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LOI NOI PAU

Gido trinh Nhiét dong k¥ thudt trong PCCC  dé cdp nhiing
kién thitc co bdn, gom cdc khdi niém, cdc thong s6 trang thdi va
phicong trinh trang thdi cita chdt moi gici trong cdc qud trinkh va
chu trinh nhiér dong ditoc ing dung trong kv thudt PCCC.
Nghién cine thiong s6 trang thdi cia qud trinh nhiét dong ciia
dam chdy xdy ra ¢ trong phong.

NI dung kién thitc trinh bay rong gido trinh la nhitmg vdn dé
co ban can thiél lam cu 56 dé hoc vién hoc tdp, nghién citu cdc
mon hoc thuge chuong trinh ddao tao Pai hoc chuyén nganh
PCCC nhue: Ly thuyét cde qud trinh chdy; co sd Iy hod ciia sw
phdi trién va ddp tdr dam chdy; phong chdy trong xdy dung;
phong chd v thiét bi dién; phong chdy trong sdn xudt, chién thudt
chita chay, 6 16 va mdy bom chita chdy.

Pham vi nhitng van dé khoa hoc k3 thudt cia nhiét dong k¥
thudt va rdt rong va phite wap. Song vét pute dich 1a gido trinh
ding cho dao rao k¥ sir havén nganh an toan PCCC, nén ¢l dé
cdp dén nhitng kién thice lién guan dén linh viee k¥ thudt an toan
PCCC. Vi lé db, ma gido trinh khong tranh khoi nhiimg ¢ici han
ve noi dung. Chiing 160 mong duoe s gép ¥ ciia cde dong
nghiép, nhdm bo sung cho gido trinkt dat chdt liuong 161 hon.



Chuong I
NHUNG KHAI NIEM CO BAN

1.1. MOT SO KHAI NIEM.
1.1.1. Nhiét dong hoc:

Nhiet dong hoc la khoa hoc chuvén nghién cdu méi lién heé
giia cde dang nang lugng v&i nhiét, cong ca hoc va su chuvén
hoa tr dang nang luong nay sang dang nang lugng khic ma co
sO cug nd dua trén hai dinh luat nhiét dong c¢o ban: Dinh lugt
nhiét déng mét va Binh luit nhigt dong hai.

P01 tugng cha nhiét dong hoe la cac hé ¢om rat nhiéu phan
we, va céc hién tuong vat 1V thong qua cac qud trinh bién doi
trang thai coa moi chit, tr d6 thi€t lap cac phuong trinh todn hoc
thé¢ hién méi lién quan gilta cdc dai lugng vat ly dac trung cho
timg qua trinh nhi¢t déng. dong thoi xdc dinh diéu kién 16t wu
cla moi qua trinh bién doi do. .

Phuong phap nhiét dong la phuong phdp dua trén bai dinh
luat co han cua nhiét dong hoc. duoe it ra tir thue nghiém. Nho
hat dinh ludt nav. khong can chit ¥ dén cau tao phan t cla vat,
chi can xem x¢€t dicu kién bién hod nang lugng tir dang nay sang
dang khdc va nghién ciu nhitng bién doi dé vé mat dinh lugng,
ta cling ¢& theé rat ra nhimg k&t luan vé tinh chdt cua cde vat
trong nhimg diéu ki¢n khdc nhau.
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1.1.2. Thiét bi nhi¢t va nguyvén Iy tam viéc cua ching.

Thiet bi nhi¢t buo gobm dong co nhict va may lanh hoac bom
nhiét.

Bong ¢o nhiét ¢6 rdt nhieu loai: Mdy hoi nude, dong co dét
trong. tua bin hom, dong co phan luc, €n fua.. chang déu co
cung chic nang [4 bi¢én nhiét nang thanh ¢o nang hoac dic¢n
nang, va cing co cung nguyén Iv lam viee nhu sau: Chat moi
gid1 (gor fat la moi chaty nhan nhigt (r nguon néng. chuyén hod
mot phan nhiét nang thanh co nang va nha phan nhiét con tai cho
nguon lanh de ron lai ticp e mot chu tfinh maéi. Ngudn nong ¢é
thé nhan nhict tr phan Ung chdy cua nhicén liéu trong cac budng
dot. tr phan ng hat nhan nguyén (r wong 16 phan tng, 1 nang
lugng bite xa cua mat iroi hoac nguon dia nhiés trong long dat.
Nguon lanh lad moi trudng xung quanh nhu khong khi va nudc
‘trong khi quyén.

Cic loai dong co trén hicn nhict nang thanh co nang. Ngay
nay ngudi ta di thanh cong trong viée si dung cac dong co nhidt
iruc tiep chuyen hod nhiét ning thinh dién nang nhu pin phiét
dién, pin nhiét dicn ILr Nguol ta quy ude [a xép pin nhict dien va
dong co wr thuy dong VAo loat nay.

Bom nhigtl va may lanh, tuy L‘() chuc nang khac nhau. nhung
nguyén Iy lam viéce thi hoan toan giéng nhau la: nho ¢ su hd 1o
cua nang lugng ben ngoai (oo adny, dién co, nhict ndng...) moi
chat nhan nhi¢t tr nguon lanh ror dem nhict luong dé va nang
tuong do bén ngoai ho tro truyén cho ngudn néng. lam lanh
ngudn ndng.



D61 véi mdy lanh, nhiét lugng c6 ich la phan nhiét iugny lay
tr ngudn lanh nic 1a vat mudn iam lanh, con bom nhiét, 1.hiét
lugng c6 ich ia phan nhiét luong do ngudn ndng nhan duoxe,
Ngay nay ngudi ta da thi nghiém dung mady lanh va bom nhiét
dua trén hiéu 1ing dién - nhiéi (hi¢u ting Pelrier) tic 12 1am viéc
ngugce vl pin nhiét dién. )

Ngoat nhimg thi€t bi nhiét lam vice theo chu 17uh, trong nhiét |
dong con nghicn cuu nhimg thiét bi lam viée theo nhimg qui -
trinh khong khép kin nhy may nén. thiét hi siv hé théng didu
hoa khéng khi.

Deé tién nghién citu, can nam duge mot s6 khat nigm sau day.
1.1.3. H¢ thong nhiét:

I tap hop nhing vat the 16n (chng o6 thé L iimy cde vt
the) ching tde dong qua lar lan nhau va duoc tich s d¢ nghién
ciu cdc hién teong vé nhict. phan con lat trong bl theng 1A mos
truong. Ranh g161 gita he thong nhiét va moi trehne Co the L bl
mat that cling cé the 1 bé mat wiong tuong.

Tuy theo dicu kién tdch hé thong, ta ¢b 1th¢ chia thanh hé
thong kin. hé thong ho. hé théng uu dong.

1.1.4. Nguon nhiét:

L.a nhitng vat trao doi nhiét v&i moi chat, ngudn c6 nhict 4o
cao hon goi 1a ngudn ndng. ngudn ¢d nhiét do thap hon la ngedn
lanh. Nhicu khi gia thi€l nhiét dung cua nguén i6n dén mu giit
duoc nhiét do khong thay doi trong qud trinh truyén nhiét.

1.1.5. Mai chat:

La nhiing chat ma 1thiét bi ding d¢ truyén tai va chuvs o boa
nang hrong nhiét véi cde dang nang lugng khic, Vé nguyen tac.



moi ¢hat ¢ thé 44 v4t chdt & bat o pha nao, nhung thirong diing
pha khi {hodc n6i), vi né cé kha nang co dan 16n. Moi chit cé
thé 1a mot doun c¢hit hodc hop chét. Trong thuc t€ chiing ta van
- gap cdc thict bi st dung chat 1éng 1am méi chit, song so vdi chat
khi (hodc hai) thi t phé bién hon.

1.2. CAC THONG SO TRANG THAI CUA MOI CHAT.

K Trang thai vat 1y cia moi chat duge dac trung bing cdc dai
luong vat 1y nhu: dp suat, nhiét do, thé tich riéng, khoi lugng
riéng... G trang thdi xdc dinh, méi dai lugng trén ¢4 tri s6 xdc
dinh ung va1 mai chét nghién ciu va duge goi la thong s6 trang
thii cua moi chat. Théng s6 trang théi ¢6 nhiéu loal, ¢6 leai do
Le tiép duge va ¢6 loai khong do truc ti€p... Nhu vay rit nhiéu
thong s6 bi€u thi cho trang thai ciia mot vat. Nhung & day ta chi
nghién cu ba 1+ ung 6 trang thdi ¢6 thé do true 1i€p dugc, ke ba
thong $6 co ban: Nhiét do, dp sudt vi thé tich riéng hoac khoi
luong riéng. Ngoal ra con gip cde théng s6 khac nhu noi nang,
entanpi, entropi. execgi.

Giwra ba thong 56 trang thai co ban ¢é m6i quan hé xdc dinh,
dugc biéu hién bang mot phuong trinh trang thdi. Ta ¢é thé xdc
dinh duoc théng $6 nay khi da biét hai thong 53 Kia.

1.2.1. Nhiét do6 va dinh luat nhiét thi khong,

Nhiét d6 biéu thi mitc do néng lanh cia moi chal, ding trén
goe do vi mo, nhiét dé biéu thi gid tri trung binh dong nang cua
cdc phan (r chuyén dong ciu tao nén vat thé. Nhiét do ¢é thé do
truc ticp trén ¢o so dinh luidt nhiét thd khong: va duoe phét bicu
nhu sau: '



“Néu 2 vat (hoac hé) ¢6 nhiét do 1, va 1, cung bang nhiét do t,
cua vat (hoac hé) tha 3 thi nhiét do cua hat vat dé bang nhau. tikc -

t,=1".

D¢ do nhiét do ta ding nhi¢t ké. Nhi¢t k€ thuong dung la
nhiét L¢ thuy ngan. nhiét ké dién wr...

Dé biéu thi gid tri cta nhiét do, thudng dung thang nhiét do
~ bdch phan (¢on goi 1a thang nhiét do Xenxiiit) "C va thang nhiét
tuyét doi (con goi la thang nhiét d6 Kelvin) "K. O mot s6 nudc
con dang dung thang nhiét do6 Farenheit 'F va nhiét do Rankin
R.

Cac thang nhiét do déu lay hai diém mdc: Diém néng chay
cha nude da va diem soi cha nude tinh khiét & dp suat ticu chuan.

Thang nhiét do Kelvin va Rankin lay gid trn 0 ¢ nhiét do
khong tuvét doi. O diém néng chay cla nude d4, thang nhiet do
bdach phan [dy 0°C, thang nhiét d6 Kelvin lay 273 "K, thang nhiét
do Farenheit 1y 32°F vt thang nhiét do Rankin 1ay 462"R.

Do viv quan hé tinh doi gita cdc thang nhiét do dugc xdc
dinh nhu sau:

TK=1rC+273 (1- )

1.2.2. Ap suat tuvét doi.

\p sudt 1a lye clia moi chat tic dung thang géc lén mot
don vi dién tich bé mat tiép xic. Pon vi do dp suvat thuang
dung la N ton / m? (N/ m con 2010 la Pa (Pascan) va bét so
cta ching nhu Kilopascan (1KPa = 10°Pa)., bar (1 bar = 10
Pa), Megapascan (MPa = 10°Pa). Con gan cde don vi khdce nhu



mmHg (con goi la toriceli TOR) mmH,0, dtmotphe vat ly (760
mimktg), atmotphe k¥ thuat (bang 0.38] bar).

Quan h¢ giita cdc don vi thuang gap:

1“33; mmile = 10 bar =
3332

1K /m.c” {1-2)

Ap sudt tuyét dai 1A thong »8 trang thii. ¢é thé truc tiép do
duoc nhung thutmg do giin ti€p qua dp suat khi trdi va phan sai
khdc gitra ap sudt khi troi va dp suat tuyét doi.

o 1
IPa=IN/mm = — mmH.O =
9 81 )

Doi véi trudmg hgp 1ém hon dp sudt khi woi ta c6:

P=PF +P, (1- 3a)

Dot vén trudng hop nho hon dp suit khi udi ta ¢é:

P=p -P, (1-3b)

O dav P. P Ppy P, la dp suat tuyét doi. ap suat khi troi. dp
suit du (thira) va do chan khong,

Cfue v Khi do ap sudl theo chiéu cao ¢ot He can quw vé¢ chicu
cao ¢ O)'C theo cong thire

ho=T, 11 -0.0001721) {(L-4

O day h, 1a chiéu cao cot thuy ngan do duoc o nhict do 1°C.
1.2.3. Thé tich riéng khii luong riéng

Mot luong moi chat ¢6 khoi luong 13 8G va thé tich OV thi: '

Thé tich riéng:

: o
v = lim I
[ I ($

(m' /keg) (1 - 5a)

{r‘
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Vo= - (m'/kg) (1-5b)
I

bai luong nghich ddao coa thé tich riéng goi ld khoi luong
rieng hay mat do:

l ; <
p=—— (kg/m) (1-5¢)
\.'

G day v th¢ tich nho nhat dé ¢é thé coi méi chat 1a mot maoi
truomg lién tuc.
1.2.4. Noi nang

NOI nang la tat ca cde dang nang lugng chifa bén trong hé
nhiét dong. Noi nang 14 tong ctia noi dong nang titc 1a doéng nang
cla cde phan tir chuyén dong va noi the nang tic the nang trong
trruong hop lue tuong tac gita cac phan tr. Hay ndi cach khac,
not nang la phan nang lugng ung véi cac van déng noi tai cla
cac phan w.

Pér vai khi 1y weong, ¢6 the bo qua lue tuong téac gifta cic
phin tu. nén néi nang chi bao gom dong nang ma theo thuyét
dong hoc phan tu va lueng wr thi noi dong nang chi phu thuoe
vao nhiet do. do dé ndr nang cua Khi Iy tudng cing chi 1a ham
don tri cua nhiél do.

Now nang cua mot vat duge thé hién qua ham trang thai. Vi
khong thé chuyen hé vé trang thdi tinh (khong chuyén dong) nén
khong the do duge gid tri tuvet déi clia 191 nang.

Boi vai 1 kg moi chat. ndi nang 6 ky hieu 1 u, déi véi G kg, c6 U =Gu.
Bon vi cia U cling giong nhu dang nang lueong khic., thuong ding la K1,
KW/ h, hoace cie don vi khide nhu Keal... ¢ mot 56 nude ¢on dime cde loai
don vt khac nhu Bt va Chu.



Noi nang cha mot vat thé déng nhat ¢6 thé xac dinh qua céc
théng s6 trang thai cua vat do theo cic ham s6 sau:

u=fp vhu=t(p, T U=f.T) (1-6}

Su thay déi noi nang theo mét qua trinh nhiét déng bat kv chi
phu thuodc vao trang thdi dau va trang thai cudi cda gua trinh dé
nghia 1a Au = U - U.. do hién thién noi nang. Trong nhiét ki
thuat thudng chy tinh lugng bién thién ndi nang trong nhiét dong
k¥ thuat thudng chi tinh luong bién thién néi nang Au, nén ¢o
thé chon mot trang thdi thuan tién nao dé 1a méc. thong thuong
ta chon nol nang o do khong tuvét doi va biang 0.

1.2.5. Entanpi.

Trong tinh todn va phan tich vé nhiét thudng gap bicu thiuc U
+ P. V. D¢ don gian ta thay bang ky hi¢u 1 va goi 1 Entanpi (¢6
nguol goi la nhiét ham ¢ nghia 1a nhiét lugng chida trong moi
chat, nhimg thuc ra khong nén dung vi nhiét lugng khoﬁg phat la
thong s6 trang thai, do dé ndi & maét trang thdi nao dé chita bao
nhiéu nhiét lugng 1a khong chuin xéac).

Dot vat | kg moichdtcd:i=u + pv (1-7a)

P vai Gkg moichdtco: [=G.1=U + PV (1-7b)

Viu p, v déu la thong & trang thdi. nén i cing la thong so
trang thai. D1 voi khi 1y wong, u va pv chi phu thude vio nhiét
dé nén i cua khi Iy tuong 1id ham don tri cia nhiét dé. Don vi cOa
1 cling nhu don vi cua u va thudng chi tinh Al nén ¢é thé chon
mot trang thai thich hop nao dd lam mac nhu déi véi Au. Déi vai
¢d¢c moéi.chit lanh nhu amoniac. Fréén - 12 chon Entanpi cla
chat 1ong bao hod o - 40 "C bang khong.



Y nghia vt Iy ciia Entanpi: Trong nhiéu truemg hop 1 biéu thi
nang luong vi U biéu thi noi nang, pv biéu thi cong luu dong.
trong mot s& truong hop luong bién thién Ai bang nhiét luong
trao doi trong qua trinh,

1.2.6. Entropi.
Entropi la mot thong s¢ trang thai, ky hiéu 1a S, ¢6 dinh nghia
nh saw: *“ Hiéu entrépi gitta hai trang thdi vi ma do bang nhiét

thu gon cta mot qud trinh thuan nghich gitra hai trang thdi do ™.

Biéu thitc todn hoc ciia dinh nghia trén la:

S,-S, = Ib_q C(1-8a)
15

Hoac ds = S_q
T

dq 1a lugng nhiét vo cung nho trao déi vai moi trudng khi
nhiét do tuyét déi cta moi chat bang T'K.

Entropi khong wruc tiép do dugc, trong tinh todn cling chi can
tinh As nén cé thé chon trang thdi moc bat ky. Néu quy ude
trang thdi vi mo ¢ 0'K la trang théi géc S,; "K = 0, thi entropi S
cua hé & trang thai | duoc xac dinh.

l
d )

5 = j_Tq J/kg' K. (1-8b)

Cong thire (1 - 8a) dung cho 1kg, néu ding cho G kg ta cing
c6 quan hé:

S=G.s {i- 8¢)



1.2.7. Execgi.

Execgi 1a thong s6 dung trong nhiét dong k¥ thuat. Execgi
cua moi chat & mot trang thdi nao dé 1a nang luong ¢6 ich t6i da
¢6 the nhan duoc khi cho meéi chat tién dén trang thdi ¢dn bang
V6l moi trudng bén ngoai. Execgi ciling khang do true tiép duc.
ma phai tinh theo:

e=(-1,)-T,{5-5;) _ (1- 9a)

E:G-e:(['ln)‘Tn(S'su) {l_gh)

G day 1..'T.. S, la cntanpi, nhiét do tuvét doi entropi cla moi
chat & trang thdi can bang mdéi moi trudng.

