Chuwong 7
NGUYEN LY THU HAI

NHIET PONG HOC
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NHUNG HAN CHE CUA NGUYEN LY
THU NHAT NHIET BONG HQOC

C6 nhiéu qua trinh nhiét déng trong tw
nhién chi co thé xay ra theo mét chieu ma
khéng xay ra theo chiéu ngworc lai mac du
qua trinh ngwoc van khong vi pham
nguyén |y thde nhat. Sau ddy |1a nhikng han
ché cda nguyén |y the nhat:
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Thuc té cho thay, nhiét luén truyén tur
vat nong sang vat lanh hon ma khong co
gua trinh nguworc lai.

Thuc té cong c6 thé chuyén hoan toan
thanh nhiét lwong nhwng ngworc lai nhiét
Iwong chi bién mét phan thanh cong.

Thuc té thi nhiét lwong & nhiét dé cao
khi bién thanh céng tot hon nhiét lvong &
nhiét dé thap, néi khac di nguyén Iy the
nhat khong quan tdm dén chat lwong
nhiét.
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QUA TRINH THUAN NGHICH VA
KHONG THUAN NGHICH

llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

Qua trinh dwa moét hé nhiét dong tw
trang thai 1 sang trang thai 2 du’o’c goi la
thuan nghlch néu ta cO thé thwc hién
dwqc gua trinh ngwoc lai

Néu khong thwe hién dwoc qué trinh
ngwoc di qua dung cac trang thai trung
gian nhw cu, thi qua trinh dé dwoc goi la
khong thuan nghich, cac qua trinh c6 ma
sat la khong thuan nghich.
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NGUYEN LY THU HAI
NHIET BONG HOC

May nhiét

May nhiét |a mot hé hoat
dong tuan hoan dé bién cong
thanh nhiét hoac nhiét thanh
cong.
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Pong co’ nhieét

Nguyén tdc: La loai may nhiét bién doi nhiét lwong thanh
cong.

Cau tao gom ba phan: nguén nong c6 nhiét dé T,, nguon
lanh c6 nhiét d6 T, va mai trwong vat chat lam nhiém vu bien
doi nhiét thanh cong (tac nhan: TN)

Hoat déng: Theo mot chu trinh khép kin, trong mét chu
trinh, tac nhan (TN) nhan nhiét lwong Q, tr nguén nong co
nhiét dé T, , bien mét phan thanh cong A’cho bén ngoai, phan
con lai la nha cho nguén lanh c6 nhiét doé T, va tré veé trang
thai ban dau, qua trinh lap lai.

Hiéu suét cia déng co’ nhiét : La ti so gitba cOng sinh ra
A’ va nhiét lwong nhan vao Q,
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Ql _Qz
Q,

Vay hiéu suat cua
dong co’ nhiét:

T]:

Q)

Hinh 9.1

https://fb.com/tailieudientucntt

A!
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VEVAETRET]

- Nguyén tac: La may nhiét bién
cong thanh nhiét. Tac nhan trong
may lam Ilanh bién ddi theo gqua
trinh ngwoec v&i dong co nhiét.
- Hoat déng: Trong chu trinh tac
nhan nhan (tiéu thu) cong A cua
ngoai vat va lay mot nhiét lwogng Q2
cua nguon lanh va nha nhiét lwong
cho nguon ndng.
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Hé s6 lam lanh cua may lam lanh:

Hinh 9.2
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Phat biéu nguyén ly thi hai

Phat biéu ciia Thompson

Mét dong co nhiét khéng thé sinh
cong néu nhw no chi trao doi nhiét voi
mot nguon nhiét duy nhat.

Phat biéu cua Clausius
Khéng thé ton tai mét qua trinh
nhiét dong ma két qua duy nhat la sw

truyén nhiét lwong toe vat lanh hon
sang vatnong hon.
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CARNOT VA BINH LY
CARNOT

Chu trinh Carnot thuan nghich

“ 1 (Vy, T Q1

Hinh 9.3 Chu trinh Carnot cua khi twong
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* Qua trinh 1 — 2: Chat khi dan né dang
nhiét & nhiét dd T,. O qua trinh nay tac nhan
nhan nhiét Iu’o’ng Q1 Q,, ttr ngudn nong, sinh

cong.

