Chuyén Bong Thé Cua Luwu Chat

CHUONG 6
CHUYEN PONG THE CUA LUU CHAT

Gigi thiéu

Méc du trong thuc té lwu chat ludn cé tinh nhdt, nén viéc nghién clru chuyén dong cua
lru chét ly twong (bd qua anh hudng clia tinh nhot) van co mot vi tri quan trong v i nhitng
li do sau:

1. Khi lvu chat chuyén dong voi Re >1, mién anh hwdng cta tinh nhét chi ton tai
trong mot Iép mdng sat bién, dwoc goi la lep bién (xem chuwong ly thuyét 16p bién).
Ngoai vung |&p bién, anh hwdng cla tinh nhét dén sw chuyén dong cla cac phan ti
lwu chét larat nho, khi do ta c6 thé xem dong lwu chat chuyén dong nhu lvu chat ly
twéng.

2. Ly thuyét vé chuyén dong cla lwu chét ly twdng cling cé thé ap dung duoc cho
chuyén dong cua lwu chét chat nhat, hay lwu chat chuyén dong cd van toc 1on vi khi do
sO Re sé I6n, tinh nhot sé anh huwéng it dén dong chay.

3. Khi gia thuyét luu chat co dd nhét bang 0 cac phuong trinh vi phan chuyén
dong sé ¢ dang don gian hon, gidp ta cd thé tim giai mot cach dé dang hon. Cac két
qua tinh toan nay cé thé duoc st dung dé kiém nghiém cac mé hinh tinh toan so hoac
ap dung trong thuc té trén co s& da dwa vao cac hé sd hiéu chinh thuc nghiém.

Ngoai ra con cé luu chat dic biét c6 do nhét bang 0 khi nhiét dd nho h on nhiét do toi
han vi du HELIUM, khi nhiét d6 nhd hon 2.17°K thi dd nhét dot ngot giam téi 0 — dwoc
goi la Siéu lvu chat.

Céc ly thuyét vé chuyén dong ctia lwu chét ly twdng duoc ap dung trong cac linh vuc
nhu: khi dong, chuyén dong song...

Trong chwong nay ta tap trung nghién ctu dong lwu chét ly twéng trong gi¢i han hep
hon: chuyén dong khong quay (con goi la chuyén dong co thé), phu thudc hai thir nguy én
khong gian (bai todn phang), lvu chét khong nén duwoc.
|.CAC KHAI NIEM CO BAN:
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1. Ham thé van téc - Buong dang thé:

1.1 Binh nghia dong c6 thé, ham thé van toc:
Trong co hoc ta cé khai niém vé truong luc thé: trwedng luc dwoc goi lacod thé khi cong
can thiét dé di chuyén mot phan ti tir diém A dén diém B khong phu thudc v ao dwong di

ma chi phu thudc vao diém dau va diém cudi. Vay ta cé thé viét:

W= [ Fds= [Fds ﬁ B
AmB AmB

. . . A . ~ m
Vidu: Treong trong luc lamot truong lwc thé. A

B—> -
R IAd S
Khai quat hon, mot trwvong vecto A duwgc goi lacod thé khi gia tri » chi phu thudc

A, B ma khong phu thudc dudng cong lay tich phan. Biéu nay cling dwoc ap dung cho

truong hop van téc vecto U.
B -
. uds ) .
Mat khac, trong toan hoc ta da biét, dé = chi phu thudc diém dau diém cubi ma
khong phu thudc dwdng di thi ham dwéi tich phan phai lavi phan toan phan clia mét ham

¢ nao do:

B, ., B
[ud's={do=ps -0,
A A (6.1)
Ham ¢ nhu thé duoc goi laham thé van téc vadong chay dugc goi laco thé.

Viét lai (6.1) theo cac thanh phan vecto ta co:

B, _, B
ju.d S I(uxdx+ u,dy +u,dz)

A

>
I

= A (6.2)
So sanh cac thanh phan tuong (rng trong hai tich phan cua (2) ta co:
0
ux = 8_(p Uy = _(P uz = 8_([)
O (6.3)
Hay:
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> o>

u=V

Trong hé toa do tru

P X S )
or raoo - 0z (6.4)

Vay, dong chay dugc goi la co thé khi ton tai mot ham ¢ sao cho cac thanh phan van
tdc cla vecto u tai mot diém nao dé dwoc xac dinh theo cac dao ham riéng clia ¢ theo (3)
trong hé toa do Dé cac vatheo (4) trong hé toa do tru.

