Nhirng han ché cta nguyén ly thir nhat

Qua trinh dong luc hoc trong tu nhién chi dién tién tw phat theo
mot chicu nhat dinh ma khong thé theo chiéu nguoc lai du khong
Vi pham nguyén 1y 1.
Thi du: Ly nudc néng dan ngudi di nhung khéng tw né néng lén;
Hon da tir trén cao roi xuong dat nhung khong tw cat lén cao; Giot
muee hoa vao ly nude nhung khong tu lai thanh giot muce ban dau.
Qua trinh nhiét dong luyc hoc trong ty nhién la qua trinh khong
thuan nghich (Irreversible process).
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Irreversible Process

Not Possible!

Truyén nhiét Gian khi Hoa tan ——1

Nhirng han ché cua nguyén ly thir nhat

Qua trinh khdng tw phat (Nonspontaneous Processes) chi c¢6 thé
xay ra khi co tac dong tir bén ngoai hé. Thi du truyén nhiét tie
nguon lanh cho nguon nong, di chuyén hon da tur thap lén cao.

spontaneous direction is downhill non-spontaneous direction is uphill
proceeds unaided proceeds only if work is done

Y

Qud trinh tv phat Qud trinh khéng tw phat

———]
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Nhirng han ché cta nguyén ly thir nhat

v/ Khéng chi ra chiéu tu phat cta qua trinh tu nhién.

v/ Khéng phan biét chat lugng (hiéu qua) cua nhiét khi lay tir cac
nguon c6 nhiét do khac nhau.

v/ Khong phéan biét sy khac nhau gitra cong va nhiét: Cong co
thé bién doi hoan toan thanh nhiét nhung nhiét khong thé bién
d6i hoan toan thanh cong ma phai toa mot phan nhiét ra moi
treong xung quanh.

Nguyén 1y 11 bd sung, khic phuc nhirng han ché cta nguyén 1y |
dé chi ra chiéu dién tién cta qua trinh dong luc hoc, chi ra gidi
han cua hiéu suit dong co nhi¢t va gidi han nang luong ti thiéu
cung cip cho may lam lanh...

———E]

Qua trinh thuan nghich (Reversible process)

Qua trinh bién ddi cua hé tur trang thai 1 sang trang thai 2 dugc goi
la qua trinh thuan nghich khi co thé tién hanh theo chiéu nguoc lai,
h¢ di qua cac trang thai trung gian nhu trong qua trinh thuan.

» M A . ~ . Quad trinh thu@n nghich
Qua trinh thudn nghich ciing 1a | ghich |

qué trinh can bang.
Voi qua trinh thudn nghich, sau
khi tién hanh qud trinh thudn va p

qud trinh nghich, hé tré vé trang

thai ban dau thi moi truong xung | Qud trinh khéng thuan nghich
quanh khong bi biéen doi. v

W, 1 =W, 5 Q= Qg 5 AU=0
‘
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Qua trinh khong thuan nghich (Irreversible process)

Qui trinh khong thuin nghich, 1a qué trinh bién d6i ma khi
tién hanh theo chiéu nguoc lai hé khéong thé di qua diy di cac
trang thai trung gian trong qua trinh thuan.

Véi qué trinh khong thuan nghich, sau khi tién hanh qué trinh
thuan va nghich, trd vé trang thai dau thi moi truong xung quanh
bi bién doi.

Cac qua trinh tw nhién 1a qua trinh khong thuan nghich va la
qué trinh khong can bang. Thi du: Qud trinh truyén nhiét, Qud
trinh ¢6 ma sat; Gian no khi trong chdn khong; Pha tron 2 chat
khac nhau...

1. Pong cc nhiét (Heat engine)

Pong co nhiét 13 hé hoat dong tuan hoan, bién doi nhiét ning

thanh cong co hoc.

