Phan tich thr nguyén va dong dang

CHUONG 5
PHAN TiCH THU NGUYEN VA BONG DANG

Gigi thiéu
Trong cac nganh k¥ thuat ma dac biét la trong moén co lwu chét, phwong phap thuc
nghiém c6 mot vai tro quan trong. Ly thuyét vé phan tich thir nguy én la co s& cho céc
nghién ctru thyc nghiém. Phan tich thr nguyén gilp ta tong quat hoa két qua clia céac
thi nghiém riéng ré, trinh bay né mot cach c6 hé théng véi y nghta vat ly r 6 rang, mé
rong kha nang (*ng dung cac két qua nay vao viéc dy doan cho cac truvong hop khac.
Phan tich th(* nguyén la hai céch tiép can khac nhau ctia cting mot van dé - co sé ly

thuyét ctia nghién cru thic nghiém.
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|.PHAN TICH THU NGUYEN
1. Cackhai niém co ban
1.1. Khai niém co ban

Céc dai lvong vat ly c6 thé chia ra |am hai loai. Mot loai, ching han nhw chigu dai,
dién tich, lyc..., ma gia tri clia n6 bao gdm hai phan: gia tri bang s6 va don vi do
ldrng clia nd, di ngay sau con s6. Vi du doan 6ng d & 2.2m, tdm phéng c6 dién tich 1.2
cm?® hodc &p luc tac dung trén tdm phéng 1a 98.1 N...Cé4c dai lvong van cé ¥ nghia
khong déi nhung gia tri bang s6 cta ching cé thé thay déi do ta chon don vi do lvdng
khac di. Chang han 220 cm, 120 mm? va 10 kgf van chinh 1&d2.2 m, 1.2 cm? va 98.1
N. Céc dai lvong nay dwoc goi 1a cac dai lugng thi nguyén. Loai khac, chang han hé
S0 ma sat, gia tri clia nd chi thé hién bang mot con s6 va doc 1ap véi hé do luong. Cac
dai lvgng dé duoc goi la cac dai lvong vo thir nguyén.

1.2. Binh nghta thir nguyén

Pai luong c6 thir nguyén l1a dai lwgng ma gia tri bang s clia chiing phu thudc vao
hé don vi do lvong do ta chon. Nguwec lai, dai lwgng vo thie nguyén la dai lugng magia
tri bang s6 ctia ching khdng phu thudc v ao hé don vi do luong.

Cac dai lvong vat ly lién hé voi nhau théng qua cac dinh luat. Mot trong s6 cac dai
lvong dy dwoc chon lam cac dai lwvgng co ban va con nguoi ta thiét 1ap cho ching cac
don vi do lvong goi la don vi do luong co ban. Bon vi do lwdng cla cac dai lwong
khéc s& duoc biéu dién theo cac don vi do lwdng co ban nay. D6 1a cac don vi do
lvong dan xuét, va cac dai lwong tuvong ng — cac dai lvong dan xut. Chdng han, hé

do lvong Sl (Systeme International) c6 7 dai lvong co ban.

bai lvgng Ky hiéu Pon vi

Chiéu dai L m
Khbi luong M Kg
Thoi gian T s
Nhiét do K K
Cuong dé dong dién A

Cuong dé anh sang Cd Cd
Pai lvgng vat chat N Mol

Tat ca cac dai luong khac dugc biéu dién théng qua cac dai lvong ndy goi la cac

dai lvong suy dan..

GV: Nguyén Birc Vinh 59



Phan tich thr nguyén va dong dang

~ Trong co hoc, thudng chi c6 4 dai luong co ban dugc st dung 1 chiu dai, khéi
lvong, thoi gian vanhiét do.

Hé do luvong khac nhw BG ( British Gravitational) va EE (English Engineering) st
dung chiéu da (ft), luc (Ib), thoi gian (sec) va nhiét do Renkine (°R) lam cac dai
lvong co ban.

Dinh nghta: Tht nguyén la cong thirc biéu dién don vi dan xuét qua don vi co ban.
N6 thuong dwgc dé trong ddu ngodc vudng [ ].