Trudng hop ba toan phang, cac thong sé clia dong chay chi con phu thudc vao hai toa
do6 khong gian x vay.

1.2 Diéu kién dé dong chay la co thé:

Khi dong chdy lacé thé, ta ludn co: rot(u) = rot(grad ¢) = 0. Vay dong chay cd thé ludn
|& dong khong quay. Ta hoadn toan cd thé chirng minh rang moi dong khéng quay, tc la
thod man rot(u) = 0, déu ladong c6 thé.

1.3. Tinh chéat ca ham thé van toc:
Phuong trinh lién tuc cho lwu chat khong nén duoc cé dang:
ou, Ou, ou
x ayy Yo 0 (65)
Thé (3) vao (5) tanhan duoc:

o%u, d°u, &%,
e o’y T2 =0

Hay Vo =0 (6.6)

Phrrong trinh (6.6) cho ta thdy rang ham thé van téc thod man phwong trinh Laplace,
phwong trinh vi phan doa ham riéng tuyén tinh.
1.4. Buong dang thé:

Puong dang thé cé gia tri ¢ = const, khi d6 phuong trinh dudng dang cé dang

dp=0
Hay:

a—(de+a—(pdy+8—(sz =0
oX oy 0z (6.7)
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udx+u,dy+u,dz=0

(6.8)
1.5. Y nghfa vat ly ctia ham thé van tdc:
Taco:
B B
Id(p = j(uxdx+ u,dy +u,dz)
A A
B, >
IUd S=Dpg =0g ¢4
= (6.9)

Vay hiéu gia tri hai duong dang thé khi qua hai diém A, B bét ky bang | vu s van
toc doc theo duong cong ndi gitra hai diém do, khong phu thudc dang duong cong noi hai
diém do.

2. Ham dong (ham lwu tuyén) - Buwdng dong.
2.1. Khai niém vé duong dong:

Déi véi dong chay phang luu chat khdng nén duoc, phurong trinh lién tuc ¢ dang:

%4_6& =0
ox oy (6.10)
(10) ludn cho tathdy luén ton tai mét ham y sao cho:
¥ oY
xT oy U T~ N A A )
y OX (trong hé toa do vubng goc). (11)

(thuc vay, néu thé cac thanh phan van téc theo (6.11) vao (6.10), ta c6 (6.10) ludn thoa
man).

Ham y duoc goi laham dong hay ham [uu tuyén.

Vay: ton tai ham dong cho moi dong chay hai chiéu, khéng phu thudc vao diéu kién
dong co6 quay hay khong.

Trong hé toa do cuec:

o _Low o
rao or

2.2. Ham dong trong dong thé phang:

Trong dong thé phang ta co:

ou, au,

Rot(d) = [K_ 5 J =0 (6.12)
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Thé 6.11 vao 6.12 tanhéan duoc :
Ay =0 (6.13)

Vay trong dong thé phang ciing nhu ham thé, ham dong v thod man phwong trinh

Laplace.
2.3. Quan hé gilra dwong v = Const va dwong dong
Phuong trinh ¢6 w = Const [a dy=0, hay c6 dang:
—u,dx+udy=0 (6.14)

Hay

(Qj _Y
dxJy U, (6.15)

Pt (6.15) chinh la phuong trinh dudng dong. Vay cac dwong cong c6 w = Const chinh
la cac dwong dong.