Tac nhan nhiét (working -

substance) trong dong co nhiét _

nhan nhiét Q, tir ngudn nong T, Q

sinh cong W’ va toa nhiét con f '

lai Q,” cho nguon lanh T,. Engine
W —

Q=W +Q, Q)

|

2
——
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1. Pong ca nhiét (2)
Tac nhan nhiét: Hoat dong tudn hoan nhu nudc trong dong co

hoi nude; hdn hop chay trong dong co dét trong...
(a) Reciprocating type (b) Turbine (boiler and condenser not shown)

High temperature Ty High-pressure steam,
from boiler at Ty

Intake valve
(open during
expansion)

Heat input

Exhaust valve
(closed during
expansion)

Low-pressure steam,

Condenser exhausted to condenser at 77

~”" Low temperature 7y,

Dong co hoi nude ——— ]

1. Pong ca nhiét (3)

Hiéu suit nhiét (Thermal efficiency) n ctia dong co nhiét 1a ti s6
cong sinh ra véi nhi€t nhan vao trong mét chu trinh.

WI

— | (x 100%)
T

Theo nguyén Iy I: Sau mdi chu trinh
AU=0=>W=0Q,-Q,

!

Q —Q3 2
=t x2_q_=2
Q1 Q4

= |n=

V6iQvaQ,>0 = n<l1
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Chu trinh cla
dong co dét
trong bén thi

TC Intake Compression Power Exhaust
(a) (b) () (d)

C Adiabatic
processes

2. May lam lanh (Refrigerator)

Hoat dong ngugc voi dong co nhiét, may lam lanh 1a h¢ hoat
d6ng tudn hoan thu nhiét tir ngudn lanh truyén cho nguén néng.

Tac nhan nhiét trong may lanh
nhan cong W, thu nhiét Q, tir ngudn -
lanh T, va toa nhiét Q,” cho nguon a’

1

nong T;.
H¢ s6 1am lanh & (Coefficient of
performance): ~—W
c= 2t contioner
W I
s Q
W=Q, - Q, .
€= Q -
o |e=—2
Q1 —Q;
ﬂ
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2. May lam lanh (2)

Expansion
valve

Evaporator <« Condenser
— Expansion
valve
High
, pressure
3 Condenser

Inside of
refrigerator

Compressor

Tu lanh

2. May lam lanh (3)

Hot air

7. Blower

Cool air

outside
air

May diéu hoa khong khi (Air Conditioner) ]
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Internal unit

.

Internal

Hot air in

Ko O

Cool air out

External
fan coil

Expansion

@ valve

Hot air out

May diéu hoa khéng khi

3. Phat biéu nguyén ly II

Phat biéu ciia Kelvin - Plank: Khong thé ché tao duoc dong co
nhiét hoat dong tudn hoan ma nhiét thu duoc tir mot nguén nhiét
dugc bién d6i hoan toan thanh cong.

All real heat
engines lose
some heat to
the environment
Extracting heat Q,; and using

: it all to do work W would
Cold Reservoir constitute}a perfect heat engine, |
forbidden by the second law.
Khong thé bién d6i nhiét hoan toan thanh cong nghia 1a khong
thé ché tao dugc dong co vinh ciru loai II (Perfect engine).

————E
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3. Phat biéu nguyén ly II (2)
Phat biéu ciia Clausius: Khong thé ché tao duoc may lanh hoat
dong tuan hoan ma két qua duy nhat 1a truyén nhiét tir vat lanh
sang vat nong hon.

Al real

refngerators Spontaneous flow
require of heat from a cold
work to area to a hot area
get heat to would constitute a
flow from iperfect refrigerator,!
acold area forbidden by the

to a warmer second
area.

law.

———E T

4. Chu trinh Carnot
Chu trinh Carnot gdm 2 qua trinh ding nhiét thuan nghich va
2 qua trinh doan nhiét thuan nghich.
DPong co nhiét Carnot: Tac nhan nhiét 1a khi ly tudng trong
cylinder (bien doi theo chiéu quay kim dong ho) nhan nhiét Q, tir
nguon nong T4, sinh cong W’ va toa nhiét Q,’cho nguon lanh T,.

