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PAC TRUNG HINH DANG VA NOI TIEP CUA DONG CHAY
QUA TRAN PIANO

Poan Thi Minh Yén, L2 Vin Nghi
Phong Thi nghiém trong diém Quéc gia vé dong liwc hoc séng bién

Tém tit:Tran piano (PKW) la hinh thirc cong trinh thdo cé dwong tran dang zic zdc, tao nén
cac 6 don nwoc va o thoat nuwoc twa phim dan piano. Dong chay trén cdac phim nwoc vao va phim
nwée ra cé dic diem khdc nhau phu thudc vao cot nuoc tran, lam anh hwong toi kha nang thao
ciing nhw néi tiép ha leu. Bai bdo ndy trinh bay mét sé ddc trung thity déng hoc dong chay qua
tran piano bang nghién ciru thi nghiém mé hinh vat Iy, mé hinh toan 3D. Xdc dinh trang thai
chay day/ khéng day phim ravéi ranh giéi HyW,=0,5, hinh thirc néi tiép ha lwu doc theo phim
vao la noi tiép dong phun, doc theo phim ra la noéi tiép dong déay. Luu heong dong ddy chiém
80%+90% tong hrong dong chdy qua tran.

Tir khéa: Tran piano, dic diém dong chdy, mé hinh thi nghiém, mé hinh todn 3D.

Summary: Piano Key Weir (PKW) was the spillway that had the zigzag crest sharp, creating
keys same as keys of the piano. The flow on inlet and outlet keys had different characteristic
depending on water head, which affects the discharge capacity of PKW and downstream flow.
This paper presents characteristics of flow on the PKW from the results of the physical
experimental model and 3D numerical model. Accordingly, analyzing, defining the full regime
and incomplete regime of outlet key with the boundary value was H,/W,=0.5, The downstream
flow form along the input key is falling flow, along the output key is the bottom flow. The bottom
flow rate accounts for 80% + 90% of the total flow of the PKW.

Keywords: Piano key weir, characteristic flow, physical experimental model, 3D numerical
model.

1. PAT VAN PE kha nang thdo qua tran piano nhu cac nghién
citu cua F. Lempériere va cs (2003-2011),
A.Noui & A.Ouamane (2011), G.M.Cicero &
J.R.Delisle (2013), S. Erpicum va cs (2014).
Tu cac nghién ciru d6 cho thiy, tran c6 kha
nang thao tdi wu va hai hoa vé kinh té khi mat
cit hinh dang tran c6 ty 18 kich thuéc hinh hoc
trong pham vi (goi 1a mat cat tiéu chuan): ty 18
chiéu dai tran/chiéu rong tran t 4 t6i 6
(N=L/W=4+6); ty 18 chiéu rong phim nudc
, . .. vao/phim nuéc ra tr 1,2 dén 1,5
D.én nay da c6 nhiéu thanh tyu dangké vé xac (WyW,=1,2+1,5); ty 1& giira chidu cao tran va
dinh anh huong cta cac dac trung hinh hoc toi chidu rong don vi phim P/W,=0,5+1,3; do dée

day phim vao S=0,4+0,8.
Ngay nhan bai: 24/10/2017 A 1A . Ao
Ngiy thong qua phan bién: 10,01/2018 Tuy nhién hau nhu chua c6 nghién clru nao dé

Tran piano 1a hinh thirc cong trinh thao ngay
cang dugc nghién ctru, tng dung trén thé gidi va
¢ Viét nam. V§i duong tran hinh zic zéc, day céac
phim c6 d6 déc, tuong thuong luu, ha Ivu tran
c6 mai nghiéng tao nén cac hdc phim, giip thu
nho chan tran con 2/3 so chiéu dai dinh, tran
piano khong chi lam tang kha ning thao téi 5 lan
so tran truyén thong ma con dé dang xdy dung
trong diéu kién dia hinh chét hep.
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dong chay ndi tai tran cling nhu xem xét ching
trén co s& khoa hoc dé luén giai vé anh hudng
to1 kha nang théo.

Bai bao nay trinh bay két qua nghién ciru
xac dinh cac dac trung thuy dong luc dong
chay qua tran piano va nditiép ha luu tir két

qua thi nghi¢ém mé hinh vat ly, mo6 hinh
toan 3D. Tu d6 phan tich anh hudng cia cac
dac trung nay t61 kha nang thao qua tran, la
co s& dé xdy dung cong thirc thuc nghiém
xac dinh khéa nang thao trong cic nghién
ctru tiép theo.
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Cit ngang tran chdy tu do, loai A.