2.4. Y nghta vat ly ctia ham dong:

Xét dong chay gilra hai dwong dong C1 va C2. U lavan tdc tai diém M. Noi A vaB
bang mot dudng cong nad dé. Lwu luong thé tich trong 6ng dong 1

q=[ unds= [ (udy-u.d)= [ d¥=1¥,-¥, (6.16)

AVE AVE AVB
Vay: hiéu gia tri ham dong giita hai diém bang lwu lwong qua 6ng dong gidi han hai
dwong di qua hai diém do.
Vidu:
Dong chay phang va cac ham dong
Cho dong chay phang c6 w(x,y) = ax* + by?, avab la cac hing s6 thuc. Nghién ctu

cac dong chay theo cac diéu kién cliaa vab.

yA
Giai:
Taco:
u, =8_\P= 2by;u, =—a—\P:—2ax
oy OX
Phuong trinh dwéng dong w = Const:
* Trudng hop a/b = 0: y = by? 0 X

Hinh 6.1
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Dong chay nay 1a dong chay gitra hai ban phang song song, dich chuyén trong hai mat

phang song song theo phwong cla hai mat phang, van téc twong déi gitta hai mat phang

nay la U. Buwong dong la cac duong y = Const (hinh-6.2).

u i y=C
N s
> >
> >
4 < '
< <
< <
g <
Hinh 6.2
* Truong hop alb = -1 v = a(x*y?) (6.18)
u=2by; u,=2bx (6.19)
_ [ﬂ_ﬂj _
rof(u) \Ox oy (6.20)

Vay dong la khéng quay.
Truwong van téc nay dwoc dac trung bdi thanh phan kéo dan dai, kéo cac phan ti lwu
chét theo huéng dong chay. Phuwong trinh dwong dong:
y =ax>-y’)=C

« Truong hop a/b=1, vy = a(+y?)
Uy=2ay; Uy,=-2ax (6.21)
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0
. [&_%]2_461
ro(u)=\ X %

(6.22)

>
—
N
>

IR
<

Hinh 6.4

Y

clv

<
e
%

S
NS

T

(6.22) cho thay chuyén dong ctia lvu chat la chuyén dong c6é quay. Cac phan tir luwu

chat quay quanh truc vudng goéc voi mat phang xoy, véi van téc goc 5=—2a, dwong
dong la céac dwdng tron dong tam, phuong trinh:
y=ax*+y)=C (6.23)
* Trwong hop tong quat:

P :M(x2 +y?) +B(y2 -xX) =¥, +%¥
2 2 e (6.24)
U= (b+a)y + (b-a)y ; uy = -(b+a)x + (b-a)x (6.25)

Chuyén dong khi nay laténg hop cla hai chuyén dong quay v a kéo dan theo phuong
dong chay.
2.5. V& su truc giao ctia ho dudng dong va dudng dang thé:
Tabiét:
Lodo . _de_ o¥
“ox oy Y oy OX
Thé vao diéu kién truc giao Cosi-Rieman
%%‘i’@%% -0
Tathdy phuong trinh nay thod man.Vay, hai ho duong dong va dwdng thé truc giao.
3. Nghién cttu dong thé phang qua ham thé va ham dong - Thé phec:
T trén tathdy:
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1. Khi biét thé van toc hoac ham dong clia mét dong chay ta c6 thé xac dinh dwoc

trwdng van toc. Bai toan di tim ¢ va y la gidi phuong trinh vi phan A2p=0 hay A2y=0,
sao cho dap s6 thoa cac diéu kién & xa v cung va diéu kién bién.

* Diéu kién & xa vo cung latri s6 van toc va ap suat & noi dong chay khéng chiu anh
hudng (hay chiu anh huéng rat nhd) clia cac diém dac biét hay clia cac vat can.

* Diéu kién bién: khi truong hop chay bi gi¢i han bdi thanh cling X, diéu kién bién
chogvay latrénbién X la:

2 _
v =const va on (phwong n la phwong phap tuyén cta bién X).

2. Vi c&c ham phuong trinh ¢ va y dwgc mo ta bang cac phuong trinh vi phan dao
ham rién loai tuyén tinh (phuong trinh Laplace), nén cd thé chdong nhap nghiém, ¢ nghia
|&co thé tdng hop hai nhigu dong thé phang thanh mdt dong thé méi phic tap hon hoic tir
mot chuyén dong thé phirc tap c6 thé phan tich th anh hai hay nhiéu chuyén dong thé don
gian.