* Qua trinh 2 —» 3: Chat khi dan né doan
nhiét (khdng co sw trao doi nhiét vé&i xung quanh
nén Q = 0). Tac nhan sinh cong A’23, do dé nhiét

doé cua nd giam tir T, xuéng T,.

* Quatrlnh 3 - 4: Chat kh| bi nén dang nhiét
@ nhiét doé T,. Qua trinh nay tac nhan nha nhlet
lwong = — Q34 cho nguén lanh va nhén cong A,y

* Qua trinh 4 — 1: Chét khi b| nén doan
nhiét. Tac nhan nhan cong A,; nén nhlet do cua
no tang te T, Ién T, va quay vé trang thai ban
dau va ket thuc chu trlnh Carnot.
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Hiéu suat cta chu trinh Carnot thuan
nghich

n=1

hoac co6 thé viét:

My, =1
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Hé qua
1) Hiéu suat cwec dai cia déng co nhiét
ludn luén nho hon 1.

2) Tathay n,,C phuthuéc T,, T,

L<<1:> N, ~1
Tl

3) Nhiét lweng lay & nhiét dé cao c6 chat
lwong hon nhiét lwong lay & nhiét dé thap.

4) Muon tang hiéu suat cia déng co’ thi ngoai
cac cach lam ndéi trén con phai ché tao sao
cho déng co nay cang gan déng co thuan
nghich.
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Dinh ly Carnot

Phéat biéu dinh Iy 1: Hiéu suat ctia cac dong co nhiét
lam viéc theo chu trinh Carnot thuan nghich, hoat
déng giiva hai nguén nhiét co nhiét ddé T, va T, cho
trwéc thi bang nhau va doc lap v&i hé dung dé sinh
cong.

Phat biéu dinh ly 2: Hiéu suat cua dong co khong
thudn nghich thi nhé hon hiéu suat caa déng co’
thuan nghich: n, <n.

Phat biéu dinh Iy 3: Trong clng diéu kién nhw nhau,
chu trinh Carnot luén luén co hiéu suat Ién hon cac
chu trinh khéng phai la Carnot.

Tl ba dinh Iy trén, ta c6 thé rit ra:

12

T
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C
Nkn <Ntn <N =1-
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CONG THUC DINH LUONG
CUA NGUYEN LY THU HAI

Trwdng hop ¢6 hai nguon nhiét

Xét dong co’ nhiét hoat dong theo hai chu trinh
Carnot thuan nghich va khong thuan nghich
khac nhau, hiéu suat cua chung lan lwot |a:

To

-] <
11tn T,
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biét rang

nén

CuuDuongThanCong.com
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la nhiét rat gon ctua ngubén nong

_~ <2 |3 nhiét rut gon cta ngubn lanh
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Mo rong ra cho dong co’ nhiét vo
nhieu nguon nhiét

Q1+Q2 _|_Q3 +.__+&SO:>Z&SO
T]_ T2 T3 Tn

Trwong hop chu trinh Carnot c6 dang bat
Ky, trong do nhiét do bien thién lién tuc

o
.
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HAM ENTROPY VA NGUYEN LY TANG
ENTROPY

Khai niém entropy va ham entropy

Entropy la dai lwgng vat ly do mare do
v trat tw hay mirc d6 ngau nhién cla
mot hé. Chiéu dién tién tw nhién cla
cac qua trinh nhiét dong co swv lien hé
v&i sw thay dbi cla entropy cla hé.
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Hinh 9.4 trinh bay hai chu
trinhkini:1l>a—>2->b->
1 1a chu trinh thuan nghich
(tn) va duwoc biéu dién
bang du’o’ng khép kin lien
nét con chu trinh 1- c—
2— b— 1 la chu trinh
khong thuan nghlch (ktn)
dwoc biéu dién c6 mot
phan 1>c—>2la du’o’ng
durt nét. Khi chuyen hé tw
trang thai dau 1 sang trang
thai cudi 2 ta co thé di
theo dwong thuan nghlch
1— a— 2 hodc ciing c6 thé
di theo du’o’ng khéng
thuan nghich 1—- c— 2.

C (ktn)

b(tn)
Hinh 7.4
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Trwore tien, ta xét trieoong hop hé lam
viéc theo chu trinh thuan nghich.

