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LOI CAM POAN

Tac gia luan an cam doan day la cong trinh nghién ctru cia ban than tac gia.
Cac két qua nghién ciru dugc trinh bay trong luin an 1a trung thuc, khach quan va
chua timg bao vé & bit ky hoc vi ndo. Viée tham khao cac ngudn tai liéu da duge
thuc hién trich din va ghi ngudn tai liéu tham khao dung quy dinh.

Ha No61i, ngay 02 thang 02 nam 2022
Tac gid luan an

o

Hoang Nam Binh



LOI CAM ON
Trong subt qua trinh hoc tap va nghién ctru, tic gia luin 4n dd nhan duoc rat

nhiéu sy hd trg, gitp d& cua cac nha khoa hoc, ddng nghiép va gia dinh.

PAu tién, tac gia tran trong cam on co s¢ dao tao Vién Khoa hoc Thuy loi Viét
Nam va Phong thi nghiém trong diém Quéc gia vé DPong liwc hoc séng bién di tao
cac diéu kién thuan loi va hd tro tiép can tai li¢u, cong trinh nghién ctu da cé dé

luan an dugc hoan thanh.

Téc gia chan thanh giii 101 cam on sdu sac téi GS. TS. Lé Van Nghi - Phong
Thi nghiém trong diém Qudc gia vé Pong luc hoc song bién da tan tim hudng dan
va gitp d tac gia thio g& nhiéu vudng mic trong qua trinh thyc hién nghién ciru dé
hoan thanh luan an.

Tac gia bay to sy kinh trong va vo cing biét on GS. TS. Hoang Tu An di tu
van hudéng nghién ctru, chi bao nhiéu van dé khoa hoc quy bau, dong thoi ciing 1a
chd duya tinh than gitp tac gia hoan thanh luan an.

Tac gia cling tran trong cam on Ban Gidm hi¢u Truong Pai hoc Giao thong
van tai, Phong T chirc can bg, Ban cha nhiém Khoa Cong trinh va tap thé giang
vién BO moén Thuy lyc - Thuy van da hd trg va tao diéu kién tdt nhit cho tac gia
trong qua trinh hoc tap va thuc hi¢n luan an.

Téc gia vo cting cam on cac nha khoa hoc trong va ngodi co s& dao tao da hod
trg cung cap tai lidu ciing nhu tham gia dong gép nhiéu ¥ kién quy gia cho luan an.

Cubi cung, tac gia xin tran trong cam on gia dinh, ban bé va dong nghiép da

d6ng hanh va chia sé trong qua trinh thyc hién luan an./.
Tac gia

Hoang Nam Binh
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DANH MUC KY HIEU VA TU VIET TAT

a - hé sb Coriolis hay hé sé sira chita dong ning, (-).
o - hé sb Boussinesq hay hé sé sira chita dong luong, (-).

B - goc hop bai phuong cua dong gia nhap voi hinh chiéu ctia né 1én phuong dong
chay, rad.

5 - chiéu day dinh dap, m.
v - trong luong riéng cua chét long, N/m°,

¢ - goc hop boi phuong cua lyc quan tinh ly tim voi hinh chiéu cia né 1én phuong
dong chay, rad.

@y - hé sb luu tc cua dap, (-);

¢ - goc md rong cua mang, rad.

p - khéi luong riéng cua chat long, kg/m®.

1o - &Ng SUAt tiép day theo phuong dong chay, N/m?.

i - hé sé nhét dong luc, Ns/m?.

0 - goc hop boi phuong day méang véi phuong nam ngang, rad.

v - hé sé nhét dong hoc, m%/s.

ay - hinh chiéu cua gia toc dong chay 1én phuong dong chay chinh, m/s%.
A - dién tich mat cat uét, m’.

A, - luc quan tinh do dong chay bén tac dong 1én phuong dong chay chinh, N.
b - chiéu rong ddy mit cit ngang, m.

baa - chiéu rong ddy mit cat ddu mang, m.

beusi - Chiéu rong day mit cat cudi mang, m.

B - chiéu rong mat thoang trén mat cat ngang, m.

¢ - hé s6 Chezy, <m/s.

Cs - hé s6 ddi xtng phu thudc hinh dang mat cat tran, (-);



viii

e - nang luong don vi mat cat, m.

E - nang luong don vi dong chay, m.

f - hé s6 ma sat, (-).

F - ngoai luc, N.

Feen - luc quan tinh ly tam, N.

Ff - luwc ma sat, N.

Fr - s6 Froude, (-).

g - gia téc trong truong, m/s?.

G - trong luc, N.

G, - thanh phan trong luc theo phuong chuyén dong, N.

h - chiéu sau dong chay, m.

ho - chiéu sau chay déu, m.

h. - chiéu sau phan gigi, m.

he1 - chiéu sdu phan gigi tinh véi a. = 1,00, m.

he, - chiéu sau phan gigi tinh véi a. = 2,32, m.

hs - ton that cot nudc, m.

hy, - chiéu sau dong chay ¢ ha luu, m.

hs - chiéu sau dong chdy phia thanh mang ddi dign, m.

H - cOt nude tran, m.

Hrk - cot nuée tran thiét ké, m.

k - hé s6 trong phuong trinh ning lugng cia dong bién lwong khong 6n dinh, dugc
xac dinh theo cong thirc k = o + Kgag(1 - ng), (-).

Ko - hé sd trong phuong trinh ning luong cua dong bién luong khong 6n dinh, duoc
xac dinh theo cong thirc Ko = a9 + Koo(1 - o), (-).

k, - hé s6 ty 1& luu luong 14 ty sb gitta luvu lwong dong gia nhap (Q,) véi luu luong
trong mang (Q) tai vi tri gia nhap, (-).



kg - hé sb trong phuong trinh dong bién lugng 6n dinh cia Konovalov, dugc xéac
dinh theo cong thic kg = o + 1 - ng, (-).

K - dong lugng ctua dong chay, kg.m/s.

Ko - module Iuu lugng, m%/s.

L - chiéu dai mang tran bén, m.

L ngusng - chiéu dai duong tran ngang, m.

m - hé s6 luu luong, (-).

My, M, - hé s6 méi kénh bén trai va bén phai, (-).

m; +m,

().

m - hé s6 mai kénh trung binh, m =

M - khéi lugng, kg.
n - hé s6 nham, (-).

No - hé sb ty 1& luu tdc 13 ty s6 gitra hinh chiéu luu tdc toan phan cua khdi gia nhap
(Vix) V6i luu tée binh quéan trong mang (V) tai vi tri gia nhap, (-).

N - s6 phuong trinh/sé doan, (-).

p - ap sudt, N/m?,

P - chu vi udt, m.

P+ - chiéu cao tran tinh tir ngudng tran dén cao trinh ddy mang, m.

P11 - chiéu cao tran tinh tir ngudng tran dén cao trinh dy thuong luu tran, m.
P1, P, - ap luc thuy tinh tai mat cit thuong va ha luu doan tinh toan, N.
q - luu luong don vi, m*/s/m.

Q - luu lugng dong chay, m*/s.

Qs - luu luong tai mat cit ha luu, m/s.

Q, - lvu luong cua dong chay bén, m%/s.

Qr - luu lugng thiét ké, m*/s.

Qu - luu lugng xa qua duong tran ngang, m>/s.



I - ban kinh cong cua duong dong, m.

Iy - ban kinh cong cua dong chay, m

R - ban kinh thuy luc, m.

S, - do dbc day, (-).

S; - d6 dbc thuy hyc (@6 dbc ma sat), (-).

S, - d6 ddc thuy luc cua dong bién luong, (-).
SVF - dong bién luong (Spatially Varied Flow).
t - toa d6 thoi gian, s.

U - luu toc diém, m/s.

U - luu tde diém cua dong chay bén, mys.

Ugx - luu toc diém cia dong chay bén chiéu 1én phuong dong chay chinh, m/s.

USVF1D - mé hinh toan dong bién luong khong 6n dinh chuyén dong 1 chiéu (One
Dimension Unsteady Spatially Varied Flow).

V - luu tdc trung binh mat cat, m/s.

V, - luu tdc toan phan cua khéi gia nhap hoic phan tan, m/s.

Vix - hinh chiéu luu tdc toan phan cua khdi gia nhap hodc phan tan 1én phuong
chuyén dong, m/s.

X - toa d6 theo phuong dong chay, m.

y - toa do theo phuong ngang, m.

Z - toa d6 theo phuong dtng (vi nang don vi cia dong chay), m.

Z - cao trinh, m.

Zgiu, Zewsi - cao do day mat cit dau va cudi mang, m.

Zp - muc nudce ha luu, m.

Z,gusng - €ao trinh ngudng tran, m.

Z+ - chénh Iéch muc nudc thuong va ha luu tran, m.

1D, 2D, 3D - chuyén ddng 1 chiéu, 2 chiéu, 3 chiéu.
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MO PAU
1. TINH CAP THIET CUA LUAN AN

Duong tran ngang la cong trinh thao 1t hgp 1y cua dap vat liéu dia phuong khi
dia hinh hep khong thé bd tri tran doc. Loai cong trinh thuy lyc mang tran bén clua
dudng tran ngang trong hé théng dau mdi cong trinh hd chira nude di duoce cac nha
thiy lyc hoc quan tdm nghién ciru tir nhitng nim dau cia thé ky XX. Dong chay
trong mang tran bén 1a bai toan tiéu biéu cho dong chay c6 luu lugng thay d6i doc
theo chiéu dong chinh hay con duoc goi 13 dong bién luong (SVF). Khi thiét ké
thiy luc cac cong trinh mang tran bén, dong chay trong mang dugc coi 1a SVF 6n
dinh, nhung ban chat 1a dong chay khong 6n dinh ¢6 luu luong ting dan doc theo

chiu long dan, cac yéu to thuy lyc c6 mdi quan h¢ chit ch€ véi nhau.

SVF 1a mot trong nhirng truong hop riéng cua vat thé chuyén dong co khoi
luong thay ddi. SVF trong mang tran bén 1a hién twong thuy lyuc rat phirc tap boi
khong khi lién tuc bi cubn vao dong chay lam ting su x4o tron bé mit toi gan cudi
mang. Su xao tron manh trong dong chay gy ra bdi luc tac dong ctia dong gia nhap
vao dong chinh 13 nguyén nhan tao nén su phirc tap cia ché do thuy luc véi nhiing
dong xodn ba chiéu (3D) trén quy mo 16n va nhirng dong xoan thtr cap 1am cho viéc
mo phong hién tuong bang toan hoc gip nhidu khé khin va ciing rat kho dé mo

phéng chinh xéac.

Nhitng hién tuong thity Iyc phire tap thuong duoc tinh toan bang mé hinh toan
phu hop va két hop thuc nghiém dé xac dinh cac dic trung thity dong luc hoc ciia
hién tugng. Do d6, khi thyc hién thiét ké nhiing cong trinh quan trong c6 sir dung
dang cong trinh dudng tran ngang thi can tién hanh tinh toan két hop thi nghiém
trén mo hinh vat 1y. Tuy nhién trong thyc té, khong phai lic nao ciing c6 diéu kién
thuc hién thi nghiém ciing nhu thiét 1ap mo6 hinh toan 3D. Vi vay, can phai chap
nhan mot sb gia thiét dé don gian hoa hién tugng nham mo phong gan dung bang
bai todn chuyén dong mot chiéu (1D) nhung két qua mo phong van dat yéu ciu va

da do tin cay.



Cho dén nay, hién tuong SVF trong mang tran bén di dugc nhiéu nha khoa
hoc thuy luc hang dau thé gidi quan tAm nghién ctru. Cac cong trinh nghién ctru bao
gdém ca 1y thuyét 1an thuc nghiém. Phuong trinh dong luc ciia SVF duoc cic nha
khoa hoc thiét lap tur cac cach tiép can khac nhau hodc ké thura phat trién. Mdi
phuong trinh déu thé hién tinh chit vat Iy cua hién tuong. Tuy thudc vao phuwong
trinh xuit phat va muc tiéu nghién ciru ma cac phuong trinh c¢6 dang khac nhau
hoic duge bd sung/lugc bé cac thanh phan/dai luong trong cac sd hang ciia phuong
trinh. No6i chung, cac phuong trinh déu da duogc thiét 1ap khi coi dong chay trong
mang tran bén 13 dong 6n dinh c6 luu luong ting dan theo chiéu dong chay. Khi ap
dung tinh toan thudng coi phan bd luu tdc 1a dong nhét, bo qua tac dong ciia hudng
dong gia nhap va lyc quan tinh do dong xiét gia nhap tir canh bén tac dong 1én dong
chinh. Nhitng gia thiét trén c6 thé din dén sai s trong két qua tinh toan. Ngoai ra,
duéi tac dung luc day cua dong gia nhap, muc nude trong mang phia thanh d6i dién

luén cao hon myc nude trung binh trong mang.

Khi nghién ctru dong chay khong on dinh trén hé théng song thi hé phuong
trinh Saint Venant 1D di giai quyét duoc nhiéu bai toan thyc tién nhu md phong
truyén 14, truyén tridu. Trong qua trinh thiét 14p so dd thuy luc, cac doan song/kénh
d6i khi duoc chia kha dai (1én dén hang kilometer) ma do tré ctia cac dic trung thuy
luc lai khong duoc xét dén lam cho 10 giai co d6 chinh xac khong cao. Véi trudng
hop dong chay c6 sy gia nhap lién tuc nhu mang tran bén thao Iii cta hd chia nude
thi hé phuong trinh Saint Venant kinh dién chua c6 10i giai pht hop vi phuong trinh
dong luc chua xét dén luc tac dong cia dong gia nhip hodc phan tan va ton that

nang lugong do dong chay bén hay luc quan tinh ctia dong chay cong.

Ttr nhitng nhédn dinh trén, luin 4n hudng t6i nghién ctru giai phap khic phuc
mot s6 han ché ciia phuong phap tinh hién nay nham tang do chinh xac bang viéc
xét dong chay trong mang tran bén 1a SVF khong 6n dinh va b sung thanh phan lyc
quan tinh cta dong chay bén, luc quan tinh cua dong chay cong va cac hé sé phan
bd luu tdc. Déng thoi 1am 1o thém mot sd dic trung thuy dong luc hoc cia SVF

trong mang tran bén.



. MUC TIEU NGHIEN CUU

Thiét lap hé phuong trinh vi phan phi tuyén caa SVF khong on dinh 1D c6 ké
dén cac ngoai luc khéac trong lyc nhu luc Coriolis, luc quan tinh ly tdm cua
dong chay cong, luc do dong chay bén (nhap Iuu hoac phan Iuu).

Tuyén tinh hoa hé phuong trinh vi phan phi tuyén cia SVF khéng 6n dinh 1D
bang phuong phép sai phan va thiét 14p chuong trinh tinh thich hop.

Xac dinh cac hé s trong phuong trinh SVF khong on dinh 1D 4p dung cho
mang tran bén.

Xac dinh mot s6 dic trung thity dong luc hoc trong mang tran bén.

.POI TUQONG VA PHAM VI NGHIEN CUU

Pbi twong nghién ciru 1a dong chay trong kénh dan hg c6 xét dén dong chay
bén gia nhap tu do doc theo bién dong chinh.

Pham vi nghién ctru 1a dong chay 1D trong mang tran bén c6 luu lugng gia
nhap tir mot canh ciia mang. o doc méang thoai (Sp < S¢) ndi tiép bang déc
nuéc (Sp > Se), khong ké dén tron khi.

. PHUONG PHAP NGHIEN cUU

Phuong phép phén tich va tong hop 1y thuyét: Tong hop va phan tich danh gia
nhitng van dé lién quan dén ndi dung nghién ciru nhu quy mé cong trinh, hién
trang cong trinh thao 1i qua duong tran ngang, két cau hinh dang mang tran
bén, phuong phap tinh toan thiét ké thuy lyc cong trinh mang tran bén... tir d6
chi ra nhitng két qua c6 thé ké thira va nhirng diém con ton tai, han ché.
Phuong phap phén tich thir nguyén: Ung dung phuong phap dé xay dung céac
cong thirc thuc nghiém tir s liéu thue do.

Phuong phép giai tich: Str dung phuong phap tich phan truc tiép hé phuwong
trinh Navier - Stockes d¢ thiét 1ap hé phuong trinh vi phan phi tuyén cia SVF
khéng 6n dinh 1D.

Phuong phap giai sb: Giai hé phuong trinh vi phdn mé phong ché do thay
dong luc hoc cia SVF khong 6n dinh 1D va thiét l1ap cong cu md phong sd.



Ngoai 04 phuong phéap chinh néu trén, Ludn an cling st dung cic phuong
phap sau ddy: Phuong phap diéu tra khao sat va thu thap tai liéu lién quan dén
nghién ctru; Phuong phap nghién ctru ké thira va st dung c6 chon loc két qua
nghién ctru ctia cac nha khoa hoc trong nudc va qudc té dé khai thac tdi da két qua
va co s& dit liéu tir cac nghién ctru trude d6; Phuong phap chuyén gia: Trao d6i dé

lay y kién cac chuyén gia, cac nha quan ly dé lam sang té van dé nghién cuu.

5. NOI DUNG NGHIEN CcU'U

- Tong quan cic nghién ctru di ¢ trong nudc va qudc té. Phan tich danh gia
nhitng han ché va xac dinh cac van dé nghién ctu.

- Nghién ctru dic diém dong chay trong mang tran bén c6 luu luong gia nhap tir
mot canh ctia mang.

- Phan tich co s& 1y thuyét va phuong phap thiét 1ap hé phuong trinh vi phan
ciia SVF khong 6n dinh 1D.

- Thiét lap va giai h¢ phuong trinh mé phong qué trinh thuy dong luc hoc cua
SVF khong 6n dinh 1D. M6 hinh hoa va thiét lap cong cu mo phong so.

- Xac dinh cac hé sé cua phuong trinh vi phan SVF khong 6n dinh 1D, xay
dung cong thire tinh chiéu sau dong chay 16n nhét trén mat cit ngang va chiéu
sau dong chay cubi mang.

- M0 phong dong chay khong 6n dinh 1D va xac dinh mot s dic trung thay
dong luc hoc trong mang tran bén.

6. Y NGHIA KHOA HQC VA THUC TIEN
6.1. Y nghia khoa hoc

Véi viéc bod sung thanh phan lyc quéan tinh ciia dong chay bén va dong chay
cong, ludn an da thu dugc hé phuong trinh vi phan cia SVF khong 6n dinh, lam
phong phu hon 1y thuyét ctia SVF.

Két qua nghién ctru cta ludn an da 1am sang t6 thém quy luat chuyén dong va

mot s dic trung thuy dong luc hoc cua dong chdy trong mang tran bén.
6.2. Y nghia thye tién

Luan an da cung cip cong cu tinh toan thuy lyc méang tran bén cho két qua
chinh x4c hon so véi phuong phap da cd, cho phép xac dinh quy mo cong trinh phu
hop véi thuc té khi thiét ké loai cong trinh nay.



7.NHUNG PONG GOP MOI CUA LUAN AN

- Thiét 1ap dugc hé phuong trinh vi phan tong quat (2.28) cho SVF khong 6n
dinh khi ké dén luc gay ra do dong chay bén va dong chay cong. (2.28) la
dang phuong trinh Saint Venant mé rong.

- Xac dinh duoc cac hé sb phan b luu téc cua SVF trong mang tran bén (o =
1,41 va o = 2,32) véi gidi han ciaa diéu kién (3.8). Thiét lap duoc cong thirc
xéc dinh chiéu sau dong chay phia thanh mang déi dién (3.6) va chiéu sau dong
chay cubi mang (3.17), phu hop lan luot véi diéu kién (3.8) va (3.18).

- Sir dung so dd sai phan Preissmann s6 hoa hé phuong trinh (2.28) thu dugc hé
phuong trinh dai sé tuyén tinh (2.54). Xay dung thuat toan va cong cu mod
phong s6 USVF1D dé xac dinh mot s6 dic trung thay dong luc hoc cia SVF
khong 6n dinh trong mang tran bén.

8. BO CUC CUA LUAN AN

Ngoai phﬁn Mé dau, Két luan va Phu luc, ndi dung chinh cua luan an duogc

trinh bay trong 04 chwong, bao gom:

Chuong 1. Tong quan nghién ctru Vé méang tran bén va dong bién luong
Chuong 2. Hé phuong trinh vi phan dong bién lwong mét chiéu khong on dinh

Chuong 3. Phén tich két qua thuc nghiém xac dinh mot sé dic trung thuy dong

lyc hoc ctia dong bién lugng trong mang tran bén

Chuong 4. Lap trinh va (rng dung tinh toan duong mat nudce trong mang tran bén.



) Chwong 1 ) .
TONG QUAN NGHIEN CUU VE MANG TRAN BEN
VA DONG BIEN LUQNG

1.1. SU CHUYEN PONG CUA DONG CHAY
1.1.1. Phén loai chuyén dong

Su chuyén dong cua dong chay duoc phan loai theo cac cach khac nhau, nhu
chuyén dong chay ting - réi, chdy ém - xiét, chay déu - khong déu, 6n dinh - khong
6n dinh, lién tyc - gian doan, c6 4p - khong ap, xoay - khong xoay [3][40]. Khi dong
chay co su gia nhap hoic phén tan lién tuc doc theo chiéu long dan duoc goi 1a dong
bién lugng (Spatially Varied Flow - SVF).

Dong chay trong ty nhién vé ban chat 1a dong khong on dinh voi cac yéu td
thuy lyc thay doi theo thoi gian va duge chia thanh hai loai [3][70][72]: (1) Chuyén
dong khong 6n dinh bién doi cham nhu dong chay i hay dong chdy chiu tic dong
ctia thiy triéu, ¢6 cac yéu to co ban nhu luu toc hay 4p suét thay doi cham theo thoi
gian; (2) Chuyén dong khong on dinh bién ddi gap nhu 1i quét hay dong chay sau
su ¢ v& dap, co cac yéu td co ban thay ddi rat nhanh theo thoi gian.

Dong chay déu 1a dong chay 6n dinh trong 1ong dan nhan tao dang kénh dan
lang try c¢6 do doc ddy (Sp) va do nham (n) khong doi [3][17][40]. Tuy nhién, ciing
c6 thé coi c6 dong chay déu trong nhitng doan nhat dinh cta song thién nhién, khi
nhimg diéu kién trén duogc coi la day du ¢ nhitng doan d6. Cong thirc co ban ap
dung cho dong chay déu 1a cong thirc Chezy [17][40][70][72]:

V= c\/ﬁ (1.1)

trong do: v - luu tdc trung binh mat cat, m/s; ¢ - hé sd Chezy, ¥m/s, c =, /8f_g :f-hé
s6 ma sat; g - gia tdc trong truong, g = 9,81m/s%; R - ban kinh thuy lec, m.

Vi dong chay trong 10ng dan hé da phan & ché do chay rdi khu vuc hoan toan
nham (khu binh phuong strc can) nén hé sé Chezy c6 thé xac dinh bang cac cong
thirc Manning [40], Forchheimer [70], Pavlovski [3], Ganguillet va Kutter [40],
Agroskin [17], Bazin [17]. Cac cong thirc xac dinh hé s Chezy cho thiy, néu do

nham cua long dan cang 16n thi hé s6 Chezy cang nhd. Hé s6 nham long song c6 gia



tri khoang 0,02 + 0,10, hé s6 nham bii séng khoang 0,03 + 0,18 [40]. Hé s6 nham
duogc coi 1a khong ddi khi do sau dong chay thay doi, tuy nhién & mot sd song, gia
tri ctia hé s nay bién doi dang ké khi d6 sau dong chay thay d6i. Hé s6 Chezy cia

long song thudng dao dong trong khoang 40 + 60/m /s [17].

SVF la thuat nglr mo ta hién tuong dong chay 6n dinh hodc khong on dinh c6
lru lwgng doc theo chiéu dong chinh thay dbi bai su gia nhip hodc phan tan lién tuc
ciia dong chay bén. Co6 thé hiéu don gian, SVF 1a dong chay chuyén dong trong
1ong ddn ma luu lugng thay ddi doc theo chiéu dong chay hay con dugc goi 1a dong

chay c6 luu luong thay doi theo khong gian [41].

1.1.2. Hién twong dong bién lwong

SVF thuong gip nhiéu trong k¥ thuat thuy lgi va trong cong nghiép nhu van
tai bang duong 6ng, khai thac va van chuyén dau khi hay duong 6ng khi nén...
Trong thuy loi va cdp nudc, mang tran ngang, kénh cit dbc, tran xa thira trén kénh
tudi; dong chay trong 6ng phan phdi lién tuc, dudng 6ng tiéu nudc ngam cod duc 18
hay dudng dng tudi ngdm 1 trudng hop dong chay c6 luu lugng thay doi doc theo

duong 6ng co ap [1].

Ché d6 thury luc trong mang tran bén rat phirc tap, gy ra bdi luc tac dong cia
dong gia nhip vao dong chinh, tao ra nhirng dong xodn ba chiéu (3D) trén quy md
16n va nhitng dong xodn thir cap [6][7][10][12][33][40] lam cho viéc mé phong hién
tuwong bang toan hoc gip nhiéu kho khin, rat khé dé mo phong chinh xac. Bang viéc
sit dung mo hinh toan 3D c¢6 thé mé phong dugc ché do thuy luc trong méang nhung
cling gdp nhiéu kho khin khi mo ta chi tiét cau trac cta nd. Trong thuc té thiét ké,
khong phai luc nao cling co6 diéu kién thuc hién thi nghiém trén mo hinh vat ly, do
d6 can chap nhan mot sé gia thiét ¢é don gian héa hién twong nham mo phong gan

dung bang bai toan 1D nhung két qua van dat yéu cau va dua do tin cy.

1.2. MANG TRAN BEN
1.2.1. Pic diém cong trinh mang tran bén

Maéng tran bén la by phan chinh cua cong trinh thao i dudng tran ngang ap
dung & cac hd chtra khong c6 vi tri, dia hinh phu hop dé b tri tran doc hay cac hinh
thire thao 1l khac ma van dam bao chi tiéu kinh té k¥ thuat (Hinh 1.1) [12][31][33].
Ngoai ra, duong tran ngang c6 thé ap dung 1am tran phu, tran su ¢ [22], thich hop
véi cac loai cong trinh 16n, vira va nho [31][33].



)

mét cét 1-1 mat cat 2-2
(1) Mang tran bén; (2) Kénh thao; (3) Cong trinh noi tiep;
(4) Kénh dan ha luu; (5) Dap; (6) Cau; (7) Ngudng tran

Hinh 1.1. Cdc b¢ phdn cong trinh dwong tran ngang

Uu diém cua cong trinh 1a: (1) B6 tri ngudng tran bam theo duong dong mic,
ngudng tran c6 thé dugc kéo dai ma khéi luong cong trinh ting khong dang ké so
v6i viée thay doi kich thudce tran doc; (2) Cot nudc trén ngudng tran thap nén co thé
giam d6 cao ciia dap va giam dién tich ngap lut thuong luu; (3) Luu téc doan dau
mang nho; (4) Luu luong x4 ting 1én nhung cot nude tran ting khong nhiéu; (5)
Ning lugng duoc tiéu tan tét hon, cot nude dau kénh chuyén tiép 16n hon so voi
tran doc véi cung luu luwong don vi; va (6) Giam nguy co x6i 16 [33][45][47]. Bén
canh d6, cong trinh ciing ¢6 nhuoc diém co ban 1a: (1) Ché d6 thuy luc trong méng
tran bén rat phirc tap, dong xoan c6 thé lan truyén xudng ha luu dnh hudng dén kha
nang thao; (2) Khi dong chay qua tran chuyén trang thai tir chay tu do sang chay
ngip giy tang dot bién muc nude ho [45][47].

Céc hinh thirc théo 1ii qua dudng tran ngang c6 thé thong qua mot canh cia
tran (Hinh 1.2a); mot canh va dau tran (Hinh 1.2b); hai canh va dau tran (Hinh
1.2¢); hodc tran dang mang kép (Hinh 1.2d) kiéu zigzag (tran Labyrinth) trén dinh
tran thuc dung hién hiru, trong diéu kién mat b%lng xay dung chat hep. Hi¢n nay,
tran zigzag da duoc cai tién thanh dang tran Piano [21][22].

M3t cit ngang ctia mang bén c6 nhiéu dang khac nhau, duoc thiét ké ddi xtng
hoic khong ddi xtmg phu hop diéu kién dia hinh hodc yéu ciu thiét ké. Cac dang
mit cit ngang hinh chit nhat va hinh thang (Hinh 1.3a, b) hodc dang hdn hop (Hinh



1.3e) v6i cac hé sb mai (my, m,) 1a mit cat thuong gip dbi v6i mang tran bén. Mit
cit tam giac (Hinh 1.3¢) thudng 4p dung véi ranh thu nuée nhod va dang ban nguyét

(Hinh 1.3d, g) thuong gap ¢ cac mang thu nudc mua.

O | yp e

TT?¢¢¢W

Hinh 1.2. Cdc hinh thirc liy nwéc qua tran vao mdng bén

NN R N A
d) e) f) 9)

a) b) c)

Hinh 1.3. Cdc dang mdt cit ngang ciia mdng bén

Mit bang méang c¢6 dang kénh liang tru (Hinh 1.4a) hodc phi ling tru mit cat
mo rong dan (Hinh 1.4b). Mang phi lang tru thu hep dan (Bgiau > Bcusi) khong nén st
dung vi lam tang muc do phuc tap cho ché 6 thuy luc ha luu mang, boi luu tdc

cudi mang s& ting manh do luu lugng 13 16n nhat trong khi kich thude mit cit giam.

Véi mang tran bén lang try va phi ling tru co ciing B, So va diéu kién hinh
hoc kénh chuyén tiép thi luu tbc va myuc nude dau mang phi ling tru s& 16n hon véi
cung luu lwong thao. Tuy nhién trong thuc té, mang phi ling tru thuong duoc ap
dung khi kich thudc mat cat dau mang bi han ché ma khong lam thay doi ché do
thuy luc tir ha lvu mang sang kénh chuyén tiép. Kénh chuyén tiép thuong duoc thiét
ké dang ddc nudc voi mat cat hinh chir nhat hodc hinh thang, phd bién ¢ dang ling
try, nhung van c6 thé c6 dang phi ling tru phy thudc két qua tinh toan thuy luc va
diéu kién dja hinh. Trong mot ) truong hop, tai vi tri cudi mang duogc thiét ké thém
ngudng (Hinh 1.5b) hodc bac nudc nhim tao ché do thuy luc gian doan gitra ha luu
mang voi kénh chuyén tiép.
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Hinh 1.4. Cdc dang mt bing ciia mdng tran bén

1.2.2. Mt s6 cong trinh hd chira 4p dung hinh thirc mang tran bén thao li
1. Cdc céng trinh trén thé gidi

Pap Hoover (M¥) 1a cong trinh dau tién trén thé gidi Gmg dung dudng tran
ngang dé théo 1i thiét ké (Qrx) trén 10.000m*/s dua trén két qua nghién ctru thir
nghiém dau nhitng ndm 30 cia thé ky XX [45]. Cong trinh dugc xdy dung trén song
Colorado tai vi tri bién gidi bang Nevada va Arizona vdi tén goi ban dau 1a Boulder
Canyon va dugc doi tén thanh Hoover vao nam 1947. Pay 1a dudng tran ngang mat
cat thuc dung co ctra van diéu tiét (Hinh 1.5a) [38].

Pép Karahnjukar (Iceland) 1a dap 16n nhat chdu Au voi chiéu dai dap chinh
730m va cao 198m. Cot nude lam viéc cua 6 turbine khoang 600m. Puodng tran
ngang c6 mit cat thuc dung khong cé cira van diéu tiét (Hinh 1.6) [43].

bap Arrowrock (M¥) trén song Boise thudc bang Idaho c6 dudng tran ngang
mit cit thuc dung, véi 6 cira van diéu tiét (Hinh 1.7) [38]. Pap Burrinjuck
(Australia) trén song Murrumbidgee, bang New South Wales (Hinh 1.8), tuyén tran
ngang lugn cong, c6 ngudng thuc dung, khong co cira van dicu tiét [69]. Dap Fort
Smith (M¥) trén song Frog Bayou, bang Arkansas (Hinh 1.9) c6 duong tran ngang
mat cat thue dung, khong c6 cira van diéu tiét [38]. Pap Flatiron (M¥) thudc quan
Larimer, bang Colorado (Hinh 1.10), c6 duong tran ngang dang chit U cho phép
tho lii qua 3 canh ciia dudng tran, Ngudng tran cé mit cat thuc dung, khong co cira
van diéu tiét [38]. Cac cong trinh néu trén 13 nhitng dang cong trinh duong tran
ngang thudong gap, chii yéu 1a loai dap vat liéu dia phuong. Trén thé gidi con rat
nhiéu hd chira 4p dung hinh thirc tran ngang nhu Solingen, Mauer (Pirc), Quielle,
Rochebut (Phap), Townsend, Rhodeswood (Anh), Glendevon (Scotland), Trangslet
(Thuy Dién), Lyssbach (Thuy Si), Nihotupu, Aerial Drone (New Zealand), West
Barwon (Australia), Kastraki (Hy Lap)...
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(Nguon dnh: www.americansouthwest.net) b) So hoa trac doc mang tran bén
a) Buong tran ngang va mang tran bén va doc nudc

Hinh 1.5. Tran Hoover, My
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Hinh 1.7. Tran Arrowrock, My

| (Nguén anh: Goog e e;:lrth)
Hinh 1.9. Tran Fort Smith, My Hinh 1.10. Tran Flatiron, My
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2. Cac cong trinh trong nwdc

Ho Nude Ngot (Ninh Thuan) dugc xay dung trén subi Nuée Ngot thuoc dia
phan thén P4 Hang, xd Vinh Hai, huyén Ninh Hai (Hinh 1.11) v&i nhiém vu cip
nudc tudi va cip nudc sinh hoat. Cac hang muc chinh ciia cong trinh gém dap

chinh, cong diéu tiét 1, tran xa 1 tu do va ctra cdng chinh 14y nudc tudi [6][9].

Ho chira My Binh (Binh Pinh) trén subi Phu My thudc dia phan x3 Hoai Ph,
huyén Hoai Nhon (Hinh 1.12) v&i nhiém vu chinh 14 cdp nuéc tudi cho 700ha.
Puong tran ngang mit cit thuc dung khong ¢ ctra van diéu tiét [30].

Ho chita Pong Nghé (Pa Nang) thudc dia phan xa Hoa Khuong, huyén Hoa
Vang, dugc xdy dung véi dung tich hitu ich 15,85 tri¢u m°. Mang tran bén bd tri
bén bo phai dap dat, ngudng tran thue dung khong co ctra van diéu tiét (Hinh 1.13)
[28].

Ho chira Viét An (Quang Nam) la cong trinh thay loi cap ITI thudc dia phan xa
Binh Lam, huyén Hi€p Puc, c6 nhiém vu chinh la cung céip nudc tudi cho 2115ha
lta véi dung tich hiru ich 20,12 triéu m®. Puong tran ngang c6 ngudng thanh moéng
mit cat hinh chir nhat, khong c6 cira van diéu tiét (Hinh 1.14) [29].

H6 chira Ong Lanh (Binh Dinh) 1a cong trinh thity loi cap III thudc dia phan
xa Canh Vinh, huy¢n Van Canh. Nhi€ém vu chinh cua cong trinh la cép nuoc tudi

3

v61 dung tich hiru ich 2,066 triéu m” va giam It cho ha du. Puong tran ngang c6

ngudng thuc dung khong co ctra van diéu tiét (Hinh 1.15).

Ho chira P4 Ban (Khanh Hoa) 13 ho chira 16n nhat tinh, dugc xay dung trong
nhitng nam 1980 & thuong luu song Pa Ban thudc dia phan xa Ninh Son, thi xa
Ninh Hoa. Nhiém vy chinh ban dau 1a cap nudc tudi véi dung tich hiru ich 69,76
triéu m>. Nhim dam bao an toan dap, tran sy ) (tran sb 2) duogc xay dung la dang
cong trinh duong tran ngang (Hinh 1.16) [8].

Mot s6 cong trinh khac ¢ trong nudc ap dung hinh thic tran ngang nhu hd
Ong Thoai (Bu Dang, Binh Phudc), Quang Hién (Van Canh, Binh Dinh), Pai Son
(Phu M¥, Binh Binh), Phudc Nhon (Bac Ai, Ninh Thuan), Pik Ro Ngat (Pak To,
Kon Tum), DPén Séc (Soc Son, Ha Noi), Thon 6 Khic Khoan (Bu Gia Map, Binh
Phuéc), Loc Quang (Loc Ninh - Binh Phuéc), Bau Um (Hén Quéan, Binh Phudc),
Loc DPai (Qué Son, Quang Nam), Triéu Thuong 1 (Triéu Phong, Quang Tri), Dik
Long 1 (Ngoc Hdi, Kon Tum), Bic Khé 1 (Trang Pinh, Lang Son), Sudi Tan 2
(Van Hd, Son La), Trong Thuong (An Lio, Binh Pinh)... (Hinh 1.17).
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(Nguon anh: Google earth) £ _
Hinh 1.11. Dwong tran ngang va mang bén dip Nuwdc Ngot, Ninh Thudn

MG hinh thi nghiém [30]
Hinh 1.12. Dwong tran ngang va mang bén dap My Binh, Binh Dinh
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(Nguon anh: Google earth)
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"~ (Nguén anh: Google earth) M5 hinh thi nghiém [28]

Hinh 1.13. Puong tran ngang va mdng bén dip Pong Nghé, Pa Ning
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(Nguon anh: Google earth) M6 hinh thi nghiém [29]

Hinh 1.14. Duwong tran ngang va mdang bén dap Viét An, Qudng Nam
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Dwéng tran ngang

sw cd - Tran S0,2)

Mang tran ben

Kénh
chuyén tle

(Nguon danh: Google earth)
Hinh 1.16. Dwong tran ngang va mang bén dap Da Ban, Qudang Nam

Tran ngang Loc Quang Bmh Phu:oc

’»-N‘d

Tran ng ba My - Binh Théln Tran ngang Quang Hién - Binh binh
Hinh 1.17. Mét s6 céng trinh khdc 6 trong nwéc

Thong s tran ngang va mang tran bén clia mot s6 cong trinh hd chira trong

nuéc va thé gisi dugc gidi thiéu ¢ Bang 1.1.
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Bing 1.1. Théng s6 mdt so cong trinh tran ngang trong nwéc va thé givi

N ) . Tran ngang Mang tran bén
TT] Tencongtrinh | Vit o %) H (M) [Laong (M) Baie ()]bess ()] So
Trong nudc
1 My Binh Binh Binh | 342,00 | 1,98 70,0 50 | 20,0 |0,03
2| QuangHién | Binh Dinh | 190,00 | 2,00 40,0 6,0 | 150 (0,02
3 Ong Lanh Binh Binh | 73,37 1,62 20,0 3,0 8,0 0,02
4| Nudc Ngot [Ninh Thuan| 268,00 | 2,00 60,0 4,0 10,0 [0,02
5 Sudi My Bic Giang | 136,20 | 2,84 20,0 50 | 10,0 |0,14
6| DongNghé PaNang | 328,00 | 2,32 50,0 8,0 | 20,0 |0,00
7 Viét An Quang Nam| 543,00 | 2,13 82,5 15,0 | 28,0 |0,00
8 Loc bai Quang Nam| 116,00 | 1,56 30,0 8,0 15, (0,006
9 ba Ban Khanh Hoa | 1509,10 | 4,65 70,0 80 | 24,0 |0,10
10| Triéu Thugng 1 | Quang Tri | 37,50 | 0,77 35,0 15,0 | 20,0 |0,03
11| Phudéc Nhon |Ninh Thuan| 130,00 1,93 40,0 - - -
12 ba My Binh Thuan| 795,00 | 2,14 110,0 - - -
13| Pik RoNgat | KonTum | 107,54 | 2,00 26,0 - - -
14 Miéu HaNoi | 619,00 | 3,02 74,0 - - -
15 Vin Son HaNoi | 566,30 - 74,0 - - -
16 Pai Son Binh Binh | 86,55 1,38 30,0 - - -
Thé giGi
1| Hoover [38] My 14000 - 135 - - 0,10
2 |Karahnjukar [43]| Iceland 1350 - 140 17,0 | 17,0 -
3 | Arrowrock [38] My 1133 - 105 - - -
4 | Burrinjuck [69] | Australia | 29100 - - - - -
5 | Fort Smith [38] My 3845 - 74 8,5 155 | -
6| Flatiron [38] My 668,3 2,20 - - - -

Théng ké cac cong trinh trén thé gidi cho thay da phan duong tran ngang co

ngudng thuc dung va c6 hoic khong ¢ cira van diéu tiét. Mang bén thudng c6 dang

hinh thang mit cat phi ling try m& rong dan. Kénh chuyén tiép thuong c6 dang ling

tru va c6 d6 doc 16n hon d§ doc mang, chiéu rong day bang chiéu rong cudi mang.

