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Chuong III
CONG TRiNH BIEU AP

Bién soan: PGS.TS. Nguyén Duy Hanh

3.1. NUGC VA VA CAC QUA TRINH CHUYEN TIEP THUY LUC TRONG
CONG TRINH DAN NUGC CUA TRAM THUY DIEN

3.1.1. Nudc va va anh hudng cla né dén sy lam viéc ctia tram thuy dién

Khi déng hay m& turbin, luu luong va do d6 luu téc trong 6ng dan nudce vao turbin s€ thay
déi. DB6i v6i tram thuy dién thi do yéu cdu k§ thuat ctia dong dién, ma su déng m& turbin cin phai
nhanh, thuong Ia thoi gian déng md hoan toan chi 3° dén 6°. Truong hop dac biét ciing khong
vuot qua 10°.

Su thay déi luu t6c nhanh, gin nhu dot ngot nhu vay gy ra su gia tang ap luc (trudng hop
dong turbin) hoac giam thap ap luc (truong hgp ma turbin) trong 6ng dan. Can phai nghién ciu
va tinh toan dén trong thiét k€ va van hanh tram thuy dién.

Su gia tang dp luc khi déng turbin, goi 1a nudc va duong. Dac biét d6i v6i 6ng dan c6 chiéu
dai 16n, 4p luc gia ting c6 thé kha 16n, do d6 phai ting do day thanh 6ng. Theo tinh todn kinh té&,
trong thiét k& thudong co ging 4p dung cac bién phdp k§ thuat dé han ché 4p luc nudc va duong
khong vuot quéa 30 +70% cOt nudc tinh toan cua tram thuy dién.

Su giam thap ap luc khi m& tude - bin, goi 1a nude va am, gay ra giam cOt nuGe lam viéc dot
ngot, can trd viéc tang cong suét kip thoi theo yéu ciu phu tai. Ngoai ra cé truong hop cot nude
ap luc trong ong ha thap hon ap luc khi troi, tir d6 trong ong xuat hién chan khong. Trong thiét k&
phdi thay déi tuyén 6ng khi tinh todn nu6c va &m thdy xuét hién doan 6ng xdy ra chan khong.

3.1.2. Thanh lap phuong trinh co ban dé tinh toan nudc va

Dé 1ap nén hé phuong trinh tinh toan dp luc nuéc va trong ong din c6 4p. Dua vao cic quy
luat vat 1y c6 thé lap hai phuong trinh sau:
3.1.2.1. Phuong trinh dong lugng

Xuat phat tir dinh luat: Su bién doi dong lugng ctia mot vat thé thi bing tong ngoai luc tic
dong 1én vat thé do:

Viét phuong trinh nay, chiéu trén truc x:

dmv), _ 3-1
" =X (3-1)

Tur mat cét 1-1, sau thoi gian dt séng dp luc nudc va, goi tat 1a song va, di chuyén dugc mot
doan dudng dx, t6i mat cit 2-2 v6i van toc c= dx/dt. Khéi luong nudc gita hai tiét dién 1A m =
pFd,. Cac luc tac dung lén khéi nude dx gom c6:

- Ap luc nuéc tic dung lén mat cit 1-1 1a:

pF (3-2)

- Ap luc nudc tic dung lén mat cét 2-2 1a:

pp+@dx (3-3)
X

- Trong luc khdéi nude chiéu 1én truc x:
pgF dxsina (3-4)

- Luc ma sat tdc dung 1én thanh 6ng:
-2-
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gz Ddx (3-5)
Phuong trinh 3-1 viét thanh:
_deXdcT\t/ = pF —(pF + a(apF) dx) + pgFdxsina -z, 7 Ddx (3-6)
X
Trong d6:
p: Ap luc nudc trén don vi dién tich tai mat
cat 1-1
F: Tiét dién ong Hz ~—_|
o: Goc nghiéng clia duong dng so vGi mat pF
phéng nim ngang. TA
y aeb 4.
D: Puong kinh trong cua 6ng (2) kA D
p: Khéi lugng riéng cua nude
g: Gia toc trong truong pefidx
T, Suc khing don vi & thanh Ong X
pfV? Hinh 3-1. So do luc tac dung lén
Ty=—"""— A N 2 PP <.
8 mot phan tu chiéu dai dx
f: Hé s6 ma sat gitta nudc véi thanh 6ng cia 6ng dan nudc cé dp

Sau mot s6 dién toan, phuong trinh trén viét
thanh:

6H+W\V\_al H-z

20 o

3.1.2.2. Phuong trinh lién tuc

Tu diéu kién lién tuc (hinh 3-2) thdy ring su
chénh léch thé tich vao va ra gitta hai doan chiéu dai 7
ong dx s€ bing véi phan thé tich tang lén do thanh
ong dan ra do tinh dan héi, cong véi phan thé tich
nudc bi co lai do bi €p vi ap luc nudc va:

pm

FV
va+a(_P )dx

Hinh 3-2. So do tinh todn

Py phuong trinh lién tuc ong dan
//j/ \:\\ pFV _ ,DFV + @ dx — M
// / \\ \\ ax at
H =Y . L (3-8)
D dr Sau cdc dién téan, phuong trinh (3-8) viét thanh:
& > ia—V+V 6—H+sinoz —a—H—O
Hinh 3-3.Bién dang theo chiéu g Ox oX ot

chu vi clia ong ddn

3.1.2.3. Van toc truyén séng ap luc nuée va

1). Su truyén séng dp luc nudc va
Khi ctra van & tiét dién cudi 6ng A dong, van toc ban dau V, giam di mot lugng dV. Vi
thanh 6ng c6 bién dang dan hoéi, nén ti€t dién 6ng tang lén, nudc ciing bi co ép giam thé tich. Tir

-3-
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d6 ma & doan 6ng ngay trudc ctra van ¢6 chita thém mot lugng nuéc nhd, dong thoi véi su gia
tang ap luc.

Su gidn nd thanh 6ng va tang dp nay truyén dan lén trén véi mot van téc ¢, goi 1a véan toc
truyén séng ap luc nudc va.

Khi hién tugng tiang ap truyén t6i dau 6ng, 1a noi c6 mit thoang (hd chita hoic bé 4p luc)
thi dp luc trong 6ng dugc giai phong, nude trong 6ng chay nguoc ra ho chita. Nhung vi ¢6 quan
tinh nén sy giam 4p khong dimg lai ma ti€p tuc giam dén mot tri s6 AH béang vdi tri s6 cta dp luc
tang trudc d6 nhung ngugc dau.

Su giam 4p truyén nguoc tir ddu xuong cudi 6ng cling vGi van toc truyén c.

Thoi gian dé séng va truyén tir clra van Ién dau 6ng 16i lai trd vé cira van s€ la:
2L
T
L: Chiéu dai 6ng dan (m)

Thoi gian t; goi 1a mdt pha nuéc va.

f (3-10)

Khi séng va truyén tr& vé dén clra van, lai bat dau qud trinh tang ap cta chu trinh thi 2. ci&
nhu vay tao nén mot dao dong dan hoi, vi ¢6 ma sét véi thanh 6ng nén dao dong tat dan.
2). Vén téc truyén song dp luc nudc va

Van toc truyén séng, tic 1a van téc lan truyén ap luc nude va:
_dx
S dr
Qua cdc dién todn, rit ra biéu thic:

ﬂ (3-12)

c (3-11)

Vi thanh 6ng tuyét doi cing E = oo, khi do:

- % (3-13)

Thay tri s6 k va p clia nuéc: k = 20,7.10° N/m* p = 1019 Ns*/m* vao trén dugc:

C,= 1425 m/s.
Vay doi véi nudc, cong thic (3-13) thanh
o 1425 1)
D k
1+——
e E

Trong do6:
E: Mo duyn dan tinh cta vat liéu lam 6ng. V6i nhitng vat liéu thuong gap nhu sau:

Vét liéu Thép Gang Bé tong Go Cao su Nuéc

Mb dun dan héi (N/cm?) 21,0.10° |10,0.10° | 21,0.10° | 10,0.10° | 200+600 | K=20,7.10*
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3.1.3. Giai hé phuang trinh nudc va bang phuong phap giai tich

3.1.3.1. Giai hé phuong trinh nuéc va

& trén da néu ra hai phuong trinh co ban dé tinh toan nudc va 1a: phuong trinh dong luong
(3-7) va phuong trinh lién tuc (3-9).

Dé giai dugc hé phuong trinh nay bang phuong phdp giai tich thi phai bo qua thanh phan
ma sat gitta dong chdy vdi thanh 6ng, (gay ra ton that cot nudc) . Nhu vay tir (3-7) néu thanh

V|

phan D ~ 0 phuong trinh dong luong trd thanh:
H_wv 51s)
ox ot

Phuong trinh lién tuc (3-9), néu bd qua ton that cot nudc thi thanh phan E;—H =—sino khi
X
d6 phuong trinh (3-9) tré thanh:
v _oH
g ox ot
Tich phan hé phuong trinh (3-15) va (3-16) duoc nghiém tdng quat:

(3-16)

H-Hy=F(t-)+ft+2)
¢ ¢ (3-17)
V-V =2Ft-5+ 9t +
C C C C

Trong do6:

H,, V,: 1a cot nude dp luc va van toc ban dau ¢ mat cat x.
N X N N X N ~, N ~ R LN R 2 z pe
Ham F(t——) va ham f(t+—) la nhitng ham s6 thé hién su thay doi ctia dp luc nude va.
C c
Ham F dic trung cho séng va di chuyén trong 6ng din v6i van téc truyén séng c theo chiéu tir

ctra van di, ham f dic trung cho séng di chuyén nguoc lai, dén cira van véi t6c do c.

Dang cu thé ctia ham F va f xdc dinh theo diéu kién ban d4u va diéu kién bién.
3.1.3.2. Hé phuong trinh day chuyén

O trén da c6 nghiém t6ng quat ctia hé phuong trinh nuéc va (3-17)

Trong thuc t€, c6 thé bién déi nghiém téng quét cho cdch giai cu thé. Mot trong nhiing cich
nay la bién déi vé hé phuong trinh day chuyén nhu sau:

Xét doan 6ng dan giita hai mat cat A-A va B-B, c6 chiéu dai 1 1 (hinh 3-4), v6i ti€t dién va
van t6c ¢ khong déi.

G thoi diém t, tai mat cit A-A, cot nuée 12 H{* va van toc 1a VA

Theo phuong trinh (3-17) s€ c6:

HA —Ho =FA@) + f A1)

(3-18)
VA -V, = —%FA(t)+% fFA®)
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Ciing tir hé phuong trinh téng qudt trén, xét cot nuéec H B | va van toc V B| tai mat cat B-B
t+— t+—
C C

b s aen |
O thoi diém t +—
c

HB, —H, =FB(t+l)+fB(t+l)
t+E C c
3-19
B 9, Iy, 9 8, | 19
V5 -Vo=—=F (t+)+=1f"(t+-)
t+E C c c c

Khi séng truyén tir mat cat A-A di 1én v6i van toc ¢, ham s6 F dic trung cho séng nay giit
nguyén gia tri. Do dé:

FR(t+ )= FA) (3-20)
C
Trit hé phuong trinh (3-18) cho hé (3-19) va chi y dén (3-20) s€ dugc:

HA-HB, = fA(t)—fB(t+l)
t+— C

c

(3-21)
E{VtA VB, }: FAM)— B (t+L)
g th— c
Cc
Tir d6
HA-HE, :E[VtA—VB|] (3-22)
t+E g t+E

Xét dén truong hop khac: & thoi diém t tai mat cit B-Bcé HE va Vi (hinh 3-4b), séng va

t+—
c c

N N 3 . o2 ' . z -~ z
truyén tit B vé A, dén thoi diém t + — tai mat cat A-A s€ c6 H A | vavantoc V A,
C t+—

Vi séng truyén tix B - B vé A — A ham s6 f dac trung cho séng nay sé khong thay déi tri

FAC = £B
C
Ciing lam nhu trén sé dugc:

HE —HA, = —E(vtB VA J (3-23)

Hai phuong trinh (3-47) va (3-48) 1a hai dang clia phuong trinh day chuyén, theo d6 c6 thé

tir thoi diém ban dau ma tinh trang théi nuéc va ¢ thoi diém t = —
C

Nhu vay theo cdc diéu kién bién cu thé s& tinh dugc tri s6 cot nudc va van toc trong nudc va
O mat cét bat ky cuia 6ng dan.
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(b)
Hinh 3-4. So do tinh todn phuong trinh ddy chuyén giita hai mdt cat
a- ATu A véB,b-TuBvé A

D¢ thuén tién cho tinh todn c6 thé dwa hé phuong trinh vé cdc dai lugng khong thit nguyén:
Chia hai v€ ctia phuong trinh (3-22) va (3-23) cho tri s6 cOt nudc ban dau H,, con tri s6 V

thay bang % , tir (3-22):
. HEB, ) FVE,
HE Y Qua| PR
H0 HO gHOF Qmax Qmax

Hay he* — htB | =2 y[th - th | J (3-24)
c e
Cung lam nhu vay tir (3-23):
he —h*, = —2ﬂ(qt5 —q”, J (3-25)
t+— t+—
C C
Trong do6:
,U — CQmax
2gH,F

3.1.3.3. Tinh toan nudc va bang phuong phap giai tich
Tur hé nghiém (3-24) va (3-25) c6 thé duoc cdc tri s6 4p luc va luu luong tai thoi diém va
mat cat bat ky khi ¢ hién tugng nudc va, véi diéu kién cu thé.
I). Diéu kién bién
Cot nudc & thoi diém ban dau.
Trén so d6 6ng dan (hinh 3-5). & thoi diém t = 0, ldc bat diu déng turbin, cot nudc tai A
A
biang H* =H,, h _H =1,
Ho
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Tai mat cit B, c6 mat thoang (ho chia hodc bé ap luc), cot nudc khong doi:
HE =H, hf =1

Luu lugng thay déi & mit cat A. & thoi diémt=0c6 Qa =Qp, gp = —>

Qo
O thoi diém t:

Hinh 3-5. So dé tinh todn nudc va trong ong dan cé dp

1). Vdi turbin xung kich
Luu lugng vao turbin theo quy luat dong chay qua voi:

Qi = uF+/29H,

Trong do:
u: Hé s6 luu lugng cuia voi turbin

g, = Qt Y IUFt ZgHt
L VT
Qo uFy+J2gH,

Trong d6:

F , r s i 2
F_t = 7;: D6 mo canh huéng nuée 6 thoi diem t
0

G = 7/ (3-26)

Do m¢ turbin: Phy thuoc vao quy luat déng -
mo0, thuong véi mdi mdy diéu toc tu dong da dat san
ché do diéu khién canh huéng nuéc theo quy luat
nhat dinh (hinh 3-6) vé d6 md& phu thudc vao thdi Tim-1

gian dong, md. Trong d6 Ty la thoi gian dong (md) 26
hoan toan tir d® m& 16n nhit dén déng han (hoac T At
ngugc lai) Thoi gian: Méi pha nuée va ¢, _2L ky
¢
hiéu 1a 0. Vay tinh tir thoi diém t = 0, khi séng va Li.l t
chuyén tir A dén B sé tng v6i thoi diém 0. T
-8- Hinh 3-6. Ludt dong mo canh huong

nuoc theo thoi gian
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Thay céc tri s6 va ky hiéu trén vao phuong trinh (3-50) d€ tinh th
hg ~hg' = -2u(ag ~d5)
Thay h§ =1, q® =1, q)' =z,+/h}" tir do:
1-hA = 24— 7p/n2) (3-27)

Gii phuong trinh nay s& dugc hj'

Ti€p tuc nhu vay vdi cdc pha sau, s& giai 1an lugt dugc cot nudc & tiét dién A, tai thdi diém
bit ky

2). Vi turbin phdn kich
Luu lugng vao turbin va s6 vong quay cua turbin xac dinh theo cong thic turbin:

Q=Q'VHD? (3-28)
n= ”'f (3-29)

Trong do6:
Q’, n’: luu lugng va s6 vong quay quy dan cua turbin.

Quan hé gita Q” va n’ v6i do md a, dugc ghi trén dudng dic tinh téng hop cua turbin (hinh
3-7a)

Vé6i turbin da chon: céc tri so: loai, dudng kinh, s6 vong quay dinh mic da xdc dinh, c6 thé
xay dung dudng quan hé Q, H, hay dé tién st dung tinh ra g, h. cich 1am nhu sau:

Tir dudng dic tinh téng hop cua turbin. Vé6i s6 vong quay dinh mic n, va dudng kinh D da
chon cho turbin .
Pat nhitng tri s6 cot nudc H khac nhau (trong pham vi dao dong) Tir d6 tinh dugc nhiing tri

nD

~ 1

sO N'= — khac nhau
H

\/_ n'  a, a A
4
Véi nhitng tri s6 n” d6 vach dudng nim ngang,
moi dudng sé cit cdc dudng dong do mé a,, duoc D

cac tri s0 a, va cac Q’ tuong ung (déng xudng truc VH,
hoanh).
Véi tri s6 Q’, H tinh dugc luu lugng Q theo
cong thac (3-28) tuong tng véi H, sau dé tinh ra q,
h. Tir d6 vé lén biéu do (hinh 3-7b)

()
h q::x q/;t qt
T phuong trinh (3-25) tinh dugc ‘ N
o
hg —hy' = -2u(a§ -a5) /.

