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4.2 Phwong trinh nang lwo'ng Bernoulli

4.2.6. Phwrong trinh Bernoulli cta dong chét Iong thirc, chdy 6n dinh
* Piéu kién mé rong phwong trinh: dong chay déu hoac bién déi cham c6

ap suat phan bd theo quy luat thay tinh z + % = const.

Muc dich cua viéc m& rdng phwong trinh dé la trung binh hdéa nang
lirong don vi trén toan dong chay, cu thé Ia:;

- Tinh tdbng co’ ndng cda toan dong.

- Chia tbng co nang cua toan dong cho Iwu lwong trong lwong cda toan
dong ta sé dwoc nang lwgng don vi trung binh cua toan dong.



4.2 Phwong trinh nang lwo'ng Bernoulli

4.2.6. Phurong trinh Bernoulli cta dong chat 1éng thwe, chdy é6n dinh
Ta sé lam nhw sau:

Buée 1: Tinh tdng co’ ndng cua toan dong:

Nhan 2 vé clia phwong trinh Bernoulli ciia dong nguyén t6 v&i dG = ydQ
va tich phan trén toan mat cat:

2 2
f31( Z1 "'% "'% )ydQ :fsz( Z; "'p_yz "‘% +h'yq2) vdQ
Ta c0 3 dang tich phan sau:
1y = [z + % )ydQ — tdng thé ndng cua toan dong;

Ta tinh dwoc dé dang vi z + % = const theo diéu kién 1ap pt.

Suy ra: 1y = fg(z+ 2 )rdQ = (z + 7 1Q



4.2 Phwong trinh nang lwo'ng Bernoulli

4.2.6. Phwrong trinh Bernoulli cta dong chét Iong thiec, chdy 6n dinh
I3 = h'y1, ydQ - biéu thi tobng ton that nang lwong don vi cla toan
dong chay tir (1-1) dén (2-2).

Goi hyq, - la ton that nang lwong don vi trung binh trong toan dong
chay, ta co:

I3 = [ h'y12 vdQ = hy12¥Q
2 5 >

I, = fslzl—g vdQ - biéu thi tong ddng nang cua toan dong tinh theo quy

luat phan bd vén toc thwe u, ky hiéu E¥,:

EY = sZngQ fs—yudS— L [ u®dS



4.2 Phwong trinh nang lwo'ng Bernoulli

4.2.6. Phurong trinh Bernoulli cta dong chat 1éng thwe, chdy é6n dinh
Viéc tinh tich phan nay phlc tap vi ta chwa biét quy luat phan bd van toc
u. D& don gian ta thay u bang van tdc trung binh v.

Goi Ej, = Zlg Jsv? dS - tbng ddng nang cua toan dong tinh theo van toc

trung binh mat cat wét v. Gia tri nay ta ludn tinh dwoc vi v khéng phu
thuéc S. Ta dworc:
v Y 3 — Y .3 _ Y 3c_V
Edn —Z—ngV dS = Z_gv deS— Z_gv S—Z—gYQ
Vi sy phan bd u va v trong toan dong chay khac nhau nén
EY. #EY.. Mudn thay EY bang EY, ta phai xét dén sw chénh lé&ch.



4.2 Phwong trinh nang lwo'ng Bernoulli

4.2.6. Phurong trinh Bernoulli cta dong chat 1éng thwe, chdy é6n dinh
Vaytadat: Ei, =aEj,

u? v?
Hay: I = fsg ydQ = e YQ
a - hé sé, hiéu chinh sy phan bd van toc khéng déu trong tinh toan dong
nang, goi tat la hé sb hiéu chinh déng nang.
a = 2 - van toéc phan bod theo quy luat parabole (chay tang)

a = 1 - van toc phan bd theo quy luat logarit (chay roi)



4.2 Phwong trinh nang lwo'ng Bernoulli

4.2.6. Phwong trinh Bernoulli cda dong chat Iéng thuwe, chdy 6n dinh

u J.u? dS
Biéu th&rc a c6 dang: a = E?,“ = zg ys
dn Z_g VSS
] _ 1 . (u
Hay. a= ng (;) dS

Buworc 2: Thay vao phwong trinh va chia cho lwu lwong trong lwong Cflla
toan dong G = yQ ta dwoc phuwong trinh Bernoulli cua toan dong chat
Iong thure chuyén dong 6n dinh.