T

m&:

[T T

—lT T (BT

Phuong trinh trén chiing té réng trong céac qua trinh thuan
nghich, khi chuyén hé tir trang thai 1 sang trang thai 2 thi
tich phan SQIT chi phu thudc vao céac trang thai dau va cudi
va khéng phu thudc vao dwong di.

ongThanCong.com


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

S dworc goi la entropy cua hé.

AS S, -8, jds T(SQ



http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Nqguyenly tang entropy

Ta héy xet mot chu trinh khong thuan nghich
gom hai dwo’ng di 1—> C—>2vaz2— b->l.

nhwng [ﬁ@ I5Q I Q<O

hay

hay gj(s@qé@é
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. { 9Q
theo (9.7) thi: AS=82—81=”3IZ?
(tn)
oQ
nén I T =
1c?
(ktn)

Ta c6 thé viét bat dang thirc sau dédy cho
mot qua trinh nhiét dong bat ky:
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Tinh dé bién thién entropy

7 \ A 2 5
Qua trinh doan nhiét as-= j?Q:o

, (0Q 17
Qua trinh dang nhiét AS =[—==—=[5Q A
Qué_ trinhnl thL{én’ , AS :MCV inPe . c,In
nghich bat ky cua khi H Py

ly turong
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Quad trinh dang tich (V = const)

As=Me P
H Py
AS :MC\, InT—2

H T,
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Qua trinh dang ap (p = const )

AS:MCpIn\i

M Vi

Qua trinh dang nhiét (T = const)

AS:MRIn\Q

H Vi
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Hg thdre thong nhat hai nguyén ly thi
nhat va th hai nhiét déng hoc

Hé thirc ciia nguyén Iy theenhdt AU =0Q+ A

ds > 29
8

hoac 5Q S TdS
i et dong noceno AU < TAS + O A

ca hai nguyén ly.

Hé thiec cua nguyén ly tha hai
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Y nghia vét ly cta entropy

Bién thién entropy la dé do tinh khéng thuan
nghich cua qua trinh trong nhirng hé cbé lap va dac
treng cho chiéu dién bién cua nhirng qua trinh tw
nhién ,

Lién quan chat ché v&i xac suat nhiét dong cua
hé.

Su lién hé gilra entropy va xac suat trang thai
(xac suat nhiét ddng) cua hé. Nha vat ly nguwoi Ao la
Boltzmann da tim ra mai lien hé do qua cong thurc:

S=kgInw
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CAC HAM THE NHIET DONG

Thé nhiét déng la mdt ham trang thai (tdrc
o mot trang thai thi ham c6é moét gia tri hoan
toan xac dinh trng voi trang thai do) ma do
bién thién cta no trong nhitng diéu kién xéc
dinh thi béng cong hoac nhiét lwvong ma hé
da trao doi véi xung quanh.

df = P (X,y)dx + Q (X,y)dy
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Noi nang U
Theo nguyén ly th&¢ nhat nhiét déng hoc,

ta co:
dU =0Q + oA

hay dU = TdS - pdV

ndi nang U la ham

cda entropy S va thé U=U (S V)
]

tich vV
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Nang lwong tw do F
Nang lwong tw do
cua mot hé la mot
ham trang thai dwoc F=U-TS
dinh nghta nhuv sau:

dF =dU - TdS - SdT

hay

https://fb.com/tailieudientucntt
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F 13 ham cua hai bién doc
lap T va V. Biet ham nang lwong tw do
F,tacéd thé tim dworc:

OF 8Fj
S: —
(@ij P (av T

Néu trong mét qua trinh thuan
nghich vira dang tich vira dang nhiét thi
ham nadng lwong tw do F cta hé khéng doéi
(dF = 0).
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khong thuan nghich, khi
két hop nguyén ly thiv nhét:

ta co6 mot biéu thire chung cho ca hai qué
trinh thuan nghich va khéng thuan nghich:
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(dau = eng v&i qua trinh thuan nghich, dau < rng
v&i qua trinh khong thuan nghich). Trong qua trinh
khong thuan nghichma T =const, TdS =d(TS)
va V = const, dV = 0 thi c6 thé viét dwéi dang sau:

dU - d(TS) < -pdV =0
hay  d(U - TS)

w  dF <0

qud trinh khéng thudn nghich dang tich, dang nhiét, hé sé dién tién
theo chiéu sao cho nang lwgng tw do cua né giam dan va trang thai
can bang cua hé sé dat dworc khi nang lwong tw do F la cuc tiéu.