Q

—_

Hay hg' —1=2u(d8 —a5)
h -1
do —ap = 0
2 (b)

Trén bidu dé hinh (3-7b), xuat phét tir diéu  Hinh 3-7. Duong ddc tinh tong hop
kién ban dau hOA =1, q, ung v6i d0 md ban dau, thi cua ATur bfn va cac du’o?zg cor;g p hu
thuoc q va h cua Tur bin phan kich

-9- a- Puodng dic tinh téng hop

b- Cac duong cong g~h cua Turbin
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du do m& ban ddu 1a a,,,,, thi q, = Q.. TU giao di€ém g, voi truc hoanh (héA =1) vé mot dudng
thang 1ap véi truc hoanh mot géc o ¢d tgo = 2 p, tit giao diém clia dudng nay véi dudng cong th

va dong xuong truc hoanh dugc qu.
Dé tinh todn nhanh, c¢6 thé 1ap phuong trinh giai tich cho nhiing dudng cong g ~ h/*, két

hop v6i phuong trinh day chuyén, tir d6 tinh duge h® va g bat ky.

3.1.4. Tinh toan nudc va bang do giai

3.1.4.1. Piéu kién bién

Ciing xuét phat tir gia thi€t bd qua tén that thuy luc do ma sat, dung do giai dé x4c dinh h
va g theo hé nghiém (3-24) va (3-25) cung véi cac diéu kién bién:
Tai thoi diém bét dau déng (md) turbin t = 0

HA=H, HB =HE, vay hg' =hf =1
Q*=Q°=Q dg' =5 =1
Vi thoi diém bat ky t:
HE =Hg vay hY =1

Xay dung duong dac tinh g~h cta turbin da chon (hinh 3-7b) Quy luat dong (md) turbin
theo biéu do (3-6).

3.1.4.2. Tinh toan nuéc va khi giam tai

Xuat phat tir d0 m& ban ddu a, trén hinh 3-8b giao di€ém cua dudng q, v6i truc hoanh (h=1)
s€ c6 diém By. Tir day séng va truyén tir A dén B theo phuong trinh (3-25)

B LA B A £ nB B_ B _ A
hg —hyp =—=2u(dg —029) V6i hy =1, 0y =dg =0p
hyy —1
2p =2 (3-30)
Qo — 020
Vay tir diém By ké dudng thang 1ap véi truc hoanh mot géc o, véi tgow = 2.
Giao diém clia dudng cong q” (ting v6i T = 20) s& twong ting vGi hay va qay. DG 1a diém
A,p. Tix diém A, viét phuong trinh séng va (3-24) tuong ting vé6i séng truyén di A dén B:
hay —h3y = 24(a%y —azp)
Vé6i hE) =1, s& duoc:
hay —1
A B
420 —U3p

Vay tir diém A, ké duong thang nghiéng 1am véi truc hoanh mot géc o cé tga = 2.

2u =

Pudng nay cit truc hoanh (h=1) tai diém tuong tng véi q:?g .

Tiép tuc 1am nhu vay s& dugc cdc cdc diém Ayy, Agy, ... Cho dén khi turbin déng hoan
toan, tuong uing véi a, = 0, d6 chinh la truc tung, dao dong sau dé c6 gia tri h <1, tic 1a cot nudc
tai A nho hon H,. vi khong c6 thanh phan tén that cot nuéc do ma sit, nén dao dong c6 thé duy

-10 -
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tri khong tat nhu hinh 3-8b. Trong trudng hop giam tai dé€n do md cudi cliing a, > 0, s& ¢6 dao
dong nhu hinh 3-8e.

Trudng hop tinh todn véi ba mat cat A,B,C s& theo so d6 3-8d

45

B)’s. Bist //’\Ao
1 // // / BO;BO,ST
/
¥— A // // //
(m+1)T // P

A 0// /’///
-

Hinh 3-8. Tinh nuéc va bdang dé gidi truong hop giam tdi
a- So d6 ong dan vdi cac mat cét tinh todn A, B, C
b- D6 giai tinh nudc va tai A va B
c-Pudng thang biéu thi ham F séng truyén tir A dén B (1) va ham f, séng truyén tir B dén A (2)
d- D6 gidi tinh tri s6 h, q tai mat cit A, Bva C
e- Khi d0 m& cudi cting khac khong

3.1.4.3. Tinh toan nuéc va khi tang tai
-11 -
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Niru tir 40 md ban dau a,, tang tai dén d6 md cudi cung a,, véi thoi gian T’ Cling v6i cach
tinh nhu trén, s& dugc bién dién cot nude tai A nhu hinh 3-9.

I a B LT
A Tl i bl LT .
'y ; Fy g +%

ALY, YN

. .l'."": .'ﬁ'l .FLI ||:’ 0 |IJ-: B B
III!:.. L1 lg.- v ¥ 1 I-'I-'I - -

I"!- ]E y LT

o <P o ™

i (D]

Hinh 3-9. Tinh todn nuéc va bang dé gidi truong hop ting tdi

3.1.5. Nugc va pha thir nhat va nudc va pha gidi han

Nhu trinh bay trén, vdi hé nghiém téng quat (3-24) va (3-25) ¢6 thé tinh dugc dp luc nudc
va 0 bat ky thoi diém nao.

Trong thuc t&, thuong chi can tinh toan dp luc tang 1én hoac giam xudng, 16n nhat trong qua
trinh xay ra nudc va.

Qua thiét k&€ va van hanh cac tram thuy dién, ta da thdy rang su bién dién dp luc nudc va
hau nhu déu theo hai dang: nuGc va pha thit nhat: nudc va tai A dat dén tri s6 16n nhit ngay &
cudi pha dau tién. Nudc va pha giGi han: ap luc nude va tang dan dén pha thit m nao dé thi khong
ti€p tuc tang ma lai giam. tr d6 chi can tinh toan véi hai truong hop trén:
3.1.5.1. Nudc va pha thi nhat

Quan hé giita Ivu luong va cot nudc trong nudc va theo cac biéu thiic (3-24), (3-25) dugc
thé hién trén hinh 3-8b.

bdy cédc tam gidc chinh la Ain c6 thé tinh theo chiéu cao AhiA va géc o

Ag* = 2Ah cotga
Trong d6:
Y7
cotga ==
g 2
Viét biéu thic luu luong & mat cat A tai thoi diém cudi pha thit n

n-1
da =04 —0,5A0, — > Ag;
1

Thay Ag;" bang biéu thic trén:

Ahp 1nd
g =qd - =3 Ahft (3-31)
2 pu

Tur cong thiic 3-51 ta c6

th =Ty htA
AHA H
hay a9 =7 | ——O Mo AR +1

Trong d6

-12 -
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1, PO md cdnh huéng nudc tai thoi diém t.
V6i pha tht nhat:

qiA = TlﬂAhlA +1

Tir biéu thite (3-31):

A
T]_\IAhlA +1=qA—ﬂ

2p
Binh phuong hai v€ rdi giai phuog trinh nay, s€ dugc:
A A 2 A 2@, 2 NG
Ahl = 2/Ll|:(q0 +/Ll’[1 )— \/(qo —/LlTl ) +Tl —(qo ) i| (3-32)

Chud ¥y riang (3-32) thanh lap nén trén co s& (3-26) tic 1a gia thuyét Q phu thudc do md t va
JH hoan toan diing véi turbin xung kich.

Q¢

max

Nhu vay c6 thé thay g5 =

= 7y vao cong thic (3-32)

Doi véi turbin phan kich:

%A = Q.Qt V1+AhtA

max

Trong do6:
Q’, Q... Luu lugng quy dan tai thoi diém t va luu lugng quy din 16n nhét 14y theo
dudng dac tinh hinh 3-7b véi turbin da chon cho tram thuy dién.

Ah# Ah#
<€ —~ < g — < g
S | S t 3 | S t
0 ‘[f 2tf mtf 0 tf 2tf mtf
Ts
(a) (b)

Hinh 3-10. Hai dang nudc va
a- Nudc va pha thit nhat; b- Nudge va pha giGi han

3.1.5.2. Nudc va pha gi6i han
Tur biéu thiic (3-31) viét cho pha thit m-1 va m:

AR 1 m=2
ata =af -0t 25
H H o

-13-
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Tru biéu thiic trén cho biéu thic dudi:

gh . —gh = Ahpy N Ahgp
m-1 m 2/1 2/1

Khi dat dén giGi han Ahjy ; = AhS vé6i g = 7,4/ARS +1

Phuong trinh trén thanh:

A
(Tm—l —Tm )V1+ Ahrfrl-l\ = Al
7,

Thay Az, = 7y_1 — Ty, 101 binh phuong va giai phuong trinh trén dugc:

HATY,
2

AhD =

|:/JATm + (,uArm )2 +4J

Néu déng, md turbin theo luat bac nhat, tic 14 qua mdi pha chénh léch do md bang nhau va

béng:
At = %
TS
Khi d6 dat:
CQmax 2L _ LVimax
2gFHq cTg  gHgT;

Thi phuong trinh trén thanh:

AR = %[0 +o? + 4} (3-33)

o= tAT, =

Trong do6:

o: Hé s6 phu thudc duong ong, T, van toc va cot nudc ban dau. Dau cong tuong tng véi
truong hop dong turbin, Dau trir tuong Gng véi truong hgp maé turbin,

3.1.5.3. Piéu kién phat sinh nudc va pha thit nhat va nuée va pha giéi han

-14 -
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1.6
1.4
1.2

bo

111
nudc va truc tiép

1.0
0.8 /

1 II
0.6 /
hy> hi
hi|>h
0.4 o

nude va|dlrong

0.2
KT
0 02040608 J012141.618 [2.0
0.2
0.4
0.6 1 nuoc am y>IIy
0.8 yl>ym m, ‘1

1.0 t-o

Hinh 3-11. Biéu do phdn dinh cdc dang nuéc va

Cong thic (3-32) va (3-33) ciing c6 thé tinh gin diing nhu sau:
Néu bd qua céc tri s6 vo cing nho, thi biéu thifc todn hoc ¢6 thé viét gan ding bang:

V14X z1+§

Tur d6 c6 thé gidi cdc phuong trinh trén véi nghiém gan ding:

ARf = _€°N (3-32%)
1+ prg—o

ARA =20 (3-33%)
2-o

Tir hai biéu thiic trén c6 thé thay khi Ah/* > Ah/ s& xay ra khi ury <1 va nguoc lai khi
urg >1s€cod AhS > AR[.

Thuong véi tram thuy dién, dudng 6ng bang thép C = 750+1200 m/s, van toc kinh t€ trong
duong ong V. = 3+6 m/s. Tt d6 véi trudong hop dong turbin, & tram thuy dién c¢6 cot nude cao,
H > 100 <250 m thuong xdy ra nuéc va pha thi
nhit. Con & trudng hop H < 70+150 m thudng x4y
ra nudc va gidi han.

Ciing c6 thé xé4c dinh ving x4y ra tinh trang
khdc nhau trén biéu d6 hinh 3-11.

3.1.6. Nudc va truc tiép va nudc va gian tiép

3.1.6.1. Nudc va truc ti€p

Trong tinh todn ap luc nudc va & trén, néu &
cudi pha thi nhit turbin da déng xong hoan toan,
tic la:

M=

Amin

-15 - 0
Hinh 3-12. Ap luc nuoc va truc
tiép va gidn tiép trén biéu do
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Khi d6 c6 thé tinh dugc 4p Iuc nudc va & cudi pha thit nhit bang cong thiic (3-32) véi t, =
0, s€ duogc:

A = 2400
hay la:
AHlA — 20Qmax QOA — Vo
HO 29H0F Qmax

Truong hop nay goi 1a nudc va truc ti€p, dp luc do nudc va rat 16n, thi du véi ¢ = 750
+1200m/s, V=3 =+ 6 m/s:

(3-34)

AbP = = 225+360

0
Vi vay trong thiét k& phai tranh khong dé x4y ra tinh trang nay.
V6i phuong phdp tinh nu6c va bing do giai ciing ¢ thé thay trong tinh trang nudc va truc
ti€p, ngay cudi pha thit nhat do mé t, = 0, duong dac tinh tring véi truc tung va tri s6 hlA rat 16n
(hinh 3-12)

3.1.6.2. Nudc va gian tié€p
Truong hop thoi gian déng, md turbin T > 2L , ap luc nudce va tir cudi pha thit nhat sé€ gom
c
hai thanh phan: thanh phan thit nhat 1a 4p luc séng thuan, phat sinh do dong turbin gy ra

Aht'f = %(\/0 —th)

Thanh phan thit hai do s6ng phan xa, chinh 1a tir séng thuan trudéc dé mot thoi doan 2L
C

phan xa tir mat cit B vé A, n6 mang dau nguoc vdi séng thuan. Vay:

c
AhA = . (Vo —vt)—(vO _Vt—L}
c

Ct& nhu vay ma tinh dugc ap luc nudc va gian tiép va vi vay tri s6 cia n6é khong 16n do ¢6
song phan xa.
3.1.6.3. Nu6c va truc tiép xay ra 6 do mé nho

Khi déng turbin theo luat bac nhat tir 46 mdé

Ah
N * f . 2 [ 2z 5
ban dau: 7 < T khi d6 thoi gian dé séng phan
S \
N . N N e 9 , N . \
xa dau tién truyén veé téi cua van 16n hon thoi gian AN AR
. N SN, ga o % P N 1
déng hoan toan tir 0 m& 7, khi nay s€ sinhra 550 >
L ce Ah
nudc va truc ti€p, véi m
cCox /S T
Ah A = _VO
g
c 1.0 [V
-16 - Hinh 3-13. Biéu doé pham vi xudt

hién cdc dang nudc va
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V, : Van téc iing véi do md 7
Khi nay phai so sanh véi dp luc nuGe va da tinh khi déng turbin tir 4o ma 16n nhat dén do
md bing khong. Néu thay 16n hon thi phai thay doi luat dong m& dé kéo dai thoi gian déng & giai
doan cud6i cung nay.
C6 thé tinh toén nhu sau:
Diéu kién gidi han nudc va truc ti€p trong trudng hop nay la:
t LV
urg < ,u—f =— "X — & (3-35)
Ts gH OTs
Do md ban dau dé xuat hién nude va tryc ti€p 7 = g goi 1a d0 md& gidi han. tlr cong thic
U
(3-57%) thay khi d6 Ah* = 25. Trén hinh 3-13 13 pham vi xuét hién cdc dang nudc va. Néu déng

turbin tir d6 m& nho 78 ciing c6 thé thay duong (...) trén hinh 3-13.

3.1.7. Phan bd ap luc nudc va theo chiéu dai 6ng

3.1.7.1. Tinh toan tri s6 ap luc nuéc va tai mat cat bat ky

Pé xdc dinh su phan bd dp luc nudc va doc theo chiéu dai 6ng, c6 thé dua vao hé phuong
trinh day chuyén (3-24), (3-25) dé tinh toan 4p luc & nhitng mat cét trung gian:

V6i mat cat C cach mat cit tai clra van A mot doan x, hai phuong trinh trén viét thanh:

Sau khi d3 tinh todn nu6c va biét duoc tit ca cdc tri s6 h*, Q*, Q° & tit ca cdc thoi diém, tri
s6 h® luon bang 1.
Tt d6 néu cong hai phuong trinh trén, sé duoc:
c B A
he =5"=Q% 4 —Q
C2gR | et et

Trur hai phuong trinh trén s€ duogc:

3.1.7.2. So d6 phan bé ap luc nuéc va

Tix céc tri s6 ap luc nuéc va tai cdc mit cit clia dudng 6ng, c6 thé dung lén so d6 phan bo
ap luc nudc va theo chiéu dai 6ng véi cic dang sau:

1). Phan b6 ap luc nude va duong.

Trong thiét k&€ thuong khong tinh toédn tri s6 nuGc va & tat ca moi tiét dién ctia 6ng dan, ma
chi tinh mot s6 tri s6 mat cat dac biét va tir d6 vé so d6 phan bo ap luc. Thuc t€ tinh toan va
nghién cttu thdy ring:

-17 -
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Néu nuée va thuoc dang pha thit nhat thi quy luat phan b6 theo duong cong 16m. Néu &
dang nuéc va gi6i han thi quy luat phan b gan nhu dudng thang.