Hinh 1 : Chi tiét cdu tao tran
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Cau tao mat bang tran Piano
Trong do:

- Z, (m): Cao trinh myc nuwdc thuong luu; Z,,,
(m): Cao trinh dinh ngudng tran;

- H (m): Cot nude tran; Hy (m): Cot nude tran
tu do c6 ke téi luu toc toi gan;

- Q (m3/s): Luu luong thao qua tran;q
(m3/s.m): Luu lugngdon vi;

- P (m) :Chiéu cao tran;

- W, (m): Chiéu rong 1 don vi tran (don phim),
Wuzwi+wo (I’Il)

- W; (m): Chiéu rong phim nudc vao; W, (m):
Chiéu rong phim nudc ra;

- B (m): Chiéu dai phim; B; (m): Chiéu dai hc

N=L/W=5
P/W,=0,5+1,1

Wi/W():l,?)
P,/P=1,0

Nghién ciru lat cit dong chay qua tran piano
gdm 2 don phim, 2 phim nuéc vao va 2 phim
nudc ra twong duong cong trinh thuc té dai
10m, rong 10m. Kénh thuong luu dai 60m,
kénh ha luu dai 40m, ddm bao dong chdy qua
khu vuc cong trinh khong bi anh hudng boi

phim nudc vao; B, (m): Chiéu dai héc phim
nudc ra;

- L, (m): Chiéu dai duong tran zic zic,
L=W-+n.2B (m);

- N: Hé sb chiéu dai duong tran, bang ty 16
gitra chiu dai tran va chiéu rong tran, N=L/W;
2. PHAM VL PHUONG PHAP NGHIEN CU'U
2.1. Pdi twong, pham vi nghién ciru

Tir cac k& qua nghién ciru da c6 vé anh hudng
cta ddc trung hinh hoc cta tran piano, trong
nghién ctru nay, tac gia xay dung mo hinh tran
piano co mat cit tidu chuan, ty 1¢ leh thude

hinh dang ndm trongpham vi t6i vu vé kha ning
thao va kinh té€, cu theé:

B/B,=1,0
Si= S,=0,6

H/P=0,2+2,1
H/W,=0,3+2,1

bién ctra vao va ctra ra khi mo phong trén mo
hinh vat Iy va m6 hinh toan.
2.2. Phuong phap nghién ciru

Nghién ciru stir dung két hop 2 phuong phap 1a
mo hinh vat 1y va mo hinh toan 3D.
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a. Mé hinh vt y mat cdt

M6 hinh dwoc thié ké trén mang kinh rong 0,5m,
dai 22m, cao 1,0m. Pau mbipiano ché tao bang
kinh hitu co; Kénh dan thugng, ha luvu xay dung
bang vita xi ming trit phang. Pam bao sai sd vé
ché tao méang kinh 1a+2mm; gia cong ché tao lip
dat ddu mdi 1a +0.3mm; cao trinh déy kénh 1a
+2mm; Ty 1€ m6 hinh A,=20.

Dong chay qua tran chiu tac dung chu yéu cia
trong luc, tuong tu theo ti€u chuén tiéu chuan
trong luc (Froude=idem). SO Reynolds (Re)
dat R, =34500>R,,=5000 thoa man diéu kién
dong chay lam viéc trong khu tu dong mod
hinh. Ngoai ra dé dam bao dong chay trén mo
hinh khong bi anh huong bdi stc cang mat
ngoai, gia tri cot nuwde thuong luu nho nhét thi

Thugng luru
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nghiém la H,,;,=0;03m;
Thiét bj do dac cac thon g sb trén mé hinh:

Thong s6 muc nude xic dinh bang kim do
muc nude ¢d dinh doc chinh x4c t6i 0,1 mm va
may thuy binh Ni04 sai s6 khong vuot qua
0,5mm.

Xéc dinh gia tri luu téc trung binh thoi gian
bang dau do dién tir PEMS, E40 do Ha Lan
ché tao; dai do tr 0,05m/s dén 5,0m/s, sai sd
cua thiét bi do 13 1%.

Luu lugng thdo vao mé hinh dugc xdc dinh
bang méang lrong hinh chit nhat co lip déap
tran thanh mong va tinh toan bang cong thirc
Rebock, sai s6 nho hon 1%.

