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Khoa Xay Dung Thuy lgi - Thuy di¢n B¢ mon Co So Ky Thudt Thuy Loi

CHUONG I:

DONG CHAY PEU KHONG AP TRONG
KENH
(Uniform flow in open channel)

8 1.1 KHAI NIEM CO BAN VE DONG CHAY PEU KHONG AP TRONG
KENH
I. Khai niém
II. Yéu t6 thuy lwe ciia méit ciit wét ciia dong chay trong kénh
1. Cac mit cit thwong dung
2. Cong thirc tinh cac yéu té thuy lwc ciia mit cat wét
3. Mit cit c6 loi nhit vé thuy luc
III. Nhirng bai toan co ban veé dong chay déu trong kénh hé
1.Tinh to4n d6i véi kénh da biét
2. Thiét ké kénh méi
IV. Tinh kénh theo phwong phap ddi chiéu véi mit cit 6 lgi nhat vé Thuy lwe-
AGOROSKIN -
1. Dac trung mat cit
2. Pic trung o ciia mit cit ¢6 loi nhat vé thuy luce
3. Quan hé giira mit cit c6 loi nhat vé thuy lue va mit cit bat ky
4. Xac dinh R
5.Cach véan dung cu thé
6. Tinh thuy luc cho dong déu, khong ap trong 6ng
7. Luu toc cho phép khong x6i , khong ling ciia kénh hé
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CHUONG 1
DONG CHAY DEU KHONG AP TRONG KENH

Uniform flow in open channel

8 1.1 NHUNG KHAI NIEM CO BAN VE DONG CHAY PEU KHONG AP
TRONG KENH

I. Khai niém:

Dong chiay déu khong ap trong
kénh la
dong chay 6n dinh; c¢6 luu lugng, dién
tich mat cat udt va dd phén bd luu tde
trén mat cat u6t 1a khong doi.

Diéu kién dé c6 dong déu khong
ap trong kénh:

Q(x,t) = const , mat cat uét » = const

d6 doc kénh i = const, hé s6 nham kénh n
= const
Thong thuong trong thyc té, dong

chay déu trong kénh 1a dong chay rdi,
phan nhiéu & khu strc can binh phuong,
nén thuong dung cong thic Chezy dé
tinh toan: v=cJRJ
Trong do: J1a dd dbc thuy lyc, R ban kinh thuy luc, ¢ h¢ ) Chezy

Vi J=J =i 2 v=cVRi

Pit w = cvR (w goi 1a modun luu tc)  thi v= wA/i

k =ocVR (k goi 1a modun Iuu lugng) thi Q = kAfi

Do i kha bé — nén do sau trong kénh dugc do theo phuong truc z thing dung, va

mit cit wdt xem nhu thang ding.

II. Nhirng yéu t6 thuy lwc ciia mit cat wét dong
chay trong kénh
1. Cac mat cat thuwong dung:

N T

2. Cong thirc tinh cac yéu to thuy lwe ciia mat cit wét \h

Xét kénh hinh thang d6i xtng
B=b+2.mh o =(b+mh).h

’ b
y=b+2hal+m?> ,R=2

X
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GQiB:E, B goi la bé rong day twong dbi thi: ©=h*(B+m),

x=h(B+2vV1+m?)

Véi kénh hinh chit nhat
B=b , ®=b.h
7% =b+2h L R=2
X

3. Mt cit c6 loi nhat vé thuy luc

Theo quan diém thuy lyc, mat cat nao dan duoc luu lugng lon nhét trong cung mot
diéu kién (46 doc day kénh, do nham bo kénh, dién tich mat cat nhu nhau) duoc goi 1a
mit cat co loi nhat vé thay luc; hay néi cach khac d6 1a mit cat co dién tich nho nhat dé
cho chay qua mot luu lugng dinh sin khi do doc déy kénh, do nham thanh kénh déu cho
trudc.

béla: Q=const 2 tim o, hodc ®=const - tim Q,
Khi cho i, n, m ¢b dinh. Di tim mit cét co loi nhét vé thuy luc béng cach st dung toan
hoc:

\ 1 T n , .
Tr Q=w.—R’ ~Ri (& day c tinh theo Pavolopxki)
n

Nhu vdy khi ® =const thi Q tidng khi R tdng ; o =const > dw =0, thi R >R, khi

x_>Xmin (Vi Rzi)

Phuong trinh vi phan dé tim mit cit ¢6 loi nhat vé thuy luc la:

do=0
dy =0
Xét cho kénh hinh thang:  dow =h.db+(b+2mh).dh =0 (1.1)
dy=db+2VI+m*.dh =0 (1.2)
Thé db vao (1.1) va lap B:EEBm: 21+ m? —m) (1.3)

Biéu thirc (1.3) 1a diéu kién dé mat cat kénh hinh thang c6 loi nhat vé thuy luc.

Quan h¢ B, =f(m) tra bang

Chu y: Pay la mot khai niém hoan toan thuy lyc, con v& mit kinh té, ky thuat va muc
dich str dung thi chua han.

II1. Nhirng bai toan co ban vé dong chiy déu trong kénh hé
Tt phuong trinh co ban: Q = w.c\/ﬁ, v6i kénh hinh thang Q =f(b,h,m,n,1).
Thong thuong co6 hai yén dé phai giai guyét:
1. Tinh toan d61 voi kénh da biet
2. Thiet ke kénh mai
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1.Tinh toén doi véi kénh da biét b
(i). Tim Q? Biét b, h, m, n, i h
Tinh ©, R, ¢ © rdi tinh Q = w.cVRi h
(ii). Timi? BiétQ, h, b, m, n

Q2 ‘ bokii
Tinh ®,R, ¢ 2 tinh i=— R \ \
o .C.
(iii). Tim h? Biét Q, b, m, n, i 0 | 0 |
s Yo s k() k k() k

Pau tién tinh k, = 3, theo do thj v&
Ji
k = f(h). Tir kotra do thi tim h

(iv). Tim b ? Biét Q, h, m, n, i
Pau tién tinh k, = Q edd thi k= f(b). Tir ko tra do thi tim b,

\/{ b
2. Thiét ké kénh méi
- Duya vao ban d0 tric dac dia hinh, ta di xac dinh tuyén kénh va d6 doc day i.
- Can cr vao loai dat hodc vat liéu lam kénh, ta di xac dinh hé s6 mai déc kénh m va do
nham n cta long dan.
- Vé6i Q cho trude, tim b, h ?
Chi c6 mdt phuong trinh Q = o.cv/Ri ma cin tim 2 4n, nén phai tim phuong trinh thu
hai. C6 hai trudng hop vé phuong trinh thir hai
b
% - —
Cho B -
khi d3 biét Q, b, m, n, i.
* Cho R hoac v

> b =p.h. Khi d6 chi c6 mot phuong trinh 1 an 13 h va trd vé bai toan tim h

v Gid sit biét R: thi o= — 2, va y =2
cvRii R
(b+mh)h = (1.4)
Ta ¢ 2 phuong trinh hai an: b 2hdTrmt = ® ' ; giai tim (b, h)
R
v’ Gia st biét v:
3
Td v=c~Ri (liy c= l.RY)e VR =L Ry = Yo r=Y) 14y y=1/6 theo
n n Ji Vi

Manning). Biét R quay vé trudong hop trén va giai hé (1.4)
Nhuw vay: Véi cach trén khi tim b, h = ta phai thir dan phic tap (trudc day) = Pua ra
phuong phép 1ap bang Agroskin.

IV. Tinh kénh theo phuwong phap d6i chiéu véi mit cit cé loi nhat vé Thuy lwe-
AGOROSKIN -

O day ta xét cho kénh hinh thang

1. DPac trung mat cit

Ta co: R=9
X
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Trong do: oo=h(b+m.h)=f>.h, b 1abé rong day trung binh. (1.5)
y=b+2h1+m?)=b-mh+2h1+m’
=b+(2A1+m> —m).h =b+m,.h

O day mp=2+1+m’ —m

Viy R=- b.h _ h -
bm,h 147
b
Ta c6 thé dit: R=—"— = h=R(1+0) (1.6)
1+o
h
Véi o = m% (1.7)
& day o duoc goi 1a dic trung mit ct.
p=l M R (1.8)
c c
— m
=b=b-mh=(—>-m)(1+0)R (1.9)
c
Thay h tinh theo (1.6) va b tinh theo (1.8) véo (1.5) ta duoc:
(1+0)’ 2
= .m,R (1.10)
c
Hay R*>=—> — % 111
YT T, (roy (11D
Tu (1.9) va (1.11) ta dugc:
B:E:&_m hay(;: m, (112)
h o B+m

Tir (1.7) va (1.12) ta thdy: Néu biét o thi quan hé giita cac yéu to mit cat s& duoc xac
dinh.

2. Pic trung o ciia mit cit c6 loi nhit vé thuy luc

Cho trudc @, m. Mudn loi nhat vé thuy Iyc thi R > R, néntir (1.11)> Pé c6 R

max 2

16n nhat can co 16n nhat.

(1+o)
Mubdn thé can cé: dR| :0:>i ° _|= 1 - 2.6 3
° do| (1+0) (I+o0)” (+o0)

Vay diéu kién dé mat cit co lgi nhat vé thuy lyc cua mat cat hinh thang la o =1

=0=>o0=0, =1

3. Quan hé giira mit cit ¢6 lgi nhit vé thuy lwe va mit cat bat ky
Viét phuong trinh co ban cho mat cat bat ky va mat cat c6 loi nhat vé thuy luc:
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Q=owcvRi = (m.c\/ﬁ)ln ~fi hodc w.cVR = (oo.c\/E)lrl (5.8), lay c = lRy con ®
n

(1+0)’

theo (1.10). Thay vao (1.11) dugc: R*™, =4R 7
c
1
25+y
Hay N =| 0 | (1.13)
R, (1+0)

Xem y = const= R =f(o)

In
Vay néu biét R, =2 s€ tim dugc R cua mat cit bat ki nao khi biét dic trung G cua no.
Ma biét R thi theo (1.6), (1.9) = tim dugc b, h. Tir day ta thiy dé tinh toan thity lyc cho
mit cat bat ki, co thé dwa vao mit cit co loi nhat vé thuy luc. Goi 1a “ phwong phdp doi
chiéu véi mdt cdt cé loi nhat vé thuy lyc”.
Cach lam nhu sau:

Két hop (1.1), (1.3) va (1.9) c6 quan hé sau - g Vdlipty s6
:(__ j o) R
ln c In

R
, , b theo o

In In In

4. Xac dinh R  :
Dung ® ¢ (1.4) va o, =1, thay vao phuong trinh co ban:

= (0cVR), Afi =4m, R, ¢, Afi (1.14)
. 4m i 1 A .y
Tu (1.14) > 9 = s =f(R,) (1.15). Quan hé nay dugc cho & bang tra.
cR> ),

5.Cach van dung cu thé:
a) Tim h? biet Q, b, m, n, i

Tir (1.13) tinh R, , 1di 1ap Ri " tra & phu luc. Sau dé tinh h = (RL]RM .

In In

b) Tim b? biét Q, h, m, n, i
Tir (1.13) tinh R, rdi lap Ri - tra & phu luc. Sau dé tinh b = (RL}RIH .

In In
¢) Timb, hbiétQ, m, n, i va BZE

Tim R, nhu trén, tr (1.7) tinh 6, ¢6 o tra phy luc tim L b r0i tinh b, h nhu

R, R

trén.
d) Timb, h biét Q, m, n,1iva R hoacv
bi tim R, nhu trén
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v  Tinh R, 1ap R tra phuy luc tim L,L roi tim b, h nhu trén.
In In In

v/ Biét v tinh R theo cong thirc v=c+/R.i , c6 R 1di tiép tuc tinh nhu truong hop da

biét R.
Phuwong phdp tra bang o day chi co y nghia lich si; hién nay nguoi ta sw dung cdc phan
mém dé tinh todn thiét ké kénh tién loi hon rat nhzeu (vi du phan mém FLOWMASTER).
6. Tinh thuy lyc cho dong déu, khong ap trong ong . .

Ngoai dong chay déu trong kénh he, trong thuc té nhiéu luc con gap loai chay déu

khong ap trong cac 6ng kin. Chang han dong chay trong cong ngam thoat nude ¢ thanh
pho, ... . 7
O day viéc tinh toan ( K, ® ) twong doi phirc tap = nén ngudi ta 1ap do thi dé tra tinh.
Goi H 14 chiéu cao bén trong ctia dng, h 1a chiéu sau dong chay.
Tacé: K,,®, 1a modun Iuu lugng va modun luu téc khi h = H; K, 1a médun luu lugng
va modun luu toc khi h < H.

Ta dat: K =A, 0 _ B chi phu thudc vao dg sau tuong dbi: b
0 0
h 7
a=—
= H
h
A= Kﬁ ~f,@)
Vay 0 , 1ap biéu d6 quan hé nay
0) —_T1
=—=1,(a)
O‘)O

7. Luu toc cho phép khong x6i , khong ling ciia kénh hé :

bicu kién lam vi¢c ly tudng nhat cua kénh 1a ddm bao sy 6n dinh cua mat cat ngang
va doc vé€ phuong dién x6i va boi.

bé khong gay ra x61 16 long dan nudc, luu toc tinh toan hodc luu tdc thuc té trong
kénh can nho hon luu tdc cho phép khong x61, v< v,

Dbi voi cac dong chay c6 mang theo mot s6 lwong nhéit dinh vé chat lo limg, ngoai
viéc bao dam long dan khong bi x6i con can chon luu toc tinh toan sao cho khong dé boi
lap kénh.

Ta goi [v,,] 1a luu tdc giéi han khong ling. Nhu vay mudn cho kénh khéng bi bdi 1ap cin
théa man diéu kién sau: v>[v,,|
Nhu viy: Diéu kién thiét ké kénh On dinh vé mat x6i va boi: [v], <v <[v],

Cdu hoi:

1. Néu diéu kién dé c6 dong chay déu trong kénh.
binh nghia mat cit 1gi nhét vé thay luc.
Van tdc trong kénh phai thoa man diéu kién gi?
Cac bai toan vé thiét ké kénh moi.
Céc bai toan vé kénh sira chira.
Tai sao trude day nguoi ta dung bang tra da dugce thiét 1ap san vé: Tinh thuy luc
kénh chay déu theo phuong phap 601 chiéu v6i mat cat c6 loi nhat vé thuy luc cia
Agroskin ? Néu khong c6 bang tra ndy, ngudi ta co thé tinh toan né duoc khong ?
Hién nay c6 cong cu gi dé thay thé cac bang tra nay ?

SRR o
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7. Hay cho biét hién nay c6 nhitng phan mém nao dung cho tinh toan kiém tra,
thiét ké thuy luc kénh ?

8. Ddi v6i kénh ¢6 mit cit bat ky (vi du hinh qua trimg), nguoi ta 1am thé nao dé
tinh toan ?

Bai tap:

Bai s6 1. Mot ranh din nudc c6 midt cit ngang hinh tam giac, dat nghiéng voi do doc
i=0,001 dao trong dat (n=0,025), goc & day rdnh 6=90°. Luu luong nudc Q=15,41/s. Xac
dinh d¢ sau h?

Dap s6 : h=0,268m

Bai s6 2. Mot éng dan nudc hinh tron duong kinh d=3,0m thdo qua luu lugng Q=5,0
(m’/s). Tinh chiéu sau nudce trong éng, néu n=0,02, i=0,001.

bap s6 : h=1,60m
Bai sé6 3. Xac dinh céc kich thudc (b, h) ctia kénh hinh thang dé thao luu luong Q=10
(m’/s), néu m=1,25; n=0,0225; i=0,0004. Ty s6 S = % =4,1 (lay theo diéu kién kinh té k¥

thuat). ’
bép s0 : b=5,85m ; h=1,43m
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The end
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CHUONG II L A ]
DONG CHAY ON DINH KHONG DEU TRONG
KENH HO
(Non-uniform flow in open channel)
dokok

§2.1 NHUNG KHAI NIEM MO PAU
§2.2 NANG LUQNG PON VI CUA MAT CAT
§2.3 PO SAU PHAN GIOI
I. Pinh nghia vé d§ siu phin gidi hy
I1. Cach xac dinh d¢ sau phan giéi:
§2.4 PO DOC PHAN GIOI
§2.5 HAI TRANG THAI CHAY
§2.6 PHUONG TRINH VI PHAN CO BAN CUA DONG ON PINH THAY POI
CHAM, KHONG CO AP
A. TINH KENH LANG TRU
§2.7 CAC DANG PUONG MAT NUGC TRONG KENH
I. Khai niém chung
II. Cach xac dinh cac dang duwong mat nuée
1. Kénh déc thuan: i>0
2. Kénh day bang: i = 0.
3. Kinh déc nghich: i <0
§2.8 CACH TINH VA VE PUONG MAT NUGC BANG PHUONG PHAP CONG
TRUC TIEP
B. TINH KENH KHONG LANG TRU
§2.9 TINH KENH KHONG LANG TRU TRONG TRUONG HQP CHUNG
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CHUONG 2
DONG CHAY ON PINH KHONG PEU TRONG KENH HO

Non-uniform flow in open channel
§2.1 KHAI NIEM MO PAU

Chuyén dong 6n dinh khong déu 1a chuyén dong ma van tdc tai cac diém tuong
g ctia hai mat cat canh nhau khong bang nhau.

Vé mit dong luc hoc thi dong chay khong déu trong kénh hé s& xuat hién khi: Lyc
can trong luc khong can béng nhau, xay ra dbi v6i kénh co d6 dbe i= 0, i<0.

Vi kénh c6 do ddc thuén i>0: Luc can va trong luc chi can b?lng khi hinh dang
va kich thudc mit cat uét doc theo dong chay khong doi: o = const .

Ta thiy nguyén nhan thuong lam cho dong chay trong kénh déc thuan (i>0) trd
thanh dong chay khong déu 1a do c¢6 cac chudng ngai trong long kénh, vi du do xdy
dung dap tran lam madt nudc dénh 1€n,...hay do kénh thay ddi do doc lam cho do sau
nuéc trong kénh thay doi, lam cho dudng mit nudc khong song song véi day kénh nhu &
dong chay déu.

Nghién ciru dong chay khong déu hay con goi 1a dudng mat nude khong déu, quan
trong nhat 1a can biét quy luat thay d01 ctia chiéu sau h doc theo dong chay h=h(1).
Trude khi di vao xét cu thé, can biét cach phan loai kénh
v' Néu hinh dang, kich thudc cia mat cit ut khong thay ddi doc theo long kénh
thi kénh la kénh lang try. Trong kénh lang try, mat cat udt cia dong chay chi
phu thudc vao do sau h nghia la: o = w(h) ; trong d6 h = h(l) nén:
do _do dh

dl  dh dl
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I-1 II-11
b . .
Y
N Y & % . J, (\é
o, h @23 h,

\—’ o ‘ : /\, ‘ : /\,
W/%\

L 77

= 11

Néu hinh dang va kich thudc ciia miat cit long dan hodc mot trong hai yéu t6 dé
thay d6i doc theo 1ong kénh thi kénh 14 khong lang tru. Trong kénh khong lang tru, mit
cit u6t ciia dong chay khong nhiing thay doi do do siau h ma con thay doi doc theo dong
chay: o=w(h,1), trong do h="h(1)

do_do 0w dn
dl ol ohdl

. % 7
— |
i | |

77;7%%7\
I | A
L 11
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§2.2 NANG LUQNG PON VI CUA MAT CAT

Tai mdi mit cat bat ky ctia dong chay, d6i v6i mit chuan O-O tuy ¥ thi:
2

Nang luong don vi dong chdy E =z + by OLz.V
Y g
av;
Laes o
2g
T |
Y
E
1 1 5,
| 777777771 A 5 h2
Y 1
o 6,71
Miit chuén Z |72 1 a,
0 1 2 0

Trichj mot mat cat uot moi diém trén d6 déu co nang lugng 1a nhu nhau. Ta xét hai
diem:1 va A,.

2 2
. ., < o,.v oV
Tai mat cat (1-1): E, :Z1+&+#:a,+hl+ :
Yy 28 2g
Trong do6: hy: Do sau cua diém A;- 1a di€m thap nhat cia mat cat 1-1, con a; 1a khoang

cach tir diém éy t&i mat chuan 0-0 di chon.

2
Doi mat cat (0-0) 1én Oy a;=0>E, =h, + %V, =>,, goi la nang luong don vi tai mat
ct (1-1)
2 2
Tuong tu tai mat cat (2-2): E, =z, + Py 2o¥2 _ a,+h, + &Y
v 2g 2g
2
Doi (0-0) 1én O,: a,= 0> E, =h, + G2Vy =>,, goi la nang lugng don vi tai mat cit (2-
2)
Tong quat:
2
oV 2
E=z+p—+ —a+h+2Y
Y28 2g
v’
>=h+ 5 , E=a+> 2.1
g

> goi la nang lugng don vi cia mat cit, =5 (h,1); h=h(l)
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Dinh nghia: “Nang luong don vi cua mat cat la nang lwong cua mot don vi trong luong
chat long cua dong chay tai mot mal cat nhdt dinh tinh doi véi mdt chudn nam ngang di
qua diém thap nhat cia mdt cdt dy”’

Te 2.1)> >=F-a=32_9E_da_; 2.2)
dl o dl o dl

v' Khi i>J 2 > tang theo dong chay

v" Khi i<J 2> giam theo dong chay

v' Khi i=] > = const theo dong chay
Chu y: E luon luén giam doc theo dong chay

5> thay dbi tuy thudc vao quan hé gitta i va J. Nghia 1a 5> phy thudc vao sy trong quan

giira luc can va trong luc. Mit khac ning luong don vi ctia mit cét ciing thay doi theo
chiéu sau va chiéu dai dong chay: > = 5(h, 1); h = h(l).
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§2.3 PQ SAU PHAN GIOI
I. Pinh nghia vé d9 siu phan giéi hy:

Ttr (2.2) cho ta su bién thién toan phan ctia > doc theo dong chay 1. O déy ta xét
tai mOt mit cit nhat dinh, > s& thay d6i nhu thé nio theo h.

2
Luc d6 phuong trinh (2.1) c6 dang: >=h + ;'Q -=f(h)
2.0

Xét dong chay 6n dinh nén Q 13 hang sb, con @ chi 13 ham s6 ctia do sau h, nén Y ciing

chi la ham s6 ctia h.

Ta co thé coi nang luwong don vi ciia mat cit Y gdm hai phan:
Y= h.

av’  aQ’ h

28 280’

chf)ng =

Tur do ta co:
Y Ythe + Ydong
Yo dong bién véi h, con Ydong thi nghich bién v6i h. 3:f(h)
Lach — 0 thi Ythe — 0, con Ygong = ©, k
dodd Y = (Yus+ Ydong) — 0
Luch — oo thi Ythe — 0, con Ydong -0, 3 min
dodd Y = (Yﬂ1e + Ydong) — 0
Trén dd thi, duong Y = f(h) c6 hai nhanh di vé o lich — 0 va lich — .
Lic h - o duong Y nhan duong Yue=h ( ttc duong phan giac) lam duong tiém can
xién, con lac h — 0 thi Y 1ay truc hoanh 1am dudng tiém can ngang.

2 2
Tou s=h+ =h+ ®Q = ton tai 5 <>h=h, : goi la do sau phan gisi
2g 2g.0
Vé'y 9min: h - Q
2g o,

Pinh nghia d§ sau phan gioi:

“Voi mot luu lwong da cho va tai mot mat cat xdac dinh, do sau nao lam cho néing
lwong don vi ciia mdt cdt dy ¢é gia tri nhé nhat thi @ sau dé la do sdau phan gidi, ky hiéu
la hk “

Nhir vdy: DO sau phan gi6i hy chi phu thuéc vao hinh dang va luu lwong mit cit chir
khong phu thude vao do nham va do dbc cta kénh h=f(Q, ).
Dua vao do thi ta th?iy:

hyh, — 43 7
Khi éﬂ; — hy la dai luong dic biét quan trong dé nghién ctru dong chay
h(h, (0

khong déu.

II. Cach xac dinh dg sau phan gioi
a) V& d6 thi >=f(h), tim h tuong tng 5, tasécohy
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b) Tim tir cong thirc giai tich:Ta biét rang lac h=h, thi >=> _ nghia la tai mot mat cét

min

2
xéic dinh: (@j 01 HE O,
oh ), g.o ~ ¢oh
2
e1-*L g o 2.3)
2.0k
a.Q’ ok

T (2.3) ta duoc: = B (2.3"), trong do By, o, 1a bé rong mat thoang va dién tich
g K

mit cat uét ung voi do sau hy,

Phuong trinh (2.3") 1a dang tdng quat dung dé tinh hy cho kénh c6 mat cét hinh dang bét
ky va giai dugc bang phuong phap dung dan.

Sau day ta xét mdt vai truong hop dac biét, co thé tinh truc tiép ra do Bs
sau phan gigi h, ma khong can tinh ding dan.

, 2 h
v Mt cét hinh chit nhat: h, =3/ 29 q= 2 o =M
g b b hk

~Z
H

v Mit cét hinh thang: h, = (1—%+0.105.0§).hkm

. h Q’
v’ Mit cat hinh tron: dit s, :Fk’ E=¢E, =% co & tra
g.

5

A4
~—b—
bang tim s, twong tmg — saudo tinh h, =s, .d —
h

§2.4 PO DOC PHAN GIOI

Ta biét rang do sau phan gi6i khong phu thudc vao dd nham va do doc day kénh i. Do
do6 voi mot luu luong va hinh dang mat cat kénh xac dinh du i, n ¢6 do thay ddi, d6 sau hy
van giit mot gia tri khong doi.

Con do sau chay déu h, khong nhiing phu thude vao h,
luvu lugng va dang mat cit ma con phu thudc vao do
nham va d6 doc day kénh i.

Do d6 v6i mot luu luong khong doi trong mot kénh
cho trude, d6 sau chay déu thay doi theo d6 doc i. Po
déc i cang 16n thi d6 sau chay déu cang nho va nguoc lai

[}

——

ho=h g

!
|
(hinh v& bén). , O i} i
Viy ta 9() t}‘lé tim duoc mot dd doc dé}y 1 sao cho do )
sau chay déu bang do sau phan gidi. B doc do goi 1a dd doc phan gidi. Ki hi¢u 1a 1.
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Dinh nghia: Voi mot kénh lang tru cho trudc, dan qua mot luu lwong xdc dinh thi do
déc nao cia kénh tao nén dong chay déu cé dé sau bang dé sau phan gidi, do doc dé goi
la do doc phén gidi iy

Vé.y 1= ik—) h() = hk, i< ik—) h() > hk, > ik—) h()< hk
Cach xac dinh ix: Theo dinh nghia trén, voi kénh c6 i1 = i thi d§ sau dong chay trong
kénh dong thoi thoa mén ca hai phuong trinh:

2 3
Qo 2.4)
g B
Va Q= o,.C,{R,.i, (2.5)
Giai (2.4) tim dugc hy, xong thay vao (2.5) s€ tim dugc i:
2
o= L (2.6)
. -C Ry
Hoac thay Q ¢ (2.5) vao (2.4), sau khi gidi tim duoc:
=2 L 2.7)

a.c, b
Céc gia tri ,R,,%,.C,,B, déu ung voi hy.
Thi du: Cho mdt kénh hinh thang c6 Q = 18%, m=1,5 b=12,0m van=0,025. Yéu
cau xac dinh d6 ddc phan gidi iy.
Giai:
Trudc hét can xac dinh hy:
Ta c6 hy=0,614m
Vay: o, =(b+mh, )h, =(12+1,5.0,614). 0,614 = 7,94m>.

%, =b+2h V1+m® =12+2.0,614y/1+1,5> =1421m.
Bxk=b+2mhy,=12+2.1,5.0,614 = 13,84m.

o= Q19 ssgm,

1 14,21

Tinh C theo cong thirc Pavolépski ta duge Cy = 34,9m"/s.
Tinh iy theo (2.7)

N -y T 9,81 14,21

 LC B, 1134971334

2 2
i = 2Q2 = . 18 . =0,00751
o, C’R, 7,94°.34,9°.0,558

=0,00751; hay theo (2.6):
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§2.5 HAI TRANG THAI CHAY

Dong chay c6 do sau:
h > hy : chay ém ( van toc bé Q = v.o, vi ©1én — v bé)
h <hy : chay xiét, van toc 16n
h = hy : chdy phén gibi

2

viZ2_ 1% B sh=h,

ch 2.0
bat .Q” B=F Qzl—Fr, thoiléséFroud

g.0’ ch

A 0> .

Dong ém : h>hy > —>0nénF, <1
ch

N e 03 n

Dong xiét : h<hy — E<O nén F, >1

Dong phan gidi: h=h, — %: OnénF, =1

oV
2 2 A w
Vidt lai: F =% _ %V _, 28 _, Dongning
g.wz.% gh, h, The nang
nén Fr con goi 13 thong s6 dong nang. Dong chay cang xiét thi s6 F, cang 16n.
2

V6i mit cdt chit nhat thi: F, = <

g.h
Va khi dong chay ¢ trang thai chay phan gidi thi:

2
h=hy,v=vy,F=1,taco: h, = XV
g

Suy ra: v, =,/gh,
+ Su truyén séng:

Trong nudc tinh, néu ta gy mot nhleu loan cuc bd
thi trén mat nudc n01 song, song s& truyén di theo moi
phuong véi van toc truyén song c; con khi gay nhiéu
loan trong dong chay c6 luu toc v. Co ba truong hop:

vv<ec: Song vira truyén xudi dong voi toc do v-e,
vira truyén nguoc dong voi tbc do v -C

v'v > ¢: Séng chi truyén xudi dong vai toc do vtc.

vv=c: Song c6 mat sau truyén xudi dong véi téc do v+c =2¢, con mat trude khong
di chuyén, goi 1a song dung.