Trong tinh todn phan bé nuéc va duong, ngudi ta bd qua tén that thuy luc trong 6ng dan.

2). Phan b6 4p luc nu6c va am ciing vé6i cdch tinh néi trén c6 thé tinh dugc tri s6 nudc va
am. Trong trudng hop nay phai tinh dén tén that cot nuéc do ma sat. Tinh tri s6 nudc va am dé
kiém tra su xuat hién chan khong trong ong dén khi suét hién nudc va am. Néu & mot vi tri nao
d6 duong do ap thap hon vi tri dat ong, khi d6 c6 nghia la ap suét trong 6ng tai d6 thap hon ap
suét khi quyén, c6 thé xdy ra hién tugng 6ng bi bep, néu do cing khong dam bao. Do d6 khi thiét
k€& cén tranh xay ra truong hop nay.

Nudc va am thong thudng xay ra & trudng hop nudc va pha thi nhat, do d6 biéu d6 phan bo
ap luc theo quy luat dudng cong 16m.

Puong ton that thuy luc h,, tinh véi luu lugng dong chay 6n dinh sau khi tang tai.

3l

ol
e

Hinh 3-14. So do phdn b6 dp luc nudc va doc theo chiéu dai ong

3). Phan bo ap luc nudc va truc ti€p

Khi thoi gian dong mo turbin Tg < — trong 6ng xuat hién nudc va tryc ti€p. Tri so6 16n
c

nhit cta ap luc nudc va AH = “Lav
g
Phan dudng 6ng truéc thoi diém déng hoan toan séng phan héi da lan truyén dén, chiu 4p
luc nuGc va gidn ti€p. Phan duong ong con lai ¢6 chiéu dai x tinh tir clta van s& chiu nudc va truc
ti€p.
Co6 thé tinh chiéu dai x nhu sau:

TS+§=2L—X
c c

Xx=L-—>

3.1.8. Tinh toan nudc va trong duéng dng phtic tap

3.1.8.1. Puong ong gom nhiéu doan c6 chiéu day khac nhau

Trong trudng hop dudng ong dai cot nudc lam viéc 16n, ngudi ta c6 thé 1am 6ng gém nhiéu
doan c6 chiéu ddy khac nhau dé ti€t kiém vat liéu. Khi d6 van toc truyén séng va & mdi doan
khac nhau. Trong tinh toan hé phuong trinh day chuyén c6 thé lam nhu sau:

1). Tinh v6i méi doan 6ng theo hé s6 dac trung p khic nhau

_ CiVmax

Hi = 2gH,

-18-
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Trong do:
C;: Van toc truyén séng nudc va trong doan thi i

Tur d6 chon mat cat phan céch giita hai doan 6ng dé viét hé phuong trinh day chuyén cho
doan 6ng dudi véi , va doan dng trén véi .

Giai hé phuong trinh nay s& dugc 4p luc nudc va tai cdc mat cit phan céch.

&l A
iE' I:|.r| .;'_:‘_FJ = 8 :}
Iy
B ! I H\.—_
i | 1 | I, .
|
L n
| |
-
&y.Fy ) £ F & F |
I i / |
—h s
(=] f'_,_"-r”_T
=" | |
i . o fan 1 ¥
i | L] I': ] i_ ||:. _._:
L J

Hinh 3-15. So do tinh todn nudc va trong duong ong phiic tap
(a). ong phan nhanh; (b). 6ng ndi ti€p

2). Cach thay 6ng gém nhiéu doan bang mot doan tuong duong.

Coi thoi gian truyén séng va trong 6ng tuong duong bing téng thoi gian truyén séng trong
cac doan Ong:

N )
C ¢ € C3

f

Nhu vay 6ng tuong duong sé c6 van téc truyén song:

(3-36)

Trong do:
1. ¢;: Chiéu dai va van toc truyén séng va trong mdi doan ong.

Chu y ring d€ tranh tang tén that cot nuée, thuong cic doan 6ng van giit cing mot dudng
kinh trong, chi khdc nhau vé chiéu ddy, do d6 trong tinh todn cic doan 6ng khac nhau vé van toc
truyén song c.

3.1.8.2. Duong ong phan nhanh

Néu v6i 6ng phan nhiéu nhanh, méi nhdnh néi v6i mot turbin (hinh 3-15a), viét phuong
trinh day chuyén cho mat cat A va C

-19-
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Theo nhanh 1: h’iLl—htC:2,u th_Ll_th

G G
Theo nhanh 2: hﬁLz - htc =2u th_Lz - th
C2 C2

Theonhdnh 3 h*, ~h€ =24 4%, -of

” . n ~ 2
Cong véi phuong trinh lién tuc tai mat cit C: Q" Mt — S~ fne mhinh v houyen Iy cong
i=1
tdc dung: tai mat cat C : tri s6 ap luc ting (gidm) & 6ng chinh bing tong céc tri s6 4p luc ting
(giam) & cac ong nhanh.
Véi cdc phuong trinh d6 cong véi cdc di€u kién bién tai mat cat A (cta cdc 6ng nhdnh) va
mat cat B ctia 6ng chinh, s& gidi dugc céc tri s6 H;, Q; tai A va C trong nudc va.

3.1.9. Cac bién phap giam ap luc nudc va

Qua phan tich va tinh toan trén thy nuGc va lam gia tang ap luc trong duong 6ng dan nudc
va cac bo phan dan nudc , gay can trd trong qué trinh diéu chinh cong suét, tang thém su chénh
léch mo men trong qué trinh di€u chinh. Do d6 trong thiét k& phai tinh todn cac truong hop va tri
s0 nudc va, c6 ging dé cap cdc giai phap giam bét dp luc nude va, tir d6 giam chiéu ddy thanh
ong dan va gidm thap su mat can bang tam thdi ctia t6 mdy.

Trong cong thitc tinh todn nudc va da trinh bay trén, thiy rang nhiing tri s6 c¢6 anh hudng
nhiéu dén 4p luc nude va nhu van t6c dong chay trong 6ng dan V, thdi gian mot pha nudc va t; va
thoi gian déng md tur bin Ty ... Tir d6 tic dong dén nhitng tri s6 nay c6 thé 1am giam bét 4p luc
nudc va.
3.1.9.1. Thay doi kich thuéc duong 6ng dan

Tang tiét dién 6ng dan sé giam dugc van toc dong chay trong 6ng V, tir d6 s€ giam dugc ap
luc nudc va, déng thdi gidam dugc ton that cot nudc . Nhung nhu vay s& tang chi phi dau tu vao
dudng 6ng. a chuong dudng 6ng dan nuéc cho tram thuy dién da tinh todn kinh t€ dé chon ra
dudng kinh hop 1y. Néu chon dudng kinh qua tri s6 trén cAn phai tinh toan cu thé dé c6 luan
chiing so sanh.
3.1.9.2. Giam chiéu dai duong ong dan

Giam chiéu dai duong 6ng dan s€ giam dugc thoi gian mot pha nudc va t,, tir d6 giam dugc
ap luc nudc va. Nhung di€u nay con phu thuoc di€u kién dia hinh, dia chat. Giam chiéu dai ong
thuong phai tang do nghiéng tuyén ong, nhu vay dan dén khdi luong dao 16n hoac tang khoi
lugng cdc m6 om gitt 6ng. Do d6 cling phai tinh todn kinh t€ dé chon tuyén 6ng hgp ly nhat

3.1.9.3. Xay dung thap diéu ap

-20 -



www.vncold.vn Hoi Pap lon Viét Nam

Hinh 3-16. Puong do dp khi sdy ra nudc va
buong chdm: 056, 078: Khi c6 thdp diéu dp; Duong lién nét: 012, 034: Khi khong c6 thdp diéu dp;
a- Duong ham din nudc; b- Thap diéu 4p; c- Puong 6ng dan nuéec vao Tur bin.

Vé6i tram thuy dién c6 dudng dan dai, 4p luc nudc va 16n, phai lam thap diéu 4p dé tao ra
mot mat thoang trén dudng dan, giai phong dp luc nude. Tir d6 chiéu dai phan dudong dan ong
trong tinh todn nudc va chi 1a tir phdp di€u 4p dén bo phan huéng nuGe cua tur bin. Nhu vay
giam duoc 4p luc nudc va rit nhiéu, tuy theo vi tri clia thép.

Nhung chi phi dau tu ciing tang 1én vi chi phi xay dung thap kha 16n. Trong phan thdp dicu
ap dudi day ciing dua ra nhitng tiéu chudn phai xay thap, xuat phat tir diéu kié tinh todn kinh t€.
3.1.9.4. Tang thoi gian dong tur bin.

Tri s6 dp luc nuéc va phu thudc rit nhi€u vao thoi
gian dong mo Turbin Tg. Tang Ty s€ giam duoc ap luc nudc
va tuong d6i , nhung tang Tg lam cho ti s6 vong quay 16n
nmax

0
cua tur bin khi ¢4 nuéc va;

nhat fpay = tang 1én, N, : SO vong quay 16n nhat

Ng: sO vong quay dinh mic cua tur bin. Hinh 3-17

bi€u thi su quan hé gitta T, &max V2 Brax -

Trong diéu kién thuong phai  gi6i  han Ts
Brax <150+1,65, @€ tranh cho lyc ly tam 16n c6 thé phd Hinh 3-17. Quan hé giiia
hong céc bo phan quay. Ts» Smax @ Proax-

3.1.9.5. Pinh quy trinh déng mé loi nhat
Khi tinh toan 4p luc nuéc va, thiy rang tri s6 nay thay déi trong qud trinh déng m& turbin.
Néu thay d6i quy trinh d6ng md sao cho dp luc nuc va AH & céc pha déu bing nhau, thi s&
la quy trinh d6ng ma& loi nhét.
& trén da tinh dugc & cudi pha thi nhat:

A
TlﬂAhlA +1= q())A —ﬂ

2p
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200" - Ah{*
Tu do: T =————
244 AR +1
Néu muén cho dp luc nuGe va & cdc pha déu bang nhau va bang AhCA, thi ngay cudi pha thit
nhét phai ¢6 do md turbin t, bang:
_ 245 —Ahg

L=
204 AR +1

Gitra pha m-1 va m, & trén da tinh duoc:
AhA
Ary1+Ahf ==

Y7,

Tir d6, muon c¢6 Ah% luan bing AhZ thi phai c6:

T

AhA
py/1+ Ah2

NHu vay néu dinh ra mot tri s6 AhCA s€ tinh dugc T, va Az . Tir d6 tinh ra s6 pha dong kin

AT =

ctra van va thoi gian dong mé Tg . T4t nhién phai chon Ahf sao cho Tg khong vuot qua gidi han.

thong thuong Tg khong vuot qua 10 sec.

Ah, - T
—= = Ahmax T
Zge - 0
— el
— Tl |

(a) (b)
Hinh 3- 18. Quy trinh déng mé bdo ddm cho dp luc nudc va khong thay doi tri so

a- Ap luc nude va; b- Quy trinh déng mé

3.1.9.6. Van xa khong tai
Van nay dit ngay sau tiét dién vao ctia budng xoan. Nguyén 1y 1am viéc clia né nhu sau:
Khi c6 su c06, turbin dong nhanh theo hanh trinh a, van xa khong tai 1 tu dong mé theo
hanh trinh S, x4 nuéc xudng ha luu khong qua turbin. Sau khi turbin da déng kin, van xa déng

lai tir tir trong thoi gian T, .
Két qua la turbin van dong kin sau thoi gian Tg, nhung thoi gian déng van cudi 6ng thi lai
kéo dai bang T =Tg +T,, nhu vay 4p luc nudc va sé& giam thap vi tinh véi thdi gian dong lai A
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bang T =Tg +T,. Nhung s& c6 mot phan luu lugng Q, phai théo ra ha luu. Puong luu lugng
thdo ra ha luu theo hinh 3-19c.

A‘ 4
. A a
- - I gl /T\\<SX
ZANTERRN
1 0 K \ ~
- | 3 T, T, |t
(b)

QT\\ ! Qx

(a) () t

Hinh 3-19. Van xd khong tai
a- So do6; b- Qua trinh do md; c- Qua trinh luu luong

1- Van xa khong tai; 2- 6ng dan néi v6i budng turbin;

3- 6ng dan nudc ra; 4- Bo phan diéu khién

Q'IX L
2,0
1,6
e N 74
0,8
04 |
0 0,1 02 S/ Dy

Hinh 3-20. Puong ddc tinh luu luong van xd khong tdi

Duong kinh van xa khong tai tinh theo cong thic:

QXmaX
D= |— (3-37)
\/le\/ Ho(+Ah?)

Trong do:
Qyumax : Luu lugng yéu cdu xa 16n nhat qua van xa khong tai, c6 thé 1ay bang luu lugng
16n nhat cta turbin.
Qllx : Luu lugng quy dan cua van xa khong tai (luu lugng cla van tinh v6i Dy = 1m, H=

1 m) dugc xac dinh theo do thi thi nghiém cta ting loai van va phu thudc vao hanh trinh tuong
doi cia van S, /D,
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Ah™: Tri s6 tuong d6i clia ap luc nude va 16n nhat tai A-A, trong truong hgp cé van xa

khong thudng 14y Ah” =0,15+0,2

Can chd y rang v6i van xa khong tai phai yéu cau ¢6 do tin ciy cao. Can c¢6 giai phdp diéu
chinh du phong khi ¢6 su ¢ turbin phai dong nhanh ma van xa khong tai khong ma kip thoi.
3.2. THAP PIEU AP
3.2.1. Tac dung, diéu kién (g dung va céc loai thap diéu ap
3.2.1.1. Tac dung

Nhu trén da thdy, dudong 6ng dan nudc vao turbin cta tram thuy dién, ngoai dp luc nudc
thong thuong, con phai chiu thém 4p luc nudc va khi dong ma turbin.

Néu tao ra mot mat thoang & mot vi tri nao dé trén duong ong, thi & dé ap luc nudc va duge
giai phong va tlr vi tri nay trd 1én thuong luu duong ong s€ khong chiu ap luc nude va nita.

Thép diéu 4p (TPDA) chinh 1a mot bo phan tao ra mat thoang (hinh 3-21) néi trén. Do d6 né

c6 tac dung gitt cho duong ham dan nudc phia trude thap khoi bi dp luc nudc va. Ngoai ra né con
lam giam nho ap luc & phan duong 6ng dan nudc tir thap vao turbin.

Hinh 3-21. S0 dé ddt thap diéu dp
1-thdp diéu dp phia thuong luu; 2- thap diéu dp phia ha luu; 3- nha mdy thuy dién, 4-
diuong ham dan nudc; 5- duong 6ng dp luc dan nudc vao turbin

3.2.1.1. Piéu kién va vi tri dat thap

O trén dd n6i vé tac dung ciia thap diéu 4p. Tuy nhién c6 xay dung thap diéu 4p hay khong
phdi cin ci vao hiéu qué kinh t€; néu thay chi phi dé xay thap nho hon chi phi gidm bét do dudng
ham dan nuéc khong phai chiu dp luc nudc va, thi xay dung thap diéu dp 1a hop 1y; truong hop
nguoc lai, chi phi dé xay thap 16n hon chi phi gidm b6t ctia dudong ham dén nudc do hiéu qua cha
thap dem lai, thi khong nén xay dung thap diéu ap.

Tiéu chudn gan ding can thiét phai xay dung thdp diéu dp c6 thé can ct vao hing s6 quan
tinh cta duong 6ng:

Qmax I
Ty=—"") —>3+6s 3-38
" gHg 2 Fi (59

Khi tram thuy dién van hanh doc 1ap hoac 1a khi ti trong ctia nha mdy trong hé thong dién
vuot qua 50% 14y s6 nho khi ti trong nho hon 10 + 20% 14y tri s6 16n.

Trong cong thic trén: Q,,, - luu luogng 16n nhat chay trong duong ong: H, - cot nude tinh
todn; 1, F, - twong ting 1a chiéu dai va dién tich doan dudng ham thi i.

Véi tdc dung néu trén, ro rang l1a vi tri clia thdp cang gin nha mdy cang cé lgi. Nhung
thong thudng nhu vay chiéu cao ctia thdp cang phéi tang. Dung hoa hai dac diém nay thap thudng
dat & chd bat dau chuyén sang do doc 16n ciia tuyén ong.
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Trong truong hop dudng ham thoat nudc tlr turbin ra ha luu qua dai, c6 khi cling phai dat
thap diéu dp cho dudng thoat. Khi d6 thap & gan turbin 1a hgp 1y.