Céc cong trinh trong nudce chit yéu ap dung cho hd chira ¢ dién tich luu vuc nhd

(dudi 100km®). Céc cong trinh déu khong c6 ctra van diéu tiét, ngudng tran c6 thé 1a

thanh mong hodc thyc dung. Chiéu dai duong tran thuong nhé hon 100m. Luu

lwong thao thuong nho hon 1000m%/s. Ty sé giita cot nude tran va chiéu dai dudong

tran dao dong trong khoang 0,02 + 0,15. Mang phi ling tru m& rong dan, mit cit

ngang hinh thang hodc chit nhat. Do déc mang khoang 0 + 3%. Nbi tiép sau méang 1a

dbc nude thuong trén 10% dang lang try mat cat chir nhat (Bang 1.1).
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1.2.3. Cac dang cong trinh khac irng dung nguyén ly mang tran bén
‘ i?“ )

Tran vao

(Nguon danh: Google earth)
Hinh 1.18. Tran vao - tran ra trén kénh chinh hé thong thiiy lgi Bic Nghé An

4

Hinh 1.23. Mét con sudi nhé thujc xa Cao Bo, huyén Vi Xuyén, Ha Giang
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Trén hé théng cong trinh thiy loi c¢6 thé dit dudng tran ngang & noi xung yéu
dé bao vé bo kénh, chéng nude tran bo khi ¢6 su ¢d hodc nhitng doan kénh cit qua
khe, ranh tu thay [32] (Hinh 1.18). Ngoai ra, hién tugng SVF ciing xuét hién trong
cac cong trinh nhan tao khac nhu mang thu nuéc mua trén mai nha (Hinh 1.19),
mang thoat nude tran ciia bé boi (Hinh 1.20), ranh bién (Hinh 1.21), kénh tiéu cit
dbc chéng x6i mon (Hinh 1.22). Hién tuong nay ciing c6 thé xuét hién ¢ séng sudi
tu nhién (Hinh 1.23) hodc dong chay trong song vung ngap li.

1.3. CAC DANG PHUONG TRINH DONG BIEN LUQONG MOQT CHIEU
1.3.1. Céc gia thiét chung ciia phwong trinh

SVF 1a mot dang riéng cua vat thé chuyén dong c6 khéi luong thay d6i. Co s
khoa hoc cho vi¢c nghién ctru hién tuong nay dugc cac nha co hoc dua ra tur cudi
thé ky XIX dau thé ky XX [1]. D¢ thiét l1ap phwong trinh SVF 1D, céc gia thiét sau
day duoc chap nhan [17][36][39][41][471[49][68]:

(1) Chuyén dong 1D va bo qua cac yéu t6 bién doi theo phuong ngang.
(2) Coi phan bd luu toc 1a dong nhat.

(3) Ap suat dong chay tuan theo quy luét ciia 4p suét thay tinh.

(4) B6 qua hién tuong dong gia nhap cudn khéng khi vao dong chinh.
(5) Luu tdc ting tuyén tinh theo chiéu dong chinh.

(6) Bo qua luc ctia dong gia nhap tac dong Ién dong chinh.

(7) Dong chay chuyén dong khong xuat hién song bé mit.

(8) Ton that cot nuéc doc mang dugc mo ta theo cac cong thic ap dung cho
chuyén dong déu nhu céng thirc Chezy - Manning hay Darcy - Weisbach.

Céc dang phuong trinh SVF ¢6 thé dugc thiét 1ap tir nguyén 1y bao toan dong
luong hodc ning lwong ap dung d6i véi chat long Newton trong trudng trong luc
(Hinh 1.24) hoidc c6 thé duoc thiét 1ap tir phuong trinh tong quat cua vét thé chuyén
dong c6 khoi lwong thay doi trong co hoc [1][26].

Truong hop luu luong ting dan theo chidu dong chay (Hinh 1.25), cac phuong
trinh SVF cua Hinds [47], Camp [39], Keulegan [49], Chow [41]... duogc thiét 1ap tir

nguyén 1y bao toan dong luong. Phuong trinh Konovalov duoc thiét 1ap dua trén

nguyén ly bao toan nang luong [17][26]. Khi dong chay trong kénh cé luu luong
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phan tan doc theo chiéu dong chay (lvu lwong giam dan) thi phuong trinh dugc

Chow [40] thiét 1ap tir viéc khao sat sy bién thién cta ning luong don vi dong chay.

Hinh 1.25. So' dé mdt bang
Hinh 1.24. Cdc lyc tac dung dong chay mang bén phi lang tru
lén doan dong chady vOi goc mo @

1.3.2. Phuong trinh ciia cac tic gia trén thé giéi
1. Phwong trinh Cciia Hinds nam 1926

Theo Hinds [47], dong chay trong mang tran bén la dong chay c6 Iuu lugng
tang dan doc theo mang, phu thudc vao luu luong gia nhap & canh bén (q). Ton that
nang luong c6 thé xac dinh bang phuong trinh dong luong, phu thudc vao g. Hinds
gia dinh luu luong ting tuyén tinh theo dong chay. Tai vi tri dau mang (x = 0) thi
Iru lugng Q = 0, tirc 1 canh ddu méang khong c6 dong chay. Hinds ciing tiép tuc gia
dinh luu tdc binh quan doc mang (V) ¢6 méi quan hé véi toa do mang (x). Ap dung
phuong trinh dong luong va cac gia thiét, Hinds dd dé& xuit phuong trinh thé hién
moi quan hé giita chiéu sau dong chay (h), luu téc va luu luong (Q) nhu sau:

dh _vdv, o (1.2)
dx gdx gQ
véi cac ky hiéu khac da duoc giai thich ¢ cong thire trén.

Loi giai cua phuong trinh (1.2) dwoc tim bang phuong phap cong timg budc,
bat dau tir diéu kién bién va dong chay ¢ ha luu mang bén 1a dong chay ém. Trong
truong hop dong chay doan dau kénh chuyén tiép 1a dong chay xiét, Hinds gia thiét
gan dung chiéu sdu dong chay tai d6 1a chiu sau phan gidi (h.). Pay l1a dang
phuong trinh don gian dau tién trén thé gidi viét cho SVF 6n dinh ¢6 luu luong ting

dan theo chiéu dong chay.
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2. Phwong trinh ciia Camp nam 1940
Camp [39] thiét 1ap phuong trinh dua trén nguyén 1y dong luong voi viée don
gian hoa thanh phan ma sat va ap dung voi mang lang tru. Phuong trinh nhan dugc
nghiém déng c6 dang mot dang thirc tich phan. Thanh phan ma sat dugc xac dinh tir
thuc nghiém khi nghién ctru bang dong 6n dinh. Phuong trinh c6 dang nhu sau:
2 2
dx gdx gQ R2g
Vi cac ky hi¢u da duoc giai thich ¢ trén.
Phuong trinh (1.3) c6 dang twong ty (1.2) cua Hinds nhung c6 xét thém anh
huong ctia thanh phan ma sat gy ton that niang lugng trong dong chay.

3. Phwong trinh ciia Keulegan nam 1952

Keulegan 13 nguoi dau tién tng dung phuong phap tim diém suy bién tir
phuong trinh vi phan khao sat dwong mat nudce trong mang bén vao nam 1944 [49].
Nam 1952, Keulegan [50] tiép tuc phat trién cac nghién ciru vé 1y thuyét 1an thyc
nghiém va dé xuat phuong trinh 4p dung cho mang ling try mit cat hinh chir nhat.

2

20°X
Sy —S¢ —
%_ 0 f gb2h2 (1 4)
dx 2x> .
gh®h®

trong d6: S; - d6 doc ma sat (@6 doc thuy luc); b - chiéu rong day mang bén, m; Cac
ky hi¢u khac da duoc giai thich & trén.
Tai diém suy bién, dong chay & trang thai chay phan gidi, khi d6 ca tir sb va
mau s6 cung tién téi "0". Ciing tai diém suy bién nay thi S¢ duoc xac dinh nhu sau:
f v
_v 1.5
=2 (L5)

Tir diéu kién diém suy bién, thay (1.5) vao (1.4) nhan dugc hé phuong trinh:

S _fve o 29x
° h2g gb2n?
. (16)
g°x
=== 3=
gbh

Hé (1.6) dugc ung dung dé khao sat duong mit nudc trong mang bén, cho két
qua tuong d6i phi hop khi chiéu sau dong chay trong méang rat nho [50].
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4. Phwong trinh ciia Chow nam 1969

Chow [41] d3 xay dung phuong trinh khao sat dudng mit nude cho dong 6n
dinh trong long din hé c6 luu luong thay d6i doc theo chiéu dong chay va ung dung
cho cic mang bén thao lii. Phuong trinh dugc Chow thiét lap voi gia thiét dong

chdy bén gia nhap vuong géc voi dong chinh.

2Q 0Q
S —S, — X %
@_ 0 f gA2 OX (l 7)
dx 2 '
X .1
gA% h

trong do6: A - dién tich mat cit w6t, m?; Cac ky hiéu khac da duoc giai thich & trén.

Néu phuong trinh (1.7) viét cho kénh ling try mat cit hinh chir nhat thi s& trd
thanh phuong trinh (1.4) cua Keulegan.

5. Phwong trinh cia Konovalov nam 1937
Phuong trinh cia Konovalov biéu thij td hop su bién d6i cua cot nudce luu tbe
trung binh mit cit va ty 1¢ gitra ¢t nude luu toc trung binh doan tinh toan véi chicéu
dai doan tinh toan. Phuong trinh c6 xét dén anh hudng cua hudng dong chay gia

nhap va viét cho long dan phi lang tru [17].

So =S¢ - kK?dE+ OCQ2 67A
dh gA? dx  gAd ox (1.8)

dx 1—Fr?

Khi 1ong dan ling tru thi 0A/ox = 0 va phuong trinh (1.8) tr¢ thanh:

ki Q dQ
Sp—Sp — Ko
dh _ gA”® dx (1.9)
dx 1-Fr?

trong d6: ky - hé sb, ky =1+a—ny, (-); a - hé s6 Coriolis hay h¢ s6 hiéu chinh
dong nang, (-); Ny - hé $6, (-), Ny = VilV; Vix - hinh chiéu luu tdc toan phan cua
khdi gia nhap (Hinh 1.25) hoidc phan tan 1én phuong chuyén dong, m/s; Fr - s6
2
Froude, Fr? :%B; B - chiéu rong mit thoang, m; Cac ky hiéu khac da duoc
gA

giai thich & trén.
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Néu dong chay gia nhap chuyén dong thing goc voi dong chu thi v, = 0 nén
Ny = 0. Vi diéu kién kénh lang tru mit cét hinh chir nhat va dong gia nhip vudng
goc v6i dong chinh, dng thdi bo qua hé sé phan bd Iuu tde (o = 1) thi phuong trinh
(1.9) tr¢ thanh phuong trinh (1.4) ctia Keulegan hodc (1.7) cua Chow. Truong hop
lru lwong khong ddi theo chiéu long dan (dQ/dx = 0) thi (1.8) va (1.9) trd thanh
phuong trinh khao sat dudng mit nudce thong thuong véi dong 6n dinh chuyén dong
khong déu. Phuong trinh (1.8) 1a phuong trinh tong quat nhit cia dang phuwong
trinh SVF on dinh viét cho ca trudng hop luu luong ting dan va giam dan. Phuong
trinh co xét dén cac ngoai luc gém ap luc, trong luc, luc ma sat va ap dung cho kénh

phi lang try, nhung chua xét dén lyc quan tinh cua dong gia nhép.

1.3.3. Phuwong trinh cia cac tac gia trong nwéc
Phuong trinh cia Nguyén Van Cung [10] xay dung nim 1964 vdi gia toc cia

dong chay bén tdc dong Ién dong chinh tim ra nhd nguyén 1y bao toan dong luong.

2 —
z+ B 2 +IV Y1 vdQ + hy = const (1.10)

Yo 2g gQ
Niam 1987, Hoang Tu An [1] thiét 1ap phuong trinh chuyén dong cho dong

chay khong gian khong 6n dinh 1D, Gng dung dé giai bai toan thity Iyc kénh dan co
dudng tran sy cb cua tram thuy di¢n kiéu nho. Trong diéu kién 6n dinh, phuong
trinh dong luc dugc dua vé dang:
Z+—+—+ 11z,
Yy 29 ¢
trong do: z - vi nang don vi, m; p/y - ap nang don vi, m; y - trong luong riéng cua
chat 16ng, N/m®, y = pg; p - khdi luong riéng cua chét long, kg/m?; hy - ton thét
nang lugng, m; Cac ky hi¢u khac da duogc giai thich o trén.

vdQ + hs = const (1.11)

Phuong trinh (1.10) va (1.11) ciing c6 xét dén anh huong cia luu tdc dong
chdy bén, c6 kha nang ing dung tinh toan thiy luc cho mang tran bén thao 11, hé
thong din nudc co dudng tran bén va cac hé thong tidu nudc vung triéu... Tuy nhién
phuong trinh chua thé hién twong minh voi kénh phi lang tru.

1.3.4. Cac dang phuong trinh khac
Bén canh cic dang phuong trinh SVF 6n dinh d3 néu & trén, mot sb tac gia

khac ciing dé xuat cac phuong trinh phuc vu myc tiéu nghién ctru trén co sé dang
phuong trinh (1.8) ctia Konovalov hoac phuong trinh (1.2) cua Hinds.
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Maradjieva va Kazakov [61] nghién ctru ché d6 thuy luc trong mang tran bén
vao nam 2007. Theo do, phuong trinh SVF dugc st dung c6 dang:
2 1—
dh=d| 2 +Sfdx+L2n0)QdQ (1.12)
2g gA

Khi bo qua anh huéng ciia d6 doc ma sat (S¢ = 0) va coi dong gia nhip vudng

gbc véi dong chinh (v, = 0) thi phuong trinh (1.12) tré thanh:

av? ocov2
dh=d| =— |+ dQ (1.13)
[ 2g gQ

Phuong trinh (1.13) s& 1a phuong trinh (1.2) ctia Hinds néu boé qua anh huéng
ctia cac hé sd phan bd luu toc (a=0g=1), véi agla hé $6 Boussinesq hay hé¢ s6 stra
chita dong luong.

Niam 2012, Ivanenko [71] thiét 1ap phuong trinh SVF 6n dinh khi nghién ciru
xac dinh duong miat nude trén kénh ling tru bang dat miat cit hinh thang can dai

9000m v&i luu lwong dau vao 20m?/s va giam dan do thdm véi Qugm = 0,410/s/m.

dx
5 (1.14)
dv dh _ v dQ \%
ov—+g—+0yg——=g| Sy ———
dx “dx A dx 2R

OpV + o, Vix

trong do: o, - h¢ s6 stra chita dong lugng trung binh, ay = ) o, - hé

v
s6 stra chira dong lwong cua dong gia nhip hoic phan tan. Cac ky hiéu khac da

duoc giai thich ¢ trén.

Phuong trinh (1.14) duoc dua vé dang mot phuong trinh vi phan cap 1 voi mot
vai gia thiét gin dung va tim duoc nghiém giai tich dudi dang mot cong thic dai sb.

Trong vi dy tinh to4n, lvanenko bo qua anh huéng cta cac hé sb phan b luu téc.

Ngoai ra, nim 2019, Yebegaeshet [67] dé xuat hé phuong trinh nudc néng 2D
ngang viét cho SVF 6n dinh gdm phuong trinh lién tuc va phuong trinh dong luong.
Trong d6, thanh phan 4p suit duoc xem xét 13 khong tuan theo quy luat ap suét thay
tinh, hé sb ma sat tinh toan theo cong thirc Colebrook cho khu binh phuong sirc can.
Tuy nhién, khi tinh toan tac gia d3 boé qua anh huéng cta hé sb phan b luu te vi

cho rang dai lwong nay rat phirc tap va kho xac dinh.
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1.4. PHUONG TRINH DONG KHONG ON PINH MOQT CHIEU

Nhu di dé cap ban dau, dong chay trong mang tran bén 1a SVF khong 6n dinh.
Céc dang phuong trinh SVF da c¢6 cho dén nay (muc 1.3) déu duogc viét cho dong
6n dinh. Vi dong chay 1D khong 6n dinh, phuong trinh mé phong kinh dién duge
biét dén 13 hé phuong trinh Saint Venant.

1.4.1. H¢ phuwong trinh Saint Venant

Mo phong sy chuyén dong cua chat 1ong bang toan hoc 1a cac phuong trinh va
hé phuong trinh véi nhitng diéu kién tuong ddi tong quat. Mot trong nhitng 16p hé
phuong trinh co ban quan trong trong co hoc chat 1ong 1a hé phuong trinh Navier -
Stockes hoidc Reynolds mo ta su chuyén dong cia chat 1ong Newton. Hé phuong
trinh Navier - Stockes duoc Navier dua ra 1an dau tién nim 1822 va Stockes thiét
lap lai nim 1845, xuat phat tir gia thiét ing suat phap tuyén va tiép tuyén do tinh
nhét gy ra 13 nhitng ham s6 tuyén tinh ciia van toc bién hinh, pht hop vé6i dinh luat
ma sat trong cua Newton [2][20][23][70].

Dong chay trong 10ng din hé nhu song, sudi, kénh dan thi qua trinh luu luong,
muc nudc, luu tée 13 qua trinh phan bd theo khong gian va thoi gian. Hé phuong
trinh Navier - Stockes m6 ta gan dung, diy du nhét qua trinh chuyén dong ctia chét
16ng trong khong gian 3D nhu phéan bd luu tdc theo phuong dimg, phuong ngang va
phuong doc. Tuy nhién, trong nhiéu tinh toan thyc té, su thay do6i cua cac yéu td
thay lyc theo phuong dting va phuong ngang co thé dugc bo qua va qué trinh
chuyén dong cua dong chay dugc coi chi bién doi doc theo long dan. Khi do6, hé
phuong trinh Saint Venant do Barre de Saint Venant dé xuat nim 1871 dugc ap
dung dé mé phong qua trinh chuyén dong 1D cua chat 1ong [40][59].

0Q OA . 0Q
— +—=q hoac — +B—: 1.15
ox ot k T OX ot k ( )
1, Q? oh

- -5 )=0
N Aax( Jga 9(So —S¢) (1.16)

véi cac ky hi¢u da duoc giai thich & trén.
Céc gia thiét dugc chap nhan khi xay dung hé phwong trinh Saint Venant
[4][11][13][40][66]:

(1) Dong chay chuyén dong 1D, d6 sau va luu téc chi thay doi doc theo long
dan. Luu toc 1a d6ng nhat va myc nude 1a nam ngang & moi mit cit.
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(2) Chat long khong nén duoc.
(3) Dong chay thay d6i tir tir (thay doi cham) doc theo chiéu long dan dé ap suat

thary tinh chiém wu thé va cac gia tdc theo phuong dung dugc bo qua.

(4) Truc doc cua long dan duoc coi nhu mot dudng thang.

(5) Day long dan c6 do dbc nho va ¢ dinh (1ong cimg) dé bo qua tac dong cua
hién tuong bdi, x6i.

(6) Ap dung hé sé strc can ciia dong on dinh chuyén dong déu chay rbi cho dong
khong 6n dinh dé sir dung cac quan hé nhu phuong trinh Manning mo ta tac
dong cua luc can.

Phuong trinh lién tuc (1.15) ¢6 xét dén nhap luu va phuong trinh ning luong
(1.16) bao gdm céc thanh phan thudc qua trinh vat Iy diéu khién dong ning lugng
Q2

CL 1 0Q L 1 0 .
nhu gia toc dia phuong (cuc bo) | —— |; gia toc do1 lvu | ——| — ||, ap suat
g 1a p g (et .)(Aatjg {A@x{Aﬂ p

(goh/ox), trong luc (gSg) va ma sat (gSy). Cac thanh phan gia téc dia phuong va gia
tdc dbi luu dai biéu cho tac dong ciia cac lyc quan tinh 1én dong chay [2][4][40].

Phuong trinh ning luong (1.16) c6 thé duoc viét dudi nhiéu dang khac nhau
phu thudc vao cach bién doi tir phuong trinh xuat phat nhu [4][13][16]:

— 4= —4+=——+S.-5,=0 1.17

ox goa gox 70 (17

0Z ago(Q) aQ o (Q

L R IR IR IR g 0

x g at(A)+gA ax(A)+ f (19

2 2

(1_Fr2)%+“_%@+ﬂ@_%53%_“‘?3 A _2QBg is -0 (L19)

OX gA“oX gAdt gA° ot gA® OX gA

Céc phuong trinh (1.16) + (1.19) déu khong xét dén luc quan tinh cta dong
gia nhap hay phan tan.

1.4.2. Cac nghién ctru irng dung phuwong trinh Saint Venant

Hién nay, mot s6 md hinh toan thuy dong luc hoc 1D trén thé gidéi nhu
MIKE11 (Vién Thay luc BPan Mach), HEC-RAS (Trung tdm Thuy van cong trinh
thudc Hiép hoi k¥ su quan sy Hoa Ky), ISIS (Truong Wallingford, Vuong qudc
Anh), SOBEK (Delft, Ha Lan), DUFLOW, WENDY (Vién Thuy lyc Ha Lan)... hay



25

cac mo hinh trong nuéc nhu VRSAP ctia Nguyén Nhu Khué, KOD 01 ciia Nguyén
An Nién, SAL/DELTA cua Nguyén Tat Dic, HYDROGIS ciia Nguyén Hitu Nhan,
FWQ86M cua Lé Song Giang... déu sir dung 15i 1a hé phuwong trinh Saint Venant

nhung viét dudi cac dang khac nhau nhim giai quyét cac bai toan truyén 1d, truyén

triéu va truyén chit khi thém thanh phan ndng d6 trong hé thong séng/kénh. Cac mo

hinh trén st dung cac so d6 giai khac nhau nhu so do6 sai phan an 4 diém cua

Preissmann, 6 diém 4n ctia Abbott - Ionescu hodc so d6 hién cua Lax [13].

Bén canh d6 con c6 nhi€u nghién ctu, Ung dung khéc lién quan dén h¢

phuong trinh Saint Venant nhu:

Aldrighetti [42] nghién ctru mo phong dudng mit nudc trong long dan hé cé
hinh dang mat ct bat ky bang viéc giai hé phuong trinh Saint Venant 1D theo
phuong phép sd Vi so dd ban an. Nghién ctru dd mé phong dugc ché do thay
lyc dong chay ém, dong chay hdn hop ém xiét hay ca su chuyén tiép bang
nuéc nhay khi dong chay chuyén tir trang thai chay xiét sang chay ém.

Szymkiewicz [66] 4ap dung phwong phap phan tir hitu han voi thuat giai
Galerkin dé thanh 1ap ma tran dai s6 giai hé phuong trinh Saint Venant mo
phong dong chay trong hé thdng long dan ho.

Nguyén Vin Hanh [15] xay dung duoc chuong trinh tinh ton thuy luc 1D va
gia 2D cho mang song kénh phirc tap trong ché do dong chay ém. Xac dinh
dugc phuong phap giai s6 phu hop cho hé phuong trinh Saint Venant va thir
nghiém cho bai toan chay ém, xiét dong thoi ap dung cu thé truong hop gia
dinh v& dap Son La - Hoa Binh.

Nguyén Dinh Thanh [25] di sir dung hé phuong trinh Saint Venant mo rong
cho dong chay khong gian ciia Hoang Tu An [1] cai tién mo hinh VRSAP
bang cach thiét 1ap hé phuong trinh Saint Venant theo luu tdc trung binh cho
toan dong chay va bo qua cac hé sé phan bé luu téc. Véi gia thiét luu luong
ciia dong gia nhap do mua d6 trén bai song, dong ruong hoic dong phan tan
do nudc tran qua dé d6 vao dong luén nhé hon luu luong trong dong chinh
(Q), nghién ctru da tach riéng dong chinh trong song véi dong chdy bén nén
két qua tinh toan cac dai lwong Q va Z chua chinh x4c nhung c6 thé chap nhan

duoc sai s6 do trong bai toan mo phong 1ii trén hé thdng song.
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- Nguyén Phi Quynh [24] nghién ciru trén co sé md hinh KOD dé xay dung
chuong trinh tinh toan xac dinh khau doé cong thao i dudi bd bao ving ngap
1 Bong bang séng Ctru Long.

- Diang Thanh Lam [18] dd xay dung mé hinh thich hop cho tinh toan hé thdng
cong trinh tong hop tiéu thoat nudc dé thi ving anh huong triéu, thuc hién
ghép ndi v6i moé hinh DELTA va ung dung thir nghiém cho hé thdng séng
kénh ving ha luu séng Bong Nai - Sai Gon.

- Bui Van Chanh va cs. [5] tng dung phuong phap mo phong dong chay phan
bd bang mo hinh séng dong hoc phi tuyén dugc xay dung tir hé phuong trinh
Saint Venant nham giai quyét bai toan mo phong dong chay tir thugng nguon

cac con song trong diéu kién han ché vé sé liéu.

Nhu véy, ¢6 thé thay cho dén nay cac mé hinh toan thiy dong luc hoc 1D hay
cac nghién ctu tmg dung hé phuong trinh Saint Venant déu di 1an luot giai quyét
dugc nhiéu bai toan trong thuc té lién quan dén hé thong song/kénh bao gom viée
két ndi v6i cac cong trinh trén hé théng nhu hd chia, cu, cbng... Tuy nhién, do cac
phuong trinh ning luong trong phuong trinh xuét phat ciia cac nghién ctru déu chua
quan tdm dén luc tac dong ctia dong gia nhap hodc phén tin va ton thit ning lugng
do dong xody tao ra nén hé phuong trinh Saint Venant kinh dién chua thé giai quyét
duogc chinh xac bai toan dong khong 6n dinh ¢6 luu lugng thay doi theo khong gian

nhu dong chay trong mang tran bén.

1.5. MOT SO NGHIEN CUU VE CHE PO THUY LUC TRONG MANG
TRAN BEN
1.5.1. Puwong mat nudc

Puong miat nude 1a yéu t6 thiy luc duge quan tdm nghién ciru dau tién va
nhiéu nhat. Pudng mit nude trong 10ng dan hd cé luu lwong tang dan ban dau dugc
khéao sat dinh tinh va sau do6 tién hanh thuc nghiém mat ) truong hop. Cac nha
khoa hoc tién phong trong viéc nghién ciru dic trung nay nhitng nam 30-40 cia thé
ky XX nhu Hinds [47], Beij [36], Konovalov, Patrasev, Petrov, Kiselev [17], Favre
[46], Camp [39], Keulegan [49], Marchi [74], Citrini [73], Nguyén Vian Cung [10]
va dén nhitng nim 70-80 c6 Chow [41], Gill [44], Yen [68], Hoang Tu An [1],
Hager [45]. Dén nay da c6 thém nhiéu nghién ctru thuc nghiém phuc vu cac muc
tiéu nghién ctru nhu Kouchakzadeh va cs. [54][55], Mohammadi [63], Mariana va
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cs. [64], Lucas va cs. [60], Gardarsson va cs. [43] Nguyén Chién va cs. [6][7]... Cho
dén nay di c6 thém nhiéu nghién ctru thuc nghiém khao sat sy bién thién cua duong
mat nudc trong mang tran bén phuc vu cdc muc ti€u nghién ctru cu thé. Vé co ban,
cac nghién ctru thuc nghi¢m déu thuc hién véi mo hinh mang tran bén khong co6 su
gia nhdp cta dong chay tir ddu mang. Luu luong thu nhan duoc & cudi mang bang
luu luong x4 qua dudng tran ngang. Tuy nhién van cé nhiing truong hop cho phép

c6 dong gia nhap tir ddu mang.

Niam 1934, Beij [36] nghién ctru ché d6 thity lyc trong méang thu nudc mua
trén mai nha (Hinh 1.19) va két luan rang day la truong hop Gng dung dic biét cia
mang tran bén. Hinh dang mat cat dugc xem xét voi ba dang co ban la hinh chix
nhat, tam gidc va ban nguyét (Hinh 1.3). Phuong trinh khdo sat duong mat nudc

duogc thiét 1ap dua trén nguyén 1y dong luong twong ty (1.2) ctia Hinds.

Theo Kiselev [17], tir nhitng nghién ctru ban dau ciia Konovalov nam 1937,
cac nha khoa hoc Lién X6 (cii) da tiép tuc ké thira va nghién ctru ché @6 thuy luc
trén kénh co luu luong thay ddi. Nam 1940, Patrasev nghién ctru chuyén dong trén
kénh c6 luu luong thay dbi doc chiéu dong chay. Tiép d6, nim 1942, Kiselev
nghién ciru quy luat thay doi chiéu sau trong kénh lang try & doan c6 tran bén. Nam
1950, Petrov tiép tuc nghién ctru va chi ra cac diéu kién chinh xac hon dé hinh
thanh cdc dang duong cong nudc dang, nudc ha. Dang dudong mit nudc tu do trén
kénh c6 luu luong thay ddi co thé c6 nhiéu dang khac nhau, phu thudc vao ty sb

dinh lugng cta cac luc tdc dung va céc di€u kién bién.

Nhitng nam dau thap nién 40 cua thé ky XX, cac nha khoa hoc thuy luc &
Chau Au di nghién ctru bd sung vé 1y thuyét va thyc nghiém cho dong chay trong
mang tran bén. Nam 1941, Marchi [74] 4p dung phuong trinh SVF 6n dinh dé xéac
dinh duong mat nudc trong mang tran bén bang 1y thuyét va thuc nghiém trén kénh
lang try mat cat hinh chit nhat véi cac trang thai chay ém, chay xiét va trang thai
chay xiét - ém thong qua nudc nhay. Nam 1942, Citrini [73] nghién ctru chi tiét
dong chay trong méang khi ¢ luu lwong gia nhap va két ludn dong chay phia thuong
luu mang bén ¢ trang thai ém co chiéu sau 10n nhat v6i mit cat hinh tam giac va
nhé nhat véi mat cét hinh chir nhat.

Niam 2004, Nguyén Chién va cs. [6] sir dung phuong trinh (1.10) thiét 1ap quy
trinh tinh toan thily lyc mang tran bén va viét phan mém hd tro tinh toan. Phdn mém

dugc su dung dé khao sat duong mat nudc trong mang tran bén ctia ho chira Nude



28

Ngot tinh Ninh Thuén. Két qua nghién ctru di chi ra kich thuéc hop 1y cua chiéu
rong dau mang By, bang khoang 0,10 + 0,15 chiéu rong ngudng tran. Do déc mang
khong nén vuot qua 5%, ¢6 thé 1am mang véi 2 d6 ddc, trong d6 doan ddu mang vai
chiéu dai khoang 1/4 + 1/3 chiéu rong ngudng tran, doan sau nén chon do dbc 16n
nhung khong nén vuot qua 25%. Nam 2016, Nguyén Chién va cs. [7] nghién ciru
dién bién muc nudc trong mang bén dé danh gia kha nang ap dung loai cong trinh
nay & Viét Nam va tinh toan tmg dung cho cong trinh hd chira nudc Ong Lanh tinh
Binh Pinh. Nghién ctru nay ciing sir dung phwong trinh (1.10) dé dé xuét thuat toan,
trinh tu thuc hién xac dinh dudng mat nudc trong mang bén va khéng ché cao trinh
day méang dam bao ché do thuy luc chay tu do qua ngudng tran. Do doc doc méng
duoc kién nghi b6 tri co6 1 d6 doc néu chiéu dai ngudng tran 16n hon 50m va 2 do
dbc néu chiéu dai ngudng tran nhé hon 50m, trong d6 do doc doan dau bang 2 1an
dd doc doan sau.

Kouchakzadeh va cs. [55] dé xuat phuwong trinh SVF 6n dinh ¢ dang twong tu
phuong trinh (1.8) ctia Konovalov, trong d6 hé sé k duoc thay bang (20, + ke) va o
thay béng (o + Ke), vOi ke 1a hé s6 thu hep hodc md rong cua kénh phi lang try, ke

n_n

mang dau "+" néu kénh thu hep dan va mang dau "-" néu kénh mé rong dan. Nghién
ctru da thyc hién kiém ching phuong trinh dé xuat véi phuong trinh (1.2). Két qua
cho thiy khi mang c6 dang lang try thi duong mat nude tinh toan theo hai phuong
phap rat phi hop v6i nhau, nhung khi mang c6 dang phi ling tru mit cit mo rong
dan thi dudng mat nude gitra hai phuwong phép rat khac nhau & khu vyc trude va sau

mat cat ki€ém soat.

Nam 2007, Maradjieva va cs. [64] khao sat duong mat nudc trong mang tran
bén bang phuong trinh ctia Kurganoff va Dupljak (1982) twong tu (1.10) nhung bo
qua Sy, Vi, va phuong trinh (1.2). Két qua tinh toan duoc kiém chimg bang mé hinh
vat 1y ty 1& 1/50 voi nguyén mau 1a dap Markieh (Syria). Puong tran ngang dai
150m c6 ngudng thuc dung, khong co ctra van diéu tiét. Mang tran bén c6 dang phi
lang try mo rong dan tir 10m dén 30m voi do déc day 3%, mit cat hinh thang can co
hé s6 mai 0,5. Két qua thi nghiém cho thay khi luu lwong Qg 14, = 665m*/s thi dap
tran chay ty do, myc nudc trong mang thap hon cao trinh ngudng tran. Khi luu
luong tang 1én Qg 10 = 1000m*/s thi dap tran chdy ngdp mot phin & doan dau

mang. Puong mit nude tinh toan theo (1.10) c6 sai s6 nhé hon so véi (1.2).
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Nam 2015, Lucas va cs. [60] nghién ctru phan tich mang bén cua 3 du an trén
mo hinh vt 1y tai phong thi nghiém thay luc, thay vin va dong luc hoc biang tuyét &
ETH Zurich. M6 hinh vat 1y dap Trangslet va Karahnjukar dugc xay dung voi ty 1€
m6 hinh 1/45 va mang bén dap Lyssbach co ty 1¢ 1/16. Mdi mo hinh mang bén duoc
nghién ctru thi nghiém chi tiét v6i 3 hodc 4 cip luu luong. Nghién ctru str dung
phuong trinh dang (1.8) cia Konovalov. Két qua tinh toan phu hop véi thi nghiém
trong truong hop mang tran bén c6 dang ling tru, tuyén thing va khong bi anh
huong boi tdc dong cuc b). Su sai khéac gilra tinh toan va thi nghiém khong lién

quan dén luu lugng dong gia nhap ciing nhu hinh dang mat cat mang.

Niam 2015, Gardarsson va cs. [43] thuc hién quan tric dong chay trong mang
tran bén cta dap Karahnjukar dé phén tich so sanh véi két qua thi nghiém trén mo
hinh ty 1& 1/45 & phong thi nghiém thudc Vién Cong nghé lién bang Thuy Si. Két
qua cho thdy dudng mit nudc trung binh trong mang ¢ mo hinh thap hon thuc do

trén nguyén hinh véi sai khac khoang 10%.

Nam 2018, Pooja va cs. [65] da thuc hién nghién ctru trén mo hinh ty 1¢ 1/100
v6i 5 cap luu lwong thi nghiém 1,5 + 3,50/s va 4 cap d6 doc mang 0° = 30°. Tuy
nhién, doan kénh c6 SVF khong duoc chu trong trong nghién ciru nén két qua chi
nhan dinh dudng mit nudc & doan dau kénh cao hon do ¢ nhiéu sy xdo tron.
Puong mit nudc trong mang dugce tinh toan bang phuong trinh khao sat duong mat
nuéc thong thudng ddi véi dong chay 6n dinh.

1.5.2. Cau tric dong chay

Nam 1926, Hinds [47] cong bd két qua thi nghiém trén mé hinh vat Iy va két
luan vé hién tuong khong khi bi cudn vao dong chay lam tang sy xdo tron bé mit
t61 gan cubi mang. Cac dic trung cdu trac dong xody trong mang phu thuéc dong
gia nhap. Cac dong xody dé dugc goi 1a dong xoan [31][47]. Ngoai ra Hager [45]
cling dong thuan véi nhan dinh cua Page J. C. vé sy xuat hién dong xoan manh 3D
khi luu luong xa qua tran nho do chénh 1€ch gitra ngudng tran vdi day mang bén.
1.5.3. Chiéu siu dong chay cudi ming

Khi dong chiy trong mang bén dugc ndi tiép bang kénh co do dbc 1on thi
chiéu sau dong chay cudi mang 1a chiéu sdu phan giéi (he) [17][47]. Bang thuc

nghiém, Beij [36] dua ra chiéu sau cudi mang v6i kénh c6 mit cit chit nhat 1a J3h c
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va kénh c6 mat cat tam giac 1a 3 7 h.. Kiselev [17] khuyén nghi 14y gia tri nay la

1,1h.. Nguyén Chién va cs. [6] chi ra rang khi mang cang thoai thi chiéu sau cudi
mang cang 16n so vdi h, va nguoc lai thi xap xi he, do d6 chi€u sau dong chay cuoi

mang duoc kién nghi 1iy bang (1,00 + 1,33)h,.

1.5.4. Tén thét ning lweng

Theo Hager [46], Favre (1933) 1an dau nghién ctru vé SVF c6 luu luong ting
dan. Favre bb sung vao phuong trinh (1.2) cac thanh phan ton that nang luong ty 18
thuan véi luu tée cuc bo, hudng dong chdy gia nhdp ¢ canh bén va ty 1€ gitra luu
lurong gia nhap vai luu lugng trong mang tai vi tri gia nhap [45]. Nam 1948, Citrini
nghién ctru chi tiét hon vé hién twong nudc nhay, ton that ning lugng trong mang
bén va anh huong cia hudng dong chay gia nhap tdi dang duwong mat nudce [45].

Kiselev [17] cho réng dai lugng do dbc ma sat S co thé duogc bod qua vi strc
can thay lyc c6 anh huong khong dang ké. Nam 1955, Li cling nghién ctru ché do
thuy luc trong mang tran bén bang phuong trinh dong luong. Li [58] dic biét quan
tam nghién ctru anh hudng cua d6 déc ddy mang va phan loai chung theo s6 Froude
va ty sb (SoLngusng/Nn), trong do6 hy, 1a chiéu sau dong chay cudi mang bén. Hinh dang
mit cét mang dugc nghién ctru 1a hinh chir nhat va mdt ) dang mat cit hinh thang.
Li cling nghién ctru dong chay & ca hai trang thai ém va xiét. Két qua nghién ctru
cho thay anh hudng ctia 6 nham mai mang bén 1a khong dang ké, do d6 co thé bo
qua anh huéng ciia chung téi ché do thiy luc trong mang.

Nam 1977, Gill [44] thyc hién phuong phap tim nghiém xap xi cho phuong
trinh (1.7) viét cho mang lang try mat cit hinh chit nhat c6 xét dén hé sb sira chira
dong lugng (o). Nghiém cta phuong trinh duge thé hién dudi dang phuong trinh
dai s6 va dugc kiém chimg bang thi nghiém trén mang c6 chiéu dai 5m va chiéu
rong day 1a 7,62cm véi cac truong hop dé déc mang 0.4 + 1,0%. SVF trong mang
dugc tao ra nhd hé thdng dudng dng dai 4m c6 duc 16 dit phia trén mang va may
bom cap luu lugng 0,52 + 0,850/s (Hinh 1.26). Gill két luan nghiém xap xi co do
chinh xéc tét so v6i thi nghiém trong pham vi h = 0,5 + 1,1cm ¢ trang thai chay ém.
Ngoai ra, Gill ciing nhan dinh sirc can thuy lyc trong SVF tang 1én dang ké so véi

dong chay déu.
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Niam 2005, Mohammadi [63] tmg dung phuong trinh dang (1.8) két hop thuc
nghiém xé4c dinh dic trung dudng mit nudc trén kénh c¢6 mit cit hdn hop (Hinh
1.3f) & ca 2 trang thai chay ém va xiét. Tuy nhién nghién ctru van chua xét téi anh
huong ctia dd nham long dan t6i ché d6 thuy dong luc hoc trong mang. Céc két qua
nghién ctru cho thiy c6 sy gia ting vé strc can thuy luc khi luu lugng thay doi theo

chiéu dong chay.

Niam 2016, Kudzai va cs. [57] d& xuat phuong trinh SVF 6n dinh c6 dang
tuong tu phuong trinh (1.8) dé danh gia anh hudng cua thyuc vat dén sy gia ting do
nham doc theo kénh din. Nghién ciru da gia thiét ton that doc duong tinh theo cong
thirc Blasius. Tuy nhién, gia thiét nay chi dung khi dong chay trong mang & ché do
chay rdi thanh tron thay luc.

Céc tac gia Khiadani, Beecham va Kandasamy thuc hién nhiéu nghién ctu
trén mang lang try mat cat chit nhat tai truong Pai hoc K¥ thuat Sydney. SVF dugc
tao ra nhd hé théng dau phun dit song song phia trén mang (Hinh 1.26). Cac két
qua cho thdy, tng suit tiép [51] ting dan theo chiéu dong chay va chiu tac dong
dang ké cuia dong gia nhap & vi tri giita mang, cang vé 2 phia thanh méang thi tac
dong nay cang giam. Ung suét tiép & thanh bén ludn nhé hon va bang khoang 30 +
60% ung suét tiép day. Hé sd ma sat [35] phu thudc va ty 1& thuan voi luu luong
dong gia nhap nhung ty 1& nghich voi s6 Reynolds.

