Nhiét dong luc hoc

1. Khi ly tuéng

1.1. Céc dac trung co ban cua khi ly tuong.
1.2. Phuong trinh trang thai cuia khi ly tudng
1.3. Thuyét dong hoc phan tu.

1.4. Noi nang cua khi ly tuong

1.1.1. H¢ nhiét dong:

- H¢ nhiét dong la mot hé vat 1y bao g(‘Sm mot sb
16m céc hat — cac nguyén tir va phén tir - Cac hat nay
ludn thyc hién chuyén dong nhiét hon loan va trao doi
nang lugng cho nhau khi twong tac.

- H¢ c6 1ap: hé khong tuong tac hodc trao ddi cong
hay nhi¢t v4i moi truong ngoai.

- H¢ khong trao ddi nhiét: hé co 1ap nhiét

- Hé khong trao d6i cong: hé ¢ 1ap co

1.1.2. Théng sé trang thdi va phwong trinh trang
thdai
- Thong sb trang thai: 1a cac dai lugng vat 1y dac trung
cho tinh chat vat 1y cua hé, qua d6 xac dinh dugc trang
thai cua hé. (p,V,T)
- Phuong trinh trang thai: Phuong trinh biéu dién méi
lién hé gitra cac thong so trang thai voi nhau.

f(p,V,T) = const
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1.1.3. Ap sudt va nhigt dp
- Ap sudt: 1a mot dai luong vat 1y c6 gia tri bang luc
nén vudng goc 1én mdt don vi dién tich.
Trong h¢ SI don vi ép suét 1a N/m? hodc Pa. Ngoai ra
nguoi ta con dung mdt s6 don vi sau:
lat =736 mmHg= 9,81.10% Pa
O diéu kién tiéu chuan: p;=1,0033at=1,013.10° Pa

- Nhiét d¢: La dai lugng vat ly déc trung cho mue do
chuyén dong hdn loan phén tir ciia cac vat. (ddc trung
cho murc ndng lanh cua hé)

Dé do nhiét d6 nguoi ta ding nhiét ké va thudng sir
dung hai thang nhiét d6: Thang nhiét d¢ bach phan
(Cenxiuyt) - t (°C) va thang nhiét do tuyét ddi (Kelvin) -
T (K).

T (K)=t (°C) +273

1.2.1. Cac dinh luat thuc nghiém vé chat khi

a. Dinh ludt Béilo-Mariot

Boéilo (1669) va Mariot (1676) da nghién ctru qua
trinh déng nhiét cua cac chat khi, dd tim ra nhitng dinh
luat nhu sau: 2

“V6i mot khoi khi xdc dinh, kh o
ctia khoi khi khong doi (T=const) . ]
tich va ap sudt cua khoi khi la mé i~

p.V = const

b. Cac dinh ludt Gay-Luyxac

Niam 1800, Gay-Luyxac nghién ctru qué trinh dang
nhiét va déng tich va tim ra cac dinh luit sau:

“Véi mot khoi khi xdc dinh, khi giiv cho thé tich V
ciia khoi khi khéng doi (V=const) thi dp sudt ciia khoi
khi ti Ié voi nhiét do tuyét doi

£ = const
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b. Cac dinh ludt Gay-Luyxac

“Véi mot khoi khi xdc dinh, khi giit cho dp sudt ciia
khoi khi khong doi (p=const) thi thé tich cua khoi khi t
lé voi nhiét do tuyét doi”

y
T = const v P

* Pidu kién ap dung cac dinh lut: Céc d
Luytxac chi dung khi chét khi ¢ nhiét d6 va 4 p:
thi nghiém. Khi ap suét khéi khi qué 16n hay >
c4c chét khi khong tuan theo dinh luat d6 nir:

thi

1.2.2. Khi ly tuong: 1a khi tudn theo hoan toan chinh xac
céc dinh luat thuc nghiém ve chat khi

Mot chét khi duoc coi 12 1y tudng néu bo qua luc
tuong tac gilta cac phan tir va kich thudce ctia chung.

