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CHUONG 4

PONG LUC HQC LUU
CHAT

V PHUONG TRINH VI PHAN CHO CHAT LONG LY
TUONG CHUYEN PONG (P.Tr EULER)

X—l@ du, =au"+uX 8uX+uy8uX+uZ8ux 'Q
pox dt ot ox By oz

- ] — =

F——grad(p):ﬁc —l@:duy:auy+u auy+u 8uy+u oy (2)

p dt Yopoy d ot “eox Yoy ooz

Z—l@=(1112=%+uX 8uZ+u auz+uZ8112 3)
poz dt ot ox ¥ oy oz

»Dang Lamb-Gromeco cua phudng trinh Euler: +u Y va
Sau khi sip x&p, trén phuong x ta dudc:

2 42 2 ou
F _l@ 811_ i u_+_y+u_z +uz allx_allz —-u _y_ﬁux
2 2 oz ox ) By

2
u
8; ;; [7] +u,rot(u), —u rot(u),

Ta bi€n ddi tuong tu cho p.tr (2) va (3).
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Cudi cung ta dugc Dang Lamb-Gromeco ctia phuong trinh Euler:

. (2
F - lgradp = 2—? + grad(u?J +rot(u) AU

p
1 ] k (rot(u) Au), =u,rot(u), —u rot(u),
[rot (i) A ti| = frot(u),  rot(u), rot(u),|<> §(rot(i) Ali), =u,rot(u), —u,rot(u),
u, u, u, (rot(u) Au), =urot(u), —u,rot(u),

II TICH PHAN P.TR. LAMB-GROMECO— PHUONG TRINH BERNOULLI

pox Ot 0x

ou 2
F _l@_p:_y+i kb +u rot(u), —u,rot(u), xdy
Y poy ot oyl 2

X

18p:6u_X+8(u2

7} +u,rot(u), —u rot(u), xdx

+

1odp ou 0

2

u
F-—=—"%+—| — |+u,rot(u), —u,rot(u), xdz
A aZ[ZJ ,Fot(u), — urot(u),

eD&i v6i dong 6n dinh, luu chi't nim trong trudng trong luc, khong nén dugc:

) dx dy dz
— d(gz Py %J =rot(u), rot(u), rot(u),
P u, u, u,

Trong mot sd cac trudng hgp cu thé sau, ta cé tich phan phuong
trinh trén véi v& phai = 0 =P. tr. Bernoulli

2 2
gz+£+u—=C hay z+2+ % —¢

p 2 Y 28

> Luu chdt chuyén dong thé toan mién: rot(u)=0 :(C 12 hiing s6 cho toan mién)

» Tich phdn doc theo duong dong (C 13 hing sd trén dudng dong)

> Tich phén doc theo dudong xody (C 12 hing s6 trén dudng xody).

> Tich phdn doc theo dudong xodn éc (C 13 hiing s6 trén dudng xoin &¢)

DONG LUC HOC 2



PGS.TS. Nguyen Thi Bay, DHBK tp. HCM; www4.hcmut.edu.vn/~ntbay

Thuviendientu.org

eTrong trudng hgp dong chay luu chit khong nén dugc, on dinh véi
rot(u)=0, xét trén phuong phap tuyén n véi dudng dong:

Néu luc khoi 12 mot ham cé thé, ta dua ham thé © vao vdi dinh nghia sau:

FX = —a—n;Fy = —a—n;FZ = —a—ﬂ:

[0)4 oy 0z

Vi€t lai phuong trinh vi phadn dang Lamb-Gromeco:
2

— gradm — 1 gradp = au + grad(u—J +rot(u) AU
p ot 2

hay F =—gradn

Trén phuong phap tuyén n v6i dudng dong (ngugc chiéu véi phuong ban kinh r):

d p o [ u? .

S A o0 PR L /Y

an[ﬂp] an(zj R
P r

or uw? u u u or

2
Néu Iuu chit chiu tdc dung cla lyc trong trudng: — 9 ( gz + B] L
or

Nhdn xét:

»Theo phuong r (hudéng ti tdm quay ra): r cang lon, ——» 7 + b cang lon
Y

dp sudt phan bo trén mdt cdt udt theo
. p quy ludt thity tinh (khi dy cdc duong
»Khir—o; 7+ —= const ——> (Jong song song va thdang, m/c uét la mdt
i phdng) - day la truong hop chdt 16ng

chuyén dong déu hodic bién déi dan

oY nghia ning lugng cua phuong trinh Bernoulli:

~ P :1a th€ ning cda mot don vi trong lugng luu chat
Y (bao gdm vi ning don vi z va 4p ning don vi p/y).
2 , . 3
u : 1a dOong ndng cua mdt don vi trong lugng luu chait.
2g
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Binh ludn: Dong chay vé6i cac dudng dong nhu hinh vE, ta c6:
a) z,+ Pa _ =7, + Pp > —
Y Y + L
I
b) z.+ be _ Z,+ Po
Y Y
C)  Zq+ Pe _ Z,+ Py
Y Y
d) z,+ Pa _ Zy+ Ps
Y Y

Cau nao dang?