3.2.1.3. Nguyén Iy lam viéc cua thap diéu ap
3.2.1.3.1. Truong hop giam tdi

. |
] g e e L = e "
==SZIlL Ny T, r
I

T lig e
Ty == - = = e e "r"l.-r'\‘\- P g T e

p |I|x 42 min 3

= e P T8 o SR -I.Lﬂ.\

¢ T i R
2 %Jj@__J:-:TEE:

Hinh 3-22. So do dao dong muc nudéc trong thdp diéu dp

Khi giam tai dot ngot turbin tir Q, xudng Q,. Do quan tinh cta dong chay, luu lugng vao
duong ham dan nudc van la Q,, nhu vay s€ c6 mot tri s6 luu lugng AQ = Q, - Q, chay vao thap,
lam cho muc nudc trong thap dang lén dan, tir d6 do chénh léch muc nudc gitta thuong luu (trong
ho chita) va trong thdp giam dan, dan dén van téc dong chay giam dan, do d6 luu lugng trong
duong ham giam dan. Nhung ciling do quén tinh cua dong chay, muc nudc trong thap khong dimng
& muc nudc twong tng véi luu lugng Q, trong dudng ham ma van ti€p tuc dang 1én tham chi cao
hon ¢4 muc nuéc thugng luu. Sau d6, dé can bang thuy luc nudc phai chdy nguoc try lai vé
thuong Iuu, muc nude trong thap ha xuong. Nhung ciling do luc quan tinh né lai ha xuéng qua
miic nuGc can bang va dong chay lai chdy vao thdp. Ct nhu vay, muc nudc trong thap dao dong
theo chu ky va tit dan do ma sit. Cu6i cing muc nudc trong thap dimg & muc nudc 6n dinh méi
tng véi luu lwong Q, (hinh 3-22).

Trudng hop giam tai trong thiét k€ thuong tinh v6i muc nudc thugng luu cao nhat va cét tai
16n nhat (thuong 12 cat toan bo cong suat 16n nhat ctia nha may) dé x4c dinh muc nuéc cao nhat
cua thap diéu ap (Z,,,.).
3.2.1.3.2. Truong hop tdang tdi

Khi luu lugng qua turbin tang dot ngdot muc nudc trong thap ha xuong dén tri s6 Z,;, va
ciing dao dong theo chu ky va tat din nguoc lai véi trudng hop trén.

Trong thiét k& thuong tinh v6i muc nude thap nhat & thuong luu va mic tang tai 16n nhit c6
thé x4y ra trong van hanh dé x4dc dinh muc nudc thdp nhat cta thip (Z,,).
3.2.1.4. Cac kiéu thap diéu ap

Chon kiéu thép diéu 4p phai xudt phat tir cdc nguyén tic sau:

- Gia thanh cong trinh thap nhét;

- Bdo dam cdc t6 mdy lam viéc 6n dinh;

- Triét tiéu dao dong nhanh

a- Theo hinh dang cdu tao thuong gdp cdc kiéu thdp sau:

1). Thdp diéu dp kiéu vién tru

Thép diéu 4p kiéu vién tru (hinh 3-23a) 12 mot giéng diing hodc nghiéng cé tiét dién khong

thay déi. Kiéu nay c6 két cau don gian, dé thi cong, tinh toan thiét k€ ciing don gian. Nhung c6

nhugc di€ém co ban nhat 12 ¢ ché€ do on dinh khi dong chdy qua thap tén that thuy luc cuc bo &
o5
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chd no6i ti€p dudng ham va dudng 6ng vdi thap co thé 16n, dong thoi dung tich thap 16n, thoi gian
dao dong kéo dai. Thap diéu dp vién tru dugc ung dung & cdc TTD cot nudc thdp, muc nudc
thuong luu it thay ddi.
2). Thdp diéu dp kiéu vién tru c6 mang cdn

Thuc chat 1a thap diéu 4p vién tru (hinh 3-23b), nhung c6é diat mot mang can & ddy thap dé
tang thém ton that thuy luc khi dong chay vao va ra khoi thap. Mang céan c6 thé duéi dang 16 can
hoic ludi can.. 1am tang ton that thuy luc khi nudc chdy qua né va do dé giam duoc bién do dao
dong dan dén giam dugc dung tich thap va lam cho dao dong muc nudc trong thdp tit nhanh.
Ngoai ra so v6i thap diéu ap vién tru né con giam dugc t6n that thuy luc clia dong én dinh khi
qua vi tri dat thap.
3). Thdp diéu dp kiéu hai ngdn (cé ngdn trén va ngan dudi)

Thdp diéu 4p kiéu nay (hinh 3-23¢) gém hai ngian va mot giéng ding, ngin trén va ngin
dudi c6 tiét dién 16n hon nhiéu so véi giéng ding. Nguyén 1y 1am viéc nhu sau:

Khi thay déi phu tai, muc nudc trong thap dao dong, nhung vi tiét dién gi€ng ding nhd, nén
muc nu6c trong thap thay ddi rat nhanh 1am cho thoi gian dao dong gidam. Nhung néu chi véi
giéng ding thi bién do dao dong sé rat 16n, vi

A . . . . < fa) =3 {c]
vay khi muc nuéc trong thdp dao dong dén cao 7] e —

do6 nhat dinh, do ti€t dién dugc md rong rat _ _ =
nhiéu & ngan trén hodc ngan dudi nén bién do {2 [
! r ;-]_I

dao dong sé khong tang nhanh dugc. Nhu vay
thap di€u ap loai nay da giam dugc thoi gian =

dao dong ma lai han ché& dugc bién do dao (d) {&)
dong muc nudc trong thap. A =

Vé6i céu tao hop 1y nhu vay, nén dung
tich thdp kiéu nay nho hon nhiéu so véi thap — (]
A 2 R ‘A . s ‘R i '-—ll—l
diéu ap kiéu vién try, nhung né c6 nhugc diém B |_ .
la cau tao phic tap, thuong thich hgp véi thap
ngam trong dat.

N , o , N ,
Hinh 3-23. Cdc kiéu thdp diéu dp
a- kiéu vién tru; b- kiéu vién tru ¢é mang cdn; c-
kiéu hai ngdn; d- kiéu cé mdng tran; e- kiéu cé 16
trong

Thdp diéu 4p kiéu nay ciing thich hgp
vG6i truong hop cot nudc cao, myc nudc hod
chita thay ddi 16n, khi d6 chi viéc kéo dai phan
giéng dung.

4). Thdp diéu dp kiéu c6 mdng tran

Nguyén ly 1am viéc twong tu nhu trudng hop 3, nhung ngan trén c¢6 dudng tran nude. Kiéu
nay (hinh 3-23d) ¢6 uu diém hoan toan c6 thé khéng ché muc nu6c cao nhit clia thap, nhung ¢
nhugc diém 1a mat mot phan nudc qua méng tran.

5). Thdp diéu dp kiéu c6 16i trong (con goi la kiéu kép hay kiéu sai phén).

Kiéu nay (hinh 3-23e) gébm c6 giéng diing & trong va ngan ngoai, & ddy giéng diing c6 cic
16 thong véi ngan ngoai, nhung cdc 16 nay nho, khi muc nudec dao dong, nudc khong thoat tir
giéng ding ra ngoai kip (vi céc 16 thong nhd) nén thay déi muc nudc nhanh, tao ra hiéu qua
giong nhu ki€u 3, sau d6 nuéc méi chdy dan qua 16 thong dé cho muc nudc trong gi€ng va ngan
ngodi bing nhau. & kiéu ndy khi muc nudéc Ién cao khoi miéng giéng ding thi tran ra ngin ngodi,
do d6 ma khong ché dugc do cao 16n nhat ciia muc nudce tuy theo stic chita cia ngan ngoai.

Thdp diéu 4p kiéu nay thudng duoc ting dung trong tit ca cic trudng hop khi thap dé hd
trén mat dat hay ngam.

b- Phdn loai theo cdch xdy dung
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1). Kiéu néi hoan toan: Toan bo thdp dat ndi trén nén, kiéu nay thudng khoi lugng xay
dung 16n, nén khong 1oi vé kinh t€, nhung dé kiém tra sira chita.

2). Kiéu dat ngdm: Toan bo thap dat ngadm dudi mat dat, khi ndy thuong dung kiéu cé ngan
trén 1a c6 1oi (hodc ca ngan trén va ngin dudi) vi ¢ thé dé dang md rong tiét dién clia cdc ngan.

3). Kiéu hén hop nira chim nira néi: Kiéu nay thuong dung khi khong dat ngam duoc hoan
toan.

c- Phdn loai theo cdch dat

1). DBat trén duong dan nudc vao nha may

2). bat trén duong dan nudc tir nha may ra

d- Phdn loai theo cdch ddt nhiéu thdp thanh hé thong

1). Hé thong thdp diéu 4p dat ndi ti€p (hinh 3-24a)

C6 trudng hgp dat mot thap diéu dp thi bién do s& qué 16n, c6 thé phai dat hai hay nhiéu

thap ké ti€p nhau.
I SE'-‘- S ——

lr == ']
L ': £
‘\‘-\.._\_\_-\-":_\_\_-:I_H- L.-_
. Y
Hinh 3-24: Cdc kiéu dat thdp va cdp nuéc TPA
a- He thong thap di€u ap dat noi ti€p; b- hé thong thdp diéu dp dat song song

2). Hé thong thdp diéu dp dat song song (hinh 3-24b): Truong hop dan nudc ciing mot
nguén cung cap cho hai nha mdy thi c6 thé dat hai thap riéng biét trén hai nhanh dudng dan.

3.2.2. Phuong trinh vi phan co ban cla thap diéu ap

3.2.2.1. Phuong trinh dong luong

Xét cho trang thai chay khong on dinh clia hé théng "Pudng ham din nudc - Thép diéu ap”
v6i dudng hAm dan nudc nam ngang hinh 3-32 (khi tinh todn thuy luc mot cach ddy du, cin xét
su dao dong cta ca khoi nude gom ca dudng ham dan nudc, thap di€u dp va dudng ong 4p luc.
Riéng trong dudng 6ng 4p luc ciling c6 dao dong, nhung tic dong nay anh hudng khong déng ké
dén su dao dong muc nudc trong thap diéu 4p. D€ don gian ta coi toan bo hé théng bao gdm khoi
nudc tuyét doi cing, nhu vay c6 thé coi su bién thién clia luu lugng turbin dién ra ngay mat cét
dau duong 6ng ap luc. Tir d6 khéi nude dao dong chi gom dudng ham din nudc va thap di€u dp)

Theo dinh luat bién thién dong lugng, hinh chi€u cua vecto bién thién dong lugng cua khoi
nudc di chuyén trong dudong him din nuéc trudc thdp trong thoi gian dt chi€u 1én truc x bing
tong hinh chiéu clia tt ca cac ngoai luc tic dung dén khoi nudc.

d(mv
—( )X:ZX (3-39)
dt
Trong do6:
- Khéi luong nude trong dudng ham din nuée khong thay déi trong qua trinh dao dong:
Mo L.f.y
g

Trong dé6:
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V: Van t6c¢ dong chay trong duong him dan nuéc (m/s), chiéu duong huéng tir
thuong luu xudng ha luu;
f: Tiét dién dudong ham din nuéc (m?);
L: Chiéu dai duong ham dan nuéc (m);
v: Trong lugng riéng ctia nudc (T/m’)
g: Gia toc trong trudng (m/s?)
- Hinh chiéu céc ngoai luc tac dung vao khoi nude Ién truc x (22X) bao gom:
e Ap luc nuée 1én hai ddu khoi nuée: -yf(Z-h,, - h,); v6i Z- Chénh léch mitc nu6c trong thap
diéu 4p (m) so v6i muc nudc tinh trong hé chita hodc trong bé 4p luc, chiéu duong huéng xudng

. V 2 - . 9 9 . - 9
duéi; hy, = &, M - ton that cot nudc khi nude chay vao va ra khoi thap; &, - hé so can cuc bo
g

2
cta thap; h =g cot nude luu téc; V,, - van toc dong chay trong thap di€u dp (m/s), chiéu

duong hudng tir duéi 1én trén.

e Céc luc can do ma sét lén kh6i nude khi di chuyén: y.f.hy; véi hy, - ton that cot nude

trong dudng ham goém cdc tén thit cuc bo (h,) va tén that ma sat doc dudng (h,):

h' =h_+h,
LVV[_LVV| vV
h — —_ i 1. h — _ i r.
L d 2g C2R > e fc 29 ’
Trong d6:

C: Hé s0 Sezi;
R: Bén kinh thuy luc cia duong ham dan nudc;
E.: Téng cdc hé so t6n that cuc bo
A: Hé s0 stc can thuy luc doc duong cta duong ham dan nudc;
d: Buong kinh duong ham
e Hinh chiéu trong luc va dp luc nude vudng goc vai truc x nén bang khong (xét trudng hop
dudng hAm nidm ngang).
Goi tong t6n that cot nude h, = h, + h, + h,, + h,, tr (3-64) ta ¢6 phuong trinh:
dv. g

il AL (3-40)

3.2.2.2. Phuong trinh lién tuc

Theo dinh luat lién tuc cta dong chay: luu lugng qua turbin (nghia la Iuu lugng nudc vao
duong ong dp luc) trong thoi gian dt s& bang lugng nude chdy qua dudng din nudc cong (hoac
trir) luong nude tr thap diéu dp chay ra trong clng thoi gian do:

Qr=Qu+Qq (3-41)
Qpdt=fV.dt+ F.dZ
hoic daz = LW (3-42)
dt F

Trong d6:
Q,: luu luong dong chdy trong dudng ham din nuéc trude thap diéu ap (m’/s);
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Q=~f.V
PR P dz
Q..: Luu luong chay vao (ra) thap diéu ap: Qy, = F.E ;
Q,: Luu lugng dong chay vao turbin (m’/s);
F: Tiét dién thdp diéu ap (m?).
3.2.3. Tinh toan thuy luc thap diéu ap bang giai tich
3.2.3.1. Yéu cau tinh toan

Tinh todn thiiy luc dé xdc dinh cdc tri so sau:

a. Tinh todn bién do dao dong dé tir d6 chon kich thudc va hinh dang thdp diéu 4p sao cho
dao dong hop 1y nhat theo diéu kién kinh t€ va ky thuat.

b. Tinh todn muc nudc cao nhét trong thap diéu 4p: Phai tinh véi muc nuée hd 16n nhat, t6n
that thuy luc nho nhat c6 thé xdy ra trong dudng dan trong trudng hop dé va giam dot ngot toan
bo phu tdi ctia nha mdy (tir luu lugng 16n nhat dén luu lugng bang khong).

c. Tinh todn muc nudc thap nhat trong thap diéu ap. Phai tinh v6i muc nudc thap nhat trong
hé chita (muc nuGc chét), ton that thuy Iuc 16n nhét trong dudng ham va cé thé xay ra trong cac
truong hop tang tai sau:

- Tang cong suét tuong duong v6i mot t6 mdy, nhung khong nhod hon 33% cong suat toan
nha may, véi ¢d nha may c6 cong suat N > 30.000kw

- Tang cong suat tuong duong véi mot t6 may, nhung khong nhd hon 50% cong suat toan
nha mdy, v6i cd nha may cé cong suat N < 30.000kw

- Tang tir mOt cong sudt nhat dinh dén 100% cong suat toan nha may, hoac v6i mot gia tri
cong sudt ma nha mdy tham gia vao viéc di€u chinh tan s6 cua hé théng mang dién.