Trong mot hé thong do lwong nao do, cac don vi co ban laL, M, T thi dai lvgng a
bat ky sé c6 thir nguy én:

[a] = L'M™T!
Vi dy, trong hé SI, thir nguyén luc F sé |&

[F]-= [khoiluong Jchieudai |

[thoigian]*
va don vi cliané : 1IN = 1 kg.m/s?
Bang th(* nguyén:
Pai lugng vat ly Ky Tht* nguyén
hiéu
Hé FLT Hé MLT
1. Baéc trung hinh hoc
Chiéu dai L L L
Dién tich S L? L
Thé tich w L L
2. Tinh chét lvu chat
Khéi luong m FTAL? M
Khéi luong riéng P FTL ML3
Trong lvong G F MLT?
Trong lugng riéng v FL® ML3T?
D0 nhét dong hoc v LT LT
Do nhét dong lwc hoc " FTL™? MLT?
Suét dan hoi K FL™? ML™T?
Stc cing bé mit - FL™ MT?
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3. Déc tinh dong va dong

lyc u,v LT LT
Van t6c ®, N T T!
Van téc g6c a LT? LT?
Giat6c théng = F MLT?
Luc P FL™? ML™T?
Ap sudt . FL™? MLT?
(Png suét tiép Q LT L3T?
Luu lvgng W, E FL ML?T
Cong, ning luong N FLT? ML2T?
Cong suét M FL ML?T
Ngau luc, moment

2. CAC PHUONG PHAP PHAN TiCH THU NGUYEN

Trong tv nhién, c&c hién twong vat ly la mot tong hop cac mdi quan hé gitra cac tac
nhan va hau qua. Chung tac dong qua lai v&i nhau, lién hé v&i nhau mat thiét. Bat ct
mot thay doi & yéu t6 nao cling cé thé la nguyén nhan dé gay ra mot bién doi & cac yéu
t6 khac. Chang han, khi gi6 thdi | & mdt vat thé ding yén, nd téc dung lén vat thé mot
lwc. Van toc gié cang lon, luc tac dung ciling tang. Cac yéu t6 tac dong qua lai n ay
dwoc dac trung bai cac dai lvong tuong (ng va hién twong vat ly dé cé thé dwoc khai
quat dudi mot quy luat cé6 dang mot ham toan hoc dién ta quan hé gitra cac dai |wong
trén.

Chang han, mdt hién tuvong vat ly 1a méi quan hé gilta n cac yéu 8, trong do cac
yéu t6 duoc dac trung bdi cac dai lugng twong tng a, ai, &, ...., an.1, ta cd mai twong
quan:

a=f(ay, a,...,an1)

f la mdt ham. Trong da s6 cac trwong hop, ta khdng biét mot cach rd rang, chinh
x&c laham f nay duoc viét nhu thé nao. Khi d6 ta phai tim dén bién phap thuwc nghiém,
xac dinh gia tri cila ham mot cach roi rac tai cac diém — ta dwoc bang, cac do thi vasau
d6 la céc biéu thirc xap xi (cac cong thirc thwe nghiém). Dinh ly sau day gilp ta dinh

hudng tot hon trong thic nghiém. Thay vi khao sat bién doi ciia mot s hang theo s
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bién dai cla tirng s6 hang riéng ré khéc thi don gian hon, ta khao st bién d6i clia mot
nhém s hang theo s bién doi ctia cac nhdm sd hang khéac.

Binh ly : (Buckingham) M 6t quy luat vat ly duoc biéu dién bang ham quan hé gira
n cac dai lvgng co thir nguyén, trong do co k dai lvong co thir nguyén doc lap, thi quy
luat vat Iy do ciing co thé dugc biéu dién bang ham quan hé gitra s = n-k cac dai lvong
vO thtr nguyén

n="Ff@,m, T, o)
Trong dé:
a. .
TCi — - a2k+|
atay’....a,

Véi ay, a, ..., a la cac dai lwgng c6 thir nguyén doc l1ap; cac s6 o; dwgc xac dinh tir
céc biéu thirc can bang thir nguy én.

Noi chung, viéc chon céc dai lwgng cé thir nguyén doc 1ap co thé kha tuy tién. Tuy
vay néu ta khdng dinh hwong tredc thi cac s8 vo thir nguyén ...co thé sé chéng dai
dién cho mot yéu td nao clia hién twong vat ly. ma mot khi cac con s6 khéng cé6 mot
ban chat vat ly thi khé ma hiéu ching. Thong thwong, doi voi cac hién tuong vat ly
trong hé théng luu chét, kich thudc (dai, réng hodc dwdng kinh), van téc, khoi lwgng
riéng thwong dwoc chon lam cac dai lwgng cé thir nguyén doc lap.

Khi phan tich thir nguyén, tim cé&c quy luat ctia mot hién twgng vat ly nao do, viéc
hiéu n6 va phan tich cac yéu to anh hudng larat quan trong. Doi vdi cac van dé thudc
Iinh viee co luu chat, ta cé bén nhém cac yéu t6 anh huéng:

> Céc dac trung hinh hoc: kich thuéc dac treng (dai, rong hoac duong kinh),
kich thwdc cac mo nham trén bé mat...

> Cac dac trung dong hoc: van téc v, luu lvong Q.