Kénh chit nhat: c=4/gh, v, =c, =./gh,

Nhu v@y: V6i mot kich dong trén dong nudc, néu 1a dong chay ém thi song do kich
dong do6 tao ra co thé truyén mai 1én thuong luu, nhung néu la dong chay xiét thi song ay
khong thé truyén 1én thuong luu dugc, con néu dong chay ¢ trang thai phan giGi thi mit
trude cua song khong di chuyén (¢, - vi =0) va hinh thanh song dimg: Séng dimg nay
duoc goi 1a nudc nhay.
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Tiéu chuin phan biét trang thai chay:

Trang thai Phan biét theo
chay bo sau h Luu toc v 0> oh So Fr
Em > hy, <c >0 <1
Phan gidi = hy =c =0 =
Xiet < hk >C <0 > 1
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§2.6 PHUONG TRINH VI PHAN CO BAN CUA DONG ON PINH THAY POI
CHAM, KHONG CO AP
Xét mot dong chay thay doi dan (chdm), on dinh khong ap va tim quy luat thay doi
cua cao trinh mat nudc, do sau dong chay doc theo long kénh.
Tur nang lugng don vi ciia dong chay tai mot mat cat bat ky :
o.v’

E:(z+p—"'+ )
v 28
2
Taco SE_d (P OV, (2.8)
dl dl Yy 2g
Xem —-=const . Ta c6 3 dang sau: z
Y T—— \
dz d ov’ O D}IUng
Dang1: —=—(——)+] P T hang
dl dl 2g 2g
Dang 2: Thay E = a+ > vao (2.8), ta co: P \Y\
d> da h=— z —
—+—=-] Y )
dl dl 1
d> . . da 7777777577 X77777777777777 777777 ‘l
EZI_J (Vlaz—l) G777777777777

Dang 3: Vi 5=5 (h,I) va h=h(l) nén ta co:
d>_05 35 dn
dl al oh dl
2 2
Trong do: @:g(h+ aQ ):_aQ 0]
o al 2

gn’ go’ ol
Gan dung, xem quy ludt ton thit ciia dong chay thay ddi dan cling nhu dong déu, do d6 J
2
tinh theo cong thirc Chezy: J = Q—2
K
_Q L aQ b0
h 2 ) 3°
Suyra: o K 8 = a (2.9)
dl o.Q
1-—B
[ X0)

Bidn dai: oaQ’ do _ 0.Q” ¢’R do_ Q° ac’R do_Q* ac’ do
g’ dl g R A o’c’R go d K gy a

Thay vao (2.9) ta dugc:

: .

dh_ K gx d (2.10)
dl 1_oc.Q B
g o

Phuong trinh (2.9) & (2.10) 14 phuong trinh téng quat dung v&i moi loai kénh.

Vi kénh lang tru thi © = w(h) nén %—(IDZO va phuong trinh (2.10) thanh:
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. Q
dh T -l
d . aQ’ B 1-Fr
S
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, A. TINH KENH LANG TRU (o = const)
Trudc hét xét dinh tinh dang duong mat nude trong kénh lang tru.

§2.7 CAC DANG PUONG MAT NUOC TRONG KENH
I. Khai ni¢m chung:

aQ’
, o L dh T LR
Phuong trinh khong déu thay d6i dan dugc viét dudi dang: — = —L == (2.11)
- aQ’ B
g o
% . e o, dh )
Néu dudng mit nude c6: — < 0: Nudc ha —\?\
dl e ha T
dh oA h
T >0: Nudc dang T 77777777777777777 7775 M
dh . A _
— =0: Dong déu T Y
. dl N . h dang
Viéy dé xet dang dudng mat nude, can tim chiéu e

bién thién cua h theo 1. o
bi xac dinh dang dirong mat nudc trong kénh, ta bién d6i phuong trinh trén:
Luu luong Q ludn ludn c6 thé biéu thi bang phuong trinh:
Q = wCRi
Vi do dbe i da cho, ta cling c6 thé tao ra mot dong chay déu voi do sau 1a h, va cac dai
luong o, , C,, R, dé c6 duoc biéu thic: Q = o)OCO\/R_Oi

N . aQ® .. o’'C’R.. . K’
T s6 cua (2.11): A=1— =1(l-——=—)=1(1——=
o @1D) ®’C’R ( ®’C’R )= Kz)
Mau s6 cua (2.11): B=1-Fr
K 2
]— o
Vay theo Agrotxkin dé nghi:d—hz K* =é
dl 1-F B
2 2
Rurin d& nghi theo cach khéc: .Q .Ezza'Q L}=£
g o g o N
B
(,)3 P 5 2 . . .
GoiN = Elé s0 kiém tra, Ny= ——1a tri sO phan gidi cua so kiém tra.
g
2
dn g
Tirdé (2.11) c6 dang: — =— K (2.12)
a- N,
N
K 2
Trongdo: A=1-J =1- KOZ
B=1- N,
N

Bai gidng thuy lyc cong trinh Trang 22



Khoa Xay Dung Thuy lgi - Thuy di¢n B¢ mon Co So Ky Thudt Thuy Loi

Dung phuong trinh (2.12) dé phan tich cac dang duong mat nudc
Nhu vay dang duong mit nuéc dong chay khong déu phu thude vao quan
h¢ gitra ba d0 sau: d6 sau dong chay déu h,, 6 sdu phan gidi hy, do sau dong chay khong
déu h.
Trén mit cat ké duong N-N (ing do sau h,), duong K-K (tng do sau phan gioi
hy). Hai dudng nay chia phan khong gian trén day kénh ra lam 3 khu:
Phan trén cung 1a khu a, phan giira 1a khu b, phan dudi goi 1a khu c.

Dung chi s6 “0” chi céc dac trung dong déu, vi du h,,0,,k,..;con h,o, k chi dong
khéng déu
. Q°
» Dau cuaA=1-J=i-=
K
Khi: h=h, thi i=Jnén A=0
h >h, thii>J nén A>0
h< h, thii<]J nén A<O
- K, i
[Vi Q= Koﬁ—u:(%
» DAu cuaB=1-Fr
Khi h=h,—>Fr=1-B=0
h>h, > Fr<1->B>0
h<h, > Fr>1-B<0

2 :-£2
)y =) 1(K)]

IL. Cach xac dinh cac dang dwong mat nuée

1. Kénh doc thuan: i>0 9

O day ta sé& co ba truong hop cu thé sau:

v" Trwong hop 1: Liuci<i, (h, > hy) ta c6 vi tri cac dudng (N-N), (K-K) nhu hinh vé:
* Trong khu (a): h > h >h,

N @ 2

Vi h>h, nén: K>K,=>1-—2->0
K

vaN>Ny=>1 —&>O
N

A

h A ) 5
Viy: % = B > (0 — Co6 duong nudc dang, goi la duong a;. Puong a; c6 bé 10m quay 1én

trén.
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: . dh o 4 s U
Khi h — o thi a — 1: Duong mit nudc tien vé ndm ngang vi khi chiéu sau tang

mot lugng dh thi long dan ha thép mot tri s6 1a dz = ids, tac 1a duong mat nude cd xu thé
tién t&1 duong ndm ngang.

h ) )
h —h, thi % — 0 tic ds >> dh: N6i cach khac ngugc chiéu dong chay, duong

mat nudc nhan duong N-N lam tiém can.
Puong a; thuong thay khi trong kénh c¢6 dong chay ém (h,>hy) va trén d6 co vét chin
nhu dép tran chéng han.
* Trong khu (b): h,>h>h,
2

K
Vi  h<h, nén K<K,=>I - KOZ <0

N
h,>h>h, nén N <N <N,=>1 -ﬁ>0

Viy: % = % <0 — Co6 duong nudce ha, goi la duong b;.

Khi h—h, <h,thi i—? — oo tlic ¢l mot thay d6i nho ciia ds s& co do giam dh rat 1on:

Puong mit nude gip duong K-K sé tiép tuyén vudng goc duong nay.

h— h, thi ((11—}11 — 0: Tiém can dong déu N-N

Buong b, thuong thay khi trong kénh c6 dong chay ém ma ¢ phia cudi c6 bac thang ding
hay doc nudec.

*Trongkhu(c): h,>h, >h

Vi ho>h>hk nén K< Kk < Ko vaN< Nk

Vay: % - % >0—> Co6 duong nudce déng, goi la duong c;. Nu6c nhay
Khi h — h, thi Pudng nude ddng ¢
N — N, nén ﬁ >0,

dl

Puong mat nude sé di 1én
dot ngodt va co xu thé tiép
tuyén v6i dudng thing
ding.

Puong ¢, thudng thdy khi mot dong chay xiét di vao mot doan kénh co i<i, nhu dong
chay sau dép tran hodc chay duéi ctra cong.

v Truong hgp 2: i>i; (hy<hy)

Vi tri duong (N-N) va (K-K) nhu hinh v&. Ta lan luot xét cho cac khu a, b, ¢
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e Trong khu (a): h>h >h,

K II
— K
N
— N
W
, dh A s (1A D1y e
Tacd: — =—>0— Co6 dudong nudc dang, goi 1a duong ay;.
Khi h - : PDudngaytién téi duong nim ngang.

h —>h, : Duong aytiép tuyén thang goc voi duong K-K.
e Trong khu (b): hy >h>h_
, dh A PR . D1y e
Ta co: 1 =— < 0 — Co6 duong nudc ha, goi la duong by,.
Khi h —o : Duong by tién t6i dong chay déu..
h —>h, : Duong by tiép tuyén thang géc voi duong K-K.
e Trong khu (¢): hy > hy,>h

Ta co: i—}ll = % >0 — Co6 duong nudc dang, goi la duong c;;.

Khi h —h, : Duong cytién téi dudong N-N.
DPuong ¢y thuong gap lac kénh thay doi do ddc tir i 1sang 1, vo1 11>1,>1

DPudng nwdce ha by

—_— — —

i<,

v Truwong hop 3: i =i, (hy =h,) Pudng N-N & va K-K tring nhau nén chi con hai khu
la (a) va (c).
e Trong khu (a): h > h,=h,

Ta co: dh = % >0 — Co6 duong nudc dang, goi la duong ay,.
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Puong ay; c6 thé thdy & doan cudi kénh c6 i = i, khi trén kénh co vat chin hoic khi kénh
noi vao mot ho chira.

e Trong khu (¢): h < h,=h;

Ta cé: i—}ll = % >0 — Co6 duong nude dang, goi 1a dudng cyy.

Duong cy; thuong gap luc kénh thay doi do dbc tr 1>y sang i,=ly.

2. Kénh day bing: i = 0.

Luc i = 0 s& khong c6 chay déu v ta dé biét do doc cang nho thi chiéu siu cing
16n. V thé néu i=0 th hy=c0 nin khng ¢ hy, chi cn lai hai khu b vin c. Nh¢ rang chay déu
chi ¢6 thé co dugc luc dong chay chay dudi tic dung cua trong luc, nghia 1a can ¢6 i > 0.
Do do, lic i = 0 hay i< 0 th dong chay chay dugc do mot nguyén nhan khac chir khong

phai do tac dung cua trong luc.
2

VA=i- % ma i=0nén A ludn ludn 1a 4m (A < 0). Vay su bién thién ctia h chi phu

thudc vao déu ciia B =1 — Fr. Ta c6 hai trudng hop sau:
Trong khu (b): h > hynin B> 0.
Vay: dh = A <0

dl B

Duong mat nude 1a duong nudc ha by.

Lch— oo th % — 0, dudng by tién t6i dudng ndm ngang.

h = . , '
Cn lc h—hi th ccli_l — —oo, dudng mat nudc co tiep tuyen tai (K-K) thang goc voi duong

(K-K). Pudng b c6 dang giéng duong by .
Trong khu (¢): h<h,nin B<0
Vay : dh = A >0
dl B
DPuong mat nudc 1a duong nude dang c,,.
Cnlch — hgth ((11—}11 — +o0, nhung cling nhu dudng ¢;, duong ¢, mat liin tuc khi toi gan

duong (K-K) do nu6c nhay. Buong ¢, gidng nhu dudng c;.
3. Kinh doc nghich: i <0 i
Ciing nhu ltc 1 =0, & day khong co6 do sau chay déu, do do cling chi co6 hai khu (b) va (c).

2
VA=i 1 lun Iun dm (A <0) nin % = %luén luén nguoc dau véi ddu ctia miu sb B.

Ta c6 hai truong hop:
Trong khu (b): h>h,nin B>0

Vay: c(li_lll = % < 0. Puong mat nude 1a duong nudc ha b’.

Puong b’ ¢6 dang gidng nhu duong b, vin by.
Trong khu (¢): h<hynin B<0

Vay: ((11—}11 = % > 0, duong mat nude la duong nude dang c’.
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Buong ¢’ c¢6 dang gidng nhu dudng ¢, van c;. Trén day 1a tt ca cac loai duong mat nudc
c6 thé co trong kénh lang try luc chay khong déu.
C thé tm tat trong bang sau:
Bang tom tat cac loai dudng mit nudc trong kénh lang tru:

; 7 Loai du:’(‘mg mat nudc q
O khu a O khub Okhuc
1< ik ap b[ C1
1>0 | i>i ay by Ci
1= 1 an Khng ¢ Ci
1=0 Khng c by Co
1<0 Khng c b’ c’

Trong 12 loai duong nay, 6 duong ay, by, ¢y, ay, by, ¢y 1a co ban nhét, 6 duong cn lai ¢ thé
suy tur 6 duong kia.

Puong ay; van ¢y 1a trung gian cua duong aj, aj van ¢, ¢y. Puong by va b’ giéng nhu
duong by. Pudng ¢, va ¢’ gidng nhu duong c;.

Qua 5 hinh d6 ta c6 thé rut ra cic nhan xét sau:
1. O khu (a) va (c) chi c6 thé 1a dudng nudc dang.
2. O khu (b) chi c6 thé 1a duong nudc ha.
3. Puong mat nude chi tién t6i (tiém can véi) duong (N-N) hodc duong nam ngang
chtr khong bao gi¢ tiém cén vdi duong (K-K).
4. Puong miat nude c¢6 xu thé cit duong (K-K) chi khong bao gio ¢6 xu thé cat
duong (N-N). Khi qua duong (K-K) th duong mét nuée mat lién tuc hodc do che.
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§2.8 CACH TINH VA VE PUONG MAT NUGC BANG
PHUONG PHAP CONG TRUC TIEP

O tiét trudc ta chi mbi xac
dinh dudng mit nudc vé mit dinh
tinh, nghia 1a chi xac dinh dugc
tinh chat va dang cua cac loai
duong mat nudc, chua tinh toan
cu thé.

Tiét nay ta s& giai quyét van
dé do.

Tur phuong trinh % =i-]>

A> Aa
saiphan: — =i—1J hay Al=
P Al Y 1—J
.= : A
V6i T 1a do doc thuy lyc trung binh cta doan Al va 1= Al, =>"- Bjk
k Kk 1—
oV oV k
Aak 9k+1 (hk+1 k+1)_(hk+ )
2g 2g
- 2 o 2
j= v
K’ ¢ R

Céc gia tri h, ®, v, R, ¢ 1a cac gié tri trung binh ctia h, w, v, R, ¢ & hai dau ctia doan d6.

II1. Gidi cac bai toan thuwong gap
Luc tinh kénh lang try thuong gap ba bai todn sau:
1. BiétQ,h,h, > Timl»? - Tinh truc tiép ngay i,
2. BiétQ, 15, h; > Timh, ? - Tinh dung dan
3. Biétljo, h,h, = TimQ ? - Tinh truc tiép ngay Q
Th du 9-7: Kinh hinh thang day (1i=0); b=12,0 m; m = 1,5; n = 0,025, ndi véi mot dée
cling mat cit nhu trén nhung do dbe day 1= 0,04 van=0,017. Cho biét luu lugng Q =

48,13m % . Yéu céu v& duong mat nudc trén kénh, dbc va tinh do sdu tai hai mat cat

cach chd thay d6i do ddc vé phia thuong luu 800m va vé phia ha luu 50m.
Giai:

Trude hét xac dinh loai duong mat nudc. Tinh d6 sau phan gidi chung cho hai
doan, hy, = 1,15m, va d¢ sau chay déu trén dbc : hy = 0,52m.
Vay dudng mit nude trén kénh 1a duong by, cn trin doc 1a duong by .
Tai ch6 doi doc: h = hy =1,15m.
Xuat phat tir diéu kién bién nay, tinh nguoc 1én cho kénh, va tinh xudi xudng cho dbc
nudc.

Trong bai nay ta dung phuong phap cong truc tiép dé tinh. Chia kénh ra nhiéu
doan nho boi cac mit cit trung gian, danh s6 1, 2, 3,...nhu hinh (9-37).
Dbé v& dugc mat nudc, tu cho dd sau & cac mat cat duoc chia sao cho vé dinh tinh 1a hop
1y, xong tm khodng cach tuong tng.

Dong cng thuce (9-35):
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2 2
N [hO;NhO;j
A 11_2: =2 — g g

i—j i—j
1 d
_ 2
I B
1
Kos| 24l o — _]
_‘ / " / /77777777
| |
| |
| |
296 42.8
800 —_—~— |
. _ 50,8
| 970 65,1
- I
l\

Trinh tu vin két qua tinh toan trinh bay & bang sau:
Lay két qua tinh toan & bang 4 v& dugc duong mit nude h = h(l) .
Theo hinh v& & bang (4) ta ¢ thé udc tinh gan ding d6 siu tai mat cét (a-a) cach chd doi
dbc 800m vé phia thuong luu va mit cat (b-b) cach chd doi dée 50m vé phia ha luu 1a:
Tai dau kénh (mat cita-a) h=2,40m
Tai chdn déc (mat ct b-b) h=0,59m
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BANG KET QUA TINH TOAN
Bang trén: Tinh cho doan kénh day nam ngang i=0
Béang dudi: Tinh cho doan doc i= 0,040

L
y 2 2
So A% v C v - - =
< h ® — | > | A> | X | R J= j|i-j|Al
m:‘_lt 2 2 \/E C’R -3 -3 ZAl
it | @ | @O ( n%) (m) | (m) | (m) | (m) s | o 0] A0 (m)
(m)
39,43
5 | he=1,15| 15,8] 3,06 0.525| 1,675 16,14 0,98 6,0 0
-0,024 42,17 50| 50| 5
4 1,30 | 18,1] 2,66 0,399 1,699 16,67| 1,08 4,0 5
0,147 47,90 28| 28| 52
3 1,60 | 23,0 2,090,246 1,846 17,76| 1,30 1,6 57
0,290 53.50 125 -1,25] 239
2 2,00 |30,0| 1,61]0,115|2,115 19,20 1,53 0,9 296
-0,439 61,50 0,65| -0,65| 674
1| 2,50 [39,4 1,22]0,084] 2,582 21,00 1,88 0,5 270
5 | h=1,15] 15,8] 3,06 | 0,525| 1,675 16,14| 0,98 | 58,06 2,8 0
0,040 3,65 36,4 | 1,1
6 1,00 | 13,5] 3,57 0,715| 1,715 15,6 | 0,855| 53,26 4,5 1,1
0,255 6,95| 33,05| 7,7
71 080 (10,55 4,57| 1,17 1,97 14,88 0,70 | 47,33 92 8,8
0,800 16,45 23,55 34,0
8 | 0,60 |7,74] 623| 2,17| 2,77 14,16] 0,545| 40,43 23,7 42,8
0,290 27,01 13,0 | 22,3
9 0,56 | 7,21 6,70| 2,50 | 3,06 14,02] 0,513| 38,45 30,3 65,1
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B. TINH KENH KHONG LANG TRU
§2.9 TINH KENH KHONG LANG TRU TRONG TRUONG HQP CHUNG

Trong thyc té, so v6i kénh lang tru thi kénh khong lang try it gap hon; n6 thuong
gdp ¢ clra vao ¢ cac tran xa 1, cong lay nu6e hd chia, o nhung chd ndi tiép cac cong
trinh v6i nhau, vi du doan ndi tiép chd vao va ra cua dbc nudc, ... con ca mot kénh dai
khong lang tru thi rat it gap.

Pé tinh, van ding cong thirc % =i-J (2.14) va phai giai bang dung dan (chia

ting doan ngan). ) )
Cong thuc (2.14) c6 dang giong nhu phuong trinh viét cho kénh lang tru nhung ¢
day cac yeu to thuy luc 1a ham so cia ca h va l.

Cau hoi:

1. Khi nao xuét hién dong chay khong déu trong kénh ho.

2. Nang luong don vi ctia mit cat 1a gi. Quy luat bién thién ctia n6 doc theo chiéu
dong chay?

Dinh nghia vé d6 sau phan gidi hy

Cach xac dinh d¢ sau phan gidi:

Dinh nghia d¢ sdu phan gigi va cach xac dinh.

Céc cach phan biét trang thai chay ém va chay xiét.

Phuong trinh co ban cua dong chay déu.

Phuong trinh vi phan co ban cta dong 6n dinh thay doi cham, khong ap.

9. Céc dang duong muc nudc trong kénh lang tru

10. Céch tinh va vé duong muc nudc trong kénh lang try.

11. Cach tinh va v& duong muc nudc trong kénh khong lang truy.

12.Ning lugng don vi ciia dong chay 1a mot khai niém rat quan trong; vi sao ? Hay vé
ho duong bidu dién cua né, khi cho luu luong ting dan.

13.Hay nhan xét vé cac dang duong mat nude trong kénh; va cho biét ich loi cua viéc
v& dung vé dinh tinh cua cac dang duong mat nude ?

14. Trong céach v€ dinh lugng dudng mat nude (béng phuong phap sai phan don gian
— cong truc tiép), thong thuong ta phai biét diéu kién ban dau (day 1a bai toan
Cosi), hay cho mdt vai bai toan can vé dudng mat nude, diéu kién ban dau cia nd
va chi ra nén gia thiét cho trudc vé khoang cach hay d6 sau dong chay dé viéc tinh
toan dugc don gian.

PN B

Bai tap:

1. Cho mot kénh hinh thang c6 b=3m, m=1,5; n=0,025, i=0,002; Q=15m3/s. Tinh do
dbc phan gi6i i, va tir d6 cho biét kénh nay c6 d6 sau chay déu 16n hay nho hon do sau
phan gidi.

2. Kénh hinh thang ¢6 b=1,5m; m=1, n=0,025; Q=1,8m’/s. Tinh d6 dbc day sao cho luu
toc trong kénh bang luu tdc phan gidi va tinh luu téc do.

3. Cho kénh hinh thang , chiéu rong b =3 m mai déc m=2, ¢6 dd dbc i = 10,0001 dan luu
luong Q = 8 m’/s . Dya vao sd Froud dé xem xét trang thai chay trong kénh 13 ém hay
xiét ? Cho h¢ sb nham n = 0,03.
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5. Kénh hinh thang c6 chiéu rong day 13 b=6m, hé s6 mai m=2 c6 trang thai chay 1a ém
hay xiét khi luu luong trong kénh va do sau chay dé 1a Q=45m’/s, hy=3m.

6. V& duong muc nude trén kénh hinh thang tai luu lugng Q=E§0m3 /s, ¢6 chiéu rong
b=10m, m= 1,5 chia lam 2 doan c6 d0 doc va do nham thay do6i : doan 1c6 n=0,02,
1=0,0005, doan 2 ¢6 n=0,017 va i=0,005.

b=

®© N oW
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CHU’O’NG‘3 ) ) ) ) )
DONG CHAY ON DPINH TRONG SONG THIEN NHIEN
(Steady flow in River )
kkk

§3.1 PAC PIEM CHUNG VA CACH CHIA POAN
I. Pic diém
I1. Cach chia doan

§3.2 PHUONG TRINH CO BAN CUA DONG CHAY TRONG SONG.

§3.3 CACH XAC PINH CAC YEU TO THUY LUC CUA MAT CAT VA PO
NHAM CUA LONG SONG

§3.4 TINH TOAN SONG CO BAI VA POAN SONG REE NHANH

I. Tinh doan song co6 bai

II. Tinh doan song ré dong
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§3.1 PAC PIEM CHUNG VA CACH CHIA POAN.
L. Dic diém

Dong chay trong song rat phirc tap vi khong nhitng luu lugng trong song thay d6i
theo thoi gian ma céc yéu t6 khac nhu: Q,®,B,y,n ciling thay doi theo thoi gian do dong
song bi bién hinh, bj x6i 15, bi bdi ling,...gdy nén. Do dé luu tdc trong song v ciing luén
thay doi theo thoi gian va khong gian.

Nhung n6i chung su thay doi theo thdi gian ¢ trong séng khong phai xay ra dot
ngdt, nhanh chong, ma rat cham. O day gan dung xem dong chay 1a 6n dinh (vao mua
kiét, & cac doan song khong anh hudng thuy triéu).

I1. Cach chia doan

Do tinh chat phtic tap nhu vy, nén khong thé giai truc tiép cac phwong trinh vi
phan viét cho dong chay trong song ma thuong phai bién ddi thanh phuong trinh sai phan
dé co the ng dung cac phuong phap sO (phuong phap sai phan, phan tir hitu han, thé tich
htru han,...) dé giai. Do d6 van dé chia doan dé giai 1a rt quan trong.

Nguyén tac chia doan
v Luu lugng trong doan Qkhdng thay doi
v/ Mit cit cia 10ng song othay doi it
v' Trong mdi doan nén c6 mot do dbc mit nude i va mot dd nham n théng nhét.

Thudng cé thé dung ban d6 dia hinh dé chia doan. Nhung mudn chinh xac, ta v&

thém cac quan h¢ ®,B,n =f(l) va v& duong mat nudc doc theo song.

Q)
B—\/\/—\(D
nE—=, __ B
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§3.2 PHUONG TRIiNH CO BAN CUA DONG CHAY TRONG SONG

Trong kénh mang nhan tao do c6 do dbc day i xac dinh (i = const) nén thudng ding
phuong trinh co ban cho sy lién hé giita do sau dong chay h va chiéu dai I, con & trong
song vi day song map mo, 10i 16m, d6 sau h thay déi phtic tap; nén ngudi ta thuong xét
quan hé giira cao trinh mat nude z theo chiéu dai 1.

2

Tu phuong trinh nang luong: E = z + LA const, tinh theo ap suat du P_o

Yy 2.g Y

Lay vi phan theo chiéu dai :
dz d a.v’ dhw

Rl il =0
TRTRETRARFT
—@= d(°‘V )+ i
di
2
szhwzdhd+dh Q e 4, 0, docv
did ol dizg’ T dl k dl 2¢

Day la phuong trinh vi phan co ban ctia dong chay 6n dinh trong song.
Y nghia cac s0 hang ctia phwong trinh nhu sau

dz .2 . 2 o \ \ - . A L LR A <
(1) E: Bi€u thi su thay doi cua cao trinh dudng mat nudc trong song, c6 thé am hodc
duong.

2
) & : Biéu thi ton that doc duong, luon luén duong.

3) %(O;ng ): Biéu thi sy thay doi dong ning trung binh do bién thién luu tdc, ¢6 thé 4m
hodc duong.

4) &, %.(%)Biéu thi ton that cuc bg, ludn ludn duong (chi y dé (4) > 0 thi &_c6 thé am
hodc duong ). 7 ‘

D¢ tinh toan ta chuyén phuong trinh vi phén v€ phuong trinh sai phan.

L _ Al+ (e e Y1) 3.2),
< 2¢

d6i v6i dong chay trong song thién nhién thudng don gian cho £ =0.

3.1) >Az=z -2z, =
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2
v ) thi phuong trinh

2g

Néu bo qua ca sb hang bién doi dong nang do luu tde thay doi %(
(3.2) thanh:
QZ
Az=7 -7 =k—.A1 (3.3)
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§3.3 CACH XAC PINH CAC YEU TO THUY LUC CUA MAT CAT
VA PQ NHAM CUA LONG SONG

Vi chiéu rong song thudng lon hon r}hiéu so véi chiéu | B |
sau (B >>h ) nén dé don gian thuong lay: |
. — |
- Doi voi song rong: x:B:Rzgzgzh |
y B
- Dbi véi song hep: X:B+2ﬁ:R:9: ®
v B+2h

Viéc lya chon dd nham n 1a rat quan trong, vi anh hudéng lon dén két qua tinh toan. Ta
thay hé s nham n thay doi doc dong chay va ca ngay tai mot mit cat. Ngoai ra n con phu
thudc vao cad muc nudc, luu lugng. Thong thudong nguoi ta tinh nguge tim n chir khong
dung n thuc do va ngudi ta ding cong thirc dong chay déu dé tinh n.

Néu truong hop khong c6 tai liéu thuc do dé tinh n thi ngudi ta co thé tra bang dé
tim n.
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§3.4 TINH TOAN SONG CO BAI VA POAN SONG RE NHANH

I. Tinh doan song c6 bai
Tai doan séng c6 bai, vi mat ct phtrc tap nén can chia mat cit song ra thanh phﬁn
dong chinh va phén cac bai.
Pé don gian mot cach gan dung, ta cho rang phan luu luong chay trén bai 1a Q, va
luu luong chay trong dong chinh Q. 1a riéng biét.
Taco:Q=0Qp + Q.
Viét phuong trinh (1) cho:

Dong chdy chinh: Az, = Q° Al —Q, =k. Az, . .
K. Alc bai | dong chinh |  bai /
i ¥ i
Dong chay trén bdi: Az, = Qb Al, > Q, =kb Az,
kb Alb |

|
Cho Az, =Az, = , =Al, =Al |

7
Q=0Q. +Q, =(k. +kb)\/E JE v6i k =ke +ko. (3:4)

Do dé tinh cho doan song co6 bai cling nhu cho doan song don, chi khac la phai tinh k
theo (3.4).

I1. Tinh doan séng ré dong
Xét doan song ré dong c6 hai nhanh phai va trai:

Q=Q, +Q,

2
Azp = Qp Al Q —~
Ma: K, (3.5)
QZ
Az, =—=-Al,
k.

Néu doan r& dong khong dai lim, ta xem nhu chi c6 mot doan (1-1) >(2-2)
Vay: Az =Az =Az=z7 -z,

Q, =ks. 4
Thay vao (3.5) duogc : P
Q _ E AZ

-Q=Q,+Q, (\/k"_ \/IZ_I)\/E / véi k = k+kt/11
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Cau hoi:

Néu dic diém va cach chia doan trong song thién nhién.