X
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Hinh 1.26. So dé thi nghi¢ém SVF bang hé thong ong duc 16

1.5.5. Phan bo luwu toc

Trong mdi truong lién tuc chat 16ng chuyén dong co kich thude hiru han c6 thé
coi 1a tong hop vo sb dong nguyén té [4]. Do d6, khi mé rong cac phuwong trinh
ning luong hay dong lugng ctia dong nguyén t6 chat 1ong thuc cho toan dong chay
¢6 kich thuéc gidi han thi dai lugng luu tée trung binh (v) s& duoc sir dung thay thé
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cho dai luong luu tée diém (u) [4][40]. Gid tri luu toc diém (u) cia phan tir chat
16ng trén mit cit wdt ludn co sai khac mot gid tri 1 Au so véi gia trj luu tée trung
binh toan mit cit (u = v + Au) [4]. Hay néi cach khac, phan b luu toc cua dong
chay thuc trong 6ng, kénh hay séng tu nhién 1a khong dong nhét va thay doi theo
chiéu 10ng din. Phan bd luu tdc phu thude vao didu kién thiy luc va hinh hoc cia
long dan nhu luu lugng dong chay, loai chét long, hinh dang mat cit udt, stic can

cua long dan, do doc cua long dan...

Heé s6 phan bé luu te trong phuong trinh nang lwong dugc biéu thi bang ty s6
giita dong ning cta dong chay tinh theo luu tdc diém (luu tdc thuc) véi dong ning
ctia dong chay tinh theo luu tdc trung binh mit cat. Hé sé nay dugc goi 1a hé sb sira
chira dong nang [4], ky hiéu 1a o, hay hé sb Coriolis (vinh danh nha khoa hoc dau
tién dé xuét) [40]. Theo Cam [4], hé s6 a trong Ong, kénh hodc mang cé thé lay
bang 1,05 dén 1,10. Theo Chow [40], o 16n nhét trong cac kénh dan thong thuong
la 1,20, trong cac song sudi tu nhién 1a 1,50, hodc c6 thé 1én t6i 2,00 ddi vé&i cac
song chay trong ving thung liing hay ngap lii. Theo Kotrin [72], hé sd o tai mat cat
clra ra cua tunnel tram thuy dién Rublevsk bang 3,84 hoic c6 thé 1én t6i 7,40 trong

turbine theo thi nghiém cua Kviatkov.

Hé s6 phan b luu tdc trong phuong trinh dong lwong duoc biéu thi bang ty s6
giita dong luong cua doan dong chay tinh theo luu téc thuc véi dong luong cua
doan dong chay do6 tinh theo luu tde trung binh mat cat, duoc goi 1a hé s6 sira chira
dong luong [4], ky hiéu 14 a,. Hé sb nay dugc Boussinesq dé xuét nén con dugc goi
1a hé sb Boussinesq. Déi voi doan long dan lang tru twong d6i thang, theo Cam [4]
gia tri ciia oy 14y 1,02 + 1,05. Theo Chow [40] thi ay c6 thé 1dy 1,01 + 1,12, d6i voi

song tu nhién thi c6 thé dat 1,17 va ddi v6i song ving ngap lii co thé dat 1,33.

Céc hé s6 phan b luu tde g va o duge xac dinh theo cong thirc sau [4][40]:

_[usz
o = A (1.20)
0 VA
Iu3dA
oA (1.21)

veA
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Truong hop dong chay 1a 6n dinh va chuyén dong co thé coi 1a gan déu thi
phan bd luu tde dugc chdp nhén véi gia thiét phan bd déu trén toan mit cat. Khi do
g va o c6 thé 1ay bang 1,00 ma khong gy ra sai s6 16n. Phan bd luu téc trén mit
cit uot cang khong déu thi gia tri cac hé sb ndy cang 16n, dic biét 13 d6i v6i dong
chdy trong mang tran bén.

Néu bod qua cac vo cung bé bic cao thi phuong trinh (1.20) va (1.21) c6 thé

j (Au)?dA 3 j (Au)’dA

duoc viét lai 1a g =1+A2— va oc:1+A2—, do d6 o > ag > 1. Theo
VoA VA

Chow [40], c6 nhiéu phuong trinh x4c dinh o va o khac nhau phu thudc vao dang
phan b luu toc. Néu phan bé luu toe 1 dang tuyén tinh thi o va o c6 thé tinh theo
(1.22). Néu phan b d6 c6 dang logarit thi xac dinh theo (1.23).

2
ag =1+% va o =1+¢2 (1.22)

0g =1+€° va a =1+3e% —2¢° (1.23)
trong do: € = Uma/V - 1 va Uy 12 luru tdc diém lon nhét.

Nam 1967, McCool [62] nghién ctru tac dong cua 16p tham thuc vat va SVF
dén cac hé s6 phan bd luu te trén kénh lang tru dai 125m mit cit tam giac bat ddi
xtng véi hé sé mai my = 3, m, = 6,6 va do doc day kénh Sy = 0,001. Nghién ctru thi
nghiém voi 5 cap luu luong 141,5 =+ 1132,67¢/s. Thi nghiém cho thdy SVF trong
kénh nay khong anh hudng dén hé sé o, va o. Tuy nhién, phuong phap xac dinh hé
sO 0 va o trong thi nghiém nay chi pht hop v6i muc dich nghién ciru da dat ra ma
chua phu hop vé 1y thuyét va thuc t& vi cac hé s dugc tinh trung binh cho toan
dong chay tir Iuu téc trung binh mat cat. Ngoai ra, luu téc trung binh dugc tinh bang
cong thuc Prandtl - Von Karman 1a mdt dang cong thirc thuc nghiém ma cho dén

nay chua c6 nghién ctru nao kiém ching cho truong hop SVF.

Niam 2002, Kouchakzadeh va cs. [54] cai tién phuong phép tim nghiém xap xi
ctia Gill. Cac dai luong trong phuong trinh dugc bién doi thanh dang khong thir
nguyén va boé qua nhitng s6 hang bac cao dé din dén phuong trinh dai s6 khao sat
duong mit nude. Nghién ciru st dung sb liéu thi nghiém cua Gill [44] dé kiém

ching phuong trinh dé xuét va nhan dinh rang khi coi phan bd luu tdc 12 dong nhat
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(0o = 1) thi dudng mit nudc tinh toan thap hon thuc do véi sai s twong ddi 16n. Bé
khic phuc sai s nay, cac tac gia di tinh toan hé sd sira chita dong lugng trung binh
tir tp sO liéu thi nghiém cua Gill. Két qua tinh toan cho thay khi oy =15 thi duong
mat nudc duge nang 1én gén voi sb lidu thue do hon. Tiép do, phuong trinh dé xuit
duogc kiém chimg véi két qua thi nghiém trén mé hinh c¢6 mat cit chit nhat, dai 2,8m
[56] va nhan dinh rang khi luu lwong dong gia nhap cang ting thi tac dong cang

manh dén hé so .

Khiadani va cs. [52] nhan dinh quy luat phan bé luu téc theo chiéu dong chay
c6 dang logarit & khu vuc hai bén thanh mang, cang vao gitra mang noi co6 su tac
dong truc tiép cua hé théng dau phun (Hinh 1.26) thi phan bd thay d6i manh va
khong con dang logarit. Ngoai ra, trén mat cat ngang hinh thanh khu xody phat trién
tir gitta mang vé hai phia thanh mang va xut hién thém xoay tht cap & trén bé mit.
Tuong tu phan bd luu tde, nhifu dong luwu tde [53] cling ting manh tir hai bén thanh
mang vé gitra mang, nhung theo chiéu doc mang thi sy thay d6i nay 1a khong déng
ké. Tuy nhién, dang mo hinh thi nghiém chi phu hop ddi véi nhiing hé thdng nhur
bang truyén ché bién thuc phim tuong tuw nghién ciru cua Gill [44] ma khéng gin

v6i hé thong méang tran bén trong cong trinh thity 1gi.

1.6. KET LUAN CHUONG 1

1. SVF trong mang bén 13 bai toan thuy lyc dic thu duoc nhidu nha khoa hoc
thiy luc quan tdm nghién ctu tir dau thé ky XX, nhu Hinds (1926), Beij
(1934), Konovalov (1937), Patrasev (1940), Cam (1940), Marchi (1941).
Citrini (1942), Kiselev (1942), Petrov (1950), Keulegan (1952), Cung (1964),
Chow (1969), Yen (1971), Hager (1983), An (1987)... hay nhitng nghién ctu
gan day nhu Ivanenko (2012), Kiadani va nnk. (2012), Lucas va cs. (2015),
Kudzai va cs. (2016), Chién va cs. (2004, 2016), Pooja va nnk. (2018),
Yebegaesh (2019)...

2. Céc nghién ctru di c6 déu xét voi bai toan 1D 6n dinh ma hiém thiy cac
nghién ctru 2 hodc 3 chiéu. Xuit phat tir nhimg ¥ tuéng khac nhau, cac tac gia
d3 dua ra cac phuong trinh c6 dang khic nhau dé biéu dién dong chay trong
mang bén nhu phuong trinh (1.2) cua Hinds, (1.3) cua Camp, (1.6) cua
Keulegan, (1.7) caa Chow, (1.8) cua Konovalov, (1.10) caa Cung, (1.11) cua
An, (1.12) cua Maradjieva va Kazakov, (1.14) cua lvanenko.
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3. CAu trac dong chay trong mang bén rat phuc tap véi nhimg dong xoin 3D
trén quy mo 1én va nhitng dong xodn thir cap. Muc nuéc doc mang va trén
mit cat ngang ciing bién doi rat phirc tap. Cac hé s phan b luu tde nhu hé s6
stra chita dong ning (o) va sira chira dong luong (o) rat khac véi dong chay
trong song thién nhién hay trén kénh dan thong thuong. Cac hé sb nay tac
dong rat lon dén két qua tinh toan dudng mit nude. Do dé viéc coi ag hay a
Xap xi 1 s& gay sai s6 16n khi tinh toan dudng mat nudc.

4. Cac dang chuyén tiép tir mang sang kénh ha luu ciing rat da dang. Vi truong
hop mang c6 do doc thoai (So < S) ndi tiép vai dée nudce (Sp > S¢), chiéu sau
cubi mang 16n hon chiéu sau phan gidi theo 1y thuyét va c6 bién do dao dong
kha 16n phu thudc cac thong sd cong trinh va dong chay.

5. Hé phuong trinh Saint Venant da duoc tng dung dé giai nhiéu bai toan thuc
té lién quan dén hé thong song/kénh bao gém ca viéc két ndi véi cong trinh
nham mé phong mét s trudng hop tong quat hodc truong hop riéng. Tuy
nhién, cac dang hé phuong trinh Saint Venant hién co chua dé cap dén cac
hién tuong thuy luc dic biét va bo qua thanh phan luc quan tinh cua dong
chay cong va dong gia nhap hoac phan tan tac dong 1én dong chinh. Vi vay,
hé phuong trinh Saint Venant kinh dién chua giai quyét dugc chinh xac bai
toan dong khong on dinh c6 luu luong thay ddi theo khong gian nhu dong
chay trong mang tran bén.

Nhu vy, qua phan tich tong quan & Chuong 1 cho thiy bai toan SVF khong
6n dinh noi chung va trong mang tran bén noi riéng chua duoc quan tim nghién ciru
day du, dung ban chat. Nham hoan thién phwong phép tinh toan, nhiém vu cta cac
chuong tiép theo 1 xay dung hé phuong trinh Saint Venant mo rong cho dong bién
luong khi xét dén lyc quan tinh ciia dong gia nhap va dong chay cong. Thuc hién
phan tich, xac dinh dic trung phéan b luu tdc, chiéu sau dong chdy phia thanh mang
d6i dién va chiéu sau dong chay cubi mang dé lam phong phti hon 1y thuyét cia
SVF, dong thoi cling lam sang to thém quy ludt chuyén dong cia dong chay trong

mang tran bén.
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Chwong 2
. ~ HE PHUONG TRINH VI PHAN )
DONG BIEN LUQONG MOT CHIEU KHONG ON PINH

2.1. PHUONG PHAP THIET LAP PHUONG TRINH

2.1.1. Cac lwe tac dung chinh

Xét mot phan té chat 16ng c6 dién tich mit cat ngang dA, chiéu dai dx = 1 don
vi, chuyén dong trong khoang thoi gian dt = 1 don vi. Cac luc tac dung chil yéu bao
gém trong luc, lyc ma sat, luc quén tinh ly tam.
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Hinh 2.1. Lwc quan tinh Hinh 2.2. Lwc quan tinh ly tdm
Cua dong gia nhap trén doan dong chay cong

2. Trong luc
Goi G, la thanh phan trong luc theo phwong chuyén dong x (Hinh 2.1) cia
chét 1ong, Gy duoc xac dinh theo cong thuc:

Gy, =ysinBdA =ySydA (2.1)
Cac ky hiéu nhu da duoc giai thich 6 Chuong 1.

3. Lwc ma sat
Dbi v6i chat 1ong, thanh phan ma sat giita cac 10p cia chat 1ong chuyén dong
ty 1€ véi dién tich tiép xuc cua cac lop, khong phu thudc ap luc ma phu thudc
gradient Iuu tdc theo chiéu thing goc voi phuong chuyén dong va loai chét long.
Dinh luat ma sat trong cia Newton dugc mo ta nhu sau [3]:
F = },LAd—ﬁ (2.2)
trong d6: F - luc ma sat giira hai 16p chét long, N; p - hé s6 nhét dong luc, phu
thudc vao loai chat long, Ns/m?; U - vector luu tdc co quy ludt phan bd theo
phuong fi; du/dn - gradient luu toc theo phuong ni.
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Néu goi ton thit ning lugng trén mot don vi dai 1a oh/ox thi lwc ma sat dugc
xéc dinh theo biéu thirc (Hinh 2.1):

F _yaahf dA (2.3)

trong d6: h's - ton that cot nuéce doc theo duong dong, m; Cac ky hiéu khac nhu da
duoc giai thich ¢ trén.

4, Lwc quan tinh ly tam
Luc quan tinh ly tim (Fee,) c6 thé hiéu la phan luc ciia luc hudng tim tac dong
vao vat dang chuyén dong theo mot dudng cong (thanh phan luc vudng goc véi van
toc va 1am d6i hudng van tdc), dé gitt cho vat nam can bang trong hé quy chiéu
quay. Xét mot doan dong chay cong trén binh d6, duong dong qua chat diém co6 ban
kinh cong r (Hinh 2.2), khi d6 lyc quén tinh chiéu theo phuong ngang sé 1a:
U2
Feen, = pTdACOS(p (2.4)
trong d6: ¢ - goc hop boi phuong cia luc Fee, V&I phuong ngang x. Cac ky hiéu
khac nhu da dugc giai thich ¢ trén.

2.1.2. Phuwong phap thiét 1ap phwong trinh dong bién lweng 6n dinh
Phuong phap thiét 1ap phuong trinh SVF 6n dinh c6 thé xuat phat tir nguyén Iy
bao toan dong lugng hodc bao toan nang luong.

- Dang phuong trinh ctia Hinds duoc thiét 1ap tir nguyén 1y dong luong khi xét
mot doan kénh c6 chiéu dai Ax va luu luong don vi gia nhap g, bo qua anh
huong coa dd nham kénh va chdp nhan cac gia thiét khac nhu da néu trong
muc 1.3.1. Thuc hién cac bién doi nhan duoc 2 phuong trinh:

dK _
. (VQ—+qVJ (2.5)
dK
o Q— (2.6)

trong d6: cac ky hiéu da duoc giai thich ¢ trén.
Két hop (2.5) va (2.6) thu duoc phuong trinh (1.2) ctia Hinds.

- Dang phuong trinh ctia Konovalov dugc thiét 1ap tir nguyén 1y bao toan ning
lwong, tuy nhién ciing c6 thé thiét 1ap bang nguyén 1y bao toan dong lwong. Cu
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thé nhu sau: Xuét phat tir dinh luat Il cia Newton phat biéu cho dong luong
nhan dugc phuong trinh thé hién su bién thién dong luong cua mot vat thé
chuyén dong bién dbi lién tuc. Tong hop cac thanh phan dong luong va ngoai
lyc. Thuc hién bién ddi nhan dwgc phuong trinh:

2
SO _Sf —(1+G)L@+V€XL@+&%
dh gA dx gA dx  gA® 0Ox 2.7
dx 2 '
1—%3
gA

bat ng = vy /v va kg =1 + a - ng, thay vao (2.7) nhan dugc phuong trinh (1.8)

cua Konovalov. Céc ky hi€u khéac da dugc giai thich & trén.
- Dang phuong trinh cia Nguyén Vin Cung duoc thiét 1ap theo nguyén ly dong

luong khi 4p dung cho mét thé tich nguyén t6 (A+d7Ajdx. Tong hop cac

ngoai lyc va sy bién thién dong luong ciia doan dong nguyén t6, coi o = const
thi doy = 0, thuc hién cac bién ddi nhan dugc phuong trinh:

2 -
d Z+E+V—+h'f +Mvd—Q:0 (2.8)
v 29 9 Q

Tich phan phuong trinh (2.8) nhan dugc phuong trinh (1.10) 1a dang phuong
trinh cua Nguyén Vian Cung. Thay luu luong Q = vA va dat ny = Vi, /V nhan duoc
phuong trinh (1.11) 1a dang phuong trinh ciia Hoang Tu An. Cac ky hi¢u trong

phuong trinh nhu da giai thich & trén.

2.1.3. Phuong phap thiét 1ap hé phwong trinh vi phan 1D khong 6n dinh

Hé phuong trinh vi phan 1D khong 6n dinh hay hé phuong trinh Saint Venant
c¢6 thé dugc thiét 1ap bang cac phuong phap khac nhau nhu (1) phuong phap tich
phan tryc tiép tir hé phuong trinh Navier - Stockes hodc Reynolds; (2) phuong phap
dong nguyén t xét cho mot doan 1ong dan va 4p dung cac dinh luat bao toan khéi
luong, bao toan niang luong; (3) phuong phap van tai Reynolds dé xay dung hé
phuong trinh dya trén dinh luat bao toan khéi luong va dong luong [1][3][4][25]
[34][42][59].

Péi v6i SVF khong on dinh 1D, phuong phap thiét 1ap phuong trinh duoc lya
chon 14 tich phan tryc tiép tir hé phuong trinh Navier - Stockes.
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2.2. THIET LAP PHUONG TRINH NANG LUQNG CUA DONG BIEN
LUQNG KHONG ON PINH CHUYEN PONG MOQT CHIEU

2.2.1. Lwe cua dong chay bén
Dong chay bén co thé 1a dong gia nhap hodc phéan tan. Luc quan tinh do dong
chay bén tac dong 1én phuong dong chay chinh 1a A, = a,dM (Hinh 2.1), vdi ay 1a
gia tbc va M 1a khéi lugng (dM = pdA). Khi dong gia nhap thi A, mang dau (+) va
nguoc lai thi A, mang dau (-).
Ay = paydA (2.9)
Ky hiéu: luu toc chat diém cua dong chay chinh 1a u, dong chay bén 1a u,
(Hinh 1.25). Sir dung nguyén 1y bao toan dong luong dé tim gia toc ay, cia dong

chay bén chiéu 1én phwong x cua dong chay chinh.
Tai thoi diém t, dong luong khdi nguyén té chit 1ong (Ky) la:
dK, = pudA + pu2, dA (2.10)
trong d0: uy - luu téc cia dong chay bén chiéu 1én phuong dong chay chinh,
U =U,cosp. Céac ky hi¢u khac nhu da giai thich & trén.
Tai thoi diém t + dt, dong lwong khdi nguyén t chat 1ong (Kisq) 1a:
dK gt =p(U+Ugy )(u+duy, )dA (2.12)
So sanh (2.10) va (2.11), bo qua dai lugng rat bé (Udu,), nhan duoc:

U— Uy
udA

du, =— dQ, (2.12)

trong d6: Q, - luu luong cua dong chay bén, m*/s.
Theo dinh luat bao toan khéi luong: dQ, = qdx = dQgy = UdA
Dai lugng gia toc a, co gia tri:

ay = M _ Ul dQ, (2.13)
dt~ udA

Lay tich phan trén toan mat cat (A) cua dong chay chinh, thay luu tc diém u

béng luu toc trung binh mat cit v, nhan dugc:

_ V-V, oQ, dQ,
a, = o ( - + p vj (2.14)
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2.2.2. Phuong trinh niang lugng
1. Cdc gia thiét ciia phwong trinh

Dé thiét 14p phuong trinh ning lugng SVF 1D khong 6n dinh, cac gia thiét can
chép nhan gdm:

(1) Chét long khong nén duogc, chuyén dong 1D va bo qua cac yéu t thay luc
bién ddi theo phuwong ngang. Chiéu siu va luu tdc chi thay dbi doc theo
chiéu long dan.

(2) Dong chay thay d6i cham, ap suat tudn theo quy luat thuy tinh va cac hé s6
phan b luu téc khong thay doi theo thoi gian.

(3) Bo qua hién tugng khong khi bi cuén vao dong chay do dong gia nhap tir
canh bén. Dong chay chuyén dong khong xuét hién song bé mat, do dé cac
gia téc theo phuong dimg duoc bo qua.

(4) Bo qua tac dong cua hién twong boi, x6i 1ong dan.
(5) Ton that nang luong tudn theo quy luat ciia dong on dinh chay rdi.

2. Phuwong trinh nang luong

Tur phuong trinh dong lugng ctia Navier - Stokes, cac luc dugc xét bao gém:
trong luc (2.1), luc ma sat (2.3), Iwc quan tinh ly tdm (2.4) va luc ctia dong chay bén
(2.13), thue hién bién ddi va sap xép lai nhan dugc phuong trinh dong luc chiéu 1én

phuong Ox cuia 1 don vi khéi lugng chat 1ong:

u? U—Uy dQ, ah'f_1@_a_u+uau

Sp + —COSQp — = — 2.15
PFTOSPTTA Tat Yax pox ot ox (215)

Theo gia thiét, chuyén dong cua dong chay 1a bién doi dan, nén ap suit tai

tirng mat cdt tuan theo quy ludt thuy tinh, do dé:

10p oh
E&ZQ& (2.16)

Phuong trinh (2.15) duoc viét lai nhu sau:

Sg —S¢ (2.17)

_uzcos(p+la_u a(uz] oh u-u, dQ,

+—| — [+—+
gr got ox|2g) ox gudA dt

trong do: S¢ = aaﬁ (xem (2.3)); Cac ky hiéu khac da dugc giai thich ¢ trén.
X
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Nhén 2 vé cua (2.17) véi ydQ = yudA va ldy tich phan trén toan mit cit w6t
(A). Vi j U2dA = agV? A =0pvQ va j u3dA = av®A = av®Q nén (2.17) tré thanh

phuong trinh nang luong cua toan dong chay 1D, trong do % 0 (theo gia thiét).

o 5V+g5V_2+@+ao(V‘V€x)(an +Vanj:

g ot 29 ox OX 0Q ot OX
5 5 (2.18)
avcose VvV da
=Sy —-5¢ + -
ar 29 OX

Trong kénh hé, do sau dong chay 1a h va luu luong 14 Q. Lic d6, cac s6 hang
chtra dai luong v dugc bién d6i nhu sau:
%@_ﬂﬁ[gj_&@_&@g@
got goalA) gAd gaAZ ot
a’ o G[Q ] o ~Q oQ®_ oh aQ®A

(2.19)

g8 % (2.20)

29 OX 29 Ox| A? gA2 ox gAd ox gAS ox
trong d6: B=0A/oh.
bit ng =v,, /v thi v—v, =(1-ng)v (2.21)

Nho cac biéu thuc (2.19) + (2.21), phuong trinh (2.18) duoc bién d6i thanh:

% Q QB aQ oQ [, aQ® )oh aQ® oA
gA ot gA2 ot gA2 8X gA3

ao(l—no)v[aquanj_s g ,0Q%oso  Q* du
=90 7o F 2, 2 oy
9Q ot OX gA°T,  2gA° OX

Ciing theo gia thiét dong chay bién ddi dan nén cic duong dong gan nhu song

(2.22)

song v6i nhau, do d6 s6 hang S, trong phuong trinh (2.22) 1a d6 déc day kénh. Trén

hé théng song/kénh, cac bién phai tim 13 Iuu luong (Q) va cao trinh muc nude (2).

oh oL

vi S-s,=ZE .
o T (2.23)
nén phuong trinh (2.22) duoc viét lai dudi dang:
% 0Q 2oQBoZ oQ &Q _aQ? Bs, _aQ® 5|92 aQ” oA .\
gA at  gA? ot gA2 ox gAd gA3 ox  gA® ox
(2.24)

ao(l—no)(aQ“rV@Q(] QlQ| _oQ?c0sp  Q® da_,
gA ot OX K2 gAZr, 29A2 2
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Phuong trinh (2.24) két hop vé6i phuong trinh lién tuc (1.15) 1a hé phuong
trinh SVF khong 6n dinh 1D. Hé phuong trinh nay dugc dung cho ca hé théng song,
kénh c6 dong chay gia nhap hodc phan tan tir dong rudng vao hoidc ra song qua

dong tran bo.

1  oacose N 1

= , phuong trinh (2.24) tré thanh:
K? gA%r, 2gA?% Ox 8 phione

OX

9 Q _agQBAZ  0Q Q _aQ’ BS, + (1_iJ

OA Ot gAZ Ot gAZ X gAd gA®

2 1-n
_oQ® oA oo 0)(5Q0+V5Q5J+ka2:O
gA® ox gA ot OX

(2.25)

Pai luong kiQ? biéu thi sirc can thuy luc do dong chay chinh két hop véi do

cong cua dong chay va sy thay dbi ctiia hé sd sira chira dong ning a. Pai luong

aC(JZS(p va ! 5 oo c6 thé goi 1a cac gia tri ma sat trong dong chay.
gA“T, 2gA~ OX

Trong mang tran bén thao 1&i & cac hd chira thi dong chay trén mang (Q) duoc
tao ra boi dong chay qua duong tran ngang (Q,). Pat Q, =k,Q, véi k, 1a hé s ty 1&
luu lugng. Khi d6 (2.25) tré thanh:

ag +Keag (1-Ng) 5Q 0‘+kf0t0(1 ”O)QGQ 0oBQ 8Z

gA a gA? ox  gA? ot
(xQ 8A ocQ Q (2.26)
BS +k =0
gAS X gAS 0 +( gA3 J OX Q

bat kg = ap + Keag(1 - ng), k = a0 + kgo(1 - ng) va S¢ = kaz, sép Xép lai nhan
dugc phuong trinh nang luong viét cho SVF khong 6n dinh.

1-2% B
gA®

aQ? 5|2, kQ 3Q ko Q oBQAZ aQ® oA
X gA? oOx gAat gA? ot gAd X

(2.27)

Phuong trinh (2.27) két hop vé6i (1.15) 1a hé phuong trinh ctia SVF khong 6n
dinh 1D.
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@4'8%:(1
OoX ot
L2\ 2, kQ 3Q ko 8Q _oBQ oz aQ? oA
( )6x T oAt an? o an® ox (2.28)
gAc X g gA- ot gA°® OX
_oQ SX_BS, +S, =0
gA

Hé (2.28) c6 thé coi 1a hé phuong trinh Saint Venant m¢ rong cho chuyén
dong cua chét long khong nén duoc, bién d6i dan, chiju tac dung cua trong lyc, luc

quan tinh do dong chdy bén va dong chdy cong tac dong 1én dong chay chinh.

Khi khong xét luc quan tinh cia dong chay bén va dong chay cong thi k = a,
Ko = oo va S¢ = S;, phuong trinh (2.27) tré vé (1.19) 1a mot dang hé phuong trinh

Saint Venant kinh dién.

Khi xét v6i dong 6n dinh, cac thanh phan dao ham riéng theo thoi gian dugc
b6 qua, phuong trinh (2.27) tré vé dang (1.8) ctia Konovalov nhung khac nhau vé
he SO k (kK(l 8) = =l+a- No, k(g 27) = A + kgO(,o(l no))

2.3. PHUONG PHAP GIAI HE PHUONG TRINH VI PHAN CHO DONG
BIEN LUQONG
2.3.1. Lwa chon phwong phap giai s6

H¢ phuong trinh vi phan dao ham riéng nhu Saint Venant hay hé phuong trinh
SVF 1D khong 6n dinh (2.28) 13 cac hé phwong trinh vi phan phi tuyén c6 hé sb
bién d6i. Viéc giai hé nay bang phuong phap giai tich gap nhidu khé khan. Nghiém
ctia hé c6 thé tim duoc bang cic phuong phap giai gan dung dap ing mot sd nhu
cau thyc té. Cac phuong phap c6 thé ap dung dé giai 1a phuong phap giai tich,
phuong phép song cd bién d§ nho, phuong phap duong dic trung, phuong phap
trang thai tirc thoi hay cac phuong phap sb. Cac phuong phap déu co nhimng vu

nhuoc diém khac nhau phu thugc vao muc dich, yéu cau cua bai toan.

Trong cac phuong phap giai hé phuong trinh vi phan dao ham riéng phi tuyén
thi phuwong phap sb 13 phu hop nhit, ma cu thé 1a phuwong phép sai phan hitu han
duogc sir dung nhiéu trong linh vuc thily dong luc hoc tinh toan. Y nghia cia phuong
phap 1a thay thé nhitng dao ham riéng xuit hién trong hé phuong trinh vi phan
chuyén dong cua chit l1ong bang cac ty sai phan twong ung dé chuyén thanh hé

phuong trinh dai s6 va co thé giai tim nghiém roi rac tai nhimg nut ludi [4][20].
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Viéc giai bang phuong phéap sai phan cho cic nghiém gin dang. Néu bai toan vi
phan xuét phat c6 nghiém duy nhét, thoa min tinh dung dén va bai toan sai phan
turong (mg théa mén tinh x4p xi cing so dd sai phan 13 6n dinh thi bai toan sai phan

thoa man tinh hdi ty, khi d6 nghiém tim dugc s€ Xéip xi nghiém thuc.

2.3.2. Lwra chon lwogc do sai phian
C6 nhiéu cach sai phan dé thay thé cac vi phan dao ham riéng [4][48]: (1) Pbi
v6i truc khong gian: Sai phan bén trai; bén phai va trung tim; (2) Ddi voi truc thoi
gian: Sai phan tién, i va trung tAm. Tuy thudc cach thay dao ham bang cac ty sai
phan s& c6 cach giai hién hoic giai an.
- Cach giai hién cho phép tinh ting gia tri gan dang cua nghiém can tim ¢ 16p
thoi gian dang tinh mot cach doc lap. Poi voi so d6 giai hién, dé nghiém cua
bai toan hoi tu sau nhiéu lan giai can thoa méan diéu kién Courant [4][15][48].
So dd giai thuong gap 1a hinh hoa thi (Hinh 2.3a), hinh thoi (Hinh 2.3b) hay
tam giac thuan nguoc (Hinh 2.3¢).

- Cac cach giai an khong cho phép tinh duoc timg gia tri mot cach 1an luot va
doc lap ma phai giai bang mot hé dai s6 phi tuyén hoic duoc tuyén tinh hoa dé
tim dong thoi tat ca cac gia tri gan ding caa nghiém & 16p thoi gian can tinh
tai cac vi tri xac dinh trugc. Vé diéu kién hoi tu nghiém, cach giai theo so dd
an khong can thoa mén diéu kién Courant nhu so do giai hién, tuy nhién budc
thoi gian khong thé qua 16n [4][13]. Mot s6 so do giai thuong gap nhu so d6
hinh chir nhat Preissmann (Hinh 2.3d) dya trén hai diém & budc thoi gian
trude va hai diém & budc thoi gian sau; so d6 6 diém Abbott - lonescu (Hinh
2.3e) hoic so dd hinh tam giac (Hinh 2.3f).

Vi pham vi nghién ctru 1a dong chdy trong mang tran bén tuong duong mot
doan song don nén viéc sir dung thuat giai don gidn ma van dam bao do chinh xac
cua nghiém dugc uu tién lya chon. Cac mo hinh toan thong dung trong nudc nhu
VRSAP (Nguyén Nhu Khué), SAL/DELTA (Nguyén Tat Pic), HYDROGIS
(Nguyén Hiru Nhan) va mot s mé hinh khac di str dung so d6 sai phin 4 diém 4n
dé giai hé phuong trinh xuét phat. Uu diém cua thudt giai nay 13 thuat toan don gian
hon cac phuong phéap sé khac voi d6 chinh xac bac 2, dam bao yéu cau vé do chinh
x4c cta nghiém trong bai toan SVF 1D. Phuong phap phan tir hitu han tuy c6 do
chinh xac cao hon nhung thuét toan rat phtc tap. Do d6, phuong phéap sai phan hiru
han véi cach giai an theo so d6 4 diém Preissmann (Hinh 2.3d) duoc lua chon.



45

At

. F t

+1 ™

1At i1 T @ @
1Al MB At

At At

. T i —o——®

Al A Al A A X Alé A A A A X

X X X X > Q X X@ X X @—P

IR Jtl
a) So d6 hién hinh hoa thi
t

-1 G

J
) So d6 hién hinh thoi

(o3

Z Z

t+ A= o
Diém trung tim
At ™

At t—(DZ 26

Ax | Ax Ax | Ax | Ax X Q Ax Q

. j-1 ] L 2 43 X X + Ax

¢) So do hién hinh tam giac thuén va nguoc d) So do an hinh chir nhat

i+1 O—Q—2—Q
= I
Bgéln trun g'fém ! Z Q Z Q

- At
R At
4 =(Q AX Ax Ax | Ax X
\Ij AX

R it i
e) So do an 6 diem f) So d6 an hinh tam giac

Hinh 2.3. Cdc lwoc do sai phin

2.3.3. Phwong phap giai hé phwong trinh dai so tuyén tinh
Két qua 4ap dung luge d6 sai phan s& dua hé phuong trinh vi phan dao ham

riéng vé hé phuong trinh dai s6 tuyén tinh véi cac hé s6 chura an so.

Viéc giai hé phuong trinh dai s6 tuyén tinh c6 nhiéu phuong phap khic nhau
nhu phuong phap khir Gauss kinh dién, phuong phap lip dé xac dinh nghiém ding
dan theo Jacobi hodc Jacobi - Seidel trong dai sé tuyén tinh hay phuong phap phan
3 dé phan tich ma tran hé s6 thanh tich ctia nhiu ma trin hodc st dung mot $b
phép dé quy... Vi cac hé phuong trinh ¢ s6 luong hitu han cac hé s6 khac khong,
duogc goi tén la hé phuong trinh 3, 4, 5 dudong chéo, thi phuong phap khir Gauss
dugc rat gon thanh phuong phap khir dudi. V6i hé phuong trinh SVF khéong 6n dinh
c6 dang phuong trinh Saint Venant m¢ rong, sau khi sai phan hoa s€ thu duogc hé¢
dai s6 tuyén tinh 1a hé phuong trinh dang bing, nén phuong phap khi dudi dugc
[4][14] khuyén c4o st dung. Chi tiét thudt toan khir dudi trinh bay trong muc 4.1.
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2.4. GIAI HE PHUONG TRINH VI PHAN DONG BIEN LUQNG KHONG
ON PINH
2.4.1. Sai phan hé¢ phwong trinh SVF 1D khéong 6n dinh

Xét mot doan méang dai Ax trong thoi doan At. Str dung so do sai phan trung
tam 4 diém an hinh chir nhat nhung bo sung trong sé cho thanh phan dao ham theo
thoi gian va khong gian dé so dd tinh dwoc mém déo hon. Theo khuyén cio
[2][4][14][16], céc trong sb ddi v6i thanh phan dao ham theo thoi gian nén iy bang
0,5 va trong s theo khong gian ddi véi bién Q 1a ng, v6i bién Z 1a 1z can ddm bao

diéu kién dé so db tinh duoc 6n dinh 1a:
0,50 <mq <1,00 va 0,66 <n, <1,00 (2.29)

Theo so dd sai phan Hinh 2.3d, cac diém nut 1an luot tuong Ung tai cac vi tri

va thoi diém nhu sau:

- Diém (1) 1 diém dau doan ung véi thoi diém dau (QY, z%).
- Diém (2) 1a diém cubi doan ang véi thoi diém dau (QL, ., Zb, )
- Diém (3) 14 diém dau doan ung véi thoi diém cudi (QLAY, zL4t),
- Diém (4) 1a diém cudi doan ang véi thoi diém cudi (QLAL, ZHAL).
- Piém (M) 13 diém trung tAm.
Nhu vay, cac dao ham riéng theo khong gian va thoi gian ciia cac an Q va Z

duoc sai phan nhu sau:

0Q _ Qi — Qe T - Qs (2.30)
ot 2At 2At

Z_Z T B2, @a1)
ot 2At 2At

aQ ;Jzitx - §<+At QE(+AX _Q;

I —pa SXEAX =X L (1 SXFAX XX 2.32
OX " AX ( nQ) AX ( )
oz VAN At zt -7

oc _ +(1- X-+AX X 2.33
OX Nz AX ( ﬂz) AX ( )

Xét so @6 mang tran bén phi ling try mé rong dan nhu Hinh 1.25, véi chiéu
rong va chiéu sau trung binh tai mat cat (0-0) 1a bg, hy, tai mat cat (x-x) 1a b, hy, gbc
mé rong dan 13 ¢ = const, ty s6 AA/Ax dugc xac dinh nhu sau:

AA_bhy ~bohy _bhy () bo hy ) _Ag () Bo hy
AX  AX ~AX bh, Ax b h,
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bit ¢= _b_Oﬂ thi%:ﬁg
b h, AX  AX
Vi b=by+Axgpnéng=1-— 0 M 1 M
b0+Ath(I)h2 1+ﬁxtg¢h2
0

Theo gia thiét, dong chay bién d6i cham nén h;, h, bién d6i cham. Xét véi Ax
= 1m thi € ~ const nén AA/AX = const, do d6 AA/AX << AZ/AX va AQ/AX. Vi vay,
OAIox dugc coi 1 thanh phan vi phan yéu. Nhu vay, 6A/0x cing cic hé sd va sd
hang khac xac dinh tai diém (M).

Pé tién cho viéc viét phuong trinh sai phan, hé (2.28) duoc viét lai nhu sau:

@4'8%:(1

OX ot

L r2)Z, ko 2Q  KQ 3Q asBQaZ

( )ax gAat+gA2 ox  gA? o (2.34)

of 1 _olQlgs QoA _«fQlcose  [Qf du)_,
K2 gA3 %0 gh3 ox  gA? o 29A2 OxX
Thay phuong trinh lién tuc trong hé (2.34) vao phuong trinh nang luwong nhan
dugc phuong trinh chuyén dong. Hé phuong trinh méi duge viét nhu sau:

@4-8%:(}
oX ot
0Z ko Q BQ oz
1—Fr K =~ %
( )ax gA ot o +a0)gA2 o (2.35)

L9l Q[ «[QfeA alQIcoscp Q da|_
+Q 2 2 3BS%—— 3 P 2 ox |~
gA K gA gA~ oX gA o ZgA X

Hé (2.35) gdm phuong trinh lién tuc va phuong trinh chuyén dong duoc sai
phan theo cac cong thire sai phan (2.30) + (2.33).

1. Phwong trinh lién tuc
Thay (2.31) va (2.32) vao phuong trinh lién tuc nhan dugc phuong trinh sau:
tAt tAt t t
X+AX T XX +(1- Qx+Ax _Qx +

2.36
o BT BB &)

2 2 At
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Nhén 2 vé ctia phuong trinh (2.36) véi AxImg va bién d6i nhan dugc:

thAL _ AtAL +1_nQ (Q;+Ax _Q;)Jri(znm _t )AX

X+AX X X+AX X+AX

_i(ziﬂt —Zf()&—q& -0
B Ax B AXx
R T R T
B AX 1-n AX (2:37)
= _(Z;+AX+Z§()_ Q(Q;+AX_Q§<)+Q_
nq At o NQ
B AXx
bat: dp =——
d c 2ng At (2.38)
1-m AX
TC :dC (Z;+Ax +Z§<)_ 2 (Q;+Ax _Q;)"'q_ (2.39)
Q Q
Thay (2.38) va (2.39) vao (2.37) nhan duoc phuong trinh:
—Q M + QA + e Z M +de Z N = Te (2.40)

Phuong trinh (2.40) 1a phuong trinh lién tuc dudi dang sai phan.

