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6.1. Cac khai niém

6.1.1. Hé nhiét dong
o Moi tap hop cac vat dusc xac dinh bdi cac théng sb vi md (p, V, T), doc lap dbi véi
nhau, dugc goi la hé nhiét déng.
o Céc vat n3m ngoai hé goi 13 mdi trudng.
@ Hé c6 1ap 1a hé hoan toan khong cé tuong tac va trao déi nang lugng véi moi trudng.
o C6 hai dang trao d8i ning lugng giita hé vd mdi trudng 13 céng va nhiét. Tir dé chia Iam
hai dang hé c6 lap:

o H& I3 ¢6 1ap v& phuong dién nhiét: khéng c6 trao déi nhiét véi méi trudng ngoai.
o Hé 1a cb 13p vé phuong dién co hoc: khdng cé trao dodi cong véi méi trudng ngoai.
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6.1. Cac khai niém

6.1.2. Cong va nhiét

o Nhiét: Dang ning lugng trao déi truc tiép giita cic phan tir chuyén déng hdn loan cia
cac vat tuong tac, xay ra do su chénh l&ch nhiét do giita cic vat hodc giita vat v6i moi
trudng.

Vi du:

Mét vat lanh tiép xic véi mét vat néng, cic phan ti chuyén déng nhanh cia vat néng sé
va cham vdi cdc phan ti chuye;n déng chdm hon cia vat lanh va truyé\n cho chiing mét
phan déng ning ctia minh. Qud trinh ndy sé dimng lai khi nhiét dé cha hai vat bing nhau.

@ Cé su phan biét gitta nhiét va ndi nang, tuong tu nhu su phan biét gitta cong va cd
nang. Khéng cé khai niém nhiét cia mét hé, ma chi cé khai niém nhiét dugc truyén tu
vat nay sang vat khac do su chénh léch vé nhiét db.

e Don vi cha nhiét: 1 calo (cal) 1a nhiét can cung cép cho 1 g nudc dé nhiét dé cta nd tang
tir 14,5 °C dén 15,5 °C. M6t don vi nhiét Anh (BTU) Ia nang lugng can cung cép cho1
pound (0,4536 kg) nudc dé nhiét d6 clia né tang tir 63 °F dén 64 °F.
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6.1. Cac khai niém

6.1.2. Cong va nhiét

o Coéng va nhiét déu 13 c4c dai lugng do mic dd trao déi nang lugng giita cac vat.

° Cépg va Dhiét c6 mbi lien hé chit ché véi nhau va c6 thé chuyén héa 13n nhau: cong cé
thé chuyén héa thanh nhiét va ngugc lai.

e Su chuyén héa giita cong va nhiét ludn tudn theo mét hé thdc dinh lugng xdc dinh: 4,18
J=1cal

@ Coéng va nhiét chi xuht hién trong qua trinh bién d8i trang thai cia hé. Coéng va nhiét la
ham cha qua trinh.
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6.1. Cac khai niém

6.1.2. Cong va nhiét

e Quy uéc diu cha cong (ma hé& nhén dugc):
e A > 0: hé nhan cbng tlr bé€n ngoai.
e A < 0: hé sinh céng cho bén ngoai.
e Quy uéc diu cla nhiét:
e @ > 0: hé thu nhiét tir bén ngoai.
e @ < 0: hé téa nhiét ra bén ngoai.
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6.2. Nguyén ly | cGia nhiét dong luc hoc

6.2.1. M6 ta chung
@ Nguyén ly | cha nhiét déng hoc néu Ién mbi quan hé dinh lugng giita cong, nhiét va ndi
nang cta hé.
@ Nguyén ly | 1a mét trudng hop riéng cha dinh luit bdo toan va chuyén héa nang lugng ap
dung vao cic qua trinh nhiét dong.
o Céc trudng hop dudc xét trong phan ndy déu gid thiét co ning clia hé khdng déi. Ning
lugng clia hé la ndi ning.