3. Tacd thé nghién ctru dong thé phang trwc tiép qua ham dong va ham thé, hodc ding
két hop véi ham thé phirc.

Khai niém vé thé phirc: vi ham ¢ vay déu thod méan phuwong trinh Laplace, nén theo ly
thuyét ham bién phirc, ta ¢ thé xay dung mot ham bién phirc W(z) sao W(z)= o(Xx,y) +
iy(x,y), trong d6 z 1a bién sb phirc (z = x + iy hay z = re'®, W(z) duoc goi 1athé phirc cla
dong chay. khi do6, dong chay duoc nghién ctru tric ti€p theo W(z).

Sau day, ta nghién ctru mot s6 chuyén dong don gian vachuyén dong tong hop.

Il. CAC TRUONG HOP CHUYEN BONG THE BON GIAN:
1. Chuyén ddng thang déu:

Cho dong chay c6 van téc U = Const tao v&i phuong x mot goc a.

Xé&c dinh thé van téc va ham dong clia dong chay ta co:

Uy = Ucosa; uy = Usina (6.26)
dy = u,dy- u,dx

T=qudy—juydy+C=UyCOSa —-Uxsina +C (6.27)

Chon dwong dong qua tdm O cé vy = 0, vay C=0, khi do:
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v = U(ycosa-Xsinao) (6.28)
3P = LEJE + LYY (6.29)
o= qudx+J.uydy+C =Uxcosa +Uysina +C

Chon dwong dang thé qua tam O c6 ¢ = 0, vay C = 0, khi d6
e=U(xcosat+ysino)

Khi o = 0, ho dwdng dong va dwdng dang thé c6 dang hinh nhe Hinh 2.1

¥=20  Feam 20y g
%2:1? Y w0 A N
/ I / / y ¥, ,=20
Yo @2 @ / » F1,=10
= . AAA
—> V. >
:: (24 . \}7—&-0 / \P/z‘-/lo > Fram-10
— > ¢, ,=-20
/ m% ’/ / " w30
Hinh 6.5 Hinh 6.6 ¥
Theo ham thé phc:
Ham thé phirc clia dong song phang c6 dang :
W(z) =az
Trong d6, néu lién hé gilta a v6i van téc dong téi, ta c
A= Ucosa-iUsina
W(z) =(Ucosa-iUsina).z (6.30)
Phan tich phan thuc va phan 4o ctia W(z) ta cé:
W(z) = (Ucosa. - iUsina).(X +1y)
= (Ucosa.x + Usina..y) + i(Ucosa.y - Usina.x)
Mat khac, ta biét W(z)= ¢(x,y)+iw(X,y), vay:
¢ = (Ucosa.x + Usina..y), y = (Ucosa.y - Usina.x) (6.31)

Céc biéu thirc (6.28), (6.29) hoan toan trung v di (6.30)
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Vidu : Dong chay c6 u,=10m/s, u,=20m/s. Xac dinh ham dong vavé ho duong dong.
Giai
Theo 6.28 taco v = Uy.y-Uy.X = 10y-20X = w1+, (theo nguyén tac chdng chap thé). v,

la cac dwong x = Const, y, la cac dwong y = Const. Ho cac dwdng dong thanh phan y, v,
va dvong dong tong v duoc trinh bay trén hinh 2.2
2. Diém nguodn, diém hat (giéng):

Tl mot diém trong trwvong hop dong chay c6 mot ngudn lwu chat do ra déu vé tat ca
moi phia, véi luu lwgng khong doi, diém nay duoc goi la diém ngudn. Trwong hop nguoc
lai, néu lwu chat tr moi phia don déu vé diém nay, nguoi ta goi la diém hat, hay diém
giéng.

Cuong do diém ngudn hat 1a luu lwong thé tich ca nguodn, hit trén bé day la 1 don vi.
Diém ngudn cuong do duong, diém hit co cwong dd am.

