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LOI NOI BAU

Cuén bai giang "Co s¢ ki thuit nhiét" dugc soan theo chuong
trinh chu&n do Bo6 Gido duc va Dao tao thong qua nam 1988,
ding cho cdc trudng dai hoc ki thuat.

Cudn bai giang duge soan trén cd sd ngudi doc di nidm viing
phan nhiét trong mon vat 1i 6 phd thong va trong mon vat 1 dai
cuong & dai hoc, nén khong di siu vao phdn Ui luin ma chu ¥
phiéu dén phan Ung dung trong ki thuit, phuc vu cho vigc hoc
cac mdén chuyén mon. '

Nhiét gap ¢ mol nagi, ¢6 lic né 1a ¢6 ich, nhung cing khong
it truong hgp nd la cd hai.

Nhiét nang la moét dang ning lugng, no co kha ning cung céic
dang nang lugng khdc chuyén héa l4n nhau va né ciing ¢ thé
truyén tit ché nay dén ché khdc, ti vat nay dén vat khac khi tén
tai d6 chénh nhiét do. '

Nhiét ning cé thé nhan tif cdc phin dng hda hoc, nhit la
phan dng chay cia cdc nhién liéu hitu co nhu cti, than, ddu, khi
dét v.v.. ; c6 thé tit c4c phan dng phan hiy hodc téng hgp cla
cdc hat nhan, nguyén ti.., cd th& tit ngubn nang luong bic xa

cia mit troi, tit ngudén dia nhiét trong long qua d&t v.v..

_ Nhiét néng thudng dugc chuyén thanh co nang trong céic dong
‘¢o nhist nhu may hoi nudc, dong co dét trong, tua bin hoi, tua
bin khi, déng co phan luc, tén lda v.v.. Cac d@ﬁg cd nhiét duge
ding lam dong lde trong nhiéu mdy mde, thidt bi nhung cing
duge diing nhiéu dé€ chay may phat, chuyén cd nang thanh dién
ning trong cic nha mdy nhiét dién, dién nguyén t, nha may
dién mat trdi hodc nha may dién dia nhiét v.v...

Ngui ta da bat ddu chuyén truc ti€p tit nhiét nang thanh
dién nang trong cdc dong co tit — thdy dong, pin nhiét — dién,
pin nhiét — dién tl, pin whiss Yigu v v, cdc-déng co nay chua
duge dung rong rai trong céng nghisp, \nhung da duge dung nhisu
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trong dung cu do luding, dung cu y &, dac biét dung d€ cdp nang
lugng cho cdc con tau vi tru ti nang lugng bic xa cla mat trai.

Nhiét ning cdn duge ding rit phd bién véi muc dich cdp nhigt
¢ pham vi nhiét d6 khac nhau, & nhiét dé cao trong cdc nganh
luyén kim, & nhiét dé vita va thip trong cong nghé bao quan, ché
bién ndéng, lam, hai sin, trong cong tac diéu hda khéng khi,
nhét 13 trong diéu kién khi hau nong va &m cia nuée ta. O day,
mdy lanh duge ding rong rai, ngudi ta bat ddu st dung bom
nhiét, né it c6 trién vong dudc phat trién & diu kisn khi hau
nudc ta.

Ngoai nhitng mit cd lgi ndi trén, trong khéng it trudng hop,
nhiét ning 13 ¢d hai, né ¢6 th€ anh hudng dén qua trinh cong
nghe, lam gidm tudi tho, tham chi c¢d thé phd hdy thist bi, nd
cbn 4anh hudng dén sidc khde, dén kha ning lam viée cia con
ngudi. Vi dién nang cd thé chuy&n thanh nhiét nang, nén khi cac
thigt bi dién, dién td van hanh s6 t6a ra nhiét : vi ¢ ning cd
thé bién thanh nhiét nang nén khi van hanh cac thiét bi quay,
cac chi tigt chuyén dong, do ma sat, sé téa nhiét, nhidu phan dng
héa hoc ciling sinh ra nhiét v.v... ; phan nhiét nang nay phai giai
toa kip thdi, néu tan dung duge thi cang tot.

Mudn gidi quyst ed hidu qui cdc vdn dé trén, cdn nidm viing
mén "Co s ki thuit nhiét"

Cudn bai gidng duge chia thanh hai phén :

Phan "Nhiét déng ki thuét", nghién cdu cdc quy lubt vé chuyén
hda nang lugng cé lién quan dén nhiét nang do PGS. TS. Pham
1é Dan - nguyén Chd tich hoi déng moén hoc ki thuét nhiét cta
Bé bién soan.

Phdn "Truyén nhiét" nghién cdu cdc quy luat vé truyén
nhiét nang trong mot vat hofic gilta ciac vat cd nhiét d¢ khac
nhau do GS. TSKH. Déng Quéc Phg, hién la Chu nhiém Bé mon
Nhiét — Lanh trudng Dai hoc Bach khoa Ha N6i bién soan.

Cuén bai giing di duge PGS, TSKH..Tran Vian Phi va PGS,
TS. Tran Thé& Son doc duyét.
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Ching to6i da cf ging k& thita nhiing kinh nghiém giang day
nhidu nam J trong nuédc cing nhu da tham khao nhiéu sach bao
clia nudc ngoai, 14n tai ban nay trén co sd gép ¥ cla céc ban
doc, ching t6i da nghién cdu, sia chita, b8 sung, nhung chéc
vAn kho tranh khéi nhitng ché nhdm 14n va thidu sét.

Ching t6i rdt vui ming khi duge ban doc st dung cudn sdch
va déng gdp v kién.

Xin chap thanh cim on cdc ban doc.

Cdc tac gia



PHAN MOT
NHIET DONG Ki THUAT

CHUONG 1

NHUNG KHAI NIEM CO BAN VA PHUONG TRINH
TRANG THAI CUA MOI CHAT O THE Kui

1.1. NGUYEN Lf LAM VIBC CUA THIET BI NHIET

Day 14 ndi dung co ban nhédt cia phin nhiét dong ki thuat.
Thist bi nhiét bao gém cht y&u la dong cd nhiét vaA mdy lanh
hoiac bom nhiét.

Pong.co nhiét cé rdt nhiéu loai : may hai, dong co d6t trong,
tuabin hoi, tuabin khi, déng co phan lue, tén lia v.v.. nhung
ching déu cé cing chic niang la bién nhiét ning thanh co nang
hoae dién ning, va ciing cd cling nguyén li : mdi chdt nhén nhiét
tit ngudn ndng, chuyén héa mot phdn nhist ndng thanh co nang
va nha phén nhiét cén lai cho nguén lanh d€ réi lai tigp tuc
mo6t chu trinh méi. Ngudén nong cd th€ nhan nhiét ti phén dng
chéy ctia nhién liéu trong cdc budng dét, tit phan dng hat nhin
‘nguyén ti trong lo phan Ung, ti¥ ning lugng bic xa nhiét cia
mat trdi hosic ngudn dia nhiét trong long qua dét. Ngudn lanh thudng
12 méi truong xung quanh : khong khi vd nuée trong khi quyén.

Cac loai dong co-trén bidp, nhiét nang,thanh cd ning, ngay
nay ngudi ta da thi nghiém thanh céng va bwée diu st dung
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cdc dong co nhidt truc tiép chuyén hda nhiét nang thanh dién
nang nhu pin nhiét — dién, pin nhiét - dién t{, ngudi ta cling quy
udic x&p pin nhién lidu va doéng co tit - thiy dong vao loai nay.

Bom nhiét va ma&y lanh, tuy cd chic ning khdac nhau, nhung
nguyén li Jam viée thi hoan toan gidng nhau : nhd cd sy hé trg
ciia néng lugng bén ngoai (co nang, dién nang, nhiét ning v.v..),
mdi chdt nhan nhiét ti ngudén lanh r6i dem nhiét lugng dd cling
v6i phén nang luong do bén ngoai hé trg truyénu cho nguln nong.

P&i v6i may lanh, nhigt lugng cd ich la phdn nhiét lugng ldy
duge ti ngudn lanh tdc 12 vat muén lam lanh, con d6i vdi bom
nhiét, nhiét lugng c6 ich la phén nhiét lugng do ngudn ndng
nhian duge. Ngay nay ngudi ta da thi nghiém diung may lanh va
bom nhiét dua trén hiéu dng dién - nhiét (hiéu dng Peltier), tic
la lam viéc nguge chidu véi pin nhiét dién.

Ngoai nhitng thiét bi nhiét Jam viéc theo chu trinh, trong nhiét
déng cdn nghién cdu nhitng thiét bi lam viée theo nhilng quéa
trinh khong khép kin nhu may nén, thiét bi sdy, hé théng diéu
hoa khéng khi v.v..

D& tién nghién cdu, cdn dua ra mot s6 khéi ‘niém va dinh
nghia nhu hé théng nhiét, nguén nhigt, moi chdt v.v..

1.1.1. Hé théng nhiét : 1a tap hop nhing d&i tugng dugc
tach ra dé nghién ciu cdc hién tugng vé nhiét, phan con lai goi
12 moi trudng. Ranh gidi giita hé théng nhiét v méi trudng cd
thé 1a bé mat that cing cd thé la bé mat tudng tuong. '

Ty theo diéu kién tdch hé thong, ta cd thé chia thanh hé thong
kin, hé thong hé, hé thong co lap, hé thong doan nhiét v.v..

1.1.2. Nguén nhiét : [a .nhilng vit trao déi nhist voi moi
chit ; nguén c¢6 nhiét doé cao hon goi 14 ngudn ndng, ngudn cd
nhiét d6 thdp hon goi 12 ngudn lanh. Nhiéu khi gia thi&t nhist
dung cta nguén 16n dén miic gi¥ duge nhiét d6 khong thay déi
trong qua trinh truyén nhiét. ‘ _

1.1.3. Méi chét : 1a nhitng chit ma thi&t bi dung d€ truyén
tai va chuyén hda-nhiét.ning. vdi.cdc.dang nang lugng khac. Vé ;
nguyén téc, moi chit-¢6 thé la vai chdt, ¢, bét cd pha nao, nhung



thuing ding pha hoi (khi) vi nd ¢ kha nang co din rit lén.
. Mdi chét cd thé 14 mot don chdt hode moét hoén hop.

1.2. SU THAY DOI TRANG THAI VA CHUYEN PHA CUA
DON CHAT

1.2.1. Thi nghiém va két luin

Ti thuc nghiém ta théy tdt c& mdi chét den nhu : nude (H,0),
thuy ngéin (Hg), améniac (NH,), Fréon - 12 (CCLF,) hodc cacbon
(C) v.v..., khi cdp nhiét hodc thai nhiét déu cd sy thay ddi trang
thai va sy chuyén pha § cdc dp suft va nhist d6 khac nhau.

Liy 1 kg nuéc & 1 bar va 20°C, cdp nhiét cho nd, ta quan
sat thdy nhist do tang ti 20°C dén 99,64°C thi mét bé phan
nudc bit ddu hda. hoi, nhiét do 99,64°C gitt khong d6i cho dén
khi giot nudc cudi cing bién thanh hoi, sau dd, néu tiép tuc cdp
nhiét thi nhiét dé tiép tuc tdng lén mai. Thé tich riéng cia nudc
bat dfu ti 0,0010018 m3/kg ting 1én dén 0,0010432 m%/kg khi
bit ddu héa hoi, va khi vita hda hoi hét thi thé tich riéng bang
1,694 m>/kg (tang khodng 1600 14an) va khi nhiét d¢ tang dén
600°C thi thé tich riéng bing 4,028 m’/kg.

Né&u cho hai nudc & 600°C thai nhiét & 4p sudt vAn bing 1 bar
khéng déi thi nhiét d6 giam xudng, dén 99,64°C thi mét b phén
hoi ngung lai thanh nuéc, nhiét d6 khong d6i cho dén khi hoi
vita ngung hét ; néu ti€p tuc thai nhiét, nhiét do gidm xudng
cho dén khi bing 0°C, mét b phan nudc dong dac, nhist do
khoéng thay ddi, khi nuéc dong hét thi nhiét do lai ti€p tuc giam.
Thé tich thay d8i khéng ddang k& khi nudc dong thanh da.

Né&u cip nhiét cho di & nhiét do thdp thi du - 20°C trong
"diéu kién ép sudt bing 1 bar thi nhiét do tang lén dén 0°C, da
' bt ddu tan, nhiét dé git 0°C khong d6i cho dén khi da tan
hoan toan, sau dd tiép tuc tang lén, trd lai bing 20°C ban diu.

Lam lai thi nghiém txén ¢.cac dp sudt, khdc nhau va bidu thi
trén d6 thi p —/4 (H.I=1)\va ' T '='s (H3-2) ta thay :
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a) Khi 4p suit p nim trong pham vi 4p sudt di€m 3 pha p,
(d6i v6i nuée bang 0,00611 bar, tuong Ung cd nhiét dé 3 pha
ty = 0,01°C) va ap sudt t6i han p, (d&i v6i nudc p, = 221,3 bar
tuong dng voi nhiét do téi han t,, véi nudc bang 374,15°C) nghia
la p, > p > p;, thi qua trinh xay ra gidng nhau vé mat dinh
tinh, nhung vé dinh lugng ¢ khic nhau :

-0 dp sudt p,, nhiét do dong dac bang nhiét dé hoa hoi, ap
suiit cang tang thi nhiét do dong dac thudng giam xubng (dudng
0 — L trén dé thi p - t) va nhiét do hda hol tang lén (doan OK).

— Ap sudt tang thi sy khdc nhau gita thé tich riéng ciia hoi
va clia nudc cang gidm dén, dén 4p suft p; thi khéng con khéc
nhau nita (E. 1-2)

b) Khi p > p, thi qud trinh chuyén tit pha rén sang pha léng
khéong khac miy, nhung tif pha long chuyén thanh pha hoi khong
¢ ranh gidi r6 rang, khong cd giai doan pha 16ng va pha hai
. cung ton tai.

Hinh 1-1 Hinh 1-2

¢} Khi p < p; thi pha ran tryc tidp chuyén thanh pha hai
khi cdp nhiét ; nguge lai, khi thai nhiét thi pha hai truc tiep
thanh pha rin ; chi & trang thai p, va t,, thi ca ba pha cd th&
citng tén tai ; & cdc trang thai khac t6i da chi ¢ hai pha cing
ton tai.

Lam thi nghiém trén v&i cdc mdi chit don khac nhau, vé dinh
tinh ching déu gifng.ahau, vé. dinh lugng cd khic nhau, két qua
cho trong bang 1.1



Bing 1.1
TRANG THAI 3 PHA VA TRANG THAI TAI HAN

Pitm 3 pha Ditm i¢i han
Méi chit
t, °C) p; (kPa) t. (°0) " P_ (bar)
Thixy ngan (Hg) 1490 1510
Nude (H,0) . 001 06113 374,15 221,29
Amoniac (NH,) -77,6 6,06 1323 112,8
Cacbonic (CO,) T -566 518 31,04 74,12
Oxy (0,) 1-219 0,15 -11835 - 50,8
Hydro (1,) -259 7,194 -239,85 13

1.2.2. Mjt s6 khai niém va dinh nghia
a) Cdc qud trinh
1. Néng chay va déng diac

Néng chdy la qud trinh chuyén tit pha ran sang pha iong ;
qua trinh nguge lai, tdc 14 chuyén tir pha ldng sang pha rén goi
la dong dde. Khi néng chay, méi chdt nhan nhigt, khi dong dac,
méi chdt nha nhiét, hai nhiét lucng dé cd tri =6 bang nhau, goi

1a nhiét &n néng chdy hodc nhiét &n déng déc, d6i voi nude &
dp sudt khi quyén, bang 333,37TkJ/kg.

2. Héa hoi va ngung tu

Héa hoi la qua trinh chuyén tit pha long sang pha hoi va
qué trinh nguge lai, tdc la chuyén ¢z pha hoi sang pha léng goi
lz ngung ty. Khi héa hoi, mbi ch4t nhan nhiét, khi ngung tuy,
mdi chét nha nhiét, hai nhiét lugng d6 ¢é tri s6 bing nhau, goi
1a nhiét &n hda hoi hodc nhiét an ngung tu, nd phu thude vao
ban ch&t va théng sd ciia moi chdt. Nudc & 4p sudt khi quyén
¢é nhiét &n héa houi bang 2258kJ/kg. Tuy theo diéu kién khdc
nhau, qua trinh héa hoi dugc chia thanh qud trinh bay hoi va
qué trinh séi. Quéd trinh bay hoi chi tién hanh trén méit thoang,
qud trinh sdi tién hanh trong cad khéi méi chadt.

Nhiét d6 ma moi-chidt ¢ién hanh gus teinh héa hoi hodc ngung
tu goi la nhist d6 bdo hoa |(hodc 15 ahist' €6 séi), nhist d6 bio
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hoa phu thufc vio 4p sudt ; nude & ap sudt khi quyén cd nhiét
dd bdo hoa (sbi) xdp xi 100°C ; & ap sudt 0,01 bar, bing 6,92°C ;
& 4p sudt 200 bar la 365,7°C. '

3. Thiing hoa va ngwng k&t

Thang hoa Ia qud trinkh chuyén tit pha rén sang pha hoi va
qué trinh nguoc loi goi la qud trinh ngung két. Khi thang hoa
méi chdt nhan nhidt va khi ngung két moi chdt nha nhiét, hai
. nhiét lugng d6 cd tri s6 bing nhau, goi la nhiét &n thang hoa
hoiic nhiét 4n ngung két. O di€m 3 pha, nhiét &n thing hoa cla
nudc bang 2828,18kd/kg. ‘ -

Chi § : tiy diéu kién hinh thanh khac nhau, pha ran ctia moi
chét ¢ thé t6n tai & nhiéu dang két tinh khac nhau : nuéc (H,0)
¢é sau dang ; cacbon ¢d hai dang : graphit va kim cuong, bixmuyt
¢6 & dang v.v...

b) Cac trang thai

1. Nwée soi (nude bao hoa) la nudc khi bét dau qud trinh héa
hoi hode két thic ngung tu ; cing la phin nude cung ton tai vdi
hot. '

3. Hoi biio hoa khé la hoi ¢ trang thai bat ddu ngung iy, hoac
khi vita hda hoi xong, ma cling 13 phdn hoi khi hai pha hoi va
nudc (hoac la hoi va rdn) cung ton tai.

3. Hoi bdo hoa im & hén hop gita hoi bao hoo khé va nude bdo
hoa (nude s6i). Ti s6 giita kh6i lugng hoi bao hoa kho va hai bao
hoa &m goi la do kho ; ti s6 gilta khéi lugng nude g6l véi hoi
bdo hoa &m goi 1a d6 dm cta hoi béo hoa Am.

4. Nwéc chwa soi [a nude c6 nhiét db nhé hon nhiét dé bdo hoa
6 ciung Gp sudt hodc la nudc ¢6 dp suét lon hon Gp sudt bdo hoa
ciing nhiét do.

5. Moi qua nhigt & hoi ¢ nhidt do lén hon nhiét do bdo hoa ¢
cung Gp sudt hodc la hoi ¢b ap sudt nhé hon ap sudt bdo hoa
cung nhiét do. 7

6. Kiii Ii twéng va khi thye. Trong thuc t& chi cé khi thyc, khong
e khi H tudng. V6i bat ki méi chdt nao, dp sudit gidm va nhiét
d6 tang dén mot luc ma anh hudng cta the tich ban than phén
t& va luc tuong ta¢ gidla cac phan (i \Who- dén mdc ¢d thé cho
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phép bd qua, lic dé méi chdt cd thé coi 1a khi 1 tudng. 3 diu
kién ap sudt va nhiét 4¢ thong thudng, cdc mdi chit 2 nguyéh
tit nhu 6xy, nito, khong khi ¢d thé xem 13 khi li tudng ; hoi nuée
trong san phdm chdy hodc trong khong khi cing xem la khi li
tudng vi phan 4p sudt cia nd rit nhd.

1.3. THONG SO TRANG THAI CUA MOI CHAT

J m{t trang thai xdc dinh cta méi chat, cd nhitng dai lugng
cd gia tri hoan toan xdc dinh, cde dai lugng nay dudge goi la théng
56 trang thai, chung 12 ham s6 don tri cia trang thai ma khéng
phu thudc vao qud trinh thay d6i trang thdi, nén do bign thién
ctia thong s6 chi phu thude vao trang thai ddu va trang thai cudi
elia qud trinh ma khéng phu thude vao dudng di ; cdbn trong mét
chu trinh d& bign thién cta ching bing khoéng. Hay ndi ciach khéc
cdc thong s6 trang thai ¢d vi phan toan phén.’

Khi mdi chit & trang thai cAn bdng (vé co va vé nhiét nghia
Ia déng déu vé 4p sudt vA nhiét do) thi thong s6 trang thai mdi
¢d tri s6 déng nhit va xdc dinh, trong nhiét dong ki thuat chi
nghién cdu cdc trang thai can bang.

Théng s6 trang thai cd nhiéu logi, ¢d théng sd cd thé do truc
tiép duge, ¢ loai khong do truc tigp duge ;- cd loal cd ¥ nghia
vat li ro rét, ¢é loai khong od ; c¢d nhing théng s6 déc lap vdi
nhau nhung cing cd nhitng théng sé phu thudc vao nhau.

Trong nhiét ki thuat thudng ding 3 thong s6 cd th& do truc
tigp duce, tdc 1a 3 théng s8 co ban : nhiét do, ap sust va thé
tich riéng hodc khéi lugng riéng. Ngoai ra cdn gap cdc thong so
khdc nhau nhu : ndi nang, entanpi, entrépi, execgi, cd khi cdn
- gap nhiét th& ding 4p va nhiét thé dang tich v. v...

1.3.1. Nhiét dé va dinh luat nhiét tha khong

Nhiét d6 bi€u thi mdc d6 ndng lanh ctta mdi chdt ; ding trén
gdc d6 vi mb,.nhist.dé. bigu. thi.gid. tri-trung binh dféng ning cla
cdc phan t@ chuyén-ddng. Nhiéet,do cg thé, truc tigp do duge trén
co s0 dinh luaf mhiét thi khong™:
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"Néu hai vat (hé) o6 nhiét dé t, va t, cing bang nhiét do s
ctia vdt (hé) thit ba thi nhiét db cia hai vat dé bang nhau, tic
Wty =ty -

D& bigu thi gia tri cta nhiét do, thudng dung thang nhiét do bach
phan (con goi 1a thang nhiét do Celcius) °C ; thang nbiét do tuydt
d6i (con goi 1a thang nhiét d5 Kelvin) K. O mét s6 nudc con diing
thang nhiét do Farenheit °F va nhiét do Rankin °R v.v...

Céc thang nhiét do déu ldy hai di€m mde : diém nong chay cta
nuée ds va diSm s6i ctia nudc tinh khiét & 4p suét tiéu chudn.

D6 16n cia 1°C bang 1K, bing 1% khoang cdch gitta hai maéce
trén con do 16n cia 1°F va 1°R bang nhau va bang 1/180 khoang
cdch trén, nghia la bang 5/9 do6 16n cia 1°C hodc 1K,

Thang nhiét d6 Kelvin va Rankin 18y gid tri 0 ¢ nhiét ‘ds khong
tuyét d&i ; & di€m ndng chay cta nude, thang nhiét dé bdch phén
15y 0°C, thang nhist do Kelvin ldy 273K, thang nhiét do Farenheit
l&y 32°F va thang nhiét do Rankin 14y 462°R. '

Do vay quan hé tinh d3i gita cdc thang nhiét do -

| on

t°C = TK — 273 = 5 (t°F — 32) = g— T°R - 273 (1-1)

9
Thi du : t = 30°C dng véi 303K, 86°F, 545,4°R

1.3.2. Ap sudt tuyét doéi p

p la luc cua méi chat tac dung thing gdc lén mot don vi
dién tich bé mat tiép xtc. Don vi do 4p sudt thuong ding 1a
niuton/m® (N/m® con goi 1a paxcan Pa) va boi s8 cla ching nhu
kilopaxcan (1 kPa = 10° Pa) ; bar (1 bar = 10° Pa), méga paxcan
(MPa = 10° Pa). Con gap céc don vi khac nhu mmHg (con goi
la toricenli, Tor), mmH,0 ; atmotphe vat li bang 760mmHg) ;
atmotphe ki thuat (bang 0,981 bar), & mét sd nude con dung don
vi 1a poundalffeet® (Ibf/ft’> bing 47,88Pa).

Quan hé giiia cde don v1 thudng gap :

2 1 ’ —
1Pa = IN/m° = ——— mmlIl;0 = mmHg = 10 > bar

1
9;8% 133,32

(1-2}
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Ap sudt tuyet doi 13 thong s6 trang thai, cé thé true tigp do
duge, nhung thudng hay do gian tiép qua ap sudt khi troi va
phan sai khdc gitta 4p suat khi troi va dp sudt tuyét d6i.

D6i v6i trudmg hop 1on hon 4p sudt khi troi, ta cd :

P =Pt pd (1- 3a)

D6i véi trudng hgp nhd hon dp sudt khi trdi, ta co .

O day - Pr P Pg Poe — 4P sudt tuyét déi, 4p sudt khi troi, ap
sudt du (thita) va dé chan khéng.

Can chi ¥ 14 khi do 4p sudt theo chidu cao c6t Hg, cdn guy
vé& chiéu cao & 0°C, theo cong thic :

- ho = hi(1 - 0,000172t) (1-4)

G day : h, - chiéu cao cot thiy ngan do dugc & nhist do t.
h, - chiéu cao cft thiy ngan quy vé 0°C.

Khi do chidu cao cot nude, quy vé 4°C néu ding m hozc mm;
vé 62°F (16,7°C) néu dimg inch hoac feet.

1.3.3. Thé tich riéng va khéi lugng riéng

Mot luong moi chit cd khéi lugng 12 6G kg va thé tich la
SV m? thi :

av
the tich rieng v = lim <=, (m>/kg) (1-5a)
&V =5V
] :
khsi lugng rieng p = -, (kg/m>) (1-5b)

G day : SV’ ~ thé tich nho nhét dé o6 thé coi moi chdt la
moi trudng lién tuc. :

1.3.4. NGi nang

Noi nang la téng cha néi dong nidng, tdc déng nang cla cdc
phan ti chuyén-déng;—vé-ndi-théning-tie-thénang trong trudng
hic tuong tdc giffa edc phanytd] Pai/v@ipkhi 1 tudng, cé thé bod
. qua lyec tuong tde gitta céc phan tif, nén ndi nang chi bao gom
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n@% ddng nang ma theo thuy&t déng hoc phan ti va lugng ti thi
n@{ dﬁ)ng nang chi phy thudc vac nhiét dé, do dd néi nang cua
khi i tudng cting chi lam ham s6 don tri eda nhigt do.

Déi véi 1 kg moi chdt, ngi nang cd ki hiéu u, v6i Gkg cd
U = Gu Don vi ctia ndi ning cling gidng nhu cia cac dang
nang lugng khdac, thudng ding Ia kJ, kWh hoac cdc don vi khdc
nhu kgm, keal.. O mét s6 nude con ding cac loai don vi khéc
nhu Btu (British thermal unit) va Chu (Centigrade heat unit).
Quan hé giita cac ddn vi dé la :
' 1kJ = 0,230keal = 277,78.10°° kWh = |

, 0,948 Btu = 0,527 Chu. - (1-6)

Trong nhiét ki thuat thutng chi cin tinh lugng hign déi nol nang
Au, nén cd thé chon mot trang thai thuén tién nao d6 lam mde ;
thudng chon ndi nang caa nudc béo hoda & 0,01°C bang khéng.

IL

1.3.5. Entanpi ‘
Trong khi tinh toin va phan tich vé nhi¢t, thudng gip bigu thic
(u + pv), dé don gian ta ki hi¢u bing i va goi la entanpi, trong
dé u la noi nang, pv la thé nang 4p sufit hodc ning lugng ddy.
DEi voi 1 kg moi chét ta e 1 i = u + pv (1-7a)
D6i voi G kg moi chit, o6 [ = Gi = U + pV (1-Th)
Vi u, p, v déu la thong s6 trang thai, nén 1 cing Ia théng =0
trang théi. D61 voi khi I tuéng, u va pv chi phu thude vao nhigt
@6 nén i ena khi I tudng 1a ham s6 don tri cha nhiét ds. Don
vi ctia i cling nhu cia t va thudng chi cdn tinh Ai nén cd thé
chon mot trang thai thich hop nao dd lam mdc nhu déi véi Au.
D&i voi cac moi chat lanh nhu améniac, Fréén - 12 chon entanpi
ctia chdt 16ng bao hda & —40°C bang khong.
1.3.6. Entropi
Entropi 1a moét théng s5 trang thai, ki hidu la s, 6 vi phan béng :

ds = i,_[?- (1-8)

dq 1a nhigt lwong wo-cung nho trao ddi vél moi trudng khi
nhiét d6 tuyét doi eta moi ehit bang TIK).
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Entropi khong true tigp do dude, dde trung cho qud trinh nhan
hoac thai nhiét : nhén nhiét s téng, thai nhiét s gidm. Trong tinh
todn cing chi cAn tinh As nén ¢6 thé€ chon trang thai mdc bat
ki thudng l&y cing méc d&€ tinh u va i. Don vi cia s thuong ding
kd/kgK. '

1.3.7. Execgi

Execgi 12 mot thong s6 mdi dung, rat tha vi d&i véi ki thuat.
Execgl cda mi6i chdt § mit trang thai ndo dd 13 nang lugng cd
ich t6i da cd thé nhan duge khi cho méi chit ti€n dén trang thai
can bing véi mdi trudng bén ngoai. Fixecgi chi 14 phén nang lugng
tdi da ecd thé st dung duge trong didu kién mdi trudng zung
gquanh con phén nang lugng khong thé st dung dude trong diéu
kién mdi trudng xung quanh goi la anecgi.

Execgi ciing khong do truc tiép dude, ma phai tinh theo :

e = (i - iy — Tols - so) (1-9a)
E=Ge=(0-1Iy-TuS - 8s) - (1-9b)
3 day i, T, s, — entanpi, nhiét do tuyét ddi ', entropi cia

moi chét & trang thdi cdn bang v4i mol trudng.

i, T, s — entanpi, nhiét do tuyét doi, enti‘épi cla moéi chdt &
trang thai cdn xéc dinh. '

1.4. PHUONG TRINH TRANG THAI CUA MOI CHAT

Khi mot trang thai duge xdc dinh thi gia tri clha tit ca cac
théng s6 trang thai déu duge xdc dinh ; nhung d& xdc dinh dugc
mot trang thai, thi cdn x4c dinh t&i thi€u 14 bao nhiéu théng s ?
Pinh luat vé pha cla Gibbs s& cho cau tra 1di.

1.4.1. Dinh luat pha cda Gibbs (nam 1875)

D&i v6i mot hé khéng ¢d phan dng hda hoc, cd :

g =€+2-P (1 - 10)

3 day, (P - pé-pha-eimg-tén-tai-trong-hé--&, - 56 thanh phin
" trong hé ; & - s¢ théng €6 “¢dc |lap t6ithicu cdn thigt dé€ xdc
dinh mét trang ’phéi. :
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D& véi moi chdt don (€ = 1) mot pha (P = 1) thi s6 thong

o5 t6i thi€u cdn bhist 1a 4 = 1 +2 - 1 = 2.

- Nhu vay, déi voi moi chét don & trang thal khi, d€ xdc dinh
mo¢ trang théi, cAn biét 2 thong s6 doc lap, thi du nhu p va v,
con théng s6 thd 3, thi du T, sé duge xdc dinh cd thé theo
phuong trinh : ,

T = f(p, v) ' (1-11a)
hoac F(p, v, T) = 0 {1-11b)
Cing cd thé dung bang & hodc truc toa do do hai thong 56

doc lap tao nén, thuodng ding céc d6 thi p-v, Tos, i-s, p~t, p-i
v.v.. dé xéc dinh théng s6 trang thai. :

1.4.2 Phuong trinh trang thai cua khi 1i tuéng

Phuong trinh trang théi la phiong trinh lién hé gifta cdc thing '
s6 trang thai v6i nhau. D61 v61 mét don chat & pha khi 14 phuong
trinh lién hé gita 3 thong s6 doc lap thusng la 3 théng s6 co

ban p, v, T nhu phuong trinh (1-11a), (1-11b). .

" Phucong trinh trang thai cd thé xdc dinh bing thuc nghiém
hoic bang li thuyét. Cho dén nay chi méi ¢d phuong trinh chinh
x4c xay dung hoan toan bing li thuyét cho khi li tudng, ti thuyét
dong hoc phan ti hoac bang thue nghiém trén cd s& cac dinh
luat Boyle — Mariotte (Boi - Mari6t), Gay-Lussac {Gay-Luyxéc)
va Avogadro (Avogadrd). D61 voi 1 kg khi i tudng, ta cd :

pv = RT (1-12a)
v6i G kg khi 1i tudng, = pV = GRT (1-12b)
 Voi 1 kmél (ukg) khi li tudng, cd pV, =R T (1-12¢)

O day : p - 4p sudt tuyét déi, don vi Nm? ;
T — nhist d6 tuyet doi (K} ;
v - th& tich riéng (m/kg) ;
G - khéi lugng cia mdi chit (kg) ;
V - thé tich ctia moéi chit (m>) ;

g — phan ‘tﬁ luang cua moi chat, ¢ kg goi la 1 kilomal ;

UKD O DR ACDGHGE B!
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. — th& tich cia 1 kmdol moi chat, thay déi theo trang thai,
¢ didu kién tidu chufin (p = 760 mmHg va t = 0°C), tat ca khi
li tuong déu cd the tich bang 22,4m’ nghia 1 V, = 22,4m /kmol.

R, - héng 36 phd bign ctia moéi chat tat cé khi 1 tuang déu
¢6 B, = 8314 JjkmoLK. |
R, 8314
w0
néu ding don vi khic, tri 8 cia R va Rﬂ 58 thay d6i

R ~ hang s6 chdt khi, R =

Cén lvu ¥ 14 céc phuong trinh trén vigt cho khi i tudng &
trang thai can bing ; v6i khi thue hosc trang thdi khong can
bing sé cd sai s6, tiy theo yéu cdu vé do chinh xdc ca bai tinh
ma xét cho phép sl dung hay khong. _

1.4.3. Phuung trinh trang thai cha hén hgp khi 1li tuéng

D6l v6i hén hop déng déu cac khi i tubng (khoéng cd phan
ing hda hoe vdi nhau) cd thé sd dung cdc phuong trinh trang
thai trén, chi cdn xdc dinh cdc dai hmng tuong duong cia hén
hop trén co sd bist cdc dai hwng va ti 1& hén hop clia cdc chit
khi thanh phé#n.

1.4.3.1 Cach bidu thi thanh phin cia hén hop

Ngudi ta phan biét cdc hén hgp theo thanh phdn cac chit hgp
thanh. Thanh phdn cé thé duge 132u thi theo khéi lugng th& tich
hoac s6 kilomol. _

a) Thanh phin khéi luong clia mot chdt khi thanh phédn la ti
st giita khdi luogng cla ridng khi dd vdi t6ng khdi lugng cia
hén hop :

Gy Gi

G -

B =G +G, +.. +Gn _ n - T (1-13a)
S
i=1

b) Thanh phén thé tich ve thanh phén mol. Ta ching minh
duge gid tri thanh phan thé€ tich bing gia tri thanh ph&n mol
Ta cd :

~

¥ e e _ (1-13b)
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trong dd : V - thé tich cGa hén hgp :
'V, - phan thé tich cda khi thanh phén thd i ;
1a thé€ tich khi tdch riéng vin git p va T
nhu ecd.-
M, - s6 kilomol ctia chdt khi thd i ;

n :
M = z M. - t8ng s6 kmd] cia cdc chét khi trong hén hop.

Ta ching minh duge, doi véi khi Ii tudng cd :

_ B ' - (1-13c}

P .

pi - phan 4p suét ctia chit khi thanh phdn thd i, 14 4p suét.
¢ duge khi tdch rieng chat khi dé ma vin gitt thé tich va nhiét
d6 nhu ctia hén hap. - _ _

p — dp sufit ciia hén hgp. Theo dinh luat Dalton (Dan-ton) thi
trong mot hén hop khi li tudng khong cd phan ing hda hoc véi
nhau thi 4p suédt cia hén hop bing tong phén 4p sudt ctia tit
ca céc chdt khi thanh phén ; nghia la : :

i

n
p=p +pzt.tpa= ) P (1-14)
i=1
C6 thé tinh d6i gita g; va r; theo cong thdc :
- /R
&= Tom oo
'r-lui
g = Zri#i (1—131:1)!
hodc : ‘ T = & S (1-13e) ;
e lw) '
. gk, '
va _ Tr= (1-13g)

: Zgi B,
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1.4.3.8. Xac dinh céc dai lugng tuong duong cia hén hop

- Khéi lugng cia hén hop G, téng s8 kmol ciua chdt khi trong
hén hgp M, thé tich ctia hén hgp V duge xdc dinh nhu cdc phédn
trén. Nhiét d6 cla tiing ph&n khi bing nhiét do caa hdn hap. Ap
sudt xdc dinh theo dinh luit Dalton (1-14).

Phan i luong tuong duong ctia hén hop duge tinh theo :

= > u;.1 | {1--15a)
i 1
hoge Lo (1-15b)

Chiing minh : T G = 2G: ; G; = w4 :
ta cd : :
M M, o=
HM- = Z&iMi =y = Zui i =.21,u-iri'
. e
Héng s0 chdt khi: Hing s6 phd bién cia hén hop van bang R = 8314
J/kmol. K, con hing s6 chdt khi tuong duong cd thé tinh theo :

8314
U
Ciing ¢§ thé tinh theo : R-= Zgi i (1-16a)
1 .

hoéc R == (1-16b)
) Z(ri / Ri)

Thé tich riéng tuong duong : ‘ |

Cé thé ching minh dugdc : v = Zgivi (1-17a)
' 1

hoac : v = e (1-17b)
' Z(ri / Vi)

Ghi chii : C6 thé viét phuong trinh riéng cho 1 chat khi thanh
phén theo : )
PV =GR (1-18a)

hotic NpUR. &Ry VIE (1-18b)
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1.4.4. Phuong trinh trang thdi cua khi thuc :
D& bidu thi su sai khéc voi khi i tudng ta ding d nén Z :

_ PV 1@
Z = RT : (1-19)
Khi Z = 1, ta od khi Ii tudng ; voi khi thuc, Z = 1, phu thudc
vao p va T, cd thé€ xdc dinh bang thuc nghi¢m. O nhitng trang thai
ma 7 sai khae 1 qud nhiéu, vugt qua gioi han cho phép, thi khong
duge dung phuong trinh cia khi 1i tudng ma phai dung két qua
thuc nghiém dudi dang phuong trinh, bang s6 hoac do thi.

Cho dén nay, chua cd phuong trinh trang thai thuén tay I
thuyét diing chinh x4c cho khi thye. Thudng trén co sd phucng trinh
trang thai cta khi Ii tudng, dua vao nhitng hé s6 xéc dinh ‘béing thuc
pghiém. Da c6 hang tram phuong trinh, nhu phuong trinh Van der
Waals (Vandevan), phuong trinh Beattie — Bridgman (Biti -
Britmen), phuong trinh Vukhalovic va Névicdp v.v...,, nhung phuong
trinh don gian thi it chinh xac, phuong trinh chinh xéc cao thi
qua phite tap, nén trong tinh toan théng thudmng, it ding phuong
trinh trang thai cta khi thyc ma ding cac bang hodc do thi.

1.4.5 Mot s6 d6 thi va bang s6 dung cho khi thye

1.45.1 Db thi : Theo dinh luat pha, ta c6 thé dung toa db
do 2 thong s6 tao thanh d€ xdc dinh trang thai cia moi chat.
Thuding ding d6 thi p—v, T-s, i-s hoac i-p v.v... 12 do d8 giai cac
bai todn nhist ki thuat. Trén cdc dd thi d6, khi xdac dinh duge
mot trang thai nhd giao diém cda hai dudng theo thong s6 da
cho, ta cd thé xdc dinh duge tdt c& cic théng s6 con lai nhu p,
t, v, 1, 8, v.v... :

1.4.5.2 Céc bdng s6 : CS hai loai bang : bang béo hoa (2 pha
ciing tén tai) va bang mot pha (nudc chua sdi va hoi qua nhiét).

Theo dinh luat pha, ding bang bio hoa chi cin bist mot thong
s6 1a c6 th8 xdc dinh duge trang thai, thudng cho theo ap sudt
p hoac nhiét db t. Trong ca hai bang déu cho théng s6 ciia nudc béo
hoa v, i’, s’ va cia hoi bdo hda khé v7, i””, §”. Trong bang cho
theo p thi od nhiét do bio hoa tuong Ung va ngudc lai trong bang
cho theo t thi cé ap sudt bao hda tuong dUng. Trong bang khong
cé u vl u o thé=tinh-theo-

o= f=py ' J | (-Ta)
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Dé&i v6i hoi bdo hoa 4m, hén hop clha hai pha, vin diung bang
béo hda nhung phai bigt them mot thong s§ niia, thtIcfng cho thém
dd khé x va lic dd mét théng s6 cha hoi bio hoa &m, thi du i
¢d thé tinh theo :

o= xi” + 0 - P =i+ x@ - 1) (1-20a)
va v, = v +x v - v ' (1-20b)
s, = & + x(s” - g) ' (1-20¢)

Néu cho thém mot thong s6 khac, thi du nhu v, thi cdn tinh
- x vA sau d¢ tinh c4c théng s6 khdc theo x. Tinh x theo :

w —v  ix -7 Sx — 8 (1-20d)
X—Vn_v:"'iu_is_sn_sa -

Bang mot pha, tra theo hai théng s6 doc lap p va t thudng
cho gid tri cla v, i, s cla nudc (1éng) chua s6i va hoi qud nhiét ;
gilta nuéc chua s6i va hoi qud nhiét ¢d dudng phan ranh gidi.

Trong bang ciing khong cd ndi ning u nén phai tinh theo (1-7a) :

u = i- pv ’

Chu y la trong bang cling nhu dé thi, cic s§ liéu déu la két
qua thuc nghiém, nén gifl'a cdc bang cta cdc tdc gid khdc nhau
cd th€ cd sy sai khac ve tri 88 cing nhu pham vi st dung cta
théng sé.

CHUONG 2

DINH LUAT NHIET THU NHAT VA CAC QUA TRINH
NHIET CO BAN CUA MOI CHAT O PHA KHI

Trong chuong nay ta nghién cdu cdc qua trinh tic la su thay
déi lién tuc t¥ mo6t trang thai can bing cita moi chdt dén mot
trang thai khac. Khi mai chat tién hanh mot qud trinh thi thong
s6 trang thai (mot.sé-hodc-tdt-cd)-sé-thay-ddi, ngodi ra xuit
hién hai dai lugng midi ¥4t quan; twong, /dé- i nhidt ligng va cong
= hai dang d€ trae d8i nang luong.
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2.1. NHIET, CONG VA CAC PHUONG PHAP XAC DINI

) Nhiét va cong 12 hai phudng tién ma moi chat dung dé€ trao
déi nang lugng khi thuc hién moét qua trinh. Khi trac d8i nang
lugng béng céng thi bao gid cing kém theo mot sy chuyén déng
vi mé, con khi trac déi nidng lugng bang nhiét thi bao git cing
tén tai sy chénh léch vé nhiét do.

2.1.1. Nhiét luong va cdc phuong phap tinh

C§ nhiéu cach tinh nhiét lugng, & day giéi thigu hai cdch tinh
nhiét lugng theo su thay ddi nhiét do (tdc 1a tinh theo nhiét dung
rieng) va tinh nhiét lugng theo sy thay déi entropi.

2 1.1.1 Tinh nhiét luong theo sy thay déi nhiét do

Khao sit mot qué trinh nguyén td, khi cAp cho mdi chit mét
lugng nhiét vd cuing bé dq, thi nhiét do cia modi chdt cing thay
481 mot lugng vo cing bé dt, ta thdy :
dq . 2 - 1)
dt ‘

(3 day ¢ - nhiét dung riéng cla moi chit trong qua trinh dd.

¢ =

a) Nhiét dung riéng ctia méi chdt c : La nhiét lugng cédn thiét
dé dua phiét d6 ctia mot don vi modi chat ting lén mét do theo
mdt qud trinh nao do.

Theo don vi do lubng moi chdt, ta chia.ra : nhiét dung riéng
xhéi luong néu méi chit do bing kg, nhigt dung riéng thé tich
néu do bang mi: va nhiét dung riéng kilomol n&u-do bang kilomol.

Theo diac di€m cia qua trinh, cd thé chia thanh nhiéu loai,
nhung thubng ding hai loai : nhigt dung riéng déng a4p va nhisét
dung riéng ding tich. .

Trong nhigt ki thuat, thudng gip cdc loai nhigt dung riéng
sau : nhiét dung riéng khéi luong déng ap cp (kJ/kgK), nhiét
dung riéng thé ti¢h drg 4p Cp (et nhist-dung ridng kilomol
dang dp pcp (kd/kmokK). Ta eing gap nhidt-duhg riéeng khéi lugng
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ding tich ¢y (kJ/kg K), nhiét dung riéng thé tich ding tich C’
(kJ/m3.K) va nhiét dung riéng kilomd! dang tich uey (kJ/kmol K).
Gitta cdc loai nhiét dung riéng cd quan hé nhu sau :

ue

= o = Vo IkgK) - (2-2a)
,uC

Cp = %-fo = 534 (272h)

ey = ¢yt = cp.22,4 , (kd/kmolK) (2-2¢)

Gitlia cdc nhiét dung riéng déng tich ciing c¢d cdc quan hé tuong
tu nhu gita cdc nhiét dung riéng ding dp.

Gitta cdc nhiét dung riéng ding dp vA cdc nhiét dung riéng
ding tich c6 cdc quan hé nhhv sau :.

e ¢’ e (2-3a).

k duge goi 14 s6 ma doan nhiét ; déi vai khi li tudng k Ia
mét hang s6, phy thudc vao s6 nguyén tu tao thanh phan t :
khi mét nguyén tir ed k = 1.67, khi hai nguyén tit ¢ k = 14,
khi ba nguyén tf ¢ k = 1,3. Voi khi thue k cdon phu thude vao
nhiét dg.

D6i vai khi li tudng ¢d cong thic Mayer (Maye)

8314 - {(2-3b)
- =R =", (JkgK)
T hai quan hé trén, c6 thé rit ra duge céng thdc tinh ¢, va
c, cia khi i tudng theo k va R :

R - (2-3c)
T k-1
R k (2-3d)
va ey = T R :
Vé&i qua trich.da bién s mi.n. thi nhiét dung riéng bing:
s K '
i S (2-3e}-
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Nhiét dung riéng cla mot loai moi ch&t, phu thuge chu yéu
vao nhist do, nd phu thudc rdt it vao 4p sudt, trong ki thuét
nhiét ¢ thé bd qua. ' .

Tuy theo tinh chét, trang thal cia moi ch&t va yéu cau vé do
chinh xéc, nhiét dung riéng cd thé coi la hang s6 va cd gia tri
nhu trong bang 2.1.

Bdng 2.1
NHIET DUNG RIENG CUA KHi L[ TUONG
R kJ kY .
Loai khi k e ( kmol . K) & CP ( kmol. K)
Khi mot nguyén 1d 1.67 12.6 : 209
Khi hai nguyen td 1.40 20.9 293
Khi ba nguyén w L3 - 293 377

Khi yéu cdu vé do chinh xéc cao hon, c6 th& coi nhiét dung riéng
¢d quan hé bac mot (duding thing) vai nhiét do theo cong thic :
c = ap + ait (2-4a)
Yéu cdu chinh xac cang cao va & trang thai cang xa khi li
tudng, cd thé Idy quan hé bac lal hodc cao hon nita.
b) Tinh nhiét luong theo nhiét dung riéng : Dya vao cong thic
(2-1) ta cd : dq = cdt (2 - Ba)
T (2-5a), ta cé th& tinh nhiét lugng cdn thiet d&€ dua mot
don vi méi chdt tit nhist do t; dén t, theo mot trong ba phuong
phéap sau : '

1 a, = [ dg = J cdt (2-5b)
. 1 [1 . ‘
Cé quan hé gilta ¢ va t, thay vao, ldy tich phén s& tinh dude q,, :
Néu ¢ = const, ta dude : gy, = clt, — t) (2-5c)
; 2
néu ¢ = a, + at, ta duge :
[ by +ots
Qz T [ao —— _T] GIEf) (2-5d)
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Ciing tit 2-5b, ta cd thé tinh q,., bang dién tich 1 2 t,°t, trén

dutimg cong C(t) (H. 2-1).
L, t, .

2 qy, = Jedt = c] -ty }<
[1 il . T
(2-bd)
) 1
trong dg : c] la nhigt dung-

L

riéng trung binh ctia moi chit trong
pham vi nhiét do ti t, dén t,, bigu.'
thi bing chidu cao hinh chit nhat
cd day bang t;t, va dién tich bang
12t,%,.

t, ll ) . t [1

. - 1
(3) Gy = J edt — [ cdt = Cl b, — cl -t (2-5e)
0 o .

