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CHUONG 5
CAC PINH LUAT CO BAN




~—Noi dung

Dinh luat bao toan khoi lugng. Phuong trinh lién tuc

Nguyén ly dong lugng tuyén tinh. Phuong trinh chuyén dong. Phuong trinh
can bang

Nguyén ly m6-men dong luong (md-men goc)

Dinh luat bao todn ning lugng. Nguyén Iy thir nhat ctiia nhiét dong luc hoc
Phuong trinh trang thai. Nguyén ly thi hai ctia nhiét don luc hoc

Bat dang thtrc Clasius-Duhem. Ham tiéu tan

Céac phuong trinh co ban.



~ Pinh luit bao toan khoi lugng. Phuong trinh lién

tuc
Khoi luong ctia MTLT chiém thé tich V trong khong gian tai thoi diém t
m = _L o(x, 1) AV (5.1)

p(x, t): 1a mat do khoi luong.

Pinh luit biao toan khoi lwong: khoi lugng ciia moi truong lién tuc khong
thay doi trong qué trinh bién dang, va do d6 dao ham vat chat cua (5.1) bang
khong.

dPj.. (x,
wsn g J PLoay = f [P0 b 2] ay

P
Pit-- (x, t) = P(K, t)

d_m _ _CL o J‘ dp 0V _
= G = L) xnav = [dt+ axk]dv = 0 (5.2)
V: bat ky

= i, =000 Pruvev) =0




— Pinh luat bao toan khoi luong. Phuong trinh lién

tuc

Phwong trinh lién tuc:

d d

di +pv,, = 0 or p ;T p(Vev) = (5.3)
Hoac tir cOng thirc dao ham vt chat

0 d

S (ev), =0 or F+v-(v) =0 (5.4)

Poi vé6i MTLT khong nén (incompressible) thi mat d¢6 khéi lugng khong
phu thudc vao thoi gian dp/dt = 0
., =0 or divv =0 (5.5)

k



—Pinh luat bao toan khoi lwong. Phuong trinh lién

tuc
Phwong trinh lién tuc dang Lagrange
Pinh luit bio toan khoi lweng theo bién Lagrange

fv p,(X,0)dV, L o(x,t) dV (5.7)

trong d6 tich phan dugc 1ay trén clng céc hat (chat diém), diéu d6 co nghia 12 V 14
thé tich hién tai bi chiém chd boi cac hat ma tai thoi diém ban dau t=0 ching chiém
thé tich V,,
(4.1) x = x(X, t)
(4.38) dV = JdV,

= ) p(X,0)aV, = L o(x(X, 1), )J dV, = j; o(X,8)JdV, (5.8)

o 0 0
V,: bat ky ,
mm) p, = pJ (5.9) =) ] doc 1ap theo thoi gian vi V 14 bat ky, nén

Dang vi phan theo bién Lagrange cta phuong trinh lién tuc

H

d
(E(PJ) = 0 (5*10)



__ Nguyeén ly dong luong tu}mg wong trinh chuyén

dong. Phuong trinh can bang

Tong dong luong tuyén tinh cua hé ( ) ¢6 khoi luong trong thé tich V
P(t) = j; ov.dV (5.11)

1

Theo dinh luat 11 Newtor, nguyén ly dong luong tuyén tinh: su thay doi theo thoi
gian cia dong luong cia MTLT bat ky thi bang véi hop luc tac dung.

t™ ds f = 49
J; T VPth dt vadV

hoiic : J (5.12)
Cm) _ il
t{“] o J; £ dsS + u[; Pbi v = dt fv P’?—’idV
Gauss-Ostrograski
) L(M"pr av = dtf pv, dV .19

hodc _f(v ‘T + pb)dV = dtfpvdv

Pao ham vat chat vé phai cua (5.13) va sir dung phuong trinh lién tuc (5.10)

d - ¢ d dvi dv;
E&LP”W = @y, IV, = _I;o[i &f}+ﬂdt]dv’ = ) SiedV (5.14)
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__ Nguyeén ly dong luong tu}mg vong trinh chuyén

dong. Phuong trinh can béing

Nguyén ly dong lwong tuyén tinh dang tich phan

f(j,;i‘Pb—P’v)dV = 0 or L(vx-2+pb—pir)dv = 0 (5.15)

v
Phwong trinh chuyén dong

V: bat ky : _
(5.15) ‘ i + Pbi = pY; or Vi * 2 + pb = pVv {5,16)

