Chuong 9
Nguyén ly thir hai nhiét dong
luc hoc

Bai giang Vat ly dai cuong
Tac gia: PGS. TS b6 Ngoc Uén
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§ 1.Nhiing han ché cua nguyén 1y tha I NDLH
«Khong xac dinh chiéu truyén tu nhién ctianhiét:
Nhiét truyén i nhién tr vat néng hon sang vat
lanh hon. Khong c6 qua trinh tu nhién nguoc lai.
«Khong xdc dinh chiéu chuyén hod tu nhién cta
nang luong: Thé nang tu nhién bién thanh dong
nang roi thanh nhiét toa ra,

Khong ¢6 qua trinh tu nhién nguoc lai:
Nhiét — Dong nang —Thé nang.

Tuy nhién cdc qud trinh nguoc lai trén déu
thoa mdan nguyén ly thir nhdt nhiét dong luc hoc
« Khong danh gia dugc chat luong nhiét
e Khong phan biét khac nhau gitta cong va nhiét.



§2. Qua trinh thuan nghich va qua trinh

| _ khoéng thuan nghich
1. Pinh nghia ot A

a. Qua trinh A->B ->A 1a thuan N
nghich néu qua trinh nguoc B->A | B

hé cling di
qua cac trang thai trung gian nhu trong qua trinh
thuan A ->B; Suy ra:

” Heé chi c6 thé trd vé trang thdi can bang ->QT
thuan nghich 1a QT can bang ->A’, . = A
chuafm: Q,nghjch' .

. Hé tr& vé trang thai ban dau, moi truong xung
quanh khong bién doi.

V=

thuan nghich?



b. QT khong thuan nghich: Sau khi thuc hién
QT thuan va QT nghich dua hé vé trang thai
ban dau thi moi truong xung quanh bi bién doi.
2. THI DU:

Qua trinh gian doan nhiét vo cung cham: QTTN
*Dao dong cua con lac khong ma sat ¢6 nhiét
do bang nhiét do bén ngoai: QTTN




Cac qua trinh khong thuan nghich

*Cac qua trinh c6 ma sat: Khong TN
 Truyén nhiét tir vat néng-> vat lanh: Khong
TN

*QT gian khi trong chan khéng: Khong TN




§3.Nguyén ly thur hai nhiét dong duc hoc

nguon laHQ _________ . nguon

it ~.nong

e M0 ta hién tuong ! o
« C6 may nguon nhiét ?
e C6 phai 1a mot dong co ?
e Khi nao né cham dut hoat dong ?



1. DPONG CO NHIET: M4y
bién Ilhiét thanh cong: PC hoi Xilanh |}
nudc, DC dot trong.

Ngﬁ&@é Neus
Tdc nhan: chét van chuyén (hoi | @
nudc, khi...) bi€n nhiét thanh

cong: Tuan hoan n=—

Hiéu suat cua dong co nhiét:
Sau mot chu trinh: AU=-A"+Q,-Q’,=0
ZA=QR A e, o

Vo, o 0 Q




2. Phit biéu nguyén ly tha hai nhiét dong
luc hoc

a. Phat bicu cua Clausius: Nhiét khong thé tu
dong truyén tu vdt lanh hon sang vdt nong hon.
b. Phat biéu cua Thompson: Mot dong co khong
thé sinh cong, néu né chi trao doi nhiét voi mot
nguon nhiét duy nhdt.
c. Y nghia: Khong thé ché tao dugc dong cO
vinh ctru loai hai: 14y nhiét chi tir 1 nguon (T
thap nhu nudc bién) dé sinh cong.
Chat luong nhiét: T cang cao, chat luong cang
cao



§4. Chu trinh Carnot

1. Chu Trinh Carnot thuan
nghich gom 4 qua trinh TN:  p;
> Gian déng nhiét: T, =const,

1—2, nhan Q, tir nguén néng. P2

~ Gian doan nhiét:2—3, Nhiét do giam T, —T,
" Nén dang nhiét: T, = const, 3 — 4, thai
Q, (lam nguoi)

~ Nén doan nhiét: 4—1, nhiét do tang: T, > T,



Chu Trinh Carnot
thuan nghich

3 — T,-T,
N Q]aTl

$1Q'», T,

Chu Trinh trong
dong co hotl nudc

all
_




- Trong chu trinh thuan 12341 hé nhan nhiét
Q, tir nguon néng, sinh cong A’ va thai nhiét
Q,’vao nguodn lanh. — Pong co nhiét.
. 'Trong chu trinh nghich 14321 hé nhan cong
lay nhiét (lam lanh) tir ngudn lanh va thai nhiét
vao ngudn néng. — May lam lanh.