Ghi chi :

1) Trong thuc t6, trén co 56 thuc nghiém, ngudi ta chinh li duéi
dang nhiét dung riéng thuc hodc nhiét dung riéng trung binh
trong pham vi nhiét d tir 0 dén t. Lic d6, néu mudn tinh theo (2-5d}

t1 + t2

thi thay t bing 5

vio comng thic nhigt dung riéng thuc hay thay

L,

t = t, +'t, vio nhiét dung riéng trung binh ti 0 dén t s& co c]_
. t
2) D&i v&i mot hdn hop khi, ¢é thé tinh nhiét dung riéng tuong
duong ctia hén hop theo : '

gc (kdkgK) (2-6a)

n
c=2
t=1
n .
hoac : C = 0 kim K (2-6b)
i=1 ’
n
ac—= 2 r () | (Y lemaob k) (2-6c)

—
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. 3) O trén 1a tinh cho mo6t don vi méi chtit, néu khéc cdn nhan ‘,
vOi 86 don vi mdi chit. oo
8.1.1.2 Tinh nhiét lugng theo sy thay doi enirdpi

. d )
Tit dinh nghia ds = Tq, ta tinh nhiét lugng cén thi€t d€ dua
moét don vi méi chét ti trang thdi 1 sang trang thai 2 theo :
2 S.I .
4y = fdq=JT.d ‘ (2-7)
1 5
T (2-7) ta tinh duge g néu thay quan 7o
hé gifta T va s vao d€ ldy tich phan ; r6 52
rang 1a khi T = const thi rt thuan fol. d Z
- = | 74
Ciing i (2-7) ta thiy q,, ¢d thé duge , |7 _T9& \1
. ’ P © qsa : %
bidu thi bing dién tich 12s,s), tdic la dién ~ |7 _7 > ;\
tich gigi han béi dudng qua trinh, truc \t/x
hoanh va hai dudng song song v4i truc r\\ /\i i
tung ké tit hai difm mdt cia qud trinh 57 Sz
(I1.2-2). | " Uinh 2-2
Ghi chi :

1) Ta thiy dq ludn cang ddu v6i ds vi T duong, nghia 1a khi
ds duong, tdc la s tang thi q;, duong, quy udc 12 méi chdt nhéan

phiét. Nhung g, khong phai ludn- déng ddu véi dt.

2) q;., khéng phai 1a théng s trang thai ma la ham s6 cla
qud trinh, nghia la ciing trang thai 1 vd 2, n&u tign hanh theo
cdc qud trinh khde nhau thi g, ., khdc nhau.

2.1.2. Cac ldai céng ciia mbi chat

Vé miat co hoc, cong cd tri s6 bang tich gita luc voi do doi
theo hudng cha lyc. Trong nhiét ki thuat thudng gap cdc loal cbng :
cong dan nd, cong luu dong, cong ki thuai.. v ngoal cong.

2.1.2.1 Céng ddn nd ,

Céng dan nd 13 cong do méi chdt thuc hién khi cd sy thay
d6i vé thé tich. D&l véi lkg moéi chat, khi thé tich cta ndé thay
déi dv, thi cong dan & BARZ -

dlh= pdv ' (2-8)
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khi thé tich thay ddi ti v, d&n v, thi cong dan nd cda 1 kg moi
chédt bang : :
v . N
1= [dl = [ pdv ~ (2-9)
oM

Tit (2-9) ta thdy cd thé€ tinh | theo

phuong phép tinh q;, nghia 13 thay p
bing ham s8 cda v réi 18y tich phén 3F
hodc bi€u thi bang dién tich 12v,v, trén 2 z

d6 thi pv (H. 2-3). | NN
. Ghi chu : '

1) Cong dén nd khong phai 1a théng S
s6 trang thai ma la ham s8 qua trinh. 7 % -
2) dl va dv luén cung dau nghia 1a & %

dv duong, thé tich ting thi cong din .

nd la duong, quy dinh 14 céng do moi
chit thuc hién.

Hinh 2-3

3) Khi dan nd, thé tich ting cdn 4ap sudt thi cd thé ting,
giam hodc khong d0i.

2.1.2.2 Ngogi céng : La phdn cong ddn né dung d€ théa min
cdc phu tai bén ngoai. Trong hé théng kin, néu khéng cd ma sat
thi ngoai cong cd thé bing cong dan nd do méi chit tao ra. Con
trong hé théng hd thi vi mdi chdt bit budc phai thay d&i vi tri,
cdn tiéf hao mét lugng cong goi la cong luu dong, cho nén ngoai
cong trong truong hop pay thudng goi 13 cong ki thuat, bang
cong dan ndé trit cong luu daéng.

Dé&i véi 1 kg méi chét, coéng huu dong chitng minh duge bang :

H,, = dpv) (2-10)
va cong ki thuat bang : dl, = dl - dly = pdv - d(pv)
= — vdp (2-11)

Tit cdc cong-thie-{(2=10)-(2=11)-ba-thiy-cong luu ding & mot
-théng s6 trang thai dl =-d{pv)pla yicpbén t9an phén, con cong
ki thuat thi| khéng phai la thong s6 trang thdi, a4 ham s8 qua

28



trinh. D&l v6i mdt qua trinh hitu han, céng ki thuat eé thé tinh
duge theo :

2 Pa Py
l,=fd,=[—vdp= [ vdp (2-12)
I <] p-

N&u 6 ham s6 cla v ddi voi p, thay vao, ldy tich phan s&
tinh dugc cong ki thuat. Cong ki thuét cing ¢d thé biéu thi bang
dien tich 12p,p, trén do thi p.v. (H.2-3)

Ghi chii :

1) dl,, luon ngudc ddu vdi dp, nghia la néu dp &4m, ap suél
giam thi cong ki thuit ducng, moi chdt thuc hién cdng.

9) D&i voi mot qué trinh, thi cong ki thuat vA cong dan nd
c6 gia tri khdc nhau, con d8i v&i mot chu trinh ‘thi cong ki thuét
bing cong dan nd vi cong luu dong trong chu trinh bang khéng.

9.2, DINH LUAT NHIET DONG THU NHAT

22.1 Noi dung v § nghia ctia dinh luat nhiét dong thir phat

Day la mot trong nhiing dinh luat nhiét co ban nhit, thuc chat
dé 13 _dinh luat vé béo toan va chuyén hda ning lugng dng dung
trong pham vi nhiét, cd th€ phat bi€u nhu sau : "gilta nhiét nang
va cac dang ning lugng khéc nhu co nang, dién nang v.v.. cd
thé bién hda l4n nhau va khi mt lugng nhiét nang xac dinh bi
tiéu hao tit sé dugc mot lugng xdc dinh nang luong khdc tuong
dng, codn téng nang lugng hodc nidng lugng toan phan cua méi
chat khong thay ddi". Néi dung citia dinh luat la duy nhat, nhung
trong tiing trudng hgp cu thé e th& ed nhiing cich phat bigu va
biu thic khdc nhau. : :

2.2.2. Biéu thic cta dinh luai nhiét déng thd nhit

Theo tinh th&n di ndi & trén, khi moi chdt ti€n hanh mot
qué trinh cd trao ddi nang lugng véi moi trudng, ta cd thé viet :

Nang lugng méi chat-nhan = nang luong nhd + nang lugng
tang thém, hoac : Nang luong toar phan' han\ddu = nang luong.
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toan phdn cudi + nang lugng trac déi. Nang lugng toan phén
bang tdéng ngoal dong nang W, ngoai th€ ning ‘W1 , nol ning
U, trong hé hd con cd th& nang 4p suidt hodc ning lugng déy
pV. Nhung ngoai dong nang va ngoai thé niang thay ddi rat it,
¢S thé bd qua, do vay cd thé 14y ning lugng toan phén cda hé
kin bing ndi nang U va cia hé hd bang entanpi I = U + pV.
Khéo sat 1 kg méi chét, khi cung cfp cho nd moét nhigt lugng
12 dq, ta thiy nhiét d6 mdi chdt thay déi dT va thé tich thay d&i
dv. Nhigt dé thay d6i, ching té ndi dong ning thay dd6i ; thé
tich thay ddi ching té noi th& nang thay d6i va méi chat thue
hién céng dan nd. Didu dd cd thé bi&u thi bing phuong trinh :

dg = du +dl (2 - 13a)
hodc : dq = du + pdv (2 — 13h)
Néu thay pdv = d(pv) - vdp va thay i = u + pv, dugc

dq = di - vdp @2 - la)
hoac dq = di + dl {2 - 14b)

Cac phuong trinh (2-13a, b}, (2-14a, b) co thé dung duge cho
ca hé théng kin l4n hé thémg hd, ca khi li tudng lin khi thue.
Riéng dsi véi khi Ui tudng, cd thé chdng minh duge du = ¢ dT
va di = cpdT, nén dinh lugt nhiét thi nhit ¢6 thé bifu thi :

dq = c 4T + pdv @ - 15a)
hosc dg = cpdT - vdp (2 — 15b)

2.3 CAC QUA TRINH €O BAN CUA KHI LI TUONG

Cac digu kién han ché trong phdn nay :

~ Mbi chét phai 1a khi li tudng ;

— Qué trinh phai la thuan nghich, tdt ci trang thai trong qua
trinh phai la cidn bing ;

- Chi nghién cu mat. sd-gué) trink g0 ban, e6 syt han ch& thé
hién bing mot trong cac dicu kicéh : hodc nhiét dung riéng khong
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o . A
thay ddi trong ¢4 quéd trinh hofic ti s8 o = i khéng thay dsi
q

hodc mét théng so trang thai nao dd khong thay déi trong ca
qua trinh, thi du nhu nhiét d6, ap sudt, thé tich rigng hoac
entropi.

Ta s6 nghién cdu cdc qué trinh co ban qua cic budc :

~ Vigt phuong trinh qud trinh va bi€u dién céc qud trinh trén
'd6 thi.

- X4c dinh quan hé gilia cdc thong s5 co ban G cac trang

" thai khac nhau.

- Xéc dinh lugng thay d6i cia mot s6 théng s6 trang thai
thudng dung.

- Tinh cong va nhiét lugng trao d6i gilta moi chat va méi trudng.

2.3.1. Vit phuong trinh qué trinh va biéu dién trén do thi

Trude hét vist cho mot qua trinh téng quat — qua trinh da
bién, va sau dd suy ra cdc qud trinh co ban.

2.3.1.1 Phuong trinh qué trinh da bién

Tw bigu thdc dinh luat nhiét thd nhdt va cong thiic tinh nhiét
lugng theo nhiét dung riéng, ta cd :

dg = cpdT — vdp = cdT

dg = ¢ dT + pdv = cdT (a)
Ti hé phuong trinh (a) ¢ thé cho hé phuong trinh :

| {c — cp)dT = —vdp
(¢ —c)dT = pdv o : (b)
' c—c,_
Chia v& theo v& dudc : p__v & ()
c—c, p dv
e,

Dat c—c, = n, nd la hé.ng.sé' (0 £ o0} ; Cpr cv.cﬁa khi Ul

tudng cd thé col 13 hdng sd va-fvong,gué trinh cd ban dd gia
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thit ¢ = hang s6, khong thay ddi trong suét qud trinh nén
ta cd :

dp dv
— +n— =20 (d)
v
Sau khi bién d6i, ta duge :
pv" = const (2-16)

Phuong trinh (2-16) duge goi la phuong trinh cia qué trinh
da bign ; n 1a s6 mi da bign, voi cac gid tri » khdc nhau, ta ¢6 @
vdin = 0, ta duge p = const (2 - 16a) goi 1a phuong trinh qud
trinh ding 4p ; v6i n = 1, ta duge pv = const (2-16b) la phuong

trinh qud trinh dfing nhiét ; véi n = k = c_p ta duge p.v® = const
v
(2-16¢) la phuong trinh qué trinh doan nhiét; vdi n = * o, ta
duge v = const (2-16d) 1a phuong trinh qui trinh dang tich.
2.8.1.2. Biéu dién cde qud trinh trén do thi p —v ve T - s

Mot trang thai, mot qua trinh, mdt chu trinh cta modi chit
don mot pha cd thé bidu dién trén d6 thi toa d6 do hai thong
s6 doc lap v6i nhau tao thanh. Thuong diung nhét la d6 thi p -
vva T — s vi dién tich trén d6 thi p - v vd T — s cd th& higu
dién cong va nhiét lugng trao déi gittia moi chdt véi moi truing.

Trén d6 thi p — v, quéd trinh
dabién voiphugngtrinh pv" = const
duge bidu thi bing moét ho dudng
cong cd hé sd gdc bing :

v =y 21D
- V6i qua trinh ding 4p, n = 0,
tgl = 0, ta dude dudng thing song .

song vdi truc hoanh v (H.2-4).

. . inh 2-4
— V&i qua trinh ding tich, n = *oo, Hinh

tgf = # oo, ta dugc dubng thang song song voi truc tung.

- Véi qua trinh_dang nhict, n = 1, tgh = % , duge mét dudng

hypecbén doi =xdng.
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~ Véi qud trinh doan nhiét ¢d n = k = E_B > 1, ta cing duge mét
. v .
dudng hypecbon ¢ do dde 16n hon dd déc cta duvng ding nhiét.
- Véi qué trinh da bién bdt ki, néu n > 0, cac dudng bifu
difn nim trong khu vue II va TV, néu n < 0, cac dutng bi€u
dién nAm trong khu vue I va IIL.

. 4aT :
Tran dé thi T-s, ta tim ™ dé€ xac dinh hé s gdc cla dudng

dudng

bigu dién.
. dg cdT T c—e .
Tu ds = T = 7 ta duge d— E Thay n = E—Cv va
¢ dT T n-1
k = 2 taduge : — = — . — , , (2-18)
c, ds ¢, n- )
- V6i qué trinh ding nhiét, n = 1 ‘ 17 S
daT _ L
nén i 0, duding biéu dién 1& mdt « ,;;f _
1} L\
dudng thang song song véi truc hoanh S ne7
(1.2-5).
- Vdi gua trinh doan nhidt, n = k
_dT . o mer 1a s , .
nén o= = ®, dutmg bi€u dién 1& mot - :
dudng thing song song vii truc tung. Hinh 2-5
- Véi qué trinh ding 4p, n = 0
4aT . ' .
nén Frlialee dudng bigu difn la mdt duong cong cd hé s6 gdc
P
tang ddn theo nhiét do, mwat 16i quay xubng dudi.’
4T T

- Véi qua trinh ding tich, n = £ o, nén 7= = %
ds c,
bidu didn ciing ¢ dang tuong ty nhu dudng ding 4p, nhung cd

dé dée 16n hon vi cp > G va

T T
_>—
Cy o, C

o)
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Cén chid ¥ 14 hai dudng ding ap hodc hai duong ‘ding tich
trén dé thi T.- s ¢d khodng cdch nim ngang khéng d01 vi cd
thé ching minh duge :

Voo o P
As, = Rln — va As_ = Rln —
M P 2]

2.3.2. Quan hg gitta cdc thoéng s6 co ban ctia cdc trang théi

Tu phudng trinh qua trinh da bi&n, ta cd :

E—? = (z—l)“ (2-19a)
hodic "2 (Ei)”” (2-19b)
Y1 |25)

Viét phuong trinh trang thai : p,v, = RT, va p;v, = RT,, réi
chia theo vé&, ta duge : .
P, vy T

p_l v Ty
Thay (2-19a) hodc (2-19b) vao ta duge :
T p, 1 Vi
= (=)0 = (F) @190
T, P Va :

- Voi quéd trinh ding ép, n = 0, duge p, = py

. T2 v,
va T_1 = ;1- : (2-194d)

- Véi qud trinh déng tich, n = + o, duge v, = v, vd

T p
2 _ 22 (2--19e)
T 1 ' :
. . 127] Vi
— V6i qua trinh dang nhigt, n = 1, duge -~ = o (2-19g)

Py 2
va T?_' = Tl' |
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- V4i qud trinh doan nhist, n = k, nén :

2] Vi
o = ()
T, py KL oy k—
=) *F = (5)

2.3.3. Lugng thay déi cdc théng s6 trarlg thai
2.3.8.1. Luong thay ddi ndi nang

Ti trang thai 1 ¢ u, dén trang thai 2 ¢d u, néu thay déi
theo bdt c¢d qua trinh ndo thi ta ciing ¢d : :

Au = u; -y (2-20a)

Riéng d6i v6i khi 1 tudng, u chi phu thudc vao nhiét do,

ta chithg minh duge, d6i vai bat cd qua trinh nac ta cling cd
du = ¢ dT ; va khi thay dfi tit nhitng trang thdi ¢d nhiét d¢ T,

dén nhung trang thai cd nhiét do6 T, bing bt ci qua trinh nao

cing c¢o :
‘ T, |
Au.=u, - u = [ cdT (2-20b)
T

1
2.3.3.2. Lugng thay doi entanpi

Ciing li luan tuong tu nhu d6i v6i ndi nang, ta thiy : tu trang
thai 1 dén trang thai 2, ti&n hanh theo bdt cd qud trinh nao, ta
cing cd :

Al =1, - i ' (2-21a)
Riéng d6i voi khi i tudng, cd di = 'cpdT

T,
va Al =iy - i = [ cdlT (2-21b)

Tl

Ghi chu : T cong thic (2-20b) va . I
(2-21b) ta cf thé bidu dién Au va Al cua 7 P
cdc qua trinh bat ki ti nhiing trang thai L | |
6 t,, d&n nhitng trang thai cd t, lan lugt . i P
béng dién tich 12vs, e ya 12 Sapl] tren do _Sf Szv Sz
thi T-s (H.2-6). .

Hinh 2-6
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2.3.3.3. Lugng thay ddi entripi

R : d
Thay phuong trinh dinh luat I vao vi phan ds = T
dT d
ta duge : ds = ¢ RTV (a)
aT dp o {(b)
hodc : ds = ¢, —«w — R —
: P T p .
hosce : ds = ¢ @'— + ¢ EE ()
P v Y p
dT (d
hosc ds = PT_ )
Vai qué trinh hitu han, ta dugc :
% T, V2
As = [ds =5, -5 =¢/Inz +Rin - (2-22a)
5 1 vi
T, Py
hosc As = cln — — Rln — (2-22hb)
T Py
V2 Pz
hoic As = ¢Jn — + ¢, In — (2-22c)
Py P
TZ
hoac Ag = cln T : (22-22d)

1
2.3.83.4. Lugng thay déi execgi
T¥ trang thai 1 d&n trang thai 2, tién hanh theo bat ki qua
trinh nao cing cd : '
Ae = e, -~ g =
[G, =i, = Tyl = s}l - [(4) - i) = Tyl — syl
(i — 1) - Tylsy — 8y)
= Al - TAs ' (2-23)

2.3.4. Tinh nhiét lugng va eéng trao ddi trong qui trinh
2.8.4.1. Tinh nhiét—tuong.

Cé thé tinh nhiét lugng ) theo mot trohg cdc cdch sau :
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% Tit cong thife (2-5a), tinh q theo cdc cong thic (2-5b, é, d,
d, e)3 nhung cdn lvu y la vi ¢ = ¢, 1;1—__11: nén khi 1 < n < k thi
¢ c6 gi4 tri am, nghia 13 cdp nhiét cho moi chit ma nhiét do cia
né lai giam ; vda khin = L ¢ — £ .
— €6 thé tinh q theo cdéng thic (2-7) :
S,
Q2 = f Tds ;

5

v8i qua trinh ding nhiét rdt thuan lgi, (2-7a) tdc'la :
qp = T(s, —s))
_ C6 thé tinh theo : q = Au + 1 (2-24); v6i qué trinh dang
v, .
tich cd |, = f pdv = 0, nén q, = Au (2-24a)

Y1

_'C6 thé tinh theo q = Ai + I, (2-24b), v6i qud trinh ding
. . P
ap cé I, = f vdp = 0 nén q, = Al (2-24¢)
. Py . c
- Véi qué trinh doan nhiét (thuan nghich) cd thé ding cing
thic (2-7a), trong d6 s, = s, nén q; = 0
- Vi qué trinh ding nhiét ¢ Au = Ai = 0
nén ar = lp = Ly , - (2-24d)

2.3.4.2. Tinh cong dan né. Cing cd nhidu cdch tinh, cd thé
chon mot trong cédc cich sau tiy theo diéu kién cu thé.
. :
— €6 thé tit cong thie (2-9) : 1 = [ pdv dé tinh 1 bang dién
v,
1
ti'o_::h 12.v;,v1‘ trén d6 thi pv hoac thay quan hé gilta p véi v vao
r3i My tich phan. '

(=)

V6i qué trinh da bién cé p, vll‘ = Pz"; = .= pv¥ va
plvlf P2V§
o A
VL Vk
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Py p, 1L

nén 1 = ;1_'1—71 PV, — Pa¥a) = — [1 - (PT)T] (2-25a)

Ciing ¢d thé diing phuong trinh trang thai cta khi i tudng dé

. R RT, T,
6l =——T - Ty = m(l——,fl-) | (2-25b)
D6i v6i qua trinh ding nhiét n = 1 nén khéng dung dugc

(2-25a), con déi véi cdc qud trinh khdc, chi cdn thay th€ n veéi
gid tri tuong Ung, ta sé thay |, = 0 ; 1p = plv, — v} v.v.. _

. PY
V6&i qua trinh ding nhiét n = 1, phai thay p :%, lay tich
v
. ; dv v V2 P
phan 1t = [ pyv; — = pyvil, v = Rl - = RTIn - (2-25¢)
hF!

— C6 thé tinh céng tit biu thic cta dinh Iudt nhiét thd nhat :

1 = q - Au (2-25c) ; v6i qud trinh ding nhiét Au = 0 nén
1 =g = T(s, — 8} ; vol qud trinh doan nhiét ¢d thé dung codng
thiic (2-25a, b) hoac ding 1 = -Au viq = 0.

c. Tinh céng ki thuat. CS thé tinh theo cong thie (2-12)

Py

tic 1a 1, = f vdp. Thay quan hé gita v va p vao ta duge :
Py .

I, = nl, (2-26a)

né cing bang dién tich 12p,p, trén d6 thi p-v

Ta thdy khi n = 1, ta ¢ 1, = I, con voOi cdc gid tri khac
cla s6 ma da bidn n, 6 thé thay vao gid tri tuong dng, voi qué
trinh dang tich ¢6 L, = v(p, — py), vOi qua trinh déng 4p Ly = 0.
Cing ¢d thé€ ti bi&u thdc dinh luat 1 duge I, = q - Ai, nén
v6i quéa trinh déng nhiét cd ly, = ¢, v6i qud trinh doan nhiét
1, = -AL '

Nhiét va eomg tromg-qua trinh cing c¢d thé tinh bang dién tich
trén db thi T—s va p-v.
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2.4. CAC QUA TRINH CO BAN CUA KHf THUC

~Ta ciing chi gi6i han nghién ctu cdc qua trinh co ban va
thudn nghich : dang dp, ding tich, ding nhiét va doan nhiét.
Cdc bude co ban tién hanh tuong tu, chi khdc bude ddu tién la
khong viét phuong trinh qué trinh va khong dung duge phuong
trinh trang thai cfia khi H tudng, cu thé cdc bude nhu sau :

2.4.1. Bi€u dién edc qua trinh trén dé thi va xdc dinh
théng s& & cac trang thdi bing do thi va bang

Thusng ding d8i v6i khi thue 1a dd thi p—v, T-s va i-s. Trén
cdc dé thi thudng cd cdc dudng ding ap, ding tich, ding nhist, doi
khi ¢d dudng ding entanpi va ding entropi. Thudng cho trang thai 1
theo 2 thong s6 doc lap, thi du p; va t;, hodc p;, v, ; pyy i) Vv
va mot théng s8 cua trang thdi thd 2. Trang thai 1 duge xde
dinh bdi giao diém cia 2 dudng dé cho, thi du p, va t, (H.2-7a,
b, ¢), til giao di€m d6 =zac dinh duge cde thong s6 khdc trén do
thi. Trang thai 2 duge xac dinh bang giao di€m giva dudng qua
trinh (thi du t, = t, trong qua trinh ding nhigt) va dudng bigu
thi théng s6 da cho cta trang thai thd hai, thi du nhy p,.

7y S -
l\\ t}
p § AN 27
2 20N,
4 > o

Hinh 2-7

Ta di€m 1 va 2 trén d6 thi, ta xdc dinh duge p,, v, t, i),
sy, x| (néu la hoi bio-hoa dm) va p,, vo.t, i, s, va cd thé
¢l x,. :
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Néu diing bang, thi trude hét phai xd¢ dinh dung bang mot
pha hay hai pha. Khi cho p, va t;, ta so sanh t; v6i nhiét do bao
hoa tng v6i 4p sudt p, ; néu t; > t(pl) cd hoi qud nhiét, néu t;
<ty cd nudc chua sbi, cad hal trudng hgp d6 ding bang hai pha,
tim dugc trong bang cdc théng s6 v, i), s;. Néu t, = t{p1 y ta phai

ding béng bio hoa,

vA hoi bao hoa khé.
mdt thong s6 khac,
2] I - 37
P+ x 07 -1

1y

lde d6 chi tim duge thong s cua nudc sbi
Néu 12 hoi béio hda dm thi phai bigt thém
tot nhat 1la dd khé x, ; sau d6 tinh duge
l) = _i’i + xr (2--27a)

(2-27b)

hodc s, =8 +x,(67 - ¢)

Khi cho p; hodc t; va mot thong 86 khae, thi du nhu vy, phai .
so sanh : néu vy » v’ hodic v; <« v, ta ding bang 1 pha, xdc
dinh duge t; (hoac pl),_il, s; 3 néu v, < v, < v’ 14 hoi béo hoa
dm, cé thé x4c dinh duge :

4]
—-v
1 1 e 3 . . .
X = 55— rdi tinh cde théng s8 khéc :
Vi . :
i, =1, +x,G7, -1)
5, _ 3 L
va s, = 8, +x,587, Sl)

Trang thai thd hai xdc dinh bang mot théng s6 da cho va to
dac diém cia qua trinh xac dinh thém thong s§ thi hai.
2.4.2. Xdc dinh lugng thay déi cdc théng sé trang thai

Khi zdc dinh duge trang thai ddu va trang thdi cudi, ta cd :

Ai=i2—il;As=Sz—Sl§
Au = u, —up = (1; i) = (pvy, — pyvy) 5
Ae = (i, ~ 1)) — T (s, — 8)).

Can chu ¥ 1a d&i v6i khi thuc, trong qua trinh ding nhiét Au
va Al khéng phai bing 0 nhu d&i véi khi li tudng.

2.4.3. Tinh-nhiét- lugng. va céng

V& nguyén tde; eo thé dung phugng phap tuong tu nhu doi
vl khi Ii tudngl Cu thé 15 khi tinh mhbiét ding :
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- Céng thic (2-7a) d6i v6i qua trinh ding nhiét : gy = Tis, — 5%
xudt phat ti céng thic (2-7) : .

52
.q1;2 = f Tds 3

51

Ciing tit day o6 thé xac dinh nhiét luong bang dién tich 12s,8,
trén d6 thi T-s.

_ Q6 thé ding cong thic (2-24) : q = Au + ], diac biét hay
ding cong thic (2-24a) : q, = Au dsi v6i qua trinh ding tich.

- CG6 thé dung cong thic (2-24b) q = Ai + L, dac biét hay
diing dsi v6i qué trinh ding dp @ qp = Al

— ft dung céng thic dq = cdt, vi ¢ thay déi rdt nhidu ; dac
bist trong qua trinh hoa hoi, ngung ty nhiét d¢ khong d&i cd
¢ = + = nén khong diung duge. '

Khi tinh céng, cé thé dung :

vy
- Céng thic 1 = f pdv d€ bigu thi bing dién tich 12v,v, trén
Vl '

d6 thi p.v hoac dsi véi qua trinh ding tich ¢ 1, = 0, qua trinh
ding dp cd 1, = plv, = vy). |

- Céng thidc 1 = q - Au ; d&i v6i qua trinh doan nhiét cd
. = - Au = u; - u, ; d6i v6i qua trinh dang nhiét cd :

lp = T(s, — s) — (u, - )
. - .p1
_ Céng thic 1, = [ vdp dé biu thi bang dién tich 12p;p,
Py

trén d6 thi pv, hoac déi v6i qua trinh ding ap cd 1pkt = 0, voi
qué trinh ding tich L, = v{p; — Py :

— Cong thieby~=-q-—Ai-dic-biét hay dung véi qua trinh dan
nd doan nhist g = O ménil, =i AL AEN iz '
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CHUONG 3

MOT SO QUA TRINH KHAC CUA KHi VA HOI

Ngoai cdc qud trinh co ban, & diy s8 gidi thiéu mot s6 qua
trinh khdc : qué trinh luu dong, qud trinh tiét luu va mot 6 qua
trinh cda khéng khi dm. '

A. QUA TRINH LUU DONG

3.1. MOT 80 KHAI NIEM VA CONG THUC CO BAN

Trong phdn nay cé chi ¥y thém sy thay d&i tée do va luu
lugng clia dong. Qua trinh luu dong thudng gap trong 6ng ting
téc hodc éng ting 4p.

3.1.1. Cac gia thiét khi nghién ciu

1 — Qué trinh luu déng duoe coi la qud trinh dogn nhiét
thuan nghick, ¢6 thé ditng 8t cd cong thic cha qué trinh do.

2 - Dong méi chét chuyén déng lién tuc, én dinh vdi vén téc
coi la phén bG déu trong mdi tidt dién. Didu dé duge thé hién
trong phuong trinh lién tuc 6n dinh :

G = pfw = f. % = const, (kg/s) 3-1)

6 day : G - luu lugng khoi lugng (kgis) ;
f — dién tich tiét dién cia dong & noi khao sit (m?) ;
w — vin tdc coa dong & tigt dién duge khao sit (m/s) ;
Py - khéi lugng riéng va thé tich riéng cia moi

chit & tiét dién khao sat (kg/m?), (m>kg).
3 - Toan bo cong ki thugt chi lam thay déi doéng nang
ciia dong :
dwz

dlk[ = T (3—13.)
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3.1.2. Toée dé6 am thanh

La t8c dbd lan truyén am thanh (sy chin ddng nhd) trong mot
mbi trudng.

Theo khi déng hoc a = Vdpige , (m/s) (3-2a) ;
Déi v6i khi I tudng cé : a = Vkpv = VKRT (3-2b) ;
a phu thudc ban chét va théng s6 trang thdi cua modi chat.

Ti s8 ; = M (8-3)

goi 1a tri s6 Mac (Mach) trong dd w 12 téc do cha dong d modt
tigt dién nao d6 va a la téc d6 am thanh trong moi chat g tiét
dién dd. Néu w < a tite M < 1 ta cd dong dudi 4m ; néu w > a,
tic M > 1, ta ¢d dong siéu &m,

3.1.3. Quan hé gita téc do va ap suil chta dong

So sanh hai dang clia dinh luat nhiét I : dq = di - vdp va

d 2
dg = di + —g— = di +-wdw ; ta dugec : wdew = — vdp —

v
do = - - dp (3-4)

Vi w, v luon ducng, nén dew va dp luén nguge diu, nghia la
trong mot dong, néu t6c d tang thi ap sudt gidm va nguge lal

3.1.4. Quan hé gita téc dé va hinh dang 6ng

Tit phuong trinh (3-1), 14y logarit r6i vi phan, ta duge :

dpF daf dw

? + T + o = 0 . (3-ba)
- V&i chét long khong nén duge, df = 0 nén :

df de

T = T (3-5b)

Vi f va o ludn duong;nén-df-vi-dm-ludn-nguoe, diu, nghla la
tdc do tang thi tiét dien gain v uguece laf
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- D&i v6i chat 16ng nén duge, ta ching minh duge :

d d :
?f) = — M? 7?—, thay vao (3-8a), ta co : .
df 2 dw dew 5 dew
T =My oy = M =D s
hoac : : T
C a1 ;
- “Mz—l r . (.—50)

Ta thdy quan hé vé ddu giita dw va df tiy thuée vao diu cia
M vi @ va f luon ludn dugng :

+ M < 1, dw va df luén nguge ddu, gidng nhu déi vdi chit
I6ng khong nén dugc.

+ M > 1, dw va df luén cing d&u, néu dw (), téc do tang
-thi df cing () tdc l1a tiét dién ciing tang. .

Do vay, mudn biét 12 6ng tang téc hay tang ap khéng chi
nhin vao hinh dang clia 6ng ma con phai cha ¥ téc dé cua dong
khi vao 6ng la 16n  hon hay nho hon téc dé am thanh. Trong
thuc t& thudng gap 2 loai : &ng tang téc nhé ddn chi cho téc
d6 dusi am va &ng tang tdc hén hgp cd thé cho tdc do trém &m
tit téc do vao rdt thdp, tham chi bang khong.

3.2. XAC DINH TOC DO CUA DONG LUU DONG

3.2.1. Cong thuac chung -

bl
dw”

Tu.'2

= dl,,, 1y tich phan, chinh U duge :

ws = \] 21k[ + wy (3-6a)

Céng thtc nay ding duge cho cd ong tang téc va Ong tang
ap, nhung riéng v6i dng tang téc, thudng w, < w,, nén cd thé
b6 qua w; va ta co.:

v, T Y21 (3-6b)
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Thay gid tri caa l, cta qua trinh doan nhiét, sé& tinh
duge w,. '

Néu thay 1, = i, - i), ta duge w, = VI, ~ 1) , m/s (3-Ta) -

Trong cong thife trén i cd don vi J/kg, néu dimg i cd don vi
kJ/kg thi ¢d cong thdc :

w, = 44:,8\Jij — i, (mfE) (3-Th)
< k :
Néu thay 1, = =1 (Byv; — PaVa) =
' k . P, k—1 -
= - (=) «x
o7 P ) (pl) ]

duge 1 w,= ‘\/ 2k_1iTp1vl [1— (E)T] ,  (mfs) (3-Te)

Ta thady : @, phu thude vao trang thai

ddu (p,, v,), ban chit cia mdi chat (k) ‘ LW
, . P2
va ti 86 — , (H.3-1).
Py
P2 . P2
Khi — = 1 thi @, = 0, néu — gidm
Py - Py
thi w, tang.

Chit ¥ : p, l1a &p sudt cia moi chét
& tigt dién cufi cing cla 6ng ting tdc,
khong phai 14 4p sudt cha mbi trudng
sau dng tang tdc. '

3.2.2. T8¢ dé qua ong tiang {6c nhé dan
Ta lam thi nghiém, ding bom chan khéng d€ giam dp suét

- IS ) 3 - < . 3 . 3 _2 3
mdi truding sau dng tang-tée (p’,), ta thay khi > = 1thiw,=0;
. 1 :
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p,g -
khi ? giam dén, w, cling tang ding nhu quy ludt clha cong thic
1
(3-7c), nhung khi w, tang dé&n gia tri t6i han thi khong thay ddi

nita, mac ddu ? tigp tuc giam dén khong.
1

Ban dau, ngudi ta ngd 13 thue t€ méu thudn voi li thuyét,
nhung vé sau di duge giai thich : sy gidm 4p sudt cla moi
truong sau 6ng truyén vao trong &ng véi mot tdc dg bang (a — w,),
khi w, < a thi p’, gidm lam cho p, gidm va p’, = p,, nhung khi
@, = @ su gidm Ap sudt cia moi trudng khong truyén vio trong
&ng dugc nén p, giil nguyén nhu khi .

3 . .. 5
w, = a, mdec ddu.p’, ti€p tuc gidm. 1 ?fé
) . ,P’Z R e Sl .
Do vay khi cho t1 56 p_’ cé4n so sdnh -/’
1 I
v6i ti 86 dp sudt téi han B (ing véi B 7 |
téc do téi han cta dong w, = a), /’; |
P’; . . L A R
néu o = f thi p’, = p,, nghia l1a 0. )3 7 '//,9
! Hinh 3-2

thay p’, vao p,, tim duge w,.
P’ ik , e
Néu . < B, thi phai ldy p, = fp, > p’, thay vao dé tinh w,,
1 ‘
(H.3-2).
Ta chdng minh duge ti s8 ap sudt t6i han :

P ()™ oo

n6 phu thudc vio k, xdp xi bang 0,6 va :

k .
w, = \‘ 21{—_|-_—1~p1_\r1 ,  (m/s) (3-9a)

3.2.3. Toc d6 qua ong tang téc hon hgp (Lavan)
) v v . Py '
Véi éng tdng toc-whd dan, cd thé thay déi ti sd o t¥ 1 dén
1
B dé cd téc do tang & O dén o, nhung dsi véi 6ng tang tée hén
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hgp, chi ¢6 mot ch& do lam viée d& dam bao téc do d cd ong
bing w, = a, d& ca phdn nhé ddn va phdn lén din cing théa
man didu kién lam viéc cia ong tang tdc.

Téc d6 d ¢ ong, ludn luén 14 téc do t6i han, co thé tinh theo

cong thde :
’ | k
w, = 2m plvl Y (m/s) (3-9b}
hoae o, = V20, — 1) , (mB) (3-9¢)

J day : i, duge xdc dinh theo p, = fp;
Téc do & cac tist dién khac co thée _tinh theo cdc cobng thudc
(3-7a, b, ¢).

3.3. XAC DINH LUU LUQNG CUA DONG

3.3.1. Céng thirc chung
Tit phuong trinh lién tue &n dinh {3-1) :

fi
G:—.——:——:...=—%)-=const, (kg's)

T o thé tinh luu lugng & bat ki mot tist dién nao, dé clng
13 luu lugng chung céia ca dong. Thudng tinh & tist dién ra
khdi 6ng : ' ‘

o, :
G ===, (kgh) (3-102)
: v,

Néu thay o, = V2(i, — i,) vao ta dugc :

EN2(; — i
G =— ", (keh) (3-10b)
2 |

- Né&u thay w, = VZ—k—E—l PV [1 - (I;tj)(k—l)/k} va

1 1 P21k
Y

47



ta dude :

¢ =2t B (R ()] - do o9

3.3.2. D&i voi ong tang téc nhé ddn

; N Py
Déi vai 6ng tang téc nhé dan ti s6 dp sudt o cd thé gidm tu
1 ‘ .
1 dén B, téc d6 cia dong tang tit 0 dén w, = a va luu higng

Py

tang tit 0 d&n G__ . Khi o = 3, thay o = a = w_ theo cong
1

thic (3-8) va (3-9) vac (3-10b) va (3-10c) ta dudge :

k P1 2 k-1
Gmaxsz.d;k+lv_1(k+1)' (3-10d)
IN20 — iy _ :
hoac G = — ' (3-10e)
k

D& vol cac ti ¢6 ap sudt khac
trong pham vi tit § dén 1, ta cd thé
ding cong thic (3-10b) hozc (3-10c)
dé tinh luu lugng. Quan hé gitta luu

_ P .
Iugng va tl s6 ap sudt p_ duge bigu
1

thi trong hinh 3-3.

3.3.3. P6i voi ong tang téc hén hop

Khac v6i ong tang téc nho dan, ong tang téc hdn hdp chi lam
viée & mot ch& do luu dong, chi ¢ mét luu lugng, vi 6 6 Ong,
t6c do phai 1a tée do tdi han. CJ thé€ tinh Itu lugng trong ong
tang t6c hén hop.hodc.é.cita ra. theo. cdc cong thic (3-10b) va
(3-10c), hosic & cod Oag tuong dng viistde do t6i han theo cac

cong thdc sau
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k PL, 2 \2k-D
G:fmin\/2k+1v—l(k+1) , (kghs) (3-10g)
| £ V3, — 1) 5
hose : G = — V’ K (kgh) (3-10h)
k

B. QUA TRINH TIET LUU

3.4. KHAI NIEM CO BAN

3.4.1. Dinh nghia. Tiét luu la hién tuong cla mot dong ldu
dong qua mot ti6t dien thay -

ddi dot ngot, qua dé dp sudt |
giam nhung khong san ra
cong. Tiét luu la modt qua
trinh - khéng thuan nghich
nhung ¢é nhiéu dng dung
thye t& trong ki thuat nhiét
(H.3-4), nhit la trong may
lanh. ' '

3.4.2. Dac diém ' inh 3-4

Khi tigt luu, mbi chéat trac
d8i nhigt vdi maéi trudng it khong dang ke, nén cd thé col la qua
trinh doan nhiét, nhung do khong thuén nghich nén entrépi ting
len. Mot déc diém quan trong la entanpi cua méi chédt trude va
'sau khi tiét luu bang nhau : 12 =i 3 - 11). Thuc vay, qua
qua trinh tigt luu, d&€ luu déng, cin mot cong bang (p;v; — Pavo);
cong nay lam tang ndi néng clia moi chit (u, - uy), tang déng

nang (7 - —2—) ma khong san ngoai edbng, nén cd thé viet :
o) o
PV, ~ Ppvy = U, —oup - "3 Nhung trong cdc trudng
. | Wi o
hap tigt luu thudng gap @, = @, nghia 1a-col 5 T3 < 0, nén

gau khi chuyén vé/‘ta ddde iy = 1.
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Nhu vay trén d6 thi i - s, trang thai moi chit sau ti&t luu
nam trén dudng song song vdi truc hoanh va vé phia bén phai
c@a trang thai ban ddu.

Ngoai ra, quan s4t thdy qua tigt luu, d4p sudt giam xudng, cdn
nhigt d6 cd thé tang, gidm hosc khéng dol. '

3.5. HIEU UNG TIET LUU JOULE - THOMSON
(Jun - Tomzxon 1852)

La ti s0 gitta lugng thay d6i nhist d6 vdi lugng thay déi ap
suft clia méi chdt qua qua trinh tist luu, ¢ thé bi€u thi bang :
oT o ;
a; = ("a"ﬁ)‘i _ (3-12a)
l N . . R . dv
T phuong - trinh vi phan : di = cpdT - [T (B_T)p v] dp
thay di = 0 (qua ti&t htu) duge hiduw dng tiét luu Joule — Thomson :
ov '

T({—= - v
o = (%)i = "larl, 7 chzp 7 | (3-12b)
v, .
f— -V
hosc : aT = - (aTc)p .dp (8-12¢)
R .

Céc cong thic trén bigu thi sy thay d6i vi phan cta nhiét do
theo ap suft qua qud trinh ti&t lvu, néu sy thay d6i 1a hitu han,

ta co : )
v,
T (ar), "V .
Tl - TZ = f —C_—dp (3-12[1)
Py P ' i
Cdc phuong trinh trén dung v6i moi moi chdt. DSi vai khi
I tudng cd v = 3 nén :
gV R Voo .
(a_T)pz'E: F.oen dT =105a"T| = T,

nghia 13 qua tiét luw nhigt do cta khill tudng khong thay déi.
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ov
9T )
) “—v < 0, thi AT > 0, nhist do
P

Dai véi khi thue, qua tigt v, neuT( — v > 0thi dT < 0,

nhiét do giam ; néu T (3,;
tang ; néu T (00_;) — v = 0, thi T=20 nhiét d6 khéng thay ddi.
P
Trang thai ma qua tigt luu, nhiét d6 moi chdt khong thay ddi
(hidu dng tist luvu o, d6i dau) goi la trang thai chuyén bién, nhiét
d6 ¢ trang thdi dé goi 1a nhiét dé chuyén bién, cd thé tinh :

Ty = v (%)p , K. | (3-13a)

_ D6i véi moéi chit phi hgp véi phuong trinh trang thai
Van der Waals, ta ching minh dugc, ¢ d4p sudt p — 0 ¢6 :
chl = 0,75T, va chz = 6,757, , ( K) (3-13h)
nghia 13 nhiét do chuyén bién mét bang 0,75 lan va nhigt dé
chuyén bi€n hai biang 6,75 ldn nhiét dé t&i han (nhiét do tuygt
d6i). Nhu vay la khong phai trong moi trudng hgp, qua tiét luu
nhiét dé cta méi chdt déu gidm xudng. Chi ¢d trudng hgp nhiét
do cta moi chdt nim giita hai nhiét dé chuyén bién thi qua tigt
lwu, nhigt d6 méi gidm va day cing la trudng hgp thudng gap
cia moi chit lam lanh cdn chd ¥ la trong trudng hop :

T

chl < T < chz thiT > v (_’J;)p‘

N&u &p sudt lén hon khodng 9 lan 4p sudt t6i han thi qua
tiét luv, nhiét do chi cd thé tang lén. -

C. MOT s8G QUA TRINH CUA KHONG KHi AM

3.6. KHAI NIEM CO BAN

Khong khi &m duge s dung rdt réng rai, nd la hén hdp cia
hoi nudc v6i mot.sé.khi.khac, chi.y&u.la khi 2 nguyén ti 6xy
va Nitg. N&u tach hét mude,. ta-dudcykhang,khi khs. Khong khi
gm cd thd xem 13 hén hgp khi 1I tudng (k& ¢i hol nude, vi phén
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4p sudit cia nd rat nhd) nén cd thé ding cdc phuong trinh cha
hén hop khi i tudng nhung né 6 di€m dac biét 1a trong dd cf
mot chat khi thanh phdn (hoi nudc) d€ chuyén pha trong khi
tién hanh cdc qua trinh nhiét. :

3.6.1. Céc loai khong khi dm

Tuy theo lugng hoi nudc chda trong khong khi &m, ¢S th€ chia
thanh 3 loai : khéng khi &m bdoc hoa, khéng khi d&m chua bio
hoa va khong khi &m quda bao hoa.

3.6.1.1. Khong khi dm bdo hoo, 12 khong khi dm ma luong
hoi nudc trong dé da dat dén muc lén nhét, nghia 1a khong thé
thém hoi nude vao hodac néu thém vao bao nhiéu thi sé ¢ bay
nhigu hoi ngung tu. D&i véi khong khi trong khi quy&n, hoi nude
trong khéng khi bédo hoa thudng ia hai bdo hda khd (trutng hop

- cta khong khi cd nhiét - do nhé hon hodc bang nhiét do bio hoa
cta nudc Ung voi 4p sudt khi quyén) od thé la hoi qua nhiét
(truong hop khong khi #m ¢ nhiét do lén hon nhiét do béo hoa
clia nudce ing véi dp sudt khi quyén). i

3.6.1.2. Khéng khi é@m chua bdo hoa, 13 khong khi ma lugng
hdi nude chua cue dai, con ¢ th& chip nhén thém hoi nube, hoi
nudc trong dé la hoi qué nhiét.

3.6.1.8. Khong khi dm qué bdo hoa, 1a khong khi &m ma trong
d6 da c6 mot bo phan ngung tu hose ngung két. T4t nhién phan
hoi con lai 1a hoi bdo hoa khd ; phdn da ngung, tly theo nhiét
d6 ma cé thé & pha nude, hodc pha rdn hodc ca hai pha.

3.6.2. Cdc thoéng s6 cha khong khi d4m

3.6.2.1. Nhiét do clia khéng khi dm bang nhiét df cla khong
khi khé ciing nhu cda hoi nude.

3.6.2.2. Ap sudt clia khong khi &m

Theo dinh luat Dalton, &p sudt cia khong khi &m béng téng
phan &p sudt cia hoi nuéc va cia khéng khi kho :

P =10, t Dy ' - (8-14a)
Nhiét dé bao hoa cha nudc dng-vdi phan' 4p suidt cha hoi nudc

goi la nhiét do dong sucng t._.
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3.6.2.3. Khéi lugng ciia khéng khi dm
Theo dinh luat bao toan kh&i lugng, bing téng kh01 lugng cua
hoi nude va khéng khi khé :
G =G, + G, (3-14b)
Thé tich cia khong khi dm, bing téng phan th€ tich cta hoi
nuée va cta khéng khi kho :
=V, +V, . 3140
Néu tinh theo phén 4p sudt, thi thé tich cha hdi nude clng
nhu ctia khong khi khé déu bing thé tich caa khong khi &m V.

3.6.2.4. Pa dm tuyét déi va do dm tuong. doi
Néu trong Vm® khong khi &m cd chia G, kg hoi nude, thi ti
I '
Gh : :
— =Py (3-15a)

duge goi la dé &m tuyét ddi cua khong khi &m dd, d6 chinh la
khéi lugng cta hoi nudce trong Im?® khong khi &m.

Néu git nguyén nhiét do va ap suit, tang thém hoi nudc d€
khong khi dd bign thanh khong khi bao hoa, thi lac dd do dm
tuyét déi s& la p,  va ti s6 :

Fh
Pu
lTlE.IX
12 d6 &m tuong d6i cha khong khi trén, 1a ti s6 gita khéi lugng
hoi nuéc dang cd so v6i muc t6i da cd thé cd trong diéu kién
cing nhiét dé. '

= p (3-15h)

Vi hoi nuéc trong khong khi 4m c6 thé coi la khi li tudng,
nén Ph = R, T. A, vd p, = Ry TPy o va ta ed

p=—-— (3150

o] day py, chinh_la_ap suﬁt bao hoa cla hGl nude dng véi
nhiét do coa "khéng khizam,
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3.6.2.5. D6 chita hoi d la ti s6 giita khoi lugng hoi nuéc voi
khdi lugng khong khi kho trong khéng khi am :

d = E}—Il 3-16
=G, (3~16a)
Nhu vdy, d6 chéa hoi 1a lugng hoi nudc c§ trong khong khi
4m dng véi 1kg khong khi khd, don vi 1a kg (hoi nudc)/kg (khéng
khi kho) hosic g (hoi nude)/kg (khong khi kho). :

Neéu thay G = S0 g - DEY |
&u thay h_Rh.Tva R—Eﬁ, duge :
L (3-16b)
S
8314 8314
Néu thay R, = NER Jkg. K ; R, Jfkg K
VA P, = P — P dugc :
d = 0622 —" 0,622 — tmms o (3-16¢)
=Y = U - . —loc
. P h ' P - (Pphmax ¢
hodc
h ¥Pp
d = 622 = L (3-164)
h P~ ¥Py
Nhidu khi c¢dn ding do bao hoa
Y= dd (3-16e)

3 day tim d_.. V& Py theo diéu kién tim py .. tdc 1a gidl
nhiét d6 khéng d6i ; con p, 1a phén dp sudt cda hoi nude chinh
1a 4p sudt bdo hoa cia nudc Ung v6i nhiét d¢ dong suong (c6 thé
do duge bang thuc nghiém).