P

Gom cic qua trinh:

1. A—>B: gian ding nhiét,
nhén nhiét Q, tir ngudn
nong Ty

2. B—C: gian doan nhiét,
ha nhiétdo dén T,

3. C—»D: nén déng nhiét,
téa nhiét Q,’ cho ngudn
lanh T,

4. D—A: nén doan nhiét,
tdng nhiét d6 1én T,

————E T

Adiabatic

compression expansion
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4. Chu trinh Carnot (2) y
Hiéu suit dong co nhiét Carnot:

M Vg
1) Dan déng nhiét A —» B: Q; = E RT;In—

V Adiabatic —
A compression

o M Ve
2) Nén dang nhiét C > D: Q3 = 0 RTzln—
Vb

3) Poannhiét B > C: TyVy ' =T,V¢ !

4) Doannhiét D »>A: TV) ™" =TV}

g W _ G- _T-T_ T
CT Q T, T,

Hiéu suat dong co Carnot chi phu thudc nhiét do nguén nong va
lanh. Hiéu suat cang cao khi T, cang 16n va T, cang nho.

———E V]

A

4. Chu trinh Carnot (3)

May lanh Carnot: Tac nhan nhiét la khi 1y tudng trong Cyllnder
nhan cong W (bzen doi nguoc chiéu quay kim d‘ong ho), nhin
nhiét Q, tir nguon lanh T, va téa nhiét Q,’ cho nguon néng T,.

Gom cac qua trinh:

L 1. A—D: gian doan

i nhiét, ha nhiét do tur
T,dénT,

2. D—C: gian ding
nhiét, thu nhiét Q,
tir ngudn lanh T,

3. C—B: nén doan
nhiét, tang nhiét do
1én T,

4. B—>A: nén ding
nhiét, tda nhiét Q;’
cho ngudn néng T;

R ']
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4. Chu trinh Carnot (4)

H#é s6 1am lanh Carnot:

_Q Q

TWTQ-Q

Bién doi tuong tu chu trinh Carnot thuén, thay biéu thirc:
*  Q,: nhiét nhan vao tir nguén lanh

* Q;’: nhiét tda ra cho ngudn nong

T

g

Khi hiéu nhiét d6 giita 2 nguon nhiét cang nho thi h¢ s6 1am lanh
Carnot cang lon (cang it ton nang luong cung cap).

————E U]

5. Dinh ly Carnot

Hiéu sut cua tt ca dong co nhiét hoat dong gitra 2 ngu(‘Sn nhiét
nhu nhau déu nho hon hi¢u suat cia dong co Carnot.

Hiéu suat ciia tit ca dong co Carnot hoat dong giira 2 ngudn nhiét
nhu nhau déu bang nhau, khong phu thudc tac nhan nhiét.

T2 | Tuong tu cho T,
e <N =1 ——= gl i < £ = —o

Két luén:
- Nhiét khong thé bién d6i hoan toan thanh cong.
- Hiéu sudt cang cao khi hi¢u nhiét do 2 nguon nhiét cang 16n.
Nhiét lay ttr ngudn c6 nhi¢t do cang cao thi cang hi¢u qua.
- Pé nang cao hiéu suit cfla dong co: Tang nhiét do pguén
néng, gidm nhi¢t do ngqén lanh; Ché tao dong co gan voi
dong co Carnot; Giam that thoat nhiét nhan tr nguon néong va

giam thiéu cac ma sat.
]
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6. Biéu thirc dinh lugng ciia nguyén ly II