I. T. S la entanpi, nhiét do tuyeét di. entrépi coa moi chat &
trang thdi can xdc dinh.

Bon vi cua Execgi cling giong don vi clia Entanpi.

1) - - - e 2
1.3. PHUONG TRINH TRANG THAI CUA VAT CHAT C
THE KHI.

Khi mot trang thdi duge xdc dinh thi gid tri coa tat ca cdc
thong so trang thidi déu dugc xdc dinh, nhung dé xdc dinh duoc
mot trang théi, Thi can xac dinh t6i thide 13 bao nhiéu thong s6?
Dinh tuat vé pha chu Gibbs cho cau tra 191 van dé dé.

1.3.1. Binh luat pha coa Gibbs,

D61 voi mot hé thong ¢6 phan tng hod hoc ¢6.

v=Cc+2-p (1-10)

O day p 56 pha clng 6n tai trong hé. ¢ $6 thanh phin trong
h¢, v 56 thong s6 doc [ap 161 thidu can thiét dé xde dinh trong
Mot trang thay.
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Dot v6i don chat (¢ = 1) mot pha (P = 1) thi s thong s6 (ai
thi€u can thigt lav=1%2- =2.

Nhu vay d6i voi moi chédt don ¢ trang thdi khi. d¢ xdc dinh
mot trang thai can biét 2 thong so doc 1ap, vi du nhu p va v con
thong 6 nhu 3, vi dy T s& duoc xdc djnh. ¢6 thé theo phuong
trinh:

T=1t({pwv) (1-1la)

hoac F{p,v, T) =0 (1-11b)

Ciing ¢6 thé dung bang s6 hoac truc toa do do 2 thong s6 d@c'
lip tao nén (thuong dung toa dop.vi T-s11—-s p-tp- i)

1.3.2. Phuong trinh trang thai cua khi Iy tudng.

Khi 1y tuéng la khi ina ngudt ta quy wdc véi nhau rang. gitta
cdc phan tu, nguyén tr cua khi dé khong 6 luc téc dung tuong
ho véi nhau,

Phuong trinh trang thai 1i phuong trinh biéu dién méi lién hé
gilta cac thong so trang thai vér nhau. £é1 vdl mot don chat ¢
pha khi la phuong trinh lién he giifa 3 00ag <6 doc lap, thudng
la ba thong s6 co ban p. v, ( nhu phuong trinh (1 - Tla); (1 -
1ib).

Phuong trinh trang thdl ¢é the xdce dish bing thue nghié¢m
hodc bang 1v thuyét. Cho dén nay mdi chi ¢6 phuong trinh chinh
xide xay dung bang v thuvet cho khi ly twong, tr 1y thuyét dong
hoc phan tr hoac bang thue nghiém trén co 5§ cac dinh Juit Boj -
Mariot: Gay - Liytsac va Avogadro. Cac nha khoa hoc Claperen
va Mendéleep da tim ra phuong troah sau:

Do ven Tkg khi 1y wong ta ¢o:



pv=RT: (1-12a)
boi vdi G kg khi ly twong: PV = GRT; (1-12h)
V&i 1 kmol (ukg) khi 1y tudng cé: '
PV, =R, T (1- 12¢)
Do vai mot khai khi bat ky 6 khéi luong m kg va V 1 the
tich cua né
P.V:E‘ RT: (1-12d)
- day:
P~ Ap suat tuyét d6i (N/ m ”
T - Nhiét do yét déi. 'K
v - Thé tich rieng (m’ / kg)
G - Khoi luong cua méi chat (kp)
V - Thé tich ctia méi chat (m)
1 - Phan nr lwong moi chat. _
\' thé tich cha 1 Kmol mot chat, thay déi theo trang thai ¢
diéu kién tiéu chuan (P = 760 mmHg va t = 0°C) tat ca khi v

tuong déu cé thé tich bang 22,4 m', nghia 1a V, = 224 m" 1/
Kmol. '
R, hing s6 ph8 bién ciia méi chat. tat ca khi Iy tudng déu c6
R, = 8314J/ Kmol'K
Néu P do bang atmotphe, V do bang m” thi:
at ’

m3.
R =0,0848 ————
Kmaol .K
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R - hang s6 chat khi. R = Rp _ 83143

1

Néu dung don vi khic, trt s6 clia R va R, sé thay déi.

)/ (kg "K)

Chi y: Chc phuong trinh trén vi€t cho khi ly tudng & trang
thdi can bang, v6i khi thyuc hoac trang thai khong can bang s& cé
sal s0, tuy theo yéu cdu vé trinh do6 chinh xdc cha bai toan ma
xét cho phép sit dung hay khong. Trang thdi can bing 1a trang
thai trong d6 moi thong s6 clia hé hoan 1oan xdc dinh va khong
thay déi theo thdi gian.

1.3.3 Phuong trinh trang thai cua hon hop khi 1y tuéng.
Nghién citu hén hop khi 1y tudng 13 viee lam cédn thiét, vi moj
chat thudng gap phan lén 1a hén hop khi.
Vi du nhu khong khi 1a hén hop cia oxy. nito va mot so khi
tro. Sin pham chdy ciing 1a hén hop cta khi CO,, SO,, H,0.
N,... 0,

Hon hop khi 1y tuéng c6 thé xem 13 mot chat khi 1y wong
déng nrhat (néu nhu cic thanh phan ctia hén-hop khong ¢é phan ung
hod hoc vai nhau). N6 vin tuan theo cdc dinh luat cling nhu
phuong trinh trang thdi cta khi 1y tuong (1 - 12). Do vay chi can
xac dinh cac dai luong twong duwong cila hén hop trén co s& biét
cac dai luong va ty le hdn hgp cta cdce chat khi thanh phén.

a) Dinh ludt Gibbs - Danton. ’

Binh luat gém hai phén.

Phan 1: ** Ap sudt clia hén hop khi 1y wong (khong ¢ phir
tng hod hoc) bang téng phan dp sudt cla (41 ca cic chat ki
thanh phan ™, nghia o



P=D +P,+..P =P (1-13)
i

O day Pi la phin 4p suét clia chat khi, thanh phan thi i 14 dp
suat ¢6 dugc khi tdch riéng chat khi d6 ma vén gift thé tich va
nhi¢t d6 nhu & hén hop ™.

p la dp suat ctia hén hop

Phin 2: * Noi nang, Entanpi va Entropi cua hon hop khi ly
tong bang tong noi nang Entanpi, Entrépi cia cac thanh phan
véi dicu kién mdi chat chodn toan bo thé tich va ¢é nhiét do cia
hén hop.

U=U+U,+....= 2 U, (1-14a)
o
[=1,L+...= 1 (1- 14b)
=
S=8, +S,+ .. =¥§ (1-14c¢)
1=l :
Hoac:

il

U=)GU 1=2Gi:S=2068
=1 =1 L
b Cich biéu thi thanh phdan cuia hon hop:
Ngudi ta phan bigt cic hdn hep theo thanh phan cdce chat hop
thanh. Thanh phin ¢6 thé hiéu thi theo Khai luong, thé tich hoiic _
80. '



b.1. Thanh phin khéi luong ca mét chat khi thanh phan la ty
5O gifta khoi luong cha riéng khi dé véi tong khoi lwong cha hén
hop: '
<, G G |
&= == (1- 15)
(J’l + (_.72 +.... Z(_r}_ (s )

b.2. Thank phan thé tich clia mét chdt khi 1a ty s6 giita thé
tich riéng clia khi d6 (the tich ca khi thanh phén 1 thé tich chia
né sao cho dp suat va nhiét do cia nd bang &p sudt va nhict do
chia hon hop khi) véi thé tich cta toan bo hén hop.

-

= — (1- 16a)

Tt phuong trinh trang thdi. ta ¢6 (hé xdc dinh duge moi quarn
h¢ gilta phan dp suat va phin thé tich cda mot chat khi bat Ky
trong hon hop.

==y (I- 16b)
PV

b.3. Ngudi ta ching minh duge gid tri thanh phéin thé tich

bang thinh phan mol ta cé:

[‘IZ—E- = (l-]?)
! 1t

O day: Vi la phan thé tich cta chit khi thanh phan
v= Y v,
1=l

V, - The tich cta hén hop

i, s60 Kilomol thi i
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= Z'ui
=l

Tong s6 Kilomol ¢ta cdc chat khi trong hén hop

¢} Xde dinh cde dai iong hiong duong cuia hén hop:

Khoi, lugng cua hén hop G. t6ng s6 Kilomol cla chat khi
trong hén hop . thé tich ciia hén hgp V duge xdc dinh nhu céc
thanh phan trén. Nhi¢t do cia timg chét khi béng nhiét d6 cua
hén hap. Ap suat x4c dinh theo luat Dalton (1 - 13).

+ Phin 1r lugng twong duong cua hon hop duge tinh theo:
n=>uy, (1-18)
i=l

Hoac:
|

£
= /1,
+ Hdng s¢ chdt khi: Hang s6 phé bien cla hén hgp vén bang

Ry = 8314J/ kmol clia hang s6 chdt khi twong duorrg ¢6 thé tinh
theo: '

pi

R=Y gR Hoic R= . (1-19)
i<l

b
Ey
R,
83143
"

+ Thé tich riéng niong duong: Co thé chimg minh duge:

Ciing ¢é thé tinh theo: R = (1 kg'K

20



V=39V, (1- 20a)

1
5
v
1=t !
Lint ¥: C6 thé viét phuong trinh trang thai riéng LhO mot chat

khi thanh phan theo:
PV=G.R.T ' (1-21a)
Hoac PV, =gRT (1-21h)

Hoac: _ V= (1 -20b)

1.3.4. Phuong trinh trang thai cua khi thue.

Cho dén nay mdi chi viét tr 1y thuyét duge.phuong trinh
chinh xdc cho trang thdi can bang cla khi 1y twémg tic [a khi
khong ¢6 luc tuong tac giita cdc phan tir va kich thuée cta ban
than phan tir nho hon khoang cach giita chiing. Dung phuong
trinh trang thai cha khi ly tudng cho cdc chat khi va hoi thutmg
gap tat nhién c6 sai s6, khi sai s6 vuot qud gia tri cho phép, thi
phai vi€t phuong trinh trang thal co xét dén sy khic nhau gitra
khi thuc va khi 1y tuong. ‘

Cho dén nay da c6 nhiéu phwong trinh trang théi cua khi thuc,
nhing tat ca déu la phuong trinh thue nghiém, dua vio phuong
trinh ctia khi ly tudng rdi dua thém vao nhimg hé s6 thuc
nghiém. Phuong trinh duoc sir dung rong rdi &€ phan tich trang
thar khi thyc 1a phuong trinh Vandecvan cho mot kmol khl thuc
nhir sau:

(P

b)—RT (1 - 22a)
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O day: a va b Ia nhiing hang s6 xédc dinh bang thuc nghiém né
phu thuée vao dac tinh clia chat khi.

v - 14 theé tich. ctia mdt kmol khi thuc

P - dp sual cua khi thuc

Phuong trinh cho mot m khéi luong khi bat ky va the tich V

cO dang sau:

(re A e sy TR T (1- 22b)
Vg i A
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Chuong 11

CAC QUA TRINH THAY POI TRANG THAI
CUA CHAT KHI (HOAC HOY)

2.1. NHIET, CONG VA CAC PHUONG PHAP XAC BINH.

Khi cde h¢ tuong téc véi 1iau thi ning luong <uu ching thay
doi, néi cich khac ching trao déi nang luong +éi nhau. Phan
nang luong trao doi thé hi¢n dudi dang dong nang chuvén dong
¢0 hudng goi la cong. Vi du. khi din nd moi chat trong Xi lanh
lam Piston dich chuyén va sinh ¢ong 1am bank x- yuay. ta néi
rang khot khi df sinh cong. khi dé nang lugng cia hé vuim. Con
phan nang luong trao doi dudt dang dong nang chuyen dong hon
loan cua cdc phan tr khi goi 12 nhiét lugng. Vi du khi ho néng
Khi trong binh kin thi chuyén dong hén loan cia cdc phan ti
trong binh ting 1én. Ta néi h¢ nhan nhiét lam ndi nang cta hé
tang.

Nhiet va cong 1a 2 phuong tién ma moi chat ding dé trac ddi
nang luong voi méi truong khi thuc hién mét qué trinh. Khi trao
doi nang luong bang cong thi bao gity ciing kém theo mot sy
chuyén dong vi mo. con khi trao déi ning lugng bing nhiét thi
bao 210 cling 16n tai su chénh léch nhiét do.

Tht‘_rc nghi¢m ching 16 gitta cong va nhiét ¢ su chuvén hod
lan nhau Cho nén dé do nhiét lugng va cong, ngudi ta ditng me
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don vi chung 1a Jun. Ngoai ra trong thyc t€ con cé thé dung don
vi do khac nhu calo. kilocalo. ..

Mdi quan heé pilra chang Ja

Icalo =4, 1868 jun

Iy =0.24calo

lkcal = 4, 1868 k;j.
2.1.1. Nhiét luong va ciac phuong phap tinh:

C6 nhicu cach tinh, & day gidi thiéu hai cach: Tinh nhiét
Iuo‘ng theo su thay dot nhiét do (tixe 1a tinh theo nhlet dung
riéng) va tinh nhiét lugng theo su thay déi Entropi.

a) Tink nhiét liwong theo sie thay do1 nhiét do.:
Khi cdp chio moi chat moét nhiét luong vo cung bé g, thi nhuét

do cla méi chilt cling thay déi mat luong vo cling bé dt, ta thay:

C= ,Zq hay &g = C.di {2-1)
t

O day C - nhi¢t dung riéng cta moi chat trong gud trinh do.

- Nhiét dung riéng cua moi chat (C) 1a nhiét lugng can thiét
dua nhiét d6 cua mot don vi mét chat tang {én mot do theo mot
qud trinh nao do.

Theo don vi do ludng mol chat, ta ¢6: Nhiét dung riéng khoi
lugng néu méi chat do bang kg. Nhiét dung riéng thé tich néu do
bang m " TC va nhiét dung riéng kilomol néu do bang kilomol.

Theo dac diém cua qué trinh, cd thé chia thanh nhiéu loai,
nhung thudng dung hai loai: Nhiét dung riéng dang dp va nhiét
dung riéng dang tich.
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Trong nhiét k§ thuit, thuong gap"cé’c loal nhiét dung riéng
. sau: Nhiét dung riéng khoi lugng dang dp Cp. Nhiét dung riéng
thé tich-dang dp C’p (KJ/ m'tc'K): nhiét dung riéng kilomot -
dang dp pCp (KJ/ mol’K). Ta cine gap nhiét dung rieng Khoi
lugng dang tich C, (KJ/ kg"K). Nhi¢t dung rieng thé tich ding
tich C, (KJ/ m'tc"K). nhiét dung riéng kilomol dang tich. uC,
(KJ/ kmol’K).

Gidia cac low ahiét dung riéng ¢é quan hé sau:

C , .
G =P o0, v (K ke'K): (2 - 2a)
1
, : uCp _
C, =Cop,= B2 KJ/ m' c'K):; 2 -2b
p P 4 { ) { )
pC, =C,. . u=C.224 (KJ/ kmol"K); {2-2¢)

Gilta cdc nhiét dung riéng dang tich ciing ¢6 cac quan hé
tuong tu gitia cdc nhict dung riéng dang 4p.

Gilta cdc nhiét dung riéng ding dp va cdc nhi¢t dung rieng
dang tich ¢6 cdc quan hé nhu sau:

Cr C'p ¢

Al L Sl L (2 - 3a)

Cy Cv o uCv

kK duoc goi 14 s6 mi doan nhict, doi véi khi 1y tuedng & 12 mot
hang s6, phu thudc vio s6 nguyén (0 tao thanh phan tl, khi mét
nguyén tir cé k = 1,67; khi hai nguyén tir cé k = 1.4; khi ba
nguvén trcd k = 1,3, Vi khi thuc k con phu thudc vao nhiét do.

Doi véi khi 1y trdng ¢é cong thire Mayer
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83143
LL

1 kg"K) (2-3b)
Tir quan hé trén, ¢6 thé rit ra duoe cong thie tinh C,va C, theo k
vi R '

C=-—: (2 -3¢)

C.= - R (2 -3d)
k-1

Nhiét dung ricng cha mot loai méi chat, phu thudc cha yéu
vao nhieét do, nd phu thude rat it vao dp sudt, trong k¥ thuat ¢6
thé bo qua.

Tuy theo tinh chat, trang thdi cta mot chat ma yéu cau vé do
chinh xdc nhiét dung riéng ¢d thé coi nhu mét hang s6 va ¢6 gid
tri nhu sau:

| Loai khi ' k ]! '“(-_-_ KJ uC, — K_J_

. - C Kmol’K | Kmol’K

‘ Khi mot nguyeén wr 1.67 12.6 . 209

‘ Khihai nguyente | 14 209 293
Khibanguyénwr | 1.3 293 _ 377

Khi yéu cau dé chinh xdc cao hon, nguoi ta tinh:

C=a, +a, (2-4)

Yéu cau chinh xdc cang cao va & trang thédi thng xa khi ly
tudng, cd thé 1ay quan hé bac 2 hoac cao hon nifa.

- Tinh nhié1 fuong theo nhiét dung riéng
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Dua vao cong thitc (2 -1) ta ¢o:

og = Cdt

Vay nhiét luong cin thiét dua mot don vi moi chat tir nhiét do
t, dén t, theo ba phuong phdp sau:

(1) q= ]Sq = Idet (2 - 5a)
|

Néu C = a, + a,t ta dugc:
{ t"! .
q:[au"'al l; h}({z_'[]) (2 - 5c)

ciing tir (2 - 5a) ta ¢6 the tinh q bing dién tich 1.2.1.. t, trén

dudng cong c(t)

(2) g = ](’.‘d: =, --1)) ‘ (2 - 5d)
Cy, | .2
t,
| cl—=
t]
Ct, 777 7l .
0 /// R

lI l:2
Hinh 2.1. Biéu dién gid tri nhiét lugng qua nhiét dung riéng.
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Trong d6 71a nhiét dung riéng trung binh cua moi chat trong
pham vi nhiét do tir t; dén 1, biéu thi bang chiéu cao hinh chi
nhat cé ddy bang 1. 1, va dién tich bang 1.2.1,.1, .

i f

(3) g = _JCdI — JCa’t ”—’C‘: — C‘;' (2 5e)
) " 0

Ghi chii;

+ Trén co s6 thuc nghiém, nguoi ta chinh 1y dudi dang nhiét
dung riéng thue hoac nhiét dung riéng trung binh trong pham vi
nhiét do tir 0 dén t. lic d6 mudn tinh theo (2 -5d) thi thay t bang
(t, + 1)/ 2 vao cong thifc nhi¢t dung riéng thuc hay thay t =1, +

. .. _ . . . . 1
t, vao nhiét dung riéng trung binh tr O dén ts€ cé €, .

