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Trieong Cao dang nghé Co dién va xdy dung Bdc Ninh

Tém tat: Trang thdi dong chdy & ha luu cong trinh théo rat da dang va luén chuyén tiép qua lai
v6i nhau. Trong cdc nghién cieu kinh dién vé thiy lec céng trinh da chii y nhiéu dén dong phun
xa va dong chay déy, ching ciing dwge tmg dung nhiéu trong xdy dung céng trinh tiéu nang. Tuy
nhién khodng gitta hai trang thdi d6 la dong chdy mdt con it dwoc vmg dung trong thuc té, vi
nhiéu li do khéc nhau. Bai bdo trinh bay két qua nghién ciru vé diéu kién, pham vi, quy ludt hinh
thanh, chuyén héa cdc trang thdi dong chay & ha luu céng trinh dang bdc thut ¢é miii phong
cong va géc hat lom (25°<6<55") nham gép phdn bé sung tai liéu tiéu nang dong mdt truyén
théng dé dp dung trong thiét ké tiéu nang & ha leu céng trinh gitip mang lai hiéu qua tiéu ning
va giam kinh phi dau tw xdy dung.

Tir khoa: trang thdi dong chay, két cau bac thut I6m.

Summary: The flow modes in discharge construction downstream are rather high and always
translate from this one to other togetther. In tradition researchs about hydraulic construction
mentioned much about freedom flow and bottom flow. However between that two type, the
surface flow is less applied in fact. The article presents result of study about condition, area,
formation rule, translation flow types in discharge construction downstream has high step curve
structure and high angle (25"<6<55°) with document addition about trandition surface flow
energy dissipation to used in energy dissipation design in construction downstream to has
energy dissipation effective and reduced expense constructions.

Key words: The flow modes, high step curve structure.

I. MO PAU Nhitng nghién ctru theo truong phai cua Nga
dugc dé cap dén trong cac tai liéu tham khao
thuong dung chi nghién ctru véi cac goc hat nhod
trong khoang 5°<6<15" & trén béc thut 1on [1, 2,
3,5, 6]. Bén canh d6 cac tai liéu nghién ctru ctia
phuong tay lai cha dén goc hat 16n trén diéu kién
bac thut nho [4]. Trong diéu kién bac thut 16n
v6i goc hat 16n (nhu goc hat cia tran mii phun)
chua dugc nghién ctru nhiéu.

Hién nay hau hét cac cong trinh thao nudc st
dung hinh thirc ndi tiép chay day tiéu ning bang
bé tiéu ndng va ndi tiép phong xa tiéu ning bang
miii phun. Hinh thtrc ni tiép dong mit tiéu ning
bang dong mat, dong phéu con it dwoc tmg dung
trong thuc t& do tinh chét phuc tap cua su
chuyén hoa thudng xuyén cac dang dong chay
nbi tiép ha luu khi muc nuée ha luu thay doi.

V61 nhitng cong trinh ngdn séng cd muc
nudc ha luu cao va thay doi 16n, diéu kién
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dia chat khong tot lim (da phong hoa vira
dén phong hoa) thi viéc rng dung hinh thic
ndi tiép chay mat to ra c6 hi€u qua, nham tan
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dung chénh cao dia hinh dé tao bac thut.
Viéc khai thac t6i da hiéu qua kha nang triét
tiéu nang luong cia dong chay bang chinh
16p nudc dém ha luu béng cach tao ra nhiéu
xo4ay cudn theo chiéu dimg 1a mot hudng di
trién vong vira dap tmg muc dich tiéu hao
nang lugng, an toan cong trinh va ha du vua
tiét kiém kinh phi trong viéc xay dung cac
cong trinh tiéu nang kién cb.