Sau khi xdc dinh dugc mic nudc thap nhét trong thdp diéu dp phai kiém tra diéu kién mép
trén ctia 6ng dan nudc vao turbin phai thap hon muc nudc nay it nhat 1a 2+3 mét dé tranh khong
khi lot vao turbin.

d. Tinh to4n cho thap diéu 4p & dudng thodt nudc sau td6 may, moi diéu kién cong suit, tén
that phai chon ngugc lai v6i tinh toan trén.
3.2.3.2. Thap diéu ap hinh tru khi khong xét téi stic can thuy luc

Dé giai dugc hé phuong trinh thuy luc co ban cla thdp diéu 4p (3-40) va (3-42) bing
phuong phdp giai tich, phai dua vao mot s6 gia thi€t gan ding:

- Bo qua t6n that thuy luc. Khi d6 phuong trinh (3-40) viét thanh:

d_V = % (3-42%)
d L

- Coi sy thay déi luu lugng qua turbin 12 téc thoi. Diéu nay trong tinh todn gidi tich c6 thé
cho phép, vi thoi gian thay déi luu lugng qua turbin Q. 16n nhat 1a béing thoi gian dong, (md)
turbin Ty, tri s6 nay rat nho so vé6i chu ky dao dong muc nudc trong thap. Khi d6 phuong trinh (3-
42) viét thanh:

d_Z = _ﬂ (3-42%%)
dt F
R . X av . < NP

Viphanphuongtnnh(342**)Vathay-a?-bang(342*)seduqophuangtnnhv1phmlbac

hai:
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2
4’z 97 g (3-43)
dt? LF
Nghiém ctia phuong trinh nay, véi diéu kién ban dau t = 0, c6 chi s6 0 tuong tng véi trang
thdi 6n dinh ban dau. Chi s6 ¢ - tuong (ing véi trang thdi 6n dinh cu6i cling, s& la:

Lf .
2=V -V )\/Q:F sin(Kt) (3-44)

Trong do: K= 1/£
LF

R& rang, phuong trinh (3-44) thé hién dao dong séng muc nuéc trong thap diéu dp 12 ham
hinh sin khong téit v6i bién do 16n nhat:
Lf

z° =V -V,) |— 3-45
max (c 0) gF ( )

va chu ky dao dong:
T=27 _op |LF (3-46)
K of

3.2.3.3. Thap diéu ap hinh tru khi xét t6i sirc can thuy hrc

Stic can thuy luc trong hé thong duong dan nude c¢6 dp lam giam bién do dao dong trong
thép diéu 4p va lam cho dao dong tit dan. Mot phan t6n that thuy luc co béan 1a tén that doc
dudng h; trong duong ham dan nudc trudc thdp diéu dp, né phu thudoc vao do6 nham ctua dudng
ham. Trong thuc t&, do di€u kién thi cong va trong qué trinh van hanh do nham nay khac véi thiét
ké, do d6 dé dam bdo an toan do nham tinh todn can sl dung hai gi4 tri: khi tinh toan cho trudng
hop cit tai chon do nhdm nhé nhat c¢é thé va khi tinh todn cho trudng hop tang tai can chon do
nham toi da.
3.2.3.3.1. Khi giam tai

Xét trudong hop cat tai toan bo luu luong tir Q, dén Q. = 0. Vi thoi gian déng turbin thudng
rit ngin (Ts = 3 + 6s) nén T anh hudng khong ding ké dén dao dong muc nudc trong thap diéu
ap. Vi vay trong tinh todn xem nhu déng tic thoi.

Vé6i trudng hop déng hoan toan tir Q, dén Q; = 0, ¢ trang thai ban dau (trang thai 6n dinh)
muc nudc trong thap di€u 4p thap hon muc nude trong hé chira mot tri s6 Z, = h,, tinh theo cong
thic thuy luc:

V¢ V¢

:l//—

L
ZothO:(ﬂ/aﬁ‘gc'i‘lng Zg

Vé6i thap diéu ap hinh tru riéng tén thit cot nude trong thap cé thé bod qua &, ~0
Tix (3-42) c6:

F dz ... dv Fd?%z
=——— vatrdd —=———-
f dt dt f dt?
LY F_Z(d_ZT
w wzg "'zng ™

Thay cdc bié€u thiic trén vao (3-40) va (3 - 42) s rit ra duoc:
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2 2
@’z _yF [d—zj 197 ¢ (3-47)
dt2  2.f.L\ dt L.F
» . i P . w.F f.g . .
beé don gian ta dat ky hiéu cho cac hang so: k,; = X k, = LF s€ dugc nghiém chung
ctia phuong trinh (3-47) khi cét tai hoan toan:
2
(d—zj =C,e?h? iefy L (3-48)
dt Ky 2k,

Hing s6 C, c6 thé xic dinh theo diéu kién ban dau khi: t = 0 = Z = Z;

f
_Qu = EVO. Sau d6 thay C, vao phuong trinh (3-48) s€ duoc:

t=0+0 - F
2
Q2 5, L
GZkl(ZO_Z): kz dt 0 2k1 (3-48%)

M(dZJZ 1
k, \ dt 2k,

Muc nudc dang 1én cao nhét trong thap diéu dp Z = Z,, khi dZ/dt = 0. Tix (3-48%*) ta c6:

az
dt

1
EZKI(ZO_Zmax) — 2k1
Zmax o
2k,
Ve k (dzZY
2y icla
g k,Ldt
Tur day suy ra:
2K1Z max — N[+ 2K, Z o ) = 2K, Z (3-49)
hay: Z max —In 1+Zm;ax =ﬁ (3-49%)
S S S
Trong d6:
S:i: L.f _ L.f (3-50)

2k yF (ﬂgwfc +1).F

Tur (3-49) c6 thé xdc dinh bién do 16n nht Z,,, twong ing v6i muc nudc cao nhat trong
thap diéu ap. Muc nudc cao nhét trong thdp diéu dp duoc tinh véi trudng hop muc nude thuong
luu cao nhat hoac MNDBT.

Thuc t€ tinh todn cho thay ring, siic can thuy luc trong hé thong dudng dan c¢6 anh hudng
rdt 16n dén bién do 16n nhat cua dao dong muc nudc thap diéu dp. V6i duong ham dan nude dai
20 km sai khdc c6 thé dén 25%.

Véi truong hop nay I.A. Tre-nhi-a-chin dé nghi cong thiic gan ding:

Zow= 20106812 +01542) (3-51)

max
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Trong doé: Z%ax 1a muc nuéc dang lén trong thdp khi bd qua ton that cot nude trong dudng

. h
ham, tinh theo cong thitc (3-45); ¢ = E')"O
max

Khi € = 0+2, cong thic (3-51) cho sai s6 dudi 2,3% so véi cach tinh chinh xac.
3.2.3.3.2. Khi tang tai

Khi tang cong sudt tram N, dén N, luu lugng s€ phai tang tir Q, dén Q,, tng vdéi trang thai
6n dinh méi.

Trong truong hgp nay, coi nhu mé tic thoi, cong thic gan ding tinh tri s6 muc nudc ha
thap nhat trong thap s¢€ la:

0 1+2n
Zin = Zmax(l—n){1+ 0,156 o

(L+n)efl+(@+ n)g]} +n2eZ2. (3-52)

Z h o A L
£ =W pn= Qro ; Z, - myc nu6c 6n dinh cudi cing; Q, - luu lugng

Zr?lax Zr(r)lax Qrc
ban dau qua turbin; Q. - Ivu lugng 6n dinh cudi cung; h
Z°  xdc dinh theo biéu thiic (3-45).

max

Trong d6: ¢ =

, - ton that cot nudc trong dudng dan;

Truong hop Q, = 0, ting dén Q,, c6 thé dung cong thic:
Z min = [1+0,0785(1+£)[Z 2. (3-53)
hoac theo cong thic gan ding cua Ac-ne:
Zin= (140,18 + 0,5¢%) Z° (3-54)
Céc cong thic (3-51), (3-52), va (3-53) chi phu hop véi s6 € < 1,24, khi € > 1,24 dao dong
khong chu ky va muc nudc ha thap nhét bang.
Zmin = th
3.2.3.4. Thap diéu ap c6 mang can
0 trang thdi 6n dinh, muc nu6c thap hon muc nudc & thuong luu mot tri so:
2 2
Zo=h,, = |aL1e +1|V0 _, Yo
d 2.9 2.9
3.2.3.4.1. Truong hop cdt tdi
Xét qud trinh cit tai tic thoi toan bo tir Q, dén Q; = 0. Trong qua trinh thay ddi luu lugng
vao turbin s& xuat hién dong chay vao thdp diéu ap, do d6 xuat hién thém tén that qua mang can
cuia thap diéu dp. Vay ton that thiiy luc toan bo cuia hé thong.

V2
hwzhL+hc+hth+hv=(W+§th)Z

bat: n= Moy o _om va thay y* =y + £, = (1+1)y vao phuong trinh va gidi n6
Z, ,L v
/1a +& +1
tim gid tri cuc dai ta c6:
In[1-(14+m)X [ +H(1+1)X = In[1-(T41)NX,]-(14M)X, (3-55)
Trong d6: X, = Z.x/S; Xo = Zo/S; S - xac dinh theo (3-50)
Khi 1 = 0, thap diéu d4p c6 mang céan trd thanh thap di€u dp hinh vién tru thong thuong.
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Ciing c6 thé dung cong thic Tre - nhi - a - chin:
[Xmax| = 170,519, +0,151e, —0,681-0,027¢5)£,H0154+0,120e57 )5 (3-56)

Trong do6:
Z0 hthO Zmax
80:—;gth0:—; Xmax:
0 0 0
Zmax Zmax Zmax
S S
. A ANENEEEREEEE
..H||-'I|.-J|I 1 | I 17 11 ‘I | "h"l:
AEEEE | | o
s CCHOT T e
RN, N R
ia "f XAz | | e LT3
“F;-E yAmE=E=rr. an P
i ‘ala b Poutet - by
. H s a% TE A G B =20
g PV PR AN Eal
1 PE Az e i
d Ik /] iy ol N A
| Hul = H"*x :
o gl 1 f L | HEER T IS
v ' N
u 1 r [ | | ||
i : W Fii] | : CEEEREEALS
S . AEEEEE =1 Thii gian (s) -
3 ‘e i
3I'T'n=ﬁlik
Hinh 3-25. Su anh huong cua siic can &, dén Z,,,. va
dp luc nudéc H, trong duong dan
Thoi gian (s)

Mot trong nhitng dac diém riéng biét cua thdp diéu d4p c6 mang can l1a kha niang xuét hién
hién tugng "soéng x0" clia séng nude va vao duong ham dan nude. Khi hé s6 can cua thap di€u ap
€, 16n, trong qud trinh chuyén ti€p do két qua clia hién tuong "séng x0" clia nudc va ma luc nude
trong dudng dan con 16n hon ca dp luc do muc nudc dang cao nhét trong thap diéu ap.

Trén hinh (3-25) vi du vé két qua tinh todn xac dinh Z, va H, (4p luc & cudi dudng ham
dan nudc) vé6i thoi gian dong turbin T, = 6s, quy luat thay d6i o m& canh hudng nudc 1a tuyén
tinh. Tir d6 thi ta d& nhan thay rang, khi &,=10+20 4p luc do "s6ng x0” cua nudc va 16n hon ap
luc do muc nuéc dang cao nhét khi cit tai. Ap luc nude trong dudng din do "séng xo0" dat gia tri
cuc dai khi két thic qua trinh déng canh huéng nudce turbin.

Do vay, & thap di€u 4p c6 mang can muc nudc cao nhat trong thap dat dugc khong phai
trong truong hop déng titc thoi cdnh huéng nude ma trong trudng hop tng v6i mdt T, nao do.
3.2.3.4.2. Truong hop tdang tdi

Muc nudc thap nhét xudt hién trong qua trinh tang tai. Trong thié€t k& chon tinh toan cho
truong hop ndy 1a ting tai toan bo mot t6 may tr luu lugng khong tai Q, dén day tai Q,,,, hoic
tang toan bo cdc t6 mdy trong pham vi diéu chinh binh thudng, vi du tir 50% dén 100% phu tai
v6i muc nude thuong Iuu thap nhat. Viéc tinh todn bang giai tich trudng hop nay rét phiic tap, ¢
thé gii bai todn ndy bing d6 gidi hoic st dung c4c phuong phdp so ting dung trén may tinh.
3.2.3.5. Thap diéu ap kiéu c6 mang tran

Trong truong hop thap di€u dp ¢6 mang tran, khi muc nuéc trong thiap dang 1én qua dinh
mdng tran, nudc s€ tran ra ngoai.
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Khi giam tai muc nuéc dang 1én cao nhat:
Zow=2Z,+h
Trong d6:
Z,.: Cao trinh dinh tran;
h: Chiéu cao 16p nudc tran 16n nhét.
Thudng cao trinh tran 18y cao hon myuc nudc cao nhat trong h6é mot chut.
Tri 6 h tinh tir cong thic tinh luu lugng tran:

Q= mB\/EhL5

Trong do6:
m: Hé s6 luu lugng mang tran:
B: Chiéu rong tuyén tran;
Q,: Luu lugng 16n nhdt qua miéng tran khi giam tai
3.2.3.6. Thap diéu ap hai ngan
Thédp diéu 4p kiéu hai ngan tng dung c6 1¢i trong trudng hop dudng dan dai, cot nudc cao
va muc nuéc thugng luu thay déi 16n. Ngan trén ¢6 tac dung giam bién do dao dong khi cit giam
tai, ngan dudi - khi tang tai.
3.2.3.6.1. Khi cdt tdi toan bo
Tinh todn song dang cao nhit & ngan trén theo cong thiic:

2(Xmax_xc) |:1+ 2Xmax:|
& _ € i
e = 20eD) (3-57)
1-%8]1-¢ &
&
Trong do:
Z Lfv A F Z
Xc:hC » &5 = 02 v &= 02 = &5 =" Xmax = hmax
WO g I:s hwo g I:t hWo Ft wo

Z.: Khoang cach tir mat nuGe tinh dé€n mat day ngan trén
F.: Dién tich mat cat giéng diing
F,: Dién tich mat cit ngang ngan trén
h,,: Téng ton that cot nudc trong dudng ham din nuéc
Z..... Khoang cach tir mat nudc dang cao nhat dén muc nudc tinh.
Can ct dién tich mat cat bé trén F,, tinh ra muc nudc dang cao nhat Z ., hodc 1a dinh ra
Z...x im ngugc lai dién tich F..
Hoac la: Nguoi ta thuong dinh truée Z,, tir d6 tinh dugc dung tich ngan trén Wy theo cong
thac gan dung.

2
Wy = LIV o4 2o (3-58)
2.9.Zyv |Z max|

Trong d6: v =1+ n, n tinh nhu § 3.2.3.4.
Trong cong thitc (3-58) da gia thiét ring dudng kinh giéng ding gin biang dudong kinh
dudng ham va khi cit tdi muc nudc ting nhanh dén dinh miéng tran hoac ddy ngan trén (trong
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tinh toan thé tich khoi nudc trong giéng ding bo qua). Vi vay, ki€u nay tuy khong c6 mang can,
nhung do dudng kinh giéng ding nho, tn that & chd ti€p gidp gitta thdp va dudng dan ciing 16n
khong thé bo qua.

Dé x4c dinh dung tich budng trén Wy, cin dinh trudc mot s6 gid tri Z, . roi chon trén co s&
so sanh cac phuong an. Gia tri Z,, kinh t€ thuong trong khoang 8+12 m.
3.2.3.6.2. Khi ting tdi

Tuong tu trudong hop giam tai, khi tang Iuu luong dot ngot tir Q, dén Q,, dung tich can thiét
ctia ngan dudi xac dinh theo cong thiic:

_LEVE ) X -1 (\/Xmin +1X\/Xmin —n) rr
“ 292, "k =07 | (e e 1)

mi
Trong do6: X, = Zi/Ze; N = Q1/Qres Zoyin - Muc nudc thap nhat khi dao dong: Z - muc nude
6n dinh ting v6i luu luong cudi cung sau khi ting phu tai; V.- van t6c dong chdy trong dudng
ham ¢ trang théi 6n dinh sau khi tang tai.
Tu cong thitc (3-59) ta thiy khi tang Z,,,, dung tich ngan dudi Wy, giam, khi Z, ;. = Z, cong
thic (3-59) duoc viét dudi dang don gian (3-59*) va muc nudc trong thdp diéu 4p bién dai tir tir
tat dan:

(3-59)

BD

‘min?®

2
Wy, = LIV Ini (3-59%)
20Z. 1l+n

Dé xéc dinh thé tich ngan dudi Wy, cin dinh trudc gia tri Z,;, va chon trén co s& so sanh
kinh t€ - k¥ thuét cac phuong an.
3.2.3.7. Thap diéu ap kiéu cé 16i trong
3.2.3.7.1. Khi giam tai

Dung tich can thiét cia ngan ngoai, tinh véi truong hop dong turbin hoan toan s dung
cong thuc:

1
, In(1+ J
W = LfVo Xinax _Ovls(xmax B Xtr)
zgzo 1 0’3+ Xmax S

_O,2+2xmax 1 2 14 X
3V1-X

Trong d6: X, = -Zul/Zo; Xy = -Zy/Zy; Z,, - chi€u cao dinh tran cua giéng ding so véi muc

nudc finh ctia ho; S = F,/F = F/(F+F,,); F,- ti€t dién giéng ding; F,, - tiét dién ngan ngoai
3.2.3.7.2. Khi tang tai

Tinh véi tang tir Q, dén Q,

Dé dam bdo cho muc nuéc khong ha xudng dén mitc mot doan dudng dan trd thanh khong
ap, ton that cot nude khi déng dong chay di qua cdc 16 can & ddy giéng ding theo hudng tir ngan
ngoai vao dudng ong ap luc phai thoa man diéu kién:

(3-60)

2
hthmax _ Xmin — 01

Zg (1— Cll)2
Trong do: q, = Qy/Q.
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Tri s6 ha thap myc nudc tuong doi Xy, = Zmin tinh theo cong thic:
WO
X =1+(\/o 5E'0,275,/d + 22— 0 9} 1-— % | 361
min ’ ' 1 E' ! (O,5E')O’62
2 2
Lf Yo FZe
Trong do: E'= 3g
1--S
2

3.2.4. Tinh toan thuy luc thap diéu ap bang p
3.2.4.1. Sit dung biéu d6

huong phap tra biéu dé.