Phuong trinh co ban ctia dong chdy trong song.

Tinh doan song c6 bai

Tinh doan song ré dong

Trong song thién nhién khi tinh toan thuong phai chia doan, vi sao ?

S6ng thong thuong cé 1ong song va bii séng; hiy cho biét tai sao trong tinh toan

nguoi ta phai chia long séng va bai song va tinh riéng l¢ ching ?

7. Em hay cho biét d6 nham 10ng sdng, tai mot mat cat song, thong thudng thay dbi
nhu thé nao ? Vi sao ?

8. Song r& nhanh va séng chinh c6 tiét dién dong chay nhu nhau, d6 nham nhu nhau;

nhung song r& nhanh c6 chiéu dai 16n hon; thi séng nao ¢o luu lugng 16n hon ? Vi

sao ?

Dbk =
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CHUONG 4 ) ]
NUOC NHAY

dskk
§4.1 KHAI NIEM CHUNG

I. Khai niém chung
II. Cac dang nwéc nhay
1. Nwéc nhay hoan chinh
2. Nudc nhiy dang
3. Nwéce nhay mat
4. Nudc nhay song
5. Nwéce nhay ngap
§4.2 LY LUAN VE NUOC NHAY HOAN CHINH
I. Phwong trinh co ban:
I1. Ham s nuéc nhay:
II1. Céch xac dinh d¢ sau lién hi¢p trong kénh ling tru
1. Mt cit bat ky
2. Mt cit hinh chir nhat
3. Mit cit hinh thang
IV. Ton that ning lwong trong nuéc nhay
V. Chiéu dai nwée nhay va chiéu dai doan sau nwéc nhay
1. Chiéu dai nwéc nhay
2. Phwong trinh nwéc nhay ngiap
3. Do dai ciia nwéc nhiy ngép 1,
4. Ton that ning lwong trong nwéc nhay ngip
§4.3 NUOC NHAY NGAP
I. Phuwong trinh nwéc nhay ngap
II. D) dai cia nwéc nhiy ngap 1, ,,
II1.T6n that ning lweng trong nwée nhay ngip
§4.4 KHAI NIEM NUOC NHAY KHONG GIAN, NHAY TRONG KENH CO PO
DOC LON
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CHUONG 4
NUOC NHAY
Hydraulic jump
skksk
§4.1 KHAI NIEM CHUNG

I. Khai niém chung

Nudc nhdy 1a sy mo rong dot ngdt cua dong chay tir dg sau nho hon do sau phan gidi
sang d0 sau lon hon d6 sau phan gioi (hy), do 1a hinh thue qua do cua dong chay tir trang
thai chay xiét sang trang thai chay ém.

Nguyén nhan phat sinh nudc nhay co thé la: Dong chay khong thé bién ddi dan chiéu
siu tir bé hon hy sang 16n hon h, ma khong co sy bd sung ning luong tir bén ngoai.

Nudc nhay gdom hai khu:
. Khu ludng chinh chay xuéi dong, mé rong dot ngot tir d6 sdu h <hy sang do sau
h>’ > h,.
. Khu nuéc xoay chuyén dong & trén mat cia khu ludng chinh.
Ta c¢o6 cac khai niém sau:
- 1,: Khoang cach giita hai mat cat w6t gidi han khu nuédc xody, goi 1a do dai nudc
nhay.
- B sau h', h" goi l1a d6 sau trude va do sau sau nudc nhay.
- Khoang cach a cua mat ty do ¢ hai mat cit d6: a=h -h goi l1a d§ cao cua nudc

nhay.
Khu nudce
X04y | |2
_____ — ¥
kla ] T T Tk
— __,//,,hﬂ// __hh
- = ——— 71T —|h__ 1
- — = — — 7 I
I 1 / I
[ ™ ‘ |2
Khu ludng chinh

Ning lugng ctia dong chay AE, ,bi tiéu hao kha 16n & pham vi nuc nhay=> Ton
that ning lugng trong pham vi nudc nhdy tap trung vao khu vuc xung quanh mit phan
chia.

Tén thit nang lugng kha 16n & pham vi nue nhay 1a diéu hip din nhitng nha nghién
ctru di tim nhitng bién phap loi dung nudc nhay dé tiéu hao ning luong thira ctia dong
chay xiét nham bao vé ha luu cac cong trinh chdng sy x6i 15 do dong chay ¢ van tdc va
mach dong 16n gay ra.

.= ung dung ti€u nang ha luu cong trinh.
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Nuécnhay 3
\% =}
M=1- =
AN A4 ko

\% 5 3

Biéu d6 phan bd luu téc pham vi phan nudc nhay

—

T6n that nang luong trong pham vi nude nhay co th‘é biéu thi: h
AE =E'-E"=5"-3"= A 5 (V6i1 kénh ho c6 day bang i= 0)
~Gia su dong chay Xiét chuyén sang dong chay ém voi
su bién doi lién tuc cua chieu sdu tor h’ qua h, sang h". Ta
thdy >'giam dan dén >_ 10i ting 1én >". Diéu nay khong thé
c¢6 dugc vi khong c6 nang lugng bd sung dé tir 5 . —>"

Nhu vay dong chay xiét khong thé tir tir c}luyén sang
trang thai ém dugc ma con duong qua do duy nhat 1a do sau
phai nhay vot tr h<h, (c6 3>>3_ ) sang h >hy (co
. <3"<3") tirc phai qua hinh thuc nudc nhay.

1

min

Bm

I1. Cac dang nwéc nhay

Tuy theo diéu kién bién cua dong chay va tuy theo ti s6 nhitng d6 sau trudc va sau nudc
nhay, ta quan sat thdy nhiéu dang nudc nhay khac nhau:

1. Nwéc nhay hoan chinh: Xay ra ¢ nhimg kénh c6 mat cit khong d6i, do dbc day

"

khong d6i, day bang phang, d6 nham binh thuong véi ty sd: % > 2. Nudc nhdy hoan

chinh ¢6 luu téc ¢ day 16n.

Khu nudc
X04
1 2
_____ — ¥
hvd — _— i
—— = ———-__ " | |hn
i h—— — T Vv
| A
| ) T v ‘ 1
Khu luong chinh

2. Nuéc nhay dang: La mot hinh thirc cua nude nhdy hoan chinh xay ra khi c6 mot vat
chudng ngai dat ngang day, lam dang cao muc nudc sau nudc nhdy tao nén khu nudce
xody mit 16n hon so v&i nudc nhay hoan chinh, dong thoi tao nén nhimng khu nudc xoay
nho ¢ day.
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%% 7

3. Nuwéc nhiay mit: Xay ra khi dong chay xiét tir mot bac thém & chan dap thoét ra dé
ndi tiép voi dong chdy ém; sy mo rong dot ngdt cia dong chay co dac diém 1a khu nuéc
x04y hinh thanh & dudi khu luéng chinh, 1am cho luu tbc & mat tu do 16n (khac v6i nude
nhay hoan chinh, van toc & ddy 16n).

%WWWQD

4. Nwéc nhay séng: Xay ra khi d6 chénh muc nudc & dong chay ém va chay xiét twong
n

ddi nho: — <2
hl

Dong chdy trong pham vi nudc nhay song khong c6 khu nudc xody, mit tu do nhap nhod
c6 dang song tat dan.
5. Nwéc nhay ngap: Neéu dd sau trude nudc

nhay h’ bi ngap thi s& c6 nudc nhay ngap, néu ¥
khong bi ngép s€ xuét hién nudc nhay tu do.

Ngoai ra, nguoi ta con phan loai nu6e nhay = ¥
theo s0 Froud (Fr):

Nhiv 1
Fr =13 : Nudc nhay song ay ngap

Fr =326 : Nuwoc nhay yéu - Tiéu hao
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nang luong yéu

Fr =6>20 : Nwoc nhay dao dong

Fr =20>80 : Nroc nhay 6n dinh - Tiéu hao ning luong trong nudc nhay chiém
khoang (45-70)% ndng lugng trudc nude nhay.

Fr >80 : Ntroc nhay manh - Tiéu hao nang luong 85%
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§4.2 LY LUAN VE NUOC NHAY HOAN CHINH

I. Phuwong trinh co ban: i
~ Gia su nude nhay hoan chinh xay ra trong dong chay 6n dinh, ¢ kénh lang tru c6 do
doc day rat nho hoac bang khong.

2
D
| ~z
k é? Kk A
| (7 )
? A h"
D i | G
Plg— 2
A A A A A A A A A A A A A A A A A
B C S
L —— )

Viét phuong trinh dong lugng cho khu nuée nhay (ABCD) véi gia thiét :
v Tai mit cét (1-1) va (2-2) dong chay thay d6i dan = 4p suat phan bd theo quy
luat thuy tinh.
v Hé s stra chua dong lugng tai mat cit 1-1 va 222 béng
nhaua, =o, =0o, =const
v Luc ma sat day trong pham vi nudc nhay ~0
Chiéu phuong trinh dong lugng 1én phuong S:
o,.p.Qv,-v,)=P =P, +G_+T, (4.1)
Trongd6: P, =y.y,.0,, P, =7.y,.0,,G~=0, T=0
Véi o,, o,la dién tich mit cit udt (1-1) va (2-2); vy, y2 1a d0 sau trong tam cua nhiing

mit cit do.
2 2
T (4.1) > ao.l.Q(g—g) =7.y,.0, —7.y,.0, > %,Q +y,.0, = %,Q +y,.0,
g 2 O g0, g,
(4.2)
(4.2) got la phuong trinh co ban ciia nude nhay hoan
; do
chinh. | B "\ I/
N A . | N
II. Ham s0 nw¢'c nhay: dh _*y/ 757,
2
Trong (4.2) dat : %-Q +y.0=0(h), 6(h) goi la ham s6 Jy
2.0
nudc nhay. C
(4.2) 2 6(h")= 6(h") (4.3)
Tir (4.3) ta thiy néu c6 h’ —— h” 1
wy
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... lh>0  6(h)>xo
Va khi thi 230, e[h=0,h=o0]
h — o 0(h) - o
2
Péco o, -2 o d Qo
dh dh go
2
@_(xo.Qz .d_o)_i_ d(yo) _0
g dh dh
2
o O‘O'Qz B+ 309 (4.4)
g.m dh
(vi: B= do
dh

Biéu thircy. 12 momen tinh ciia o déi véi truc x-x.
Khi htang l1én dh thi d6 tdng cia mémen tinh d(yow) la:

1

d(ym) = {(y +dh)o+ Edh.dw} -yo = o.dh (4.5) 3= (h)
vay 309 _, (4.6)

o 5= 0(n)
Thé (4.6) vao (4.4) ¢6 : =

2 2

C4 L a1 % B 4.7)

2.0 g o he [~ -

. do , 95 >3 | i
T (4.7) tathay — =0 giong hét — =0 nén hy,~> . . 3,0
U (4.7) ta thay o, =~ 0 giong hét — =0 nénhy { 60 ° 0,  Omin

T ham sb nudc nhay O(h) ta thiy co thé tim h' khi biét h” va nguoc: h’«> h” va
A >=53'-3" (xem hinh v€ bén).

II1. Céch xac dinh d¢ sau lién hi¢p trong kénh ling tru:

1. Mat cit bat ky: Ta co thé tim do siu lién hiép véi do sau cho trude béng cach tinh
dung dan theo (4.2) hoic bang do thi

2. Mt cit hinh chir nhat: T (4.2) duoc:

N 2h,

h"= 2{,/1+(—h' ) 1} (4.8)
W 2h,

h —?{‘/H(T) 1} (4.9)

Hoac: )
' 2
hr= % 1+ 80‘;}3 - 1} (4.8)
g.
" i 2
h'e h? I+ 80}‘1"{3 _ 1} (4.9
g.
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2
Voi =2, b, =3/ %
b g
B . , hv . . hn o . i
Néu dat: &, :h— va &, :h—. Quanhé §, ~ &, tra ¢ phuluc (13-1)
k k

o L3 L2 " 6

3. Mit cat hinh thang: £, =——-0,2, & = , (4.10)
Sy 1+5¢,

IV. Ton that nang lugng trong nuwéc nhay

Nghién ciru cau tao rdi cia dong chay c¢6 mach dong 16n ¢ nudce nhay, ta thiy rd
nudc nhay 1a mot hinh thtrc tiéu hao ning lugng 16n ctia dong chay.

Tén that ning lugng trong nudc nhdy trén kénh day bang (i=0) c6 thé tinh bang
cach viét phuong trinh Bernoulli.

Tu phuong trinh Bernoulli = h, = (h'+ @y ) (h" A& )(4 11)
2g
Ddi voi mit cat chit nhat thi:
2 2 3 "
avi _ oq - h 1'(2 =h—,(h'+h")
2g  2.gh” 2h° 4h
2 2 3 !
avi _ oa.q”2 _ h% _ h” (h +h")
2g¢  2gh” 2h’ 4h

Thay vao (4.1 1) va rut gon ta dugc:
(h -h)*  a’
" 4h'h’ 4hh
Viy: Ton that nang luong trong nudc nhay ti 16 bac 3 véi d6 cao nude nhay.

(4.12)

V. Chiéu dai nwée nhay va chiéu dai doan sau nwéc nhay:

Trong pham vi nudc nhay ¢6 mach dong 16n vé luu tdc va ap sudt lam tiéu hao rat
16n vé nang lugng dong chay.

Sau nuéc nhdy, nhitng mach dong d6 van con va tat dan trén mot doan dai, cho toi
khi tré lai tri sé mach dong ctia dong chay rdi binh thudng. Do dai trén d6 mach dong tat
dan goi 1a doan sau nudc nhay.

bo dai 1, va 1y, c6 y nghia quan trong trong viéc xac dinh kich thiroc nhiing cong
trinh tiéu nang va gia c6 ha luu.
* Chiéu dai nwéc nhay

Chiéu dai nudc nhay duge xac dinh bang nhiéu cong thire kinh nghiém. Sau day 1a
mdt s6 cong thie thuong dugc dung:
Poi v6i kénh chir nhat:

Cong thirc Pavoldpski: In=2,5(1,9h" - h"). (4.13)
Cong thirc Tréctouxdp: In=10,3h" ({/Fr, =1)**" (4.14)
Cong thtrc Saphoranét: In =4,5h” (4.15)
Cong thirc Picaldp: In = 4h’ (/1+2Fr,) (4.16)

Nhitng cong thirc trén dugc tim ra v6i nhimng thi nghiém tién hanh trong pham vi Fr>
10.
Cong thuc O. M. Aivadian
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810+ /Fr, ) (h"—h')’
Fr,  4h'h"
Cong thire trén dung cho 3 < Fr; <400
Cong thuc ly thuyét cia M. A. Mikhalép:
l,=2,3a,lg (a" +h )(a° —h ) .
(a, —h")(a, + 1)

Véi a,=h’(y1+2Fr,)
P6i voi kénh hinh thang:
+ D¢ dai nudc nhay thuong duge xac dinh bdi cong

l,= (4.17)

(4.18)

thirc:

B, - B B, Bl =—
( B, J \

Trong d6 B, va B; 1a bé rong trén mat thodng cua nhirng mat cit udt trude va sau nudc
nhay.

+ Do dai doan sau nude nhay Isn, thuong tinh tir mit cit sau nudc nhay dén mat cit
& d6 mach dong luu tdc ¢ nhiing tri s6 thudng thdy ¢ dong chay déu.
Sau day 1a mot sb cong thire kinh nghiém vé lsn:

Cong thuc Virdogo: Isn = %.hh (4.20)
n

Trong d6 n - hé s6 nham.
hy, - d6 sau thuong ngay ¢ ha luu. ’
Vi day bé tong, n = 0,014, cong thuc (4.20) viét thanh:

) Isn =28,6h, (4.21)
Cong thuc Tréctéuxop:  Isn= (2,5 + 3)In. (4.22)
Cong thirc Cumin: Isn =32,5h,-In. (4.23)

Nhiing cong thirc néi trén vé do dai sau nudc nhay déu dung véi nhimng day kénh khong
bi x0i.
Thi du:
Tim d6 sau lién hié€p cua nudc nhay trong kénh chir nhat, biét do sau trude nudc nhdy h’=
0,70m; luu luong Q = 36m’/s, bé rong kénh b = 10m. Tinh ton that ning lwong trong
nudc nhay, do dai nude nhay.
Giii :
Ta tinh h” theo (4.8):
, oq° aQ’ 1,1.36°
Co = =
gh” gb>h” 981.10°.0,70°

! 2
o= s %9y | =27 (1842 -1)=1,7m
2 gh' 2
Tén that nang luong trong nudc nhay tinh theo (4.12):
n_1.1)3 _ 3
oo ) _07-02)
4h'h" 4.1,7.0,7

Nang luong don vi trudc nude nhay:

2
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Eoh s V070 307 oo
2g 2.9.81.0,7°

>

A A A r 5 M 1 - r 7 5
Ta thay ton that qua nudc nhay bang ~ 0,1 nang lugng trudc nude nhay.

2

Chiéu dai nudc nhay, tinh theo (4.17), (vi Fr; =4,2 > 3).

3
L 8(10+1/4,2).(1,7—0,7) agom
42 41.7.07
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§4.3 NUOC NHAY NGAP

I. Phuwong trinh nwéc nhay ngap:

Xét truong hop nudc nhay ngap sinh ra khi dong chay chay ra dudi ctra céng phang.
Goi h, 1a d§ sau co hep cua luéng chay ra khoi cira céng va 1a do sau trude nudc nhay
hoan chinh, h, la d6 sau cua mat cit co hep da bi ngép, hy 1a do séu cua ha luu tirc d6 sau
sau nudc nhay ngap. Gia thiét rang ap suét tai mat cit co hep phan bd theo quy luat thuy
tinh va lyc ma sat day khong dang ké.

%
X o
L
7 2
oA ] B
L1 <=
% E
%
LA
vV, —> 2
Al BY 1 2

Viét phuong trinh dong luong doan [AA” - BB’]
1 1
pP.0y,-q.V, - POy .q.V, Zaq(hz2 —Ey.hh2 (xem a, =0, =a,) (4.24)

A1 Yo, 2 Y0, 5 1 2
Viétlai (4.24): —q°- —q = —.v.h
ai (4.24) — oh q =7rh,

1
—5.}/.hh2 (xem o, = a )
h c

: h' h’ h' h, h’ h,” 1h,’
Viét duoc: —k——k:lhzz —lhhzz—k3. e -1 z 1 b (4.25)
h, h, 2 2 h,” h, h~ 2 h~ 2h,
- hh hz e ;o hk 3 N 2 < A
bat: S =h— , K :h—, voichuy Fr, = . thi phuong trinh (4.25) viét dugc:

C c

c

K*=S?-2.Fr, (l—é) (4.26)
(4.26) 1a cong thirc nuwdc nhay ngap trong bai toan phang.
KhichoK=1tltc h, =h_=h'tas€ c6 S=0,5(y1+8Fr, —1) tirc
h, =0,5h,(,/1+8Fr, —1)=> tic 14 tré lai cong thirc dé tim do sau lién higp h, = hy, cta
nudce nhay tu do, hoan chinh. Vay phuong trinh ctia nude nhay tu do 1a truong hop riéng
ctia nudc nhay ngap.
IL. D9 dai cia nwdc nhay ngap 1, 4
C6 thé dung cac cong thirc sau

v’ Cong thirc J.smétana: =6(h, —h, )=6(h,—h,)

v Cong thire kinh nghiém cta A.N.Rakhomanop:

nng
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.. h
- VoI 2<125 > 1, =65.(h, ~13h,)

h
- 2125 > 1, =35(h,+83h,)

n.
c

III. Tén thit ning lwong trong nuéc nhiy ngip
Viét phuong trinh Becnulli cho mat cat (1-1) va (2-2)

2 2
Tacod: h, = hZ+V° — hh+V—2
2g 2g

h . . .. h
Dat Szh—h,néu lay K=1 va bién d6i : h—w

Cc Cc

_(S=1 _(h'e—h%)
48 4h'ch,
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§4.4 KHAI NIEM NUGC NHAY KHONG GIAN,
NHAY TRONG KENH CO PQ DOC LON

e NUGC NHAY KHONG GIAN

Ta vira nghién ctru nhirmg dang nudc nhay trong kénh lang tru va trudng hop riéng
1a trong kénh chit nhat (bai toan phang). Khi kénh khong phai 1a lang try, sy ndi tiép giita
dong chay xiét va dong ém xay ra trong diéu kién khong gian.
Trong diéu kién bai toan khong gian, hinh thirc ndi tiép phuce tap hon trong dleu kién bai
toan phang. Dang nudc nhay hoan chinh ¢ thé quan sat thdy ¢ kénh c6 mit cat hinh chi
nhat, mé rong v6i goc 6 nho (0 < 13°%). Véi 6 > 13° dong chay bi léch vé mot phia va
xudt hién nhimng khu nudc xoay bén, hinh thirc chuyén dong nay thuong dugc goi 1a dong
xién. Con & kénh mo rong dot ngdt, nodi chung khong thay xuat hién hinh thirc nude nhay
hoan chinh, tu do, d6i xtng d6i voi truc 10ng kénh ma thuong thuong dong chay xiét ndi
tiép v6i dong chay ém dudi dang 10ng xién.

Nén chon 0<13" — khong ton tai khu xody bén

—
<) T 7
g T
<> /
e NUOC NHAY TRONG KENH CO bQ DOC LON G

Ddi vai kénh ¢6 dd doc i 16m, viée tinh toan nude nhdy tré nén phtrc tap hon rat nhiéu;
do ¢ sy hién di¢n cua thanh phan trong lugng Gr cua khoi chat 16ng tac dong 1én
phuong dong chdy (chung ta khong xét truong hop nay ¢ day).

Cdu hoi:
1. Khai niém chung vé nuéc nhay.

Céc dang nudc nhay

Phuong trinh co ban vé nudc nhay hoan chinh.

Ham s6 nudc nhay:

Céch xéc dinh d9 sau lién hiép trong kénh lang tru

Tén that nang luong trong nude nhay

Chiéu dai nudc nhay va chiéu dai doan sau nudc nhay

Phuong trinh nudc nhay ngap

Do dai cua nude nhay ngap 1, ng

10 Tén that nang luong trong nudc nhay ngap

11.Khai niém nude nhay khong gian, nhay trong kénh c6 do déc 16m.

12. Khi tinh toan tiéu ning bang bé (khi xay ra nu6e nhay xa), néu bai toan thyc sy 1a
nude nhay khong gian, nhung néu ta tinh theo bai toan phang thi két qua thé nao ?

e R o
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xét vé sy tiéu hao niang lugng do nudc nhay ngap trong bé s& tot hon hay xau hon
?

13. Hay vé& d0 thi duong cong niang lugng don vi va ham sd nudc nhay, hiy nhan xét
nhirng diém giong nhau va khéc nhau cua chiing, néu cac ap dung dya trén do thi
cua chung ?

14. Hay nhan xét vé do phan bo luu toc trong nude nhay ?

Bai tap.

1. Xac dinh vi tri nudc nhdy sau dap tran di vao kénh chit nhat c¢6 i=0, b=10m, n=0,017,
h=3,6m vd&i luu luong Q=80m3/ s. Biét chiéu siu tai mat cét co hep h=0,7m.

2- Kénh chit nhat b=10m; Q=20m"/s; n=0,014. Poan trén c6 i,=0,047, c6 do sau chay déu
hy;=0,29m. Poan dudi ¢6 1,=0,00076 c6 do sau chay déu hy,=1,09. Hai doan ndi v6i nhau
tai mat cat C-C. Xac dinh hinh thtc ndi tiép tai khu thay d6i do déc. V& duong muc nude
trén va dudi mat cat C-C. Phia thuong luu coi nhu xa vo tan va khong chiu anh huong
cua cong trinh khac.

3. Nudc chay ra khoi céng c6 do su tai mat cat co hep 12 h=0,5m. Luu lugng don vi
q=4,5m’/sm.

a. Tinh d6 sau lién hi€p véi he.

b. Kénh ha luu cdng ¢ trang thai chay déu véi do sau h,=3,5m kiém tra trang thai nhay
(hoan chinh hay ngap). Néu 1 nhay ngap tim h,
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CHUONG 5
DAP TRAN
kkek
§5.1 KHAI NIEM CHUNG

I. Pinh nghia- Tén ggi - Ki hi¢u
II. Phan loai
1. Pap tran thanh méng
2. Pap tran cé miit cit thwe dung
3. Pap tran dinh rong
A. PAP TRAN THANH MONG
§5.2 PAP TRAN THANH MONG, CUA CHU NHAT
I. Ciac dang chiay khong ngap
II. Hinh dang lan nwéc tran cia dap tran thinh moéng tiéu chuin
II1. Cong thirc tinh Q qua dip tran thanh méng tiéu chuin
IV. Anh hwéng co hep bén
V. Chay ngap
§5.3 PAP TRAN THANH MONG, CUA TAM GIAC VA HINH THANG
I. Pap cira tam giac
I1. Pap cira hinh thang
B. PAP TRAN THUC DUNG
§5.4 PAC PIEM CHUNG CUA PAP TRAN CO MAT CAT THUC DUNG
I. Hinh dang mit cit
1. Mit cat da giac
2. Mit cat hinh cong
I1. Cong thire tinh luu lwgng
III. Piéu kién chay ngip
IV. Anh huéng co hep bén
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I. Pap hinh cong c6 chan khong
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II. Céc bai toan vé dip c6 mit cit thue dung

C - PAP TRAN PINH RONG (2 + 3)H < § <(8+10)H

§ 5.6 HINH DANG DONG CHAY TREN PINH DAP

I. Sw bién doi ciia hinh dang dong chay khi chiéu day dinh dap thay doi.
II. Anh hwéng ciia mwe nwée ha hru dén dong chay trén dinh dap
§ 5.7 PAP TRAN PINH RONG CHAY KHONG NGAP

I. Cong thirc co ban

II. Cach xac dinh chiéu sau h va hé s6 lwu hrong m

§5.8 PAP TRAN PINH RONG CHAY NGAP

I. Chi tiéu ngap

II. Cong thirc tinh dip tran chay ngap

§5.9 DPAP TRAN PINH RONG CUA KHONG PHAI CHU NHAT
I. Trwong hgp chiay khong ngap

II. Trwong hop chdy ngap

§5.10 CAC BAI TOAN VE DAP TRAN PINH RONG

§5.11 TINH THUY LUC CONG DAI CHAY KHONG AP
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CHUONG 5
PAP TRAN
Weirs and Spillways
kkk
§5.1 KHAI NIEM CHUNG
I. Pinh nghia- Tén goi - Ki hi¢u o)

Vit kién trac ngan dong chay khong ap, 1am
cho dong chdy d6 chay tran qua dinh goi 1a dap tran.

Pap tran 1a mot trong nhitng bd phan cha yéu
ctia nhiéu cong trinh thuy loi: Phan tran nudc thao li
ctia hd chtra, ddp ngin song dang nude, mot sd loai
Cél’lg,... 0

Ta thong nhat cac tén goi va ki hiéu cho cac
dai luong déc trung cua dép tran nhu sau:

- Chiéu rong dap tran, ky hiéu b 1a chiéu dai doan

tran nudc.

- Chiéu cao cuia dap so v6i day kénh hoic song

thuong luu, ky hi¢u P;.

- Chiéu cao cuia dap so v6i day ha luu, ky hiéu P

- Chiéu day dinh dép, ky hiéu .

- Cot nudc tran H, 1a chiéu cao mat nuée thuong
lwu so véi dinh dap, chiéu cao nay do tai mit cét (0-0) Mit cit D-D
cach xa dinh dap (3-5)H vé phia thuong luu. (Hinhl)

- Chiéu sau ha luu, ky hiéu h,

- Po ngép ha luu, ky hiéu h,, 13 chiéu sdu mit nudc tir ha luu dén dinh dép.

1_
o |
1

II. Phan loai

Phén loai theo chiéu day dinh dap va hinh dang mat cat ngang

1. Pap tran thanh méng: 6 < 0.67*H (Hinhl)

Lan nudc tran ngay sau khi qua mép thuong luu cua dinh dap thi tach ra khoi dinh dap,
khong cham vao toan bd mit dinh dép. Do d6 hinh dang va chiéu day cua dap khong anh
hudng dén lan nudc tran va luu lugng tran.

2. Pap tran c6 mit cit thwe dung: 0.67H <8 < (2+3).H

Khi chiéu day dinh dap da anh huong dén lan nudc tran nhung khong qua 16n.
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ov’2g

wy—l\hh

3. Pap tran dinh rong: (2+3).H <8 < (8+10).H. Chiéu day dinh dap anh huéng dén lan
nuodc tran

’ P

N6i chung dap tran 1a mot ngudng chin ngang dong chay lam cho dong chay tran 1én
dinh ngudng.

Nhung néu c6 hai birc tuong hodc md & hai bén lam thu hep dong chay, do d6 muc
nudc ¢ phia thugng luu phai dang 1€n, tao nén mo dd chénh muc nudc, thi du khong co
ngudng cao hon day kénh, vé quan diém thuy luc ta ciing coi ddy 1 hién twong chay qua
dap tran dinh rong (dap c6 P = P, = 0). Luc d6 d6 sau ¢ thuong luu khe hep cling chinh 1a
¢t nude H trén dinh dap. Hién tuong nay gap rat nhiéu trong thyc té: M6 cau nho cong trén
kénh hodc cong & dau kénh khi ctra cong kéo 1én khoi mit nudc, v.v..
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A. PAP TRAN THANH MONG

§5.2 PAP TRAN THANH MONG, CUA CHU NHAT

I. Cac dang chay khong ngap

Dbi véi dap tran thanh mong, ngoai hai ché do chay khong ngap va chay ngip da dé cap &
muc trén, thi riéng trong truong hop chay khong ngip, con cé thé co ba dang chay khac
nhau sau day, tuy theo tinh trang khong khi & phan khong gian dudi lan nudc tran:

Chay tu do - khi phan khong gian dudi lan nudc tran c6 khong khi ra vao duoc tur
do, 4p sut & d6 bang ap suat khi troi, 1an nude roi tr do theo quy luét cua vat roi.

