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PO PAC TINH TOAN LUU LUQONG DONG CHAY BANG
THIET BI SONG SIEU AM THUY LUC KET HQP
MO HINH MO PHONG SO

Dwong Van Khanh
Trung tdam Mang ludi khi tuwong thuy van va moi truong

Tém tit: Tang dé chinh xdc cia do dac heu lwong dong chay la van dé dwoc rat nhiéu nha
ky thudt thity van trén thé giéi quan tdm nghién ciru phdt trién cdc cong nghé do méi. Bai bdo nay,
nham giGi thiéu mét phwong phdp do heu heong dong chay méi dwge nghién ciru dp dung & Nhdt
Ban: xdc dinh toc dp dong chay trung binh mdt ngang bang sir dung song siéu am thiy liee két hop
Vvéi mé phéng sé sw phéin bé toc dp mdt ngang, goi tdt la hé thong ATENAS - hé thong do heu lwong
méi. Hé thong ATENAS dwoc nghién civu thir nghiém, do dac lién tuc, on dinh va kiém chirng trén
Song Tone voi do rong mat ngang song khoang 500m, luu lwong dong chay khoang 4000m’/s trong
mua lii (heu leong dong chdy 1om, van chuyén bun cdt déay séng nhiéu, gdy sai s6 1om trong xdc dinh
toc dg dong chay phén bé tai mdt cdt ngang tuyén do).

Tw khéa: ATENAS, song Tone, luu lwong dong chay.

1. Pit vin dé

Nhim ting cudng d6 chinh xac cua gia tri do
va kha nang ap dung cho nhiing song 16n, mot
s6 phuong phap do dac méi dd duogc phat trién,
trong d6 c6 phuong phap ky thuat két hop giita
mé phong sb ctia phan bd luu tée dong chay vai
do dac luu tbc trung binh dong chay theo mat
ngang tuyén do luu luong, d6 1a Hé thong do luu
lugng ATENAS (Advanced Technology of
Numerical simulation of velocity distribution
and hydroAcoustics - Cong nghé phat trién mo
phong sb su phan b toc d6 va siéu 4m thity vin).
Hé thong nay dugc lap dit do dac, kiém chimg &
ha luwu cua séng Tone (co mit cat ngang tuyén do
16n). Do lién tuc luu lvong dong chay trong nam
tr muia kho sang mua 1t (muc nude thap nhit
dén muc nudc I%i). BS chinh xac duogc kiém tra,
xem xét & cac cip muc nude khac nhau, ap dung
do luu lugng dong chay bang phuong phap nay
ddng thoi v6i do biang phuong phap truyén
thong.

2. Mt s6 ton tai trong do dac dong chay
hién nay

Thong thuong, do dong chay roi rac, khong
lién tuc, gia tri lugng dong chay dugc xac dinh
bang tong cac gia tri luu lugng bd phan mat
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ngang.
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Trong d6: Vi Toc d6 dong chay bo phan; kihé
s6 kiém chung, Aidién tich bg phan.

Khi do luu lwong bang phuong phap do phao
ndi, két qua do dac s& khong cao do bi anh hudng
ctia dong chay rdi (gay ra boi dia hinh day song,
cong trinh trén song khac) va cac yéu té anh
hudng khac.

Néu do toc d6 dong chay mit (bang song
radio, song siéu am hodc béng thiét bi camera st
dung dé theo dai su di chuyén cua phao) s& gap
khé khén trong cac diéu kién sau: Gi6 manh,
mua to hodc co tuyét, suong mu; Tbc do dong
chay nho.

Thém vao nita, cac nhan t6 kiém chimng lai
mang tinh tuong ddi va khong xac dinh duoc
trong diéu kién hién nay (Nhan t6 kiém ching
thay d6i phu thudc vao sy phan bé tée do tai mdi
vi tri do va thay ddi theo cac 16p dong chay), dic
biét rat kho xac dinh tai cic vi tri do khong
thuong xuyén hoac khi gap 1i 16n, hodc bi anh
huodng thuy triéu va dja hinh day song tai mat cat
do khong d6i xung, thay d6i manh,....