3.6.2.6. Entanpi cia khéng khi dm bing tdng entanpi cia
khéng khi khé va ctua hoi nude chda trong d¢. Thudng tinh
entanpi ctia luong-khong-khi-dm-ed-chita~l-kg khéng khi khs,
cling cd nghia la-gta (1~ Zd) kg khomig khi &m.
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Ta cd : i
I =i + 2 i) (sJ/kg) (3-17a)
i, - entanpl ctia 1 kg khong khi kho, es thé tinh bang
1,0048t ki/kg ;
E(di.ihi) - téng entanpi cia hoi nudc & cac pha khac nhau
trong khong khi.

D6i véi khong khi &m chua bdo hoa, chi ¢ hoi quéd nhiét d
VA entanpl clia 1kg cd thé€ tinh theo :

i, = o + ot = 2500 + 1, 93t (kd/kg)
Trong khong khi &m qua bao hoa co d_.. hoi bao hoa kho,

ngoai ra con d; kg nudc ngung vdi entanpi 11 = ¢t = 4,19t kd/kg _
v c6 thé cd d kg & the tédn v6i entanpi :

R kJ ,
ip = —igoe +ct = -335 + 2,1t k_g . Nhu vay, trong trudng
hop tdng quét, entanpi cda khong khi &m :
I = 1,048t + dh(2500 + 1,93t) + d,(4,19t) +

+ dr(_ 335 + .2,11‘,) m . (3—-17a)
Thudng gip khong khi chua bio hoa, c¢d :

' kJ o
I = 1,0048¢ + d,(2500 + 1,981) 1] (3-17h)

3.7. 00 THI I - 4 VA UNG DUNG

3.7.1. bo thi

D& tinh toan cdc qud trinh cia khong khi dm, thudng ding
toa do cé truc tung la entanpi cta lugng khéng khi &m cd chia
1 kg khong khi khé va truc hoanh la dé chia hoi d. C6 nhiéu
chch v& d6 thi Ir=—d~Theo-dp-sust-khi-quyén-thudng dung hai
loai, mot loai cé p = 60 mmIIE ¥a|wist/lgdies p = T45 mmlHg.

55



Theo gdc tao thanh toa do, thudng gap ba loai : truc I vudng
gée véi true d ; truc T tao véi truc d mot gde 1357 va mot loai
ldy dudng ding nhist t = 0 vuéng gdc v6i true I. Ta thuong
diung loai dCi thi e p = 745 mmHg, I tao v6i d mot géc 135°
‘Trén d6 thi, vé cac duding sau :

3.7.1.1. Dudng t = const 14 dusng gin théng,-cd he 56 gdc

‘ 9l ,
bing (a_d)n’ ta thay doan khéng khi chua bio hoa cd he =6 g

h
[

16n hon, dudng bi€u dién ddc hon ; doan ¢ nude ngung, hé s6
gdc nhé hon va doan cd d4, hé sf-gde nhd hon ca.

3.7.1.2. Dudng ¢ = const chia thanh hai doan, khi nhiét do
khéng khi con. nhé hon nhiét d6 bao hoa cha nudc dng vai ap
suit khi quyén (99,4°C ing véi p = 745mmHg va 100°C dng
v6i p = 760mmHg) 14 dudng cong di 1én ; con doan trén nhiét
~do6 dd, dudng bidu didn gin nhu song song véi tryc 1. Riéng
dudng ¢ = 100% la dudng cong di 1én tiém can v6i dudng nhiét
dé bao hoa cha nube dng véi dp suit khi quyén (99,4°C hoac .
100°C). Ta vé ¢ = const theo cong thic (3-16d).

3.7.1.3. Duong I = const, song song véi truc d va dudng
d = const song song vdi true I -

3.7.1.4. Dudng T = const, T 12 nhiét dé bao hoa doan nhiét,
tic 13 nhist d6 can bang cia khdi khong khi hitu han cd chda
nude va dé nubc bde hoi hét midc ma chi nhy vao nhiét cta
khéng khi ; dudng T = const gin song song vdi dudng I = const
ciing cd th& coi T gin bing nhiét do doc trén nhiét k& uét t.

3.7.1.5. Ngoai ra cdon dudng p, = f(d) theo toa db vudéng goc.

3.7.2. Ung dung ctia do thi I - d
3.7.2.1. Xéc dinh théng s6 cla khéng khz am.

Neu cho bigt hai thong s8 cla khong khi dm, thi du tp va ¢,
thi giao di¥m 1 cta hai dudng t, = const vd p; = const trén dé
_ thi sé& bleu thi frang thal a6 va i a¢ xdc dinh duge I, d;, pyp
r.l’ ph *'3‘{ (H.3-5).
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3.7.2.2. Qué trinh dot
no’ng(nh@n. nhigt) va lam
Ignh (nhd nhiét) déng ap

z é‘f/@

Vi trong qua trinh dd
d khong d8i, nén la dudng
song song vdi truc I, néu
dst ndng, I va U tang,
duting biu dién di tu dudi -
lén, thi du 12 ; néu lam
lanh, I va t giam, ¢ tang,
dutng bi€u dién di xudéng, -
thi du 21. Khi ¢ tang dén
100%, néu tiép tuc nha
nhiét, hoi sé ngung fu va
qua trinh di xudng
theo dutng ¢ = 100%, 4
hoi s& giam. Thudng can
tinh nhigt lugng cung cip

hoic nha ra theo cong N L
: ;};lrzlcg (2})1:8) cta qud trinh - | , T d9y

Q = Al kJ/kg.kk kha. . Hinh 3-5

3.7.2.3. Qud trinh hit ém va phun am (s@y)

1a qué trinh 1 = const, duong bidu dién song song vdi truc:

d. Trong qué trinh phun gm vao khong khi (cing 1a qua trinh
sdy kho vat) d va ¢ tang (dupng 2a), trong qué trinh hit dm, d
va @ giam (dudng 9b). Thudng yéu cdu xac S R
dinh lugng &m cdn phun thém hodc hat di.

z
3.7.2.4. Qua trinh hén hop déng &p Z
Trong ki thuat thudng gap quéa trinh hon
hop hai loai khong khi c¢6 trang thai khac . |
nhau. Trang thai hén hgp ném trong doan ;—;-a(
2

thang néi lién 2 trang thal va chia doan -
théng dd am 2 phamT-ti-te-nghieh—véi khaoi ik 3-6
ludng khong khi kho cha ehing (F1.3-6) o
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Thue vay, vi Gi = Gyi; + G,i, va G = G, + G, nén
' 1 B i — 12
G, +G, i -

Gi=Gji +(G-G)i, va (3-19)
3.7.2.5. Qud trinh lam viéc ctia hé théng say thutng gém 2
giai doan :

- Giai doan d6t ndng (cap nhiét) khong khi d€ gidm do &
tuong déi tir ¢, dén ¢, (nhiét d§ tang td t;, dén t,), tron d6 th;
doan 12 di t& dudi 1én vi song song véi truc L

P

- Giai doan sdy kho vat dm, dé &m cha khong khi tang tit ¢,
dén ¢, (nhiét dé gidm ti t, xudng t,), trén d6 thi 1a doan 23
song song vOi truc d vA theo chidu d tidng. Khi ¢, ting dén 100%
thi khéng khi h&t kha nang sdy kho, mic dau nhlet do hay con
tuong d6i cao. Thudng cdn tinh : :

Luong khong khi khé cén thigt d€ lam bdc hoi 1 kg dm trong
vat muén sy

1 kg khong khi kh

Gy = d; — 4, kg &m - : (3~202)
Lugng khoéng khi &m cdn dua vio :
kg k. khi &m
Gl = GL(I + dl). W (3-20b)
Lugng khéng khi &m cdn thai ra :
Gy = G(1 +dy  (3-200)
Nhiét Iugng cén thigt d& 1am béc hoi 1kg dm 6 vat sdy :
I, -1 ‘
2 1 kd
Q=G - 1) = gy w2

3.7.2.6. Qua trinh digu hoa khéng khi. Thubng bao gém céc
gqua trinh sau :

- Hén hgp khong khi méi voi khong khi tal tudn hoan theo
mét ti 1& chon trude. .

- Diéu chinh hén hgp d&n nhiét do va d6 dm thich hop.

Do 8m thudng dwavag thip hon mot it, con nhiét d¢ dua vao thi
tiy theo mia, yé mia dong thideg dua-vao cap hon, vé mua hé
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thdp hon mot it so voi nhiet do trong phdng. DE diéu chinh
d6 d4m c6 th& dung bién phdp phun &m, hdt &m hoac ngung tu ;
dé didu chinh nhiét d6 cé thé ding bién phap cdp nhiét hoac
thai nhiét. ‘

D. QUA TRINH LAM VIEC CUA MAY NEN
3.8. KHAI NIEM CO BAN

Khi v& hoi nén duge st dung rit rong rii, nén mdy nén cing
rit hay gip. Dua vao nguyén li lam viéc cd. thé chia thanh hai
nhém chinh : mdy nén pitténg va mdy nén quay. Tuy cdu tao
khéc nhau nhung dac tinh vé nhiét nhu nhau nén & day lay may
nén pitténg d€ nghién cdu. Qua trinh nghlen cdu duge han ché -
trong cdc diéu kién : :

— Toan bd thé tich c@a xy lanh la thé tich cd ich.
- Khong ¢ ma sat, nén khi nap vad xa thi ap xudt trong
xy lanh bang 4p sudt bén ngodi.

3.9. NGUYEN L{ LAM VIEC CUA MAY NEN PITTONG

MOT CAP
3.9.1. Céc qué trinh A
. . . 27‘2_27
M4y nén lam vigée theo 3 qua trinh, | ‘\\
bigu thi trén d6 thi chi thi p - V AN
(II. 3-7) : qua trinh nap 4-1, qud trinh 4 :

nén 1-2 va qua trinh xa khi nén 2-3. -
Cén chd ¥y la cdc qua trinh 41 va 23
la qua trinh thay d8i khéi lugng con
trang th4i cda méi chét trong ting qui

trinh khéng d8i, nén trén d6 thi trang /2
thai pV ho#c Ts thi 4 trung vai 1 va
3 trung véi 2. _ Hinh 3-7
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3.9.2. Céng tiéu thy cia may nén

Vi cén tinh cdng tiéu thu nén thudng quy ude vé ddu nguge

vl cde chudng khée.

Céng tiéu thu trong qud trinh nap :
Ly = -pSH; = -pV, @ - 22a)
Céng tidu thu trong quéa trinh xa : ‘
Ly, = ppSH, = p,V, - (3-22b)
o] day S  dién tich ti&t dién xy lanh ; .
H;, H, — hanh trinh cda pitténg.

.Céng tiéu thy trong qud trinh nén, néu la nén da bién :

v o
: 1

Ly = [ pdV = ——7 (V2 = V) (3-22¢)
VI

Céng tiéu thu trong mot chu ki lam viéc cla mdy nén :
n
L =1L, +L,+Ly = — p,V, - pV), (kJ) (3-22d4)

Ung vo6i lkg khi nén :

n
=1, = ——7 vz ~ prvy)s (kd/ke) (3-22d)
n P2 n-1
hodc .1 = lk[ la— Pvi [(P_1) n - 1], kl/kg (3-22e)

Tuy theo qud trinh nén, cong tiéu thu cda mdy nén thay déi,

nén déng nhiét, cong ft nhdt ; nén doan nhidt, cong nhidu nhit,

co

thé nhan thdy qua dién tich trén dé thi pV.

3.9.3. Nhiét lugng cén thai ra

— Nhiét thai ra trong gud trinh nén qua canh téa nhiét hoac

nude lam mat xung quanh xy lanh :
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Néu Ia khi if tudng : q, = ¢ H(tz Tt
n—k o n—1 '
=e¢— T [(p_l) n - 1] , kd/kg  (3-23b)

- Nhiét thai ra dé lam mét khi.nén qua binh lam mdt dén
nhiét do t, d8 dua di st dung hodc dé€ nén tiép cdc clp sau :
qy = cplty - t), kd/kg (3-23c)
Néu la khi 1y tudng cd :
- n—1
=c.T, [(= -1 kJ 3-23d
am = Ty [(5) 7~ Kke (3239
Ghi chi : Néu dung méy nén nhiéu -cé’p ma trude va sau cic
c&p, nhiét dé nhu nhay, thi ti s6 ap sudt, cong tiéu thu va nhiét
thai ra trong mdi cdp bang nhau.

Ti s6 4p sudt trong mdi cdp bang :

m pc
T = . —_ ' (3"24)
Pg

trong dd : py 12 &p sudt déu va p. Ja 4p sudt cudi cua khong
khi, con m 1a s8 cdp nén.

Cong tiéu thu cho mdy nén nhiéu cdp lic dS bang :

| 1, = m] - (3-25)

1, - cong tiéu thy cho méi cdp nén.

Ding may nén nhiéu cdp nhu vay s& giam duge nhiét do khong
khi nén thai ra, giam duge cong va gidm duge téc hai cta thé
tich thita giita pittong va ddu xylanh.

E. QUA TRINH HON HOP KHI
3.10. XAC DINH TRANG THAT SAU HON HOP

~ Trang thai cha khi-hén-hgp.phu thudc vao qué trinh tao thanh
hén hop. Thudng gap ba cach «hon hgp, kroug thé tich da cho,
hén hop theo dong va nap vo the tich t6 dinh.
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3.10.1. Hén hop trong thé tich di cho (H.3-8)

Gia s c6 mot binh kin thé tich V, duge vdach N ngan thanh
2 phén, phan V| chia G, kg chét khi N
thd nhdt ¢ p;, T, va phin V, chda

G, kg chét khi thd hai ¢§ p,, T, Néu
rat vach ngan N, sé duge mét hdn hop G
khi ¢6 khéi lugng G = G, + G,, thd

Qt-:g
<T-4._}

o,
tu

tich V.= V| + V,, 4ap sudt p va nhiét
" “ Hinh 3-8
do T .
3 day 1a hé kin nén nang lugng toan phédn la noi nang, nén
ta cd: ' )

U=1U+U, ' (3-25a)
hoic Gu:Gu1+G s, '
V6i khi i tudng : Ge, T = Gic, T + G, Ty, T, (3-25b)
Ta duge :
gc, T + gzc T, Zgi.c:“.Ti _
T = G, = Zg} 'v (3-26)

lf‘ip sudt tinh theo phuong trinh trang thai ctia hén hgp khi ly
tudng pV = GRT

3.10.2. Hén hop theo dong

Gia sl cd dong khi thd nhit luu lugng G,, théng s6 py, T,
hén hop v6i dong khi thd hai cd G,, p, T, duac dong hén hop
es G, p, T o] day 14 hé hd nén ning lugng todn phin la entanpi,
nén ta cd :

I=1+1, (3-27a)

hogc Gi = G, + Gy, (3-27b)
Véi khi Iy tudng od : G.cp.T = Gl.cp T+ Gr;,.cp T, (3-27¢)
Ta dugce, : ) ] )
gl.cpl.T! + gz.cp).T2 Zgi.cp T
T = U\A ; (8-28)
e} Z,gi.cp
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3.10.3. Nap vao thé tich cé dinh (H.3-9)

Gia sd ta nap mot dong khi
¢S 4p suét p,, nhiét do T,, khai
lugng G, vao mét binh kin cg
thé tich V, dd cd sin mot khei
lugng G, chat khi thd nhdt véi
p, T). ta sé duge mot hdn hop
khéi lugng la G = G| + G.;._, thé . Hinh 3-9
tich gitt nguyén V|, cd théng s '
la p va T Ta ¢d nang ligng toan phén ca kh6i khi bang :

Py T .Gy

U=U+1, (3-292)

hozc Gu = G u + G,

Néu nhidu dong nap vao thé tich cd sén, ta cd

(3-29b}

n
Gu = G u, + 2, G (3-29¢)

i=1

Vi khi ly tudng ta duge :

G, T = G1'cv1-T1 -+ VGZ'Cp:'TZ (3-30a)
hosc : '
: gl.r:vl.T1 + gz.cp,.T2
T = - (3-30b)
C,
v
hodc :

n=]
gl.c,‘,l.Tl + Zl gi.cp_l.Ti
l:

T = © (3-30¢)

Ap suit tinh theo phuong trinh-trang-thai et hén hop.
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CHUONG 4

PINH LUAT NHIET THU HAI
VA CHU TRINH CARNOT

4.1. KHAT NIEM CO BAN

4.1.1. Néi dung cta dinh lust nhiét tha hai

B& sung cho dinh luat thd nhdt, dinh lust nhiét thd hai xdc
dinh thém diéu kién, chiéu hudng vad mic d6 chuyén héa néng
lugng. Noi dung la mot, nhung tiy theo diac diém cua ddi tudng
nghién citu, ¢ nhiéu cich phat bi€u khac nhau.

4.1.2. Chu trinh nhiét doéng

Mudn chuy&én hda mét cdch lién tuc gitta nhiét nang véi cdc
dang ning ligng khdc, ngudi ta thudng phai thuc hién nhitng chu
trinh, nghia 14 phai dé m6i chdt thay d8i mot cach lién tuc ti
trang thai ddu qua v6 s8 trang thdi trung gian r6i lai trd vé
trang thdi ddu.

Trong nhiét ki thuat chd y&u nghién ciu nhiing chu trinh thuan
nghich, nd chi tién hanh qua cdc trang thai can bang va cd dic
di€m "thuin nghich" nghia 14 cd th€ tién hanh nguge trd lai qua
tdt ca cac trang théi da di qua ma mdi chdt va mdi trudng khong
cd gi thay d6i. Ta thudng nghién cdu hai loai chu trinh : chu
trinh thudn chidu vi chu trinh nguge chidu.

Chu trinh thuin chidu la chu trinh thuc hién su chuy&n hda
nhiét nang thanh co ning ; 14 chu trinh cha dong co nhiét ; trén
d6 thi p~v, T-s thudng ding, !4 mét dudng cong khép km tién
hanh theo chiéu thuin kim déng ho.

Chu trinh ngugc chiéu 1a chu trinh chuyén nhiét nang t¥ ngubn
¢é nhiét d6 thdp dén ngudn cd nhiét dé cao nhd sy hd tr¢ cla
nang lugng bén ngoai, 1a chu trinh cha may lanh hoac bom nhiét ;
trén dé thi p-v va T-s thudng dung, 12 mot dudng cong khép kin
tién hanh ngucde chifu vdi kim dong hé.

D& danh gia hiéu qua chuyén hda nang lugng, d6i véi chu
trinh thuan chiéu ta ding hisw suat] v6i\chu trinh nguge chidu
ta dung hé sd 1am lanh hodc hé 56, lam- néng.
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 Hieu suit la ti s3 gitta phén néng lugng c6 ich va nang lugng
dua vao. N&u chon nhiét nang dai dién cho nang lugng dé€ tinh
todn, ta cd hiéu suit nhiét : '

q; — 1%l 1 Iy

721.: q ﬂq_l_ q;

4-1

O day : q, - tng nhiét luqng‘ dua vao cho mdi chét trong cdc
qua trinh cdp nhiét cta chu trinh. -

q; ~ t6ng nhiét lugng do méi chdt nha ra trong cac qua trinh
nha nhiét cia chu trinh. _ ' :

1, 1, — cong dén nd va cong ki thuat do mdi chit san ra trong
ca chu trinh. Ding dinh luat I cho chu trinh, ta ching minh duge

o 1'._—lkl=q.1—iq2|

vi Ai va Au trong chu trinh bang 0. Ta cd thé biéu thi q,, 4,
1, 1, va 7, bang nhiing dién tich trén d6 thi T - s

Gédn day, ngudi ta b4t ddu 18y execgl dai dién cho nang lugng
dé tinh hiéu sudt va ta duge higu gufdt execgi. :

D61 voi chu trinh nguoe chiéu, d§ danh gié hidu qua, ta dung
hé s6 chuyén héa nang lugng, bang ti's6 gida nang lugng cd ich
va cong cip cho modi chdt trong chu trinh, khi lam viéc theo tac
dung may lanh, ta goi la hé s¢ lam lanh :

. q s ) T | .

" khi lam viéc theo tde dung bom nhiét, ta ¢ hé 8 lam ndng :

eyl el

o= = = 4-2b)
PO el —e % w=
. ‘ } ‘ Iqll
w lggl  ap + 1 o
-Ta thiy ¢ = 0 = ] =g + 1 (4-2¢)

T cing cd thé bifu diga GG PADE Edign tich trén do thi
T —'s. 10 ! '
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' 42. CHU TRINH CARNOT THUAN NGHICH

V& phuong dién chuyén hda ning lughg nhiét v&i cac dang
nang lugng khie, day 1a chu trinh 1i tudng, cd hidu qua cdo nhit,
nhung xét téng thé, vi ¢cd nhiing nhuge dim khdc lam cho hiéu
qua kinh t&€ gidm sat, nén trong thuc t&€ khong ducc 4p dung
truc ti€p ma chi lam muce tidu d€ hoan thién céc chu trinh.-

4.2.1. Chu trinh Carnot (1792-1832) thuan chiéu (H.4-1) -

12 chu trinh ctia mét doéng co nhigt lam vide v&i hai ngudn nhiét

_Pb/,// ) U

Hinh 4-1

cé nhiét dung vé cling 16n giit nhiét 46 T v& T, khong doi-trong
ca qué trinh trac déi nhiét. Méi chat thuc hién 4 qu4 trinh thuan
nghich : hai qud trinh ding nhiét va hai qud trinh doan nhiét
tién hanh xen k& nhau, cu th€ la :

- Qu4 trinh ab - nén doan nhigt, nh1et dd moi chat tang tu
T, den T,

- Qua trinh be - dian nd ding nhist cing a cdp nhiét ding
nhiét, mo6i chdt nhadn nhigt t¥ ngudn ndng mot nhidt lugng
q; = Ge = T (s, — sp), bang dién tich bess, trén dé thi T-s.

- Qua trinh cd - dan nd doan nhiét, nhiét d6 moi chdt gidm
tu T, dén T,. '

~ Qu4 trinh da - nén ding nhiét, cing 1a thai nhiét ding.

nhiét, modi chat nha nhiét cho ngudén lanh mét nhiét lugng
, = T, (s; pesp-=-dién-tich-da-sy-e ~trén-ds thi T-s.

Hieu sudt nfiiét cha chu 1kintA’ 2\ / Mhég cong thdc chung, thay
© gi4d tri cla q; VA g, ta dugc hiéy sudt,nhiét cia chu trinh Carnot :
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T,
e = 1 — 7o (4-3)
C "_[‘1 .
~ Ta ching minh duge (eo thé diing d6 thi T-s), trong cing pham
vi nhist do cua nguén ndng va ngudn lanh thi chu trinh Carnot
c6 hiéu suat nhigt cao nhat.

Ti cdc k&t qui trén, ta cd thé rit ra mot vai két luan:

e Hiéu suit nhiét cta chu trinh Carnot chi phu thude vao
nhiét do hai ngudén nhiét ma khong phu thudc vao ban chdt cda
moi chit ;

. : . . "_[‘2

e Muén nang cao higl .sudt nhiét, phai gidm ti 50 T

1

e Tuy 7 la 16n nhdt, 12 muyc tiéu ‘hoan thién cia dong co
nhiét, nhung khong thé dat dén 100% vi T, Ia hitu han va T,
luén duong. :

Ghi chi : Chu trinh héi nhiét li tuéng cling cd hiéu sudt nhiét
bang chu trinh Carnot.

4.2.2. Chu trinh Carnot nguge chiéu

'Ciing 1a chu trinh li tudng (vé nhigt) cda may lanh va bom
nhiét, cling gém cdc qua trinh nbu trong chu trinh thuan, nhung
tién hanh nguge chiéu. Ta ching minh duge véi chu trinh Carnot
nguge chiéu hé s6 lam lanh bang :

qds 9 - T, 1 :
cT gyl e T T, T
— -1
, T,
hé =6 lam ndng :
la1 [q,! T, 1 '
= = == = (4—-4b)
Pe = |4 _1q1I -4 Tl - Tz i 'Tg
T

Ta ciing cd thé rat ra mot s6 két luan

e Hé =0 chﬁyé’n héa.nang.lugng.cia.chu trinh Carnot nguge
chidu chi phu thudc-vao-nhict 44 hai nguen nhict ma khong phu
thude vao ban chét eia méi chit.
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e Muén ning cao hé s8 chuyén hda nang lugng, cén gidm
o _ , ‘
1 P . }
T V&i didu kign khi hau nude ta, ding mdy lanh 1& can thiét
2 : '
nhung khong kinh t& cdn ding bom nhiét thi ¢d nhidu thuén lgi.
e Ta ciing chiing minh duge (cé thé dung d6 thi T-s) trong
. clng diéu kién nhiét do modi trudng cling nhu yéu cdu lam lanh
hodc lam ndng thi hé s8 chuyén hda ning lugng cia chu trinh
Carnot ngugce chiéu 1a 1dn nhét. '

Ghi chi : DE dé& dang phan tich, so sanh, thudng ding chu
trinh Carnot tuong ducng bang cdch thay cdc qud trinh cdp nhiét
baing mot quéd trinh cAp nhiét déng nhiét cling As va g, v6i nhiét
ds T, va céc qua trinh thai nhiét bing mot qud trinh thal nhigt
dang nhiét cing As va g, v0i nhiét dé trung binh T,,. Hiéu sudt
nhiét cta chu trinh bing hiéu sudt nhiét cia chu trinh Carnot
tuong duong : '

T
: patal
n =1- ‘ (4-3a)
' Tltb

£ va ¢ clng tinh tuong tu.

4.3. MOT VAI CACH PHAT BIEU CUA DINH LUAT NHIET
THU HAI

1. "Nhiet lugng khong thé tu né truyén tit vat ¢ nhiét do thdp
dén uvdt ¢6 nhiét dbé cao duge'. Cho' nén muén truyén nhiét ti
vat cd nhiét dé thdp sang vat cd nhiét dé cao cdn phai st dung
thém nang lugng bén ngoai. E ;

. "Khéng thé sinh cong mot cdch lien Tuc. biing mot dong:e
nhzét lam viéc theo chu trinh voi chi mot ngudn nhiét", -Diéy’ do' _
¢6 nghia 1a phai ed it nhdt 14 hai nguén nhiét, trong dé mot- 86
ngudn cdp nhiét cho moéi chdt cdn mot s8 nguén nhan nhiét tu
mdi chdt thai ra. Diu nay ciing cd nghia 12 khong thé chuyén
héa toan bé nhiét nang nhén td ngudn nhiét thanh ra céng duge
ma bao git ciing con mét phan nhiét thai cho ngudén lanh, phan
nhigt chuyén thanh edng tdl da cing chi bang higu suft nhiét cha
chu trinh Carngt thuan nghich thuan chidu lam viée trong cung
pham vi nhiét dé.
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CHUONG 5
CHU TRINH NHIET DONG

D& chuyén hda nang lugng mdt cach lién tue, thubng phai
thue hién cdc chu trinh nhigt dong. C6 hai loai chu trinh thuan
chiéu va chu trinh nguge chiédu.

CHU TRINH THUAN CHIEU

Chu trinh thuén chidu 1a chu trinh cia céc déng cd nhiét, nd
bign nhiét nang thanh co nang hoac dién ning. Trén cdc db thi p-v,
T-s, i~s thudng dimg, chu trinh tién hanh thuin chiéu kim déng hé.

Vé phuong dién nhiét, chu trinh Carnot thuin nghich thuin
chidu 1a chu trinh i tudng caa dong cg nhiét, nhung trong thuc

t& khong thye hign, moét trong nhiing nguyén nhén quan trong la

khd thuc hién dude qua trinh cSp va thai nhiét ding nhigt clia
cic chdt khi. Tuy nhién ngudi ta 18y chu trinh Carnot lam muc
tidu d€ nang cao higu suit nhist.

Ngudi ta ciing da néu 1én chu trinh héi nhiét 1i tudng trén co
s& chu trinh Stirling hodc chu trinh Ericsson. Chu trinh héi nhiét
li tudng cing cd hiéu suft nhiét bang higu sudt nhiét cta chu
trinh Carnot. ‘

Chu trinh Stirling gém 2 qué trinh-ding tich va 2 qud trinh

ding nhiét tién hanh xen ké nhau, con chu trinh Ericsson ding .

2 qua trinh déng 4p thay cho 2 qud trinh ding tich (H. 5-1).

7

p Gr
Al
%o
' Z, 7
@or 7 -

Hinh_5-1
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D& ¢d chu trinh héi nhiét 1i tudng, ta cho hai qua trinh déng .
ap (hosic ding tich) ciing tién hanh trong bo héi nhiét li tudng,
¢ day t&t cA nhiét lugng cla qud trinh cd thai ra déu do moi
c¢hdt nhan lai trong qud trinh ab. Nhu vdy, nhigt lugng nhéan vao
chllaql——qbc—T (s - 5.) Vaqz—qda--T2 (sd—s)nén
higu suat nhlet cta nd bang higu sudt cta chu trinh Carnot tic

T, -
fp =1 - T,
1

Chu trinh hdi nhiét I tudéng kho thuc hign do 2 qua trinh
déng nhiét, nhung trong thuc t& chu trinh tuabin khi li tudng
¢6 budng lam mat trung gian (gifta qua trinh nén doan nhiét) va
bo hoéi nhiét di c6 ging tién gdn dén chu trinh héi nhiét i tudng
trén c¢ sd chu trinh Ericsson.

Dong cg nhiét ¢ nhidu loai, theo thigt bi cdp nhigt (d6t nhién
lisw), ¢d loai déng co dét trong va dong co dit ngoai ; theo méi
chat o loai déng co ding khi lf tudng, loai dong co dang khi thuc.

5.1. CHU TRINH cUA KHf LT TUSNG

Méi chét o6 thé la san phim chdy cta nhién liéu hodc khong
khi. Chu trinh thuc t& cta khi i tudng thudng duge thuc hién
trong ba nhém déng co d&t trong : dong o cd pittong, tuabin
(doéng co quay) va doéng c¢o phan lgc hodc tén lia.

Khi nghién ctu cac chu trinh, cdn dit cdce diéu kién gia thiét :

- Cac quéd trinh déu 1a thuin nghlch _khond c6 ma sdt, thay
qua trinh chdy bing qud trinh cfp nhiét v.v.

- Coi qué trinh nap va thai maéi chit trist tieu nhau v& mat
nhiét va cong, bién hé théng hd thanh hé théng kin. '

— Coi mdi chét 1a khi i tudng va dong nhit.

- Coi'qué trinh nén va d&n nd la doan nhiét thuin nghich.
5.1.1. Cédc chu trinh cta doéng co dot trong (cé pitténg)
Dong co d6t trong.co loai 4 ki va loal 2 ki, nhung vé phén

tich nhiét khong €6 gi khdc nhau co\ban 'Ding vé dac di€m cla
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qu4 trinh chdy (coi la cdp nhiét) cd thé chia thanh ba loai : chu
. trinh cdp nhiét ding tich, chu trinh cdp nhiét ddng ap va chu
trinh cdp nhiét hén hop.

51.1.1 Chu trinh cdp nhiét déng tich, tuong dng voi cac loal
déng co dét trong cd tia lita dién (buji), chay bing xang hodc Ichi
d6t. Chu trinh con cé tén 1a Beau de Rochas (1862) hoac Otto
(1867), gém cac qué trinh (H.5-2) : :

Pc’l : ’ 7 . ‘ A
7 -

ay a

e

Hinh 5-2

- Qua trinh ab — nén doan nhiét, (moi chét thuc¢ la hén hop
khong khi va nhién ligu),

— Qu4 trinh be — cdp nhiét ding tich, thay cho qua trinh chdy.

' — Qua trinh c¢d - dan nd doan nhiét.

- Qua trinh da — nha nhiét dang tich, thay ¢ho qud trinh thai
va nap moi chét.

Khi tinh nhiét luong, cong va hiéu suft nhiét cha chu trinh,
ta coi thong s6 trang thdi ban diu a da bist, thudng diung thém
ty s6 nén : :

v

g = ;3 va ti 96 tang 4p sudt khi cdp nhiét
b .

3=
Py

Diing phuong trinh quéd trinh va phuong trinh trang thai cla
khi i tudng, ta tinh dugc : : )

— Nhiét lugng cdp vao q, = dp,. = C.T, . ek_l(l'— 1) (5-1a};
_ ~ Nhiét lugng nhé xa : fip! FHOE AR =1 (&-1b);
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"= Cong mdi chdt da sinh ra trong mot chu trinh :

l=q gy =¢ T, A -1 -1 (5-10);
- Hiéu sudt nhiét cta chu trinh :
1 ‘ 1
=— =1 -— {5-1d)

Qv g ' _

- Ta thiy hiéu suit nhiét phu thucf;c vao g6 mi doan nhiét k, va
ti s6 nén £ Hidu suit nhiét tang khi k va £ tang, nhung k phu
thudc vac dic tinh cla méi chét, £ cing bi han ch& vi hién tuong
kich né, thutng € = 5 <+ 7 d6i véi xéing vA £ = 6 + 9 d6i voi
nhién lidu khi. ' L

S

Ir

5.1.1.2 Chu trinh cdp nhiét déng ép (cd tén la Didsel 1893),
tuong dng vai loai dong co dét trong khéng cd. buji, d6t dau ma
dit phun bang khong khi nén, ddu tu bdc chdy khi duge phun
vao khéng khi nén trong xy lanh cd nhiét do cao hgn nhiét dé
ty bdc chdy clia nd. Chu trinh ciing gém bén qué trinh (H. 5-3) :

- Qud trinh nén doan nhiét ab (mo6i chat chimlél khaong khi)

? - T .
) . ' ¢
' I
' I
a |
7 2 ' :
Hinh 5-3

- Qu4 trinh bc - cdp nhiét ding 4p
- Qua trinh cd va da - gidng hoan toin nhu chu trinh trén.

v
i re o 1, P C
Khi tinh todn ta dwa thém hé s6 dén nd sdm p = P ta duge :

Nhigt [ugng-efp-vao-qy-=-gu=-CyrTwe " (0 — 1) (5-2a) ;
Nhiét lugng/mha ra - o, | = 4o ' EeT P - 1)  (5-2b) ;
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} Céng sinh ra trong chu trinh : 1 = q; - |9, | (5-2¢)
Higu sust nhigt cta chu trinh

— i — '1 _ 1 Pk -1
4, gt k(e — 1)
Ta thdy hiéu sudt nhiét tang khi k v &£ tédng va p gidm, €

thubng yéu cdu di cao dé dam bao nhist d6 sau qua trinh nén

16n hon nhiét do tu chdy cia nhién ligu, thuong £ = 13 + 18

T (624}

' 5.1.1.8 Chu trinh cdp nhiét hén hgp (con c6 tén Trinkler,
Seiligen hozc Sabathé) tuong dng voi loai dong co ddt trong
phun ddu ma dit bang bom cao 4p vao khong khi nén & nhiét
d6 cao va déu tu chdy. Chu trinh gém céc qud trinh ab, cd va
da giéng hét chu trinh trén, chi khac qué trinh ¢&p nhiét : gdm
giai doan bb’ la cip nhiét ding tich va b’c 14 cdp nhiét dang 4p
(H. 5-4). :

‘ . ' A7
. |
5 /
M s
Hinh 5-4

T tinh dudge nhiét lugng cdp vao :

4 = Qe = T8 TR -D+RI(P-D] " (6-3a)
Nhiét lugng nha ra : -

oyl = lagl = - T, @ = 1) - 63

Céng sinh ra trong mot chu trinh : ' ‘ '

| ==ge=slg,t ' (5-8c)
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Hiéu‘ sudt nhiét .
1 1 A -1

’ZT_ql_l_gk~1[(ﬂ,-1)+k;1(p—1)]

(5-3d)
Ta thdy hiéu sudt nhiét tang khi k, £ 2 ting va £ gidm. €
cling yéu cau di lén, bang kheang 13 + 18 d8 dam bdo qu4 trinh
tu boe chay cta nhién ligu.
5.1.2 Chu trinh tuabin khi (dong co dét trong kigu quay)

Tuabin khi so véi dc}ng ca dot trong c¢d vu digm-la cdu tao
nhd, nhe va ¢6 téc do cao nén dung rit nhiéu trong giao théng

van tai, nhdt 14 hang khéng. Dya theo dic di€m cta qud trinh

chdy (cdp nhi¢t) chia thanh hai loai : chu trinh cdp nhiét ding

dp va chu trinh cdp nhiét ding tich.

5.1.2.1 Chu trinh tuabin khi cép nhiét déng dp (c6 tén la Joule
hozc Brayton). Cd loai dong co thye hign chu trinh kin (H.5-5a),
c6é loai chu trinh hd nhung cling gia thiét thanh chu trinh kin
tuong tu nhu d6i véi chu trinh déng co dét trong (H.5-5b). ‘

Nhidn 48y

bubng 7

/1'497{? A’ *

Hinh 5-5a Hinh' 5-5b

Chu trinh g6m 4 qué trinh (H.5-5¢)

- Qua trinh ab - nén doan nhiét

- Qu4 trinh be - cdp nhiét ding ap .

~ Qua trinh cd - dd4n né doan nhiét trong canh tinh o6 dang

ong tang tde, bién nhiét ning thanh déng ning cta dong réi
chuyén dong nang-thanh-eco-ning-trong-canh-dong.

- Qua trinh da = nha nhidgt-dang\ap:
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Ao '
b o }7 ¢
d
Y I
J \a L
Z I
Minh 5-5c

Khi tinh tosn, :col thong s6 trang thdi a da bigt, d€ bidu thi .
mic do nén, it dang ti s6 nén £ ma thudng dung ti s6 tang ap
P ma

khi nén g = P—b Ta tinh duge
a
Nhist lugng cdp vao :
k-1 :
qy = Gpe = cp.Ta. Bk (P-1) (5—4a)
Nhiét lugng nha ra : |q] = lagl = C‘.p.Ta -1  (5-4b)
Cong sinh ra trong chu trinh : 1 = q; — |q;] (5-4c)
. 1

. . t oiia ch . LS _4d).
Hiéu sudt nhiét cha chu trinh 7 4 1 ﬁﬁ—(kﬂ)/k (5-4d)

Né&u ding ti s6 nén & ta dugc cong thde (5—1d)' vi f = g,
Hiéu suit nhiét cta chu trinh tang khi tang k va ti s§ tang 4p.
5129 Chu trinh tuabin khi cdp nhiét dang tich. Chu trinh

cing gém 4 qua trinh, frong dé 3 qua trinh ab, c¢d va da hodn

toan gi6ng chu trinh trén chi khdc qua trinh be, qua trinh chay
trong didu kién budng dét duge dong kin, nén coi la qua trinh

cdp nhist dang tich (H.5-6).

Ta ciing tinh dude :

a4 = ape = &, BTG - ) (5-5a)
ol = ldgal = ¢ Ta @™ = D) (5-0b)
1 = dy - bz ' (5-5¢)
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1 k@R -1

=1 gD "X -1 (5-5d)
P e 17 A
b y id
0 z 7y L s
Hinh 5-6

Ta thdy hisu sudt nhigt tang khi ting k, 8 va 2. D€ nang cao
hiéu sudt nhiét clla tuabin khi, nguti ta con thém bd hdi nhiét
va lam mdt ddng 4p gilta quéa trinh nén doan nhiét.

5.1.3. Chu trinh dong co phan lye

Nguyén li lam viée cia dong co nay la : nhién ‘liéu duge dot
chdy, nhiét nang duge chuyfn thanh déng nang cia dong phun ra
ngoai, do tdc dung clia phan luc, dong co duge ddy vé phia trudc.

Dong c¢o phan luc ¢d uvu di€m la cd thé dat dén téc do rdt
cao, nén ding rdt nhifu trong hang khong, quéh su va trong
vide chinh phuc vi tru. Déng co phan lye dude chia thanh hai
nhdém lén : dong co phén lyc khong khi va déng co tén lua.

5.1.3.1. Déng co phdn luc khong khi.
Chu trinh cta loai dong co nay, tuy ' P
theo dédc di€m cla qud trinh chay chia 5
ra lam chu trinh phan lyc cdp nhiét
«d3ng d4p va chu frinh phan lgc cdp
nhiét ding tich.

a) Chu trinh phdn lyc cp nhiét déing
ép. Chu trinh gém 4 qué trinh (H. 5-7) : g 7

&

ab - nén doan nhiét, thue hién trong
Ong tang ap hode may nen. .
- Hinh 5-7 4
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bc — cdp nhiét ding 4p.
od — dian nd doan nhiét, tin hanh trong &ng tang téc hoac
mét phén trong tuabin khi (d€ cung cip cong cho méy nén).

da ~ nha nhiét ding 4p.

Két qua tinh todn hoan toan gidng chu trinh tuabin khi cédp
nhiét ding ap, nghia 1a ¢d thé diing cac cong thie (5-4a, b, c, d)

1) Chu trink phén Iuc cGp nhiét dang
Heh, Cde qud trinh ab, ed, va da hoan
{oan giéng chu trinh trén, chi khdc quéd
trinh cdp nhist la ding tich, nghia la
chéy trong didu kién budng dét dong kin
(H.5-8)

K&t qua tinh todn hoan toan gidng
nhut chu trinh tuabin khi cdp nhiét ding
tich, nghia 1a cd thé dung cdc cong thic
5-5a, b, c, d) _ ‘

5.1.3.2) Chu trinh tén lita. Dong co tén lia cd thé chia thanh
hai nhém : dong co tén lia hda hoc (dung -
nhién liéu hitu co) va dong cd tén lia hat
nhan. Dong co tén lita hdéa hoc khic véi \ 7P
dong co phan luc 1a .khong diung khéng b
khi dé cép o6xy ma ding cdc chit oxy hda. 17
Dua theo nhién liéu chia thanh tén lta - |}
ditng nhién liéu 1éng va tén lita dung nhién
ligu rén. Vé céu tao c¢dé kbdc nhau, néu a A
ding nhién ligu léng phai cd bom, con . L w
diing nhién ligu rédn thi khéng cédn bom, o
nbung chu trinh Jam viéc cta hai loal nay {linh 5-9
thi gidng nhau (H.5-9% ‘

Khi bit ddu chdy, ap sudt tang rdt nhanh, nén duge coi la
ding tich, lai vi thé tich riéng cia nhién lidu va chdt o6xy hda
& thé rén hoac thé 16ng la rat nhd so véi thé khi, nén qué trinh
ab ¢ th€ coi nhu trung vai truc tung. Qua trinh Be la qua trinh
" cdp nhiét lién tyc /cho san phéim ¢héy,V/duagel col nhu dang ap ;

Minh 5-8
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qué trinh cd 13 qua trinh dan nd doan nhigt trong &ng tang toc
chuy&n nhiét nang thanh dong ning va qua trinh da duge coi la .
qué trinh nha nhiét ding ap.

Hiéu sust nhist ctia chu trinh ¢ thé tinh theo :

1 (ic_id _(ib_ia ic:_id
e e
: _ iy ——w'f w%
Khi qua 6ng tang tde, ta cd (i, — i) = —5 =3
w3 .
nén co T = m (5-6b)

0 day : w, - toc d¢ cha dong san phdm chdy ra khdi tén lita,
cg thé tinh theo : .

w, = \jzg_k_—l pv {1 - (i—i)(k‘”"‘] | 5-7a)

d6i voi tén lita vi try, p, — 0 nén cd :

k ' ‘
w2 = 2 T{—_——l plvl_ N (5'“7}1))

. : k .
ho#c w, = 2 ey RT, _ (5-Tc)

Luu ¥ 1a w, phu thuée vao R, tic la vao phan ti lugng nén
diing hydrogen c¢6 phan t& lugng nhd, cd thé dat tde do Ién hon
va hiéu suit cao.

52. CHU TRINH CUA KHI THUC (HOD

- Trong cdc loai dong cd nay, mdi chit cé nhidt do téi han-
tuong d6i cae, thudng co su chuyén pha trong khi thue hién chu
trinh, n&u déng phuong (rinhelda khi-lil tudng, sai s6 qua 1dn,
nén thudng ding cée bang s6 hodepdé-thi d€ tinh toan.
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V& mat ki thuat, dung khi thyc trong pham vi bdo hda CE n. -
th& thuc hién duoe chu trinh Carnot, vA hiéu sudt nhiét vin 13
16n nhét (trong cung pham vi nhiét do). Nhung ¢d mét sd nhuge
diém nhv 13 chua chon dugc méi chdt d€ cd hoi bdo hda lam
viéc h&t pham vi nhiét d6 cho phép (t; cho phép khoang 600°C,
trong khi nhi¢t do t6i han cta nudc chi od 374,15°C) va phai
ding méy nén cong kénh dé nén hoi bdo hda &m sau tuabin
thanh nuéc v.v.. nén da dugc cai tién thich hgp vao gida the ki
19 do WRankine va R.Clausius va thudng goi la chu trinh Rankin.
Chu trinh nay dude dimg phS biga trong cic nha mdy nhiét dién,
nha mdy dién nguyén td, nha may nhiét mat trdi hodc dia nhiét v.v.

Thigt bi dé thuc hién chu trinh Rankin thutng gém cac thist
bi sinh hoi (16 hoi, 16 phan dng nguyén ti, 1o hoi mat tr& hodc
dia nhiét) ; dong co hoi nudc 2 (may hoi nuéce hodc tuabin hoi) ;
binh ngung 3 va bom nuée 4. Chu trinh Rankin gém 2 qua trinh
ding 4p va hai qua trinh doan nhigt tién hanh xen ké nhau.

Trong pham vi hoi bio hoa, qua trinh ding &p déng thdi cling
12 ding nhiét, nén chu trinh Rankin trong pham vi bao hoa rdt
gin v6i chu trinh Cacno, nhung ngoai pham vi bdo hoa thi cd
sy khde nhau ré rét. Chu trinh gém (H. 5-10) :

Hinh 5-10

12 —'qud trinh dén-nd doan nhiét trong dong co (mdy hai
hodc tuabin hoi).
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N
22" - qud trinh nha nhiét (ngung tu) ding &p (cing la dang
nhiét) trong binh ngung.
2’5 - qud trinh nén doan nhiét (bom nuédc).
541 - qud trinh cdp nhigt ding 4p trong thist bi sinh hoi,
Trong khi tinh todn, thudng cho bist thong <6 cla hoi vio dong
cd py, t; va dp sudt trong binh ngung p,.

Trén cd sd dd, bAng bang 88 hoac d6 thi, ta ¢ thé zde dinh
. duge tdt ca céc thong s & cde trang thai khdc. Ta tinh dudc :

9 = Gsn =i ks B (5-8a)

lao| = lage] =1, - 1% " (5-8b)
Lo=q - lg] =i —ig - (, - ) =

=y - i) - (s - 1) =y~ L (5-8c)

B o=~ = U 15.)'-_(.12 I (5-8d)
4 1 7 h T

Qua tinh todn ta thdy, dé nang cao hiéu su#t nhiet, d&i voi
hoi nudéc, cdn ning cao dp sudt va nhiét do cta hoi dua vao dong
¢co (d€ néng cao nhiét dd trung binh cda cdc qua trinh cdp nhiét)
va gidm 4p sudt trong binh ngung (d€ gidm nhiét d4 trung binh
cia qud trinh nha nhiét). Ngudi ta clng dung chu trinh cd qua
nhiét trung gian, chu trinh trich hoi gia nhiét nuée cdp (mot dang
héi nhist), chu trinh cdp nhiét va cdp dign v. v.. d€ ning cao
hidu sudt nhiét va giam d6 dm cta hoi sau quéd trinh dan nd.
Ngusi ta ciing dang tim nhiing msi chdt thich hgp trong toan
pham vi nhiét d6, déng thdi cing dang thi nghiém phdi hop vai
ba moi chét lam viéc & cdc pham vi khae nhau trong chu trinh
ghép nhu : thiy ngan & pham vi nhiét dé cao, hoi nudc & pham
vi nhist d8 trung binh va m6i chédt lanh nhu Fréén & pham vi
nhiét do thap.

5.3. CHU TRINH CHUYEN TRUC TIEP NHIET - DIEN

Céc dong co trén da chuydnl [ghigt| mdue thanh cdc dang co
nang, sau dd ném c¢dn méi chuyén, thagh.dién néng. Sau day gi6i
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higu mot s6 loai dong cu nhiét chuyén nhigt nang tryc tiép
thanh dién nang. Xé&p vao loal nay, cd pin nhiét — diém, pin nhiét

- dién ti. Nhiéu khi ngudi ta cing x&ép pin nhién liéu va dong -

co £t — thiy dong vao loai dong co nay.
5.3.1. Chu trinh pin nhiét - dién (H. 5-11)

Chu trinh nay duge xdy dyng trén
hiéu d¢ng nhigt - dién do T.Seebeck -
néu lén nam 1821 : "Néu tén tai hi¢u -
nhiét do gita hai méi han cta hai day
dén bang hai kim loai khic nhau thi
trong mach ciing ton tai hiéu dién th& :

AE = a.AT (5-9a)

O day : AE - lyc nhist dién dong ;

o - hé s6 ti 1& goi 12 hé s6 nhigt—dién.