+ Dai v6i mot hoén hop khi, ¢6 thé tinh nhiét dung riéng tuong
duomg clia hon hop theo:

C=>gc, (KJ/ kg' K) " (2-6)
C'= Z rc, . (Kj/m'tc’K)
1=

pC = r(pC): (KI/ Kmol' K)
.

* O trén la tinh cho mot don vi moi chat, néu khic can nhan
vo1 6 don vi moi chat.

b) Tink nhiét litong theo su thay d6i entropi.

Tir dinh nghia ds = —E’lﬂ
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Ta tinh nhiét lugng can thi¢t dé dua mot dom vi moi chat tir
trang thai I sang trang thai 2 theo:

q= ]‘Bq = Sj'l‘ds 2-7
; :

5

Hinh 2.2. D6 thi T - s biéu dién gi4 tri nhiét luong cia qua
trinh,

Tir (2 - 7) ta tinh duoc q néu thay quan hé giita T va S vao dé
lay tich phan. RS rang khi T = const thi rat thudn loi. Cing tir
( 2-7) ta thay ¢ c6 the bicu thi bang dién tich 1.2, S,. S, la dien’
tich gi6i han boi qua trinh, truc hoanh va hai duong song song
VG tryc tung ke tir 2 diém muit clia qud trinh.

Ghichii:

- Ta thay dq luon ciing dau véi ds vi T duong, nghia 12 ds
duong, tic [a ds tang thi q duong. quy ude ta méi chat nhan
nhié(. Nhung q khong phai luon déng dau véi dt.
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- q khong phai 1a théng s0 trang thai ma la ham s6 cua qua
trinh, nghia 1a cung trang thai 1 va 2. Néu uén hanh theo cac qui
trinh khac nhau thi g khac nhau.

2.1.2. Cac loai cong cua moi chat.

Vé mat co hoc, cong o tri s6 bang tich gitta luc vdi do dai
theo hudng cua luc. Trong nhiét ky thuat thuong gip cac loa
cOng: cong gian nd, cong luu dong, cong Ky thuldt ... va ngow
cong.

) Cang pidn no.

Cong gian nd [a cong do moi chat thue hién Khi ¢o sur thay doi
vé the tich. D61 vai Tkg moi chal khi thé Lich cla né thay déi dv.
thi cong gidn nd bang dr = pdv (2 - 7). Khi the tich thay doi tir
v, dén v, thi cong eian nd cur | kg mol chit bang:

o

f= |df = pdv (2-8)
Jar=]

U (2 - &) ¢6 the tinh the ong phap tinh 4 nghia la
Tu (2 - 8) thé tinh theo phuwong phdp tinh ¢ nghia |
thay doi p = t (v) r6i lay tich phian hoac bicu thi bing dién
tich 1.2, v . v trén do thi pv (Hinh 2.3).

Gl ch:

- Cong gian nd khong phii la thong s6 trang thai ma 14 ham
5O cla qua trinh.

- di vidv luon cling dau, nghia la dv > 0 thé tich tang thi
cong gian no Li duong, quy dinh ta cong do ¢hat moi gidi thue
hicn.

- Khi giiin nd. the tich tang, con ap suat thi ¢é the tang, giam
hoic khong thay doi.
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0 Vi V2 v

Hinh v& 2.3- Biéu dién do thi p - v cic loai cong ctia qua

trinh.

b) Ngoai cong.

La phin cong gidn nd dung d€ thod man cic phu tai ben
ngoai. Trong hé théng kin, néu khéng c¢6 ma sat thi ngoai cong
c6 thé bang cong gidn n& do moéi chat tao ra. Con trong hé thong
ho thi vi moi chat bat buoc thay doi vi tri, can tiéu hao mot lugng
cong goi la cong luu dong, cho nén ngoai cong trong truong hop
nay goi la cong k¥ thuat, bang cong gidn nd trix cong luu dong.

D6i voi 1kg moi chat, cong luu dong chiing minh duoc bang:

8¢, =d(pv); _ (2-9)

va cong ky thuat bﬁng:

8¢, =8/ -5/, = pdv—d(pv) = —vdp (2- 10)

Tt cac cong thic (2 - 9), (2 - 10) ta thay cong luu dong la mot
thong s6 trang thai, 6/ = d(pv) la vi phan toan phén, con cong
ky thuat khong phai 1a thong s6 tr ng théi. 1a ham cta qua trinh.
Dot véi mot qua trinh hitu han, cong ky thuat c6 thé tinh theo:
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: v B
by = e, - j -vdp= jvdp (2-11)
! B P

Néu ¢6 ham s6 cta v d6i v6i p. thay vao, ldy tich phan sé tinh
dugc cong k¥ thuat, Cong k¥ thuat cling cé thé biu thi bang
dién tich i . 2. p, . p, trén do thi pv (hinh 2.3).

Chi i

- &f,, luon nguge dau véi dp, nghia la ap suét giam thi cong
duong, moi chét thue hién cong.

- D6i véi mot qué trinh, thi cong k¥ thuat va cong gidn no cé
id tri khdc nhau, con d6i véi mot chu trinh thi cong ky thuat
bang cong gidn nd vi cong luu dong trong chu trinh bang 0.

2.2. DINH LUAT NHIET DPONG THU NHAT.
2.2.1. Khai niém dinh luat nhié¢t dong thiy nhat.

Ngudi ta biét ring cé thé bién nhiét nang thanh co nang va
nguoc lai, Néu ¢6 Q don vi nhiét luong bién hoa hoan toan thanh
L don vi cong thi thuc nghiém cho thdy di bien hod bang
phuong phdp ndo gilta Q va L ciing ¢6 moi quan hé nhat dinh:

Q=A.LhayL=E. Q {2 -12a)

Trong dé A 1a hé s6 ty ié goi la duong lugng nhiét cua cong,
con E = /A goi 1a dwong lugng cong cla nhiét.

Néu cong do bang kg. m, nhiét lugng bang kcat thi:

4= . keal lkg.m va E=42Tkg.m/ keal
427
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Cong thic (2 - 12a) 1a mot dang biéu thi cia dinh ludt nhiét
dong thii T khi khong ké dén su thay déi néi nang. Trong truong
hop 16ng quat phuong trinh cta dinh luat I phéat biéu nhe sau:

Do bicn thién ning luong toan phan ciia hé nhiét dong trong
qua trinh bién déi vi mo ¢6 gid tri bing tong cong L va nhiét
huong Q ma hé nhan duge trong qua trinh do.

Vi trong nhiét dong hoc thudong khong khio sat dén chuyén
dong toan bo cua hé va khong dat trong truong luc ndo, cho nén
ta chi quan tam dén ndi nang cha hé bao gom tat ca cac dang
nang luong chita bén trong hé nhiét dong. Nhu vay ta c¢é thé viét:

AU =1L+0 (2 - 12b)

Tic 1a. do bién thién ndi nang cua hé nhiét dong trong qui
trinh bicn doi vi mo ¢6 gid tri bing t6ng cong L. va nhiét lugng Q
ma hé nhan duoc trong qud trinh do.

Ciac dai lugng AU; L Q cé thé duong hoac am

Néu (L. > 0: Q >0) Hé nhan cong, nhiét nén ndi ndng he tang
AU> 0

L< 0: Q < 0 Heé sinh cong, toa nhiét nén noi nang hé giam
AU<O.

Trutng hop qua trinh bigh déi vo cung nho thi phuong trinh
co dang: .

dU = 8L + 8@ (2-12¢)

dU 1a vi phan toan chinh. Cong 8L vi nhiét 8Q khéong phai i
vi phan toan chinh. Y nghia vat ty clia cich viét dé 1a nhim phan
biét su khac nhau gifa noi nang véi cong va nhiét. Hé & mot
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trang thdi nao diy ¢6 néi nang hoan toan xdc dinh nhung khong
the no1 h¢ ¢6 cong hoac nhiét lugng. Cong va nhiét luong chi 1a
nhiing phan nang lugng ma hé trao doi véi moi trudng xung
quanh khi né thay doi trang thai ma thoi.

Hé qua:

- Do v hé ¢o lap tie 1a h¢ khong trao doi cong va nhiét véi
bén ngom

A=0Q=0nén AU=0

Co nghia la U = const. No1 nang cua he ¢6 1ap dugce bao toan.
Neéu hé c6 lap chi gom hai vat trao doi va gid st Q, va Q, la nhiét
ma chiing nhan duge thi:

Q=0Q,.Q. =0
e la Q, =- (),

Nhu vay la nhiét luong coa vatl nay thu vao bang nhiét lrong
do Vit toa ra.

- Dol vidi he bien doi tudn hoan theo chu trinh (sau mat qud
trinh bién doi he trd vé trang thai ban dau) thi:

All=0OnenL =-Q

Neu A = 0 thi Q < 0 vanguee lai. C6 nghia a trong mot chu
trinh ¢ong ma heé sinh ra bang nhiét ma h¢ nhan duce hoic
nguge lai.

Y nzhia: Pinh ludt nhiet dong tht nhat [& sy 1ong quat hod
dinh luat bao toan va chuvén hod nang tuong,

2.2.2. Phuong trinh cua dinh luat nhié¢t dong thit nhat.

) Phaemg trink xde ldp clio mor luonge ki bhdng chivén

dong:.
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Gia thiét ¢co mot luong khi chda trong xilanh ¢é pit tong
chuyén déng. Khi cung cap cho chat khi nhiét lugng Q thi nhiét
dé cua noé thay doi lam noi dong nang thay doi mot lugng AU =
U, - U, va chdt khi thue hién cong L. Theo dinh [uat bao toan va
chuvén hod nang luong ¢é:

O=AU+L (2-13)

Phuong trinh (2 - 13) cho thdy rang nhiét luong truyén cho
chit khi trong mot qua trinh bt ky dung dé€ 1am thay déi noi
nang cua chiat khi vi thuc hién cong.

Doi vl qua trinh vé ciing nho, pbuong trinh (2 - 13)¢d dang:

og=du+of _ (2 -13b)
Vi 1 kg khi phuong trinh ¢6 dang:

¢ = Au + 7 (2-13¢)
va 0g =du +0f | (2 -13d)

Co the vict phuong trinh (2 - 13c¢) dudi dang khac. Tu phuong
trinh (2 13) dugce thay the o = pdv co:
o = du + pdye
nhung pdv =d (pv) - vdp
nén &g = du+dipv)-vdp
o =d tu+pv)-vdp
Vi dq =di - vdp (2-13e)

Cie phuong uinh wrén déu 6 the dung c¢ho khi ly wong hay
khi thuc.
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Riéng doi véi khi 1y tuong, ¢6 thé chimg minh duoe du =
C,dt, phuong trinh (2 - 13d) ¢6 the viet dudi dang:

og = C.dt + pdv ' " (2 -13f)

hay dq = C.dt + di{pv) - vdp

d(pv) =d{RT) = dq = (Cv+ R)dt-vdp _

&g = Cudt - vdp (2-13g)

0q = Cdt + pdv

b) Phitong trinh ndng luomg cia dong khi,

La phmmg trinh dinh luat nhiét dong I vi¢t cho dong khi luu
dong, O day ta nghlen ctu chat khi fuu dong trong éng véi cic
gid thiét sau: :

- Dong khi chuyén dong trong didu kién on dinh, nghia 13
trang thdi cya chat khi luu dong 0 mét vi tri xdc dinh khong thay
déi theo thai gian.

- Dong chat khi luu déng trong diéu kién lién tuc, nghia 13 luu
lugng cua chat khi qua moi tiét dién déu bang nhau.

Néu dung G bicu thi luu luong khoi Juong (kg/s) toc do trung
binh dong khi w,, w, ... (m/s va v.. v,... (m' / kg) 13 thé tich
riéng cua chat khi tuong dmg véi cdc i€t dicén ngang f,. f, ... clia
ong, trong di¢u kién lién tuc c6 thé biéu dién;

G = EH“__ fy Vo _ fi

vV | Vo, v

‘Trén dong khi luu déng ta 1dy mét khéi khi gisi han bai hai tiet
di€n rat gan nhau (f va { + df), dp sudl cua dong chat khi tic dung 12 p



va p+dp. Nhu vay luc (p + dp). (f + df) tic dong ngin trd chat khi leu

dong.
oy
\7 f o+ df
p—s %h

Hinh 2.4. Dong khi chuyén dong trong ong.

Cong do chat khi luu doéng thuc hién goi la cong luu dong,
xdc dinh bang phuong trinh:

Sf =(p+ dp)y. I +df) . (w+dw)—f.w.p
Khai trién va bo qua cdc dai lvong vo cang bé bac cao ta ¢é:

8¢ =fdfw+pfdw+w.fdp

hay &1 =pd(f.w)+ fw.dp
nhung fw=G.V (2-14)
nén 84 =G (pdv + vdp) = G.d (pv)

Néu 1 kg chat khi luu dong trong dng (H - 24) nhan nhiét
luong dq thi ndi nang cua nd bien thién mot lugng du, thue hién
duoc cong luu dong 8 ¢ v dong nang clia nd thay doi mot luong
1a d(w?%2). Theo luiat dinh béio toan vi bién hod niang luong ¢é:

& = du+ 6 +d ”2 (2 - 15a)
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Hay &q = du + d{pv) + dWT_ (2-13b)

4

5q=di+d >
2

Phuong trinh (2 - 15) go1 la phuong trinh nang luong cua
dong khi hay phuong trinh dinh luat nhiét dong thir nhat cho
dong khi luu dong.

V6i khi ly tuong (2 -1 5) ¢6 dang

39 = C,dT +RdT +d"

6q:cpd‘1'+d% 2-150)

Qua cac phuong trinh (2 - 13) va (2 - 15) ta thiy ring dinh
[uat nhiét dong thit I, thuc chat [ dinh ludt bao toan va bién hod
nang lugng tng dung vao pham vi nhiét vit ¢6 thé phat biéu nhu
-saur Gutra nhiét nang va dang nang luong khac nhu co nang, dién
ning... ¢6 thé bien hod 1an nhau va khi mot luong nhiét nang
xdc dinh bt tiéw hao tat s& dwge mot luong xdc dinh nang lugng
khdc twong tng. con tong ning luong cda moi chit khong thay
doi.

2.2.3. Ung dung cua dinh luat nhiét dong tha nhat ().
a) Tinh hiéu sudt nhiét. -

C6 thé xéc dinh duoc hiéu sudt nhiét cla thiét bi néu biét Suat
tiéu hao nhién liéu (1a luong nhién liéu ticu hao dung sdn xuil ra
mot cbng bang mot ma luc h hoac kW/ h) va nhiét tri cta nhién
lieu Q: keal (la nhiet lugng toa ra khi dét chdy | kg nhién li¢u)
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Nhiét lwong toan bo tiéu hao dé san xuit ra mot ma v 1a
Q.b: kcal/ ma luc. h

Hiéu sudtl n, cha thi¢t by 1a ty s6 gita nhiét lugng tiung
duong véi cong san xual ra trén toan bo nhiét lugng téu hao de
san ra cong do.

632
ul =22 P2-16a)
Qb '
Néu tinh suat tiéu hao nhién L1éu che lkw/ h thn
860
n, = — (2 - 16b)
Qb

by Clutng minh cong tute Maver doi voi kli v newg Ly
phuong trinh (2 - 13g) trir di (2 - 131) duge:

(O, —C MT = pdv+vedp
Hoac:
(C, -C, )T =d(pv)
Vai khi Iy tudng: pv = RT nén d{pv) = RdT
Do vay:
(C, -C M1 =RdT
Suv ra:
(C, -C.)=R nhudicod(2-3b)
2.3. CAC QUA TRINH NHIET BONG CO BAN.

Qua trinh nhiét dong la qua trinh thay d6i lién tuc trang thi
cua moi chat theo mot quy luat nao do.

Brién kien i han trong muc nay la;
- M¢i chat phai 1a khi 1Y tudng.
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- Qud trinh phai ta qua trinh can biing déng thai 13 qud trinh
thudn nghich. rat ca trang thai trong qud trinh phai cin bang.

“ Chii vy Qud trinh bién d6i bao gém maot day lién tuc cic
trang thdi can bang duge goi la qua trinh can bing. Dugc quy
udc trén do thi opv biCu dién bang mot duong nét lién, con qua
trinh khong can bang bi¢u dién bang nét cham cham.

Chi nghién ¢tiu mot s6 qud trinh ¢ ban ¢6 diéu ki¢n hoac
nhict dung ri¢ng khong thay doi hoac mot théng s6 trang thai
niro do khong dél trong qua trinh; hodc ty $6 o = A v/ q = const
(vi du nhu nhiét do. ap suat. the tich riéng. hoac Entropi khong
f“]l}

Viee nghién cfu cdc qud trinh va bicu dién cdc qud tinh co
pon tign hanh theo ¢dc bude sau: _

- Viél phuong trinh qud trinh va bi€u dién cac qua trinh 1rén
d6 thi.

- Xac dinh quan h¢ gifta cdc thong s& co ban & cic trang thai
khac nhau. .

- Xac dinh luong thay d6i clia mot thong s6 trang thdi thudng
dung.

- Tinh cong va nhiét tugng trao déi gitta moi chit va moi
truong,

2.3.1. Viét phuong trinh qua trinh va bicu dién trén do thi.

Trude hét viél cho mot qud trinh tong qudt - qué trinh da bién
vat sau do suy ra cac qudé trinh cu thé:

a) Phitong trink qud trink da bién.



Tur bicu thic dinh luat nhiét dong 1 va cong thie tinh nhiét
dung riéng, (a co:

o=, dT —vdp = C.drl {2-17a)

O = O dT + pdv

T hé phuang trinh (a) ¢6 the cho hé phuong trinh sau:

(C-¢, )dr=-vdp (2-17b)

(C—C_)dT - pdp

Chia theo 2 v€ ta duoc:

[ N \,-'dp

= 2-17c
C-C, pdv ' ( .

Pat (C - Cp)/ (C - Cv) = n, né 12 hing 6 va trong qua trinh co
ban di gia thiét C = const, khong thay doi trong sudt qud tiinh
nén ta co:

AR

p v

0

Lay tich phan

j% +n Idl = Inp + nlnv = const
P v

Suy ra
In{pv" ) = const
Hay pv" = const (2-17d)

Phuong trinh (2- 17d) dugc goi la phuong trinh clia qud trinh
da bi¢n; n 14 s6 ma da bi¢n.