b. Hiéu suat n_ trong chu trinh Carnot thuan

nghich

L Cin tinh Q,vaQ,’

Q

Gi1an dang nhiét 1 — 2 ¢o:

N, =1

Q, = RT In-2
K Vi



Nén dang nhiét 3 — 4 ¢6:

Q,=-Q, =~ 2RT,In 4 = Q,="RT, In 2
V3 K V; KU V,
1 1117 Trong QT doan nhiét 2 —3
T, ln72 va4 —>1c¢6 T,V =T,V "
— T]C = | — E ! V3 _ VZ

T, vV, V,
- Hiéu suat chu trinh Carnot TN v6i tac nhan la
khi 1y tuong chi phu thudc vao nhiét dd nguon
néng va nguodn lanh.
0 Heé so c — Q, Q, 1,

— , 8 p—
lam lanh: A Q,-Q, T -T,




§5. Dinh 1y Carnot, hiéu suat cuc dai cua dong
co nhiét

1. DINH LY CARNOT

a. Phat bieu: Hiéu sudt dong co nhiét thudn
nghich chay theo chu trinh Carnot voi cung
nguon néng va nguon lanh, déu bang nhau va
khong phu thuoc vao tac nhdn ciing nhu cach
ché tao may Ny = Ny

Hiéu sudt cua dong co khong thudn nghich nho
hon hiéu sudt cua dong co thudn nghich.

Nk < NN



b. Chung minh n; =1y

1, :1_Q21 _ Ay van, =1—Q2H _ Ay
Qr  Q Qu  Qq

Ghép hai dong co v6i nhau, dong co 11 chay theo chiéu
nguoc: nhan cong A’ tr dong co I, nhan nhiét tu
nguon lanh T, , thai nhiét vao nguén néng T;.

’ ’ ' '
N >Ny = Qs <Qyp = A > Ay

Ta c6:A’ A’ =A’>0 => I+II = dong co vinh cuu.
Clng tuong tu khi n; <n . Vo ly. Vay: n, =1y,

c. Chung minh Ny <Ny
Gia st II 1a KTN ngoai nhiét nha cho nguén lanh con
nhiétvo ich = Q5 > Q3 = My <My




2. Hiéu suat cuc dai cua dong co nhiét:
Hiéu suat cua dong co thuan nghich bat ki lu6n
nho hon hiéu suat cua dong co dé chay theo chu
trinh carnot thuan nghich véi cing 2 nguon nhiét

va tac nhan: NN < NN < NTNCarnot
- _;_ 1 | Dau = éng véi chu trinh
Q, T | Carnot thuan nghich.

Dau < tng v6i chu trinh Carnot KTN

Hiéu suat cua dong co chay theo chu trinh
Carnot thuan nghich 1a hiéu suat cuc dai.



3. KET LUAN: T
a. Hiéu sudt cyc dai luon nho M, =1——=
hon 1, vi T,#0K & T\<<o0.  ygi T,=293K

T,K 373 673 1073 1273 2273
Mmax 0,21 0,56 0,73 0,77 0,81

b. Nhiét khong thé bién hoan toan thanh cong:
A,maxznmaXQl => A,maX<Ql.
c. Phuong huéng nang cao HS dong co nhiét:
Tang AT —(T, T&T,1); Giam ma sit
d. Chat luong nguon nhiét: Nguon nhiét cé nhiét
do cao hon thi chat luong tot hon.

<1



§6. Biéu thic dinh luong (Todn hoc) cta
nguyén ly tha hai nhiét dong luc hoc
1. P61 v6i chu trinh Carnot:

' ' T 0
l—Q2 Sl—E :>Q2 ZE 1Q1
Ql Tl Ql ’Ii
Q, . T,
- _=2>_2
QT 2%
— Ql 4+ QZ S O
Tl T2

Dau = tng v6i CT Carnot thuan nghich
Dau < tng v61 CT Carnot Khong TN



2. Doi v6i chu trinh nhiéu nguon nhiét Q,,
Q,,....Q nhiét d6 T,, T,,...T (gbm cac qua trinh
dang nhiét va doan nhiét lién ti€p nhau)

- Q 0 Cac qua trinh
; T ~ ratngan thi: O
= T, 50

p—==<0

T
Day la biéu thiic dinh luong cua nguyén Iy hai
NDBLH duoc goi la Bdt dang thitc Clausius:

0Q
Tich phan Clausius $ = d6i v6i mot chu trinh
khong thé 16n hon khong.