Ham dong va ham thé cta ngudn, hit: Néu lwu chét tir diém nguon tod ra véi luu
lwvong khong doi, déu vé moi phia, d ong chay lic ay chi ton tai thanh phan theo phwong
hwéng Kinh v,, con thanh phan van t6c vong v 8 bang 0, khi do, van téc v, tai mot diém

cach tdm doan r dugc tinh theo cwong dé g nhu sau:

V= g/2nr (6.32)
Do vay, ham dong duwoc xac dinh nhu sau (trong hé toa do tru):
dy =rv,dO - vedr = r(g/2nr).do (6.33)

v = 0.9/2nr + Const
Lay diéu kién y =0khi 6 =0, tacéd: v = 0.9/2nr
Viét trong hé toa do Beé cac: y = g/2rarctg(y/x)

Ham thé dwoc xac dinh nhu sau:

do = v, dr+r vodo (6.34)
q q 2, .2
—Inr=—"1
=2 nr ym n(x +y)

Vay ham dong va ham thé cla diém ngudn, hit nhu sau:

q q 2,2
=+—Inr=+—In|x" +
A 47r( )

(6.35)
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y=tdg= J_riarctg¥

2n 2n

(6.36)

trong do, dau (+) dung cho diém ngudn dau(-) dung cho diém ht.

Phrong trinh ho dudng dong 1a cac duong thdng qua tam véi goc 6 khéc nhau, con
dwdng dang thé 1a cac duong tron dong tam O (hinh 2.3).

Khi diém nguobn dat diém M(xo,Yo) bét ky, thé van toc va ham dong c6 dang:

0 :J_r%ln\/(x—xo)2 +(y-yo)

Y = J_riarctgu
2n X=X,
Theo ham thé phtc:

Ham thé phtrc ctia diém ngudn (hat) dat tai diém Z o cod
dang:

w(z)=2in(z- )

Téach phan thyc va phan ao cla (6.39) ta cling nhan
duoc ham o theo (6.37) vaham vy theo (6.38).
3. Xoay tv do:

Xét dong chay bao quanh tam O sao cho lwu sé doc

theo mot duong cong bat ky bao tam moét lan | a khong

thay doi, co nghia la:

r=§ﬁ.d7=c
C

I'>0 (ng véi chiéu quay nguoc chiéu kim dong Hinh 6.9
ho). Dong chay nay duoc goi ladong xoay tu do.
Van téc dong chay theo phuong r khi nay bang khong v, = 0, van téc theo phuong

vong - tlre la phrong 0 tai moi diém trén dudng tron cach déu tdm la khong doi va duoc

tinh nhu sau:
_r
" onr (6-40)
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Thé céac thanh phan van tdc vao (6.33) va (6.34) va tich phan Ién, ta nhan duoc ham

dong va ham thé ctia xoay tv do cé dang nhu sau:

¥t nr= —Lln(x2 + y2)

2n 4 (6.41)
o= _Le :Larctgl

2n 2n X (6.42)

Khi diém xoay dat tai M ¢6 tao do (X o,Yo), ham dong va ham thé cé dang:

Y- —%In((x— %) +(y- Yo)z)

(6.43)

Q= %arctgii—ilz 6.4
Ham thé phirc clia xody tv do c6 dang:

W(z) = J_rL,In(z— Z,) (6.45)

2mi
D&u (+) khi dong quay theo ngwoc kim dong hd. Lwu ¥ rang dong chay tao bdi xoay tuw
do la dong thé tai moi diém, trlr tai di€m M(Xo,Yo) la diém dat xody. Thuc vay, do vecto

xoay trong hé toa dé cuwc trong truong hop nay co dang:

- 10 oV
tu=="(rv,)- 2o
rotu rar(r ) roo

Matheo (6.40)
v, =Const =I", 5V, =0

4. Lwdng cuwc (cap diém ngudc- diém rut hoac cap hai xody nguoc chiéu)
4.1. Khai niém:

Xét chuyén dong dwoc tao bdi mot diém ngudn va mot diém xody cung cudng do, dat
trén truc x, d6i xing qua truc y, cach nhau mot khoang e. D ong chdy duoc tao bdi cap
diém nay c6 ham dong va ham thé duoc xéac dinh nhuw sau:

TTW@@[QIG_]

2t 2t \2n )6, (6.46)
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Ho dutng dong
diém ngudn o ¥ =C

diém rat

Ho dudng dang thé

¢ =C
Hinh 6.10
¢ =9,+¢, =(ijlnrn —(ijlnrh :(ij(lnrn ~Inr,)
2n 2n 2n (6.47)
Trong do:
e e
X+~ X——
0, =arctg| —2 |0, =arctg TZ
(6.48)
\/—2 2
e ) (. e ,
= (x+—j + YA T = (x——) +y
2 2 (6.49)

Chuyén dong luéng cuc lachuyén dong duoc tao bai mot cap diém ngudn va diém rit

cach nhau mét doan &, cé cung cwong dd g sao cho £.g—mg hi*u han khi e—0. my duoc
goi la cuong dd hay mé men cua lwdng cuc.