2. Phuwong trinh chuyén dpng
Thay (2.30) va (2.33) vao phuong trinh chuyén dong trong hé (2.35) nhan
duoc phuong trinh sau:
ZUA bt

2 X+AX Z;+Ax _Z;
(1—Fr )(M) nZT+(l_nZ)T +

+ (k_oj g(titx - Q;+Ax n §<+At - Qg( }_ I:(k o ) BQ2 :I y
i Zt+At _ Zt Zt+At _ Zt t+At n Qt+At ( ' )
x X+AX X+AX + X X + X+AX X x
2At 2At 2

ka1 alQg  alQloa afQeose [ du)
gA? K? gA3 gA3 X gA%r,  2gA? OX M)

pat: S(M)zz(ﬂﬂ_ﬂ% _aldloa_ afQleose | [0l g

2\ gA? K2 gA® 0 gAdax  gAZr,  2gA? GX](M) (2:42)
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Thay (2.42) vao (2.41) va bién dbi nhan dugc phuong trinh:

(1— Frz)(M) Z—iz;ﬁx —(1— Frz)(M) z—iztxw +
1- 1-
+(1— Fr? )(M) —AQZ Zy i ax —(1— Fr? )(M) AEZ Z) +
(k) (k) Q.
gA (M) 2At gA (M) 2At
k) & (ko) 9
gA (M) 2At gA (M) 2At
i ] t+At t
—| (k+0yq) BQZ Z;Z?X +|:(k+0£0) BQz Z;Z?X _
A" Jim) A" Jm)
i 7 t+At t
—| (k+0yq) BQZ Zx + (k+oc0)B—Q2 ﬁ-ﬁ-
gA Jom) 2At gA (M) 2At
+ Qi Sy + Q) =0
kO 1 t+At ko 1 t+At
-0 — -0 —— 4S —
[(gAj(M) 2At (M)] X +“gA M) 2L (M) [Soxeax
2 Nz I Q_ 1 t+At
— (1—FI’ )(M)E‘l‘ (k‘l‘(lo)g—z_(M)E ZX +
+ (1—Fr2) Nz _(k+0c0)—QZ_ L lptea (2.43)
(M) AX 0A2 | 24t
1-n k Q% .9
—(1-F 2 Z(7t _7t "o NX X+AX | _
( ' )(M) AX ( X X+AX)+[gAJ(M)[2At+ 2At
BQ 1 (5t 5t
_|:(k+a0)g? (M)Z_At( X+ZX+AX):O
<. [ ko 1
bat: le—(_AJ(M)E S(m) (2.44)
BQ 1
Aoy =4(1=Fr2) D24 (kyag)==| —l/d
D2 {( r)M AXJ{( +OLO)gAle) 2At} oL (2:45)



50

_l(1—g2) Mz_ B 1
dpz = (1 Fr )(M) Ax {(k“LO‘O)gAle) AL /dpy (2.46)

— _[Er2 1-nz t ot k_O Q_E( QEH—AX _
TD‘{(l Fr )(M) AX 2 ZX+AX)+(9A](M)(2M+ 24t ]

(2.47)
BQ 1 (ot St
- (k — —|Z, +Z /d
{( +°‘0)gAle) 2At( x T X+Ax) D1

Chia 2 vé cua phuong trinh (2.43) cho (2.44) va thay cac dai luong (2.45) +
(2.47) vao (2.43) nhan dugc phuong trinh chuyén dong dudi dang sai phan:

t+At t+At
X + Qx+Ax - dD2

ZE A 4 dpsZitA = T (2.48)

Hé 2 phuong trinh (2.40) va (2.48) 1a hé phuong trinh sai phan tuyén tinh cia
SVF 1D khéng 6n dinh c6 cac hé sé bién ddi, dugc thanh 1ap sau khi sai phan hé
phuong trinh xut phét (2.28) theo so do an 4 diém Preissmann. Cac hé sb trong
phuong trinh ¢6 lién quan dén cac an s6 luu luong (Q) va muc nudc (Z) tai diém

dau va diém cudi ¢ thoi doan sau (QY/Y,, QYA, ZUAL va z=ian),

2.4.2. H¢ phwong trinh dai s6 tuyén tinh ciia phwong trinh SVF 1D khéng 6n dinh
Thuc hién bién d6i dai s6 hé phuong trinh (2.40) va (2.48) nhan duoc:
- (2.48) trir (2.40):
A QA —dppZyt N —deZ M +dpaZy Nk —deZ Ak =T — Te
2Q" M —(dpp +dc ) Z ™ +(dpg —dc ) Zi A = To — Te

tsat _dp2 +dc ZU dps —dc Jtat _To—Tc

X 2 X+AX — 2
;+At + C]_Z;-’_At + CZZ;_:ﬁAtX = C3 (249)
d d dns —d Ty =T,
trong do: C; :—DZTJFC; C, =%; Cy=-2L i < (2.50)

- (2.48) cong (2.40):
t+At t+At t+At t+At t+At t+At
X-:‘AX +QXJ—r+Ax _dDZZxJr "'dCZxJr +dD3ZxJ:LAx +dCZX_:-AX :TD +TC

ZQg(trAAtx +(dc —dDz)Z§ZLAt +(dD3 +dc)Z§<trAAtx =Tp+Tc

de —d dps +d o+ T
t+At C D2 Zt At D3 C Zt At D C

xiax + CaZiliae +CsZ™ = Cg (2.51)
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de —dpy | C. - dps +dc . Cq = To +Tc (2.52)

trong do: C, =
& 4 2 2 2

Hé phuong trinh dai sé (2.49) va (2.51) viét cho 1 doan mang gidi han boi 2
mit cit s& co 2 phuong trinh v6i 4 an s6 Q va Z ¢ thoi diém (t + At) tai 2 mit cit.
Xét mang bén co chidu dai L duoc chia thanh N doan béi (N + 1) mit cét (Hinh 2.4)
s& tao thanh hé 2N phuong trinh ¢6 2(N + 1) 4n Q va Z can tim & thoi diém (t + At).

Nhap q q q q q q q q q q q q q q q
lvu |} | | | | | | | | | | | | | |
Mat 1 2 3 4 5 SO i i+1 =+ N-1 N N+1
cAt i i bbb e

dau
1 2 3 4 5 e e i1 i1 e e NN N+
Doan o2t B A b e e e N N

Hinh 2.4. So dé cdc mdt cdt tinh todn cho mdng tran bén
Goi cac 4n Qvaz can tim tai cic mit cét trude va sau mdi doan 1an luot 1a Qi,
Qiv1, Zi va Ziyy thay cho QYA QAL z=iAt ZUAL | Phuong trinh (2.49) va (2.51)
duoc viét lai nhu sau:

{Qi +C1Z; +CyZ;, =G4

2.53
Qiz1 +CsZi +C5Z; =C4 ( )

Viét h¢ phuong trinh (2.53) cho N doan clia mang tran bén nhu Hinh 2.4 nhan
dugc hé 2N phuong trinh dai $6:

Qu+(Cy) 2y + (Co ) 22 =(Cs), @
(Cs),Z1+Q2 +(C4), 25 =(Ce), (2)
Q, +(Cy), 2, + (Cz),Zs =(Gy), ©)
(C5 )2 Zy +Q5+ (C4 )2 Z3 = (CG )2 (4) (2.54)
Qn +(C1)N Zy + (CZ)N Zng = (CS)N (2N -1)
(Cs)p Zn +Qnaa +(Ca)y Znar =(Co)y (2N)
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Hé phuong trinh (2.54) ¢6 thé viét theo dang ma trdn nhu sau:

1 (), 0 (Cy), T ngi (Ca),
(Cs), 1 (Ca), Q, (Co )y
1 (Cl)z 0 (CZ)z Z; (C3)2
(Cs), 1 (Ca)y _| (Cs); (2.55)
1 0
1 Qn
1 (Cl)N 0 (CZ)N ZN (C3)N
_ NI N S G

Hé (2.54) véi 2N phuong trinh nhung ¢6 2(N + 1) 4n, do d6 can bd sung thém
2 phuong trinh dé can bang sb an, goi 1a diéu kién bién, gdm bién trén va dudi tai
mit cat dau va cudi mang. T6 hop diéu kién bién trén va dudi co thé 1a (Q1, Zns1)
hodc (Z1, Zn+1), nhung thuong st dung to hop bién (2.56) gom bién trén 1a Q; va
bién dudi 1a Zy+1.
{Ql =Q(t)
Zna=Z(1)

Vi céac hé so cua (2.55) chira cac an so, nén can phai giai lap. Véi lan lap dau

(2.56)

tién ctia budc thoi gian t 1y cac gia tri Q, Z tai budc trude (t - 1). Vi nhiing lan lap
thi 2 tro di, gia tri Q, Z duoc 1ay bang nghiém vira tim dugc. Qua trinh lip két thic
khi sai s6 ctia hai 1an 1ap nho hon sai s6 cho phép.

2.5. KET LUAN CHUONG 2

1. Bang phuong phap tich phan tryc tiép tir hé phuong trinh Navier - Stockes, hé
phuong trinh dong chay khong 6n dinh 1D c¢6 luu lugng thay ddi doc theo
chiéu dong chinh (2.28) duogc thiét lap 1a hé phuong trinh Saint Venant mé
rong bao gom phuong trinh lién tuc va phuong trinh niang luong cé xét dén
cac luc quan tinh ly tam cua doan dong chay cong va lyc quan tinh ctia dong
chay bén tac dong 1€n dong chinh.

2. Hé phuong trinh (2.28) dugc viét cho 2 an luu luong (Q) va muc nudc (Z),
trong d6 phuong trinh ning luong duoc thiét lap co dang twong ty phuong
trinh (1.19). Su khac nhau giira 2 phuong trinh 1a hé s6 k thay cho a, kg thay
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cho ay va dai luong do doc thuy luc trong SVF S, thay cho Sy. Céac hé sb ko, k
bao gom cac hé sé phan bd luu téc ag, o va hé sé ty Ié luu luong (k,), ty 1¢
Iuu t6¢ (no).

3. Ap dung so d6 sai phan 4 diém an Preissmann véi trong s6 theo khong gian
va thoi gian dé giai hé phuong trinh SVF khong 6n dinh 1D thu dugc phuong
trinh dai s tuyén tinh (2.54).

4. Véi mang bén c6 chiéu dai L duoc chia thanh N doan boi (N + 1) mit cit tao
thanh hé 2N phuong trinh dai $6 c6 2(N + 1) an Q va Z, két hop diéu kién
bién ¢ hai dau mang tao thanh hé 2(N + 1) phuong trinh dai s6 tuyén tinh. Hé
dai s6 tuyén tinh thu dugc c6 dang ma tran bing 4 duong chéo va duoc giai
bang phuong phap khir dudi.

Nhu vay, két qua nghién ctru cia Chuong 2 di dat duoc muc tiéu xay dung hé
phuong trinh vi phan chuyén dong 1D ctia SVF khong 6n dinh. Dé khép kin hé
phuong trinh dé xuit (2.28) can xac dinh bo sung mot sd dic trung thay dong luc

hoc ctia dong chay trong mang tran bén bang sd liéu thuc nghiém.
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Chuong 3
PHAN TiCH KET QUA THU'C NGHIEM
XAC PINH MOQT SO PAC TRUNG THUY PONG LUC HQC
CUA DONG BIEN LUQONG TRONG MANG TRAN BEN

Hé phuong trinh vi phan chuyén dong ctia SVF khong 6n dinh (2.28) cho phép
xac dinh céac dai luong trung binh mat cit theo chiéu doc mang gém: muc nudc (Z),
luu luwong (Q) va luu tde (v). Dé giai hé phuong trinh (2.28) can c6 cac hé sb phan
bd Iuu tde va diéu kién bién muc nude ha luu tai mat cit cudi mang. Phan bd luu
tdc cua dong chay trong mang tran bén rat khong déu va bién d6i phire tap, cac hé
s6 phan bd luu tde ¢6 gia tri 16n hon 1 rt nhiéu. Tuy nhién, nhitng nghién ctru di c6
cho dén nay déu gia thiét phan bd luu tdc 1a déu va cac hé sé ay, o lay bang 1. Do

do, op va a can duoc xac dinh.

Mit khac, dudng mat nude trén mat cat ngang ciia mang bén ciing khong dong
déu va thuong 16n nhét & phia thanh mang ddi dién. Do vdy, viéc xac dinh chiéu sau
dong chay phia thanh mang ddi dién dé cung cip mot tri s6 cao do6 mit nude cd ¥

nghia thyc té khi thiét ké méang tran bén.

Nhu vay, & chuong nay sé& trinh bay cac két qua xac dinh chiéu sdu dong chay
cubi mang, cac hé sé phan bd luu téc va chiéu sdu dong chay phia thanh mang ddi
dién. Céac két qua thu duoc nho phan tich, tong hop s6 liéu thi nghiém cia cic mo
hinh thuy luc trong nude va kiém dinh véi s6 lidu thi nghiém duoc thuc hién ¢ nude
ngoai bdi cac nhom nghién ctru c6 uy tin.
3.1. CAC MO HINH THI NGHIEM PUQC SU DUNG
3.1.1. Giédi thiéu cac mo hinh thi nghiém

Béo cao thi nghiém mo hinh thu thap dugc gdm mo hinh mang tran bén ho
Pong Nghé (Pa Nang) [28], ho Viét An (Quang Nam) [29] va ho My Binh (Binh
Pinh) [30]. Cac mé hinh dugc xiy dung 1a mé hinh tong thé chinh thai véi ty 16 mo
hinh 1/30 (Pdng Nghé), 1/40 (Viét An) va 1/25 (M¥ Binh).

So d6 cac md hinh thi nghiém thé hién trén Hinh 3.1 dén Hinh 3.3 va cac
thong sb hinh hoc ciia mang tran bén theo cac bao cao [28], [29] va [30] duoc thong
ké trong Bang 3.1.
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2, 3.  3a, 4.
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Hinh 3.1. So' dé mé hinh thi nghiém mdng tran bén hé Dong Nghé
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Hinh 3.2. So' d6 mé hinh thi nghiém mdng tran bén hé Viét An

1 2; 3 4
|'|'|'|'|'|'|§'|'vl'l'l'l'lj:)ll'l'l'I'I'l Déc nuéic
TT5 775 TT5 :

z T3 T4 T4 T
Tl L

; T3 :

T2 13 §

1 LY TT2 ; D

. T " T2
5 {TT1
3

4:
4 z
Z guong = 28,0m 11 Zigueng = 28,0m 44 %
© Z,.. = 27,5m TT5 TT4 TT3 TT2 T
& s e y
Z,, = 25,55m N /AT Zy, = 23,45m
Y <
Y — y© y2 e
5m 20m

Hinh 3.3. So' d6 mé hinh thi nghiém mdng tran bén hé My Binh
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Bing 3.1. Cdc thong sé ciia mé hinh thi nghiém

5 Dong Nghé [28] Viét An [29] My Binh [30]
Dic trung TKKT TKSC | TKKT | TKKT | PAKN
Chi nhi¢m m3 hinh Tr?u? %h-[}? Hoi Tréu? 85111? Hoi Tri?u? %il}? Hoi
Chit tri thi nghiem | . "o 19 PGS TS. NCVE.
' Tran Quoc Thuong Luu Nhu Phu Lé Duy Ham
Ty 16 m6 hinh 1/30 1/40 140 | 1/25 1/25
Qrx (M) 328 543 543 342 342
Lngugng (M) 50,00 80,00 | 8250 | 60,00 | 70,00
Zoguong (M) 33,00 92,10 | 92,10 | 28,00 | 28,00
L (m) 42,35 80,00 | 8250 | 60,00 | 70,00
B (M) 8,00 1500 | 1500 | 5,00 5,00
By (M) 20,00 3800 | 2800 | 20,00 | 20,00
Z gty i ming (M) 27,80 8600 | 8500 | 2560 | 2555
Z oy cui mine (M) 27,80 8600 | 8500 | 2440 | 2345
So () 0,00 0,00 0,00 0,02 0,03

3.1.2. Panh gia sai s6 ciia so liéu thi nghiém

Céac md hinh thi nghiém duoc thiét ké theo tiéu chuan Froude [28][29][30] va
dam bao tuwong tu vé strc can phu hop voi tiéu chuan Viét Nam TCVN 8214:2009
"Thi nghiém mo6 hinh thuy lyc cong trinh thuy 1¢1, thuy dién" [27].

Cac mat cat do duoe b tri tai cac vi tri ddc thu nhim mo ta yéu to dudng mat
nude, luu toc tai thuong luu dap, mat cat dau, gifra va cudi mang. MJdi mat cét ¢d 5
thuy truc, trén mdi thuy truc luu tde duge do tai 3 diém (mat, gifra, day). Ngoai ra,

trén kénh ha luu ciing duogc bd tri cac mit cét do.

Céac két qua thi nghiém mo6 hinh c¢6 do tin cdy cao vi mé hinh dugc thiét ké va
thi nghiém dam bao céc tiéu chuan vé thi nghiém moé hinh va di duoc cac co quan
quan 1y, co quan chuyén mén 4p dung vao thuc té.

Sai s6 cua sb liéu thi nghiém mo hinh mic phai bao gém: sai sé do ché tao mo
hinh, sai s6 do thiét bi do, sai s6 ctia cong thirc 4p dung va sai s6 do cua phép do, cu
thé nhu sau:

- Sai s6 thiét bi do luu toc dd dwgc nha san xuat kiém dinh c6 sai s6 1a 1%

[28][29][30];
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Sai s6 do bang kim do 13 0,1mm; Sai s6 do bing thudc phép 13 0,5mm vdi loai
thudc co do chia 1,0mm;

Sai s6 cua phép do duong mit nude doc mang bén co thé 1én dén 2,5mm;
Sai s6 ché tao m6 hinh: Sai sé ché tao cta cong trinh (chiéu rong, chiéu dai va

cao do) bang vira xi mang 1a 2,0mm; Sai s6 V& cao trinh cong trinh ché tao
bang kinh hiru co 1a 0,20 + + 0,25mm [28][29][30];

Luu luong x4c dinh theo Rehbock [27], do d6 sai s6 cua phép do luu luong
duogc tinh theo cong thirc AQ/Q = |Ab/b| + 1,5|AH/H|. Véi cot nudc nhé nhat
trén dinh dap luong 1a 3,0cm, sai sé do bang kim do 1a 0,1mm; chiéu rong
mang (b) tiéu chuan 800mm, sai s6 ché tao 2,0mm, khi d6 AQ/Q < 0,75%.

Sai s6 vé két qua do d6 sau dong chay, voi d6 sau dong chay bé nhit trong mo
hinh 13 97,0mm (véi cdp Q = 250m%/s - tran M§ Binh), sai s6 Ion nhat cua
chiéu sau dong chay 1a Ah/h = (AN g0 + ANens o)/ = (2,5 + 2,0)/97 = 4,12%;

Sai s6 cua dién tich mat cit wét tinh theo cong thuc AA/A = |Ab/b| + |Ah/h|.
Véi chiéu rong méang nho nhat b = 200mm (md hinh M¥ Binh), chiéu sau
dong chay nho nhét 1a 97,0mm, nén AA/A = 2/200 + 2/97 = 3,06%;

Sai s6 vé luu tdc tinh theo cong thuc: Av/v = |AQ/Q| + |AA/A| + Amiét b =
0,75% + 3,06% + 1,00% = 4,81%;

Nhu vay, cac mo hinh duogc thiét ké theo luat tuong tu Froude, sai s6 méc phai

cta sd liéu thi nghiém 16n nhét 1a 4,12% véi d6 siu dong chay va 4,81% voi luu

toc. Do d6 chuoi so6 li€u thu thap tir cdc bao cdo dam bao do tin cdy phuc vu muc

ti€u nghién ctru cta luédn an.

3.2. CAU TRUC DONG CHAY TREN MAT CAT NGANG

Thong qua mo td hinh dang cdc xody cudn hudng ngang tir cac bao céo thi

nghiém md hinh tran Pong Nghé [28], Viét An [29] va M§ Binh [30], két hop két

qua nghién ctru cta Lucas va cs. [60], nhan thiy v6i truong hop mang bén c6 su gia

nhap tir mot canh thi dic diém céu trac dong chdy trén mit cit ngang c6 thé c¢6 1

xo4y hodc 2 xody phu thudc vao dong gia nhip va diéu kién thuy luc cia mang.

- Dbi véi mang bén c6 mit cit ngang hinh chir nhat nhu cong trinh hd Viét An
(Hinh 3.2), cdu trac dong chay c6 2 dang (Hinh 3.4):
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TT5 TT4 TT3 TT2 TT1 TT5 TT4 TT3 TT2 TT1

—>

b
' : i :
a) Dong gia nh3p vao mang b) Dong gia nhap vao mang
¢ trang thai ty do O trang thai ngap

Hinh 3.4. So dé dong chdy trén mt cit ngang mdng bén hinh chir nhat

+ Khi luu lwong thao qua tran nho hoic chiéu sau dong chay trong méang nho,
dong chay gia nhap tir ngudng tran vao mang & trang thai ty do (Hinh 3.4a),
trén mat cit ngang mang tao ra 2 khu xody theo phuong dung cé chiéu
nguoc nhau 1a cac khu xody cta néi tiép chay day tir luong nudc phun cua
dong gia nhap qua ngudng tran. Pudng mit nuéc ngang mang khong déu
nhau, muc nudc tai 2 thay truc TT1, TTS cao hon cac thuy truc con lai va
I6n nhat & TT1. Tuy thudc vao luu tbc dong gia nhap va ché do thuy luc

trong mang ma muc do va pham vi 2 khu xody khac nhau.

+ Khi lIuu lugng thao qua tran hodc chiéu sau dong chay trong méang 16n dén
muc d6 anh huong kha ning thao qua ngudng, hay ché do dong chay qua
ngudng bi anh huéng cua muc nudce trong mang (Hinh 3.4b), s& xuat hién 1
khu xoay duoc hinh thanh boi néi tiép chay mit, c¢6 chiéu tir TT5 sang TT1
va tlr mat xuéng day. Muc do xody yéu hon truong hop dong chdy qua tran
1a ty do. Chiéu sau dong chay 16n nhat ciing ghi nhan duoc & TT1.

Déi voi mang bén co6 mat cat ngang hinh thang, ngudng tran c6 mat cat ngang

thuc dung hinh cong (dang Ophicerov hoic WES... [19]) nhu cong trinh hd

Pong Nghé (Hinh 3.1) va My Binh (Hinh 3.3), c4u triic dong chay ciing c6 thé

chia thanh 2 dang boi dic trung ndi tiép cua dong chay tir ngudng tran va

dong chay trong mang (Hinh 3.5):

+ Khi luu luong thao qua tran nhé hoic chiéu sau dong chay trong méang nho,
dong chay gia nhap vao mang ¢ trang thai chay tu do (Hinh 3.5a), hinh
thanh khu xo4y dang néi tiép chay day, gdbm 1 khu xody 16n va 1 khu xody
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thir cAp co cung chiéu xody nguoc kim dong hd. Khu xody 16n 13 hinh dang
clia nu6c nhay day. Khu xody thir cip duoc hinh thanh béi hién tuong nudc
nhay ngap theo phuong ngang mang. Néu trong mang khéng c6 nuéc nhay
ngap thi khong hinh thanh xody thtr cdp. Dong gia nhap gan nhu bam sat
duong cong ngudng tran va triét ti€u xody ¢ chan tran nhu treong hgp Hinh
3.4a. Pudng mit nudc ngang mang cd xu hudng ting dan tir ngudng tran
sang thanh mang d6i dién, muc nuéc tai TT1 14 16n nhét.

TT5TT4ATT3 TT2 TT1
TTS5TT4TT3TT2 TT1

. b ' : b .

a) Dong gia nhap vao mang b) Dong gia nhap vao mang
O trang thai tu do 0 trang thai ngap

Hinh 3.5. So dé dong chdy trén mt cit ngang mdng bén hinh thang

+ Khi luu lugng thdo qua tran 16n hoic chiéu sau dong chay trong mang 16n
(Hinh 3.5b), c4u trac dong chay tuong ty truong hop mang c6 mat cit hinh
chit nhat (Hinh 3.4D).

3.3. CHIEU SAU DONG CHAY PHIiA THANH MANG POI DIEN

Qua phan tich cau trac dong chay va s liéu thi nghiém duong mat nudc trén
mit cit ngang mang bén cho thdy muc nudc & thanh mang phia ddi dién (TT1, y/b
= 0) hau hét déu 16n hon céc vi tri con lai (Hinh 3.6 + Hinh 3.8), ngoai trir cip luu
lwong Q = 342m?/s tai mit cit 3-3 cia mé hinh hd My Binh (Hinh 3.8).

Véi truong hop hd Dong Nghé, mit cit cudi mang bén (mit cit 4-4) xay ra

hién twong muc nudc tai chan tran (TT5, y/b = 1) 13 16n nhat & 2 cdp luu luong
328m®/s va 390m*/s (Hinh 3.6).

Vi cung thiét ké hinh hoc, khi luu lugng thay di thi ty s6 Z111/Z+s cling thay

d6i (Hinh 3.7). Ngoai ra, ty sb ndy ciing thay ddi theo chiéu dong chay (Hinh 3.9 +
Hinh 3.11).
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1.04 v, o 1.04 ~
Mat cat 2-2 Mat cat 3-3 ——a38
1.03 1.03 —=—Q390
——Q328 - — Q390 —4+—Q232 ——q232
1.02 1.02 —=Q380
B} —8—-Q380 —e—Q410 —4—Q382 a0
thIOl .;1.01 a2
~ ~
ni: 1.00 ~ 100 ¢
0.99 0.99
0.98 0.98
0.97 0.97
000 020 040 060 080 100 0.00 0.20 0.40 0.60 0.80 1.00
y/b
y/b
1.03 e v g
103 Mat cat 3-3a 1.04 Mat cat 4-4
102 ——Q328 390 —a—Q232 o Q328 - - Q390
1.02 328 - -Q Q 1.02 ——Q232  -#-Q380
2101 —#-Q380 —e-Q410 —+—Q382 o 101 *—Q410 +—Q382
Qt 1.01 ﬁ: 1.00 §
N 1.00 — 0.99
1.00 0.98
0.99 N .
0.97 S
0.99
098 0.96
0.00 0.20 0.40 0.60 0.80 1.00 0.00 020 040 060 080 1.00
y/b y/b

Hinh 3.6. Muc nwéc trén tric ngang mdng bén mé hinh hé Pong Nghé

Lot M3t cat 2-2 Mat cat 3-3
1.01
1.01 1.01
1'8(1) -o-Q543_TKSB Lol ~-Q543_TKSB
ol ol
£100 = 543_TKKT & ——Q543_TKKT
N 1.00 N 100
1.00
1.00 1.00
0.99
0.99 0.99
0.00 0.20 0.40 0.60 0.80 1.00 0.00 0.20 0.40 0.60 0.80 1.00
y/b y/b
1.01 .
Mat cat 4-4
1.01 -0-Q543_TKSB
——Q543_TKKT
1.00
@ —t
Q: 1.00
N
0.99
0.99
0.98
0.00 0.20 0.40 0.60 0.80 1.00
y/b

Hinh 3.7. Muc nwéc trén tric ngang mdng bén mé hinh hé Viét An
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1.02 . 3 1.02 L .
0 Mat cat 1-1 Mat cat 2-2
1.02 1.01
—=—Q100 ——Q250
1.01 1.01
- - Q342 —Q372
1.01 Q Q 1.00
g 2
5 100 5 1.00
N 1.00 N 0.99
0.99 0.99 —=—Q100 ——Q250 S
: N
0.99 0.98 - - Q342 ——Q372 N
0.98 0.98
0.00 0.20 0.40 0.60 0.80 1.00 0.00 0.20 0.40 0.60 0.80 1.00
y/b y/b
1.02 Mat cit 3-3
1.02
1.01
1.01
@ 1.00
%100
N 0.99
0.99 —=—-Q100 ——Q250
0.98
0.98 --Q342 —Q372
0.97 0.97
0.00 0.20 0.40 0.60 0.80 1.00 0.00 0.20 0.40 0.60 0.80 1.00
y/b y/b
< ’ A z , A A7 2 ~ 71
Hinh 3.8. Muc nwoc trén trac ngang mang bén mo hinh ho My Binh
1.04 1.01
1.03 ---Q0=0_Q328 1.01
1.03 —=—Q0=0_Q390 1.01
1.02 o
© ——Q0=0_Q232 101
& 102 N —TKSC_Q543
2 101 ——Qqo=0_0380 | E L
N 1.01 ——TKKT_Q543
1.01 4 |-®- Q0=0_Q410 :
1.00 ¢ ——Q0=54_Q382 1.01
1.00 — -Q0=80_Q470 o1
0.99 1.00
0.00 0.50 1.00 0.00 0.50 1.00
x/L x/L

Hinh 3.9. Muc nuwéc tai TTI trén tric
doc mo hinh ho Dong Ngh¢é

Hinh 3.10. Muc nwéc tai TTI trén tric
doc mé hinh hé Vigt An

——TKKT_Q342
--= TKKT_Q372
—e—PAKN_Q250
—o—PAKN_Q342
—=—PAKN_Q372

0.00

1.00

Hinh 3.11. Muc nwoc tai TTI trén trac doc mé hinh hé My Binh
Dt li€u thi nghi¢ém myuc nudc doc méang tai TT1 & cac mé hinh cho théy ty )
Zr11/Z1p tang tur dau mang dén khoang 2/3 + 3/4 chiéu dai mang. O khu vuc cubi

mang, ty sb nay tang hodc giam phu thudc diéu kién thiy luc dau déc nude.
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Phan tich dién bién muc nudc tai TT1 trén trac ngang va trac doc mang cho

thiy chiéu sdu dong chay phia thanh méang d6i dién (hs) bién dbi phuc tap, phu

thudc vao cac thong so sau:

Thong s6 cong trinh: Chiéu cao dap (Pr, [L]); Loai dap (m, @, [-]); Chiéu rong
day mang bén (b, [L]); Hinh dang mang (my, m, [-]); D6 doc day méng (S,
[L]/[L]); Hinh dang tudng canh; Tuong phan dong dau ddc nudc.

Théng sb dong chay: Luu luong dong gia nhap (Q, [L]Y/[T]); Cot nuéce tran
(H, [L]); Chiéu sau dong chay trong mang (h, [L]); Chénh léch muc nudc
thuong va ha luu tran (Zq, [L]).

Pé thiét 1ap cong thirc xac dinh chiéu sau phia thanh mang dbi dién (hs), phan

tich su thay d6i ctia hg theo cac thong sd cua cong trinh va dong chay tir s liéu thuc

nghiém nham tim cac khoang dong bién, nghich bién va dang ham. Mdi quan hé

gitra hg véi cac thong s6 chinh nhu sau:

Tuong dbi dién cang ddc thi ludong nudc tir ngudng tran d6 Xudng mang sé tac
dong cang manh vao dong chay ddy mang xuét phat tir ngudng tran lam ting
hs, dong nghia hs ty 1¢ nghich véi hé sé mai cia mang (my);

Chiéu rong day mang (b) tai vj tri tinh toan cang nho thi hg cang ting do Iuc
ctia dong gia nhap dén nudce vé phia thanh ddi dién, dong nghia hg ty Ié nghich
Véi b;

Chiéu sau dong chay (h) cang ting thi cang lam giam lyc cua dong gia nhap
tac dong 1én mang va lam giam muyc nudc phia thanh dbi dién, dong nghia hg
ty I¢ nghich véi h;

Chénh léch muc nuée thuong va ha luu tran (Z1) cang ting thi luu tc lan
nuéce do tir ngudng tran vao mang cang 16n 1am nudc don vé phia thanh dbi
dién cang nhiéu, ddng nghia hg ty 16 thuan vai Zx;

Luu luong dong gia nhap don vi (q) cang tang thi luvu téc dong gia nhap cang
I6m, 1am tang luc cua dong gia nhap tic dong 1én mang va don nudc vé thanh
dbi dién cang nhiéu, dong nghia hg ty 1& thuan voi q;

Céc thong s6 khac nhu m, @y, H, P1, Sy déu ¢6 méi lién hé vai g, Zt va clng ty
Ié thuan vai hs.
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- Vi trf 1an nuée roi xudng mang cang xa chén tran thi hg cang giam do nuéc
khong chi don vé phia thanh ddi dién ma con don vé phia chan tran 1am muc

nude dudi ludi nudce cling dang cao (Hinh 3.4a).

St dung phuong phap loc ¢6 thé lya chon cac bién c6 anh hudng chinh dén su
thay dbi ciia hg va giam bdt cac bién phu thudc. Dua trén dir liéu thi nghiém, thyc
hién phuong phap loc qua 4 budc: (1) Budce 1: Xay dung quan hé thuc nghiém gitra
hs voi cac thong sb cong trinh va dong chay; (2) Budc 2: Chon 2 thong sb ¢6 hé sb
tuong quan tt nhat voi hs, 14p ma tran hé sb va tinh hé s6 twong quan da chiéu giira
hs vdi 2 thong sb6 duoc chon; (3) Budc 3: bua thém thong s6 thir 3 va danh gia h¢
s6 trong quan da chiéu. Néu hé sb twong quan ting hoic giam khong nhiéu thi loai
b6 thong sd vira thém va nguoc lai thi chon thong sé d6 1am thong sé chinh; (4)
Budce 4: Thuc hién qua trinh loc nhu Budc 3 vo1 cac thong s6 khac va xac dinh

dugc cac thong s6 chinh tac dong dén chénh 1éch myuc nude Ahg 1a;

Ahg =hg—h=f(g,9,b,h,Z7) (3.2)
Qua phan tich thir nguyén, (3.1) tré thanh:

Ahg q Zr
hs_fub\/g_h’ hTJ (3.2)

Trong d6, bién thir nhat L Y dang mot hé s Iuu toc dong chay theo chidu

byfoh

ngang mang. S6 mii 1/2 cua bién nay duoc xac dinh qua twong quan don bién véi

hs/h. Bién thir hai Z+/h thé hién nang lugng tai ngudng tran so voi chiéu sau dong

chdy trung binh trong méang.

St dung quan hé ham mi, phuong trinh (3.2) tr¢ thanh:

Ahg _ /q Z )"
. =a,. b\/g_h(hj (3.3

Bang phuong phap binh phuong tdi thiéu véi sé liéu thi nghiém ciia ho My

Binh (chudi dit liéu phu thudc), cac hé sb tim duoc nhu sau:
a, =023  a,=0,459 (3.4)
Thay (3.4) vao (3.3) nhan duoc cong thirc xac dinh ty s6 hg/h:
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0,459
%§=1+0231 —il—(zlj (3.5)

bygh \ h

Tuy nhién, do hs bién ddi phirc tap tai timg mat cit va doc theo mang nén khi
tinh toan kiém chtng nhén thiy cong thirc chi phit hop v6i mot sb vi tri va nhitng vi
tri khac cho sai sb 16n. Vi vay, cong thirc (3.5) tiép tuc dwgc hiéu chinh. Bang
phuong phap do tim, cac hé sb trong cong thirc dugc thay bang hé sé bién doi, cu
thé nhu sau:
- Thay s6 mil a, cua bién Z/h bang ty sé h/b;
- Hé s6 a; phu thudc vi tri nudce roi trén mit cat ngang, dong nghia phu thudc

vao hinh dang va luu téc qua ngudng tran. Pat hé s6 a; = Cs.

Nhu vay, cong thic (3.5) trd thanh:

h/b
hs q (ZTJ
—==1+C — 3.6
h S\/b gh \h (36)

trong d6: hs - chiéu sdu dong chay phia thanh mang d6i dién (chiéu sdu dong chay

I6n nhat trén mat cat ngang), m; h - chiéu sau dong chay trung binh trong mang,
m; q - luu lwong don vi cua tran, m*/s/m; b - chidu rong day mang tai mit cét tinh
toan, m; g - gia tdc trong truong, g = 9,81m/s%; Z1 - chénh léch muc nude thuong
luu tran véi muc nude trung binh trong mang tai Vi tri tinh toan (Zy = H + Pt - h),
m; H - cot nudc trén ngudng tran tai vi tri tinh toan, m; Pt - chiéu cao dap, m, (Pt
= Znguong -~ Zday)s Znguong - €ao trinh ngudng tran tai vi tri tinh toan, m; Z4;, - Cao
trinh day mang tai vi tri tinh toan, m;

Cs - hé sb phu thudc hinh dang tran, xac dinh theo (3.7), cu thé 1a khi mit cit tran
thyc dung hinh cong (dang Ophicerov, WES... [19]), dong chay ha luu bam theo
mat tran (m; > 0) (Hinh 3.5a) thi Cs=m (v6i M 1a hé s6 mai trung binh cta
maéng tran bén, M=(my+m,)/2) va khi méi ha luu tran thing ding (m; = 0),
dong chay tach khoi mat tran thi cs xac dinh theo ty s6 giita chiéu dai nudc roi

(Vo) (Hinh 3.4a) va chiéu rong day mang (b), véi y, xac dinh theo [3].

Cs=m (mat cat tran dang cong)

1,33,/H(Pr +0,3H 37
Coo1 Yo 1. (Pr ) (3.7)

b b (m4i ha luu tran thang ding)
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Két qua tinh toan hg theo cong thirc dé& xuét (3.6) so voi chudi dir liéu thi
nghiém phu thudc (hd My Binh) cho thiy sai sb giita tinh toan va thi nghiém tir mat
cit ddu mang dén mat cit cudi mang déu dat dudi 5%. Sai sé 10n nhat 13 4,707% &
mat cit 2-2 véi cap luu lwong Q = 342m%/s (phuong an thiét ké k¥ thuat - TKKT).
Sai s6 nho nhét 1 0,375% & mat cat 1-1 véi cdp luu luong Q = 250m*/s (phuong an
kién nghi sira d6i - PAKN). Hé sb tuong quan boi R giira thi nghiém va tinh toan
dat x4p xi 0,90 (Hinh 3.12). Méi quan hé Hx/b* = 0,00 + 0,50, véi x 1a toa do mang

tai diém tinh toan.

Cong thirc d& xuat duoc kiém dinh véi chudi dir lidu doc lap (dir liéu thi
nghiém ho Pong Nghé va Viét An, cu thé nhu sau (Hinh 3.13):

- Déi v6i hd Bong Nghé, sai s6 16n nhat 1a 13,306% xay ra tai mit cat cudi
méng & cip luu lwong Q = 328m?/s. Céc truong hop thi nghiém cho thay sai s6
I6n nhat déu xay ra & mat cat cudi mang, do myc nudc trén trac ngang cudi
mang tuong doi dong déu & TT1 va TT5 (Hinh 3.9). Sai s6 nho nhat dat duoc
13 0% xay ra & mit cit diu mang véi cip luu lwong Q = 232m?/s va 410m°/s.
Sai so tinh toan tai cac vi tri con lai trong mang dat trung binh khoang 5%.
M&i quan hé Hx/b? = 0,00 + 0,26.

- Dd6i voi hd Viét An, mit cat mang 1a chir nhat, theo phuong an TKKT thi ty s6
hs/h giam theo chiéu dong chay (Hinh 3.10) nén sai s Ién nhat 7,75% xay ra
& mat cat cuéi mang. Tai cac mit cat khéc, sai s6 déu dudi 5%. Sai s6 nho
nhat 14 0,084% tai mat cit cudi mang ¢ phuong an thiét ké so bo (TKSB). Moi
quan hé Hx/b? = 0,00 + 0,27.

1.50 1.30 .
7
R?=0.8957 7 125 7 s
1.40 - vz 120 | R?=0.6506 e
£ < Y
£1.30 ® §1.15 XN o
£ £1.10 RNg bt
£ = ° P
< 1.20 21.05 ® TNTT
® TN-TT - P nNTH
g 1.00 — - =Saisé +5%
1.10 e TN-TN --- s:: :2 -5%
— * —Saisé +5% 0.95 P = - Sai s +10%
- — — Sais6 -5% L7 4 - = Saisd-10%
1.00 0.90 <
1.00 1.10 1.20 1.30 1.40 1.50 0.90 1.00 1.10 1.20 1.30
(hs/h)Thinghiém_MV Binh (hS/h)Thi nghiém_DPdng Nghé va Viét An

Hinh 3.12. Sai §6' Clia cong thirc tinh
chiéu sdu hs doi veoi chuoi phu thugc

Hinh 3.13. Sai sé Ciia cong thirc tinh

chiéu

sdu hg doi véi chuéi déc lap
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Cong thuc (3.6) duoc xdy dung véi cac hé sb bién ddi theo théng sb hinh hoc
va diéu kién thuy luc cua cong trinh. Cong thirc c¢6 do chinh xéac tot duoc xdy dung
v6i chudi dir liéu phu thude (hd My Binh) va kiém chimg véi dir liéu doc 1ap (hd
Ddng Nghé, Viét An) c6 hé sb twong quan bodi dat 0,65. Do 0, cong thire (3.6) co
da d6 tin cdy ap dung trong thuc té tinh toan v6i gidi han tng dung cho mit cét

mang hinh thang va chir nhat.

Bang két qua danh gia sai s6 cua cong thire (3.6) thé hién chi tiét trong phu luc
PL.2 (Bang PL1).

Tir thong s cua 3 cong trinh, dé xuat diéu kién ap dung cta cong thuc (3.6) la:

{% =0,00+0,50 (3.8)

trong do6: H - ¢ot nudce tran tai vi tri tinh toan, m; x - toa d§ doc mang tal vi tri tinh
toan, m; b - chiéu rong day mang tai vi tri tinh toan, m.

Dé tang do tin cay, cong thire (3.6) tiép tuc duoc kiém chimg bang tap s licu
thi nghiém doc 14p cua mang Trangslet (Thuy Dién) [60], Karahnjukar (lceland)
(Hinh 1.6) [60], Lyssbach (Thuy Si) [60] va Markieh (Syria) [61].

So d6 moé hinh thi nghiém va thong sd cac cong trinh trén duoc thé hién ¢
Hinh PL1 = Hinh PL5 (phu luc PL.1). Két qua kiém chimg nhu sau (Hinh 3.14,
Bang PL2):

1.15
® TN-TT_Trangslet_TKCS
O TN_TT_Trangslet_TKKT
£1.10 A TN_TT_Karahjukar
ﬁ ¢ TN_TT_Lyssbach
"CE B TN_TT_Markieh
>
=1.05 TN-TN
— - —Saisé +5%
— — —Saisé-5%
1.00
1.00 1.05 1.10 1.15
(hS/h)Thinghiém

, Hinh 3.14. Sai sé Ciia cong thikc tinh chiéu siu hs
theo sé liéu thi nghié¢m cia cdc ho Trangslet, Karahnjukar, Lyssbach va Markieh
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Dbi v6i cac mang tran bén Trangslet, Karahnjukar va Lyssbach, nghién ciru
ctia Lucas va cs. [60] chi cong bd sé liéu muc nude tai mit cit gitra mang (x/L =
0,5) voi 3 cép luu luong thi nghiém. Két qua tinh toan cho thiy sai sd dao dong
trong khoang -3,4% + 5,0%, da phan c6 sai s6 trong pham vi +3% (chiém 75%).