Phwong trinh can bang tinh hoc

o.;teby =0 or VYV T+ b=20 (6.17)



~Nguyén Iy mdé-men dong luong (dong lugng goc)

M6-men dong luong 13 mé-men dong luong tuyén tinh d6i voi mot diem
Cho MTLT nhu ( ), md-men ddng luong tong d6i vai goc toa do 1a

f (x X pv) AV (5.18)

V

N(t) = f %oV, AV or N
L
Nguyén ly mé-men ddng lwong: Su thay doi theo thoi gian ctia mo-men
dong luong cua moOi truong lién tuc doi voi mot diém bat ky bang voi mo-
men tong cua cac luc mat va luc the tich (doi vai diém do) .
o d
L cijk:tjtf: >dS + lj; eijkxjpbk dv = aJ. €T PV, dV

3 A d
hoac ‘J;{x:»(t““’)dSJrL{xpr)dV = &L(xxpv)dv

Phuong trinh (5.19) théa véi nhitng MTLT trong d6 cac luc giita cac chat
diém la c6 cung do 16n, trai dau va cong tuyén, va trong dé6 mo-men phan bo
bi triét tiéu.

Phuong trinh (5.19) c6 thé duoc st dung dé chimg minh tinh d6i xung cta
ten-xo ung suat.

(5.19)
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——Pinh luat bao toan nang luong. Pinh luat thir nhat cua
nhi¢t dong luc hoc. Phuong trinh nang luong

Dinh luét bao toan nang lugng cho MTLT chiu cic luc mit va luc khdi dugc
xay dung tir phuong trinh (5.16).

Tich v6 huéng (5.16) véi van toc v; va lay tich phan trén thé tich V
- b, 5.22
L p'E?l’t?;\dV f (N dV + f R NAY ( )

vy = (V) — v

4.19) w,, =D, +V,
V,o:=0

i i

Phuwong trlnh nang lwrong

L1 N

e = oM, & Gauss-Ostrogradskl
N

—l- J‘ Duﬂ'ﬂ dV = L -vi.tﬁ“) dS + ‘j; pb.v, dV (5.25)

\ ‘ }
Y
Nang lu:qng toan phan Cong suat cua luc




——Pinh luat bao toan nang luong. Dinh luat thir nhat cia
nhi¢t dong luc hoc. Phuong trinh nang luong

Phuong trinh ning luong (5.25) lién hé toc do bién thién theo thoi gian cia
co nang toan phan (vé trai) voi cong suat sinh ra boi cac luc mat va luc khoi
(vé phai)

Tich phan trong vé trai cua (5.25) chinh 1a toc d6 bién thién theo thoi gian
ctia ndi nang co hoc, ky hiéu la dU/dt.

Phuong trinh niang luong (5.25) ¢6 thé duoc viét ngan gon la

dK | dU _ aW
dt dt ~— dt

trong d6 dW/dt 1a céng suat, ky hiéu d dé chi dai luong nay khong phai 12 vi
phan.

(5.26)



——Pinh luat bao toan nang luong. Dinh luat thir nhat cia
nhi¢t dong luc hoc. Phuong trinh nang luong

Trong truong hop, néu ca co ning 1an ning lugng khéng phai 1a co hoc
duoc xem xét thi dinh luat bao todn ning luong & dang tong quéat sé& duogc ap
dung.

Pinh luit bio toan ning lweng tong quat: toc do bién thién theo thoi gian
ciia dong ning cdng voi ndi nang bang voi cONg suat cong voi tat ca Cac
ning luong khac duge cung cap, hoac thoat ra khoi MTLT trong mot don vi
thoi gian.

Cac ning lugng ké trén bao gom: nhiét ning, hda ning, hoic ning luong
dién tir. Tuy nhién trong phan tiép theo, ta chi xem xét co ning va nhiét
ning, va nguyén Iy nang luong trong trudng hop ndy duoc biét dén nhu 12
dinh ludt thir nhit cia nhiét dpng lwc hoc.