Bai bao trinh bay diéu kién, pham vi, quy luat
hinh thanh, chuyén hoa cic trang thai dong
chay ¢ ha luu cong trinh dang bac thut c6 goéc
hat 16n (25°<0<55°) véi béac thut cao nham gop
phan bd sung tai lidu tiéu ning dong mat
truyén thong, dap tng, vin dung, khai thac t6i
da diéu kién dong chay & hé thong song subi
trung du va mién nai, nham xay dung cac cong
trinh an toan, tiét kiém va than thién véi moi

truong.
II. MO HINH NGHIEN CUU, CAC
TRUONG HQP THi NGHIEM

2.1. M6 hinh thi nghiém

Thi nghiém tién hanh trong mang kinh rong
B=0,4m trén ngudng tran dang Ofixerop, tai
Trung tdm Thuy luc Phong Thi nghiém trong
diém Qudc gia vé dong luc hoc song bién.
Thong s6 muc nudc xac dinh bang kim do
muc nude ¢d dinh doc chinh xac t6i 0,1mm,
thong sd ty luu xac dinh qua luu luong cép
nudc vao md hinh bang mang ludng hinh chir
nhat c6 lap dap tran thanh mong va tinh toan
bang cong thirc Rebock, sai s6 nho hon 1%. S&
liéu thu thap, xu ly véi ty 1€ thuc A= 1, tuong
tu theo tiéu chuan trong luc (Froude=idem), sb
Reynolds (Re) dat Re=90000>R,1,=5000 thoa
mén diéu kién dong chay lam viéc trong khu
ty dong mo hinh.

Thong sb cong trinh ciia cac phwong an thi
nghiém (xem 0, Bang 1):

Zt (P; R 2 th)

#T*T%Y‘ %T%T

Hinh 1. So d6 thity luc dong chay qua cong
trinh bdc thut c¢é géc hdt

- Chiéu rong tran nudc bang chiéu rong mang
kinh, B=0,4m;

- Chiéu cao déap tran (P) thay ddi theo cac
kich ban thay ddi cao trinh day kénh: gom 4
truong hop chiéu cao P = 0,49; 0,56; 0,62;
0,69m;

- Chiéu cao bac thut a thay doi theo cac truong
hop cao trinh day kénh va cao trinh mili hat
gdm 6 trudng hop chiéu cao bac thut a = 0,07;
0,13;0,18;0,20; 0,27; 0,29m;

- Cip gia tri goc hat, ban kinh cong mii bac
thut (6, R), gdbm 5 truong hop thi nghiém:
0,=51°, R,=0,18m; 0,=44°, R,=0,19m; 6;=40°,
R3=0,22m; 0,=32°, R4=0,26m; 05=25"
R5=0,30m;

- Ung vé6i mbi kich ban két cau cong trinh thi
nghiém 4 cap ty luu qua tran gdm q= 0,09;
0,18; 0,27; 0,33 m*/s.m;

- Véi mdi cép ty luu, tién thay doi chiéu cao
muc nude ha luu tir nho nhat dén 16n nhit c6
thé (khoang 4+7 trudong hop) dé xac dinh cac
trang thai hinh thanh xoay cudn & ha Iuu.

2.2. Cac trwong hop thi nghiém

Trén mo hinh tién hanh do dac hon 150 trudng
hop thi nghiém t6 hop cua cac yéu td: Goc ht,
ban kinh cong mili béc, chiéu cao bac thut,
chiéu cao dap tran, ty luu qua tran, muc nudc
thuong Ivu va muc nudce ha luu. Téng hop cac
t6 hop thi nghiém ghi ¢ bang 1:
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Bang 1. Cac thong s kich ban thi nghiém

. Géc
Ky hi¢u cac %
TT kich ban (g%t) R(em) | Zg(m) | Zyz(m) | P(m) | a(m) Qs) (m¥sm) H(m) aP aH
1 G51/R1/Zdk1| 51 178 | 370 46,0 062 | 020 36130 | 0,09+033]0,14:03 | 032 | 06515
2 GS51R1/Zdk2| s1 178 | 400 46,0 056 | 013 36130 | 0,09+033]0,14-03 | 024 |043+098
3 G51R1/Zdk3| 51 178 | 430 46,0 049 | 007 36130 | 0,09+033]0,14:03 | 0,14 | 02205
4 G44/R5/Zdk1 | 44 186 | 370 50,0 062 | 029 365130 | 0,09:033]0,14:03 | 046 | 095:15
5 G40/R2/Zdk0 | 40 21,7 | 340 46,0 069 | 027 365130 | 0,09:033]0,14:03| 039 | 09:20
6 G40/R2/Zdk1 | 40 21,7 | 370 46,0 062 | 020 365130 | 0,09:033]0,14:03 | 032 | 06515
7 G40/R2/Zdk2 | 40 21,7 | 400 46,0 056 | 013 365130 | 0,09+033]0,14:03 | 024 |043:098
8 G32/R3/Zdkl | 32 255 | 370 449 062 | 0,18 36-130 | 0,09:033]0,14:03 | 028 | 05708
9 G25/R4/Zdkl | 25 296 | 370 46,0 062 | 020 365130 1 0,09:033]0,14:03| 032 | 06515