41



Véi = 0. ta duge p = const goi la phuong trinh qud trinh
dang 4p. '

Véin = 1. ta duge pyv= const goi 14 phuong trinh qud trinh
diing nhiét.

Vaorn =k =C,/C, ta dugc pvk = const goi la phuong trinh
qud trinh doan nhiét.

Vol n =+ | taduge v = ”oml 001 la phwong trinh gua trinh
dang tich.

b) Biéu dién cdc qud rinh trén do thi pava TS

Mot trang thdi, mét qud trinh, mot chu trinh ¢6 moi chat mét
pha c6 the biéu dién trén d thi toa do do hai thong so déc lap
vOi nhau tao thanh, Thudng ding nhat 1a d6 thi p - v va ts: Vi
dién tich trén dé thi p.v va p.s ¢ thé biéu dién cong va nhiét
lwong trao doi gilfa moi chat va moi truding.

Tren do thy p.v, qué trinh da bién véi phuong trinh pv” = const
duge biéu thi bang ho dudng cong ¢6 hé $6 gée bang:

d .

P top=-nP (2-18)

p v

- V& qud trinh dang dp. n = 0: tg = O ta dlI(J’L dudng thang
song song vai truc hoanh v. '

- Véi qud trinh dang tich, n = toojtgf =200 ta duoe dudng
thang song song véi truc tung.

- Vi qué trinh dang nhiét, n = 15 tgB = p/ v, duge mot dudng
Hypebon déi xing.

- Vi qua trinh doan nhiét cd n =k = G,/ C, > | ta ciing duoc
mot duong Hypebon cé do doe 16n hon do déc cia dudng thing
nhiét.
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- Véi qud trinh da bién bat ky, n€u n > 0, cdc dudng bicu dién
nam trong khu vire II va [V, néu n < 0, cdc duong biéu dién nam
trong kKhu vue 1 va IIL

*_ ,I A ea<n<
e l7\

| - + nN=10
R
- oen < i \H:K
v
n=+w
9 " - +

Hinh 2.5. Biéu dién trén d6 thi P - V.

Trén d6 thi T. S, 1a tim dT/ dS.dé xdc dinh hé 6 gdc cla
dudng biéu dién

Tir d6 g% _ 9T T
T dS S
c-C C,
Thay n:(_ip) vi K = —%
(C—C.) C.
ta duoc ar _ T (n-D

— = (2- 19)
dS C.(n-k) -

- V&i qua trinh dfmg nhiét, n = 1 nén dT/dS = 0, duong biéu
dién 1a mot dudng thing song song vdi truc hoanh.
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- V@i qud trinh doan nhiét, n = k nén  dT/dS = Duong
bi¢u dién 1a mot dudng thang song song véi truc tung.

- Véi qud trinh dang dp, n = 0 nén dT/ dS = T/ C,, dudng biéu
dién 1a mot dudng cong ¢é hé s& géc ting tang dén theo nhiét
do. Mt 161 quay xudng dudi.

T +

1] e

H.2.6. Biéu dién trén do thi T - S

V6i qué trinh dang tich, n = +eo , nén d17 dS = T/ C, dudng
bicu dién ciing ¢6 dang tuong tu nhu dudng déng 4p, nhung c6
46 doc Idn ton vi G, > C A T/C, > TG,

Can chi y la hai duong dang dp hodc hai dudng dang tich trén
do thi T - S c6 khoang céch nam ngang khéng déi, vi ¢6 thé
chimg minh dugc

AS,=RIn V,/V, va AS, =RIn P,/ P,
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2.3.2. Quan hé giita cac thong s6 co ban cia cic trang thai.

Tir phuong trinh qud trinh da bién, ta ca:

P, [v, ]
= =| — 2-2Xha
S 2200
v p o '

Hodac — ==L (2-20h)
v Pz_

Viet phuong trinb trang thdi p,v, = RT, va p,v, = RT, 16i
chia theo hé¢ vé ta dugc:

p. v, T,

2 - v

Thay vao (2 - 20a) ta ducc:

"[‘ P (n-1yn ) ro
LR L | | (2 -20¢)
T, P, v,

- VGi qud trinh dang 4p.n = 0, vi p, = p, ta dugc:

| v

2 (2-20d)

== (2 -20¢)

- Véi qué trinh dang nhiét. n =1, duge p,v, =pv:  (2-20g)
\{1 ’]—‘-‘ = T_}.

- V& qua trinh doan nhiét, n = k nén:



P, |v, ' . T, P, (1) \ ~!
— = va —=|— =|— (2 - 20h)
P, Vi T, P, Vi

2.3.3. Lugng thay déi cdc thong s6 trang thai:
a. Qud trinh ddng tich:
- Binh nghia: L qud trinh bi¢n dai trong
d6 thé tich clia he khong thay ddi.

P
A

Hinh 2.7.a
Thi du: Ho néng hay lam lanh khi trong binh kin ¢6 h¢ s6
dan nd khong déng ké.
- Phueomg trinh cia qud trink:
Tit phuong trinh trang thdi cha khi 1y tuong

cho V = const, ta rut ra phuong trinh:

% = const (2-21a)

Pé thi biéu dién qua trinh & dudng song song véi truc tung
{xem hinh 2.7.a ) biéu dién qud trinh ho néng dang tich.

- Cong ma hé nhin dugc:
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L=-lpdv -0 (2-21b)
- Bién thién n6i nang:

AU = —. AT (2-21d)

O day: i la 56 bac tu do cla phan tr chit khi dé la 56 do doc
lap can thiét d¢ xdc dinh vi tri cua phan wr trong khong gian. Dai
v@1 phan wr don nguyen (0 i = 3, doi v6i phan t hai nguyén tir i
=5 v d01 vdi phan tr ¢ w0 ba nguvén 1o tré 1én thi i = 6.

- NRiét ma hé nhan dioe:

Ap dung nguyén Iy thir nhat wa cé:

L m iR
P=AL-L=AU =- —AT (2- 21d)
u 2

Mat khéc tir cong thie tinh nhict luong (11.10) cho qua trinh
dang tich ta lai ¢é:

1 e

QO =100 = = ¢y JffT —(y AT (2-21¢)
£ ; 1

So sach hai ket qua trén. suy ra duge cong thie tiph nhiét
dung phin tr dang tich:
: 1R _
Cy i2-219)

7

Iy G prindy dang ap.
- Pinh nghia: i qui trinh bidn Jdéi trong d6 dp suit coa hé
khong don

Thi du: Dot nong hay 1am lanh khi rong xi fanh ¢6 piston di
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chuyén 1 o 7 cho dp

sudt khi trong xi lanh ] 2

tuon ludn bang dp sudt E

ngoai. : : v
0 I\-‘, v,

- Phucong trink cua qua winh: Hinh 2.7.b

Tu phuong trinh trang that, cho p = const,

A%
la suy ra: - = const (2.224)

Trén dé thi, qud trinh nay duge bi¢u dién bai mot dudng song
song vdi truc hodnh (xem hinh 2.7.b bi¢u dién qua trinh ho néng
diing dp hay dan nd dang dp).

- Caong ma hé nhan dreoc:
AT I
L= [pdv =-P(v. -V, (2- 22b)
v,

- Do bidn thién ndi ndng:
m iR . m ., )

All = ——AT = —(y Al {2-22¢)
o2 Lt

- Nhiét ma hé nlidn diie:

!
Q=180 =""Cp [dr = ZCpaT  (2:22q)
K I - B :

Mt khde, tie nguyén v thur nhat:
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Q=aU-1="2C AT+ P, -V

y7
(2-22¢)
Nhung theo phuong trinh trang théi
P(V, ~V,)= ZR(T, ~T,) = R RAT (2-22f)
n n
Neén:
Q_— (Cy, +R)AT (2-229)

So sach (2.22d) vi (2.22g) ta ¢6 lién he:

G. C.+R (2.22h)
{(Goi la he thiac May - e)
¢ (i+2)R

p= s (2.22¢)

2
rP

|
|
L

Ngudi ta con goi ti s6 nhiét dung phan wr ding dp va nhief
dung phan tir dang tich:

Hinh2.7.c



la hé $6 Poatxong

¢) Qud trink dang nhiét

- Pinh nghia: 1.4 qud trinh bién doi ma nhiét do khong thay
doi.

Thi du: Nén hay din no mot khai khi khi cho né iép xidc vai
mot moi truding vo han ¢é nhiét do6 khong déi.

- Tu phuong trinh trang thdi, cho T = const, ta ¢é:

- pV = const (2-23a)

D6 chinh la phuong trinh cua dinh tudt Béimandt. Trén do thi
dudng dang nhiét 1a dudng Hypebon (xem hinh 2.7.¢c) bidu dién
qud trinh nén dang nhiét ¢ nhiét dd T, = const nao dé.

- Cang ma hié nhdan duoe:

W W
: Y av
= [pdv = - [P dv = - TRT, j
Vs ¥y \’; j- ¥y
v,
L=-2RT In-° (2-23b)
ke v,
- D¢ bién thién ndi ndng.
AU = ¢ AT =0 | (2-23¢)

M
- Nhiét ma hé nhan duge:

Ap dung nguyeén Ly thir nhat
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V.
Q=AU-L=-1 =""RT In2 (2-23d)
M A
Nhu vay trong qud trinh dang nhiét, nhiét nhan vao bang cong
sinh ra hodc ngugc lai,
d) Qua trinh doan nhiét.
- Pinh nghia: La qud trinh bién d6i ma h¢ khong trao déi
nhiét v&i bén ngoai (Q = 0). Thi du: nén hay din khi trong binh
¢6 vo cich nhiét [¥ 1uong. '

Theo nguyén 1y thit nhat ta ¢ cho qua trinh nay

dU = 6L+ 80 = oL (2.24a)
M 4T = —pav = Drr & (2-24b)
£ 1l \Y
i'li+_R dVrO JP T7>Tl
I, Vv :
C T ; :‘S"‘;
e R
\ Ndv 5
nén: —+(y—1) =0 w

Hinh 2.7.d

Heé thitc nay ¢6 thé viét dudi dang:
dinT +(y-HInv]=0
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Hay: In(TV™") = const
Vay: TV"' =const | (2-25a)

Ding phuong trinh trang thai pV = TRt thay vao trén ta
' H

con ¢6 cdc phuong trinh tuong duong:
TP = const | (2-25b)

va: pV' = const . (2-25¢)

Céc phuong trinh (2-25) déu 1a phuong trinh cla qué trinh
doan nhiét, trong d6 (2-25¢) con duge goi la phuong trinh
Pouatxong.

Tren d6 thi hinh 2.7.d phuong trinh cta qud trinh doan nhiét
pV' doéc hon dudng dang nhiét pV = const
12 la qud trinh nén doan nhiét, 1’2’ 13 qud trinh dan doan nhiét.
Su khac biét vé do déc clia dudng doan nhiét so véi dudmg ding

.nhiét dé dang hicu duge vé mat vat 1y. Thi du khi nén, toan bo
cong ma hé nhan vio duge dung dé 1am tang ndi nang, tic tang
nhi¢t do cia he (T, > T,); con trong qua trinh dang nhiét (T, =
const) toan bo coéng nhan vao lai ding dé toa nhiét hét.

- Céng ma hé nhan duoc:

v, v,
~fpav=-pvr Sovi oy
¥, ¥, v

L= PV—[(—) } (2-26a)
Ty |

Hodc sau khi thay P]\/T = P2V2'r ta cé:
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_ szz —P1V]
v—1

L (2-26b)

- Bién thién noi nang: AU = 2C AT (2-27)
u
Vi AU =L, nén ¢6 thé tinh theo cong thitc 2-26a,; 2-26b va
2-27.

2.4. DINH LUAT NHIET DONG Il VA CAC CHU TRINH -
NHIET DPONG.

2.4.1. Qua trinh thuan nghich va khéng thuan nghich.
a) Pinh nghiu:

iy

- Mot qud trinh dugc goi 1a thuin nghich néu né 6 thé dién
bién theo ca hai chiéu va néu Iic dau hé thuc hién qué trinh
thuan, sau dé thuc hién qud trinh nguge thi hé phai trd vé trang
thdi ban dau ma moi trudng bén ngoai khong chiu bat cir mot su
bién déi nao.

- Mot qua trinh goi 1a khong thuan nghich néu gud trinh
ngugc ¢ thé dua hé vé trang thai ban dau nhung ¢6 su can thiép
cua moi truong bén ngoai. Néi cdch khdc, moi truomg bén ngoai
phai chiu mot sy thay déi ndo do sau khi da dua vé trang thdi ban
dau.

b) Mot s6 nhdn xét vé qud rinh thudn nghich (tinh chdt)

- M@t qua trinh thuan nghich phéi 14 qua trinh can bang.

- Trong qud trinh thudn nghich cda mot qud rinh thuan
nghich. hé phai di qua tal ca cac trang that trung gian cia qua
trinh thuean.
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- Qua trinh thuan nghich 13 qu4 trinh ¥ tuong, khong c¢é trong
thue €. Tuy nhién ngudi ta cing thay ring néu cang gidm duge
luc ma sdt va cach nhiét véi bén ngoai cang 16t thi qua trinh thuc
hién cang gan véi qua trinh thuan nghich.

Y nghia: Nho cé khai niém qué trinh thuan nghich ma ngudi
ta méi ¢ thé tim thay duoe biéu thite xac dinh hiéu sudt 161 da
cho cac dong co nhiét va mdy lanh. tac nén cho viéc nghién ciu,
phit trién khoa hoc, ky thuat 1én mot trinh dé cao hon. -

2.4.2. Dinh luat nhiét dong . Chu trinh cacno.

1. Chu trinh nhiét dong.

Mu6n chuyén hed lién tuc gilta nhiét nang v6i cdc dang nang
lugng khac, nguoi ta phai thue hién cac qua trinh kin (chu trinh),
nghia 12 phai dé moi chat thay déi mot cach lién tuc, tir trang
thai trung gian roi lai trg vé trang thai dau.

Trong nhiét dong hoc, chu yéu nghién ctru nhimg chu trinh
thuan nghich, né chi ti€n hanh qua cdc trang thai can bang va ¢
dac diém “thuan nghich”, nghia 14 cé thé tién hanh nguoe fai qua
tat ca cac trang thai da di qua ma moi chat va méi trudmg khong
c6 gi thay ddi.-

Ta thuong nghién ctu hai chu trinh: chu trinh thuan chiéu va
chu trinh nguoc chiéu.

Chu trinh thuan chiéu quy ude biéu dién ¢é chiéu mii tén
thuan kim déng hd codn chu trinh nguge chiéu ¢b chiéu mili tén

nguge chiéu kim déng hé.

Chu trinh nguge chiéu la chu trinh chuyén nhiét nang tir
ngudn ¢6 nhiét do thdp dén ngudn ¢é nhiét d6 cao nhd sy ho g
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cua nang lugng bén ngoai; la chu trinh cia may lanh hodc bom
nhiét. Trén do thi p - v va T - S thudong diing 1a mot dutmg ~ong
khép kin tién hanh nguge chiéu kim déng ho.

Pé ddnh gia hiéu qua chuyén hod nang lugng, doi véi chu
trinh thuin chidu, ta dung hiéu sudt, véi chu trinh nguge chicu
dung hé 5o lam nong.

Hiéu sudt la ty s6 gitta phan nang lugng cé ich vi nang lugng
dua vao. Néu chia nhiét nang dai dién cho nang lugng dé tinh
todn, ta co hiéu sudt nhiét.

- AQ f
g 2U M i
q, q, 4,

O day: q, - Téng nhiét luong dua vao cho moi chat trong cic
qua trinh ¢dp nhiét cua chu trinh.

q, - Toéng nhiét lugng do moi chit nha ra trong cic
qud trinh nha nhiét cia chu trinh /, 7\, cong giin ng va cong ky
thudt do moi chat san ra chu trinh. Dung luat dinh 1 cho chu
trinh, ta ching minh durge.

t=14,,=q,—q,

vi Alvd Aw trong chu trinh bang 0. Ta c6 thé bi¢u thi q,, g,
£.¢, van bingdiéntichténddthi T-S.

Dai v6i chu trinh nguge chiéu, d€ danh gid hiéu qué ta ding
hé s chuyen hod nang lugng bang ty s6 gilta nang luong <6 ich
va cong cdp cho méi chit trong chu trinh, khi lam viéc thea tic
dung cia may lanh, ta got hé s6 lam lanh.



q- q: 1

£ o= Sno. U o ) (2-28h)
£ i 4, 1— d
q,
Khi lam vige theo téc dung bom nhiét, ta ¢ hé s lam nong
P TR (R
/ q, = 4. 1— 9:
q,
, + 1.
Ta thay: ¢ = q{—' = ﬂ—l— =g +1 (2-28¢)

Ta cling 6 the bi¢u dién q, - q,, £ bing di¢n tich trén dé thi
-8

2. Chu trinh Cacné thudn nghich.

Chu trinh Cacné Ja chu trinh gém  hai qud trinh ding nhiet va
hai qua trinh doan nhiét xen k& nhau.

a) Cha trinh Cagné thudn nghich thugn chiéu

Hinh (2-8) la chu trinh cia mot dong co nhiét 1am viéc vdi hai
ngudn nhiét ¢6 nhi¢t dung vé cling Ién gii nhiét d6 T, va T,
khong d6i trong sudt qud trinh trao d6i nhiét. Méi chat thyc hicn
4 qué trinh thuan nghich gém: hai qud trinh dang nhiét va hai
qua trinh doan nhiét tién hanh xen k& nhau, cu thé la:

- Qua trinh ab - nén doan nhiét, nhiét do méi chat tang tir T,
dénT,.

- Qud trinh be - giin nd dang nhiét, moi chatl nhan tir nguén
nong mot nhiét lugng q, = g, = 1,(S.-S,) bang dién tich heS.S,
trén dé thi T-S nhiet do.
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- Qua trinh cd - gidn nd doan nhiét, méi chat gian tr T, dén
Tln

- Quid trinh da - nén ding nhi¢t, moi ch4t nha nhiét cho
nguon lanh mot nhiét luong g, - T(S,-S,) bing dién tich daS,S,
trén do6 thi T-S:

P a T & lql1
T b, *~ e
Tl . ll 4
q;
0 VG s
Hinh2-8aPbothip-v Hinh 2-8 b D6 thj T-S
chu trinh Cacnd chu trinh Cacnd

Hiéu sudt nhiét clia chu trinh. theo céng thitc chung, thay gia
tri cua g, va q,, ta duge hiéu suat nhiét cia chu trinh cacno.