> Cac dac trung dong luc hoc: trong luc g, ap suat p, gradient a p suat grad (p),
(ng suét tiép...., lwc tac dung F....

> Tinh chét cta lwvu chéat: khoi kuong riéng p, dd nhét p (hodc v), strc cang bé
mat. .., modun dan hoi E.

Tom lai

Mai s6 vo thir nguyén  c6 m dai lwvong ddc 1ap chung. Ching duoc goi 1a céac dai
lwvgng 13p lai. Thong thuong cac sé n dugc xac dinh theo cac budc sau:

> Xac dinh tong n céac dai lvgng va xac dinh thi nguyén clia céc dai luvgng nay.
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» Chon m dai lvgng doc lap lam cac dai luong 1ap lai va xac dinh s lvgng s6 vo
thir nguyén.
> Xac dinh cac s6 « theo m dai lvong lap lai

M 6t s6 vi du cu thé

Vidu 1: Lvc F cla lwu chat chuyén dong tac dung [én mot vat dirng yén phu thudc
vao kich thrdc vat L, van téc chuyén dong clia lvu chét v, khoi lugng riéng p , do nhot
1, va modul dan hoi E cta lvu chat: F(L, v, p, p, E). Tim biéu thirc v6 thir nguyén
dién ta sy phu thudc nay.

Giai:

C6 tat cd n=6 dai lwvgng tham gia trong qua trinh vat ly nay. Thi nguyén cla tirng

dai lwvgng trong hé SI:

[F= 5
[L]=L
M= =
[p]=%
(1=

( M- khéi lugng, L- chiéu dai, T- thoi gian)
Co k= 3 dai lvgng thir nguyén doc lap. Tachon cac dai lugngnay la L, v, p. Vay

sé c6 s=3 s vO thir nguyén. 6 la:

TE_L
L2V°.p©
u
n,=—
1 Lal.vbllpcl
f—_ E
2 L% v p %

DE xac dinh a, b,c,a;, by ¢; &, by, ¢, tacan phan tich thir nguyén cac biéu thirc cla

cac s0 n trén. Chang c6 thir nguyén duoc xac dinh tuong &rng:
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M.L
LOMOTO = |_T2b et (5.5)
o) (%)
M.L
L°MOTO = (L)al(LTbl[N;)q (5.6)
T) L
M
L°MOT® = LT* (5.7)

Can bang thi* nguyén cac biéu thirc (5.5)-(5.7) theo ML, T sé cho ta cac hé phuong

trinh va |&i giai twong (rng clia chlng:

M: 1-c=0 a=2
L: 1-a-b+3c=0 =>pb=2
T: -2+b=0 c=1
M: 1-¢,=0 a=1
L: -1-&-b+3c;=0 =>b;=1
T: -1+b;=0 c=1
M: 1-c,=0 =0
L: -1-a-b,+3c,=0 =>b,=2
T: -1+by=0 c=1
Vay:
L
L®v%.p
T = E
2 Vvip

Quan hé quan hé trong dé bai cé thé viét lai:

F —_KH :ZE (5.8)
L2v2.p Lvp Vv°p

GV: Nguyén B¢ Vinh



Phan tich thr nguyén va dong dang

Céac s0 vo thit nguyén n,,m,,n tim dugc & trén c6 y nghia vat ly cu thé. Nguoi ta

thuwong dat:
_ F
“1
p.vo.L
Re= p.v.L
n
v

%

Va goi ching la hé sb lvc, sO Reyolds va s6 Mach. S6 Reyolds dac trvng cho luc
ma sat con s6 Mach la ty s gilra van toc chdy va van téc truyén am. V¢i cac ky hiéu
trén, (5.8) co thé viét don gian hon:

C=f(ReM) (5.9)

Quy luat viét dudi dang quan hé nay cho phép ta dién td n6 dudi dang bang, do thi
va xap xi n6 bang cong thirc thirc nghiém don gian hon nhiéu so véi dang (5.4)

Vi du 2: Ung sudt ma sat t trén bé mat 6ng dan lwu chat khéng nén dugc phu
thudc vao duong kinh 6ng D, kich thwdc mo nham Acuta bé mét 6ng, van téc chuyén
dong cua luu chéat v, khoi lugng riéng p, va do nhot p cla lwu chat « =f(D, A, v, p,
u). Tim biéu thirc vo thir nguyén dién ta st phu thudc nay.