Hinh 2 : M6 hinh thi nghiém trong mang kinh

2.3. M6 hinh toan 3D

Nghién ctu st dung md hinh todn 3D (Flow
3D) nhiam mé phong xac dinh xu huéng, phan
b6 lru hudng, wu tée dong chay, ddc trung ndi
tiép dong chay ndi tai tran va kénh ha luu, bod
sung, hd tro chi tiét cho két qua thi nghiém tir
md hinh vat ly. Pay la cong cu ngay cang
duoc st dung nhiéu trong mé phong thuy luc
cong trinh, duoc phat trién boi cong ty Flow
Science, Inc, My, su dung ky thuat thé tich
khéi dé giai hé phwong trinh Navier- Stokes.

M6 phong 1 1at cat dong chay twong tu nhu
md hinh vt 1y, trong dwong cong trinh thuc té
tran piano c¢6 bé rong 10m, cao P=3,6m; chiéu
rong don phim W,=4,7m; chiéu dai phim
B=10m; thanh phim day 0,3m;

Mién tinh toan dirgc chia lwéi véi cac phan tir
1a céc khdi hinh hop chir nhat xac dinh boi
lw6i vudng 3 chiéu. Toan mién chia lam 5 khu
vuc ¢o kich thudc ludi khac nhau. Khu vuc
cong trinh va lan cén cé kich thuéc ludi nho
hon khu vuc kénh.

Budc ludi duge chon 1a wdc sb cua cac kich
thudc hinh hoc cta cong trinh, ky hiéu theo 3
chiéu trong ng 1a Ax, Ay, Az, cu thé, (Hinh 3):

- Kénh thuong Iuvu: Ax=1,0-0,5m; Ay=0,5m,;
Az=0,3m,;

- San thuong luu tran: Ax =0,25+0,1m;
Ay=0,1m; Az=0,1m;

- Tran piano: Ax=Ay=Az=0,1m;

- San ha luu tran: Ax=Ay=Az=0,05+0,1m;
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- Kénh x4 ha luu: Ax=0,25+0,5m; Ay=0,2m;
Az=0,2m;

Sau khi xdy dyng, mé hinh dwoc kiém nghiém
va hi¢u chinh vé1 md hinh vét 1y cho truong
hop cot nude tran nho H/P=0,4. Két qua cho
thay hinh dang dwong mat nudc, ludng nude
roi, cao trinh muc nuée, phan b lwu tde, gia

tri luu toc cta dong chay phu hop véi quy ludt
thiy luc va két qua thi nghiém (Hinh 4). Do
d6, md hinh toan 3D 1a du do tin ciy dé mo
phong, déanh gid cac dac trung thuy dong luc
dong chay qua tran piano khi thay d6i murc
nudc thugng, ha luu.

Hinh 4 : Két qua kiém nghiém, hiéu chinh mé hinh trwong hop H/P=0,4

Gid trj Iuu toc trung binh mit cit caa dong chay doc phim vao:

M6 hinh 3D M hinh vat Iy
- DAutran: V=2,50m/s V=2,37m/s
- Gilra tran: V=3,30m/s V=323m/s
- Cuo01 tran

V=5,33m/s V=5,7Tm/s

(dau ludng nuée roi):

3. KET QUA NGHIEN CUU PAC TRUNG
THUY PONG LUC HQC DONG CHAY VA
NOI TIEP HA LUU QUA TRAN PIANO
Dong chay qua tran piano gom 3 thanh phan:
phin 1 qua tuong thuong luu; phan 2 qua
thanh bén ctia phim va phan 3 qua twong ha
luu, (Hinh 5).

Khi ¢t nuée tran thdp, dong chay bam theo

toan duong tran khuc khuyu, tran piano lam
viéc nhu tran thanh mong c6 chiéu dai thoat
nudc theo hinh zic zic.

Khi cot nude ting, dong thoat dan bi gidi han
boi phim ra, lam dong chdy trén tran piano
thay d6i qua nhiéu trang thai.
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Hinh 5 Céc thanh phan dong chdy qua tran

3.1. Dong chay trén phim nwéc vao

Trén phim nudc vao, hinh dang dudong mat
nudc thay do6i khi ting dan cot nuée thuong
luu, phu thude vao lugngdong dd xudn gphim
ra, biéu thi boi dai lwong khoéng thir nguyén
Hy/W,. Két qua thi nghiém cho thay:

% Hinh dang lan nudc trén tran:

Khi cdt nude tran nho (Hy/W,<0,5), dudng
mit nudc trén phim nudc vao kha phang, dang
nim ngang (Hinh 6, a). Khi ting c6t nudc tran
dén HyW,<1,8, dong chay c6 dangvong 1én &
cubi phim. Puong mit nude doc phim nuéde
vao c6 dang luon séng, co hep ¢ khu vuc gitta

| KHOA HOC | CONG NGHE
tran theo chiéu dong chay. Mirc d6 luon song
giam khi muc nude ha luu tang. Vi tri co hep
dich chuyén dan vé ha luu khi ¢t nuéc qua
tran tang (Hinh 6, b,c).