Pau mbi CT — Trudng hop goc hit 51°

Pau mdi CT — Trudng hop goc hat 32°

Hinh 2. M6 hinh dau méi mét sé dang béc thut c6 goc hdt

I11. SU HINH THANH CAC DANG DONG
CHAY O HA LUU BAC THUT CO MUI
CONG GOC HAT LON

Dé x4c dinh qué trinh hinh thanh cic dang
dong chay ¢ ha luu bac thut c6 miii cong 16n,
v6i mdi kich ban to hgp cac thong sd cong
trinh (P, a, 0, R, g, H) tién hanh thi nghiém
thay d6i dan muc nudc ha luu theo phuong
phap ting dan do sau dong chay ha luu.

Khi néng dan myc nudce ha luu tr thép 1én cao,
noi tiép ha luu sau bac thut thay do6i qua 4
trang thai (TT) co ban sau:

- TT1: Khi myc nuéc ha luu thdp h<hg, dong
chay phong tu do trén mili va nbi tiép véi ha
lwu bang dong phong xa hodc chay day nhay
ngap (xem Bang 2-thu tu 1; Hinh 5);
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- TT2: Khi tang chiéu sdu muc nude ha luu
hgni<h<hgy, dong chdy hinh thanh nén 3 xody
rd rét gom: (2.1) dong chay mit ngay phia trén
miii chuyén hoa thanh xody cudn trén miii bac
(ky hiéu la xoay 1); (2.2) dong chay ha luu bac
chia 1am 2 thanh phéan: ¢ phia dudi ludng chay
chinh dong chdy cudn lai hinh thanh xody
nguoc vé phia cong trinh (ky hiéu 14 xoay 2);
ntra trén ludng chinh ndi tiép véi ha luu bing
nudc nhay ngap, hinh thanh xody thu 3. Trang
thai dong chay gom 3 xody nay goi la trang
thai chay ngap hdn hop 6n dinh (trang thai 3
x04dy). (xem Bang 2-thur tu 3; Hinh 7, Hinh 8);

Chuyén tiép tir trang thai 1 qua trang thai 2 1a
trang thai giéi han 1 (hgn). (xem Bang 2-thtr tyr
2; Hinh 6);

- TT3: Khi tiép tuc ting myc nudc ha luu h>hpen
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dong chay chia 1am 2 thanh phan: 1. phan trén
mat dong chay cudn lai hinh thanh xo0dy trén bac
(xody 1); 2. luéng chinh ndi tiép véi ha luu bang
nudc nhay mat khong ngap (khéng co xoay 3),
mdt phan nho bo dong phia dudi ludng chay s&
hinh thanh xody cudn ngugc xudng day kénh tuy
thudc vao chiéu cao bac thut a va ty luu théo.
(xem Bang 2-thur tu 5);

Chuyén tiép tir trang thai 2 sang trang thai 3 1a
trang thai giéi han 2 (hgny). (xem Bang 2-thir tyr
4; Hinh 9)

- TT4: Tiép tuc nang cao myc nudc ha luu,
dong chay s& chuyén vé trang thai co ban 1a
nbi tiép chay ngap truyén thong (xem Bang 2-
thtr ty 6; Hinh 10).