2 2
P1 V1© _
Zq T — + 1—g—Zz+_"‘0€22—"‘hw12
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4.2 Phwong trinh nang lwo'ng Bernoulli

4.2.7. Van dung phwong trinh Bernoulli ctda dong chay én dinh
a, phwong phap giai toan:
Nhirng bai toan ky thuat lién quan dén van toc, lwu lwong, ap suat, nang
lwong trong cac dong chay va cac may thay lwe, néu phl hop véi diéu
kién 1ap phwong trinh Bernoully cia dong 6n dinh déu cé thé ding
phwong trinh do dé giai.

Khi van dung phwong trinh Bernoully can chii y dén céac diéu kién lap
phwong trinh nhw sau:

- Dong chay phai 6n dinh

- Dong phai chay déu hoac la dong bién dbi cham

- Chat 16ng khdng nén dwoc

- Lwe khdi tAc dung vao chat 1dng chi co trong luc.



4.2 Phwong trinh nang lwo'ng Bernoulli

4.2.7. Van dung phwong trinh Bernoulli ctda dong chay én dinh
a, phwong phap giai toan:
* Trinh tw giai bai toan:

- Chon mat cat viét phwong trinh: nén chon qua nhirng mat cat hodc
nhirng diém tai d6 c6 cac yéu to can thiét hodc can tim.

- Chon diém viét phwong trinh: trong mat cat da chon, chon diém nao
ciing dwoc, nhwng nén chon sao cho viéc viét phuong trinh dwgc don
gian, gidm bot cac an so khong can thiét.

- Chon mét chuén: chd y lam don gidn phwong trinh, nén tranh nhirng

tri s6 am cho dé cao hinh hoc z va z +$



4.2 Phwong trinh nang lwo'ng Bernoulli

4.2.7. Van dung phwong trinh Bernoulli ctda dong chay én dinh
a, phwong phap giai toan:

NG6i chung viéc chon mat cat, chon diém, chon mat chuan phai két hop
v&i nhau dé gidm cac an s6 khong can thiét, tot nhat con lai mét an so.
Néu con hai an sb tr& 1én thi phai két hop véi phwong trinh lién tuc.

- Ap suat p c6 thé tinh theo ap suat tuyét déi hoac ap suat dw, nhwng
hai vé cla phwong trinh phdi cing mét loai. Trong nhitng bai toan lién
quan dén hién twong chan khdng, phai dung ap suat tuyét doi.

- Tri s6 clia hé sb hiéu chinh ddng nang o tai cac mat cat thwdng khéac
nhau. Can kiém tra trang thai dong chay trwdc khi viét phwong trinh.

- Can chu y viét phwong trinh xudi theo chiéu dong chay chiéu dong
chay vi ton that nang lwong h,, 1a dai lwong ludn dwong.



4.2 Phwong trinh nang lwo'ng Bernoulli

4.2.7. Van dung phwong trinh Bernoulli ctda dong chay én dinh
b, mét sé bai toan rng dung:

Hinh 4.2 Luu lvong ké Ventury | %

4
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4.2 Phwong trinh nang lwo'ng Bernoulli

4.2.7. Van dung phwong trinh Bernoulli ctda dong chay én dinh
b, mét sé bai toan rng dung:

Hinh 4.3 Ong Pi-td




4.2 Phwong trinh nang lwo'ng Bernoulli

4.2.7. Van dung phwong trinh Bernoulli ctda dong chay én dinh
b, mét soé bai toan rng dung:
* Lwu lwong ké kiéu Venturi:

Lwu lwong ké Venturi, con goi 1a 6ng Venturi gém mot doan 6ng hinh
con thu hep va mét doan 6ng hinh cén mé rdng ghép lai véi nhau.