P6i véi mang tran bén Markieh, nghién ctru ctia Maradjieva va cs. [61] da
cong bd muc nude doc mang v6i 2 cap luu luong 1i thiét ké va kiém tra. Két qua
tinh toan cho thay sai sé dao dong trong khoang -3,6% + 6,3%. S6 diém tinh toan co
sai sO trong pham vi £3% chiém 50%. Xuat hién 2 diém tinh toan c6 sai sé vuot 5%
o cép luu luong 1a kiém tra (Qo019% = 1000m3/s) tai khu vuc x/L = 0,25 va 0,75.

S liéu tinh toan chi tiét thé hién trong PL.2 (Bang PL2).

Xét diéu kién ap dung (3.8) cho cac cong trinh cho thay:

- Trangslet TKCS: Hx/b? = 0,10 + 0,25, théa man diéu kién (3.8);

- Trangslet TKKT: Hx/b? = 0,23 + 0,57, thoa man diéu kién (3.8);

- Karahnjukar: Hx/b? = 1,76 + 3,17, khong thoa man diéu kién (3.8);
- Lyssbach: Hx/b? = 0,47 + 0,83, khong théa mén diéu kién (3.8);

- Markieh: Hx/b? = 0,00 = 0,43 thoa man diéu kién (3.8).

Nhu vy, mic du mdi quan hé Hx/b? ctia hd Karahnjukar va Lyssbach khong
thoa man diéu kién (3.8), nhung sai sb tinh toan van ndm trong pham vi +5%. Tuy
nhién dé mo rong diéu kién (3.8) 1én 3,17 nhu hd Karahnjukar thi can thém sé liéu
dé kiém chung. Trong pham vi nghién ctru cua luan an, kién nghi 4p dung cong thirc

(3.6) tinh chiéu sau phia thanh mang ddi dién hs v6i diéu kién ap dung (3.8).

3.4. PHAN BO LUU TOC

3.4.1. Phan bd luu toc trén mé hinh thi nghiém

Do yéu ciu va muc dich nghién ctru cua ting du 4n, md hinh thi nghiém hd
DPdng Nghé va My Binh thuc hién do luu tdc theo phuong doc mang trén cac thay
tryc d6i véi mot sé cdp luu lwong [28][30], trong khi md hinh hd Viét An khéng
thuc hién do Iuu te [29].

Tt dit liéu do trén mé hinh, thuc hién vé& biéu d6 va phan tich phan bd luu tde
trén mat bang (Hinh 3.15, Hinh 3.17) va tric doc tai TT1 ¢ thanh mang d6i dién va
TT5 & chan tran (Hinh 3.16, Hinh 3.18).
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Hinh 3.18. Phén bé luu toc thiiy triec cép lwu lwgng thiét ké
trén trac doc mang tran bén ho My Binh

Phan b luu toc binh quan thuy truc trén mat béng ¢ su khac nhau co ban vé
quy luat. O khu vuc diu mang, luu toc 16n nhat xay ra & TT1 v6i hd Pong Nghé
(Hinh 3.15), trong khi gi4 tri ndy lai xuat hién & TT5 véi hd My Binh (Hinh 3.17).
Ngoai ra, luu toc binh quin trén cac thily truc & hd My Binh nho hon ho Pong
Nghé. Su khac biét nay xay ra do thugng luu mat cat 2-2 ctia hd Déng Nghé c6 mot
doan tran cong voi chiéu dai ngudng 8m (Hinh 3.1) cho phép thao lii vé mat cat 2-2
v6i luu hudng co xu thé vé TT1 dan dén luu tdc tai TT1 16n hon céc thuy truc con
lai. Thanh phan luu luong xa qua doan tran cong niy dong vai trd twong tu thanh
phan luu luong gia nhdp tir canh dau mang 13 nguyén nhan giy ra luu toc khu vue
dau mang cta hé Péng Nghé 16n hon hd My Binh. Cac d6 thi phan bd trén mit

bang vé6i cac cip luu luong khéc trinh bay & PL.3.

Doi véi cade mat cit con lai cta ho Déng Nghé, dudi tic dung luc déy cua
dong gia nhap, chi luu tiép tuc duy tri doc theo thanh mang d6i dién kéo dai dén
khu vuc cudi mang. Phan bd luu toc & ddu déc nude dién ra déu hon (Hinh 3.15)
nhung luu tdc khu vuc chan tran van nho nhét. Vi kich ban mé thém cira xa su ¢b
phia thuong lwu mat cat 2-2, xu thé phan bd luu toc trén mit bang khong thay doi so

v6i kich ban dong ctra sy co.
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Quy luét phan b luu tdc binh quin thuy truc trén mit bang mé hinh hd My
Binh (Hinh 3.17) cho thiy luu tdc 16n trén méang dién ra dong thdi & khu vuc chan
tran va phia thanh méang dbi dién. Vé tng thé, luu tdc tai TTS5 phia chan tran 16n
hon khu vire TT1. Tuy nhién, khi luu luong thao qua tran ting din dén luc cua dong
gia nhép ting, day chu luu 1éch vé phia thinh mang d6i dién. P6i voi mat cat cudi
mang, luu téc binh quéin thuy triuc phan bd twong dbi déu trén toan mat cit.

Phan bd luu toc theo chiéu sau doc mang tai khu vuc thanh mang dbi dién
(TT1) & md hinh hoé Pong Nghé (Hinh 3.16) twong dong hd My Binh (Hinh 3.18).
Luu téc c6 xu thé giam dan tir mit xuéng ddy nhung chénh léch giita Iuu toc mat va
day khong 16n. D6i voi khu vue dau mang, luu tde rat nho va gan nhu khong c6
dong chay & hau hét cac truong hop thi nghiém ctia mé hinh hé My Binh do khong
c¢6 thanh phan luu lugng dong gia nhap tir canh dau mang nhu ho Pong Nghé (xem
thém cac Hinh PL8 + Hinh PL11 trong phu luc PL.3).

Déi voi khu vue chan tran (TT5) doc theo méang vé tong thé co sy khac biét
giita hd Pong Nghé (Hinh 3.16) véi hd My Binh (Hinh 3.18). Quy luat chung & hd
Pong Nghé 1a luu téc giam dan tir mit xudng ddy va tai day luu téc do duoc rat
nho. Nguoc lai, quy luat ndy véi hd My Binh 1a ting dan theo chiéu sau & hau hét
cac truong hop thi nghiém. Khi luu luong thao qua tran va chiéu siu dong chay
trong mang nho thi gan nhu khong dién ra qué trinh truyén tai luu lugng doc méng
& trén bé mat khu vyc ntra cudi mang. Phia chan tran hinh thanh khu xody cudn
manh trén mat cit ngang nhu phan tich trong muc 3.1.2. Ngoai ra, vi mit cat dau
mang cta ho Pong Nghé, do sy gia nhap tir doan tran cong phia thuong luu, két hop
viéc bd tri cira xa su ¢ léch vé phia thanh méng ddi dién nén luu tdc tai khu vuc
TT5 cta mat cat 2-2 1a rat nho. Cac dd thi phan b luu tée theo thity truc voi cac
cap luu lugng khac dugc trinh bay trong phu luc PL.3.

3.4.2. H¢ s6 phan bo luu toc

Hé s6 phan bd luu tdc (0, o) ciia dong chay qua mang tran bén ludn bién d6i
theo khong gian va thdi gian, phu thude vao cac yéu td thuy luc va quy mé cong
trinh. Viéc xac dinh chi tiét cac hé s nay rat phirc tap va mat nhiéu coéng strc. Mit
khac trong thuc té cac hé sb nay van duogc coi 13 hang s trén toan dong chay. Theo
gia thiét thir (2) khi thiét 1ap phuong trinh ning luong (xem muc 2.2.2), cac hé sd
phan b luu toc khong ddi theo thoi gian. Do d6, hé s6 ag va a duoc tinh toan tir két
qua do luu téc diém tai tng mit cit trén mo hinh vat 1y,
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Viéc xac dinh cac hé sb phan bd luu tdc (0, o) bang cong thirc (1.22) va
(1.23) chi phu hop voi dong chay trong song kénh ma tai d6 khéng ¢ cac cau trac
dong xodn phirc tap. P6i voi hién tuong thay luc dic thu cia dong chay trong méng
tran bén, quy luat phan bd luu tdc bién d6i phuc tap theo 3 chiéu nén can st dung
phuong phap gin dung nhu phwong phap chia ludi (Hinh 3.19) dé giai (1.20) va
(1.21) tim gia tri o, o tai cac mit cit.

Goi ujj 1a gia tri luu toc diém & toa do (i, j), voi i 1a tha ty thuy tryc va j 1a thi
tu diém do trén thuy truc. Gia thiét rﬁng gia tri luu tde ujj dac trung cho mot pham
vi dién tich mit cat u6t (AA);, khi d6 luu toc trung binh mit cit va cac hé s6 phan

bd lvu tde duoe xéc dinh theo cong thtrc:

VzKi:ljzluij(AA)ij (3.9)
n m 5
us (AA)..
EE (A8, (3.10)
Oon ~
0 VZA
n m 3
S(AA).
E,—éu”( ) (3.11)
o~ 3
v A --------------------------------
Uy, U, Uy; Uim
u21 u22 u2j u2m
u\1 ui2 uij u\m
U: Uy Uy Unml

Hinh 3.19. So' dé chia ludi tinh hé sé phén bé luu toc

Ap dung so do chia lu6i Hinh 3.19 cho cic mit cit (1-1) + (4-4) ctua phuong
an kién nghi stra d6i thiét ké hd M§ Binh & cép luu lwong 342m°®/s (Hinh 3.20), st
dung cong thirc (3.9) xac dinh luu tc trung binh mat cat va cong thirc (3.10), (3.11)
xac dinh cac hé sb stra chira dong lugng o, sta chirta dong nang a. Két qua tinh v,
o VA o tai cac mit cit theo so d6 chia lugi Hinh 3.20 thé hién chi tiét trong Bang
PL3 + Bang PL6 & phu luc PL.4.
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Hinh 3.20. S0 do chia lwdi tai cdc mt cat ciia mdang bén ho My Binh (PAKN)
V&i cdp luu lwong O = 342m°/s

Thyuc hién chia luéi va 1ap bang tinh tuong tu cho cac cép luu lugng thi
nghiém khac ciia m6 hinh ho My Binh va ho Pdong Nghé, két qua xac dinh gia tri
céc hé s6 phan bd luu téc dugce téng hop trong Bang 3.2.

Vi phan b6 dong chay khong déu & khu vuc ddu mang, dong chi tip trung
phia thanh d6i dién nhu da phan tich trong muc 3.4.1 nén cac hé s6 phan bé luu toc
tai mat cat ddu mang (x/L = 0) 1a 16n nhét so v&i cac mat cit khac (Hinh 3.21, Hinh
3.22), o = 1,667 + 2,250 va o = 3,122 + 6,228 (Bang 3.2). Su bién d6i cua o, va o
doc theo mang c6 xu thé giam dan. Tai mat cat cudi mang (x/L = 1) noi dong chiy
chuyén tiép sang dau dbc nude, phan b luu tbe déu hon trén cac thuy tryc (Hinh
3.15, Hinh 3.17) nén gia tri cac hé sd nay da phan 1a nho nhét so véi cac mat cat
khac, ag = 1,005 + 1,326 va o = 1,015 + 1,742 (Bang 3.2). D4i v6i cac mit cit giita
mang, gié tri o, dao dong tir 1,016 dén 1,691 va o dao dong tir 1,047 dén 2,326.
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Bing 3.2. Hé s6 phdn bé lwu téc trong mdng tran bén hé My Binh va Pong Nghé

H¢ 50 sira chiva dong lugng ay

, My Binh Trung

Mit cat x/L Q342 | Q372 | Q100 | Q250 | Q342 | Q372 | binh
TKKT PAKN mat cat

1-1 0,00 Khoéng do 1,733 | 2,247 | 2,091 | 2,011 | 2,021
2-2 0,33 1,309 | 1,189 | 1,221 | 1,239 | 1,691 | 1,016 | 1,278
3-3 0,67 1,364 | 1,371 | 1,149 | 1,109 | 1,095 | 1,046 | 1,189
4-4 1,00 1,007 | 1,137 | 1,251 | 1,005 | 1,034 | 1,016 | 1,075
Trung binh doc mang | 1,227 | 1,232 | 1,339 | 1,400 | 1,478 | 1,272 | 1,325
’ Pong Ngh¢ Trung

Mat cat x/L Q328 | Q390 Q382 Q470 binh
Q=0 Qo = 54m%/s Qo =80m?s | mat cat

2-2 0,00 2,250 | 2,025 2,032 1,667 1,994
3-3 0,50 1,200 | 1,371 1,356 1,379 1,327
4-4 1,00 1,326 | 1,153 1,200 1,101 1,195
Trung binh doc mang | 1,592 | 1,516 1,529 1,382 1,505
Trung binh dgc mang cac truong hgp thi nghiém 1,410
H¢ sé sita chiva dpng ning o

’ My Binh Trung

Mat cat x/L Q342 | Q372 | Q100 | Q250 | Q342 | Q372 | binh
TKKT PAKN mat cat

1-1 0,00 Khéng do 3,646 | 5974 | 4548 | 4,546 | 4,679
2-2 0,33 1,941 | 1,543 | 1,810 | 1,682 | 2,326 | 1,047 | 1,725
3-3 0,67 2,155 | 2,054 | 1,491 | 1,307 | 1,176 | 1,137 | 1,553
4-4 1,00 1,020 | 1,331 | 1,742 | 1,015 | 1,097 | 1,048 | 1,209
Trung binh doc mang | 1,705 | 1,643 | 2,172 | 2,495 | 2,287 | 1,945 | 2,041
Dong Nghé Trung

Mit cat x/L Q328 | Q390 Q382 Q470 binh
Q=0 Qo = 54m%/s Qo =80m®s | mat cat

2-2 0,00 6,228 | 5,037 4,955 3,122 4,836
3-3 0,50 1,841 | 2,021 1,972 2,064 1,989
4-4 1,00 1,531 | 1,403 1,531 1,249 1,416
Trung binh doc méng | 3,200 | 2,820 2,392 1,950 2,591
Trung binh doc mang cac truong hop thi nghiém 2,320
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Xét trung binh cho toan dong chay tir mit cit diu dén mit cit cudi mang trong
pham vi dit liéu thi nghiém tng vé6i didu kién (3.8) (Hx/b® = 0,00 + 0,50), hé sb sira

chira dong luong va dong nang dugc xac dinh lan luot 13 o = 1,41 va o, = 2,32.

24 — -Q342_My Binh_TKKT

22 Rs Q372_M§ Binh_TKKT
A Y
P k\ —e— Q100_M§ Binh_PAKN

N
N
18 \ —— Q250_M§ Binh_PAKN
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S 16 = TR
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1 — - . -Q328_Ddng Nghé_(Q0 = 54)
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X/L[-]

Hinh 3.21. Phéin bé hé sé siva chita dong lwong o theo chiéu doc mdng
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x/L[-]
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Hinh 3.22. Phin b6 hé sé siva chita dpng ning o theo chiéu doc mdng

3.5. CHIEU SAU DONG CHAY CUOI MANG

Chiéu sau dong chay cudi mang (hy) 1a 1 trong 2 diéu kién bién quan trong khi
mo phong ché do thuy lyc trong mang bén. Nhu da trinh bay trong muyc 1.5, thong
thuong khi mang c6 do déc thoai (Sp < S¢) duoc nbi tiép bang ddc nude (Sp > S) thi
theo nhitng nghién ctru ban dau nhan dinh c6 thé l1dy gan dung hy, 13 chiéu sau phan
gidi (hy = he). Cac nghién ctru vé sau da chi ra rang hy, > hey, trong d6 hy duogce tinh
voihé s6 o= 1.

St dung dir liéu thi nghiém chiéu sau dong chay cubi mang ciia 3 md hinh
D@)ng Nghé, Viét An va My Binh véi cac cép luu lugng khac nhau, thyc hién phan
tich mdi quan hé gitra hy, v6i he; tai mat cat cudi mang va cho két qua ¢ Bang 3.3.
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Bing 3.3. Chiéu sdu dong chdy cudi mdng

Tinh toén theo kién nghi cta cac tac gia

Q MM hy ) . -
1T (ms) th1 (0= 10) Hinds [47] | Kiselev [17] Beij [36] | Chién N. [6]
nghiém hn (M)| SS (%) |hy (M)| SS (%) |h, (M)[SS (%) |y, (M)| SS (%)
HO Pong Nghé
1]328 | 424 | 294 |294]-3067 |3,23|-23,74 | 5,09 | 20,08 | 3,91 | -7,80
2139 | 518 | 3,29 [3,29|-36,51 |3,62|-30,16 |5,70 | 9,97 | 4,37 | -15,56
3232|310 | 2,35 [235]-24,34 |258|-16,77 | 4,06 | 31,05 | 3,12 | 0,63
41380 | 474 | 3,23 |3,23|-31,77 | 3,56 | -24,95 [ 5,60 | 18,17 | 4,30 | -9,26
5| 410 | 511 | 3,40 |[340|-3352 |3,74|-26,87 |5,88 | 15,15 | 4,52 | -11,58
HO Viét An (TKSB)
6|543 | 388 | 2,75 |[2,75]-29,13 | 3,02 | -22,04 | 4,76 | 22,76 | 3,66 | -5,74
HO Viét An (TKKT)
7|543 | 531 | 3,37 [337]|-3652 |3,71|-30,17 |584 | 9,95 | 4,48 | -1557
Ho6 My Binh (TKKT)

8342 | 427 | 2,93 [293]|-31,39 [3,23|-24,53 | 5,08 | 18,84 | 3,90 | -8,75
9|372| 497 | 3,09 [309|-37,79 |340|-3157 (535 7,74 | 4,11 |-17,27
HoO My Binh (PAKN)
10| 250 | 3,36 | 2,40 |2,40|-28,46 2,64 |-21,30 | 4,16 | 23,91 | 3,20 | -4,85
11| 342 | 4,44 | 293 |2,93]|-33,96 |3,23|-27,36 5,08 | 14,38 | 3,90 | -12,17
12| 372 | 485 | 3,09 |3,09]|-36,26 | 3,40 | -29,88 |5,35| 10,41 | 4,11 | -15,22

Trong Bang 3.3, cot (2) 1a cdp luu lwong thi nghiém; cot (3) 1a chiéu sdu dong

chay trung binh thuc do trén mit cit ngang cudi mang ctia mé hinh thi nghiém; cot

(4) 1a chiéu sau dong chay phan gidi tinh toan tai mat cat cuéi mang tng véi hé s6 a

= 1; ¢ot (5) + (8) 1a chiéu sau dong chay cudi mang xac dinh theo dé xuit cua cac
tac gia 1an luot 1a Hinds [47] cung nhiéu tac gia khac (hy/he; = 1,00), Kiselev [17]
(hw/her = 1,10), Beij [36] (hw/he: = 3%3); Chién N. va cs. [6] (hw/he = 1,33 4p dung
v6i mang c6 do dbc nho). SS trong Bang 3.3 1 sai s, SS = (hn 77 - hn_n)/Np_ 1%

Két qua cho thay:
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- Ty sb hy/hy, dao dong trong khoang 1,32 + 1,61, twong ng Véi can dudi 1a
ngudng trén theo dé xuat ciia Chién N. va can trén Xap xi dé xuét cua Beij.

- hy, theo Hinds, ludn thap hon thuc do khoang -5 + -40%. Sai sb nho nhit xay ra
vé6i cap luu luong nho nhit trong tap dir liéu thi nghiém va cép luu luong cang

tang thi sai sb nay c6 xu thé ting.

- hy theo Kiselev cho sai s6 16n nhat thap hon dé xuat cua Hinds. Hau hét cac
truong hop déu thap hon thuc do véi sai s6 dao dong -15 + -30%.

- Doi voi cong thuc cua Beij, két qua hy, tinh toan ludn 16n hon thuc do voi sai
sb khoang 8 + 30%.

- Véi hy/he; = 1,33 ap dung cho mang c6 d6 doc nho theo kién nghi cua Chién
N. va cs., két qua cho thay sai s6 tong thé 1a t6t nhat trong sb 4 cong thirc. Céac
truong hop tinh toan da sé thap hon thuc do véi sai s6 dao dong -5 + -17%.
Ngoai ra, trong chudi tinh todn ghi nhan dugc truong hop xap xi thuc do (sai
s6 0,63%) tng véi cap luu lwong Q = 232m?/s - hd Bang Nghé.

Nhu vay, ¢ thé thay quy luat chung cta sai s tinh toan 13 dong bién véi luu
luong thoat qua mat cat cudi mang, riéng cong thirc cua Beij thi xu thé d6 13 nghich
bién. Két qua tinh toan chiéu siu cudi mang theo dé xuat cua Chién N. va cs. cho
tong sai s6 1a nho nhat, tuy nhién van c6 hon 50% trudng hop xay ra sai sb trén 10%
va da phan thp hon thyc do (Hinh 3.23).

Nham ting d6 chinh x4c cho két qua tinh chiéu sau dong chay cudi méng,
cong thirc tinh dugc xay dung bang phuong phap loc bién va phan tich thir nguyén
két hop dir liéu thi nghiém tuwong tu phuong phap xdy dung cong thirc xac dinh
chiéu sau dong chay phia thanh mang ddi dién (muc 3.3). Thong qua phuong phap
loc bién xac dinh duoc cac thong s6 co anh hudng chinh dén h, gom c6 luu luong
don vi chuyén qua mit cat cudi mang (qp), gia toc trong trudng (g) va chiéu sau

phan gidi ing véi o = 2,32 tai mat cat cudi mang (hgy) xac dinh theo (4.3).
hp =(dh.9.hcy) (3.12)
Viét (3.12) dudi dang ham mii v6i cac hing s6 ¢; + C4 nhu sau:

hy = 0729%hS (3.13)
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Thay thtr nguyén cua cac dai luong trong (3.12) vao (3.13) dugc phuong trinh
can bang thir nguyén:

[L]= [0y vy e (L) (1] L] (3.14)
Can bang tht nguyén hai vé cua (3.14) nhin dugc hé phuong trinh sau:

[T]: c3=—c,/2

{[T]: —Cy —2c3 =0 (3.15)

j—
[L]: 2c,+c3+c4 =1 [L]: c4=1—gc2

Thay (3.15) vao (3.13) va bién d6i nhan dugc phwong trinh sau:

C C
hy, :C{ Un Jz :( K quﬁz =cﬁ2qfﬁ (3.16)
hee o) \Johey'
K2 e

trong do: ¢y, - dai lugng c6 thir nguyén, c,, = mhyzz = \/Z_h 3
¢ ghes

s/m?.

Véi tap dir li¢u thi nghiém cia 3 mo hinh, st dung phuong phép binh phuong

6i thidu xéc dinh duoc ¢, = 215 va % = %. Nhu vy cong thirc (3.16) tré thanh:
hy, 64 7
150 (3.17)

Bang 3.4 thé hién sai so tinh toan cua ty sb hy/he, so v6i dir liéu thi nghiém,
trong d6 SS = [cot (9) - cot (7)]/cot (7)%.

Két qua tinh theo cong thirc (3.17) cho thiy céc truong hop thi nghiém déu co
sai s6 dudi 5% (Hinh 3.23) ngoai trir cdp luu lwong Q = 372m%s cua mé hinh hd
My Binh ¢ phuong an TKKT (-6,12%). Véi cac truong hop tinh toan nho hon thi
nghiém, sai s6 16n nhat 1a -6,12% va nho nhat 13 -1,36%. Vi cac truong hop tinh
toan 16n hon thi nghiém, sai s6 16n nhat 1a 4,45% va nho nhét 13 1,14%. Hé sb

tuong quan bdi R? dat 0,95.
Ty s6 hy/he, dao dong trong khoang 1,01 + 1,24.

Hinh 3.23 cho thy sai sb ctia cong thirc (3.17) 1a nho nhét trong 5 cong thirc.
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Bing 3.4. Két qud xdc dinh chiéu sau dong chdy cuéi mdng theo céng thirc (3.17)

T Q b m hy heo hi/he, (h hp/he, SS
m%s) [(m)| () | (m)| (m) |Thinghiém | (m*s/m) | (3.17) (%)
M @ (@] @4 | 6| (6 () (8) 9) (10)
HO Dong Nghé
1] 328 |20 |0,500 4,24 | 3,860 1,098 16,40 1,121 2,01
2 | 390 |20 |0,5500 5,18 4,310 1,202 19,50 1,176 -2,14
3| 232 |20 0,500 |3,10 3,090 1,003 11,60 1,017 1,37
4 | 380 |20 {0,500 |4,74 | 4,240 1,118 19,00 1,168 4,45
5| 410 |20 | 0,500 |5,11 | 4,460 1,146 20,50 1,193 4,11
Ho Viét An (TKSB)
6 | 543 |38 |0,000 (3,88 3,640 1,066 14,29 1,078 1,14
H6 Viét An (TKKT)
7| 543 |28 | 0,000 |5,31| 4,460 1,191 19,39 1,174 -1,36
H6 My Binh (TKKT)
342 | 20 | 1,085 | 4,27 | 3,816 1,120 17,10 1,134 1,23
372 | 20 | 1,085 | 4,97 | 4,020 1,236 18,60 1,161 -6,12
HO My Binh (TKKN)
10| 250 | 20 | 1,085 |3,36 | 3,137 1,071 12,50 1,038 -3,03
11| 342 |20 | 1,085 | 4,44 3,816 1,164 17,10 1,134 -2,57
12| 372 |20 | 1,085 | 4,85 4,020 1,207 18,60 1,161 -3,80
6.0 i1
5.5 4
R?=0.9537 Ao
5.0 A
4 "" ‘n
4.5 = 16’ o5
— 40 A A s o0
é I"’,d, ‘0’
~§3'5 ,r’ ’/' - ¢om_
§3'0 Ml N m
< 25 e * -
2.0 | ==TN-TN = TN-Hinds + TN-Kiselev ~=-Sai s6 +5%
15 A TN-Beij O TN-Chién N. ® TN-TT = =5ai 56 -5%
15 20 25 30 35 40 45 50 55 60

By, thi nehiem (M)

Hinh 3.23. Do thi biéu dién sai so cua cdc cong thirc tinh
chiéu sdu dong chdy cuoi mang
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Vi két qua thé hién trén Bang 3.3, Bang 3.4 va Hinh 3.23 cho thiy cong thirc
dé xuét c6 do tin cay tét, kha ning tmg dung cao, sai s gip phai trong pham vi cho
phép. Pham vi ap dung cua cong thic (3.17) la:

HL

%‘N"lg —0,11+0,37
cuoi

Maing c6 do doc thoai (S < S, ) noi ti€p véi doc nude (Sy > S,.)

(3.18)

trong do: H - ¢t nudce tran (m); Lygyong - chiéu dai ngudng tran ngang (m); by -

chiéu rong day mat cat cudi mang (m).

Ngoai ra can chil y thém nhitng gidi han trén cia cac gi tri sau:
(1) Luu luong don vi trén mat cit cudi mang g, < 20,5m*/s/m.
(2) Chiéu rong day mat cat cudi mang b < 38m.

(3) Chiéu sau phan gidi he, < 4,5m (tinh theo (4.3) Vi a = 2,32).

(4) Khong ap dung cho trudng hop mang co6 dong gia nhap tir canh ddu mang
thong qua cong trinh diéu tiét dang cong (Hinh 4.20, Hinh 4.21).

Tuong tu cong thirc xac dinh hg (3.6), cong thirc (3.17) ciing can dugc kiém
dinh doc 1ap dé khang dinh do tin cdy. Tuy nhién, tip s6 liéu thi nghiém ctia 3 cong
trinh Pong Nghé, Viét An va My Binh khong du nhiéu dé thanh 1ap chudi phu
thuoc va doc l1ap. Cac mang tran bén Trangslet [60], Karahnjukar [60], Lyssbach
[60] va Markieh [61] déu c6 do dbc thoai (S < S¢) nhung ndi tiép lai 1a kénh
chuyén tiép cling c6 d6 ddc thoai trude khi chuyén sang dbc nude (S > S¢) (Hinh
PL1 + Hinh PL5 trong phy luc PL.1) nén khong théa man diéu kién ap dung (3.18).
Do d6, (3.17) chua du diéu kién thyc hién kiém chimg doc 1ap. Pay 1a mot han ché
cua cong thuc (3.17).

3.6. KET LUAN CHUONG 3

Bang ly thuyét va dir liéu thi nghiém mé hinh vat 1y ctia cac cong trinh thyc té
hd Déng Nghé¢, Viét An, My Binh dugc thyc hién tai Trung tam Nghién ctu Thuy
luc - Phong thi nghi¢m trong diém Quéc gia vé bong luc hoc song bién, mot sb dic

trung SVF trong mang tran bén duoc xac dinh gdm:
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1. Céu trac dong chay trén mat cit ngang tng véi 2 dang mat cit hinh chir nhat
va hinh thang c6 thé c6 1 hodc 2 xo4y, cac xody dong cap hoic xuét hién xody

thir cap phu thudc vao diéu kién thay luc va hinh hoc cia mang.

2. Quy luat phan b luu tdc rat da dang, bién d6i tir ddu mang dén cudi mang va
tir chan tran sang thanh ddi dién. Luu tdc binh quan thaly trec 16n nhat ¢ thé
xuit hién ¢ khu vuc chan tran hodc chuyén sang thanh d6i dién hoic ddng
thoi co cung luu téc I6n. Phan bd luu tée trén mat bang co quy luat chung 1a
khong xuat hién luu toc 16n nhat ¢ gitra mang. D6i v6i phan bd luu toc theo
thay truc c6 thé xuat hién dang phan bd logarit nhung vé co ban dang phan b

bién doi rat phuc tap trén mat cit ngang va doc mang.

3. Dudi tac dong cua luc dong gia nhap, hs thuong 16n nhat so véi cac vi tri con
lai trén mit cit ngang, ngoai trir mat cit cudi mang. hg bién déi doc theo
chiéu dong chay va c6 thé dat 1,38 lan hrg. Puong mit nudc trén mat cat
ngang cudi mang co thé khong xuat hién chiéu sau 16n nhat ¢ thanh mang ddi
dién phu thuoc thiét ké hinh hoc va ché do thay luc doan chuyén tiép.
hs duoc xac dinh theo cong thirc dé xuat (3.6) véi diéu kién ap dung (3.8).
Cong thuc (3.6) da dugc kiém chimg doc 1ap voi tap dir lidu thi nghiém cac
cong trinh Trangslet, Karahnjukar, Lyssbach va Markieh cho két qua dang tin
cay khi sai 6 tai cac diém tinh toan toan da phan nam trong pham vi +5%.

4. Su phuc tap caa phan bd luu toc din dén gid tri cac hé s6 phan b luu te bién
d6i lién tuc doc theo chiéu dong chay va tai tirng mat cat:

- Khu vuc ddu mang cé gia tri 16n nhat do luu tc léch han vé phia thanh
mang dbi dién, hé s6 o va o co thé dat gia tri lan luot 14 2,25 va 6,23,

- Khu vuc cudi mang, dong chay chuyén tiép sang doc nude nén phan bd luu
téc chuyén dan sang quy luat chung cua phan b trén ddc nudc, gia tri cac
hé s6 phan bo luu tc 1a nho nhat, c6 thé dat xap xi dong chay déu trén kénh
thong thuong. Hé s6 o, 16n nhat 13 1,33 va nhé nhét c6 thé xap xi 1,00. Hé
s6 o 16n nhét 13 1,74 va nho nhat 6 thé dat 1,02.

- Hé sb ag va o trung binh bién d6i giam tir ddu mang dén cudi mang, o =
2,02+ 1,08 vaa =4,84 +1,21.
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- Gia tri trung binh toan dong chay cia cac hé sé nay duoc xac dinh lan luot
13 ap = 1,41 va a = 2,32 véi diéu kién ap dung (3.8). Gia tri nay phu hop
véi dong chay c6 su xao tron manh nhu nghién ciru cua Kotrin [72] tai mat
cit cira ra cua tunnel tram thay dién.

5. Chiéu sau hy, theo 1y thuyét ndi tiép duong mit nude trén kénh 1a chiéu sau
phan gidi h, khi dong chay trén mang c6 S < S, ndi tiép vai doc nudce c6 So >
S.. Tuy nhién, dir liéu thi nghiém cho thay h, = (1,32 + 1,61)h; (he; tinh V6i
o = 1,00) va h, = (1,01 = 1,24)h,, (h tinh véi a. = 2,32). Su bién doi cua hy,
phu thudc chii yéu vao luu lugng don vi ciia mat cat cudi méang o, ngoai ra
cling phu thudc vao thiét ké hinh hoc doan chuyén tiép. Truong hop dac biét,
khi méang c6 dong gia nhap tir canh dau thong qua cong trinh diéu tiét dang
ctra van thi h, = he, do luc day cua dong xiét dudi cira van lam suy giam thé
nang dong chay trong mang. h, dugc xac dinh theo cong thic dé xuat (3.17)
Vv6i diéu kién ap dung (3.18). Tuy nhién, trong diéu kién han ché cua tap dix
liéu thi nghiém nén (3.17) chua duoc thyc hién kiém ching doc lap.

Nhu vay, hé phuong trinh (2.28) da dugc khép kin bang cac hé s6 phan bé luu
tdc va diéu kién bién cubi mang tir dit liéu thi nghiém trén mo hinh vat 1y. Bé ddnh
gia hiéu qua mo ta chuyén dong cua phuong trinh vi phan (2.28) hay hé phuong
trinh dai s6 tuyén tinh (2.53) can mot chuong trinh tinh thich hop, ¢ giao dién than
thién, dé str dung va hién thi két qua tuong minh.
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. Chuong 4
) ) LAP TRINH VA UNG DUNG ) .
TINH TOAN PUONG MAT NUOC TRONG MANG TRAN BEN

4.1. THUAT TOAN MO HINH USVF1D

4.1.1. Thuat toan chung ciia mé hinh

Mo hinh toan dong chiy khong on dinh 1D ¢6 luu luong thay doi theo khong
gian voi 161 12 hé phuong trinh vi phan (2.28) duoc sai phan theo so do 4n 4 diém
thanh hé phuong trinh dai s tuyén tinh (2.54). M6 hinh dwoc dit tén 1a USVFID
(One Dimensional Unsteady Spatially Varied Flow). Thuat toan chung cia mé hinh
(Hinh 4.1) nhu sau:

BAT DAU

Goi module THONGSOCONGTRINH—» Goi module THONGSOMOHINH

!

S6 phuong trinh = Sopt =2(N + 1) |« N = s6 doan mang

'

0 <«—{ Nghiém = Sopt + 1

+1 (> S6lanldp:Nlap=0F+ T=T+deltaT

A l
Bién trén: x(2) = bienQ
Bién dudi: x(2N + 1) = bienZ
Bién nhap: g = gnhap
l Cot nudc tran: H = Htran

y

Nlap = Nlap + 1 j¢—

Goi module HESOPHUONGTRINH

Piéu kién diing

Pung

In két qua clia budc thoi gian T Sai ETTHUC

Pung

—
Il

—
+
—_
A 4

Sai

j>N
Pung
Goi module KHUDUOI

Hinh 4.1. Thudt toan chung ciia moé hinh USVFI1D
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- Thiét 1ap cac thong sb cua cong trinh dudng tran ngang va mang tran bén cho
md hinh bang module THONGSOCONGTRINH.

- Thiét 1ap cac thong sé mo hinh bang module THONGSOMOHINH.

- Xac dinh s6 doan mang tir viéc thiét 1ap thong s6 mé hinh va sb phuong trinh,
sb nghiém can tim cua hé phuong trinh dai s6 tuyén tinh.

- Thuc hién vong lip theo budc khong gian 10ng trong vong lip theo budc thoi
gian thiét l1ap hé phuong trinh dai s6 tuyén tinh bang module
HESOPHUONGTRINH va giai hé phuong trinh dai s6 tuyén tinh theo phuong
phap khir dudi bang module KHUDUOI.

- Kiém tra diéu kién dirng vong lip va in két qua.

- Cac qua trinh tinh toan trén duoc tiép tuc thuc hién cho cac budc thoi gian sau
va md hinh dirng mé phong khi téng sé budc thai gian bang tong thoi gian mo
phong cta qua trinh dong chay.

Véi thuat toan chung nay, mé hinh USVFID cho phép ngudi dung thiét l1ap
cac thong s6 hinh hoc cua mang tran bén, thong s6 cua mo hinh, cac diéu kién bién,
diéu kién ban dau. T cac théng sé dau vao, mo hinh sé& thyc hién thanh 14p ma tran
hé s6 ciia hé phuong trinh dai s6 tuyén tinh va tién hanh giai hé phuong trinh bang

thuat giai khir dudi dé xac dinh nghiém.
4.1.2. Mt s6 module chinh

1. Module THONGSOCONGTRINH

Module THONGSOCONGTRINH cho phép ngudi dung tiy bién cac thong sb
hinh hoc cua dudng tran ngang va méang tran bén gdm cao trinh ngudng (Zguong);
chiéu dai dudng tran ngang (Luguong); dO dbc day mang (So); chiéu rong day mat cit
dau mang (Baiu); chiéu rong day mat cit cudi mang (B.u4); cao do day mat cat dau
mang (Zgw); go¢ Mo rong ciia mang (), néu ¢ = 0 1a mang lang try, néu ¢ > 0 1a
mang phi ling tru m& rong dan; goc hop béi phuong dong gia nhap véi ngudng tran
(B); hé s luu toc cua tran () dugc tra bang 1ap sin 1ay theo [3]; hé s6 luu luong
(m) phu thudc vao loai tran, cdt nude tran H va chiéu cao dap so véi day thuong luu
(P10) [3] nén dugc xac dinh theo so d6 khdi Hinh 4.2.
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(He s8 luu lugng )

Loaidap =Thanh méng |
HesoQ(Trugaev/Badanh/Reybhock)

Loaidap = Dinh rong |

| Loaidap = Thuc dung | | Kiém tra lai théng s6 cong trinh |—>
i Mat cit I~ Mat cit ) Suachuahinhdang =
chirnhat cong chd(gocdinh, gocchan, e/PTL)
bung
|HesoQ —0,42(0.79 + 0,1 85H/8)| |Suachuacotnuoc = oH(gocdinh, H/HTK)l
HesoQ = HesoQtieuchuan*
—>| HesoQ = HesoQ(P/H, maiTL, m1, H/3) | Suachuahinhdang*Suachuacotnuoc
> =< Két thac )47

Hinh 4.2.Thudt todn xdc dinh hé sé lwu lwong

2. Module THONGSOMOHINH

Module THONGSOMOHINH thiét l1ap cac thong s6 mic dinh hoic tuy bién
cho mé hinh toan USVF1D, gém trong s sai phan theo khong gian ddi véi bién Q
(Mo)s bién Z (n2); trong sb sai phan theo thoi gian véi bién Q, Z 1dy mic dinh 13 0,5;
cac hé sb stra chita dong ning (o), dong luong (o) duoc thiét 1ap trung binh cho
toan dong chay (muc 3.4.2); diéu kién ban dau (Qo1, Zo1, Qoz, Zop); lwu luong déu
mang (luu luong gia nhap tur canh dau cua mang, Qo); sb6 doan tinh toan (N), budc

thot gian tinh todn (dt).
3. Module BIEN
Module BIEN cho phép thiét 1ap va tinh toan cac diéu kién bién:

- Bién luu lugng gém qua trinh lvu lugng gia nhap tir canh dau méang Qo va qua
trinh Iuu lugng Xa qua tran theo thoi gian (Quan) duogc tinh tir dién bién cot
nudc tran theo thoi gian (H).

3
Quan = MLy guong 29H 2 (4.1)
Puong qué trinh H do nguoi dung thiét lap, hé s luu lugng M, Loguong léiy tw
module THONGSOCONGTRINH.
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- Bién dudi 1a qua trinh muc nuéce cudi mang bén theo thoi gian:
Zy =hy +Zy (4.2)
Nhu da phan tich, voi cac cong trinh mang bén trong pham vi nghién cuu,
chiéu sau dong chay tai mit cét kiém soat tng voi mit cit cudi mang bén (hy) 1a
chiéu sdu phan gidi (he). Mit khac, muc 1.2.1 ciing phéan tich hinh dang mat cit
mang tran bén chu yéu 1a hinh chitr nhat hoac hinh thang. Do dé, h, dugc xac dinh
theo cong thire cua Binh H.N. [37] nhu sau:
2
trong do:
h,,, - Chicu sdu phan gi¢i cia mat cat hinh chit nhat ¢6 cung chiéu rong day voi

mat cit mang, m,

’aQZ
hCCN =3 g? (44)

oen - hé s6 khong thir nguyén, xac dinh theo cong thuc:

M - hé s6 mai trung binh (Hinh 1.3a, b), khi M =0 thi (4.3) tro thanh (4.4),
(4.6)
Co, C1, Cz - cac hé 6 phu thudc oey:

+ ¢, =100;¢c, =— 3 C2 =0,105 khi 0 < ocy £ 1,

+ ¢, =0,939; c, =—% ¢, =0,031 khi 1 < oey < 2,

+ ¢u=0878¢, =—%/; ¢, =0,013 khi 2 < ooy <3,

+ ¢, =0,818; ¢, :‘%1; ¢, =0,007 khi 3 < ocy < 4.