Tl (6.46) taviét tai ham thé ctia chuyén dong ludng cwc nhw sau:

2 2
¢ =lim(qg/2r YInr, —Inr, ) =lim__, iInM

gqe—>my 4 X— (6/2)2 + y2

: q 2ex
=lim —Inll+ ———
Seom, AT ( x—(e/2) + yzj

Mt khac theo khai trién chudi, khi x 1avé cung bé ta co:

(6.50)

IN@+x)=x—x?/2+...
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B0 gua cac s6 hang vo cling bé bac cao, ta nhan dwoc (6.50) dudi dang sau:

o =lim, iln(ﬂ 28X J
x—(

ge—>my, 47 e/2)2 + y2
. q ex
=li —_— 6.51
rr%ﬁnb 2t x—(e'2) +y? (651)
—p=1b_X
2n X2 + y2 (652)
Khoéng kho khan gi taco thé chirng minh ham dong c6 dang:
L W
2n X2 + y2 (653)
Trong hé toa do cuc ham thé va ham dong c6 dang sau:
m, coso m,sin®
¢ = Y=
2nr 2nr (6.54)
Ham thé phirc mo ta chuyén dong lwdng cuc cé dang:
w(z)-Tol
2n z (6.55)

Trén hinh 2.5 trinh bay ho cac dwong dong va cac dudng dang thé ctia chuyén dong
lvdng cuc
I11. CHONG NHAP NHIEU CHUYEN BONG THE.

Trén day ta da nghién ctru mot s6 chuyén dong thé don gian co ban. Tong hop cla
nhitng chuyén déng co ban nay s& cho ta nhiéu dang chuyén dong phtrc tap hon va cé y
nghia ap dung thuc té.

1. Chuyén dong quanh c6 thé dang Rankine

Xét chuyén dong dwgc chong nhap bdi ba chuyén dong sau: chuyén dong déu theo
phuong x véi van téc Uy, chuéyn dong do diém ngudn dat tai O 1(-a,0), diém rat dat tai
O,(a,0), cwdng do ngudn va hat déu bang g.

Ham thé va ham dong cuia chuyén dong tong hop ¢ dang:

q

= U X+—
P © 47

In|(x+a)? + yz]—%'”[(x— a) + | (6.56)
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w:uoy+iarctg y —iarctgi
2n

X+a 2n X—a (6.57)

Trong d6, s6 hang dau tién cla ham thé va ham dong la do dong chuyén dong déu, s6
hang tht hai 1a do ngudn, sé hang th( ba lado ht.

Trén hinh 3.1 trinh bay ho cac duong dong v = Const. Ta nhan thdy dudng dong
khong (rng voi w = 0 gébm duong y = 0 va mot duong cong kin, phwong trinh dwong cong
l&

w:u0y+ziarctg y —iarctg y =0
T

X+a 2n X—a (6.58)
Ya

Hinh 6.11

Ngoai ra cac diém A vaB cd van toc vax = Vgx = 0, cac diém C va D cd van toc theo
phuwong y, vpy = vey = 0. Vi duong dong khong la dwdng cong kin, nén ta thdy phan dong
chdy phia trong va ngoai dwong dong khéng c6 sy giao luu véi nhau. Dong chay khi nay
giéng nhu do mét chuyén dong déu bao quanh mot vat cé hinh dang dwong dong khéng,
ma duoc goi laco thé dang Rankin.
2. Dong chday bao tru tron:

Xét chuyén dong tong hop cua hai chuyén dong: chuyén dong déu v a chuyén dong
lwdng circ. Ham thé va ham dong clia chuyén dong tong hop trong hé toa do cuc co dang
sau:

¢ =U_rcosb +ﬂ}cose
Zi (6.59a)
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. m 1.
vy =U_rsind ——=sin¢
Z (6.59b)

Trong dé s6 hang dau cta vé phai lathanh phan do chuyén dong déu, sd hang thi hai

do chuyén dong luwdng cuc.