Chay bi ép - khi ¢ phan khong gian duéi lan nudc tran, khong khi bi lan nudc cubn
di ma khong duge bo sung day du, sinh ra chan khong, 1am cho lan nuéc khong d6 duge tu
do ma bi ép vao gan thanh dap, dudi 1an nudc c6 khu nude cudn dang cao hon muc nude ha
Iy, c6 khi dang day phan khéng gian dudi lan nudc tran.

Chay bi ép sat - Khi ¢t nuéc H nho ma dudi lan nude tran khong khi khong vao
dugc tu do, thi lan nude tran bam sat vao thanh dap ma roi Xuéng.

Hai loai chay bi ép va chay bi ép sat tuy c6 hé sb luu luong m 16n hon chay tu do,
nhung khéng 6n dinh, 1an nuéc lay dong hé sé luu lwong m thay doi. Trong trudng hop
chay tu do lan nuéc on dinh, hé sb luu lugng m khong d6i nén dap thanh mong chay ty do
dugc dung lam mot cong cu do luu lugng trén kénh. Do do6 ¢ day ta cling chi di sau xét cho
truong hop chay tu do. Pap tran thanh mong chay tu do khong c6 co hep bén dugc goi la
dap tiéu chuan.

777777777777, 777777777777777 /7777777777777777777777.

Chay tu do Chay bi ép Chay bj ép sat
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II. Hinh dang lan nwéc tran cia dip tran thanh méng tiéu chuin:

—

0.435H

:1031’ \//_\_\/

N Hinh dang lan nuidc tran qua
dap tran thanh mong

Mat nude khi dén gan dap thi dan dan ha thép xudng, c6 thé xem la bat dau ha thap
xudng tir mit cat 0-0 cach dap mot khoang 3H, khi dén dinh dap thi da xudng thap 0,15H.

Mat dudi lan nude tran tach ngay khoi mep thuong luu va vong 1én, chd cao nhat 1a
0,112H r6i cong xudng, dén nagng muc dinh dap cach mép thuong luu mot doan 0,67H. Do
d6 néu dap c6 chiéu day nho hon 0,67H thi dinh dap khong anh huong dén lan nudc tran va
goi la dap thanh méng. Lan nu’oc tran khi xuong dén ngang muc dinh dap co chiéu day
0,435H va nghiéng mot goc 41°31 v6i dudng nim ngang, sau dé roi xudng theo quy luat
vat roi.

ITI. Cong thirc tinh Q qua dip tran thanh méng tiéu chuén q
Néu dap tran dugc xem la trudong hop riéng cua dong chay qua 16 16n thi luu luwong c6 thé

xéc dinh bang cong thic sau: Q = %p,t.b.1/2g(H23/2 —H,"?)
Véi gia thiét Hi=0 va H,=H, , tas& c6: Q= % wb./2gH >
Néu dit m =§ u: Hé s6 luu lugng cua dap tran thi:
Q=mb./2gH " hay Q=m,.b.\/2gH*">
2
Theo Bazin: =10,405+ O 0031, *11+0,55., H
H H+P,

Pham vi chinh xac: 0.2m<b<2m
0,24m <P, <L13m
0,05m < H <1,24m

Theo Trugaep: my =0.402 + 0_054E

1

Pham vi chinh x4c khi: P, >0.5.Hva H>0.1m, do chinh xac dén 1% , nén lam dap tran
tiéu chuan dé do luu luong trén kénh.

IV. Anh hwéng co hep bén
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Khi c6 co hep bén thi: Q=m .b.\2gH* ,v6i: m =em

C6 thé tinh m, theo cong thirc Bazin:
2 2
m, = {0,405+ 0,003 _ 0,03 G P 0,55(E [-H
H B B H+P,

V. Chay ngap
Pép tran thanh moéng 1am viéc trong ché do
chay ngap néu thoa man 2 diéu kién sau:

- Myc nudc ha luu cao hon dinh dép hy, >
hay h,= hy- P > 0.

- Lan nuéc tran ndi tiép véi ha luu bang
nude nhdy ngdp hodc khong cd6 nudc nhay va
dong chay ¢ ngay ha luu dap 1a chay ém.

Néu diéu kién tht hai khong thoa man, muc
nudc & ngay sau ddp van thip hon dinh dap; mic du myuc nude binh thudng & ha lwu cao
hon dinh déap, lic d6 muc nudc ha luu van khong anh huong dén luu lugng tran, nén van la
chay khong ngap

(xem hinh bén).

—_
~
——~\

~

~

—_ =
-

/

AN

%
=
Z

Diéu kién ngap: 212 = 0,7 +0,75 (tra bang)
P \P)/,
Trong d6: z 1a d§ chénh myc nudce thuong ha lvuz=H - h,
: ; h
Luu lugng: Q =0, m,.b./2gH*"*v&i hé s6 ngdp o, =1.05(1+0.2.—* ).3\/%
p

Néu c6 thém co hep bén thi: Q =c, m_.b.\/2gH""
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§5.3 PAP TRAN THANH MONG, CUA TAM GIAC VA HINH THANG

I. Pap ctra tam giac: Dung do luu luong

| A
0 5 5
Q= mo.tg5.1/2g.HA =m,2gH”
Trong d6: 6 1a goc ¢ dinh cua tam giac.
Thuong lam dap voi 6 =90°— m=0.316 |

Q=14.H" (ms) (H tinh bing m)

|
Chinh xac té1 1 % khi 0.05m <H < 0.25m.
Véi nhitng lwu rong ma H > 0.25 thi ding dép cira hinh —ﬂx\w
thang. ”\ _—
/>/\/\

I1. Pap cira hinh thang: N
Cong thure tinh luu lugng qua dap cud hinh thang van cé
dang nhu ctra chir nhat:

Q=m, .b.w/2g.H%
A \ , 1 ¥ 3
Pap thuong c6 tgb, = — nén Q=1,86.b.H? (m’/s
ap g6 tgh, = Q (m’/s) \ . /

H
Cong thirc ndy ap dung khi: H < E,Pl >0, chay tu do. él /

| —

Bai gidng thiy lwc cong trinh Trang 62



Khoa Xay Dung Thuy lgi - Thuy dién Bo mon Co So Ky Thudt Thuy Loi

B. PAP TRAN THU'C DUNG
§5.4 PAC PIEM CHUNG CUA PAP TRAN CO MAT CAT THUC DUNG

I. Hinh dang miit cit:

Diép tran c6 mit cat thuc dung la cac loai dép tran thuong dung trong cac cong trinh

tran nudc trén séng, trén kénh. Dé co thé thoa man tat ca hodc mot trong cac yéu cau vé 6n
dinh cua than dép, co nang luc thao nudc 16n, thao cac vat troi 1an trong nude dugce dé
dang, hinh dang don gian dé thi cong, tién dung vat liéu tai chd, v.v... nén mit cit dap tuy
diéu kién cu thé co thé ¢ nhiéu kiéu khac nhau, hodc la hinh da giac hodc la hinh cong.
1. Mt cit da giac: Thuong 13 hinh thang, c¢6 dinh nim ngang hodc dbc, chiéu day dinh &
trong pham vi: 0,67H < & < (2 + 3)H, mai dbc thuong ha luu cé thé co cac tri s6 khac
nhau. Cac dap ndy co cau tao don gian, dé xay dung bang moi loai vat liéu: Bétong, gach,
d4, g6... nhung c6 nhuoc diém 1a hé s luu luong nho so vo1 cac loar mat cit hinh cong.

o
00,°
0(%0

7 77 77777. 7

2. Mit cit hinh cong:

C6 dinh dap va mai ha luu hinh cong, lugn theo
lan nudc tran, nén dong chay tran dugc thuan, hé s6 luu
lugng 16n, dé thdo cic vat troi trong nudc, nhung xiy
dung c6 phirc tap hon. Pap mit cat hinh cong thudng cd
hai loai:

a) Néu gitra mat dap vo1 mat dudi cia lan nudce tran co

khoang tréng thi khong khi & d6 bi lan nudc cudn di,
sinh ra chan khong, goi 1a dap hinh cong c6 chan khong.
b) Néu 1am cho mat dap sat vao mat dudi cia lan nudc
tran, khong con khoang tréng nita thi s& khong c6 chan
khong, goi 1a dap hinh cong khong c6 chan khong.

Chan khéng 1am cho lan nuéc tran khoéng on
dinh, dé lay dong, lam dap bi rung dong va dé sinh ra
xam thuc trén mat dap. Do do trude ddy nguoi ta thuong
dung dap khong c6 chan khong, va dd nghién ciru nhiéu

vé loai nay. Nhung chan khong trén dinh dap lai co tac
dung hut, 1am ting luu luong, nén c6 kha ning rat ngin
chiéu rong dap; nén gan day, khi k¥ thuat xay dung va
vat liéu xay dung d3 c6 nhiéu kha niang chdng lai tac hai
cua chan khong, viéc dung dap c6 chan khong lai c6 lgi
hon, va nguoi ta da chi ¥ nhiéu hon dén loai dap nay.
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I1. Cong thirc tinh luu luwgng
Khi dap c6 nhiéu khoang > b — c6 co hep bén:

Khi chay ngap :Q=o0, .a.m.Zb.\/gHoy2

Khi chay khong ngap (c,=1): Q= ?,.m.Zb.\/iHoy2

2
a.v,

2g

Khi Q, >4> bH—> ~0—>H,~H: Q=0,.em.Xb./2gH’"”

II1. Piéu kién chay ngip ‘ ‘
Dap tran goi 1a chay ngép khi thoa man dong thoi hai dicu kién sau day:
1. Myc nudce ha luu cao hon dinh dap: h,> P hay h,=hy,-P >0

2 2[2) . (_j :f(E,mj
P \P), \PJ, \P

IV. Anh huéng co hep bén ‘ ‘

Trong thuc t€, cac dap thuong co chiu rong tran nudc > bnho hon chi€u rong song
thuong luu B, ¢ hai dau dap co md bén va trén dinh dap co cac md try, chia dap ra lam
nhiéu khoang. Diéu d6 1am cho dong chay di vao dinh dép bi co hep, chiéu rong thyc té cua
lan nuéc tran trén mdi nhip khong phai labmala b, =eb voi e<1
S +(n-D.E, H,

n b

Hésdco hep bén: ¢=1-0,2.

Trong d6: n 1a sé khoang dfflp
b : chi€u rong moi nhip
§,., :hé sO hinh dang mo bén
€, -hé sb hinh dang mb tru

Khi % >1 phai lay % =1 dé tinh
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ANNNN

£ =080 & =045 =045 ¢
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§5.5 CAU TAO MAT CAT VA HE SO LUU LUONG CUA CAC LOAI PAP CO
MAT CAT THUC DUNG

I. Pap hinh cong khong cé chan khéng:
O day chi nghién ctru loai dap khong co chan

khong. L T

Nguyén tdc thiét ké 1a lam cho mdt dap an
khép voi mat dudi cua lan nudc chdy qua dap tran \
thanh moéng tiéu chudn, tng véi mot cot nudc H
cho trude goi 1a Hyx (thuong dung mat Corigo
Ophixérdp). S

Khi thay ddi chat it mat cét dap so vdi mat cat -4 —-~—————
tiéu chuan, hoic H # H,, thi m thay d6i nén: m =o,,.0,,.m_

c,,: H¢ s stra chita do thay d6i hinh dang theo cau tao khac véi dap tiéu chuan (tra bang).
c,: Hé s6 stra chita do cot nude H khac véi Hy, (tra bang).
m, : Hé sb luu luong duge xac dinh cho dap tiéu chuan.
+ Pap loai I: me= 0,504 (Theo Ophiréxdp)
my= 0,49 (Theo Pavolopxki)
+ bap loai II: my= 0,48
IL. Cac bai toan vé dip c6 mit cit thwe dung:
Thuec té ta thudong phai giai quyét cac bai toan sau day vé dap tran:
1. Biét chiéu rong dap b, cao trinh dinh dép, muc nudc thuong ha luu (tc biét H va
hy), tinh luu luong Q.
2. Biét chiéu rong dap b, luu luong Q, muc nudc thuong ha Iuu, xac dinh cao trao dinh
dap (tinh H); hodc biét cao trinh dinh dap, xac dinh muc nudc dang & thuong luu.
3. Biét luu luong Q, cao trinh dinh dap, myc nudc thugng ha luu, tinh chiéu rong dap
b.

Tir cong thuc tong quat Q = Gn.s.mZb.ngHomc() thé dé dang rat ra mot trong cac dai
luong Q, b, H khi biét cac dai lugng con lai. Tuy nhién véi cac hé s6 o, ,&,m nhiéu khi
phu thudc cac yéu td chua biét, nén mot sd bai toan phai giai bang cach tinh ding dan.

Thi du 14-3:

bap khong chan khong kiéu Corigio-Ophixérép, mit cat dap lam theo cot nudc thiét ké Hy,
= 2,00m dap c6 mai doc p=60",00=45"; P, = 8,00m, a = 1,00m, P = 9,00m. Pap c¢6 5
khoang mdi khoang rong b = 10m. Pau md try hinh ban nguyét ¢ 1, = 0, md bén luong
tron. Song thuong luu rong trung binh B = 70m. Tinh luu lugng khi H = Hy va khi H =
2,60m; muc nudce ha luu thap hon dinh dap.

Hé s6 luu lugng cua dap thuc dung mat cit hinh thang nhu sau:
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Do cao | Do doc mai Hé s6 luu lwong m
tuong
doi cua S Q'
dﬁpﬂ thuong | ha E>2 I< E<2 O,5<E<1
" H| lvu | lwu 5 5 5
3+5 0,5 0,5 0,43 +0,42 0,40 + 0,38 0,36 ~ 0,35
1 0 0,44 0,42 0,40
2+3 2 0 0,43 0,41 0,39
0 1 0,42 0,40 0,38
0 2 0,40 0,38 0,36
3 0 0,42 0,40 0,38
4 0 0,41 0,39 0,37
5 0 0,40 0,38 0,36
1+2 |10 0 0,38 0,36 0,35
0 3 0,39 0,37 0,35
0 5 0,37 0,35 0,34
0 10 0,35 0,34 0,33

Giai
- Ta dung cong thuc chdy khong ngép c6 co hep bén:
Q= s.m.Zb@Hf)/z
- Truéde hét xét vy
Q. =(P,+H)B=(8+2)70=700m’
4> bH =4.50. 2 = 400m’

2

Q, >4 bH. Viy c6 thé bo qua °;V° va lay Hp = H.
g

- Tinh hé s6 lyu lugng: m = 6,,.5,,.m__
bap loai nay c6 m. = 0,504

Ly o, theo bang (14-7) v6i o.=15°,B = 600,% = 6’;48 =0,8435

Trongd6e="P;-a- (;)x-o Hy=8-1-0,126. 2 = 6,748m, ta duoc c,, ~ 0,978

- Tinh hé s6 co hep bén:
€= 1_ 0’2 E.)mb + (n _I)E.Jmt i
n b
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€., =0,70,&  =0,45

e=1-02%7TH0A 2 4¢
10

o, =1

m = 0,978. 1. 0,504 = 0,493.
Q=0,98.0,493. 5. 10. 4,43. 2> =301m’/s.

b) Khi H = 2,6m
M _20 13 Tra bang (14-8) duoc o, =1,026,
H, 2
m = 0,948. 1,026. 0,504 = 0,505.
—1-02 0,7 +4.0,45 ?06 0974
Q=0,974. 0,505. 5. 10. 4,43. 2,6°% = 426m’/s.
Thi du 14-4:

bap thuc dung mat cit co chan khong, dinh ellip, co %z 3, r'=1,00m. Luu lugng

thiét ké 800m>/s. Cot nude thiét ké H= 2,50n}, Vo= O,8n}/s. Muc nudc ha luu thép hon Qinh
dap. Dap chia ra 5 khoang bang nhau, cac mé6 bén va mo6 tru luong tron ban nguy€t, mo try
khong nho ra thugng luu dap. Tinh chiéu rong dép.
Gidi:
av, 10,8
2¢  2.981
Hy=2,50 + 0,03 =2,53m
% = 2’153 , tra bang dugc m = 0,56
Tir cong thie: Q = em.> by/2gH3"
Véi > b=nb (n: s6 khoang = 5), ta c6:
Q B 800 B
nmy2gH}?  5.0,56.4,43.2,53"
Twr cong thirc (14-19), ta co:

eb=b—0,25m T =D5w 1y ¢
n
Emp T (m—DE

n

b=16 +0,2.w.z,53 ~16,25.

=0,03m

eb =

b=¢b+0,2

th
0

Tong chiéu dai dap 1a > b=5.16,25=81,25m
Thi du 14-5:
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bap thuc dung mat cit hinh thang dinh day 6 =4m, cao P = P; = 5m mai thugng luu théng
dimg S = 0, méi ha luu déc S' =2, rong 10m (mot khoang) md bén vudng canh. Tinh ¢t
nudc trén dap khi luu luong Q = 80m*/s va muc nude ha luu cao hon dinh dap h, = 1,00m.
Bo qua cot nude luu tde di téi.

Giai:

Tur cong thirc (14-17) ta co:

Q 3
H=|————
° | o,.emby2g
G, & m déu phu thudc H.
Twr cong thue (14-19) voin =1 ta co:
H H
e=1-02¢& —>=1-0,2.1.—>=1-0,02H,
b 10

Léy gﬁn ding lan thir nhit € = 0,98, m = 0,36 va d, ta duoc:

2

3

H~H, = 80 =2,98m
1.0,98.0,36.10.4,43

Bay gio phéi xét chi tiéu ngap va xac dinh lai cac dai lugng o .em
z=H-h,=298 -1,00=1,98m.

5 P,

P

Nhu vay dap tran lam viée & ché do chay ngap.
Tra bang hé s6 ngap o, (bang 14-2) véi:

h, 1,00

H, 2,98

=0,335

c, =0,988
e=1-0,02H, =1-0,02.2,98 = 0,94.
Hé s6 luu luong cua dap hinh da giac (bang 14-11) véi:
P_5 ,7;E = 2,98 =0,75
H 298 )
m = 0,3‘5 .
Vay tri s6 H gan dang lan thu hai la:

H~ ( 80 j =3,40m.
0,988.0,94.0,35.10.4,43
Vi tri s6 H nay tim lai cac h¢ sb c,.em dugc:
¢, =0,991;6=0,932;m=0,35
Va tri s H gan dung lan thir ba 13 ;
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2
3
H~H, = 80 =3,36m.
0,991.0,932.0,35.10.4,43

Vi tri sO H =3,36m, o, .e.m cling c6 tri sO nhu trén, nén bai todn coi 1a ding
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C - PAP TRAN PINH RONG

Dinh nghia: Dép tran dinh rong la mot ngudng chin ngang dong chay dé dong chay trin
trén dinh ngudng va c6 chiéu rong ngudng & nam trong khoang:
2 +3)H <35 <(8+10)H

Nhung néu c6 hai btic twdng hodc mb & hai bén lam thu hep dong chay, lam cho
muyc nude ¢ phia thugng luu phai dang 1€n, tao nén mot do chénh muc nudce, th d khng ¢
ngudng cao hon day kénh, vé quan diém thuy luc ta ciing coi ddy 1 hién twong chay qua
dap tran dinh rong (dap c6 P = P, = 0). Luc d6 do sau & thugng luu khe hep cling chinh 1a
cot nue H trén dinh dap. Hién tuong nay gip rat nhiéu trong thuc té: M6 cau nho, cong
trén kénh hoac céng & dau kénh khi cira céng kéo 1én khéi mat nudce, v.v...
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§5.6 HINH DANG DONG CHAY TREN PINH PAP

I. Sy bién d6i ciia hinh dang dong chay khi chiéu day dinh dap thay doi.

1. Néu chiéu day dinh dap 2 < % <4,
dong chay vao dinh dap sé thip dan, d&én
khoang gitra dap thi qua do sau phan gioi

hy. Pay la truong hop qua do tir dap co
mat cat thuc dung sang dap dinh rong.

2. Néu chiéu day dinh déap

o - PR Z
3 <ﬁ< 8, mat nudc di vao s€ ha thap

dén mat cét (c-c) thi dat dén dd sau nho
nhat h.< hy. Sau d6 s& theo duong nudc
dang CD ¢ trang thai chay xiét (h<h,) ma
chay trén dinh dap, roi 6 xudng ha luu. ) PILILII27222277777

3. Néu dinh dap kha rong
) .
E: 8+10, dong chay khong du nang lugng dé
duy tri trang thai chay xiét trén toan bd
chiéu dai dinh dap; phén trudc la chay xiét
theo duong nudc dang, phan sau la chay
ém theo duong nudc ha, noi1 vdi nhau bang
nude nhady hinh song trén dinh dap.

4. Néu dinh dap dai hon nira % >10:

Luc nay ta khong thé coi 1a dp tran dinh rong ma phai coi nhu mot doan kénh ngan ndi tiép
v6i dap tran dinh rong.
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II. Anh hwéng ciia mue nwéc ha lwu dén dong chay trén dinh dap
|0

77777777777/(‘/ ]
KI7777777777777777

Hinh 2¢
| ‘ | ‘ 0
H’_ﬂ Ty Z ‘2 V)
e T g —==—="h,

Hinh 2b ‘ 0

A r A 3A 3 5 A \ 3 A R 3 8 .
Ta ti€p tuc xét che do chay cua dap tran dinh rong dién hinh 3 < I < 8, khi cho muc

nuée ha luu ting dan.

a) Ban dau myc nude ha luu thap hon dinh ddp, dong chay nhu dé ni trén, trén dinh dap co
khu chay xiét thay d6i dan CD (hinh 1b).

b) Khi myc nudc ha lvu cao hon dinh ngudng, nhung chua nhiéu 1dm, dong chay trén dap
s& ndi tiép véi ha luu bang myuc nudc > chdy ngap hodc nude nhay mat ngoai dang song, co
hinh dang dong chay trén dinh dap van hoan toan chua d6i. Lic d6 myc nuéce ha luu van
chua anh hudng g dén ché do chay qua dap, dap van chay khong ngap (hinh 2a).

c) Tiép tuc cho myc nudc ha luu tang 1€n nira, toi khi nude nhay hinh sng lan dén dinh
dap, phan sau cua nuoc nhay la khu chay ém c6 séng, nhung phan trude van co 1a khu chay
xiét, mit cat co hep (c-c) chua bi ngip (hinh 2b) th mye nude ha luu van chua anh 1 huong g
dén phan trudc nude nhay, cot nude thuong luu van khong thay d6i, nén lic d6 van c6 ché
d6 chay khong ngap trén dinh dap tuy do ngép h, d€ kha lon.

d) Tiép tuc ‘tang myc nude ha luu th nuwée nhay song lui dan vé phia trudc, cho dén luc lam
ngap mat cat co hep (c-c). Lac d6 dong chay trén toan bd dinh dap 1a chay ém (hinh 2c),
muc nudce ha luu bat dau anh hudng 16n dén thuong lwu va dép trd thanh chay ngap.

Trang thai qua do giita chay ngap va chay khong ngap 1a luc nudc nhay song ¢ ngay mat cat
co hep (c-c), d6 sau trén dinh dap bang d6 sau lién hop véi h, trong nude nhay song. Do
ngap ha luu h, lic d6 dé dat dén tri s6 kha 16n goi 1a do ngap phan gidi (h,)yg 5 (hy)pg = (0,70
+0,85)H,.
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e) Sau doé néu tiép tuc tang myc nudc ha luu th do sau trén dinh ddp cling tang dan, bién do
song giam dan, tién t6i nhu (hinh 2d), dong chay trén dinh dap ndm ngang thdp hon muyc
nuée ha luu mot d6 cao z, goi 1a d6 cao hoi phuc.

Do cao hdi phuc dugce sinh ra do mot phan dong nang cua dong chay trén dap chuyén thanh
thé nang khi mé rong ra ha luu. Viée x4c dinh tri s6 z, sé trnh biy ¢ tiét sau.
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§5.7 DPAP TRAN PINH RONG CHAY KHONG NGAP
I. Cong thirc co ban:

7777777777777(((((((‘/ )
| C P PTII7777777777777

Di thiét 1ap cong thirc Fnb’ bang cach viét phuong trdeQBecéoulli cho mat cat (0-0) va (2-
2)co:

2 2 2
a,.v oV \'%
H+—"=h+ +) E— 5.1
2g 2g 2.8 2g G-
2
H, =h+(a+2g);— (5.2)
g

1
bit p=—— (5.2) > v=042g(H,-h) va Q=v.0o=0¢.0,2g(H, - h)
Jurye

V&i mit cit chit nhat : Q = ¢.b.hy/2g(H, —h)

Bién doi dua vé dang chung cta dap tran : Q = (p.b.Hi 2g(1 —Hl).HO%
0 0
by
Pat H, thi Q =m.by2g.H,”
e.kvl-k =m

2
o.v,

2g
II. Cach xac dinh chiéu sdu h va hé 6 luu lwgng m:

Dung cong thure 1y luan hoac thuc nghiém, va lap bang quan hé m~¢ ~k tra bang (xem
sach tham khao).

Khi Q, >4 bH—>2Y 20> H, ~H thi Q=mb,2gH”
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§5.8 PAP TRAN PINH RONG CHAY NGAP
I. Chi tiéu ngap :

0 0 k k

Dung tinh chét : ?I >(h“j =0,70+0,85 hodc E >(h“j =12+14
p-g p-g

Chinh xac hon, béng cach: K tradothi 2
I1. Cong thirc tinh dap tran chay ngap: ‘
Ta tim cong thtrc tinh dap tran dinh rdng chdy ngép theo so do sau:

\ 0

H
B R N

/7. N

2
Trén dinh dap dong cL—:é(y c6 do sau bang h J: h -z,

Tuong tu ciing viét phuong trinh Becoulli cho mat cit (0-0) va (2-2) ¢6 :

Q=0,0)2g(H, ~h) véi h=h, -z,

. v, (Vv—v . X,
Véi z, :h(—“): Do cao hoi phuc

2g
Trong do: vy, 1a luu tde dong chay ¢ ha luu, img vo1 do sau hy,.
Géan dang xem z, ~0 nén h =h_. Do d6: Q = ¢,.m./2g(H, —h,)
Déi v6i dap cira chir nhat: @ =bhthi Q=¢,.bh_./2g(H, —h, )
Hé s6 @, phu thudc vao m tra bang.
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§5.9 DPAP TRAN PINH RONG CUA KHONG PHAI CHU NHAT

Nhiéu cog trnh thuy loi 1am viéc nhu mdt ddp tran dinh rong khong phai chir nhat, thi
du cac cong trn dudi dé, dudi duong khi chay khong ap va du ngan dé co cac diéu kién
chdy cua dap tran dinh rong.

Hién tugng va cong thirc tinh van nhu ciia dap chit nhat.

1. Trwong hgp chiay khong ngap:
Ta dong cog thirc 14-22:

Q= ¢.0\2g(H, —h)
Trong d6: h - d6 sau tinh toan trén dap, h = k.H,
- dién tich mat cat uét tmg v6i do sau h.
2. Truwong hop chay ngap:
Ta dong cog thac (14-40):

Q=0,.0y2g(H, ~h)

Voi: h=h, -z,
Cac tri sb ¢, k, ¢, cua dap ctra khong phai chir nhat, thuc ra phai hoi khac céac tri s6 cua dap
chir nhat. Nhung hién nay ¢ t co6g trnh nghiin ctru xac dinh cac tri s6 d6 cho cac loai mat
cit khac nhau nén co thé ldy gan ding theo cac tri s6 cta cira hinh chit nhat. Déi véi chi
ti€u ngap cling vay.

Tom lai, viéc tinh toan ddp ctra khong phai chir nhat c¢6 thé 1am gidng nhu dap cira chit
nhat, chi khac 13 phai thay b,h bang dién tich mit cit o, tng v6i d6 sau h.

Nhiéu cog trnh thuong c6 mat cat trn. Dé tién tinh cac yéu td thuy luc cia mat cat udt
hinh viin phdn tmg v&i mot do sau h, ngudi ta dé tnh sin:

W= d—(g,ﬁ = % theo % ; vot d 1a duong kinh, dugc cho trong phu luc sach tham khao.
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§5.10 CAC BAI TOAN VE PAP TRAN PINH RONG

Th du 14-6: Dap dinh rong c6 P = P; = 2 m. Cot nudc thuong lvu H = 2m. Pap c6 4 khoan,
mbi khoan rong b =3 m, ngudng va mb dap déu vudng canh. Kénh thuong ha luu rong B =
20 m.
Tinh luu luong:

b. Lch,=1,00m

c. Lch,=1,70m
Giai:

a. Lch,=1,00m

hr‘:1:0,5< h,
H, 2 H, ),

0

Nhu vay dap tran 1am viéc & ché do chay khong ngp, ta co:

Q=m.) b.2g.H}"”

> b=43=12m
DPép c6 md va ngudng vudng canh, theo Cumin c6 thé 1y m = 0,32 tGng voi ¢ = 0,956 va
¢, =084
Lan thir nhét lay Hy = H = 2m.

Q0=0,32.12.4,43.2** =48 m’/s
Q 48

v, =—=—"—"—=0,6m/s
Q, 20(12+2)
2 2
Yoo 08 02
2g 19,62
H, =2+0,02 =0,02m
Tnh la1 Q:

Q=0,32.12.4,43.2,02°* = 48,8 m’/s.
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§5.11 TINH THUY LUC CONG DAI CHAY KHONG AP

Nhiéu cong 16 thién hodc cong ngdm chay khong ap c6 muc nudc thuong ha luu thip hon
dinh cOng va ctra cong kéo 1én khoi mat nudc.
Ta goi chiéu dai cong la L thi:

+ Voéi cong ngin: L < (8 +10) H: Xem céng nhu mot dap tran dinh rong, khong
can xét anh huodng ctua chiéu dai, do nham, d6 dbc than céng.