Tuy nhién, theo phan tich trong muc 3.5 thi hy > h, nén hy, dugc tinh chuyén tu
h. theo cong thire (3.17).
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Thuat todn nhap gia tri cac bién vao ma tran bién nhu Hinh 4.3. Trong do
bienT 14 thoi gian, bienQO 14 luu luong gia nhép tir canh dau mang, bienH 1a cot
nudc tran, bienQben 14 luu lugng thdo qua dudng tran ngang tinh theo cong thuc
(4.1), bienZ tinh theo cong thc (4.2) va Nchuoi 14 tong sb thoi doan cua bién.

(‘Piéu kién bien )

A

bienT(i) = Cell(i,1)

bienQO(i) = Cell(i,2)

bienH(i) = Cell(i,3)

bienQben(i) = Qtran(bienH(i))/Lhguong
bienZ(i) = hh(hc(Qtran(bienH(i)))) + Zcuoi

, , ADOH
C Két thuc ):Sal i < Nchuoi 9

Hinh 4.3. Thudt toan nhdp gia tri bién vao ma trdn bién

4. Module BANDAU

Module BANDAU duing dé thiét 1ap diéu kién ban dau cho mo hinh. Piéu kién
ban dau gém 4 gia tri 1a luu lugng Qpy, muc nudc Zy; ¢ mat cat dau va Qgp, Zoy &
mit cat cudi. Thuat toan thiét lap diéu kién ban dau cho mé hinh dugc mo ta nhu so
do khéi Hinh 4.4,

(Dié‘u kién ban déiu)
Q01 = bienQ0(1) -
Q02 = Q01 + Qtran(bienH(1)) | | Q012=(Q01T +Q02)/Lmang
Z02 = bienZ(1) — 2012 =(Z1-Z2)/Lmang
Z01 = 202 + S0*Lmang 1=0 )
Mo oi=i+1
bung
bandau(i) = Q01 + Q01242 (122 -1=0 —
Sai
Dung bandau(i) = Z01 - Z012%(i\2)

Sai
C Két thuc )

Hinh 4.4. Thudt todn thiét lgp diéu kién ban dau
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Qq: duoc gan 1a luu lugng gia nhip Qo tai thoi diém dau tién. Qq, duoc gan 1a
té)ng luu luong x4 qua tran Qy, va luu luong gia nhap Qq & thoi diém dau tién. Zy,
duoc gan la myuc nude cudi mang Z, ¢ thoi diém dau tién, Zg; tinh tir Zg, va do dbe
day mang, Zy, = Zp, + SoL. Luu lugng va myc nudc ban dau & cac mat cit khac
dugc phan bo tuyén tinh tir cac gia tri khéng ché & mat cit dau va mit cat cudi. Tuy

nhién céac gia tri ban dau ciing c6 thé duoc thiét 1ap tiy bién theo ngudi ding.

5. Module DACTRUNG

Module DACTRUNG hd trg tinh toan va xac dinh cac dic trung thuy luc cia
mit cét gém dién tich mat cit uét (A), chu vi mat cit udt (P), ban kinh thuy luc (R),
chiéu rong mat thoang (B), module luu lugng (Kg). Céc dac trung nay dugc tinh

cho mat cat hinh thang.

A =h(b+mh) (4.7)

P:b+h(\/1+m12 +\/1+m§) (4.8)
A

R=2 4.9
B (4.9)

B=b+2mh (4.10)

B:B;b:mmh (4.11)

1 2
Kq :HARA (4.12)

trong do:
n - hé s6 nham, (-), d6i v6i mang tran bén c6 thé lay n = 0,012 + 0,017 phu thudc
vao vat li¢u lam mang;
M - xac dinh theo cong thic (4.6).
6. Module DIEUKIENDUNG
Module DIEUKIENDUNG dung dé kiém tra diéu kién ding ctia qua trinh lap
tim nghiém gan dung khi sai s giita nghiém cua lan 1ap trudc va lip sau théa min

sai s6 16n nhét cho phép. Thuat toan cia module duwoc mé ta nhu Hinh 4.5.
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('Piéu kién diing )
!
i=0
!
S i=ie1 o] dxi=xm-xa6

T bung
temp =0 W

Sai
temp = abs(dX(i)/(dX(i)+ X(i))

bung

bing
i<2(N+1)

Stop =temp

Stop < 0.001 >ai Khong thda man diéu kién ding

Bung l
Thoéa man diéu kién dung 4>( Két thuc )

Hinh 4.5. Thudt todn module diéu kién dirng

7. Module HESOPHUONGTRINH

Module HESOPHUONGTRINH dugc thiét 1ap dé tinh cac hé sb trong ma tran
hé s clia phuong trinh ma tran (2.55). Céc bién va an duogc khai bao va tinh toan
trong module gdm muc nuéc Z, luu luong Q tai diém dau, diém cudi tng véi cac
thoi diém trude va sau; dién tich w6t A; chiéu rong B; module luu lugng Ko; sb
Froude Fr; @6 dbc thuy luc Sg; d6 dbc day mang Sg; hé sd ty 1& luu toc ng; hé sb ty 16
lwu lwong ky; cac hé s6 trong phuong trinh sai phan ctia phuong trinh lién tuc (2.40),
phuong trinh chuyén dong (2.48); va cac hé s6 khac nhu trinh bay trong muc 2.4.1
va 2.4.2.

8. Module KHUDUOI
Thuat toan khir dudi duogc thiét 1ap trong module KHUDUOI gitip cho viée
gidi phuong trinh ma trdn c6 ma tran h¢ sb dang bang dugc nhanh va tiét kiém bo
nhd, ting tbc do tinh toan so véi viée giai bang phuong phap khir Gauss kinh dién.
T6 hop bién lwu lwong Q = Q(t) tai mit cit dau va muc nude Z = Z(t) tai mat
cit cudi duoc bd sung vao hé phuong trinh (2.54). Nhu vy, Q; trong phwong trinh
(1) va Zys1 trong phuong trinh (2N) cta hé (2.54) d4 biét. Trinh tu khtr dudi dé thiét

lap cac cong thirc xac dinh Q va Z tai cac di€ém nuat nhu sau:
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- Tu phuong trinh (1) cta hé (2.54) rut ra dugc cong thic tinh Z;:

Z, =(aa), Z, +(bb), (4.13)
voi: (aa), = - Ecc:igl (4.14)
1
—Q, +(C
(bb), = %13)1 (4.15)

- Thay (4.13) vao phuong trinh (2) cta h¢ (2.54) rut ra dugc cong thic tinh Z,:

Voi: (aa), = - L (4.17)
(C5 )1 (aa)l + (C4 )1
bb). = _(CS )1 (bb)l + (CG )1
(Cs), (aa), +(Ca)y
Cac hé s6 Cy, C,, C3 va Cy, Cs, Cg tinh theo (2.50) va (2.52).
- Thay (4.16) vao phuong trinh (3) cua h¢ (2.54) rut ra dugc cong thirc tinh Qy:
Q, =(aa), Z3 +(bb), (4.19)
;. (CZ )2
VOI: aa), =— 4.20
) = 1), (), 420
_(Cl)z (bb)z + (C3 )2
bb), = 4.21
(00 == (), (aa), (4.20)
- Thay (4.19) vao (4.16), sau d6 thay vao phuong trinh (4) cta h¢ (2.54) rat ra
dugc cong thirc tinh Zs:
Z3 :(aa)4 Q3 +(bb)4 (422)
voi: (aa), =- : 4.23
* 7 (Cs), (), (aa), +(Ca), 429

_(CS )2 (aa)z (bb)g B (CS )2 (bb)z + (CG )2
(C5 )2 (aa)z (aa)s + (C4 )2

Tiép tuc thuc hién thé va bién doi ddi véi phwong trinh lién tuc dé nhan dugc

(bb), = (4.24)

cong thuc xac dinh luu luong Qj.; & mat cat trude 1a ham sd ctia myc nude Z; & mat
cit sau. Thyc hién twong ty v6i phuong trinh chuyén dong dé nhan dugc cong thic

xac dinh myc nudc ¢ mat cat sau Z; 1a ham so cua luu lugng Q; tai mat cat do.
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Tién hanh theo trinh tu thé va khir trén cho dén doan thit N s& xac dinh dugc
cong thie tinh Qy tai mit cit N tir phuong trinh (2N - 1) ctiia hé (2.54) va Zy.q tai
mit cit cudi tir phuong trinh (2N) ciia hé (2.54). Cu thé nhu sau:

Qn =(a),5_4 Znsa +(00),y 4 (4.25)
. (Ca)y
VoI (aa),\ ,=— (4.26)
2N-1 1+(C1)N (aa)ZN_2
bb _ _(Cl)N (bb)zN_z +(C3)N
( )ZN—l - 1+(C ) (aa) (4-27)
1JN 2N-2
Zny = (aa)2N Qnu +(bb)2N (4.28)
. 1
voi: (aa), =— 4.29
2N " (Co)y (a@) 5 (80, + (Ca)y (4.29)
(bb) _ _(CS)N (aa)zN—z (bb)zN—l _(CS)N (bb)ZN_z +(CG )N (4.30)
2N (CS)N (aa)ZN_z (aa)zN_1 +(C4)N
( Knudusi )
i=1 F Goi module HESOPHUONGTRINH |- Q(i) =BienQ
aa(i+1) = -1/(C5(i)aali) + C4(i)) : —~—
Y (TN . aa(i) =-C2(i)/C1(i)
o it e P e e [ bbi =0t + C30CT)

A

Z(i+1) = aa(i+1)Q(i+1) + bb(i+1)

Z(i} = aa(i)Z(i+1) + bb(i)

aa(2i-1) =-C2(31)/(1 + C1(i)aa(2i-2)) aa(2i)

bb(2i-1) = (-C1(i)bb(2i-2) + C3(i))/ N bb(2i)
(1 + C1(i)aa(2i-2))

Q(i) = aa(2i-1)Z(i+1) + bb(2i-1)

-1/(C5()aa(2i-2)aa(2i-1) + C4(i))
(-C5(i)aa(2i-2)bb(2i-1) - C5(i)bb(2i-2) + C6(i))/
(C5(i)aa(2i-2)aa(2i-1) + CA4(i))

Z(i+1) = aa(2i)Q(i+1) + bb(2i)

Sai

Q(i+1) = (Z(i+1) - bb(2i))/aa(2i)
Q(i) = aa(2i-1)Z(i+1) + bb(2i-1)

i>N

Pung

«— i=N [{Z(i+1)=BienZ

v
i=i-1 [«
l Sai
Z(i+1) = aa(2i)Q(i+1) + bb(2i) N
Q(i) = aa(2i-1)Z(i+1) + bb(2i-1)
Pung

( Két thuc )

Hinh 4.6. Thudt todn module khir duoi
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Str dung diéu kién bién dudi cho trudc, Zy., tai thoi diém tinh toan duge xéac
dinh. Thay Zy.; 1an luot vao (4.28) va (4.25) tim duoc Qu.q, Qn clia mit cit cudi va
dau doan N. Tiép tuc thay nguoc 1én cac cong thirc tinh Z va Q cho cac doan trudce

s& tim duoc toan bo 4n trong vector nghiém cua phwong trinh ma tran (2.55).
So d6 khéi thé hi¢n thuat toan khir dudi nhw Hinh 4.6,

Vi hé sd trong cac cong thirc tinh Q, Z tai diém nut ciing phu thudc vao an nén
qua trinh tim nghiém gan dung cla toan b an trong vector nghiém tai thoi diém
tinh toan duoc tim bang phwong phap tinh ldp nhu da trinh bay & thuat toan chung
(Hinh 4.1).

4.2. XAY DUNG CHUONG TRINH TiNH
4.2.1. Cong cu lap trinh

Céc chuong trinh hay thil tuc trén mdy tinh c6 thé duoc tao ra boi cac cong cu
lap trinh khac nhau. Hién nay c6 nhiéu ngon ngit 1ap trinh, phd bién nhu Java,
Python, C, C++, SQL... dugc st dung trong nhiéu linh vuc v4i nhitng thé manh
riéng cuia tig ngodn ngit. Trong linh vuc co hoc thuy khi, cic mé hinh s6 thuy dong
Iuc hoc thudng lwa chon ngdn ngit 1ap trinh Fortran. Tuy nhién, v6i dic diém méang
tran bén 13 kénh don c6 mat cit don gian, chiéu dai mang khong qua 16n nén co thé
stt dung nhitng cong cu lap trinh phd théng. Mot trong nhitng cong cu lap trinh d6
VBA (Visual Basic for Applications).

£ Microsoft Visual Bsicfor Applications - USUFLD Vel Ol - [USVFID (Code)] M = [t
il File Edit View Inset Format Debug Run Tools AddIns Window Help Type a question for help o8 x
HE =" | BA 9 PoUER XFE @ nascln B
Project - VBAProject 1] [(Generan | [run_usvrio -]
=) L3 5] [ MELIN PIOGTAN ———— oo ) j
heet 15 (Gndinh_Binh) B Sub Run_USVFLD()
heet? (USVF1D)
hest3 (Q) 5 = "Heso_ET.TXT"
] sheetd (V) filePro = FreeFile 'file du lieu ra cua he dai so tuyen tinn
LBF] SheetS () Open S For Output As filePro
i BH) Sheats (H) Tile = "s0 an hinh chu nhat tuven tinh"
£BF] Sheet7 (Temp)
*-4g] Thisworkbook = Call Nnapsolieu Mang
-3 Modules Call Thongso
i+ Moduket ReDim Xx (1 To m) As Double
L8} SVFID ReDim Yy (1 To m) As Double
(- 1LY b ReDim Uu(l To m) As Double
Properties - USVFLD x| ReDim Vv (1 To m) As Double
ReDin Ww (1 To m) As Double
USVFID Hodule =] ReDim Rr (1 To m) As Double
Alphabetic | Categorized |
USVFLD =0
T0O = 0 '- dt / 3600
Sopt = 2 *m + 2
Nghiem = Sopt + 1 '(cot, vec to C la cot cuoci cua &)
DONG = 18
Dong0 = 18
Do 'Vong lap thoi gian
Lanlap = 0
I=1I+1
TO = TO + dt / 3600
X0 = x ' gan nghiem truoc
%(2) = NOISUY (N, TO, bienT, bienQ) ' Die ien ren
x{2 * m + 1) = NOISUY(N, TO, bienT, bienZ) ' en ben duoi
gl = NOISUY (N, TQO, kienT, gnhap) ' diesu
Htrt = NOISUY (N, TO, bienT, Htr)
Do 'vong lap dung tung buoe
Lanlap = Lanlap + 1 =
5= < | W

Hinh 4.7. Giao di¢n cong cu lgp trinh VBA trong phin mém Microsoft Excel
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VBA 14 san pham cua Mircosoft, duoc tich hop trén tit ca cac ung dung cia
Mircosoft, than thién va phd bién véi da phan ngudi dung may tinh hién nay. Cac
dong 1énh thuc thi cia VBA dugc viét trén giao dién VBA Editor kh4 don gian gitp
ngudi dung cé thé chi dong xay dung ham hodc thu tuc dé tr dong héa moi trudng
lam viéc (Hinh 4.7). Do d6, VBA dugc lya chon dé lap trinh trong phin mém

Microsoft Excel nham tan dung tinh nang ki€m soat va xtr ly so liéu ciia phan mém.

4.2.2. Thiét ké chwong trinh USVF1D

M6 hinh thuy dong luc hoc SVF khong 6n dinh 1D (USVF1D - One
Dimension Unsteady Spatially Varied Flow) dugc thiét ké trén mot tép Excel véi
cac trang 1am viéc (Sheets) khac nhau va két ndi voi nhau bang cac ham c6 sin hoic
cac dong 1énh dugc viét trong VBA.

Céc trang lam viéc chinh cia USVF1D gom:

- USVFID la trang thyc thi mo hinh, thé hién qué trinh tinh toan ctia mé hinh
va két qua théng ké qua trinh thyc thi cia mo hinh USVF1D (Hinh 4.8) nhu sb

vong 13p caa budc tinh, sai s6 cua bude tinh, cac hé 6 ng, Ko, K, K;.

= s USVFID_Ver3.0.xlsm - Microsoft Excel (Product Activation Failed) o @ =)
Home | Inset  Pagelayout  Formulas  Data  Review  View  Developer  ABBYYFineReader12 2 @od =
=% cut . - = ) = = TFh FE] T Autosum -
calibri -1 E- 3 S Wrap Text General - ) = - T " >
B copy = i @] Fin - Z
Paste BIU S Merge & Center - | § - % » | %3 ;% Conditional Format Cel | Insert Delete Format Sort& Find &
F Format Painter B wers % > Formatting - as Table - Styles~ |~ - - | ZCesrT  Filters Select-
Clipboard Font Alignment Number Styles Cells Editing

A B c D F G H 1 J K L M N

v
E E
DONG BIEN LUONG KHONG ON DINH 1 CHIEU E|

1
2 | USVF1D Programme - ONE DIMENSION UNSTEADY SPATIALLY VARIED FLOW
3 Copyright (C) 2016 - 2020
a
5
6 USVFID
7 XONG!
8
9 Cac thong 50 cua mo hinh
10 Trong 50 sal phan theo khong gian voi bien Q: 0.5; bien : 0.66 Thong ke Lan I3p Sai 58
1 Trong so sai phan theo thoi gian voi bien Q: 0.5, bien Z: 0.5 Max 4 0.000998115
12 Buoc thoi gian: Sgiay Téng 26176 2.366913786
13 Buoc khong gian: 1m
14 KET QUA TINH
Buoctinh  Thoigian Solan lap Sai so max kLmax
20 1 0.00 3 0.000785733 0.6894168
21 2 0.00 3 0000435452 09950000
22 3 0.00 4 7.72165E-05 09950000
23 4 0.01 3 0.000868522 0.9950000
24 5 0.01 3 0.000854817 0.9950000
25 6 0.01 a 0.000350905 0.9950000
26 7 0.01 a 0.000450732 0.9950000
27 8 0.01 a 0.00057119 0.9990000
28 9 0.01 a 0.000700693 0.9990000
29 10 0.01 a 0.000540535 0.9918720 -
warvusvaD[a w1 (30}
Reacy | 23 | [E@m 100w = 0 ®)

Hinh 4.8. Giao dién trang tinh USVFID
- Thongso la trang dung dé thiét lap cac thong sé cho cong trinh va mé hinh:

+ Théng sb cong trinh can dugc thiét 1ap gom chiéu dai ngudng tran, cao do
ngudng tran, hé sb luu toc, luu luong cua tran, chiéu rong canh dau, canh
cubi mang, d6 doc day mang... (Hinh 4.9).
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¥ d9- o B 0R
Home Insert Page Layout Formulas Data Review View Developer ABBYY FineReader 12 @ e o B
i’z:;y } calibri -1 =] ®-  Siwaprted General - ijj ﬁ;‘g ,’—;‘d‘ Eﬂl % IE ;:"‘tis“m N ‘i? Cﬁ
Fromatroner [B] 7 0 - 23+ Efveseuconial] s - v+ 88 oo o e | TP pawe U IR
Clipbaard 5 Font 5 Alignment 5 Number 5 Styles Cells Editing
A3 - Je | CACTHONG 58 CUA CONG TRINH VA MO HINH v
A B C D E F G H 1 J K L M =
1 DONG BIEN LUONG KHONG ON BINH CHUYEN DONG 1 CHIEU
2 USVFLD Programme - ONE DIMENSION UNSTEADY SPATIALLY VARIED FLOW
3 Copyright (C) 2016 - 2020
2
5
5
7
8
9
10
1 i Théng s& cong trinh [ Ry
12| 1 |Téncéngtrinh HB M§ Binh 0y [
13| 2 |ChiBudaingudngtran Loguii m 70 70 Ba? Quy Vayp-oi2
14 3 |Cao dd ngudng tran Zoerstng m 28 o Vi ~ By
15| 4 |Caod( day thugng tran Zsom m 275 it Gt 2-2
16 5 |Chigurdngcanh dadu méng Bz m 5 I
17| 6 |ChiBuréngcanh cui mang Bos m 20
18| 7 |Caodd ddy mat cit d4u mang Zss m 25.55
19| 8 |ChiBudai canh mang phia tran [ m 70
20| 9 |Dddbcddy mang So [ 0.03
21| 10 |H&s8 mai ddc mang phia tran m, [-] 1.67
22| 11 |H& s8 mai dc mang phia d8i dién m, [] 0.5
23| 12 |Hés8 nham clia mang n 3] 0.014
i« 4 v+ B_Thongso {14 W )
Ready | 73 | |[FE@ @ 1003 v

Hinh 4.9. Cdc théng so thiét ldp cho céng trinh

+ Thong s6 mo hinh gdm trong sb sai phan theo khong gian ddi véi bién Q va
bién Z; budc thoi gian tinh toan; sé doan mang tinh toan (budc khong gian
tinh toan) (Hinh 4.10).

+ Dicu kién bién trén gom bién gia nhap ¢ canh dau mang va bién gia nhap &

- A

canh bén 13 chudi cot nude tran hodc luu luong theo thoi gian (Hinh 4.10).

e S e———

Home | Insert  Pagelayout  Formulas  Data  Review  View  ABEVY FineReader12 a@o@ =
= Cut . = ) 7 Fam T R AutoSum -
B & Cu Calibri S AW B SiWrapText Genersl - ﬂjﬂ' L_“d = i [ utoSum }JY \ﬁ
“— 23 copy - - . & Fin - =
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Clipboard y Font u Alignment y Number y Styles Cells Editing
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21 1 |Trongsé sai phan theo khéng gian v N L1 05
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36| 3 |Buwdcthdigian tinh todn At Gidy 5
37| 4 |53 doan mangtinh todn N -] 70

‘Digu kién bién gia nhdp & canh bé&n Gid tri

40 56 thivi doan chudi bién Nizp [-] 37 $6 thei doan chudi bign Niizn -l 37
41 Budre thivi gian chudi bién Aty Gigr 1 Budc thii gian chudi bign Atgz, Gid 1
42| 0 |Cétnwdctranthe HO m 1.55 241.03 0 |Lru lvgng tha dim 0 gier Qdiuo | mafs 0.00 0.00
43| 1 |Cotnwdctranthe H1 m 1.56 243.55 1 |Lww lvgng tha didm 1 giet Qdsul | ma/s 0.00 0.00
44| 2 |Cotnwdctranthe H2 m 1.57 246.08 2 |Lwu luvgng thai didm 2 gier adsu2 | mafs 0.00 0.00
45| 3 |Cotnwdctranthe H3 m 1.58542 250.00 3 |Lwu lugng thai didm 3 giet Qdius | ma/s 0.00 0.00
46 4 |CBtnwoctranthe H4 m 1.58542 250.00 4 |Lru lvong thoi didm 4 giey Qdaud m3/s 0.00 0.00
47| 5 |CBtnwoctranthe H5 m 1.58542 250.00 5  |Lwu lvong thoi didm 5 giey Qd3us m3/s 0.00 0.00
48| 6 |CBtnwoctranthe H6 m 164 264.06 6 |Lwu lvong thivi diém 6 giey Qd3ub m3/s 0.00 0.00
49| 7 |CBtnwdctran thd H7 m 174 290.58 7 |Lwu lvgng thoi diém 7 gir Qdiu7 m3/s 0.00 0.00
50| 8 |CBtnwdctran thdi H8 m p:% 318.06 8 |Lwu lwong thivi didém 8 gi! Qdiug m3/s 0.00 0.00
51| 9 |C&tnwdctran thdi H9 m 1.924456 342.00 9 |Lru lwong thivi didém 9 giy! Qdaug m3/s 0.00 0.00
52| 10 |Cétnudctran thoi H10 m 1.924456 242,00 10 |Lwu lvgng thai diém 10 gicr Qdauo | m3/s 0.00 0.00
53| 11 |Cotnudctran thoi H11 m 1.924456 242,00 11 |Lww luvgng thiri didm 11 g Qdaull | ms3/s 0.00 0.00
PR ;a;_;‘;:‘;;:m:h‘”a" 19 ais u12 —1s 12 sa EET thixi Fidm 19 mic adsr | male nonn non
Ready | [ETm 0% = 0

Hinh 4.10. Cdc théng sé thiét lip cho mé hinh va bién gia nhip
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- Tracdoc thé hién két qua tinh cac dic trung luu lwong, muc nude, luu toc...
doc méng tai cac thoi diém khac nhau bang d6 thi (Hinh 4.11)

- s s (Product Activation Fa = B
“Hume Insert Page Layout Formulas Data Review | View Developer  ABBYY FineReader 12 a@o@ =
: = = . e [ 1 = spiit = %
Rules v < : -« =
B L @ E g geew § [F ] 2 5 B2 =1 =
Normal| Page PageBreak Custom Full | [ Gridlines Headings Zoom 100% Zoomto | Mew Arange Freeze Save Switch | Macros
Layout Preview  Views Screen Selection | Window Al Panes~ [ Unhide Workspace Windows = | -
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A5 - e | My nuoc phan gigi zc (m) v
A B C E 1 J K L ™M N o P a R s ?
1 NG BIEN LUQNG KHONG (]
2 USVF1D Programme - ONE DIMENSION UNSTEADY SPATIALLY VARIED FLOW
3 Copyright (C) 2016 - 2020
a
5
6 =|
7
s srrrrrmTRTETR TR TR TR TIIE
E] CHE DO THUY BONG LU'C HOC DOC MANG
Myc nwoc phan gidi Ze (m) doc mang taithai diém 17 gic U
29.00
. 2850
o im, 7 e
[Mye nuec phan gici 2o (m) |~ &
5 2750
= 27.00
&
£ 2650
s
3 4
£ 2600
2
g 25.50
£ 2500
o 10 20 30 40 50 60 70
Toa 46 méng (m)
25 -
WA v KO A4 i |
Ready | 3 | [Eom w0 = V] {#)

Hinh 4.11. Két qua tinh todn theo tric doc mdng

- Tracngang thé hién két qua tinh cac dic trung luu luong, muc nude, luu tic...
tai cac thoi diém tinh toan trén cac mit cit khac nhau bang d6 thi (Hinh 4.12).

[ B AR Vi g (Product Activation Failed) o & =
“ Home Insert Page Layout Formulas Data Review View Developer ABBYY FineReader 12 @ e o B
E = 5 . e [ 1 = split = %
Ruer @ 1 -
@ OE e s § 2 g ==
Normal| Page PageBreak = Custom Full Gridiines [] Headings Zoom 100% Zoomto | Hew Arrange Freeze - Save Switch | Macros
Layout Preview  Views Screen Selection | Window  All  Panes~ [ Unhide Workspace Windows = | -
Workbook Views Show Zoom Macros
| 2 - | Leutéctrung binh v (m/s) ~
] K L ™ N o 3 a R |
1 E
2 USVF1D Programme - ONE DIMENSION UNSTEADY SPATIALLY VARIED FLOW
3 Copyright (C) 2016 - 2020
2
s
6
7
5 R ———
s
| [EEPEE Luu téc trung binh v (mis) tai mat cat MC30
13
180
14 J
15 - 180
16 = 179
-1
17 08 178 = 179
18 1 178 B 179
13 12 178 8 179
20 13 178 z 179
3
21 15 178 s
22 17 178 o
= 18 L78 o 5 10 15 20 25 30 35
24 2 178 Thot gian, T (i)
25 22 178 54
14 v 1 [B_KQmatcat o] 4 il ] L1}
Select destination and press ENTER o choose Paste I [EOm 100 © 0 'C)

Hinh 4.12. Két qua tinh todn trén mdt cit ngang
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4.2.3. M nguon ciia USVF1D

USVFID duwoc xiy dyng v6i nhiéu module khic nhau nhu
THONGSOCONGTRINH, THONGSOMOHINH, BIEN, BANDAU,
DACTRUNG, DIEUKIENDUNG, HESOPHUONGTRINH, KHUDUOI va module
chinh. Thuat todn cua cdc module duogc trinh bay & muc 4.1. Dya trén thuét toan da
duoc 1ap, cac module cua mo hinh dugc viét béng cong cu lap trinh VBA nhu trinh
bay trong cac Bang PL7 dén Bang PL15 (muc PL.5).

4.3. KIEM PINH MO HINH USVF1D
Mo hinh USVF1D duoc kiém dinh bing 3 cong trinh trong nudc ¢6 sb licu thi
nghiém gdm Pong Nghé [28], Viét An [29] va M§ Binh [30].

4.3.1. Pwong mit nwéc trong mang tran bén ho Pong Nghé

Cong trinh xa 1t hd Pong Nghé ngoai duong tran ngang va mang tran bén con
dugc thiét ké thém cira xa su ¢d dat & ddu mang (Hinh 1.13). Cac truong hop thi
nghiém gom céc cip luu lugng xa qua tran két hop cac kich ban déng mé cira xa sy
cd. Cac thong sd cong trinh theo so d6 thi nghiém (Hinh 3.1) va cac thong s6 mo
hinh USVF1D dugc thiét 1ap nhu gidi thiéu trong muc 4.2.2 (Hinh 4.10).

1. Kich bén déng civa sw cé

Céc cap luu luong thi nghiém tai mat cat cudi mang trong kich ban déng cua
s ¢6 gdm Qp = 232, 328, 380, 390 va 410m*/s. Dya trén cac cp luu luong, thiét
lap duong qua trinh 1ii khong on dinh xa qua dudng tran ngang nhu Hinh 4.13. Dé
phtt hop véi dit liéu thi nghiém 1a dong 6n dinh thi duong qua trinh 1ii duoc thiét 1ap
ma trong d6 su bién dbi ciia qua trinh luu lwgng theo thoi gian tai nhimg thoi diém
tuong mg voi cac cap luu luong thi nghiém 1a khong 16m (0Q/at ~ 0). Mang duoc
chia thanh 42 doan tir mat cat MCO1 dén MC43 voi Ax = 1m, budc thoi gian 5s.
Céc thong s6 md hinh khic gém trong s sai phan theo khong gian véi bién luu

luong ng = 0,5 va trong sO sai phan theo khong gian véi bién muc nudc nz = 0,66.

Trén Hinh 4.13, muc nudc cudi mang (Zusi mang) duoc xac dinh theo thuét toan
Hinh 4.3 véi chiéu sau dong chay cudi mang (hy) tinh theo cong thire (3.17); Luu
lugng gia nhép tir canh bén (Qpgusne) dugc tinh trén chiéu dai doan ngudng tran tu
mit cat 2-2 dén cudi mang (Hinh 3.1) va phan luu luong xa qua doan ngudng tran
cong phia trude mit cit 2-2 duge coi 1a thanh phan gia nhap tir ddu mang (Qgs, mang)-
Céc két qua tinh toan dudng mit nudc bang mé hinh USVF1D nhu sau:
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Q (M¥s) Ly lwgng bién trén va muc nwéc bien dwéi 2 (M) 335
400 33.f
350 325 T ——— L
33 T e
300 E315 o
c < S~a
250 32.t = e S
- 5305 == ~
200 ’ —Q qua nguéng 32 R =T [— USVF1D_232
150 / --Q dau mang IS <295l - Dong Nghé_Q0=0_232
’ - -Z cubi mang AN TR - - Konovalov_hh=1,1hcl
100 / N : --- Konovalov_hh=1,33hc1
’ 28.5 —. 2c232 (hc2)
S50F =~/ o ieimimimimimmimimicimo L. 31 - D3y mang
T T(o) .. 275 e
0 h 3 o = 0 2= 30 3 30.2 0 4 8 12 16 20 24 28 32 36 40

Toa d mang (m)
Hinh 4.13. Duong quad trinh xd lii ho

3 e e s % % Hinh 4.14. Dwong mdt nwdcC doc mdang
Dong Nghé kich bdn dong cira suw co

hé Pang Nghé kich bdan déng cira sw cé

- e peR _ 3
Chi thich Hinh 4.14: tel thoi diém Qp, = 232m°/s

USVF1D_232: dudng mit nude tinh toan bang md hinh USVFID trich xuat tai
thoi didm luu luong dong chay cudi mang Qy, = 232m°/s;

Pong Nghé_Q0=0_232: muc nudc trung binh tai cac mat cat theo dir liéu thi
nghiém vdi cip luu lwong 232m¥/s;

Konovalov_hh=1,1hcl: duong mat nude tinh theo cong thirc SVF 6n dinh (1.8)
cua Konovalov véi chiéu sau dong chay cudi mang xac dinh theo dé xuat cua
Kiselev (h, = 1,1hc;) (Bang 3.3), sau day dwoc viét tit 1a Konol.1;

Konovalov_hh=1,33hc1: dudng mat nude tinh theo cong thirc SVF 6n dinh (1.8)
cua Konovalov véi chiéu sau dong chay cudi mang xac dinh theo dé xuat cua
Chién N. (h, = 1,33hc,) (Bang 3.3), sau day duoc viét tit 1a Konol.33;

7¢232 (hc2): duong muc nudc phan gidgi xac dinh véi o = 2,32;

Day mang: dudng cao trinh day mang.

34.5 34.5 —
335 P T 335 | CTEme
£ 325 T | o325
= ’ sao=q £
€315 =TT TS| €315 -
° T = rE ./_.,. —
Q 305 - —USVF1D_328 i - —USVF1D_380
© - « Pong Nghé_Q0=0_328 § 305 i « Dong Nghé_Q0=0_380
2951 - -Konovalov_hh=1,1hc1 29.5 - -Konovalov_hh=1,1hcl
---Konovalov_hh=1,33hcl . ---Konovalov_hh=1,33hcl
—.2c328 (hc2) —-2c380 (hc2)
28.5 L : g
D3y mang 285 D3y mang
27.5 T T T T T T T i i T 27.5 T T T T T T T T T T
0 4 8 12 16 20 24 28 32 36 40 0 4 8 12 16 20 24 28 32 36 40
Toa dé mang (m) Toa d6 mang (m)

Hinh 4.15. Duwong mat nuwéc doc mdang  Hinh 4.16. Duwong mdt nwéc doc mdng
ho Dong Ngh¢ kich ban déng cira s co ho Dong Nghé kich bdn déng cira sw co
tgi thoi diém Qy, = 328m°/s tgi thoi didm Qp, = 380m*/s
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g% e
€315 =TT Mo =TT N\
£ =" T—USVF1D_390 £31° e SSVFD 310
0305 7 « Déng Nghé_Q0=0_390 5305 -7 s =
] r - -Konovalov_hh=1,1hcl R R : Eong nghe_h%(—)iol_rfllo

29.5 ---Konovalov_hh=1,33hc1 295 | = -Ronovalov_hh=1,1hc

—.Z¢390 (hc2) : ---Konovalov_hh=1,33hc1
285 —Ddy méng 285 | —2c410 (hcd)
=—=D3y mang
27.5 e ——
0 4 8 12 16 20 24 28 32 36 40 27.5

0 4 8 12 16 20 24 28 32 36 40
Toa d6 mang (m)
Hinh 4.17. Buong mat nu6cC doc mang  pinh 4.18. Puong mdt nudc doc mdng

ho Pong Nghé kich bdn déng %”’a U CO g péng Nghé kich bén déng cira su cé
tgi thoi diém Q, = 390m’/s tai thoi diém Qy, = 410m°%/s

Toa d6 mang (m)

Tai thoi diém luu lwong ¢ mat cit cudi mang 1a 232m*/s (Hinh 4.14), dudng
mat nudc doc mang (USVF1D_232) tinh toan theo USVF1D phu hop véi dit ligu
thi nghiém (Pong Nghé Q0=0 232). Chiéu siu dong chay tinh toan 16n hon thi
nghiém 2,45% =+ 4,57% (Bang 4.1). Pudng mit nude chay ém cé xu thé giam dan
theo chiéu dong chay tuong ty dudng nudc ha chay ém by [3]. Khu vuc cudi mang,
dd déc mit nuée tang nhanh do h, ~ h.. Puong mat nuéc Konol.33 cao hon
Konol.1. O 2/3 doan ddu mang, dudng mit nudc Konol.1 cao hon thi nghiém voi
sai s6 1on nhat 13 18,18% xay ra ¢ mit cat ddu mang va 1/3 doan cudi mang thap

hon thi nghiém vdi sai s6 tai mat cat cudi mang 1a 16,72% (Bang 4.1).

Tai cac thoi dim khac ung v6i Qp = 328m®/s (Hinh 4.15), 380m*/s (Hinh
4.16), 390m®/s (Hinh 4.17) va 410m®/s (Hinh 4.18), dwdng mit nudc ciing 1a dudng
nudc ha chay ém tuong ty thoi diém Qy, = 232m?*/s. Pudng mat nuéc USVFID cao
hon thi nghiém nhung hau hét sai sé déu nho hon 10%, ngoai trir trudng hop sai sd
14,40% & dau mang véi cép luu luong 328m°/s (Bang 4.1). Pudng mit nudc
Konol.1 va Konol.33 déu c6 2/3 doan dau mang 16n hon thi nghiém va 1/3 doan
con lai thap hon thi nghiém. Sai s6 tong thé cta duong Konol.1 cao hon Konol.33

va sai s6 16n nhat & ddu mang hodc cubi mang c6 thé vuot £30% (Bang 4.1).

DPuong qua trinh tinh toan Q, v, Z dugc trinh bay trong phu luc PL.6 (Hinh
PL12 + Hinh PL15).
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Bing 4.1. Chiéu sdu dong chdy tai cic mt cd’{ mdng hé Pong Nghé
kich ban dong cwa sw co

. Thi USVF1D Konol.1l Konol.33
Mait cat | X/L " — — —
nghiém | h (m) | Saiso (%) | h (m) | Saiso (%) | h(m) | Saiso (%)
Q = 232m?%s (kich ban déng cira su cd)
MCO1 | 0,00 | 3,80 | 3,97 4,53 4,49 18,18 4,83 27,12
MC14 | 0,32 | 3,70 | 3,87 4,57 4,22 14,16 4,51 21,87
MC28 | 0,67 | 3,65 | 3,75 2,86 3,76 3,12 4,00 9,68
MC43 | 1,00 | 3,10 | 3,18 2,45 2,58 -16,72 3,12 0,69
Q =328m?%s (kich ban déng cira s cd)
MCO1 | 0,00 | 450 | 5,15 14,40 5,69 26,48 5,94 32,00
MC22 | 0,50 | 4,57 | 4,89 6,89 5,32 16,34 5,57 21,98
MC28 | 0,66 | 4,35 | 4,78 9,81 4,69 7,91 4,98 14,50
MC43 | 1,00 | 4,24 | 4,33 2,10 3,24 -23,69 3,91 1,73
Q =380m?%s (kich ban déng cira su cd)
MCO01 | 0,00 | 5,47 5,17 5,45 6,30 15,25 6,45 17,92
MC14 | 0,32 | 536 | 5,62 4,79 5,92 10,37 6,08 13,51
MC28 | 0,67 | 532 | 5,37 0,99 5,24 -1,59 5,46 2,67
MC43 | 1,00 | 4,74 | 4,96 4,63 3,56 -24,89 4,30 -9,19
Q =390m?%s (kich ban déng cira su cd)
MCO1 | 0,00 | 541 | 5,89 8,81 6,40 18,38 6,55 21,13
MC22 | 0,50 | 5,37 | 5,60 4,30 6,01 11,94 6,18 15,13
MC28 | 0,66 | 531 | 549 3,34 5,32 0,22 5,55 4,56
MC43 | 1,00 | 518 | 5,08 -1,93 3,62 -30,11 4,38 -15,49
Q = 410m*/s (kich ban déng ctra sy cd)
MCO1 | 0,00 | 5,72 | 6,12 7,03 6,60 15,41 6,51 13,79
MC14 | 0,32 | 5,67 | 597 521 6,20 9,34 6,25 10,18
MC28 | 0,67 | 562 | 5,72 1,72 5,49 -2,29 571 1,62
MC43 | 1,00 | 5,11 5,32 4,10 3,74 -26,81 4,52 -11,51

2. Kich bdan ma cvra sw co

Cong trinh théo 1u su cb duoc thiét ké & dau mang la dang tran c6 2 ctra, kich

thude 3x3m (Hinh 3.1). Cac truong hop thi nghiém gdém luu luong qua ngudng

Qneusng = 328m%/s két hop cira sy ¢ Qp = 54m*/s véi tong luu luong Q = 382m°%/s va
Qnguong = 390m%/s két hop Qo = 80m*/s véi tong luu lugng Q = 470m*/s. Puong qua

trinh xa 1ii dugc thiét 1ap theo nguyén tac nhu kich ban dong ctra sy ¢6 (Hinh 4.19).
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Q (Mm3s) Lwu lwgng bién trén va myc nwéc bién dwéi  Z (m)
360, 33.0
32.9
330 32.8
300 32.7
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210 )/ --Q dau mang 32.2
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Hinh 4.19. Puwong qud trinh xd li ho Pong Nghé kich ban mé civa sw co
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— USVF1D_470
» Ddng Nghé_Q0=80_470
= =Konovalov_hh=1,1hcl
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—- Zc470 (hc2)
= Day mang

345 355 T
e s
335 | T TEE T 345 | -
£325] T ::l..._‘::m =
= I el < s |
€315 L — USVF1D_382 1 =, . b=
Z 205 | « Ddng Nghé_Q0=54_382 £315
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Hinh 4.20. Duwong mat nwdc doc mang
ho Pong Nghé kich ban mé cira sw co
Qo = 54m?/s tai thei didm Qy, = 382m%/s

Toa d6 mang (m)
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25

Toa d6 mang (m)

30 35 40

Hinh 4.21. Duwong mdt nudc doc mdng
ho Pong Nghé kich ban mé cira sw co
Qo = 80m/s tai théi diém Qy, = 470m*/s

Bing 4.2. Chiéu sdu dong chdy tai cic mdt cit mdng ho Pong Nghé
kich ban mo cwa sy co

Mt cit | xIL T}.ﬁ USVFlQ Konovalov (1:1h01) Konovalov (1,?3hc1)
' nghiém | h (m) | Sai s6 (%) | h (m) | Saiso (%) | h (m) | Sai s6 (%)
Q = 382m*/s (kich ban mé cira sy ¢b Qg = 54m/s)
MCO1 | 0,00 | 421 | 560 | 329 | 638 | 5158 | 646 | 5338
MC22 | 0,50 | 4,94 | 532 7,68 552 | 1165 | 569 | 15,16
MC28 | 0,66 | 4,77 | 524 9,80 5,18 8,56 540 | 13,17
MC43 | 1,00 | 450 | 498 | 10,74 | 357 | -20,62 | 432 | -4,02
Q = 470m*/s (kich ban mé cira sy ¢b Qg = 80m?/s)
MCO1 | 0,00 | 6,15 | 6,63 7,76 723 | 1756 | 7,42 | 20,72
MC22 | 0,50 | 584 | 6,33 8,33 6,27 7.44 6,50 | 11,37
MC28 | 0,66 | 557 | 625 | 12,27 | 590 5,88 6,16 | 10,68
MC43 | 1,00 | 486 | 6,03 | 2412 | 409 | -1594 | 4,94 1,63
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Két qua tinh theo USVFID so v6i phuong phap Konovalov ciing twong tu
kich ban dong cura su cd. bPuong mat nuéc USVF1D doc mang cao hon thi nghi¢m.
O khoang 2/3 doan ddu mang, muc nuéc USVF1D thip hon Konovalov va 1/3 doan
cudi mang thi nguoc lai (Hinh 4.20, Hinh 4.21). V& tong thé sai sb giita tinh toan va
thi nghiém, duong mit nuéc USVFEID c6 sai s6 nho hon Konovalov ¢ ntra dau
mang va & ntra cudi mang thi nguoc lai (Bang 4.2), thé hién o & kich ban 470m®/s
(Hinh 4.21). Chiéu sau dong chay cudi mang xac dinh theo cong thire (3.17) cho sai
s6 16m 14n luot 13 10,47% (Q = 382m%/s) va 24,12% (Q = 470m%/s).