Do luu lugng dong chay theo nguyén ly siéu
am Doppler bi han ché khi do & cac song co toc
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d6 dong chay nho va thuc té rat kho giam sat lién
tuc luu luong dong chay.

Po luu luong dong chay bang thiét bi do
HADCP (6), két quia do khong cao do mot s6 han
ché k§ thuat:

+) Xéac dinh téc d6 ¢ nhiing vi tri khéng do
dac duoc truc tiép;

+) Han ché cua d6 rong song (song qua rong
do dac khong dam bao chinh x4c);

+) Nhitng vi tri ¢6 hién tuong chay réi, quan
cuc bo két qua do khong chinh.

Mot s6 van dé k¥ thuat do dac luu lugng dong
chay hién nay can dat duoc:

- Po lién tuc tdc do dong chay cuc bo voi do
chinh xac cao doc 1ap voi cac diéu kién tinh trang
xung quanh vi tri do;

- Phdi x4c dinh dugc nhan t6 kiém dinh téi uu
phan anh dugc su phan bd tde d6 tai cac vi tri do
ddc 1ap riéng ré.

3.Po luu lwgng dong chay bing cong nghé
ATENAS

3.1. Dac tinh cia ky thudt do lwu luwong
dong chay ATENAS

Dé giai quyét 2 van dé trén va ting do chinh
xac trong do luu luong dong chady, ky thuat
ATENAS duoc sir dung: do toc do dong chay
lién tyuc vo1 @6 chinh xac cao, tham chi ¢ nhiing
song c¢6 mit cat ngang 16n, khong phu thudc vao
céc diéu kién hién trang xung quanh vi tri do tac
dong va “hé s6 diéu chinh tdi vu” duge xac dinh
bﬁng k¥ thuat s6.

a) Po lvu lwong dong chay o song lon

Phuong phap nay, téc do dong chay trung
binh mét ngang song dugc xac dinh tir nhitng su
khac nhau (sai phan hoa) cia thoi gian truyén
sung soéng 4m di chuyén theo cac hudng sién
ngang qua mit cat ¢ thuong va ha luu mit cat
tuyén do phu hop véi phan bd toc do dong chay
(Téc do dong chay khong bi anh hudng cua nhiét
do nude, d6 man - nhan tb 1am thay doi tée do
truyén ctia am thanh trong nudc).

Nhan té chinh hép thu va 1am ton that, suy
giam cac song 4m truyén trong nudc tir dau do
phat ra 1a phu sa, chat lo ling. Dé lam giam ton
that nay, tin sd song 4m phai thap. Pau do song
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am tan s6 28 kHz cho két qua do t6t hon (sur suy
giam tin hiéu cta séng am tan sb 28 kHz s& giam
di 1/3 so v6i thiét bi song am tan s6 20 kHz, khi
phu sa lo ling chat ran ¢6 kich thudc téi 20 pm)
duoc st dung dé thay thé cac thiét b tan sb thong
thuong khoang tir 100 - 20 kHz. Sy hép thu cua
cac song siéu am tan sb thap 1a rat nho khong
dang ké trong khoang cach dugi 1000 m.

b) Xdc dinh hé sé hiéu chinh t6i wu bang ky
thudt mé phong s6

Phuong phép kiém chting SIMK st dung
phuong trinh Reynolds d6i voi chat 1ong khong
nén dugc, phuong phap sai phan phu hop linh
hoat cho cac 16p nat ludi tinh toan song ngoi.

Yéu t6 hiéu chuan (SIMK) 13 sy md phong
ché do dong chay & cac muc nudc khac nhau, co
d6 chinh xac +/- 3% [5]. Yéu t6 hiéu chuan la
mot ham cua muc nude (w), va chiéu cao cua
duong am (d); k (d, w).