Giai:

M.L
T2

[t]=
[D]=L
[A]=L

L
[V]= T

_ M
[p—F

_ M
[H]—E

Co k=3 dai luvgng co thir nguyén doc lap. Tachon cac dai lwvgng nay la D,v, p. Vay

sé ¢6 s=3 s0 vO thir nguyén. B0 la:
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T
T = a,b ¢
DV’ .p

B A
T DAV p%
u

2= D% v p%

Phéan tich thi nguyén céc biéu thirc trén ta dugc:

M L
T2
LOMOTO = T
Ly = | [
o) (%)
M.L
LOMOTO T
WL M)q
T) LB
M
LO.M O.TO: LT2

Ma cén bang thir nguyén clia cac biéu thic trén cho ta:

M: 1-c=0 a=0
L: -1-a-b+3c=0 =>p=2
T: -2+b=0 c=1
M: -¢,=0 a;=1
L: 1-a-b;+3c;=0 =>b;=0
T: by=0 c=0
M: 1-c,=0 a=1
L: -1-a-b,+3c,=0 =>bh,=1
T. -1+b,=0 c=1
Vay:
= T
vZ.p
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A

m=5 = A ( d0 nham twong déi)
’]‘[2 = “ :i
Dvp Re

Nhu vay, quan hé cho trén cling c6 thé viét:

T

—~ = (A, Re) (5.14)
V.p

Vidu 3: Luc can Fp do lwu chét tc dung vat thé hinh céu tro luu chét chuyén dong
phu thudc dwong kinh D, van toc lwu chat V, khéi luvgng riéng p , hé s6 nhét p vahé

sO dan hoi KT. Tim biéu thirc vo thir nguyén lién hé cac dai lvong nay.

Giai
Taco ham quan hé cla 6 dai lvgng:
Fo=f(D,V, p, n,KT)
Phan tich thir nguyén cac dai lvgng:
[Fp] = MLT? [D]=L
[V]=LT" [p1=ML?
[u]=MLT? [K]=ML'T?

- S8 dai lvgng c6 thir nguyén: n=6

- S8 dai lvgng co thir nguyén co thir nguyén doc lap: m=3
- Chon 3 dai lvgng 13p lai laD,V, p

- S8 dai lvgng vo thi nguyén = : n-m=3

v Xac dinh cacsd = :

-0 n,:
S ST MLT 2
1 Da_’lvblpcl (L)al(LT 7l)bl(M L73)cl
Can bang theo:
M: 1=cl al=2
—>
L: 1=al+ bl - 3c1 b1=2
T:-2=-bl cl=1
S6 =, khi do:
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T, = pVFZDDZ =2C,

-SO =,
ML™T

e N O T
Can bang theo:
M: 1=c2 a2=1
L: -1=a2+ b2 — 3c2 —> bh2=1
T:-1=-b2 c2=1
S5 n, khi do:

k1
’ DVp Re,

- Xac dinh s6 n,:

. K MLT 2

RV ke

Can bang theo:
M: |=c3 al=0
L: I=a3+ b3 — 3c3 —> bil=2
T:-2=-b3 cl=1
SO n, khi doé:

T3 = %

Vop

Vay quan hé gilta lvc can va cac dai lvgng dudi dang vo thir nguy én c6 dang:

Fo

pV2D2 :(P(ReD’M)

Vi du 4: Phan tich chuyén dong clia k wu chét trong mot ong tron ta thdy ton that ap
suat Ap

Phu thudc vao chiéu chiéu dai L, dwdng kinh D cla 6ng, van téc trung binh V, khoi
lwvong riéng p, do nhdt u, do nham bé mat ong A. Tim biéu thic tinh Ap.

Gidi

Tac6 ham quan hé gilra 7 dai lvong:

Ap = f(L,D,AV,p,u)
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Phan tich thtir nguyén gitra cac dai lvgng:
[Ap]=ML"'T? [LI=L
[Al=L V1=LT?

- S8 dai lvgng c6 thir nguyén: n=7

;[D]=L
[pl=ML®

- S8 dai lvgng co thir nguyén co thir nguyén doc lap: m=3
- Chon 3 dai lvgng 13p lai 1aD,V, p
- S8 dai lvgng vo thi nguyén = : n-m=4

v Xéac dinh cac so n :

-S0 ny:

r, = Ap 1 ML™T 2

o R T
Can bang theo:
M: 1=c, =0
L: -lI=a4+ by — 3¢; —> b=2
T:-2=-b; c=1
S6 7, khi do:
T, - VAZF; — 2Cp (hé s6 &p suét)
-0 m,:
ML™T
"o #bzp% — (L) (LT (mLe )

Can béng theo:
M: 1=c, =1
L: -1=ay+ b, - 3¢, = b=l
T:-1=-b, c=1
S6 ., khi do:

T, = B

DVp Re,

- Xac dinh s6 n,:

Ts DaaVLba @ T e ,les TS

p (L) (LT (ML)

Can bang theo:
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M: 0=c; =1
L: I=ag+ bz — 3c3 —> bs3=0
T: 0=-b; cs=0
S6 ., khi do:
S
D
SO n,
Ty =%
DV