Pin nhiét - dién cdng lién quan
d&n mot hisu dng khédc do J.Peltier
néu lén nam 1834 : "Néu cho dong
dién chay qua mach gém hai day kim loai khéc nhau thi mét
m&i han duge d6t néng va mdi han kia bi lam lanh ; néu ta dsi
chiéu dong dién thi méi han trude duge d6t nong s& bi lam lanh
va ngude lai”.

Hinh 5-11

Nhist lugng nhan va thai & hai mdi han ti 16 thuan véi cudng
ds dong dién :
Q = PI ' (5-9b)

Ngudi ta chl’ing minh duge, hé sd Peltler P cd'quan he vai
" hé s6 nhiét dién nhu sau : P = aT, do dd

Q@ =PI = aTI (5-9¢)
Ta tinh duge nhiét lugng do ngudn ndng cip vao

1
Q =Q+Q —5Q ‘ (5-10a)

4] day : Qlf — phidt Twong ma mai han néng da nhan duge theo
hiéu tng Peltier, bang :
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Q, - nhiét lugng truyén tit mo6i han ndng d&€n méi han lanh
bang d4n nhiét qua hai day déan. - ‘

QJ'— nhiét lugng chuyén tit dién nang do hidu dng Joule.
Niang lugng cd ich trong chu trinh L = I’R (5—-10b)

hodac L = a(T - T)I - Q; (5-10c)

Hiéu suit nhiét cia chu trinh : py = (6-10d)

L
QY

Higu sudt nhiét phu thudc nhiéu vao ban chit cia 2 cue
nhigt—dién. Véi cdc cuc kim loal hién diang, hiéu sudt con rat
thdp, dang hy vong nang cao duge hiéu sudt bang cdc cuc ban
din. Tuy hiéu sudt cdn rit thdp, nhung do ciu tao don gian,
khéng chuyén déng nén da duge si dung trong nhitng noi cd
cong sudt nho hodc trong du hanh vi tru ¢ néang luong bic xa
mat trdi vo tén.

5.3.2 Pin nhiét — dién t& (H.5-12)

Duge x4y dung trén dic tinh : "Trén bé mat kim loai ndng
luén phong ra nhitng dién t&, nhiét do cang cao
thi lugng digén ti phdng ra cang nhiéu : CJ hai
cue kim loai & hai nhiét do khac nhau T, > T,
trén bé mat ¢ nhiét d¢ T, cao hon, dién t
phéng ra nhidu hon nén néu ndi hai cuc bang
moét mach ngoai thi sé ¢d dong dién chay qua.
Cuc cd nhiét do cao T, goi la catst va cuc Ty
gol la anét.

Hiéu suit nhiét cia thi&t bi vin duge tinh la
L
1T Q/

trong dd : L = nang lugng cd ich ;

Hinh 5-12

Q; - nhiét lugng eap cho catdt, bang tdng nhiét lugng d€ phdng
dién tu Q[l va mhiét lugng) (fuy€n’ bing-hic xa cho andt Q.
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Mac dau cdn nhitng khé khan vé ki thuat va higu sudt chua
cao nhung nd cling da thu hut sy chi ¥ céia nhiéu nha nghién
ctiu nhét 12 khi da ¢ nhitng 10 phan dng nguyén to lam vide &
nhiat dé cao.

5.3.3. Chu trinh pin nhién liéu

Hinh 5-18 1a so d6 mot pin nhién lidu cé mang trao d6i ion.
Hydré duge dua vao phia-andt, bi ion hoa :

2H, — 4H" + 4e’ (5-11a)

V
rAna; Z
ge oy Y

__H Mang Fr055) o
& /’fea/
— ﬁ*/
- Ty Z -
# N 9 ffzﬂ #e 4

AN
2Hy — =
Vo777 773
447 “#H 0

Hinh 513

Céc dién ti sinh ra di ti andt dén cat6t theo mach ngoai,
cdn ion Hydré thi di qua mang dén catbt, cung vii Oxy dua vao
56 xay ra phan Ung:

. 4H® + 4e” + O, -» 2H,0 (5-11b)

Ta thiy c6 higu dién thé gila andt va catft, sé cd dong dién
v 6 néng lugng st dung duge L.

Hién pay, nhién lidu ding trong pin la hydré hoic hdn hgp
hydro cacbua v6i hydré va chidt oxy hda.la éxy. Cdc nha nghién
cGu dang muéa ding pin v6i nhién liéu va khong khi. Pin nhién
licu da dude st dung trong ki thuat vi tru va cing cd trién vong
phdt trién.

5.3.4. Chu irinh dong co tir - thay ding

Thudng ghép @ong cd tU — thiy dong voi mot déng co nhiét
thong thuong nhu fuabin khi; dongleo \holny..



Nguyén li lam viéc nhu sau (H.5 - 14) : Khong khi duge may
nén 1 nén d&n 4p sudt khoang 10 bar di qua bd sfy khong khi
duge dét ndéng dén khoang 2000°C, dua vao budng dét 2 dét chay
nhién liéu lam cho nhiét do sin ph&m chay lén d&n khoang
3000°C.

?!‘

Ny

Hinh 5-14

Dudi nhiét d¢é cac, mdt phan ch&t khi bi ién hda thanh trang
thai plasma, cho di qua dng tang téc 3 diat trong mot ti trudng
manh 4, dong plasma cd téc d6 cao (khodng 1000m/s) di qua %
trudng sé tao nén sidc dién dong va cd dong dién di qua mach
néi giita hai cuc 5. Nhu viy 1a nhiét nang da trye tiép bién thanh
dién ning. '

Khi ra khdi dng t - thiy dong, nhiét d6 hay con cao nén cd
thé cdp nhidt cho chu trinh hoi nude, ‘gém 16 hoi 7, tuabin hoi
8, bom 9 va binh ngung 10. Chu trinh ¢6 th€ bi€u dién trén do
thi T — s, trong dé 1234 13 chu trinh ti - thay déng va 566°5°5"
12 chu trinh hoi nudc tian dung.

Hieu sudt nhiét cia chu trink la : g4 = qu—l ;

trong d6 : 1 — cong cia chu trinh, bidu thi bing téng dién
tich 1234 va 566’5°5".
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q, — nhiét lugng cdp vao 12 nhiét lugng cta qua trinh 23.
Hieu sudt tdng cta chu trinh cao, cd th& dén 60%, ¢ nhiéu trién
vong, nhung con phai giai quyét nhidu vdn dé nhu vat lieu chiu
nhiét va chon moéi chdt dé ion hda thanh plasma.

. CHU TRINH NGUQC CHIEU

Chu trinh ngude chidu 13 chu trinh cta mdy lanh va bom
nhiét, né chuyén nhiét niang ti ngudn cd nhiét do thip dén ngudn
" ¢¢ nhiét d6 cao nhd su hé trg cta ning lugng bén ngoai ; trén
chc d6 thi p-v, T-s v.v.. dudng biéu dién tién hanh ngugc chiéu
kim ddng hé.

Tuy theo muyc dich s dung, ta chia thanh chu trinh mdy lanh
ma nhiét liong 18y tit nguén lanh la ¢ ich va chu trinh bom nhiét
ma nhiét luong cd ich 1a nhiét lugng nha ra cho ngudn ndng.

Tty theo mdi chét, chia thanh hai loai : chu trinh cta khi H
tudng (thuong ding khong khi) va chu trinh cda khi thuc (thudng
dung améniac, cdc loai frédén, cd the 1a hoi nuéc).

Tuy theo cdch nang 4p suét cha modi chét, ta chia ra 10a1 cd
méy nén, loai c6 &jécto va loai hdp thu.

Tay theo cdch gidm nhiét d6, cd thé chia ra loai cd may déan
nd va loai ding hiéu tng tist lvu. Ngoiai cdc loai trén, ngudi ta
da 4p dung hiéu dng nhidt — dién vao chu trinh nguge..

Ciing cén nhic lai 13, ddng vé mat chuyén hda nang ludng thi
chu trinh Carnot nguge chidu vin 13 chu trinh li tudng ctia may
lanh va bom nhiét, c6 hé sd chuyén hda nang higng lén nhat.

5.4. CHU TRINH NGUOC CHIEU DUNG KHONG KHI

Chu trinh gém hai qua trinh ding 4p va hai qua trinh doan
nhiét tién hanh xen.ké nhau (H.5=15}.:

ad - qua trinh ohan fhist. A 6p obgbuing lanh 2 ;
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dc - qua trinh nén doan nhiét trong may nén 3 ;

cb -~ qua trinh nha nhigt ding ap trong binh lam mét (ngung
tu) 4 ;

ba --gud trinh dan n& doan nhiét trong mdy dan nd 1 (co
thé diung tua bin hodc xy lanh).

Hinh 5-1§"

Né&u lam viéc theo nguyéﬁ tic mdy lanh, ta tinh hé s lam
lanh &. o '

d dp
£ = — = ——— (5-12a)
1 lal —a,
Néu lam viéc theo nguyén téc bom nhiét, ta tinh hé s6 lam
ndng :

Jq,| q =
L ! (5-12b)

TN T el
Né&u thay nhiét lwgng nhan ti nguén lanh q, = ¢, (Ty - T,
nhiét lugng nha cho ngudén ndng q; = Ch (T, - Ty), va
1] = |q;| - q, r6i dung quan hé giita cic thong sf trang thai

trong edc qua trinh, ta dugc :

-9 1 1 i :
£= = == et (5-13a)

s}
o
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1

hode : €="-7 : {6-13b)
Foy k=K
(3,)
" ' !q]‘l
2 g6 l[am ndng ¢ = |7~ £+l _ (5-14)

1

Chu trinh nay tuy c¢é nhitng thuin lgi nhdt dinh nhd moi chat
sin cd, ré tién nén da cd thoi ki duge dang roéng rai, nhung cd
nhuge di€ém vé cdu tao va higu qua kinh t& khéng cao, nén hién
nay chi cdn ding nhiéu trong nganh hang khong.

5.5. CHU TRINH NCUQC CHIEU DUNG HOI'

{cd. méy nén va van tigt luw)

Pay 1a loai thiét bi dung phé bign nhat hién nay. Chu trinh
gom (H.5-16) :

Hinh 5-16

ad - qud trinh nhén nhiét (b6c hoi) dang 4p (trong pham vi
biio hda cing la ding nhist) cha moi chét tt ngudn lanh trong
budng lanh 2. :

dc - qua trinh nén doan nhiét trong méy nén 3.

cbh - qui trinh thé.l fhict ding ap (ngung, tu) trong budng lam
mat 4.
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ba ~ qud trinh ti&t liu trong van tigt luu 1.

Dung bang hosc d6 thi, ta tinh duge nhiét lugng méi chit

nhén ti ngudn lanh

Ay = Qg = Iy -

Nhiét lugng moi chit

lqll = lqbcl =

i, = Sadsgs,
nha cho ngudn ndng

i, — i, = Sbcstsb

Cong cung cép cho chu trinh

Hi = lq,f -

Heé s6 lam lanh £

¥

Trong thuc t€ tinh todn

q, = i, — iy = Sbeda, s,

q; W1y

“l ’ i(:__id
i —i
b
=E+1 = < -
lcmld

(5-15a)
(5-15b)

(5-15¢)

(5-15d)

(5-15¢)

thutng com dung dé thi i - p.

- 5.6. CHU TRINH NGUQC CHIEU DUNG PHUGNG PHAP

HAP THU (H. 5-17)

O day dung dac tinh :

khad nang hdp thu cla.

" dung dich giam khi nhiét
dé tang. Modi chit sau
budng lanh duge cho hap

the vao mot dung dich

nghéo od p, t thdp trong

‘binh hép thu, saudd bom -
dung dich vao binh béc

hoi, 6 do duge gia nhiét,
khad nidng hip.thu.cia
dung dich giam, moi chét
duge tich ra §.ap suft
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va nhiét dd cao r6i di vao budng lam mét tigp tue cdc qud trinh -
nhu trong chu trinh trén.
Hé s lam lanh & day duge tinh theo :
a4 42
FE = =~
|q1| +lb Iqll

g2 — nhiét lugng do mdi chit nhan dugc & nguén lanh ;

{5- 1.6)

q1 — nhiét lugng cung cdp vao binh béc hoi ;

I, - cong ding dé bom dung dich tif binh hdp thu dén binh béc
hoi, thutng nhé hon nhiéu so véi q1 nén cd thé khong tinh dén. .

D4 od thoi ki may lanh hdp thu duge si dung rdt rong réi,
phung r6i bi cac loai may lanh khéc canh tranh ; hién cdn dung
& nhitng noi ¢6 nhiéu nhiét thita hodc thiu dién nhit 14 & nhing
nuée cham phat trién véi nhitng so d6 don gian hon.

5.7 CHU TRINH NGUOC CHIEU DIEN - NHIET

Cing dya trén hiéu dng Peltier *Khi ¢6 dong dién di qua mét -
mach nhiét dién thi moét mdi han nhan nhiét con mdi han kia
thai nhist" (H. 5-18). Nhiét lugng m&i han
lanh nhan duge :

Qy = aT,l C (5-17a)

Né&u khong ¢ nhitng hién tugng khong
thuan nghich thi day cfing la nhiét lugng nhén
duge tii ngudn lanh, ' )

Nhung thye t&€ phai trit bét phdn nhigt FT T
lugng din nhigt ti méi han ndng dén méi
han lanh qua hai cuc @ va trir bot khodng |

| —— ! :
L. I

1
5 nhiét lugng do hiéu dng dJoule chuyén _
thanh Q;. : ‘, Iinh 5-18



Nhu viy trong thuc t& nhiét lugng nhéan tit ngudn lanh la

1
Q=all-5Q - (5-17h)

M&i han néng téa ra mdét nhiét lugng li thuyst Q,, = aT L,
nhung do cé hién tugng din nhiét va hiéu ing Joule, nén :

1Q] = aT4I + % Q - g (5-18)
‘Néang lugng cép vao :
L] = |Q - Q = al €T, - Ty - Q (5-19)
Q, aTd “% Y-
L R S (5-20a)

Ta cing thdy, néu khéng cd cac hién tugng khéng thuin
nghich thi dugc hé s8 chuyén héa nang lugng bing hé s6 chuyén
hda ning lugng cha chu trinh Carnot thuin nghich nguge chidu.

al,l T,
FToT, -T) T T,-T, (5-20b)
T
va p=erl=q —sz (5-20c)



PHAN HAI
TRUYEN NHIET

"Truyén nhiét" 1a khoa hoe mghién ciu sy truyén nhiét nang
trong khéng gian va sy trao ddi nhiét gitta céc vat ed nhiét do
khac nhau. Moi qud trinh truyén nhiét déu 12 quéa trinh khong
thuan nghich, ching chi tu xay ra khi cd dd chénh nhiét do. Céc
qua trinh truyén nbiét luon ludn tén tai va xay ra khip moi noi,
vi trong thuc t& khd tazo ra hodc tu tén tai mot khong gian cd
nhigt do déng déu, do dd Ii thuyét truyén nhiét duge dng dung
rong rai trong moi linh vue khoa hoc ki thuat.

Nhiét nang duge truyén tit ch6é nay sang ché khac hoac ti vat
nay sang vat khdc bang nhiéu phuong thic khidc nhau : dan nhiét,
trao déi nhist d6i luu, trao ddi nhiét bic xa. Trong thuc t&, céc
phuong théc truyén nhiét co ban nay thutmg xdy ra dong thoi va
anh hudng qua lai 1An nhau, nhung dé€ cd thé nghién cdu va phat
bigu cdc quy luat mat cach chinh xdc, trong i thuyét truyén nhiét,
trude hét nguvi ta xem xét riéng bigt ting phuong thic truyén
nhiét co ban.

Nhiém vu cta ngudi ki su 1a phai ndm viing duge cac quy luat
nay dé tim ra céc bien phdp thich hop, kinh t& nhdm tang cutng
hoac kim ham céc qué trinh truyén nhigt tuy theo yéu céu clia
thue tién. o :
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CHUONG 6

DAN NHIET
6.1. PHUONG TRINH VI PHAN DAN NHIET

6.1.1. Mot s6 khai niém co ban

- Dén nhiét 13 qud trinh truyén nhiét nang khi cac vét hodc
cdc phan t cla vit cd nhiét dé khic nhau ti€p xdc tryc tiép vai
nhau. :

- Truong nhiét dé t = f(x, y, z, ) 14 tap hop tét ca cdc gia
tri nhiét dd trong khéng gian nghién cdu tai 1 thdi difm 7 néo
dd. Trudng nhigt d6 duge pban thanh trudng &n dinh (khéng phu
thude vao thai gian) va trudng khéng én dinh, trudng 1 chidu va
trudng nhidu chiéu.

. — Mgt ddng nhiét va gmdten nhzet dé

Mait dAng nhiét 12 tap hop cda tdt ci cdc di€m cd cling mot gia
tri nhist do tai mot thoi di€m. Trong vat thé, nhiét d6 chi thay
d8i tir méat ding nhiét nay dén mit ding nhiét khic. Sy thay
d6i nhiet d6 trén mot don vi dai theo phuong phap tuyén cta
cdec mit ddng nhist 1a 1én nh4t. Dai lugng vecto c¢d phuong tring
vdi phuong phép tuyén cta cac mit ding nhiét, cd chiéu la chiéu
tang nhist d6 va cd do 16n bing dao ham riéng ciia nhiét do theo
phuong phép tuyén duge goi la gradien nhict do, ki higu gradt

ot

| gradt | = n

- Hé¢ s6 dén nhiét A

Hé s6 din phiét 1 dac trung cho kha néng din nhigt cua vat
{hodc chdt) va duge do bang W/mK. i phu thuje vao loai vat
liéu, edu tric cia nd (cdu tao tinh th&, do x0p v.v..), do Am, 4p

sudt va dic biet 13 nhist d6. Sy phu thudc cta A vao nhiét do
trong phén 18n cic-trudng hgp duge bigu dién qua : '

2= 117+ Bt
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O day Ay = A _goc 5 B 1a hdng s6 x4c dinh bang thyc nghiém
cho ting vat cu th€, f cé th€ dugng, 4m hoidc bang khong.
D&i v6i chat khi 8 > 0 va ed gia tri trong khoang :
A =005+ 056 WmK
D&i v6i chat 1éng B < 0 (trit nudc va glixérin § > 0
A = 0,08 + 0,7 WmK
" P6i voi vat litu xdy dung va vat lidu céch nhigt § > 0
A = 0,02 + 3,0 WmK
He $§ 'din nhiét cia phén 16n cdc kim loai gidm khi nhist do
tang va cd gia tri trong khoang ti 20 dén 400 W/mK.
~ Dinh [uat FOURIER
- Dinh luat Fourier x4c dinh quan hé gitia mat do déng nhiét
q va gradien nhiét do :
| W

— ' ()t
q = -Agradt ; q = -A|gradt| = an (E) (6-1)

Dong nhiét Q va lugng nhigt truyén trong thai gian 7 (Q)
dude x4c dinli theo cdc céng thic tuong Ung sau day :

= [ qdF (W)
F

Q, = | Qdr = —j’ f&-—dFdr @)

6.1.2. Thiét lap phucmg trinh vi phan dan nhiét

Phuong trinh duge thiét lap dua trén co sd dinh luat bio toin
nang higng, dinh Iuit Fourier v& din nhiét khi xem cac dai lugng
vat 1 4, Q £ 12 hang &6 va ngudn nhigt bén trong phin bd déu
q, (W/m) Qua trinh dén nhiét thudn tdiy chi xay ra trong céc
vat rdn dac do d6 khi thigt lap phuong trinh vi phan hoan toan cd
thé bd qua sy thay déi thé tich do bién thién nhiét do gay ra.

Lugng nhiét ddn vao phdn thé tich dV = dxdydz theo phuong
x trong thai gian dT :

; dt
Q.= —Aa—x.dy.dz.dr
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ot
Lugng nhiét di ra khéi phén t6 & nhiét dé t + Pl dx :

Q‘( = —Al (t + %t;dx) dydz.dr

Lugng nhist luu lai phan t6 khi chi tinh t61 qua trinh dan
nhiét theo phudong x :
. - 0%t 9%t
de:Qx—Qx=l—2dx.dy.dz.dt A—ZdVdr
% X

Téng lugng nhiét Ivu lai phan t6 khi tinh ddn nhiét theo ca
3 phuong :

= dQ, +dQ +dQ, =4 (— +— + —) dvdr
Vaxt ayt azb)

Luong nhiét luu lai dQ va& nguén nhidt bén trong phit ra
. dQ, = q,.dV.dr chi lam bién thién néi ning cia phan td, (vi cong
ddn nd bing khong) do dé :
ot
dQ +dQ, = dU = Cpop drdV

at P S A 4 qy
+ +

hay : = = 2= e T 6-2
ay cp ( o azz) G (6-2)
A
Td hdp duge goi 1a
e , ¥ 2
ha s6 din nhigt do, ki T 4
hidu & a (m%s). Hé s6 ]
d&n nhiét do cang i6n thi AN I :
sy san bang nhiét d6 trong @’i 4 A ! o
vat thé xdy ra cang R a}/{‘“"‘ '
nhanh. S¢ dung ki hiéu - “L.___ N
todn tG V7, phuong trinh A ~
vi phan din nhiét ¢d thé % ay e
vigt dudi dang tong quat : &z
vt
ot 2 dy -
57 = aVv t‘f‘@ (6=2a) . )
l'nll'lll 6-1
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Doi vol hé toa do Dé cac :

Vst + (6-2b)
ax* ay2 oz°
P&i vai hé toa do tru g
2 a2 2
PR i N B R A (6-2c)
PR N S E}goz oz
Déi vdi hé toa de cdu :
2 i 2
2o & 420 1 L+
g T % gy
i 1 2
oo 0y (6-2d)
rzsintp ¥ r?’s.in‘z‘tr o

Khi nhiét do chi phu thudc vao toa dd ma khéng thay déi
theo thoi gian (trudng nhigt do én dinh) va khong cd ngudn
trong, phuong trinh (6-2) trd thanh :

vi = 0

6.1.3. Diéu kién don tri

Phuong trinh (6-2) chi md ta mot qua trinh d&n nhiét tdng
quat. D& bai todn trd thanh cu thé, ngoai phuong trinh vi phan
cin cd thém didu kién don tri (diéu kién dé gi6i han bai todn).
Digu kién don trj gdm : ‘

6.1.3.1. Didu kién hinh hoc :

6.1.3.2. Piéu kién vai i
bd ngudn nhiét bén trong.

€.1.3.3. Pisu kién thoi gian : cho bigt phan bd nhiét trong vat
tai mot thoi diém nae dé t = fx, vy, z, T = T)) Khi cho
bi&t phan bd nhiét do ¢ thoi diém ban ddu T = 0 thi diéu kién
thoi gian duge goi la diéu kién ban ddu t,. , = {(x, y, 2, 7 = 0).
D6i véi cde qua trinh dén nhiét 6n dinh khong tén tai diéu kién
thti gian.

6.1.3.4. Disu EIgn Bign T cho bigt-phan-bé-nhist do hoac dong
nhiét trén bé mat vat ; eé cac diéuPkigebign cd ban gau :

(6-3)

cho bist hinh dang, kich thudc.

cho biét céc thong s6 vat i va phan
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=

- Diéu kién bién loai 1 : cho biét nhiét do trén bé mat vat la
mét ham cda tea do bé mit va thoi gilan.

— Didu kién bién loai 2 : cho bigt dong nhiét trén bé mét.

- Diéu kién bién loai 3 : cho bigt nhiét doé méi trudng zung
quanh (I6ng, khi) t; v hé s6 tba nhigt tir moi trudbng t&i bé mat
viat «. Su dung cong thite cta Newton q = alt, — t) cd the vist
phuong trinh can bang trén bé mat vat:

gt o 1
(B FG 0 de 6

Nhu véy tiép tuygn cua dudng cong phan bd nhiét do tai bé

.mat ludn luén di qua mot didm cach bé méit vat moét khoang

" o A
khong doi e = _.

~ Diéu kién bién loai 4 : bé mat vat tlep xtc i tudng véi mot
bé mait vat khae, tic la
ot ot

—4 (an) La=0 ~4 (a_n)z,n=0

62. DAN NHIRT ON DINH KHI KHONG CO NGUON TRONG

_ > Z
Bai toan din nhiét don gidn nhét 1a bai pw

todn ddn nhiét én dinh, mot chiéu. Phuong
trinh vi phan din nhiét d6i v6i 3 loai vach
kinh dign (vach phing, vdch tru, véch céu)
viét cho cac hé toa do tudng ing : 4 s
d?t ' Hi
Vach phing : —
dx

% 1dt .
Vdach tru : —2_+——~* = 0 (6-bab,c)
dr T dr )

d’t 2 dt

Vich céu : — +— — = 0 -
2 d
dr r dr & : l‘z:?

Phucng trinh i phazn ddirvdi vach) tru ' L’ 4
va véach cdu ¢d thé chuyén thanh phuong

Hinh 6-2
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trinh vi phén d8i v6i vach phéng, khi thyc bién phép th& r = P

 (d&i voi vach try) va r = l (d6i voi vach cdu). Tic 13 khi the

= Inr vao nghiém cia phttclng trinh (6-5a) ta nhan dugc nghiém
cta phuong trinh (6-5b) va thé€ x = % vao nghiém clia phusng
trinh (6-5a) ta duge nghiém cta (6-5c).

6.2.1. Bai todn din nhiét qua tim phiang rong vo6 han
c6 chiéu day 6 = X, - X}

tKSXI = twl 3 tx=x, = tw,,

Ngh1em téng quat cla phuong trinh :

t =Cx+ Gy
Céc hidng s8 tich phan duge xac dinh tit diéu kign bién :
C. = _t_“ﬁ:_“ﬁ . PO b, 5
Lt SR =y LIS -

Phuong trinh phéan b3 nhiét do trong véach phing :

o -  (6-6a)
oW X, — X, (X x)
Thay x, — ¥, bang o va cho x;, = 0, (6 - 6a) trd thanh :
X
t = 1:W1 - (tw1 - th)g _ (6—6b)

Lugng nhiét truyén qua vach :
dt i
Q = _z,F£=5(twl—tw).F (W) (6-T7)

2

Mat d6 dong nhiét truyén qua vach q = % cd thé vigt dudi dang :

(6-8a)
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Nhu vay méat d6 dong nhiét ti 1& thusn v6i hidu nhist dé
(nguyén nhéan giy ra dong) va ti 1& nghich v6i nhiét tré R. Céng
. A U :

thic (6-8a) tuong dng véi dinh luat Om (I = E) trong mach
dién. St dung su tuong tu giita dong nhiét va dong dién, ta d&
dang rat ra céng thic tinh mét do dong nhiét truyén qua véch
phing nhidu 16p, thi du déi véi vach gébm n ldp :

t =

1 Vg

q= {6-8b)

=

vao phudng trinh (6-6a)

] -

Thuc hién phép th& x = Inr va x =
ta duge :
Phugng trinh truong nhiét doé trong vach tru :

t -t
W, W, T
t =t ———2ln— . (6-9a)
1 T, r,
In—
5|

Phuong trinh trdong nhiét d¢ trong vach cdu :

T e | (6-10a)
oW 1 1 (r1 r)
)

Trong d6 r; 13 ban kinh trong va r, 1a ban kinh ngoai cua cde
vach. K&t hop phudng trinh (6-9) va (6-10) véi phuong trinh dinh
luat Fourier, dé dang thu dugc cong thde tinh dong nhist truyén
qua cdc véch.

Dé&i vai vach tru cd chiéu dai l :

2715/11(tw1 - tw,) _
Q= —"*—*= (6-9b)
2
In=¢+
dl
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D6i vdi vach cdu
d,.d,

L

dz_dl

Q = 2mk (&, —t) (6-10b)
Dé dang ki€m tra cdc cong thitc (6-9) va (6-10) bang cach
giai cac phuong trinh (6-5b), (6-5c) voi diéu kién bién loai 1.
Dung khai niém nhiét trd va su tuong tu gilia 2 hién tugng
din nhiét va din dién, ta cd thé tryc tiép suy ra cong thic dén
nhiét qua vach tru va vach cdu nhiéu lop ma khong cén phai
chtng minh dai dong. -
Vach tru nhiéu 1dp :

_(;l J:c(twl B twn+1)
1

q = = (6-9c)
| § 1,0
o1 24 4
Vach céu nhiéu I6p :
t., — ¢
had! Wn+1
Q = i 3, (6-10c)
(5 A
divy — 4
trong d6 : &, 1a chiéu day 18p tht i, &, = —5 —

D&i véi cac bai toan don gian nhu bai toan din nhiét &n dinh
qua vach phéng, vach tru, véch cdu ta cing cd thé tich phan truc
tiép phuong trinh dinh luét Fourier d€ nhanh chéng thu duge cac
comg thic tinh todn (6-8), (6-9) va (6-10) ma khong phai giai phuong
trinh vi phan din nhiét. Thi du, d6i v&i vach phing mot 16p :

t

Xy Wy

J qdx = — [ Ade
Xl {w1
é [""3

hay [ qax = ~{ 2dt
o t,
1

khi x1=0vé.x2=6
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6.2.2. Dian nhiét qua cdnh (hoi#c thanh) cé tiét dién
khong déi ’

Dé tang cudng truyén nhiét #
gitta b& mat vat véi moi trudng,
trong ki thuit ngudi ta thudng
lam canh gin vao bé mat vat
(thi du canh tam nhiét ngoai ;
xilanh cia dong co 6i6, canh I
- trén gidn ngung clia mdy diéu I’ :

hoa nhiét dd hodc ta lanh vov..). ..1__...4.5254 '-

Tuy theo hinh dang, cach bs - Z]_A?;a—vf// 27 6?.1:+0Cz:
tri cdc b& mat v.v... ma ngudi EL
ta s dung cac loai canh khidc
nhau : canh trdn, cinh phang,
cianh hinh thang, hinh tam gide. Dudi day ta chi khao sat 1
trudng hgp : cdnh phing cd tiét dién vudng khong déi

&b

Hinh 6-3

 Xét 1 canh phang cd tiét dién vudng khong d6i f, chu vi cla
tiet dién u, hé s8 din nhiét 1. Canh duge dédt trong méi trudng
cd nhigt d6 t; = const, hé s6 toa nhigt ti canh t61 mdi trudng
12 @. Vi canh cd dic trung 1a chidu day & rdt bé, bé hon rat
nhiéu so voi chiu cao 1 (§ « 1) do d6 ¢§ thé xem nhiét do chi
thay dd8i theo chiéu cao cia cénh.

6.2.2.1. Phuong trinh vi phén dén nhiét qua canh :
Q ~ Quax = dQ = Q,

| Q — Quax = —Af—f_:—}E ~ [—Af-% (t + -;i—;dx)]
= Afgz—tdx
dx*

Q, = audx(t - tp

St dung ki hiéu nhist dé thiia 6 = t — t, d6i véi trudng hop
t; = const ta c6 phuong trinh :
4%
Afh axl= W tipdx
dx
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d% 5
hay — —m% =0 (6-11)
dx

trong dd m = =+ \/ j—:;.l

6.2.9.9. Didu kién bién va truong nhiét do
Nghiém tdng quét ctia phuong trinh 6-11 cé dang :
= Cpe™ + Cpe™ (6-12)
C,, C, duge xdc dinh nhd cde didu kién bién. D&i voi bai toan
dan nhlet qua canh, diéu kién bién thudng la :
g =6 o (6-13a)

X=0 &} 7
2 () = O - (6-13b)

Tée 14 disu kién bién & gbc cénh la diéu kién bién loai 1, com
& dinh canh la diéu kién bién loai 3.
Tit (6-12) va (6-13a, b) d& dang tim dudc :

a
chlm(l —x)] + TnLASh[m(l - x)]
6 =86 (6-14a)

(8] 24

ch(ml) +— sh(ml)

trong d6 : sh(x) va ch(z) }a cac ham s8 sinhypebolic va coshypebolic
Mot sé trugng hgp riéng :

- Bo qua téa phiét & dinh cénh (ho#c thanh) : Vif << ul
nén gia thigt nay khong giy ra sai s6 lén. Trudng nhiét do khi
a, —> 0 s& la:

chim(l — x)] '
o~ chlml] (6-14b)

— Thanh (c4nh) dai v6 han (1 — ) : khi thanh dai v6 han thi
déng thoi téa nhict & dinh ciing c6 thé xem bang khong, do dd :

6 =28

chim@ o _ 4, oo (6140

6 = i ch(ml) o

| — o=
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6.2.2.3. Luong nhiét truyén qua géc canh :

dg
Q= _A x=10
- Trudng hgp téng quat :
&
— +th(ml) -
mA
Q = mifs, —— (6-152)
1 +m th(l'ﬂ].)-
- Khi bd qua tdéa nhiét & dinh canh
Q = miff_th(mb (6-15b)
-~ Khi thanh (canh) dai v& han 7
Q = mAifg, (6—15c)

D&i véi cac loai canh khée, nhu cdnh hinh trdn, hinh tam giic
v.v... vi nghiém cta phuong trinh khd phic tap do dé trong ki
thuat nguoi ta thudng tinh gin dung théng qua cac cdnh phang
tuong Ung va hé s8 hiéu chinh cho ting loai canh.

6.3. DAN NHIET KHONG ON DINH KHI KHONG CO
NGUON TRONG

Quéa trinh din nhiét khong 6n dinh thudng gap nhit trong ki
thuat 12 qud trinh d6t ndng va lam ngudi cac vat. Vi trong cdc
qué trinh nay nhiét do tai cdc diém trong vat thay déi theo thsi
gian, do d6 giai bai todn din nhiét khong 6n dinh khd khan hon
nhidu so v6i mot bai todn din nhiét n dinh., V& co ban cd 3
phucng phap sau day dé gidi bai toan din nhiét.

- Phuong phap giai tich : Truc tiép giai phuong trinh vi phan
didn nhiét vdi cdc didu kién don tri. CS nhiéu phuong phdp giai
tich khdc nhau, viéc lua chon phuong phap giai phu thugc cha
yéu vao digu kién hién.

- Phuong phip-gidn ding.: DFi, vdi nhitng bai toan phic tap,
thi du bai todd khéng tuyén ‘tinh, mhigu'chiéu, khi khing thé
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diing cdc phuong phdp giai-tich dé giai duge, ngudi ta phai sd
- dung cac phudng phdp gin ding nhu : phuong phdp sai phan
- hitu han, phuong phdp can bing phéan t6 v.v.. -

- Phuong phép thue nghiém : do su tuong tu gilta cac hién
tugng nhiét, dién, thty Idc, nén trong nghién ciu thuc nghiém
ngudi ta da phat trién va st dung cédc loai mé hinh dién, mo
hinh thiuy hie. '

6.3.1. Khao siat qua trinh dot ndéng (hodc lam ngudi)
biing phuong phap gidi tich -

Phat bi€u ba todn : Mot tdm phéng réng vo han, cé chiéu
day 25, he s8 ddn nhiét A, cd nhiét dé ban ddu déng déu la ty
duge lam ngudi trong moi trudng ¢6 nhiét do khéng d&i t. Hé
56 téa nhist t¥ cac bé mét dén méi truong 14 nhu nhau va béng «.
Hay xdc dinh phan bd nhiét do trong tdm tai thoi diém 7 = 7;
va lugng nhiét tda ra modi trudng trong qua trinh 1am ngudi ti
T =04dén v =17, Néu dat gbc toa do & tdm cia tdm, cc thé
mé ta qua trinh trén bing cdc bi€u thic toan hoc sau day (thay
t bang nhiét do thita 8 = t — ) : '

a6 a0
Pl aax2 (6-16)
9(_,(J -0 = 6, = const
20 . 6
=05 =25 |y = 7 W

ox |x=0
Th hay gidi bai toin nay bing phueng phdp phan li bién s6 :
Diat 0(x, ©) = (@) ta cd : '

ot
7 = Y& 9@ .
o2 . — y(x).p’(T) = ay”’(x).p(T)
2% = @ em|
%
Chuyén cdc ham ciung bién vé mot phia sé thanh :
P W)
= - 7
2D TG (617
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Bi€u thdc trén gém v& trai 132 mot ham theo thdi gian va vé&
phai 132 mét ham theo toa dd, do dd chi théa mén khi ca hai vé
déu biang hiang s6. Néu ki hiéu hing s6 nay bing k° tit (6-17)
ta cd hai phuong trinh

(D) = akip(D o (6-17a)
P (=) = Kyx) (6-17b)
- Nghiém t6ng qudt cia phuong trinh (6-17a) 1a :
p@ = B e’
va nghigém caa (6-17b) :
p(x) = B,e™ + By ™
Nghiém cta (6-16) trong trudng hgp nay s& la :
0(x, T = p@y(x) = Be®™ (Be™ + Bye ™)  (6-18)
Nhigt dé6 khong th€ tang khong giéi han theo thdi gian, do
d6 k2 < 0. Néu dat k> = —q° hay k = +iq thi (6-18) trd thanh :
6(x, ©) = Bje ™1 "(B,cosqx + Bs.isingx) (6-19)

Vi ca phén thuc va phdn 4o cia (6~19) déu 1a nghiém cta
phucong trinh vi phin va tdng cda cde nghiém cting la mot nghiem .
do dé mét cdch téng qudt, nghiém clia phuong trinh ¢d dang : -

B(x, 7) = C e 2% (C,cosqx + Cjsingx) (6-20)
o6
7 — = A = ) s &
Vi ( ax) o 0, nén C; = 0, do dd tropg trudng hgp cu thé
cla bai todn dang xét (6-20) trd thanh :
(%, T) = Ae ™7 cosqx (6-21)
Tu didu kién bié 2 | = =% (., —t) ta nhan duo
) idu kisn bién (ax)x=<5 = =7 (t, o nhs Je
phuong trinh dic trung :
5]
cotgqd = % hay cotgmu\ = —}‘;il (6-22a)
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Trong d6 qd = u va tiéu chudn Biot : Bi = %é

Phuong trinh siéu viét (6-22) cd mot loat n‘ghiéﬁw. Hy < gy <
Ha o < Hp '

‘ Trudng hgp dac biét : khi Bi — 0 thi g = 0, w, 2m..

. 3 '
(n - 1z va khi Bi — o thi g = %——25 @ - DF .

Chap tdt ca céc nghiém riéng vé dang (6-21) voi cac gia tri '
khéc nhau cia i ta duge nghiém tong quét :

a.v
2

8 = i A cos (,un %) e fn & (6-22b)

n=1

St dung diéu kién ban ddu da cho, ta dé dang xédc dinh dudc
&n 6 con lai trong phuong trinh (6-21) bing cich nhén ci hai
v& ctia phuong trinh md t4 phan bé nhiet do & thoi di€m ban
diu (T = 0) véi :

X
COS‘Ltn 3
sau d¢ 1dy tich phan theo cin tU x = s dénx =+
2sinp,
Ay = p,, + osing, cosu, (6-23)
Nhu viy, nghiém clia (6-16). 1a :
5 — i 20 sinp,
& g + sing cosp,
X 2 atT
X < — s o= 6-24
cos(,una) exp ( It 7 ) ( a)

Khi st dung cac t8 hop khong thi nguyén nhu : nhiét 46

thita khéng thi nguyén 6 = g* , toa do khong thd nguyén

o]

' Ay
X = % , hé 8 khong-thd nguyén D = 7- va thoi gian khong

)
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a.t

thd nguyén (hay tiéu chudn Fourier) Fo = 6—2 ., phuong trinh
(6-24a) cd thé vict dusi dang :
M 2 _
6" = > Dy, . cos (u, X) exp (—u> Fo) {6-24b)
' n=1 -

Két qud nghién cdu cho thdy : khi Fo dt 16n, s6 hang cta
chudi (6-24a) gidm rdt nhanh. Khi Fo > 0,3 chi cén 14y s6 hang
ddu tién cla chudi thi sai s6 ciing khéng vugt qua 1%.

Trong ki thudt thudng ngudi ta chi quan tam t6i nhiét dé trén
truc tdm (X = 0) va & trén bé mat (X = 1) ; trong trudng hgp
‘nay D, va cbs(,u.lX) chi 12 ham cta tiéu chudn Bi cdn y.% Fo la
ham ctia Bi va Fo do d6 6} _, = f, (Bi, Fo), 6_, = £, (Bi, Fo) .
Céc ham f; va f, dugc bi€u dién bang d6 thi nén viéc xac dinh
nhiét d6 & tidm va & bé mat vat trong qua trinh 1am ngudi va
d6t nong tuong d6i dé& dang. ]

Xac dinh lugng nhiét thai ra trong qua trinh lam ngusi :
Lugng nhiét thai ra khi lam ngudi vat tt 7 = 0 dén 7 = T :

-t
Q, = GL(t,=F) = GOt~ 1) (1- +— ti) (6-25)
o)

1

Vi G.C(t, - t) la lugng nhiét vat thai ra khi lam nguéi
[§] v g
t, — ¢
1

(. ' s
" chinh 14 nhiét d6 thita trung binh khéng
o] f

thd nguyén clia vat tai thyi di€ém 7 = 7, do d6 (6-25) G thé
viét thanh :

hoan toan Q, va

xX=1
Q = Q1= 0)) = Qu(l - J ¢tax) = Q.. f, (6-26)
X=0
Ham fq (Bi, Fo) thudng dugc tinh sin va lap thanh d6 thi,
do d¢ dé dang tinh duge Q khi bigt Bi va Fo,.
a. I‘I
(i THE
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Phuong phdp giai bai todn din nhiét khi d&t nong (hogc lam
 ngudi) vach tru dai v6 han hoac vach cdu tuong td nhu d6i véi
vach phing. Trong ki thuit ngudi ta thudng si dung céc do thi
da lap sin dé xac dinh nhiét do & tam va bé mit vat cing nhu
lugng nhiét toéa ra trong qua trinh lam ngudi :

6; = f,(Bi, Fo); f, = f(Bi, Fo) .

6.3.2. Phuong phap gin dang d€ giai bai toan dan nhiét
khong 8n dinh : Phuong phép sai phan hitu han

Noi dung co ban cia phuong phap sai phéan hitu han 1a chuyén
phuong trinh vi phan thanh phudng trinh sai phan bang cach
xem qud trinh din nhiét 1a qua trinh khong lién tuc xem nhiét
d6 chi thay ddi sau tiing khodng khong gian Ax, Ay, Az va tiung
khoang thoi gian Az. Khi Ax, Ay, Az va AT 14 rét bé thi ching
tréd thanh dx, dy, dz va dt. Theo phuong phap nay, ngudi ta chia
khéng gian trong d6 ¢d qua trinh din nhisét thanh nhiing khodng
{hay phan t6) bang nhau va khéo sat su bign thién nhist do tiu
phan t§ nay dén phén té khac sau nhitng khoang thdi gian déu
nhau A7z. Do 16n cia cdc khoang khéng gian va thoi gian phéi
lya chon tily thudc vao dé chinh zac yéu ciu.

Nhiét d¢ duge ki hiéu nhu sau :

the = txn. Ty
vii X, = Xg + n.Ax
T, =TI, + kAT

3 day X, T, la nhiing gia tri ban ddu cho truGc ; m, k la

nhitng 36 nguyén dudng.
Phuong trinh vi pha.. J4n nhiét khong dn dinh qua vach phéng
(6-18) duge chuy&n thanh phuong trinh sai phén :

At A, (At
_A? = a T( 27) (6—278.)
: Ax
Trong do : At =t o ltn.k

A (Ar.t) =S TR PN Gl ~ L)
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Véi cac ki hiu nay (6-27a) trd thanh

thoe+1 bk toerx T ok~ 2k .
kT Mk ! (62
AT A x”

‘tic 14 : khi bigt phan bd nhiét do trong vat tai thdi dim T, dé
dang xédc dinh duge nhiét do tai thoi diém :

T 4, =T, +AT

:  2aA ‘
Néu chon ~= ; — 1 thi (6-27b) thanh :

Ax

, thori ke T b1k
n,k+1 — 2 B
Khi dua (6-27b) vé (6~27c) cé thé st dung phuong phap d6
thi dé xéc dinh phan bd nhiét do trong vat & cdc thdi di€m khéc
nhau mot cach rdt nhanh chdng va thuan tién (H.6-5).

(6-270)

t

nZ 7o n+7 ﬂ+2: : _
. z
\\ . . N
n, k1 ' ‘ NG

t’i—h \ ﬁ-;;_;
'\“‘% Ik N

dx dx dzr d=z

Hinh 6-4 : Hinh 6-5

Phuong phép sai -phan hitu han cé thé dp dung dé giai bai
todn din nhiét khéng én dinh qua vach phéng, vach tru va vach
céu ; nd cd mdt s6 yu di€m cd ban nhu : giai duge doi véi mel
digéu kién bién, dac biét wu viét 1a ¢ thé ding phuong phdp nay
d& gidi cac béi todn cé didu kicn bign thay d8i theo thoi gian va
cdc bai todn dam mhiét qua vach nhidu-16p [7].
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'6.4. DAN NHIET ON DINH KHI CO NGUON NHIET )
. BEN TRONG

Ngu6n nhiét bén trong, hi€u theo ngh1a rong, bao gom c& ngudn
thu l4n ngudn phat (hay con g01 14 nguén Am va ngudn duong).
Thi du dién hinh nhédt vé ngudn trong la hién tugng phat nhiét
trong day ddn khi ¢ dong dién chay qua, hay su _phét nhigt cua
céc thanh nhién ligu trong 10 phan ¥ng hat nhan, Ngoai hai trudng
hop nay, ngudn trong chi xudt hién khi trong vat xay ra céc phan
@ing héa hoc hay qué trinh bign d6i trang thai. Cédc qua trinh nay
bao gid ciing lam thay ddi tinh chdt vat ly cta ddi tugng duge
khio sat, tde 1a lam thay ddi didu kién don tri cla bai toan, do
dd, qua trinh din nhiét thufn tGy khi cd ngudn trong ma tinh
chit nhiét vat 1 khong thay déi it ¢ y nghia thyc tién. Tuy
nhién, dé minh hoa mot cach téng quat cdc loai bai toan dén
nhiét don gidn, dudi day sé khao sat trudng hgp din nhiét 6n
dinh moét chidu khi ¢ nguén trong phan bd déu trong thé tich,
g, = const, clia tdm phang, vach tru va vach céu. '

D&i voi nhitng trudng hgp nay (6-2) tré thanh :

q
Vit + T" =0 (6-28)

N&u xem dong nhiét duge truyén theo phuong r, thi phuong
trinh vi phan din nhiét cho ca ba loai vach: phang, tru, céu cd
thé vigt dusi dang téng quat sau day:

dt Lnd Y
dr? r dr F)
trong d6 : n = 0 d6i v4i tdm phéng ; n = 1 d6i v&i vach tru

van = 2 d6i vé6i vach cdu. Nghiém tSng qudt cia phuong trinh
vi phan (6-29) d6i v6i ba loai védch the> thd tu 1an lugt la:

=0 (6-29)

Cl + Cyr . )
S C, + Clnr Ay
_ 1 2 v _
My =4 - 1 Sy 030
Cl -+ CZ(;)
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Cac hing s6 tich phan C,, C, dugz xdc dinh dya trén céc
digu kién bién cy thé. DE lam thi du ta s& giai bai toan vdi diéu
kién bién loai 3 d&i xdng (cho ca ba vat). Néu gbc toa do dat o
tam cdc vat thi do tinh d6i xing ta cd:

dt

ar e =0 (6-31)
Trén cdc mat ngodi r = *R, theo diéu kién (6-4) ta cd :
: dt
(@ ) peg = e T (6-32)

Tir (6-31) suy ra C, = 0, con khi thé (6-32) vio (6-30) ta
thu duge :
¢ LA _aR
=R T e T Y T 3T e

Tit day xdc dinh dugc hing s6 tich phan C, :

Wk q,R?
(1 +n)e  2(1 +n)d
Nhu vay, phan b6 nhigt do trong ca 3 loal vach duge biéu
dién bing phuong trinh t8ng quat :
2
wR o 2
24(1 +n) [ R2 aR

Chi cén thay céc gia tri n tuong dng (n = 0, n = 1 v n = 2)
vao (6-34) ta cd bi€u thic phan bé nhiét dé trong tiing vach cu thé.

C, =t + (6-33)

tr) = t+ ] (6-34)

Vi mat do ngudn trong dugc gid thigt 1a phén bd déu trong
toan bd thé tich, do d6 mat d¢ dong nhiét téa ra trén bé mat
vit duge tinh theo:

(6-35)

Q, a,V R
9=

= F T Wtn
trong do : Vo) la the fich] tila B F(m® 1a di&én tich bé

mét bao quanh,
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CHUONG 7

TRAO DOI NHIET POI LUU

7.1. CAC KHAI NIEM CO BAN

7.1.1 Dinh nghia

Trao d&i nhiét ddi luu 1a qud trinh trao d6i nhiét xay ra khi -
¢6 su dich chuyén khéi chét léng hoac chét khi trong khong gian
tit ving cd nhiét dé nay dén ving cd nhiét do khie.

Qua trinh trao ddi nhiét déi luu duge thuc hién dong thai vdi
qué trinh din nhigt, do trong qua trinh chuyén dong khong thé
trdnh khéi su va cham truc ti€p gitia cdc phédn chdt long (hodc
khi) ed nhiét d6 khéc nhau.

