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Hé nhiét dong luc hoc (Thermodynamic system)

H¢ nhiét dong lue hoc 12 mot vat hodc tap hgp cac vat co kha
nang truyén nang luong va chat véi moi truong xung quanh.

Hé nhiét dong luc hoc co thé 1a mot thiét bi co hoc, hé sinh hoc,
mot lugng vat chét... TD Dong co nhiét: Hoi nudc trong dong co
hoi nueée, khi van chuyén nhiét trong mdy lanbh...

AU = Q - W + food energy AU = stored food energy
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Qua trinh nhiét dong lu'c hoc

Khi hé nhan hodc toa nang lugng ra moi truong xung quanh hoac
khi mot hay nhiéu tinh chat cua hé thay doi, tirc 1a trang thai cia
hé thay doi.

Qua trinh hé nhiét dong luc thay ddi cac trang thai ké tiép
nhau la qua trinh nhiét dong lwc hoc (Thermodynamic

Process).
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1. NOi nang (Internal energy)

Nbi ning 1a phan ning lwong bén trong cuia hé.

Poi voi khi Iy twong, ndi ning bao gdm dong ning chuyén dong
tinh tién, quay, dao dong cta cac phan ti. Bo qua ning luong
tuong tac gitra cac phan tu.

Noi nang chi phu thudc trang thai ctia h¢ nén la ham trang thai.

Theo thuyét dong hoc phan tir chat khi, i = e
dong nang tinh tién trung binh cta phan b
‘}.\

tu:

&= kT
W=3

1. NOi nang (2)

Véi phan tir da nguyén tir (> 2), ngoai dong ning tinh tién con
dong nang quay cua phan tu.

O nhiét d cao, phan tir khi dao déng manh nén néi nang con bao
gom ca dong nang dao dong ciua phan tir.

Independent Y
axes of rotation |

Ap dung khai niém s6 bac tw do ciia phan tir:

« Khi don nguyén tir chi c6 3 bac tu do tinh tién.

« Phan tir 2 nguyén tir ¢6 3 tinh tién, 2 quay.

« Phan tir > 3 nguyén tir khong thing hang c6 3 tinh tién, 3 quaz. |
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1. NGi nang (3)

Thuc nghiém chung to dong nang trung binh ctia phan tu ti 1€ véi
sO bac tu do cua phan tir.
i
w = —KT
2
Voi i bcfng tong $6 bdc tw do tinh tién va sé bdc tu do quay.

Noi nang khi ly twong (N phan tir, n mol):

i N i 5 5t do 5 5
U=N#=N=KkT = — —RT Khong xét dgﬁg nang dao dong,

2 Nj 2 i = 3: phdn tr don nguyén tir

i i =5: phan tw 2 nguyén tw
= |U= nERT i = 6: phdn tir 3 nguyén ti
khong thang hang
U chi phu thudc nhi¢t do T
, i
= D0 bién thién nji ning: AU = ny R.AT
————mE]

2. Cong va nhiét
Hé nhiét dong truyén ning lwong véi moi trudng xung quanh
dudi dang Cong (Work) va Nhiét (Heat) Energy transfer In
Cong la dang truyén ning luong thong qua
chuyén dong cé trat tw cia toan b hé, lién
quan dén su thay doi thé tich cua hé.

Energy transfer in
the form of heat

Nhiét 1a dang truyén ning luong thong qua
chuyén dong hdn loan va va cham cia cac
phan to bén trong hé véi cac phan tir cia moi
treong xung quanh.
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3. Cong (Thermodynamic Work)

System dx

. . \ >

Xét xi lanh (Cylinder), tiet dién S \ Y
chtta chat khi 4p suat p. o5 : ):\ >

- Luc do chat khi tic dung 1én , \SA

piston: F=pS Force that system

exerts on piston
- Cong Vi cap dW do khi dich chuyén piston mot doan dx:

dW =F - dx = F.dx = pS.dx = pdV
V2

- Cong W’ do chat khi thyc hién: W' = f pdVv
Vi

— Cong W do chit khi nhan vao: | W= -W' = — f pdV

3. Cong (2)

Cong phu thudc vao qua trinh bién d6i nén la ham qua trinh.