III. PHUONG TRINH VI PHAN CHO CHAT LONG THUC CHUYEN
DONG (P.Tr Navier-Stokes)

—

F- lgr—a(i(p) + W2+ lvgr—ad(div(ﬁ) _du
p 3 dt

Tich phan phuong trinh Navier-Stokes cho toan dong chdy, ta dugc phudng trinh
Bernoulli vi€t cho toan dong chit 18ng thuc khong nén dudc chuyén dong 6n
dinh. Pay la mdt dang cua phuong trinh ning lugng, ma ta ching minh dudc
bing pp TTKS trong chudng dong hoc:

IV. PHUONG TRINH NANG LUGNG

dQ dW 0

E_E ”j(e +—u +gz+—)pdw+”(e +2u +gz+—)pu dA

Pay chinh la phuong trinh ndng lugng cho dong chdt long khong on
dinh cé kho'i lugng riéng p thay doi.
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1.D4éi v6i dong dn dinh, khong c6 su trao ddi nhiét véi moi trudng bén ngoai:

dW 1 ) P
-——= +—u” +gz+-—)pu, dA .
dt J;:'.(eu 2 bores p)pun chii Y rang:
Z =z+p/y la thé nding don vi
:jj e.pu, dA+—=—”(—u +gZ)pu_dA
Nhan xét thay: ”‘ e pu_dA +_ 12 phan bi€n ddi ning lugng do
chuyén !

dong clia cdc phin tif bén trong khdi luu chi't gdy ra va do ma sit cia khdi luu
chat véi bén ngoai. Pai lugng nay khé xdc dinh dugc bing 1y thuyét, thong
thudng, né dudc tinh tf thuc nghiém, tuy theo trudng hdp cu thé. Ta dit:

H eu dA + aw _ = pgh,Q ddy chinh la ndng lugng bi mdt di ciia luu chdt qua
dt thé tich W trong mot don vi thoi gian.

h;1a m4t ning trung binh ctia mot don vi trong lugng luu chat.

|
= yQh, = —”(5 u’+ gZ)pu dA
A

< Néu xét cho mot doan dong chdy vao mdt cdt 1-1 va ra tai m/c 2-2 (p=const)

I 1
pgh(Q = [[Gu’ +eZ)pu,,dA - [[Cu* +gZ)pu,,dA
A2 2 Al 2

Ta tinh riéng cac tich phan
eNéu trén m/c uét A, dp sudt

phén bo theo quy ludgt thuy ”(gZ)de gZpQ=(gz+ )pQ

tinh.
eTich phédn thanh phdn J‘J‘_u pu,dA = PN, >~ 1 V2pQ = BN,
dong ndng:. 2 >|

Pua vao hé s hiéu chinh ddng ning o jjlu2pu dA=DN,, = lavsz = abN,
2 " S)
VOi oy, =27 ag=1,05- 1,1 A

1 1
Nhu vay: pgh.Q = (E Ohvlz +g7Z,)pQ— (5 0‘2\/22 +g7,)pQ

2 2
o,V o,V
hay: zl+&+ L] :z2+p2+ 22

Y 2g Y 2g

Pay chinh la ph.tr. ndng lugng cho toan dong chdy 6n dinh chdt léng thuc khong

nén dugc ndm trong truong trong luc tic m/c/1 téi m/c 2 (khong cé nhdp hodc tdch
luu)

+hg,
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*Néu dong chay cé nhdp hodc tich luu (p=const)

1 1

ivao 2 jra

TH, 1a tong ning lugng dong chdy bi mi't di khi chdy tif cic m/c vao d&€n cdc m/c ra
(trong 1 d.vi thoi gian).

2. Trong trudng hgp dong chay cé su trao ddi niing lugng véi bén ngoai (dugc
bom cung cip ning lugng H, ; hay dong chdy cung cip niing lugng Ht cho
turbine), thi ph. tr trén cé dang tdng quat hon:

2 2
a, Vv, a,V
Hy+z, + 2L+ 80 g g 4 P2 S22 00

+hy
Yy 2g Y 2g

H, 1a ning lugng do bom cung cidp cho mot don vi trong lugng dong chdy khi
dong chay qua bom - Ta goi la ¢c6t 4p bom .