Qu4 trinh trao d6i nhiét gita bé mat vat rdn va dong chat
1ong (hoac khi) chuyén dong trén bé mat dd duge goi 1a sy toa
nhiét doi luu. ' ’

7.1.2. Nhiing nhan t& anh hudng t6i qud trinh trao déi
nhiét d&i luu

7.1.2.1 Nguyén nhain gdy ra chuyén dong

Né&u chat 16ng chuyén dong tu nhién, tdc la chit léng chuyén
dong khéng do tdc dung cta lyc bén ngoai ma do sy chénh léch
phiét do trong long ban than nd, thi qua trinh trao d6i nhiét
duge goi la trao d6i nhigt d6i luu ty nhién. Khi chét léng chuyén
déng do tdc dung cta luc bén ngoai nhu do bom, quat, mdy nén
v.v... thi qua trinbh trao d6i nhiét duge goi 1a trao d6i nhigt d&i
luu cudng biec.

7.1.2.2 Ché dé chuyén déng cia chdt long
. Co hai ché& do chuyén dong cd ban : ch&€ d6 chay tang va ch&
dé chay. r6i. O cdc diéu kién kbdc nhu nhau, ch& d chay tidng
s6 chuyén sang chay réi khi téc do chuyén dong vugt qua mot
gia tri téi han nao do.lac nay cac phan ti chuyén dong hén
Joan, 6 16n huéng v& t6¢ d6 cia cde phanitiluon ludn thay d6i.
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7.1.2.3 Logi chédt long va tinh chdt vat i cia chdt long

Nhitng dai lugng vat lf anh hudng 16n t6i qué trinh trao déi
nhiét d6i luu : hé 8 dan nhiet 4 (W/mK), nhiét dung riéng
C(J/kgK), khoi luong rieng P(kg/m’) do nhét .dong hoc »[m?/s],
nhiét d¢ t, hé s6 dan nd vi nhist S(1/K).

7.1.2.4 Hinh dang, kich thu6c va vi tri cla véch.

7.1.3. Cong thuce Newton

Lugng nhiét téa ra tit bé mat vat rin ti€p xGe voi chdt léng
trong mot don vi thdi gian trong qua trinh trao d&i nhiét déi luu
duge zdac dinh theo céng thic :

' Q = aFAt (7-1)
trong d6 : @ — hé s toa nhiét (hé¢ sf trao déi nhiet d6i luw)
W/m?K. ' : :

F - dién tich bé mat tiép xic giita vach rin va chat long m®.

At = |t - t,| do chénh (nhiét d9) gilta nhiét do chdt long &
xa bé mat va nhiét do bé mat vach rén t. ,

N&i dung co ban ciia viéc tinh todn qua trinh trao déi nhist
d6i luu 1a xac dinh hé s& tdéa nhiét a.

7.1.4. Lép bién va vai trd ctia ldp bién -trong trao déi
nhiét déi luua

7.1.4.1 Bién thiy luc _

Vung chit 1dng sat bé mat tiép xde trong dd cd sy bién thién
t6c d6 chuyén dong theo phuong vudng gdc v4i chiéu chuyén

3 .
dong (;—‘I’i = 0) duge goi la 16p bien thiy luc.

Lop bién thiy luc o6 thé chay tdng hoic chay réi, nhung ngay
¢4 trong trudng hop chay réi, & sit bé mat vach van cd 1 lop
dém chay tdng. Trong 16p dém nay, do thigu sy xdo trén, nén
nhist chi duge truyén bing din nhiét va vi.- phdn lén céc chat
Idng va chit khi-déu.la.chdt.din.nhiét-kém.do.dd d6 chénh nhist
do trong ldp nay-chiém phin-ldn trong-toin bd dd chénh nhist
d6 gitta chat long va vach g — Ly == te — td (H.7-1).

W
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I\t gp dbomtig

! %3 - ) W —w—
¢ 4|15 ek Bién chip 1t

g ZEJ— chdyrit Ginctey 72 j)

-~ 127 ; ’

- J i4 A~

z 0 Iy PE
lwr Sl=E= =T
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Hinh 7-1. Lép bién khi dong chdy rdi doc theo 1 18m phing

Dac tinh va chiéu day 16p bién &nh hudng rdt 16n téi qua trinh -
tda nhiét d6i luu, do dd bién phap chi yéu d€ cuong hda qué trinh
trao d4i nhi¢t nay 1a phd v hodc giam chiéu day cia l6p bién.

' 7.1.4.2 Lép bién nhiét ‘

Trong ving 16p bién nhiét, gradien nhiét d¢ theo phudng vudng

géc v6i chiéu chuyén dong cua chdt 1dng khic khong

t

(é?_n = 0). Chiéu day cua lgp hién nhiét va 16p bién thay luc

thudng khéng bang nhau. Phuong trinh vi phén toéa nhiét déi luu

chinh 12 phuong trinh cin bang gifta lugng nhiét truyén bang doi

luu, tinh theo (7-1) v& lugng nhiét truyén qua l6p dém tdng bang -

din nhiét, tinh theo céng thdc (6-1).
gt

7 |aco = 1t =t G

7.1.5. Phuong phép xdc dinh hé s6 téa nhist d6i luu
. Hé 88 téa nhiét déi luu « phu thudc vao mot loat y&u td :
a = flw, A, v, £, ¢, kich thudc hinh hoc, t, t..) nén vigc xac
dinh hé $6 nay rit phdc tap va la néi dung cht y&u cla viée tinh
todn qud trinh trao déi nhiét d6i luu. Cé hai phuong phap xéc
dinh hé s8 «a.

7.1.5.1 Phuong phdap li thuyét

Qua trinh trao @51 HNISt A7 1t dige 16 tA bAng he 4 phuong
trinh vi phan : Phudng trinh viTphén t64) mhigt ddi luu (phuong
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trinh 7-2), phuong trinh nang lugng, phuong trinh chuyén dong
va phuong trinh lién tuc. Giai hé phuong trinh nay két hgp vdi
diéu kién don tri 14 phuong phap 1i thuy&t d€ xdc dinh hé =6 ida
nhiét o cho moét qué trinh trac d8i nhiét d6i lvu cu thé. Dang
tic 12 cho t6i nay méi giai duge hé phuong trinh trén trong
nhitng trudng hgp rdt don gidn va phai chip nhén hang loat gia
thigt do do phudng phdp nay v8 co ban chua cd ¥ nghia thuc
tién.
7.1.5.2, Phuong phdp thyc nghiém

Bing thuc nghiém cd th€ gidn tig€p zdc dinh duge ¢ qua do
mat d¢é dong nhiét q va hi¢u nhiét do t -t -

9
o = — (7—33.)
[ty — t,l

Phuong phap nay ciing sé mat hét ¥ nghia, néu két qua thuc
nghiém khéng duge téng quat héa d€ ap dung cho nhidu trudng
hop, vi d€ xde dinh g phai biét ¢ nhung d€ bigt o lai phai do
q. Pay la mat vong ludn quin.

Két qua thuc nghiém tinh theo (7-8) chi cd y nghia khi két
qua dé ¢ thé 4p dung dugc cho rdt nhiéu trudng hop khac. Li
thuyét giap ta khal quat hda cac két qua thuc nghiém vi xay
dung cdc mé hinh thuc nghiém 1a 1 thuyét déng dang.

7.2. LI LUAN DONG DANG

7.2.1. Diéu kién déng dang

Tl sy déng dang hinh hoc ta da bigt rang, khi hai tam gidc
dong dang vdi nhau thi ti 16 giita cdc canh tuong dng luén ludh
bing nhau va bing mot s6 khong d&i ¢, goi 14 hang s6 déng dang
(hinh hoc). -

a b c h

¢ b ¢ h
Hai hién tuong vat H ehi a6, thd dong-dang v6i nhau khi ching
cd ciing ban chit, tdc & khi ching dudc mé ta bl mdt phuong

= ...0 = const
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trinh todn hoc gitng nhau vé ndi dung va hinh thic. Ding dang
cia cdc hién tuong vat li 14 déng dang vé trudng cdc dai lugng
cing tén md t4 hién tugng dé. N&u mdt hién tuong vat li duoe
biu dién bang phuong trinh.

Flu, vy, u; .. uy)) = 0 va xdy ra trong 2 hé'thf)‘ng a va b,
thi cdc qué trinh & a va b s& dong dang véi nhau khi
u, (x,v,%x,T) u,, (2,¥,2,7)
Uy, (£,¥,2,7) - Y wy (2,y,2,7) - 2
u, (x.5,2,7)
u, x,v,2,7) T o

O day u,, U, .. u, la cdc dai lugng vat li, (kich thuéc hinh
hoc cd thé 1a mot trong cde dai lugng dd), C;, C,.. C 1a cac
hang s6 dong dang.

Trong thuc t& khong thé do tdt ci céc dai luong vat H dé&
khing dinh tinh chit déng dang, do d6 tit ban chét cia sy dong
dang trén day ngudi ta di phat bifu cac dinh li v& ding dang ;
déng chi ¥ la cdc dinh i v& hé qua cla su dong dang va vé diéu
kién déng dang cta cdc hién tugng vat li.

Dink i 1 : Khi hai hién tuong vat li déng dang thi cdc tiéu
chuin déng dang cing tén s& c¢d gia tri bing nhau ting doi mot.
Tiéu chudn déng dang la td hop khong thd nguyén do mot sd dai
ligng vat li mo ta hién tugng tao nén.

Dinh I 2 ; Hai hién tuong vat li ddng dang vdi nhau khi diéu
kién don tri déng dang va céc tidu chudn xdc dinh ctng tén phai
cé gia tri bang nhau ting déi mot.

Tiéu chuidn xdc dinh la tiéu chudn déng dang xdc dinh trudc
dude, tide 1a nhitng tiéu chufn do didu kién don tri tao thanh.

Tinh chit x4c dinh (hoic chua xdc dinh) cla cdc tiéu chuédn
d6ng dang khong phai 1a 6 dinh ma phu thugc vao dbi tugng
nghién cu, tdc 1a : tiéu chuéin cd thé€ 1a tiéu chudn xdc dinh &
d6i tugng nghién 6u TAy Hhiung 1ai 13 tiou chuéin khoéng xac
dinh & d6i tugng nghién edw. kbie | PHddngl\phap tim céc tiéu
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chusn déng dang dugc goi 1a phuong phﬁp bign ddi déng dang.
C6 hai phuong phap bign ddi déng dang 12 phuong phap bién d6i
ti 18 va phucong phédp phan tich th¢ nguyén.

7.2.2. Phuong phap bién dé6i déng dang

Phuong phép bién ddi ti 16 1a phuong phdp tim cdc tiéu chudn
déng dang ti phuong trinh vi phan mé td hién tuong hodc tu
nghiém cha phudng trinh vi phdn d6 (tiéu chufdn déng dang tim
duge tit phuong trinh vi phén va ti nghiém cta nd la nhu nhau).
Ta hiy tim tidu chufn déng dang tl phuong trinh vi phan tda
nhigt d8i luu (7-2). Khi hai quéd trinh x4y ra & hé théng 1 va
2 déng dang v6i nhau, thi cd thé viét :

at
A4 (55)1 |n=0' = Aty (7-3b)
at '
A2 (E)z ’n=0 = aht, (7-3e)
Ay C-Atl—atl—c.i .ﬂ_l_l_c
Ay T TR At T et sz =l = =4

Thay cdc dai lugng & hé théng 1 bang tich cda dai lugng
tuong Ung & hé théng 2 vi hang s6 dong dang, phuong trinh
(7-3b) tré thanh :

C,. Ca at
Cl 1' 2 (a_n)n:()

= C,.Cp -0y Ab, (7-3d)

Dé (7-3d) déng nhit vai (7-3c¢) :

CA‘CA
: c, [ phai bang Ca'CAt
a Ly
C c,.C ay 1,
hay *éjl-.‘ = C;":z tidc acl = =.1.= ’11
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: 1
Nhu vay khi hai hién tuong ddng dang thi t§ hgp 7 phai cd

: . a1y ay .l
gid tri bang nhau —p— = —(— . T3 hop nay chinh 1a mot tiéu
1 2

chudn déng dang.

Khi khéng bigt phuong trinh vi phan m6 ta hign tugng hoac
nghiém cia nd, phai tim tiéu chudn dong dang bing phuong phip
phan tich thd nguyén. )

a

7.2.3. Céc tidu chuin doéng dang cod ban trong téa nhiét
doi luu :

Tiéu chudn Nusselt Nu :

1
Nu = =
Tiéu chudn Reynolds Re :
Tw.l
Re = =~
~ Tiéu chuén Grashof Gr
g.8. A1
Gr = —mm
2
Tigu _chuﬁn Prandtl Pr :
Pr = =
; a

Trong dd :
I(m) - kich thuéc xac dinh cla bé mat téa nhiét ;
B(1/K) — hé s8 dan nd vi nhiét cia chit 16ng, d6i véi khi 1

1
tudng f = T

Bigu thdc toan hoc-biu.dién. quan. hé giita cic tiéu chuin dong
dang dugc goi la phudng frinh tiéw chudn.
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Quan hé giita tiéu chudn chua x4c dinh va céc tidu chufn xdc
dinh efla céc qua trinh téa nhiét déi luu thudng déu od thé duge
biu dién dudi dang ham s6 ma [7].

Nu = C.Re"Gr™PrP (7-4)

o] day : C, m, n, p 1& cdac hang 56 duge xdc dinh bing thuc
nghiém. '

Khi thiét lap hodc st dung phucng trinh tiéu chuin dé tinh
todn cdc qué trinh tdoa nhigt di ldu phai dac biét luu ¥ :

7.2.3.1 Nhiét do xdc dinh, 12 nhiét d6 do ngudi nghién ctu
chon d& tra tink ch#&t nhist vat I cta chdt 1ong nhu 8, v, a v.v..
' tf - tw
I
nhigt d¢ chit long t; hodc nhiét do vach t,. Ngudi nghién ctu
cho bi&t su lya chon théng qua ki hidu chan cdc tiéu chudn déng.
dang, thi du khi chon t lam nhiét do xdc dinh thi cdc tidu chudn
déng dang déu thém ki hiéu chan m nhu Nu , Re_, Gr ..

Nhiét d6 xdc dinh cd thé la nhigt do trung binh t_ =

7.2.8.2 Kich thudc xée dinh I, 1a kich thuéc hinh hoc cta bé
mat téa nhiét ¢ anh hudng 16n nhdt téi qud trinh nghién cdu.
Khi nghién ciu ngudi ta di xdc dinh r6 dai lugng nay, do dd khi
s dung céc phuang trinh tiéu chudn, nhét thiét phai ldy kich
thudc nay d€ tinh toan cac tigu chudn déng dang.

7.9.8.3 Cac hé s6 hiéu chinh. Khi cdn tinh t6i anh hudng cia
mot s6 y&u t6 nhu : anh hudng cla chiéu dong nhiét, 4nh hudng
cia dd nham bé mit, Anh hudng cltia chidu dai tuong dsi vov...
phuong trinh (7-4) duge chinh xdc héa bing cach thém vao dé
cdc hé s6 hiéu chinh tuong dng. Thi du :

Prf

(P_I-W_)O.?.S

g, Eﬁo, & V.V...

Phuong trinh-cang-ed-nhiéu-hé-ss-hiéu-chinh thi d4 chinh xdc
cang caoc nhung-tinh-khai quif jcang hs.
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7.3. MOT 0 TRUONG HOP TOA NHIET DGI LUU

Noi dung co ban clia viéc tinh todn qua trinh tda nhiét dol
lu 1& hya chon duge ding phuong trinh tiéu chuén va tinh tri
86 cta o« ti phuong trinh d6. Vi pham vi sit dung, diéu kién don
tri v.v.. khéng nhu nhau do d6 cd th€ cd nhiéu phuong trinh
tidu chudn dé& tinh todn mét qua trinh, trong trudng hgp dd vige
lua chon khéng phai lic nao ciing hoan toan don gidn. Dudi day
trinh bay mot s& céng thdc tinh todn ddi véi mot s6 qud trinh
tda nhist d6i luu co ban. Céc cong thic nay ¢ pham vi st dung
tiong d6i rong rai, do d6 o6 nhuge di€m la khong phai trong
trudng hop nao ciing cd dd chinh xdc cao nhit.

- %7.3.1. Téa nhiét d&i luu tuy nhién

Téa nhiét d6i luu tu nhién 12 qué trinh trao d&i nhiét di luu
gifta vach rdn va chdt long chuyén dong ty nhién. Pac tinh cta
chuyén dong tu nhién phu thude vao d6 chénh nhiét d¢ trong
long chéit ldng, vao vi tri cia vach va khong gian chia chét 18ng.
Do phu thudc vao khong gian ma ngudi ta chia téa nhiét doi luu
tu nhién thanh téa nhiét trong khong gian vo han va toa nhiét
trong khéng gian hiu han. :

7.2.1.1 Téa nhiét déi luu trong
khong gian vé han. Khong gian vo
han la khéng gian chda chat 1éng cd
~ kich thuéc du 16n dé bado dam cho
trong d¢ chi x4y ra mot hién tugng
hosc 1a dét ndng chit léng hodc la
lam ngudi chét 1éng. Ndi cdch khac
la khéng gian dd I6n d&€ hai qua trinh
nay xdy ra doc lap, khéng cd &nh
hudng l4n nhau. ' ‘

Hinh anh chuyén dong "d6i luu tu
nhién" cta chét 1éng trén-bé mat vach
(phdng hodc 6ng) Mat dung trong

i('o . cﬁéy

ol

\ chuyén

) tiép
,,,,,,,, . S

chay

tang

— %
BAALAHSESERERANERRERRELER LA EAS R AR RAREAA AR AR AARNANY

=y

Hinh 7-2
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khéng gian v han duge trinh bay trén hinh 7-2, trong trudng
hgp nay vach la b& mdat téa nhiét t, > (. Ch& dd chuyén
dong cia chidt 1dng thay d8i theo chigu cao cta véach do dd hé
s6 téa nhiét d&i luu cuc b cing thay ddi theo chiéu cao : a cd
_tri 86 16n nhdt ¢ dudi cling, sau dd trong doan chay tdng o giam
vi chidu day ldp bién chay tdng ting theo chidu cao cua vich.

Trong doan chuyén tiép, « lai ting 1én vi 6 sy chuyen ch&
dé chuyén dong tu chéy tang sang chay rdi. 3 che d6 chay roi
én dinh ¢ = const vi chiéu day lop bién ¢ gia tri khong déi.

_ -
Hé 6 toa nhi¢t trung binh o = J adx duge tinh theo cde

phuong trinh tidu chufn sau day [7] :
D61 véi 6ng hoac tdm dat dung :
~ Khi 103 < Grp.Pr; < 10°

Nu; = 0,76(Gr.Prp®® (Pr/Pr,)* B (1-5w)
- Khi Gr.Pr, > 10°
Nu; = 0,15(Gr.Pr)®*Pr/Pr,)%? (7-5b)

Trong cdc cong thdc (7-5a) va (7-5b) kich thudc xac dinh 1a
chidu cao h, nhiét d6 xdc dinh la tf, thita 86 (Pr/Pr, )23 1a he
86 hiéu chinh tfnh t6i 4nh hudng cda chiéu dong nhigt. Khi Pr
khong thay dgi theo nhiét do thi Pr; = Pr, v hé s6 higu chinh
sé bing 1, tic Ia chiu déng nhiét khong 4nh hudng tdi két qua
tinh toan hé s8 tda nhiét theo cac cong thdc nay.

D6l v6i 6ng hoac tim nim ngang :

~ Khi 10* < Gr.Pr, < 10°-

Nug = 0,5(GrPrp®?.(PryPr, ) (7-5¢)

" Kich thuée xdc dinh 1a dudng kinh éng hozc chidu rong tam.

Hé s6 toa.nhiét. iinh theo (7-5¢) khi bé mat d6t ndng quay
len trén duge ting thém 30%, va,phaigqgiam 30% néu bé mat dot
néng quay xudng dudi.
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Ngudi ta da-thiét lap dugc hang loat phuong trinh tiéu chuin
. dé’ tinh toan cic qua trinh trao déi nhigt doi luu tu nhién khéc
., nhau [71. ‘
Trong tba nhiét d6i huu tu nhién Reynold Re 1 mét tiéu chufin
khong xac dinh, nén tiéu chuin nay khong cd mat trong cic
phuong trinh tiéu chugn mic du Re = 0.

2 8.1.2. Toa nhiét déi luu ty nhién trong khong gian hituw han.
Khéng gian hitu han la khong gian chia chét 1ong cd kich thude
nho, trong dé khéng thé tdch bigt duge 2 qua trinh dét ndng va
lam ngudi chdt 1éng. '

Khao sat qué trinh tda nhigt déi luu trong cac ranh thang
diing voi hai vdch rénh cd cdc nhigt do tw VA tu2, tw1 > twz cho
thdy : Khi khoang cach gita hai vich S da 16n thi dong chit léng
di lén & vach 1 va dong chit l6ng di xudng & vach 2 sé& khong
tac dung l4n nhau, phung khi & nhé, hai dong nay sé tac dong
l5n nhau v& tao ra nhiing dong tudn hoan, do dé khong thé tinh
toan ching nhu nhiing qué trinh riéng biét nhu trong khong gian
vO han.

Trong trudng hgp nay mat do dong nhiét truyén tu vach 1
sang vach 2 duge tinh theo

A ' :
q= '%B (ty; ~ tw2) ' (7-6)

Trong dé ATD = A.£ql (bing tich cta hé sb dAn nhiét cta chét
16ng va hé s6 hiéu chinh tinh toi qua trinh d6i lru £qr). Khi Gre. Pre
> 103, hé 86 hidu chinh duge tinh theo phuong trinh :

£q = 0,18(Gr Pr)>? (7-7)
Kich thudc xédc dinh trong cong thie 7-7 1a chiu rong cta ranh.
1
Nhigt do xdc dinh & = 3 (ty + L)

Khi GroPro « Wiz, =1
r )
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7.3.2. Toa nhiét déi luu cudng bic

Cd rdt nhidu trudong hgp tdéa nhigt d6i luu cudng bitc va & méi
trudng hop ciing cd rdt nhiéu phuong trinh tigu chuin. Dusi day
chi trinh bay mét s§ qua trinh hay gip nhit va nhimmg phuong
trinh tinh toan théng dung nh4t.

7.3.2.1. Téa nhiét doi luu khi chdt long chuyén dong trong éng

Hé s6 téa nhiét déi luu cuc bd @, thay d6i theo chiéu dai dng.
Déi véi cdc dng ndm ngang, chi khi chiéu dai lén hon 50 1dn
dudng kinh trong cda 6ng thi gia tri trung binh clia hé s6 « méi
khéng thay déi theo chiéu dai.

1 1= 50d
a =7 f cdl = const
0 .
Phuong trinh tiéu chufn d6i véi ché do chay tdng Re < 2,3.10°
Pr,
4 t 025
Nu; = 0,15 Rel32 prl3 G (5= ) " ek - (7-8)
W

D6i véi ché do chay réi Re > 10%

PI‘f

.0.8 0.43
- Nu; = 0,021 Re]"Pr} (ﬁ

w

V0% e (7-9)

Trong cdc cong thic (7-8), (7~9), kich thudc xdc dinh 1a dudng

kinh trong cta dng. Néu 8ng khéng trdn thi kich thwdc xde dinh
. 4f .

la dudng kinh tuong duong d, = = trong dé f 14 dién tich
thigt dién ngang va u 1a chu vi udt cia thigt dién.

£x la hé s6 hiéu chinh tinh t6i do cong cha éng (¢ ban kinh
cong R) :
d
R
g la hé s8.hiéu.chinh. chiéu.dai tuong.ddi cia 6ng, khi

= B0 thi £ = L

gn = 141,77 (7-10)

1
d
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Khi chiéu dai éng nhé hon 50 ldn dudng kinh trong
I ,
g = f(Re, a-) duge xac dinh theo bang sau :

Re oy 2 5 10 15 | 20 30 40 | so
<210° | 190 | 170 | 144 | 138 | 118 | 113 | 105 | 102 1
10t | 1se | 150 | 134 | 123 | w17 | L1300 ] 107 | 103 1
210 | 151 | 140 | 127 | 118 | L13 | 110 | LO5 ) 102 1
si0t | o134 | o127 | 118 | w13 ) Lo | 108 | 1,04 1 102 1
vt | 12e | 1z2 | o1as | nie | o108 | 106 | 103 | 102 1

D& voi khong khi, do he s6 téa mhiét khong phu thuge vao
chidu dong nhiét (tri s6 Pr khong phu thude nhiéu vao nhiét dg)
nén cac cong thic (7-8) va (7-9) c¢d dang don gidn hon :

Ché do chay téng :
Nu; = 0,18 Re]® Grieseg (7-8a)
Ché db chay réi :
Nu; = 0,018 Re{%s e, (7-9a)

7.8.2.2. Téa nhiét doi luu khi chdt léng chuyén dong ngang
bén ngodai ong |

a) Dong chdy ngang qua mot ong. Hé s6 tda nhiét phu thudc
rdt 16n vao su tac dong cha dong vdi bé mat éng. Su tdac dong
nay lai phu thudc vao tri s6 Reynolds. Khi Re < 5 thi dong chay
bao quanh &ng va khéng cd hién tugng tao xody sau ¢ng. Khi
Re > 5 phia sau 6ng bét ddu cd hién tugng tao xody va khi
Re > 107 thi ¢d su tach dong khdi bé médt éng va tao xody ménh
liét. Gde tach dong (tinh tu vi tri chinh giita phia truéc &ng) &
che do chay ting ¢ = 82 + 84° va & ch& db chdy 18i p = 120° + 140°.
Hé s6 téa nhidtra-thay-ddi-theo.chu.vi.dng..Cic cong thic thuc
nghiém sau day diang vei gid tritrang binhcta hé s «a.
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Khi : Re =5 + 10°

-lNu ~ 05.Re?Sp038 RAIVE £ (1-11
f . f £ (Prw) lP )
Khi : Re = 10° = 2.10°
Prf
0,25
Nuy; = 0,25. Re[%Prd-8 (ﬁ;) ” (7~12).

Trong cdc cong thic (7-11) va (7-12) :

g, la he s6 higu chinh tinh t6i gdc céit giita dong chay va &ng.
Khi v = 90° £, = 1. Cac gia tri khéc cia g, tra d6 thi hoac
tinh gén diung theo cong thiec :

g, = 1 — 0,54 cosy (7-13)

Ddi voi khong khi cd thé dung cac cdng thufc sau day thay
(7-11) va (7-12).

Khi : . Re = 5 =+ 10°
. . .
| Nu; = 043 ReP’e, - (7-1l1a)
Khi : "Re = 10° = 2.10° )
Nu, = 0,216 Rel®¢,, (7-12a)

b) Dong chdy cdt ngang chum éng. Cac thist bi trao d8i nhiét
trong ki thuat thudng 1a loai cham &ng thi du bd qud nhiét, bd
ham nudc trong nha méy nhiét dién, bo dét nong khong khi
trong cdc thigt bi sdy v.v. G cac loal thigt bi nay, chtim ong duge
sip xep hodae theo kifu song song hodc so le (H.7-3}.

Do anh huéng qua lai gifta cac dng, nén dic tinh chuyen déng
clia chit 16ng qua chim 6ng s8 phic tap va khdc vdi trudng hop
dong chay cit ngang mot dng. D8i véi chim song song diac tinh
chuyén déng & hang ong thd 1 gidng nhu trudng hgp mét Ong ;
td hang dng thd 2 trd di, do dong chdy bi anh hudng bdi cdc
éng bén canh, nén-xody-thudng -dwse-tac-thanh-ca phia trude 14n
phia sau va h¢ sd &da nhict ‘& nhitng hing ong nay s& lén hon
4 hang 6ng thu nhat.
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Chum song song Chum so le

Hinh 7-3. Cach bd 1 cic chiim éng

D6i voi chum so le, hang ong thd 1 cing gidng nhu trudng
hop mot &ng, hang thd 2 cd chiu 4nh hudng qua lai giita cic &ng
nhung it hon so v6i hang thi 2 cia chim song song, do d6 he
s§ tda nhiét cta hang thd 2 tang hon hang thd 1 khéng nhiéu.
Tit hang thu 3 trd di, khéde v6i chim 8ng song song, xody chi tao
thanh & phia sau cdc 6ng (vi khoang cich gita 2 6ng theo chiéu
dong chay 1én).

Thyc nghiém cho thdy tit hang 6ng thd 3 trg di hé =6 téa
nhiét trung binh (theo chu vi &ng) & ca hai loai chum dng sé
khéng thay d8i nita, tde 12 @ < ap < a3 = ag = .. &y

- Heé s toa nhiét trung binh cia chum &ng so le thudng lon
hon so véi chim 6ng song song. Phuong trinh tiéu chuén cda
ting loai chim &éng nhu sau :

P6i v6i chiim Ong somg song :

Nu, = 0,26 RebS5 py033 (210035 | 14
- 026 REERA (5 e, (10
Dé&i voi chiim so le :
Pre '
Nu, = 0,41 Re?'GPr?’33(ﬁ—)o’zssisssw S @1B
w IR .

& la hé s6 anh hudng céc hémg|dng,
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D& v6i chum song song g =06 ;¢ =09;
Déi v8i chum so le g =06;¢ =107,

€, 12 hé s6 k& t6i anh hudng cda budc ng ; trong trudng hop
don gian cé thé bé qua y&u t6 anh hudng nay tdc xem £ = 1.

£, la hé s0 tinh t&i anh hudng goéc cat gitta dong chay va
chim éng . Khi ¢ = 90° — ¢, = 1, véi cdc y = 90° tra o8
thi d8 xdc dinh £, .

Cdc cong thie (7-14) (7-15) dang cho truong hop
Re, = 10° + 10°, kich thuéc xéc dinh 13 dudng kinh ngoai ctia
éng, t6c do ciia dong chét long 18y & chd tiét dién hep nhat (toc
do cuc dai).

Hé s6 téa nhiét trung binh ctia chiim éng ¢é n hang &ng doc
dugc tinh theo cong thic :

aF| + agFy +a3Fy + ..+ aFn,

a = (7-16a)
F, +F, +F, + .. +F,

Thudng cac Ong trong chum cd kich thuéc nhut nhau do dd

a, + a, + a(n — 2)
o= L2 n3 (7-16b)

7.3.3. Toa nhiét khi chii ldng bién d6i pha

Qua trich s6i va ngung (bién ddi pha) thudng rdt hay gip
trong ki thuat va doi s6ng : s6i, ngung moi chdt trong hé théng lanh,
s6i nudc trong cdc &ng sinh hoi clia nha mdy nhiét dién v.v. Dac
trung co ban ciia nhitng qué trinh nay la do cd su bién d8i pha nén
ching thu vao hodc thai ra mot lugng nhisét dn rdt 16n trong didu
kidn nhiét d¢ khéng d8i. 18 s6 téa nhiét khi s0i hoac ngung vi
th& 16n hon rat nhidu so v&i hé s8 tda nhiét déi luu binh thudng
(dsi luu 1 pha). Thi-du he sd, toa,nhiéi khi ngung cia hoi nude
& ap sudt khi quyén eé tri s6 tu”7.000den 120.000 W/m?K.
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7.8.3.1. Téa nhiét khi ngung
Qué trinh ngung hoi thudng gap trong thyc t& 12 qua trinh
ngung trén bé mat vat rdn. Diéu kién dé cd qua trinh nay 1a :
nhiét do6 bé mat vat rdn phai nhé hon nhiét do bdo hoa t, < t;
vi trén b3 mat vat rdn phai )
¢6 phitng tam ngung tu (nhing
hat bui, nhitng bot khi hoac
nhiing ché 16i 1om cia bé mit).
Ty theo tinh dinh u6t bé& mat
vat rdn caa nudc ngung ma
t6n tai ch& do ngung giot hodc
ché d6 ngung mang. Heé s6 toa
nhiét khi ngung mang cd thé
bé hon khi ngung giot 10 dén
15 lan.
: {.z
Qu4 trinh ngung mang khi
nudc ngung chay tédng trén
véach ding duge trinh bay trén
hinh 7-4. 7
Mat do dong nhiét truyén qua mang nudc ngung toi vach q :

Hinh 7-4
Ngung méng trén vach diing

A
q=g (t ~ t,) = alty - t,) (7-17)
He s6 toa nhist cuc bé a phu thudc vao chiéu day mang nudc
ngung tai vi tri d6 : a, = A/6,. Chigu day mang nudc ngung tai
‘thigt dien x, theo Nusselt duge tinh theo :
4 4Rv(t, — ty)x

o, = PE : (7-18)
Hé s6 téa nhiét trung binh trén bé mat vach ding cd chiéu
cao h :
h .
1 A rpgi®
&=+ [adsx = 0,943 '\’ -2 : (7-19)
LA vhit, — ty)

Khi véch dat-nghiéng-mét-gde-p-so-vii-phucng thing ding :

ap = a’

i
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D6i v6i 6ng od duding kinh ngoai d, dat ndm ngang, Nusselt cling
da thist lap duge coéng thdc tinh hé s6 tda nhiét trung binh :

_ 4’ /’lsﬂgrr_ .
@ = 0,728 . m . (7—20)

trong d¢ : - gia t6c trong trudng (g = 9,81 m/s%) ;

g

A - hé s6 din nhiét cta chit 1dng ngung, W/mK ;

r — mhiét héa hoi, J/kg ;

£ - khéi lugng riéng cha chit 16ng ngung, kg/m® ;
y — d6 nhét dong hoc clta chit 1dng ngung, m?/s ;
h - chiéu cao cha tdm hoac &ng dat dding, m ;

d - dutng kinh ngoai ctia 6ng dat nim ngang, m ;
t, — nhist do cta véch, °C ;

t, - nhiét do bdo hoda cda chét ldéng dng vdi ap sudt

ngung, °C ;
Nhiét dé xédc dinh : 0,5(t, +t)

Hé s6 téa nhigt khi ngung chiu 4nh hudng clia mét loat y&u
t6 nhu : téc d¢ va phuong luu dong clia dong hai, trang thai bé
mat va vat lidu bé mat ngung, su qud nhiét hodc dé dm cla hdi,
cdch bd tri bé mat ngung, anh hudng clia cac khi khong ngung
l4n trong hoi. Cubng dé tdéa nhiét khi ngung cd thé giam di 2
14n néu nhu trong hai ngung ¢d 1&n 1% khi khong ngung. Trong
thyc t& khi st dung cde cong thic (7-19) (7-20), ngudi ta phai
rhén thém cdc hé s6 hidu chinh tinh tdi anh hudng cia mot s6
yéu t6 ¢o ban d& ning cao do chinh xdc clia cc k&t qui tinh todn.

7.83.8.2. Toa nhiét khi soi

Dudi diy ta chi khdo sdt qué trinh s6i trén bé mat bi dot
néng - qué trinh ed ¥ nghia 16n trong ki thuat. D& cd qué- trinh
86, tuong ty nhu qud trinh ngung, phai cd 2 diéu kién : co do
qui nhiét t, - t, > 0 va phai ¢ tdm hda hoi. Cac bot hoi xudt
hién tai cac . tam hoa hoi trén bé mit bj d6t ndng sé 16n dan lén
va dén mot da-lon-nhit-dinh-ehing-sé-tdach~khéi bé mat va dich
chuyén lén phia trén: Sut chuyén|dong)cialbot hoi lam xdo dong
16p chét 1éng, nhadt & 18p c¢hit léng sat”bé mat bi dét ndng nén

128



iluong nhiét trao d6i giita vach va chét 16ng s& 16n hon rdt nhiéu

so vol truong hop d01 luu moét pha
(khi khéng soi).

Trong qué trinh soi, nhiét do cua
khéi ch&t 1dng cao hon nhigt do béo
hoa tit 0,1 dén 0,5°C (11.7-5). O sat
_ b& mat bi dét ndng, chit léng duge
quda nhiét 16n hon. Quan hé giia q,
a va dé qud nhiét At = t, -t (thi
du d&i v6i nudc s6i & ap sudt khi
quyén) dudc trinh bay trén hinh 7-6.
O viimg 1-2, At con bé, phu tai nhiét
thiap do dd lugng nhiét trao d&i cha
y&u 14 do d6i luu tu nhién.

'\\\\\\\\\\\\\‘{\ AANNY

A B

Hink 7-5. Phan bo nhu. 6

trong ldng 19p chdl 1ong soi

V[W//ﬁ‘z/_ _ _ _ _ o([;.ly/m&o/(j;
TIT T W ] 7

5 /

3 /

2l 1 l - //

70" g1 TT 72

5 1 7

g /

P g i/z \.-a

5 | / | N

3 / |/ \\

2 / /I/ .

fr?j o i %

23 5 w235 1052375 77

8o by | Sov dat | Whing | Sir mang
1 bl & G0

Hinh 7-6. Sy phy ihuée tia mak d¢,déng nhiet, hé.s6 toa nhiét .
’ vao do qua nhigt {thi du nudc sl 6 00" mmHg
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Ving 2 - 3 : Vung s6i bot - q va a déu tang lén nhanh. Khi
dat t6i gid tri t6i han q | ¢ di€m 3 cdc bot hoi tac thanh mang
va trong mot vai gidy ch& do s6i chuy&n nhanh tit ché do g6i bot
(3) sang ch& d¢ s61 mang (4). O ch& do sbi mang, do cd mang
hoi ngdn cach chidt 1éng v bé mat bi dét ndng nén hé sé toa
nhiét o gidm. Khi ti€n hanh theo chiéu nguge lai, néu dang & ché
do s6i mang, ta gidm phu tai nhiét thi qud trinh s8 di tit 4 dén 5,
tai diém 5 (diém cd phu tai nhiét téi han q;.,) ch& do sbi sé&
chuyén dot ngot ‘sang ché do s6i bot (di€m 6). Su chuyén ch& do
.dot ngdt ti 3 sang 4 va tit 5 dén 6 sé kém theo sy qua nhiét hoac
qud lanh dbt ngot nhiét d5 clia bé mat bi dit ndng. Thi du nude sé6i &
dp sudt khi quyén o6 q = 12.10°Wm?, @, =~ (3,5 = 4).10*W/m?K,
At = 25 + 35BK. ¥Khi chuy&fn ti trang thai 3 sang 4, At tang
,len tdi 80 ldn, tidc la & di€m 4, At = 750-1050K va
= 850 - 1150°C didu nay dé dang dan toi sy pha hiy bé mat

dot néng.

Khi thiét k& va van hanh cac thigt bi trao d&i nhiét cd su soi
thi diéu kién cdn thiét 12 dong nhiét trao ddi phai nhé hon dong
nhiét tdi han. Dong nay duge tinh theo cong thidc [8] :

4y = 0,14Vo gp?? ¢ -7 (1-21)

Trong (7-213 :

r - nhiét &n hda hoi (J/kg) ;

6 - sic cang bé mat (J/m?) ;

g - gia toc trong trudng (m/s )

£, 7 — khoi lugng riéng cda chat léng biio hda va hoi bio
hoa kké (kg/m?).

Hé s6 toa nhiét « khi nudc sbéi bot trong pham vi dp sudt tit
1 bar dén 40 bar dugc tinh theo cong thic thyc nghiém sau day

= 3,14 ¢""p"15 (7-22a)
hosc o = 46At7p"? (7-22b)
trong d¢ o (Wim?K), q(W/m?), p(bar), At = t, — t,

Khi chat 1éng séi trong didu kién chuyén dong cudng bidc, hién
tugng cing tuong-tu-nhu-khi-sdi-trong-th&-tich 16n nhung phiic
tap hon nhidu vi khi d¢ sy sl jphy fhude nhidu vao tinh chat
chuyén dong clia chdt léng. Cac yéu t§ cd ban &nh hudng t6i qud
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trinh téa nhiét khi s6i 12 : d6 qua nhiét At, gdc dinh uét giifa chat
1éng vé bé mit bi d6t ndng, 4p suét, sic cang bé mit va do nhot
cia chat léng, trang thai bé mat bi dét néng va téc do chuyén
dong cha chdt 1éng ciing nhu céch b tri bé mat bi d6t ndng.

CHUONG 8

TRAO DOI NHIET BANG BUC XA

Mot dang trao déi nhiét co ban khéng cdn ¢ sy tiép xdc (khac
véi d6i 1eu va dén nhiét) gifta cdc vat tham gia trao d&i va cd ¥y
nghia rdt 16n trong ki thuat, dac biét trong ki thuat nhigt dé cao
la trao ddi nhiét bang bdc xa.

8.1 NHIUUNG KHAT NIEM CO BAN

8.1.1. Bdc xa va hip thu nhiét cta cac vat

Moi vét trong ty nhién déu cd kha nang bic xa nang lugng
do kb6t qua cia qui trinh dao déng dién td bén trong cac nguyén
tl, phan td vat chdt. Cac dao dong dién ti nay duge truyén trong
khong gian theo moi phuong dudi dang cdc song dién ti. Trong
ki thu4t nhiét ta chi khao sit nhimg tia ma & nhiét do thudng
gap trong ki thuat ching cé hi¢u ¥ng nhiét cao {(vat cd thé hdp
thu dugc va bién thanh nhiét nang). DS 12 nhiing tia hong ngoal
va anh séng trdng hay cdn goi 1a tia nhiét 4 = 0,40 - 400u).
Cac tia nhist nay truyén di trong khong gian va khi dap vao cac
véat khéc ching bi hdp thu (mét phén hodc toan bs) dé lai bign
thanh nang lugng nhiét. Nhu vay qua trinh trao d8i nhiét bang
bic xa kém theo hai idn bién déi dang ning ktdgng : bién ndi nang
thanh séng dién tit & vat phat v qué trinh bién d6i ngude lai &
vat thu. Hiéu qua cda qud trinh trao d&i nhiét bic xa, nhu sé
théy sau nay, khong chi phu thuge vao higu nhigt|dé ma con phu
thude vao nhiét do tuyét d6i cUf Jefic) val|tham gia trao dSi nhiét.
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8.1.2. Vit den tuyét déi, tring tuyét déi, trong tuyét doi

Trudng hgp t6ng quat, khi mét dong bic xa Q dip dén bé mit
vat thi mot phdn bi phan xa Qp, mét phdn duge hdp thu Q A VA
phén con 1a1 s& xuyén qua vit Q :

Q=Qg +Q, +Qp

QR ) QA
—— = R goi la hé s6 phan xa, —
Q Q ‘ Q
%:Dléhéséxuyénqua;R-i-A-{-D =1

= A 14 hé s8 hédp thu va

vat duge goi 1a den tuyét dbi
vat trdng tuyét doi
0 : vat trong tuyét déi

Khi A=1ticD =R

Khi R liie D = A

Khi D ltte R = A =

Trong ki thuét khéng cd cdc vat cd tinh chdt tuyét déi ; cdc
vat rédn va chédt long o6 thé coi la ¢d D = 0 do dd duge goi 1a
vat duc, cde loai khi ¢é s6 nguyén t nhdé hon hoac bang 2 cd
th€ xem la vt ¢ D = 1.

0 :
0:

[

8.1.3. Nang suit bife xa, bitc xa hiéu dt_mg, biic xa hiéu qua

Lugng nhiét bdc xa phdt ra tii bé mat vat theo moi
phuong cia khoéng gian bdn cfu vA & moi bubc sdng trong mot
don vi thai gian dude goi 1a dong bic xa Q(W). Néu biic xa
chi tinh dng v6i mét khoang rdt hep chidu dai budc
song A + A + dl thi duge goi 1a dong bic xa don sac Q.

_Nang sudt bic xa la ddong bic xa phat ra tit mét don vi dién
tich bé mat vat

, dQ

E(W/m ) =
- Bidc xa hiéﬁ dung bing t6ng cda buc xa ban than (bic xa

riéng E) va bic xa phan xa E, (phén phin xa cia bdc xa tdi
E,). d&i v6i vat duc E,  dugc tinh :

E, =Eg +E = E + (I - AE, (8-1)
Trong dé E, 14 phin bdc xa cla mdi trudng xung quanh t5i vét.

— Biic xa high qaa g Iegng nhet vat trao d6i véi méi trudng
xung quanh. Neu tinh d6t. vaT L% bé piat) bic xa higu qua duge
ki higu q(W/m )
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Khi vat khao g4t cé nhiét d0 nhé hon méi trudng [vat nhan nhist].
q=E,-E =AFE - ' (8-2a)
Néu vat téa nhigét ra méi truéng, bdc xa hidu qui s& la
q=E-E, =E - AE, (8-2b)

Thay E, tit biéu thic (8-2a) hoac (8-2b) vae 8-1 ta cd
E 1
= gt 0 (31 K
Trong cong thic (8-3) ddu cong (+) dng vdi trudng hop vat
phan nhist t& moi trudng, ddu tri (-) 1Ing vii trudng hop vat
tda nhiét ra mdi trudng. .

8.2. MOT S0 DINH LUAT CO BAN VE BUC XA~

8.2.1. Dinh luat Planck _
CA™

E, la nang sudt bic xa ddn sic cha vat den tuyét déi.
C, = 0,374.10°® Wm? ; C, = 1,4388.10° mK. T (8-4) dé

dang tim duge : _
- Ning suét bdc xa cla vat den tuyet dai

ona

va budc soéng A, tai d5 E; = Max Bude. bong nay dugc k1 h1eu

(8—5)

la A :
aEId | = o Ol Amal ———C?' -1=0
- A=A : 5Am;'sxT

" Giai phuong trinh nay ta tim dugc :
AT = 2,898.107 *mK

Céng thic (8-6)-chinh-la-bifu-thic-cha dlnh luat dich chuyén
Wien. O nhitng nhiét do thuong- gapytrong: ki thuat, tir (8-6) dé
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thiy : ning lugng bic xa thudng tap trung trong khoang chiéu
daj bugc séng tu 0,8 dén 10u.

Nhitng vat ed B, T) = ¢E A, T) & moi giad tri nhiét do T
duge goi 1a vat xam. He s6 ti le € duge gol 1a hé 6 bic xa (hodc
d6 den). Nhu viy d8i véi vat xam, dé den khdéng phu thube vao
budc séng va vio nhigt do. Con d6i vdi vat thue d§ den khéng
chi phu thudc vio budc séng, nhiét dé ma cdon phu thuédc vao ci
tinh chit va tinh trang bé mat cua vit.

8.2.2. Pinh luat Stefan - Boltzmann

Lay tich phan phuong trinh (8-5) sau khi thay E_; bang bi€u
thic (8-4) ta dudc bigu thic cia dinh luit Stefan — Boltzmann
E, = 6,T* | (8-Ta)
0, 12 hing s6 bic xa cta vt den tuyét déi -

6 = 567.10°°%
Q m2K4

Trong tinh todn ki thuat cong thic (8-7a) thudng duge viét
duéi dang

T
( 100

trong dé hé s6 bdc xa cua vat den tuyét doi :

_ C )4 (8~-Th)

= 8 _
C, = 6,10° = 5,67 T
Dinh luat Stefan - Boltzmann ciing ding déi v8i cdc vat xam
va trong thue t& cd thé 4p dung mot cach gén ding cho hdu hét
cdc vat ran, trit kim loai. Phuong trinh Stefan — Boltzmann dai
vl vat xdm cd dang _
- T \4 T (a4 (8-8)
E =B, =0 (155) = € (700)

trong dé C 12 hé s6 bdc xa clia vét xam.

8.2.3. Dinh luat Kirchhoff -

Theo dinh luat—Hirehhoff. i, s0, gilia, ning suidt bdc xa va ..
hé s6 hép thuy /(eha ecdc vat duc'chi'phn’ thuse vao nhiét do va
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ludn luén bing nang sudt bdc xa cda vat den tuydt déi 6 cung
nhiét do )

E(T

A%T—; = E(T) (8-9a)
D6i véi bic xa don sdc -

E;(T)

AT = For (D (8-9b) |

Ty (8-8) va (8-9) ta thdy, & diéu kién cin bang nhiét dong,
dé den ctia vat cd tri s6 bang hé s6 hdp thu cla né £ = A.

DI vl vat xdm £ = & = & = A = const

‘8.3 TRAO DOI NHIET BANG BUC XA GIUA CAC VAT DAT
TRONG MOI TRUONG TRONG SUOT

Luong nhigt trao ddi bing bidc xa giifa cac vat phu thuge vao
mét loat y&u t6 : ban chét vat li cha céc vat, hinh dang, kich
thude va trang thal bé mat vat, nhiét do, vi trl tuong d6i gilta
cdc vat va tinh chdt ciia méi trudtng giltia cdc viat. Phan nay chi
x6t t61 mot s6 trudng hop don gian : trao d6i nhiét gilta cdc vat
dat trong méi trudng trong sust D = 1 (moéi trudng khong hip
thu, khéng phan xa hoac tin xa).

8.3.1. Trao déi nhiét bue xa gita hai vdach phing song
song rong voé han

8.3.1.1. Khi khéng cé man chan gita hai vdt

X6t hai vach phing cd cdc thong 86 T;, Ay, &, v Ty, Ay, £, T

> T,. Lugng nhiét trao déi gilta 2 vach bang hidu gilta bic xa
hiéu dung clla vat 1 va vat 2 va bang lugng nhiét do vat 1 mét
di va cing bang lugng nhiét do vat 2 nhén duge :

2 =Eha, T Bpg, = 41 = %
1 E, 1

ke )]

P
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U MBCAE, 6 T T
q1;2_A1+A2-+AlA2_i+i_1[(100) (700) ]
A A _.
(8-10a)
| Dat L’AI T 1A, = 1 = C1;2 va gol la hé s6 buc xa cia hé
" théng, ctng thic (8-10a) tré thanh :
' T, PR
a2 = 2 [(705)" ~ (100)] (Whn?)  (8-10b)

Nhu vy nhiét lugng trao d8i bang bic xa ti 1& v6i hidu s6
nhist do ldy thita bac 4 (khac véi din nhiét va d8i luu - chi ti
l& v&i higdu nhigt do).