Cong do hé nhan vao W ngugc dau voi cong do hé thwe hién W’
W=-W’

- Néu hé sinh cong (thé tich tang, gidn khi): W <0

- Néu hé nhan cong (thé tich giam, nén khi): W >0

P p
1 2
Pri-- Pr--
i
I
I
2 S S Pi ———\-
i l N
: Work = Area : t Work = Area \:
: W<0 | | W>0 j
: L NN\
0 Vl V2 O V2 Vl
S—"g |
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4. Nhiét (Heat, Quantity of heat)

C6 3 cach truyén nhiét co ban: din nhiét (thermal conduction),
doi lru nhiét (convection) va birc xa nhiét (radiation).

fjm
va truyén dong ning

___ﬁ mm}'

, cho cac phan tir cua
o % vit & nhiét do thip
R e N s ;.)\
SAAANS _ hon.

Radiaticn

_ DAn nhiét: Cac phan
|| tir bén trong vat &
nhié¢t d6 cao va cham

Poi lwu nhiét: 13 truyén nhiét do sy di chuyén ciia vat chit (khi,
chat 16ng) tir ving nhiét d§ cao dén ving nhiét do thap hon.

Birc xa nhiét: 1a truyén nhiét bai birc xa (séng) dién tir phat ra tir
nguon nhiét do cao, khong can vat chat trung gian.

——]

4. Nhiét (2)
Khi hé M (s6 mol n) nhan nhiét lvong dQ, nhiét do cua hé tang dT:
dQ =nC.dT  (C: nhiét dung mol)

Nhiét lrong hé nhin vao Q trong qué trinh bién d6i 1 dén 2:
2

- Hé nhan nhiét. Q >0

anjc'dT - HE t6a nhiét: Q<0
1

Néu nhiét dung C khong doi: Q =nC.AT

Nhiét luong hé téara Q’: Q=-Q

Tuong tu nhu cong, nhiét cling 1a ham qua trinh. Trang thai cua hé
khong dbi thi khong co cong va nhiét.

e 1]
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5. Nguyén ly thir nhat nhiét dong luc hoc

Nguyén 1y I: D6 bién doi ndi ning cua hé bang tong dai sd cong
va nhiét nhan vao.
AU =W +Q
- Bién ddi nho (Dang vi cap):  dU =dW + dQ
- Dang khac cianguyén ly I:  AU=W-Q’=Q-W’

Nguyén Iy | la mot truong hop cua nguyén ly bao toan nang
lwong.

Céng va nhiét phu thudc qua trinh nhung dé bién thién ndi ning

chi phu thuéc trang thai dau va cudi ma khong phu thudc qua
trinh bien doi.

————E T

5. Nguyén ly thir nhat nhiét dong luc hoc (2)

- Trudng hop hé bién doi tuan hoan, sau mdi chu trinh (cycle) hé
tro vé trang thai ban dau.

AU=0=Q=W hayW=(Q’

Nhiét nhdn vio bang céng sinh ra hodc c¢éng nhdn vio bang
nhiét toa ra. = Khong thé ché tao dong co vinh curu logi |.

- Truong hophé co lap: W=Q=0 = AU=0
N§i néing ciia hé c6 ldp khéng doi (bdo toan).
Heé ¢6 lap chura 2 vat c6 trao doi nhiét véi nhau:
Q=Q+Q,=0 = Q,=-Q’
— Nhiét do vat nay nhdan vao bcing nhiét do vdt kia toa ra.

———E
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6. Ung dung nguyén ly I nhiét dong luc hoc

- Trang thdi cin bing cia hé 1a trang thai ma moei bién trang
thai ciia h¢ dwoge xac dinh. Néu moi truong xung quanh khong
d6i thi trang thai cta hé ciing khong doi.