- S0 ©, dwgc xac dinh twong ty nhu s6 n, vacd thé dugc viét:

TC4=B

Vay ta c6 quan hé vé th*r nguy én nhu sau:

Ap F[ReD,L Aj

pVZ D'D
II. DONG DANG
1. Khéi niém dbng dang
1.1 Binh nghia

Céc hién tugng cung ban chat vat ly duoc goi la dong dang véi nhau néu nhu tat ca
cac dai lvong dac trung cla ching dong dang: tai cac diém twong (ng, trong cac thoi
diém tuong (ng, tat ca cac dai lvgng cd hwdng phai dong dang hinh hoc, tat ca cac dai
lvong vb hwdng phai twong (ng ty 1€ véi nhau.

Ta quy wéc goi hai hé théng dong dang, mot hé thdng | a thuc (véi chi s6 T) con
mot hé thong Iamd hinh déng dang (v&i chi s6 M) cla hé thong kia.

Trong ITnh vuc co lvu chét, khai niém dong dang bao gém ba ndi dung:

1.2 Bong dang hinh hoc

Hai hé thdng Ivu chéat la dong dang hinh hoc véi nhau néu cac kich thuéc twong
(Png ctia ching ty 1€ v&i nhau.

Tagoi ty 18 mé hinh a 12y s6: a;= 'I—M

;

Vi ly, |7 1a cac kich thudce bat ky, tvong (ng véi nhau ctia md hinh va hé théng

thuce.
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1.3 Bong dang dong hoc:
Hai hé thdng luu chat la dong dang dong hoc véi nhau néu:
e Quy dao chuyén dong clia cac phan t& | wu chat tvong (ng clia ching dong dang
hinh hoc v&i nhau.

e Giatri clia van toc va gia toc tai cac diém tuong (ng tai cac thoi diém tuwong

tng ty 1€ v&i nhau.

NG6i mot cach khac, dong dang dong hoc c6 nghia la dong dang hinh hoc ctia tam
giéc tao bdi cac vecter van toc (vagia tdc) tai cac diém twong (rng xem hinh

Taco cacty Ié van toc a,, giatéec aw vathoi gian aT:

1.4 Bong dang dong lwc hoc
Hai hé théng lvu chat la dong dang ddng luc hoc véi nhau néu:
e Tai cac diém twong (ng c6 nhitng lvc cung loai tac dung.
e Ty lé gia tri cta cac lwc cung loai tac dung tai cac diém twong (ng la nhu nhau
trong toan bd thé tich hé thong.
e Luec tac dung Ién hé théng thuc dinh huéng thé nao thi lwc twong ting & mo hinh
cling phai dinh hwéng nhu vay.
N6i mot cach khac, dong dang dong luc hoc dong nghia véi dong dang hinh hoc
clia da giac tao bai cac vecter lyc (vagiatoc) tai cac diém twong (ng.

L oo 1A F
Tacoty lé lucag= 2
FT

GV: Nguyén Bic Vinh 1



Phan tich thr nguyén va dong dang

~ Dong dang hinh hoc Ia digu kién can dé co dong dang dong lyc hoc. Hai hé théng
lvu chat dong dong luc hoc véi nhau thi cé nghia la né da dong dang hinh hoc va dong
dang dong hoc véi nhau.

Vién dé keé tiép la phai thiét ké moé hinh nhu thé nao dé dong chay trong dé dong
dang dong lwc hoc véi dong chdy thic. Ta lam nhu sau:

e Ché tao mo hinh véi ty 1é ta mudn.

e Ap dit chuyén dong cla luu chat trén bién cia md hinh sao cho dong dang

dong hoc véi van toc trén bién clia dong chay thuc té.

e Chon st dung luu chat trong thi nghiém véi cac tinh chét ctia n6 ( P E+) sao

cho trén bién ton tai ddng dang dong luc hoc.

Vi céc hién tuong xay ra & thuc té va trong md hinh c6 cung mét quy luat vat ly
(duoc mé ta bang nhitng phwong trinh todn hoc gidng nhau), vi cac diéu kién ban dau
va diéu kién bién dong dang dong luc hoc véi nhau, nén tasé nhan dugc trong mo hinh
dong dang hinh hoc cac théng s6 dong dang dong luc hoc véi thuc té.

Tuy vay ngay ca viéc kiém soat mot cach truc tiép diéu kién ton tai dong dang dong
lwc hoc trén bién ciling kho c6 thé thic hién. Cu thé I a chuyén do cac lyc tac dung la
mot viéc khé khan. Hon nita, nhigu khi “thwc t€” van con trén thiét k&, mo hinh gitp ta
du bao “thuc t€” nay co6 dat yéu cau hay khong dé cho phép né ra doi, vay thilam gi co
chd cho ta do. Nguoi ta tim toi phuong phap danh gia gian tiép — sir dung cac tiéu
chuan dong dang dong lwc hoc.