Trong tinh toan gin ding, dé c6 thé giai quyét nhanh cac bai todn xdc dinh muc nudc hoic

dung tich thdp diéu dp ndi trén, ngudi ta o 1ap cac

biéu d6 san cho cdc trudong hop tinh nhu sau:

3.2.4.2. Biéu dé xac dinh cac muc nuée cho thap diéu ap kiéu vién tru

3.2.4.2.1. Khi Cdt tdi

Biéu dé6 trén hinh 3-26 cho cich xdc dinh
muc nuéc dang cao nhat khi hoan toan cat tai.

. h
Tur tri s6 X, % dat vao truc tung

Trong d6:
h,,: Chénh léch muc nudc trong ho chita
va trong thap trude lic thdo phu tai.

S L.f

L
A—+& +1
FRE

V,: Luu toc trong duong ham tng véi

Q, khi chua thao phu tai
L.f,F: Chiéu dai, ti€t dién duong hdm

va tiét dien thap diéu 4p
Tt duong cong A, xac dinh duoc tri sO X,,,,

max

6 truc hoanh véi X, = tim duoc Z,,,, = muc

xol..
=

= s = s

T, i)
Koax
Hinh 3-26. Biéu doé tra muc nudc
cao nhdt khi hoan toan cadt tdi ¢ thap
diéu dp vién tru khong cé mang cdn

=

i

nudc cao nhit trong thdp so v6i muc nude trong thdp khi bat ddu cit tai.

Vi dao dong thit hai:

Tim tri s6 x, bang céch: tir dudng déng thang ding trén, khi gap dudng cong B thi déng
ngang t6i khi gap dudng A thi déng thang xu6ng gap truc hoanh tai day 1a tri s6 x,. Bién do thap
nhat: Z, = x,S, Z, : Muc nudc thdp nhat so véi khi bat dau cit tai.

3.2.4.2.2. Khi tang tai.
Dung biéu do trén hinh 3 - 27:
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Hinh 3-27: Biéu do tinh todn, muc nuéc ha thdp nhdt khi tang tdi doi véi thdp diéu dp
kiéu vién tru khong c6 mang cdn.

LIVE &
g-F.hio

truc hoanh véi cac ky hiéu nhu da néi trén, c6 thé tim ra tri s6 Z,, /h,, trén truc tung ng vdi tiing
tri s6 m. Trong d6 Z,_,. - muc nudc ha thdp nhat tinh tir méit nudc 6n dinh trong thép trudc ldc ting

Q

tai; m=—>

Khi tang phu tai, c6 thé tim muc nu6c ha thdp nhat trong thap Z, . . Tl tri s6 ¢ =

Q,: Luu lugng trude khi tang tai;
Q: Luu lugng sau khi tang tai
Trén biéu d6 vang phia dudi dung cho & = 1+10, vang phia trén dung cho £=10+30
3.2.4.3. Biéu dé xac dinh nuéc trong thap diéu ap kiéu c6 mang can.
Trén biéu d6 3-28:
Truc hoanh biéu thi h,, /Z.

Trong do: Z. =% :—If:
Q, : Luu lugng ban dau.
h,o: Téng ton thét cot nudc trong dudng ham dan nude.
Truc tung trén biéu do biéu thi h, /Z.
Trong do:

h,, : Ton that cot nudc qua mang can.
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Hinh 3-28 xdc dinh muc nuéc ddng cao nhdt trong thdap diéu dp kiéu c6 mang cdn, khi
dong dot ngot turbin (a); muc nudc thdap nhdt (b)khi phu tdi tang dot ngot ti 0 dén 100%

Trén biéu do:
Viung R- Biéu thi kich thuéc mang can qui nhd.
Vung M- Biéu thi kich thuéc mang can qua 16n.
Puong SS’- Ung véi kich thuée mang cin hop 1y
Hinh 3-28b 1a biéu d6 xdc dinh muc nudc thdp nhét trong thap diéu dp ki€u c6 mang can.
3.2.4.4. Biéu do xac dinh muc nuéce trong thap diéu ap c6 ngan
Trén hinh 3-29 1a biéu dé xac dinh muc nuéc dang cao nhat khi bé diéu 4p c6 ngan trén.
Trén biéu d6 c6 ghi mot thi du véi cac s6 lugng sau:
L% Ao A :

X —
=0,044 ; —=0,0263;, —=-0,566 X =~ X _ 0,41
C AC AC 80 gC

- 38 -



www.vncold.vn Hoi Pap lén Viét Nam

Trong do:

z L.fV?

=—C¢: g = 1
’ hwo C gAc hv?/o l e

Z.: Khoang cach tir mat nudc
tinh dén mat ddy bé trén

A Dién tich mat cit giéng
ding
A.: Dién tich mat cét bé trén
f: Dién tich mat cit dudng ham b
Tur nhitng quan hé trén c6 thé chon
truGe mot tri sO, tinh ra cac tri s6 con lai.
3.2.4.5. Biéu do xac dinh
dung tich ngan duéi cua thap diéu
ap kiéu c6 ngan duéi.
Hinh 3-30 1a biéu d6 tinh todn
dung tich ngan dudi cta thap diéu ap

Tir x,,;, trén truc tung, tng vaéi cac
tri s6 m khac nhau s€ tao ra tri sO g, & pus- ,
truc hoanh. Hinh 3-29. Biéu do xdc dinh do ddng cao
— muc_ nhdt trong thap diéu ap kiéu c6 ngan trén

s ki

Trong d6: X,;, = Zi/Zes Luin
nuGc thap nhat khi dao dong; Z. - muc
Lfv/
9Z
Wi Dung tich ngin dudi ctia thap; V_: Van toc dong chay trong dudng hdm & trang théi
6n dinh sau tang tai.

nudéc 6n dinh ing véi luu Iugng cudi cuing sau khi tang tai; €, = Wyp/

c

Qro
Qre

Qo Qp: Luu luong qua turbin trudc va sau khi tang tai. T biéu do trén c6 thé dinh trudc
roi tinh ra Wy, hodc nguoc lai.

m=

Z

‘min

T T 1T 1 11111

il 4 -l

I
\

b

\
I\ |

W\ .! |
UL\

PR
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Hinh 3-30: Biéu do xdc dinh dung tich ngdn dudi
ctia thdp diéu dp kiéu ngan dugi

3.2.4.6. Biéu dé tinh toan thuy luc cho thap diéu ap kiéu c6 16i trong

W

4

Hinh 3-31. Biéu do xdc dinh muc nuéc ha thdp nhdt (Z,,,) ciia thdp diéu dp kiéu loi
trong (khi phu tdi tang tir 50% dén 100%).
Hinh 3-31 1a biéu d6 tinh todn mifc nuéc ha thap nhat trong thdp diéu 4p kiéu c6 13i trong

@ ? < h ~ N ? <
khi tang tai tir 50% dén 100%. Truc tung la ti s6 ZC° , truc hoanh 1a ti s6 h,,/Z.

*

Trong do:
h,,: Tri s0 t6n thit cia mang can tng véi Q,

z.-% |LF
F\gf

F: Dién tich mat cit ngang cuia toan bo thap (ca giéng diing va ngan ngoai)

-40 -



www.vncold.vn Hoi Pap lén Viét Nam

Hinh 3-32. Biéu dé tinh song dang cao nhat trong thap diéu ap kiéu c6 16i trong.
f: Dién tich mat cit ngang ham din nudc.
Q,: Luu luong 6n dinh trude khi ting tai
Trén hinh 3-32 1a biéu d6 tinh todn muc nuéc ha xudng 16n nhat trong thép diéu 4p kiéu
¢6 10i trong.
Ciing nhu & thdp diéu dp kiéu c6 mang can. Khu S trén biéu do 1a ving hop ly nhét cho dién
tich 16i trong. Vung T — dién tich 16i trong twong doi 16n. Vung N — dién tich 16i trong qua 16n

3.2.5. Tinh toan thiy luc thap diéu ap bang phuong phap doé giai

3.2.5.1. Phuong phap chung

Noi dung clia phuong phdp nay 1a dung do thi dé gidi hé phuong trinh vi phan co ban cla
dong chay khong 6n dinh trong thap diéu 4p néi trén.

Trude hét viét hé phuong trinh co ban (3-40) va (3-42) duéi dang sai phan:

AV = g'TAt(z ~h,) (3-62)

AZ :@m (3-63)

Khi tinh toan, chon mot thdi doan At nhat dinh, chon At cang nho thi két qua cang chinh
xdc hon, nhung khéi luong tinh todn cang ting. Thong thudng chon At sao cho s6 diém tinh todn
dh dé vé tuong doi chinh x4c dudng cong Z = Z(t). Dé 1am dugc diéu d6 trong khodng 1/4 chu ky
T chon khoéang 8 +10 diém va thuc t€ thudng chon At = 520 s.

3.2.5.2.Thap diéu ap hinh tru

3.2.5.2.1. Khi giam tdi (hinh 3-33)
Vé6i trudng hop giam toan bo va dot ngot phu tai: Nhu vay ngay tir ldc bat ddu tinh todn, luu
lugng qua turbin Q = 0. Phuong trinh (3-63) trd thanh:
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Az =14t (3-64)
F
Tén that cot nude viét thanh:
2
hw=(z£+§c+1jv—=kv2 (3-65)
d 29

Trén biéu d6 truc tung biéu thi cao trinh muc nudc trong thdp Z, 14y géc 1a cao trinh muc
nudc tinh & thuong luu, chiéu duong huéng xudng.

Truc hoanh biéu thi van téc dong chdy trong dudong ham dan nuécV, chiéu duong tir thuong
luu xuong thap.

Céc budc tién hanh nhu sau:

- V& dudng quan hé gifta ton that thiy luc véi van toc dong chay trong dudng ham h, =
f(V) theo phuong trinh (3-65), (duong cong 3);

- V& dudng quan hé AZ = f(V) theo phuong trinh (3-64), (dudng thang 2);

- V& dudng quan hé AV = f(Z-h,) theo phuong trinh (3-62), (dudng thang 1).

Gia thiét rang trong sudt thoi gian At, van toc dong chdy trong dudong hdm dan nudc khong
thay ddi va bang tri s6 van téc & dau thoi doan.

- X4c dinh toa do diém ban dau, diém 0(V,, Z,): tr van téc ban dau V, trén duong h,, = f(V)
(duong 3) xac dinh vi tri ban dau.

- Xé4c dinh toa do diém 1 (V,, Z,), sau thoi doan At,:

Tur diém 0 vé6i luu toc dau thoi doan V, trén dudng AZ = f(V) xdc dinh AZ, va Z, = Z,, +
AZ, sau thoi doan At, (duong 2). Dung duong AV = f(Z-h,) (duong 1) va tir tri s6 (Z,- h,, ) Xac
dinh AV,. Véi tri s6 Z, va V, = V, + AV, s& tim dugc diém I, biéu thi trang thai ch€ do khong 6n
dinh & cudi thoi doan At,. Luu y 1a trong truong hop nay AV, va AZ, mang gia tri am.

- Tuwong tu nhu vay xéc dinh toa do diém II (V,, Z,) sau thdi doan At, bing cdch tuong tGng
v6i V, trén duong 2 xdc dinh AZ,, Z, =Z, + AZ,; tt duong 1 v6i (Z, —h,) xdc dinh AV, va 'V, =
V, + AV,. Ct nhu vay x4c dinh cic diém tiép theo III, IV...

- V& dudng cong Z = f (V), (dudng 4) bing cdch néi céc diém 0, I, II, I11... lai v6i nhau.

L

W

|

b

I
R

Hinh 3-33. Phuong phdp do gidi xdc dinh dao dong muc nudéc trong thdp diéu dp khi cat
tdi toan boé va dot ngot.
gAt ' fAt, 2. .
DAV :T(Z -h,) (2) AZ :—?v ; B)h, =kVZ(4)Z = f(V);(5)Z = (1)
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Diém dudng cong nay cit truc Z tng véi
muc nudc cao nhat trong thap diéu dp Z,, (diém
A) va V =0, sau dé V doi chiéu. Tiép theo dudng
cong lai cit truc Z khi V = 0 (diém B), ting vé6i
muc nudc thdp nhat trong thap diéu 4p khi cat tai
toan bo. Duong Z = f (V) ¢6 dang duong X0an

oc thu vé diém 0. |
- V& khai trién dudng Z = f(V) thanh \ St dang Z

= £ (t), (dudng cong 5). Hinh 3-34. Phuong phdp do giai

tinh muc nuoc trong TPA hinh tru khi

Khi giam dot ngdt mot phan phu tai ting tdi dot ngot

dén Q,, phuong trinh ( 3-63) viét thanh:

tr Q
@ AV:gTAt(Z—hW); 2) AZ:%(Qz—fV)

At
AZ :F(QZ - V) 3) h,=kv%4)Z=1fV)

Trén d6 thi dudng (2) dich vi tri vé€ phia trdi mot tri s6 V, = Q,/f. Pudng xoan 6¢ Z = f(V)
s& két thiic & diém VIII, ting v6i trang thdi chdy 6n dinh méi khi luu Iuong turbin bing Q..
3.2.5.2.2. Khi tang tai

Xét truong hop tang dot ngot tir Q, dén Q,, phuong trinh ( 3-62) van giit dang trén (duong 1
va 3 trén hinh 3-34), con (3-63) viét thanh:

Q.-fV)
F

AZ = ( At ( 3-66)

Puong AZ = f(V) theo phuong trinh (3-66) sé& di qua diém V_ = Q.

Xuat phat tir diém 0 tng vé6i V, = Q,/f, sau thoi doan At,, muc nudc ha xuéng AZ, xéc dinh
theo duong 2: [AZ, = f(Vy)] va Z, = Z, + AZ,. Tit hiéu s6 Z, - h,, xac dinh duoc AV, =(Z, - h,,)
va V, = V, + AV,. Nhu vay, x4c dinh diém I ctia duong Z = f(V). Tuong tu, x4c dinh cho cdc
diém II, I11.... ti€p theo. Khi dudng cong di qua diém twong tng v6i V = V. s& c6 diém thip nhat.

Sau d6 van t6c dong chay trong duong ham dan nudc ti€p tuc tang, luu luong vugt qua luu
luong cén thiét, do d6 muc nudc trong thap diéu 4p tang. Dén mot tri s6 nhét dinh van téc bat dau
giam. Cu6i cung dudong Z = f(V) thu vé diém VIII, tng véi trang thai 6n dinh méi (Q, = Q,).
3.2.5.3. Thap diéu ap c6 mang can

3.2.5.3.1. Khi giam tdi (hinh 3-35a)
Xét truong hop thay déi Ivu luogng tir Q, dén Q, = 0: c4ch v& dudng Z = f(V) ciing giong
nhu & thap diéu 4p kiéu hinh tru, nhung chd ¥ ring muc nudc ban dau trong thap diéu 4p:
V2 V2
Z,= (/t£+§+1j—°:z//—° (3-67)
d 29 29
Sau khi ngét phu tai, toan bo luu luong s& chay vao thdp diéu dp. Do d6 tai mang can sé
hinh thanh chénh 1éch cot nuéc.
Vo'
29
Vay téng tén that cot nudc khi dao dong 1a:
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2

hy=(+ &g (3-68)

Vé nguyén ly, trudng hgp nay ciing hoan toan tuong tu nhu & thap di€u dp khong c6 mang
can, diém khdc biét & day la thoi diém ban dau khi t = 0 muc nu6c trong thap diéu ap tinh theo
(3-67) nhung ngay sau khi cét tai t = 0, tinh AV, = f(Z, - h,,) dé x4c dinh diém I trong biéu do,
trong do6 h,,, tinh theo (3-68).

3.2.5.3.2. Khi tang tai (hinh 3-35b)

Hinh 2.35. Phuong phdp do gidi tinh dao dong muc nudc trong TPA c6 mang cdn
a- Khi giam tai dot ngot, b- khi tang tai dot ngot.
(1) AV =£,(Z - h,); (2) AZ=1£,(V) ; (3) hy; (4) Z=1£(V); (5) h',; (6) hy,

Khi luu lugng thay déi dot ngot tir Q, dén Q,, chénh léch cot nuée & mang céan 1a:
(Vc -V )2
he = &, 29

Qo

Trong d6: V_ = :

Hé s6 &, khi dong chay vao va ra khoi thap diéu dp c6 thé khdc nhau tuy theo dang miéng
16 qua nudc ctia mang can.
Thay déi muc nuée trong thdp diéu 4p sau mdi thoi doan At x4c dinh theo biéu thifc:

Qc_ fV)
F

AZ = ( At

Vé dudng Z = f(V) bat dau tir diém O trén dudng cong h,, = f(V) tuong ting véi trang thai
ban diu cua dong chay.