Trén doan 6ng can do lwu lwong, ta lap 6ng Venturi. Tai hai dau doan
ong hinh con thu hep co 1ap 6ng do ap. Pwong kinh tai 2 mat cat ay 1a D
va d (da biét). Khi chat 1dng chdy qua 6ng Venturi, do hinh dang dong
chay bi thay dbi, van toc tai 2 mat cat Ién va bé sé khac nhau gay ra dd

chénh ap suat Ah = % trong céac ong do ap.



4.2 Phwong trinh nang lwo'ng Bernoulli

4.2.7. Van dung phwong trinh Bernoulli ctda dong chay én dinh
b, mét soé bai toan rng dung:

* Lwu lwong ké kiéu Venturi:

Lwu lwong chay qua 6ng tinh theo cdng thirc:

Q:k\/%:kx/ﬂ

2
Voi K=1 |52
(@1
Ta s& chirng minh céng thrc trén: Viét phwong trinh Bernoully cho m/c
1-1 va 2-2. Mat chuan trang véi truc 6ng. Néu bo qua h,, ta co:
P1 OlqVq? — b2 Ol V2,
M 28 Y 2g




4.2 Phwong trinh nang lwo'ng Bernoulli

4.2.7. Van dung phwong trinh Bernoulli ctda dong chay én dinh
b, mét soé bai toan rng dung:

* Lwu lwong ké kiéu Venturi:

Cho a; = a, = 1 va chuyén vé céac s6 hang, ta co:

2 —vy° — P17P2 _ Ap = Ah

\4

2g Y Y
Theo phuwong trinh lién tuc:

V151 = Va5
Suy ra:




4.2 Phwong trinh nang lwo'ng Bernoulli

4.2.7. Van dung phwong trinh Bernoulli ctda dong chay én dinh
b, mét sé bai toan rng dung:
* Lwu lwong ke kieu Venturt:

Ap _ Vv 1( —1)

Thay vao phwong trinh trén, ta co: > R

Hay v, = ng1 /Ayp Luc dé Iwu lwong Q sé 1a:
N 4

K 2 [Ap

Q=v;S5; = PR PURN

\ 4

Hay: Q = kf kv'Ah




4.3 Phwong trinh bién thién déng lwong

4.3.1. Phwrong trinh bién thién déng lrgng
Trong co ly thuyét ta da c6 dinh ly bién thién dong lwong dbi véi hé vat
ran:
% (mu) = % = YF

Viéc van dung cac dinh ly nay vao nghién ctru cac bai toan thay khi
dong lwc rat thuan tién la khéng phai xét dén nbi lwc cua chat l1ong (lwc
nhot).

Phuwong trinh dong lwgng la phwong trinh co’ ban cua thuy lwe hoc va
thay khi déng Iwc hoc noi chung va rat quan trong. Nhirng bai toan khong
thé giai dwogc bang phwong trinh Bernoully thi phai dung dén phuong
trinh dong lwong.



4.3 Phwong trinh bién thién déng lwong

4.3.1. Phwrong trinh bién thién déng lrgng ,
a, phwong trinh déng lwong véi nguyén té dong chay é6n dinh

Hinh 4.4 Bién thién ddng liong cua luu chét



4.3 Phwong trinh bién thién déng lwong

4.3.1. Phwong trinh bién thién déng Iwong
a, phwong trinh déng Iwong véi nguyén té dong chay én dinh
Xét mot dong nguyén td chat 1dng trong do ta khdo séat khdi chat 16ng
trong doan A,A,, gidi han trong 2 mat cat:

- mat cat (1-1) c6 dién tich dS; van tdc uy;

- mat cat (2-2) cé dién tich dS, van tdc u,

Ta xét bién thién dong lwong cla khoi chat 16ng trong khoang thdi gian
dt:

- Gia sl tai thoi diém t khoi chat 1dng & vi tri A A,

- Tai thei diém t + dt khoi chat 16ng di chuyén dén B, B,.