H, 12 ning lugng ma mdt don vi trong lugng dong chdy cung cap cho turbine khi
qua turbine.

V. AP DUNG PHUONG TRINH NANG LUQONG AB
Vi du 1: Po luu téc di€m ciia dong khi biing 6ng Pito vong
A’ I bosooocaccco

Ap dung ph.tr Bernoulli trén dudng dong tir A t61 B h
(bd qua mat ndng): u R | B’

zA+p—A+—A—zB+p—B+ B

Y 28 Y 28
2

v6i ug=0, suy ra: —A — (ZB n p_B] — [ZA + p_Aj

2g Yk Yk

Ap dung phuong trinh thuy tinh 1an lugt cho cdc cip diém AA’ (trong moi trudng
khi), A’B’ (trong moi trudng 16ng); BB’ (trong moi trudng khi) ta c6:

ZA,+h)=(ZA +p—AJ (ZB +&j—[ZA +p_Aj:(ZB' —ZA,)+M
Tx Tk Yk Yk

T
Suy ra
ZB,-I-&j:[ZB-i-p—B] :—h+Lh=h£ﬁ—lj
Y Yv /) T T

y Thyec té do mdt ndng nén vén téc
Nhuvdy: u, = _[2gh R thuc tai diém A I6n van toc tinh
Yk tir cong thikc bén.
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Vi du 2: Po Luu lugng qua dng Ventury

Ap dung p. tr ning luong cho dong chiy
tr m/c 1-1 d€n 2-2 (bd qua mat ning):

2 2
o,V a,V
L P 11:Z2_|_P2+ 2V2

7,
Vi 2g Yn 2g

(al,a2=1): Suy ra:

2
Q 12_ 12 N S T N - 1
28\ A5 A Yo Ya

Hay:

Luu lugng Q 6 trén tinh dugc khong ké t6i ton that ning lugng,

Thyc t&€ luu lugng Qthe nhé hon, nén can hiéu chinh lai lvu lugng sau khi
tinh Q,,, Hi€u chinh bing cong thic trén nhu sau: Qe = CQyiun
vdi C<1 1a hé s6 hiéu chinh Ventury (do mat ning sinh ra).

Vidu 2b:
NuGc chdy trong dudng dng cé ti€t

dién co hep dudng kinh d nhu hinh vé&, cudi w ———
ong nuc chdy ra ngoai khi trdi véi dudng E — Ryt ! :::i\lz
kinh D = 2d. Tai mit cit co hep c6 gin mot _~

ong nhé thong v6i binh dung nude tir ngoai.
Mt thodng clia nuc & ngoai ti€p xiic v6i khi
trdi va thdp hon truc ng mot doan h. _ I
Cho d=10 cm; h=0,5m. B qua mit ning. Goi
Pmin 12 4p sudt t3i thi€u trong doan 6ng co hep d& nudc c6 thé bi hit 1én. Luu lugng dng v6i 4p suit
Pmin 12: bao nhiéu?

DS: pin = 0,5 m nuwéc; Q=25,41 lit/s:

HD: Luu chat chi ch. dong tir chd c6 e cao tdi e thap, vi viy dé nuc khong bi hiit len thi ning
luong tai mat thoang cua binh nudc: zj=e), < =e,= z,+p,/y; suyra  pp/y >=-(h);
Ta ghi nhan (pA/y),,;, = -(h).

Luu y rang trén mit cit u6t 1-1 tai A ap sudt phan bd theo quy ludt thuy tinh, nghia la:
z1+pl/y=zZA+pAly.

Pé tim Q ung voi (PAY) i = -(h), ta viét p.tr ning lugng cho dong chay tir mat cat 1-1 (chd
co hep) téi mat cat 2-2 (cho mé rong)
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Vi du 3: Dong chay on dinh qua 16 thinh méng:

+ Po + OLO\]()z =z, + P + O(‘c\/c2 +hf
Y 2g Y 2g H

Ning lugng cia dong chay tir binh ra ngoai chu ~__lf,_\

y&u bi mat di 1a do co hep khi qua 19, day 1a loai Ao

mat nang cuc bd, né ty 1& véi V2 tai mit cdt co ] T

hep c-c (hoc trong chuong dudng dng). Ta c6 thé

viét lai: 2
- o,V
L+ Po %oVo _,
Y 2g
V, =

Z

2
+pC+aCVC +&-’ C
2g

Sy 2g
’( 1 }/2gH = Cy+/2gH
a +§
v6i Cy < 1 goi 1a hé so luu toc.