Puong mit nude trén mang 1a dudng nude ha chay ém nhung doan dau mang
¢6 chiéu sdu dong chay ting dan (Hinh 4.20). So sanh dudng mit nudc cung cap luu
lwong thi nghiém giia kich ban déng ctra sy ¢6 (Hinh 4.15, Q = 380m®/s) va mé cira
su ¢d (Hinh 4.20, Q = 382m3/3) cho thdy dudng mit nude kich ban mo cta sy ¢b
thip hon kich ban déng ctra sy ¢6. Két qua tinh bang USVFID phu hop véi kich
ban dong cira sy ¢ (Hinh 4.20). Hién twong ndy cho thiy tac dong cua dong chay
qua cira xa sy c¢d lam ting luc day cua dong chay phia thuong luu mang va lam suy
yéu thé niang dong chay trong mang. Pay 1a nguyén nhan chinh giy ra hién twong hy,
~ he, (Hinh 4.20, Hinh 4.21) va dan dén sai s6 16n cho cong thire (3.17). Do d6, khi
mang tran bén cho phép thao qua canh dau mang dang cong co ctra thi chiéu sau
dong chay cubi mang duoc kién nghi chon hy, = 1,02h,, (Bang 4.2).

Bb sung thuat toan cho so dd khéi Hinh 4.3, diéu kién bién muc nude ha luu

mang dugc xac dinh véi hy, = 1,02h,,, duong mat nuée USVF1D tinh toan dugc nhu
sau (Hinh 4.22, Hinh 4.23):

34.5 345 e
——— T
33.5 | 33,5 \
£3251 325
€315 €315
530.5 | —USVF1D_382-Thuét toan b sung ‘2 30.5 —USVF1D_470 -Thuat toan b sung
© - -USVF1D_382-Thuat toan ban déu S - -USVF1D_470-Thuét toan ban dau
23.51 . Ddng Nghé_Q0=54_382 29.5 - Dbng Nghé_Q0=80_470
28.5 4 —Day mang 28.5 - —D3ay méang
27.5 ‘ ‘ ‘ . . . . ‘ 275 : : : : : ‘ ‘ ‘
6 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40
Toa d6 mang (m) Toa dd mang (m)

Hinh 4.22. Duwong mdt nuéc dgc mdng Hinh 4.23. Duong mdt nuéc doc mdng

hé Pong Nghé kich ban mé ciza swcé  hé Pong Nghé kich ban mé cira su cé

Qo = 54m°s tgi thoi diém Qy = 382m%s  Q, = 80m/s tai thai diém Q, = 470m’/s
Véi thudt todn bé sung Véi thudt todn bé sung
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Bing 4.3. Chiéu siu dong chdy tgi cdc mat cdt mdng hé Pong Nghé
kich ban dong civa sw cé véi thudt todn bo sung

Mt cit| XL | USVFID Mat cit| XL | USVFID
' nghiém|h (m) | Saiso (%) | nghiém | h (m) | Sai so (%)
Q =382m°/s Q = 470m°/s
(kich ban mé& ctra su ¢6 Qq = 54m®/s) (kich ban mé ctra su ¢b Qo = 80m°/s)

MCO01 | 0,00 | 4,21 | 543 28,93 MCO01 | 0,00 | 6,15 | 6,27 1,91
MC22 | 0,50 | 4,94 | 5,09 2,95 MC22 | 0,50 | 5,84 | 5,85 0,12
MC28 | 0,66 | 4,77 | 4,97 4,20 MC28 | 0,66 | 5,57 | 571 2,54
MC43 | 1,00 | 4,50 | 4,35 -3,40 MC43 | 1,00 | 4,86 | 4,97 2,16

Puong mit nude ap dung thuit toan bd sung phi hop véi thi nghiém hon thuat
toan ban dau. Chiéu sau dong chay tai cac mat cat hau hét co sai s6 dudi 5% so voi
thi nghiém ngoai trir mit cét 1-1 & kich ban Q = 382m®s ¢6 sai s 16n (Bang 4.3) do
duong mat nude khu vue dau mang 1a duong nudc dang. Vi kich ban Q = 470m>/s
khong sinh ra dudong nuéc diang doan ddu mang nhu kich ban Q = 382m%s nén
khong mac sai s 16n.

Puong qua trinh tinh toan Q, v, Z duoc trinh bay trong phu luc PL.6 (Hinh
PL16 + Hinh PL19).

4.3.2. Puong mit nudc trong mang tran bén ho Viét An

Mang tran bén hd Viét An c6 mit cat hinh chit nhat khong cho phép thao qua
canh ddu méang véi cac thong sd cong trinh nhu Hinh 3.2. Thiét 1ap cac thong sb
cong trinh va mo hinh USVF1D tuong tmg v&i phuong an thiét ké so bo (TKSB) va
thiét ké k¥ thuat (TKKT). Puong qua trinh bién dong gia nhap duoc thiét 1ap theo
nguyén tic twong tw hd Pong Nghé voi Qrk = 543m®/s (Hinh 4.24).

Q (m3/s) Lwu lwgng bién trén va myc nwécbiéndwéi Z(m)  Q (m3/s) Lwu lwgng bién trén va myc nwéce bién dudi 7 (m)
550 91 550 91
540 90.¢ 540 I 90.¢
530 90.¢ 530 | 90.€
520 90.4 520 | 902
510 90.2 gég  90.2
500 90 N
490 490
480 898 480 e
470 I 89.€

~ I 89.4

89.€ 470
460 | — Q qua nguwdng 89.4 460

450 I 89.2
89

—Q qua nguwédng
- -Z cudi mang

= -Z cudi mang *| 892 450

440 89 440
0 5 10 15 20 25 30 35 0 5 15 20 30 3%

a) Phuong 4n TKSB b) Phu:o’ng an TKKT
Hinh 4.24. Puong qud trinh xd lii ho Viét An

T (gio!
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Déi v6i phuong an TKSB (Hinh 4.25), tai diém do muyc nuée dau mang, gia tri
tinh toan theo USVF1D va Konovalov ¢6 sai s6 nhé va phu hop két qua thi nghiém.
Tai mit céat cudi mang, myc nuéc USVF1D Xé,p xi thi nghiém véi sai s6 0,14%
(Bang 4.4), muc nudc Konovalov thdp hon thi nghiém véi sai s6 trén 5%. Xét tong
thé dudng mat nude tinh toan theo USVF1D va Konol.33 twong duong vé muc do

phu hop vé1 dir li€u thi nghiém.

Déi v6i phuong an TKKT (Hinh 4.26), myc nuéc dau mang theo Konol.33 ¢6
sai s6 nho nhat (Bang 4.4), nhung xét tong thé thi duong mit nuéc USVFID phu
hop hon véi két qua thi nghiém. Puong mat nude theo Konol.1 va Konol.33 thap
hon thi nghiém vd&i sai s6 tai mit cit gitta mang va cubi mang 16n hon 10%.
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Hinh 4.25. Pwong mdt nwéc doc mdang
hé Viét An - TKSB
tai thoi diém Qy, = 543m*/s
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Toa d6 mang (m)
Hinh 4.26. Pwong mdt nwéc doc mdang
ho Vigt An - TKKT
tgi thoi diém Qp, = 543m°/s

Vé dang dudng mit nude theo két qua thi nghiém ciing 1a dang dudng nude ha
chay ém, chiéu sdu dong chay doan ddu mang c6 xu huéng ting dan dén khu vuc

gitta mang va sau do giam dan.

Bing 4.4. Chiéu sdu dong chdy tai cdc mdt cit mdng ho Vigt An

Mat cét | x/L Thi USVFlQ Konol.lr Konol.3:§
' nghiém | h (m) | Saisd (%) | h (m) | Saisd (%) | h (m) | Sai s6 (%)
Q =543m%s (TKSB)
MCO01 | 0,00 | 560 | 551 -1,68 5,68 1,43 5,76 2,84
MC41 | 0,50 | 540 | 5,00 -7,32 5,06 -6,25 5,19 -3,93
MC81 | 1,00 | 3,88 | 3,87 -0,14 3,03 -22,01 3,66 -5,71
Q = 543m*/s (TKKT)
MCO01 | 0,00 | 6,70 | 6,89 2,84 6,59 -1,68 6,74 0,53
MC29 | 0,50 | 6,87 | 6,41 -6,69 6,00 -12,68 6,18 -9,99
MC56 | 1,00 | 531 | 5724 -1,28 3,71 -30,15 4,48 -15,54
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Puong qua trinh tinh toan Q, v, Z duoc trinh bay trong phu luc PL.6 (Hinh
PL20 + Hinh PL27).

4.3.3. Puong mit nuéc trong mang tran bén hé My Binh

Khac voi ho Dong Nghé va Viét An duge thiét ké ddy mang nim ngang, mang
tran bén hd My Binh c6 do déc thuan (Bang 3.1). M6 hinh thi nghiém duoc xiy
dung cho 2 phurong an thiét ké k§ thuat (TKKT) va kién nghi stra d6i (PAKN).

1. Phwong dn thiét ké kj thudt (TKKT)

Céc thong s cong trinh duoc thiét 1ap vao md hinh USVF1D nhu Bang 3.1 va
thong s6 md hinh dugc thiét 1ap twong tu 2 cong trinh Pong Nghé va My Binh gdm
s6 doan mang tinh toan N = 60, budc thoi gian tinh toan At = 5 gidy va trong sb sai
phan theo khong gian vé&i bién luu lwong, myuc nudc 1an luot 14 No = 0,5, nz = 0,66.
Puong qua trinh 1il xa qua duong tran ngang ciing duoc thiét 1ap voi nguyén tic nhu

cac hd trén (Hinh 4.27), gdm 2 cép luu lugng Qrx = 342m%/s va Qr = 372m’/s.

Q(m3/s)  Luwu lwgng bién trén va myc nuéc bign dwdi Z (m)
29.

375

365 29.3
355 29.1
345 I 28.9

- —Q qua ngudn
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- -Z cudi mang
325 T(giol | 555
0 5 10 15 20 25 30 35

Hinh 4.27. Pwong qud trinh xd lii ho My Binh - TKKT
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Hinh 4.28. Duwong mat nwdc doc mang Hinh 4.29. Duwong mdt nuwdc doc mang
hé My Binh - TKKT hé My Binh - TKKT
tgi thoi diém Qp, = 342m°/s tgi thoi diém Qy, = 372m%/s
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Bing 4.5. Chiéu sdu dong chdy tai cic mdt cit mdng ho My Binh - TKKT

< g Thi USVF1D Konol.1 Konol.33
Mat cat| x/L " — — —
nghiém | h (m) | Saiso | h(m) | Saiso | h(m) ‘ Sai s0
Q = 342m%/s (TKKT)
MC1 | 0,00 4,37 4,56 4,33 5,55 27,09 5,78 32,27
MC21 | 0,33 4,64 4,67 0,75 5,31 14,50 5,52 18,89
MC41 | 0,67 4,29 4,61 1,47 4,72 10,09 4,93 14,98
MC61 | 1,00 4,27 4,33 1,46 3,23 -24,37 3,90 -8,55
Q = 372m%s (TKKT)
MC1 | 0,00 - 4,88 - 5,62 - 6,05 -
MC21 | 0,33 5,05 5,00 -1,04 541 7,04 5,79 14,58
MC41 | 0,67 | 530 | 4,93 -6,99 4,87 -8,11 519 -2,16
MC61 | 1,00 4,97 4,67 -5,98 3,41 -31,48 4,12 -17,16

Két qua tinh toan duong mat nudc tai cac thoi diém tng véi luu lwong cudi
mang Qp, = 342m*/s va 372m®/s cho thiy dudng mit nuée USVF1D phu hop voi dir
liéu thi nghiém hon so v41 Konol.1 va Konol.33 (Hinh 4.28, Hinh 4.29). Sai )
tinh toan theo USVFID co6 gia tr1 0,75 + 7,47%, trong khi két qua tinh theo
Konovalov cho sai s6 1én t6i trén 30% & dau hodc cudi mang (Bang 4.5).

Vé dang duong mit nude, vi myc nude tinh toan va thi nghiém doc méang déu
16n hon chiéu sau phan gi6i nén dong chay trong méang 1a ém (Hinh 4.28, Hinh
4.29). S6 liéu thi nghiém cho thiy chiéu sau dong chay ting dan tir ddu mang dén
gan cudi mang sau d6 giam dan vé chiéu siu dong chay cubi mang. Pudng mit
nuée tinh toan theo Konovalov 16n hon USVF1D ¢ khoang 2/3 doan dau mang va
1/3 doan cudi méang thi nguoc lai trong ty hd Pong Nghé.

Duong qua trinh tinh toan Q, v, Z dugc trinh bay trong phu lyc PL.6 (Hinh
PL28 + Hinh PL31).

2. Phuong dn thiét ké kién nghi sira doi (PAKN)

PAKN véi viéc ting chiéu dai mang, ha thip day mang va ting do dbc day
mang (Bang 3.1) di 1am thay d6i dudng mit nude trong mang. Véi dudng qua trinh
lru lwong xa qua ngudng tran bao gdm cac cip luu luong 250m®/s, 342m%/s va
372m°%/s (Hinh 4.30), két qua mé phong dudng mat nude trong mang (Hinh 4.31,
Hinh 4.32, Hinh 4.33) nhu sau:

- Puong mit nude thi nghiém bién d6i déu hon, myc nudc giam dan tir dau

mang dén cubi mang.
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Dang dudng mit nudc & cac cip luu lwong déu duy tri twong ty phuong 4n

TKKT nhung chiéu sdu dong chay giam xuéng 0,4 + 0,8m so véi TKKT.

Puong mat nuéc USVFLD & khoang 2/3 doan dau méng cao hon Konovalov
va xay ra nguoc lai ¢ 1/3 doan cudi mang twong ty mé hinh hd Pong Nghé.

DPuong mit nuée Konol.1 va Konol.33 gip sai s 16n ¢ khu vuc dau va cudi
mang. Tai mit cit ddu mang, muc nuéc Konovalov [6n hon thi nghiém vdi sai
sb ghi nhan duogc trén 40%. Tai mat cat cudi mang, myuc nudc Konovalov thap
hon thi nghiém vai sai s6 dat trén 30%.

Puong mit nuéec md phong bang méd hinh USVF1D cho sai s6 tong thé nho
hon phuong phap Konovalov. Tuy nhién, myc nuéc dau mang tinh toan 16n
hon thi nghiém véi sai sé ghi nhan duoc & cp luu luong 342m?/s 1a 14,31%.

Céc vi tri khic trong méang c6 sai s6 khoang 5%.

Q(m3s) Lwu lwgng bién trén va myc nwéc bién dudi 7 (m) 32
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Hinh 4.32. Duong mdt nwoc doc mdng Hinh 4.33. Duwong mat nuwéc doc mang

hé My Binh - PAKN hé My Binh - PAKN
tgi thoi diém Qp, = 342m°/s tai thoi diém Qp, = 372m%/s
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Bing 4.6. Chiéu sdu dong chdy tai cdc mdt cit mdng ho My Binh - PAKN

Mit cit | x/L Thi USVF1D Konovalov (1,1h;) [Konovalov (1,33h.)
' nghiém | h (m) | Sai s6 (%) | h (m) | Sais6 (%) | h (m) | Sai s6 (%)
Q = 250m*/s (PAKN)
MC1 | 0,00 | 351 | 3,54 0,80 461 | 31,47 | 473 | 3482
MC25 | 0,33 | 3,93 | 3,67 6,70 | 439 | 11,78 | 452 | 14,99
MC48 | 067 | 391 | 363 | -708 | 389 | -048 | 4,06 3,72
MC71 | 1,00 | 363 | 326 | -10,12 | 265 | -27,08 | 3,20 | -11,83
Q = 342m°%s (PAKN)
MC1 | 0,00 | 399 | 456 | 1431 | 560 | 4026 | 568 | 4225
MC25 | 0,33 | 445 | 4,68 5,07 533 | 19,78 | 544 | 22,18
MC48 | 0,67 | 457 | 461 0,86 4,72 3,31 4,90 7,30
MC71 | 1,00 | 444 | 433 | -243 | 323 | -2726 | 390 | -12,05
Q = 372m*/s (PAKN)
MC1 | 0,00 | 430 | 489 | 1361 | 539 | 2540 | 6,09 | 4155
MC25 | 0,33 | 4,73 | 5,00 5,67 529 | 11,81 | 580 | 2253
MC48 | 0,67 | 4,82 | 4,93 2,25 4,93 2,21 5,18 7,52
MC71 | 1,00 | 485 | 4,67 365 | 341 | -2979 | 412 | -1511

Duong qua trinh tinh toan Q, v, Z dugc trinh bay trong phu lyc PL.6 (Hinh
PL32 + Hinh PL35).

Cac két qua kiém dinh mé hinh USVF1D cho thy kha ning mé phong dudng
mat nudc trong mang tran bén phu hop hon véi phuwong phap dong bién luong 6n
dinh hién nay, sai sb giita tinh toan va thuc do trong pham vi cho phép, ngoai trir
khu vuc ddu mang véi mot s trudng hop. Nhu vay, mo hinh c6 kha niang ap dung
trong thyc té tinh toan.

4.4. UNG DUNG MO HINH USVF1D

Ung dung md hinh USVF1D mé phong dudng mat nude trén mang tran bén
clia 4 cong trinh nudc ngoai gdm Trangslet (Thuy Dién), Karahnjukar (Iceland),
Lyssbach (Thuy Si), Markieh (Syria) va so sanh véi két qua thi nghiém thu thap
duogc tir cac cong bd [60][61] trén tap chi qudc té co uy tin.

Nhu d3 phan tich trong muc 3.5, ca 4 cong trinh nay déu duoc thiét ké ndi tiép
sau mang 13 kénh chuyén tiép c¢6 do doc bang hodc nho hon d6 déc méang trude khi
chuyén sang dbc nudc cd So > S (xem cac Hinh PL1 + Hinh PL5 trong phu luc
PL.1). Do d6, myc nudc bién ha luu cudi mang nam ngoai pham vi 4p dung cia
cong thue (3.17).
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Trong pham vi nghién cttu cua luan an, dé mo phdéng dudng méat nudc trong
mang tran bén cua cac cong trinh néu trén, st dung bién luu lugng gia nhap duoc
thiét 1ap theo nguyén tac nhu doéi véi 3 cong trinh trong nude. Bién muc nudc ha

luu duoc hiéu chinh phu hgp véi1 muc nudc thi nghiém tai méat cat cuéi mang.

Céc thong sb cong trinh duogc thiét 14p vao mé hinh nhu thé hién trén Bang 4.7
+ Bang 4.10.

Bing 4.7. Théong sé céng trinh ho Trangslet

1T Thong s6 cong trinh Ky hi¢u | Don vi| TKCS | TKKT | Ghi chu
1 | Tén cong trinh Trangslet, Thuy Dién: ty 16 MH 1/45
2 |Chiéu dai ngudng tran L ngusng m 125 | 125
3 |Cao do ngudng tran Z nguing m 21,55 | 21,55
4 |Cao d¢ day thuong tran ZaayTL m 20,00 | 20,00 | Gia dinh
5 |Chiéu rong canh dau mang Baiu m 20,00 | 13,40
6 | Chiéu rong canh cubi mang Beuéi m | 30,00 | 20,00
7 |Cao d6 day mat cat diu mang Z g m | 13,63 | 13,63
8 [Chiéu dai canh mang phia tran L iméng m 125 | 125
9 [P6 dbc day méang So () | 0,03 | 0,03
10 |Hé s6 méai doc mang phia tran m; (-) 1,00 | 1,00
11| Hé s6 mai déc mang phia doi dién m, () |00 | 0,10
Bing 4.8. Théng so céng trinh ho Karahnjukar
1T Théng s cong trinh Ky hiéu | Ponvi | Gidtri | Ghicha
1 | Tén cong trinh Karahnjukar, Iceland: ty 1¢ MH 1/45
2 | Chiéu dai ngudng tran L nguong m 140
3 |Cao d9 ngudng tran L nguing m 21,55
4 | Cao do day thugng tran ZgayL m 20,00 | Gia dinh
5 |Chiéu rong canh dau mang Baiu m 6,00
6 |Chiéu rong canh cubi mang Beuéi m 12,00
7 |Cao d6 day mat cat dau mang L m 3,73
8 |Chiéu dai canh mang phia tran L iméing m 140
9 |Po dbc day mang So () | 0,0026
10 | Hé s6 mai déc mang phia tran m; () 0,50
11| Hé s6 mai déc mang phia d6i dién m, ) 0,50
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Bing 4.9. Thong so cong trinh hé Lyssbach

1T Thong s6 cong trinh Ky hiéu | Ponvi | Gidtri | Ghicha
1 | Tén cong trinh Karahnjukar, Iceland: ty 1¢ MH 1/16
2 |Chiéu dai ngudng tran Lnguong m 35,8
3 |Cao dd ngudng tran Znguing m 21,55
4 | Cao do¢ day thugng tran ZgayL m 20,00 | Gia dinh
5 | Chiéu rong canh dau mang B m 4,68
6 | Chiéu rong canh cudi mang B.usi m 4,68
7 |Cao 4o day mat cat dau mang L m 17,19
8 | Chiéu dai canh mang phia tran L imang m 35,80
9 |Po dbc day méang So ) 0,008
10 |Hé s6 mai déc mang phia tran m; (-) 0,00
11| Hé s6 mai déc mang phia doi dién m, ) 0,00
Bing 4.10. Thong so céng trinh ho Markieh
1T Théng s cong trinh Ky hiéu | Ponvi | Gidtri | Ghicha
1 | Tén cong trinh Markieh, Syria: ty 1€ MH 1/50
2 |Chiéu dai ngudng tran E— m 150
3 | Cao d0 ngudng tran Lyguing m 64,50
4 | Cao d¢ day thuong tran ZgsyL m 63,00 | Gia dinh
5 | Chiéu rong canh dau mang B m 10,00
6 |Chiéu rong canh cubi mang Beusi m 30,00
7 |Cao d6 day mit cat dau mang e m 61,00
8 |Chiéu dai canh mang phia tran L iméng m 150
9 [DP¢ doc day méang S ) 0,03
10 |H¢ s6 mai déc mang phia tran m; () 0,50
11 |H¢ s6 mai déc mang phia déi dién m, () 0,50

Céc thong sé ctia md hinh duoc thiét 13p véi trong s6 sai phan theo khong gian

v6i bién luu luong No va myc nudc nz twong tv myc 4.3 (ng = 0,50; nz = 0,66).

Budc khong gian dugce chia véi Ax = 1m va budc thoi gian tinh toan At = 5s.

Két qua mo phong tng dudng mit nude tng véi thoi diém luu lugng tai mat

cit cudi mang Qy, tuong Gng véi cac cap luu luong thi nghiém cia tirng mo hinh thé

hién trén Hinh 4.34 + Hinh 4.38. Két qua danh gi4 sai sd giita tinh toan va thi

nghi¢m dugc trinh bay trong cac Bang 4.11 + Bang 4.15.
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Bing 4.11. Két qua tinh chiéu sdu dong chdy doc mdng hé Trangslet TKCS

Toa % Q = 224m’is Q = 945m°’s
mang h (m) Sai s6 h (m) Sai s6
(m) Thi nghiém | USVF1D (%) Thi nghiém | USVF1D (%)
0 6,22 5,95 -4,23 11,65 11,31 -2,90
9 6,22 5,95 -4,26 11,55 11,31 -2,11
18 6,12 5,95 -2,79 11,45 11,29 -1,39
27 6,10 5,94 -2,61 11,45 11,27 -1,61
36 6,00 5,93 -1,15 11,35 11,23 -1,04
45 591 5,92 0,19 11,35 11,19 -1,39
54 5,89 5,91 0,45 11,25 11,15 -0,93
63 5,90 5,90 0,09 11,25 11,09 -1,39
72 5,80 5,89 1,57 11,10 11,04 -0,58
81 5,79 5,87 1,49 10,90 10,97 0,67
90 5,78 5,86 1,39 10,80 10,91 0,98
99 5,69 5,84 2,71 10,70 10,83 1,25
108 5,79 5,83 0,69 10,70 10,76 0,54
117 5,80 5,81 0,26 10,70 10,68 -0,22
125 5,80 5,80 0,00 10,60 10,60 0,00

Bing 4.12. Két qua tinh chiéu siau dong chdy doc mdng hé Trangslet TKKT

Toa do Q = 224m°/s Q = 945m’s
méng h (m) Sai s6 h (m) Sai s6
(m) | Thi nghiém | USVF1D (%) Thi nghiém USVF1D (%)
0 6,91 6,74 -2,49 13,40 13,74 2,55
9 6,83 6,74 -1,32 13,55 13,74 1,37
18 6,91 6,73 -2,60 13,87 13,72 -1,12
27 6,82 6,72 -1,41 13,87 13,69 -1,32
36 6,71 6,71 -0,02 13,65 13,65 0,02
45 6,39 6,69 -2,84 13,65 13,61 -0,31
54 6,59 6,68 1,26 13,65 13,56 -0,69
63 6,59 6,66 0,98 13,65 13,50 -1,13
72 6,49 6,64 2,28 13,55 13,43 -0,90
81 6,49 6,62 1,94 13,44 13,35 -0,66
90 6,49 6,59 1,58 13,33 13,27 -0,40
99 6,49 6,57 1,20 13,20 13,19 -0,09
108 6,49 6,54 0,80 13,10 13,09 -0,04
117 6,49 6,51 0,38 13,00 12,99 -0,04
125 6,49 6,49 0,00 12,90 12,90 0,00
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Bing 4.13. Két qua tinh chiéu sdu dong chdy doc mdng hé Karahnjukar

Toa Q =800m°/s Q = 1350m*/s Q =2250m*/s
do h (m) . 2 h (m) . h (m) .
mang Thi Sai s0 Thi Sai so Thi Sai sO
m) | oo |USVFID| (%) | 2 |USVFID| (%) | . |USVFID| (%)
nghiém nghiém nghiém

10 | 11,30 | 11,10 | -1,73 | 14,80 | 1491 | 0,71 | 20,30 | 20,43 | 0,62

20 | 11,30 | 11,06 | -2,15 | 15,00 | 14,85 | -1,00 | 20,30 | 20,36 | 0,31
30 | 11,30 | 10,99 | -2,79 | 15,50 | 14,76 | -4,75 | 20,30 | 20,26 | -0,18
40 | 11,20 | 10,89 | -2,76 | 15,30 | 14,65 | -4,25 | 20,10 | 20,13 | 0,17
50 | 10,80 | 10,78 | -0,21 | 14,90 | 14551 | -2,61 | 19,70 | 19,97 | 1,38
60 | 10,70 | 10,64 | -0,53 | 14,50 | 14,35 | -1,06 | 19,50 | 19,78 | 1,42
70 | 10,40 | 10,49 | 0,86 | 14,30 | 14,16 | -1,01 | 19,30 | 19,55 | 1,31
80 | 10,10 | 10,32 | 2,13 | 14,00 | 1394 | -0,45 | 19,00 | 19,29 | 1,54
9 | 10,00 | 10,12 | 1,16 | 13,70 | 13,69 | -0,11 | 18,70 | 18,99 | 1,57
100 | 9,60 9,89 299 | 13,40 | 13,39 | -0,04 | 18,40 | 18,65 | 1,34
110 | 9,20 9,62 453 1290 | 13,05 | 1,17 | 17,90 | 18,24 | 1,89
120 | 8,80 9,29 553 | 12,30 | 12,63 | 2,66 | 17,40 | 17,74 | 1,97
130 | 8,40 8,84 524 | 1160 | 12,06 | 3,94 | 16,70 | 17,10 | 241
140 | 7,70 7,70 0,00 | 10,90 | 10,90 | 0,00 | 16,10 | 16,10 | 0,00

Két qua tinh toan cho thy c6 su phu hop véi s6 liéu thi nghiém & hau hét cac
cap luu lugng thi nghiém cuia cic cong trinh, ngoai trir trudng hop cip luu luong 1i
kiém tra Qo019 cua hd Markieh (Hinh 4.38, Bang 4.15).

DPbi v6i hd Trangslet (Hinh 4.34, Hinh 4.35, Bang 4.11, Bang 4.12) va
Karahnjukar (Hinh 4.36, Bang 4.13), cac cap luu lugng thi nghiém déu cho sai s6
trong pham vi £5%. Sai s6 nho nhat co thé dat 0,02% (khong xét mit cit cudi mang
vi dugc gan lam bién tinh toan). Chiéu sau tinh toan c6 xu thé chung 13 thap hon thi

nghi¢m ¢ khu vuc ddu mang va cao hon thi nghiém & khu vuc cu6i mang.

Dbi voi cac hd Lyssbach (Hinh 4.37, Bang 4.10) va Markieh (Hinh 4.38, Bang
4.15), chiéu su tinh toan tai cc mit cit da phan 16n hon thi nghiém. Sai s 16n
nhat xay ra & khu vuc dau mang do dudng mit nude c6 xu thé 1a dudng nude dang.
V6i cap luu lugng 1ii thiét ké thi sai s6 tai cac diém tinh toan déu trong pham vi 5%.
Véi cap luu luong i kiém tra, dudng nude diang khu vue dau mang hinh thanh rd

rét, dac bi¢t voi ho Markieh nén chiéu sau tinh toan gap sai so 1on.
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Bing 4.14. Két qua tinh chiéu sdu dong chdy doc mdng ho Lyssbach

Toa Q =25,2m%s Q =42,6m%s Q =63,9m%s

do h (m) . h (m) . h (m) .
mang| S 0 S 0 i S0
(m) nghiém | USVFLD (%) nghiém USVFID| (%) nghiém UsvFiD| (%)
05| 300 | 320 | 664 | 420 | 432 | 280 | 510 | 550 | 7,79
30| 300 | 320 | 656 | 420 | 431 | 271 | 520 | 549 | 562
55| 310 | 319 | 28 | 427 | 430 | 076 | 520 | 548 | 531
82| 310 | 318 | 264 | 427 | 429 | 048 | 530 | 546 | 3,02
10,7| 310 | 317 | 2,5 | 420 | 427 | 158 | 522 | 543 | 395
134| 3,00 | 315 | 487 | 414 | 423 | 227 | 522 | 538 | 3,08
159 310 | 313 | 095 | 417 | 421 | 090 | 511 | 534 | 458
184| 310 | 310 |-002 | 421 | 416 | -120 | 511 | 528 | 326
21,0| 310 | 308 |-079 | 414 | 412 | -045 | 511 | 522 | 221
235| 300 | 303 | 1,13 | 407 | 405 | -041 | 511 | 513 | 032
26,0| 300 | 300 | 004 | 398 | 400 | 050 | 492 | 505 | 263
285|290 | 294 | 151 | 387 | 390 | 086 | 492 | 491 | -022
31,0| 2,85 | 290 | 1,70 | 3,78 | 383 | 121 | 472 | 479 | 156
358|275 | 275 | 000 | 355 | 355 | 000 | 435 | 435 | 0,00

Bing 4.15. Két qua tinh chiéu sdu dong chdy doc mdng hé Markieh

Toa do Q = 665m’/s Q = 1000m°/s
n(li]r;g . 'Ah (m) Sai s6 . 'Ah (m) Sai s6
Thi nghiém | USVF1D (%) Thi nghi¢ém | USVF1D (%)

0,0 4,82 4,82 0,02 5,05 6,72 33,15
37,5 4,75 4,76 0,28 5,50 6,61 20,24
75,0 4,52 4,57 1,09 6,00 6,30 5,01
112,5 4,57 4,33 -5,26 5,93 5,90 -0,49
150,0 4,02 4,02 0,00 5,31 5,31 0,00
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4.5. KET LUAN CHUONG 4

1.

Chuong trinh may tinh giai hé phwong trinh SVF khong 6n dinh 1D trong
mang tran bén dugc xay dung véi diéu kién dirng cta vong 1ap c6 sai s6 dudi
0,1%, bang cong cy VBA trén nén Microsoft Excel. M6 hinh dugc dit tén 1a
USVF1D. L&i cia USVF1D 1a module tinh toan thay lyc SVF khong 6n dinh,
cho phép tich hop vao cac mé hinh thuy lyc mang séng. Bang viéc bd sung
cac module tinh toan thuy luc ngudng tran, USVF1D cho phép tinh toan thuy
luc SVF khong on dinh qua méang tran bén.

USVF1D cho phép ngudi dung nhap/tiy bién cac théng sé cong trinh duong
tran ngang, mang tran bén (1ong dan), tinh toan cho mét sé loai SVF thuong
gap, thiét 1ap cac thong sé mo hinh va khoi tao diéu kién bién. Két qua dau ra
ctia md hinh thé hién duéi dang bang biéu va do thi dudng qua trinh cia mot
s6 dic trung thity dong luc hoc SVF khéng on dinh 1D gom luu lugng, muc

nuéc trung binh mat cat, chiéu sau va luu tc trung binh dong chay.

M6 hinh USVF1D duoc kiém dinh bang viéc so sanh vai két qua thi nghiém
cua 3 cong trinh méang tran bén trong nuéc gom Pong Nghé (Pa Nang), Viét
An (Quang Nam), My Binh (Binh Pinh) va 4 cong trinh nudc ngoai gom
Trangslet (Thuy Dién), Karahnjukar (Iceland), Lyssbach (Thuy Si), Markieh
(Syria). Két qua mo phong tuong dbi phu hop véi thuc nghiém.

Bang viéc bo sung cac thanh phan luc quan tinh va xét bai toan trong diéu
kién khong on dinh ciing cac thong sb thay dong luc hoc khac cua SVF trong
mang tran bén dugc xac dinh & Chuong 3, m6 hinh USVF1D da mo6 phong
duong mat nude chinh xac hon so véi phuong phap dong on dinh hién dang
duoc wng dung trong thiét ké.

Két hop véi cac cong thic thuc nghiém & Chuong 3, USVFID cho phép

nguoi dung xac dinh dugc quy mo ciia mang tran bén.
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KET LUAN VA KIEN NGHI

1. KET LUAN

1.

SVF trong méng tran bén 1a truong hop riéng cua hién twong chuyén dong c6
khéi luong thay d6i. Van dé phuc tap nay da duoc nhiéu nha khoa hoc thay
lyc trong va ngoai nudc nghién ciru duéi dang 1D 6n dinh, hiém c6 cac
nghién ctu 2D, 3D. Cho dén nay, chua c6 nghién ciu Vé bai toan SVF khong
6n dinh trong méng tran bén. Dbi voi cac bai toan dong khong on dinh 1D
ciing chua c6 nghién ctru ndo xét dén luc quan tinh cia dong gia nhap hoic

phén tan va dong chay cong.

SVF trong mang tran bén la mét trong nhitng hién tuong thuy luc phuc tap
nhét cua thuy luc cong trinh. Sy két hop ciia dong chay qua tran theo mat cat
ngang va dong chay trong kénh theo chiéu doc mang, hinh thanh cac xoay
ngang va xody doc tao ra dong xoan theo chiéu dong chay. Luan 4n ciing mo
phong dong chay trong méang tran bén theo bai toan 1D nhu nhiéu tic gia
khac, nhung mé rong cho dong khong 6n dinh, ¢6 bd sung thanh phan luc
quan tinh ctua dong gia nhap hoic phan tan va dong chay cong bing hé
phuong trinh vi phan (2.28).

Cong thtrc tinh chiéu sau dong chay phia thanh méang dbi dién (hs) (3.6)
duoc xdy tir s6 lidu cia 3 md hinh vat 1y trong nuéc véi diéu kién ap dung
(3.8) va kiém chting voéi s6 lidu thi nghiém ctia 4 mé hinh vat 1y nudc ngoai.
Sai s6 giita tinh toan va thi nghiém trong pham vi 5%.

Dong chdy trong mang tran bén khong c6 quy ludt phan bd luu téc dang
logarit hay ham mil nhu cac dong chay khac, phan b rat khong déu tai thay
tryc va trén mat cat ngang ciling nhu doc theo chiéu dong chay. Do d6, cac hé
s6 phan bd luu t6¢ o, o duoc xac dinh nhd biéu do phan b luu toc tai cac
mat cat ngang bd tri doc theo méang. Su thay ddi cia oo, o theo chiéu doc
mang c6 xu thé giam tir dau dén cubi mang, dao dong trung binh tir 2,02 dén
1,08 V&i a va tir 4,84 dén 1,21 véi a. Dién bién o va a doc mang dugc thé
hién trén Hinh 3.21, Hinh 3.22.

Gi4 tri trung binh ctia cac hé s phan bd luu tdc trén toan dong chay trong
mang la oo = 1,41 va o = 2,32 (Bang 3.2) dugc dung trong tinh toan duong
mat nudc theo (2.28). Céac gia tri nay duoc ap dung trong diéu kién (3.8).
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5. Chiéu sau dong chay cudi mang hy, 1a diéu kién bién quan trong dé tinh toan
duong mit nuée trong mang. Cong thuc tinh hy, (3.17) duoc xay dung tir s6
licu thuc nghiém cia 3 mé hinh vat 1y trong nuéc cho sai s6 trong pham vi
5% véi didu kién ap dung (3.18). Tuy nhién, do han ché vé tap sé liéu thi
nghiém nén cong thirc (3.17) chwa duoc kiém dinh doc 1ap.

6. Hé phuong trinh (2.28) tim dugc nghiém gan dung nhd phwong phép sai
phan hitu han theo so d6 Preissmann véi cac trong s6 sai phan theo khong
gian cua bién myuc nude 1a nz va bién luu luong 1a No, thu duoc hé phuong
trinh dai s6 tuyén tinh c6 4 duong chéo chinh (2.54).

7. Hé phuong trinh dai s6 tuyén tinh (2.54) duoc sur dung dé thiét lap chuong
trinh m6 phong duong mat nudc trong mang tran bén thdo Ii. Chuong trinh
duoc dat tén la USVFID, bao gff)m cac module chinh nhu
THONGSOCONGTRINH, THONGSOMOHINH, HESOPHUONGTRINH,
KHUDUOI va nhiéu module khac.