+ Véi cong dai: L > (8 +10) H: Xem cong nhu dap tran dinh rong ndi tiép voi 1
doan kénh.
Nhiéu cdng duéi dé, dudi duong thudc loai nay.
Pé phan biét céng dai hay cong ngin ta so sanh vdi tri s6 phan gidi L=(8 +10)H

Déth=(8 —IO)H va Lkzlk‘l‘lvéo‘i‘lra

Trong do: 1y - Chi€u dai duong nudc dang c6 do sau ¢ dau trén la h, va do sau & dau dudi
1a hy.

lyso- Chiéu dai doan cira vao, tir dau céng dén mat cit c-c; ldy theo cong thirc kinh
nghiém: 1, =(1,5+2,5) (Hp - ho).

l.- Chidu dai doan cira ra, tir mat cat (D-D) dén cudi cong, v6i I, = 2,5 (hy - hy).

Cach tinh céng dai khong ap chi khac v6i cong ngin & chd phai tinh va v& duong mit nudce
trong cong.

Cach vé dwong mat nwéc nhu sau :

Tt mit cit (D-D) cudi cbéng dung phuong phap dong khong déu vé& nguoc 1én mit cét (C-C)
v61 chl y nhu sau:

Do sau hy ¢ cira ra lay nhu sau: Néu h, < hy 1dy hy= hy dé tinh.
hn> hk = hd: hn- V)
Khi tinh dugc gia tri d6 sau hy tai mat cit (C-C), ta kiém tra:
Néu hy < (hy)pg thi cong lam viéc nhu dap tran dinh rong khong ngép.
hy> (hy),, thi cong lam viéc nhu dap tran dinh rong chdy ngap, c6 do sau trén dinh
h = h,.
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Thi du 14-9
Cong dudi dé mat cat hinh chir nhat rong b = 2m, dai L = 40m bang d4 xay n = 0,017, day
bang i = 0. Ctra vao khong co tudng cach thu hep dan.

Tinh d6 sau thugng luu H, khi d§ ngdp & cua ra h, = 0,60m, luu lugng Q = 4,5m’/s.

Gidi:

Ta gia thiét 1 céng lam viéc theo so d6 cong dai chay khong ap. Trude hét tinh dong khong
déu trong 6ng:

2 2
hk:3 QZ =3 4’5 220,81’1’1
gb? 19812

h, <hy nén léy do sau ¢ cudi céng hp = hy = 0,80m.
Tinh dong khong déu bang phuong phap cong truc tiép, xuit phat tir cudi cong, ta duoc két
qua ghi ¢ bang sau:
Két qua tim duoc d6 sau dau cong 1a hy = 1,14m.
Xét chi tiéu ngap theo (14-38):
h, _ L4 =143 > h, =12 +14.
h, 0,80 h,
pg
Vay phan dau cong 1am viéc nhu dap tran dinh rong chay ngap. Tir cong thirc tinh dap chay
ngap (14-40°):
Ta tinh duoc
Lay =0,87 (tmg v6i m = 0,33) va thay s6 vao cong thic trén ta duoc:

4,5%
H~ — +1,14 =1,40m.
0,872.2%.1,14%.19,62
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Cau hoi:

1. Pinh nghia va Phan loai dap tran

2. Cong thtre tinh Q qua dap tran thanh mdng.

3. Picu kién xay ra chay ngap ¢ dap tran thanh mong.
4. Cong thtrc tinh Q qua dap tran thuc dung

5. Piéu kién xay ra chay ngap ¢ dap tran thuc dung.
6. Cong thire tinh Q qua dép tran dinh rong.

7. Piéu kién xay ra chay ngap ¢ dap tran dinh rong

8. Cach xac dinh chiéu sau h va hé s6 luu lwong m ciia dap tran dinh rong.
9. Piéu kién xay ra chay ngap & dap tran dinh rong
10.Cong thure tinh dap tran chay ngap

11. Tai sao dap tran thanh mong thi 6 <0.67*H ?

12. Trong 03 loai dép tran, hdy viét cong thirc tinh luu lwong ctia ching; giai thich tai sao luu
luong qua moi loai dap 1a khac nhau. Trong thyc té dap tran thanh mong chi dung trong phong thi
nghiém, hay trén kénh tudi; dap tran thue dung hay dung cho cac cong trinh thdo luu lugng 16n;
con dap tran dinh rong hay dung cho cac cong trinh vira va nho ?

13. Hay chira b?mg hinh v&, su bién ddi duong mat nudc qua dap tran & ché do chay tu do, quéa do
va chay ngap ? Hiy cho biét vé ban chat vat 1y ctia hién twong chay ngip qua dap tran ? Tiéu chuin
dé phan loai ?

Bai tap:

1: Xé4c dinh chiéu rong cua tran chin qua kénh chir nhat chiéu cao P=P;= 0,6m, Kénh thuong luu
6 chiéu rong B=2m, chiéu sau h, = 1,4m. Chiéu day dap 6=0,1m. B9 sau muc nudc trong kénh ha
lvula hy= 0,8m. Luu lugng Q=1m3/s.

2. Tinh luu lugng qua dap tran mit cat thuc dung mit cong khong chan khéng kiéu Corigio-
Ophoxérép loai 1 v6i P=P;=3,8m, 2>b=90m chia lam 9 nhip béng cac mb dau tron. Biét H=Hy= 2,4
m, hy=5m.

3 : Tinh bé rong cua dap tran thyc dung hinh thang, c6 mai thugng luu S=0 va ha luu S° =1.
P=P1=7,8m. Pinh day & = 2m. Luu luong thdo Q=400m’/s. Cot nudc thiét ké Hy = 2.6m. Biét
h,<P.

4: Bap tran dinh rong cao P=P;= 1m., rong b=24m, mit cat dép vudng canh, thdo luu luong Q =
80m’/s. Do sau kénh ha luu hy=1,75m. Kénh thuong luu mit cit hinh thang, ddy rong b=30m, mai
déc m=1,5. tudng canh xién goc 45° so voi truc dong chay. Tinh d6 sau kénh thuong luu h,.
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CHUONG 6

CHAY QUA CUA CONG
Flow under a sluice gate

Cong 14 tén chung chi cong trinh diéu khién myuc nudc hodc luu lugng. L3 thao nude
cua cong thudng duoc dong mé bing tAm chin cira hay con goi 12 van. Dong chay qua 16
céng chiu tdc dung cua cdt nudc H hodc chénh 1éch myuc nudc thuong ha luu z.

Ta dong mo cura, thay d6i dién tich thdo nudc, s& diéu khién dugc myc nudce (khi luu
lugng c6 dinh) hodc diéu khién duoc luu luong (khi muyc nudc cd dinh).

- Néu muc nuée thuong luu thip hon dlnh cdng, va tim chan cua cung kéo 1én khoi
muc nudc thuong luu, thi dong chay qua cong 1a khong ap, céng lam viéc nhu mot dap
tran.

- Khi mue nude thuong lwu ngdp hoan toan 16 cdng, thi hién twong chay qua cong cin

ban 13 hién tugng “’chay qua 16 *’(hinh 6-1)hodc ’chay qua voi’’ (hinh 6-2).

Hinh 6-1 Hinh 6-2

Trong thyc té thudng c6 nhiing 16 cong dat ¢ sat day long dan ha luu, dién tich 18 cong
tuong d6i 10n so v6i mat cit dong chdy ¢ ha luu. Hién tuong khong phai don thuan 1a dong
chay tu do qua 16 ra khi troi hodc chay ngép lang trong nudc ha luu, ma ¢ day dong chay ra
khéi ctira cong s€ di ra kénh dan ndi tiép véi dong chay binh thuong ¢ ha luu, theo nhing
hinh thirc ndi tiép khac nhau va cac hinh thirc ndi tiép d6 lai anh hudng dén kha ning thao
nudc cla cong.

Vi vay trong chuong ndy ta phai dung cac két qiia nghién ctru vé dong chay qua 15, voi
va ndi tiép thuong ha luu dé nghién ctu.

Ta s€ xét hai trwomg hop:

+ Cdng khéng c6 tran hodc vom, tiép sau ctra cong 13 long dan hd. Ta goi 1a chay
dudi tAm chén cira céng ho (Hinh 6-3).

+ Tlep sau cura cong la than cong hinh 6ng tuong ddi dai, dong chay trong than cong
c6 thé 1a day 6ng hodc khong ddy 6ng. Ta goi 1a chay qua cong ngdm (Hinh 6-4).
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Cong ngam

hae

Hinh 6-3

Hinh 6-4
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A- CHAY QUA CONG HO

§6.1 CAC HINH THU'C NOI TIEP SAU CUA CONG

Xét so d6 dong chay & hinh 6-3 ta thay:

Dong chay ra khoi cua cdng cach cira cong mot khoang béng chiéu cao md cong a thi dat
dén muc co hep nhit, & d6 dudong dong song song voi day cong, c6 do sau h,. Dong chay tai
C-C & ché do chay xiét.

+ Néu d6 sau binh thuong cta dong chay ha luu hy, < hy, thi ndi tiép sau cong khong
qua nudc nhay.

+ Thong thudng dong chay ha luu 1a chay ém hy>h,, dong chay sau cdng sé& ndi tiép
v6i ha luu qua nudce nhay.

Goi h'"; 1a d0 sau lién hi€p vo1 he. Tuy theo gia tri cua h", vo1 hy ma c6 céac hinh thic
ndi tiép sau:

+h.>>h, :Nhay xa: Sau mit cit C-C 1a doan chay xiét roi qua nudc nhay va ndi
tiép v6i dong chay ha luu.

+h,’ =h, :Nhay tai mit cit co hep: Dong chay dén mit cét co hep thi qua nudc
nhay va nbi tiép v6i dong chay ha luu.

+h”” <hy, :Nhay ngap: Dong chay ha luu dé ngap mat cit co hep.

Trong cac ché d6 ndi tiép khong c6 nudce nhay, hodc cd nudc nhay xa va nude nhay tai
chd thi mat cat co hep C-C khong bi ngap; do sau ha luu khong anh huong dén phan dong
chay tir mit cat co hep tro 18n, tirc khong anh huong dén kha ning thdo nudc cia cong, nén
goi 1a chay khong ngép. Truong hop mat cit co hep C-C bi ngap, dong chay qua cong goi 1a
chay ngap. Trong che d6 ndi tiép bang nudc nhay ngap, do sau ha luu anh huong dén hinh
dang mit nudc qua cong, lam giam kha ning thao nudc qua cong va goi 1a chay ngap.
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§6.2 CONG THUC TiNH TOAN CHAY QUA CONG
I. Chay khong ngap )
Viét phuong trinh Becéoulli cho hai mat cat 0-0 va C-C:

1
H,=h, 4 &ole &, —:>V =@.4/20 , VO = ———
T ) Jor 2,
Luu lugng: Q=0_v, = ¢.0, .JZgiHO —h, )

¢ xac dinh nho thuc nghiém, phu 0
thudc hinh dang, mic do thu hep dong \ ‘

chay, mirc d0 nham ¢ cura vao. -

+ Dm v6i cong c6 day ngang day kénh, ?

dau céng co tuong canh luon tron hodc C 2

xién ¢ =0,95+1,00 He - ¥

+ Dbi véi cong c6 day cao hon day kénh, =

cua vao khong thuan ¢ =0,85+0,95 h | Vb h,
h, =¢€.a; h_ :d) sdu co hep, € hé ) | he ‘ ’

7 /7 7

co hep ding, e =1 (%) tra bang; (e <1) 01
Thay h, vao ta dugc:

+ Dbi v6i mit cat chit nhat: Q = (p.s.a.b.m

Goi p = @.g : Hé s6 luu luong thi: Q = u.a.b.m
+ Dbi voi mit cat batky: Q = u.w.m

Gan dang: Q = u.w.m

II. Chay ngap : N ’

Chay ngap khéc‘ chay khong ngap ¢ cho tai mat cat co hep c6 khu chay gu(f)n, do sau
khong phai 1a h, ma bang h, (h.<h,<hy). Dong chinh & dudi khu nude cudn van co do sau
bang h, =¢a.

Viét phuong trinh Becooulli cho (0-0) va (C-C), cho rang ap suit tai khu nudc cudn
trén mat cat co hep cling phan bo theo quy luat thuy tinh; ta duogc:
V. =0+/2g(H,-h))

Q=v, .0, =90, 42g(H,-h))

=@.h,.b.2¢(H, ~h,)
Q= (p.s.a.b.\/m
Q=pab.2g(H, -h,)
q=pa.2g(H, -h,)

Véi cira cong chit nhat thi:
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Cic hé so: €,¢,p trong diéu kién % <0,75 van nhu trudng hop chay khong ngap.

V6i bai toan phang ta c6 : K* =S* —2Fr, (—Ss_l]
2 2
Trongde: K =, s=ln g 2OV 04
h, h, gh,  gh;
2 J—
Véy hz = hh2 - 2.a0'q (hh hc) (61)
g h, .h,

v' Khibiét q, a (va h,= £a), ta tinh duoc h,

v  Khi biét H, a. Thay q=¢ea.2g(H,-h,), véi u=¢e vao (6.1), voéi

M =4p’a’ h,—h,
h,.h

C

Ta dugc :h, = \/hﬁ —M.(HO —%) +%

v' Khi biét q, H, thay v, :hi:(p 2g(H, —h,) vao (6.1), ta dugc phuong trinh:
2

h’+AJH, —h, —B=0,véi A=2\/§.ocoq).q B=h? 4229
g gh,
Va giai h, bang phuong phap tinh dung dan.

Chu y::
Truong hop do chénh thuong ha luu it va tAm chin ctra céng mo cao: a/H > 0,75, thi
¢ khong léy theo Giucopxki nira, dJ sau sau ctra céng h, xem nhu béng do sau ha luu
hy,.
v' Truong hop 16 cdng nho so voi kénh ha luu, ngdp sau trong kénh ha luu thi nudc
nhay sau céng hoan toan bi ngap, tuc léy h, = hy,.
Ca hai truong hop nay, xem cbng nhu 16 chay ngap:

Q=p0y2g7, =pno2g(H, —h,) véi n=0.65+0.70 (6.2)

v
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§6.3 CAC BAI TOAN CHAY DUOI TAM CHAN CUA CONG HO

Trong cac cong thirc da trinh bay ¢ trén, thudng co ba dai luong can tim 14 a, H va Q,
con hy va hinh dang mat cit cong thuong da biét trudc. Biét hai trong ba dai lugng, ¢ thé
tim dugc dai lugng con lai.

Thue té thuong phai giai quyét cac bai toan dudi day:

+ Bai toan 1: Biét muc nudc thuong luu H, d6 cao mo cdng a, tinh luu luong Q.
+ Bai toan 2: Biét myc nudc thuong luu H, luu Tugng Q, tinh d6 cao m¢ cong a.
+ Bai toan 3: Biét luu luong Q, d6 cao md cbng a, tinh cot nudc thuong luu H.

Giai cac bai toan trén, tuy chi gip phuong trinh dai s mot 4n nhung do cac bién sb &,
h,” lai phu thudc yéu té chwa biét, nén bai toan phai giai bang cach tinh thur dan.

Duéi ddy, gidi thiéu thém cach ding bang tinh dé rut ngan cac budc tinh thir dan.

+ Bai toan 1: Biét H, a, tinh Q.

Co a, H, tra bang dugc € vaco: h.= ¢.a.

Mudn xac dinh trang thai chay can biét h,”. Nhung mudn tinh hc” theo cac cong thirc
d6 sau lién hiép ctia nudc nhay lai can biét Q. Ta co thé gia thiét 1a chay khong ngap dé tinh
Q rdi tinh h,”.

Truong hop bai toan phang, cira cong chit nhat ta thdy c6 sy hoan toan tuong tng giita
H() va E()

h, ea
Tc = = —

Ho Ho
" h”C
T,.=

Ho

Va  F(t.)=r1.2g(1-1 )— 3/2

Ta da c6 ban tinh cua Agcrrotskm (phu luc sach tham khao). Vay biét ¢, a, H ta tinh duoc T,
. Tra phu luc, dugc t"'  vaco h,” = 1", .H,.

h a
¢ —g.— Vay: Un
1 dy g

Dé cho tién, ta két hop véi quan hé e =f (%) , ta 1y gan dung T, ® 0

re  Xe o .oz a ~ . . X T
vO1 mo1 cap tri soﬁva €, ta cho ludn cac tri s6 7, F(t ) va 1",

A <A a 5 r " \ 7 LE) "
Vay biét o’ tra bang c6 1" va tinh dugc h,” = 1", .H, .

Sau khi c6 1", so sanh v61 hy, va xac dinh duoc ché do chay.

a) Néu la chay khong ngép, tinh Q theo cong thirc chay khong ngap.

b) Néu la chay ngap, tinh Q theo cac cong thirc chay ngap.

¢) Néu a>0,75H thi tinh Q theo (6.2).

Thi du:

Céng cua chir nhat, rdng b = 2,00m, day céng ¢ ngang ddy kénh, H = 3,00m. Kénh
thuong luu rong trung binh B = 4m. Tinh luu luong Q khi cong md cao a = 0,60m va khi hy,
=1,10m.

Giai:

Bai gidng thuy lwc cong trinh Trang 89



Khoa Xday Dwng Thuy lgi - Thuy dién By mon Co So Ky Thudt Thuy Loi

0,6
3
Tirdé: he=¢.a=0,62.0,6=0,372m
h, = 1", H=0,567.3,00 =1,70m.
Vih, > h, nén chay khong ngap qua cong.

Q=g.eab.2g.(H—-¢ca) =0,95.0,62.0,60.2,0.4,43.,/2,0— 0,372 = 5,Im’ /s .

Ta co:

=0,2 Tra bang ta dugc €= 0,62, 1", =0.567. Ung v&i ¢ =0,95

T
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B - CHAY QUA CONG NGAM

Nhiéu cbng dudi dé, dudi dap, duoi duong co mat cat khép kin, thuong la mat cit tron
hodc mat cat chtr nhat trén dinh c6 tran phang hodc vom, chiéu dai than cdng kha 16n, dugc
goi la céng ngam.

Dong chay trong cong ngam c6 thé c6 ba hinh thirc sau day:

- Khi tAm chin ctra cong kéo 1én khoi myc nudce thugng Iuu, muce nude trude cong va
trong cong déu thip hon dinh cong thi ché do chay trong cong 1a khong ap.

- Khi dong chay day mit cat cong thi ché do chay la co6 ap.

- Khi myc nudce thuong luu ngap dinh cong nhung dong chay sau cong vin thap hon
dinh cdng, c6 mit thoang, thi trong cong co hai ché do chay: Phan trude 1a c6 ap, phan sau 13
khong ap. Pé cho gon ta goi la cong chay ntra ap hay con goi la chay bdn dp.

Chay nira ap thyuc chét 13 hién tuong chay qua 16 dudi ctra cong ho; Chay c6 ap can ban
1a hién tuong chay qua voi, chi khac ¢ day ta phai xét ti mi anh huong cua chiéu dai cbng, do
dbc va do nham than cong.
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§6.4 PIEU KIEN CHAY NUA AP VA CO AP

Khi cdng c6 muc nude thuong luu ngap dinh cdng, ta can xac dinh khi nao cbng chay
6 4p, ban ap,...Didu nay hét stc quan trong, khong nhiing vi hai ché do chay do co cong
thirc tinh toan khac nhau ma con vi mbi ché do chay lai dé ra nhitng diéu kién 1am viéc khac
nhau cho cong trinh vé nhiéu mit: 6n dinh, chéng chan dong, chong tham,...

Nguyén tic xac dinh che do chay co ap, hay nura ap rat don gian: Chi can v& dudng
mat nudc trong mot 1ong cong khong ¢ tran twong ing. Néu biét duoc dudng mat nude
trong céng d6 vuot qua tran cong thi cong chdy co6 ap, néu khong la chay nira ap.

Ta goi: d: Chiéu cao cong

a: Chiéu cao m¢ cong
h,: D6 sau ha luu & cira cudi
i: o dbc than cong
L: Chiéu dai cong tinh tir cira cng dén cira ra.
lyao: Khoang cach tir cira céng dén mit cat C-C, gan dung 1,:,0=1,4a
h.: DO sdu tai mit cat co hep C-C, tinh nhu céng ho h.=¢c.a

g:Hésbcohep e= f(%)

h,: D0J sau tai crara
Ta phan tich hién tugng chay dé xac dinh ché do chay c6 ap hay nura ap trong cac truong hop
sau:

I. P sdu ha lwu & cira ra cao hon dinh cong (h, > d)
v Néi chung chay co6 ap. Cura ra bi ngép (Hinh 1)
v Chi chay ban ap trong truong hop cong ngan va H 16n, dong nudc chay xiét phong ra
ngoai cua cong, h, <hg vah".>h,

T777777777777777777777777777777777777777777777777777777777777777777777777777

II. Dj siu ha lru thiap hon dinh cdng (h, < d)
1. Trwong hop i > i Noi chung chay ban 4p, dong chay sau mit cit co hep s& theo
duong nude dang cy;.
Chi c6 ap khi v& dudng mit nude dén cudi cong tai mit citr -r co h, > d
2. Trwong hgp 0 <i <iy:
Cong chay ban ap trong hai truong hop :
v' Khong c6 nudc nhay trong cng, dong chay trong cbng 1a chay xiét c.hodc ¢, h < hy
(ma hy<d)
v' C6 nudce nhay trong céng nhung h>” <d
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Cdng chay c6 ap trong truong hop: C6 nude chay trong cong va h>’ >d

Nhu vdy, mubn xac dinh ché d6 chay trong cdng c6 i < iy cAn xac dinh vi tri nuéc nhay
va chiéu sau sau nudc nhay.
Cach xac dinh vi tri nwéc nhay nhw sau:
Tudng tuong cong khong cé tran.

-V& duong mat nude ci(hodc ¢,) bat dau tir mat cat C-C c6 do sau h, tro xuéng

-V& duong (e-e) lién hi€p cua (c). Sau do dich chuyén duong (e-e) vé ha luu doan I,
duoc dudng (£-f). Tir cudi cip vé dudng by (hodc b,), nude dang dan vé phia ha luu (b) cit
duong (f-f) tai S, d6 chinh 1a vi tri nude nhay.

Cho h,=h,, khi h,>hy

h,=h, khi h, <h f

77777777777777777777777777777777777777777777777777777777777777777777777k777

1>k
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Viéc xac dinh nhu trén tuong déi phién phtc. Trong thuc té vi do siu phan gidi thuong 1on
hon hoac gan bang chiéu cao cong, con dd séu sau nude nhay h*” thuong 16n hon chiéu cao
cong, tirc néu di co nudc nhay thi trong cong thuong la chay c6 ap. Do d6 nguoi ta thuong
dung chi tiéu: C6 xuét hién nudc nhay trong cong hay khong dé phan biét cdng chay co ap
hay nua ap.
Xét cac khai niém :
v’ Cbng ngan: La céng khong c6 nudc nhay trong cong khi cira cong mo hét
h,<h <d.Lay 1, =14d, h =ed
v’ Cbng dai: La cbng c6 nude nhay trong cong, Cong dai thudng 13 chay c6 ap ngay ca
khi muc nudc ha luu thép h,<h,.

he 4
e

— Ty
7777777777777, 7 M/W
C
) A ege T K hr = hk A hk <d A £ L
v Cong phan gidi: Lay néu = vay L <L, :congngan
h, =d h, >d

L>L, :cong dai
Trong d6: L, - Chiéu dai phan gii L, =1, +1,
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§6.5 CONG THUC TINH CONG NGAM CHAY NUA AP VA CO AP
L. Chay nira ap : )
Cong chay ntra &p tinh nhu cong ho :
v" Chay khong ngdp : Q = 9.00_./2g(H, —h,)
v" Chay ngap : Q=9.0,.2gH,-h,)
Khi tinh h_ thi d9 sdu h, phai ldy bang h_ & tai mit cét co hep (C-C). Véih_ xac dinh bang
dong khong déu, tir mat cat ctra ra h, nguoc 1én.
1 hr = hk . hn < hk
Chon h, tinh nhu sau :
h =h, h, >h,
I1. Chay cé ap : ’ ’ o
Tinh nhu voi hodc Ong ngan: Q = ¢, .0.2g.z, V01 o: dién tich mat cat cong;

2

oV
z,=z+
2g
v Khi h, >% thi Q=¢,.0\2g(H, +iL—h,)
: d . o d
v' Khi h <5 thi Q=0,.0,/2g(H, +1.L—E)
31V12/2g a1V12/2g
Iy [[T],
3 3
H [k« H [/
Th du 16-4:

Céng ngém dudi dap, mat cat hinh chit nhat rong b = 1,5m, cao d = 1,8m. Dai L = 70m,
bang bitng ¢ hé s6 nham n = 0,014, ddy nam ngang (i = 0). Cot nude thuong luu Hy = H =
9m.

Chi ra céng d6 1a cong dai hay cong ngan? Xac dinh ché d6 chay va luu luong khi ctra
céng mo toan bg a = d, d§ ngap sau ha luu h, = 1,40m.

Giai
Mubdn xac dinh ché d6 chay, ta can v& dudng mit nudc & trong céng. Trude hét can biét

luu luong. Tu %z 1’98 =0,20, theo bang Giucépski (16-1) ta c:e =2 nin: h, = €.a = 0,62.

1,8 =1,12m.
Tam coi dong chay trong cong 14 chay nira ngap khong ngép, ta tinh luu lugng theo cong
thire (16-5):

Q= @.caby/2g(H, —¢.a)
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Q=0,95.0,62.1,8.1,5.4,43,/9-1,12 =19.8m’ /s

175

T 13,2m’ /s.m ta tinh duoc:

19,8

9

hy=2,6lm>d>h, . N
Véy can tinh do (}éi doan duong nudc dang 1y tir d§ sau h, = 1,12m téi do s:élu bang chiéu
cao cong d =1,8m dé xac dinh trang thai chay. Dung phuong phap cong truc ti€p voi phuong

=13,2m’ /s.m

trnh (hinh 9-35):
A>
AIZ'—_
lr—J
Ta duoc két qua ¢ bang dudi day:
V2 V2 _
omy | R |V | =— 1| 2 |cJR |J= i | A> | Alm |L-3Al
h(m) (m) (m) (m/s) 2g (m) (m/s) CZR (107 (m) ) (m)
(m) (10
438
h=1,12] 1,68 | 045 | 11,80 | 7,13 | 28,5 0,073
45,0 0
126 | 1,89 | 047 [ 1045 | 556|682 |46, 0,054 0,0635| 1,43 22,7 7
1,40 | 2,10 0,49 943 [455|595 |47.3 10,0417 0,048 | 0,87 18,1 0.8
8,4 24,7
1,60 [2,40 |0,51 825 |3.46 5,06 0,0303 0,036 | 0,89
53,50 65.5
d=1,80 | 2,70 | 0,53 [ 7,33 | 2,76 | 456 |1 50 |0,0231 0,0267| 0,50 1.88 243

Theo két qua tinh dudong mat nudc ¢, do, ta théy duong co c6 do sau ¢ ctra ra (ng voi do
dail=70m)la:
~1,65m<d
C6 chiéu dai doan dudng nude dang 1, 13 :

h,

I, = 84,3m,

Tu do6 tinh duoc Ly la:

Lk - 1k + 1Vao

Iy + 1,42 =843 + 1,4. 1,8 = 86,82m. V rdng Ly > L nén céng la cong
ngan chay ntra ap khong ngép va két qua tinh luu luong nhu trén la dung.

Néu rat ngan chiéu dai cong thuong luu luong trén van nhu cii, vi du 1ay cong dai L =
40m th h; = 1,40m va luu lugng van 1a Q = 19,8m’/s.

Bai giang thuy lyc cong trinh

Trang 96



Khoa Xday Dwng Thuy lgi - Thuy dién By mon Co So Ky Thudt Thuy Loi

Cau hoi:

Néu cac hinh thirc ndi tiép sau cira cong ho.

Thiét 1ap cong thirc tinh toan chay khong ngap qua cong.

Thiét 1ap cong thuc tinh toan chay ngdp qua cong.

Céc trang thai chay qua céng ngdm (khong ap, ban ap va co ap).
Cong thire tinh cdng ngdm chay ban ap va c6 ap.

Hay néu sy khac nhau & gidng nhau cua dong chay qua 16 & chay qua cong ho ?

Pé chimg minh cong thirc tinh luu lugng qua cong ho ngudi ta phai viét phuong trinh

Bernoulli va phai sir dung cac mit cit nao ? Giai thich tai sao lai chon cac mit cit do

(cho ca truong hop chay ngép va khong ngép ?

8. Hay néu dleu kién chay c6 ap va ban ap trong cong ngam ? Hay giai thich tai sao
trong thuc té nguoi thiét ké cb ging tranh truong hop cng ngam chay co6 ap hoic
nudc nhay trong cong ?

9. Hay ly giai cac cong thuc thiét 1ap tinh luu lugng qua cdng ngam chay c6 4p va ban

ap ?

N kv =

Bai tap:

1. Tinh d6 cao mé céng a dé thao luu lugng Q=2,5m’/s dudi cira cong phang 16 thién voi
Ho=2,5m, b=4,5 m, h, =2m, ¢=0,95.

2. Tinh d6 cao m& cdng a dé thao luu lugng Q=22m’/s dudi ctra cng phang 16 thién véi
Ho=3,75m, b=4 m, h, =2,45m, ¢=0,95.

3. Tinh chiéu sau H trudc céng phéng 16 thién véi a=0,8m, b=5m. Q=10m3/ s, d0 sau muc
nudc ha luvu hy=2,2m, ¢=0,95.

4. Tinh chiéu sau H truéc céng phéng 16 thién vé&i a=0,75m, b=5m. Q=15m3 /s, @0 sau muc
nuoc ha luu hy=1,2m, ¢=0,95.

5. Tinh luu lugng nudc chay qua cdng phang 16 thién v6i a=0,6m, b=3m. H=3m, d9 sau
muc nude ha luu hy=2m, ¢=0,95.

6. Tinh lvu luong nude chay qua cong phang 16 thién v6i a=0,6m, b=3m. H=3m, d¢ siu
muc nude ha luu hy=1m, ¢=0,95.

7. Xac dinh hinh thirc chay va tinh luu lugng qua cong ngdm mit cat chir nhat bang bé tong
¢t thép véi hé so nham n=0,014, chiéu rong b= 1m, cao d=1 ,6m day nam ngang (i=0), dai
L=60m. Biét cong md hoan toan va do sau thuong luu so voi nén cong H=8m, do sau ha luu
hh—l 2m.