Xét hai qu4 trinh dang nhiét ta ¢6:

q, = PRT, 2 (2.292)
1 \£

4 =2RT2€11£ / ©(2.29b)
H A\
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v,

T:_,!J':I'l -\;
Vay: 1 =1 S HE \/’4 (2.29¢)
4 '[“] n Vz -

Xét hal qua trinh doan nhiét ta ¢6 -
TV, =T,V v TV =1,v]" (2.29d)
Chia chung cho nhau ta duoc
r-l 71 .
K?- = K-‘_ hay I/_E = V_*
4 V, V| v,

V v

do vay: - in—= = fn —
1 \f
Tir d6 biéu thic 2.29¢ ¢é dang:
-1-L 2-29
T]TC 7‘= ( - )

Nhu vay trong cung pham vi nhi¢t d¢ cila nguén néng va
ngudn lanh thi chu trinh cacné ¢é higu sudt cao nhét (cé thé
ching minh duvgc trén 46 thi T-S).

Két luan:

-, Hiéu suat nhiét ctia chu trinh cacno chi phu thudc vao nhiét
d6é ma khong phu thude vao ban chat cia moéi chat.

- Mu6n nang cao hiéu suat nhiét, phai giam ty s6 T,/T,

- Tuy My la 16n nhat, la myc tiéu hoan thién cia dong cc
nhiét, nhung khong the dat dén 100% va T, la hitu han vi T, luén
duong.
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b) Chu trinh cacné thugn nghich nguoc chiéu.

La chu trinh Iy tudng (vé nhiét) cua mdy lanh vA bom nhiét,
cling gébm cdc qua trinh nhu trong chu trinh thuan, nhung tién
hanh nguge chiéu kim dong hé. Ngudi ta chiing minh duge vdi
chu trinh cacnd nguoc chiéu hé s5 1am lanh bang:

. , T
R P P PR (2-30a)
1 gq,-q, T -T, l_T.l.
T,
Hé s6 1am néng
q, q, 7 1 '
I 1 ¢ -¢, T -T, 1- T_2

3. Chu trink cacné khong thudn nghich:

Ta biét hai nguyén nhan quan trong lam cho céc qua trinh
thuc 14 khong thuin nghich 1a do luc ma sat (bién cd nang thanh
nhiét nang) va qué trinh truyén nhiét cia hé ra moéi truong bén
ngoai. Do ma sat nén cong cd ich L ma bén ngoai nhan duge bao
gid ciing nho hon céng L° ma hé¢ san sinh ra trong qua trinh
thuan nghich. Ngugc lai nhiét lwong Q, ma hé nhan duge lai nhd
hon nhiét lugng Q,” ma ngudn néng truyén cho hé. Vi vay, hiéu
sudt cua chu trinh khong thuan nghich bao gi¥ ciing nho hon
hiéu suat cua chu trinh thuan nghich.

Nhu vay ta c6 thé rit ra biéu thic tdng quat nhau sau:

. T
- —
Moe { T,
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Co nghia 1a véi cing mét ngudn néng T, va ngudn lanh T,
xdc dinh, hiéu sudt nhiét 1. cia moi dong co nhiét déu thoa
min bat ding thic néu trén. Diu bing chi ding cho chu trinh
thuén nghich.

Két luan:

- He s6 chuyén hoi ning luong cia chu trinh cacné nguoc
chi€u chi phy thudc vao nhiét do ma khéng phu thuse vao ban
chit ctia moi chat.

- Muén nang cao hé s6 chuyén hod nang lugng, can giam
T,/T,. V6i khi hau nudc ta, ding mdy lanh 1a cén thict nhung
khong kinh 1€, con diing bom nhiét thi ¢é nhiéu thuan loi.

- Trén d6 thi T-S cho thdy trong ciing diéu kién nhiét do méi
fruong clng yéu cau lam lanh hodc [am néng thi hé s6 chuyén
hoa nang luong cua chu trinh cacnd nguoc chiéu 13 16n nhat,

4. Mot vai cdch phat biéu ciia dinh ludt nhiét dong thir hai:

Dinh lugt nhiét dong thi hai duoc phat hién vao giita the ky
19. Dau nam 1850 Claodiut da new: “Nhi¢t khong thé we dong
truyén hr vt lanh hon sang vat néng hon™. Nhung cling ¢6 nghia -
nhiét chi truyén tr vat lanh sang vat néng néu ¢ tic dung cua
bén ngoai, tic la moi trudng xung quanh phai bi bién déi.

Khoang nam 1952 TomXon dua ra cich phat biéu sau:
“Khong thé ché tao duoe mot mdy hoat dong tuin hoan biéh doi
lién tyc nhiét thanh cong nho lam lanh mét var ma Xung quanh
khong chiv mét su thay doi dong théi nao”.

Ca hai cach phat bicu trén méi chi dé cap mot qua trinh cy thé
trong tu nhién, ma chua khdi quat cho xu huéng etia mot qua
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trinh. Chi vao gan cudi thé ky 19 khi nghién ctru ban chat vi mo
cua cdc qua trinh vi mé bang phuong phap théng ké, nguoi ta
m&i phat hién ra mot-dai lugng vat 1y hét sic quén trong d6 la
entropi (S) cua hé vi mo, nhd dé dinh luat nhiét dong I ¢6 duoc
cach phat biéu tdng quat hon: “Trong mét hé ¢é ldp, cac qua
trinh thuc chi dién bién theo chiéu tdng cua entropi™.

2.4.3. Biéu thic giai tich cua dinh luat nhiét dong I1.
‘a) Chu trinh cacné thudn nghich:
Gia thiét trén d6 thi p.v c6 mot chu trinh thuan nghich bat ky.

Chia chu trinh da cho thanh nhitng chu trinh cacn6 nho bang
cdc duong déng nhiét va dudng doan nhiét. D ¥ 2 chu trinh
cacnd gan nhau, ching c6 doan chung (hinh 2.9).

Trong doan chung d6 chiéu cta hai qué trinh ngugc nhau. vi
vay sau khi thuc hién tat ca cac chu trinh cacn6 c6 thé xem la
thuc hién chu trinh rang cua.

0 v

Hinh 2.9 Cac chu trinh nho trong chu trinh I6n 1a2bl
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_Da1 vai cha trinh cacno rat nho ¢
TE

% h
&, T

Trong d6 dq, va &q, la nhiét lugng nhan va nhiét lugng thai

m=1-

ra sau khi thuc hién chu trinh cacné v6 cling nho vao dé.

T, Ia nhiét do cha ngudn cung cdp cho méi chat nhiét luong
dq, (nguén ndng). T, 1a nhiét do clia ngudn nhiét nhan clia moi
chat nhiét lugng 8q, (ngudn lanh). '

Tl do ta co:

dgq, T, . O
.‘._; — - I" hay‘ 6& _ -—.S.]_
34, L T T,
va 69—' = é% =0
T, I,

Ta thay: T,; T, déu duong. Néu xét ddu dén 3q, va 8q, ta
‘nhan 8q, dwong (vi chat méi gidi nhan nhiét) cdn 8q. am (vi
moi chat nha nhi¢t). Do viy néu xét dau nhi¢t luong ta gan dau
(-} vao cho g, thi bicu thic trén c6 dang:

og, 9q,
—helog
'l‘i i 2 ’

Vay voi mot chu tinh vo cling bé ¢6 8q/T =0. V&i tat ca

chu trinh cacnd v cing bé s& ¢é:
n 6 ]
3 %‘“ -0

Suy ra
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fim ¥ —{Si = (2-31)
hay § o4 _ 0

b) Chut trinh cacno khong thidn nghich

V& iap luan trén, vi hiéu sudl nhiét cua chu trinh cacné -
khong thuan nghich nho hon hiéu suat cta chu trinh cacné thuén
nghich, nén déi véi chu trinh rang cua ¢é;

" b'(
I (2-32)

; &
Hay cijqz llmE—(O q’%qw

eS|
Cong thite 16ng quat cho ¢d hai trieng hop thuan nghich va
khong thuin nghich la

{ Or‘l <0 (2-33)

Ddu bang la chi chu trinh cacno thuan nghich. K¢ hiéu j‘ chi
tich phan ¢é can khép kin la duong kinh bi¢u dién chu trinh dq 1a
vi phéan rthiét nhan vao trong qua trinh vi phan dang nhiét T.

Biéu thic 2.33 goi la biéu thitc giai tich cua dinh luat nhiét
dong IT v dugce phdt biéu nhu sau: “Nhiét thu gon ctia chu trinh
déu nho hon hodc bang khong™.

2.4.4. Tinh chat vat ly cua Entropi

Entropi cua hé & mét trang thai ndo dé 1a mot dai tugng vat
Iy ¢6 do 16n bang nhiét thu gon ¢de mét qud trinh thuin nghich
bat ky dua hé tu trang thai d6 v¢ trany thai goc 0°K
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Tir bicu thide (2-31) déi véi chu trinh cacné thuan nghich bat

k¥ 1.a.2.b.l ¢rror ta o6 the viet: _
0 o
J—q + I—q =0
a2 I bl T
pll
]
d
b
0 v

H.2-10 chu trinh cacné 1a2bl trén dé thi p.v

Hay
o4 _ 09 _
ol

Suy ra:
q_ & i

Cong thic (2-34) cho thiv J.dq /T chi phu thuée vio trang

thdi dau va cudi cua qué trinh d6. N6 1a mot thong s6 trang théi
va duge ky hiéula S(kI/kg do hay kcal/kg do)

Clng nhu cdc thong s6 trang théi khdc. Enirépi S hoan toan
xdc dinh duoc khi biét 2 thong s6 wrang théi bit k¥ khic. Trong
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tinh tedn nhiét, ngudi ta chi xdc dinh d& bién thién Entropi trong
qua trinh.

Hi¢u Entropi gifta hai trang thdi vi mo do bang nhiét thu gon
cua qua tinh thudn nghich gilta hai trang thai do.

s, -5, = 2 (2-35)
|

Entropr 1a dan Tugng <6 tinh ¢cong duoce, Entropi cua mot hé
¢an bing tong Entrépi cia timg phan riéng biét ctia hé.
2.4.5. Nguven by tang Entrapi

Gia st cé mot qud trinh thyc xdy ra trong mot hé ¢6 lap (hé
kin) dua hé tu trang thai | sang trang thai 2 (hinh v&). Vi la qua
‘trinh thue nén khong the 1a qua trinh can bang, 1a khong thé bicu
dién gda trinh bang moét doan cong lién tuc nao dd, do vay ta
biéu dién qud trinh thuc nay bang dutng cong chdm cham la2.
Truong tu dua hé o lai \
trang that bang mot qua
trinh thuan nghich bat
ky 2bl nao dé. Ta duoc 1
mat chu trinh khong
thuan nghich. Theo biéu
thie 2.31 truong hop chu 2

trinh khong thudn nghich ta cé:

ole| 3q 3q .
g—=|—+ 11—
J‘T T '[1"<

la.2:2.b.t: 2.36

Theo dinh nghta cua S thi qua trinh 2b1 14 thuan nghich.

Hinh 2.11
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5
j% —— (2-37)

Thay viio 2-36 vi chuvén vé ta duoc:
8¢
S, -5, >J‘_[1 (2-38)
’ |

Vi he co lap, khong trao doi nhi¢t véi bén ngoai {Bq =0) nen:
$, -8 >0 hay s, > s,

C6 nghia 4. trong hé ¢6 1ap, cde qud trinh thue xdv ra theo
chicu rang clia entropi. goi 1 nguyén ly tang ¢ntropi.

Py lia cdch phit biéu cua dinh luat nhiét dong I1. n6 khong
dé cap dén mot qud trinh cu thd no. ma tong qudt cho chidu
huong dién bién cia moi qué trinh thue xay ra trong mot hé co
lap. '

2.4.6. Do bién thi¢n entropi cua mot qua trinh.

Ta tinh do bién thién entropi cta h¢ khi 1y tuong trong mot

qua trinh thuan nghich.

a) Qud trinh doan nhiét (8Q = 0)

A .
AS = J.O_If) —{ —5 s =const. (2-39)
h) Qua trinh dang nhiét. (T = const)
. &MY Q . _
AS - j-f _ (2-40)
| l

¢) Qui trinh dang tich va dang dp (V = const vii P = const)
theo dinh fudt phict dong 1,
SQ = dl = pdV (2-H)
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ma du="¢ dT: P = mRT
L v
: B RT ..
nén 0Q = e AT+ ALY
u TRY
. 5
do dé AS = J‘( _m C j.dT TR J
T V., :
AS =2¢ " Rin 2 (2-42)
7 fl 17 ¥,
Ncu bicu dién AS qua thong s6 P v V ta thay
PV
= b vao 2- 42 thi duge:
mR
PV, v,
AS:ECI(H + R
4 ;']l Y I8
.oomo !’1 V, Y,
.’AIS - _( ! { =
H P 7 N7, v
)
AJ.S‘ :E(_'.{” !;1 i"ﬂ(_’f..j' [:1
po P Vi

Tu céac cong thie trén suy ra:
+ Vai qua trinh dfmg tich (V = const)

P, 7',
As =7 Jin T o= ﬂ( - (2.43)
it P u |
+ Vai qua trinh ding dp (P = const)
j V. . 7,
A ="l 2 e gl (2-34)
i b, I
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Chuong I1I -

NHUNG TINH CHAT NHIET PONG HOC CUA
HOINUOC

3.1. MOT SO KHAI NIEM.

Tu thuc nghiém ching ta bi€t rang, cling mot chat phu thuoc
vao cde dicu kién nhu nhiét do. dp suat... né ¢ thé 16n tai d cic
pha khdc nhau nhu pha ran, pha iong. pha khi.

Pha trong k¥ thuat duge hiéu 12 mot hé déng nhat ¢6 tinh chat
vat 1y nhu nhau ¢ tal ca moi phdn cta vat thé dé.

Giita cdc pha cud mot chét co thé chuyén hod 1an nhau khi ¢o
su thay déi cdc tinh chat vat 1y cia nd. Su chuyén hod tir pha
long sang pha két tinh goi 1a su két tinh hay cdn goi 1 su dong
cing. Su chuyén hod tir pha rén sang pha khi xay ra trong diéu
kien nhiét do thap goi 1 su thang hoa. Su chuyén hod tir pha
1ong sang pha khi goi la sy hod hoi. Qud trinh chuyén ho4 tir pha
khi sang pha long goi la su ngung tao.

Sy chuyén hod cdc pha clha mot chat ¢6 thé duge mo th bing
do thi trén hinh v& sau: (Hinh v& 3.1).

Theo do thi trén thi mot chat & mot pha nao dé phu thuoc vio
g1d tri nhict d9 va &p suat cha nd. uong OA bic « dién trang théi
néng chay. dusmg OK - qué trinh s0i. con dudng 0B - bidu dién
trang thdi thang hoa. Bén phai duang KOB (viing II1) [ viing pha
khi cua vat Gita 0A va 0K Ta ving pha Iong (viing 11 con bén
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trat dudng AOB 1a viing pha rin cia vat {(ving 1). Diém 0 trén d6
thi g0i 14 di€ém giao cua ba pha vi tai d6 chit ddng thoi t6n tai ci
ba pha (rin, long. Khi).

W

Hinh 3.1: Do thi pha cua mot chat

D6l véi nude, diém ba pha (diém 0) ¢6 cac gid tri nhiet do (' =
0.01"C va dp suat P = 610.8 Pa (hay 0.006228 KF/cm?).

Pudng ndng chay OA di lén phia trén cung vdi su gia tang ap
suat va phu thudce hoin tean vao gid tri dp suat. Co khi Ién dén
vai nghin atmotphe. Duong OK chi phdt trién dén diém K goi la
diém 13 han ¢6 cde gid tri nhiét do i ha;.n va dp suat tdi han.
D61 véi nude thi nhict do 61 Ty, = 647K (1, = 374"C) va dp suat
téi han P, = 22,1 M.Pa. Déi v6i axit cdcbonnic T, = 304'K va P,
= 7.41 M.Pa. Khi vuot qud cdc gid tri téi han thi khong ton tai su
kKhac biét gida trang thai long va trang thai khi cua chat dé nla.

Ciing trén dé thi hinh vé 3.1, cho thdy su thay doi trang thai
cta chat trong qud trinh nung néng duéi ap sudt khong doi, dugce
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bicu dién bang dudng a.b.c.d. Doan a - b, biéu dién qud trinh
nung nong chat & pha ran dén bar dau néng chay, doan b - ¢
nung néng pha long dén hic 61, con doan ¢ - d nung néng pha
khi. O cdc diém b va ¢ Xdy ra qud trinh chuyén hod pha cla
chat. _

3.2. TINH TOAN SU THAY POl THONG SO TRANG
THAI CUA HOI NUGC CAC QUA TRINH NHIET DONG.

(6 hai phuong phap tinh todn. Néu tinh theo cic cong thic
vOL cac 50 liéu fra bang thong s6 nhiét k¥ thuat cua chat thi do
chinh xdc cao hon nhung phic tap hon. Trong k§ thuat ngudi ta
thutng ding phuong phdp do thi is (hoac gian do is) v6i do sai
s6 cho phdp.

3.2.1. Phueng phap do thi duoc thuc hién qua cac bude sau:

- Budc 1: ‘Theo cice so lieu da ¢6 xay dung wrén d6 thi is su
thay doi cta qua trinh.

- Bude 2: Trén d6 thi da duge xay dung, xdc dinh gid tri s6
cdc thong 59 trang thdi & di¢m déu va diém cudi clia qud trinh.

- Budc 3: Tinh todn sy thay doi noi nang cia hoi nude cia
bat ky qué trinh nao theo ¢ong thic sau;

Au = W, -y = (-0 - (pava-pivy) (3-1)

- Budc 4: Tinh nhiét lugng q. ma hoi nude nhan duoc

Déi v6i qua trinh ddng tich.
qQ =u: - W =1,-1-vip,-p) (3-2)
D61 véi qud trinh dang ap

q=1-1 (3-3)
D6i véi qud trinh ding nhiét
q =T As = (1t+273,16) (s, - 5,) (3-4)
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- Buée 5 Tinh cong dor vai tat ca cac qua trinh
l = q-Au; (3-5)
3.2.2. Tinh todn cic thong sé doi véi ting qua trinh cu the:

a) Poivor qud trink dang tich.