Giang vién: Nguyn Dic Cusng (VNU-UET) CHUGNG 6. NGUYEN LY | CUA NHIET DONG LUC H Ngay 21 thang 5 nim 2020 7/36



6.2. Nguyén ly | cGia nhiét dong luc hoc

6.2.2. Cac cach phat biéu

Cach phat biéu thir nhit
D6 bién thién ndi ning clia hé trong mdt qua trinh bién d8i vi md c6 gia tri bing téng cong A
va nhiét lugng @ ma hé nhan dugc trong qua trinh dé:

AU=A+Q
o Khi hé thuc hién mét qué trinh bién d8i v6 cling nhd, biéu thiic clia nguyén Iy | ¢ thé
viét:
dU =0A+6Q
@ dU 13 d6 bién thién ndi ndng cda hé (vi phan toan phé\‘n, vi ndi nang la ham cla trang
thai).

@ A va dQ 13 cong va nhiét cha hé nhan dugc trong qua trinh (vi phdn khong hoan chinh
vi A, Q la ham cla qué trinh).
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6.2. Nguyén ly | cGia nhiét dong luc hoc

6.2.2. Cac cach phat biéu

Cach phat biéu thit hai

Goi A’ = —A |3 cong ma hé sinh ra, ta c6 thé viét biéu thitc nguyén ly | nhu sau:
Q=AU+ A

Nhiét truyé\n cho hé trong mét qud trinh b5ng dé bién thién ndi nang cua hé va céng ma hé

sinh ra trong qua trinh dé.
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6.2. Nguyén ly | cGia nhiét dong luc hoc

6.2.2. Cac cach phat biéu

Cach phat biéu thir ba

V6i moét chu trinh, khéng cé su thay dai ndi nang: A= —Q.

o N&u A > 0 (h& nhan cong tir bén ngoai) thi Q < 0 (h& tda nhiét ra bén ngoai).

o Néu A < 0 (hé sinh cong cho bén ngoai) thi Q > 0 (h& thu nhiét tir bén ngoai).
Trong mét chu trinh, céng ma hé nhin duogc cé gia tri b§’ng nhiét do hé téa ra bén ngoai
(hay cbng do hé sinh ra c6 gid tri bing nhiét ma hé thu tir bén ngoai).

v
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6.2. Nguyén ly | cGia nhiét dong luc hoc

6.2.3. H& qua

o N&u hé c6 1ap: A= Q = 0. Do dé: dU =0, U = const.
Vay: Néi nang ctia hé cé lap dugc bdo toan.

o N&u hé cb 1ap gdm hai V4t chi trao déi nhiét véi nhau thi:
R=Qx+Q=0 Q=-

Néu Q; <0 (vat 1 téa nhiét) thi Q> > 0 (vat 2 thu nhiét) va ngugc lai.
Vay: Trong mét hé c6 13p gobm hai vat chi trao déi nhiét, nhiét lugng do vt nay tda ra
be\Tng nhiét lugng ma vat kia thu vao.
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6.2. Nguyén ly | cGia nhiét dong luc hoc

6.2.4. Y nghia
o Nguyén Iy | 13 dinh lu3t b3o toan v3 bién d8i van déng. Moi hién tucng vi mé déu tuan
theo nguyén ly 1.
o D&i véi cic méy 1am viéc tudn hodn: A= —Q. Néu Q =0 thi A= 0. Do dé: Khéng thé
sinh cbng ma khong thay do6i ndi nidng hodc nhan nhiét tir bén ngoai.
— Khéng thé ché tao duoc dbng co vinh ciu loai 1.
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6.3. Khao sat cic qua trinh can bang clia khi ly tudng

6.3.1. Trang thai can bang

o Trang thai cin bing cla hé 13 trang thai khéng bién déi theo thdi gian va tinh bit bién
dé khéng phu thubc cdc qua trinh clia ngoai vat.

e M&i trang thai cén,b\éng dugc xac dinh ti\éng mot sd thléng sb nhiét déng. Néu hé 13 khbi
khi thi cac théng so phiét dong thudng 13y hai thong s6 doc lap 1a p, V. (T dugc xac
dinh qua hai théng s6 nay)

o Trang thai can b3ng clia hé trén gidn db p-V dudc biéu din bing mét diém.
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6.3. Khao sat cic qua trinh can bang clia khi ly tudng

