Chwong 5: Hé théng cap thao nwéc va tinh toan thiy lwc khi cap thao

Chuong 5

HE THONG CAP THAO NU'O'C VA TINH
TOAN THUY LU'C KHI CAP THAO

PHAN A: HE THONG CAP THAO NUOC.
5.1. Tinh chét cta hé théng cap thao nwéc.
5.1.1. Dinh nghia:

H¢ thong cap thdo nudce 1a tat ca nhitng thi€t b1 va cau tao trong du nham phuc vu
cho viéc cap thao nudc budng au.

Nguoi ta con goi hé thong cip thdo nudc 12 hé thong cac dng dan nude.
5.1.2. Phan loai:
Tuy theo cach bd tri cac dng din nudc ma ta chia ra 1am hai loai:

+ Hé thong cap thao nudc tap trung: viéc cip thdo nudc thuc hién ¢ dau au.(Hinh
5.1).

+ Hé théng cép thdo nudc phan tan: viéc cép thao nudc duogc thuc hién trén toan bd
chi€u dai au (hinh 5.2).

Hinh 5.1: Hé théng cip thio nwée tip trung.

1- Ctra au trén. 3- Cong dan nudc

2- Cura au dudi. 4-Van dong mo.
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Hinh 5.2: Hé théng cip thao nwée phan tan.

1- Ctra au trén. 3-Cdng dan nudc.
2-Cradududi.  4-Van cép théo.

Tuy theo két cau va cach bo tri cua cac ong dan nudc ma trong 2 loai trén lai phan
ra nhiing loai khac nhau nira.

5.1.3. Tinh chét thuy lwc cua hé théng cap thdo nwérc.
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Khi cip thdo nudc, muc nudc trong budng au dang 1én dan dan hoic thut xubng
dan. Luu luong doc theo chiéu dai budng au thi khiac nhau, van téc dong nudc ciing khac
nhau.

Luu luong chay qua hé thdng cp thao nuéc cling thay ddi dan, dong nudc chay
trong hé thong cap thdo nudc 1la dong chay khong déu, khong 6n dinh, cong véi nhitng
hién tugng thuy luc cuc bd gy nén mdt luc thuy dong doi véi tau do trong budng au va
ca doi véi tau nam trong kénh dat tau, vi vay tau dau trong au khi cap thao nudc phai
budc vao cac tru budce tau co dinh hodc di dong.

Chua y:

- Khi cap nudc vao budng au phai cudn ngin day budc lai dé tau khong bi long qua
mtrc.

- Khi thao nudc khoi budng au phai ndi day dé tau khoi bi treo lo limg, day s& dut
do trong lugng cua tau.

- Khi budc tau vao tru di dong, thi khi cép thao nudc tru tau l1én xuéng theo muc
nudc, luc do tau chi chiu lyc ngang va mdt phan luc nghiéng.

- Tuy theo khoang cach du trit giita twong budng au va tau ta ¢ thé budc tau ca hai
bén hodc mot bén (hinh 5.3).
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Hinh 5.3: Budc tau vao tru co dinh.

Tiéu chuan danh gia vé do an toan cho tau bé qua au, van téc hop 1y, phuong phap
cap thao nudc thich hop chinh 1a do 16n cta cac luc nam ngang tic dung 1én tau. Cac luc
nay duoc tao lén do dong ndng cua dong nudc cép thdo, do song, do do dbc mat nude va
cac hién tuong khac (n6i chung la cac hi¢n tugng thuy luc).

Céc luc tac dung vao tau dd trong au c6 thé phan chia thanh hai thanh phan:
+ Thanh phan Iyc doc: song song v&i truc u.
+ Thanh phan lyc ngang: vudng goc véi truc au.

Do tac dung cia nhiing thanh phan luc nay ma tau néu khong duoc neo budc can
than s& bi lac chuyen dong, tau c6 thé va vao tuong budng au hodc x6 vao cira au, 1am
hong trang thiét bi ctra au, tham chi hong ca tau. Dé tranh duoc su nguy hiém nay ta phai
€161 han su chuyén dich cua tau.

Khi danh gia vé do an toan cua tu bé qua au ngudi ta 1ay thanh phan lyc doc 1am
can ban, boi vi nd gay nén chuyén dong theo hudng va vao tau khac va va vao cac trang
thiét bi nhay cam nhat cta au (ctra), con thanh phan luc ngang thudng duoc chin lai bang
cac két cau dém chdng va, nd it gay anh hudng dén stic cang cua day budc tau.

Khi cap thao nudc budng au, chiéu tic dung cta luc doc cling thay d6i nén tau phai
duoc neo budc bang 2 day, mot day chéng chuyén dong vé phia thuong luu, mot day
chdng chuyén dong vé phia ha luu.
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Méi mot day budc tau phai co lghé nang chiu duoc luc tac dung 16n nhét (vi tai mot
thoi diém nao do, luc thuy dong truyén to1 90% vao day budc tau).

Do lon cua lyc kéo trong day bude tau khong chi phy thude vao ché d6 thuy lyc khi
cap thao nudc, ma con phu thude vao phuong phap budce tau, ki€u thiét bi budce tau...

Do anh hudng cua luc quan tinh tau chuyén dong, lyc doc ban dau s& tang 1én va
luc kéo trong day budc tau ciing tang theo.

Theo két qua do thuc té & mot sé 4u tau (Tiép Khac, Lién X6 cii) thi luc quan tinh
do chuyen dong cua tau phat sinh la 20% va thuong khong vuot qua 30 + 35% gia tri luc
doc ban dau tac dung 1én tau. Nhu vay luc doc 16n nhat 1a:

P'=1,35P (5-1).

Luc kéo trong day budc tau luén luén 16m hon lyc doc P' vi day budc tau tao véi
1,35P
cosol

truc a&u mot goéc a: R =

Goc o co gid tri tir 20 + 40°, vay luc kéo 16n nhét trong day budc tau la:
1,35P 1,35P

Rmax = . = . 0 = 1,75P
cos,,. cos40 (5-2)

Khi danh gia diéu kién an toan cho tau bé qua au, trong thuc t& c6 mot quan diém
chung 1a gid tri luc kéo 16m nhat trong day budc tau khong duge vuot qua gia tri cho phép
Rer.

R, 14 ham sd cua trong tai tau W. Quan h¢ gitra R ¢ va trong tai tau duogc biéu thi
bang phuong trinh:

1 R,
—=—- >R, =— 5-3
Gia tri tuyét d6i cua luc kéo cho phép R, trong diy budc tau s& 1on 1én khi trong tai

Ry

cta tau 10n 1én, nhung gia tri twong ddi thi nguoc lai (s& bé di). Quan hé d6 co thé

biéu thi bang cong thic thuc nghiém.

1 1 1
—= == 5-4
R 20yw? {n} >-4)
n: chi s6 cta day budc tau.
Quan hé (5-4) duogc biéu dién ¢ hinh (5-4)
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Dua vao tai liéu thuc do ( N.A. Sémandp) da tim ra luc kéo trong day budc tau 1a:
R= aW (5-5)
a: hé s6 thay ddi voi timg au khac nhau: o = 0,013 + 0,031.

Hinh 5.4: Quan h¢ %z

5.1.4. Lwc doc P tac dung Ién tau trong au.
Lyc doc P tac dung 1én tau trong au dugc xac dinh:
P=P,+P,+P; (5-6)
5.1.4.1. Thanh phan Py:

Thanh phan P; ¢6 1a do tac dung cta dong nudc: Dong nudc chay vao au theo
huong tir dau tau doc than tau dén cuoi tau va doc day tau, thanh phan nay duoc tao nén
do lyc can dudng dong cua tau.

Str dung cong thirc Zvoncdp:

Q2

e

T (1) (5-7)

Q j1,83
P, =k.0, S.f,.
(fa_fl‘ +¢) f

Trong do:

k: hé sb ma sat ctia nuGe v6i bé mat tau.
k=0,17.10" dbi vé6i tau vo thép.
k=0,25.10" d6i véi tau vo gd.

8: hé s6 chd day cua tau
8= 0,95 dbi voi tau chay cham.
8 = 0,60 ddi véi tau chay nhanh.

©: h¢ s6 luc can hinh dang cua tau.
¢ = 8.10” tau miii tu.
¢ =10,5.10" tau mili nhon.

f: dién tich mat cit ngang 16n nhét cta tau chim trong nude (m?)
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f,: dién tich mat cit ngang day nudc cua au (m?).
Q: luu luong chay dén tirc thoi vao budng au (m’/s)
O, dién tich bé mit uét cua tau (m?).
O~=L;(1,9.S+T.By

+L,, B chiéu dai, chiéu rong tau (m).

+ T: mén nudce tau (m).

+ S: d6 chim cua tau (theo phuong doc)

Gia tr1 Py dat dugc khi c6 Q. trong au.

Khi thao nude bué\ng au thi thanh phan P, s& nho hon khi cip nudc, vi phuong trinh
(3-8) s€ mat di thanh phan thir 2 (Lyc can tr¢ hinh dang tau).

C Q 1,83
Py =k.0O 5-8
1 t(f;l _f;] ( )

5.1.4.2. Thanh phan P.:

Thanh phén luc doc P, duoc tao nén do d6 ddc mat nudce trong au. Do dbc mat nudce
xuat hién do cac nguyén nhin khac nhau. Khi dong nuéc chay déu vao au (trong mot
khoang thoi gian nhét dinh) do két qua cua su thay d6i dong ning thanh thé ning dai tao
thanh do déc mat nudc (tai cudi buéng au muc nude cao hon & dau buéng au -noi nuoc
chay vao).

Thanh phﬁn lyc doc P, dugce xac dinh theo cong thuc:
P,=W.I (1) (5-9)
Trong do:
W: trong tai tau (T).

= A% Do dbc mat nude trong au.
L

b
D0 chénh léch muc nudc Ah tai dau va cudi budng au voi phuong phap cap nudce
1 A DY A 4 2 c 3A A \ 5 A A
truc tiép ta tinh gan ding nhu 1a chiéu cao van toc Ah = " tai dau au. Con & cudi budng

2g
au van téc dong nudc bang khong va dong nang ciing giam dén gia tri khong.

Thanh phén lyc doc P, tdc dung nguoc chiéu so véi P, P, dat gia tri max khi co
nang luong duong dong E, .« chdy vao au ( Khong trung voi Qpay)-

5.1.4.3. Thanh phan Ps;

Khi cép thao nude Au tau, tai kénh dat tau thuong, ha luu sé xudt hién céc song (tao
nén do su thay doi luu toc tire thoi). O day ta chi gidi han xét song trong du vi nd nguy
hiém hon nhi€u so véi song trong kénh dat tau.