(iid sU rang. trong qua trinh dang tich & trang thai b dau (1)
cua hot nudc ¢d p, v X, con ¢ trang thdi cudr 121 dp sudt 1a p,
duoc bieu dién trén do thi is (hinh vé 3.2)

biem dau (1) duge xde dinh 12 giao didm cira duding dp suat
P, va dudng hé s do kho x,. Con diém cudi (2) i giso Jiém cla
duding dang tich v di qua diém (1) va dudng ap suat £ Can i
vilo toa do cta diem dau (1) va diem cudi (2) teer do v s e co
thé xde dinh duge gid tri cde thong so trang that cta hol nude
trang thai dang tich bao gém: 1, 1 v 11, s, 5 1 1 5. Cdn viee xdc
dinh sy thay do1 nd1 nang Au va cong £ xac dinh theo cic cong
thuac tr 3-1dén3-35.

u Uﬂ?ﬂ,

Hinh v¢ 3.2 - Do thi is qua trinh nung néng hoi nuée vai the
tich khong doi.
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by i vai qua rink déng dp.
Su thay doi cic thong s6 trang thdi cha hoi nuée khi dugc
nung ndng dang dp die biéu dién trén dé thi is hinh vé 3.3

Hinh vé 3.3 - D6 thi is qua trinh nung néng hoi nudée
vGi ap suat khong doi.

Tuong . can af vio toa do cla diém dau (1) va diém cuéi
(2) xdc dinh gid tr cde thong s6 4, 5 v, 11,1 15 1, 1 s, Con Au va
/' xdc dinh theo cong thie (r 3.1 dén 3.5

b PO vor qud trink ddng nhiét.

Su thay doi céc thong s6 trang thdi cua hot nudc trong trudng
hop dang nhidt duoe bicu dién tén hinh vé 3.4 dg thi is.

Can e viw toa do diem dau (1) va diém cuéi (2) xdc dinh gid
tri cac thong ~O 1,0 v, 1108 va v, 1 L s, cdn su thay doi noi
nang Au va cong / tinh theo cde cong thite tir 3.1 dén 3.5
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Hinh vé: 34 - Do thi is trong truomg hop dang nhiét.

d ) Poi var gu trink dodn nhiér

Su thay doi cdc thong sa trang thai cua hoi nude trong trudng
hop doédn nhiét duoc bi¢u dién trén dé thi is hinh vé 3.5,

Tuong tu nhu cac truong hop trén, khi biél toa do diém dau
(1) va dicm cudi (2) coa trang thai ta xde dinh duge gid tri céc
thong s6 khic T RS SRR T

H¢ s6 doan nhiét k 1i&p nhan bang 1.3 khi hoi nude duoge
nung néng. Con trudng hop hoi nudc o trang thai bio hoa thi

k = 1,035+ 0,1x.

Hoac = - L

(3-6)

Trong cdc trudng hop néu trén, x goi 1a hé s6 do kho clia hoi
nudc, duge xac dinh nhu sau:
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xeo Vi (3-7)

m, &,
O day: m, - Trong Lrong hot nude bao hod o pha khi.
m, - Trong hrong nuéce ¢ pha long

m+m, = 1y

1A
L tg P

1 L

CRp e e e — b,

Hinh vé: 3.5 - P06 thi is trong truong hop doan nhiét
¢) D6t vdi triong hop chdy doan nhiét hoi micde qua micng
ved phan.
Hoi nude thodt ra ngoai qua miéng phun phu thugce vao ap
SUAL trrde va sau miéng voi va vio duong kinh miéng vor.
Vi¢e tinh todn cdce thong s8 clia quéa trinh chay cling dua vao
dé thi is clia qud trinh chay doan nhiét (hinh vé 3.6)

74



Hinh vé 3.6 - o thi is déi véi truomg hop chay doan nhiét qua
miéng voi phun
Néu ty s6 P/ P = §3,. thi dp sudt & thi€t dién ddu ra cua
miéng voi PP, = P vi van toc chay cua dong hoi nude nho hon

van toc tdi han,

w, 20, - 1)+ o] (3-8}

Va luu lugng hoi nudce s€ la:

- Fz ’\"IITil B 12) { 3-9)

Fm
G =212

12 T2
O cdc cong thitc trén: P - dp sudt trude miéng voi phun
B, - He s ty 1& dp suat trudc va sau miéng voi. Doi vot hoi
nudc noéng thi B, = 0.546. cdn hot nude bio hoa khe 3, = 0,577,
F - Dién tich thiét dién miéng voi
o - Vanioc dong chay
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W, - Van téc 1d1 han

Neu P, /P < B, thidpsuat P, = P, = §,.P, : con van téc dong
chay bang van 10¢ 141 han.

oy =23y ~iy,) (3-10)
F, 20, - 1i,)
Gy == El' o (3-11)

th

3.3. TIET LUV

Ti¢t luu [a mot qud trinh nhiét dong hoc. nd xay ra khi dong
hoi nude (6 pha tong hoac pha khi) di qua mot thiét bi tiét luu.

Hién wong tiet luu bao gid cling kém theo su giam dp & phan
sau cua dong chay khi di qua thiét bi tiét luu. Trudng hop tiét fuu
xdy ra khong co sy trao doi nhi¢t cia hé théng véi moi trutmg
Xung quanh got la i€t luu doan nhiét. Va trong phan nay ching
ta chi nghién cttu quéa trinh nay.

He thong dong hoc duoc gidi han boi thanh cua thigt bi va
mat cat dau vao I vh mat cit dau ra (I1) cila dong chay nhu hinh,
v€ 3.7 goi la hé théng tueu dong.

Theo dinh luat nhiet dong th nhat déi véi hé thong
Ta co:

2 -
| +— =i, + 2 (3-12)
2
Thong thudng khi tiét luu van t6c dong chay o, va o, ¢6 sy
2

P /) . . .
chénh léch khong lén vi thé gid tri EX la rat nho so véi entanpi

(1) vi c6 thé bo qua, nén cong thite trén ¢6 thé viét gon thanh i, =
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1>. €6 nghia 1a rong qua trinh tiét uu doan nhiét entanpi dau (i)
biing entanpi cudi (1,) (461 v hoi nudc ).

I ._Ff ‘FZ H
al b v
Ffi i |y PZ P1
T 7 R ip

: (AN |

!___' ¥ oy # T rr‘!
I A\ I

Hinh vé 3.7. Dong chay qua thiét bi tié lus
Quad trinh tigt lvu duoc dp dung rong ral trong cac linh vue k¥
thudt, nhu trong dong co hot nuée, thiét bi lam lanh va nén khi.
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Chuong IV
CAC CHU TRINH NHIET PONG CUA MAY
NHIET.

4.1. CHU TRINH NHIET DONG DPONG CO PIT TONG

4.1.1. Chu trinh nhi¢t dong dong co pit tong tronyg trudng
hop dang tich.

b -— )
Hinh vé 4.1: D6 thi p v coa chu trinh nhiét dong dong co pit
tong trutng hop dang tich

a) Trudmg hop thue b) Trudng hgp 1¥ wdne.
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Chu trinh nhigt déng duge thuc hién nhu sau:

Hon hep khi chay (hoi xang va khong khi) di vao xi lanh qua
van hit v6i dp suat P, va nhiét do 1, (dudng 0-1) do pit tong
chuyén doéng v¢ beén phai (hinh vé 4.1a). Khi pil tong chuyén
dong ve bén trdi, van déng, hon hop khi bi nén (dudng 1-2) tang
ap suat va nhi¢t do 1én P, vi t,. Lic nay hén hop bi dét chdy
bang tia lira di¢n qua thi€t bi danh [ia, su chdy xdy ra rat nhanh
trong mot thé tich gan nhu khong déi, (dudng 2-3). Sau dé san
pham chdy gidn no thuc hién mot cong ddy pit tong chuyén dich
L trdi sang phai (dudng 3-4). G diém 4, van x4 md. Khi pit tong
chuyén dong tir phai sang trdi (dudng 1-0) san phim chdy trong
xi lanh duoc day ra ngoai. Cf nhue vay chu trinh duge liap lal.

Theo chu trinh doi véi khi 1§ tudng thinh vE 4.1). Khi chay
voi cde thong o ban dau v, ;¢ 3 P, dude nén dodn rnhiét 1-2.
Sau do thue hien qua trinh dang tich 2-3 vi nhan nhiét g,. tiép do
fa qud winh giin nd doan nhiét 3-4 v cudi cong 1 qua trink
dang tich 4 - 1. moi chat lai 1eé vé trang thdi ban ddu v lam mat
nhict ..

Chu trinh duge dic trung bang Ii¢ 6 nén (e dé nén) the tich
khi. e=v, /v

[i¢u suat nluct cua chu tinh duoe xdc dinli:

no= g, b
7.
(]._ — (_1{]\ B .—I~1.) — (1\"[" [ |_ _‘r!-_ } { 4‘2)
- e - Al j b ’
- =CHT -THy=CF (|- 7 ) 44

i

Dot voi duong doan nhiét 1 -2 v 3 - 4 thi
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T - L=1 T ,\? ko1 1 4
__ZZ'L_\_]_} _ekmr a -4) _eke! (4-43
T] Vi WYL
Rt ra T_Z _ 5 s T, _ l] (4-5)
Thay cdc gid tri ta ¢
T (4-6)
T} Ek -

Nhu vay hi€u suat nhiét cua chu trinh 1, tng cling véi sy tang
hé s6 nén thé tich €. Nhung déi véi dong co dot trong dang nay
h¢ 50 € khong duoc tang vugt qua 9. Vi néu tang qua cd the dan
dén no hdn hgp (do chdy qua nhanh) Iam héng dong co.

4.1.2. Chu ftrinh nhiét dong dong co pit tong trong truing
hop ding tich va dang ap.

Da thi pv cta chu trinh duge the hién trén hinh v& 4.2

P A

Z

m——ay

Hinh vé 4.2. Chu trinh nhi¢t dong dong cu pit tong trong
truong hop dang tich va dang ap



Khong khi hit vao xi lanh sau d6 duge nén doan nhiét (dudng

I-2). Trong x1 lanh chi ¢6 khong khi vi thé hé s6 nén € cho phép
tang den 20 lan. Nhi¢t do khong khi & cuéi qua trinh nén khoang
600 - 800"C. Tiép dén bom vao xi lanh déng co chit chay (xang
dau) qua thi¢t bi phun. Mot phédn chat chay dugce dot chdy tic
that & the tich khong dé1. s& con lai duge tiép tuc dot chdy trong
qud trinh pit tong chuyén dong va thé tich khi trong xi lanh
tang, con dp sudt gan nhu khong déi. Nhiét lugng ¢, ma moi chat
nhin duge & cd qud trinh dang tich (2-3) la g, va qua trinh ding
- dp (3-4) la g, Tic la g, = q,"+ q,”". Sau d6 san phim chdy
trong xi lanh gidn nG doan nhiét (4-5). Nhiét lugng ¢, thodt ra
ngoai theo dudng ding tich (5-1). Ci nhu vay chu trinh dugc lap
lai.

Chu urinh duoe dédc tnmg boi hé s6 nén € = v,/ v, hé s6 tang dp suat

A=p./p.vahé s0 gidnnd p=v, /v,

Hiéu xuat nhiét cta chu trinh duge xdc dinh nhu sau:
G2 .92 (4-7)
& 9 +q,
qQ =C(T,-Ty: q CAT,-T)iqu=C (T.-T))  (4-8)

n=1-

no=1- CAT;, -T) (4-9)
! C(Ty - 1)+ C (T, - 13)

hay qua bién déi ta co

Mo=lo— e (4-10)
‘ -1+ kip-1)]
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4.2. CHU TRINH TUA BIN KHi
4.2.1. Chu trinh tua bin khi trong truong hop dang ap

Nguyén 1§ ¢au tao cua tua bin khi duoc thé hién & hinh vE 4.3,

5 6 78
[/

LEO N

Hinh vé 4.3: So d6 cdw tao tua bin khi truong hop dang ap.
1. Tua bin khi: 2. May nén khi; 3. Mdy bom chat dot; 4. Nguon
ticu thu nhiét; 5. Budng dot; 6. Miéng voi cta tua bin khi: 7.
Cénh quat tua bin; 8. Bé nhién licu. '

Khoug khi nén qua mdy nén khi 2 dua vao budng dot 3.
Trong budng dot. chit chay duoc may bom 3 dira viio qua thiél
bi phun vdi dp suat khong doi va duoc dét chay. San pham chdy
duce dan dén miéng voi tua bin 6. O cdc mi¢ng vol phun, thé
ning cna khi duge chuyén hod thanh dong nang. Dong khi véi
van t6¢ 16n tir cac miéng vo1 phun duoc day vao canh quat. 7 cla
tua bin, né chuyén dong nang cva dong khi thinh co nang lam
quay tua bin.

Trén hinh vé 4.4.a biéu dién trén dé thi PV - chu trinh tua bin
khi trong trudmg hop dang dp. Duong 1-2 biéu dién qud trinh nén

82



khong khi doan nhiét trong mdy nén; duong 2-3 la qua trinh cip
nhiét q cho khong khi nén trong buéng dot; duong 3-4 la qua
trinh gidn n& doan nhiét san pham chay trong tua bin khi; dudng
4-1 la qua trinh mat nhiét q, dang 4p. Céng ctia chu trinh duoc
minh hoa bang dién tich 1.2.3.4.1 trén hinh v& 4.4.b. d6 thi TS
cta chu trinh. <

/|

Py

Hinh vé 4.4. D6 thi PV va TS chu trinh tua bin khi trong
truong hop dang ap.

Hiéu suat nhiét cua chu trinh dugc xdc dinh theo cong thic
sau

s | (4-11)
n=l A |

T

q :CP(T?&‘Tz):CPTa(]—"TA) . (4-12)
' 3

Y 4-13
' 4
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P01 v6i cdc qua trinh dodn nhiét 1 -2 va 3 - 4,

K-l K -1 K-l < K-l
L _(Pyx -B 'K"";T_3: Py 5 —px (414
T, (P T, P,
O day g_ P2 1a he s6 tang dp suat.

P,

Tir cac cong thitc trén ta co:
E L B _L - (4-15)
Qua bién déi ta duac:

: T |
n, =1-2=1-=

— (4-16)
3 ﬁ I
4.2.2. Chu trinh tua bin khi trong trudng hop déng tich.

S0 d6 cdu tao cla tua bin duoc thé hién & hinh vé 4.5

VT 7

Hinh vé: 4.5. So d6 cau tao tua bin khi trong truong hep
dang tich.
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Khong khi tir bén ngoai dugc may nén khi 6 dua vao bé diéu
chinh ( 7). Tt bé 7, khong khi dugc dua qua van 8§ vio buéng
dét 1. Dong thoi chat chay duge mdy bom 5 bom qua van 9 vio
buong dét 1: Trong budng d6t cdc van 2; 8: 9 & trang thai déng
xay ra qua trinh chdy chat chdy nhé tia la ciia bu zi. Sau khi
chdy, van 2 m¢ , san pham chdy di vao miéng voi 3, duge gidn
ng dén dp suat beén ngodi. Khi di qua canh quat tua bin 4 va sinh
cong ¢o ich truyén cho mdy phét dién, sau dé khi thodt ra ngoai.

Th

Hinh vé 4.6. Do thi PV va TS cua chu trinh tua bin khi trong
trutmg hop dang tich.

Hiéu sudt nhiét cha chu trinh la:

oot-d2 Celhim ) KM =Ty

q, Cy(Ty-Ty) T,-T,

Thay ﬁ:% va Aﬁp% tacod | {4-18)
: 2
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K 1
m, =1 k! - 1)]{57 (- 1)} (3-19)

4.3. CHU TRINH NHIET BONG CUA BONG CO HO
NUGC

So dd cau tao cua dong co hoi nude duoc thé hién & hinh vé
4.7 -

Pufqu

Hinh vé 4.7. So d6 cdu tao dong co hoi nrée cua Rencin

1. No6i hoi; 2. Tua bin; 3. Thiét bi tiéu thu;

4. Thiét bi ngung tuy; 5. Méy bom.

Moi chat trong dong co ¢d hoi nude 14 nude duge dua vao ndi
hoi 1 dé chuyén hod thank hoi nudc bao hoa, sau dé duoc dua
. vao thiét k€ bi nung ndéng dé trd thanh hoi néng cé cac thong s6
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P;t, va i, 16i di vao tua bin 2; O day né dugc gian ng dén Py;
roi sinh cong ¢6 ich truyén cho thiét bi tiéu thu ( tidc thiét bi sinh
dién nang ). Hoi nudc thai ra c6 cac thong s6 P,, t, va i, di vio
thi€t bi ngung tu 4; chat ngung tu ( nudc ) dugc may bom 5 lai
dua tro lai néi hoi 1. Chu trinh nhiét dong nay duoc ky su nguoi
Scétlan la Renkin phit minh ra nén con goi la chu trinh Renkin.
D6 thi PV va TS cua chu trinh dugc biéu dién trén hinh vé 4.8.

Hinh vé 4.8. Chu trinh Renkin

a) D6 thi P. V; b) D6 thi T.S

Pudng 1-2 biéu dién qua trinh gidn nd doan nhiét hoi nude
trong tua bin. Pudng 2 - 3 qua trinh ngung tu dang 4p trong thiét
bi ngung tu, duong 3 - 4 qua trinh nung néng nude duoc bom ti
thiét bi ngung tu dén néi hoi; dudng 4 - 5 1a qua trinh nung nong
déng ap. Pudng 5 - 6 qua trinh tao hoi nudc trong 1o hoi; va
dudng 6-5 la qud trinh nung néng hoi nudc.

Hiéu suat nhiét cua chu trinh la:
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n = _’ Yty il (4-20)

SHEREEE SN TPES PR o (4-21)

I, - entanpi cua hoi nude duge nung néng truGe khi vio tua
bin.

I', - entanpi cua chal ngung tu véi dp sudt P,;

I, - entanpi cta hoi nude thodt ra ngoai.