6.3.2. Qua trinh can bi”mg
® Qué trinh can bing I3 mét qué trinh bién d8i gdm mét chudi lién tidp cic trang théi can
bang.
e Quad trinh can bing 13 qué trinh Iy tudng khdng cé thuc té.
@ Qué trinh bién dai 13 vo cling cham dé c6 da thsi gian can thiét Iap lai trang thai can
bing m&i clia hé thi qué trinh d6 c6 thé dugc coi I3 qua trinh can bing.

o Trén db thi p-V qué trinh can bing dudc biéu didn bing dudng cong lién tuc.
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6.3. Khao sat cic qua trinh can bang clia khi ly tudng

6.3.2. Quéa trinh can bang

A: Qué trinh ding tich (isovolumetric).
B: Qué trinh doan nhiét (adiabatic).
C: Qué trinh déng nhiét (isothermal).

o D: Qua trinh dng 4p (isobaric).
Chdi y: chit 'nhiét’ trong ding nhiét 13 néi dén
‘nhiét dé’, con chit 'nhiét’ trong 'doan nhiét’ 13
ndi dén nhiét lugng trao doi.

‘/
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6.3. Khao sat cic qua trinh can bang clia khi ly tudng

6.3.3. Cong trong qua trinh can bang

Xét qua trinh gidn nd khi trong xi lanh cd pitténg:

Khi pitténg dich chuyén mdt doan dl thi khbi khi trong xi lanh nhan dugc
cong: 0A = —Fdl.

Ta c6: A= —p.S.dl = —p.dV.

V6i dV = S.dI 13 bién thién thé tich cha khéi khi Gng véi dich chuyén dl.
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6.3. Khao sat cic qua trinh can bang clia khi ly tudng

6.3.3. Cong trong qua trinh can bang

Dién tich =|A| Dién tich = |A|

v, v, v, v,

Ve
A:/5A:—/ p.dV
Vi

Céng A ma hé nhan duoc cé gia tri bing dién tich gidi han béi dudng cong biéu dién qua trinh
cdn bing vdi truc hoanh.
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6.3. Khao sat cic qua trinh can bang clia khi ly tudng

6.3.3. Cong trong qua trinh can bang

Céc qua trinh khac nhau cho ta dién tich gidi
han v&i truc hoanh khac nhau: 1 a

Vi du: “
1a2, 1b2, 1c2 I3 ba qué trinh ma hé nhan dugc v

cdng khic nhau. Céng I3 ham cda qua trinh.
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6.3. Khao sat cic qua trinh can bang clia khi ly tudng

6.3.4. Nhiét trong qua trinh can bang

o Nhiét dung riéng ¢ cia mét chit 13 mot dai lugng vat ly cé gia tri b5ng nhiét lugng can
thiét truyén cho mét don vi khoi lugng dé nhiét dé cla né ting thém mot dé.

IQ

Vé6i m 13 khéi luong vat, 6Q 13 nhiét luong truyén cho vat, dT |3 dé bién thién nhiét do
cla vt trong qud trinh.

Nhiét dung riéng khéng don gid tri vi nhiét §Q khéng phai 13 vi phan toan phan, né phu
thubc vao qud trinh bién déi.
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6.3. Khao sat cic qua trinh can bang clia khi ly tudng

6.3.4. Nhiét trong qua trinh can bang

@ Nhiét dung mol Cm0| (hay ki hiéu don gian la C) cla mét cht 13 mét dai luong vé tri sb
bing nhiét lugng can truyén cho mét mol chit dé dé nhiét dé cia né ting mét do.

o Mébi lién hé giita nhiét dung riéng va nhiét dung mol:
C = puc
@ Nhiét cha mdt qua trinh cé thé vidt dang khac:

sQ="c.dr
I
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6.3. Khao sat cic qua trinh can bang clia khi ly tudng

6.3.4. Nhiét trong qua trinh can bang
@ Trong hé Sl, don vi clia c va C la:
[c]=J/kg.K, [C]=J/mol.K
o Nhiét la ham cuta qud trinh, do dé cic qué trinh khic nhau sé€ ¢ nhiét dung mol khac

nhau:
- Qué trinh ding tich c6 nhiét dung mol ding tich Cy
- Qué trinh d3ng 4p c6 nhiét dung mol ding 4p G