3.2. Kiém chirng hi¢n trwong dé chinh xdc
ciia phép do lwu lwong cho song lon

Str dung ATENAS dé kiém ching do dong
chay tur dong chay nhoé toi dong chay Id 16n
(ngap lut), & Sawara doc theo ha luu song Tone
(luu vue song rong 41 km tinh tur cura song). Cac
dau do siéu am duoc gin két bang cac coc PHC
dat gan hai bo song. Chiéu dai duong am 1a 381
m. Cac 16p duong soéng si€éu am dugc minh hoa
trong hinh 1. Véan toc dong chay duoc do 10
giéy/lﬁn va luu lugng dugc xuét 5 phﬁt/lf?m, do
trong khu vuc vé phia ha luu 1 km va thuong
nguén 2 km tinh tr vi tri do, theo duong di
chuyén tinh trung binh.

Yéu t6 hiéu chuén 1a mot ham caa muc nude
duoc x4c dinh theo phuong phap hiéu chuin
SIMK trudc khi cai dt. Trong d6 vén téc dong
chay dugc mo phong chi tiét trong hinh 2. Hé sd
nhdm ctia 10ng song theo chidu cao kénh nudc
duoc lya chon dya trén gia tri tham khao cua Co
quan khao sat dia chit Hoa Ky.

Quan tric bang cach di chuyén thiét bi do
ngang song (thiét bi dat trén tau) dé thu dugc van
tbc dong chay trung binh do doc theo dudng
song siéu 4m va yéu t6 hiéu chudn. Cac thong sd
ctia thiét bi do duogc chi ra trong bang 1.
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Hinh 1. Lép thang dimg va nam ngang cia
duong song siéu am o tram Sawara trén song
Tone, Nhat Ban.

Van tdc dong chay twong dbi dugc do & 16p
chu luu phan bd toc dd. Do 16n van tde dong
chay dugc higu chinh bai tée do dich chuyén tau

Bang 1. Pdc trung ciia 16p toc do
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Hinh 2. Mé phong si phin bé toc dé dong
chay mat ngang cua Song Tone (Nhat Ban) xac
dinh boi phwong phdp kiém chitng SIMK
theo boi cac vét song siéu am & dudi day tau trén
co s& gia dinh rang long song dung yén (tinh

dung).
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ADCP i o ,jaﬁ _
Tan s6 1200kHz § ool Memero 6% ]
Do rong Cell 50cm 20cm L b Lavar s (12 +1 fw)
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Sw hi¢u Bottom tracking o [ouame ]
chuﬁntécd@ Clic déu vét sicu dm & da o T} 3 is
thuyén dc dau vét siéu dm ¢ day Pl salnally (STENAS) bl
Phan mém Winriver Hinh 3. So sanh giﬁ'artr,i s6 toc dg do
, ] ATENAS tinh ra va toc do dong chay
Giédi han toc Thap va trung Cao . Y S A
e, . trong l6p phdn bo tai moi do cao do dac
do dong chay binh . ,
dong chay

3.3 Vin téc dong chady trung binh doc theo
dwong séng siéu Gm qua mdt cit ngang song

a) So sanh véi si phin bé van toc dong chay
tai mdt ngang

So sanh van toc dong chay trung binh mat
ngang song & d6 cao do khac nhau do bang
ATENAS va sy phan bd van toc dong chay tai
mdi diém do trén mat ngang dugc minh hoa tai
hinh 3. Cac gia tri duoc cho 14 tot trong pham vi
do tr -0,1 (dong chay nguoc) - 0,8 m/s.

ATENAS thong qua siéu am tan s6 thap va
xtr 1y tin hi¢u cho céc tin hi¢u budc song dai co
thé do van téc dong chay twong tu hodc ¢ mirc
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d6 chinh xé4c cao hon so véi nhitng quan tric sy
dich chuyén cta su phan b van toc dong chay
tai mat ngang. Tuy nhién, Két qua s& thién thap
trong khoang phan bd vén téc dong chay tai mit
ngang nam trong pham vi 16n hon 0,8 m/s (theo
Kimizu va cac cong su [4].

b) Xem xét viéc wéc lwong thap cia sw phén
bé vin toc dong chay tai mdt ngang

Nguyén nhan wéc luong thap tbc do chuyén
dong cua bun cat day 1a do s6 lidu cua 16p phan
b van tdc dong chay tai mit ngang do dugc.