3.2.5.4. Thap diéu ap hai ngan

3.2.5.4.1.Tinh todn ngan trén (hinh 3-36a)

Tinh todn xdc dinh kich thudc budng trén thap diéu dp trén co s& tinh todn cho truong hop
cét tai toan bo t6 may TD.

Xét so d6 thap c6 miéng tran & ngan trén hinh ( 3-23c), khi gidm phu ti va thay déi luu
lugng turbin dot ngot tr Q, dén Q = 0.

Céc phuong trinh tinh toan bao gom:

- Phuong trinh dong luong (3-62) trong dé h,, ké dén c4 tén that & mang can h,,.

- Phuong trinh lién tuc thé hién qua lugng nuéc vao thap diéu 4p dudi dang:
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Aw = VAt (3-69)
Trong d6: AW: Thé tich nudc chdy vao TDA sau thoi doan At'.
Muc nuée trong phan giéng diing AZ, sau thoi doan At" tinh theo cong thifc:
fvVv
AZ, =——At" (3-70)
Fg
Vi muc nudc dang 1én trong giéng ding twong doi nhanh, nén thai doan tinh toan At" trong
cac phuong trinh khi myuc nudc trong thap dang & vao doan giéng ding l1ay nhd hon thoi doan
tinh todn At' & ngan trén khi nuGe chay qua tran.
Khi muc nuéc dang lén dén dinh tran & miéng trén giéng ding thi bat dau tran vao ngan
trén. Chiéu cao 16p nudc tran xac dinh tir phuong trinh:

fV = Duh, \2gh,

fav?
Tur do: htr: 3 W (3-71)
gz*D%u

Trong d6:
D: Buong kinh miéng tran,
p: Hé s6 luu lugng clia miéng tran.
Dé tinh toan bing d6 giai can phai xay dung cdc phuong trinh phu trg sau:
- D6 thi dudng t6n that cot nude ké ca ton that qua thap:
V 2
h,=h", +h,=k—
29
- Puong quan hé: AV = f(Z-h,)) v6i hai thoi doan tinh todn At' va At"
- Buong quan hé: AW = f(V) theo (3-69) vé6i thoi doan tinh todn At'.
- Duong quan hé: AZ = (V) theo (3-70) v6i thoi doan tinh todn At".
- Bbudng quan hé: h, = f(V) theo (3-71)
O trang thdi én dinh, truc khi giam tai muc nudc & vi tri Z,, sau thoi doan At muc nuée
dang 1én mot doan AZ,. C4ch vé giong nhu & thap diéu 4p hinh tru.
Téi giao diém vé6i duong h, = f(V), dudng Z = f(V) bét dau di theo duong h,,
Tinh todn lugng nu6c chdy vao ngan trén trong mdi thoi doan bét ddu tir giao diém IV s&
tinh theo XW, trung binh trong thoi doan.

} { ] I B = ! A B . . _L y i
q‘ :-.'!I'.:_-.J;_' .I-- | l."..'l § T-.:, -i"—_;-t::__';ll; B III I; ] ] |
| ¢ I ey 1
= | I_q.‘ I. } I= I.. ].'__'.:H.I’ [ ; _.-'T I/r 1 |'r -Illl.l
t A |
; | i [~-3 .I-: 1...‘-...._..Irrj"_.'llll' r! : ' |' "r"l e
1 add® | 11 el oy S g T
P’ MR
lal Ll (b /

Hinh 3-36. Phuong phdp do gidi tinh dao dong muc nudc trong thdp diéu dp hai ngdan a-
khi giam tdi dot ngot va toan bo, b- khi tang tdi.
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(1) AV=F,Z-h,); (2) AZ = £(V); B) h,; () Z = f(V); ()0, 5 17, 27 v6i At, < A,
3.2.5.4.2. Tinh todn ngan dudi (hinh 3-36b)

Kich thu6c budng duéi dugc xdc dinh khi tinh todn tang tai t6 may thiy dién. Trudng hop
tang tai dot ngot, tuong ing véi su thay déi luu luong tir Q, dén Q..

Thé tich nudc da chay tir thdp diéu dp ra dudng him dén nudc sau méi thoi doan At:
AW = (Q, - f.V) At (3-72)
Thé tich ctia thdp bién doi theo muc nudc trong thap:

- Trong doan giéng:

W,=FZ (3-73)
- Trong doan bu6ng dudi:
Wip = FppZ (3'73*)

V& cic duong quan hé phu tro: h, = f(V), AV =f(Z - h,), AW = f(V) theo (3-72) va dudng
quan hé: W = f(Z) theo (3-73), (3-73")

Tur diém I twong tng véi ché do ban dau x4c dinh AW, = f(V,), dat n6 lén duong W = {(Z);
tir diém A ban dau xéc dinh dugc Z, va tr Z, - h,, xdc dinh AV, = f(Z,-h,,)) v c6 V, =V, + AV,.
Toa do diém II tuong ting V, Z, (trén d6 thi, biang cach tinh ti€n dudong AV = f(Z - h,) dén diém I
trén duong h, = f(V), giao diém ctia né vé6i dudng Z = Z, chiéu tir dudng W = f(Z) xdc dinh
diémlI). Tuong tu nhu vay cho céc diém tiép theo.

3.2.6. Phuang phap sai phan hitu han giai cac bai toan ché do khong on dinh trong
thap diéu ap.

Cac phuong phdp gidi tich va phuong phdp do giai duoc tng dung dé tinh dao dong muc
nudc trong thdp di€u dp thuong chi d4p dung duge d6i véi cac trudong hop don gian cta thap diéu
4p khi qua trinh thay déi luu lugng qua t6 may thity dién la titc thoi va don gian héa két ciu cha
toan bo h¢ théng dudng din nudc cua tram thuy dién. két qua clia cac phuong phdp ké trén chi 1a
gan ding, ching khong giai quyét duoc cdc bai toan vé hé thong vdi t6 hop céac két cau phic tap
va t6 hop van hanh tram thuy dién.

Cac phuong phdp sai phan: ole, ole - Cosi hoac Runge - Kutta... 12 cac phuong phdp c6 thé
ting dung dé gidi quyét cac bai toan vé céc ché do khong on dinh thiy Iuc trong cic hé thong
dudng dan nuéc ctia TTD c6 thap di€u dp. Sau day sé trinh bay mot s6 phuong phdp sai phan don
gian ing dung cho thap diéu ép.

3.2.6.1. Cac phuong trinh co ban
Dé tién loi trong tinh todn, cdc phuong trinh (3-40) va (3-42) duoc viét duéi dang sau:

Qs _9f (5 _ _40%
s I_(z h,) (3-40%)
d_Z:M (3-42%)
dt F

Trong do:
Q. L, f: Tuong tng 1a luu lugng, chiéu dai, dién tich tiét dién ctia dudng dan;
Z: Toa do muc nuéc trong thdp diéu dp 1dy muc nudc hé chia lam toa do goc, chiéu
duong xuong dudi;
h,: Tén that cot nudc trong hé thong dudng dén va thap diéu dp
h, =h; +h,+h, +h,
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Qq: Luu luong nudc qua turbin;
F: Dién tich tiét dién cua thap diéu 4p tuong tng khi & muc nuéc Z;
t: Bién thoi gian.

Do gia toc cta khdi nuéc trong hé thong duong dan va thap di€u dp khong 16n trong céc
qud trinh chuyén ti€p nén trong tinh todn ton thit cot nudc h,, c6 thé theo quy luat ctia dong chay
6n dinh. Gi4 tri clia cdc ton that phu thudc vao huéng va do 16n clia van toc trong céc thanh phan
ctia h¢ théng & méi thoi diém tinh todn.

Tén that cot nuée trong dudng ham gém cac ton that cuc bo (h,) va tén thit ma sat doc
duong (h,):

h'=h, +h,

1
w (CR 29}/’\/ Z(CR 2 JQde KQd‘Qd‘

Tén that cot nude khi nuée chay vao va ra khoi thap:

th th;‘ 7 (Qd -Qr XQd Qr ‘ K (Qd -Q; X(Qd -Q; ]
Cot nudc luu toc: h, = ﬁ - Qd
' 29 2gf?

Ap lyc nuéc dui ddy thip: P=Z + h,,

Luu luong qua turbin Q, phu thudc vao ché do clia qud trinh chuyén ti€p va dic tinh cha
timg loai turbin do d6 ciing 1a bién cua thoi gian t. Nhu vay, cic ham Q, va Z trong hé phuong
trinh (3-40%) va (3-42%*) déu la bién thoi gian t, cac vé€ phai ctia hé phuong trinh vi phan c6 thé
biéu dién dudi dang ham véi bién s6 thoi gian sau:

9 gz, (3-74)
dt
© Rz (3-75)
Néu viét dudi dang sai phan hitu han:
AQ, =AtLF,(Z,Q,.t) (3-74%)
AZ = ALF,(Z,Q,1) (3-75%)

3.2.6.2. Phuong phap sai phan hitu han Ole

Trong cac phuong phéap sai phan van dé cht yéu 1a xdc dinh ding gid tri cia nghiém tai
tiing thoi diém tinh toan. Khac nhau giita cac phuong phép tinh toan 12 téc do hoi tu clia nghiém.

Véi phuong phip Ole, cic phuong trinh (3-74) va (3-75) thé hién duéi dang sau:

o =Ql AL (ZE, Q) ) (3-76)
Z¥h =78, + AR, (26,08 k) (3-77)
Q%1 =Qu +ALR(Z, Q1) (3-78)
20,0 =24, +ALF,(Z,,Q4 1)) (3-79)

Trong dé: Céc chi s6 i - thoi diém tinh toan; k - chi s6 budc lap
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Nghiém gan ding phai thoa man:

kil ok
Quin —Quial (3-80)
d,i+l
Ziy - Z;,
iz, (3-81)
i+1

Trong d6:
€,, &: Cdc sai s0 cho phép.
Vi cdc gia tri ban dau Q,, va Z, khi t, = 0 xac dinh 1an lugt & cac budc tiép theo cho ca qua
trinh chuyén ti€p.

Nhugc diém cta phuong phdp nay la toc do hoi tu cham.
3.2.6.3. Phuong phap sai phan hiru han ole - Cosi

Str dung phuong phép sai phan Ole - Cosi, nghiém ctia hé phuong trinh (3-74) (3-75) dugc biéu
dién duéi dang sau:

Fl(zi’Qd,i'ti)+ Fl(zililng,Hl’tHl)

g1 = Qu + (s —t) . (3-76%)
F, (2,0, 4 )+ (2, Q5 .ot

Zyin =2, +(t, -t) 2( e I) 22( e Hl) (3-77%)

Qg,m =Qqy; + (ti+1 - )Fl(zi ' Qq ,ti) (3-78%)

Zgin=Zgi+ (ts —t)F, (Z, ,Qqinti) (3-79%)

Trong d6: Céc chi s6 i - thoi diém tinh toan; k - chi s6 budc lap.

Sai s6 cho phép 1ay theo (3-80) va (3-81).

Do ngay trong tig budic lap ti€p theo da 14y céc gia tri trung binh d€ trung hoa sai s6 nén
toc do hoi tu nhanh hon.

3.2.7. Diéu kién 1am viéc 6n dinh clia hé thdng dan nudc ap luc cé thap diéu ap

3.2.7.1. Khai niém

Bién do dao dong muc nuGe trong thap diéu ap
phu thuoc vao tri s6 chénh léch luu lugng ban dau va
cudi qud trinh diéu chinh |Q, —Q.|vd t6n that cot

nudce trong toan hé thong. Trong cac tinh toan da trinh
bay trén, xem luu luong diéu chinh cudi 1a mot chi s6
nhat dinh Tuy theo N_ khong phu thudc vao bién do Z.
Trong thuc t€, cdc t6 mdy thay dién déu lam
viéc v6i hé thong diéu chinh tu dong, cdc hé thong
nay luon c6 gidng dam bao cho cong suat cudi N, nhat
dinh, nén luu luong cuéi Q, bién ddi tuong tng véi )
bién doi cot nudc trong qué trinh, tifc 12 phu thudc vao Hinh 3-37. Do thi dao dong
bién do Z. Do phii dém bao diéu kién ndy ma he  trong hé thong duong dan - TDA
thong tu dong diéu chinh turbin ¢6 thé 1am cho dao  I- 6n dinh; II- khong 6n dinh
dong trong hé théng dudng dan c6 thap diéu dp khong
nhitng khong tit ma bién do dao dong tang dan. Diéu nay rit nguy hiém vi tir dao dong nho c6
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thé din dén bién do dao dong qua 16n, turbin khong thé diéu chinh dugc va muc nudc trong thap
diéu 4p c6 thé vuot ra khoi pham vi khong ché clia cong trinh. (Trén do thi hinh 3-37 thé hién
quan hé Z = f(V) cua trudng hop dao dong 6n dinh va khong 6n dinh).

Dé khong ché khong xay ra hién tuong trén cin phai tinh todn ti€t dién clia thdp diéu 4p sao
cho moi hoat dong trong qué trinh diéu chinh phai tit din. Sau day s& phan tich cu thé qua trinh
diéu chinh nay.

3.2.7.2. Piéu kién 6n dinh soéng trong thap diéu ap cia tram thuy dién lam viéc doc
lap

bic diém cua thap diéu dp lam viéc doc 1ap la sau qud trinh diéu chinh néu c6 su chénh
léch cong suat do dao dong cot nudc N, = N, (N, - cong sudt 6n dinh cudi ciing) mdy diéu tdc tu
dong s& hoat dong diéu chinh lai ngay. Con d6i véi tram thuy dién lam viéc trong hé théng dién,
phan cong suat chénh léch nay toan bo hé thong s& dam nhan, t6 may chi dim nhan mot phan.

Gia thiét tai thoi diém t bat ky, muc nu6c trong thdp diéu dp trong khi dang dao dong,
chénh léch v6i muc nuéc 6n dinh 1a AZ. n6 s& gay ra su thay déi cot nuéc va Iuu luong AH va
AQ.

Tu phuong trinh can bang cong suat:

QC(HO - hc - th)nc = (Qc x A(DT )(HO - hc - hT b AH)H (3'82)

Trong do6:

H,: Cot nudc tinh:

h,, hy.: Tén that cot nudc tng vé6i luu lugng 6n dinh cudi cing Q, trong dudng ham trudc
thap diéu dp va trong 6ng dan nudc turbin sau thap diéu ap;

h.: Tén thét cot nudc ting véi luu lugng 6n dinh cudi cing Q, + AQ, trong 6ng dan nudc
turbin sau thap di€u ap;

M. N: Hiéu sudt turbin & ché do 6n dinh sau diéu chinh, twong ting Q, va luu luong tai
thoi diém tinh todn Q, + AQ;.

Thay: h; = k; (Q, + AQ,)? = hy, (1+AQ/Q,)% hy, (1+2AQ,/Q, vao (3-82) véi gia thiét thap
diéu 4p hinh tru va b qua su bién déi clia hiéu suét turbin va bd qua vo ciing bé bac cao (bac hai)
ta co:

AQ = Q.AZ
H (. hc - 3th

Xét hé phuong trinh (3-65), (3-67) cho thdp diéu dp hinh tru, thay V=V +AV; Z - h, = AZ,;

Q;=Q.+AQ,; Q. =fV.vah, =k (V. +AV)? ~ k (V42V.AV) = h_+2kV AV ta cé:
d(av) g

(3-83)

——/ =3 (AZ -2kV,AV) (3-83%)
dt L
AV = l[AQT -F M} (3-83%%)
f dt
Thay (3-83) vao (3-83*%), 14y dao ham theo t va thay vao (3-83%) v6i d(AZ) = dZ ta c6:
2
d*(az)  dA2) oz g (3-84)
dt dt
Trong d6: m=V, | 29K _ f (3-85)
L F(H,-h,-3h,)
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gf 2h
=2 (1-— "¢ 3-86
P LF( HO—hC—BthJ (5-86)

Phuong trinh (3-109) 1a phuong trinh vi phan tuyén tinh bac hai thuan nhét hé s6 hang véi
phuong trinh dac trung:
LE+mpB+p=0 (3-87)
2

Khi p < mT phuong trinh (3-112) ¢6 hai nghiém thuc riéng biét B, »:

2

m m
=——=x,/——P 3-88
Bo==517 (3-88)
va phuong trinh (3-109) c6 nghiém téng quat
AZ =C.e”" +C,e™ (3-89)

Tir (3-113), (3-114) cho thay ring:
P<0=B,>0vap,<0,khit—> oo, AZ —> oo muc nudc tang dan.
P=0= B,=0vaB,<0,khit— o, AZ — C, dao dong khong tat.
m’/4>p>0= B, <0vap,<0khit—> o0, AZ —> 0 dao dong tit dan.
2

Khi p = mT phuong trinh ( 3-87) ¢6 mot nghiém kép B, = B, = —%Vﬁ phuong trinh ( 3-

84) c6 nghiém téng quat:

AZ =eP(C, + C,) (3-90)

Tur (3-90) cho thdy rang:
m <0 =B >0; khit— o, AZ — o« muc nudc ting dan.

m >0 = B < 0; khi t —» o0, AZ — 0 dao dong tat dan.
2

Khip > mT phuong trinh (3-87) ¢6 hai nghiém phic:

m .| m?
ﬂl,zz_zil p_T

va phuong trinh (3-84) ¢6 nghiém t6ng quat:

AZ :ergt{c1 cos(w} p—nrJtJrCZ sin(w} p—”j]t} (3-91)

Tir (3-85) cho thay ring:
m < 0 = khi t — o0, AZ — o0 dao dong tat dan.
m=0=.......... dao dong hinh sin khong tt.
m >0 = khi t — o, AZ — 0 dao dong hinh sin tat dan.