Ngay 21 thang 5 nam 2020 21/36

CHUONG 6. NGUYEN LY | CUA NHIET DONG LUC H

Giang vién: Nguyén Diic Cudng (VNU-UET)



6.3. Khao sat cic qua trinh can bang clia khi ly tudng

6.3.5. Qua trinh dang tich (isovolumetric)

o Qua trinh ding tich dugc biéu didn bing doan thing song song véi truc tung trén gian db
p-V.
e Cdng khdi khi nhan dugc:

o Nhiét khbi khi nhan dugc:
T
Q:/ao:':q,/ dT = " cyAT

T 24

V6i AT = T, — T1 va Cy la nhiét dung mol déng tich.
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6.3. Khao sat cic qua trinh can bang clia khi ly tudng

6.3.5. Qua trinh dang tich (isovolumetric)
@ D& bién thién noi nang cha hé:
WU=A+Q=0Q

Trong qu3 trinh ding tich, nhiét trao déi bing dé bién thién néi ning cia khéi khi.

M3t khac: _
sU="TLRAT
w2
Suy ra:
CV:éR, i 13 sb bac tu do
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6.3. Khao sat cic qua trinh can bang clia khi ly tudng

6.3.6. Qua trinh dang ap (isobaric)

o Qua trinh ding 4p dudc biéu didn bing doan thing song song vdi truc hodnh trén gian db
p-V.
o Cbng khdi khi nhan duac:

Vo m m
AZ—/ p.dV =—p(Vo — Vi) = ——R(T, — T1) = ——RAT
Vi H Y

o Nhiét khéi khi nhan dugc:

T2
Q:/éQ:me a7 = 2 c,AT
K T H

V6i AT = T, — Ty va G, 13 nhiét dung mol déng 4p.
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6.3. Khao sat cic qua trinh can bang clia khi ly tudng

6.3.6. Qua trinh dang ap (isobaric)

o Do bien thién néi nang cla hé:

U=A+Q
MIRAT = -"RAT + AT
p2 jz I
@ Suy ra:
co_ i+2R
P2
e Hé thic Mayer: C;, — Gy =R
@ Hé thirc Poisson:
G i+2
=TT
\V I
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6.3. Khao sat cic qua trinh can bang clia khi ly tudng

6.3.7. Nhiét dung mol ciia mét sb chit khi

Khi G G G-G @&
He 208 125 833 167
Ar 208 125 833 1,67
Ne 208 12,7 812 164
Kr 208 123 849 1,69
H, 288 204 833 141
N, 29,1 208 833 140
0, 294 21,1 833 140
CO 293 210 833 140
Cl, 347 257 89 135
CO, 370 285 850 1,30
SO, 404 31,4 900 1,29
H,0O 27 125 837 130
CH, 355 271 841 131
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6.3. Khao sat cic qua trinh can bang clia khi ly tudng

6.3.8. Qua trinh dang nhiét (isothermal)

o Qué trinh ddng nhiét (isothermal) I3 qua A
trinh c6 nhiét d6 khong doi va dugc biéu
dién bing doan thing hypecbol trén gian dé
p-V. Chit 'nhiét’ & day 13 néi dén 'nhiét do'.

o Cbéng khéi khi nhan dugc: Py ~ Dign tich = |A|

Vo Vo V
A:/ p.dV:mRT/ av P~~~
Vi H v, V

A= TRTm(Vl) CA="RTH (@)
H p1
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6.3. Khao sat cic qua trinh can bang clia khi ly tudng

6.3.8. Qua trinh dang nhiét (isothermal)
Do nhiét d& khéng d8i nén ndi ning cla hé khéng déi: U = const
Nhiét khéi khi nhan duoc:

Q=-A= gRTIn (%) - %RTIn (Ki)

N&u nén ding nhiét thi khdi khi nhan cong va tda nhiét;

Né&u gidn ding nhiét th khéi khi thu nhiét va sinh cong.