Tiép tuc ting cot nudc thuong luu
(Hy/W,>1,8), dong chay trén mit cit ngang
cac phim twong ddi déu nhau, khong c6 su
khéc nhau o rét gitta phim ra va phim vao,
duong mat nudc trén phim nudéc vao dang
duong nude @6, thap dan vé ha lwu (Hinh 6, d),
(Hinh 7).

¢ Luu hudng va phan bo luu toc:

Trén phim nwdc vao, khi tang myc nude thuong
lwu, hru hudng cua dong chay thay d6i khong
dang ké. Luu hudng dong day song song véi
phuong day phim, d6 doc cia luu hudng giam
dan khi dong 1én mit, kru huéng dong mit co
hudng twong ty dudng mat nudc.

Gia tri luu tdc dong chay nho & dong ddy vating
dan 1én mit. Luu téc & ludng nurée ha hru phim
vao d6 xudng ha luu 13 16n nhit (Hinh 8).

¢.Cot nudce tran kha 16n (Hy/W,=1.5)
Hinh 6 : Qud trinh thay d6i hinh dang dwong mdt medc doc phim nwée vao khi taing H

d.Cot nudc tran 16n (Hy/W,=1.9)
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Hinh 7 : Duong mat nudc doc cong trinh khi tang cot nudc tran

velocity magnitude and vectors

1.51 3.00

-9.694 -4.796 0.102

LOW-3D t=11 99697 y=1.827E+00 ix=3to 22 kz=2to 112

velocity magnitude and vectors (mpax=7.36€400)

14,114

Hinh 8 : Lwu huéng dong chdy va phdn bé heu toc trén phim vao khi ting cét nwée tran

3.2. Dong chay trén phim nwéc ra — trang
thai “chay khong diy/day phim”

Dong chay trén phim nuéc ra bao gdm dong
qua tuong thuong luu va dong qua thanh bén,
chiém phén 16n (tir 80% dén 90%) tong luong
dong chdy qua tran.

+ Hinh dang dong chay:

+ Hinh dang lan nurée qua tudng thuong luu do
xubéng phim nudc ra twong ty nhr dong chay
trén déc co d6 doc 16n, khong bi anh huong
nhiéu khi thay d6i muc nuée thwong luu.

+ Dong chay qua tuong bén gdm 2 lan nudc

H/P<0,05

0,05 <H/P <0,1

d6i xiing nhau cing d6 xuéng phim ra, hinh
dang dong chay bi giéi han boi chiéu rong
phim nudc ra, tao nén cac trang thai chay khac
nhau, (Hinh 10).

Khi ¢t nude tran nho (Hy/W,<0,5), dong chay
cd dang tu chay ép sat sang chdy tu do,
phuong dong chdy vuong goc véi thanh bén,
lan nudc qua hai thanh bén gao nhau, diém
giao thoa thip hon dinh tran, hinh dang dong
chay 6n dinh, ddy goi 1a trang thdi “chay
khéng day phim ra”. Dong chay qua mdi don
vi chiéu dai tran nhu chay tu do qua ddp tran
thanh méng (3.2. Hinh 9).

0,1 <H/P < 0,15 0,2<H/P; H/'W,< 0,5

Hinh 9 : Hinh dang lan nuwdc qua tran piano khi cot nwoc tran nho
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Khi ¢o6t mnuwéc thuong lwu ting dan
(Hy/W,>0,5), diém giao thoa ciia 2 lan nudc
nay dan nang lén, cao hon dinh tran, lic nay
hinh dang lan nudc qua thanh bén bat dau thay
ddi, dong chay qua thanh bén la chay ngap,
day goi 1 trang thdi “chdy day phim ra”. Vi
tri giao thoa bt dau tai khu vuc cudi phim va
phét trién dan vé thuong lwu. Tai vi tri dong
giao thoa, dudng mit nudc trén phim ra vong
1én, cao hon ngudng tran, anh hudng tang muc
nudc trén phim vao, tang myc nudc thuong
lwu, (3.1. Hinh 7). Hé s6 kha nang thao cua
tran bat dau thay do6i giam.