8. X4c dinh hinh thirc chay va tinh luu lugng qua céng ngdm mit cit chit nhat bang bé tong
¢t thép véi hé sb nham n=0,014, chiéu rong b= 1,6m, cao d=2,4m day c6 do dbe
(i=0,001), dai L=60m. Biét cong m& hoan toan va cao trinh nén ¢ dau cong 13 Zy=+20 m,
cao trinh myc nudc thugong luu 1a Z=28,2m, sau cua ra céng 1a dAm nude rong cd cao trinh
muc nudc ha luu la Z,=22,7m.

9. Xac dinh do0 mo cura Céng cua mot céng ngﬁm mit cit tron duong kinh d=2m, n=0,014,
chiéu dai céng L=60m, do dbc i=0, va cao trinh day céng la Z4= +10 m, cao trinh murc nudc
thuong luu la Z=+18,0 m, cao trinh myc nudc ha luu 1a Z,=+12,0m.
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10. Céng ngﬁm béng bé tong cdt thép mat cit chit nhat rong b=1,6m, cao d=2m, dai L=40m,
dbc day i=0,002. Biét cong md hoan toan va cao trinh nén & dau cong 13 Zy=+10 m, Xac
dinh cao trinh myc nudc thuong luu 1a Z,, trong céac trudong hop sau :

a. Luu lugng Q=6,4m3/ s, cao trinh muc nudc ha luu la Z,=10,4m.

b. Luu lugng Q=22,4m3 /s, cao trinh muc nudc ha luu la Z,=11,82m.
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CHUQ’NG7 i . R . § R .
NOI TIEP VA TIEU NANG O HA LUU CONG TRINH

kkk
A. NOI TIEP DONG CHAY O HA LUU CONG TRINH

§7.1 NOI TIEP CHAY DAY

§7.2 HE THUC TINH TOAN CO BAN CUA NOI TIEP CHAY PAY

I. Xac dinh h, va h.”:

II. Xac dinh vi tri nwéc nhay xa :

B. TIEU NANG O HA LUU CONG TRINH

§7.3 NHUNG KHAI NIEM CHUNG VE TIEU NANG O HA LUU CONG TRINH
§7.4 TINH CHIEU SAU BE TIEU NANG

§7.5 TINH CHIEU CAO TUONG TIEU NANG

§7.6 TINH TOAN THUY LUC HO TIEU NANG KET HQP (TUONG + BE)
§7.7 TINH CHIEU DAI CUA BE TIEU NANG

§7.8 LUU LUQNG TiNH TOAN TIEU NANG
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CHUONG 7

NOI TIEP VA TIEU NANG O HA LUU CONG TRINH
Transitions and energy dissipators

A. NOI TIEP DONG CHAY O HA LUU CONG TRINH

Dong chay tir thugng luu qua dép tran hay qua ctra van ndi tiép voi kénh din sau cong
trinh bang hai hinh thire chu yéu:

1. Hinh thirc néi tiép ¢ trang thdi chay ddy: Trang
thai chay day la trang thai ma luu téc 16n nhét cua
dong chay xuat hién ¢ gan day kénh dan.

Nbi tiép chay day

2. Hinh thirc néi tiép ¢ trang thdi chday mdt: Trang ~—_ =" . %
thai chay mat 1a trang thai ma luu tdc 16n nhat cia

dong chay khong xuat hién ¢ gan day kénh dan ma
o gﬁn mat tu do.

Nbi tiép chay mit
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§7.1 NOI TIEP CHAY DAY
Tuy theo do dbc ctia day kénh dan, dong chay thuong ¢ ha luu c6 thé 1a chay ém

(khi i<iy) hay chay xiét (khi i>iy). Vi thé ndi tiép chay ddy & ha luu cong trinh c6 thé gap
hai truong hop sau:
v Xet i>ig

Dong chay ¢ ha luu 14 dong chay ém. Mit cét ctia dong chay khi qua cong trinh bi
"thu nho " dan va lac dong chay d6 xudng ha Itru thi hinh thanh mat cét co hep C-C, do
sau h.<hy. Nhu vdy dong chay qua cong trinh xudng kénh dan 1a dong chay xiét. Sy ndi
tiép dong chay xiét v6i dong chday ém bat budc phai qua nudc nhay.

1. Néuh'.= hy: Ning luong thira ctia dong chay thugng luu s& duoc tiéu hao gan hét
bang nudc nhay. Dang nudc nhdy nay goi la nuoc nhay tai chd hodc nuéc nhay
phan giéi. Dang nudc nhay nay thuong khong 6 6n dinh.

2. Néuh.>hy Dong chay thugng luu khong thé tiéu hao hét nang luong thira bang
nude nhay tai chd, ma phai tiéu hao mot phan bang ton that doc dudng qua doan
dudng nudc dang kiéu C, con mot phan ning luong thura s€ ti€u hao bang nudce
nhay. Sau nudc nhay, ning luong cta dong chay gan bang ning luong cua dong
ha luu hy, tic 1a h*’=hy; trong d6 h’>’ 1a d6 sau lién hi€p sau nudc nhay, hinh thanh
sau doan nudc dang. Dang nudc nhay nay goi 1a nude nhay xa.

3. Néu h'; < hy: Nang luong thira cua dong chay thuong luu nho thua gia tri ning
luong co thé tiéu dugc bang nudc nhay tai chd, hay noi cach khac nang luong du
trir ciia dong chay trong kénh din du kha ning dua nudc nhay tién lai gan cong
trinh. Dang nudc nhdy nay goi la nudc nhay ngap. Mic dd ngdp cua nudc nhay

h

dic trung bang hé s6 o =

Xét vé quan diém thily lyc thi dang ndi tiép bang nudc nhay xa bat loi nhat vi sy tiéu
hao ning luong bang ton that doc dudng doc theo dong chay rit cham nén doan dudng
nuoc dang thuong kha dai. Trong pham vi duong nude dang, dong chay xiét o luu tbe
rat lon nén phai tang cuong gia c6 ha luu. Do do, dé tranh doan dong chay xiét thi dang
nbi tiép bang nudc nhay ngap 1a tot nhat.

i<ic
Nuoc nhay ngapckhq

c 1< Nhay xa ]g>}11
Nudc nhay tat cho hé:l}l

v Xét i<iy

Dong chay qua cong trinh xudng kénh dan 1a dong chay x1et dong chay trong kénh
dan ciing 1a dong chay xiét nén trong truong hop nay su ndi tiép dong chay & ha luu
khong qua nudc nhay.

L Néu h, = hy: Ngay tai mit cit co hep ¢ ha luu cong trinh s& hinh thanh dong chay
deu.
2. Néu h, > hy: Sau mat cit co hep, do sau dong chay s& giam dan tir h, dén hy, va

hinh thanh dudng nudc ha nbi tiép vdi dong chay déu trong kénh dan.
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3. Néu h, < hy: Sau mat cat co hep, d sdu dong chay s€ tang dan tir h, d&én hy, va hinh
thanh duong nude dang ndi tiép véi dong chay déu trong kénh dan.
Véi diéu kién dong chay binh thuong trong kénh la dong chay xiét, thi _dang nbi tlep
thir ba 1 bat lgi nhét vi trong pham vi dudng nudc dang, luu téc thuong rat 16n c6 thé
gay x0i 16 cong trinh.
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§7.2 HE THUC TINH TOAN CO BAN CUA NOI TIEP CHAY PAY

Nhiém vu tinh toan ndi tiép ha luu cong trinh bao gom:
v Xéc dinh d9 siu co hep h, va d6 sau lién hiép h.”
v So sanh h,” véi hy, dé biét hinh thirc ndi tiép. Néu hinh thirc ndi tiép bang nudc
nhay xa, thi phai xac dinh vi tri nudc nhay.

I. Xéc dinh h, va h.”: )
Viét phuong trinh Becnoulli cho mat cat o
(0-0) va (C-C), mat chuan la day ha luu . __n
NN 11101
cong trinh: £
oV, a.v,’
H+P+—2>=E,=h +——<+h_ —— -

2g 2g
Trong d6: E, - Nang lugng don vi cia

dong chay thuong luu so v6i mit chuan
da chon,
P - Chiéu cao cua cong trinh so voi day

h'

ha Iuu

2
A
Voi h, = —
STEg
a.v’ v’ v’ 1
Dod6: E,=h +——+ ——=h_+(a,+ < Ppat (o, + =—, vOi
0 c 2g Zi 2g c ( c Z&) 2g . ( c Zé) (Pz

Q=0,.v,

Tadugc: Q=¢.o 2g(E,-h,) (7.1)

Pay 1a phuong trinh co ban thir nhat dé tinh nbi tiép. Tir day rat ra duoc h,
Phuong trinh co ban thtr hai dé tinh ndi tiép 1 phuong trinh nuwéc nhay trong truong hop
1<iy
2 2
a,.Q Fy,.0, = a,.Q
8.0, 2.0,
Hé sb luu téC(p & (7.1) dugc cho ¢ bang tra, h_ duogc tinh thir dan, dé tién Agroskin 1ap

+y,.0, (7.2)

bang nhu sau:

h
bat: =1 —=1.", q=
SR q

3/2
o

Tu (7.1) cho ta: EL =F(r,)=42g.1,~/1-T1,
¢

va lap bang phu luc quan h¢ t_~ ‘EC" ~ F(t

Towrdoco: h, =1_E,

Vé h”c = THC.EO

©)

II. Xéac dinh vi tri nwdc nhay xa
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Khi hc"> h, ta c6 nudc nhay xa. Trong hinh thirc nbi tiép bang nudc nhay xa, do siu
sau nuéc nhay chinh 1 d¢ sdu dong chay binh thuong ¢ ha luu va tir d6 c6 thé tinh do sau
trudc nudc nhay hh'. D0 sau nay phai 16n hon dd sau co hep, tirc 1a h,’>h.. Poan dong
chay xiét trude nude nhay co do siu & mit cdt trén 1a h, va do sdu ¢ mat cat dudi 1a hy’,
sau d6 dung phuong phap dong khong déu, xac dinh chiéu dai doan nudc dang chay xiét
1, giita doan [h_,h, ].
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B. TIEU NANG O HA LUU CONG TRINH

§7.3 NHUNG KHAI NIEM CHUNG VE TIEU NANG O HA LUU CONG TRINH

Viéc giai quyét van dé tiéu ning, tirc tiéu hao ning luong thira ma dong chay
mang theo nd tir thugng luu qua cong trinh xuéng ha luu 13 mot trong nhiing giai doan
quan trong nhét trong tinh toan thity lyc cong trinh.

Vi viéc xay dung cong trinh trén song, kénh; myc nudc & thugng luu cong trinh
s€ dang Ién so voi lic trude. Vi vay, the nang cua dong nudc thuong luu cling tang Ién.
Khi dong nudc tir thuong luu d6 xubng ha Iuru, phan 16n thé ning nay bién thanh dong
nang, dong chay ngay sau cong trinh c6 luu tc tang 1én dot ngot, thuong 16n hon nhidu
so voi luu tée dong chay & trang thai tu nhién. Boi vay ngay sau cong trinh, long dan co
thé bi x6i 15 nghiém trong, anh hudng dén su an toan cong trinh.

Néu trong pham vi cong trinh, dong ning thira khong duoc tiéu hao toan bo va néu
long dan & ha luu khong phai 1a dé thi ngay sau cong trinh s€ hinh thanh phéu x6i, lam
anh huong dén sy an toan cua cong trinh. So d6 phéu x6i ngay sau cong trinh khi long
dan ha Iuu khong phai 1a da. Chiéu sau phéu x6i hy~2,5H. chiéu dai c6 thé bién doi tir
(4+6)H cho dén (30+40)H.

Do d6 dé long dan & ha luu d& bi x6i 15, tot nhat 1a 1am sao cho nang lugng thura
chu yéu dugc tiéu hao trong nude nhay, hay noi cach khac nuéc nhay la mot bién phap
tiéu ndng quan trong.

Tuy ¢ ha luu cong trinh & mot doan cach xa né, van tde trung binh khong con 16n
nhung mach dong con rat manh nén ciing gay ra sy x6i 15 nghiém trong.

Trong diéu kién bai toan khong gian, khi chi c6 mot vai cira 1am viéc trong tong s6
céc ctra thi lai xuét hién dong chay xién, ciing gdy ra hién tugng x6i 13.

Nhiém vu tinh toan ti€u nang la phai tim dugc bién phap ti€u huy toan bo nang
luong thira, diéu chinh lai sy phan b luu toc va lam giam mach dong, khur dong xién dé
cho dong chay tré vé trang thai ty nhién cua né trén mot doan ngin nhét, rit ngan doan
gia ¢0 ¢ ha luu cong trinh .

C6 nhiéu bién phap va hinh thirc tiéu ning, trong d6 co ban nhit 13 tao nudc nhay
ngap sau chan cong trinh. Tuy nude nhdy hoan chinh la dang ti€u hao nang luong t6t nhat
nhung no lai khong 6 6n dinh nén can dung dang nudce nhay ngdp vi vi tri 6n dinh hon. H¢
s0 ngdp cua nudc nhdy khong nén lay qua (1,05+1,1) dé tan dung kha ning tiéu ning cua
nude nhay. Dé 1am xuit hién nudc nhay ngap sau cong trinh > rd rang phai tim cach
tang do sau nude ¢ ha luu h, 1én. Mubn vy, trong thuc té nguoi ta thuong dung nhiing
bién phap don gian sau:

v Ha thap day kénh ha luu tirc dao bé tiéu ning

v/ Lam mot tuong chin ngang dé nang cao myc nude, tirc 1lam tudng tidu ning

v' Vira dao sau, vira lam tudng, tirc 1am bé va tudng tiéu nang két hop
= Tinh toan ti€éu nang nham xéc dinh do sau bé d, chiéu cao tuong ¢, va chiéu dai bé 1,,.
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§7.4 TINH CHIEU SAU BE TIEU NANG
Ta biét rang luc chua dao bé (long
dan ha luu ¢ cao trinh V, thi cot

nudce thugng luu so véi day ha luu la:

Owo2 El
2g

T ndng luong E,, ta tinh dJ sau co

E,=E+

hep h_ va dd sau lién hiép v6ind h_ .

Néu h, >h, > dao bé véi chiéu sau
d=V, -V, thi c6t nuéc thugng luu so véi day bé sé tang lén E,” = E, + d. Do d6: Do

sdu co hep h, s€ giam di, twong tmg d6 sau lién hiép voi nd h, s& ting lén.
Dong thoi do sau trong bé cling s€ tang 1én: h, =h, + Az+d
Trong d6: Az- Dg chénh myc nude ¢ ngudng bé tiéu nang. q
Tuy nhién, do h, tang nhi€éu hon h, nén véi mot do sau d du 16n, ta co6 thé co:
h,=h,+Az+d>(h")
Do séu d cang 16n thi mirc d6 ngép trong bé cang 16n. Mubn xac dinh d thich hop, trude
hét ta can xac dinh d, ung v&i trang thai phan gidi (nude nhay tai cho) nghia la:
(h,), =h, +Az+d, =(h"c) hayd,=(h:),-h, —Az
Pé tinh Az ta xudt phat tir gia thiét gan dung coi so d6 dong chay di ra khoi bé nhu so db
chdy ngap qua dap tran dinh rong; Az dugc coi la d§ chénh myc nude thugng luu dap
v6i muc nude trén dinh dap. Vay ap dung cong thirc chay ngap qua dap tran dinh rong:

q=¢.h, 2.gAz,

Trong d6: @ : Hé s6 luu tdc & ctra ra ciia bé, ¢ =(0,95 -1,00)
Az : D) chénh cft nudc ¢ ctra ra cua bé.
2
" Trong do: vy, - Luu toc trong bé ¢6 thé tinh gan dung bang:

ov
Az, =Az+

2g
v, = 9 _ q
(hy), (he),
2 2 2 2
=>Az = qz o q”'z hay Az = Q2 ~— @.Q -~ (7.3)
2g.0 h," 2g.(h.), 280”0, 2g0,

Trong do6 : o, - dién tich mat cat uét & cuodi bé, cé chiéusau: h, =c.h,
o, - dién tich mat cat uét, ha luu sau bé

@ -hé s6 luu toe & cira ra ciia bé, 1y ¢ = 0,95+1,00
=1

V6i d, tinh nhu trén, trong bé s& c6 nudc nhay tai chd nghia la o = S b)
Vé mat tinh toan, chon d, nhu vay la du vi nude nhay tai chd c6 tac dung tiéu ning tdi da.
Nhung thuce té thi nghiém cho thdy, v6i nhiing tri s o =1, nu6c nhay s€ co vi tri rat
khong 6n dinh. Véi 1y do d6 ngudi ta chon o > 1. Nhung néu o cang 16n thi bé phai dao
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cang sau, dong thoi hi€u suat ti€u nang cang kém. B¢ dong thoi thod céc diéu kién trén,

"

. ) N h
thuc t€ nguoi ta chon chiéu su d sao cho: 6=—>=1,05+1,10

Nhu vdy d6 sau trong bé sé bang: h, =h, + Az+d=ch’.
Trdé: d=ch, —h, —Az (7.4)
Trong d6: h, - d6 sau ha luu khi chua dao bé
Nhu vay dé tinh d, cac sd hang hC" ,Az lai phu thudc vao d. Do do bai toan phai giai diing
dan. .
Cé thé tinh theo trinh ty nhu sau
1. Tinh d gan dung lan tha nhat i
theo biéu thirc: d, =h, —h,
2. Véid, di chon, tinh h, h,’
theo Eo’ =E, + d; 7 E
3. Dinh chiu sau nudc trong bé
tiéu nang: h, =c.h_
4. Tinh Az theo (7.3)
Tinhdtheo (7.4)
6. Neéu d tinh ra gan bang d, d&a , 7
chon thi ding va do 1a do séu bé can dao, con khong lay d da tinh ¢ budc 5 dé tinh
lai 1an nira theo trinh tu trén.

e
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§7.5 TINH CHIEU CAO TUONG TIEU NANG

~ Trong truong hop nay, ta gitt nguyén cao trinh day kénh ha luu va xay mét tuong
chan ngang dong chay. Khi d6 myuc nudce trude tuong s€ dang 1én va c6 do sdu h, > hy.
Néu luc khong lam tuong ta ¢6 hy< he tirc ¢6 nude nhay xa ¢ ha luu cong trinh thi sau
ltc lam tuong ta c6 thé dat dugce h,>h, nghia 1a c6 nude nhay ngap trong bé ti€u nang.
Nhu vay: Chiéu cao tudng dwoc dinh ra xuat phat tir diéu kién:h, = c.h’
Tt hinh vé ta thay: h, =c+H,; Trong do: c - Chiéu cao tuong

H;- Cot nudce trén tuong ti€u nang

Vay: c=c.h, —H, (7.5)
Gia thiét trong lam viée nhu mot dap tran thyc dung chay ngap ta co:
H,=H, + =
2g c, .m.'\/g
Trong d6: m : Heé s luu luong clia tuong tiéu ning m'= 0,40 + 0,42
o :Hésd ngap cua dap tran thuc dung

n

£ 2 q q
vy : Luutoctrongbé v, = —=——
° 8 " h, oh’
% 2
S DR N I
" lo,.m42g 2g (ch, )’

” (L}/ o @
' lo, mba2g) 22 (ch)Db

Tw (7.5) va (7.6) xac dinh dugc ¢ nhung vi o lai phy thu¢c vao h, =h, —c, nén noi

(7.6)

chung giai bang dung dan.

C6 thé tinh theo trinh ty nhu sau :

Sau khi tinh dugc h_, h_ ', tinh H, theo (7.6) 1y o, =1, rdi tinh ¢ theo (7.5).

Néu ¢ > h, thi ding. Néu ¢ < h, nghia la twong lam viéc nhu dap tran chay ngap o, <1.
Luc do léy ¢ nho hon tri sd vira tinh duoc & trén va tinh h, =h, —c, dé tim hé sb ngap

h . « A \ 4 “ , « R 7 9

o, =f (H“ ) va sau do tinh lai chi€u cao tuong. Cudi cung nhd kiém tra dang nudc nhay
1

sau tudng. Néu sau tudng co nudc nhay xa ta phai lam tudng tiép theo dé sao cho sau

tuong cudi cung co6 dugc nudc nhay ngap.Thong thuong nguoi ta it xay tuong ma thuong

ket hop vira xay tuong vira dao bé de kinh te.
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§7.6 TINH TOAN THUY LUC HO TIEU NANG KET HQP (TUONG + BE)

Trong thuc té, c¢6 nhiéu truong hop néu 1am tiéu ning chi bang cich ha thap day
kénh ha luu hogc chi bang cach xdy tuong la kh&{;% hop 1y. Trong truong hop tht nhat,
bé s& phai rat sau, day kénh ha luu phai
ha thdp qua nhiéu, nhu vay ta da lam 100
cho chiéu cao dép ting 1én; do d6 diéu
kién nbi tiép va tiéu ning ¢ ha luu dap
s& niang né thém. Trong trudng hop thir
hai, tuong s€ phai quéa cao, sau tuong
rat ¢6 kha nang xay ra nuoc nhdy xa va
ta phai lam tlep tuong thtr hai. Trong

diéu kién nhu thé, t6t hon hét 1a két hop
ca hai bién phap trén vira ha thip day
kénh vira lam tuong goi 13 bé tiéu ning
két hop. Thuc té chimg to ding bién phap niy trong nhiéu trudng hop rat c6 loi vé mit
kinh té va k¥ thuat.

Do siu trong bé tiéu ning két hop bang h,= d+c+ H,

Ta can c6 nudc nhay ngap trong bé, nghia 13 hy= G.hC"
Vay: d+c=c.h, —H, (7.7) v6i h, va H, tinh nhu truong hop trén ; c6 hai cich dit
van dé dé tinh:

1. Ty dinh mot trong hai dai lugng d hodc ¢ va tim ra dai lugng kia. Sau do diéu
chinh dé d va c c6 mot ty 1¢ hop 1y nhét vé kinh té va k¥ thuat.

2. Dinh chiéu cao tuong 16n nhét co thé dugc, mién 1a sau tuong khong c6 xay ra nbi
tiép bang nudc nhay phong xa, con thi dao sau san cong trinh dé dam bao trong bé
c6 nudc nhay ngap.

Sau day la cach tinh cho truong hop 2, xét cho bai toan phang:
Mudn vay, trude hét ta xét trudng hop phan gidi 1a truong hop lam sao cho sau tuong co
nude nhay tai chd. Chiéu cao tudng tng voi trudng hop do 1a C,

Xac dinh c,:
Chiéu cao té1 han ¢, cua tuong, dé khong cd nude nhdy phong xa sau tuong.

q’ q &
c,=h_ +— —
' l (P2'2g'hc12 (m'@}

Khi c6 nuéc nhay tai chd & sau tudng thi dd sau co hep & sau tudng chinh 1a d6 sau lién
hiép v&i dong chdy binh thuong ¢ ha luu:

hy=le| fig8od”
2 g'hh

Trong d6 h_, 1a d§ sau cua mdt cit co hep O sau tudng, trong trudng hop ndi tiép sau

tuong 1a ndi tiép bang nudc nhay phéan gisi, nghia la h_, 1a d6 sau lién hi¢p thr nhat voi
d0 sau ha luu. . 7

Sau khi tinh dugc c,, chi€u cao tuong ¢ chon: ¢ =(0,9+0,95).c, dé ddm bao sau tuong
nude chay ngap. Sau khi co ¢ r6i xac dinh d theo (7.7).
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§7.7 TINH CHIEU DAI CUA BE TIEU NANG

Ciing nhu viéc xac dinh chiu sdu cta bé tiéu ning (hay chiéu cao tudng tiéu
nang), viéc xac dinh chiéu dai cta bé tiéu nang 1, 1a mat van dé hét stc quan trong va kho
khan, cho dén nay vaAn chua co6 10i giai bang ly thuyét. Vi vay trong thiét ké nguoi ta
thuong dung céac cong thuc thuc nghiém.
Khi tinh chiéu dai bé can phan biét hai trudng hop sau:
(1) Khi bé nam sau dap tran, c6 mit tran hinh cong thuan, chiéu dai bé tinh tir mat cit co
hep (c-c)

(2) Khi bé nam sau tudong thiang dung hodc nghiéng thi chidu dai bé khong phai tinh tir
mat cat co hep (c-c) ma tinh tir chan cong trinh.

loi =2[H o(P +0,32H )]%°

Chiéu dai ciia bé phai duoc dinh ra sao cho nudc nhay ngap ne‘“}m gon trong do, dong thoi
sao cho khu nudc vat trén va khu nuéce vat dudi khong che lap lan nhau, tirc 1a sao cho
dong chay di dén ngudng ra cua bé ti€u nang duoc binh thuong.
Theo M.D.Tréctéuxop: 1, =p.I, +1, =1, +(0,70+0,80)1
Trong do: 1_— chiéu dai nudc nhay hoan chinh
1, — theo hinh v& dugc tinh, 1, =1, -S (7.8)

V6i S :Chiéu dai Qém ngang cua mai ddc ha luu cong trinh ’

l;: Chiéu dai ndm ngang ctua dong nudc roi tinh tir ctra cong trinh dén

roi

mit cét c-c, dugc tinh theo cc cong thuc thuc nghi¢m sau:
v" Chay qua dap tran thyc dung mat cat hinh thang
l; =1,33H,(P+0,3H,) (7.9)

v" Chay qua dap tran thyc dung c6 cira van trén dinh dap
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1, =2yH,(P+0,32a), trong d6: a: D m¢& ctra van (7.10)
v Chay qua dap tran dinh rong
I, =1,64\/H,(P+0,24H,) (7.11)

v' Chay tr bac xubng: 1, =P+h,
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§7.8 LUU LUQNG TiNH TOAN TIEU NANG

O trén ta da xét cach xéac dinh cac kich thudce cia bé hodc tudng tiéu ning (mg véi
mdt luu lugng Q nhat dinh. Thong thudng cong trinh thity loi lam viée véi luu lugng bién
dbi trong pham vi tir mot tri sé nho nhat Quin dén mot tri sd lon nhat Quax ndo d6. Thiét bi
tiéu nang phai giai quyét t6t van dé tiéu nang cho moi cap luu luong cd thé co trong
pham vi ay. Do do trong thiét ké tiéu nang, ta phai tinh toan theo luu lugng nao gay ra sy
ndi tiép bat loi nhét. Luu luong 4y goi 1a luu luong tinh toan tiéu ning, ky hiéu Q. Tinh
theo luu lwgng nay thi bé tidu ning s& co kich thude 16n nhét.

Truong hop bat loi nhit 1a truong hop ndi tiép bang nudc nhay xa c6 hiu sb
(h, —h,). ., lic d6 c6 chiéu dai doan chay xiét 16n nhat, do d6 can mot chiéu sau va
chiéu dai bé 16n nhat.

Luu lyong tinh toan tiéu ning khong nhét thiét 1a luu lugng 16n nhat vi khi Q ting 1én
thi h, noi chung ting 1én, nhung d¢ sau ha luu cling tang theo.

Do do, cach xac dinh Qq cu thé nhw sau: )
Lay mot tri s6 Q tir 16n dén nho trong pham vi  h.-h
blen doi cua luu lugng thao qua cong trinh. Ung véi
mdi tri s6 Q d, ta tinh dugc h, va hy tu:()‘ng ung. VE —

d6 thi Q~(h'. —h,)ta s& tim duoc tri s6 Q tng véi (h,"-h,)max
(h'c —h, )16n nhat.

Cdu hoi:

1. Céc hinh thuc néi tiép dong chay ¢ ha luu cong trinh (chay day, chay mat)

Xac dinh hinh ndi tlep chay day.

Xéc dinh hinh thtrc nbi tiép chay mit.

Tai sao phai ti€u ndng ¢ ha luu cong trinh? Néu cac bién phép ti€u nang thuong

gap. i

Tinh kich thudc bé tiéu nang.

Tinh kich thudc tuong ti€u nang.

Tinh kich thudc tudng +bé tiéu ning két hop.

Khi tinh ti€u nang nguoi ta thuong dung luu lugng nao?

Thé nao 1a nbi tiép chay mat va ndi tiép chay day ? Hay hinh dung trong thuc té

xay dung cong trinh khi nao chung ta sir dung hinh thic ndi tiép chay mit ?

10. Trong ndi tiép chay ddy, thong thuong ta phai xac dinh luu luong qua dap tran,
hinh thirc néi tiép (nhay xa, nhay tai chd hay nhay ngap); tai sao trudc day nguoi
ta st dung bang tra cua Agroskin dé tinh toan ?

11. Hay cho biét trong thyc té tinh toan tiéu ning, khi nao ngudi ta dao bé , khi nao
xay tudng, khi nao két hop ca hai gai phap nay ? Thong thuong doan kénh dan sau
cac cong trinh ti€éu nang bi hu hdng, vi sao ?

N

Lo X_ow
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Bai tap:

1. Xac dinh hinh thirc ndi tiép va vi tri nudc nhay khi dong chay c6 luu luong Q=5,2m’/s
tir dbc nude tao h, =0, Im di vao kénh hinh thang c6 m=1, b=3,8m, i=0,0006; n=0,025.

2. Xac dinh hinh thirc ndi tiép & ha luu dap tran, biét dap cao P=10m, chiéu rong song
thuong luu bang chiéu rong tran, cot nuoc tran Hy=3,0m, h¢ s6 luu luong m=0,44. Kénh
dan sau dap c6 do sdu muc nudc hy=2,00m.

3. Xéc dinh hinh thirc ndi tiép sau khi dong chay di tir ddp tran véi luu luong Q= 80m’/s,
chiéu rong tran b=8m. Muc nuéc thugng luu cao hon ddy kénh dan hal Ivu 1a E=10m,
kénh ha luu dap kha dai mat cat chir nhat ¢ chiéu rong béng chiéu rong tran, hé s6 nham
n=0,017, d6 ddc i=0.0002.