T (6.59) va (6.60) ta co:
¢ =U_rcoso.(1+ M, iz)
U, 1 (6.60a)
v =U,rsno.a- " 1)
2, 1 (6.60D)

[o]

Trén hinh 6.11 trinh bay ho cac dwong dong y=Const, trong do dwong dong w=0 co

phuong trinh sau:

1
m 1) 4

=U_rsno.(1+
v=Uorsnd e o

(6.61)

v

v

Hinh 6.11

Phuong trinh (6.61) thod man hai truong hop:

1 sin® = 0: cac diém trén truc ox

m 1 m,
ey FZO:Rz\/z u
2 o ™o - c4c diém trén dwong tron ban kinh R.

Vay dwong dong khdng truc Ox la duwong tron tdm O ban kinh R.
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R= /2m°
o (6.62)

Do khéng ¢ s trao doi lwu chéat gitra mién trong va mién ngoai dwong tron dudng

dong khong nén trvdng dong chay sé hoan toan khong thay ddi néu ta dat vao vi tri duong
dong khong mot tru tron nhan, cé ban kinh theo (6.62). Vi vay dong chay dwoc tao boi
mot dong déu va mot lvdng cuc con co tén la dong bao quanh tru tron khéng cé lvu s6
van toc.

Ham thé va ham dong duoc viét lai nhw sau:

R2
¢ =u,rcoso.(1+ r_z)

(6.63)
R2
Y =U,rsing.(1-—)
r (6.64)
* Phan bd van toc trén tru tron ban kinh R:
u, _1% —2u,sin6
r oo (6.65)

Vay hai diém A vaB van téc bang 0 ua-ug=0, dwoc goi I hai diém dirng, tai hai diém
CvaD c6 van téc max: uc-up=2uo (hinh 3.2).

* Phan bo ap suat trén tru tron ban kinh r:

Ap dung phrong trinh Bernoulli cho mot diém & xa vo cing vamot trén tru tron ta co:
p;+pU§/2= p*+pu2/2=p*+2pU§Sin29 (666)
Vay
Ap = p’ - p; =(pUZ/2f1-4sin?0) (6.67)
Voi P = P10z
Thé phirc clia dong bao quanh tru tron co6 dang:
2
W(2) =UOZ+EE=UO(Z+R—j
2n z

z (6.68)

3. Chuyén dong quanh hinh tru tron quay:
Xét chuyén dong téng hop cla chuyén thdng déu, chuyén dong | vdng cuc va xody tu

do. Thé phtrc clia chuyén dong tong hop nay cé dang:
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¢ =U_r cosb +ﬂicose —Le
2nr 2n (6.69)

W :Uorsine—%%sine +%Inr (6.70)

Pay cling la dong téng hop cta dong bao quanh tru tron khéng [wvu s6 va mot dong
x0dy tu do, con duoc goi la dong bao quanh tru tron c6 luu s6 van tée. Két hop véi (6.63)
va (6.64) taco thé viét (6.69) va (6.70) dudi dang sau:

R, T

¢ =u,rcoso.1+—)—-—=>6
r*’ 2n (6.71)

2
\ =uorsin9.(1—R—2)+LInr
r°° 2n (6.72)

* Phan bo van toc trén tru tron ban kinh R:

u=-2U,.9in0 L
2nR (6.73)

Tir (73) ta xac dinh dwoc vi tri cac diém van téc bang O trén tru tron dwoc thé hién
twong (ng tirng diéu kién. Co6 ba truong hop trinh bay trén hinh 3.3.