¥ - 12 cong duoc sinh ra trong chu trinh

Ruit ra; n, - i]_‘_i_z (4-22)

T

4.4. CHU TRINH NHIET BONG cUA THIET B| DIEN
NGUYEN TU.

S d6 thiét bi dién nguyen tir hai khéi duoc trinh bay ¢ hinh vé 4.9.
L. Lo phan dang

-

2. May sinh nhiét hoi nude f’ 7 ‘

3. May bom ;

4. Tua bin ’l—é
5. Thiét bi ngung ty 5.

6. Mdy bom

7. Tuong ngan bio vé khu
10 phan tng

=

Hinh v& 4.9. So do thiét bi dién
nguyén tu hat khoi
Trong 16 phan tng nguyén wr 1 do két qui phan Ung phan rd
sinh ra nhiét. Nhigt luong ducc truyén dén chat mang nhiét trung
gian nhd mdy bom 3 réi di vao mdy sinh nhiét 2. N6 truyén nhiét
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cho tua bin 4, iam quay tua bin va phdt dién. Tiép dé hoi nude
duge dua vao thi¢t bi ngung tu 5 roi nhg may bom 6 bom nudc
vao mdy sinh nhiét 2. P& bao vé va chong 1o 11 phéng xa ngudi
ta Xdy tuong ngan 7 dé bao vé khu [ phan dng.

Chu irinh nhiét dong cla thiét b1 dién nguyén ti vé co ban
giéng nhu chu trinh nhiét déng ¢o hoi nude hay tua bin khi. Chi
khdc la chat sinh nhiét dung chat phdng xa Uran hay Plutoni.
4.5. CHU TRINH NHIET ®ONG CUA THIET Bl LAM

LANH,
So dé thiét bi lam lanh duoc trinh bay trén hinh vé 4.10

1. Van tiét luu 2. Thiét bi fam hoa hai
3. Mdy nén khi 4. Thiét bi ngung ty
~4 I
! 3o,
2
——>=—= |f
VY VIV

L

Hinh vé 4.10. So do thiét bi lam lanh
Chat halozen & thé khi duge dua tir thiét bi hod hoi 2 vio may
nén 3, & day né duge nén dén dp suat P.. Sau dé né duoe dua vio
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thi€t bi ngung tu 4. Truyén nhiét cho moi truong lanh va tu
ngung tu ¢ nhiét 6 T, va ap sudt P,. Chat halozen léng & irang
thai biio hoa duge dua qua van tiét luu 1 vao thiét b hod hot 2.
Khi di qua van ti€t tuu 1. halozen long bi giam nhi¢t do xuéng T,
va dp suat P,.

D6 thi TS cha chu trinh dugc thé hién trén hinh vé 4.11. Qu4
trinh tiét luu trong van tiét luu duge biéu dién bang duomg 1-2.
Qua trinh hod hoi véi nhiét do T, va P, dugce biéu dién bing
dudng 2 - 3. Qua trinh nén trong may nén dudng 3 - 4 va qud
trinh ngung tu ding 4p va dang nhiét 1a dudng 4 - 5.

Céng cta chu trinh bang /=1, —15; va nhiét heong g,
truyén cho vat lam lanh trong buéng lanh 1a @, = i, - i,. g
Hiéu suat lam lanh coa chu trinh 12

(4-23)

ly =1y

oy |

c a a
Hinh vé 4.11. D6 thi TS cua chu trinh thiét bi lam lanh.
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Hién nay chat halozen dang trong thiét bi lam lanh thudng la
céc chat sau: Amoémac NH,; etan C, H; clouruamétin CH,CL.
Cac phereon: ¢ - 12 (CE,CL, ); ¢ - 113 ( CF,CL, ) ¢ - 162 (
C,H,F.CL ).
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Chuong V

PHAN TICH CAC QUA TRINH NHIET DONG
CUA PAM CHAY XAY RA & TRONG PHONG

5.1. KHAI NIEM.

Dam chdy xay ra & trong phong la qua trinh dic trung kéo
theo su thay déi thanh phdn méi trudng cé & trong phong. Moéi
truong khi chdy & trong phong théng qua céc cira di, cira s6...
tac dong qua lai v6i khong khi & bén ngoai nhy 13 he théng nhiét
dong ho. Su thay ddi cdc thong s6 trang théi cha hé thong nay la
do sy trao ddi nang lugng véi moi trudng bén ngoai.

Trong moi trudng khi chdy & trong phong vio bat ki théi
diém nao ciing c6 su can bing cuc bo. Mot trudmg d6 ¢6 thé coi
1a moi trudng khi thue. Céc théng s6 nhiét déng co bin clia trang
thdi khi & méi di¢m trong khoang khong tu do clia phong cé méi
quan hé v6i nhau bang phuong trinh Clapezon - Mendeleep ( 1--
12a).

Trang thdi cha méi trudong khi chdy & trong phong ¢6 thé duoe
biéu dién dac trung thong qua cdc théng s& nhiét dong trung
binh thé tich, giita ching c6 méi quan h¢ véi nhau thong qua
phuong trinh dugc xac dinh tir diéu kién can béng cuc bo.

Nh& c6 cdc thong s trang thdi trung binh thé tich, ta ¢6 thé
xem X6t cdc quy ludt chung cta qud trinh phdt trién ddm chay,
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gial thich nhiig dac tnmg riéng biét va cdc yéu t6 gay nén céc
quy luat do.

L...__..._._I 8

&Q’ s // A ///>\/// ////k\g

Hinh vé 5.1: Cac hé thong nhiét dong
a) He thong kin
b) Hé théng chay luu

c} He thong hé (ddm chdy ¢ trong phong cé cira thong véi
moOl trudng bén ngoai}
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. Mai truong khi chay

2. Tudng ngan

3. Cira thong khi

4. Chat chay

v, Gy, G, 1a dong sdn pham khi nhi¢t phan khong khi va khi
chdy thodt ra ngoai.

Hiéu biét cac quy luat dé 1a cin thiét khi giai mot loat cac bai
todn k¥ chién thuat phong chdy, chita chay trong viéc dam bao
an toan thodt nan, x4y dung phuong dn chita chdy, b6 tri luc
lugng. phuong tién chita chdy, danh gid mic do chiu lia thuc 1€
clia ngoi nha, diéu tra két luan nguyén nhin chdy.

Cic thong s6 trang thar trung binh thé tich co ban cla moi
trudng khi chdy khi dam chay xay ra o trong phong bao gom:
Nhiét 46 trung binh thé tich (T,): 4p suat trung binh thé tich
(P,): khéi luong riéng trung binh the tich (p,), nong do trung
binh cua cdc thanh phan cua mo1 truong khi chay 1a ©,, CO,,
CO...

5.2. CAC THONG SO TRANG THAI TRUNG BIiNH THE
TiCH CUA MOI TRUONG KHi CHAY O TRONG PHONG.

a) Khoi liong riéng (p,, )

Mot phong thé tich V ¢ s6 Tugng cira bt k¥ ( hinh v 3.1).
Chdng ta s& xem xé1 mot s thoi diém cta qud trinh phat trién
dam chdy xay ra trong phong. Khai lugng khi chiy cé o trong
phong vao mot thai diém chay 1a m ( G ). Chia khéi lugng m cho
thé tich V ta ¢6 khéi lyong riéng trung binh pm

o, = % kg/ m’ (5-1)
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Biéu dién dudi dang vi phan ta ¢6:

dm = pdV (5-2)
1

=— |pdV kg/m’ 5-3

plﬂ V jp g ( )

b) Khoi lwgng riéng: thanh phan trung binh thé tich va néng
d¢ cua thanh phan moi trudng khi chdy.

Pat m, 1a khoi tuong cua thanh phan thd i coa hén hop khi
chdy 0 trong phong. Chia kh6i luong m, cho thé tich cha phong
V. ta nhan dugce khoi lugng riéng cua thanh phan thit i coa hén
hop.

Fe :}:—? kg/m' { 5-4)
Tuong tu néu bigt khoi luong riéng p, ta & ¢6
1
£, = v J‘p.,dlf' kg /m” ( 5-5)

Mai quan hé gitta p, va p,, duce xdo 1ap thong qua khoi
lugng. vi

m= 2 m, ( 5-6)

Khi d6 P =D P (5-7)
1—1

Y Ap sudt trung binh the tich (P, )

Chia thé tich phong V thanh cdc phin nho dV. Khi d6 dp sudt
trong thé tich nho 1a p. Tai cde diém khdc nhau trong phong thi
dp sudi vé ¢co ban bang nhau va bing :

1 ]
Pln = V \led\ k?— / m ( 3—8)



d) Nhiét do irinz binh thé tich (T, )
- Can ct vio Hiou kién can bang cuc bo trang thai moi trudmg
kbi chdy. cdc thong s6 trang thdi cuc bo & méi diém trong
khoang khong thé tich phong ¢6 méi quan hé véi nhau bang
phuong trinh Klaperon. '
P
T RT

Khi phan tich gid tri hang s6 chat khi & cic moi truong chdy
khédc nhau, ngudi ta thay rang gia tri cha nd thay déi trong qud
trinh chdy, tuy nhién sy thay doi do6 rat nho khong dang ké so
VOl gid tri hang s6 doi vdi khong khi.,

P (5-9)

Nhan 2 v¢ phuong trinh trén véi dV ta cé:
p
dV = ——dV ( 5-10
p RT )

V¢ phai cia ( 5.10 ) ta nhan va chiacho P, va R |

PP R 1
dv = 4~ — ——gV 5-11
P R P RIT ( )

mn m

R,, - hang s6 chat khi trung binh ctia méi trudng chay
Tich phan phuong trinh trén theo gid tri thé tich phong va chia
két qua cho thé tich phong ta dugc

Djpav = Lo LB Ra iy (5-12)
vV R VAP R T

=fﬂ{i j(i.R'"Mdv} (5-13)
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Can bang hai cong thic ( 5.13) va ( 5.9) va thay béng gid tri

T taduge: —— =| - | 2 Ra 14y (5-14)
T, (VAP R JT

mn

-
Hoae T, =| 1 -2 Rallyy (5-15)
vir R T

Dai lugng T, dugc xéc dinh theo cong thie ( 5.15) 1a nhiét do
trung binh thé tich clia méi trudng khi chay & trong phong. Giita
cdc dai lugng trung binh thé tich p_, P, T, R_ 1dn tai mdi quan
hé theo cong thifc sau:

= By 53-16
P RT ( )

C6 nghia la cing gidng nhu moéi quan hé cua cac thong s6 cuc

b6 p, P, T, R cua moi truong khi. _

Trong cdc diéu kién thuc t€ cua ddm chdy néu khong cé
nhimg tdc dong cia séng khong khi do anh hudng cua nd thi gia
tri 4p suat & cac diém khac nhau & trong phong khong khac nhau
nhi€u, su khdc nhau 1én nhat chi 1a khoang 10 [Ta. Gid tri nay
chi chiém mot phan mudi phan tram so véi dp sudl trung binh o
trong phong. Vi thé trong cdc diéu kién thuc té clia ddm chiy ta
c6PR_.=~1.Tuong tutacé6 R /R =~ 1.

Khi d6 T_ ¢4 thé tinh theo cong thifc rdt gon sau:

1
1 ¢l
T, =|— |=dV 5-17
" {VJT } ( )

Ngoai ra. ngudi ta cling ¢6 thé ding cong thic sau dé xac
dinh T
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- 1
T =—|TdVv 5-18
Ty j (5-18)

Trong trudng hop nhiét dé khong déng nhat, nhiét do trung
binh thé tich T_ theo cong thic (5.17) nhé hon T, tinh theo (
5.18). Trong céc diéu kién thuc t& cua dam chdy, su chénh lénh
gita T, va T’ chi chi¢m khoang 3-10%.

5.3. CAC PHUONG TRINH CUA BPAM CHAY G TRONG
PHONG.

Céc phuong trinh clia ddm chdy mo ta su thay do6i cic thong
s& trang thai trung binh cua the tich theo thdn gian chiy. Nhimg
. phuong trinh nay duce xdy dung tir nhitng quy luat ly hoc: nhuw
quy luat bao toan khoi lugng, quy luat nhiét dong thi nhat ¢ quy
ludt bao toan nang iuong ).

5.3.1. Phuong trinh can bang vat chat.

Trong qui trinh xay ra ddm chay & wong phong ¢6 thé tich vV
VO cde cua thong @ié vdl bén ngoai nhu hinh v trén, cic
thomg so nhict do, khoi luong ricng. 1ong khéi fugng khi chdy (
gom san pham chdy va khong khi co ¢ trong phimg ). Vao thoi
dicm T khéi lugng khi chav 1a m = p.. V. Sau su bién thién rat
nhé that glan chdy dt thi khor lugug khi chay cing thay doi mot
luong rat nho duoe dop, V)

Trong khoang thor gian dt, qua ¢éc cua thong eid cua phong
thodt ra ngodi mot luong, khi chdy va dong thon cling cd mot
luong khong khi vao phong dé duy tri su chday. Trong qua irinh
chiy. chat ran hoac ¢hat long chdy bl nhiét phan dugc tao nén
nhitmg khi chay tham gia vao qua trinh chdy.
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Néu viao thoi diém tinh todn 7, luong khong khi vao bing G,
luong khi chay thoat ra G,, van toc¢ chdy hoan toan y (uic la s6
luong chat chdy dugc hoan toan chuyén sang thé khi trong mot
don vi thot gian). :

Dai véi quang thoi gian vo cling nhd dt, su thay dét cha G,
G, va y 12 khong dang ké ¢6 thé bé qua. Khi dé lugng thay déi
cua cdc dai luong trén theo dt s€ 1a : Gydrt, Grdr, ydt

T quy luat bao toan khaoi lugng ta ¢é:

dip, V)= G dr+wydr -G dr (5-19)
Hoac ¢6 the viet

d P, V=G, +y -G, { 5-20)

dt .

Pay 1a phuong trinh cin bang vit chat cta ddm chdy ¢ trong
phong
Trong nhimg trudng hop thé tich cGa phong xay ra chdy
khong d6i (V= const ) tacé:
\-"dp—”";(jh +y =0, {5-21)
dr '
Phitong trink (5.21) cho phép xdc tap mor quy luat chung caa
qué trinh phét trién dam chdy & trong phong ¢6 cla thong véi
moi truong bén ngoal.
+ Su phu thuoe T theo thai gian duoc the hién & hinh vé. Theo
phuong trinh ( 5.21) ¢6 thé chia ra 3 chd do phit trién dam chay.
- Cheé do [ Buge dac tung bat su gla tang nhiét do T, va
dp.,
dr
- G+ < G,

viam khoi luong riéug p,. ¢6 nghta ta < (0 khr dé ta cd:
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J ché do 1, lugng khi chay thoat ra ngoai phdng nhiéu hon
tuong khong khi di vao phong cong véi lugng chat khi duoc
chuyén hod clia chit chdy sang trang théi khi.

- Cheé d6 I : La ch& do nhiét 6n dinh dg—‘“ =0t G+ y =

T
Gr. lugng khi chdy thodt ra ngodi phong gin bang tdng lugng
khong khi vao phong. va s6 luong khi duge tao thanh do chuyén
hod cua chit chiy.
. : d
- Ché& do TIT : Ta c6 dimu >0 tic Gy + ¢ > Gr, luong khi
T

chdy thodt ra ngoai phong nhd hon téng luong khong khi vio
phong va s6 luong khi duoc tao thinh do nhiét phan chit chay.

hT[Ii

0 -
Hinh vé 5.2. Cac ché do cua dam chay
I Su tang nhiét d9: 1. Ché do nhiét én dinh; IIL Su giam nhiet
do
5.3.2. Phuong trinh can bang 6 xy
Ciling vdi can phong ¢6 thé tich nhu trén. Vio thai diém t,
khoi luong 6xy ( m,) duge xdc dinh theo cong thic sau:
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m, =p,. V.X, {5-22)

X, 1a ndng do trung binh thé tich cua 6 xy vao thoi diém chay 1

Khi thdi gian gia tang dt thi khoi luong 6 xy sé gia tang thém
mot lugng d(p, V.x) =dm,
§6 luong 6xy bi tiéu hao qua thai gian chdy dt bang ny. L,dt

L, - 12 khéi lugng 6 xy cdn thi€t dé chdy hét hoan toan mot
don vi khéi luong chit chdy, don vi do L, 1a kg/kg.

N - hé 86 chay hoan toan chat chay.

S& lugng O xy di vao phong cung khong khi dé duy tri su
chay la Gyx,,.dt

X,, - néng do 6 xy cé trong khong khi, thuong 1dy bang X, =
0,23

S6 luong 6 xy thodt ra khoi phong cling v6i khi chay bang :
GrX rdt

X, - nong do & xy c6 trong khi chdy

X

—L=n, <1 (5-23)
. Xl

X,r £X|

Thuc t€ cho thdy X, khong khdc biét lam véi X
Tu quy luét bao toan khoi lugng ta co:
dip, x,V) =G, x,.dt - Gpx dt—yn.L dt (5-24)

Chia 2 vé cho dr:

d - . -,
E(pmxlv)zGBx!B_(—IFXI]'._\“T]!I‘W (5-25)
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Day la phuong trinh can bang 6 xy trong ddm chdy xay ra ¢
irong phong .

Két hop cong thic ( 5.25)va (5.20 ) tacé: -

m

d dx d
S p X, V)=p V1o x, —(p. V)
dt P V) =4 dr "dt ®nV)

T

Cdx .
=pmV—"d-1—+X](GH+L|J-"C]].); _ (5-26)
Thay { 5-26 ) vao ( 5.25 ) ta duoc :

dx .
pmv{_d_[J =0,(x, HX;)+G[X|(]-—I]])—I4J(X] +nL))

T

(5-27)
5.3.3. Phuong trinh can bang san phdm chdy clia dam chay.
Trong qud trinh chay tao thanh cdc san pham chdy nguy hiém
cho tinh mang con ngudi nhu CO,, CO. v.v.. Vio thai diém 1 .
khoi lugng timg loai san pham chdy duge xdc dinh theo cong
thitc sau: " .

m, =p, X,V { 5-28)

X; - La ndng do trung binh the tich ctia san pham chay.

Khi thoi gian thay dot luong dt thi khéi lugng san phdm chdy
thay doi luong :

dm, = d(p, x,V) (5-29)

S6 luong san pham chdy tao thanh qua thoi gian dt la
N wl,dt '

L, - La $6 luong san pham chdy tao thanh do chdy hoan toan
mot don vi khoi luong cht chdy. Don vi do L, = kg/kg
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S6 luong san pham chay thodt ra ngoai trong khoang thei zian
dtla G, .x,.dt.
X, - nong do san pham chdy

Néng do san pham chay c¢é méi quan hé sau

S6 luong san pham chay di vao trong phon: Jling vdi khéng
khf trong thin gian dt la Gyx,gdrt.

X, - Nong do loai san pham chdy ¢6 trong ki khi.