2. Céactiéu chuan dong dang

Trong treong hop tong quat, tai mot diém co thé co cac lwc sau tac dung: trong luc
G, luc cang bé mét Fc, luc nén F,,,... Theo nguyén ly Dalamber, tong tat ca cac luwc tac
dung lén phan t& can bang véi luc quan tinh |:

B T —

G+P+T+F. +F,+..+1 =0
V6i I =-Mw
M: khéi lvgng
w: giatbc clia phan tir
Bay gi0 ta xét cac trwong hop riéng, khi chi ton tai mot trong so cac luc trén.
2.1 Khi chi cé trong luc G tac dung
Khi ¢ dong dang dong luc, ty 1€ lic khong ddi cho moi cap lwc ¢ tng ban chat:
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wzCu_lu e _lig
G I, G, G

Trong hé SI, céc lic quan tinh vatrong lwc cé thé tinh (vdi cac don vi do luvong:

chiéu dai L, khoi lvgng M, thoi gian T lacéc giatri dac trung cta hé thong)
L
| = pl3w=pl32 = pl2 =y = pl2u?
p p T p T p

G= pgl®
(Thuce ra trong cac cong thic tinh luc tr én con cd céc hé so chuyén doi hé don vi,
nhyng do ac hé théng dong dang hinh hoc va dong hoc nén ching sé bi don gain di
trong cac ty s6 luc)
Céc ty |é luc trong cho ta
(prv’)y _(pLow’)  up v
3y 3y =
(ng )M (ng )'r Oulw  OrLy

Taky hiéu: Fr = :—lz_ vagoi do laFroude. N6 lamot s vo thir nguyén vachinh laty

sO gilra lwc quan tinh vatrong lwc. Nhw vay co thé viét:
Fru=Frr

D6 chinh Ia tiéu chuan Froude. Dang thirc trén cho phép két luan trong lwc ty 18 véi
nhau. Nhung chi bing dang thirc ndy thi chra dam bao dong dang dong lwc. Hé théng
con can phai dong dang hinh hoc, dong hoc va dinh huéng giong nhau méi da diéu két
luan.
2.2 Khi chi cé luvc ma sat T tac dung

Tacoty Ié luc:

N I RN R 18
TT

Twong tw nhw trén lyc ma sat cé thé tinh:
du u
T=p—L2=p—L%=pLu
u dy T u

Céc ty |€ luc trong cho ta:
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(pLZUZ)M _ (PLzuz)_r — Py Uy L _ prurLls

(pLu)y  (uLu), My My
Taky hiéu: Re = pub _ub 5 goi d6 la sd Reynolds. N6 la mot vo s6 thir nguyén
u v

va chinh laty sb gilra lic quan tinh valuc ma sat. Nhw vay c6 thé viét:
Rey = Rey
D6 chinh 12 tiéu chudn Reynolds. Dang thirc trén cho phép két luan luc ma sat ty 18
vOi nhau (nhwng cling chua ddm bao cac luc dinh huéng giéng nhau)
2.3 Céac tiéu chuan khac
Béanng cach tuong tu, ta sé tim dwoc cac s6 vo thir nguy én khéc:

S6 mach: M=—"_

u
JEp a
2
thanh)s6 Weber: W= pLu ty 1& lyc quan tinh valyc cang bé mat
(o)

Ty 1€ lyc quan tinh va lwc nén (a: van téc truyén am

S0 Euler: Eu= 52 ty 1€ ap lwc valuc quan tinh

S6 Strukhan: Sh:LT ty 1& quan tinh cuc bd va quén tinh d6i luu (ddc trung cho
u

qua trinh khong dirng). Twong ng véi cac s6 vo thir nguyén trén la cac tiéu chuan
dong dang. D6 la sy can bang clia cac cap s6 vo thir nguy én tinh theo mot kich thuorc,
vitri....... bat ky trén mé hinh vatrén hé thong thuc.

Trong thwong hop tong quat, khi c6 nhiéu lyc cling tac dung, dé dat dwoc dong
dang dong luc hoc gilta cac hé théng, phai théa m &n si can bang cla tit ca cac cap sb
nguyén twong (*ng V@i cac luc do.

Ghi chi: Céac sb vo thr nguyén Re, Fr, M ....... duvoc tinh nhw & trén bang gia tri
van téc u tai diém. Nhwng trong thuc té, ta thuong lam viéc véi van téc trung binh v
trén mit cat. Ta co thé st dung v thay cho u dé tinh cac s6 vo thit nguy én trén vatiéu
chuan déng dang khi d6 phai tang thém diéu kién déng dang cua cac biéu do phan bo
van toc.