Tiép tuc tang cot nude tran (H/W>1,8), toan bd
khéi nude pha tram 1én cac phim tran, dwong
mdt nwrdc ngang trén phim nudce ra va phim nude
vao twong tu nhau va thip dan tir throng luru,
toan bo bo dong trén phim ra co phwong dan
song song v4i thanh bén, tran piano lam viéc
nhur tran thye dung ¢6 chiéu rong tran mréc bang
tong chiéu rong cac phim, W.

¢ Luu hudng va phan bo luu toc:

- V61 dong chay trén twong bén: Khi H nho,
gia trj Ivu téc & khu vyc 1/3 dau phim 16n hon
vung cudi phim, lwu huéng vudng goc voi
thanh bén. Khi H 16n (H/W;>0,5), ving c6 gia
tri lwu tdc 16n dich chuyén dan vé ha luu,
tuong rng véi khu vuc hinh dang dong chay
c6 song 16m. Tiép tuc ting cot nudec H
(H/W,>1,8), gia tri luu toc phan b ting dan

BRIV CONG NGHE
vé cudi phim, lwvu huéng chuyén dan tur
phuong vudng gbc sang phuong xién va dan
song song v4i thanh bén ctia phim, phan dong
chay c6 luu téc 16n nhat phong thang xudng
dau kénh ha Iuu, cung véi dong chay tir cudi
phim vao tao thanh dong quan ngang, ngwoc
vao chan cong trinh (Hinh 11).

- Trén phim ra, luu huéng dong chay trén
phim ra song song v&i phuong ddy phim, gia
tri luru tdc & ving 2/3 dau phim 16n hon ving
1/3 cudi phim, tao thanh dong day co luu tde
16n & dau kénh ha luu. (Hinh 11).

O day, s& khong xuat hién kha ning tran lam
viéc nhu tran dinh rong boi khong thé thoa
méin duoc diéu kién ty 1& chiéu dai ngudng
tran va cdt nuoc B/H=3=8.

Nhu vdy, tu dac trung thiy dong hoc dong
chay qua tran piano cho thay:

Khi ¢t nude tran nho, ty luu thdo xét trén toan
duong tran zic zic 1a twong ty nhau, tirc Iuu
lugng qua tran xdc dinh theo cong thuc:
Q= m.b.\/Z_gHg/2 = m. L. ZgHg'/2

V6i pham vi cdt nudc thép, turc Hp<0,5W,
trong khi L=(4+6)W=(8=15)2W,, do d6 yéu
td 4anh huodng 16n t6i luu lwong qua tran 1a
thong s6 L hay véi cac tran piano co hinh
thirc, ciu tao khac nhau, kha nang thao qua
tran s& khac nhau dangké.

Hinh 10 : Dong chay trén phim ra wng voi tung truong hop cot nuwdc thwong luu
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Hinh 11 : Phdn b6 gid tri heu to ¢ trung binh mdt cdt doc theo twong bén khi ting H

velocity magnitude and vectors {max=7.18E400)

Hinh 12 : Lwu hwdng dong chdy va phdn bo heu toc trén phim ra khi ting cot mede tran

Khi ¢ft nude 16n, theo phuong vudng goc voi
dong chdy, duong mat nudc trén toan mat
ngang cac phim la twong ty nhau. Theo phuong
doc dong chay, duong mit nude dong nhat, ha
thap dan tir thuong luu vé ha luu, tran piano
lam vi¢c nhu tran thuc dung, kha nang thao qua
tran dwoc xic dinh véi chiéu dai thoat nuée
B=W=X(W+W,)=(2,2+2,5)> W,. Nghia la su
anh hudéng té1 Q cuia W so véi H 1a khong
dang ké, hay kha nang thao cua cac tran piano
cAu tao khac nhau 1a khong dang ké.

3.3. Néi tiép dong chay é halwu

Pic diém dong chay va hinh thuc ndi tiép ha
luu tran piano khong chi phu thudc vao muc
nudc ha lvu ma con phu thugc b6 dong ra khdi
cac phim. Doc theo phim vao va phim ra, hinh
thirc ndi tiép ha lwu 1a khac nhau.