Vi £ = A nén (8-10a) ciing ¢ thé viét : _
' 1 Tl 4 T2 4 |
e = 71 %[(10) " (7e0)] 109
=+ = -1 S
£ 5 ' ,
Thita s6 thit nhét cta (8-10¢) dude goi la do den quy din cta
R 1
hé 44 = o1
81 22

8.3.1.2. Truong hgp ¢6 man chan ¢ gitla.

Ta x6t trudng hgp gifta 2 vach cd n man chin va cdc man
chdn nay cd hé s& hdp thu duge ki hieu tit A_;, A, A A
Do qua trinh 8n dinh vaA mot chifu nén :

Aimi = qml my = Qmp, my = = Qmnz2 = 912
Lugng nhiét trao dfi gilia cac cap tdm dudc tmh theo cong .
thie (8-10b) : :

. T T 1
d = Cum, [(30)" ~ (100)"] =

T AT () VR,

1.ml
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Tml 4 Tmz 4-
] -

qml._mz = le,mZ [(m) - (W)
T T Gy,
=~ (156)" ~ (100)" ~ Gy
T
9mn,2 Cng [( 131(;.)4 ( 102(‘))4]
qrnn,2

T
- (1)~ o) =

Cong dai s6 cac v& cla céc phuong trinh trén ta duge

) =

-1 1 ‘ 1
+ o t+ .t

) le,ml CmZ,m3
,Tl 2
= (500)" ~ (100"
Tl 4 TZ 4
. (__) [
hey a3 = — - 1100 - 1(100+) — &-11)
C le,mZ cmZ,m3 Crnn,z

C

Qi (
’ C1,m1 mn,2

1Lml
Khi A_,=A ,=A
LTI
) (8-12)

——~
—
o

0
+
Cl,m nm,m m2

 Thay hé s6 bic xa cia tiing hé théng vao (8-12) ta duge

. [(105)" - (o5)]

= A_=A, cong thic (8-11) trd thanh :

1 1

(7 5

U2 = 71 2
—1) +(n=1) (3;—1) +(E+5_1)
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T1 T,
% [(m)4 - (ﬁﬂ | (8-183)
ql;z_i+w]:__1+n(£—1)
A, A Amr

8.3.2. Trao déi bitc xa gitta hai vat boc nhau

Ta khdo sat 2 vat boc nhau, trong dé cd moét vat 160 (vat 1)
va mét vat 16m (vat 2). Cac dai lugng tuong dng cda hai vat 1a :
F, e, A, T, va F, &, A, T, v6i T; > T,

Nang lugng biic xa higu dung cta vit 1 giang hoan toan dén

vat 2
Q-2 = thl
Nhung chi mét phdn bic xa hidu dung cta vat 2 gidng dén
vat 1, xdc dinh théng qua hé s6 gdc bic xa ¢,
Q; = Quy, P21
Phan con lai (1-¢,)Q,,, lai gidng ngay vado ban than nd.
Trong trudng hop 6n dinh, lugng nhiét trao déi bang bic xa gita
hai vat :
Ql;z = Qi — Qg = Qyy - ‘Pz;1th2 (8-14)
Thay bic xa hidu dung ti cong thic (8-3) vao (8-14) ta cd :
Q) Q,
— g -
B A, %1 A,
1 1
-— t @, — =1
At (a7 1)

S A TV
0[(10) ¥ = (1o0) - 2"”?—:1]
= 1 7 (8~15)
—_— .+. —_— =
A (A2 L) #2

- Hé s8 gdc @, (con goi 1a hé s6 hinh dang) duge xéc dinh ti didu
kién can bang T, = T, Khi d6 Q,, = 0, nén tit (8-15) rit ra

Q}_.Z

]

Fl
S02;1 I F_2
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Thay hé s§ gde ¢, vao (8-15) ta nhan duge dong bdc xa trao
déi gitta hai vét :

H

1 . |
o - ¢ F, [(mﬁ)4 - (ﬁ)ﬁﬂ ;' W(8-16a)
A + v, (KZ— - 1')

Khi F, = F, thi p,; = 1 cong thic (8-16a) trd thanh (8-10),

con khi F; << F, : T .
@z - St [(5a0)" ~ (am) T3 W

Cong thic (8-16) ding duge cho 2 vit boc nhau cd hinh dang
bt ki vi didu kién la vat nhd phai khong 1om (H. 8-1)

Hinh 3-1

84. BUC XA CUA CHAT KHI

Hau hét cac chiat khi mot hoac hai nguyén tid cd kha néng
bic xa rdt bé, nén khi ndi téi bic xa cta chit khi ngudi ta chi
dé cap t6i khi ba hoac nhidu nguyén ti. Bic xa cia chat khi cd
cac dic tinh dac tha sau : :

- Tinh chon loc, nghia 12 ching chi bic xa va hip thu trong
nhitng khoang chiéu dai budc song nhat dinh, ngoai nhing khoang
chidu dai d6 chat khila tromg subs (d6i\ Vi bic x4 nhiét.
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C= Tinh bic xa thé tich, nghia 13 qua trinh bdc xa va hip thu
x4y ra trong toan bd thé tich khéi khi chid khong chi xiy ra trén
~ bé& mit nhu & vét rdan. Néu 4p dung dinh ludt Kirchhoff cho chit
khi cd thé viét :
' g = A =1 — P (8-17)
Trong d6 hé s6 k; 12 hé s6 bidu thj dac tinh bic xa don sic
phu thudc vao ban chdt cha ting chit khi, p 12 phan ap suit
va 11a chidu dai trung binh cta tia bic xa trong khd&l khi.
Bic xa todn phédn cta chdt khi trén toan bo bé rong quang
phd sé bing :

n
E = By ' (8-18)
i=1

Trong dd n 1a 6 ddy (khoang) hdp thu va bic xa trong quang
ph8 cta chidt khi va Al la chiéu réng cia ting day dd.

Tinh toan theo (8~18) rdt phidc tap, do dd bing thue nghiém
ngudi ta da thist lap cong thdc tinh bic xa toan phén cta chit
khi duéi dang mot ham clGa cdc thong s5 p, 1 va T. Thi du dsi
v6i CO, va hoi nudc (hai thanh phén chd y&u cda san phidm chady)
cdc cong thuc dé 1a

T |35
0.33 ) _
ECOz = 4,07.(p.D (100) (8-19)
T 3
_ 08 10,6 {R—
Eyo = 407p .1 (100) _ (8-20)

Chiéu dai trung binh tia bic xa, mdt cdch gidn ding dudc xdc
dinh theo cong thice :
4V

1 =209 T

v&i V 1a thé tich khoi khi va F 1a dién tich bao quanh cta khéi
khi dd. Céc cong thic dang (8-19), (8-20) khong thuan tién cho
viée tinh todn, do d¢ trong ki thuat ngudi ta thudng dua ching
vé dang bi€u thdc cta dinh luat Stefan — Boltzmann :

T

Ek = Ek.Co (m)4
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D6 den (toan phén) cta khéi khi g, gi6ng cong thde £-17, phy
 thugc vao pl va T :
g =1 *.erP(—Zki P; y

DG vo6i mot hén hop khi, thi du nhu san phim chdy gdém hai
ch&t khi bidc xa cha yéu CO, va hoi nuéc, phai tinh t&i 4Anh hudng
tuong hé cha ching khi trong phé bic xa cla ching cd nhiing
day chéng nhau. Trong san phdm chay, nang lugng bitc xa cla
khi CO, mgt phén bi hoi nudc hdp thu va nguoe lai, do vay kha
nang bidc xa (hogc hdp thu) cta hén hop bé hon téng kha nang
bic xa (hoac hdp thu) cta cdc khi thanh phdn. Do den cla khéi
vi vay duge tinh theo coéng thic '

g = 8co, T Beyo — As (8-21)

5C02= EHzO’ Ae dugc xdc dinh bing d6 thi. Do dd thi xdc dinh

EI—IZO dugc lap cho trudng hgp phan ap sudt clia hoi nudc rét bé

_PHZO = 0 hodc PI_IIO = 1, do dd trong tinh todn thue t& phai

nhan thém hé s6 hidu chinh 3, hé s6 niy cling dugec xéc dinh
biéng dd thi. '

Tinh to&n trao d&i nhiét bic xa giita khsi khi v6i bé mat vach
bac quanh nd 1a bai todn phdc tap, nhung khi eén tinh mot céch
gdn diing cd thé ap dung céng thic sau :

=g, C [e E“'—'“‘—A o . Wim? (8-22)
qK.—W' w,hd O[k(IOO) kw(100)4:| ! m :
- g, +1
trong do : £,y = 5
. Tk -
0.6
A = £co, (T_w) T+ Beo — Ae (8-23)

Cédc dai lugng trong (8-23) déu x4c dinh tai nhiét dé T_.

8.5. BUC XA MAT TROI

Khio sat tinh chif ¢z bic xza mat trdl ching nhitng cd ¥
nghia d6i voi viéc thiét ké eic vé-tinh \nbén\tao, con thu vi tru
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'ma can cd ¥ nghia rdt quan trong ddi véi viéc st dung dang nang
- lugng nay trén miat dit, mét xu hudng ngiy cang dude quan tam
rong rai vA od rat nhidu trién vong. Ngay nay ning lugng mat
trdi khong chi duge st dung. dé€ siy,“sudi ma cdn duge sit dung
trong nhiéu linh vyc nhu : chung cit nudc, Tam lanh, digu ti&t
khéng khi, ndu chay kim loai tinh khigt v.v... Cdc loai pin mat
tréi va cde nha mdy dién st dung nang lugng mat tréi da tro
thanh khd quen thudc trong ki thuat va doi song.

Mt troi 12 m6t khéi khi hinh cfu cd dudng kinh 1,392.10%km,
cdch xa qua dat 149,6.106km, ¢d nhigt dé bé mat la H7T7TK va
nhiét dé & tam thay ddi trong khoang tit 8.10° d&n 40.10°K. Co
th€ xem mat trdi 14 mot 16 phan dng nhiét hach khéng 16 bign
hydrd thanh héli ¢ cong sudt nhigt la 4.10% kW. Nang lugng
mat troi phat ra trong 1 nam tuong duong vdi 400.000 ti tédn
nhién lidu quy uéc, nhung qua didt chi nhan duge mét phdn nhé
trong s6 dd - tuong ducng v6i khoang 200 ti tdn nhién lidu.

Nang lugng mat trdi duge phat ra dudi dang sdng dién ti va
do nhiét d6 mat trdi cao nén phén 160 nang lugng phat ra ¢ vung
budc séng ngin : 98% niang lugng tap trung & ving cd budc sdng
nhd hon 3um va khoang 50% nang lugng bic xa phédt ra trong
vitng anh sdng trang (1 = 0,4 + 0,76u). Khi truyén qua 18p khi
quyén bao bgc quanh trai dit, cdc chum tia bdc xa bi hdp thu
va tan xa bdi 6zon, hoi nuéc va bui trong khi quyén, chi mét
phin nang lugng duge truyén truc tiép t6i trai ddt. Chum tia
truyén thing t¥ méat troi dude goi 1a bie xa truc xa. Tdng hop
cac tia bic xa truc xa va bde xa tdn xa goi la bic xa tong xa.

Mat dé dong bidc xa truc xa & ngoai 16p khi quyén, tinh d6i voi
- 1m? b& mat dat vudéng gde voi tia bite xa, dude tinh theo cong thdc :

4 = ppp-Co(T/100)! (8-14)
o] day ¢p_p 12 hé s0 gde bic xa giita trdi dit va mat troi
- 2
¢p-T = B4 n
B 1a gée nhin mat trdi (xem la mét dia tron) tir trai dat
= 32 phat’ ”'
q = (3%4).5,67.(5777/100)* ~ 1368 W/m* (8-25)
Gde nhin f ithay @i they khoidng)|cieh gilla mat trdi va trai
ddt, do d¢ gia tri g thay do0i it nhiéu tuy theo mba trong niam.

p
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Nhung su thay d8i nay khong 16n lam nén od thé xem la khong
d6i va q = 1368W/m® duge goi ]a hing 6 mat troi. -

Mat d6 dong bic xa tan xa trén mat ddt vao nhiing ngay troi
trong vao khoang 40 dén 90W/m”.

Do bdc xa mat trdi tap trung & ving song ngin 4 < 3¢ nén
khi chon vat liéu dé ngan bdc xa mét trdi (nhu mai nha) cén
chon loai vat lidu phi kim loai ¢d mau sdng vi nhiing loai vat
liéu nay cé hé s6 hip thu nhd d6i vl cde tia bic xa budc song
ngin. Nguoge lai, khi c&n tép trung nang lugng mat troi phai chon
cac vat lisu cd hé s6 hdp thy lén céce tia bic xa séng ngin va
¢d hé s6 bdc xa (d6 den) bé & nhiét do thép dé vita taAng cudng
duge kha nang h&p thu nang lugng mat trdi vita giam duge t6n
‘th&t nang Itgng do "bé mat hdp thu' bifc xa ra moéi trudng xung
quanh. Théng thudng ngudi ta phai dung cdc phudgng phap dic
bist d&€ ché& tao cac bé mat cd dac tinh hdp thu va bic xa chon
loe theo ¥ mudn.

C4c bo thu ning lugng mat trdi dang hop phang thubng duge
phit bing mot hodc nhidu (2 dén 3) 16p kinh. Lép kinh cho cac
tia bdc xa mat troi cd budec song ngan xuyén qua d& dap toi bé
mat hdp thu dat & day va cac thanh bén nhung lai chan khong
cho cdc tia do bé mat hdp thu phét ra cd bude sdng dai di qua,
nén hidu qua thu nang lugng duge ning Ién so véi trudng hop khéng
diing kinh. Ngoai ra 16p kinh con cd tdc dung han ché qua trinh
téa nhiét d6i lvu chia bé mat hdp thu ra méi trudng xung quanh.

CHUONG 9
TRUYEN NHIET VA THIET BI TRAO 1310) NHIET

9.1. TRUYEN NHIET (chuyén nhist)

Qu4 trinh trao d8i nhiét thudng hay gap nhdt trong thyc té
i3 qua trinh truy@nwhist-tir-mét-chit-léng nay-che mot chét léng
khic qua mot véch mgin:. Teong Lbpidng |hop|nay qua trinh trac
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déi nhiét xay ra do tdc dung déng thdi ctia nhiéu dang trac déi

nhiét co ban. Chit long ndng truyén nhiét cho véch ¢ thé via
" bing d&i luu va buc xa, sau d6 nhiét s& dugc truyén bing din
nhiét trong vach sang bé mat ti€p xdc vdi chit long lanh va ti
dé truyén cho chdt léng lanh bang d6i Iuu hoac bang ca déi luu
l&n bdc xa. Ilé s6 téa nhiét ti chdt 1dng dén bé mat vach o =
ay t ay va ldgng nhiét truyén trong trudng hgp nay duge tinh
theo céng thic dudi dang phuong trinh cia dinh luat Newton.

q = {ay, t ag)lty — tl= alt, - t, W/m? 9-1)
St dung phuong trinh (8-10a) dé tinh &, phuong trinh (9-1)
tréd thanh :

(T,/100)* — (T/100)*
q = {ad, +Cp, [ T ]} te —t) (9-2)

Lugng nhiét truyén ti chat long ndng sang chit 1ong lanh bing
ti 86 gifta d6 chénh léch nhigt d6 cta hai chit léng va tdng nhiét
trd ctta cdc qua trinh trao d6i "ndi tifp" ti chét ldng nay sang
chat 1ong kia R, :

tey — t
f1 f2
Q = —— = k.(t,; — t) (9-8)

n
PR
©1

Gid tri nghich d4o cta téng nhiét trd 14 hé s6 truyén nhiét k.
Q trong cbng thic (9-3) cd th€ 1a lugng nhidt truyén qua trong
mdt don vi thoi gian d6i vél mdot don vi d6 dai, mot don vi dién
tich, hode mot don vi thé tich, do vay thd nguyén cla k sé thay
d8i theo thd nguyén cta Q. :

Ta hdy xét bai todn truyén nhiét qua vach phang cd cénh :

Vach phang cd chiéu day &, hé s6 din nhiét 1. Gia sit mét bén
vach duge lam cdnh v&i hé s8 dan nhigt rdt 16n. Dién tich bé
mat khéng lam canh bing F, va dién tich bé mat lam cénh bing
F, (bao gdm c4 phén cinh lin phédn khong cdnh). Nhiét do va
hé s6 tbéa nhiét tit chat léng dén vidch & hai phia lan lugt 1a t,
Caj VA tp, @, (@, << a;). Nhigt do cdc bé mat vach tuogng dng
la t, . t,, Hay thiétdap cong thiic tinh lugng nhigt truyén qua
“védch & truong hgp on dinh.
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Theo cdc cong thic tinh titng dang trao ddi nhiét riéng ré
ta c6 : : ' o

Q
Q &y l(fl | twl) ‘ tfl tw1 - al'Fl
A Q.8
Q = a'Fl (twl - th) =ty Tty = l;tFI (9-4)
Q

Q = o Fyltyy =) = he ~ e = 7

Cong céc vé cha phuong trinh (9-4) ta duge

by — tp .
o Fy a,F,

=

Gi4 tri nghich déo ca miu s6 trong phuong trinh (9-5) 1a
hé s6 truyén nhist k (W/°k). Khi tinh theo 1 don vi dién tich bé
miét khéng canh thi :

q = = = Kty — bg) = : (t

1= F 1t~ t) T s 1 F'm

~t,)  (9-6)

" Con khi tinh theo 1 don vi dién tich bé mat ¢d canh :

Q 1 '

@G = — = kyt, —t) = (ty — to)

2 = F, ky(ty = ) 1 F2+6F2+_}_ n " e
A S

(9-7)

Ti 6 F,/F, = &, duge goi 1a hé s6 lam cénh.

Tit cong thic (9-5) ta- dé dang xdc dinh duge biéu thidc tinh
lugng nhiét truyén qua vach khong cd cianh, bang cdch cho
F, = F, tde l&a .

F (ty — tp) : ' |
V=7 5 1 - *la"W ©9
sl :
CCI } a2
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Né&u vach do nhigu Iép t8 hop thanh cd chigu day vi hé &6
din nhiét la : 51,’11 3 05 Ay 5 84, Ay 5 . O, A, thi hé &8 truyén
nhiét k sé duge tinh theo :

. 1
k = — , (Wm*K) (9-9)
51 1

1 n
2Lty
Bing cdch tuong tu dé& dang tim duge cong thite tinh lugng
nhiét truyén qua vach tryu mét va nhidu 16p : g,(W/m)

Q
q =g =akl -t)=
b4 (tfl - tfq) S
= N (9-10)
1 + i 1 I d; 4 1. . .
- — In =
ady - “M d a,dy

T cée cong thic (9-5), (9-8) va (9-10) 6 thé dy tinh duoc
4nh hudng cda cdc nhin t§ tdi qua trinh truyén nhiét va tu do

.. buéc ddu xic dinh duge cdc bién phdp cdn thyc hién d€ ting

cudng hodc kim ham qué trinh d6. Ti (9-8) dé thdy réng, mudn
ting cudng truyén nhidét qua vdch thing khi bd qua nhiét trd din
nhiét ctta vdch (gia thi&t nay d& dang duge chidp nhan vi
trong cdc thigt bi thuec t& thudng &/1 r&t bé) thi phai

} s s k 1 1 & -9 s tine k cd hie
_tang hé s6 k = a_l_ + “_2 = m va mgon tang k, cé higu
qua thi phai tim cach tang hé s6 « cd gia tri bé hon vi hé s6
truyen nhiét k, luén luﬁn nh6 hon hé 56 téa nhiét nhé nhé’t v.V..
higdu qua nhdt thi phai phan tich k1 lugng qua tnnh tpa nhigt déi
ltu hode bic xa (vi mét cach téng quat, hé s6 toa nhiét trong
cdc cong thic trén déu xuit phat tit cong thic (9-1)).

Tit cdc cong thic trén clng d& dang thdy réng viéc lam canh

(d€ tang dién tich truyen nhiét)-chi-ed-hidu-qua & phia chdt long
(khi) ¢ hé s§ trao-déi nhist g phd.
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9.2. THIET BI TRAO DOT NHIET

9.2.1. Dinh nghia va phan loai thiét bi trao d&i nhiét

Thiét bi trao d&i nhiét la thiét bi trong dd thuc hidn qué trinh
trao déi nhiét giita cdc chat tai nhiét cd nhiét do khdc nhau, thi
du thit bi sdy, binh ngung, binh bay hoi v.v...

Tuy theo muc dich su dung ma cac thigt bi trao ddi nhiét cd
ciu tao va tén goi khdc nhau, nhung vé nguyén li 1am viéc ching
duge chia thanh ba loai :- thiét bi trao. d6i nhiét loai ngan cach,
loai héi nhiét va loai hén hgp.

Trong thiét bi trao d8i nhiét loal ngadn cdch, cdc chit mang
nhiét chuyén déng trong nhitng khéng -gian cach biét nhau béi
vach ngan (bé mit cda dng, ranh v.v..) va sy trao d8i nhiét giita
ching duge thyc hién qua vich ngan cdchdg, thi du cdc binh
ngung, cdc binh gia nhigét nudc néng v.v..

Diac tinh lam viée cia céc bé mat truyén nhiét trong cdc thiét
bi héi nhiét mang tinh chit chu ki, nghia 14 trong nhiing khodng
thesi gian nhét dinh cdc bé mat dé dude tiép xtac véi chat long
ndng va duge chit long néng truyén nhiét cho. Nhung & ntia chu
ki sau, cdc bé mat di duge dst hdng dé lai nhd nhigt cho chat
léng lanh di qua chidng. Céac qué trinh trao déi ‘nhiét trong cac
thist bi hoéi nhiét 12 nhitng qua trinh khong én dinh (thi du thi&t
bi siy gié ndéng cha 1d cao, [d thiy tinh v.v..}

Hai loai thigt bj trén cd tén goi chung la thiét bi trao déi
nhiét bé mat vi cdc qua trinh trao déi nhiét trong céc loai thist
bi nay ludn ludn gin lién v6i cdc bé mat vat ran.

Trong céc thi&t bi trao déi nhiét loai hén hgp, cac chidt léng
noéng va lanh trao d6i nhigt cho nhau khi ching hoén hgp v6i
nhau. Die diém cha loai. thi€t bi nay la céc qua trinh trao d&i
nhigt duge tién hanh déng th#i v6i qua trinh trao déi chdt (thi
du : cac thap lam médt nude tudn hoan).

Thigt bi trao d8inhist loai ngin cdch la loai thiét bi thudng
gap nhdt trong thuc t& Ty thee chién,chuyén dong cha cac chit
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l6ng trong thigt bi, ching cdn duge phén ra thanh cic nhdém nhu :
thigt bi trao d8i nhiét loai ngidn céch cing chidu, ngudc chiéuy,
cit nhau va hén hgp (dong ndng va ddng lanh chuyén dong song
song vita cing chidu va nguge chidu). '

9.2.2. Cac phuong trinh co ban tinh todn -thiét bi trao
dai nhiét :
Moi tinh todn mhiét cia thiét bi trao doi nhiet : tinh thiet ke
va tinh kidm tra déu dua vao 2 phuong trinh co ban sau day :
' 9.2.2.1. Phuong trinh can bang nhiét '
Q = G, (i, - i) = Fyi"y - 'p) + Q, (9-11)

Khi khéng ké toi tdn thét nhiét ra mdi trudng xung quanh
Q,, = 0 va khi khéng cd sy bién d5i pha cda céc chit long trong
qud trinh trao d8i nhiét trong thiét bi, phuong trinh (8-11) trd
thanh : .

Q = Gyey(®) - t7) = Gyeplt?, = ) (9-12)

Céc chi 56 "1" va "2" ng vdi chdt 16ng ndng va chit long lanh.
Céc ki hidu ddu "' va ™ (ing v6i trang thdi Iic vao hodc lic ra
thigt bi cha cdc chit long. Néu goi C = G.cp(_W/K) 1a nhiét dung
toan pha&n thi t& (9-12) co thé viét : '

C, t,-t, ot

C, ¢, —t’ &t

(9-13)
1
9.2.2.2. Phuong trinh truyén nhiét
dQ = k(t, - t)dF (9-14)
't - t, = At 14 db chénh nhist do giifa chdt 1ong ndng va chét
16ng lanh trén phan t6 bé miat dF _ .
Q = [kATdF =~ kAt.F,(W) (9-15)
At la do chenh-trung-binh-nhiet-dé-eiita~cdc chdt léng trén
toan bo bé mat truyén uhict & , ' '
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9.2.3. X&c dinh .do chénh
nhiét dé trung binh : t
Khae sat mét thigt bi lam viée '
theo so d6 song song cing chidu %

. "y
(H.9-1). N ¥
Phuong trinh truyén nhiét cho ' At A '-T:KA\L %
mot bé mat phan té dF : ' : : £ iy
dQ = kit; - t;) dF (a) P o d g
Tu phuqng trinh cin bang trén z 7
phdn té bé mit : _ RN P77 . F
dQ = —Grlcpldt1 = Gchzdt2 {b) L :
suy ra @ Hinh 9-1

dt, - dt, = d(t; - tp) = ~(L/C; + YCQ = -mdQ (e)
Thay dQ t¥ (a) vao’ (c) s& duge :

d(t, - t,) = -mk(t, ~ t;) dF - @)
d(AtyAt, = -mkdF (e)
Néu m va k la hing s6 thi : ‘
A F . .
-J‘Xd—g‘?:-—mkde:ln%:—mkF ®
Ar x 0 .
Hay At = Ae™F @)

Do chénh trung binh nhiét do trén ‘'b& mit F chlnh 1a gia tri
trung binh t1ch ‘phan cha ham (g)

~mkF_ -1) (h)

F
At=§{Atx.dF= - Je™aF = kF(

0
Thay cdc gia tri mkF va & ™ tit (f) va (g) vao (h) va do &
cubi bé mat truyén nhiét At = At” nén :
A — A Et) (T Y
At = 2 1 (9-16)
At | A .
Into, s s 2
At t,”l _t!!2
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D61 véi so d6 nguge chiéu, bang cach chdng minh tuong tu,
nhung v6i m = (1/C; ~ 1/C,} ta cling nhan dugc cong thic vé
hinh thic giéng (9-16), do d6 cd thé vist cong thic tinh do chénh
trung binh nhiét d6 cho ci hai loai thi&t bi nay dudi dang :

. At — At .
At = —= 11 _ (9-17)
- - 1 Atmax
n
_ Atmin
Trong dd At . 14 d6-chénh 16n nhidt nhiét dé cac chit léng &

mot di€m cudi cia bé mat trao ddi nhiét va At la dd chénh
bé nh#t nhiét dé6 & di€m cudi khic cha b& mét traoc d8i nhiét.
D&i v6i cac thigt bi lam viée theo so do chuyén déng phic tap
thi At duge tinh gin ding bang tich cia d6 chénh trung binh
ctia thiét bi nguge chiéu At va hé s6 hiéu chinh £,;. Hé s6 higu
chinh £, duge xac dinh bing cdch tra d8 thi dsi véi cac thist bi
tuong ag.

9.2.4. Tinh nhié¢t dé cudi cha cdc chit long

Trong céc tinh todn ki€m tra thist bi traoc d6i- nhist: (thist bi
da c6 sin) thi cdc théng s6 da biét truse 1a '), t',, F va k, C, C,
do d6é phai xdc dinh nhiet dd cusi (hay nhigt do di ra)
cua cdc chdt léng t7, va t7,. Ta hay xét mot sd trudng hop
don gian :

9.2.4.1. So db ciing chidu. _

Khi dat At, = At” vao phuong trinh (g) ta co

22 LR —kF Cl
At o MKE _ -ty —‘9“61_(1+C_2) '
At | t, - _t’z : 7

L&y mot trir hai v& cta phuong trinh nay va qua phép bién

ddi don gian ta duge :

—KF S
1+

| rox.
2 » 2 b 4 1 C C
(tl—t1)+(t2—t2):(tlutz)[l-e1 2]
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Giai k&t hop phuong trinh nay véi phuong trinh (9-13) ta thu
duge bigu thic xac dinh do thay d8i nhiet dé caa cdc chét long
khi di qua thiét bi :

- |~ -%E (a+ ;) :
Sty = A —— — : e
g
Cp i —g( i :—) -
Sty = A G e1 ) %— : - e
2

9.2.4.2. So db nguge chidu

Bing c4ch ching minh tuong ty, d& dang nhan dugc cong thic
xéc dinh St; va dtz cho so d6 nguge chiéu :

LA
o ,' ‘, 1 — e Cl C2
St, = (') —t7) = - o (9-20)
w1
1 - — ¢ Cl( &3
: C,
'kF( C)
C T,V T
1 I —e ™1 2 .
at, = (t°, — t)) = (9-21)
' Il Gl
1 ——C‘— e 1 2

ol moét s trudng hop don gian hon, thi du nhu : Khi. nhiét dé
chit 1éng thay d8i theo quy luat tuyén tinh, khi G = C2 hoac
khi nhiét dung toan phdn cla mot chit long vo cung lén, cac
cong thic tinh todn-Sty-dto-sé-don-gidn-hon rit-nhidu so voi cae
cong thdc da trinh bay & tién.
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BAI TAP

1. Mot binh oxy cd thé tich 6 lit, 4p sudt tuyét ddi 120 bar
nhigt d& 27°C. Sau khi I8y ra s dung, nhidt 46 khong thay ddi, ap
sudt du (thita) trong binh 12 21 bar. Biét dp suit khi quyén la

750mmHg & 0°C, ty, = 32, hay tinh lugng oxi da l4y ra st dung ?

Bdp s6 : AG = 0,76 kg.

2. Mot binh kin cd thé tich 500 lit ch¢a khéng khi, dp sudt
tuyét dai 2 bar, nhiét d6 20°C. Sau khi ldy ra si dung moét phén,
nhiét do khéng thay déi, do chan khong trong binh bing 420mmHg,
dp sufit khi quyén bing 768mmHg. Biét' u cia khong kh1 béng
29, hiy tinh lueng khong khi da ldy ra st dung ?

Bap s6 : AG = 091kg. -

3. X4c dinh cdc théng s8 v, i, s, u, t.cia hoi nudc trong 2
truting hop _ :

a) p = 12 bar ; t = 200°C

b} p = 10bar ; v = 0,17Tm>/kg.

Ddp so : a) ¥

s

b) t

s

0,1693m*kg ; i = 2816 kl/kg ;
6,588 k)/ke.K; u = 329,4kJ/kg
179,88°C 3 i = 2525825 kl/kg ;
6,031 kJ/kg.K.

[ TR A 1}

4. Xdc dinh thong s6 trang thai p, v, s, u cia Améniac §

t£ = 0°C va i = 1050,2kJ/kg. '
Dép 56 : p = 4294 bar ; x = 0,5 ;v

= 6,4981 kl/kg.K ; u

0,145783 mikg
987, 601k}/kg.

5. Dua 0473m khong khi & dp sudt tuyét d&i 8,814 bar va-
nhist d6 200°C dén nhiét dé6 800°C trong didu kién dang ap.

a) X4c dinh nhiét dung riéng khdi lugng ddng 4p trung binh
trong pham vi nhiét do ti 200°C dén 800°C theo céc dang c6
trong phu luc.

b) Tinh nhiét luong cin cung cap theo csc dang nhiét dung rigng.

Dip-sér—a) = 1,010345 kJ/kg.K (bing 6); b) Q = 17580 kJ
- 1,0886 L Mka K thang 7) 3 Q = 18942 kJ.
= 1,09 afkgK=p(bang 14) ; Q = 138%66k].
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*, 6. Mot kilogam khong Khi t¥ t; = 20°C, p, = 2bar, tién hank .
mét qué trinh ding 4p dén t, = 110°C. "
a) Bi€u dién qua trinh trén d6 thi p-v va T-s
b) Tinh thé tich cia khong khi & trang thai cusi cia qua trinh ;
~ ¢) Tinh céc dai lugng Au, Ai, As, q, 1, 1.
' Ddp 7 : bj v,
Al
q

0,549m%kg ; ¢) Av = 64,8 kl/kg ;
90,9 kl/kg ;  As = 0,271 kl/kgK. ;
90,9 kJ/kg ; 1 = 26,1k)kg 5 I, = 0.

7. Mot binh kin cd thé tich 0,12m> chita oxy & 4p sudt
p, = 10bar, nhigt do t; = 50°C ; sau khi tién hanh mot qud
trinh ding tich, nhiét d¢ tang dén t, = 150°C.

a) Bigu didn qua trinh trén do thi p-v va T-s ;

b) Xac dinh kh&i lugng oxi va 4p sudt cudi cing ;

c} Xac dinh Au, Al, AS, Q, L, L.

Pap & : b)\C
’ ¢} Aun
1

1,3 kg. p = 13 bar.
2 85 kJ ; Al = 119 kJ, AS = 0,252 kJ/K.
0; 1, = -36k]

8. Cho 12kg khong khi & t; = 27°C ; p; = 6 bar tién hanh
mét qua trinh ding nhiét dén v, = 4v). -
a) Bifu dién qué trinh trén do thi p-v va T-s ;
b) Xac dinh p, v, T & trang thai cudi cla qua trinh ;
| ¢) Xac dinh AU, Al AS, Q, L, Ly, ‘

Pip 56 : b) p, =15bar; v, = 5,6m’/kg ; T, =27°C = 300K..
' ¢) AU =4l =0 ; AS = 4,833 kYK ;
Q =1=1, = 1450 Kk}

9. Cho 2 kg khéng khi dén nd doan nhist tlt nhiét do't; = 327°C,
 ap sudt tuyét d6i p; = 10bar dén trang théi 2 cd ap sudt tuyét
d&i 1 bar.

a) Bi€u dién qua trinh trén do thi p-v ; Ts

b) Xic dinh céc thong s3 co ban & trang thai cudi py v, Tp

c) Xéc dinh AU, AL AS, Q, L, L

Pip 55+ by v, = 0,90m’ kg3 T,.= 39°C = 312K.
c) A= 415kdS Al = -S80K] ; AS = 0
L =M1k e, = 580 k).
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10. Mot kildgam hoi nudc tu 4p sudt p; = 20bar ; x, = 0,85
tién hanh mot qué trinh dng ap dén t, = 300°C.

a) Bidu dién qud trinh trén dé thi p—v ; T-s va i-s.

b) Xac dinh cdc thong s6 v, i, s, u § trang thdi ddu va cudi ;

c) Xéc dinh Au, Ai, As, q, 1, 1, cla qua trinh.

Pap. s6 : b) v, = 0,085 mikg ; i = 2515 kl/kg ;
. s, = 5,576 kl/kg.K ; u, = 2345 kJ/kg ;
v, 0,1255 mykg ; i, 3012 kJ/kg ;

N
£l
I nmu

s 6,757 klikgK ; u, = 2768 kl/kg.
¢) Au = 423 kJ/kg ; A = 504 K)/kg ;
As = 1,001 kJ/kg.K ; q = 504 k]J/kg

1= 81 kl/kg ; - 1 =0

. kt
11. Mot kildgam hoi nude bao hda khd cd ap sudt tuyét déi
0,15 bar, tién hanh qu4d trinh ding tich dén nhiét dé bing 160°C.
a) Bidu dién qua trinh trén céc dé thi p—v ; T-s va i-s. .
b) Xdc dinh cdc thong s6 & trang thai ddu va cudi qua trinh.’
¢) Tinh Au, Ai, As, q, 1, 1,

Pap s6 : b) t, = 54°C 5 v, = 10,02 mYkg, i, = 2599 kJ/kg;

s, = 8,007 kl/’kgK ; p, = 0.2 bar ;
v, = 10,02 m/kg ; i, = 2801 KJ/kg ;
s, = 8,406 kJ/kg.K
¢) Au = 152 kJ/kg ; AQ = 202 kI/kg ;
ﬁs=04k.];'kg]( 1l =0
= 152 kJ/kg ; © 1, = -50 KJikg

12 Hoi nuéc tit p; = lObar ; t, = 300°C, tién hanh qua trinh
diang nhiét dén p, = lbar.

a) Bidu dién qua trinh trén dé th1 p-v, T-s va i-s.

b} Xdc dinh cdc thong s6 & trang thai ddu va cudl qua trinh.
c) Xac dinh Au, Ai, As, q, L, 1
Pip 56 : by v, = 0,2578 mkg; i = 3048 kJ/kg ;
7,116 kl/kgK; u; = 2790 kl/kg ;
2,638 mjkg ; i, 3074 kJ/kg
$,.=.8,211 kl/kg K ; v, = 2810 kJ/kg.
c)y Al 20:k)/ke ; AL 26 kJikg ;
A =V10003 % )/koK; q = 627,4 kl/ka;
112[607. 4 kJ/kg ; 1, =6014 kl/kg.

1
¥ 2
)

kit
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13. Hoi Amoéniac bfio hda 5m ¢é nhiét do6 -10°C duge nén doan
nhiét thanh hoi bao hova khd ¢ nhigt d t, = +20°C, sau d¢ thai
nhlet ding 4p thanh nudc bao hoa. '

a) Bidu dién cédc qua trinh trén d6 thi p-v, va T-s ;

b) Xac dinh thong s6 & trang thai déu, gita va cudi qua trinh.

¢) Xéc dmh_ Au, Ai, As, q, 1, 1, cla tung qud trmh

Dip s& 1 b) p, = 2,909 bar ; x, = 0,92

0385603 m’/kg ; i, = 1565564 kJ/kg
8,5658 kJ/kg.K; u, = 1453393 kJ/kg ;
= 8,572 bar ;

-

(L83 - -
]
Ir

p v, = 0,149 mkg ;
i, = 16994 kl/kg ; s, = 8,5658 kJ/kg.K;
u, = 1871,677 kjkg ; v, = 0,001639 m/kg ;
i, = 512,5 kJ/kg ; =.4,5155 kJ/kg K;
n, = 511,095 kl/kg. _
c) Au, = 118,284 kljkg ; Au,, =-1060,582 k_],"kg;
Ai,, = 133,836 kJ/kg ; AL, =-1186,5 kl/kg.
Asi, = 0.5 Asy, = -4,050 ; q,—0
q,, = -1186 Klike 3 1, =-118,284 kJ/kg:
l,, = ~1263,178 kl/kg ; by o = = -133,836 kl/kg;
I, . =0 - :

[ay

14. Khi oxy cé ap suéit 60 bar, nhiét d6 100°C luu déng qua
dng tang t6c nhd ddn vao moi trudng cd ap suat 36 bar. Cho
bigt dién tich tist dién ciia ra cta 6ng la 201nm hay xéc dinh
t6c 48 ra va luu lugrig cia dong oxy.

Pip 5§ : w, = 304mfs ; G = 0,25kgs.

15. Khong khi of 4p sudt p; = 10bar, t; = 300°C, iuu dong
qua 6ng tang téc hén hgp vio mdi trudng co 4p suft 1 bar. Cho
bi&t luu lugng cua dong la 4kg/s, xdc dinh téc do cia dong khéng

khi ra khéi 6ng ting tdc va cac kich thuée co ban cia dng néu
chon gdc loe phén 16n dén bang 10°

Dip s : w, = 746mfs ; L, =0,00241m’ ; d

mi min 5,5¢m;

.
f, = 00046m>; d, =77em ; 1 =126cm.

16. Hoi nude ed dp susit 30 bar, nhiét do 400°C, qua tng tang
téc nhé ddn phuf VAS BT trudng oo ap sudt-bing 1 bar.

a) Bidu dién quéd trinh trén dothi Tsivali-s,

155



b) Xac dinh trang thai va téc do cha hdi ra khéi éng téng toc.

Pip 55 : b) i; = 3229 kJ/kg ; v, = 0,09929 m'/kg ;
s, = 6,9160 kI/kgK; p, = 16,5 bar ; t, = 203°C;
i, = 3070 kl/kg ; v, = 0,16 m'/kg ; o, = 565mys.

17. Hoi nudc e 4p suit 16 bar va nhigt do 400°C Iuu dong
qua dng tang téc hdn hgp vao mdi trudng cd dp sudt 1 bar. Cho
bigt luu lugng cha ddng hoi nudec bang 4,5kgs.

a) Bidu dién qud trinh luu dong trén d6 thi T-s va i-s.

by Xéc dinh tigt dién & cf 6ng va cilla ra cha Sng tang tdc.

Dip s6 : b) £ = 23em’ ; f, = 68cm’.

18. Hoi nude tif 4p sudt 16bar va nhiét do 300°C tigt luu dén
4p sudt 1,2 bar. )

a) Bi6u dién qua trinh trén d8 thi T-s va i-s.

b) X4c dinh vA nhan =ét vé nhiét dé va dd qua nhiét cha hoi
nude qua qud trinh tigt luu.

Dip 56 : b) t

300°C ; dd qui nhiét AL, = 98,64°C
t =

280°C ; dd qud nhiét At, = 175°C > At

1
'19. Khéng khi t trang thai ddu c¢6 nhiét dé 20°C va do &m
tuong déi 40% duge dot nong dén 80°C réi dua vio bubng sdy,
sau khi sdy nhiét do khong khi giam xuéng bing 35°C.
a) Bigu dién cdc qua trinh trén dé thi I-d.
b) Xsc dinh théng s§ ciia khong khi sau khi sdy va lugng dm
da boc hoi dng v&i 1kg khong khi kho.
¢) Lugng khéng khi v nhiét luong cdn thiét d€ lam bbc hai
lkg dm cua vat siy.
Dip s6 1 b) g, = 65% ; I, = 96 ki/kg ; d, = 2dg/kg ;
Ad = 19,5g/ke. ¢} G, = 18kg/kg hm ;
Q = 3400 kl/kg am.
20. C6 100m> khong khi &m & 4p sudt 1 bar, nhist do 35°C
va dé dm tudgng 481 bing 70%:

a) Xic dinh /d6 ehia hai, nhidt d& dong suvong, khéi lugng cia
khong khi khé \v& ela hol nudo trong-khong Kkhi dm.
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b) N&u khong khi dé duge lam mdt dén 5°C trong didu kién
4p sudt khong ddi, hay tinh lugng hoi nudc da ngung tu.

Pipsi: a) d = 255pkg;t = 29°C; G = 109kg ;
.G, = 2,78 kg. b) G, = 2,18kg.

. 91. Chu trinh Carnot thuin chiéu thuan nghich dung khong
khi dugec tién hanh trong pham vi nhigt de T ., = 900K ;
T .= 300K, va pham vi ap sudt p ., = 60 bar ; pp;, = 1 bar

min
a) Bidu dién chu “trinh trén d6 thi p-v va T-s.
b) Xac dinh cac thong <6 co ban & cdac dinh cda chu trinh.

‘¢) Nhigt ligng coéng trao d6i trong chu trinh va hiéu suét
nhiét cua chu trinh.

Pdp s5 : b) p, = 1,284 bar 5 v, = 0,670 mkg ; T, = 300K
p, = 60 bar ; v, = 0,043 m/kg; T, = 900K.
p, = 46,76 bar ; v, = 0,058 mykg T, = 900K.
p;, =1barjv, = 0861 mike ; T, = 300K.
0 g, = 64,200 k.]/kg 5 q, = -21,400 kl/kg ;

1

1

I = 42,800 Kl/kg ;3 7, = 66,6%.

kt

22. Mot kilsgam hoi nudc thuc hién mat chu trinh carnot thuin
chidu trong pham vi nhiét do 250°C va 60°C. Cho biét, vao thiét
bi sinh hoi la4 nuéc bao hoa, ra khéi thiét bi sinh hoi la hoi bao
hoa kho.

a) Bidu didn chu trinh trén d6 thi p-v va T-s.

b) Xéc dinh cac théng s6 ¢o ban & cic dinh ciia chu trinh.

¢) Xsc dinh nhiét lugng, cong trao ddi va hiéu suit nhiét cua
chu trinh.

Dip'ss : b) p, = 0.2 bar 5 x, = 0,28 5 v, = 2,15 mkg ;
i =911 klkg s, =s, = .7934 kJ/kgK ;
v, = 0,0012512 m3/kg ; i, = 10857 KJ/kg ;
p. = 40 bar ; v, = 0,05006 mke ;
i = 2801 kJ/kg 5 s, = 5, = 6,0721 kl/kgK |
x, = 0,73 ; pd—OZbar,v _56m3/kg,
i, = 1973 kl/kg

¢)q, = 1715 kJ/kg ; q, = -1062 kl/kg ;

=1, = 653 klkg;n = 37%
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23. Hoi Ambniac thue higdn mot chu trinh Carnct ngude chiéu
- thuan nghich trong pham vi nhist d6 +15°C va -15°C. Sau khi
nén la hdi bdo hoa khd, sau khi thai nhiét 134 nude bao hoa.

a) Bi€u dién chu trinh trén d6 thi p-v va T-s.

b) Xac dinh céc théng =6 & céc dinh cta qué trinh.

¢) X4c dinh nhiét lugng, cong trao d&i, hé s6 lam lanh, he 80
lam néng cta chu trmh
.= 2,363 bar 3 x_ = 0,1; v, = 00823 m'kg ;
481,26 KJ/kg ;'s, = s, = 4,4346 kFkgK ;
0,001619 m'/kg ;:i, = 488,5 kJ/kg ;

p, = 7,283 bar ; v_ = 0,175 m'/kg ;

16956 kl/kg ; 5, = 8,6420 kJ/ka.K 3
0,927 5 v, = 0472 mf‘/kg s i, = 1567 kJ/ke.
-1207,1 kl/kg 5 q, = 108574 kl/kg ;

I, = -121,36 kl/kg ; £ = 8,95 ; ¢ = 9,95.

Il

Bap s : b) p
l
\

L 1|

o

<

c) q
-1

noni

24. Mst chu trinh dong co d6t trong cdp nhist ding
tich, moi chédt 12 khi li tudng 2. nguyén tu cd hing s8 chit
khi R = 287J/kgk va k = 1,4. Trong chu trinh, 4p suét thép
nhit 12 1 bar, nhiét d6 thdp nhat la 320K, ti s6 nén bang 4, ti
s6 tang 4p khi cdp nhiét béng 4.

a) Bi&u dién chu trinh trén d6 thi p-v va T-s

b) Xsc dinh théng s6 co ban & cdc dinh cda chu trinh.

¢) Xdc dinh nhiét lugng, cong trao doi, hidu sudt nhn_et caa
chu trinh

d) So sanh hiéu sudt nhigt véi chu trinh Carnot ciing pham
vi nhiét dé ngudn nhiét.

1bar; T

Pip 56 : byp, = o = 320K ; v, = 0.92m/ke:
p, = 7,38 bar ; T = 592K ; h=vc—0.23m/kg.
p, = 29,6 bar ; T = 2368K ; v, = v = 092 m/ke.
py = 4,17 bar ; Td = 1340K.
‘¢) q, = 1285 kl/kg ; q, = ~738 kl/kg ;
I =Ikt:547kJ/kg;nt=43%;
d) 5, = 86%, 16 hon hiéu sudt nhiét cua

«<hu frinh dong co ddt trong.

25. Cho mot_chu trinh Rankin, hoinude ti thigt bi sinh hoi
vao tuabin dé gifin né 1a hoi bAe hda khd cd ap suét 20 bar, hoi
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vao binh ngung thai nhiét ¢d-4p sudt 0,1 bar ra kh01 binh ngung
14 nude bao hoa.

a) Biéu dién chu trinh trén dd thl pv ; T-s; i-s-;

b) Xac dinh entanpi ctia moi. chdt § cdc dinh ctia chu trinh..

¢)-Xéc dinh nhiét lugng, cong trao déi va hiéu suft nhiét éﬁa
chu trinh.

d) So sanh voi hidu sudt nhiét cta chu trich Carnot thuan
chigu co cing pham vi nhiét d6 cdc ngudn nhiét.
2799 Kjkg ; i, = 2009 kl/ke ;
i, ~ 191,9 kifke.
2605 kJ/kg 5 q, = 1817 kl/kg ;
lk' = 788 klkg ; n, = 0,30 ;
0,35 >y,

Pap 55 : D) iy
i

<) q

i

d) 7,

n oyt

26. Hoi Amoniac thuc hién chu trinh ngugc ¢d may nén va
van tigt luu ; cho bigt trusc khi nén doan mhiét ¢ nhist do
—10°C, sau khi nén 1a hoi bio hda kho ¢S nhiét do 420°C, sau
khi thai nhist ding ap 1a nudc biao hda. Hay :

a) Bigu dién chu trinh trén d& thi Ts.
b} Xéc dinh hé s6 € va ¢ clia chu trinh.
c) So sanh v6i chu trinh Carnot trong cung pham vi nhiét d6.

Php s5 : £ = 8,05 ; 9—:—905,2 = 8,77, ¢, —977

27 Mot tuong 1o phang x4y bang hai l6p : lgp thd nhat bing
gach sa mot day 120mm, hé 86 din nhiét bang 0, 93W/mK 16p
thd hai bing gach d6, day 25 mm, hé s6 din phiat 0,7 W/mK
Bigt nhiét d8 mat trong vA mat ngoau cla tudng 1o luon ludn
béing 1000°C va 50°C,

a) Xac dinh tdn thdt nhiét qua Im? tudng ld va nhist do &
mat tigp xidc gilta hai 16p.

b) X4c dinh chidu day ldp gach d¢, n&u thém vao gitia 2 16p
.gach mot 16p bot . diatomit day 50mm cd hé s6 din nhiét la
0,238W/m.K dé€ t6n thit nhiét qua tudng va nhiét do hai ben
tudng khong thay ddi. .
o 1518w/m’ ; ¢ = 592°C.
d0Zmm.