Bang 2. Bang cdc trang thai dong chiy sau cong trinh dang bac thut cé goc hat 25°<0<55°

Tho ty | Ky hi¢u So dd Trang thai chay Mo ta
! TT1 @\/\ Dong phéng tu do (ndi tiép |Khong ¢ xody (ranh gidi
7 | chay day phong xa) x04y 2, xody 3)
TT gidi \/\W Dong phéng ty do (ndi tiép |Khong co xody 1, ¢6 2, xody
han 1 S » | chay day nhay ngép) 3 (ranh gidi xody 1)
Thirty |Ky hiéu |So dd Trang thai chay Mo ta
= 55— |Chay mat day ngap hon h
2 |1tT2 o oy mat day Ngap On hOP | o4 ¢4 3 xody
» | on dinh
TT gidi = ~"- | Dong phéu, nbi tiép mat C6 xoay 1, khong co xoay 2
han 2 %mm khong ngap va 3 (ranh giéi dong thoi
xo0ay 2 va 3)
3 TT3 = Dong phéu, ndi tiép mat Co xody 1, khong co xody 2
M > khong ngap va3
4 |TT4 %\{;\/“\_ nbi tiép chay ngap Néi tiép 1a nudc nhay ngap
hy, Quan hé h,-q _hu/hy Quan hé& h,/h.-a/H
0,80 e 6.50 * hahr . ]
070 : ’:;‘ ; . £.00 T e / bz
Paly. ihth:- : __i ohe 5,50 —;:« ..:u:.h‘z. _ / |
0.60 |00 o [+ i 5,00 |——ruy et 1
0,50 | il el B, | 450 ] s .
7 ,,--"i’"//;r in 4,00 — /_ ot
0,40 :-__ = "1/ = = 1,50 3 f//'l - -"". ./- hr.\-l [
0,30 E’/ : 2,00 - "{.J:';I:'//
. : 2,50 _‘//: e N
o= - 2,00 ’.':g <
010 o {m3/s.m) 1.50 - a/H
0,05 o0 0,15 020 0,25 030 0,35 0,40 o .25 0.5 075 1 1,25 1.5 1,75 2 2,25

Hinh 3. Biéu do cdc khu viee hinh thanh 4
trang thai dong chay co ban hgy~q

Hinh 4. Biéu do quan hé dai lwong hgy/hy ~
a/H cua 4 trang thai dong chady
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e et et

Hinh 5. Trang thai dong phong tw do
EEEE
HEN .

N
i w8 —

{ 11 jics:
ARL

Hinh 7. Trang thai dong chay 3 xoay a/P=0.32 Hinh 8. Trang thai dong chay 3 xoay nhin tur
mdt bang

tiép mdt khong ngap
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Tir két qua thyc nghiém so sanh 3 trang thai
dong chay co ban v6i nhau cho thay: Vi dong
chdy ¢ trang thai 1(h<hg,) kha nang tiéu hao
ning luong 13 16n nhat dat dén hon 60% tuy
nhién gid tri nay phu thudc nhiéu vao ty 1¢ a/h
va day la trang thai c6 gia tri luu dbc day &
kénh ha luu 14 16n nhat. V&i dong chay o trang
thai 3 ndi tiép dong mat khong ngap (b>hgp)
tiéu hao ning luong 1a 13 it nhat chi dat dén
40% va khong phu thudc nhiéu vao gia tri a/h,
gia tri luu téc dy 14 nho nhit tuy nhién day 1a
trang thai c6 song & ha luu 1a 16n nhét.

Trang thai 2 dong chay ngap mat day hon hop
(dong 3 xo0dy), (hgni<h<hgp,) la trang thai c6 kha
nang tiéu hao nang lugng dat téi trén 50%, va
khong phu thudc nhidu vao gia tri a/h, luu toc
day kénh ha Iuu nho hon tir khoang 20% so voi
trang thai 1 dac bi¢t song trén kénh ha luu rat
ém. Pay 1 trang thai on dinh, tot nhat trong cac
trang thai ndi tiép ha luu. Do do6 viéc xac dinh
trang thai giéi han nham tim ra vung ton tai

hgna/y Quan hé h,,/h,-a/H
5,00
y=0,111x*+ 1,133x + 1,590
4,50 R?= 0,921 .

