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THIET LAP CAC CONG THUC TINH TOAN CAO TRINH DAY
BE TIEU NANG VA CAC PQ SAU NUGC NHAY TRONG BE

Hd Viét Hang'

Tém tat: Hién nay viéc xdac dinh chiéu sau bé tiéu nang dwoc thie hién theo phirong phdp thir dan
dua trén gid thiét dong chay ra khéi bé nhw dong chay qua ddp tran dinh réng cé nguéng. Cdc kich
thuée ciia bé dwoc tinh todn nham dam bao c6 nwée nhdy ngdp trong pham vi bé. Véi muc dich don
gidn héa viéc tinh todn va dam bao bé tiéu ning hoat déng tot, bai bdo nay da dé xudt cdc céng
thire tinh todn cao trinh ddy bé, thay cho viéc tinh thir dan va tra bang. Theo nghién ciru nay, ty sé
cdc dg sau nuwde nhay cé quan hé tuyén tinh bdc nhat véi s6 Froude trude nude nhay va cao trinh

ddy bé tiéu ning cé thé tinh dwoe ngay nho may tinh cam tay CASIO fx-570ES.
Tir khéa: Bé ti€u nang, nudc nhdy, do sau lién hi¢p cua nudc nhay.

1. PAT VAN PE

Trong tinh toan thiét ké bé tiéu ning sau dap
tran, chidu sau bé duoc xac dinh bang phuong
phap thir dan vi cac do sau trudc va sau nudc
nhay déu phu thudc vao chidu siu bé. Hay noi
cach khac, & day can giai mot hé phuong trinh,
trong d6 c6 mot phuong trinh bac ba dé xac
dinh d¢ sau co hep h, ¢ sau dap tran. Theo cac
sach Thuy lyc tiéng Viét (Nguyén Canh Cam va
nnk, 2006) va tiéng Nga (Sterenlikht D.V.,
1984), (Trugaev R.R., 1975), @6 sdu co hep h,
va d§ sdu sau nudc nhay tai chd % duge tinh
toan nho bang tra, hodc dd thi. Cac kich thuéde
ctia bé dugc xac dinh trén nguyén tic dam bao
¢6 nudc nhay ngap trong pham vi bé tiéu ning
va gia thiét rang dong chay ra khoi bé nhu chay
qua dap tran dinh rdng c6 ngudng. Tuy nhién,
viéc tra bang dé xac dinh d6 siu co hep h, va d6
siu sau nudc nhay A s& phu thudc vao chu
quan cta nguoi tinh va dé gap sai s6. Ngoai ra,
viéc tinh thir dan doi hoi nhiéu thoi gian hon do
phai tinh Idp lai nhiéu 1an. Vi vay, dé viéc tinh
toan duoc don gian, ngin gon va dam bao bé
tiéu nang hoat dong tot, bai bao nay dé xut cac
cong thic tinh toan cao trinh day bé tiéu ning
thay cho viéc tinh thir dan. Theo nghién ciru
ndy, ty sd cic do sdu nudc nhiay co quan hé
tuyén tinh bac nhat v6i sé Froude trudc nudc

oy ruwong Pai hoc Thuy loi.

nhay, tir 6 cao trinh day bé tiéu ning co thé
tinh dugc ngay voi may tinh cam tay CASIO fx-
570ES, mot cong cu rat phé bién hién nay.

2. PHUONG PHAP NGHIEN CUU

Trén co s& nghién ctu 1y thuyét vé nudc
nhay va bé tiéu nang, thu thap céc tai liéu vé thi
nghiém nudc nhay trén mo hinh vét 1y cac dang
bé tiéu ning, tac gia di sir dung Microsoft Excel
dé v& d6 thi va phan tich cic mbi lién hé, tir do
thiét 1ap cac cong thuc lién quan dén ndi dung
nghién cuu.