1.2.3. Phuong trinh trang thai cua khi 1y
tuong.
Déi v6i mot khéi khi co khdi lugng m:
pV =2URT
\ !ﬂ
* (Gia tri cua hang so R:
Néu thé tich do bang m?3 va ap suat do bang
N/m? thi: R=8,31 J/mol.K

10

+  Khéi lugng riéng cua khi Iy tuong

HP

P=Rr

11
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a. Co so thuc nghiém

Céu tao phan tir cua cac chat.

Chuyén dong phan tir.

b. Néi dung ciia thuyét dong hoc phan tik:

* Cac chat cau tao gian doan va gom mot so rat 16n cac phan ta.

* Cac phan tir chuyén dong hon loan khong ngimg. Cudng do
chuyén dong phan tir bi€u hién nhiét do cua hé.

* Kich thudc cta phén tir rit nho so v6i khoang cach giira
chung.

* Cac phan tir khong tuong tac voi nhau tru lac va cham. Sy va
cham giita cic phan tir va gilta cc phan tir vdi thanh binh tuan theo
nhitng dinh ludt va cham dan hoi cia co hoc Newton.

13

1.4.1. Pinh nghia noi ning: 12 phan ning luong
tuong mg véi cac van dong bén trong ciia hé. Bao gdm
tong dong ning ctia phan tir va thé ning twong tic giira
céc phan ta.

Noi niang cua khi 1y twong bang tong dong ning cua
céc phan ta.

1.4.2. Dinh luat phan bb déu ning lugng theo béc tyr
do
- Bactu do:

+ bac tu do cia mot vat 1a sb toa do doc lap can thiét
de xac dinh vi tri ctia vat trong khong gian.

03-Dec-21

c. Phuong trinh co bdn cia thuyét dong hoc
phan tir. 2
pP=nW,
3
- H¢ qua:
* Pong ning tinh tién trung binh va y nghia
cua T: W, =2kT
, = 3
*Van toc can quan phuong: ‘/V_:,/%
p
*Mat do phan ta: " =37
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+ Béac tu do cua:

Phan tir don nguyén ta: i=3

Phan tir hai nguyén tu: i=5

Phén tir ba hay nhiéu nguyén tu: i=6

+Y nghia cta béc tu dq: Bac ty do déc trung cho
murc d§ phuec tap cua chuyén dong cia cac phéan tu.

- Pinh luat phan bd déu nang lugng the;o l?aflc tu do:
Pong nang trung binh cua phan tir phan bo déu cho cac
bac tu do ctia phan tu.
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« Biéu thirc ndi ning cua khi 1y tuong:

+ Do bién thién noi nang:
_ miRAT
uo2

AU
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2.2. Coéng va nhiét

Cong la dai lwong ddac trung cho murc do trao doi
nang lwong thong qua chuyén dong coé huong cua toan
bo hé.

. Nhiét ciing la dai lwong ddc trung cho murc do_trao
doi nang luwong Nhung thong qua chuyén dong hon loan
ctia cac phan tu.

Cong va nhiét 1a nhitng dai lugng déc trung cho mirc
do trao doi nang lugng. Cong va nhiét khong phai la
ham cua trang thai ma la ham cua qua trinh.

2.1. Nang luong:

Nang lugng cua h¢ 1a mdt dai lugng dac trung
cho muc do van dong cua vat chat.

Trong nhi¢t dong luc hoc ta gia thiét hé khong
chuyén dong va khong dat trong trudng luc nao,
do d6 nang lugng cua h¢ ding bang ndi nang cua
hé.

18

3.1. Phat biéu

"Dé bién ’thiér} noi nang cdfz hé l:thiét dong trong mot
qua trinh bien doi co gia tri bang tong cong A va nhiét
lwong Q ma hé nhdn dvwoc trong qua trinh do "

AU=A+Q

Néu A>0 va Q>0 thi AU>0.

Néu A<0 va Q<0 thi AU<O.

Néu A=Q=0 thi AU=0, U,=U,,

A'=-A va Q' =-Q la cong va nhiét ma hé sinh ra.

Déi vi qua trinh bién d6i vo cing nho: dU = A + 8Q

19
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3.2. Hé qua

a) Néu hé c6 1ap: A=Q=0 thi AU =U,- U, = A
+ Q =0 => U,=U,. Nghia la nf1 nang cta h¢ co
1ap dugc bao toan

Gia str co hé ¢o 1ap gém 2 vit chi trao doi
nhiét: Ta c6 Q = Q,+Q, =0 hay Q, =- Q, =Q’,
nghia la:

Vay: Trong mét hé ¢é ldp gom 2 vt trao doi
nhiét, nhiét lwong do vat nay sinh ra bang nhiét
lwong do vat kia thu vao.