4,00

/

3,50
-

3,00 .);;,/

2,50 3"

2,00

1,50

* hghl-tt{m)
= Poly. (hghl-tt{m}}

afH

1,00
0 05 1 15 2 25

Hinh 11. Biéu do quan hé dai lwong hgi/hy ~
a/H theo s6 liéu thuc nghiém

Tu s6 liéu va quan h¢ thuc nghiém da co, dua
trén phuong phap tong hop so lidu ctia mot s6
tac gia nhu T.N.Axtafitseva da 1ap cho truong
hop bac thut c6 goc hat nho hon 15°, tién hanh
téng hop dua ra cac cong thire kinh nghiém ap
dung dé xac dinh diéu kién hinh thanh cac
trang thai dong chay (4 trang thai ) sau cong
trinh dang bac thut c6 goc hat 25°<0<55°

trang thai 6n dinh dong 3 xody 1a rat y nghia.
IV. XACPINH CAC TRANG THAI GIOI HAN

Tir s6 liéu thyc nghiém, 1ap quan hé cac thong
s6 thuy luc theo dai luong khong thir nguyén
hgn/hy va a/H, xem hinh 11 va hinh 12.

Trong do hyp, 12 d6 sdu dong chay ha luu dé ndi
tiép dong chay ha luu bac thut co goc hat &
trang thai gioi han; hgpi: 1a d§ sau ha luu ranh
gidi dé dong chay chuyén tir trang thai chay
phong tu do (TT1) sang chay ngap hon hop
mat day 6n dinh (TT2).

hgpa: }é d6 sau ha luu ranh gidi dé dong chay
chuyén tur trang thai chay ngdp hon hgp mat
day on dinh (TT2) sang trang thai ndi tiép
chay mat khong ngap (TT3).

2
hy- 3[(]— : 1a d§ sdu phan giéi ciia dong chay
g

qua tran (tai vi tri co hep cudi tran)

hypa/h Quan hé hy,/h,-a/H

7,00

y=0,473x* = 1,066x + 2,296
R?=0,787

6,00

+ hgh2 -1tim}
——FPaly. {hgh? -t-(m})

aH

2,25

0 02 65 07 1 L2 L5 1,75 2

Hinh 12. Biéu do quan hé dai lwong hgpo/hy,
~a/H theo s6 liéu thuc nghiém

thong qua 2 gia tri d sau gidi han hgpy va hgpo.
Thiét lap quan hé xac dinh quan hé d9 sau
dong chdy cua cac trang thai giéi han theo
thong sb cong trinh ty luu, chiéu cao ngudng
dap va chiéu cao bac thut: hgn=1(a, P, q).

heni = a + (1.65 - 0.5*%)* hy (1)
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heny=1.7a + (1.9 - %)* he  (2)

Sy phu hop gitta két qua tinh toan tir cong thirc
thuc nghiém véi Kkét qua thyc do 1a rat cao, thé
hién trén hinh 13 va hinh 14.

So sanh pham vi dong chdy én dinh giiva 2
trang thai gioi han Ah=hg,>-hg,; cuia dang bac
thut c6 miii hat goc nho 5%<p<15 va dang bac
thut c6 goc hat 1on 25°<0<55° tir két qua tinh
toan theo cong thirc T.N.Axtafitseva [3] va két
qué tinh toan theo cong thirc thyc nghiém thiét
1ap cuia bai bao voi cung théng sé dau vao cua
cong trinh (P, a, q), két qua cho thdy (xem
hinh 15).

hgna/h Quanh@ h,,/h.-a/H cua 56 liéu TN va tinh todn

5,00

T
¥=0,098x% + 1,506x + 1,295 |
4,50 R*= 0,997

e g LY
3,50 - o
3,00 - -cl\//
2,50 :J’*r

- .;I—| ¢ hghl-in
2,00 -%"l ‘l e o | = hpgl-tt
1,50 — Poly. thghl-tn}
1,00 | === Pely (hoel Y | a/H
0 0,5 1 15 2 75

Hinh 13. Biéu do quan hé dai lwong hgj1/hy ~
a/H theo s6 liéu thuc nghiém va s6 liéu
tinh toan