Véc to van tdc tau nguoc hudng véc to dong
chay (gia dinh twong tng vai toc d6 di chuyén

S$6 thang 1 - 2017



ctia bun cat day). Toc do di chuyén trung binh
clia ctia bun cat day duoc wdc tinh bang trung
binh thanh phan vén téc tau doc theo duong dich
chuyén. Cac gi tri toc do bun cat day udc tinh
duoc so sanh vai the d6 dong chay trung binh.

Két qua tinh toan dyua vao quan hé gitra toc
d6 dong chay trung binh véi tbe d6 trung binh
chuyén dong bun cat day tai hinh 4. Phan b6 16p
toc do dong chay 16n trong song thuong bi anh
huong dang ké boi sy di chuyén cta bun cat day.
Trudng hop nay, sai s6 do c6 thé khic phuc bang
su dung mot GPS dé xac dinh chuyén dong bun
cat day dé hiéu chinh van tdc thuyén do.

ATENAS khong bi anh hudng boi chuyén
dong bun cat day, do 1éch van toc dong chay hién
thi anh huong trén nhitng quan trac di chuyén
thiét bi do trén mat ngang cua vén toc gy ra boi
chuyén dong bun cat day. Tc do di chuyén trung
binh cua tai trong ddy c6 thé dé dang udc tinh
néu ATENAS duoc két hop v6i mot profile van
toc duong di dudi day.
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Hinh 4. Toc do di chuyén bin cat déy dwoc xdc
dinh dva vao sw phan bo toc do

Kiém tra tinh phii hop cta yéu té hiéu chuin
dugc xéac dinh dya vao sy phan bd 16p van tde
thang dimg ctia cac phép do mé phong va thuc té
do (profile thang dimg cua van toc dong chay,
V(d), dugc xac dinh dua vao cong thuc

0
V(d)zk(d,w).A

)
V6i k(d,w) 1 phan bd thang dimg cta yéu to
hiéu chuan duoc xac dinh bang phuong phap
hiéu chuan SIMK; Q la luu luong do bang
ATENAS va A 1a dién tich mat cét ngang.
Hinh 5, chi ra sy phan bd 16p van téc thang
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dung twong ddi t6t trong thuc té véi luu luong tir
-150 - 1400 m*/s, khong bi anh hudng boi sy di
chuyén ctia bun cat day (SIMK da dugc dung dé
mo phong su phan bb véan toc dong chay trong
kénh song v&i do chinh xac cao).
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Hinh 5. Sw phdn bé toc dé dong chay thang dimg
theo mat cat ngang tuyén do tai séng Tone
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Hinh 6. So sanh do lwu heong dong chdy bang
phirong phdp ATENAS va phuong do bang su
phdn bé vén téc (profile) trén mdt ngang.

3.4. Sai sé phép do luu lwong ciia ATENAS

Trong cac phép do thu dugc su phan bd 16p
van toc thang dung (phuong phap do kéo thuyén
mang thiét bi do qua séng), cac van toc dong
chay tai nhiing khu vuc khong do duoc 16p sat
mat nudc, dudi long song va ca hai bo song duoc
wdc tinh bang phuong phap ngoai suy.

Do luu lugng bang ATENAS, céc trudng van
t6 cia ATENAS gan nhu chinh x4c giéng nhu
truong phan bd van toc tai mat ngang (phuong
phap do kéo thuyén mang thiét bi do qua song)
ddc 1ap voi hudng dong chay ( Hinh 6).

Do d6, bang cach két hop siéu 4m tan s thap,
xtr ly tin hi€u thich hop cho céc tin hi¢u budc
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song dai va mé phong sd phan bd van téc dong
chay, luu lugng song co thé duoc do lién tuc
dong chdy véi mue do chinh x4c cao ngay ca
trong céac song 16n.