4. Xac dinh hinh thic ndi tiép ¢ chan dap tran c6 bac thut. Pap cao P=16m, bac cao
a=6m, mii doc ngugc mot goc 6=10°. Luu lugng don vi =8 m%/s, Hy=2,45m, h;=8,0m,
¢=0,95.

5. Tinh chiéu cao tuong tiéu ning ctia dong chay sau dap tran thuc dung mit cat hinh
cong c6 P=12m, b=8m, m=0,4;9, Q=48rn3/ s. Kénh ha luu mat cit chit nhat rong béng dap
tran va c6 do sau muc nude 1a hy;=3m.

6. Tinh chiéu sau bé tiéu ning cta dong chay sau dap tran thyc dung mat cat hinh cong c6
P=12m, b=8m, m=0,49, Q=48m3 /s. Kénh ha luu mit cét chir nhat rong bﬁng dap tran va
¢6 do sau muc nudc la hy=3m.

7. Tinh kich thuéc bé tiéu ning két hop tuong ¢ ha luu dap tran c6 P=7m, b=8m,
m=0,35, Q=64m’/s. Vi chiéu cao tuong t6i da dé khong co nudc nhay xa sau tudng, con
bao nhiéu thi dao bé léy Pdap=0,9; Prong=0,95. Kénh ha luu mat cat chit nhat rong béng
dap tran va c6 do sau myuc nudc la h=3m.

8. Tinh bé tiéu nang (chiéu sau va chiéu dai), & sau ctra céng, chiéu rong cong bang chiéu
rong day kénh b =3 m; cOt nudc thlrong luu Hy = 2 m; luu lugng Q=7,16m3/s, do sau ha
lwu h, = 1,2 m. Hé s6 luu tdc qua cng (9=0,95)

1. Tinh tuong (chiéu cao tuwong va chiéu dai bé) tiéu ning & sau ctra cdng, chiéu rong
cdng bang chiéu rong day kénh b =3 m ; cot nude thuong luu Hy = 3 m; luu luong Q =
12 m*/s d6 sdu ha luu hy, = 1, 6 m. Hé sb luu tc qua céng (¢ = 0,95).
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CHUONG 8 ) ' ) ‘ '
LY THUYET CO BAN VE THAM

Hookk
A. KHAI LUAN

§8.1 NHUNG KHAI NIEM CO BAN

I. TAm quan trong cia Iy thuyét vé nwée tham

II. Céc trang thai nuéc & dwoi dat

II1. Pic tinh cia dit thim nuéc

§8.2 PINH LUAT THAM DARCY

I. M6 hinh thim:

IL. Pinh luit thim

I11. Hé s6 tham ciia dat:

B. CHUYEN PONG CUA DONG THAM TREN TANG KHONG THAM NUOC
§8.3 CHUYEN PONG PEU CUA DONG THAM

§8.4 CONG THUC DUYPUY

§8.5 PHUONG TRINH VI PHAN CUA CHUYEN PONG ON PINH KHONG
PEU THAY POI DAN CUA DONG THAM

§8.6 CAC DANG PUONG BAO HOA TRONG CHUYEN PONG KHONG PEU
CUA DONG THAM

C. CHUYEN PONG CUA DONG THAM VAO GIENG VA HAM TAP TRUNG
NUOC

§8.7 CAC LOAI GIENG NUOC NGAM

I. Giéng nwéc phun

II. Giéng nwéc ngaim

D. THAM QUA PAP PAT TREN NEN KHONG THAM

E. THAM DUOI CONG TRINH THUY LOQI

I. Pit van dé vé thim cé ap

II. Phwong trinh vi phin co bin dong thim

II1. Piéu kién bién

IV. Ham dong - Lwéi chuyén dong thiy dong lwc hoc

1. Ham dong

2. Lwéi chuyén dong thiy dong lwc hoc

Bai gidng thuy lyc cong trinh Trang 115



Khoa Xay Dung Thuy lgi - Thuy di¢n B¢ mon Co So Ky Thudt Thuy Loi

§8.7 PHUONG PHAP TUONG TU DIEN - THUY PONG LUC HQC (TTP-TD)
I. Nguyén ly twong tuw

II. So' d6 thi nghiém va dung cu

1. Phan cung cip dién

2. Mach do

3. M6 hinh dién
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CHUONG 8

LY THUYET CO BAN VE THAM
Groundwater modelling

A. KHAI LUAN
§8.1 NHUNG KHAI NIEM CO BAN
I. TAm quan trong cia ly thuyét vé nwée tham

Su chuyén dong cua chit long trong méi truong dat, d4 nit né hodc trong moi
trirong x6p noi chung, goi 1a tham.

Khi xdy dung cong trinh thiy loi thudong xuat hién hién tuong thim trong dat nhu
thAm dudi dy, thim vong quanh cong trinh; tham dén cac hé mong thi cong,...cho nén
tinh thim co6 tam quan trong dac biét va la mot khau khong thé thiéu duoc trong thiét ké
cong trinh thuy loi.

Nhiém vu viéc tinh thim nhim xac dinh nhiing dic trung chung hodc cuc bd cua
dong tham:

a) Xac dinh ap luc va ¢t nudc thAm tai moi vi tri khac nhau trong vung tham.

b) Xac dinh tri s6 gradient va véan toc ctia dong thim trong cong trinh bang dat, nén
cong trinh va nhitng doan ndi tiép giita cong trinh véi bo.

¢) Xac dinh vi tri duong bio hoa (di v6i thim khong ap).

d) Xac dinh luu lugng tham.

IL. Cac trang thai nuwée & dwéi dat
Nudc trong cac mdi trudng ¢ 16 hong co thé & nhiéu trang thai khac nhau:
v’ Nuée & thé khi
v’ Nuéc & thé bam chit
v' Nudc ¢ thé mang mong
v Nué6c mao dan
v' Nudc trong lyc hay nudc thim

v
II1. Pic tinh cta dat thAm nuéc
Dit ¢6 thé chia 1am hai loai:
v Dat dong chat: Tinh chat thim ddi véi moi diém nhu nhau
v' DPit khong dong chat: Tinh chat thAm phu thudc vao vi tri cua timg diém
Dat dong chit lai chia 1am hai loai:
v' Pit dang hudng: Tinh chit thim khong phu thudc vao phuong chuyén dong ciia
dong tham
v' Pit khong ding hudng: Tinh chét thim lai phu thudc vao phuong chuyén dong
ctia dong tham.
Sau day ta chi nghién ctru trudng hop thim don gian nhét trong cac loai dit dong nhat,
dang hudng trén cac tang dat phang khong thim nudc.
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§8.2 PINH LUAT THAM DARCY

I. Mé hinh thim:

Chuyén dong ctia nhiing chat diém nudc riéng biét trong dong tham rat phic tap.
Vi thé luc nghién ctru cac van dé thim, can 1ap mdt so dd vé hién tuong da dugc don gian
ho4, nghia 13 14p nén mot "mo hinh thim" bang cach thay chuyén dong thuc phirc tap cua
dong thim bang mot chuyén dong gia dinh don gian hon.
Mo hinh thi nghi¢m:

Thiét bi gém mot 6ng hinh tru A, ¢6 mét sb 15 dé lép
cac ong do ap p vao. Nudc theo dng a di vao hinh try duoc
giit & cao trinh khong do6i nho mot dng tran b. Cach day mot
khoang nhat dinh c6 dat mot ludi. Pt chira ddy 6ng hinh
tru dén mot do cao cho trude.

Giita lu6i va day hinh try dat 6ng thao nudc co khoa
hinh K dé thdo nudc thAm qua dit ra ngoai. Nudc chay ra
khoi éng dugc tap trung vao binh B. Ta gilr cho chuyen
dong cua nudc thim qua cot dat trong ong hinh tru dugc 6n
dinh bang cach gitt cho muc nude trong ong hinh try khong
d6i, nghia la dam bao cho lugng nudc do ong a cung cap
cho cot dat vira bang hay 16n hon lugng nuéc dua ra ngoai
qua khoa K. Ta thdy muc nudc trong cac 6ng do ap nay o
nhimg cao trinh khac nhau, éng do ap cang thap thi muc

nude trong cac ong nay ¢ cao trinh cang thip. Chimg t6 khi nuéc chuyén dong trong cac
16 hong ciia dét thi c6 ton that cot nudc.

Su chuyén dong cia timg chat diém nudc qua cac 16 hong cua dat 1a rat phirc tap,
nhung néu xét dén toan bo dong chay ta van thay c6 mot “phuong chay chinh® cuia dong
chay, d6 1a phuong thang dimg.

Sau ndy ta chi xét dén phwong chay chinh va gia thiét dong thaim chuyén dong lién
tuc va lam day tit ca cic mat cit ngang cuia 16p dat thim, nghia 13 tham qua ca cot dat
nita. Tuy nhién, cac két qua thu duoc van ding cho dong thdm (V,Q.hy).

- Luu toc thim u = d%@ . Van tdc tham trung binh v :%

- Luu tdc thim v 13 luu tde gia dinh, khac voi luu tdc thuc v’
- Néu dién tich tham ® da dinh, dién tich tong cong cua cac 10 hong ®' thi: Luu toc
trung binh thuc t€ trong céac 10 hong: v > v)

’ . \ ® A X R TYY X1 X Ay A
v=p.v v6ip<1l va p=—:D0rong, voi o - dién tich 16 hong, - dién tich tham qua
®
dat
IL. Pinh luat thim

Nam 1852-1855 Darcy da tién hanh nhiéu thi nghiém ddi v6i dat cat (Hinh trén) va
dua ra dinh ludt co ban vé tham, goi 1a dinh luat Pacxi.

] . . ) h
Qua quan sat hién tugng tham ta thay: Q=f(k,w,J) vdi J = TW Nhu vay: Q =

H, -H,

kmJ, k phu thudc loai dat goi 1a h¢ s6 tham; hy =H;-H, — J=- 1
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- AH : 2
Hay co thé viét: v=k.J = -k. R nén co thé phat biéu:

“Luu toc tham ti 1é bdc nhat véi gradien thuy hec hay ton that h,, ti 1é bdc nhat véi luu
toc tham *

— Chuyén dong tuan theo dinh luat Darcy ctia dong thdm 1a chuyén dong ¢ trang thai
chay ting. Dbi véi cat hat, soi — thim theo luat phi Darcy.

II1. H¢ s6 thim cia dat

Pic trung cho tinh thAim nudc cia dat = f(hinh dang, kich thudc hat dat, thanh
phé‘ln nham thach, diéu kién t° ).

Hat dat cang 16n, cang déu thi hé s6 thdm cang 16n. Nguoc lai néu trong dat co
nhiéu hat nho thi hé sé thAm cang nho.

Do d6 nhét cia nude phu thudce vao nhi¢t do nén nhiét do cang tang thi hé s6 tham
cang 16n. Do hé s6 tham chiu anh hudéng cta nhiéu yéu té khac nhau nén viéc xac dinh
chinh xac hé s6 tham ciing c6 nhidu khé khan. Nguoi ta xac dinh hé sé tham theo nhiéu
cach sau:

- Cong thirc thyc nghiém (ding dé udc luong trong tinh toan, hodc cong trinh nho),
- Thi nghiém mau trong phong thi nghiém,
- Thi nghi¢ém hi¢n truong.
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B. CHUYEN PONG CUA DONG THAM TREN TANG KHONG THAM NUOC

§8.3 CHUYEN PONG PEU CUA DONG THAM

Do chuyen dong thuc ciia chat 10ng trong cac 16 hong cta dat rat phic tap, nén luc nghién
cltru chuyen dong ciia dong thim, ngudi ta phai thay chuyén dong thuc bang chuyén dong
ctia chét 1ong trong méi trudng lién tyc.

Ta xét chuyén dong 6n dinh déu trén mot tang khong thim nudc nam nghiéng c6 d6 dbc
day la i=sina

1 ) ” Mat chudn

Cac duong dong song song, trén cung la duong béo hoa, ap suét bang 4 ap sudt khi troi p,

Cot nude do ap tai mot diém nao d6 trén mat cat (1-1) so v6i mat phang so sanh (0-0) s&

la: H=z+ b
T

Tai mat cat 2-2 cach 1-1 mét khoang ds, do cao do &p giam di mét luong dH

Do dbc thuy luc: J = -(31—1; =1= const (8.1)

Viay luu tdc thidm cua moi diém trong dong thAm dn dinh déu cung c6 mot tri s6 6n dinh:
u=v=k.J=k.i

Luu lugng cua dong tham chay déu la: Q =kim,

Trong do6: o, - Dién tich cia mit cit uot dong tham
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§8.4 CONG THUC DUYPUY

Xét dong 6n dinh khong déu thay d6i dan. Hai mat cit (1-1) va (2-2) thang goc véi cac
dong nguyén t va cach nhau mot khoang ds.

Goi cdt nude do ap tai mat cit 1-1 1a H thi cot nude

do &p tai mat 9ét 2-2s€la H - dH. ,

Khi do6: Bd doc thuy lyc doi véi dong nguyén to: J 1 )

= -d—H = const khi dS bé
ds

B _¢dH dH
Q—.[dQ——kJ.E.dm——k.m.E—k.m.J H

2 Mat chuan

V= Q =-k.d—H=k.J. Vay: v=klJ
® ds
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§8.6 CAC DANG PUONG BAO HOA TRONG CHUYEN DPONG KHONG DEU
CUA DONG THAM

Cung nhu trén, ta s€ x¢t ba truong hop sau:
Trwong hop 1: DJ doc day thuan (i > 0).

Trong khu vuc cta dng nude tham (hnh 18-5) v& dudng béo = AoA A
hoa trong trudng hop chay déu (N-N), ta dugc hai ving:
Vung (a) trong do6 h > hy va vung (b) trong dé h <h,
Viét phuong trnh (18-33) du6i dang méi:

dh = i(l —lj (18-39)
ds n
1. Trong vng a: h > h; nin ® > ®,, do d6 n> 1; to phuong trnh (18-39)

ta thay dh/ds > 0, nghia 1 d¢ siu dng thim s& ting dan theo hudng chay va do6 1a duong
nudc dang.

- Khih - hgth n— 1va j—h — 0. Nhu vay duong béo hod & phan trin ldy dudng
(N-N) lam duong tiém cefm.s
-Khih >0 th n>o vi % —» i. Nhu vay duong béo hod & phan dudi ldy
duong nam ngang lam dudng tiém cén (hnh 18-5).
2. Trong vng b: h < hy do d6 tir phwong trnh (18-39) ta thiy: %< 0 tic 1a d6 sau
dng chay giam dan theo hudng chay va d6 1a duong nudc ha.
- Khi h — h, tir (18-39) ta thdy % — 0. Nhu vay duong béo hoa & phan trin lay
duong (N-N) lam duong ti¢ém can.
- Khi h > 0, tir phuong trnh (18-39) ta ¢ % — —oo nhu vy khi h = 0 tiép tuyén
cia duong béo hoa thang gc véi truc s, nin r ring dudng béo hoa & ddy co dang
Trlr(‘)’nlgoi;q’p 2: Pay nam ngang (i = 0).

Trong trudng hop nay khai niém “do sau chay déu” khong cn \"\s/"‘\_(x\

y nghia vat 1y nira, ta chi c6 mdt vung tuong ty véi vung (b) & ~— —— _

truong hop trude. N
dh  Q AN

Tt phuong trnh (18-34) tac — =-——<0. e
ds ko - 0 | s

Nhu viy d6 sau dng chay giam din theo hudng chay va
duong béo hod 1a dudong nudc ha.
. h . 2 ; ,
Khih - 0th o —» 0va j— — —oo vay khi h = 0 tiép tuyén ctia duong béo hoa thang gc
S
v6i ting khng tham, dudng béo hoa ¢ day ciing c6 dang 16i.
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Truwong hop 3: D6 ddc day nghich (i < 0).

Cuing nhu truong hop 1 = 0 ¢ déy chi c6 mot ving. Dé
nghién ctru duong bdo hoa ta viét phuong trnh (18-38)
dudi dang moi:

dh _ —i'(l + 1] (18-40)
ds ¢

Ta thdy ¢ day % < 0 va hoan toan khng phu thugc vao
ti s6 ¢: do sdu dng thdm giam dan theo hudng chay.
Puong béo hoa truong hop nay 1a duong nude ha.

Khi h - 0 phuong trnh (18-40) cho ta z—lsl —» —0, nghia 1a khi h = 0 tiép tuyén cta
duong béo hoa thang ge voi tang khng tham.

. dh . A N A A < A - [N A M
Khih -« tac — — |i|, nhu vy ¢ phan trén dudng béo hoa c tiém cdn nam ngang.

ds
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§8.5 PHUONG TRINH VI PHAN CUA CHUYEN PONG ON PINH KHONG
DPEU THAY POI DAN CUA DONG THAM

Ta nghién ctru chuyén dong khong déu thay
d6i dan trong nhitng 10ng dan hinh ling try mat cat N
ngang co6 dang bat ky.

Ta xét mot mit cit cho trude (x-x) cach mat
cit ban dau (1-1) mot khoang s.
Thay H=at+h vao (8.1) va % = -,

o y=-H_;_db
ds dS

Tox v=kJ = v=k.(i- ﬁ)
ds

. dh
= . :k. - —
Q=v.o o( dS)

Véi dong chay déu: h=const; % =0; o=0,thi: Q=k.o,.1
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§8.6 CAC DANG DPUONG BAO HOA TRONG CHUYEN PONG KHONG
PEU CUA DONG THAM
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C. CHUYEN PONG CUA DONG THAM VAO GIENG VA HAM TAP TRUNG

NUGC
§8.7 CAC LOAI GIENG |
NUGC NGAM 2
I. Giéng nuwéc phun:
Gia su téng dat thdim nudc A i huse ngadt A

nam gilia hai tang khong thAm nudc
va ap suat trong nudc ngam 1on hon
ap sudt cua khong khi. Lop dat dan
nudc nhu vay goi la 16p chira nude co
ap va giéng do lop dat d6 cung cap
nuée goi 1a giéng nude phun.

Khi nuéc ngdm khong chuyén
dong thi myc nudc nam trén mat
phing nim ngang A-A goi la mat
muc nudc ngém thién nhién.

Khi bom nuéc tir giéng phun
lén thi xung quanh giéng s& hinh
thanh mot phéu bao hoa.

Néu giéng phun in siu ti 16p dat khong thim nude thi giéng d6 goi 1a giéng hoan
chinh, trong trudng hop nguoc lai goi 1a giéng khong hoan chinh.
v’ Giéng hoan chinh (Hinh bén)

Xét mot gleng hoan chinh nam gitra hai tang khong A

tham nuée phang va nim ngang. Khoang cach gitra
hai ting d6 khong d6i va bang t. .
Khi bom nudc lién tyc va déu, luu luong Q léy tir
gleng nudc phun 1én bang luu lugng nudce do tang g
dat thAm nudc cung cap. Sau mdt thoi gian, chuyen
dong cua dong thAm trong ting dat thim nudc 6n -
dinh va phéu bdo hao la mot mat ddi xung. Trong -
dong chay do, néu ta v& mot mit try ban kinh r dong -
truc voi thanh giéng thi:

dz , A f o 4R ,
J= ot trong do z 1a cot nudc & diém co toa
r

dor
Khi d6: Phuong trinh vi phan chuyén dong cua dong thdm co dang:

dz . cn .« \
Qbom = Qcung cép =K. @. d_ vo1 ® =2 mr.t: Dién tich ciia mat tru tron
r

Vay: Q= 2nkrtd—z
dr
= dz= Q ﬂ
2kt r

Nén : Idz=J Q .£—>z—h= Q Int Hay : z-h=0,37g.lgL (8.8)
N 2nkt r 2nkt 1, kt "1,
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Tir (8.8) ta c6 thé v& duong bio hoa va xac dinh dugc luu lugng giéng.
Cho z=H thi r =R (v61 R 1a ban kinh anh hudng cia giéng).

Pt s=H-h — Q=273 Xt
R

lg—

rO

v' Véi giéng nudc phun khong hoan chinh, nguoi ta da chimg minh duoc:

k.a.s T T.a
=2.73. A 145,[-2.cos(—
0 & { [ oo ﬂ

lg—

o

Trong do: a 1a chiéu sau cua giéng an vao tang dat tham nudc.

II. Giéng nuéc ngam
Gia su tang thAm nudc nam trén mot tang khong thém nam ngang. Lic d6 muyc

nudc ngam thién nhién s& & vi tri nam ngang (A-A) trén tang khong thim nudc mot

khoang cach H. H goi 1a d6 sau tang bdo hoa. Giéng nudc do tang dat bio hoa nay cung

cap goi la gleng nude ngam thuong.

v' Xét mot giéng hoan chinh:

Khi Qbom Quic, phéu nudc ngam 6n dinh |7

Do chuyén dong cta dong tham & day 1a 6n

dinh thay d6i dan nén J = dz
. dr . MNN ty nhién

Di¢n tich mat cat cua dong nudc tham

o=2.mrh

Phuong trinh vi phan ctia dong nudc thim s&

13:Q=2nkrh S 522 _h? =073 21"
dr k

Iy

Ban kinh R twong tmg z = H, goi la ban kinh B o r
anh huong. Luu luong giéng bom cho bai:

2 _ 142 ____T._ ‘7____
W kHs g8
2H

H
Q=1365k. x

R r
lg— lg—
SR <y
Trong d6: s = H - h: goi 1a chiéu sdu hut nude.

) k.H.S
Khi —~0 thi —» 273, ——
2H Q= R

lg—
I.0

Trong tinh toan so bo:

R = 30005 .k , o
Trong do: s 1a chiéu sau hut nudce (m); k 1a hé so6 tham (m/s)
hoac léy: R= (250 + SOO)m , d6i véi cat hat trung binh,
R = (700 +1000)m , cat hat to.
v' Giéng khéong hoan chinh
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Luc ting thim nudc rat day, giéng khong
an sau vao tang khong tham nudce thi nude cung

cap cho giéng vura qua thanh bén cua giéng, vira H.>H H. <H

qua day giéng. b6 la giéng khong hoan chinh. S TR a & =X X »x
Néu khoang cach tir day gleng dén tang /_1T\_: \_S INRIEE

khong thdm nuéc 16n, trong tang thdm nudc c6 / - == /

mot ving ma nudc ngam khong chuyén dong, o b

do d6 chi c6 phan trén 1a tham gia vao viéc cung \H T 11{ ‘é ] h | Ha (| H

cap nudc cho giéng . Ving niy goi 1a viing hoat \ _ \I——% T

dong . . \\_—_"___/)
Goi H, 1a chiéu sdu vung hoat dong cila —— — — — —] -t — 4 -

tang thim nudc, ;

T'1a khoang cach tir myc nudc trong giéng dén bién gidi ving hoat dong
Ta 6 hai truong hop H,> H va H, <H
a) H,> H:

: *~T?) |h . -

Luu lwong dugc xac dinh: Q =1,365. k(H T )\/ 0514, .4\/2T h

1 R T T

gi

rO

Trong d6: T 1a khoang cach tir myc nudc trong giéng dén ting khong thim.
b) H,<H: Thay H va T bang H, va T & biéu thuc trén.

k(H,? - 1) \/ h+0,51, \/ 2T-h

. 04
| R T T
gi

Iy

Tri sb H, dugc chon theo kinh nghiém hodc thuc nghiém

Q =1,365.
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D. THAM QUA PAP PAT TREN NEN KHONG THAM
Thiam qua than dap dat va nén dap c6 thé ap dung cac phuong phap s manh cho 10i giai
kha chinh xac nhu: Phuong phéap Phan Tuo Hiou Han, Phuong Phap Phan Tu Bién,
Phuong phép sai phan, hay trong mot sb truong hop don gian c6 thé dya vao Phép bién
hinh bao gidc, hodc tinh don gian dwa vao phuong phap Thuy lyc.
Van dé tham qua than dap dat c6 ¥ nghia rét 16n trong thuc té. O day chi xét trudng hop
thim qua than dap dat trén nén khong thim. Phuong phap dung ¢ day 1a phuong phap
thay luc.
Muc dich ciia viéc thiét ké tinh toan thAm 12 nham:
4 Vinim <[V Jtném ep dé tranh x6i ngam,
v'Biét 4p lyc tham tac dung Ién day
cong trinh, dé tinh 6n dinh cong trinh li B
v'Do déc thiy luc J ciia dong nudce thAim — — —
anh huong truot mai, dé tinh 6n dinh }}}7

dudng bao hoa

cong trinh,
v'Lugng mat nudc do tham qupgm <[ q Jep
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E. THAM DUOI CONG TRINH THUY LOQI

I. Pit van dé vé tham co ap:

Tham duéi cong trinh thuy loi béng bétong 1a loai tham c6 ap. O day ta s€ nghién
ciru chuyen dong cua dong tham chay tang c6 ap theo dinh luat Darcy, on dinh, khong
déu, thay doi gap.

Gia su c6 mot cong trinh trén mot tang dat dang hudng ma cac dic trung co ly da
biét, ting nay & trén mot tang khong thim nude D-D.

Puong 1-2-3-4-5-6-7 14 gi6i han phan khong thAm nudc & phia dudi cong trinh goi
1a duong vién tiép xtic véi nén dat, ¢ phia dudi cong trinh. Nhu vay dudi cong trinh da
hinh thanh mét ving thim.

Hiéu s6 cao trinh gitta myc nudc thuong luu va ha luu goi 1a cot nude tac dung 1én
cong trinh. Chinh cot nude nay tao nén dong tham dudi cong trinh.

Hién tuong thim & day la thdm c6 4p, vi khong co6 mit bao hoa, ma & phia trén da
dugc gidi han bang duong vién day cong trinh khong tham.

Céc duong bdo hao & day 1a duong cong, do d6 mit cit truc giao voi duong dong
cung la duong cong. Vi thé chuyén dongc na dong thdm 1a chuyén dong khong déu, thay
doi gap.

II. Phwong trinh vi phan co ban dong thim:

bat: h=z+ b goi la cot nude do ap
Y A
trong mién tham. , —h = z .
Trong do: h = h(x,y) goi 1a ham s6 clH—1—— 1
Cét nlI('TC, . ) ; if” 7'; va T ;/\N\/\ r
Ta c6 thanh phan luu toc tham tai N2 3 AR
diém A sé€ la: . .\.\.\. .5.C. *n' -6/‘/‘ SR
8h C3_>\ . ﬂ//’# ....... 3
ue=—k— 4700 nL
Ox el
ch
uy = —kg C3
.20
Pit: p=—-kh — gx
o =00
© oy

Thé ¢ = @(x,y) goi 1a ham thé luu téc thim; k 1a hé s6 thadm k = k(x,y).
Tur phuong trinh lién tuc:

Ou. Ou, PO o ,
*+—==0, thé cic gia tri cta uy, u, O trén, ta co:
ox Oy
ahz ahz . A 4 by \
e + o = 0: Day chinh la phuong trinh Laplace.
X

Tich phan phuong trinh ndy két hop voi didu kién bién, ta dugc cot nude thim h=h(x,y)
trong mién tham.
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I11. Piéu kién bién

C3

v

Ta hay xét diéu kién bién gidi trong so d6 cong trinh trén.
Puong C;: Puong day thuong luu, nude ¢ thuong luu tham vao dit nén tir dudng nay.
Tai moi diém trén C; cot nudc déu nhu nhau va bang: H,=h,+a. Nhu vay C;la duong
dang cot nude (duong dang thé) vi Hy=const.
Pudng C,: Puong ddy ha luu, nudc tir dat thdm ra ha luu qua dudng nay. Tai moi diém
trén C, ¢t nude déu nhu nhau va bang: Hy= a + h,. Nhu vy C, ciing 14 duong déng cot
nude (duong dang thé) vi Hy=const.
Puwong Cj: 1a tang khong tham nude hodc bién gioi thuong ha luu khu vuc thAm. Nhu
vy day dugc xem la duong dong; nén luu toc tham phap tuyen tai moi diém bat ky trén
C; déu bang khong. Goi n-n 13 phap tuyén ciia Cs, luu tdc tham trén n-n 12 u,:
=-k. oh _ =0 hodc ch =0
on 8n

Céac duong dang cot nude phai thang goc voi C,
Puong C,: La duong vién dudi day cua cong trinh, day la duong dong trén cung cua
mién thim. Tuong tu nhu dudng vién Cs , luu tdc trén phuong phéap tuyén véi C, déu
bang khong.
Tém lai: Ta c6 thé tong két didu kién bién gidi clia so d6 tham trén nhu sau:
Trén dwong vién C;:

a +h(x,y) =H;=const, 0
hoac: ¢(x,y =@, =const X
Trén duong vién Cj: ¢+do

a + hy(x,y) =H,=const hodc dm u

o(x,y = ¢, =const
Trén dwong vién Cj: v

a—h:O hoac 8_(p:0
on

Trén dwong vién C,: Y y+dy
oh =0 hoac % =0
on
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IV. Him dong - Luwéi chuyén dong thily dong lwe hoc
1. Ham dong: q o
Vi ludi chuyén dong phang, thuong dua vao khai ni¢ém ham dong W de bicu thi cac

duong dong. . )
Ham dong W c6 quan hé vdi cac thanh phan luu tdc nhu sau:
oY oY
u =—, u, =———
gy
Y
; b d b4
Luu lugng g= J.d‘P=\PZ—‘IJ Vay: % 8— 8(p _oF
¥ ox oy oy ox
2 2
Bién d6i ta duoc: 0 \f __0 \?:09 AY =0
ox oy

Vay: ¢,¥ 1a cac ham sé lién hiép diéu hoa: ¢ < ¥
2. Lwéi chuyén dong thiy dong Iye hoc:
Vé ho duong dong ¥ va duong thé ¢ ching truc giao nhau. Xét hai duong dong

e A dx = dn.cos@
Y, ¥ +d¥ vaduong thé ¢,p+dgp : _
dy = dn.sin @
u, =u.cosf

Goi u luu tdc thim tai (p,¥) : { .
u, =u.sind

Mat khac : do = 2(0 dx + (2(p dy=u dx+u,dy ; nén dp= u.dn(cos” @ +sin’ 0) = u.dn (1)

y
dx = —dm.sin
Mat khac : * m.sin d‘I’—a—qjd +6_\de u.dy+u,.x
dy = dm.cos@ Ox oy
nén d¥ =u.dm(cos’ 6 +sin’ ) = u.dm (2)
Tu (1) va (2) dp _dn ; vay néu do = d¥ thi dn=dm - Ta c6 ludi thuy dong luc
VUONG

a. Khai niém céch giai bai toan thAm

Muc dich ctia viéc giai bai toan thim, 1a tim h(x,y) (thoa Ag =0va cic diéu kién bién
); tir d6 biét p(x,y), > biét W(x,y) = v& ludi thity dong luc va xac dinh moi yéu tb
thity Iyc khu thim. Dé giai Ap =0 , trong mot sd bai toan cé thé ding phuong phép
bién hinh bao giac, huong phap phan doan Pavoldpxki , phuong phap hé s6 lyc can
Trugaef, dbi vOi cac bai toan co hinh dang bién va dia chat phirc tap _phai dung
phuong phap sé (nhu phuwong phap Phan tir hitu han, phuong phap Phin tir bién,
phuong phéap Sai phan,..).
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b. V& luéi thiy dong lwc hoc
Duya vao cac gia tri cot nude da tinh dugce trong mién tham va tinh chat cua duong
dong va duong dang thé, ta s€ v& dugc ludi thuy dong luc hoc.