4.3 Phwong trinh bién thién déng lwong

4.3.1. Phwong trinh bién thién déng Iwong
a, phwong trinh déng lwong véi nguyén té dong chay 6n dinh
Vay dong lwvgng da bién thién.

Ta c6 thé coi nhuv sw bién thién déng lwong cua khoi chat long trong
doan A;A, sau khi n6 di chuyén dén B,B, la sw bién thién déng lvong cua
khoi chat Iong A;B; sau khi di chuyén dén A,B,.

Ta co:

dK =Kpg.B, - Ka,a,=Ka,p,- Kp.a,
Mé: KA2B2: mAZle_l)ZZ dezdt 1_1)2

Ka,p,= My, g, U= pdQ,dt u;
Trong d0:  mjy, g, = my g, = pdQdt



4.3 Phwong trinh bién thién déng lwong

4.3.1. Phwong trinh bién thién déng Iwong
a, phwong trinh déng Iwong véi nguyén té dong chay 6n dinh

Vay: dK = d(mt) = pdQdt(d, - §,)
_ dK  d(mu) _ N
Hay: T ar pdQ(u, —uy)

Két hop va ta dwoc:
pdQ(u, —u;) = >F

Trong d6: SF - 1a tdng vector ngoai lwc tac dung I&én khoi chat 16ng dang
xét, gom:

- Lwc khdi (trong lwc) dai dién bdi vector chinh F,,, .
- Lwc bé mét dai dién bdi vector chinh F, gdbm 2 thanh phan:



4.3 Phwong trinh bién thién déng lwong

4.3.1. Phwrong trinh bién thién déng lrgng
a, phwo’ng trinh déng Iwong véi nguyén té dong chay én dinh

- lwe bé mat do ap suat tao ra.
F,, : lwc bé mat do thanh ran tac dung l1én dong chay.
Vay, ta co:
de(ﬁz o 1_1)1) = l:m +Fsp + Fst
Hay la: Fm +Fsp + Fge + pdQu; + (- pdQu;) =0
Phuong trinh nay |é: phwong trinh déng lwong hay phwong trinh Euler 1
doi v&i dong nguyén t6 chay on dinh.



4.3 Phwong trinh bién thién déng lwong

4.3.1. Phwong trinh bién thién déng Iwong
a, phwong trinh déng Iwong véi nguyén té dong chay én dinh
*Y nghia thdy déng:
pdQu; - dong lvong lwu lwvgng vao;
pdQu, - dong lwong lwu lwvong ra; dwoc goi chung la cac xung lwong thay
dong.
Vay: Khoi chét I16ng trong mdt dong nguyén té chdy 6n dinh dwoc can
bdng duwdi tac dung cta ngoai luc va cac xung luong thiay déng.



4.3 Phwong trinh bién thién déng lwong

4.3.1. Phwong trinh bién thién déng Iwong
b, M6 réng phwong trinh déng lworng véi toan dong
Ta xét khdi chat I16ng chay qua 2 mét cat A,va A,.
Ta da co dong lwong lwu lwong cda dong nguyén to 1a:
pdQu = pu?dS
Mé& réng ra cho toan dong chdy cé mat cat S va van tdc trung binh mat
cat wot 1a v, ddng lwong cia toan dong 1a;
Ks" = pf u? dS—Tong dong luvgng clia toan dong tinh theo quy luat
phan bd van téc thuc u.
Do U phan bd trong mat cat khong déu nén déng lwong cac dong
nguyén td cling phan bd khdng déu.



4.3 Phwong trinh bién thién déng lwong

4.3.1. Phwong trinh bién thién déng Iwong
b, M& rong phwong trinh déng Iwong véi toan dong
Pé don gian, ta 1ap luan nhw sau: Néu tinh dong lwong lwu lwong cla
toan dong chay theo van tdc trung binh v, ta dwoc:

Ks" =pfyv? dS = pv’S = p.Q.V - Téng dong lwong cua toan dong tinh
theo van toc trung binh mat cat wot v.