*  Ap sut tai cac diém trén tru tron ban kinh R:

Ap dung phuong trinh Bernoulli cho hai diém & xa vo cling vatrén truc ta co:

p;+pU§/2= p*+pU2/2 (674)
KEt hop voi (6.73) tanhan duoc:
2
* * * 2 . r
Ap" =p —pm(puolz{l—(29n0+ ] ]
2rRU
(6.75)
y y y
o > > ~ > ~
S OSIEE AS ISR A
D
I' < 4nRU | I' =4nRU I' > 4nRU |
A, B: 2 diém dirng C: 1 diém dirng D: diém dirng nam ngoai
Hinh 6.12
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* Tinh luc do dong chay tac dung 1én tru tron:

TU phan bd ap suét trén tru tron theo phuong trinh (6.75), ta xac dinh dwoc luc do luu
chat tac dung Ién tru tron theo hai phwong trinh x vay nhu sau:

* e theo phwong y - luc nang:

2n
F_=—-[Ap"Rsin6.do
0

2n 2 .
- pYs {A—4sin26 - 2FS””eszine.ole = pU,T
0

= 02 TRUq (6.762)
Zj’[
e \ sin"0.d6 =0

voiA=1- 147 aUo ya gy réng: o khi nlé.
* Lrc theo phwong x - luc can:

2n

Fo :—_[Ap*.Rcose.de
0 (6.76Db)

2n 2 .
_ jpu—°. A_asin?e - 299 1o 0s0.d6 =0
_ 42 7RU

Nhan xét: Luc nang do lwu chét tac dung Ién tru tron phu thudc vao cwdng do xoay tw
do vavan toc dong déu, c6 phrong vudng goc véi van toc dong déu. Khi I'=0 ta cé F_=0.
Lwc can do lvu chét tac dung |én tru tron ludn bang 0. Day 1a mot trwdng hop dic biét ap
dung dinh Ii Joukopxki V& lvc nang cho c6 thé hinh tru tron. Hién twong nay duoc quan
sat trong thuc nghiémm, co6 tén la hién twgng Magnus.

Dinh ly Joukopxki vé luc nang: Khi dong lwu chat i twéng van toc Ug chdy bao mot
cO thé vai lvu s6 T, s8 tac dung 1én c6 thé dé mot luc cd phwong vudng goc vai phuong
Uo, chidu duoc xac dinh bang quay U, mdt goc 90° nguoc chiéu lwu s6, va gia tri bing
pUol.

Dinh ly Joukopxki khéng nhitng diing cho cd thé hinh tron ma cho c6 thé hinh dang
bat ky. Hién twong nay dwoc (rng dung nhiéu trong ky thuat va doi séng: la nguyén ly co
ban clia cac thiét bi bay, nhiéu thiét bi | am viéc cé tvong tac gitra may va luu chat...

Thé phtic ctia chuyén dong tong hop nay c6 dang:
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), T
UO[Z'F—J'FTInZ
W(Z) - 4 i

(6.77)

Vi du: M6t dong khong khi van téc 10m/s chdy bao mét tru tr on theo phuong vudng
goc truc tru. Truc cé ban kinh 1.2m vada 9m quay v6i van tdc 210v/ph quanh truc clia
no. Gia thiét dong chay phéng. Xéc dinh bang Iy thuyét:

1. Luwu s6 van toc bao quanh tru.

2. Luc nang tac dung Iéntru.

3. Cac diém van toc bang 0 trén mat tru.
Giai

Tacd coi dong chay trong treong hop nay thudéc dong bao quanh tru tron co [wu s6 van
toc, trong do:

1-Up=10m/s

2-Thanh phan xoay tu do dwgc tao béi sy quay cla tru. Trén mat tru van téc vong do
xoay tu do la:

Vo= ».R=7n.nR/B60O = 3.14x210x1.2/60 = 13.19m/s

Do vay, luu s6 van toc bao quanh tru | &

' =21.Vg.R = 2x3.14x13.19x0.6 = 49.73 m?/s
3- Luc nang do dong khi téac dung Iéntru la

FL=L.pUol" = 9.0x1.2x10x49.73 = 5371N 6.80
4-Diém dirng

Theo 6.73 ta c6 diéu kién:

u=-2U,.sn6 —L=O:sine -
2nR 4nRU

) r ) 2nRV, . V,
=0 =arcsin| — =arcan| — =arcsin| —
47RU | 4nRU | 2,

. (1319
=0 =arcsin ————
( 1.10)

Thda man véi hai vi tri 6, = 318.74°, 0,= 221.26°
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