Pé tinh dugc song trong &u tau ta chi xét truong hop nude chay vao (hodc chay ra)
duoc tap trung tai mot dau au. Moi mot khi luu tdc thay doi s& sinh ra séng, song nay s&
chuyén dong tir mot dau (ma tai d6 nudc chay vao hodc chay ra) dén dau kia, tai day song
dap vao cua va quay tro lai.

9-5



Chwong 5: Hé théng cap thao nwéc va tinh toan thiy lwc khi cap thao

Nhu vay 1a khéi nuée trong au trong thoi gian cAp thao nudce s& ludn xé dich, nhimg
t6n that do ma sat va xody nudc rat nhé nén duoc bo qua, do co tau trong au nén nd co
tac dung pha song, trong Au s& xdy ra mot tinh trang rat phirc tap cta dong chay, cac dai
lugng gy nén tinh trang phirc tap do phu thudc vao vi tri cua tau trong au, dién tich tau
chiém chd...

Céc hién tugng song trong au khi ¢6 tau méi dugc thir nghiém rat it, bai vay phép
tinh luc doc tac dung 1én tau chi 1 gin dung.

a. Thanh phén P3 khi mé van cép thoat dét ngét.

_ai— /Wﬂlﬂm—c’ 1] w

Sp

%

Hinh 5.5: Sy xuat hién séng khi mé van dot ngot.

Khi m¢ van dot ngdt, luu luong dong nudce tap trung chdy vao au s€ nhanh chong
tang tr gid tri Q = 0 dén Qpax.

Trong au s€ xuat hién song co6 chi€u cao n:

O
n= B,.c (5-10)
Van tdc truyén song ¢ xac dinh tir phuong trinh Lagrange:
C=gS £y (5-11)
Trong do6:

B,: chiéu rong budng au (m)
Sy: d6 sau budng au (m)
v: van tc trung binh ctia dong nudc trong au khi tao thanh song (m/s).
g: gia tdc trong trudng(m/s).
Néu thay Qnax = U, .0.,2gH , chiéu cao song dAu tién s& la:

H,.0~28H o .0N2H

"~ B,.\Jg.S,  B,.S, (5-12)

Khi song dau tién dap vao miii tau, mot phén bat trd lai va do vay tao nén sy nang
cao thém séng truyén doc theo tau thanh gia tri mo1 n'":

n'=mn (5-13)
Gi4 tri gan ding m tinh theo cong thic:
2
me—_ =
I+ [1- Jo
fa (5'14)

Van tbc truyén song doc tau dugc xac dinh bﬁng biéu thire:
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¢'= Jah (5-15)

*"Tao

hy, = JomSi L D06 sau 4o cua nudce tai doan tau do.
Bb - Bt

Thanh phén luc doc P; dugc tao nén do tac dong cua song la:

2B,.S, u,.0 [2H
P3= \|;.B,.S,.m.n= \/7 B, E
1+ [1+—
fo (5-16)
Trong do:
Si: dién tich vé tau chim.
y: do chim ciia khung chinh tau, thudng lay = 1.
b. Thanh phén luc doc Ps khi mé van lién tuc déu.

Khi m¢ van lién tuc thi ta ¢6 thé coi sy thay doi tir tir ciia dong nudc chdy vao au
nhu 1a hang loat sy thay doi cia cac phan tir dQ ndi ti€p nhau, ma tir d6 nd tao nén cac
phan tir song co6 chi€u cao dn.

.

%Q| %Ql %Ql

2

N

Hinh 5.6: Song khi cAp nwée véi do doc doc.

Bﬁng cach ndi céc phﬁn tor song lai ta co6 song véi do dbc doc T duoc xac dinh tir
phuong trinh:

_ dn _ do _ 1 4y
cd, B,.[g.S,Jg.S,.d gf. d (5-17)
O day:
faZBb.Sb.
n= 0 _ 0

B,.c B,.\g.S,

Do doc doc I' cua song doc theo tau cd xét tdi sy thay doi van toc truyén ctia song

la:

. 1 dy

Te(f, S d, (5-18)

Do doc doc mat nude I' s€ 16n nhat tai thoi diém khi song bang dau dap vao cua au,
bai vi & pha tiép theo song da va vao ctra au do doc sé giam dan.
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Thanh phan %( Do ting luu luong trong budng au) s& anh huong dén do doc I'.
Ngoai ra thanh phan (f, - f,) cling anh huéng dén I'. Gia tri (f, - f,) nho nhat khi nuéc
dQ

trong budng 4u it nhat, tirc 1a lic bat dau cap nude - khi co e Luc do I' dat gia tri

max.
1 de
I == (5-19)
e/, —f,)[ Al ) s
Thanh phan lyc doc P; s& 1a:
P3" = W.I'nax (5-20)

¢. Thanh phan Iwc doc Ps khi cap thédo nwdéc bang hé thdng éng dan trung va dai:

Khi cap thao nudc budng du hé thdng dng dan trung hodc dai thi dong nudc vao u
s€ phan bo doc theo chiéu dai buong au. Néu bo tri dung k¥ thuat cac cua ra (d€ duong
dong phan chia déu) thi luc doc tac dung 1én tau s& nho. D6 16n luc doc P;™ sé bang:

P = i[_m/zg[j_hj ~f /2g(i"—h”.g(fw_” (5-21)

Trong do:
P;: 4p suat du trong dng dan tai cira ra thir i.
f;: dién tich ctra ra thur 1.
P..: 4p suét du tai dau 6ng dan.
f,,: dién tich ctra & dau dng dan.

Thanh phan 16n nhat cia lyc doc P 1a P, chiém khoang (80 + 85%) P, khi d6 céc
thanh phﬁn lyc doc khong dat gia tri cuc dai cung mot luc, thuong thi Py va P, rit nho va
khi phan tich sy xuit hién va tic dong cla ching, ngudi ta gia thiét ching tic dung
nguoc chidu nhau, triét tiéu 1an nhau, do do:

Prax = P30 = W'y = L[QJ (5-22)
glf =N dt )y

Do 16n cua tung thanh phﬁn lyc doc phu thude vao:

+ Van téc va phuong phéap cap thio nudc.

+ Céc kich thudc budng au.

+ Ty 18 giita cac kich thuéc budng 4u va hinh dang tau.

- Luc doc P s& nho di néu dong cap thao dugc phan bd déu theo chiéu dai budng 4u.

- Luc doc Py khi duong dong cip thao nude tap trung tai mot ddu au (trudng hop
cap thdo nudc truc ti€p hodc cong dan ngan).

- Khi x4c dinh d6 16n cac thanh phan luc P ta phai tinh cho trudng hop bat loi nhat.
5.2. Nhirng yéu cau déi v&i hé théng cap thao nwérc.
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1- Phai dam bao cip day va thdo can budng 4u trong thoi gian qui dinh g véi sb
lugng tau qua au.

2- Viéc cap va thao nudc phai tién hanh trong thoi gian phu hop véi diéu kién dau
tau va diéu kién di lai cta tau trong budng au va trong kénh dat tau.

DPé dam bao yéu cAu nay thi R <R

Trong do6:
R: Iyc kéo xuat hién trong day budc tau do tic dong cua luc thuy dong P.
R.¢: luc kéo cho phép cua day budc tau.

3- Luu toc dong nudc trong kénh dét tau can han ché trong mot pham vi nhét dinh
tuy theo cong suat cua tau kéo va di€u kién luong lach d€ dam bdo van tai trén duon dat
tau thuan loi.

Thong thuong luu toc dong nude nho hon van tdc tau chay 1a (0,4 +0,5 m/s) thi 14i
tau s€ d¢ dang.

Vi du: toc d6 tau chay 1a 4 + 5 km/h (1,1 + 1,4 m/s) thi luu tde 16n nhat cua dong
nude 1a 0,7 = 1,0 m/s.

4- Khi tau dau trong au phai gidi han van téc 1én xudng cia myuc nudc trong buong

Vien, xuéng < 0.04 + 0.06 m/s.

Néu khong chu y diéu kién nay thi 4u nho dung cot neo tau cb dinh trén tuong
budng au, tau co the bi treo va day neo dut gy tai nan cho tau.

Chu ¥: O nhimg 4u tau 16n dung tru neo di dong thi ta khong can xét dén diéu kién
trén nira.

5- Can dam bao két cAu cta 4u tau khong bi hu hong, day au va duong dat tau
khong bi x01 16, ctra van khong bi chan dong va xam thyc lam hong.

Dé dam bao dicu kién trén yéu cau van toc cua dong nudce thao ra khong dugce 16n
hon van toc dong nudc cho phép khong x6i1 16: V, < V.

Tri s6 Vi, duoc léy theo bang:
Bing 5.1: Van toc khong xéi

Dia chat day Vix (m/s)
- Cét rat nho. 0,35 - 0,40
- Cét nho. 0,40 + 0,50
- Cat trung binh. 0,50 - 0,60
- Cat kho. 0,60 - 0,70
- P4 dam nho. 0,80 - 0,90
- A sét yéu. 0,70 - 0,80
- A sét chic. 0,90 - 1,0
- A sét nhe 0,7 - 0,80
- A sét trung binh va chic. 1,0 - 1,20
- Sét mém. 0,7 - 0,80
- Sét trung binh. 1,20 - 1,40




Chwong 5: Hé théng cap thao nwéc va tinh toan thiy lwc khi cap thao

Dbi v6i dat sét chic, dat nira d4 va da van tdc trung binh cia dong nude trong kénh
dat tau thuong gidi han khong phai bdi di€u kién x61 16 ma bdi di€u kién chuyén dong
cua tau trong do.

No6i chung dé ddm bao nhiing yéu cau doéi voi hé thong cap thdo nudc da néu trén
can c6 mot s bién phap sau:

+ Khi cap thdo, nudc phai dugc phan bd déu trén toan bd chiéu dai, chi€u rong cua
budng au.

+ Dung nhirng cdu tao tiéu ning dé tiéu hao b6t ning luong cua dong nudce trude
khi vao hoac ra khoi au.

+ Khi m& van ong dan nudc phai mo tir tir dé muc nude ting 1én hodc rat xudng
dan dan.
5.3. Hé théng cap thao nwéc tap trung.

H¢ thong cap thdo nudce tap trung con duoc goi 1a h¢ thong cap thdo nude dau au, hé
thong nay dac trung & cho nude vao budng au va ra khoi buong au dugce thuc hién ¢ dau
au vo1 cac hinh thirc khac nhau nhu:

+ Cép thao nudc qua 16 trén ctra au.