+ Khi tran piano 1a dap dangtrén séngcd muc
nudc ha luu thép hodc tran piano dat trén dinh
tran thyc dung, dong chay cudi phim nudc vao
dang dong phun roi xudng ha lru va cham voi
dong day tir phim nudc ra, tao thanh dong xiét

trén kénh ha luu hoac ¢ trén mai ha luu dép,
dic diém dong chay va ndi tiép ha lwu tuong
ty nhu tran truyén thong,

+ Khi myc nudc ha luu cao hon chan phim
nudc ra tao thanh 16p nudc dém sau tran, ndi
tiép ha lwu tran 13 nudc nhay ngip hodc nude
nhay phoéng xa.

- Tu vitri dong roi giao véi 16p nude ha luu (vi
tri co hep dong chdy) vé kénh ha xa ha lru, dic
trrng dong chay cia nbi tiép nhay ngip hodc
nhay phong xa tirong tu nhu tran truy én thong,

- Tir vi tri co hep vé chan tran: ddy ludn 1a
khu vuc c6 nudc nhay xao tron. Doc theo ha
luu phim nudce vao va phim nude ra, hinh thuc
ndi tiép dong chay 1a khac nhau.

Dong chay cudi phim vao ni tiép ha luu dang
dong phun. M6t phan bé dong phia trén ludng
phun ndi tiép ha luu bﬁng dong mat, mot phén
b6 dong phia dudi ludng phun tao dong quan
ngroc & dudi gdm phim, cung v6i dong chay
tir cudi tuong bén d6 xudngtao nén xody cudn
¢ chan cong trinh (Hinh 12, Hinh 14).
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Sau phim nurée ra, ndi tiép ha lwu bang dong day,
twongty dong chay trén dc 06 do dée 1én (Hinh 13).

Chiéu dai tran nudc cia tuong thuong luu va 2
thanh bén gip khoang 6+10 1an chiéu dai tran
nudc cua tudng ha luu (cudi phim vao). Néu
coi ty Iwu thao qua céc phan 1a tuong ty nhau

ELGILYHN  CONGNGHE |
thi lru lwong trén phim nude ra bang khoang
80%+90% tong lwu luong thdo qua toan bo
tran, tic dang ndi tiép chay day chiém phan
l6n ¢ ha luu tran. Do d6, ha luu tran, gid tri luu
toc dong day doc theo phim ra 16n hon doc
theo phim vao (Hinh 14).

velocity magnitude

792
6.0
5.68
4.56
344
233
1.21
0.09

Hinh anh dong quan sau tran nhin tir ha luu

8.0 yeo(mrs)
6.0 ‘M‘ﬁ““«umﬂ- .......

4.0 [T 2"hl phimvao

2.0 —=&—hl phimra

0.0 L)

3.0 4.0 5.0 6.0 7.0

Hinh 15 : Két qua thi nghiém mé hinh vét Iy va mé hinh todn — viing xdo trén, phdn bé leu toc
doc theo cdc phim noi tiép ha luu tran P=3,6m
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4. KET LUAN

- Nghién ctru da trinh bay cac dac trung thuy
dong Iwe hoc ciia dong chay qua tran va ndi
tiép ha luu. Céc dic trung cia dong chay trén
phim nudc vao, phim nudc ra va ¢ ha luu doc
theo cac phim nay nay la khac nhau, khong chi
phu thudc vao cot nurée tran ma con phu thude
rat nhiéu vao pham vi (chiéu rong) cua phim
nudc ra.

- ba xéc dmh phan ving ché do “chay khong
ddy phim ra ” va “chay day phim ra” theo dai
lugng khong thl'r nguyén Hy/W, véi gia tri
ranh gi6i Hy/W, =0,5. Khi Hy/W,>0,5, dong
chay qua thanh bén bat dau bi anh huéng han
ché bai phim nudc ra, hinh dang dudong mat
nude, phan bd Iuu tdc trén cic phim tran bét

dau thay ddi, dong chay qua thanh bén chay
ngdp, lam giam kha nang thdo qua tran piano.
Pay ciing 13 co so dé thiét 1ap cong thic Xac
dinh kha ning thio qua tran piano (chi tiét
trinh bay trong [4]);

- N&i tiép ha Iru tran piano gdm 2 ché do ndi
tiép dong phun (dong mat) va Qéi tiép dong day .
Dong chdy tir cuoi phim vao gom mét phan noi
tiép ha lru bang dong mit, mdt phan sinh dong
quén vao chan cong trinh. Dong chay tir phim ra
nbi tiép ha lru bang dong day tuwong ty nhu tran
truy én thong Luong dong chay noi tlep dong
day chiém phan 16n (tir 80%+90%) tong luong
dong chay quatran piano.
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