Theo quy luat bao toan khéi lugng tong dai s cac ¢dng khéi
lugng san pham chdy phdi bang su thay doi kha: ivong chinh cla
san pham chdy d6 & trong phong.

d(p, xy=nyl.dr + Gx,,dt -G x,dr L 5-30)
Chia cho dt
d . - .
d—(pmlef Y=nul, +Gux,, —Grx,, (5.3
.

Day 1a phuong trinh cin bing san pham chdy
K&t hap (1 5-31) w6t (5-20) ta duge
(dx: w .
PVl = = | =wlln—x)+Gylxyy, —x,) = Grxg(n,y — 1)
dr )
(5-32)

Doi v6i nhimng loai san pham chay ma trong thanh phin
khong khi khong 6 hoac ¢6 khong ddng k&, ta ¢6 thé bo qua
tinh todn thi cong thic { 5.32) s€ ¢6 dang sau :
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‘ j.}l‘« i . .
o, Vi( -(-); Sl -x )+ Gux,, - X~ Gox(n =)

[ Ea

(3-33)
5.3.4. Phuong trinh can bang khi tro ¢ dam chay
Khi tro ta nhimg khi khong khong tham 21a vao cac phan ting
hod hoc xdy ra trong qué trinh chdy. Vi du nhu Nitg
Phuong trinh can bing khi tro ¢ dim chdy cé thé nit ra tir
phuong phdp xem xét cac phuong trinh néu & trén v ¢6 dang
Saii: :

%(;Om’rﬁ Fy=x,G, - x 1. G (,5'34 )

X - Nong do trung binh thé tich cta kh{ tro ¢é & trong phong.
X- - Nong do loai khi tro ndy ¢6 trong khong khi.
-\"‘.' B . . . o . . . s "
— - = n, - Hé 56 hicu thi su khdc biét g1lta hat gid tri ndng do.
X,
Két hop cong thife ( 5.34 ) vio cong thite ( 5.20) ta c6 ;
£

dl
/—I)u.-IIIL = lz(};r(-r:;ﬁ _xa}_le}’/“'(—ﬂ X, (1, _l) (3-35 )
drj a\ Xy =X )= X (7

5.3.5. Phuong trinh nang luong.

H¢ théng nhiet dong doi v6i dim chdy xay ra ¢ trong phong
¢6 cua thong voi moi trudng bén ngoai 1a hé théng nhiét dong
ho. Vi the khong thuc hién céng gidn no. ciing nhu cong k¥
thuat. Dong nang su chuyén dong cia hé nho so vai nél nang (
nang luong bén trong ) ca n6 khong 16n nén cé thé ho qua trong
cdc tinh todn .
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Noi nang cua khi chdy ¢ trong phong duge xde dinh nhur sau:
Ta chia thé tich phong ra thanh cdc phidn nhé dV. Khéi luong khi
chiy & thori di¢m 1 la pdV cdn nang luong clia khéi luong khi d6
la C,. p. T.dV. Noi nang cua toan bo khi chdy & trong phong 13 :

U= J.C‘\_.p.'l'.d\-’ (5-36)
J
Vip. T=P/RviC /R=_L
k-1
"
C, |
i
U= {—Pav 5-37
Jk_l (5-37)

Trong qud trinh chdy tinh nguyén tr cta khi chay ¢6 mot so
thay déi. Gid tri h¢ s6 doan nhiét k ¢6 thé bang nhau & moi diém
trong thé tich clia phong. Tuy rang trong ddm chdy thuc t&€ c6 thé
¢d sir khdc nhau khong Idn, Vi theé cé thé coi k = const. Khi dé
cong thue ( 5-37 ) ¢6 dang -

1 ' !
U=——-|pdV=—-P V 5-38 )
k—lJp — P (

Su thay doi noi nang cta hé théng nhiét dong dam chdy o
trong phong sau mot thdi gian dt bing :

dUzﬁd(P V) (5-39)

(138
Su thay d6i noi nang ca hé nhiét dong néu trén 1a do su cung
cap nhié¢t cua nhiét lugng tao thanh tir qia trinh chay do mit

nhiét vao viec nung néng ciu kién xay dung va su trao déi chat
trén dam chay.
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Sé tuong nhi¢t toa ra tr qué trinh chdy sau khoang thoi gian
dtla yn.Q, .dr

Qy, - Nhiét lugng chdy nhd nhat ciia mot don vi chat chay,

n - H¢ s chay hoan toan clia chdt chay.

SG luong nhiét mat di do nung ndéng ciu kién xay dung la
Q.dr.

Q, - dong nhict {ugng ma cdu kién nhan duge trong mot don
vi thot gian.

Khoi luong chdt chay duoce xdc dinh tir dinh {udt nhiét dong
thit nhat.

ﬁd(PmV) =ynQudt - Qy dt+(G i, +yi,; ~ G, )de
{ 5-40)
g = Cpy. Ty - Entanpi cua khong khi
ir = Cyr. Tr - Entanpi cua khi chéy.
irn Entanpi clia san pham nhiét phan chat chdy.
T, - Nhiét d¢ ciia khi chay.
C,. , - Nhiét dung ri€ng tang 4p cua khong khi.
C, ;- - Nhiét dung riéng dang dp cua khi chdy.
Pat m:_i:E_P_.EILZI (5-41
1, Cp T,
Thay ( 5.41) va ( 5.40 ) ta dugc :
L

. d » : .
ﬁa(Pm-V) =nyQ; ~Qy +G,Cpf Ty + w1 =G Cpm.T,

(5-42)
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Phuong trinh { 5-42) la phuong trinh nang lugng cua ddm
chay.

5.3.6. Nhirng dic¢u kién ban dau.

Nhimg di¢u kién ban dau cua hé nhiét dong hoc cua ddm
chdy xdy ra O trong phong dé la nhimg gid tri cua cac thong 6
trang thai méi truong khi dam chdy xay ra:

Véit=0

Taco: T, =T, P. =P P =Pmu s X, = X

o Xin (5-43)

k¥ hiéu “ 0 cho ta hiéu 1a trudc khi ddm chdy xay ra

Tat c¢a cdc cong thitc phuong trinh trang thdi, phuong trinh
can bing vat chat, can bang 6 xy. can bang sin pham chdy, can
bang khi tro, phuong trinh nang lugng va nhitng diéu kién ban
ddu cho ta mot khai qudt chung duéi dang cdc cong thic toan
hoc vé ddm chdy xay ra & trong phong ¢6 su trac ddi khi vdi moi
fruong xung quanh.

Céic phuong trinh trén ¢ chia cdc tham s6 p,., P,,, T, %, X5,
X:. S6 luong cac tham bién bang s¢ lugng phuong trinh nén sy
mo ta mang tinh khép kin.

Trong cdc phuong trinh trén, ngoai cdc tham sé nhu da néu,
con ¢6 cac dai lwong khac c6 thé xdc dinh tir cdc bang tra ciu
hoac phu luc nhu : Q,,,L,,L,,C,,...cdc thong s6 G, G.Q,v
xdc dinh theo cdc cong thitc tinh todn chiing dugce trinh bay & cac
gtdo trinh phong chdy trong xay dung, hoac trong phin truyén
nhiét.
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PHU LUC

1. Ty lé giita cac don vi do ap suat

At mat phe E
- :r Pon vi do Pa Bar k¥ thuat Mm Hg : Mm H,0
Kliem?
1 I Pa 1 10+ o20° 7,5024.10° 0,102
2 1 Bar 10y 1 1012 7.5024.10° 121
3 1KTCiem® 9A067 1P 098067 ! T35 10
? Mm thuy
4 'i ngan 33 1,33.10° 136107 [ 136
tmm. Hyg
Mm il
5 nude I ROGT 9 306710 oy 7350 1
{mmH.0) '

2. Ty lé giira cac don vi do nhiét do

T'K = £°C + 273,15 T’K - Nhiét do Kelvin

PF = 1,8.4°C + 32 °F - Nhiét do Favenhe
t'/Ra= 1,8.(t"C + 273.15) t"Ra - Nhiét do Renkin
t'R =081°C 'R - Nhiét do Renulra
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3. Hé so k va B,, ciia khi

— .\-
. - . - - 2 YR
Loai khi = K = Cp/Cv g, ( S £
: ' \ k o+ 1 A
Mot nguyén ur | 1,67 0,482
Hai nguyén tu 1,4 0,528
Ba nguvén tr va
AR 1.3 0,546
hoi nude néng
4. Mot thong s6 nguy hiém chay cua cic chit
[ T TS
b Vantée | Nhict l:':(;:"h Thé tich
: chdy theo | luong WE 54N Nhiét do
. 80 e s . . khican ! . . .
X Chiét chay trong + chady : pham bdc chay
Tt . cho sy . 0. ¢
lzgng Mo | thap (Q,,; ) chay V_; th Oy,
keim’h | KJk chay Vo: m'/k !
2/m’. e kg kg
L. A XE16n 158 28800 | 7.26 8.14 610
2. Xang 160200 41 80 1.6 12.5 250
3. Gé (d6 van) 54 13,800 12 19 .
4, Dauiezen | 150 18 800 1.2 12,0 300
5, Cao su 1y 22 L 26900 68 75 -
nhién
6. Dy ho 160 1870 11.36 12,29 250
7. Fhim anh 4200 16700 4.5 A0 i
8. Diu mazuy 125 38700 1044 1135 0 300
g Gidy 20 13.300 42 19 - Z
I . - - T 1
1g, . Coosunhin 10 33500 4.97 1052 |
140
1. Bong tai R 15.700 3,75 4.52
12, Sui 24§ 13800 42 19
13. Ruou ctih 96-120 27.200 6.60 176 463
14. | Biacdctén 22 26.900 68 | 13 -

109



5. Dong nhiét lugng téi han doi véi mot so chat

- |
Nhiét | Dong nhiét lugng toi han q,,
S do tu w/m’ twong tmg vai thoi
So '
T Chat chay boe gian tic dong
chay -
COTK 3 phiat | 5phit | 15 phat
GO thong ¢6
I. | doam 12% bé 679 20600 17.500 | 12.900 |
i mat san sii l
2. Bong - soi 680 11006 9700 7500
' i Bia cdc ton _ .
-3 i - 18000 (5.200 ; 10800
Xam
Cao su nhan . I
4. - | 22600 © 19200 | 14.800
Lao ;
5.0 Thanda - - i - i 35.0000 - 33.000
[ .. .
© G0 eo be mat : . l . iy
0. S - © 26,700 23300 ¢ 17500
- sun do nhan ‘ [
| S [

110




6. Bang nhiét dung riéng hang s6

K kcal/kmolk | kI/kmol k

; i r ; —

| - Cpv 1 Cpp Cuv. Cup

: Mot nguven wr 3 5 126 209

} Hai nguvén ta 'r 3 7 20,9 i 293
Ba vi nhicu 7 9 293 37.7

. DMguyén w -

7. Bang nhiét dung riéng trung binh phu thudc vao nhiét do
(trong khoang 0" + 1500°C)

| Nhiét dung riéng khoi lueong: © Nhiét dung riéng thé tich;

Khi ,
i kmlf‘kg k . kcalm, 'Kk
T Cptb = 02198 + 0.000025441 | Cptb = 0.3135 + 0.000037661
v | Cvib = 01577 + 0,00002544t | Cvih = 0.2252 + 0.006037661
. : Cpib = (5,2446 +0.000021150 | Cptb = 0,3057 + 0,000026431 |
N.

Cvth = 001737 + 0000021 1M ; Cth = 00,2171 + 0,0000264 3

Klions (p[h_{]g,,w GO Cpth = 0.3073 + 0.00002869t

khi (Vb = 001693 + 0000022210 "y = (12187 + 000002 %691 |

Cpth = 04379 4 00000713t | (.“pih = (}.35 19 4+ 0L006003967
L0 : 00 3
; (i = 02270 + DOOCUTLI 1 ¢ty = 02633 + 0.000059671

—— —e—

Cpth = 02067 + D038 A [ pl' = —10"18 + () (K }0! 4(1[

Coth = 0016 ~ OO0UDASAG0 - vt = 0372 + 000001 1461
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7. Bang nhié¢t duny riéng trung binh phu thuéc vao nhiét do
(trong khoang §° = 15300"C) (ti€p theo)

—Khi— | Nh](t g rieng khoi l;r(_mg; Nhiét dung l.'.iéng thé tich;
kJ/kg.k | kJ/m, k _

o Cpib = 0,9203 +0.00010651 | C'ptb = 1,3138 + 0,00015771

O: Cvib = 0,6603 + 0,0001065 C'vib =0,9492 + 0,0001371

N Cptb = 1,024 + 0,00008855 C’pth = 1,2799 + 0,0001 107t

Cvtb =0,7272+ 0,00008855t | C'vib = 0,9089 + 0,0001107t

| Khong | Cptb =0,9956 + 0000092991 ;| C'ptb = 1,2866 + 0,0001201t
* khi Cvib = 10,7088 + 0,000092991 | 'yib = 0.9757 + 0,0001201¢

Cpth = 1,833 + 0,000311 1t C'pth = 1,4733 + 0,0002408¢ ¢

ILO _
) Cvib = 13716 + 0,0003111C | Cruib = 1,1024 + 0,0002498¢
| Cpth = 0.8654 + 00002443t | C'pib = 1,6990 + 0,00047981
co,
© 1 Cvib = 06764+ 0,0002443t | C'vib = 1,3281 + 0,00047981
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8. Ham s6 mii va ham s6 hypécbolic

. p=

X ¢ _ Shx Chx thx
0.0 1,0 1,00 0,000 1,000 0,000
o0l 111 0,90 0,100 1,005 0.100
' 0.2 1.22 0,82 0,201 1,020 0,197
0.3 1,34 0,74 0,305 1,045 0.291
0.4 1,49 0,67 0,411 1,081 0,380
0.5 1,64 0.61 0,521 (128 0,462
0,6 1.82 0,55 0,637 1,186 0,537
0,7 2,00 0,30 0,759 1255 ¢ 0.604
0.8 2,22 0,45 (888 1,337 ¢ 0.664
0.9 2.46 0.41 1,027 1433+ 0716
1,0 272 0.37 1,175 1,543 ¢+ 0,762
1.1 3,00 0,33 1,336 1,668 (0,801
1.2 3,32 0,30 1,510 1,811 0,834
1.3 3,70 0.27 1,698 1,971 0,862
1.4 4.06 0.25 1.904 2,151 0,885
1.5 4.50 0.22 2,129 2,352 (1,905
1.6 4.95 0,20 2,376 2,577 0,922
1.7 5,55 0,18 2,646 2,828 0,935
1.8 6,05 0,17 2,942 3,108 0,977
1.9 6,03 0,15 3,268 3,418 0.956
2.0 7.39 0.14 3,627 3,762 0,964
2,1 8,12 0,12 4,022 4.144 0,971
2.2 9.03 0,114 4,457 4,568 0.976
2.3 9,98 0.10 4,937 5,037 0.980
2.4 1.0 0,091 5,466 5,557 0,984
2.5 12,3 0,083 6,050 6,132 0,987
2.6 13,5 0,074 6,695 6,769 0,989
2.7 14,8 0,067 7,406 7,474 0,991
28 16.4 0,061 8,192 8,253 0,993
29 18,2 0,055 9,060 9.115 0.994
3.0 2031 0.050 10,018 10,068 0.995
3.1 222 0,045 11,077 11,245 |
3.2 24,5 0,041 12,230 12,270 4
3.3 27,1 0,037 93,531 13,568 I
3,4 299 0,033 14,966 14,966
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9. D06 den bire xa toan phan cua cac loai vat liéu khac nhau

Tén vat liéu

Nhom nhan
Nhém bé mat nhdm
Nhom bi éxv hoa manh
bong bi Oxy hod
béng do nhan .
Pong do nhdm, ¢6 16 nho
Pong thau mdr duc
Pong thau nhan
Doéng thau 14, dat
Voénfram
Vonfram
Vonfram
Bitmut nhan
Sat nhian
Sat bi oxy hoa
Sat bi oxy hod
Vang nhan
Molipden
Moélipden
Niken sach nhan
Niken sach nhan
Niken bi oxy hod & 600'C
Thiée sdng
Thiéc b1 oxy hoa
Bach kim sach nhan
Thuy ngan sach nhan
Thép la nhan
Thép bé mat nham
Thép bi 6xy hod
Gang bi 6xy hod & 600'C

| Nhiet do, °C

Poden &

14

50 = 500 0,04 + 0.06
20+ 50 0.06 - 0.07
50 = 500 02+03
50 0.6 = 0.7
50 ' 0.1
50 + 150 0.55
200 0.03
20 = 350 0.22
20 0,06
200 0,05
600 + 1000 0,1 =0.16
1500 : 2200 | 0.24-0.3!
80 0.37
400 = 1000 | 0.14 : 0.38
100 0.74
125 + 525 0,78 + 0.82
130 0.018
600 = 1000 | 0.08 = 0.13
1500 - 2200 | 0.19 -0.26
100 0.045
200+ 400 ! 0.07 : 009
200 =600 1 0,37 =048
20— 50 0.04 + 0,06
20+ 50 0.40
200 + 600 0.05 : 0,01
0= 100 0,09 =0.12
750 = 1050 | 0,52 =0,56
50 0,95 < 0,98
200 = 600 0.8 +09
200 =606 | 0.64+0.78




Tén vat liéu

Nhiét do, "'C

D) den £

Crom 38 = 338 0,08 +026 !
Bac nguyén cliit nhan bong 200 =+ 600 0.02-0,03 -
Thach cao 20 0.903
Thuy tinh 20 = 100 (0,94 - 0,91
Thuy tinh 250 = 1000 087072
Thuy tinh 1100+ 1500 | 0,70 = 0,67 |
Gach samaot 20 0,85
Gach samot 1000 0.75
Gach samot 1200 0.59
Gach do 20 0,88 = 0.93
Cacténg amiang 20 0.96
Than 100 = 600 081 =079
Ximang 20 0.54
Xi 1o hoi 0+ 100 0,97 +0,93
Xi 16 hon 200 + 500 0,89 - 0.78
X110 hai 600 = 1200 0,76 = 0,70
Son den bong 40 +95 0,96 - 098 |
Son trang 40 - 95 0,8 - 0,95
Gidy trang 20 0.7 09
Giay do 20 0,76
Giay vang 20 0,72
Giay den 20 0,9
Giay xanh 20 0.85
Nude 0= 100 0,95 - 0,963
Vol vita 10 + 90 0,91
St ¢d trang men 22 0,92
Mo héng 40 + 370 0945
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