+ Qua cong ngan di vong qua ctra au.

+ Qua cdng ngam dudi ctra Au.

+ Qua khe dudi cira au.
5.3.1. Hé théng cap thdo nwéc bang cong dan.
5.3.1.1. Loai c6 c6ng dan nam trong mat phang ngang.

Loai nay duoc str dung rat rong rai, nhat 1a theo da phét trién cua loai au tau d4 va
bé tong. Cong din ngan duoc vong qua cira du xuyén qua tudng 4u, cira ra c6 thé c6 mot
ctra (hinh 5.1) hay nhiéu cira (hinh 5.7). N6i chung loai nay thuong duoc xay dung véi au
tau ¢6 c¢ot nudc nho H<S Sm.

Hinh 5.7: Cong din nwéc trong mit phiang ngang.

1- Ctra 4u trén. 3-Ctra 4u dudi.
2- Van cip thdo.  4-Cira ra.

Thong thuong & dau au dudi nguoi ta 1am nhimg cong dan di vong co tiét dién thay
do1 dé tranh ton that cuc bo 16n. Tai vi tri dat van ti€t di¢n cong dan 14 o,.

o, =(15+18)» (5-23)
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Pé tranh xam thuc, cira céng dan nén dit dudi muc nudce van tai tir 0,3 + 0,75m va
cua ra nén dat thap hon ctra vao.
* Yu diém:

- Loi dung duogc 2 dong chay d6i luu dé tiéu ning.

- Thi cong don gian, nhanh chong.
* Nhwoc diém:

- Dong nuée chay ra manh dé anh hudng dén diéu kién dau tau.

- O cira ra luu toc 10n va phan bd khong déu hinh thanh dong chay xody trong than

- Tudng dau au day.
5.3.1.2. Loai c6 céng dan nam trong mat phang ddng.

Loai nay con dugc goi la cap thdo nudc qua tuong vay (hinh 5.8). Tuong vay la
tuong xay ¢ dau au trén dé gidm dd cao cua cura au, cac au tau hi¢n dai thuong dung ki¢u
két cau nay.

mnte AA
= ¢ 1 B -
A IR
i
Z Z '
4
Hinh 5.8: Cép thao nwéc qua twdng vay.
1- Budng tiéu ning. 3-Ctra au.
2- Céng din nudc. 4-Tuodng vay.

* Uu diém:
- Tiéu ning tbt.
- B6 tri cac thiét bi ¢ dau au thuan tién hop 1y.
Loai két cdu nay thuong dugc xdy dung & nhimg au tau c6 muc nude lon. Néu

budng tiéu ning khong du ta lam thém nhitng thiét bi tiéu ning khac (thanh tiéu ning,
luoi ti€u nang, ngudng ti€éu nang).

5.3.2. Cap nuwérc bang 16 qua ctra.
5.3.2.1. Loai don gian:

Loai don gian cua hé théng cip thao nudc bing 16 qua cira bit dau dung khi xay
dung nhiing au tau dau tién vao ntra sau thé ky XV va dugc phat trién rong rai ¢ Nga voi
au tau co cft nude H nho vao the ky XVIIL
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Chwong 5: Hé théng cap thao nwéc va tinh toan thiy lwc khi cap thao

O nhing au nay viéc lam day va thao can budng au duoc tién hanh qua 16 & cira co
van diéu tiét.

Cira van c6 thé b tri thanh hang ngang, s6 lwong nhiéu hay it, kich thudc 16n hay
nho tuy theo nhu cau cap thao nudc.

Ctra van c6 thé 1a cira phang, ctra quay theo truc dung, truc ngang hay kéo 1én. Cura
van duoc mo bang cach dung trén cau cong tac trén dinh cira au roi dung can kéo 1én
(loai nay d3 duoc ap dung & au C6 Am - Nam Ha)

D¢ tranh bi chan dong, ctra van can dugc dat thap hon muc nudc ha luu.
Loai két cau nay co6 cac vu diém sau:

* Yu diém:
- K&t cau don gian, gia thanh ha.

- Tudng dau 4u mong, thich hop véi dau du két cau bang gd.
* Nhuoc diém:

- Dong nudce cap thdo chdy manh nén anh hudng dén két cau cua au tau va tau be
dau trong au.

Nhuoc diém nay c6 thé khac phuc bang cach mé ctra van tu tir hoac lam thiét bi tiéu
nang.

Hién nay loai két cau nay chi dung & au tau c6 ¢4t nuéc H < 3,5m va lam nhi¢m vu
ho trg trong nhirng au 16n.

b e
| MNTL "
— 7=
= o | MNHL
I . E—
\ S\
4 N |
¥ ¥
14T 1]
Hinh 5.9: Cap thao nwéc bang 16 don giin.
1- Ctra au trén. 3-L5 cép thao. 5-Cén cong tac.
2- Cura au dudi. 4-Cura van.

5.3.2.2. Loai c6 c4u tao tiéu nang.

Véi dau au trén thuong dung cac kiéu sau (xem cac hinh 5.10, 5.11). Cac kiéu két

cAu nay c6 uu diém 1a tiéu ning tot va duoc xdy dung ¢ nhing 4u tau c6 cot nudc H >
10m.
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Chwong 5: Hé théng cap thao nwéc va tinh toan thiy lwc khi cap thao
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Hinh 5.10: Piu 4u ding budng va thanh tiéu ning.

1- Ctra au. 4-Tau dau trong au.

2- Budng tiéu nang. L4 Chidu dai dau au.

3- Thanh ti€u ning. L, Chiéu dai doan nudc trAn tinh
JLLLENS
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Hinh 5.11: Pau 4u dung twong va hréi tiéu ning
1- Cura au. 3-Ludi tiéu nang.
2- Tudng tiéu nang.
Véi dau du dudi ta khong bd tri dugc nhiing thiét bi tiéu ning nhu trén vi s& vudng

tau chay ma ta chi xdy ngudng tiéu ning (hinh 5.12) hodc x4y budng tiéu ning voi thanh
tiéu nang cong (hinh 5.13).

| MNTL Zﬁ
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Hinh 5.12: H¢ thong cip thio nwéc cé nguwdng tiéu ning.
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Chwong 5: Hé théng cap thao nwéc va tinh toan thiy lwc khi cap thao

1- Ctra au dudi. 3-Ngudng ti€u nang c6 rang.
2- Van diéu tiét.
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Hinh 5.13: Hé thong cAp thao nwéc véi thanh tiéu ning cong.
1- Ctra au dudi. 3-Thanh ti€u nang cong.
2- Van diéu tiét. 4-Budng tiéu ning.
5.4. Hé théng cap thao nwéc phan tan.

Hé thong cap thao nudc phan tan 1a hé théng cap thdo nude qua cac cong ngam doc
theo tuong hay day than au.

Heé thdng cip thao nudc phan tan dugc xay dung khi cot nude chénh léch H > 12m.

Su khac nhau co ban vé két cau gitia h¢ thong cap thdo nudc tap trung va phan tan
1a & hé thdng cip thao nude phan tan, cong dan nude dugce bd tri trong trong hodc day
budng 4u.

Su khac nhau co ban vé thuy luc giira hé thong cip thio nudc nudc tip trung va
phan tan 13 bién phap cap thao nudc.
* Uu diém:

- Nudc trong au on dinh, diéu kién dau tau t6t (vi dong nudce chay ra khoi céng din
& hai tuong budng au sé& 1éch nhau huéng vao tudng ddi dién, mit nudc trong au s& co
hinh 16m do vay cac luc ngang tac dung Ién tau nhd) (Hinh 5.14).

Hinh 5.14: Hwéng ciia dong nuwéce cap thio khi ra khéi cira cong dan.
* Nhuoc diém:

- Cau tao cong doc phtic tap, thi cong kho.
- Gia thanh xay dung cao.
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Chwong 5: Hé théng cap thao nwéc va tinh toan thiy lwc khi cap thao

Duéi day ta xét mot s6 cach bo tri cong dan nudce cua hé thong cap thdo nudc phan
tan.

5.4.1 Bé tri cong dan nwéc trong twong au:

Loai két cau nay co céng din ndm trong tuong doc sudt thin au va nhirng cong
ngan chay vao budng au. B6 tri kiéu nay s€ lam cho nudc phan bb déu hon suét doc than
au. Piéu quan trong 13 b tri sao cho cac céng ngan so le nhau.

@% N | D |2 | 20|
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Hinh 5.15: B6 tri ci")ng din dai trong twong buf)ng au.

Thong thudng & hé thdng cip thao nude phan tan cong din dai co tiét dién khong
do6i trén sudt chi€u dai budng au vi khong chi phuc vu riéng viéc cap ma ca thao nudc.

Pé dam bao cho sy phan chia déu dong nude doc theo chiéu dai budng au khi cip
nuoc thi yéu cau khi thiét ké 1a:

+ Céc ctra ra c6 tiét dién bé dan déu din theo dong nudc.

+ Néu céc cira ra c6 tiét dién khong doi thi phai ting dan khoang cach giita cac cira
ra.

Néu van tdc cap thao nude cang lon thi su chénh Iéch ap suat thuy luc gifra 2 dau
cong din cang lon. Pé cho cac kich thudc ngang cua cong dan nho nhat (do yéu cua

tuong nho nhat) ta chon vén tdc dong nudc trong cong dan lon nhat. Vén tbc d6 khong
duoc 16n hon 8my/s, néu 16n hon cdng dan phai duoc trat gia cd bé mit.

Nhuoc diém 16n ctia hé thong cap thao nudc nay 1a néu mot bén cong hong (nghet
van, van bi hong, cong bi hong...) thi chi mdt bén lam vi¢c, khi d6 tau do trong au sé bi
dat sang mqt bén.

5.4.2. Bé tri co6ng dan nwérc & day au.

Loai nay céng dian nudc xy doc ddy au va dugce ddy bang nhimg tAm bé tong c6 bd
tri cua ra.

Két cau nay trudc day chi xdy dung trén nén da, thoi gian gan day nguoi ta xay
dung ca trén nén dat.
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Chwong 5: Hé théng cap thao nwéc va tinh toan thiy lwc khi cap thao

Hinh 5.16: Bo tri cong din nwéc & day au.
1- Cura au. 3-Cura ra.

2- Cong dan doc dudi ddy au.  4-Van dicu tiét.

JORS
X

TTTTTT
Hinh 5.17: Miit cit ngang Au tau xAy trén nén da va bo tri cong din & day au.