Gilra 2 gia tri K" va Ks” ¢6 sw chénh léch, do do ta co:

Ks" = BKs"
Hay: pf u® dS = pv?*S

~ [« pu?.ds _ 2
VETAR D= SSVZS :%fs (%) o=




4.3 Phwong trinh bién thién déng lwong

4.3.1. Phwong trinh bién thién déng Iwong
b, M6 réng phwong trinh déng lworng véi toan dong
B - hé s hiéu chinh phan bd van toc khéng déu khi tinh déng lwong, hay
hé sbé hiéu chinh ddng lwong. (tri s6 phu thudc quy luat phan bd dong
chay).
B = % - khi van toc phan bo theo quy luat parabol (chay tang);
B = 1 - khi van tdc phan bd theo quy luat [6garit (chay roi).
Ta c6 déng lvong cua toan dong:
Ks" =BKs" =B pQV
Thay vao hai dang trén, ta cé phwong trinh déng lwgng cho toan dong
chat 16ng chay 6n dinh la:
BQ(BZ_?Z — E171) =)F
Fin +Fsp + Foe + pQB1Vy + (- pQB2V,) = 0



4.3 Phwong trinh bién thién ddéng lwong

4.3.2. Ung dung phwong trinh déng Iwong giai bai toan dong tia

Hinh 4.5 Dong tia voi tru tron phun vao vat rén cé dinh



4.3 Phwong trinh bién thién déng lwong

4.3.2. Ung dung phwong trinh déng Iwong giai bai toan dong tia
a. Luc tac dung cta dong tia |1én vat chan c6 phuong bat ky:

Xét dong tia tw do dwoc phun tr mét voi hinh tru tron phun theo phwong
ngang vao mot vat chan ran cb dinh. Khi gap vat chan, dong tia phan ra
hai nhanh chay doc theo vat chan. Dong tia tac dung 1én vat chan mét lwc
P, ngworc lai dong tia chiu mot phan lwc R clia vat chan.

Ta xac dinh phan lwc R, tir d6 tim P.

Ap dung phuwong trinh déng lwong véi B1= B,= 1 cho khdi chat 16ng gitra
cac mat cat 0-0, 1-1, 2-2, chiéu Ién phwong n-n, bd qua a&nh hwédng cua
trong lwc, ta co:



4.3 Phwong trinh bién thién déng lwong

4.3.2. Ung dung phwong trinh déng Iwong giai bai toan dong tia
a. Luc tac dung cta dong tia |1én vat chan c6 phuong bat ky:
Fm +Fsp + Fst T onV_o) t [' (lev_l)
i PQ,Vv3)] =0
R+ pQoV, - (PQqVy + pQ,V;) =0
RcosP + pQ,ve- (PQqVycoSOy
+ pQ,vycosa,y) =0
Hay:
R= PQoVo—(PQqVvicosOl1+PQavyc0s0ly)

cos3
Vo1 Qo =Qq + Q,




4.3 Phwong trinh bién thién déng lwong

4.3.2. Ung dung phwong trinh déng lwong

giai bai toan dong tia ’ v Q
b. Khi vat chan 1a mat phang dat vuéng goc T by 3]
Vi truc dong tia: Qo, Vu
oy = o= 90° Ll P
B =180° > P
Q;=Q,=Q/2. §
Thay vao phuwong trinh ta co: 'L
R =pQovo Vay P =pQov, Va, ‘Q?.

Qua thwc nghiém thay rang P thuc té nhd
hon P, cu thé |a:

Hinh 4.6 Mé&t phdng vudng goc cé dinh
P.= (0,92-+0,95)pQ,Vv,



4.3 Phwong trinh bién thién déng lwong

4.3.2. Ung dung phwong trinh
déng lwong giai bai toan dong

tia Vi, QI
c. Khi vat chdn la mét cong dat "
doi xtng qua truc dong tia: 2 Vo, Qu
A = A=« T
B = 180° R
Q= Q,= QL2 L
Thay vao phwong trinh, ta co: v, Qs |
P = pQ,v,(1 - cosa) —
Khi o = 180° thi

P=2pQ,v, Hinh 4.7 Mt cong dbi xing cé dinh