Bp si : a) q
Doy
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28. Mot ong thép dudng kinh d;/d, = 100/110mm duge phu
hai 16p cach nhiét ¢ bé day nhu nhau, méi 16p day 50mm. Nhiét
d6 mat trong cia 6ng bing 250°C, mat ngodi cung cia- 16p cach
nhiét 13 50°C, hé s6 din nhiét cha 16p thit nhat bang 0,06 W/m.K,
ciia 16p thi hai bing 0,12 Wm.K ; clia éng thép bang 50 W/m.K.

a) Xac dinh t&n thdt nhiét qua mot mét ong va nhlet do gitta
cic bé mat tifp xic clia hai 16p cach nhiét. :

b) N&u déi vi tri cia hai 18p céch nhigt cho nhau thi cdc ké&t
qué trén sé thay d6i nhu thé naoc ?

Ddap s6 = a) q
b) q,

89Wm ; t_, = 97°C.
105,5W/m ; t_, = 159°C.

w3

29. Mot tdm cao su day. 20mm, nhiét do ban ddu 140°C
duge 1lam ngudi trong méi trudng khong khi cd nhiét d6 khong
déi t; = 15°C. Xac dinh nhiét d6 & tAm va trén bé mat tdm sau
thoi glan 20 phut k& tit khi bat ddu lam ngudi. Hé s6 din nhiét
cia cao su bing 0,175 Wm.XK ; hé 36 din nhiét clia cao su
a = 0,833.10-7m2/s, hé s8 toa nhiét tit tdm d&n modi trudng

= 65W/m°.K.

Dap sé : Sau 20 phat 1am ngudi, nhiét dé & tam bing 47,5°C,
con nhiét d9 b¥ mit bing 254°C.

30. Tri s6 Nu va tri s6 « cta chidt 16ng khi chay tidng trong
6ng thay d8i th& nao néu dudng kinh éng tang lén 2 lan va 4,
‘1an ? Cho nhiét d6 trung binh cia chdt léong va nhiét d6 mit
trong cha Ong khéng thay déi. Xét trong 2 trudng hogp :

a) Khi téc do khong doi.
b) Khi luu lugng khéng ddi.

Pdp s8 : a) Nu ting 1,55 I3n, « gidm 1,29 lin
v Nu ting 2,4, « gidm 1,67 lin

b) Nu gidm 1,02 I5n, « gidm 2,04 lin

v Nu giim 1,04 lin, « gidm 4,16 Thn.

31. Mot day dén dién dudng kinh Imm ¢d nhiét d6 bé mit

t, = 90°C dat trong Khong Khi ¢ nhigt @5 t, "= 10°C. N&u nhiung
day d6 vao nudc eling e6 nhidtldg | /+30C, dong thdi cho nhiét
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d6 bé mat day khong d6i. Héi hé s0 téa nhiét cia day thay ofi
. nhu th& nao ? Dong dién trong day tdng gidm bao nhiéu ldn ?

R

_ Pép 56 : a% = 68 ; Cwomg @5 dong dién tang. 8,25 lan.
32. Mot day dan bang dong dudng kinh 15mm duge lam ngudi
bing dong khéng khi chdy ngang qua. Biét dién trd sudt clia day

p = 0,0175 Qmm?m, nhiét d6 trén bé mat day la &, = 80°C,
nhiét d6 khong khi t; = 20°C, t6c do khong khi 1m/s.
a) Tinh hé s téa nhiét tit -mat day dén khong khi va cudng
do dong dién trong day dén.
b) Hé s5 téa nhist thay d5i nhu th€ ndo n&u dp sudt ctua dong
khi p = 4 bar , con cac diu kién khac khong thay déi ?
¢) Hé s6 téa nhiét thay doi nhu th& nao néu téc do khéng khi
biing 4mfs, con cac diéu kign khdc khong thay ddi.
" pipsi: @)« = 238WmlK ;1 = 825A. ‘
b) Khi 4p suit biing 4 bar thi « ting 2,3 1&n.
¢) Khi téc @6 bing 4m/s thi « ting 3,23 lin

33. Tinh hé =8 tda nhiét trung binh khi ddu may bién ap trong
éng ¢é dudng kinh d = 8mm, dai 1l = lm ; cho bigt nhiét dd
trung binh cta ddu la t; = 80°C, nhiét do trung binh ctia véch
ong la t, = 20°C, téc do ddu chay trong Sng @ = 0,6m/s.

Pdp 56 : « = 207 W/m>K.

34. Xsc dinh hé s6 téa nhiét va lugng nudc ngung trong 1 gio
khi hoi bdo hoa khd cé 4p sudt p = 0,04 bar, ngung trén bé
mat ngoai mét éng ding cé dudng kinh d = 30mm, chiéu cao
H = 3m vA nhiét d¢ cia Ong t, = 11°C. Néu Gng dat nam ngang
con cde didu kién khdc khong déi thi lugng nwdc ngung trong 1
gid bing bao nhiéu ? .

' Pap s6 : - Khi Gng dit démg :.c = 292826 Wm'K ’ ;
: -G, = 22,088kg/h.’
- Khi dng dit ngang : « = 7100 W/m>K ;
G,_ = 54,3kg/h.

35. Nhiét -do cta hai tdm phing dat & moéi trudng trong sudt
l4an lugt bang 127°C va 327°C, d¢ den cda hai tdim nhu nhau va
bang 0,8. Gilta hai-tdm-ecé-dat-mdt-mang-chin-song song cd dd
den &, = 0,05.. =S\
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a) Tinh mat d6 dong nh1et bic xa trao d6i va nhigt dé caa
méing chin.

b) Néu mudén mat dé dong nhiét gidm 79 l4n so véi khi khéng
c6 mang chén con cdc didu kién khdc vdn nhu ci thi s mang
chéan 1a bao nhiéu ?

c) Né&u thay mang chdn ¢d do den 1a 0,1 thi mat d6 dong nhist
gidm di bao nhiéu ldn (s6 mang chian khéng thay dai).

Dap sé : a) g —146W,"m it = 254°C
byn =3,
¢) q gidm 38 lin.

36. Mot éng cd dudng kinh d = 200mm, nhiét d6 b&é mit 6ng

t, = 527°C, do den &, = 0,735, 6ng c6 chidu dai | = 10m.
~ a) Tinh tén thdt nhiét cta éng trong trudng hop dng dat trong
phong rong cd nhiét d6 moi truong &, = 27°C.

b) Né&u éng dat trong céng gach cd kich thude (400 x 500) mm,
d6 den £, = 0,92 va nhiét d6 t, = 27°C, thi t6n thdt nhiét bing
baco nhiéu ?

Pip ¢ : a) Q = 105000W ; b) Q = 103000W.

37. C6 mot phich dung nuée da, dudng kmh trong d = 100mm
dién tich b& mat thay tinh cla mét 16p F, = 0,15m? , glita
2 16p vd duge hit gin nhu chan khong, bé mat trong duge trang
bac d€ gidm dod den xuéng bing & = 0,02 ; nat phich lam bang
nhuwa réng day & = 20mm, hé =06 din nhiet 1 = 0,0257 WmK,
Bist nhiét dé mat trong bing 0°C, mat ngoai bing 35°C.

a) Tinh nhiét lugng truyén tii ngoai vao trong phich.

b} ‘N&u trong phich dyng 1kg dd thi trong bao liu di s& tan
hé&t, bist nhiét 4n ndng chay cta da bing 334kd/kg.

Dip s6:a) Q = 0,652 W ; b) t = 142 gid-

38. Mot tm‘mg 16 phdng bén trong It gach chiu lda c6
_ chidu day 6; = 250mm, hé s6 din nhiét A, = 0,695W/mk, bén
ngoai la mot 16p gach dé day 6, = 250mm, hé s8 dan nhiét
A, = 0,348 W/m.k. Cho biét nh1et d6 khdi trong 1o ty = 1300°C,
nhiét d6 khong khi bén ngoai t; = 30°C, hé s0 téa nhlet ti khdi

dén tudng 1o 1 o, = 24,8 Wm K ; t tuong b dén mdi trudng
xung quanh 1& ¢z = 11,6.W/hHH -
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a) Tinh mat do dong nhiét truyén qua tudng va nhiét dé be
mat tiép xuc gita 2 16p vach.

b} Né&i hé 88 ddn nhiét 4 = 0,348Wm.X va i, = 0,695W/m.K
thi k&t qua thay d6i nhu th& nao ?
852°C,
440°C.

1150 Wim® ; t_
1150 W/m? ; ¢

w

Bdp s6 ¢ a) q
b} g

39. Mot 6ng din hoi bing thép oé he s0 din nhiét
A, = 46,44 Wm.K, dudng kinh 200/216mm, dudc boc mot 18p cach
nhiét day 120mm cd hé s6 din phiét 1, = 0,116W/m.K. Biét nhiét
d6 ctia hoi t; = 300°C, nhiét do khong khi xung quanh t; = 25°C ;
1 2,
hé s6 toa nhict ciia hoi dén bé mat éng a; = 116 W/m”K va he
s toa nhist tir mal ngodi dng dén khong khi o, = 9,86 Wm K.
a) Tinh nhiét luong t8n thit qua 1m chidu dai &ng trong 1 gidy.
b) Tinh nhiét do trén bé mat l6p cdch nhigt.

Bip s6 : a) q, = 248,24 Wm. b) 1, = 42,5°C

40. Mot day dién d€ tran dudng kinh 2mm, nhigt do 80°C
duge lam ngudi bing khong khi chuyén dong véi hé sd tda nhigt
a = 20 Wm?K. Néu day duge boc bing mot 16p cach dién o6
dudng kinh ngoai 30mm, hé s6 din nhigt 1 = 0,15 W/m K ; Cho
biét cudng do dong dién trong day gii khomg d6i, hdi nhigt do
mét day dAn sé bing bao nhiéu ?

Dap 56 : t, = 48,5°C. .
1

41. Tinh dién tich truyén nhiét céia by sy khong khi 1o
hoi. Khéi chuyén dong trong 6ng véi luu ldong trung binh
V, = 35m%s, nbiét d6 vao t; = 345°C bi lam ngudi dén

1
t”f1 = 160°C. Khong khi chuyén déng ngang bén ngoai Ong véi
luu lugng trung binh V, = 23m%s, nhiét do tang t¥ t'; = 20°C
dén t7 = 250°C. Téng s6 Gng n = 2079, duimg kinh &ng
d,/d; = 53/50mm ; éng dugc bo trl so le, budc ngang s; = 70mm,
bube doc s, = 60mm, s§ 6ng sip theo chiéu ngang n; = 77, theo
chiéu doe n, = 27, chiéu réng cua dudng khoéi b = 5,4m.

Pip s : F = 2560m>
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PHY LYC

Bdng 1

Tich phan xic suit
9 2
erfz = o f exp(—&z)df
ﬂ: 0

Z erfz z erfz z erfz z erfz
0,00 0,00000 0,64 - 0,63459 1,28 0,92978 1,92 0,99338
0,02 0,02256 0,66 0.64938 1,30 0,93401 1,94 0,99392
0,04 0,04511 0,68 0,66378 1,32 0,93807 1,96 0,99443
0,06 0,06762 0,70 0,67780 1,34 0,94191 1,98 0,99489
0,08 0,09008 0,72 0,69143 1,36 0,94556 2,00 0,99532
0,10 0,11246 0,74 0,70468 1,38 0,94902 2,05 0,99626
0,12 0,13476 0,76 0,71754 1,40 0,95229 2,10 0,99702
0,14 0,15696 0,78 0,73001 1,42 0,95538 2,15 0,99764
0,16 0,17901 0,80 0,74210 1,44 0,95830 2,20 0,99814
0,18 0,20094 0,82 0,75381 1,46 0,96105 2,25 0,99854
0,20 0,22270 0,84 0,76514 1,48 0,96365 2,30 0,99886
0,22 0,24430 0,86 0,77610 1,50 0,96611 2,35 0,999111
0,24 3,26570 0,88 0,78669 1,52 0,96841 2,40 0,999115
0,26 0,28690 0,90 0,79691 1,54 0,97059 2,46 0,99949606
0,28 | 0,30788 0,92 0,80677 1,56 0,97263 2,48 0,9995472
0,30 0,32863 | 0,94 0,81627 1,58 - 0,97455 2,50 0,9995930
0,32 0,34913 0.96 0,82542. 1,60 0,97635 2,55 0,9996893
0,34 0,36936 0,98 0,83423 1,62 0,97804 2,60 0,9997640
0,36 0,38933 1,00 0.84270 1,64 0,97962 2,65 0,9998213°
0,38 0,30901 1,02 | 085084 1,66 0,98110 2,70 0,9998657
0,40 0,42839 1,04 0,85865 1,68 - 0,98249 2,75 0,9998994
0,42 0,44747 1,06 0,86614 1,70 0,98379 0,80 0,9999250
0,44 0.46623 1,08 0,87333 1,72 0,98500 2,85 0,9999430
0,46 0,48466 1,10 0,88020 1,74 ‘ 0,98613 2,90 0,9999589
0,48 0,50275 1,12 0,88679 1,76 0,98719 2,95 0,9999698
0,50 0,52050 1,14 0,89308 1,78 0,98817 3,00 0,9999779
0,52 0,53790 1,16 0,89910 1,80 0,98909 3,20 0,9999939
0,54 0,55494 1,18 0,90484 1,82 0,98994 3,40 0,9999985
0,56 0,57162 .| 1,20 | 0,91031 1,84 0,99074 3,60 0,9999996
0,58 0,58792 122 0,91553 1.86 0,99147 3,80 0,9999999
0,60 0,60386 1524 092054 1,88 0109216 oo 1,0000000
0,62 0,61941 1,26 0,92524 190 0799279 - -
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p = 760 mmHg

" Bdng 2
Tinh chit nhiét vat 1i cua khong khi khé &

p c 1107 a.10° 2106 1106
t, °C 3 P 2 2 2 . Pr
_ kg/m’ | kI/keK | WmK m4s N.s/m m’/s
~50 | 1,584 1,013 2,04 12,7 14,6 9,23 0,728
-40 | 1,515 1,013 2,12 13,8 152 10,04 0,728
-30 | 1,453 1,013 2,20 14,9 15,7 10,80 0,723
-20 |-1,395 1,009 2,28 16,2 16,2 12,79 0,716
-10 | 1,342 1,009 2,36 17,4 16,7 12,43 0,712
0| 1,293 1,005 2,44 18,8 172 | 13,28 0,707
10| 1,247 | 1005 2,51 20,0 17,6 14,16 0,705
20 | 1,205 1,005 2,59 21,4 18,1 15,06 0,703
30 | 1,165 1,005 2,7 22,9 18,6 16,00 0,701
40 | 1,128 1,005 2,76 24,3 19,1 16,96 0,699
50 | 1,093 1,005 2,83 25,7 19,6 17,95 0,698
60 | 1,060 1,005 2,90 27,2 201 {1897 0,696
70 | 1,029 1,009 296 - | 286 20,6 20,02 0,694
80 | 1,000 1,009 3,05 30,2 21,1 21,09 0,692
90 | 0,972 1,009 3,13 31,9 215, 22,10 0,690
100 | 0,946 1,009 3,21 33,6 21,9 23,13 0,688
120 | 0,898 1,009 3,34 16,8 22,8 25,45 0,686
140 | 0,854 1,013 3,49 40,3 23,7 27,80 0,684
160 | 0,815 1,017 3,64 43,9 24,5 30,09 0,682 -
180 | 0,779 1,022 3.78 47,5 25,3 32,49 0,681
200 | 0,746 1,026 3,93 51,4 26,0 34,85 0,680
250 | 0,674 1,038 4,27 61,0 27,4 40,61 0,677
300 | 0,615 1,047 4,60 71,6 29,7 4833 - | 0,674
350 | 0,566 1,059 491 81,9 31,4 5546 - | 0676
400 | 0,524 1,068 521 93,1 33,0 63,09 0,67%
500 | 0,456 1,093 5,74 1153 36,2 79,38 0487
600 | 0,404 1,114 6,22 138,3 39,1 96,89 5699
700 | 0,362 1,135 6,71 1634 41,8 1154 0,706
800 | 0,329 1,156 7,18 188,8 44,3 134.8 0,713
900 | 0,301 1,172 7,63 216,2 46,7 155,1 0,717
1000 | 0,277 | 1,185 3,07 2459 499 177.% 0,719
1100 | 0,257 1,197 805 276.2 5321993 | 0722
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Tinh chit nhiét vat i cia nude trén duting bso hoa

Bdng 3

r ] T ¢ «

o [PXT107 o i P L 10 (2008 | 4100 | v10¢ | 104 | 0107

B pa M g (MO o K [ ms | Nym? | s | UK | Njm | ET
0 1,013 (9959 ] 4212 | 551 13.1 1788 1,789 | —0,63| 756, | 13,67
10 | 1.013 19997 | 42,04 | 4,191 | 57.4 13,7 1306 1,306 | +0.70| 7416 | 9,532
20 1.013 (998,2] 83,91 4,183 | 59,9 143 1004 1,006 | 1,82 720,917,02
30 | 1,003 |995,7] 125,7| 4,174 | 61.8 14,9 | 801,5 0,805 | 3,21 7122 15,42
40 | 1013 [9922| 167,5| 4,174 { 635 | 153 | 6533 | 0.659 | 3.87 | 696.5 | 431
50 | 1.013 1988,1| 209.3| 4.174 | 648 | 157 | 5494 | 0,556 | 4.49 | 6769 | 354
60 | 1,013 [983,1] 251,11 4,179 | 65,9 16,0 | 4699 | 0,478 | 5,11 6622 | 2,98
70 11,013 |1977,8| 293,0| 4,187 | 66,8 16,3 | 406,1 0,415 | 5,70 - 643,.5 2,55
80 | 1,013 (971,8( 355,0| 4,195 | 674 16,6 | 3551 0,365 06,32 ] 6259 12,21
90 | 1,013 (9584 | 419,1 | 4,220 | 68,3 16,92 | 282,5 | 0,295 7,52 | 588,6 | 1,95
100] 1,013 [958,4| 419,1] 4,220 | 68,3 | 16,9 | 2825 | 0,205 | 7.52 | 588.6 | 1.75
110} 1,43 |951,0| 461,4| 4,233 | 68,5 17,0 | 259,0 | 0,272 | 8,08 5690 ! 1,60
120 1.98 [943,1]503,7| 4,250 | 686 |17.1 | 237.4 | 0252 | 8.64 | 5484 1.47
130 2,70 |934,8| 5406.4 | 4,266 | 68.6 17,2 | 217.8 0,233 | 9,19 528,8 1,36
140| 3,61 {926,1|589.1( 4287 | 685 |17.2 ] 2011 | 0217 | 9,72 | 507.2| 1,26
150 4,76 [917.0| 632,2| 4,313 | 684 | 173 | 1864 | 0.203 | 103 | 486.6 | 1.17
1607 6,18 (9070 6754 | 4,346 | 68,3 17,3 | 173,6 0,191 10,7 | 466,0 | 1,10
170| 7.92 |897.3| 7193 | 4330 | 67.9 | 17.3 | 162.8 | 0181 11,3 | 4433 | 105
180 10,03 (8869 | 763.3| 4.417.| 67.4 | 17,2 | 153.0 | 0173 | 1.9 | 4228 | 1.00
190 12,55 |876,0) 8G7,8( 4,459 | 67,0 17,1 1442 | 0,165 12.6 1 400,2 | 0,96
200 15.55 |863.0| 852.5 | 4,505 | 66,3 |17.0 | 136.4 | 0158 | 133 | 376.7 | 0,93
210 19.08 |852,8 | 897.7| 4555 | 655 | 169 | 130.5 | 0.153 | 14,1 | 354.1 [0.91
220 23,20 840,32 943,71 4,614 | 64,5 16,6 | 124,06 (0,148 14,8 | 331,6 | 0,89
230 2798 |827.3( 990,2| 4,681 | 63,7 16,4 119,7 | 0,145 159 | 310,6 | 0,88
240 33,48 |813.6 1037.5| 4,756 | 62.8 | 162 | 1148 | 0,141 | 16,8 | 285.5 | 0.87
250| 39,78 [799.0 [1085.7| 4,844 | 61,8 [159 | 1099 | 0137 181 | 2619 |0.86
260| 46,94 |784.0 |1135.7] 4,049 | 60.5 | 156 | 1059 | 0.135 | 197 | 237.4 | 0,87
270 55,05 |1767.91185,7) 5,070 | 59,0 15.1 102.0 0,133 | 21,6 | 2148 10,88
280! 64,19 |750.7 | 1236.8| 5.230 | 57.4 |14,6 | 981 ! 0.131| 237 { 181,3 | 0.90
200| 74.45 | 7323 [1290,0| 5.485 { 55.8 | 139 | 942 | 0129 | 262 | 1687 | 0,93
300 85,92 1712,5 [1344,9| 5,736 | 54,0 13,2 91,2 0,128 | 29,2 | 144,2 0,97
310( 98,70 |691,1 {1402,2| 6,071 | 523 {125 88,3 0,128 | 329 ;120,71 1,03
320! 112.90|667.1 |1462,1| 6,574 | 50.6 | 11,5 | 853 | 0,128 | 382 | 98,10 | 1,11
330 128,65/640.,21526,2] 7,244 | 48,4 10,4 81,4 0,127 | 433 (76,71 11.22
340 146,08|610.1 | 1594,8]| 8,165 | 45,7 917 77.3 0,127 53,4 56,70 | 1,39
350 165.37(574,4 ! 1671,4:-9,504 | 43,0 7.88 72.6 0,126 | 66,8 | 38,16 1 1,60
360 186,74|528,0 | 1761,5| 13,984/ 39.5 3,36 667 0,126 109 | 20,21 (2,35
370| 210,53|1450,5 | 189251 40.321 | 33.7 1.86 36,9 0,126 164 | 4,709 | 6,79
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Tinh chit nhiét vat i caa khéi

Bdng 4

(P = 760 mmHg = 1,01 x 10° Pa ;
Peo = 0,13; Py 0= 0115 Dy = 0.76)
. . c A0 | a 108 | 100 | w100
H°C ) Pky/mt | K | WimK | mYs Pa.s mYs br
0 1,295 1,042 2,28 16,9 15,8 12,20 0,72
100 0,950 1,068 3,13 30,8 20,4 21,54 0,69
200 GG, 748 1,097 401 N 48,9 24,5 32,80 0,67
300 0.617 1,122 4.84 69,9 28,2 45,81 0,65
400 | 0,525 1,151 5,70 94,3 31,7 60,38 0,64 .
500 0,457 1,183 6,56 121,1 34,8 76,30 0,63
600 0,405 1,214 7,42 150,9 379 93,61 0,62
700 | 0,363 1,239 827 | 1838 40,7 112.1 0,61
800 0,330 1,264 9,15 219,7 43,4 131,8 0,00
900 0,301 01,290 10,0 2580 45,9 152,5 0,59
1000 0,275 1,300 10.90 3034 484 174,3 0,58
1100 0,257 1.323 11,75 3455 50,7 197,1 0,57
1200 0,240 1.340 12,62 3924 53,0 2210 1 056
Bing 5
Tinh ch&t nhiét vat li cda ddu mdy bién dp
¢ oC P g, A 100 | 0 107l 105 | gL 10Y |
: kg/m® [kl/kg.K | Wm.K | Pas | m¥s m¥/s K!
00 | 8925 | 1549 0,1123] 6298 705 8,14 6,80 | 866
10 886,4° 1,620 0,1115 3355 37,9 7,83 6,85 484
20 280,3 1,666 0,1106 198,2 22,5 7,56 6,90 298
30 874.2 1,729 0,1093 128,5 147 7.28 6,95 . 202
- 40 868,2 | 1,788 | 0,10907 894 | 103 | 7,03 7,00 145
s0. | 8621 | 1846 | 01082 653 758 6,80 7,05 111
60 856,0 | 1.905 | 0,107Z| 495 | 578 6,58 710 | - 878
70 850,0 | 1964 | 0,1064| 386 | 454 6,36 7.15 71,3
80 8439 2,026 0,1056 30,8 3,606 6,17 7,20 593
90 8378 | 2,085 | 01047 254] 303 | 600 | 725 50,5
100 | 8318 | 2yraa-loroas 2 n gt 56583 7,30 439
110 8257 20202 01030 8 L 2,20 5.67 735 38,8
120 | 8196 | 2261 | 0.1022 {si7 ™ 19 B8 50 7,40 349
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Bdng 6
Nhiét dung riéng hing s6

) keal/mol K kJ/kmol K
Khi .
uC, uC, 1C, #Gy
M6t nguyén ti 3 5 12,6 209
Hai nguyén td 5 7 20,9 293 -
Ba va nhiu nguyén 7 9 29,3 37,7
Bdng 7

Nhiét dung riéng trung binh phu thuéc vao
nhi¢t do (trong khoang 0° + 1500°C)

Khi Nhiét dung riéng kha lwong Nhiét dung riéng the tich
k)/kg.K kl/ml.K
O, Cpip = 0,9203 + 0,00010651 Cop = 1,3138 + 0,0001577t
Con = 0,6603 + 0,00010651 C,p = 0,9429 + 0,00015771
Cpp = 1,024 + 0,00008855t Cop = 1,2799 + 0,0001107t
Ny Cop = 0,7272 + 0,00008855t C,p;, = 0,9089 + 0,0001107t
Khong | Cew = 0:9956 + 0,000092991 Couy = 1,2866 + 0,0001201¢
khi Corp = 0,7088 + 0,00009299t Cop = 0.9757 + 0,00012011
H,0 | Cpw = 1,833+ 00003111t Cop = 14733 + 0,00024981
Cyp = 1,3716 + 0,0003111t - Cip = 1,1024 + 0,00024981
Cpip = ©,8654 + 0,0002443t Cpp = 16990 + 0,0004798t
COz | Cup = 0,6754 + 0,0002443 C,, = 1,3281 + 0,0004798t
co Cop = 1,035 + 0,000096811 Cpp = 1,291 + 0,000121t
Cup = 0,7331-+.0,00009681t C,., = 0,9173 + 0,000121t
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Nhiét dung riéng cua Oxy

Bing 8

Nhiét dung riéng

Nhiét dung riéng

Nhiet Nhiét dung riéng mol, Khdi romg, ths tich,

L K)/kmol.K KI/ke K kJ/m?.K
t°C #C, HC, #Cp #Cy CpLb " C_;nh Cop
0 20274 | 20959 | 29,274 20,959 | 09148 | 0,6548 1,2059 | 0,0349
100 208717 21,5621 29,538 21,223 | 0,9232 | 0,6632 1,3176 | 0,9466
200 30,815 | 22,500 | 29,931 21,616 | 0,9353 0,6753 | 13352 0,9642
300 31,832 | 23,517 30,400 22,085 | 09500 | 0,6900 1,3561 | 0,9852
400 32,758 | 24,443 | 30878 22,563 | 0,9651 | 0,7051 1,3775 | 1,0065
500 33,549 | 25,234 | 31,334 23,019 | 09793 | 0,7193 1,3980 | 1,0270
600 34,202 | 25.887 31,761 | 23,446 | 09927 |- 0,7327 1,4168 | 1,045%
700 34,746 | 26,431] 32,150 23835 | 1,0018 | 0,7448 1,4344 | 1,0634
800 35,203 | 26,888 | 32,502 24,187 { '1,0157 | 0,7557 1,4499 | 1,0789
900 35584 [ 27,269 32,825 24,510 | 1,0258 | 0,7658 1,4645 | 1,0936
1000 35,914 | 27,599 33,118 24,803 | 1,0350 | 0,7750 1,4775 1 1,1066
1100 36,216 | 27,901 | 33,386 25,071} 1,0434 | 0,7834 1,4892 | 1,1183
1200 36,488 | 28,173 | 33,633 25,318 | 1,0509 0,7913 | 1,5005 | 1,1296
1300 36,752 | 28,437 33,863 25,548 | 1,0580 | 0,7984 1,5106 | 1,1396
1400 36,999 | 28,684 | 34,076 25,761 1 1,0647 | 0,8051 1,5202 | 1,1493
1500 37,242. 28,927 | 34,282 25,967 1,0714 | 0,8114 1,5294 | 1,1585
1600 37,480 | 29,165 34,474 | 26,159 | 1,0773 0,8173 1,5378  1,1669
1700 37,715 | 29,400 | 34,658 26,343 | 1,0831 | 0,8231 1,5462 | 1,1752
1800 37,945 | 29,630 | 34,834 26,519 | 1,0886 | 0,8286 1,5541 | 1,1832
1900 38,175 | 29,860 35,006 26,691 | 1,0940 | 0,8340 1,5617 | 1,1907

i 2000 38,406 | 30,091 | 35,169| 26,834 1,090 | 0,8390 | 1,5692 1,1978
2100 38,636 | 30,321 | 35328 27,013 | 1,1041 | 08441 1,5758 | 1,2050
2200 38,858 | 30,543 | 35,483 27,168 | 1,1087 | 0,8491 1,5830 ] 1.2121
2300 39,080 | 30,765 | 35,634 27.319 | 1,1137 | 0,8537 1,5897 | 1,2188
2400 39,2031 30,978 | 35785 27,470 | 1,1183 | 0,8583 1,5964 | 1,2253
2500 39,502 | 31,187 | 35,927 27,612 | 1,1229 | 0,8629 1,6027 | 1,2313
2600 39,708 |- 31393 36,0601 27,754 | 1,1271 | 0.8675 1,6090.| 1,2380
2700 39,909 | 31,5941 36,207 27,892 Yo 1yizl3= ) 0,8717 1,6153 ; 1,2443.

169




Nhiét dung riéng cla nito

Bdng 9

Nhiét dung riéng

Nhiét dung riéng

Ng;ft Nhigt lil]l’l’;gn;en](g mol, kh&i hrong, the tich,
’ ' kI/kg.K k}/m’K

t°C | e Cp #C, ""Cptb #Cy, P[b- Co C;-,\ th Coan

0 29,115 | 20,80 29,115 20,80 1,0392 | 0,7423 1,2987 | 0,9278
100 29,199 | 20,884 | 29,144: 20,829 [ 1,0404 § 0,7427.| 1,3004 | 0,9295
200 294711 21,156 292281 20,913 | 1,0434 | 0,7465 1,3038 | 0,9328
300 29,9521 21,637 | 20,383 21,068 | 10488 | 0,7519 1,3109 | 09399
400 30,576 22,261 | 29,601| 21,286 | 1,0567 | 0,7599 1,3205 | 0,9496
500 31,250 | 22,935 | 29864 21,549 | 1,066¢ | 0,7691 1,3322 0,9613
400 31,920 23,005 | 30,149 21,834 | 1,0760 | 0,7792 1,3452 | 0,9743
700 32,540 | 24,225| 30.451| 22,136 1,0869 | 0,7900 | 1,35806 | 0,9877
8§00 33,101 1 24,786 | 30,748 22,433 | 1,0974 | 0,8005 1,3716 | 1,0006
900 33,599 | 25,284 31,037 22,7221 1,1078 0,8110 1,3845 ! 1,0136
1000 34,039 | 25,724 31,313 22,998 | 1,1179 | 0,8210 1,3971 | 1,0178
1100 34,424 | 26,109 | 31,577 23,262 | 1,1271 0,8301 1,4089 [ 1,0379
1200 34,7731 26,448 31,8287 23,513 | 1,1359 | 0,8395 1,4202 | 1,0492
1300 | 35,070{ 26,745 | 32,067 23,752 1,1447 | 0,8478 1,4306 | 1,0597
1400 35,330 | 27,005 .32,293| 23978 | 1,1526 | 0,8558 1,4407 | 1,0697
1500 35,556 | 27,231 32,502 24,187 | 1,1602 0,8633 1,4499 | 1,0789
1600 35,757 | 27.432| 32,699| 24,384 | 1.1673 | 0,8704 1,4587 1,0877
1700 35937 27612 32,8831 24,568 ; 1,1736 0,8771 1,4671 [,0961
1800 36.100 | 27,775 33,055 24,740 { 1,1798 0.8830 1,4746 | 1,1036
1900 36.247 | 27922% 33218 24,9G3 | 1.1857 | 0.8889 | 14821 | 1i,1112
2000 36,377 [ 28,052 33373 25,058 | 1,1911 | 0.8943°| 14888  1,1179
2100 36,494 | 28169 | 33,520| 25,205 | 1,1966 | 0.8997 1.4955 ( 1,1246
2200 36,6031 28,278 33,658 25343 ) 1,2012 0,9048 1,5018 | 1,1304
2300 36,703 | 28,378 33,787 25472 1.2058 | 0,9094 1.5072 | 1,1363
2400 36,975 28470 33909 25594 | 1,2104 | 0.9136 1,5127 | 1,1417
2500 36,879 128,554 34022 25707 | 1.2142 09177 1,5177 { - 1,1468
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Nhiét dung riéng cia khi CO

Bdng 10

r . ia Nhiét dung riéng | Nhi¢t dung riéng

. Nhiét dung riéng mol, e e

Nhiét K]/ kmol.K khdi lwgng, thé tich,
a6 ' kJ/keK k)im K
t°C l“Cp ,HCV J“Cplc -HC\'tb Cplb C\’lb Ci)th 'C;'[b
0 29,123 20,808 | 29.123 20,808 | 1,0396 | 07427 1,2992 | 0,9282
100 292621 209471 29,178 20,863 1,0471 0,7448 1,3071 | 0,9307
200 29.647 | 21,332 29,303 20,988 | 1,0463 | 0,7494 1,3071 | 0,9362
300 30,254 | 21,939 | 29517 21,202 1.0538 | 0,7570 1,3167 | 0,9458
400 30974 | 22,659 29,789| 21,474 | 10634 0,7666 | 1,3289 | 0,9579
500 31,707 | 23,3921 30,009| 21,784 } 10748 07775 | 1,3427 | 09718
600 32,402 | 24,087 | 30425 22,110 1,0861 | 0,7892 | 1,3574 | 0,9864
700 330257 24,710 | 30752| 22,437 | 10978 0,8009 | 1,3720 [ 1,0011
800 33,574 | 25,259 31,070 22,755 | 1,1001 | 0,8122 1,3862 | 1,0133
900 34,055 | 25,740 31,376 23,061 | 1,1200 | 08231 | 1399 1,0287
1000 34,740 | 26,155} 31,665 23,350 | 1,1304 | 0,8336 14126 | 1,0417
1100 34826 | 26,511| 31,937) 23,622 | 1,1401 0.8432 | 1,4248 | 1,0538
1200 35,140 | 26,826 | 32.192( 23,877 1,1493 | 0.,85606 1,4361 1,0651
1300 35,142 | 27,097 32,427| 24,112 1,1577 | 0,8608 | 14465 1,0756
1400 35,646 | 27,331 | 32,653 24,338 | 1,1656 | 0,8688 1,4566 | 1,0856
1500 35,856 | 27.541| 32,858 24,543 | 1,1731 | 08763 | 1,4658 1,0948
1600 36,040 | 27,725 33,051| 24.736 | 11798 0,8830 | 14746 | 1,1036
1700 36,203 | 27.888 | 33,231| 24.916 11,1865 | 0,8893 1,4893 11116
1800 36,350 | 28.035| 33,042 25,087 1,1924 | 0,8956 | 14901 1,1191
1900 36,480 | 28,165 | 33,561| 25246 | 1,1983 0,9014 | 14972 | 1,1262
2000 36,597 | 28,282 | 33,7087 25393 1.2033 | 09064 | 1,5039 | 11329
2100 36,706 | 28,391 | 33,850 25,535 | 1,2083 | 0,9115 1,5102 1,1392
2200 36,802 | 28,487 33,980 25,665 | 1,2129 | 0,9161° 1,5160 1,1451

- 2300 36,894 | 28,579 | 25,791 1,2175 { 0,9207 | 1,5215 1,1505 1,5218
2400 36978 | 28,663 | 34,223 25908 | 12217 09249 | 1,5269 | 1,1560
2500 37,053 | 28,738 | 34,336 26.021 | 1,2259 | 09291 1,5320 1,1610
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Nhiét dung riéng cta hydrd (H,)

Bdng 11

e an Nhiét dung riéng mol, Nhlétdc.]ung riéng | Nhigt clul’lg riéng
Nhiét 4 khoi hrong, the tich,
kJ/kmol.K ;
kJ/kg.K kJ/m.K
t°C 1 Cp &#C, ,uCpﬂ, #C C]th Co C;nb C.p

] 28,617 | 20,302 | 28,617 | 20,302 | 14,195 10,071 1,2766 | 0,9056
100 29,128 | 20,813 | 28,9351 20,620 | 14,353 i0,228 1,2908 0,9198
200 29.241 | 20,926 | 29,073 20,758 | 14,421 | 10,297 | 1,2971 [ 0,9261
300 29,292 [ 20,984 | 29,123 | 20,808 | 14,446 | 10,322 § 1,2992 | 0,9282
400 | 29,396 | 21,081 | 29,186 | 20,871 | 14,477 | 20353 | 1,3021 | 0,9311
500 29,559 | 21,244 | 29.249 | 20,934 | 14,509 | 10,384 | 1,3050 | 0,9341
600 29,793 | 21,478 | 29,316 | 21,001 | 14,542 | 10,417 1,3080 | 0,9370
700 30,009 | 21,784 | 29,408 | 21,093 | 14,587 | 10,463 | 1,3121 | 09412
800 30,472 | 22,157 | 29,517 | 21,202 | 14,641 10,517 | 1,3167 | 0,9458
900 30,869 |- 22,554 | 29,647 | 21,332 | 14,706 | 10,581 | 1,3226 | 0,9516
1000 31,284 | 22,969 | 29,789 | 21474 | 14,776 { 10,652 | 1,328% | 0,9579
1100 31,723 | 23,408 | 29944 21,629 | 14,853 | 10,727 | 1,3360 | 09650
1200 32,155 | 23,840 | 30,107 | 21,792 | 14,934 j 10,809 1,3431 | 0,9722
1300 32,590 | 24,275 30,288 | 21,973 | 15,023 10,809 1,3511 0,9801
1400 33,000 | 24,685 | 30,467 22,152 | 15,113 | 10,988 | 1,3591 | 0,9881
1500 33,394 | 25,079 | 30,647 { 22,322 | 15,202 | 11077 | 1,3674 | 0,9964
1600 33,762 | 25.447 | 30,832 22,517 | 15294 | 1L169 | 1,3754 | 1,0044
1700 34114 | 25,799 | 31,012 | 22,697 | 15,383 | 11,258 | 1,3833 | 1,0124
1800 34,445 | 26,130 | 31,192 | 22,877 | 15,472 | 11,347 | 1,3917 | L0207
1900 34,763 | 26,448 | 31,372 | 23,957 | 15.561 11,437 1,3996¢ | 1,0287
2000 35,056 | 26,741 | 31,548 | 23,233 | 15,649 | 11,524 | L4076 | 1,0366
2160 35,332 | 27,017 | 31,723 | 23,408 | 15,736 11,611 14151 1,0042
2200 35,605 | 27,290 | 31,891 23,576 | 15,819 | 11,694 | 1,4227 | 1,0517
2300 35,852 | 27,537 | 32,058 23,743 | 15,902 | 11,798 | 1,4302 | 1,0593
2400 36,090 | 27,775 | 32,222 23,907 | 15983 | 11,858 | 1,4373 | 1,0664
. 2500 36,316 | 28,001 32,385 | 24,070 | 16,064 11,937 1,4449 1,0739
2600 36,580 | 28,215 32,540 | 24,225 | 16,141 | 12,006 | 1,4516 1.0806
2700 36,731 /) 28,416 | 32,091 124376 | 16,215 | 12,091 | 1,4583 | 1,0873
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Bdng 12
Nhiét dung riéng caa khi CO:

i ié Nhiét dung rién
Nhiét dung riéng mol, Nhiét dung riéng i 8 g

Nhiét 6§ khdi lwgng, th tich,
T /kmol. K "
kI . - klkg K . kJ/m K-
r°C #C, #C, HCuy | HCy C.pu, Cao C’plb Cons
0 35860 | 27,545| 35860} 27,545 | 0,8148 | 0,6259 | 1,5998 | 1,2288

100 40206 | 31,891 | 38,112| 29,797 | 0,8658 | 0,6770 | 1,7003 | 1,3293
200 43,689.| 35374 40,059| 31,744 | 9,9102 | 0,7214 | 17873 | 1,4164
300 46,515 | 38,200 | 41,755| 33,440 | 0,9487 | 0,7599 | 18627 | 14918
400 48,860 40,515 43,250 | 34,933 | 0,9826 0,7938 1,9297 1,5587
500 50,815 | 42,500 | 44,5737 36,258 [ 1,0128 | 0,8240 | 19887 | 1,6178

600 52,452 | 44,137 | 45,753} 37,438 | 1,03%96 | 0,8508 | 2,0411 | 1,6701
700 53,826 | 45,511 46,813] 38498 | 1,0639 | -0,8746 | 2,0884 | 1,7174
800 54,977 | 46,662 | 47,763{ 39448 | 1,0852 | 08964 | 2,1311 | 1,7601-
200 55,952 | 47,637 | 48,617] 40,302 | 1,1045 0,_9157 2,1692 | 1,7982
1000 56,773 | 48,458 | 49,392) 41,077 { 1,1225 | 09332 | 2,2035 | 1,8326
1100 57472 49,157 50,099 41,784 | 1,1384 | 09496 | 2,2349 | 1,8640

1200 58,071 | 49,756 50,740 42425 | 1,1530 | 0,9638 | 2,2638 | 1,8929
1300 58;586 50,271 51,3220 43,007 | 1,1660 | 0,9772 | 2,2898 | 1,9188
1400 59,030 | 50,715 51,858 43,543 1,1782 | 09893 | 23136 | 1,9427
1500 59,411 | 51,096 | 527348 44,033 | 1,1895 | 1,0006 | 2,3354 | 19644
1600 59,737 | 51,422 52,800| 44,485 [ 1,1995 | 1,0107 | 23555 | 1,9845
1760 60,022 | 51,707 53,218 44,903' 1,2091 | 1,0203 | 23743 | 2,0034

1800 60,269 | 51,954 | 53,604| 45280 | 1,2179 | 1,0291 | 2,3915 | 2,0205
1900 60,478 | 52,163 | 53,959| 45,644 | 12259 | 1,0371.] 2,4074 | 2,0365
2000 60,654 | 52,339 54,290 45,975 | 1,2334 | 1.0446 | 2,4221 | 2,0511
2100 ; 60,801 [ 52,486 54,596) 46,281 | 1,2405 | 1,0517 | 2,4359 | 2,0640
2200 60,918 [ 52,603 | 54,881| 46,566 | 1,2468 | 1,0580 | 2,4484 | 2,0775
2300 61,006 | 52,691 | 55,144 46,829 | 1,2531 | 1,0639 | 2,4602 [ 2,0892

2400 | 61,060 | 52,745 55391| 47,076 | 1,2586 | 1,0697 | 2,4710 | 2,1001
2500 61,085 [ 32,770 55,617| 47,302 | 1,2636 | 1,07481 | 24811 | 2,1101
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Bdng 13

Nhiét dung riéng cta hdi nuac (H20)

ns Nhiét dung riéng mol, Nhiét“c.lung riéng Nhiét du:}g riéng
Nhiét 4o KJ/kenoLK khdi lwgng, thé tich,
: ) kJ/kg K kJ/r'n;‘c.K
t*C 'ucp luc\‘ rucpl.b #Cvtb Cptb Cvlb ’ C;][h C\J[b

0 33,499 | 25,184 | 33499 | 25,184 [ 1,8594 | 1,3980 | 1,4943 | 1,1237
100 34,055 | 25,7404 33,741 | 25246 | 1,8728 | 14114 1,5052 | 1,1342
200 34,964 | 26,649 | 34,118 | 25,803 | 1,8937 | 14323 | 1,5223 | 1,1514
300 36,036 27,721 34,575 | 26,260 | 1,9192 1,4574 1,5424 1,1715
400 37,191 28,876 35,090 | 26,775 | 1,9477 1,4863 1.5854 1,1945
300 38,406 | 30,091 | 35,630 27,315 | 1,9778 | 1,5160 | 1,5897 | 1,2188
600 39,662 31,347 36,195 | 27,880 | 2,0092 1,5474 1,6148 1,2439
700 40,951 32,6306 36,789 | 28474 | 20419 1,5805 16412 1,2703
800 42,249 | 33,934 | 37,392 29077 | 2,0754 | 1,6140 | 1,6680 | 1,2971
900 43,513 | 35,198 | 38,008 | 29,693 | 2,1097 | 1,6483 | 1,6957 | 1,3247
1000 44,723 | 36,408 { 38,619 | 30,304 | 2,1436 | 1,6823 | 1,7229 | 1,3519
1100 45858 | 37,543 | 39,226 { 30,911 | 2,1771 1,7158 | 1,7501 1,3791
1200 46,913 | 38,598 | 39,825 |'31,510 [ 2,2106 | 1,7488 | 1,7769 | 1,4059
1300 47,897 | 39,582 | 40,407 | 32,092 | 2,2429 | 1,7815 1.8028 | 1,4319
1400 48.801 | 40,486 | 40,976 | 32,661 | 2.2743 | 1,8129 | 1,8280 | 1,4570
1500 49,639 411,324 41,515 | 33,210 | 2,3048 | 1,8434 1,8527 1,4817
1600 50,409 | 42,094 | 42,056 | 33,741 | 2,3346 | 1,8728 | 1,8761 | 11,5052
1700 51,133 42 818 42,576 | 34,261 | 2,3630 1,9016 1.8996 1,5286
1800 51,782 | 43,467 | 43,070 | 34,755 | 2,3907 | 1,9293 | 1,9213 1,5504
1900 52,377 44,062 43,539 35,224 2,4166 1,9552 19423 1,5713
2000 52,930 | 44615 | 43,995 | 35,680 (24422 | 1,9804 | 19628 | 1,5918
2100 53,449 | 45,134 | 44,435 | 36,120 | 2.4664 | 2.0051 19824 | 16115
2200 53930 | 45,615 | 44,853 | 36,538 | 2,4892 | 2,0281 | 2,0009 | 1,6299
2300 54370 | 46,055 | 45,255 | 36,940 | 2,5121 | 2,0503 | 20189 | 1,6479
2400 54,780 | 46,465 | 45,644 | 37,320 | 2,5334 | 2,0720 | 2,0365 | 1,6655
2500 55,161 | 46,846 | 46,007 | 37,702 | 2,5544 | 2,0926 | 2,0528 | 1,6318
2660 §5,525 | 47,210 | 46,381 | 38,066 | 2,5745 3 2,1131 | 2,0691 | 1,6982
2700 55,864 | 47,549 | 47,729 | 38,414 (25937 | 2,1323 | 2,0864 | 1,7137
2800 56,187 | 47,872 47,060 | 38745 | 20121 | 21508 | 2,0997 | 1,7287
2900 56,488 | 48173 | 47387 | -39,063 | 2,6297 | 21683 | 2,1135 1,7425
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- Bing 14
Nhiét dung riéng cia khong khi

Nhiét dung riéng | Nhiét dung riéng

| Nbiet ag Nhiét :;;i‘:f‘;f mol, kh&i hwomg, the tich,
) k)/kg.K kJ/mi.K

C fu_Cp .HC\. J'uCplb luC\‘[b Cplb C\1b C;)ib C;rtb

0 20073 | 20,758 | 29,673] 20,758 | 1,0036 | 0,7164 | 12971 | 0.926

100 29266 ! 20,9511 29,152] 20,838 | 10061 | 0,7193 | 1,3004 | 0,9295
200 20676 | 21,361 | 29,299| 20,984 | 10115 | 0,7243 | 1,3071 j 09302
300 30,266 | 21,951 29,521 21,206.| 1,0191 | 0,7319 | 1.3172 | 0,9462
400 30,949 | 22,634 | 29,789| 21,474 | 1,0283 | 0,7415 1 1,328% ; 0,9579
500 31,640 | 23,325| 30,095| 21,780 | 1,0387 | 07519 1,3427 | 0,9718

600 32301 | 23,986 | 30,405] 22,090 | 10496 | 0,7624 | 1,3565 | 0,9856
700 32,900 | 24,585 | '30.723| 22,408 | 1,0605 | 0,7733 | 13708 | 0.9998
800 33432 | 25,117 | 31,028| 22,713 { 1,0710 | 0,7842 | 1,3842 ) 1,0312
900 33,905 | 25,590 | 31,321| 23,006 | 10815 | 0,7942 | 1,3976 | 1.0362
1000 34,315 | 26,000 31,598 23,283 | 1,0907 | 0,8039 1,4097 | 1,0387
1100 34,679 | 26394 | 31,862| 23,547 | 10999 | 0,8127 | 14214 | 1,0505

1200 35,002 | 26,687 32,109( 23,794 | 1,1082 | 08215 | 1,4327 1,0618
1300 35291 | 26,976 | 32,343| 24,028 [ 1,1166 | 08294 | 1,4432 1,0722
1400 35,546 | 27.231| 32,565| 24,250 | 1,1242 | 08369 | 1,4528 1,0819
1500 35772 | 274577 32.774| 24,459 | 1,1313 | 0,8441 | 14620 | 1,0911
1600 35977 27,662 32967 24,652 | 1,1380 | 0,8508 | 1,4708 1.0999
1700 36,170 | 27,855 33,1510 24,836 | 1,1443 | 0.8570 | 1,4788 1,1078
1800 36,346 | 28,031 | 33,319| 25,004 | L1501 [ 09633 | 14867 1,1158
1900 36,509 | 28,194 | 33482 25,167 | 1,1560 | 08688 | 14939 | 1,1229
2000 . | 26,655 28.340{ 33,541| 25326 1,1610 | 0.8742 1,5010 | 1,1296
2100 36,798 | 28,483 ] 33.787| 25472 | 1,1664 | 0,8792 | 1.5072 1,1363
2200 36,928 | 28,613 33,926 25611 | 1,1710 0,8843 | 1,5135 | 1,1420
2300 37,053 | 28,738 | 34,060|. 25,745 [ 1,1757 | 0,8889 1,5194 | 1,1484