Trong truong hop chiéu rong budng au qua lon (By>24m) thi yéu cau d6i véi dong
chay khi cap nuéc khong nhirng chi phan bb déu theo chiéu dai 4u ma con phai phan bd
déu theo chiéu rong cia au.

Yéu cau nay c6 thé duoc giai quyet thoa déng bang cach tir cac cong din dai trong
tuong hodc dy au ta b tri cac cong dan ngang vudng goc véi truc du & dudi day au va
cd cac cura ra song song voi tryc du (Hinh 5.18, Hinh 5.19).
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Hinh 5.19: Cip thdo nwéc v6i hé thong cdng din doc va ngang ¢ day budng Au.
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Chwong 5: Hé théng cap thao nwéc va tinh toan thiy lwc khi cap thao

Noéi chung b tri cdng dan nude ¢ day au co wu diém 13 dong nuée chay twong ddi
déu, song cling c6 nhugc diém la nudc chdy tryc ti€p tir day au lén s& lamcho tau lac
(truong hop cura ra hudng thang gdc voi ddy au nhu trén hinh vé 5.17, 5.19)

5.4.3. Yéu cau vé cdch bé tri cira ra ctia céng dan nwéc:

bé cho luu lugng ciia dong nudc cap thdo phan bo déu tai cac ctra ra sudt doc
budng au, dya trén co s¢ tinh toan va thi nghiém, ta phai thiét ké ctra ra thay doi theo
chiéu dai budng au (néu cu ly gitra cac cura ra nhu nhau).

Trong thuy luc hoc ching ta di biét nudc chay cang xa thi cang yéu do ton thit doc
dudng va ton that cuc bg, do do tai nhitng cua ra cang xa nudce chdy cang yéu, ta phai mé
rong mat cat cua ra.

Dbi v6i clra ra ¢ day co thé khong thay dbi dién tich mit cit, ma thay d6i cu ly cira
ra theo chiéu dai budng au.

5.4.3.1. Clra ra & twong:
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Hinh 5.20: Cira ra cong din nuéc trong twong.
Pé dam bao nudc chay ngép, tranh chan dong, yéu cau:
,>(3+4)h, (5-24)
Trong do6:
1, - Chiéu dai cura ra.
b, - Bé rong cua ra.
h, - Chiéu cao ctra ra.
Pé tranh truong hop mé van dot ngdt nude dap vao day tau, yéu cau:
hypax > 0,09By, - (Sp, - T) (5-25)
Trong do:
hpax - PO dang muc nudc trong buéng tai thoi diém Q = Qpuax.

Pé dam bao su khuyéch tan cua dong nudc cép théo trude khi dbi luu (dam bao
khong day song) yéu cau:

Ig<b,+0,17 By (5-26)
O day: 1 - Khoang cach gitra cac ctra ra.
5.4.3.2. Clra ra & day:
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Chwong 5: Hé théng cap thao nwéc va tinh toan thiy lwc khi cap thao

Kinh nghiém khai thic au tau cho thdy, dong nudc chay ra & day c6 thé lam hong
v tau gd, hodc 1am cho tau lic. Vi vay tai cac cira ra & day phai dugc bd tri cac tAm che
dé giam b6t nang luong cua dong nude cap thao (hinh 5.21).
w0705
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Hinh 5.21: Cira ra & day véi tam che.

1- Céng dan doc.  3- Tam che.

2- Cuara.

* Cac quy dinh trén day dugc dua ra dya trén cac nghién cuu tinh toan, thi nghi¢m
mo hinh, néu khong thoa man yéu cau thi phai di€u chinh thoi gian mé van hoac mé rong
mat cat cura ra.

5.5. Phwong phap cap thao nwéec:

Hién nay & bat ky hé théng cap thdo nudc nao ngudi ta cling tng dung phuong
phap m¢ van cong dan nudce lién tuc dan dan dé dam bdo di€u kién dau tau.

Nhitng nghién ctru thuc nghiém chimg t6 rang viéc mé van khong lién tuc diéu kién
dau tau kém hon so voi cach mo 1ién tuc cung khoang thoi gian do.

Nguoi ta ¢ thé md van dan dan, lién tuc voi van téc déu hodc khong deu nhung
thong dung nhit 1a phuong phap mé déu van cdng dan nude voi mét van tde ¢ dinh.

Viéc chon van toc va thoi gian m¢ van cong dan nude duge xac dinh chu yeu bang
di€u kién dau tau. Vi vay khi cot nudc 16n muon dam bao Iuu téc dong nudce trong long
lach be, diéu kién dau tau tot, thi dung cac bién phap sau:

1. Kéo dai thoi gian cp thao nudc.

2. Xay hé thong 1y nudc bén canh au, bién phap nay s€ giam dugc thoi gian cap

thao nudc. Song c6 nhugc diém 1a két cau va thiét bi phirc tap s& lam gia thanh
xay dung tang (hinh 5.22).

3. C6 thé mo rong mat cat kénh dat tau dé gidm van toc dong nudc luc cap thdo
nudc, lam cho diéu kién dau tau duogc tot.

T
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Chwong 5: Hé théng cap thao nwéc va tinh toan thiy lwc khi cap thao

Hinh 5.22: So 0 hé thong cap thao nwéc bén canh au.
1- Cong trinh lay nudc 4- Céng dan nudc qua phan dap cua au.
2- Cong trinh 1dy nuéc  5- Pap dat
3- Céng dan dudi day budng au
5.6. Chon hé théng cap thao nwéc:

Hé thong cip thao nudc hop 1y nhat 14 hé thong cap thao nudc dam bao dugc thoi
gian can thiét 1am day va thao can budng du v6i diéu kién dau tau tot nhét, v6i gia thanh
xdy dyng 4u nho nhat. Vi vy khi chon hé théng cap thio nudc ta phai dya vao nhiing
diéu kién sau:

+ Thoi gian cip thao nudc dap tng duge quy dinh vé kha ning théng qua cua 4u
tau.

+ Pam bao an toan cho tau bé dau trong du va trong kénh dat tau.
+ Két cAu chung cuia dau 4u va quy mo cua du tau nhu H, Ly, By,

+ Kha nang va thiét bi thi cong.

+ Gia thanh xay dung.

Theo y kién cia nha khoa hoc Nga Mikhaildp thi:

+ H < 7m: X4y dung hé théng cap thao nudc tap trung s& ré hon.
+ H>15m: X4y dung hé thong cip thdo nudc phan tan sé& ré hon.

+ 7<H < 15m: Gi4 thanh xay dung hé théng cip thao nudc tip trung va phan tan
nhu nhau.

Hién nay ¢ Lién Bang Nga, Cuc quan 1y duong song quy dinh nhu sau:
- Khi H > 14m: X4y dung hé thdng cip thdo nudc phan tan
- Khi H < 10m: X4y dung hé théng cip thao nudc tap trung.

- 10 <H < 14m: Phai so sanh vé kinh té k¥ thuat 2 hé théng cap thdo nudc phan tan
va tap trung dé chon phuong &n hop ly.

Ngoai cot nudc H, khi so sdnh lya chon hé théng cép thdo nudc ta con phai chu y
dén luu lugng trung binh cia dong nudc cap thdo (Qg), dong thoi phai xét dén nang
lugng trung binh ctia dong nudce cap thao (eg):

Q= ; (m’/s)

ew =Y. Qu - Hp (kW) (Gén ding) (5-27)
Khi Qg va ey twong ddi 16n thi phai dung hé théng cap nudc phan tan.

Q, >300m’ /s

thi phai xay dung hé thdng cip thoat nudc
e, > 20.0000kW P ¥ WS Tk 8 t4p

Theo Mikhaildp khi {

phan tan.
Ghi chua: Trong cong thirc (3.29)

Quw 1a luu lugng trung binh cua dong nude.
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Chwong 5: Hé théng cap thao nwéc va tinh toan thiy lwc khi cap thao

T - Thoi gian cap thdo nudc (gidy)

V- lugng nude cip thao (m?)
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Chwong 5: Hé théng cap thao nwéc va tinh toan thiy lwc khi cap thao

PHAN B: TINH TOAN THUY LUC

5.7. Khai niém chung vé tinh toan thuy lwc.
5.7.1. Céc hién twong thuy Iwc xay ra khi cap thdo nwérc:

- Khi cip thao nudc dong chay gay ra mot lyc thuy dong (101 v6i tdu dau trong
buong au va trong kénh dit tau luc @6 truyén vao ddy budc tau, néu lyc kéo trong day
budc tau R > Ry; day s€ dut, rat nguy hiém.

- Khi cip thao nude ¢ kénh dit thu s& c6 mot luu luong dong chay 16n, van toc dong
nudc manh s€ gy x6i 1¢ ¢ ha luu.

- Dong nudc chay trong cong din c6 thé gdy ra nhing hién twong chan dong hoic
xam thue.

Dé khic phuc nhitng hién tuong bat loi trén, nham 1am cho au va cac thiét bi 1am
viéc tot, tau bé qua au an toan va thuan 191, ta phai tinh toan thuy luc au tau.

5.7.2. Muc dich tinh toan thuy Iwc:
Viéc tinh toan thuy luc au tau nham nhitng muc dich sau:

- X4c dinh kich thudc ciia cong dan nudc phi hop véi thoi gian cép thao nudc (theo
yéu cau khai thac va diéu ki¢n ky thuat).

- Binh kich thudc cua thiét bi ti€u nang.
- Pinh ra téc d mé van cong dan nudc.
- Pinh duoc vi tri dit van dan nudc.

Phuong phap thong thuong la dinh ra phuong an trude (nhu dinh ra kich thude cong
dan nudc, kiéu cuira van, phuong phap va thoi gian dong m¢ ctra van...) roi kiém nghiém
lai diéu kién dau tau va hién tuong thuy luc phia sau ctra van.

Phuong phéap khac 13 c6 thé dinh ra cac két cdu co quan hé nhu thiét bi tiéu ning
(budng tiéu ning, thanh ti€u nang...) r0i dung thi nghiém mo hinh dé kiém nghiém. Cin
ctr vao diéu kién dau tau cho phép dé tim ra mat cét cong dan nudc, kiéu cira van va tinh
toan thoi gian dong mo van.

5.8. Phwong trinh co’ ban ciia chuyén dong nwéc trong hé thong cap thao
nwéc au tau.

Chuyén dong nudc trong hé thong cap thao nude au tau 14 mot chuyén dong khong
6n dinh (céac yeu t6 thuy lyc nhu van toc v, ap suat p thay dbi theo thoi gian) va 1a chuyen
dong khong déu (cac yéu td thuy luc thay dbi theo chiéu dai dong chay). Nhung dé don
gian bai toan nguoi ta coi dong chay 1a 6n dinh.