So simh dang bac thut goc It nld S0<6=150 va
e Tat Lim 2506550

-

hgh2 &L
iz
| hgh2-GN

1
%

0 0.5 1 15 2 alH 4

Hinh 15. So sanh pham vi trang thdi gioi han
gitta dang géc hat nho 5°<0<15" va géc hat
Ién 25"<6<55"

|  KHOAHOC CONG NGHE

- Khi gié tri a/H nhé (a/H<0,5) pham vi dong
chay 6n dinh gilta 2 trang thai gidi han ¢ ha
luu bac thut c6 goc hat 16n va goc hat nho 1a
tuong tu nhau: Ah = 0,3 *hy

- Khi gia tri a/H 16n (a/H=~2,0) pham vi dong
chay on dinh giita 2 trang thai gi6i han ¢ ha
luu bac thut cua dang goc hét 16n cao hon téi
2,5 lan so voi dang goc hat nho diéu nay cé
nghia khi cong trinh su dung bdc thut co goéc
hét I6n thi ving xudt hi¢n trang thdi ngdp
hén hop én dinh (3 xody) ciia dong chdy 6 ha
Iwu I6n hon téi 2,5lan so véi dang géc hit
nhé : Ah goc hat nhé =1,1%h, va Ah goc hét
16n =2,7*hy.

Quan hé hg,,/h-a/H gilra sb lidu TN va tinh
hgpa/hy

toan
7,00
\f=0,231):7—l.?61x—1,873‘
6,00 Ra=0.991 /*'
L)

5,00 /
4,00 —I hos o w/
3,00 b * .l o hgh2-tn

J . [ h, _ l = hpg2-tt
2,00 gh2- T Poly. fhgh2-tn}
1.00 ‘ ‘ === Poly. (hpg2-tt} EI/H

[} 0,25 05 075 1 1,25 1,5 1,7% 2 2,15
Hinh 14. Biéu doé quan hé dai liwong hg;»/hi
~a/H theo 50 liéu thuc nghiém va so
liéu tinh todn

V.KET LUAN

- Bai bao nghién clru cong trinh dang bac thut
trong pham vi gia tri goc hat 16n 25°<0<55°
chua dé cap nhiéu trong cac tai liéu di co.

- Qua sd liéu thi nghiém ctia hon 150 truong
hop trén md hinh mit cit 1a to hop cac kich
ban vé chiéu cao ngudng dap, chiéu cao bac
thut, goc ht, ban kinh béc thut, ty luu thao,
muc nude ha luu, sb liéu thuc nghiém la co s&
tin cdy, chinh xac cao cho viéc ap dung tham
khao cho céac cong trinh ¢ diéu kién twong tu.

- Tur s6 liéu va quan hé thyc nghiém da co, bai
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béo da 1dp duoc quan hé theo cong thuc (1) va
(2) xac dinh d¢ sau dong chay cua cac trang
thai gi6i han theo thong s6 cong trinh ty luu,
chiéu cao ngudng dap va chiéu cao bac thut:
hgn=f(a, P, q) ctia cong trinh dang bac thut cao
c6 mili cong goc hit 16n.

- Trang thai dong chay ngip mit day hon
hop (dong 3 xo0dy), (hpgi<h<hpe) la trang
thai 6n dinh tot nht trong cac trang thai ndi
tiép ha luu v6i dong day co luu téc nho va
song ha luu 1a nho nhit. Viéce xac dinh diéu
kién dé ton tai nhiéu nhat trang thai dong
chdy nay s€ giiup cong trinh lam viéc hi¢u
qua, 6n dinh va kinh té.

TAI LIEU THAM KHAO

- Khi gia tri a/H nhé (a/H<0,5) pham vi dong
chay 6n dinh giita 2 trang thai gigi han & ha
lru bac thut c6 goc hat 1én va nho 1a twong
ty nhau tuy nhién khi gia tri a/H tang, dang
béc thut c6 goc hat 16n sé& co vung xudt hién
trang thai ngap hon hop 6n dinh (dong 3
xo4y) 16n hon t&i khoang 2,5 1an so véi dang
gbc hét nho.

Trang thai dong chay mit 1a mot van dé phic
tap, con nhiéu yéu t6 twong quan giita cac
trang thai dong chay, luu toc, song ha luu,
hiéu qua tiéu nang ...can tiép tuc quan tdm
nghién ctru.
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