21

b) Gia sir h¢ thyc hién mot qua trinh kin.
Trong qua trinh d6 U;=U,, v@y theo nguyén ly
thtr nhat nhiét dong lyc hoc ta co6

A+Q=AU=U,-U,=0

hay A =-Q=Q’

Nhu vay, trong mot chu trinh, cong ma hé
nhan dugc co gia tri bang nhiét do h¢ téa ra bén
ngoai hay cong do hé sinh ra c6 gia tri bang nhiét
ma h¢ nhan vao tir bén ngoai.

Y nghia ciia nguyén 1y I:

Nguyén l}'{ I 14 sy tbng quat hoa cua dinh luat bao
toan va chuyén hoa nang luong.

Nguyén Iy I khing dinh khong thé ché tao dong co
vinh ctru loai mot.

22
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4.1.Trang thai cAn bang va qu4 trinh cn bang
4.2. Cong va nhiét trong qué trinh cAn bang

4.3. Khao sat cac qua trinh can bang

24
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«  Trang thdi cén bang ciia hé la trang thdi trong dé
moi thong $6 cia hé dwoc hodan toan xdc dinh va khong
thay déi theo thoi gian.

*  Qud trinh cdn bang la mot qud trinh bién doi gom
mét day lién tiép cdc trang thai cin bang.

b

4.2.1. Céng trong qud trinh cin bang:

V2
A= =pav :
4.2.2. Nhiét trong qud trinh cdn bang - Nfi
00 =m.cdT = <3
_1s0 ¥
“Swar

Nhiét dung riéng ¢ cia mot chit 1a mot dai luong vat ly,
ve tri sO bang nhiét lugng can thiét cung cap cho mét don vi
khoi lugng dé nhiét do cia no ting thém mat do.

Pon vi cua c: J/kg K

25
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a) Qud trinh ding tich
D6 14 qua trinh bién doi trong do thé t1ch cua hé
khéng ddi. V = const

Cong ma h¢ nhan dugc: A=0

Do bieén thién ndi nang: miRAT ©

uo2
Nhiét lugng khdi khi nhan duge: Q=AU- A = AU

b) Qud trinh dang dp:

Do 1a qua trinh trong do6 ap suét cua khéi khi
khong ddi (p = const).

* Cong khdi khi nhan duge:  » "'1: '

VZ
A=p|, ~dV =—p(t,~V)

m iRAT

* PO bién thién ndi ndng: AU =2

* Nhiét khéi khi nhan duoc: Q = AU- A

27
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¢) Qud trinh dding nhiét:

7. , A P
+ (Co6ng khoi khi nhan duge: 4=-"rr, Z:(a)
Y CA P H !
* Do bien thién ndi ndng: AU =0 1; )
* Nhiét khéi khi nhan dugc trong qud trinh ﬁﬁng
nhiét: ” v o v v
0="RTIn2
H 1
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5. Nhitng han ché cta nguyén 1y thi
nhat nhi¢t dong luc hoc

- Nguyén 1y tht nhét chua chi & chiéu hudng
dién bién ctia m{t qua trinh ty nhién.

- Theo nguyén Iy I cong c6 thé bién hoan toan
thanh nhiét va nhiét c6 thé bién hoan toan thanh
cong, dieu nay khong han dang trong thuc té.

d) Quda trinh doan nhiét:

D6 1a qua trinh bién ddi trong d6 hé khong trao ddi
nhiét véi bén ngoai Q=0. 7’ cola? T

* Phuong trinh ctia qu4 trinh: Bl nbiat

Boan nhiét
st

T.
P RERE!

* P bién thién noi nang: - Z

' i AU ="C AT Y

u 2

* Cong ma h¢ nhan dugc:

A=AU="PR \p = PSPl
u 2 y—1
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1. Qua trinh thuan nghich:
Dinh nghia: mot qua trinh bién d6i hé tu trang thai A sang
trang thai B dugc goi 1a thuan nghich khi n6 co thé tién hanh theo

chiéu nguoc lai va trong qua trinh do, hé di qua céc trang thai
trung gian nhu qua trinh thuan.