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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Enthalpy H

Ham enthalpy H la mot ham trang thai dwoc
dinh nghia nhuw sau:
H=U+ pV

Lay vi phan toan phan cta n6 doi véi mét qua trinh
thuan nghich:

dH = dU + pdV +Vdp = (TdS - pdV) + pdV
+Vdip
dH =TdS + Vdp

T d0, thay rd ham enthalpy 1a ham cda hai bién
déc lap S va p:
H = H(S, p)
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SERH
m enthalpy con co tén goi la ham nhiét.

dH=TdS =Q
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Thé nhiét déng Gibbs

hé nhiét dong Gibbs Ila m6t ham trang
thai dwoc dinh nghia Ia:

G=U+pV-TS
Vi phan toan phan cla noé doi véi mot qua
trinn thuan nghich:
dG =dU +pdV + Vdp — TdS — SdT
= (TdS - pdV) + pdV + Vdp — TdS — SdT
dG =-SdT + Vdp
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-z,
oT ). P Jr

dU<d(TS) -d(pV) = d(U+pV-TS)< 0
dG <0

Vay trong moét qua trinh khéng thuan nghich xay ra
trong diéu kién nhiét do va ap suat khdng thay doi
thi hé sé dién tién theo chiéu sao cho ham thé
nhiét ddng Gibbs ctia né gidm dan va hé sé & trang
thai can bang khi ham Gibbs Ia cuec tiéu.
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The"hoa hoc

Cdc ham thé nhiét déng U, F, H, G la cac ham trang
thai dwoc dinh nghia trong diéu kién so hat cua hé khéng
thay déi. Tuy nhién, cé nhiéu tru’o’ng hop sw bién déi trang
thai cua hé khong chi xay ra voi sw thay d‘o: cua cac théng
so trang thai ma con xay ra ngay ca khi so lwong phéan tir

cua hé thay doi.

Khi sé hat N cua hé thay doi thi sé kéo theo sw thay

déi ctia cdc ham thé nhlet doéng.

Trong trwong ho’p nhw vay thi sw bién thién cua cédc
ham thé nhiét déng sé dwoc biéu dién béi cédc phwong

trinh sau:

dU=TdS pdV+ > udN,

dH=TdS+Vdp + > dN,

dF= SdT pdV+ ) s dN,

dG = SdT +Wdp + > z;dN,
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Trong cac phu’o’ng trinh trén ul gm la
thé héa hoc cua loai hat thtr icua hé
(gia sw he gom nhleu Ioal hat). Vat Iy
théng ké chi ra rang thé hoa hoc co

quan hé véi nang lwong cua moi hat.

Tw cac phwong trinh trén, ta suy ra:

. (wj (&F] (w] (@Gj
S\ Py SV !\ iy MV o\ Py A e\ Py
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Diéu kién can bang nhiét dong

pé don gian, ta hay xét mét he gom co chat long va hoi
bao hoa cua né. Hé nhw vay goi 12 hé hai pha gom pha Iong va
pha hoi. Tl du’o’ng dang nhiét Andrew (Hinh 10.2), ta thay ngay
mét so diéu kién dé cho hai pha can bang nhiét déng vé&i nhau:

P1=P2 (9.39)
T,=T, (9. 40)

Khi c6 sw can bang nhlet donq cua hai pha thi ap suat va
nhiét dé cua hai pha phai can bang Pé y den (9.30) ta thay trong
trwwdng hop nay thé nhiét déong Gibbs khong thay doi.

Mat khac, tw (9.37) khi cho T = const va p = const, tasuy ra:

dG = 1dN, + 1,dN, =0
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Vi rang khi hé ¢ trang thai can
bang thi so hat twr pha nay chuyén sang
pha kia phai bang nhau vé trj tuyét doi,
twee la:

dN, ==dN,

—_— (44 - 11,)AN1 =0

hay =My (9.41)

(9.41) chirng td rang khi hé hai pha & trang thai can
bang thi khdng nhirng so hat di vao va di ra khéi mét
pha nao dé phai bang nhau ma ca nang lwong trung
binh mang b&i cac hat cling phai bang nhau.
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