Sai sb phép do luu lugng udc tinh cho
ATENAS cho van toc dong chay 13 +/- 0.6%. Su
sai léch twong d6i trong ddi trong viée xac dinh
yéu t6 hiéu chuan 1a khoang +/- 3%, dya trén cac
két qua cua phuong phap hiéu chuan SIMK
trong qua khir. Sy sai léch twong dbi trong tinh

toan luu lwong dong chdy mit cit ngang la
khoang +/- 1% dua trén d¢ chinh xéac khao sat
thuc té ngoai song.

4. Kiém ching thue té do luu lwong mua
lii & Sawara trén song Tone vao thoi gian mua
rat 16n chiu anh huéng ciia con bio s6 22

Cac két qua do luu lugng ty dong lién tuc
bang ATENAS trong giai doan nay cho thay
ATENAS d3 do luu luong lién tuc tir gan 0 dén
hon 4000 m*/s ma khong c6 hong hoc (Hinh 7).
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Hinh 7. Muc nwée va leu lwong dong chay do dwoce bang ATENAS tai Saware trén séng Tone
trong diéu kién mura 16m anh huéng cia con bdo ngay 22 thang 10 nam 2004.

5. Két luin

Do luu lugng bang cong nghé ATENAS (két
hop mot mé phong sb ctia phan bd van tée dong
chay va phép do van tdc dong chay sir dung song
siéu 4m tan sb thap) 1a giai phap do c6 d6 chinh
XA4c cao.

Str dung siéu am tan s thap trong phuong
phap thoi gian truyén siéu 4m da cai thién hiéu
sudt truyén & cac song c6 do duc 16n (nhiéu phu
sa) va stir dung thuat toan xu 1y tin hiéu bd sung
cho siéu am budc song dai cling giup cai thién
tinh chinh xac ctia phép do thoi gian truyén van
tdc. Van tbe dong chay c6 thé dugc do lién tuc
v&i do chinh x4c cao hon so véi do vén toc dong

chay bang phuong phap truyén thong (phuong
phép do ngang qua song);

Hé thong do luu lugng ATENAS da duoc thir
nghiém thuc té trong mot song 16n trong diéu
kién 1t va dong chay binh thuong; do dugc luu
luong dong chay ¢ song c6 dong chay nguoc va
lru lwong 16n dén 4000 m¥/s trong mot séng 16n
rong khoang 500 m. B9 chinh xac cua phép do
duoc danh gia 1a tuong tu hodc cao hon so véi
cac cong ngh¢ do luu lugng khac hién nay;

Trong tuong lai, cin nghién ctru tiép sir dung
ATENAS do ¢ cac song c6 do duc cao cling nhu
do luu lugng dong chay ¢ vung ctra song co su
xam nh@p man, anh hudng triéu manh.
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DETERMINING CROSS-SECTIONAL MEAN FLOW VELOCITY BY
HYDROACOUSTICAL MEASUREMENT OF LOCAL VELOCITY IN
CONJUNCTION WITH NUMERICAL SIMULATION OF VELOCITY
DISTRIBUTION
Duong Van Khanh - Center for Meteorology, Hydrology and Environment

Abstract: River discharge is a principal, and a significant hydrological quantity for river plan-
ning, management, and environmental conservation. To obtain precise measurements of discharge,
techniques were developed for determining cross-sectional mean flow velocity by hydroacoustical
measurement of local velocity in conjunction with numerical simulation of velocity distribution. This
new discharge measurement system “ATENAS* was installed in the Tone River, and its measurement
performance for a river 500m wide verified. The accuracy obtained is comparable to or better than
that of the commonly used velocity profiler. Reverse flow discharge to 4.000 m*/s was continuously
and stably measured by ATENAS, whereas estimated discharge obtained by floats was unstable dur-
ing flooding. In the case of a high volume of discharge, the velocity profiler underestimated flow ve-
locity. This was thought to be due to bed load motion.

Key words: ATENAS, Tone River, flow discharge.
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