Luu lugng:  Q=AV, = Ac,/[a—igj@hm@?m sCyA2gH = C,A|2gH

V6i A la dién tich 16 thdo, € 1a hé s& co hep,
C, (<Cy) 1a hé s0 luu lugng

Z

V,=0, p,=0; Suy ra:

Vi du 4: Dong chay 6n dinh qua dap tran thanh méng:

h
Xem dong chdy la tip hop cua nhiing
dong chdy qua 18 thinh mdéng c6 bé rong .| h

B, cao dh nim & toa do h trén truc toa do
Oh nhu hinh vé.

Luu Iugng qua 16 thdo:

dQ - C,Bdh 2g(H — h) - cdztg(gj<h>mdh
g 0
Q=]c, 2tg(5](h) 2¢(H - h)dh
0

Pé 14y tich phan trén ta dat: u=h; dv=,/(H-h)dh

K&t qua cho: Q=C, %tg(ngz 2¢H
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Vi du 5: Dong chay qua voi lip ngoai: 0 0
V2 & P
ZC+Pc+acc:Z1+P1+a11 H
Y 2g Y 2g J A
suy ra: 2 2 T ARSI Al
P. _ o, Vi . V¢ <0 ﬁ;\\'
Y 2g 2¢g ‘1

Gia sit voi c6 dudng kinh d biing 16 thanh mdng, va hé s6 co hep ca hai trudng
hdp nhu nhau. Ta chitng minh dudc van tdc V, qua vdi 16n hon qua 19, vi tai
m/c c-c trong vOi 4p sult 1a 4p sudt chan khong, nén:

ch()i = \/( 1 j\/zg(H _&j = CV 2g(H _&j > V016
o +§ Y \ Y

Nhu vay, luu lugng qua voi Ién hon luu luong qua 16 thanh méng va bing:
(vi€t phuong trinh ning lugng cho dong chdy tir m/c 0-0 dén 1-1 &€ tim ra
van toc 1 tai mit cdtra 1-1).trong trudng hgp nay :C, = Cy:

Q=CyA,2gH =C A2gH

Vi du 5b: o f

Mot binh chira nude t6i do cao H. Nude chay ra ¢ day binh qua mét 16 nho
duong kinh d. D& myc nudc trong binh 6n dinh, ngudi ta d6 thém vao binh
mot luu lvgng Q. Bo qua co hep. Cho H=4m; Q= 5 lit/s; d=3 cm.

Heé sd mat ning cuc bd tai 16 thao 1a: H
DS: hé s6 mét nang cuc bé tai 16 thao =0,57 d
Vi du 6: Dong chay khong 6n dinh ra ngoai binh: ‘
Q = C,a,/2gh A I
trong d6 h gidm theo thdi gian dh
Sau thdi gian dt, thé tich trong binh gidm:
dW = —-Adh = Qdt = C,a4/2ghdt H h
A
dt =——F=dh
C,a+/2gh a

Vay thdi gian d€ nuSc chdy hét binh 1a:
0

¢ A A A
T=-(—"—dh=—"—2Vh| =——"—2JH
I'ECda,/Zgh Cya4/2g a Caay2g
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Vidu 7a: Dong chay qua may thuy luc: 2 2
2 2
o,V o,V
z0+p°+ g°=z1+p1+ ;1+hfo_11 J
Y g Y g ‘/B\'
pPo=0; V,=0; z,=0 1V H
Suy ra tai mit cit 1-1 tru6c bom ¢ L Oeenreeennnd chuan.......... :
c6 4p suit chan khong:
2
p—l——(z1+ Vs +h)<0
Y 2g
2 2
o,V o,V
Y 2g Y g
Suy ra: Hp =H+hy,

Cong suit hitu ich cia bom: 1N = YQHjp

Hiéu suit bom: n=
truc

Vidu 7b Bom hit nudc tir gi€ng 1én nhu hinh vé&.Biét luu lugng Q=30

lit/s, dudng kinh dng hit D=0,12m.Tai chd udng con ¢6 hé s6 ton
that 1a £=0,5. Chiéu dai dudng 6ng hit L = 5m. Ong c6 hé s6 ma sit
dudng dai 1a 1=0,02. Néu nuSc c6 nhiét do 12 20°C va bd qua tén
tha't cuc bo vao miéng 6ng. Tim chi€u cao dit bom z t6i da

Gigi: G 20°C, 4p suat hdi bao hoa clia nudc
1a 0,25 m nudc. Vay 4p suat chan khong tai
mit cit truc bom cho phép t6i da 1a 9,75 m
nudc.

Tacé: V= % =2.653m/s

2
Zy = —pl — alVl (14-}\,%4-%))

Yy 2g
0,2.653 7 5
Zy, =975 ——————11+0.02 +0.5)
2%9 81 2
zy =891m
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