P v P, v
Tu phuong trinh Béenuly: z, +—t+o0— =z, +—2+ el 2 +h, +h,
Y28 Yy 28

Gia str c6 mot céng dan nudc vong qua tuong voi tiét dién thay doi (hinh 5.23). Ta
ap dung phuong trinh Bécnuly cho 2 mat cit 1-1 va 2-2 ta c6: (mit chuan nimg ngang 0-
0 di qua mit phang chira truc céng dan nude):

2 2 m 2 m
zl+—1+ocv—‘=zz+—2+oc—2+Zéﬁ;iv—i+lZliﬁ (5-28)
Y 2g Y 2g T2 g7 dt
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Chwong 5: Hé théng cap thao nwéc va tinh toan thiy lwc khi cap thao

Trong do:

z1, z2: d6 cao hinh hoc cta mat cit 1-1 va 2-2 (do cao tr mat nudc dén mat phéng
chuan ndmg ngang)

P1, P2: 4p suét tai mat nude 1-1 va 2-2 (= Pa)
A B
Y 7 . dd cao ap suét (cot nude ap luc)

vl, v2: luu téc & mat nudc do muc nudc thay doi sinh ra.

28 22 ¢ot nude luu tde
a- hé s6 hiéu chinh dong ning (con goi 12 hé s6 cot nude luu toc)
o = 2: Néu van tdc phan bd theo quy luat Parabol (trang thai chay ting)
o= 1,01 + 1,10: Néu van toc phan b theo quy luat 1ogarit (chay rdi)
o = 1,0: Dong réi ¢6 kich thudc bé
o = 1,05 = 1,10: Khi nudc chay trong 6ng, kénh hodc mang.
&i- Hé s stc can cua doan thir i trong céng dan (trong doan nay d6 nham va tiét

dién nhu nhau)

h:

c

iMi

£l
28 . T4
21

vi- Luu toc trong doan dng dan nudc i.

ong ton that cuc bd

: Tong ton that doc duong

|72
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Hinh 5.23: Két cAu cong din nwéc vong qua twdng va chon mit cit cho phwong
trinh Becnuli.
Tu phuong trinh (5-28) ta co:
dv

+Z<§ 2g g 2l (5-29)

Z,—z

Trong do:
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Chwong 5: Hé théng cap thao nwéc va tinh toan thiy lwc khi cap thao

71 - 7, = H, 1a ¢t nude chénh 1éch tai thoi diém t
v — v ~0
2g (b6 qua vi rAt nho)

Ta co:

o

Voi:
.- hé s0 strc can tong cdng cua hé thong cap thao nude

1 - hé s Iuu luong (6 thoi diém t)

S IS VN ECY (mj li(li_ﬂﬂ]:lﬂiﬂzi

gT g5 o, dt g dt T o,

m

Dat: [, Z—Z - chiéu dai dan suét ciia cong din
i=1 i

;- dién tich tiét dién ngang doan céng dan doan thir i

[
=> p, =2 dv : COt nude quan tinh.
g dt
Thay cac dai lugng vao (3-31) ta co6:
2
=LY e dy (5-30)
H, 2g g odt

Pay 1a phuong trinh co ban dé tinh toan thuy luc au tau.
5.9. Tinh toan kich thwéc cong dan nwéc va thei gian cap thao nwéc
5.9.1. Trwong hop budng au twong dieng, mé van déu, lién tuc va chay ngéap:

Budng au tudng nghiéng hién nay chi 4p dung cho cac au c6 cot nude chénh léch
khong 16n trén nhiing séng nho, con tudng budng nhimng au tau hién dai thudng co dang
dung hodc c6 do nghiéng nhé tir 50:1 dén 100:1. Vi vay trong phan nay ta chi tinh todn
cho truong hop budng au tudong dimg.

Trong thuc té, & cc au tAu hién dai dé tranh su phtc tap vé thiét b, nguoi ta it dung
déng tho1 mot ) hé théng céip thao nudc ma hé s6 luu luong khac nhau r6 rét. Vi vay,
cac cong thirc tinh todn dudi day chi 4p dung cho truong hop cap thao nudc budng du c6
dién tich c¢d dinh, véi viéc mé van dan dan lién tuc cua hé théng cép thao nuoc.

Bé qua anh hudng cia lyc quén tinh, tich phan phuong trinh (5-30) ta c6 hé thic
sau:

[, =—S olfaz, ) (5-31)

(Xem dién giai xac dinh cong thirc 5-31 & phan sau)

(D2g
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Chwong 5: Hé théng cap thao nwéc va tinh toan thiy lwc khi cap thao

Trong do:
Q,+Q,
Q;: dién tich mat thoang buéng au thtr nhat.
Q,: dién tich mat thoang budng au thu hai.
- Vi au don cép:
+ Khi cp nudc: Q, = oo: Mat thoang kénh thugong luu
Q, = Q: Mat thoang trong au
+ Khi thdo nudc: Q; = Q: Mit thoang trong au
2 = oo: Mat thodng kénh ha luu

Q.Q
Taco: C=—"2=
Q,+Q,
- Vi au da cap:
+ Khi cip nude tir thugng luu vao budng thir nhat va thao nudc tir budng cudi cing
ra ha luu thi nhu truong hop au don cap: C=Q
+ Khi cap thao nudc gitta cac budng au Q; = Q, = Q (Mit thoang 2 budng au nhu
, Q.0 Q
nhau), tacd: C=—1"—2-==—"
0,+Q, 2

Luu luong trong hé thong thuy luc:

O =ou,2g.H, (5-32)

Chirng minh cong thire (5-31):

¢ i ;I . ﬁﬂ'

D
E
B

Hinh 5.24: So d6 tinh toan kich thudc céng dan nudc va thoi gian cap théo
nudc.

Tu phuong trinh co ban (5-30), bé qua ¢t nudc quan tinh ta co:

I
H =——=>v=y,,2g.H,

u; 2g
Mat khac: Q=w.v-> O =ou,2g.H, (5-32)
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0 = 0
— 0./2g.H, (1)

Dua vao diéu kién lién tuc: khéi nudc dang l1én Q,.dy,, khdi nuée tut xuéng
Q,.dy; va luong nudc chdy qua cong co tiét dién o trong khodng thot gian dt 1a nhu
nhau, ta co:

th = Q].dyl = Q2 . dY2

Q.
Do d6: q=% (2)

. Q iy .
Ta thay: dH =—(dv, +dy2):—[l +Q—‘J.dy1: Bién thién d6 chénh cft nudc cua

2
Au bang tong luong bién thién myc nudc thugng luu dy, va ha luu dy, nhung trai
dau.

Q
> dy, =——2 dH
Q +Q,
Q Q
> Q.dy, =——"2 dH=-CdH (3)
e +Q
1 2

Tu (1), (2), (3) ta co:

_ g _ Qdy, _ -CadH o di =G

s o2g.H, o\2gH,dt o2gH dt __ ' oJ2gH,

Tich phan 2 vé ta co:

f “_cdH @ -C "t n -C
dt = = (H a0 =——=—2\JH, -JH

e s el LR i L)

=> [wdt =———2(/H, ~JH) (5-31) (Cong thirc cAn chimg minh)
0 (’3\/@

Trong do:

H - c¢ot nude chénh 1éch ban dau (lac t =0)

H,- c¢ot nude chénh 1éch tai thoi diém t.

Hé s6 luu luong p1a mot ham cua thoi gian p=f(t) va duoc biéu dién bang do thi
nhu hinh 5.24
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ALy

p=f(t)

|

O l—tm—t o——l T
Hinh 5.24: D6 thi biéu dién p, = p(t)
T: Thoi gian cap thio nudc xong.
tm: thOl glan mé xong cura van
t,: thoi gian tir lic mé xong cira van dén luc cap thao nude xong.
5.9.1.1. Trong khoang th&i gian tir 0 — tp,:
Ta c6 thoi gian mé van t,, 1a:

_ 2C(\/ﬁ_\/H_m) (5-33)

(WNTRONPS

H,,- Cot nudc chénh I¢ch tai thoi diém vira md xong ctra van

Chirng minh cong thire (5-33):
Ttwr cong thirc (5-31) xét cho thoi gian 0 — t, ta co:

fu,dt— \/— (\/_ \/_)

biat: a= it Hé s6 phu thudc vao loai cira van va hé sd p cta hé thdng cap
i

thao nuoc.

- S =apnt,

= out, = \/_ (\/_ \/_)
2 - JH, )

LU0+ 2Z

=>t, = (5-33) (Céng thirc cAn chimg minh)

5.9.1.2. Trong khoang th&i gian t t, —» T:
Ta c6 thoi gian tir lic md van xong dén khi cp thdo nudc xong t, 1a:

2C\/H,,
d 5-34
oy2g (5-34)

t, =
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Chtrng minh cong thtrc (5-34):

Twr cong thirc (5-31) xét cho thoi gian t,, > T ta co:

T -C
[w,dt =—=2(0-JH,)
t,,, 0+/28
2CyH \ .
=>t,=T-t, = = (5-34) (Cong thuc can chimg minh)
Lo+/2g

5.9.1.3. Tinh toan th&i gian cép thao nuéc T:
Ta c6 toan bo thoi gian cip théao ké tir khi mé van dén khi cap thao xong nudc la:
_ 2CH (5.35)
noy2g(1-(1-a)k,)

Chirng minh cong thire (5-35):

Ta c6 tong thoi gian cdp thdo nudc xong hoan toan 1a: T =t +1,

—t,=T—-t,=T(-k,)

L. t o A en e . ) \ e . £ , P
Vol k, = ?: Ty so gitra thoi gian mé van va thoi gian cap thdo nudc xong

ol 2C\/_ L A - pm@

- (1—k,)r (1
1-k, poy2g(-k,) W)

2 Jﬁ—@)f(? H,

m

Dong thoi ta cling co: I'=t, +t,=

2C
=T =W—w\/zg[«/ﬁ —(l—a)@ ]

M\ 2g
Thay (1) vao ta co: a’.,u az\/7g (1 0‘) e (1_km)T
:J‘”Vzczg (14— =
=>T= . m\/z_zcﬁ_ ) (5-35) (Céng thirc can chimg minh)

H¢ s6 a phu thudc vao loai ctra van va h¢ s6 p cua hé thong cap thao nudc, a lay
theo bang:

Bang 5.2: Gia tri o phu thudc vao loai cira van va hé so p
| | Gi4 tri o v6i p cta hé théng C.T.N |
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. Gi4 tri o. v6i p cta hé théng C.T.N
Loai van
p=0,5 | u=0,6 | u=0,7] u=0,8
-Van phang (mép dudi nhon) 0,63 0,59 0,56 0,53
- Van cung 0,65 0,61 0,58 0,56
- Van hinh try 0,71 0,67 0,64 0,56
- Van quay 0,57 0,53 0,50 0,47
Pé don gian ta thudng lay o = 0,5, do d6:
T 4C\H (5-36)

u.m\@ 2-k,)

Tir (5-36) ta xac dinh duoc dién tich tiét dién ngang céng dan nudc o (ca 2 bén)

5.9.2. Trwwong hop mé van dét ngét:

Néu mo van dot ngot, t, = 0=>p, =
r_, _2CVH
=1, =
Lm+/2g
Vi oo 2cVH

_acH
nwTy2g(2-k,)

nTy2g

| = const va ta co:

Khi tinh toan so bd, nguoi ta giai thiét p = const va liy nhu sau:

i =0,7 +0,8: Cap thao nudc qua 15 don gian:
n=0,6 +0,7: Qua 6ng din ngin:
H =

Hé s

k,=0,5+0,7: vo6i 6ng dan ngén.