Q7. Ham entrop1 va nguyén ly tang entropi

1. TICH PHAN CLAUSIUS THEO QUA TRINH
THUAN NGHICH' —

SBS_Q: [ Q hayj +j oQ o

T T =5

la2bl 2bl
QT thuan SQ 6Q 6Q
nghicllll° 1". +HJ:2 = j -[

la2 1b2

Tich phan J — Clausius theo cac qua trinh thuan
nghich tir ™  trang thdi 1 —2 khong phu thuoc
vao qud trinh bién doi ma chi phu thudc vao
trang thai dau va trang thai cuoi cua qua trinh.



2. HAM ENTROPI: 3Q
=S, =5, =AS
| 5

1x2
S, S, - gia tr1 tich phan Clausius tai cac trang
thai 1, 2.
— S -Ham entropi cua hé.
S 1a ham trang thai
— vi phan toan phan:

S
ds=2 >S=SO+j6—Q
T T

So=0 ta1 OK.
 T/c cOng cua entropi She—Tong S

cacphanhé



- Péi véi qua trinh I 5Q< I 5Q
khoéng thuan nghich: ol | 1b2
0 Tich phan Clausius theo mot qua trinh khong
thuan nghich ttr trang thai 1-—2 nho hon do bién
thién entropi cua hé trong qua trinh doé.
3. NGUYEN LY TANG ENTROPI:
Qua trinh khong thuan nghlch

ISTQ<O:>I 2b1 <O :>J‘ j_iQ<0

1azel 1a2 1b2

Nguyén ly tang entropi:
Trong hé co lap 0Q=0



(2) Dau = tng véi QT thuan nghich
AS> J‘ 0Q Dau > tng v61 QT khong Th nghich
T A DPay 1a biéu thic dinh Iuong NL hai
() NDLH viét duéi dang ham entropi
e Qua4 trinh Th nghich: AS=0 (entropi khong doi)
e Qua trinh khong Th ngh: AS>0 (entropi tang)
 Trong thuc t€ cic qua trinh la khong thuan
nghich: Trong hé co ldp cac qua trinh nhiét
dong luc luén xay ra theo chiéu entropi tang
. Heé co lap thuc khong thé 2 14n qua cling mot
trang thai. Qua trinh cham dut thi S dat cuc dai
va hé & trang thai can bang



Vidu * Hé gom 2 vat vé6i T,va T,:
Q, -Vit 2 nhan
Q,=-Q,<0 vat 1 thai

dS = dsl —I—dS2 — 6Q1 1 8Q2 — _ 6(22 n 8(22
Tl T2 Tl T2
1 1
15=80.(- 1+ )50 = -L.og
I T, T, T,
» Vat nhan nhiét (2) phai c6 nhiét T, d thap

hon: T,>T,
. Nguyén ly tang entrop1 tuong duong voi
nguyén ly 2 nhiét dong luc hoc



*Hiéu suat cuc dai: Chu trinh TN AS, +AS, =
AQ, nha tir nguén néng — S, = AQ, AQ

AQ, nguon lanh nhan — S, 1, "Tfl
= AQ, = ?2 AQ,
A T, 1

= AQI o AQ2 — Mmax

4, THUYET CHET NHIET VU TRU VA SAI
LAM CUA NO:

* Clausius co1 vl tru 1a hé c6 1ap va ap dung
nguyén 1y 2 cho toan vii tru: Khi S tang dén cuc
dai vil tru O trang thai can bang-> chét



- Sai lam cua Clausius:

a. Ap dung hé co6 lap trén trai dat cho toan vil tru
vO han

b. Mau thuan v6i DL bao toan bién hod nang
luong

c. Vi tru bién doi khong ngiig: Sao chét, sao
md&i, ving nhiét do cao bién doi entropi giam.

d. Nhitng thang giang 16n trong vi tru
(Boltzmann)

c. Khong tinh dén truong hap dan vi tru. Thuyét
vu no Big Bang: entropi ting ding theo nguyén
1y 2.



5.0 BIEN THIEN ENTROPI CUA KHI LY TUONG
L(p, ViT)->2(p, Vo 15)->  AS = j 53

a. Qua tr doan nhiét: 8Q = 0=>AS=0= S, =S
b. Qu4 trinh dang nhiét:
T = const :AS—I—Q:%

c. Qua trinh thuan nghich bat ky: 1
Neuyén Iy I: 5Q =dU-8A  dU =--C,dT

0A = —pdV ———RTd—V
L \%
(2)
AS — J‘( C, dT m dV)

ok Lo



AS — _C ln -+ — R ln— ______________ va
T AT V.7 mR
R=C,-C,
as="c P2 Me, -~y
!"l pl Vl M V1
AS = ECV n P2 Cop ln&
2 pp M V,
D061 voi qud trinh dang ap: AS=—Cp n7
M 1
m P2

Do6i v6i qud trinh dang tich: AS = m Cy In o
!