3. KET QUA NGHIEN CUU

3.1. Phuwong phap thir din két hop tra
bang dé tinh toan chiéu siu bé tiéu ning

Céc budc tinh chiéu sau bé (d) bang Phuong
phap thir dan theo (Nguyén Canh Cam va nnk,
2006) c6 thé tom tit nhu sau:

- Gid thiét chiéu su bé d = h'"c - hy;

- Khi di c6 chiéu sau d, tinh lai d6 siu co hep
h.vah", béng cach tra bang F(t);

- Pinh chiéu siu nudc trong bé hy = o.h.";
trong do: hé sb ngap o = 1,05 - 1,10;

- Tinh lai chiéu sdu bé d = hy, - hy, - AZ;

Trong d6: AZ 1a chénh léch muc nudc & cudi
bé v6i muc nude ha luu (Hinh 1). Vi gia thiét
dong chay ra khoi bé nhu dong chay qua dap
tran dinh rong chay ngap, c6 hé sb luu toc @y
ciia bé s& tinh dugc AZ. Tuy nhién, trong
(Nguyén Canh Cam va nnk, 2006) cac tic gia
cling chi ra rang: “Gid thiét nay khéng hoan
toan diing véi thiee té”.
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Hinh 1. So d6 dong chdy qua bé tiéu nang cé AZ

3.2. D¢ xuit cong thirc tinh truc tiép cao
trinh day bé tiéu ning

Trong (Sterenlikht D.V., 1984) va (Trugaev
R.R., 1975), cac tac gia déu cho rang trong mot
sO trudng hop c6 thé bo qua AZ, khi d6 viée tinh
toan s¢ don gian hon, va co thé chon 6 = 1 ma
van dam bao c6 nudc nhay ngap trong bé. Diéu
nay hoan toan c6 thé giai thich duoc, vi néu bo
qua AZ thi chiéu sau bé s& tang 1én, lam ting do
sau dong chay & cudi bé (hy). Khi d6 d6 sau cubi
bé hy s& 16n hon d6 sdu sau nude nhay tai chd
he" va ¢6 nudc nhay ngap trong bé. Néu bo qua
AZ thi myc nudc & cudi bé tiéu ning sé bang
voi1 muc nude ha luu.

Theo céc nghién ctru vé bé tiéu ning cua Cuc
khai hoang Hoa Ky (Peterka, A.J., 1984) va cac
nghién ctru khac (Hager, 1992; Houghtalen, 2010;
Mays, 2011), dé dam bao an toan cho cong trinh,
khi tinh toan cao trinh day bé tiéu nang nén chon
muc nudc ha luu bang muc nude & cudi bé ticu
nang. Khi d6, nudc nhdy s€ ¢ ngay chan dap tran,
trong bé tiéu nang va bé s& lam viéc tot vdi ché
d6 thuy luc nay (Peterka, A.J., 1984).

Ngoai ra, cac nghién ciru trén ciing khuyén
c4o rang, dé an toan cho cong trinh can bd sung
vao do sau cudi bé tdi thiéu 1a 5% cua do sau
sau nuoc nhay (Hager, 1992; Houghtalen, 2010;
Peterka, 1984).

0—L4T

—>

Vo 2 v Zy 3
1 d2 hb hh Z
d4 v Zp =

Hinh 2. So do6 dong chay qua bé tiéu nang, khéng c6 AZ

Trong bai bao nay, tac gia s€ st dung nhirng
dé xuét trén day dé thiét lap cong thic tinh cao
trinh dy bé tiéu ning, d6 1a: AZ =0 va o = 1,05.

Khi tinh toan chiéu sau bé tiéu ning s& xét
truong hop c6 nude nhdy tai chd & ngay sau mit
cit cit co hep 1 (Hinh 2), luc d6 d6 sau trudc
nudc nhay chinh 1a d6 sau co hep va duoc ky
hi€u 1a d;; o sau sau nudc nhay dugce ky hicu la
d;. Cac d6 sau cua nudc nhay dugc xac dinh
theo phuong trinh co ban cia nudc nhay trong
kénh chir nhat (xét bai toan phang). Ty sb giita
dd sau trude nude nhay va do sau sau nudc nhay

phu thudc vao s6 Froude trude nudc nhay, Fy,
va dugc tinh theo cong thirc (1).
1
ﬁ:—(\/nst —1) (1)
d 2
trong do:
F= Vi __4q
gd, d\gd,
V| — van tbc trudc nudc nhay; q — luu luong
don vi; g — gia tdc trong truong.
Theo (Hager, 1992), khi s6 F, > 2 ty s6 do/d,
va F| c6 quan hé tuyén tinh bac nhat. Pay 1a co