- Trudng hop hé trao d6i nhiét giira 2 ngudn nhiét:
Q% T, Q% T, Qi Q

n<nc=>1-—=<l-—>—-—<-—>=>—+_-=0
Ne Q1 T Q1 T T, T,

- Truong hop chu trinh bat ky c6 thé chia thanh n chu trinh Carnot:

p Approximating the

n n : :
dQq; dQ,; path of the cyclic

= Z + <0 process by a series
=1 Tai =1 Tai \\ of Carnot cycles

St

5Q Biéu thtc dinh lugng
f T < 0 |ctia nguyén ly II
(Inequality of Clausius)

0 Vv
« Déiu = ung vai chu trinh thudn nghich.
+ Dau < g v6i chu trinh khong thuan nghich.
T

7. Ham Entropy

- Xét chu trinh gdm 2 qua trinh thuan nghich 1a2 va 2bl:

T T T 1
l1a2 2b1 a
=>fdQ_ fdQ_ fdQ_ "\ )
T -~ T = T = const B 7
la2 2b1 1b2

2
f d?Q : chi phu thudc trang thai dau va cudi, khéng phu thudce
1 duong di. ’ o
— Dinh nghia: D6 bién thién ham Entropy S c¢6 tri s6 bang tich
phan < tir trang thai diu dén cudi theo qué trinh thugn nghich,

2
o d
AS=S,—S, = f d?Q Bién di nho: dS=?Q (IIK)
1
T 7]
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7. Ham Entropy (2)
Tinh chit ciia ham Entropy S:

+ S la ham trang thai. S xdc dinh & moi trang thai, khong phu
thudc qua trinh.

+ En,tropy la m(f)’t phép do dinh luong su roi loan cua mot hé
thong. (Khi mat trdt tw hon sau khi nhan nhiét)

+ S co tinh cong duogc:
* AS cua mot qua trinh bang tong AS, trong ting doan cua

qué trinh d6.

* AS ciia mdt hé bang tong AS; cua timg thanh phan ctia hé.

AS= ) AS;

F'M =
g

8. Biéu dién nguyén ly II dudi dang ham Entropy
Xét chu trinh gém qua trinh 1a2 khong thuan nghich va 2b1 thuan

nghich: jgd_Q: f@+ fd_Q<0

T T T
1a2(ktn) 2b1(tn)
d d
Qua trinh 2bl thuan nghich nén: f TQ =— J TQ
d d 2b1 1b2
T(l < TQ = Aslz A
1a2(ktn) 1b2(tn) P

Biéu dién nguyén 1y II du6i dang ham S:
2

dQ dQ
> | — dS = —
= |AS> j T T
1 >
- Ddu = g véi qud trinh 1—2 thudn nghich. v
- Dau > ung voi qua trinh 1—2 khong thudan nghich.
—— T
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9. Nguyén ly tang Entropy
Poi véi hé b 1ap §Q=0:

dQ
Tu dSZ? =dS>0,AS>0
Qua trinh khong thuan nghich dién ra trong hé c6 lap: AS >0

Suy ra:

- Céc qua trinh nhiét dong thue té (khong thuan nghich) dién ra
trong h¢ co lap entropy luén luon tang.

- Trong hé ¢6 1ap, qué trinh bién d6i khong thé hai lan di qua
mdt trang thai nén con goi la nguyén 1y tién hoa.

- Entropy cua hé dat gid trj cuc dai khi hé dat dén trang thai can
bang (ngung bién doi).

——T

10. PO bién thién Entropy cua khi ly tudng
Do bién thién Entropy ctia cac qué trinh thuan nghich:
1) Qua trinh doan nhiét:

dQ=0 = AS=0 = S=S5,:khong doi

2) Qui trinh ding nhiét: 2
T:hing = fd—Q=9=ann&
' T T 4
V,>V :gidankhi = AS>0 !
3) Qua trinh cin bang bat ky:

RT
Tunguyén ly I: dQ = dU — dW = nC,dT + anV

V, P2 V,
= f = nCy ln +anr1— nCyln— + nC In—
Vi P1 Vi

1
Suy ra biéu thirc AS cho qué trinh dang tich, ding 4p, ding nhiét.
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