Tinh cht:
- . Qua trinh thuan nghich 1a mét qua trinh can
bang.
- Cong va nhi¢t ma hé nhan trong qua trinh
nghich bang cong va nhiét ma hé cung cap cho
bén ngoai trong qua trinh thuan

Ket qua: Doi véi qua trinh thuan nghich, |
sau khi tién hanh theo chiéu thuan va theo chiéu
nghich dé dua hé vé trang thaj ban dau thi xung
quanh khong xay ra bat ky bién doi nao.

31
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2. Qua trinh khong thuan nghich.
- Dinh nghia: qtktn 1a qua trinh khi tién hanh theo
chiéu nguoc h¢ khong di qua cac trang thai trung
gian nhu qua trinh thuén.
- Tinh chat: cong va nhiét ma hé nhan trong qua
trinh nghich khong bang cong va nhiét ma h¢ cung
cap cho bén ngoai trong qua trinh thuan.
- Keét qua: D061 véi qua trinh khong thuén nghich,
sau khi tién hanh theo chiéu thuan va theo chiéu
nghich dé dua h¢ vé trang thai ban dau thi xung
quanh bi bién doi.

3. Viduvé qué trinh thuan nghich:
- Dao dong khong ma sat ctia con lac ¢ nhiét
do bang nhi¢t do bén ngoai.
- Qua trinh dan khi doan nhiét vo cung cham.
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7. Nguyén 1y thtr hai nhiét dong luc hoc

1. Bong co nhiét

- DBong co nhi¢t [a mot may bién nhiét thanh
cong.

- Vi du: dong co d6t trong, may hoi nudc.

- Thoéng thudong dong co nhiét hoat dong voi
hai ngudn nhiét (ngudén néng va nguén
lanh) va tac nhan (chat van chuyén: hoi
nudc, khi, ...).

33
4. Vi du vé qua trinh khong thuan nghich:
- Céc qua trinh c6 ma sat.
- Qua trinh truyén nhiét tir vat néng sang vt
lanh.
- Qua trinh dan khi trong chan khong.
35
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7. Nguyén ly thir hai nhiét dong luc hoc

7. Nguyén ly thir hai nhiét dong luc hoc

2. Phat biéu nguyén 1y thtr hai nhiét dong luc
hoc.
- Phat biéu cta Clausius: Nhiét khong thé tu
dong truyén tir vat lanh sang vat néng hon.
- Phat biéu cua Thompson: Mot dong co nhiét
khong thé sinh cong néu no chi trao d6i nhiét voi
mot ngudn nhiét duy nhat. (Khong thé ché tao
dong co vinh ctru loai hai).
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2. Hiéu suét cta chu trinh Carnot

T,
7 T

1

Két luan: hiéu suét caa chu trinh Carnot thuan
nghich véi tac nhan 1a khi 1y twdng chi phu thude
vao nhi¢t do cuia ngudn ndng va nguodn lanh.

Hiéu suat cua dong co nhiét. Cang S;",h "
A 1
n=— }Ngno"‘n non,
8
Q1 o
Nhiét dong <
Ma AU=-4+0-0,'=0 oo nhin duge l Q
cua nguon P
. _ néng Gnge:
Suyra: 4'=0,-0,' i
Nhiét dong 2
\ \ co nha ra cho 2
Vﬁy n= -9 - 1_Q72 ngubnlanh | VT
e 0, 0, Ngudn lanh
! ! \ 61 )
37
1. Chu trinh Carnot thudn nghich. P
a. Qua trinh din dang nhiét 1-2. Paf
b. Qud trinh ddn doan nhiét 2-3. P
¢. Qué trinh nén dang nhiét 3-4. pp: )
d. Qua trinh nén doan nhiét 4-1.
39
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3. Dinh ly Carnot.
- Hiéu suét caa moi dong co nhiét thuan nghich
chay theo chu trinh Carnot véi cung ngudn nong
va nguon lanh, déu bang nhau va khong phu
thudc vao tac nhan cling nhu cach ché tao may.
- Hiéu suét cua dong co khong thuan nghich
nhé hon hiu suat cua dong co thuan nghich.