3. bong dang khdéng hoan hao va cac loai md hinh déng dang.

Néu ta xay dung mo hinh theo nhitng gi néi & trén, ta dwugc mét mod hinh dong

dang mdt cach hoan tdan. Trong thuc té, khéng phai bao gio cling cé thé dat d woc nhu

vay. Thong thuong tiéu chudn Froude va Reynolds ddi nghich nhau, thwong khong
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cting thda man. Taludn gap khé khén khi phai chon lya thi 1w chat cé do nhét dong
hoc v sao cho cd thé thda man dong thoi hai tiéu chuan trén. Con s6 Mach thwong
khéng nghich véi s6 Reynolds. Do vay, trong tirng tr wong hop cu thé, ta phai xem xét
loai lwc nao cd tinh quyét dinh trong hé thong ma xay dwng mé hinh theo tiéu chuén
tong (g voi loai lwc dé. Con céc tiéu chuan khac thi tiy, néu khong théa man duoc
thi cling ¢8 gang lam chdng dirng quéa cach xa, cac ché do chay khon g qua khéc biét.
Khi dd, ta c6 md hinh gan ding — khong hoan hao. Cac két qua thu dwgc & md hinh
nay phan anh khéng hoan toan chinh xéc thuc t€. Khi dem né ra hé théng thuc, ta can
c6 nhirng hé s6 hiéu chinh.

Ngoai ra, khi cac kich thu ¢c khéng gian clia hé thdng qua khac biét nhau, néu d ung
ty 18 md hinh nhu nhau cho moi chiéu khong gian thi c6 thé mot kich thudc nao do
trén md hinh sé qua nhd, khong thé thi nghiém (do dac) dwoc hodc anh hudng cla strc
cang bé mat trd nén ro rét, lam sai lac két qua. Trong thwon hop do, ta cd thé lam md
hinh véi cac ti 16 mé hinh khéc nhau cho céc chi éu khong gian. Diéu nay ta cd thé gap
khi lam céc mdy thly lvc, cac dong chdy ngoai tw nhién (sdng, bién...)

BANG CHUYEN BOI CAC TY SO CHO MO HINH

Ty s6 Re Fr Fr* M
- 2 12 12
Vi Liprin Lu Hy Y1 RO
Vr Ly PwHr L] Hy Y7 R01
Qi | Liertw | L] Hy | THW |
QT LM pM “’T L LT i HT HT
2 3 2 2
Fu HwPr p_MP-_M} p_MP-_M} {HM} E_M[L_M}
Fr HTZPM pr | Ly pr | Ly H. Er | Ly
12 12 2
by [ BT Ly Ly JLHw Y ROy Ly

Ghi ch: M6 hinh Fr* (Froude) danh cho may thay luc

Taco mot s6 dinh huéng cho céc tiéu chuan sau:

M® hinh dong dang dong lwc hoc hoan toan doi héi tat

Cca cé4c s6 vO thir nguyén tuong (bng bang nhau. Trén thuc

e

t€ nhiéu khi rat kho thic hién moé hinh dong dang dong luc
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hoc hoan toan. Vi du luu chat chuyén déng trong 6ng, trong dudng ham, luu chat
chuyén dong bao quanh vat rdn nhw may bay, thu ngam, xe ¢, nhacla...

Mo hinh dong dang dong luc hoc hoan toan doi hoi tat cd cac s vo thi nguyén
tvong (*ng bang nhau. Trén thuc té nhigu khi rat kho thuc hién mé hinh dong dang
dong lwc hoc hoan toan. Vi du lwu chat chuyén dong trong 6ng, trong duong ham, lwvu
chét chuyén dong bao quanh vat rdn nhw may bay, tau ngam, xe cg, nhacira...

3.1 M6 hinh Froude:

Ap dung trong trwong hop dong chay c6 méit thoang, anh hudng cla trong luc 1o n.

Vi du dong chdy trong séng, vinh, dong chay qua céac dap tran réng hodc tinh lyc can

do song téc dung vao tau thuyén , hai cang.

Fro = Fry B
Vo _ %
ng th

o
Treong hop mé hinh sbng, dap thuong dung 2 ty 1€

hinh hoc ta goi la mé hinh Froude khéng hoan héo.
3.2 M6 hinh Reynolds

Ap dung trong tredng hop dong chay khong co
mat thoang, anh hwdng cla trong lvc khdng dang ké
so voi luc ma sat.

Vi du: chat lwu chuyén dong trong ong, trong
dwong ham hodc chat lwvu chuyén dong bao quanh

vat rdn nhuy may bay, tau ngam, xe cd, nha clra...

hodc tinh toan lwc can trén vat chuyén dong véi van

tdc thap, tau ngam...