0,5+ 0,6: Qua éng dan dai:

0 k, 1ay nhu sau:

(5-37)

(5-38)

(5-39)

k= 0,3 +0,5: v6i 6ng dan dai (¢ hé thdng cip thao nudc phan tan)

5.10. BPwong dac tinh thuy lwc.

Puong dic tinh thay luc 1a dudng biéu thi quan hé giita thoi gian véi muc nudc, cot
nudc chénh 1€ch, Iuu luong, nang luong trong mot don vi thoi gian cua dong chay (ty
ning), toc do dong m¢ van, h¢ s6 luu luong. No gitp ta klem nghiém lai diéu kién on
dinh trong 4u tau. Do d6 trong tinh toan thuy luc Au tau, ta can phai vé duong dic tinh

thuy luc.

Cong vi¢c nay tién hanh & giai doan cudi cung cua cong tac thiét ke, khi ma da chon

kiéu cura van, thoi gian dong mé van va xac dinh dugc cac kich thude co ban cuia Au.

5.10.1. Nguyén ly xay dwng cac dwong dac tinh thuy Iwc:
Puong dic tinh thuy lyc bao gdom:

- BPuong quan hé gitra toc d0 dong mé van va thoi gian n, =

ny(t)
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- Puodng quan hé giira hé s luu luong va thoi gian p, = p (t)

- BPuong quan hé gitra cot nudc chénh 1éch va thoi gian Hy = H(t)
- Puong quan hé gitra myuc nudc va thoi gian y, = yy(t)

- Puong quan hé gitra luu lugng va thoi gian Q = Q(t)

- Puong quan hé gitra bién thién luu lugng CZZ—? va thot gian dQ = dQ(¢)

- BPuong quan hé gitra nang luong dong chdy (ty nang) va thoi gian e=e(t)
Va sau day la nguyén ly xay dung cac duong diac trung thuy lyc:
5.10.1.1. Pwong quan hé gitra hé sb lwu lwong va thdi gian 4 = zu(t):

Thong thuong duong nay duoc xac dinh dya theo loai van ma hé thong cép thao sir
dung, néu m¢ van dot ngot dé dat t6i vi tri on dinh thi ta c6 hé s6 luu luong 1a khong 601
theo thoi gian, néu mé van tir tir thi thuong c6 mot diéu kién nao dy, vi du nhu dé hé sb
lwu luong bién doi bac nhét theo thoi gian, cac truong hop phirc tap hon thi xac dinh gia
tri p & céc thot diém khac nhau cua thoi gian t.
5.10.1.2. Bwdng quan hé gitra tbc dd dong mé van va thoi gian ny = nd(t)

Murc do mo van cap thao nudc quyét dlnh hé s6 luu luong ctia duong dng dan nudc,
do d6 néu co cau tao van, hé thong duong 6ng va ham g, = (), ta dé dang xac dinh

duoc d6 mé cua van ciing nhu toc do dong mé van (dao ham bac nhat cua d6 mo cia
van).

5.10.1.3. Bwdng quan hé gilra cét nwdc chénh léch va thoi gian Hy = Hy(t)
Tu duong quan h¢ 1, =g(t) ta s€ xac dinh dugc duong quan hé¢ H;, = H,(?) theo cong

. . —C _ ..
thure (5-31): !u,dt—w\/EQ(\/F, \/ﬁ) hay ta co:

(g o2g Y ]
Ht—[\/ﬁ e ! p,tdtJ (5-40)

5.10.1.4. Buwdng quan hé giltra thoi gian va mwc nwdce y; = yi(t)

Khi ¢6 sy thay d6i d6 chénh muc nude theo thoi gian H, = Hy(t) ta d& dang xac dinh
duoc sy thay d61 muc nude trong Au theo thoi gian y, = yi(t) do thong thuong trong qua
trinh ¢ip ciing nhu thao, muc nude thugng Iuvu va ha luu 6n dinh.

5.10.1.5. Buwdng quan hé gilra lvu lveong va thdi gian Q = Q(t)

Két hop su thay d6i do chénh myc nuée H, = H,(t) va su thay d6i hé sé luu luong 1
= 14,() ta xac dinh dugc sy thay doi luu luong theo thoi gian O = O(?) theo cong thirc da
x@y dung (5-32): O(t) = ., (t)y2g.H, (1)

Va ciing tir @6 dao ham béc nhat duong bién thién luu lugng Q = Q(t) ta ¢6 Duong
quan h¢ gitra bién thién luu lugng va thoi gian dQ = dQ(¢)

5.10.1.6. BPwdng quan hé gilra nang lwvgng dong chay (ty nang) va thdi gian e=e(t)
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Xuat phat tir cong thirc tinh ning luong trong mot don vi thoi gian: e = y.0.H, ta c6
su bién thién ning lugng dong chiy trén mot don vi thoi gian theo thoi gian 13

e(t) =v.Q().H,(1)

Sau day ta s& cu thé hoa nguyén 1y xdy dung cac dudng dic trung thuy luc cho hai
trrong hop mé van thong dung trong Au tau hién nay:

- M¢& van d6t ngdt
- M6 van tir tir dé hé s luu luong thay ddi tuyén tinh.
5.10.2. bwong dac tinh thuy Iwc cho trweoong hop mé van dét ngét:

Sau day ta s& xay dung cac dudng dic tinh thuy luc cho truong hop don gian nhét:
M& van dot ngdt dé h¢ so luu lugng tang dén ngay gia tri 1én nhat =g, ta co:

5.10.2.1. Téc dd6 déng mé van n:
Pau tién téc d6 dong mé van s& 13 oo, sau d6 sé& bang 0:

oo khit=0
n(t) = .
0 khit>0

5.10.2.2. Hé sb Iwu lwong:

Qo m¢ van dot ngdt thoi gian mé van t,=0, ta c6 hé s6 luu lugng tang dot ngot dén
gia tri on dinh: 4 = u = const tuc la:

ut)=p
5.10.2.3. Cot nwéc chénh léch - Mwe nuwéc:

Theo cong thic (5-40) cua phan nguyén ly xay dung dudng quan hé muc nudc
0428 j- ’
A, dt
2C 9

Ap dung cho truong hop dang xét 1a mo van dot ngot (u = const) ta co:

chénh 1éch véi thoi gian: H, = [Jﬁ -

H.(1) = \/E—M.t (5-41)
2.C

Tu do6 ta xac dinh dugc myuc nudc trong Au:

- Khi cp nude: Muc nude thuong luu 6n dinh, myc nude trong Au ting dan:
y»(@)=y,+H-H,((t) (5-42)

Trong do: yo- Muc nuée ban dau trong Au, chinh 1a myc nuée ha luu.

H- Muc nudc chénh léch ban dau, chinh 1a chénh léch myc nudc thuong
Iuu - ha luu.

- Khi théo nude: Muc nude ha luu 6n dinh, muc nuée trong Au giam dan:
v, () =y, ~(H - H, (1)) (5-43)
Trong do:
yo- Muc nuéc ban du trong Au, 13 muc nude thuong luu.
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H- Muc nuéc chénh 1éch ban dau.
5.10.2.4. Lwu lwvong:

Theo cong thirc tinh luwu lwong trong 6ng cip thao nudc (5-32):
Ot)=wp,(t)2g.H,(t) va vbéi cong thic via xdy dung dugc & trén (5-41):

Ht(f):[\/ﬁ—M-fJ

2C

Ap dung cho truong hop md van dot ngdt (u = const) ta co:

o) = w-u\/@(ﬁ _MIJ (5-44)

2.C

5.10.2.5. D6 bién thién lwu lwong:

Tu cong thirc xac din luu luong trén dao ham bac nhét ta c6 duoc su bién thién luu
lugng trong ong cap thdo nudc:

2 2
40w - B Q& onst (5-45)
dt C

5.10.2.6. Nang lwgng dong chay (ty nang):

Theo nhu phan nguyén ly di trinh bay ta c6 ning lugng dong chay cio thao trong
mot don vi thoi gian:

o2g Y
e(t) = v.O(0).H,(t) = yoo\2g [\/ﬁ e (’;\/C_g .z} (5-46)

‘eyQaHta “’aanYI 9Y2

—‘j?g S ¥, = ¥(1) —
H \( H,= H, (1) /// ]
\\/\>< 7 e
H \ '& e=¢(t)
SRS e
a7 NN [ |
< O — — K
0 _ oy

Hinh 5.25: Pwong dac tinh thuy lwe cho trwong hgp mé van dot ngot
5.10.3. Bwong dac tinh thuy Iwc cho trivong hop mé van t tor:
Sau day ta s& xay dung cac duong dic tinh thuy luc cho trudng hop mé van tir tir dé
hé so luu lugng thay doi theo duong thang: p, () = at, ta co:
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5.10.3.1. Téc do6 déng mé van n:
5.10.3.2. Hé sb lwu lwong:

Do mé van dé hé s6 luu luong thay doi tuyén tinh: p, (1) =as .
Xac dinh a: La hé s6 sao cho sau thoi gian t,, hé s6 luu luong p(t) ting t6i gia tri

16n nhat pw: a = L

m

. B¢ khio<t<t,
Vay: u() =11,

W khit, <t<T

5.10.3.3. C6t nwéc chénh léch - Mwe nuwéc:

2
. V28
Theo cong thue x4c dinh cot nude chénh Iéch (5-40): H, = [«/ H - m2 Cg -J.thfJ ap
° 0

dung cho truong hop dang xét 1a mé van tur tr (p, (¢) = ti.t ) ta co:

- Trong thoi gian: 0<¢ <1,

t t 2

J'u,dtzj'%.tdzztﬂ.