——Pinh luat bao toan nang luong. Dinh luat thir nhat cia
nhi¢t dong luc hoc. Phuong trinh nang luong
Doi véi hé co-nhiét, tbe d6 bién thién theo thoi gian ctia ndi nang cho bai

v d B .
E = ﬁ v pi aV = j; pi dav (52?')

trong d6 u la ndi nang riéng hay mat do noi nang (trong trudong hop nay

khong phai la 6 16n cia vec-to v;)

Néu vec-to ¢, 1a thong lugng nhiét trén mot don vi dién tich trong mot don

vi thoi gian, va z la hang so burc xa nhiét trén mot don vi khoi luong trong

mot don vi thoi gian, thi toc d tang cua nhiét tong trong MTLT cho boi

dQ _ _j‘ . v
5 = , cmdS + J; pzd (5.28)
Nguyén ly nang lwong cho hé co-nhiét
dK dU 4w , aQ -
@ T T @t Tdt (5:29)

Hoac

d it . o
{E . PTdV -+ j‘ plt advy = J‘ t;n]‘,v* ds + f lﬂ‘l?ibidp + f pe dV — ‘j- c.n. dS
v 5 v v | 5 ! 1(5 30)



——Pinh luat bao toan nang luong. Pinh luat thir nhat cua
nhi¢t dong luc hoc. Phuong trinh nang luong

Thay tich phan mat trong (5.30) thanh tich phan thé tich bang cong thuc
Gauss-Ostrogradski va do V la bat ky, ta cO dang dia phuong ctiia phuong
trinh nang luong.

d 1 1
dt( —E—u) = ;(Giivi).j + bivi _ ;ci,i + 2 (5.31)

Trong thé tich nho bat ky, phuong trinh niang luong dia phuong (5.31) va
phuong trinh can bang dong luong (5.16) déu théa man. Tich vé hudng
(5.16) va van toc ta duoc

oc. .+ pb, = ’U p"i?‘l.? = Vo, T v.h, e— i EV2 —EVO' +V.b,
ji, i P H P i i i ji.j P i4 dt 2 ,0 i [
dit ) 1 y o _ 1 1

Phuong trinh (5.32): toc d6 bién thién theo thoi gian ctia ndi bang tong ning
lrong Urng suat voi luong nhiét thém vao MTLT.



——Phuong trinh trang thai. Entropy. Dinh luat thir hai cua

nhi¢t dong luc hoc

Trang thai cua mot hé duoc md ta boi nhiéu dai lrong dong luc hoc va
dong nang, duoc goi la cac bién trang thai.

o Su thay d6i theo thoi gian cua c4c bién trang thai mo ta mot quéa trinh
dong luc hoc.

o Khéng phai tat ca cac bién trang thai déu doc lap. Va moéi lién hé giira
cac bién trang thai dugc biéu dién thong qua cac phuong trinh trang thai.

o Bién trang thai bat ky duoc biéu dién nhu 12 mot ham don tri cta tap cac
bicn trang thai khac goi la ham trang thai.

Dinh luat tht nhat thira nhan sy chuyén d6i vao bén trong MTLT cta nhiét
ning va co nang. Tuy nhién, nd khdng cho biét duoc quéa trinh chuyén doi
la thuan nghich (reversible) hay khong thuan nghich (irreversible). Tiéu
chuan co ban cho sy khdng thuan nghich chinh I1a dinh luat tha hai cta
nhiét dong luc hoc, dua trén gidi han san sinh entropy.



—Phuong trinh trang thai. Entropy. Pinh luat thir hai cua

nhi¢t dong luc hoc
Dinh luat thr hai ctia nhiét dong luc hoc thira nhan sy ton tai ctia hai ham
trang thai phan biét; T: nhiét 0 tuyét doi va S: entropy.
o T la dai luong duong va chi la mdt ham nhiét o thuc nghiém 6

o Entropy 14 mot dai luong rong, nghia 1a tong entropy trong hé 1a tong
cua Cac entropy thanh phan.

o Trong co hoc MTLT, mat do entropy, ky hiéu 1a s, va tong entropy L 1a

L = J‘ ps dV,
v

Entropy ctia hé c6 thé thay doi boi ca twong tac véi mdi truong xung quanh
lan su thay doi1 dién ra bén trong hé. Do d6
ds = ds'® + ds'”

(5.33)
o ds®>0: qua trinh khéng thuin nghich
o ds®=0: qué trinh thuin nghich
Trong qua trinh thuan nghich
dst® = @L@
= —F (5.36)

dg(R): nhiét trén don vi khéi lugng cung cap cho hé.
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_ Bt dang thirc Clausius-Duhem. Ham tiéu tan

(5.87)

Theo dinh luat tht hai, toc do bién thién theo thoi gian cta tong entropy L
khong bé hon tong entropy di qua bé mat véi entropy sinh ra bén trong.