2
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s& dé tim ra cong thire thé hién mdi lién hé gitra
cac do sau trudc va sau nudc nhady. Dua trén so
liéu do dac cac dg sau trudc va sau nudc nhay
trong thi nghi¢m cua Peterka (Peterka, A.J.,
1984), tac gia bai bao nay da vé do thi bicu dién
moi quan hé gitta ty so dy/d; voi so Fy, ky hiéu
K= dz/ d1 .
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K=1.4115F1-0.3587(3)
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K=D2/D1;F1-SO FROUDE

F1
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Hinh 3. Quan hé giita ty so cac do sdu nudc
nhay voi so Froude trudc nuwdc nhdy

Do thi trén hinh 3 cho thay duong quan hé 1a
mot duong thang, tir d6 co thé biéu dién mbi
lién hé gitra K va F; bang mot phuong trinh bac
nhit (3).

K=1,4115F, - 0,3587 3)

hay d,=(1,4115F,-0,3587)d; (3

Phuong trinh (3°) biéu dién mdi lién hé gitra
cic dd sau d; va d, cta hai mat cat 1 va 2. Tiép
theo viét Phuong trinh nang lugng cho mit cit 0
& thuong luu va mat cat 1 sau tran (Hinh 2). Sau
khi rtt gon thu dugc phuong trinh (4) dudi day.

q:(Ddl\/zg(Zo_Zb_dl) 4)
Vz

Zy=Z,+=2 (%)
2g

Trong d6: Z, — muc nudc thugng luu bao
gém ca cot nude luu tde téi gén; Z1 — muc nudc
thuong luu tran; Z, — cao trinh day bé tiéu ning;
@ —hé s6 luu toc cua dap tran.

Theo gia thiét AZ = 0, muc nude cudi bé
bﬁng muc nuée ha luu tai mit cét 3 (Hinh 2), sé&
6 cong thirc (6) tinh cao trinh ddy bé

” Zy=Zy—d» ) (6)

D¢ dam bao c6 nudc nhay ngap trong bé, an
toan cho cong trinh, can tang thém do sau & cudi
bé, khi d6 s& tinh Z,, theo cong thirc (7)

Zb = ZH - Gdz (7)

Trong d6: Zy — myc nudc ha Iuu; hy, — do sdu
& cudi bé; o = 1,05.

Két hop tit ca cac phuong trinh tir (2) dén
(6), sau khi rat gon thu dugc phuong trinh (8)
dé tim d sau d,.

1,359 —(2, =7, )d? —=4124 s | ¢ _=0 (®)

Je 289

Pay la phuong trinh bac ba, ¢ thé ding may
tinh bam tay CASIO fx-570ES dé tim d,. Piéu
kién cua d6 sau d,; la: 0 <d; <h; trong do: hi 1a
dd sau phan gidi ¢ sau tran.

Két hop cong thirc (3°) voi cong thirc (2) thu
dugc cong thirc (9) dé tinh do sau d,

d, =224 3504 )

Jgd,
va cudi cung, theo phwong trinh (7) s& co

cong thirc dé tinh cao trinh day bé tiéu ning

7, =7, 23834 ¢ 3974
Jed,

Can cha ¥ rang, trong cong thic (10) do sdu
ctia bé di duoc ting thém dé dam bao an toan.
Néu xét trudng hop c6 nude nhay tai chd trong
bé thi cao trinh day bé duoc tinh theo cac cong
thire (6) va (9).

3.3. Ung dung cong thirc dé xuit dé tinh toin

Khi tng dung cong thirc da dé xuét trén day,
cic bude tinh toan bé tiéu nang duoc thuc hién
nhu sau:

- X4c dinh hinh thie nbi tiép ha luu sau tran
trén co so tinh cac do sau he, h.", hy, hy, theo cac
cong thirc da biét;

- Tinh d¢ sau trude nude nhay khi di co bé,
d, theo phwong trinh (8), d; cin thoa man diéu
kién: 0 <d; <hyg;

- Tinh d¢ sau sau nudc nhay khi da co bé, ds,
theo cong thirc (9);

- Tinh cao trinh day bé theo cong thirc (10);

(10)
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- Tinh chiéu dai bé tiéu ning theo cac cong
thirc da co.