<
|
c. So' dd thAm dén xuit 7 -

1.Néu hai khu vyc tham dong chat ? H
dong dang véi nhau, thi lugi tham g, MmoHes LOH ?
cta hai khu vuc d6 cling dong +0,9H_X& 4 H,
dang véi nhau. =H2 _

< . z N A \11_2/ hit = H2 + OH
2.Trong truong hop dat dong chat, © —— 1 £+ -1 1 — O
hinh dang cua luéi tham khong
phu thudc vao c¢ot nude cong trinh h3 =R . » h9
H tac dung 1én cong trinh. b Lo h7

3.Tri s6 ctia Iuu lwong thdm ti 18 v6i
cOt nuéc H

Do d6 c6 thé suy ra cac yéu

t6 thuy lyc cua so do that bang

so dd dan xuét:

h,=H,+H.(h,),, q=k.H.(ax
Trong do:

h,,q cot nudc va luu luong

so dd that. O
H,,H,k myc nude ha luu,

chénh muc nuéc TL va HL,
hé sb tham.

(h,) > qQax €Ot nudce va luu luong

tuong tmg cla so d6 dan xuat.
d.Cach xac dinh cac yéu to thiy luc ctia dong tham - tir lwéi tham 6 vuong
Do phan bo ctia ¢ft nude tham, luu toc tham V, tai bat cir diém nao cua khu vuc tham,

dic biét 1a & chd chay ra ha luu; rat can thiét trong tinh toan thiét ké ncong trinh.

* Xac dinh lwu téc thAim

AH A H A
v=kJ=-k.— ,lué1 6 vubng AH =—— , nén v=k.
Al n nAS
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tai 6 (ij) c6 v, =k.—— = & ha hwu kiém

nAS; Bidu dd luu téc
’ ra 6 ha luu
tra v, <[v,],

* Xac dinh 4p luc thim duéi méng cong
trinh: 0
Dong tham di tir thuong luu t6i ha luu ton that cot

. £ Xo e LR L H . .z
nudc tham H, qua moi dai ton that —. Vay & cudi
n
giai i - Pudng ding thé (i+1) cot do ap la:

h=H -l ()
n

Goi yg; la tung do cua day cong trinh

tai diém xét : p, = y(h, + y,,) (**), v61 A, cho & (*)

Tir (**) ta v& do phan b cot nudc ap luc P tren duong vién khai trién, chi ¢6 phan dé
e

trang 1a gy day noi. Tir duong N-N trd 1én 13 ap lyc dong do dong thim

© /
]2

2' 3

d+s ' ' ' [
Y 2 35 6

* Tim luu lwong tham q

Goi Aq 1a Ivu lugng gitra hai duong dong canh nhau: q=m. Aq; véimla s6 mién
Xét mién thu j thi: Aq= v, Ao, , Vvl Ao, khoang cach trung binh gitra hai duong dong

canh nhau cua 6 luéi (1,)).

/ Ao, .
Viét lai: Aq= (k.L).Aaij :k.ﬁ 7 vi 6 ludi vudng: —2L =1 nén: q=m.Aq =
nAS, n p p
2 kH
n

¢. Phwong phap twong tu dién thuy dong luc hoc (TTD-TD)

Phuong phap TTD-TD dua vao su tuong ty hoan toan vé phuong trinh toan hoc ciia
dong thdm trong méi truong tham véi dong dién trong méi truong din dién. Nhu vay
c¢6 thé dung mot moi truong lién tuc dan dién lam mo hinh dé nghién ctru dong tham,
trong moi trudong thAm nuéc - mién 1a cac diéu kién bién trong mo6 hinh thAm va mo
hinh dién 1a dong dang. Liic d6 cac duong dang thé V vé trong mo hinh dién chinh 1a
dang thé cot nudc h trong mién thim.
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V5=V, > G (dién thé chi s6 0)
R R, V-V,

A A . R < ,
hé thirc cau Wiston: —L=—, Mackhac — =
R, R, R, V,-V,

Twong tu giira dong tham c6 ap va dong dién.

& V -V,
Rl Vl V4 :>R1+R2:V1_V2
i_Vl V4 Rl VI_V4
RI Vl V4
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cot nudc h Dién thé V
h;-h, Thé hiéu V-V,
D¢ dai duong dong S D¢ dai duong dong S
Gradien cOt nudéc J = dh Gradien dién thé E = ar
ds ds
H¢ s6 tham k H¢ s6 dan dién ¢
Luu toc tham u Mat do dong dién i
Pinh Iy Darcy u, = k2" Pinh luat Ohm i = .2/
0s 0s
0 oV,
Phuong trinh lién tuc Oty L Ze g Phuong trinh lién tuc A +—==0
ox oy ox Oy
Phuong trinh Laplace V*h =0 Phuong trinh Laplace vy =0

Mit khong tham nudc

Mat cach dién

Dang c6t nudc h = const

Dang dudng dién thé V = const

Duong dong oh _ 0 Duong dong > 0
on on

Cau hoi:

Tam quan trong cua 1y thuyét vé& nudc tham?

Céc trang thai nudc ¢ dudi dat?

Dic tinh cta dit thAm nude ?

Dinh lugt thim DARCY?

Chuyén dong déu cta dong thim?

Cong thitc DUYPUY

Phuong trinh vi phén cua chuyén dong 6n dinh khong déu thay doi dan cua dong

tham

Céc dang duong bao hoa trong chuyén dong khong déu cua dong tham .

9. Hay cho biét hién tuong tham trong dat, cac gia thiét 3¢ mo hinh hoa va dinh luét
Darcy va y nghia vat 1y ciia n6 ?

10. Hay cho biét cac yéu t6 nao anh huong dén hé sé tham ?

11. Hay nhan xét vé sy gidng nhau va khac nhau cua profile (biéu dd phan bd) van téc
thim déu va chay déu trong kénh ho ?

12. Trong dong tham (chay ngdm) va chay mat; hiy nhan xét vé cac dang profile mat
nudc (duong mat nudce) va profile duong bao hoa ?

13. Luu lugng thim vao mot giéng don phy thudc vao cac yeu t6 ndo ?

14. Trong giéng hoan chinh va giéng khong hoan chinh, giéng nao c6 luu lwong tham
16m hon ? Vi sao ?

15. Thim tuén theo dinh luat Darcy trong truong trong lyc 1a chuyén dong co thé hay
khong c6 thé ? vi sao ? Pic tinh cia chuyen dong ndy ? Ap dung no6 vao cach cho
diéu kién bién ctia mot bai toan tham dién hinh qua cong trinh ?

16. Hiy néu cac vai trd quan trong cta viéc tinh thim qua cong trinh ?

Nk W=

*
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Bai tap:
18-12. Pé xé4c dinh luu luong thim vao mot vung triing, ngudi ta khoan hai 16 tham do
cach nhau 1=800m theo hudng dong thim. Tai hai 16 d6 ta do duoc cao trinh duong bio
hoa ctia dong thdm va cao trinh 16p dat khong thim la:

Y1:19,62 m y01=15,8m

YQ:9,41'I1 5 y02=6,4m.
Tim luu lwong thim don vi q (coi 13 bai toan phang). Cho biét ting dat khong tham la
phang va 16p dat tham c6 hé s6 tham 1a k=40m/ngay dém.

Pap s : q=1,64 (m’/ngay dém.m)

18-13. Mot dong thdm phang co ting khong thim la phing va nghién véi do dbc
i=0,00737. Tai hai mat cat (1-1) va (2-2) cach nhau mét khoang 1=270m, dudong bao hoa
c6 cao trinh 13 y;=53,6m va y,=52,8m.

Tim Iuu lwong thadm don vi q va cho d6 siu dong tham h; tai mat cét (3-3) cach
miat cit (1-1) mot doan 1,3=120m. Cho biét d6 sdu dong tham tai mat cat (1-1) 1a
h;=9,51m va hé s6 tham ciia dat 1a k=11 (m/ngay dém).

Dap s6 : hy=4,0m ; ¢=0,324 (m’ /ngay dém.m)
h;=10,04m; y;=53,24m.

Bai 18-20. Mot giéng nuéc phun hoan chinh co bé day & cua tang dit thim 1a t=8,0m
duong kinh giéng d=0,2m va ban kinh anh hudng 13 R=100m. Khi ly ra luu lugng Q=2
(I/s) thi do sau hut nudc ¢ trong giéng 1a bao nhiéu. Cho biét hé s6 tham 1a k=24,05
(m/ngay dém).

Pap s6 : s=1,0m.

Bai 18-22. Mot giéng nuéc phun hoan chinh c¢6 dudng kinh d=8,5cm dit vao ting dat
thim day t=58,64m.

Tim luu luong nude di 1y ra (Q,) néu do sau hat nude 1a s,=2,0m. Khi luu luong
liy ra 1a Q,=138 (m’/ngay dém) thi d¢ sau hit nudc 1a bao nhiéu. Cho biét do sau hut
nude s;=6,0m tng véi luu lugng ldy ra 1a Q=195 (m’/ngdy dém), va khi khong hut nude
thi nudc ¢ trong giéng sau H=125m.

Pap s6 1) Q, =76 m’/ngay dém; k=0,7m/ngay dém;
2) s,=4,0m (bai todn nay phai tinh dung dan).

Bai 18-23. Mot giéng nudc phun khong hoan chinh c6 chiéu sdu cua giéng an vao tﬁng
dat thim nudc 13 a=8,0m; duong kinh cua giéng 1a d=0,2m. Tim luu luong ldy ra khoi
giéng. Cho biét: tang dit thim day t=38,69; d6 sau hut nudc s=1,0m; ban kinh anh huéng
R=100m va hé s6 tham k=24,65 (m/ngay dém). Dap s : Q=3,1(L.s)
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CHUONG 9 B A . B
CHUYEN DONG KHONG ON DINH (KOD)
TRONG LONG DAN HO

skskosk
§9.1 KHAI NIEM CHUNG VE CHUYEN PONG KHONG ON PINH TRONG
LONG DAN HO
§9.2 PHUONG TRINH VI PHAN CO BAN CUA DONG KOP THAY POI CHAM
§9.3 PHUONG PHAP GIAI
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CHUONG 9 ) )
CHUYEN DONG KHONG ON DINH
TRONG LONG DAN HO
Unsteady flow in open channel

§9.1 KHAI NIEM CHUNG VE CHUYEN PQONG KHONG ON PINH TRONG
LONG DAN HO
- Trong thuc tién tinh toan thuy loi, thuy dién, ta thudng gip van dé chuyén dong
khong 6n dinh (KOD) trong song thién nhién va kénh nhén tao.
Vi du:

v Luc dong chay mat chay vao song thay dbi, dic biét vao mua I, thi dong chay
trong song tr¢ thanh dong chay khong 6n dinh.

v Liic cac cbng lay nude, du thuyén din nudc vao hay thao nudc ra, lic d€ dép bi vo
thi dong chay & thuong ha luu song cling tr¢ thanh khong 6n dinh.

v Trong qua trinh vin hanh cda tram thuy dién, do phu tai ting giam dot ngot, luu
luong chay vao turbin thay doi ciing sinh ra dong khong on dinh trong kénh din hay
trong song ¢ ha luu.

v' Dong chay trong cac doan song chiu anh huong cua thuy tridu ciing 1a dong chay
khong 6n dinh.

Tom lai: Chuyén dong KOP la chuyen dong ma cac yeu t6 thuy luc tai mot diém nhu:
lwu toc, luu luong, do sdu, mat cat uét déu thay doi theo thoi gian; tic v = v(x,t),
W= w(x,t),

- C6 nhiing truong hop chuyén dong khong on dinh 14 thay d6i cham nhu:

Sy truyén dinh 1d trong séng; dong khong 6n dinh sinh ra do ché do diéu tiét ngay &
kénh dan cta tram thuy dién; dong chay trong cac doan song chiu anh hudng cia thuy
triu,....

- Trong cac truong hop d6, dudng mit nudce tirc thoi cd dang song, c6 dd cong rat
bé, d6 dai cua song L bang hang trim hang nghin lan d6 cao cua song h, tic
L ~ (100+1000).h

- Nhung trong mot vai truong hop khéc, trong mot khoang cach ngan, do sdu muc
nudc lai thay doi rat rd rét. Ngay tai mot mat cat, trong mot thoi gian twong dbi ngan luu
luong ciing thay ddi twong dbi nhiéu, d6 doc mat nude trong kénh din ciing thay doi dot
ngdt. Vi du nhu séng do v& dap; song than,.. Trong cac trudng hop niy, chuyén dong
khong 6n dinh thuoc loai thay doi gép toec L = (1+20).h

- Do dong khong 6n dinh trong 1ong din hd ¢6 quan hé véi hién twong séng nén
ngudi ta ciing goi chuyén dong khong 6n dinh 13 chuyén dong song.

- Chuyén dong khong 6n dinh c6 tinh chat thay d6i cham con goi 1a séng lién tyc.

- Chuyén dong khong 6n dinh c6 tinh chit thay d6i nhanh (gap) con goi 1a séng
gian doan.

Nhung song chuyén dong khong on dinh trong 1ong din ho khac véi séng ngoai
bién hay trong h6 do gi6 sinh ra. Trong truong hop song trong kénh hé ¢6 kha nang van
chuyén mét luu lugng nude 1on. Song bién hau nhu khong c6 kha ning d6, ma chi 13 hién
tuong dao dong tai chd cua cht diém nudc.
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Than song

Vi trf mat tu do ban dau

Mt tr do Dau song
ban dau —_
\
(b) B
(a)
Vi tri mit tu do ban dau Vi trf mit tu do ban dau

Bién song

Bién song

(C)\ ) —

Song truyén theo dong chay goi Elngélng thuan (Hinh 1 a,b), trwong hop nguoc lai
goi 1a song nghich (hinh 1 c,d). Séng c¢6 dac tinh nang cao myc nudc goi la song duong
(hinh 1 a,c), nguoc lai néu lam ha thip muc nudc goi 1a séng 4m (hinh 1 b,d)

Song duong ciing nhu song am déu co thé 1a song thuin hay séng nghich. Tét ca
cac song déu c6 hai phan Pau song va than song (hinh la).

Pau song chuyén dong doc theo dong chay véi toc do song, va gdy ra mot sy thay
doi rat dot ngot trong dong chay, con ¢ pham vi than song cac yéu t thuy lyc thay doi
cham. Lic 1ong dan c6 su thay doi dot ngot vé hinh dang va kich thudc mat cit ngang, thi
tai do s€ sinh ra hién tuong song phan xa.

Song tiép tuc chuyén dong theo phuong ban dau goi 1a song khiic xa va song khac
quay nguoc lai goi 13 song phan xa. Trong trudng hop song gip mot tuong thang dung thi
chi c6 song phan xa thuan tuy . Ngoai ra con c6 song ddi hudng, do 1a song sinh ra luc
luu lugng & tuyén dau dang thay doi theo huéng nao do, thi sau mot thoi gian ngin, luu
lugng ay lai thay do6i hudng nguoc lai. Song 1t thude loai song d6i hudng. Cubi cung luc
ché do chay thay doi lién tiép theo cac hudng khac nhau thi chuyen dong khong On dinh
do goi 1a song phure tap. Vi du dong chay thay d6i trong diéu tiét ngay ¢ tram thity dién,
dong chay trong cac doan song & gan bién.
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§9.2 PHUONG TRINH VI PHAN CO BAN CUA DONG KOD THAY DOI
CHAM
Quy luat co ban ciia chuyén dong khong 6n dinh bao gdm cac mdi quan hé co ban
n6i 1én tinh lién tuc va su chuyén dong cta dong nudc. Ta co:
Phwong trinh lién tuc

oo 0Q
e S 9.1
%t 9 ©.1)
Vi a—m:a—w.%:ﬁ% nén (9.1) :B.@+8—Q:q 9.2)
ot 0z ot ot ot 0l
Phwong trinh dong lue
2
Of,pp v Lov o 9.3)
al y 2g) g ot al
Dong bién d6i cham nén: h, =h, vacho rang qui luat ton that gibng dong 6n dinh:
h 2 2 2z \ . . .
=M L& _ V'l dong chiy c6 thé déi chidu nén viét lai Qv
o k° c¢R k c".R
2
©3) > 2z P Y| LV, V2'|V| =0 9.4)
ol y 2g) g ot ¢ R
Goi i_ la do doc mat nudce va i la do doc day kénh dan
Taco i =2 i M ppoay 5 Z_ LNV vV, V2'|V| (9.5)
ol ol o go g o c R
Hodic i— =1.@+1.@+ﬁ (9.6)
o go g d ¢ R
4 1 \ o0 o(0° oz g0l0
D¢ dang dua (9.6) vé dang: —=+—| = O.— =0 9.7
¢ dang dua (9.6) vé dang 6t+8l(a)j+gwal+a).c2‘.R 9.7)

Pay 1a hé phuong trinh phi tuyén hyperbolic, dé bai toan c6 nghiém duy nhat phai thoa
diéu kién bién va diéu kién ban dau
Piéu kién bién:

e Bién trén : Q hodc z(t)

e Bién dudi : z(t)
Piéu kién ban dau: t,

Q. =Q) :z

Bién dudi

Bién trén

A

t=t
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§9.3 PHUONG PHAP GIAI

1. Giai tich: Bo qua nhiing sé hang phi tuyén, dua vé hé¢ phuong trinh dao ham
riéng tuyén tinh, roi tim nghiém biéu dién dang Palambe hoic dang luong giac.

2. Phwong phap séng bién d9 nho: Bo qua dao ham béc cao, dua vé hé phuong
trinh tuyén tinh dé tinh tich phan .

3. Phwong phap dic trung: Bién d6i hé phuong trinh vi phan dao ham riéng thanh
h¢ phuong trinh vi phan thuong. H¢ phuong trinh vi phan thuong goi 1a hé phuong
trinh dac trung.

4. Phwong phap s6

v" Phwong phap sai phén: Sai phan hoa hé phuong trinh (9.2) va (9.7) thanh cac h¢
phuong trinh sai phéan va blen hé phuong trinh sai phan thanh hé dai s6 va giai hé dai s6
d6, cho nghiém rdi rac bang sb.

v" Phwong phap phén tir hiru han: Chia con séng nghién ctru thanh ting phan tir (doan
nho) va xdy dung dang bién phan tuong duong ciia hé (9.2) va (9.7) trén timg phan tir
nay.

v' Phwong phap thé tich hiru han: chia doan song nghién ctru thanh céac 6 ndi lién tiép
voi nhau; h¢ (9.2) va (9.7) dugc xdy dung ¢ dang tich phén va st dung cac cong thirc
bién dbi toan hoc va luge d6 sai phan biéu dién cac toan tir vi phan ctia hé nay.

Thir tu xuét hién cac cyc tri trong phuong trinh Saint-Venant véi dong chay 6n dinh

khi h=h, thi Q=Qpax > Lmax » V max ; VO1 dong chdy khong on dinh thi: i, v, Q, h khong
déng thoi dat cuc tri.

t A
h
Q
1 \%
. A . O 1
Song thuan du’(mg Imax » Vmax > Qmax )
hmax
Séng thuan am imin> V min > Qumin > Nmin

S(')Hg nghICh dll’(mg Qmin > Vomin » imin 5 hmax
Séng nghICh am Qmax > Vomax » imax 5 hmin
A. Phuong phap dac trung .

Bién d61 h¢ phuong trinh dao ham riéng Hyperbolic (9.2), (9.7) vé€ h¢ phuong trinh vi
phan thuong (con goi 1a hé phuong trinh dac trung) > nghiém cua hé phuong trinh vi.
phéan thudng nay, cling chinh 1a nghi¢m cta h¢ phuong trinh vi phan dao ham riéng xuat
phat.

1. Pao ham theo song lan truyén anh huéng 3 .
AB la duong di cta nhiéu theo chiéu dong chay; AC duong di cia nhi€éu ngugc chiéu
dong chay. ‘
Céc duong ABB’, ACC’,... goi 1a duong lan truyén anh hudng;

1 3
A= % : toc do lan truyen.
Céc anh hudng truyén theo dudng lan truyén anh huong goi la song lan truyén anh hudng
(s6ng). Nhu vay mét song chi di theo mot duong duy nhat.
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A :% dao ham theo phuong tiép tuyén v4i duong cong lan truyén anh hudng - Goi 1a

dao ham theo séng lan truyén anh hudng.
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l;-dl' L Ii+dl,

Pinh nghia: Pao ham theo song lan truyén dnh hweong la dao ham cé huéng ldy trén
duong tiéb tuyén véi dwong di cia séng trong mdt phang séng (1 ~t ), cdc dwong cong
lan truyén anh hwong goi la dwong ddc trung.

Tir nghiém tong quét ctia hé phuong trinh Saint -Venant mot chiéu (1D).

Q=Q(1)
Z=7(1)
Néu di theo song 1 =1(y), 14y nghiém trén dudng di ctia song:
Q=W Z=Z0m ‘
Lay dao ham cta Q va Z theo phuong tiép tuyén véi dudong cong lan truyen dnh hudng:
dQ _aQ aQ dl 8Q aQ
dt at al d‘[ at 81 9.8)
dZ o0z oZ dl _oZ o0z '
—+— —+A—
dt ot oldt et ol
aQ
dt
2. H¢ phwong trinh dic trung
ow ov w., ow

V—+ @

ol ol o
1 6w+1.8v 1 ov i |V|
B al goao g ot c’.R
Di bién d6i (9.9) thanh (9.8), mudn vay ta nhan biéu thire mot trong (9.9) véi ham f rdi
cong voi bleu thtrc hai trong . 9) sau do sap xép nhu dang (9.8) dugc:

f.—+(v.f B) 2 —f(—+ﬂ.a—l) ©.10)
lav oS+ v)av:l(@ @) )
Ot ol

} v6i 1,t 12 2 bién doc lap.

, ((11—% goi 1a dao ham theo song lan truyén anh hudng

Ta di bién doi hé: (9.9)
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vf+L=fa
Tur (9.10) suy ra B 9.11)
A%
o.f+—=—
g 8

Giai hé (9.11) voianla A va f, tir biu thic tht hai cua (9.11), ta co: f = ﬂ, thay gia
2.0

tri f nay vao phuong trinh tht nhat cta (9.11), duoc (A—v)* = % = A=vt, /%
1

A g.0.B

duoc hé phuong trinh dac trung:

A =ﬂ=vi1/&
dt B (9.12)

dv g do ) V.|V|
i = g
dt B.o dt el c2.R)

0 (9.12) lay dau duong (+) ing voi ddc trung thuan, 1dy ddu am (-) Gmg v6i dic trung
nghich.

Co A tatim dugc f == . Thyc hién phép bién doi hé (9.9) sau khi don gian nhan

A g N S A e
Toc do : c= % : 1a toc do truyén song trong nudc tinh

Nhu vay tir (9.12) s& viét dwoc mot hé 4 phuong trinh vi phan thudng cho cac song thudn
va nghich.

X1=g=V+C =W) (a)

dt song thuan
drocdo gty
dt o dt 8 c’R

dl

,=—=v-c (=Q) (c)

dt song nghich
dv_cdo_q M) |
dt o d o @R

(A) va (B) got 1a h¢ phuong trinh ddc trung cua hé (9.9)

t A Dic trung
Pdc trung th i
hugn

Ddc trung
nghich
Fr>1
0 >

1
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. Fr>1
@
Fr=1
Fr<l1

3. Phwong phap gidi h¢ phwong trinh dic trung t A

H¢ phuong trinh (A) va(B)c64 anla: 1, t,v, o 1a
hé phuong trinh vi phan thuong (phi tuyén)> cach
giai chi 1a gan ding

- Giai (a) va (¢) 2 tim dugc toa do cac nat ludi
dic trung trong mién D(1, 1)

- Giai (b) va (d) = tim dugc v, tai cac nut ludi.
Nhu vy s& v& duoc ludi dic trung trong mién (D)
Tién hanh sai phan hoa hé (A) va (B):

bat: p=g(i- V;M) 0
¢’ .R
Al = ®.At (@)
D Av + %.Aw +0.At=0 (b") &)
Al = Q.At (c")
AV—%.A(D+6.At =0 (d")

Nhu vay nghiém cta hé (I) va (K) chinh 13 nghiém gan dung cua hé (A) va (B). Ma hé
(A) va (B) la h¢ ddc trung cua phuong trinh Saint -Venant. Giai (A) va (B) dugc nghiém
tai cac nut ludi dac trung. Néu ludi dac trung kha day, thi cac nat ludi phu kin mién (D),
cho nén nghiém cua h¢ (A) va (B) chinh 1a nghiém cua h¢ phuong trinh Saint-Venant.

(i)  Tim toa d9 cac diém nut:
Gia su biettoa do A, B, C (tuc biet 1, , 1

@) =1, =1 = Wi (t, —t¢)
(b") =1, =1y =Wy (t, —ty)

(ii) Tim v, © trén nut P:

les t,, t,, to)ditim 1, t, 2

B>

} @ 2> L.t

Co
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| C _
(b')—> (VP _Vc)+:(wp _wc)+ (P'At|1>c =0
% I = v,, o,
d)— (v, —VB)+%(O)P —0,)+ QA =
q Cac nut bién: Vi du bién dudi, nit R

+ D¢ tim dugc toa do R ta can dung: Al=wAt=1, -1, =w_, (t, —t;)

Da biét I, tr, I — tim duogc tg

Tim v,® tai diém R

Trén bién dudi thuong cho Z = Z(t) — c6 nghia ©, = co(t)

Vatr (b)) - (v, - VF)+£(0)R —wF)+6.At| m =0V,
()
Nhu vay mudn giai (I') va (II') can phai biét diéu kién ban dau

TRINH TU GIAI
1. Gi thiét @,, * ®,, T, = O, U

Vg ® Vg, Voo ® Vi,

2. Thay véo céc phuong trinh (I') tinh w,. =v_ +¢,, Q,.=v
3. Tinh toa do P trong mit thang (1, t) tir hé (I')
4. Tinh v, 0! bang (II')

5~ Cp

.= L 1
5. Tinh lai v doan PB véi: ©,, = E((o;” +oaB)
V=i ay,)
Tuong tu : PR :E vy +V,
Wpe = (VPC +Cpe
QPB - VPC CPC

Néu woo ~w®, Qm ~ Q) — gia thiét ding va chuyén sang budc khdc cia nat, néu

khong dung thi phai suy vé budc (1) tinh 1ap lai.
Chi y: Liy cac gia thiét & budc (5) dé tinh lai va xem rang:

1 1
Voo ZE(VP +V, )0 =§((0P +o,)

1 1
Ve :E(Cp +Cc)9mpc :5((”? +(Dc)'

Cau hoi:
1. Hay néu vai hién tuong dong chay trong ty nhién 1a khong 6n dinh ? Ly giai yéu t6 nao
da gay ra sy khong 6n dinh cho dong chay ?
2. Hay viét hé phuong trinh vi phan ciia dong chay khong 6n dinh trong kénh ha (mot chiéu
1D), va phan tich y nghia vat 1y cac s hang ctia n6 ?
3. Hay so sanh sy khac nhau cua dong chay 6n dinh va khoéng on dinh, dva vao céc cuc tri
ctia dong khong on dinh ?
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4. Phuong trinh Saint — Venant 1D c¢6 dang hyperbolic phi tuyén ? Vi sao ?

5. Hay cho biét diéu kién bién va diéu kién ban dau can thiét dé v& ludi dic trung cho dong

chay ém ?

6. Hiy dua vao ludi ddc trung ctia dong chay hiy giai thich mot s6 hién twong vat 1y trong

dong khong 6n dinh.

Bai tap:

Dung phuong phap duong dac trung dé giai bai toan dong chay trong kénh lang tru voi bién trén
1a Tuu lugng 6 thugng luu thay doi Q(t) va bién dudi 1a myuc nudc ¢ ha luu thay doi H(t).

Kénh hinh lang try véi chidu dai L=32km, i=10*. Mt cit ngang kénh rong
b=50m. H¢ s0 nham ctia thanh kénh bé tong n=0,017. Cao trinh cuo6i kénh la 0.00

Bién thuong Iuu cho dudi dang

_ Y
Q(t) =31,6 + 483(72())

Bién ha luu:

Kénh dugc chia 8 doan bé'mg nhau va c6 chiéu dai Al=4km.

Z(t)=3,58 + 0,84 sin(

m 41
RN + RN
750 3

Mt cit 1 2 3 4 5 6 7 8 9
Q(m3/s) | 31,6 | 32,9 | 343 | 379 | 41,6 | 457 | 498 | 53,5 | 572
h(m) 127 | 136 | 145 | 1,62 | 1,78 | 2,02 | 2,25 | 2,55 | 2,85
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The end
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