6. PO THI ENTROPI, TINH Q:
T + Dang nhiét T .2 Bat k1

12 ( Q = j 5Q = j TdS

S, S, S S, dS S, S
7.Y NGHIA CUA NGUYEN LY NPH II VA
ENTROPI:
» Nhiét khong thé truyén tir vat lanh hon sang vat
néng hon. Khi T,=T, hé can biang khong thé tré
v€ trang thai khong can bang. Hé khong qua 1
trang thai 2 lan.




e Trang thai vi mo = tong hop céc trang thai vi
mo — Nhiéu kha nang.

w-xac suit nhiét dong cua trang thai vi mo.

Theo Boltzmann S=k.Inw; k- hang s6 Boltzmann

e Entropi 1a mot ham trang thai dac trung cho
muc do hon loan cac phan tu.

e khong do truc ti€p duoc entropi.

« TT ST : (Rdn—1dong—khi),

« Néu TV SV : (Khi—ldng— rin).

*Trong hé co lap AS > 0. Khi AS =0 hé ¢ trang
thai can bang



7. DINH LY NERNST
Khi nhiét do tuyét doi tién toi 0, entropi cua
bdt cir vat nao cing tién toi 0: Iim'S = ()

P 0, T—0
T

Tinh Sctahétai T: S = j_ )
2 0, CP (T)dT
Trong QT dang ap: S = I -
0

Hé qua cua Dinh 1y Nernst

1 T,:2 .
T ‘/A’§2_3’E,AS41=O Kh()ng thé co QT 34
43 :
0 — A S Khong thé dat dugc OK

AS,,=Q/0?



§8. Cac ham thé€ nhiét dong
1. Pinh nghia: Ham nhiét dong la ham trang
thdi, ma khi trang thdi thay doi thi vi phdn clia
no la vi phan toan chinh.
a. Ham no1 nang U(S,V) dU =38Q + 6A =06Q — oA
TuNglyl: dqU=TdS-pdv = U =U(S, V)
Néu S=const, V=const thi U=const.

ouU ouU
Lay viphan Uco U = (Fo)vdS+(Z0)sdV
thé tinh ra cac dai

ou ouU
luonge khac: =T=(—)., & p=(—
Ng (5S)V P (@V)S



b. Ham nang luong tu do y(T,V):

T vaV la bién doc lagp v =y(T,V)=U-TS
dy =-SdT —pdV  dy =dU -TdS —SdT
Néu T=const & V=const, thi dy=0 -> y=const:
Trong QT dang nhiét, dang tich thuannghich
ning luong tu do khong doi. Trong QT khong
thuan nghich dy<0

c. Thé nhiét dong luc Gibbs G(T,p):
T va p la bién doc ldp G = G(T p)=U-TS-pV

dG = —SdT + Vdp = —(—) dT + (—)po

0G 0p
—=S=(=2) vaV=(—),
( )Va (=)



Néu T=const & p=const, thi dG=0 -> G=const:
Trong QT dang nhiét, dang ap thuan nghich G
khong doi. Trong QT khong TN dG<0

d. Ham Entanpi H(S,p):

Sva p la bién doc ldgp H —H(S p)—U+pV

dH = dU + pdV + Vdp dH — (—)pdS +(Hyadp

dH =TdS+ Vdp P

T=(— V=(—
— ( )pVa (Gp)s

(dH) =(TdS) =(0Q),
& Trong OT dcmg ap nhzet lu’()’ng hé nhdn duoc
bang do bién thién cua Entanpi.



e. Thé hoa u: Trong cac phan ting hoa hoc, lién
két thay doi 1am thay doi nodi nang -> Su thay
doi so phan tlr cling 1am thay doi noi nang
=> Thém phan thé€ hoa .. cua loai hat i:

dU = TdS - pdV + Z u.dn .

dy = —SdT —pdV + » p,dn,

dG = —SdT+Vdp+Zu dn.

dH = TdS+Vdp+2u dn.

oU 0G oH

0
Hi = (8 1)sv:( \VI)TV:( l)p:(ani)Sp




§9. Diéu kién can bang nhiét dong luc
* Hé hai pha long-khi (1-2) bao hoa khi:
Can bang vé co hoc: p,=p, va Trao d6i nang
luong gitta 2 pha bang nhau T,=T, suy ra dG=0
do do ~p.dn=p,dn, + pn,dn,=0
Khi can bang so6 hat tir 1->2 va 2->1 bang nhau:
dn, =-dn,=dn-> p, =,
* Hé ¢6 nhiéu pha can bang nhiét dong luc khi:
P1=P>=---=P;
T,=T,=..=T,
Hy = = =
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