Giang vién: Nguyn Dic Cusng (VNU-UET) CHUGNG 6. NGUYEN LY | CUA NHIET DONG LUC H Ngay 21 thang 5 n3m 2020



6.3. Khao sat cic qua trinh can bang clia khi ly tudng

6.3.9. Qua trinh doan nhiét (adiabatic)

e Qué trinh doan nhiét 13 qua trinh bién d8i ma hé khéng trao déi nhiét véi bén ngoai:
@ = 0 hay 0Q = 0. Chit 'nhiét’ & day la néi vé 'nhiét lugng trao doi'.

o Ap dung nguyén ly | cho qué trinh doan nhiét:

dU = 06A = n.GydT = —p.dV

o Mit khéc, I8y vi phan phuong trinh trang thai khi Iy tudng:

R R
p.dV+V.dp=nRdT =n.Cy.dT.— = —p.dV.—
Cv Cv
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6.3. Khao sat cic qua trinh can bang clia khi ly tudng

6.3.9. Qua trinh doan nhiét (adiabatic)

@ Thu dugc phuong trinh vi phan:

p.dv(l + g/) 4 V.dp=0

N p.dV(&> +V.dp=0

Cv
WV _

@ Phuong trinh qué trinh doan nhiét:

1—v
’ TVYt = const| |Tp & = const
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6.3. Khao sat cic qua trinh can bang clia khi ly tudng

6.3.9. Qua trinh doan nhiét (adiabatic)

o Codng trong qua trinh doan nhiét:

Vs Vs
A / pdV = / conﬁst'dv _ const< 171 B 171)
Vi Vi V / Y= 1 V; V]ty

o Céc céch viét két qua khac nhau:

A:P2V2*P1V1
v—1
1 m 1 m T>
A=— "R, - T :——RT(——I)
T-lp (T2 = 7) y=1p T

- 11
A= Rnl(g) )] = s Rn](2) T )
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6.3. Khao sat cic qua trinh can bang clia khi ly tudng

6.3.10. Tong két cac qua trinh

Qua trinh  Phuong trinh A Q AU=A+Q
Déng tich £ = const 0 mCvAT mCuAT
Ding 4p Y =const  p(Vi— Vo) mCAT mCyAT

Ding nhiet  pV = const %RTIn(%) %RT/n(%) 0

Doan nhiét  pV? = const %C\/AT 0 %C\/AT
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6.3. Khao sat cic qua trinh can bang clia khi ly tudng

6.3.11. Qua trinh da bién

o Cic qué trinh ndi trén dudc tdng quat héa bing phuong trinh sau:

pV" = const

n =0 ting véi qué trinh ding 4p.

n =1 tng véi qué trinh ding nhiét.
n =~ Gng véi qué trinh doan nhiét.
n = +oo tng véi qué trinh ding tich.
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6.3. Khao sat cic qua trinh can bang clia khi ly tudng

Vidul
Tinh cdng ma hé sinh ra trong cic qué trinh bién déi.
p(MPa)
A
4 ________

2 L s

Y

VD
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6.3. Khao sat cic qua trinh can bang clia khi ly tudng

Vi du 2

Nén 10 g khi O, & didu kién tidu chuin dén thé tich 4 lit. Tim:

a) Ap sut va nhiét d6 cha khéi khi sau mai qué trinh nén d3ng nhiét va doan nhiét.

b) Céng cAn thiét d& nén khbi khi trong m&i trudng hop. Nén nén theo cich nao thi Igi hon?
Vidu 3

Cho m6t khéi khi Na (6290 K va p = 6,58 x 10° N/m?) gidn doan nhiét tir thé tich 1 Iit t6i
thé tich 3 Iit, rdi gin ding ap dén thé tich 5 Iit. Cui cling gidn doan nhiét dén thé tich 7 lit.
a) Tinh do bién thién ndi ndng, nhiét lugng ma hé nhan dugc, cdng ma hé sinh ra trong mdi
quéa trinh bién déi.

b) Xac dinh nhiét d6 va 4p sut & trang thai cubi cling.
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The End

yé&n Dic Cusng (VNU-UET) CHUGNG 6. NGUYEN LY | CUA NHIET DONG LUC H Ngay 21 thang 5 n3m 2020 36 /36



	CÁC KHÁI NIM
	NGUYÊN LÝ I CUA NHIT ÐNG LC HOC
	KHAO SÁT CÁC QUÁ TRÌNH CÂN BNG CUA KHÍ LÝ TNG