8. Su dung md hinh toan USVFID véi budc thoi gian 5 gidy va trong sb sai
phan nz = 0,66 va ng = 0,50 da tinh toan duong mat nudc trong mang tran
bén cho cong trinh Bong Nghé, Viét An, My Binh. Két qua tinh toan c6 muc
dd phu hop véi thi nghiém hon so véi phuong phap cua Konovalov cho SVF
6n dinh. Bang s liéu thi nghiém dwdng mat nudc cua 4 cong trinh Trangslet,
Karahnjukar, Lyssbach, Markieh cang khang dinh tinh dung dan cua thuat
toan md hinh USVF1D va su phu hop cua hé s6 phan bd luu toc cho toan

dong chdy trong mang tran bén.
2. KIEN NGHI
Ung dung két qua nghién ctru ctia luan an vao thiét ké thury lyc mang tran bén:
1. Xac dinh duong mat nudc trung binh trén mang bang mé hinh USVFID.
2. St dung cong thirc (3.6) xac dinh myc nudc & thanh mang ddi dién va lya
chon cao trinh gia c¢6 bo dbi dién dam bao kinh té, ky thuat.
3. Ap dung cac két qua xac dinh hé s6 phan bd luu toc dé tinh toan duong mit

nudc trong mang tran bén cho dong 6n dinh.
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3. CAC VAN PE TON TAI VA HUONG NGHIEN CUU TIEP THEO

3.1. Cac van de ton tai

1.

Ludn 4n dd bd sung luc quan tinh ly tim vao phuong trinh tong quét (2.28)
nhung chua c6 diéu kién danh gia tic dong cua lyc nay dén dong chay ciing
nhu Xu ly thuat toan trong chuong trinh USVF1D.

Céc sb liéu thi nghiém vé phan b luu tde chua du nhiéu dé xac dinh dwoc sy
thay doi ciia cac hé s6 o, o doc theo chiéu dong chay, nén chap nhan gia tri
trung binh cho toan dong chay.

3.2. Hwéng nghién ciru tiép theo

Bai toan SVF 1D khéng 6n dinh trong mang tran bén can duoc tiép tuc nghién

ctru va phat trién ti€p véi cac di€m nhu sau:

1.
2.

Hoan thién cac van dé ton tai nhu da néu.

M6 hinh USVFID ciing can tiép tuc kiém nghiém va tinh toan tng dung.
Pong thoi nghién cau sir dung mé hinh thay dong luc 3D dé ddi chang voi
két qua cia md hinh USVFID.

Mg rong pham vi (g dung ciia hé phuong trinh (2.28) bang cach két néi voi
mo hinh thity lyc mang séng dé mo phong dong chay trén hé thdng noi c6
dong gia nhap hoac phan tan vao dong chinh.

Mo rong pham vi ap dung cua cong thirc (3.6) tinh hs.

Kiém ching cong thic (3.17) x4c chiéu sau cudi mang hy, trong trudng hop
mang c6 do dbc thoai (Sy < Sg) ndi tiép vai déc nude (S > S.). Nghién ctu
xéc dinh hy, trong cac diéu kién khac ctia kénh chuyén tiép.
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PL.2. CHIEU SAU PHiA THANH MANG POI DIEN

Cong thie x4c dinh chiéu siu dong chay phia thanh mang déi dién hg:

h/b
h_S:1+CS L(Z_T]
h bygh \ h

trong do:

CS=

CS :1

m

_y_O:1_1,331/H(PT +0,3H)

b

b

(3.6)

(mat cat tran dang cong)

(méi ha luu tran thang ding)

Bing PL1. Sai sé ciia céng thirc xdc dinh chiéu sdu hs

theo sé li¢u thi nghi¢m cdc ho My Binh, Pong Nghé va Viét An

Toa do Z111 Z1B hrra/h Chénh 1éch | Sai sd
x/L (m) (m) Thi nghiém | (3.6) (m) (%)
M0 hinh ho My Binh
Q = 342m%/s (TKKT) Z,s = 30,28m q =5,70m%s/m
0,00 30,05 29,97 1,018  [1,038| 0,020 1,965
0,33 30,03 29,84 1,041 [1,090| 0,049 4,707
0,67 29,55 29,09 1,107  [1,155| 0,048 4,336
1,00 29,05 28,29 1,195  [1174| -0,021 |-1,757
Q = 372m%s (TKKT) Zs = 30,49m q = 6,10m%s/m
0,00 Khong c6 sb liéu
0,33 30,37 30,25 1,024  [1,059| 0,035 3,418
0,67 30,34 30,10 1,045 [1,088| 0,043 4,115
1,00 29,85 29,37 1,097  [1,134| 0,037 3,373
Q = 250m%s (PAKN) Zs = 29,40m q=3,57m%s/m
0,00 29,29 29,06 1,066  [1,062| -0,004 |-0,375
0,33 29,26 29,08 1,043  [1,073| 0,030 2,876
0,67 28,81 28,54 1,062  [1,109| 0,047 4,426
1,00 28,34 27,97 1,082 [1,116| 0,034 3,142
Q = 342m°%s (PAKN) Zys = 29,96m q = 4,89m*/s/m
0,00 29,84 29,54 1,075  [1,060| -0,015 |[-1,395
0,33 29,55 29,28 1,061  [1,109| 0,048 4,524
0,67 29,16 28,71 1,099  [1,137| 0,038 3,458
1,00 28,38 27,89 1,110  [1,150| 0,040 3,604
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Toa do Ztm1 Z1g hrri/h Chénh léch | Sai sb
XL (m) (m) Thi nghiém | (3.6) (m) (%)
Q = 372m%/s (PAKN) Zs = 30,08m q =5,31m%s/m
0,00 29,91 29,85 1,014  [1,030| 0,016 1,578
0,33 29,78 29,56 1,047  [1,091| 0,044 4,202
0,67 29,39 28,96 1,089  [1,131| 0,042 3,857
1,00 28,79 28,30 1,101 [1,142| 0,041 3,724
M5 hinh hd Pong Nghé
Q = 328m%/s Zs = 35,36m q = 6,56m*/s/m
0,00 32,66 32,30 1,080 [1,061| -0,019 |[-1,759
0,50 33,13 32,37 1,166  [1,150| -0,016 |[-1,372
0,66 32,94 32,15 1,182 [1,160| -0,022 |-1,861
1,00 31,88 32,04 0962 |1,090| 0,128 [13,306
Q =390m%/s Z,s = 35,62m q = 7,80m*%s/m
0,00 33,40 33,21 1,035  [1,060| 0,025 2,415
0,50 33,76 33,17 1,110  [1,103| -0,007 |-0,631
0,66 33,68 33,11 1,107 [1,101| -0,006 |-0,542
1,00 32,43 32,50 0,985 |1,060| 0,075 7,614
Q =232m°/s Zns = 31,60m q = 4,64m*/s/m
0,00 31,60 31,60 1,000  [1,000| 0,000 0,000
0,32 31,50 31,50 1,000 [1,010| 0,010 1,000
0,67 31,50 31,45 1,014  [1,023| 0,009 0,888
1,00 30,93 30,90 1,010 [1,021| 0,011 1,089
Q =380m°/s Zws = 33,28m q = 7,60m*/s/m
0,00 33,27 33,27 1,000 [1,002| 0,002 0,200
0,32 33,17 33,16 1,002 [1,027| 0,025 2,495
0,67 33,13 33,12 1,002  [1,040| 0,038 3,792
1,00 32,37 32,21 1,036  [1,048| 0,012 1,158
Q =410m°/s Zws = 33,52m q = 8,20m*/s/m
0,00 33,52 33,52 1,000  [1,000| 0,000 0,000
0,32 33,48 33,47 1,002  [1,006| 0,004 0,399
0,67 33,42 33,42 1,000 [1,002| 0,002 0,200
1,00 32,70 32,65 1,010  [1,020| 0,010 0,990
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Toa do Zt11 Z1g hrri/h Chénh léch | Sai sb
XL (m) (m) Thi nghiém | (3.6) (m) (%)
Q = 382m*/s (m¢& thém tran su cd) Zs = 35,36m q = 6,56m°/s/m
0,00 32,24 32,01 1,055 [1,071| 0,016 1,517
0,50 33,68 32,74 1,190 [1,112| -0,078 |-6,555
0,66 33,58 32,57 1212 [1,113| -0,099 |-8,168
1,00 32,22 31,67 1,142 [1,143| 0,001 0,088
Q = 470m%s (mé thém tran sy cd) Z,s = 35,62m q = 7,80m*%s/m
0,00 34,10 34,14 0,990 |1,061| 0,071 7,172
0,50 34,01 33,64 1,060 [1,065| 0,005 0,472
0,66 33,85 33,37 1,090 [1,103| 0,013 1,193
1,00 32,69 32,66 1,010 [1,116| 0,106  |10,495
M5 hinh hé Viét An
Q = 543m*/s (TKSB) Z,s = 94,52m q = 6,79m*s/m
0,00 92,36 91,60 1,136 [1,143| 0,007 0,616
0,46 92,40 91,40 1,185 [1,156| -0,029 |-2,447
1,00 90,60 89,88 1,186  [1,187| 0,001 0,084
Q =543m%s (TKKT) Zs = 94,52m q = 6,58m>/s/m
0,00 92,60 91,70 1,134  [1,107| -0,027 |-2,381
0,46 92,50 91,87 1,092 [1,113| 0,021 1,923
1,00 91,16 90,82 1,058  [1,140| 0,082 7,750

] Bing PL2. Sai sé ciia cong thirc xdc dinh chiéu siu hs
theo s liéu thi nghiém cia cdc ho Trangslet, Karahnjukar, Lyssbach va Markieh

X x/L bda'y hTTl hTB CS h TTl/h Sai Sé
m |G m | m | () Thi nghiém | (3.6) (%)

M0 hinh ho Trangslet TKCS

Q =224 (m%/s) q=1,79 (m%s/m)

625 | 05 | 25 | 360 | 3,41 | 0,550 1,056 1,068 | 1,17
Q =482 (m%/s) q = 3,86 (m®s/m)

625 | 05 | 25 | 590 | 539 | 0,550 1,095 1,082 | -113
Q =945 (m%/s) q=7,56 (m*s/m)

625 | 05 | 25 | 9,00 | 812 | 0,550 1,108 1,082 | -2,39
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X x/L bda'y hTTl hTB CS hTTl/h Sai Sé
m | )| ()| m | (m (-) Thi nghiém | (3.6) (%)
M5 hinh hé Trangslet TKKT
Q =224 (m%/s) q=1,79 (m*s/m)
625 | 05 167 | 430 | 415 | 0550 | 1,036 1,080 | 4,26
Q =482 (m¥s) q = 3,86 (m%/s/m)
62,5 | 05 | 167 | 7,85 | 7,28 | 0,550 1,078 1,072 | -0,63
Q =945 (m%/s) q=7,56 (m*/s/m)
62,5 | 05 | 16,7 | 11,30 | 10,87 | 0,550 1,040 1,031 | -0,79
M5 hinh h6 Karahnjukar
Q =800 (m*/s) q=5,71 (m*s/m)
70 | 05| 9 | 1220|1097 | 0500 | 1,112 1,098 | -1,28
Q = 1350 (m%/s) q=9,64 (m*s/m)
70 | 05| 9 | 1610 | 1512 | 0,500 1,065 1,029 | -3,40
Q = 2250 (m%/s) q = 16,07 (m*/s/m)
70 | 05| 9 |2010 | 19,57 | 0,500 1,027 1,001 | -2,52
M5 hinh h6 Lyssbach
Q =25,2 (m%s) q=0,70 (m*/s/m)
179 | 05 | 468 | 256 | 245 | 0,536 1,045 1,097 | 5,01
Q = 42,6 (m*ls) q=1,19 (m%s/m)
179 | 05 | 468 | 370 | 347 | 0450 1,067 1,045 | -2,10
Q = 63,9 (ms) q=1,78 (m*s/m)
179 | 05 | 4,68 | 460 | 452 | 0,374 1,018 1,013 | -0,46
M5 hinh hé Markieh
Q = 1000 (m%/s) q = 6,67 (m*/s/m)
0 0 | 10 | 516 | 505 | 0,500 1,022 1,059 | 3,57
375 [025| 15 | 558 | 550 | 0,500 1,015 1,075 | 5,95
75 | 05| 20 | 630 | 600 | 0500 1,050 1,076 | 2,43
1125 [ 0,75 | 25 | 6,03 | 593 | 0,500 1,017 1,081 | 6,31
150 | 1 | 30 | 595 | 531 | 0,500 1,121 1,087 | -3,01
Q = 665 (m®/s) q = 4,43 (m%s/m)
0 0 | 10 | 500 | 4,82 | 0,500 1,038 1,034 | -0,39
375 (025 | 15 | 495 | 475 | 0,500 1,042 1,072 | 2,90
75 | 05 | 20 | 480 | 452 | 0500 1,063 1,082 | 184
1125 [ 0,75 | 25 | 4,90 | 457 | 0,500 1,073 1,079 | 0,58
150 | 1 | 30 | 450 | 4,02 | 0500 1,120 1,080 | -358
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PL.3. PHAN BO LUU TOC

m’/s Q=390m’/s

2¢ll¢l¢¢3ll¢l¢¢l4; soos 24 bbb bbbl bbb d)le

Ghi cha: 2T/s Ghi cha: 2™

a) Q=390m°’ls b) Q = 470m%/s
(dong ctra su cd) (mé cira su cd véi Qy = 80m*/s)

Hinh PL6. Phén b6 luu téc binh quan thiiy truc véi cap leu legng kiém tra
trén mdt bang mang tran bén ho Dong Nghé

=372m’/s (TKKT) =372m’/s (PAKN)

1¢¢¢¢2¢li¢3¢i¢¢41 1¢¢l¢2¢¢¢¢3¢lii41

4: 4
a) Q = 372m’/s - TKKT b) Q = 372m®/s - PAKN
= 250m’/s (PAKN)

1¢¢¢¢2¢¢¢¢3¢ll¢43

2m/s

Ghi chi: = 3i
4
c) Q = 250m*/s - PAKN

Hinh PL1. Phin bé lwu toc binh quan thity truc
trén mdt bang mang tran bén ho My Binh

Q =390m’/s (Q0 =0) - TT1 Q=390m’s (Q0=0)-TT5
3 4 zih 12 3 4
] . o ‘ 5
‘ ‘ , 1 ‘ f
2 Ghigng2MS 3 >0 4 2 Ghigng2MS 3 =0 4
a) Thuy truc 1 b) Thuy truc 5

Hinh PL8. Phin bé lwu toc thiiy truc véi Q = 390m’/s
kich bdn dong cira sw co (Qq = 0) trén triac doc mang tran bén ho Dong Nghé
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Q =390m’/s (Q0 = 80) - TT1 Q =390m’/s (Q0 = 80) - TT5
3 3 3 4
S,=0 : S,=0 i
2 Ghicha: 2Ms ¥ 4 2 Ghichg:2Ms 3 4
a) Thuy truc 1 b) Thuy truc 5

Hinh PLY. Phéin bé lwu toc thiy truc véi Q = 470m°/s o
kich ban mé civa sw c6 (Qq = 80m°/s) trén tric doc mdng trin bén ho Pong Nghé

Q =372m"/s (TKKT)-TT1 gy chy; 278 Q= 372m°s (TKKT)-TT5 i - 200/
zn 1 2 3 ‘ 2 11 2 3 4
0 ' ' 0 ; ‘ '
0,5 05 ¢
1 : : g — i
“ 20 $,=0,02 3 : # 2l $,=0,02 3
a) Thuy truc 1 b) Thuy truc 5
Hinh PL10. Phén bé luu toc thiy triwe véi Q = 372m°/s (TKKT)
trac doc mang tran bén ho My Binh
Q =250m’/s (PAKN) -TT1 i oy, 2/ Q= 250m's (PAKN) -TT5 o o 2mis
zih 2 3 4 zh 1 2; 3; 4
O o 2 H H 0 H H H
0,5 & 0,5 &
1 : 1 1 ; ;
g 2 S,=003 3 1 > S,=003 3
g) Q = 250m*/s (PAKN) tai TTl h) Q= 250m%s (PAKN) tai TT5

Hinh PL11. Phin bé lwu toc thity truc voi Q = 250m*/s (PAKN)
trac doc mang tran bén ho My Binh

PL.4. HE SO PHAN BO LUU TOC

Bing ‘PL3. Bing tinh v, o va o tgi mat cdt 1-1
cia mo hinh ho My Binh (PAKN) voi cap luu lugng Q = 342m°s

Dac trung Thy trye Tong
’ TT1 TT2 TT3 T4 TTS
Ah (m) 1,430 1,383 1,337 1,278 1,220
by (M) 2,770 1,250 1,250 1,250 6,737
b, (M) 2,055 1,250 1,250 1,250 4,700
b3 (m) 1,340 1,250 1,250 1,250 2,662
b, (M) 0,625 1,250 1,250 1,250 0,625




131

Dac trung Thuy tryc Téng
- TT1 TT2 TT3 TT4 TT5
AA; (m?) 3,450 1,729 1,671 1,598 6,977
AA, (m?) 2,427 1,729 1,671 1,598 4,491
AAz (m?) 1,405 1,729 1,671 1,598 2,005
TA (m) 7,282 5,188 5,013 4,794 13,473 | 35,749
uy (m/s) 0,000 0,000 0,000 0,720 1,530
U, (M/s) 0,000 0,000 0,000 0,860 1,680
Us (M/s) 0,000 0,000 0,000 0,760 1,530
uAAL (m¥s) | 0,000 0,000 0,000 1,151 10,674
WAA, (m¥s) | 0,000 0,000 0,000 1,374 7,545
usAA; (m¥s) | 0,000 0,000 0,000 1,214 3,068
SUAA (ms) | 0,000 0,000 0,000 3,739 21,287 | 25,026
u?AA; (m*s? | 0,000 0,000 0,000 0,828 16,331
U?AA, (m*s?) | 0,000 0,000 0,000 1,182 12,675
Us’AA; (m*/s?) | 0,000 0,000 0,000 0,923 4,694
Su?AA (m*/s%) | 0,000 0,000 0,000 2,933 33,701 | 36,634
u*AA; (m*s%) | 0,000 0,000 0,000 0,596 24,987
U°AA, (m*/s®) | 0,000 0,000 0,000 1,016 21,294
Us°AA; (M*/s®) | 0,000 0,000 0,000 0,701 7,182
SWAA (M) | 0,000 0,000 0,000 2,314 53,464 | 55,778
v(ms) | 0,700 VAMYsY) | 17520 | VVA(MSY) | 12,265
o (-) 2,091 a (-) 4,548
Bing PLA. Bing tinh v, o, va o tai mit ciit 2-2
ciia mé hinh ho My Binh (PAKN) véi cip lwu lwong Q = 342m°/s
5 Thuy truc 2
Dic trung TT1 TT2 %3 TT4 TT5 | lone
Ah (m) 1,533 1,540 1,547 1,400 1,253
by (M) 3,461 2,321 2,321 2,321 7,440
b, (M) 2,694 2,321 2,321 2,321 5,347
bs (M) 1,927 2,321 2,321 2,321 3,254
b (M) 1,161 2,321 2,321 2,321 1,161
AA; (Mm?) 4,719 3,575 3,590 3,250 8,013
AA; (M) 3,543 3,575 3,590 3,250 5,390
AAz (M) 2,368 3,575 3,590 3,250 2,766
SA (m) 10,629 | 10,725 | 10,771 9,750 16,169 | 58,045
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Dac trung Thuy tryc Téng
' TT1 TT2 TT3 TT4 TT5
uy (m/s) 3,360 2,770 2,170 0,100 -1,530
U, (M/s) 3,060 2,440 1,810 1,990 2,170
Us (M/s) 2,830 3,130 3,430 2,560 1,680
uAAL (ms) | 15,855 9,903 7,791 0,325 | -12,260
UAA, (M¥fs) | 10,842 8,723 6,499 6,468 11,696
UsAAg (mfs) | 6,700 11,190 | 12,315 8,320 4,648
SUAA (m®s) | 33,397 | 29,816 | 26,605 | 15,113 4,083 109,013
u?AA; (m*s®) | 53,272 | 27,431 | 16,907 0,033 18,758
U°AA, (m*s®) | 33,176 | 21,284 | 11,763 | 12,870 | 25,380
U?AA; (m*s®) | 18,961 | 35024 | 42,242 | 21,299 7,808
SUAA (m*s?) | 105,409 | 83,739 | 70,912 | 34,202 | 51,945 |346,207
uAA; (m%s%) | 178,993 | 75983 | 36,689 0,003 | -28,699
U°AA, (m/s®) | 101,519 | 51,933 | 21,291 | 25612 | 55,074
Us°AA; (m°/s®) | 53,661 | 109,625 | 144,889 | 54,526 | 13,117
SUPAA (m¥/s®) | 334,173 | 237,541 | 202,868 | 80,141 | 39,492 [894,214
v(ms) | 1,878 VA (mYs?) | 204737 | V'A(m®s’) | 384,514
oo (-) 1,691 o (-) 2,326

ciia mé hinh hé My Binh (PAKN) véi cdp luu lwong Q = 342m°/s

Bing PL5. Bing tinh v, ap va o tai mt cit 3-3

Thuy truc

Dic trung TT1 TT2 T3 TT4 TT5 Tong
Ah (m) 1603 | 1545 | 1487 | 1378 | 1,270
b (M) 4101 | 3393 | 3393 | 3393 | 8,059
b, (M) 3300 | 3393 | 3393 | 3393 | 50938
bs (M) 2498 | 3393 | 3393 | 3393 | 3817
b, (M) 1696 | 3393 | 3393 | 3393 | 1,696
AA; (M%) 5,933 5,242 5,044 4,676 8,888
AA, (M) 4648 | 5242 | 5044 | 4676 | 6,195
AA; (M?) 3363 | 5242 | 5044 | 4676 | 3501

SA (m) 13944 | 15726 | 15132 | 14,029 | 18584 | 77.416
Uy (M/s) 4990 | 4670 | 4340 | 4830 | 5310
U, (M/s) 4850 | 4850 | 4850 | 4510 | 4170
Us (MVS) 4060 | 4460 | 4850 | 3670 | -1530
UAA, (m¥fs) | 29,607 | 24,480 | 21,801 | 22,587 | 47,197
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Dac trung Thuy tryc Téng
- TT1 TT2 TT3 TT4 TT5
WAA, (M¥s) | 22,543 | 25424 | 24464 | 21,091 | 25832
UsAA; (m¥s) | 13,652 | 23379 | 24464 | 17,163 | -5357
SUAA (m%s) | 65,802 | 73283 | 70,818 | 60,841 | 67,672 | 338,416
U 2AA; (m/s?) | 147,739 | 114,321 | 95,008 | 109,097 | 250,616
U,2AA, (m*/s?) | 109,331 | 123,304 | 118,649 | 95120 | 107,720
Us°AA; (m*/s®) | 55,428 | 104,271 | 118,649 | 62,987 8,196
SUPAA (m¥s?) | 312,499 | 341,897 | 332,305 | 267,205 | 366,532 |1620,437
UPAA; (m*/s®) | 737,220 | 533,881 | 412,333 | 526,940 | 1330,771
U°AA, (m°/s®) | 530,257 | 598,025 | 575,446 | 428,992 | 449,194
U AAs (M®/s®) | 225,037 | 465,049 | 575446 | 231,163 | -12,540
SUPAA (m°s®) | 1492514 | 1596,955 | 1563,225 | 1187,095 | 1767,425 | 7607,215
v(mis) | 4371 | VPA(m's?) | 1479,360 | VA (m’/s®) | 6466,901
oo () 1,095 o (-) 1,176

Bing PL6. Bing tinh v, o va o tai mdt cit 4-4
cia mo hinh ho My Binh (PAKN) voi cap luu lugng Q = 342m°/s

Thuy truc

Dic trung TT1 TT2 T3 TT4 TT5 Tong
Ah (m) 1643 | 1590 | 1537 | 1397 | 1,257
by (m) 4965 | 5000 | 5000 | 5000 | 8,796
b, (M) 4143 | 5000 | 5000 | 5000 | 6,697
bs (M) 3322 | 5000 | 5000 | 5000 | 4599
b (M) 2500 | 5000 | 5000 | 5000 | 2,500
AA (M) 7484 | 7950 | 7,683 | 6983 | 9735
AA, (M) 6,134 | 7950 | 7.683 | 6983 | 7,098
AA; (M) 4783 | 7950 | 7,683 | 6,983 | 4460
SA (M) 18,401 | 23850 | 23,050 | 20,950 | 21,293 | 107544
Uy (M/s) 6,790 | 6370 | 5940 | 6470 | 7,000
U, (m/s) 6790 | 5940 | 5090 | 5710 | 6320
Us (/) 5860 | 4470 | 3070 | 5420 | 7,760
UAA, (M¥s) | 50,816 | 50,642 | 45639 | 45182 | 68,144
WLAA, (ms) | 41,648 | 47,223 | 39,108 | 39,875 | 44,857
UAA; (MYs) | 28,031 | 35537 | 23588 | 37,850 | 34,612
SUAA (mYs) | 120,496 | 133401 | 108,335 | 122,907 | 147,613 | 632,751
UAA, (m*s?) | 345,044 | 3225586 | 271,006 | 292,329 | 477,009
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Dac trung Thuy tryc Téng
' TT1 TT2 TT3 TT4 TTS
U,?AA, (m*/s?) | 282,791 | 280,505 | 199,061 | 227,685 | 283,495
Us?AA; (Mm/s?) | 164,262 | 158,848 | 72,415 | 205,145 | 268,589
SUPAA (m*s?) | 792,097 | 761,939 | 542,571 | 725,159 | 1029,093 | 3850,859
uAA; (m®/s) | 2342,847 | 2054,875 | 1610,308 | 1891,366 | 3339,061
U*AA, (m®/s®) | 1920,148 | 1666,197 | 1013,218 | 1300,083 | 1791,687
Us°AA; (m/s®) | 962,578 | 710,051 | 222,313 | 1111,887 | 2084,251
SWAA (m/s) | 5225,573 | 4431,124 | 2845,839 | 4303,336 | 7215,000 | 24020,872
v(mis) | 5884 | VA(mYs) | 3722,887 | VA (m%s%) | 21904,163
oo (-) 1,034 o (-) 1,097

PL.5. MA NGUON MO HINH USVF1D

Bdng PL1. Doan chwong trinh ciia module chinh

Sub USVF1D ()
(oo0)
Call Thongsocongtrinh
Call Thongsomohinh
Do
Lanlap = 0
I =1+1
TO0O = TO + dt
x(2) = NOISUY(M, TO, T, Q)
x(2 * m + 1) = NOISUY (m,

g = NOISUY M, TO, T, q)
H = NOISUY (M, TO, T, H)
Do

Lanlap = Lanlap + 1
For J =1 Tom
Call Hesophuongtrinh

Next J
Call Khuduoi
Call Dieukiendung

Loop Until (Saiso < 0.001)
Call Inketqua

Loop Until (TO > M)

(..2)

End Sub

TO,

T, Z)

Bdng PL8. Doan chwong trinh ciia module THONGSOCONGTRINH

Sub Thongsocongtrinh ()
(...)
ILmang = Wi.Cells (i, 7J)
Lnguong = Wi.Cells (i, 3Jj)
SO0 = Wi.Cells (i, 73)
ml = Wi.Cells (i, 3Jj)
m2 = Wi.Cells (i, 3j)
nham = Wi.Cells (i, 7J)
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Bdau = Wi.Cells (i, 3J)

Bcuoi = Wi.Cells (i, 7J)

Zdau = Wi.Cells (i, 73)
hesoluutoc = Wi.Cells (i, Jj)
hesoLuuluong = Wi.Cells (i, 7J)
gocPhi = Wi.Cells (i, 7J)
gocBeta = Wi.Cells (i, 3Jj)

mTB = (ml + m2) / 2

bl = (Bcuoi - Bdau) / Lmang
For T =1 Tom + 1 'Step -1

Lnut(I) = (I - 1) * D1
Znut (I) (Lnut(I)) * SO + Z
Bnut (I) = (Lnut(I)) * bl + Bdau
Next T
For T =1 Tom
Zdoan (I) = (Znut(I) + Znut(I + 1)) * 0.5
Bdoan(I) = (Bnut(I) + Bnut(I + 1)) * 0.5
Next T
(...)
End Sub

Bing PL9. Doan chwong trinh ciia module THONGSOMOHINH

Sub Thongsomohinh ()

(...)
EtaQ = Wi.Cells (i, 3J)
Etaz Wi.Cells (i, 3)
alpha = Wi.Cells (i, 3J)
alphaO0 = Wi.Cells (i, 7J)
dt = Wi.Cells (i, 3J)
N = Wi.Cells (i, 3)

(o..)

End Sub
Bing PL10. Doan chwong trinh ciia module BIEN
Sub Bien ()
(...)
For T =1 To N
T(I) = Wi.Cells (i, 3j)
Q(I) = Wi.Cells (i, 7J)
H(I) = Wi.Cells (3, 3J)
g(I) = Wi.Cells (i, 3j)
Zc(I) = Wi.Cells(i, Jj) 'muc nuoc phan gioi cuoi mang
Next I
(...)
End Sub

Bdng PL11. Poan chwong trinh cia module BANDAU

Sub Bandau ()
(...)
Q01 = Wi.Cells (i, 3J)
Q02 = Wi.Cells (i, 3)
Z1l = Wi.Cells (i, 7J)
Z2 = Wi.Cells (i, 7j)
Q0 (Q02 - Q01) / Lmang
Zzd = (Z2 - Z1) / Lmang
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For I =1To 2 *m + 2
If ((I \ 2) * 2 - I) = 0 Then
x(I) = Q01 + Q0 * (I / 2)

Else

X(I) = Z1 + (I \ 2) * zd

End If

Next T

(...)

End Sub

Bdng PL12. Doan chwong trinh ciia module DACTRUNG

Sub Dactrung ()

A h * (b(Doan) + mTB * h)

.P = b(Doan) + h * ((1 + ml ~ 2) ~ 0.5+ (1 +m2 ~ 2) ~ 0.5)
.R A/ LP

.B b (Doan) + mTB * h

.K =1/ nham * .A * R ~ (2 / 3)

End Sub

Bdng PL13. Doan chwong trinh ciia module DIEUKIENDUNG

Sub Dieukiendung ()

(...)

For T =1 To 2 * m + 2

dX(I) = x(I) - X1(I)

If (I Mod 2) <> 0 Then

YO = Abs (dX(I))

Else

If (dX(I) = 0) And (x(I) = 0) Then
YO =0

Else

Y0 = Abs (dX(I) / (dX(I) + x(I)))
End If

End If

If Max < YO Then Max = YO

Next I

(...)
End Sub

Bing PL14. Doan chwong trinh ciia module HESOPHUONGTRINH

Sub Hesophuongtrinh ()
(...)

dc =B/ 2 / EtaQ * dx / dt

Tc = dc * (Zx2 + 7Zx1) - (1 - EtaQ) / EtaQ * (Qx2 - 0QOx1) + g * dx /
EtaQ

dbl = k0 / g/ A/ 2/ dt + S

Fr2 = alpha * Q ~2 *B / g/ A "~ 3

dp2 = ((1 - Fr2) * Etaz / dx + (k + alphaO) * B * Q /g / A~ 2 / 2/
dt)) / dbl

dbD3 = ((1 - Fr2) * EtaZz / dx - (k +alpha0) * B *Q / g/ A"~ 2 / 2/
dt)) / dbpl

TD = ((1 - Fr2) * (1 - Etaz) / dx * (Zx1 - Zx2) + (kO / g / A * (0x1
/ 2/ dt + Qx2 / 2 / dt) - (k + alpha0) * B *Q / g/ A"~ 2 / 2 / dt *

(Zzx1 - Zx2)) / dD1
Cl =- (db2 + dc) / 2
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C2 = (dD3 - dC) / 2
C3 = (TD - TC) / 2
C4 = (dC - db2) / 2
C5 = (dD3 + dC) / 2
C6 = (TD + TC) / 2

Bdng PL15. DPoan chwong trinh cia module KHUDUOI

Sub Khuduoi ()
(...)

(1) = BienQ

a(l) = -Cc2(1) / Cc1(1)

b (1) (-Q(1) + C3(1) / C1(1)

(l) = aa(l)z(2) + bb(1l)

a(2) -1 / (C5(1) * aa(l) + C4(1))

b(2) = (-C5(1) * bb(l) + C6(1)) / (C5(1) * aa(l) + C4(1))
( ) = aa(2) * Q(2) + bb(2)

For i = 2 to N

a(2 * i -1) = —c<i) / (1 + Cl(i) * aa(2 * i - 2))
( ) = (=Cl(i) * bb(2*i-2) + C3(i))/ (1 + Cl(i) * aa(2*i-2)
0(i) = aa(2 * i - 1) *» 2(i + 1) + bb(2 * i - 1)
( ) = -1/ C5(i) * aa(2 * i - 2) * aa(2 * i - 1) + C4(i))
( ) = (=C5(i) * aa(2 * i =2) * bb(2 * i - 1) - C5(i) * bb(2 *
i - 2) + C6(1)) / (C5(i) * aa(2 * i - 2) * aa(2 * i - 1) + C4(i))
Z(1i + 1) = aa(2 * i) * Q(i + 1) + bb(2 * i)
Next i
i =N
OQ(N + 1) = (Z(N + 1) - bb(2 * N) / aa(2 * N)
Q(N) = aa(2 * N - 1) * Z(N + 1) + bb(2 * N - 1)
For i = N -1 to 1

Z(i + 1) = aa(2 * i) * Q(i + 1) + bb(2 * i)
Q(i) = aa(2 * i - 1) * 2(i + 1) + bb(2 * 1 - 1)
Next i
(...)
End Sub

PL.6. PAC TRUNG LUU LUQNG, MUC NUOC VA LUU TOC

1. H6 DPong Nghé kich béin déng cira xd

Lweu lwgng Q (m3fs) doc mang tai thoi diém 8 gioy Lwu toc trung binh v (mis) doc méng tai thoi diém 8 gio
> 40000 w0
€ <
g 30000  — > 300 —
i
o / £ /
g 200.00 Q200
4 [0}
3 / g = /
100.00 c L
5 ’/,/' : ~
0.00 S 000
0 10 20 30 40 50 % 0 10 20 30 40 50
Toa d6 mang (m) Toa d0 mang (m)
Hinh PL12. Dien bién luu lwong Hinh PL13. Dien bién lwu toc

doc mdng thoi diém 8 gior doc mdng thoi diém 8 gior
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Lwu lvvong Q (m3/s)

L heong Q (m3ls) ta mét cat MC21

25000
20000 /_/ ~
15000 /
100.00 T T T T T T
0 5 10 55 0 i Kl

Thai gian, T [gi0)

Hinh PL14. Duong qud trinh
lwu lwong tai mat cat giiva mang

2. Ho Pong Nghé kich ban mé civa xd

MLPC NLPCre 2 (M)

Mue nude Z ) tamatcat G2
6200

6150
6100
6050
6000

5930

5300 T
0 5 10 15 il b il
Thaigian, T ic]
Hinh PL15. Duwong quad trinh
Murc nwdC tai mat cat gidra mang

1

Luu Irgng Q (m3/s) doc mang tai thoi diém 14 gio

Lwu toc trung binh v (mis) doc mang tai thoi diém 14 gio

Thagian, T (gi0)

Thatgian, T (gid]

3 50000 2 5
£ ww — > 40 s
0 / c /
o 30000 € 30
¢ / 2 /
g 2000 —— 2 20 _——
- J
2 10000 E 10
0

~ € 0m

0 10 2 % 0 5 § 0 10 20 0 0 5

Toa d6 mang (m) Toa dg mang (m)
Hinh PL16. Dién bién luu lwong Hinh PL17. Dién bién luwu téc
doc mdng thoi diem 14 gio doc mang thoi diem 14 gio
Lurutdc trung binh v (ms) tai mt cat MC21 Mure e Z (m) tai mt cat NC21

7 W ~ 6200
4 £
£ VAR ~
~ 0 N
> / \ K
; / oy
20 5
: /_/ 2 09
S * 1/
<9 /
g 2.60 T T T T T T 1 60.00 T T T T T T 1
4 0 5 10 15 ] I 3 k) 0 5 10 15 0 I K] 3%

Hinh PL18. Duong quda trinh
lwu toc tai mat cat gika mang

Hinh PL19. Duong quda trinh
Murc nwdc tai mat cat gidta mdang
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3. Ho Viét An phwong dn thiét ké so by

Luu lwong Q (m3)s) doc mang tai thoi diém 13 gior Luu toc trung binh v (mls) doc mang tai thoi diém 13 gio
3 60000 £
£ 50000 s N P
g 00 — pd : 300 /
£ 30000 - g 200
220000 / . /
§ 100,00 =7
0.00 2000
0 20 40 60 30 100 § 0 0 40 60 80 100
Toa dg mang (m) Toa dg mang (m)
Hinh PL20. Dién bién luwu lwong Hinh PL21. Dién bién Iwu toc
doc mang thoi diem 13 gio doc mang thoi diem 13 gio
Linu £0c rung binh v (mis) tai mat cét MCA) Mire nue 2 (m) tai mt cat MCA0
~ 0 -
3 £
E o N -
> 1 /N o 700 N
' 2
T / AN 2 / \
- / N 6
O) " 5:
;i / \\ 2 / \
5 17660 \
$ 19 /
g 1.88 T T T T T T 1 176.40 T T T T T T 1
- 0 5 10 15 0 5 Rl £ 0 5 10 15 | 5 ki) k3
Tha gian, T [gio) Thoj gian, T (¢id]
Hinh PL22. Dwong quad trinh Hinh PL23. Dwong quad trinh
lwu toc tai mat cat giska mang Murc nwdc tai mat cat gidta mdang
4. Hb Vigt An phwong dn thiét ké ky thugt
Luru lwong Q (m3)s) doc mang tai thoi diém 13 gior Luu toc trung binh v (mis) doc méng tai thoi diém 13 gio
3 60000 2 4
£ e N
£ s - - e
g 40000 - £ /
£ 30000 - g 200
3 00 - £ /
5 10000 s /
0.00 2000
0 0 40 60 80 100 % 0 10 0 30 40 50 60
Toa do mang (m) Toa dd mang (m)

Hinh PL24. Dién bién luu hrgng
doc madng thoi diem 13 gio

Hinh PL25. Dién bién luu toc
doc mdng thoi diem 13 gio
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Luru t0c trung binh v ) tai mit cat MC28

Mure e 2 (m) tai mit cat NC28

5 1% 2
£ 19 \ 7640 B
o2 N :
: //\\ § 1 / O\
c b
£ 1 2
3 / N 17600
o 18 2 / \
5 / N imw / SN
g / 17580
g 1.82 T T T T T T 1 175.40 T T T T T T 1
4 0 5 10 15 0 I 3 k) 0 5 10 15 0 I K] 3%
Thagian, T (gi0) Thatgian, T (gid]
Hinh PL26. Dwong quad trinh Hinh PL27. Dwong qud trinh
lwu toc tai mat cat giska mang Murc nwdc tai mat cat gidta mdang
5. Ho My Binh phwong dn thiét ké ky thuit
Luu lwong Q (m3/s) doc méng tai thoi diém 17 gio Lwu toc trung binh v (m/s) doc mang tai thoi diém 17 giv
2 40000 £
€ <
g ~ > 300 -
c
o / E /
£ 20000 8 200
4 9))
3 / c /
5 10000 3 100
3 0 /
000 € 000
0 10 0 30 4 50 6 § 0 10 2 30 4 0 6 70
Toa d¢ mang (m) Toa dg mang (m)
Hinh PL28. Dién bién luwu lwong Hinh PL29. Dién bién lwu toc
doc mang thoi diem 17 gio doc mang thoi diem 17 gio
Luu toc trung binh v (mis) tai mit cat MC30 My nurdc Z (m) tai mt cat MC30
PEL) ~ 500
N E
£ N 5500 N
~ N A
180 —
/ \ g // \\
'r; 179 E o
s 7 ° 460
g 1.78 T T T T T T 1 54.50 T T T T T T 1
I 500 5 0 5 N % 0 500 5w 5 N %

Thai gian, T (gi0)

Thot gian, T (gio)

Hinh PL30. Duong qud trinh
lwu toc tai mat cat gika mang

Hinh PL31. Duong qud trinh
Murc nwdc tai mat cat gidta mdang
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6. Ho My Binh phwong dn kién nghi sira déi

Lwu lwgng Q (m3/s) doc mang tai thoi diém 18 gio

Lwu toc trung binh v (m/s) doc mang tai thoi diém 18 gio

> 4000 2w
£ <
g ~ > 30 -
/ C /

g 20000 2 200
3 / 2 /
S 10000 2 100
3 0 /

000 < 00

0 W M 0 N N o 0 8 § 0 10 N N 0 0 0 0
Toa d¢ mang (m) Toa do mang (m)
Hinh PL32. Dién bién luu lwong Hinh PL33. Dién bién luu téc
doc mdng thoi diem 18 gio doc mang thoi diem 18 gio
Luru tdc trung binh v ) tai mit cat MC35 Mo e Z () tai mit cat NC35
5 18 ~ )
4 £
E 1w — N ” -
> \
.E 7 / § /_/ \
8 17 L
2 / 3
; P 2 an
g 1l | /_/
g 1.70 T T T T T T 1 52-50 T T T T T T 1
- 0 5 10 15 ] I 30 k) 0 5 10 15 | I k] 3%
Thai gian, T (gi) Thai gian, T (go)

Hinh PL34. Duong qud trinh
lwu toc tai mat cat giska mang

Hinh PL35. Duwong qud trinh

Muee nwdc tgi mat cit giska mdng