+ Hiéu suét cuc dai cua dong co nhiét.
n=1- Q' <l- L

) o} T

e Keét luan:

- Hiéu suat cuc dai luén nhé hon 1.

- Nhiét khong thé bién hoan toan thanh cong.

- Phuong hudng nang cao hi¢u suat cia dong co nhiét:

tang nhiét d0 nguon néng, ha nhié¢t do ngudn lanh, ché tao

dong co cang gan thuan nghich cang tot.

- Chat lugng ctia nhiét: nhiét lugng lay & nhiét 46 cao cod

chat lwgng cao hon nhiét lugng lay ¢ nhiét d6 thap.

41
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9. Biéu thurc dinh lugng ctuia nguyén 1y
thir hai nhiét dong luc hoc
1. Dbi véi chu trinh Carnot hai ngudn nhiét

g+%so
n L

2. Pbi v6i chu trinh nhiéu ngudn:
Z% <0

=T
955_Q <0

T

Tich phdn Clausius doi véi moi chu trinh khéng thé
lom hon khong.
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10. Ham entropi va nguyén 1y tang
entropi

1. Tinh chat cia tich phan Clausiuss theo qua trinh thuan
nghich. Ham entropi

P 1

o Taco: f99_[9Q, 9Q_
e <JJ.>T71¢'!.2T+2£1T70 R

+ Suyra: Jé—Q=—J'5—Q= jé—Q

la2 T 2h1 T 12 T © v
. ~Két luén: “Nhiét thu gon cua mot qua trinh thugn nghich
dien bien giita hai trang thai khong phu thudc vao qua trinh
dién biéen ma chi phu thugc vao trang thai dau va trang thai

Aess

cuoi .

44
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10. Ham entropi va nguyén 1y tang
entropi

* Ham entropi:
- Dinhnghia: “Hi¢u Entropy giita hai trang thdi vi mé co
gid tri bang nhiét thu gon cua mot qua trinh thudn nghich gitia
hai trang thai do”. @ 50

S,-8, ==

- Tinh chdt: ®

+ Gia tri cua Entropi ciia mot trang thai phu thudc vao
viéc chon moc tinh Entropi.

+ Khi da chon géc, Entropi ciia h¢ & mot trang thai nao do
c6 gia tri hoan toan xac dinh.

+ Entropi 14 dai luong c6 tinh chat cong duoc.
- Ponvi: J/K

10. Ham entropi va nguyén 1y tang
entropi

Nguyén li tdng Entropi
Xét qua trinh gdm 1a2 1a qua
trinh khong thuan nghich va 2bl
la qua trinh thuan nghich

CJ‘>5Q I 90 | J‘ 90 _ o
T

la2

Vi qua trinh 2b1 1a thuan nghich, nén:

99 _5 5
T

2b1

Suy ra:

2b1

45
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10. Ham entropi va nguyén 1y tang
entropi
* Néu hé c6 lap vé nhiét thi 5Q=0 nén: S,-S,>0
hay S,> S,
* Nguyén ly tang entropi:
“Trong mét hé co lap, cac qua trinh thuwce xdy
ra theo chiéu tang cua Entropy”.

47

10. Ham entropi va nguyén 1y tang
entropi

3. Tinh d6 bién thién entropi ctia khi Iy tudng.

. n @50
Qua trinh doan nhiét: As = j °¥ _ o
[e))

. n 60 17,0
Qua trinh ding nhiét: 5= J T J

Qua trinh batky:  as-"c mL+” g2
u L u N

As="c, P2 e 2
u poH 4

48
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10. Ham entropi va nguyén 1y tang

entropi
* Vay vé6i qua trinh dang ap: y
As=2c m=2
u n
* Vi qua trinh dang tich:
As="c m2
H 2

49

10. Ham entropi va nguyén 1y tang
entropi

4. D6 thi entropy va phép tinh nhiét luong.

10. Ham entropi va nguyén 1y tang
entropi

5.Y nghia cua entropi va nguyén 1y thir hai.

Theo quan diém cua nhiét dong luc hoc, thi
entropi dac trung cho mirc do hon loan ca cac
phan tir trong hé.
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