Vé mit toan hoc, nguyén ly entropy duoc biéu dién bang bat dang thirc
Clausius-Duhem:

EJ- = f Citli
dt VF"Sd’V = VPEdV_LTdS

trong d6 e 1a mat do entropy dia phuong trén don vi khoi luong.
o Pang thuc trong (5.37) xay ra khi qua trinh 13 thuan nghich; bat dang
thirc ap dung cho qua trinh khong thuan nghich

Dang dia phuong cua toc do san sinh entropy noi trén don vi khoi lugng
cho boi

V bat ky
o ds 1 /¢
— Yy = ﬂ—e—g(>{

= 0 (5.38)

T/,

Gauss-Ostrogradski



~—Bat dang thirc Clausius-Duhem. Ham tiéu tan

Gia st (trong qué trinh khéng thuan nghich) ten-xo tng suét tach duoc
thanh hai phan

= gl (D 5.
Oy /ﬂ'ﬁ + .. 7'\—\ (5.39)
Ten-xo rng Ten-xo rng
sudt bdo toan sudt tiéu tan
(5.32)
de 1 1 du 1 . 1 . dq
dt ;"Ijﬂjf TG TR m—) a = ;Uiflfs_; + ;‘T;jm % T Gt (5.40)
(4.25) de, = D, dt T
1 . Sk AR % % X : o , z R
e P&, Latoc do tieu tan nang lugng trén don vi khoéi lugng do ung suat gay ra

dg/dt 1a téc d6 truyén nhiét trén don vi khoi lugng vao trong MTLT.
Néu qua trinh 13 thuan nghich

g~ (640) mmp o= loop 4 7S (5.41)

(e) —
ds T



~ Bat dang thtrc Clausius-Duhem. Ham tiéu tan

Nhu vay, trong qua trinh khong thuan nghich, toc do san sinh entropy biéu
dién theo (5.40) bang cach thay (5.41) vao

due 1 . 1 dq ds  1ldgq 1
G40 g5 = WP Y g = o T g toredy (4
(5.41) dv _ 1 ds

dt % & T T

o & ham tiéu tdn. Ham nay ludn duong Vi trong qué trinh doan nhiét dg=0
nén ds/dt>0 nén duoc suy ra tir (5.42).



~——Cac phuong trinh co ban.

Poi voi hé co nhiét trong do hién twong co va nhiét duge ghép doéi, cac
phuong trinh co ban bao gom

o Phuong trinh lién tuc, (5.4)

d d
6‘—; + (ka),k =0 or £ + Ve (pv) = 0 (5.43)
o Phuong trinh chuyén dong, (5.16)
o, ;tpb, = pv; or V. Z+pb = pv (5.44)
o Phuong trinh nang Iuong, (5.32)
du 1 1 due 1o .
ar = _P%Du*;ﬂi,i*‘z or ai = HE-D'—,&V ¢+ z (5.45)

Nam phuong trinh trén chira 14 an ham theo thoi gian va vi tri (1 ham mat
do p, 3 thanh phan van toc v; hoac chuyén vi u;, 6 thanh phan ung suat, 3
thanh phan cta vec-to thong Iugng nhiét ¢;, va 1 ham méat d¢ nang luong u)

Vi bat dang thire Clausius-Duhem, thém 2 an ham 1a mat do entropy s va
nhiét do tuy¢t do1 T



~——Cac phuong trinh co ban.

Nhu viy, tong cong ¢O 16 an ham va 5 phuong trinh. Do d6 can thém 11
phuong trinh da dé hé xac dinh.

o 6 phuong trinh cau thanh, mé ta cac tinh chat vat Iy cu thé caa MTLT

o 3 phuong trinh thé hién méi lién hé nhiét do - dan nhiét

o 2 phuong trinh trang thai nhiét dong luc hoc; vi du nhu phuong trinh
trang thai calo va phuong trinh trang thai entropy chang han.

Luu y: cac phuong trinh cu thé sé& tly thudc vao ting bai toan.