Rem = Ret © 2000 How 571 Wiork
VD, VD,
Y v,

m

3.3 M6 hinh Mach
Dung khi lam m6 hinh céc chuy én dong véi van toc cao( van toc so sanh d woc voi
van toc am thanh): may bay, tén I, ...
Ap dung cho céc chuyén dong c6 s6 Mach I6n M > 0.3
M, = M,
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V72

Km/pmth/pt

Trong trrdng hop ndy s6 Reynolds van con co anh hudng

dang ké.

M hinh dong dang clia cac may thady lwc:

Vi du: bom, quat, turbine, may nén, chong choéng...
f( Ql N! n) n! ng Dl p! Ml K! M)F) :O

Q _

nD?

Vi Re

M, =

gH N
n’n2D2'pn3D5’
2
M
zﬂ C, = 20 -
1l pn°D
nD _ F
/—K/p F pn2D4

Re,MO,Cm,CFJzo

Thong thwong rat khé thure hién md himh cé ving sd Reynolds véi nguy én thé nén
Re, vaRe, ¢co thé sai léch vai phan tram.
S6 Mach chi quan trong trong cac may nén hodc turbine khi

Bang ty s6 md hinh:

S M6 hinh Mo hinh M6 hinh  Froude
i sO
Reynolds Froude khéng hoan hao
A . V |_ - —1/2 1/2 ]
van toc— Pl Lo {i} ding
Vt memut L Lt B t
van téc , I
L L N
L O [—”‘} Piblm — Khdng quan trong
géc— Lo | Pmky =
('Ot
Luu
— —5/2 - 3/2
t LPib Ly i}
ILr(_yngt—m Lok L | Lo Jgg
t
thoi _ L _
t i:|M Lm 1/2 ii| |:i:|l/2
g'ant—m L ey L L ng L, dg
t
— 2 — -3 2
|U’Ci “_m} P Lo | Pm h{i} {ﬁ}
F LMt | Pm _Lt_ Pt pe | L ng L, dg

GV: Nguyén Bic Vinh [l



Phan tich thr nguyén va dong dang

3.4 Ung dung cla thiét bi thay lwc

GP-500

May chén gap thay luc May rat dinh thay lyc

May thuy lyc da chirc nang T au ngam hat nhan Anh

4. Bai tap vi du
Vi du 1: dong nwéc (v = 0.01cm?/s ) chay trong 6ng dwoc nghién ctru bing md
himh ty 1€ 1/10. M6 hinh ding khéng khi & nhiét d6 va ép suat binh thuong (v =

0.15cm?/s ). Tim ty s6 van tac.

L&i gidi:
Dé dong dang dong luc hoc, s6 Reynolds phai can bang:
Rey = Rer

Vy, V; v; Dy Vv

2
_ 9.0.15cm2/s — 150
1 0.0Icm“/s
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~ Vidu2: Timcacty s6 cla t6c do quay, luu lrong, cong sudt cla hai may thuy luc
dong dang dong luc hoc. Biét hai may déu hoat dong tr ong mdi truong trong lwc nhu
nhau.

L&i gidi:

May thuy luc ( bom, turbine ) dugc dac trung béi cac thong s6: Duong kinh D banh
xe cong tac (rotor ), cot ap H, téc dd quay n, lvu lwvgng Q va cong saut P. M6 hinh
may thiy luyc dwoc lam theo tiéu chuan Froude, tai mot
diém bat ky:

2 2
Fry =Fr = Uw = Ur
gM HM gTHT

12

" H

Vay: U_M:[ MJ (m=9r=9)
U; H-

Van toc quay cla banh xe cong tac tai mép ngo ai: u;= =Dn/60
Van téc huéng tam cua chat 1éng cling tai mép ngo ai: v, = Q/nDb.
Do hai may doéng dang déng hoc, ty s6 van téc bang ty s6 van téc quay tai mép

banh xe:

Uy Uy, _nDMnMGO:> Ny _ Dy (Hy .
U u; nDn 60 n, Dy \H;

DPong dang dong hoc ciing cho ta:

Uy _ Viu N TcDMnMGO:Q_MTcDMbM

Ur  Vir D60  Q; mD;b;

Q_M: Dy Ny Dby Z(DM jZ(HMJH
Qr D:n, D;b D; Hy
(bw/br =Dn/D1)

Codng suét ctia may duoc tinh theo cong thirc:

P=yQH
Vi vay, ty s6 cong suat:

2 312
P_M:yMQMHM :[DMJ [HMJ
P v+QrH D; Hy

GV: Nguyén Birc Vinh 9