N |

%]

) 2
S H(n)=|JH -2E B L
2C 1,2
- Tai thoi diém vira mo van xong: 1=t,,

2
Lo+2g t
H,=H,(t,)=|VH -—=.1 5-47
w=H,(,) [ e 2] (5-47)

- Trong thoi gian: ¢, <t <T

2
Ap dung cong thirc (5-40) ta co: H,(r)= {./Hm - (D\/E. u,dt}

t t
Mat khéc: Iutdf = J'udt =w(t—t,)

tm

:Hﬁ)(JZ' J_ 04)J

Téng hop lai ta co:

5-32



Chwong 5: Hé théng cap thao nwéc va tinh toan thiy lwc khi cap thao

2

(\/ﬁ_u.m 2g ¢t

2
Yooy ] khiO<t<t,
H,(t)= - (5-48)

[\/_m H: \/_(t—t )] khit, <t<T

Tu d6 ta xac dinh dugc myuc nudc trong Au:
- Khi cap nude: Muc nude thugng luu 6n dinh, myc nudce trong Au ting dan:
n(t)=y,+H-H (1)
- Khi théo nude: Myc nude ha luu 6n dinh, muc nuée trong Au giam dan:
7, (0) =y, —(H - H,(1))
5.10.3.4. Lwu luvong:
Theo phan trudc ta ¢ van tdc trong ng cip thao nude: Q = w.y,m , &p dung
cho truong hop mao van tu tu, ta co:

- Trong thot gian: 0<¢ <1,

H, () = ( “N_. t},w):ti

m

= 0(t) = w241, () H, (1) uw_[ “wF.Zt]t

- Trong thoi gian: ¢, <t <T

o2 ’
HAr){JH_m—%.a—rm)J S, () =p

M4/2
= 0(1) = 028, ()JH, () = poy2g [JH_ —%a -1, >}

Té6ng hop lai:

_poy2g o .
W+/2 . — khiO<t<t
H ( 2.C 2.th t "

m

o) = (5-49)

u.m@(JHm —%(r—t”} khit, <t<T

> 2
Véi: H = [Jﬁ —% ch%J (Cong thirc 5-47)

5.10.3.5. Do bién thién lwu lwong:
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Do bién thién luu luong chinh 1a dao ham bac nhét theo thoi gian cua luu luong:

dO(1) = th“) vi ciing chia 1am 2 thoi ky 0<t<t,, vi 1, <¢<T .

J 028
H_SHONZE T jhio<i<,
t, 4 2C 1

m m

L. 2g£

do(t) = (5-50)

2 2
_BOE pie, <t<T
C

5.10.3.6. Nang lwvgng dong chay (ty nang):

Theo nhu phan nguyén 1y da trinh bay ta c6 ning lugng dong chay cio thio trong
mot don vi thoi gian: e(r) = y.0(¢).H,(¢) , ap dung cho truong hop mo van tu tur, ta co:

- Trong thoi gian: 0<¢ <1,

H.(t) = ( ”'(”\/_.

“m m

_ _pey2g 1
2.1 ] Q(t)_“'w@[\/ﬁ 2C 21, ]’t
= e(t) =7.0().H, (1) = ypoy2g [Jﬁ - %;TJ -

- Trong thoi gian: ¢, <t <T

H,(1)= [ B2 J_ (t—1 )J o) = uw@[J_ 3 rr—w}

o2 ’
= e(t) = L0428 [JH_ - % (-1, )J

Téng hop lai:

3
©4/2 2
WATRON DX \/H—u.t— L khiO<t<t,
2C 2, t,

e(t) = (5-51)

Y028 A H RO \/_ —t,) J khit, <t<T
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Jure [SQHOR ANyl —y 0
I —
< \%\ | ] =L
7 ~ - I
0 /Ht:Ht(t) &\4:/ c-rl
4 =
HpP— /
_| MNHL A \\\< —]
| Q=P
% \\ | \\\\ t
0 <] —=—
T

Hinh 5.26: Dudong dac tinh thuy lwe cho mé van tuwr twr
5.10.4. Céc tri sé thuy lwc dic trung :
La cac tri s6 anh huéng nhiéu nhat dén dleu kién dau tau trong 4u, viéc xac dinh gia
tri cua chung ctng nhu thoi dlem chung xuat hién rat co y nghia trong viéc kiém tra 6n

dinh cua Au tau khi thyc hién cip thao nuée budng Au. Cac tri s6 thuy luc dic trung bao
gom. Luu lugng 16n nhét O,nax, nang luong 1om nhét e,,,, , do tang, gidm luu lugng lon

i (). (%)
dt max dt max

5.10.4.1. Trwdng hgp mé& van doét ngbt:

Céc gia tri luu lugng lon nhat nang luong 16n nhét ciing xuat hién vao thoi diém
ban dau (t=0) khi vira m& van cp thao va c6 6 chénh muc nudc 13 16n nhat (H=H):

Lwu lrong I6n nhét:

0, =noy2gH =24

Nzng ltrong Ién nhét:

2.CH’
emax = Y‘Qmax H = Y
T
2 2
Va do luu lugng bién thién bac nhat theo thoi gian nén: CZ—? = _ﬂ.—g).g = const

5.10.4.2. Trwdng hop mé van twr tu:
* Lwu lwong I6n nhéat Qumax:

Theo giao su Mikhaildp, luc ctra van mo tir tir va hé s6 i, bién ddi theo dudng thang
thi Qpax tinh theo 2 truong hop sau:
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Khit, <0,5T: Qya S€ xuat hién vao lic van viea mo hodan toan

e
~ [ -R0®
\\
pd
// \\\
-
m T
Hinh 5.27: Lwu lwong céap théo khi t,, < 0,5T
8.CH(1-k,)
= -~ mZ 5'52
Qmax T(2 . km )2 ( )
t=t, =k, T
Vao thoi diém: %Y 5-53
H,=Hm=4{; IZM)H (5-33)

Chirng minh cong thire (5-52) (5-53):

Trong trudng hop mé van tir tir ta c6 thoi gian cap thao:

ro ACH oo thie 5-36)
Hﬂ)@(z - km )
Lees_ N

4c T(2-k,)

Tai thoi diém mo van hoan toan 1=, =k, T ta co:

2
RONY
- Muc nuéc chénh léch theo cong thitc (5-47): H, = [ﬁ A ‘;*é_g ! ] thay (1)

2
2 2
vaotaco: > H, = H—i.km.T =1- i H
T(2-k,) 2—k

m

2
= H, = 4{1_1‘"’ J H (5-53-2)
2—k

- Luu lugng theo cong thic (5-31) 16n nhat xuat hién tai thoi diém =1 :
O,... = Hw+2g+H, ,thay (5-53-2) vao ta co:

1—k acH (1-k
= nawvf2e.2. m |\ JH = 2. m \JH
O = 028 [2—/@”] 2—k) [2—/«,,,]

_8CH 1-k,

= = 5-52) (Céng thirc can chirng minh
Qo = k) (5-52) (Cong g minh)
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Khi t,,> 05T Q4 5€ xudt hién vao liic dang mé van

e
~
A N[00
\\
|
t
—
m T
Hinh 5.28: Luru hrgng cip thao khi t,, > 0,5T
o - 8 C.H
3W3T 22—k, Kk, (5-54)
t=—J2-k )k,
Qunax €0 vao thoi diém: 64 (5-55)
H =—H

"9

Chirng minh cong thire (5-54) (5-55):
Trong truong hop mo van tu tir ta ¢ luu luong dong cép thao 16n nhat khi dang
mad van. Thpo :coén hoc, cuc tr1 cia mot ham §6 thuong 1a tai diém ma dao ham bac nhat
cua ham s6 bang 0, ta ¢c6 dao ham bac nhat cia luu lugng theo cong thic (5-50-1)

dO(t) = ﬂa)\/—(\i_ 3#61)\/E.t J

2 4C £

m m

\/E_é,u.a)wmg i

2 4C ¢

m m

o i, kT T

—> 1t = = = —
3y.w,/2g ; JH 3

4.C T(2-k,)
T
=1 =$1/(2—km ),

Vao thoi diém nay myc nude chénh 1éch theo cong thire (5-48-1):

dO(t) = 0 khi

(5-55-1)

H:[\/ﬁ_u.a)@'i} (\/— ,ua)\/_.T 2-k,) ] (\/ﬁ JH  T(2-
' 4C 1,

4.C 31, T2-k,) 3

=>H, =—H
9 (5-55-2)
* Tim Qpax: Thay thot gian va cdt nude chénh 1éch tim duge & trén vao cong thirc
luu lugng (5-49-1) ta co:
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_acH 2 T@2-k, )k,
O “w*/_*/___ T(2- km)3H 3k, T

Wl

8 CH X .
=0, = (Cong thure 5-54 can chirng minh)
3\/3 T V (2 - km )km
* Néng lwong 16n nhét emay:

Theo gido su Milghailép, ltc cira van mo tur tur va hé sO p bién doi theo duong thang
thi Nang luong 16n nhat cua dong chay vao buong au e, (khong tinh dén ton that trong
cong dan hoac & buong ti€u nang) tinh theo 2 truong hop sau:

Khi t,, <0.25T: e,,4, 56 xudt hién vao liic van vira mo hoan todn

Ae

/ N

t
\

T

Hinh 5.29: Nang lugng don vicia dong chay khi t,, <0,25T

2 3
_3p 1CH* (1-k,)

T (2-k,) (5-56)

t=t, =k, T
Vao thoi diém: YV 5-57
H,=Hm=4.(; ’l‘{m] H (5-57)

Chirng minh cong thire (5-56) (5-57):

Tai thoi diém mo van hoan toan r=¢, =k, T ta co:

ﬂa)\/_ ?] thay

- Muc nudc chénh 1éch theo cong thuc (5-47): H, (\/_

,u.a)\/g_ JH vaotaco: > H,, (\/ﬁ B )k TI:(I_ s JZ'H

4C T(2-k,) T(2—k

2
=H, =4 L.
2—k,

(5-57-2)
- Luu lugng theo cong thirc (5-49-1) xuat hién tai thoi diém r=¢ :

0, = y.a)@ JH,, ,thay (5-57-2) vao ta co:
1-k 4C 1-k, 8C.H 1-k,
0, = ﬂ.a)@-Z{z - k’” ] _ 4CVH ( J\/_