Ap dung quy trinh trén, tinh toan cao trinh
day bé tiéu ning cho mot vi du trong (Nguyén
Canh Cam va nnk, 2006), v6i cac s liéu nhu
sau: Pap tran thyc dung hinh cong c6 chiéu cao
P = 7,4m; cOt nudc toan phﬁn H, = 2m; hé s6
luu tde ¢ = 0,9; Tuu lugng don vi 6 ha luu q =
8m?/s; muc nudc ha luu Zy = 3,2m; cao trinh
day kénh ha luu Zx= Om.

Két qua tinh todn:

b6 sdu ha luu hy,=Zy - Z,=3,2m

2
D0 sau phan gidi sau tran h, = 3/(]— =1,87m
g

Do sau co hep tinh dugc tir Phuong trinh co
ban ciia ndi tiép chay day
q=0h\2g(E,—h); E,=H,+P=Z2Z,=9,4m
— h,=0,68m
Do sau sau nudc nhdy tai chd duoc tinh theo
cong thirc (1): hy" =4,06m
Sau dap tran s€ c6 nudc nhay xa (he" > hy),
can lam bé tiéu nang. Tiép theo, tinh toan cao
trinh day bé tiéu ning.
Do sau trudc nudc nhay khi da cod bé duoc
tinh theo phuong trinh (8).
2
1,412¢ dll,s n q =0
Je 29
1,359(d,)’ - 6,2(d,)* —3,607(d,)"* +4,027 =0
—d, =0,64m
D¢ sau sau nudc nhay khi da co bé dugce tinh
theo cong thuc (9).

1,359d; —(Z,-Z,,))d; -

TAI LIEU THAM KHAO

1,412¢g

Jed,

Cao trinh day bé duoc tinh theo cong thirc (10).

7, =7, - 23834 4 3974 = _1,20m

Jed,

Chiéu sdu ciia bé 14 D = Zy - Zy= 1,29m.

Theo cong thirc trong (Nguyén Canh Cam va
nnk, 2006), chiéu dai bé tiéu nang tinh duoc 1a

L,=0,8 x4,5xd,=1541m.

Vay c6 thé chon: Zy=-1,3m va L, = 15,5m.

4. KET LUAN

Trén co so phan tich cac sb lidu thi nghiém
da thu thap duoc, tac gia bai bao nay da tim ra
mdi lién hé giita ty s6 cac do sdu nudc nhay véi
s6 Froude trudc nudce nhay. Pay 1a mot phuong
trinh bac nhat. Sir dung gia thiét rang, bo qua
chénh 1éch muc nudc & cudi bé véi ha luu, két
hop véi phuong trinh nang luong, tic gia da
thiét 1ap duoc cong thic tinh cao trinh day bé
tiéu nang. Ung dung cic cong thirc ndy giup cho
viéc tinh toan dugc nhanh chong va chinh xéc,
tranh cac sai so khi tra bang trong Phuong phap
thtr dan. Két qua tinh toan mot vi du thuc té theo
cac cong thirc trong bai bao nay 1a phu hop véi
két qua tinh theo cac phuong phap khac. Khi bo
qua chénh 1éch muc nudc AZ thi chiéu sdu bé
tiéu niang tang 1én. Pdng thoi, néu chon hé sb
ngap ¢ = 1,05 thi s€ c6 nudc nhdy ngdp trong
bé, dam bao an toan cho cong trinh. Cac cong
thirc ma bai bao nay dé xuit co thé ap dung
trong tinh toan thiét ké bé tiéu nang.

d, = ~0,359d, = 4,28m
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Abstract:

DEVELOP EXPRESSIONS TO CALCULATE BOTTOM ELEVATION OF STILLING
BASIN AND CONJUGATE DEPTHS OF HYDRAULIC JUMP

Currently the determination of stilling basin depth is done by iteration method based on the
assumption that outflow from the basin occurs as the flow over broad crested weir. The dimensions
of stilling basin are determined in order to guarantee there will be submerged hydraulic jump
within the basin. With the aim of simplifying the calculation and ensuring the basin works well, this
paper has proposed the formulas instead of iteration method for calculating bottom elevation of
stilling basin. According to this study, the ratio of sequent depths and the Froude number before the
hydraulic jump are linearly related, and bottom elevation of stilling basin can be promptly
calculated by calculator CASIO fx-570ES.

Keywords: Stilling Basin, The Hydraulic Jump, Conjugate depths.
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