- Qua trinh cin bing 13 qua trinh bién doi cua hé di qua cac
trang thai can bang. Dy 14 qua trinh 1y tudng. Cac qué trinh thuc
té bién ddi cham c6 thé xem gan dung 13 qua trinh can bang.

Trén do thi cac bién trang thai, moi trang thdi can bang duoc
biéu dién boi mot diém xdc dinh, qua trinh can bang duoc biéu

dién boi mot dwong lién nét tur trang thai dau den cuoi.

———E T

6. Ung dung nguyén ly I nhiét dong luc hoc (2)

Bon qué trinh cin bang khi 1y tuong: dang tich (Isochoric), ding
ap (Isobaric), diang nhiét (Isothermal), doan nhiét (Adiabatic).

1) Qua trinh ding tich
PA

Qué trinh bién d6i ma thé tich khong doi Final State

P_ R _po B
V = const —=n—=—= t  Pdf.." _
Ty T, cons o AU=Q>0
- Céng nhan vao: |W=0 Initlal State
Py A
- Nhiét nhan vao: | Q = AU = nCyAT
ot nh Q v o v ;?

i ,
Ma AU = nERAT = Nhi¢t dung mol dang tich: | Cy = =R
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6. Ung dung nguyén ly I nhiét dong luc hoc (3)

2) Qua trinh ding ap
Qué trinh bién d6i ma 4p suat khong doi
_ \% R V, P
p=const |5 — =n—=— = const
T p To Isobaric
- Cong nhan vao: | — A =

W =—pAV=p(V, - V,)

l Area = PAV = Work

. W<0, AU>0, Q>0
- Nhiét nhan vao: | Q = nC,AT |
| av | v
C,: Nhi¢t dung mol dang éap
-N§ining: | AU = nCyAT = nCpAT — pAV

6. Ung dung nguyén ly I nhiét dong luc hoc (4)
2) Qua trinh ding ap (tt)

AU = nCyAT = nC,AT — nRAT
= |C,=C,-R

hay |C,=Cy+R

C iR c i+2R
= — - e —
) P 2
.o Cp
- Ti s0 nhiét dung mol v: y=c—> 1
\%

Thi du khi gdm phan tir 2 nguyén tir

5 7
Cv =R Cp =

Ry =
20 Y =5
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6. Ung dung nguyén ly I nhiét dong luc hoc (5)
3) Qua trinh ding nhiét

P
Qua trinh bién d6i ma nhiét do khong doi A
AI
T =const |- pV =nRT = pyV, = const B
RT Higher T
= p= nv B Lower T
0 Vv

- Cong nhan vao:

FA

2

W= JRTdV— RTlVl
= nV =n .I’lVZ

1

-Noinang: | AU=0

= Nhiét nhan vao: | Q =W’

6. Ung dung nguyén ly I nhiét dong luc hoc (6)
4) Qua trinh doan nhiét
Qua trinh khong truyén nhiét voi méi truong xung quanh.

dQ=0,Q=0 |=> AU=W r

Phuong trinh: | pVY = const Doan nhiéta — b

. Q=0,W<0

iy pak---
hay | TVY~™! = const| | TP ¥ = const

[

|

_p1V1Y i
A Ppp===o====
v

=

- Cong nhan vao: 5 7 Vi

V2

— o (BS) v = —p vy Y [P = RV (v, 1)

W= Vi vy y-1

R ']
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6. Ung dung nguyén ly I nhiét dong luc hoc (7)
4) Qua trinh doan nhiét (tt)

Q:O:> W=AU=nCV(T2_T1)

pV
Tr pV=nRT = T:E{

Thay T, va T, vao biéu thirc W trén, ta dugc:

Cy 1
W=+ (p2V2 — p1V1) = v =1 (p2V2 — p1V1)

p

T const
W<0
Q>0
AU=0

\

Isochoric  Adiabatic
T =T, =<7,

) dg=0;w=au<o |

—— ]
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Pressure. p

>
C
A

Volume, V(L)

11
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