T2-k,) 2k, T (2-k,)
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- Tir d6 ta c6 ning luong 16n nhét tai thoi diém nay 1a: Thay thoi gian va cot nude
chénh I1¢éch tim dugc ¢ trén vao cong thuc

e(t) =v.Q0).H,(1) 1, <4

. _,8CH 1=k, (1-k, 2H
max Y- T (2_km)2 ’ Z—km )

vCH? (1-k,)

e, =32. (5-56) (Cong thirc can chimg minh)
I (2-k,)
Khit, > 0,25T: e, S€ xudt hién vao lic dang mé van
le
— e=le (1)
\\/
// \\
/ ~
— t
1 —
m T
Hinh 5.31: Nang lugng don victa dong chay khi t,, > 0,25T
. . 864 CH’
" 34347 —
T J@2-k, )k, (5-58)
r=% (2-k, )k,
Vo thoi diém: / (5-59)
36
H =
49

Chung minh cong thtrc (5-58) (5-59):

Trong truong hop md van tir tir ta c6 ning luong don vi dong cép thao 1on nhat khi
dang m¢ van. Theo toan hoc, cuc tri cia mgt ham s6 thuong 1a tai diém ma dao ham bac
nhat ciia ham s0 bang 0, ta ¢6 nang lugng dong cap thao theo cong thirc (5-50-1):

3
_hoy2g 2g ¢ t
e(t) = y.0.m42 ( —} e

4.C ¢
DPao ham bac nhat:
2
de(t)  YHoy2g u(m/ t_ ~ \/ﬁ_u.m 2g i TROWNP ﬁt
dt . t, 4C t, | 4C 't

t 4.C ¢

m

RN Zg( M(D«/ z_J{ 7|,L.0) 2g i:l
t m
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M4/2 2
4e) _ o hi JH =728 T

dt 4C 1,
s JH, JHt,  T(2-k,)k,
um\/_ 5 NH VH 7

T(2-k,)
:>t=iw/32—kmi.km
V7 (5-59-1)

Vao thoi diém nay:
- Myc nudce chénh 1éch theo cong thirc (3-49-1):

4.C 4.C 71, T2-k,) 7

Hz[ﬁwi]:{ﬁw 2 Tk, J (ﬁ Vi1
t .fm .

=>H, = EH
49 (5-59-2)

- Luu luong dong cép thao theo cong thirc:

__4cVH 6, Tk, ),
- w*/_*/__m_ 7 J7k T

Lo CH
YT T2k k,

: * Tim e, Thay thoi gian va cot nude chénh 1€ch tim dugc & trén vao cong thire

oy 2 CH 36
U1 T 2=k, )k, 49

2 \
_ 864 vCH (Cong thirc 5-58 cAn chimg minh)

3437 TJ2 -k, )k,

emax

* D6 bidn thién cia lwu long ‘ZQ
t

Do tang luu lugng dong chay vao buong au hodc tur budng au théo ra khi hé s6 luu
luong thay doi theo duong thing va van tdc mé van cb dinh, c6 vao lic bat dau cip nuéc,
nghia 1a khi cot nudc chénh 1éch 16n nhét.

Tri s6 d6 bang:
(d_Qj+ Cpoy2gH  4CH
dt ) ax t, T*(2-k, )k, (5-60)
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Do giam xubng cua luu luong theo thoi gian s€ lon nhat khi m& van hoan toan.
Trong khoang thoi gian cua ca thoi ky lam day budng v6i van mé hoan toan, tri s6 nay s&
6n dinh va bang:

(d_Qj _ poe’g  8CH

At ) e C T*(2-k,) (5-61)

5.11. Kiém tra th&i gian m& van va van téc mé van & hé théng cap thao
nwé&c tap trung

Trong qua trinh cap thao nudc au tiu, o thé md van cip théo theo 2 phuong phap:
- M¢ van déu lién tuc trong sudt khoang thoi gian tm (v = const)
- M& van ting dan toc do

Phuong phap mé van déu lién tyc c6 uu diém 14 thiét bi don gian nhung thoi gian
cap thao nudc lau. Nguoc lai mé van tang dan toc do rut ngan duoc thoi gian cap thao
nudc, nhat la nhiing au 16n, nhung trang thiét bi lai phuec tap.

O day ta chi xét truong hop mé van déu lién tuc.
5.11.1. Theo diéu kién dau tau trong 4u:

Trong phan trudc ta da dé cap luc thuy dong tac dung lén tau do hién tuong thuy luc
cuc bé sinhra P = P1 +P2 + P3 va két luén laP= P3

1]_1_Ry
~|== hay R,
[n} Row "]

bé dam bao cho tau dau trong budng au dugc an toan khi cap thao nudc thi yéu cau
P <R

W de w
Hay: —| = <
Y g(fa—f,)(dt o 1]

Thay gi4 tri [‘Z_Qj o £ cONg thit (5-60), (5-61) ta co:
t

y [nlﬂw«/ﬁ

"= Jalf 1)

. 4ky[nlQ.H
T‘J@(fz—m(z—km)

Cong thirc trén dung dé tinh thdi gian mé van kiéu 16 ngap nude, toc 6 md van 1a:
hy

n=—
t

m

(5-62)

Trong do:

h, = —“_ 1a chiéu cao mé van
2.bo

: dién tich tiét di¢n ngang cong dan nudc
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2.bo: tong bé rong cong dan nudc
Do do, toc d0 mo van sé€ la:

[n},u.ZbO\/ 2H
Trong cong thirc (5-62), kq 1a h¢ sO thay doi do tang luu lugng theo thoi gian cia

dong chay vao buéng au, phu thudc vao loai ctra van va hé sb luu lugng p, dugc 1éy theo
bang:

Bang 5.3: Hé so thay doi d9 ting luu lwong ko

Loai van Tri s6 ko voi p tuong g
n=0,50 u=0,60 n=0,70 n=0,80
Phang 1,42 1,20 1,03 0,90
Van cung 1,65 1,43 1,24 1,10
Quay 1,04 0,87 0,75 0,66
Tru 1,98 1,68 1,42 0,66

5.11.2. Theo diéu kién dau tau trong kénh:
Diéu kién tinh toan cia tu d4u trong kénh khéac véi trong budng 4u 1a:
- O sau tau (d4u ¢ kénh dudi) khong co gi che chan.
- Dién tich mt cit u6t ctia kénh 16n va cb dinh.
Khi tinh toan so bd c6 thé str dung cong thirc gan ding sau:
p=—tN_ (d—Qj (5-64)
g(f = £\ dr ),

O day p=1+21ahé sb dy trix
Thay gi4 trj (f{_Q) " Vo (5-64) ta cb:
t

5.11.2.1. Thoi gian téi thiéu mé clra van dan nwéc:
. Blnluod2H
" el 1)
hO

5.11.2.2. Téc dd nang ctra van tbi da: (n = .

m

_ el /) _
"k Bl bo2H (5-66)

5.11.2.3. Thoi gian tdi thiéu 1am day va lam can bubng au.

(5-65)

)

- \/ k,.Blnlk, QO.H
e lh - 5=k, K,

Trong do:

(5-67)

ky: hé s ké dén anh huong cia van tdc doc trong kénh.
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ky = 1,1 (vo1 kénh thuong luu)
ky = 1,3 ( voi kénh ha luu)
5.12. Tinh kich thwéc thiét bj tiéu nang

Thiét bi tiéu ning cua au tdu voi hé thdng cip thdo nude tip trung chia ra lam 2
phan chinh (hinh 5.30):

+ Buong tiéu nang: khoang khong gian giira cira cong dan nude va vat tiéu nang.

+ Poan nudc tran tinh & sau vat tiu ning (doan nay khong tinh vao chiéu dai co loi
cua buong au).

Su lam viéc ciia budng tidu nang dugc dic trung boi sy tidu hao ning luong trong
budng au ciia dong chay. Vi nhiing loai tiéu ning hién dai, nang luong tiéu hao & budng
tiéu nang 1a 4 = 10%, con & doan nudc tran tinh 14 3+5% toan bd ning lugng ciia dong
chdy vao buong au.
5.1.2.1 Thé tich buéng tiéu nang:

Van mé déu, chay ngép trong ca thoi ky lam day budng au:

2
yo 23AQHT (5-68)

Tk, (2-k,)

Van mé déu, lac dau chay khong ngap:

- 11,3. 44 1.0 QN Hm H (5-69)
Vkm.T

+ H,,- chiéu cao tir mép trén cong dan dén cao trinh muc nude thuong luu.
Truong hop tong quat:
V = A.enax (5-70)
Trong do:
A- hé s6 phu thudc vao sy hoan thién cua thiét bi tiéu ning. Vi nhitng thiét bi tiéu
nang hién dai A = 0,20 + 0,25
Cmax- NANG luong cyc dai cua dong nude chay vao budng au, xac dinh theo dudng
dic tinh thuy luc cua hé théng cap thao nude.
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| MNTL
9,
’\
9,
= p
9y
| MNHL
| MNTL
J;T/E
a S g
- . Tf\_MNHL
’7777777747
’ L
é&
O

Ve
Hinh 5.30: So’ d thiét bi tiéu ning ciia dau Au trén va dd thi biéu dién

si thay doi ning lwong dong nuée doc theo budng Au.

1- Ctra au trén. 4-Thanh ti€u nang.
2- Lb cép nudc. 5-Doan nudc tran tinh.
3- Budng tiéu ning. 6-Tau dau trong budng au.

3, - Nang luong tiéu hao & budng tiéu ning.
3,- Nang luong tiéu hao ¢ doan nudc tran tinh.
34 - Nang lugng du cua dong chay ¢ cubi doan nudc tran tinh.
5.12.2. Chiéu dai doan nwérc tran tinh:
Truong hop mé van déu, chay ngap trong sudt thoi ky 1am diy budng au:

_ 9,3.8.L,.H’ (5-71)
C ToJlm(2 - km).A[S, +0265H

Truong hop mé van déu, luc dau chay khong ngap:

w.o.L, A Hm H"
kmT.S, (S, +0,333H)

L,=1 1,3ﬂ\/
(5-72)

Tong quat: Ly = B.emax
Trong do:

B- hé ) phu thude vao chét lugng lam viéc cua thiét bi tiéu nang, voi nhitng vat
tiéu nang tot = 0,20 + 0,25.

€mac- tri 8O nang lugng riéng lon nhét cua dong nudc chay vao buéng au, duoc xac
dinh bdi duong ddc trung thuy luc.

Sp- d6 sau c6 loi cua budng au.

T - thoi gian cap thdo nudc.
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