T cdc tinh todn trén dua dén két ludn: Trong cac trudng hop v6i p > 0 va m > 0, dao dong
ludn ludn tat dan, khi do:
iz y ~ < 20K f
Tt biéu thitc (3-85) v6i m > 0 sé ¢6 = >0
L  F(H,-h, -3h,)

c
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F>F, = L (3-92)
ng(HO - hc _3th)
. » . . 2h <o
Ciing vay v6ip >0, tir (3-111),s€ ¢c6 1-————>0, tir d6:
H, —h. —3h
h, +hp < % (3-93)

Cong thiic trén Ia tinh vé6i gid thiét ring hiéu suét turbin khong thay ddi trong qué trinh dao
dong. Thuc t€ khi cot nudc 1am viéc thay doi véi tri s6 AH, hiéu suat turbin s& thay déi mot tri s6
An. Su thay déi nay c6 thé tinh duoc tir dudng dic tinh turbin.

Khi do tiét dién gidi han cta thap diéu dp s€ bang:

fL(1+0)
F, = 3-94
" 2gk[H, —h, —(3+20)h, ] (359
Trong do: 9= o=Me=Pe A7 515020

. AH

Do d6 dién tich tiét dién thdp diéu dp duoc chon F = (1,05 +1,10) F,

3.2.7.3. Tram thuy dién lam viéc trong hé thong
Tiét dién thap diéu ap (F) theo cong thiic sau:

F>F, %1 (3-95)
2

Trong d6:
F,,: Tiét dién cta thap diéu 4p trong trudng hop TTD lam viéc doc 1ap néi trén;

g: Ty s6 cong suat clia tram so v6i cong suat ctia hé thong: &= N, /N e

3.2.8. Lua chon loai va kich thudc thap diéu ap

Trong thiét k€, viéc lua chon loai va kich thu6c thép diéu 4p khong thé tdch roi véi viéc lua
chon céac bo phan cong trinh trén hé thong dudng dan va nha mdy thiuy dién. Két cau va kich
thude thap diéu dp anh hudng téi tri s6 dp luc nudc va va dp luc nude trong dudng ham din nudc
trude thap diéu ap.

Trong thuc t€, kich thudc thdap diéu dp it anh hudng t6i dudong kinh kinh t€ clia dudng 6ng
dan nudc turbin, do d6 khi xac dinh hinh thitc két céu va kich thudc thap di€u dp chi can xét tGi
su anh hudng cua ching t6i von xay dung duong ham trudc thap.

Ciac dai luong bién d6i c6 anh hudng t6i von xay dung cong trinh 1a bién do dao dong muc
nudc 16n nhit Z,,, nhd nhat Z,,, va tiét dién. Tiét dién nay phai bdo didm diéu kién F > F,,. Muc
nudc cao nhat va thap nhét trong thdp diéu dp xdc dinh dp luc nuéc trong dudng hdm dan nudc
trude thap va vi th€ quyét dinh von xay dung duong ham.

Tiéu chuén dénh gid khi so sanh céc phuong 4n thap diéu 4p Ia:

Cim + C

Chi phi tinh todn nam cua duong ham C,,, tang khi tang Z, .., Z,, do tang ap luc nudc
trong ching. Nhung d6i véi thap diéu ap thi ngugc lai, taing Z,,., Z,.., ¢6 nghia la dién tich F giam
va do d6 giam von xay dung né (chi phi tinh todn nam C,,,). Kinh nghiém thyc t&€ cho thay Z,
kinh t€ thuong trong khoang 3 + 6 m.

thap — MM

‘min
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Thong thuong véi thap di€u dp hai ngdn ma dia chat 1a da thi ngan trén bo tri trong khai
dao hd trén mat dat, vé6i thdp diéu ap dé€ hd hoan toan trén mat dat thi thudng st dung loai ¢6 16i
trong va lam bang beé tong cot thép.

3.2.9. Tinh toan két cau cta thap diéu ap

3.2.9.1. T6 hop tai trong

Chu yéu tinh véi ba truong hop sau:

- Muc nudc trong thdp di€u dp cao nhét, do d6 dp luc nudc va trong lugng nudc trong thap
diéu 4p 12 16n nhat.

- Muc nudce trong thdp diéu dp thap nhat, do dé ap luc bén ngoai cao nhat hoac ap luc vita
phun cing véi ap luc chit dong ctia nham thach quanh thdp diéu dp va luc ddy Ién tir dudi ddy la
cao nhat.

- Nhitng trudng hop trén cong thém tng luc nhiét do va co ngdt trong nhitng trudng hop doé.
Tinh todn két céu thap di€u dp cha yé€u la tinh phan than ding va tam ddy.
3.2.9.2. Tinh toan phan than ding

Phan than ding 1a mot 6ng rong, véi trudng hop ki€u ngdm tinh todn thudng phiic tap hon.
Dudi day gidi thiéu cach tinh khi giéng dat ngdm trong nham thach.

Than giéng c6 thé dat khe co dan ngang. Gifta than ding va tdém ddy thudng néi cting, rat it
khi n6i ban 1€, boi khi d6 1am vat chian nudc rat phiic tap.

a) Nguyén ly va cong thiic tinh todn

Tinh vé6i trudong hop than ding va tdim ddy noi ¢6 dinh. Do day than 14y bing nhau theo
sudt chiéu cao.

Céac ky hiéu va cong thiic tinh todn nhu sau:

R: Ban kinh tinh dén giita bé day than (m);

t: B9 day than (m);

k: Hé s6 khang dan tinh ctia nham thach (T/m’);

p: Cuong do ap luc nudc bén trong hoac bén ngoai, quy dinh dp luc nude bén trong 14y
d&u duong (T/m?);

¢: Bién vi cia than ding duéi tic dung cta ngoai luc, quy dinh hudng ra ngoai la duong
(m).

v: Trong luong riéng clia nudc (T/m’);

D: Do cing chong udn cua than:

1 3
D= _(—)121—;12 Et

p: Hé s6 Poat xong cua bé tong;

E: M6 dun dan tinh cua bé tong;

x: Toa do tinh tir diém tinh toan dén tdm ddy, huéng 1én 1a duong (m);

H: Toan bo chiéu cao than ding (m);

f: Thong s6 tham bién tinh bang cong thic:

P TS
4R?D 4D

Hoic 14y K = hé s6 khang dan tinh tinh doi:
-52-



www.vncold.vn Hoi Pap lon Viét Nam

K= % +K
R
M: M6 men udn trén don vi chiéu dai (Tm/m);
V: Luc cit trén don vi chiéu dai (T/m)
T: Luc hudng vong trén don vi chiéu dai, 14y luc kéo 1a ddu duong (T/m).
Mo men M, va luc cat V, & ddy than ding tinh nhu sau:
- Khi chiu tac dung ctia dp luc nudec bén trong:

—7HRt Et ( 1]

/12i1 U ) Et + kR? pH
«’12‘1 u )\I Et + kR

Néu muc nuéc trong thap di€u dp con cach miéng than mot doan d thi thay tri s6 H trong
cong thiic bang (H-d).

(3-96)

- Khi chiu tdc dung ctia dp luc nudc bén ngoai, lic nay nham thach khong sinh ra khang luc
dan tinh (k = 0) va cong thuc tinh nhu sau:

+&HRt ( 1]
M= ——|1-— (3-98)
v b 2)0 A
—ERt

V,=

2 (2pH -1) (3-99)
Ji2b- 12)

€. Ty 1é nudc trong tang nham thach. Cong thic trén chua xét dén anh hudng cla tim
day, thuc t€ do anh hudng cua tdm day phai tinh nhu sau:
M,=M,+M; Viy=V,+V
Trong d6: M' va V' - thanh phan do anh hudng cla tdim ddy giy nén va tinh toan & phan
duéi. Momen, luc cat, do doc va bién vi tai mat cét ¢o toa do x tinh tir ddy:

Trong do:

M, = My(Bx) + %4(&) (3-100)
Vv, =- 2BM0C(BX) + Voy(Bx) (3-101)
dy_ 7. ]

x~ K3 ﬂ 57 (2PMo0A)+ Vo (/)] (3-102)
y=+ ?_ﬁ[ﬁMOW( Bx)+Vo0( )] (3-103)

Trong d6 cac ham s6 ¢(Bx), E(Px), w(Bx) va O(Bx) tinh nhu sau:
#(x) = e~ (cos fx +sin x)
£(Bx)=e""sin px
w(x) =€~ (cos fx—sin /X)
6(px)=e P cos px
Luc huéng vong trén don vi chi€u dai tinh theo cong thic:
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2t
T==
=Y

(3-104)

b) Tinh cuong dé chong uén, chong ddy, hé sé tuong hé cia than ding

Mo men udn lam cho ddy than phat sinh mot géc quay don vi goi la cuong do chong udn.
Gia thiét than ddng cao vo han, dudi tic dung cia mo men u6én M, va luc cat V,, ddy giéng sinh
ra géc quay don vi [dy/ dX](x:o) =1 va khong c6 chuyén vi ngang (hinh 3-38a).

Khi d6 s€ c6:
M, =+2pD
Tri s6 nay goi la cuong do chong uon.
Dau duong 13 biéu thi
momen duong va hudng cua goc
quay duong la giong nhau. F

V,=-2D  (3-106) ’ i
Déu am (-) biéu thi lyc cit e
|

&

]

huéng ra ngoai. Tri s6 V, goi la %
hé s6 tuong ho. v, U
Néu cho day thap sinh ra ,_]:Jl "
chuyén vi ngang don vi y =1 va E
khong c6 chuyén vi quay (dy/dx
= 0) nhu hinh 3-131. Khi d6 mo

.

W

N <, 9 ~ don Vi
men va luc cat ¢ day:
M, =+2pD
V, =-4p°D (3-108)

(3-405)

T
Ca

| |
GIENED
Ml‘ -:I: "'.: ”"C'
=1}

Hinh 3-38. Momen M, va luc cdt V, tac dung;
a- khi ddy c6 géc quay don vi. b- khi ddy c6 chuyén vi

O day V, goi 12 cudng do chong ddy, M, 1a hé s6 tuong hd

3.2.9.3. Cac budc tinh toan phan than cing

Dung cong thuc (3-98) va (3-99) tinh m6 men va
cat & dau c6 dinh cua ddy than.

Xét anh hudng clia tdm ddy, sau khi da tinh toan
tinh lai momen va luc cét & ddy than.

Dung cong thite (3-100), (3-101), (3-102), (3-103)
(3-104) tinh todn momen udn, luc cét, do doc bién vi va
huéng vong ctia cac diém doc thanh than thap.

Khi c6 nudc trong thap thi tai mat nudc tu do,
thap s€ c6 mot mo men uon (hinh 3-39)

M, = ypD

K

3.2.9.4. Tinh toan tam day

(3-109)

(3-107)

M
o E | E%ijl1
| N
| | |
| |
| 1 [
; bl 1)
gty
I ":-'_.'..

Hinh 3-39. So do tinh todn
khi thdp chiu mét phdn ap
luc nudc bén trong

than

Day thap 12 tim tron hodc tdAm hinh vanh khan. Tinh toan theo nhitng trudng hop cu thé

sau:

a. Tinh todan tdm ddy khong xét dén luc khdng dan tinh cua nham thach.

D6 la truong hop tdm day chiu ap luc nude bén ngoai

-54 -



www.vncold.vn Hoi Pap lon Viét Nam

Tam tron ban kinh 14 b, mép ngoai c6 dinh, chiu tai trong phan b déu q (hinh 3-40):
Goi mo6 men huéng duong kinh la M, va m6 men theo huéng ti€p tuyén 1a My, cic cong
thitc tinh todn nhu sau:

M, =%[b2(1+y)—r2(3+y)] (3-110)

M, =%[b2(1+,u)—r2(1+3,u)] (3-111)
O mép ngoai ciing, chd r = b:

Mr(r=p) = —% (3-112)

M g(r=b) - £ 'c;bz (3-113)

- Tdm day tron, khong chiu tai trong, mép ngoai chiu mé men uén M:
Khi nay q = 0, do d6:

M, =—D(1J”).9 (3-114)
M, = D(1b+”)9 (3-115)

Trong d6: 0 1a géc quay giGi han do M gay ra. Ddu am la chi huéng quy dinh cia m6 men
M va géc quay 0 1a ngugc nhau.

- Tinh todn tdm ddy hinh vanh khan:

Mép ngoai gin c6 dinh, chiu tai trong phan bé déu q (hinh 3-40). Goi a, b 1a ban kinh trong
va ngoai ctia tam ddy, cong thiic tinh:

2
__plar’ G Coq_ ). C3 4" Cagq_ (3-116)
-0 3 e S s Pio e )

, =0 32 3 G0+ S Sl -S| G-I

Trong do: C,, C,, C, dugc xac dinh tit phuong trinh sau:

q 4 4 C3 2 a 2 bj Cl 2 2 a
9 (@ b4)+ 3|22 1g2 |-b2[ 1g2 | [+ 2(a2 —b2)+C,ig2 =0 (3-118
64D(a )+4{a(ge) (ge }+4(a )+ 219, ( )

3
£+%(Igi+£j+cl'a+&=0 (3-119)
16D 2 e 2 2 a

3
" Cobfib 1), Cub G, (3-120)
16D 2 e 2 2 b

: i P mEs!

ELIIAELEY s | P = r

_-__ i ® b | 4 I-——b S
Hinh 3-40. So do tinh todn tim ddy Hinh 3-41. So do tinh todn tam ddy
trong chiu tdi trong phdn bo déu hinh vanh khdan mép tam gan cé dinh
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b. Tinh todn tdm ddy cé xét dén luc khdng dan tinh ciia nham thach
Khi tdm ddy chiu tai trong huéng xuong, can xét dén anh hudng cua khang luc dan tinh cla
nén nham thach. Phuong phép tinh todn thudng theo gia thiét Vikle tic 12 bién vi cha mot diém
dudi tdm day ty 1¢ thuan véi khang luc dan tinh tai diém d6 (hé s6 ty 1é nay 1a k')
- Tam tron:
Cong thic tinh m6 men:

M, = -q|2{clz{(lﬁj+czz'2 (Iﬁj#‘?'clz'l G}rczz'z (Ifﬂ (3-121)

O mép ngoai ciing, chd r = b:

oo B0 A (o] o

Trong do6: C,, C, tinh bang cong thiic:

C,Z/(Z) + CZ,(Z) + 1= clzl$+czzz($j +1=0 (3-123)

Clzll(IEJ'FCZZIZ [?jzo (3-124)
1: Tinh tr cong thic: % =%
D'": Do cing tam ddy, tinh tir cong thic: D'= £
o ’ ETY )
t': Do day tam day; Z = 1/l;
Z,,Z,: Ham s6 dudi hinh thic cip s6 cua Z:
z4 78
Zy=1l-———t———... 3-125
PP LT (122
2 6 10
o A 2,z (3-126)

T2 237 2P
- Cuong do chong uon cua tam ddy tron:
Gia thiét trén tam day khong chiu tai trong thang ding, tic 12 g = 0, ma ven theo mép
tdm ddy c6 m6 men M, tac dung. Khi d6 do cting chong udn, tic 1a moé men can thiét lam cho
mép tdm day sinh ra géc quay don vi:

sz—?'{clz'l(tl’j czz;(?}r‘;'{clzl(z)wzzz(tl’ﬂ} (3-127).
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