sai so giia két qud thi nghiém va B thuyét cho truong hop

nudc nhdy ddy trén long dincé dp déoc i =0,156

Thu Fr Thi nghiém Ly thuyét Sai s6 (%)
ty ‘ : M. L/, . L/hy M. Wh;
1 30,51 0,043 10,85 35,11 11,05 35,10 1,76 0,02
2 33,78 0,045 11,30 37,27 11,54 36,38 2,08 2,45
3 42,20 0,040 13,26 42,40 13,62 42,70 2,70 0,71
4 51,34 0,034 14,00 42,29 13,87 41,13 0,94 2,82
5 52,25 0,031 14,23 47,01 14,07 45,94 -1,13 2,34
6 54,58 0,034 12,97 42,80 13,29 43,54 2,41 1,70
7 61,23 0,032 15,48 50,00 15,11 48,97 2,50 2,11

IV.3  Két qud kiém chirng cong thirc véi long dén phi ling tru ddy déc 0<i<0.13
V6i cach 1am tuong ty nhu truong hop trén két qua thu dwoc & Hinh 4.
Méi quan hé gitra Mn va X/ trwdng hop i = 0,036
" Fr,*=56.24
T2 p==sqmmmmrmmmnr =" g=0,042 H . et Tt
Frp= e NS " A S SR
46.96 -
R CLILTELITS LT TP ST R PR SPEPT PP
4 Fr'=3549 ..:
£=0,033 :
Pl il
0+ + + + 4 4 + 4
0 5 10 15 20 25 30 35 40 45 50 55 60
Hinh 4: Moi quan hé gitta chiéu siu twong doi n,=—=—w chiéu dai twong doi El trong

1 1 1

truong hop i =0,036
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T do thi hinh 4 & trén nhan thdy mi quan hé

'

gitra chiéu siu tuwong &i n,=—=—va chiéu
h' h

- £, X \ £ 5 p

dai tuong doi m thu dugc tu két qua thi

1

nghi€ém hoan toan phu hop véi cong thic giai
tich (3.25), (3.26) tim dugc.

Ngoai ra tac gia con tién hanh thi nghiém céc
truong hop bién doi cuia sb Fr12 tir 20,0 dén
60,0 voi sb liéu thu duoc ta bing 2:

Bing 2: Dinh gid sai s6 gifta két qud thi nghigm va I thupét cho truvng hop
nwoc nhdy day trén long ddn co dp doc i = 0,036

The | o Thi nghiém Ly thuyét Qi 0 %

t " : . I/h, - I/h, o | Why

1 22,02 | 0,049 | 7,45 26,64 7,36 26,67 | -1,29 0,10

2 30,36 | 0,036 | 8,47 35,13 8,61 35,19 1,62 0,15

3 35,49 | 0,033 9,46 39,96 9,25 39,50 | 2,28 | -1,17

4 46,96 | 0037 | 1050 | 46,90 1036 | 46,93 | -1,32 0,06

5 5624 | 0042 | 745 26,64 7,36 26,67 | -1,29 0,10

V. KET LUAN Iy va két qua tinh toan bang cong thirc cho

Xudt phat tir Iy thuyét dong tia va phuong
trinh Rey nold hai chiéu dimg viét trong khong
gian ¢6 gidi han, cing vdi cac phan bd vén toe
ctia Schlichting bang phwong phap gidi tich tac
gia di tim dugc cic phuong trinh tinh chiéu
sdu, chiéu dii khu xody thudc nudc nhay trén
kénh ling tri c6 day ddc trong cac truong hop
khac nhau. Cong thitc méi droc kiém chimg
bang m hinh vat 1y.

T so sanh céc két qua thi nghiém m6 hinh vat

TAILIEU THAM KHAO

thiy sai $O giira thi nghiém va 1y thuyét trong
khoang tir -2,82% dén +2,70%, cong thirc
duoc tac ga thiét 1ap c6 sy phi hop cao véi sd
liéu thi nghiém. DPiéu d& khing dinh cac gia
thiét dugc dua ra khong lam giam do chinh
xé4c cla cong thirc duoc thiét 1ap.

Gioi han cac cong thic trén dit do chinh xac

trong pham vi: goc mé #gd < {%— gl}, do dbc

long din thuan; Fr’ = (18+62)
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