2400 37,170 | 28,8551 34,185| 25870 | 1,1803 | 0,8930 | 15233 1,1543
2500 37,279 | 28964 | 34,3071 25992 | 1,1804 | 0,8972 1,5303 [ 1,1593
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. Bdng 15
'Nhiét dung riéng cta khi SO,

Nhiét dung riéng | Nhiét dung riéng

Nhiét do Nhiét dung riéng mol, khi lwong, the tich,
kJ/kmol.K :
kJ/kg.K kJ/m}.K
t°C P‘Cp #C, #C | #Cy Cp[h Cone C;::th Coo
0 38,83 30,52 38,85 30,52 |. 0,607 0,477 1,733 1,361

100 42,41 34,08 40,65 | 32,32 | 0,636 0,507 1,813 | -1,440
200 45,55 [ 37,22 4233 [ 34,00 | 0,662 0,532 1,888 1,516
300 48,23 39,90 43,88 | 3555 | 0,687 | 0,557 1,955 1,587
400 50,24 4191 | 4522 36,89 | 0,708 0,578 2,018 1,645
500 51,71 43,38 46,39 t 38,06 | 0,724 0,595 2,068 1,700

600 52,58 | 44557 4735 3902 | 0,737 | 0607 | 2,114 | 1,742
700 | 5376 | 4543 | 4823 | 3990 | 0,754 | 0624 | 2152 | 1,779
800 5443 | 46,10 | 4897 4061 | 0,762 | 0632 | 2181 | 813
900 55,01 46,68 | 4961 | 41,28 | 0,775 | 0,645 | 2,215 | 1,842
1000 | 55,43 47,10 | 50,06 | 41,83 | 0,783 | 0653 | 2236 | 1867
1100 | 5577 | 4744 | so66| 4233 | 0,791 -| o662 | 2261 | 1,888

1200 56,06 47,73 51,08 | 42,75 | 0,795 0,666 2,278 1,905
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 Bdng 16

Nuée va hoi nude bsio hoa (theo nhiét do)

t p v v'? = g i r g -

oC bar | mikg | m¥kg | kgm® |klkg| kl/kg kl/keg|k)/kgK kJ/kgK
0,01 | 0,006108 | 0,0010002] 206,3 | 0,004847 0 2501 2501 0 9,1544
5 0,007819 | 0,0010001 147,2 |0,006793 | 21,05 2510| 2489) 0,0762 9,0241
10 | 0,012277 | 0,0010004 [ 106,42 | 0,009398 | 42,04 .2519 | 2477| 0,1510| 8,8994
15 | 0,017041 | 0,0010010| 77,97 | 0,01282 | 62,97 2528 | 2465( 0,2244( 8,7800
20 | 0,023337 | 0,0010018{ 57,84-| 0,01729 | 83,90 2537 | 2454 0,2964 | 8,6665
125 10,03166 | 0,0010030| 43,40 | 0,02304 | 1048 2547 | 2442 0,36721 8,5570
30 0,04241 | 0,0010044 } 32,93 | 0,03037 | 1257 2556 2430] 0,4366 | 8,4523
35 0,05622 | 0,0010061) 25,24 | 0,03962 | 146,60 2565 | 2418| 0,5049| 8,3519
140 0,07375 | 0,0010079 | . 19,55 | 0,05115 | 167,50 2574 2406| 0,5723| 8,2559
50 0,12335 | 0,0010121| 12,04 | 0,08306 | 209,3| 2592 2383| 0,7038] 8,0753
55 0,15740 | 0,0010145| 9,578 | 0,1044 230,21 26007 2370( 0,7679| 7,9901
60 | 0,19917 | 0,001017t| 7,678 (. 0,1302 251,1| 2609 | 2358( 0,8311( 7,9084
65 0,2501 | 0,0010199| 6,201 | 0,1613 272,11 2617 2345| 0,8934| 7,8297
i 03117 | 0,0010228] 5,045 | 0,1982 293,0] 2626 2333] 0,9549| 7,7544
75 0,3855 | 0,0010258( 4,133 | 0,2420 314,01 2635 2321| 1,0157| 7,6815
80 0,4736 | 0,0010290 | 3,408 | 0,2934 334,9| 2643 2308| 1,0753| 7,6116
85 0,5781 {0,0010324| 2,828 | 0,3536 355,9| 2651} 2295( 1,1342} 7,5438
90 0,7011 |0,0010359] 2,361 | 0,4235 377,00 2659| 2282} 1,1925 7,4787
95 | 0,8451 | 0,0010396 1,982 | 0,5045 398,0{ 2668 2270| 1,2502( 7,4155
100 | 1,0132 | 0,0010435| 1,673 | 0,5977 419,1| 2676 2257 1,3071| 7,3547
105 1,2079 | 0,0010474| 1,419 | 0,7047 440,2| 2683 2243| 1,3632| 7,2959
110 | 1,4326 | 0,0010515} 1,210 | 0,8264 4613 2691} 2230| 1,4184| 7,2387
115 | 1,6905 | 0,0010559| 1,036 | 0,9652 48250 2698 2216f 1,4733| 7,1832
120 |* 1,9854 | 0,0010603 [ 0,8917 1,121 503,7 2706| 2202| 1,5277| 7,1298
125 | 2,3208 |0,0010619( 0,7704( 1,298 525,01 2713| 2188| 1,5814] 7,0777
130 | 2,7011 | 0,0010697| 0,6683| 1,498 546,3| 2721| 2174 1,6345| 7,0272
135 3,130 0,0010747] 0,5820| 1,718 567,5| 2727} 2159| 1,686%| 6,9781
140 3,614 | 0,0010798( 0,5087 | 1,966 589,01 27341 2145] 1,7392| 6,9304
145 4,155 0,0010851| 0,446l 2242. | 6105 2740 | 2130] 1,7907] 6,8839
150 4,760 0,0010906 0,39261 2,547 | 632,2| 2746 [ 2114| 1,8418| 6,8383
155 5,433 0,0010962 | 03466 2,835 | 653,9] 2753 2099 1,8924 6,7940
160 6,180 0,0011021 | 0,3068 | 3,258 675,5] 2758 2082] 1,94271| 6,7508
165 7,008 ' | 0,0022081| 0,2725| 3,670 697,3[ 2763 2066| 1,9924| 6,7081
170 7,920 0,0011144 | 0,2426( 4,122 7192 2769| 2050| 2,0417 | 6,6666
175 8,925 0,0011208 } 0,2166| 4,617 741,1| 27731 2032 2,0909 | 6,6250
180 | 10,027 | 0,0011275}.0,1939| 5,157 763,1| 2778 | 2015| 2,1395 6,5858
185 11,234 | 0,0011344 | 047394 5,750 785,2| 2782 | 1997 2,1876| 6,5465
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Tiép bing 16

t p v! v” P” i5 i”_ r S! S”

loc | bar | mikg | m¥ke | kgm® | Ki/kg | KU/kg {KI/ke (ke KiI/kg K

190 | 12,553 {0,0011415| 0,1564 | 6,394 | 807,5°| 2786 | 1979| 2,2357|6,5074
195 | 13,989 | 0,0011489| 0,1409 | 7,097 | 829,9 | 2790 | 1960] 2,2834| 6,4694
200| 15,551 | 0,0011565| 0,272 | 7,862 | ‘8524 | 2793 1941{ 23308 6,4318
205 | 17,245 | 0,0011644| 0,1151 | 8,688 | 8750 | 2796 | 1921] 2,3777|6,3945
210 | 19,080 | 0,0011726| 0,1043 | 9,588 | 897,7 | 2798 | 1900| 2,2246|6,3577
215 { .21,062 | 0,0011812| 0,00465| 10,56 | 9207 | 2800 | 1879 2,4715(6,3212
220 | 23201 | 0,0011900| 0,08606 | 11,62 | 9437 | 2802 1858| 2,5179(6,2849
2251 25,504 | 0,0011992| 0,07837 | 12,76 | 9669 | 2802 | 1835 2,5640| 62488
230 27,979 | 0,0012087| 0,07147| 13,99 | 990,4 | 2303 | 1813 | 2,6101(6,2153
235 ] 30635 | 0,0012187| 0,06527 1532 | 16139 2804 | 1790 2.6561|6,1780
240 | 33,480 | 0,0012291| 0,05967 | 16,76 | 1037,5| 2803 | 1766 | 2,7021|6,1425
245 | 36,524 | 0,0012399( 0,05462 | 1830 | 1061,6| 2803 | 1741 2,7478| 6,1073’
250 | 39,776 | 0,0012512| 0,05006 | 19,98 | 1085,7| 2801 | 1715 2,7934| 6,0721
255 | 43,25 | 0,0012631| 004591 | 21,78 | 1110,2[ 2799 | 1689 2,8394]6,0363

260 | 46,94 §00012755( 0,04215} 23,72 | 1135,1| 2796} 1661 2,8851|6,0013
265 50,87 |10,0012886| 0,03872| 25,83 1160,2 | 2794 | 1634 2,9307| 5,9657
1270} 5505 | 0;0013023| 0,03566 | 28,09 1185,3| 2790 | 1605 | 2,9764|5,9297
275 59,49 | 0,0013168] 0,03274 | 30,53 1210,7 | 2785 | 1574, 3,0223) 5,8938
| 280 64,91 0,0013321| 0,03013° 33,19 1236,9 | 2780 | 1542,9 3,0681)5,8573
1285 | 69,18 | 0,0013483| 0,2774 | 36,05 1263,1] 2773 | 1510,% 3,1146[5,8205
290 | 74,45 | 0,0013655] 0,02554 | 39,15 1290,0| 2766 | 1476,% 3,1611 | 5,7827
295 80,02 | 0,0013839| 0,02351 | 42,53 1317,2 | 2758 | 1441,0 3,2079|5,7443
300 | 8592 | 0,0014036] 002164 | 46,21 1344,9 | 2749 | 1404,2 3,2548| 5,7049
305 | . 92,14 0,001425 | 0,01992 | 50,20 1373,1| 27391365, 3,3026] 5,6647
310 ( 98,70 0,001447 | 0,01832 ) 54,58 1402,1 | 2727 | 1325,2 3,3508(5,6233
315 105,61 | 0,001472 | 0,01683 | 59,42 14317 2714 | 12823 3,3996|5,5802
320 ) 112,90 | 0,001499 | 0,01545] 64,72 1462,11 2700 | 1237,8 3,4495{5,5353
325 | 120,37 0,00529 | 0,01417 | 70,57 1493,6 1 2084 | 1190,3 3,5002| 5,4891
330 | 128,65 | 0,001562 | 0,01297] 77,10 1526,1 | 2666 | 11394 3,5522) 5,4412
335 137,14 | 0,001599 | 0,01184 | 84,46 |- 1559.8| 2646 | 1085,7 3,6056| 5,3905
-340 | 146,08 | 0,001639 | 0,01078 } 92,76 | 1594,7| 2622 [ 1027,0 3,6605| 5,3361
3451 155,48 | 0,001686 | 0,009771| 102,34 1639 | 2595 | 963,5| 3,7184;5,2769
350 | 165,37 | 0,001741 {0,008803| 113,6 1671 | 2565 | 793,5| 3,77861 5,2117
“355 175,77 | 0,001807 [0,007869| 127,1 1714 | 2527 | 813,0] 3,8439|5,1385 |
1360 | 186,74 | 0,001894 |0,006943( 1440 1762 | 2481 719,3| 3,9162|5,0530
365 193,30 0,00202 | 0,00599| 166,8 1817 | 2421 | 603,5( 4,0009] 4,9463
370 | 210,53 }. 0,00222 ] 0,00493| 203 1893 | 2331 | 438,4| 4,1137] 4,7951
374 | 22522 0,00280-4.0,00347 | 288 4853 | 512,71 27,4 | 1,0332}1,0755
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Nudc va hoi nudc bio hoéa (f,heo Ap sudt)

Bing 17

p t V’ . ?” Fp! 'ia i!! T ’ S’ S”
bar | °C mikg | m¥kg | ke/m® | kJ/kg |kl/kg [k)/kg ki/kg Kikl/ke K]
0.010] 6,92 | 00010001 | 1299 §0,00770 | 29,32 | 2513 ] 2484 0,1054 8,975 -
0,015 | 13,038 | 0,0010007 | 87,90 | 001138 | 54,75 | 2525 | 2470 0,1958 | 8,827
0,020{ 17,514 | 0,0010014 | 66,97 | 0,01493 | 73,52 | 2533 2459 | 0,2609 | 8,722 -
0,025| 21,094 | 0,0010021 | 54,24 | 0,01843 | 88,50 | 2539 2451 | 0,3124 | 8,642
0,030 | 24,097 | 0,0010028 | 45,66 | 0,02190 | 101,04 2545 | 24447 0,3546 | 8,576
0,035| 26,692 | 0,0010035 | 39,48 | 0,02533 | 111,86 2550 | 2438 | 0,3908 } 8,521
0,040| 28,979 | 0,0010041 | 34,81 |0,02873 | 121,42 | 2554 2433 | 0,4225 8,473
0,045 | 31,033 | 0,0010047 | 31,13 | 0,03211 | 130,00} 2557 | 2427 0,4507 | 8,431
0.050| 32,88 | 0,0016053 | 28,19 | 0,03547 ]137,83 | 2561 | 2423 | 0,4761 8,393
0,060| 36,18 | 0,0010064 | 23,74 §0,04212 | 151,50 | 2567 | 2415 0,5207 | 8,328
0,070 39,03 | 0,0010075 | 20,53 | 0,04871 |163,43 | 2572 2409 | 0,5591 | 8,274
0,080 | 41,54 | 0,0010085 | 18,10 | 0,05525 | 1739 | 2576 | 2402 0,5927 | 8,227
0,090| 43,79 | 0,0010094 | 16,20 | 0,06172 | 1833 | 2580 2397 0,6225 | 8,186
0,10 | 4584 | 0,0010103 | 14,68 | 0,06812 | 1919 | 2584 | 2392 0,6492 | 8,149
011 | 47,72 | 0,0010111 | 13,40 | 007462 | 199.7 | 2588 | 2388 | 0,6740 8,116
0,12 | 49,45 | 0,0010119 | 1235 |-0,08097 |.207,0 | 2591 2384 | 0,6966 | 8,085
013 | 51,07 | 0,0010126-| 11,46 {0,08726 | 2138 | 2594 | 2380 0,7174 | 8,057
014 | 52,58 | 00010133 | 10,69 | 0,09354 | 220,1 | 2596 } 2376 | 0,7368 8,031
0,15 { 54,00 | 0,0010140 | 10,02 |0,09980 | 226,1 | 2599 | 2373 0,7550 8,007
020 | 60,08 | 0,0010171 | 7,647 | 0,1308 | 2514 | 2609 | 2358 0,8321 7,907
025 | 64,99 | 0,0010199 | 6,202 | 01612 | 272,0 | 2618 | 2346 0,8934 | 7,830
030 | 69,12 | 0,0010222 | 5,226 | 0,1913 - | 289,3 | 2625 | 2336 | 0,9441 7,769
040 | 75,88 | 00010264 | 3,994 | 02504 | 317,7 | 2636 | 2318 { 1,0261 | 7,670
0.50 | 81,35 | 0,0010299 | 3,239 | 03087 | 3406 | 2645 | 2304 ] 1,0910 | 7,593
06 | 8595 | 00010330 | 2,732 | 03661 | 360,0 | 2653 { 2293 | 1,1453 7,531
07 | 8997 | 0,0010359 | 2,364 { 0,4230 | 376,8 | 2660 | 2283 | 11918 | 7479
08 | 9352 | 00010385 | 2,087 | 0,4792 | 3918 | 2665 | 2273} 1,2330| 7.434
09 | 9672 | 0,0010409 | 1,869 | 0,5350 | 4053 | 2670 2265 | 1,2696 | 7,394
1,00 | 99,64 | 0,0010432 | 1,604 | 0,5003 | 4174 | 2675 | 2258 | 1,3026 | 7,360
1,1 | 102,32 | 0,0010452 | 1,550 | 0,6453 | 4289 | 2679 | 2250 | 1,3327 | 7,328
12 | 104,81 | 00010472 | 1,429 | 0,6999 | 439,4 } 2683 | 2244 | 1,3606 | 7,298
1,3 | 107,14 | 0,0010492.| 1,325 | 0,7545 | 449,2 | 2687 | 2238 | 1,3866 | 7,271
1,4 | 109,33 | 10,0010510 | 1,236 | 0,8080 | 4585 | 2690 | 2232 | 1,4109 | 7,246
1,5- | 111,38 | 00010527 | 1,159 | 0,8627 | 467,2 | 2693 | 2226 | 1,4336 } 7,223
1,6 . | 113,32 | 0,0010543 | 1,001 | 09164 | 4754 | 2696 | 2221 14550 7,202
1,7 | 11517 | 0,0010559 | 1,031 | 0,9699 | 433,2 | 2699 | 2216 1,4752°] 7,182
|18 {11694 | 0,0010575--0:9773-1;023-|-400.7 2702|2211 | 1,4943 | 7,163
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Tiép bang 17

p t v! v” f)” i’ i” r S, s”
bar | °C | m¥kg | m¥kg | kg/m® | kWke |kJ/kg | kl/kg [kI/ke Klk}/kg K
1,9 | 118.62| 0,0010591 | 0,9290 | 1,076 | 497,9 | 2704 | 2206 | 1,5126 | 7,145
2,0 |12023| 0,0010605 | 0,8854 | 1,129 | 5048 | 2707 | 2202 |1,5302 | 7,127
2,1 | 121,78 | 0,0010619 | 0,8459 | 1,182 | 5114 | 2709 | 2198 |1,5470 | 7,111
22 | 12327 00010633 | 0,8098 | 1,235 | 5178 | 2711} 2193 |1,5630 |7,096
23 124,71 0,0010646 | 0,7768 1,287 5240 2713 2189 11,5783 | 7,081
24 | 126,00| 00010659 | 0,7465 | 1,340 | 5298 | 2715 | 2185 |1,5929 |7,067
25 | 127.43] 00010672 | 0,7185 | 1,392 | 5354 | 2717 | 2182 | 1.6071 {7,053
26 | 12873 0,0010685 | 0,6925 | 1,441 | 5409 | 2719 | 2178 | 1,621 [ 7,040
27 | 12998] 00010697 | 0.6684 | 1,406 | 5462 | 2721 | 2175 | 1,634-| 7,027
2.8 131,20 0.0010709 | 0,6461 1,548 551,4 2722 | 2171 | 1,647 7,015
29 | 13239 0,0010721] 0,6253 | 1,599 | 556,5 | 2724 | 2167 | 1,600 | 7,003
30 | 133.54] 00010733 ] 0,6057 | 1.651 | 561,4 | 2725 2164 | 1.672 | 6,992
31 | 134,66 00010744 | 0,5873 | 1,703 | 5663 | 2727 2161 | 1,683 | 6,981
32 135,75 0,0010754 | 0,5701 1,754 5711 2728 | 2157 | 1,695 6,971
33 113682 0,0010765 | 0,5539 | 1,805 | 5757 ] 2730| 2154 | 1,706 | 6,961
34 | 137.86| 00010776 | 0,5386 | 1,857 | 580,2 { 2731 | 2151 | 1,717 | 6,951
3,5 | 138,88 0,0010786 | 0,5241 | 1,908 | 584,5 | 2732 2148 | 1,728 | 6,941
3,6 | 139,87 0,0010797 | 0,5104 | 1,959 | 5887 | 2734 | 2145 | 1,738 | 6,932
3,7 | 140,84 0,0010807 | 0,4975 | 2,010 | 592,8 | 2735 | 2142 | 1,748 | 6,923
38 | 141,79 0,0010817| 04852 | 2,061 | 596,8 | 2736 ] 2139 | 1,758 | 6,914
39 | 14271| 00010827 04735 | 2,112 | 6008 | 2737 2136 | 1,768 | 6,905
40 |14362| 00010836 0,4624 | 2,163 | 6047 | 27381 2133 | 1,777 | 6,897
41 | 14451| 0,0010845 | 04518 | 2,213 | 608,5 | 2740| 2131 | 1,786 | 6,889
4,2 | 145,39 0,0010855 | 60,4416 | 2264 | 6123 | 2741} 2129 | 1,795 |6,881
43 | 146,25 | 0,0010865 |0,4319 | 2,315 | 616,1 | 2742 | 2126 | 1,804 |6,873
4.4 | 147,09 0,0010874 | 04227 | 2366 | 6198 | 2743 | 2123 | 1,812 4,865
4,5 | 147,92 0,0010874 | 0,4227 | 2,366 | 6198 | 2743 | 2123 | 1.812 |6,865
50 | 15884 0,0010927 | 03747 | 2,669 | 640,1 | 2749 [ 2109 | 1,860 {6,822
6,0 | 158,84{ 0,0011007 | 0,3156 | 3,060 | 670,5 | 2757 | 2086 | 1,931 6,761
7.0 | 164,96{ 0,0011081 [0.2728 | 3,666 | 697,2.| 2764 | 2067 | 1,992 {6,709
20 | 170,421 00011149 |0,2403 | 4,161 | 720,0 | 2769 | 2048 | 2,016 |6,663 -
90 |17535| 00011213 (02149 | 4,654 | 7428 | 2774 2031 | 2094 {6,623
10 | 179.88) 00011273 | 0,1946 | 5,139 | 7627 | 2778 | 2015 | 2,138 |6,587.
11 | 184.05] 00011331 {01775 | 5634 | 7811 | 2781 | 2000} 2,179 15,554
12 | 187.95| 0,0011385 | 0,1633 | 6,124 - | 7983 | 2785 | 1987 | 2,216 |6,523
13 1 191,60 0,0011438|0,1512 | 6,614 | 8145 | 2787 | 1973 | 2,251 |6,495
14 | 19504 0,0011490 |0,1408 | 7,103 | 830,0 | 2790 | 1960 | 2,284 |6,469
15 |19828| 0,0011539 [0,1317 | 7,593 - | 844,6 | 2792 | 1947 | 2,314 6,445 |
16 | 201,36] 0,0011586 | 0,1238 | 8,080 | 8583 | 2793 1935 | 2,344 |6,422
.17 | 20430 0,0011632 {0,1167 | 8,569 | 8716 | 2795 | 1923 | 2,371 {6,400 .
18 | 207,10 | 0,0011678|-0;1104w|=0,058w 884212796, | 1912 | 2.397 [6.379
19° | 209,78 0001172240;3047 [ 9,549 | 8966 | 2798 | 1901 | 2,422 |6,359
207 | 212,37 | 00011766 | 0,09958 | 10:04L | \008;5 | 2799 | 1891 | 2,447 [6,340



p t v’ . V” Pﬂ - i’ i!! r s! S”

bar| °C m¥kg | m¥kg |kgm®| kl/kg |kl/kg [Kki/kg [kl/kgK kI/kg.K
21 | 21484 | 0,0011809| 0,09492 10,54 | 919,8 | 2800 1880| 2,470 | 6,322
22 | 217,24 | 00011851 0,00068{ 11,03 | 930,9 | 2801 1870 2,492 6,305
23 | 219,55 | 0,0011892| 0,08679 | 11,52| 941,5 | 2801 1860| 2,514 | 6,288
24 | 221,77 | 0,0011932| 0,08324 | 12,01 | 951,8 | 2802 1850| 2,534 | 6,272
25. | 22393 | 0,0011972| 0,07993 | 12,51 | 961,8 | 2802| 1840| 2,554 | 6,256
26 | 226,03 | 0,0012012} 0,07688 | 13,01 971,7 | 2803| ‘183L| 2,573 | 6,242
27 | 22806 | 0,0012050) 0,07406 | 13,50} 9813 { 2803| 1822} 2,592 | 6,227
28 | 230,04 | 0,0012088| 0,07141 | 14,001 9904 | 2803| -1813) 2,611 | 6213
29 | 231,96 | 0,0012126] 0,06895 | 14,50 | -999,4 | 2803| 1804] 2,628 | 6,199
30 | 233,83 | 0,0012163| 0,06665 | 15,00 | 10083 | 2804 1796 2,646 | 6,186
32 | 237,44 | 0,0012238| 0,06246| 16,01 | 10253| 2803] 1778| 2,679 6,161
34 | 240,88 | 0,0012310| 0,05875 | 17,02 | 1041,9| 2803| 1761| 2,710 | 6,137
36 | 244,16 | 0,0012380| 0,05543 | 18,04 | 1057,5| 2802| 1745| 2,740 | 6,113
38 | 247,31 | .0,0012450| 0,05246 | 19,06 | 1072,7| 2802 1729| 2,769 | 6,091
40 | 25033 | 0,0012520| 0,04977| 20,00| 1087,5| 2801 1713|2796 | 6,070
42 | 25324 | 0,0012588| 0,04732| 21,13 | 1101,7| 2800| 1698| 2,823 6,049
44 | 256,05 | 0,0012656] 0,04508| 22,18 | 1115,3| 2798| 1683 | 2,849 6,029
46 | 25875 | 0,0012724| 0,04305] 2323 | 1128,8| 2797| 1668 | 2,874 | 6,010
48 | 26137 | .0,0012790| 0,04118 | 24,29 | 1141,8| 2706 1654 | 2,898 | 5991
50 | 26391 | 0,0012857| 0,03944 | 25,35 | 1154,4| 2794| 1640 | 2,921 | 5973
55 | 269,94 | 0,0013021| 0,03564 | 28,06 | 11849} 2790| 16044 2,976 | 5,930
60" | 27550 | .0,0013185| 0,03243 | 30,84 | 1213,9| 2785| 1370.4 3,027 | 5890
65 | 280,83 | 0,0013347] 0,02973 | 33,64 1241,3| 2779| 15375 3,076 | 5851
70 | 285,80 | 9,0013510]0,02737 | 36,54 | - 1267,4| 2772| 15049 3,122 | 5814
75 | 290,50 | 0,0013673] 0,02532| 39,491 12927 | 2766| 1472,8 3,166 | 5,779
80 | 29498 | 0,0013838| 0,02352] 42,52 | 1317,0| 2758] 14411 3,208 | 5,745
85 | 299,24 | 0,0014005| 0,02192 | 45,62 | - 1340,8| 2751 1409, 3248 | 571l
90 | 30332 | 0,0014174| 0,02048 | 48,83 | 1363,7| 2743|-1379,3 3287 | 5678
95 | 307,22 | 0,0014345| 0,01919 52,11 | 1385,9|.2734| 1348,4 3,324 | 5,646
100 | 310,96 | 0,0014521| 0,01803 | 55,46 | 1407,7| 2725 1317,0 3,360 | 5,615
110 | 318,04 | 0,001489 | 0,01598 | 62,58 | 1450,2| 2705| 12554 3,430 | 5,553
120 | 324,63 | 0,001527 | 0,01426 | 70,13 | 1491,1| 2685| 1193, 3,469 | 5492
130 | 33081 | 0,001567 | 0,01277] 78,30 | 1331,5| 2662| 1130,4 3,561 | 5432
140 | 1 336,63 | 0,001611 | 0,01149:| 87,03 | 1570,8| 2638| 10669 3,623 | 5372
150 | 342,11.| 0,001658 |0,01035 | 99,62 | 1610 | 2611| 1001, 3,684 5,310
1607 347.32 | 0,001710 | 0,009318|.107,3 | 1650 } 2582| 932,0| 3,746 | 5,247
170 | 35226 | 0,001768 | 0,008382| 119,3 | 1690 | 2548| 858,3| 3,807 | 5,177
180 | 356,96 |- 0,001837 | 0,007504| 1332 1732 | 2510( 778,2} 3,871 | 5,107
190 36144 |. 0,001921 |0,00668 | 1497 { 1776 | 2466| 690 | 3,938 | 5,027
200 36571 | 0,00204 |0,00585 | 170,9 [ 1827 | 2410} 583 |.4,105 | 4,928
210.| 369,79 | 0,00221 | 0,00498 | 200,7 | 1888 | 2336] 448 | 4,108 | 4,803
220 | 3737} 0,00273 | 0,00367| 2725 | 1527 4,303 | 4,591

2016
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Thiay ngan bdo hoa

Bing 18

t T P v.10° v? iy P r g - s
°c| K bar 1’/kg kJ/kg kl/kg.K -
100 | 373,15{ 3,745.107| 7,48984| 413,0. [ 56,936 | 360,253 | 303,317 | 0,40969 | 1,22255
110 | 383,15 6,247.10°| 7,50337| 2542 | 58,306 | 361,289 | 302,983 | 0,41331 | 1,20408
1120 | 393.15] 1,015. 1071 7,51693| 153,6 | 58,674 | 362,336 | 302,652 | 0,41684 | 1,18665
130 | 403,15 1608 1()3 7.53052| 103,9 | 61,039 | 363,362 | 302,323 | 0,42027 | 1,17017
140 | 413,151 2,491. 10 7,54415| 68,75 | 62,403 |.364,397 | 301,994 | 0,42361 | 1,15456
150|423,15) 3,778.107 | 7,55780| 46,43 | 63,765 | 365,433 | 301,668 | 0,42687 | 1,13978
160 | 433,15 5,618.107| 7,57148| 31,96 | 65,125 | 366,469 | 301,344 | 0,43004 | 1,12575
170 | 443,15{ 8,204.107 | 7,58520 22,39 | 66,484 | 367,504 | 301,020 | 0,43314 | 1,11242
180 | 453,15] 1,178. 1021 7,50807| 15,95 | 67,842 | 368,539 | 300,697 | 0,43647 | 1,09975
190 463,15| 1,664.10%| 7,61277| 11,54 | 69,198 | 369,574 | 300,376 0,43913 | 1,08768
200 | 473,15{ 2,315,102 | 7.62662| 8,469 | 70,553 | 370,609 | 300,056 | 0,44203 | 1,07619
210 | 483,15| 3,177.10%| 7.64051] 6,301 | 71,908 | 371,642 | 299,734 | 0,44486 | 1,06524
220 | 493;15| 4,304. 102 7,65444( 4,748 | 73,261 | 372,676 | 299,415 0,44763 1,05468
230 | 503,15| 5,758, 1071 7,66843| 3,621 | 74,614 | 373,708 | 299,094 | 0,45035 | 1,04479
240 (513,15 7,614.1021 7,682471 2,793 | 75,967 | 374,740 | 298,773 | 0,45301 | 1,03525
250 523,15] 9,959.10% | 7,69656| 2,176 | 77,319 | 375,771 | 298,452 | 0,45562 | 1,02611
260 533,15; 0,12892 | 7,71071|1,7132 | 78,671 | 376,800 | 298,129 | 0,45818 | 1,01737
270| 543,15} 0,16527. | 7,724911,3613 | 80,023 | 377,829 | 297,806 | 0,46069 | 1,00899
280 553,15} 0,20993 | 7,73918}1,0922 | 81,375 | 378,885 | 297,480 | 0,46316 | 1,00095
. 290 | 563,15[ 0,26435 -| 7,75351)0,88213| 82,728 | 379,880 | 297,152 10,46558 | 0,99324
300|573,15| 0,33015 |'7,7679 {0,71874| 84,080 | 380,904 | 296,824 | 0,46796 | 0,98584
310 ( 583,15| 0,40910 | 7,7823 [0,59002]| 85,434 | 381,922 | 296,491 | 0,47030 | 0,97873
320|593,15{ 0,50320 | 7,7969 |0,48779| 86,788 | 382,944 | 296,156 | 0,47260 | 0,97190
330{603,15/ 0,61460 | 7,8115 |0,40600| 88,143 | 383,960 | 295,817 | 0,4787 | 6,96532
' 3401 613,15| 0,74567 | 7,8262 (0,34008| 88,499 | 384,973 | 295,474 | 0,47709 | 0,95899
350 623,15 0,89896 | 78409 |0,28660| 90,856 | 385,984 | 295,128 |.0,47929 | 0,95289
360| 633,15 1,0772 | 7,8558 |0,24291| 92,215 { 386,991 | 294,776 | 0,48145 | 0,94702
370 643,15| 1,2834 | 7,8707 |0,20702| 93,575 | 387,994 | 294,419 | 0,48358 | 0,94135
380| 653,15 1,5207 | 7,8858 |0,17735| 94,937 | 388,994 | 294,057 | 0,48568 | 0,93589
3901 663,15| 1,7925 | 7,9008 |0,15269| 96,300 | 389.989 | 293,689 | 0,48774 | 0,93061
400 673,15 2,1024 7,9160 | 0,13207| 97,766 | 390,980 | 293,314 | 0,48978 | 0,92552
4101 683,15| " 2,454 | 7,9313 |0,11476| 99,033 | 391,966 | 292,933 | 0,49180 | 0,92059
4201 693,15| 2,852 | 7,9467 |0,10014| 100,403 392,947 | 292,544 | 0,49378 |0,91583
4301703,15) 2,299 | 7,9622|0,08775| 101,775| 393,923 | 292,148 | 0,49574 | 0,91123
4401 713,15{ 3,801 | 7,9778|0,07719| 103,150} 394,893 | 291,743 | 0,49768 | 0,90677
4501723,15| 4,362 | 7,9935|6,06815| 104,428} 395,858 | 291,330 | 0,49959.| 0,90245
460[733,15| 4,986 . | 8,0094 |0,06039| 105,908] 396,816 | 290,908 | 0,50148 | 0,89927
47074315 5,679 | 8,0252|0,05369| 107,292| 397,767 | 290,475 | 6,50335 | 0,89422
_480|753,15| 6,446 | 8,0413 |0,04789( 108,679| 398,711 | 290,031 | 0,50519 | 0,89029
490|763,15| 7,292 | 8,0574 |0,04285] 110,069| 399,649 | 289,580 | 0,50702 | 0,88647
500{773,15| . 8,222 | 8,074 [0,03846] 111,463| 400,579 | 289,116 | 0,50882 | 0,88277
5101 783,15 9,242 8,090 |0,03462] 112,861| 401,501 | 288,640 | 0,51061 | 0,87917
5201793,15| 10,358 | 8,106 |0,03124) 114,262| 402,415 | 288,153 | 0,51238 | 0,87568
530{803,15| 11,576 | 8,123 |0.02827| 115,668] 403,321 | 287,653 | 0,51412 | 0,87228
540 (813,15 12,901 8,140 10,02565] 117,078| 404,218 | 287,140 | 0,51586.( 0,86898
550 | 823,15 14,340 |~ B,157 |0,02333( 118,492 ;405,106 | 286,614 | 0,51757 | 0,86576

Thong s6 tdi-han :
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| | o Bing 19
Amoniac bido hoa (NH3) (Cp = 0,0599 kJ/kg K, k = 1,32)

£ p B 2 g s . 'q " Ir

°C | bar m’/kg - kikgK kl/kg -

=75 0,0750 | 0,001368 | 12,89 | 2,7771 | 10,2287 | 875 1563,8 | 1476,3 |
-70 0,109 |0,001379 | 9,01 | 2,8797 { 10,0906 1084 | 1573,0 | 14645
-65 0,157 |0,001399 | 6,46 | 2,9823| 99621 | 1298 1582,2 | 14524
-60 0,219 {0,001401 | 4,70 | 3,0840 | 98407 | 15L1 | 1591,0 | 14398
-55 0302 |0001413 | 3,49 | 318241 97272 | 1725 | 15998 | 14273
-50 0,409 |0,001425 | 2,62 | 32791| 96204 | 1934 | 16081 14147
-45 0,546 |0,001437 | 2,01 | 3,3767 | 85199 | 2156 | 16165 | 14009
=40 | 0718 [0,001449 | 1,55 | 34730 94245 | 2378 | 16249 13871
-35 0,933 |0,001462 | 1,22 13,5672 | 9,3341.| 260,0 1632,9. 13729
-30 1,195 |0,001476 | 0,963 | 3,6601| 9,2486 | -282,2 | 1640,8 | 13586
-25 | 1,516 [0,001490 {0,772 | 3,7514] 9,1674 | 3044 | 16483 . 1344,0
=20 1,902 | 0,001504 | 0,624 | 3,8410 | 9,0895 | 3274 | 16559 | 13285
-15  |'2,363 |0,001519 | 0,509 | 3,9293 | 9,0150 | 350,0 | 1662,6 1312,6
—10 2,909 |0,001534 {0,419 | 4,0164 | 8,9438 | 3726 | 16693 | 12967

“_s | 3549 lo,001550 | 0,347 | 4,1022 | 8,8756 | 3957 | 16751 | 12795
-0 4,294 |0,001566 | 0,290 | 4,1868 [ 8,8094 | 4187 | 16810 1262,3
0 | 4294 |0,001566 | 0,290 | 4,1868 | 8,8094 | 4187 | 1681,0'| 12623
5 | 5,157 |0,001583 | 0,244 | 42705 | 8,7458 [ 4417 | 1686,4 | 12447
10 6,150 | 0,001601 | 0,206 | 4,3530 8,6838 | 4652 | 1691,0 ( 12259
15 | 7.283 10,001619 | 0,175 | 4,4347 | 8,6240 | 488,6 | 16957 | 1207,1
20 8572 |0,001639 | 0,149 | 4,5155] 8,5658 | 5125 | 16994 1187.0
25 10,03 |0,001659 | 0,128 | 4,5954 8,5093 | 536,33 | 1703,2 | 11669
30 11,67 |0,001680 | 0,111 | 4,6746 | 84536 | 5602 | 17057 |- 11455
35 - | 13,50 |0,001702 |0,0959 | 4,7529 | 83991 | 5849 | 17082 11233
40 - | 15,54 {0,001726 {0,0833 | 4,8307 | 8,3455 | 609,2 17099 | 1100,7
45 "17,81 | 0,001750 10,0727 | 4,9078 | 8,2928 | 6339 | 1710,7 | 10768
_ 50 | 2033 |{0,001777 |0,0635 | 4,9840 | 82400 | 6590 | 17111 10521

183.



Bing 20
CO; bio hoa (Cp = 0,825 kJ/kgK k = 1,31)

~

t,°C | p, bar |pr, kglm3| 7, kg/m> | P, kl/kg |, kl/kg | &, kI/kgK |s% k.]/kgK
Puwirng cin bing ran - hoi
-130 0,00308 1626 0,01139 92,54 693,6 1,2167 5,414
-125 | 000652 1621 | 0.02326 | 97.87 696,4 | 12535 | 5,293
-120 | 0,01311| 1616 | 004325 | 10328 | 6991 | .1,2895 5,180
-115 | 002514| 1610 | 008416 | 10878 | 7023 | 13251 5078 -
~110 | 0,04620 1605 0 15047 114,37 705,2 1,3599 4,981
-105 0,0817 1600 - 0, 2582 120,05 {- 7082 1,3942 4,892
~100 | 0,1397 1595 | 0,4298 125,84 11,3 1,4281 4,809
-95 | 02315 | 1589 | 06944 | 131,74 | 7141 | 14616 4,730
-90 | 03727 | 1582 | 10002 | 137,75 | ‘7171 | 14951 4,658
-85 | 05847 | 1574 | 1,673 | 14388 | 7199 | 15282 4590
-80 | 08962 | 1565 | 2515 | 150,14 | 7224 | 155608 4523
-75 | 1345 1555 | 3,708 | 156,55 | 7250 | 15931 4462
~70 | 1,981 1545 | 538 | 1631 7271 | 1,625 4,401
-65 | 2870 1534 | 7721 | 1698 7283 | 1,689 4,281
-60 | 4,097 1522 | 10962 | 1766 7287 | 1,689 4,281
-56,6 | 5,179 1513 13,797 1814 7290 1,721 4,250
5°C | p,bar |P, ke/m’| 7, kgm® | F, Kiikg |7 Wd/ke | &) KIfkg K | ", klfkg K
Pwdmg cin bing 16ng - hoi
-56,6| 5,179 | 11778 | 13,797 | 3805 7200 | 2,641 4,250
-50,0| 6831 | 11526 | 1803 | 3925 7302 | 2,691 4,203
-20,0 { 10,051 | 11136 | 2621 | 4113 7324 | 272 4149
-30,0{ 14281 | 10727 | 37.04 | 4308 734.4 | 2851 4,100
-2000 | 19691 | 1029,3| 5133 | 45L0 7350 | 2930 4,052
~15.0 | 22896 | 10062 | 6016 | 4615 7345 { 2970 4,028
-10,0 | 26,466 | 9819 70,33 472,2 733,6 3,010 4,003
-50 | 30431 | 9561 | 8226 | 4833 | 7318 | 3,050 3,977
—00 | 34817 | 9285 | 9626 | 4950 7294 | 3,092 3950
1,0 | 35747 | 9227 1 9990 | 4975 7278 | 3101 3942
20 | 36697 | 9168 | 10311 | 5000 7270 | 3,109 3,935
30 | 37664 | 9107 | 10653 | 3024 7261 | 3118 3,929
40 | 386s1] 9045 | 11015 | 5050 7252 | 3127 3.922
50 | 39657 | 8982 | 11378 | 5073 7242 | 3130 3.915
60 | 20683 | 8918 | 11766 | 5100 7233 | 3144 3908 -
70 | 41729 | 8852 | 121561 | 5125 7223 | 3152 3,901
80 | 42795 | 8784 | 12583 | 5153 7213 | 3161 3.894
90 | 431881 | 8714 | 13019 | 5180 7202 | 3170 3,887
10,0 | 44988 | 8642 | 13459 | 5204 | 7185 | 3,179 3,879
12,0 47,267 8494 144,26 526,0 716,5 3,196 3,865
14,0 49,633 8335 154,51 1. 5315 . 7139 3,215 3,850
160 | 52,090 | 8164 | 166,22 | 537,5 7109 | 3,235 3,835
180 | 54641 | 7979 | 17911 | 5437 | 7075 | 3256 3.819
2000 | 57,289 |..7777.4..193,9. | 5504 7036 | 3278 3.800
22,0 | 60,037 | 7548 2108 | 5578 6901 || 3,303 3,782
240 | 62889 | 72856 1 23107 |1566.5 /=69t || 3331 3760
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Fréon — 12 bio hoa (C.C12F2)

Bdng 27

Nhiét d¢

t°C

T, K

suft
tuyét
Y

dol
p.bar

The tich riéng

Mat do

Entanpi

Nhigt

Entropi

v! v”

dm?¥ |mfkg:
kg

J2
ke/

dm®

P”
kg/m’

i’

kJ/kg

i

Kki/kg

An

T

kl/kg

5

KI/kg K

S”

kJikg.K

-20

253,15

—19254,15
-18] 255,15
~17| 256,15
- 16 257,15

-15|258,15
-14259,15
-13{260,15
-12{261,15
-11262,15

—10:263,15

-9

-7
-6

-5
-4
-3
-2

e N

264,15
265,15
266,15
267,15

268,15
269,15
270,15
271,15
272,15

273,15
274,15
275,15
276,15
277,15

278,15

279,15
280,15
281,15
282,15

283,15
284,15
285,15
286,15
287.15

1,5098
1,5695
1,6306
1,6941
1,7593

1,8262
1,8947
1,9662
2,0391
2,1138

2,1910
2,2700
2,3520
2,4353
2,5215

2,6088
2,6999
2,7928
2,3870
2,9857

3,0857
3,1882
3,2934
3,4006
3,5112

3,6244
3,7398
3,8587
3,9797
4,1044

4,2301
4,3606
4,4354
4,6296
4,7681

0,668 | 0,1107
0,6882 0,1067
0,6897) 0,1030

0,710710,0642
0,7127]0,0622
0.7143]0,0602
0,7158/0,0584

0,7173(0,0566
0,7189(0,0549
0,720510,0533
0,1220(0,0516
0,7241]0,0501

0,7252|0,0486

0,7239(0,0458;
0,7310(0,0445
0,732010,0432

0,7342[0,0420
0,7358|0,0408
0,7380(0,0397
0,7396(0,0385

0,6911)0,09938
0,6925(0,09597; 1,444

0,6940/0,09268 1,441
0,695410,08952(1,438
| 0,6973(|0,0865011,434
0,6988(0,08361} 1,431
0,7003/|0,08082/ 1,428

0,7018!0,07813(1,425
0,7032(0,07558| 1,422
0,7047/0,07313 1,419
0.7062(0,07078 1,416
0,7077/0,06852 1,413

0,7092(0,06635(1,410

1,456
1,453
1,450
1,447

1,407
1,403
1,400
1,397

1,394
1,391
1,388
1,385
1,381

1,378

0,7273(0,0472111,375

1,372
1,368
1,365

1,362
1,359
1,355
1.352

0,7413(0,06375111,349

9,034
9,372
9,709
10,06
10,42

10,79
11,17
11,56
11,96
12,37

12,80
13,23
13,68
14,13
14,60

15,08
15,57
16,07
16,59
17,11

17,65
18,20
18,76
19,35
19,95

20,56
21,18
21,82

22,47

2313

23,79
24,48
25,19
25,92
26,66

400,47
401,39
402,27
403,15
404,03

404,95
406,04
406,75
407,63
408,35

409,47
410,39
411,27
412,19
413,11

414,03
414,95
415,87
416,84
417,76

418,68
419,60
420,56
421,49
422,45

423,37
424,33
425,30

426,22

427,18

428,14
429,14
430,07
431,03
431,99

564.00
564,51
565,01
565,49
565,93

566,43
566,89
567,40
567,86
568,36

568,86
569,32
569,78
570,24
570,74

571,21
571,67
572,13
572,63
573,09

574,55
574,55
574,47
574,93
575,39

575,83
576,31
376,77
577,19
577,65

578,11
578,53
578,99
579.41
579.83

163,54
163,12
162,74
162,32
161,90

161,48
161,07
160,65
160,23
159,81

159,39
158,93
158,51
158,05
157,63

157,17
156,71
156,25
155,79
155.33

154,87
154,41
153,91
153,45
152,94

152,48
151,98
151,48
150,98
150,47

149.97
149,43
148,92
148,38
147,84

4,11835
4,12182
4,12530
4,12877
4,13220

4,13564
4,13907
4,14250
4,14598
4,14941

4,15280
4,15624
4,15963
4,16302
4,16645

4,16984
4,17323
4,17663
4,18006
4,18341

4,18680
4,19019
4,19354
4,19693
4.20028

4,20363
4,20702
4,21037
421372
4,21707

4,22042
4,22377
4,22712
4,23043
4,23378

4,76449
4,76387
4,76324
4,76261
4,76198

476135
4,76077
4,76018
4,75964
4,75905

4,73859
4,75805
4,75759
4,75704
4,75658

4,75612
4,75562
4,75516
4,75478
4,75432

4,75394
4,75348
4,75302
4,75265
4,75227

4,75189
4,75152
4,75118
4,75080
4,75043

4,75013
4,74976
4,74946
4.74909
4,74875
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Tiép bing 21

Nhiét dd

t°C

T,K

suit

tuyét
dai

p,bar

Th tich riéng

Mit o

Entanpi

Nhigt

Entropi

v,
dm?
kg

v’

m3[kg

2
kg/

dm?

F)’!
kg/

m?

kJ/kg

i? 7

kJ/kg

An
r

Ki/kg

S’

kI/kg.K,

s

kJ/kg.K

=

288,15
289,15
290,15
291,15
292,15

293,15
294,15
295,15
296,15
297,15

298,15
299,15
300,15
301,15
302,15

303,15
304,15
205,15
306,15
307,15

308,15
313,15
318,15
323,15
328,15
333,15

338,15
343,15
348,15
353,15
358,15
363,15

368,15
373,13
378,15
383,15

14,9108
5,0553
5,2041
5,3549
5,5086

5,6669
5,5883
5,9930
6,1610
6,3335

6,5080
6,6857
6.8666
7,0542
7,2435

7,4344
7.6321
7,8352
8,0417
8.2461

28,4596
9,5818
10,810
12,147
13,600
15,182

16,883
18,727
20,717
22,840
25,124
27,564

30,176
32,964
35,945
39,108

0,7435
0,7472
0,7468
0,7491
0,7507

0,7524
0,7547
0,7570
0,7587
0,7605

0,7628
0,7645
0,7669
0,7692
0,7710

0,7734
0,7758
0,7782
0,7800
0,7825

0,7849
0,7968
0,8104
0,8244
0,8410
0,8568

0,8741
0,8936
0,9149
0,9498
0,9680
1.0009

1,0416
1,0952
1,1736
13513

0,03648
0,03547
0,03449
0,03354
0,03263

0,03175
0,03089
0,03005
0,02925
0,02848

0,02773
0,02700
0,02629
0,02560
0,02494

0,02433
0,02371
0,02309
0,02250
0,02192

0,02136
0,01882
0,01656
0,01459
0,01316
0,01167

0,01036
0,00919
0,00814
0,00724
0,00649
0,00564

0,00497
0,00437
000359
0,00266

1.345
1,342
1,339
1,335
1,332

1,329
1,325
1,321
1,318
1.315

1,311
1,308
1,304
1,300
1,297

1,293
1,289
1,285
1,282
1,278

1,274
1,255
1,234
1,213
1,189
1,167

1,114
1,102
1,093
1,064
1,033
0,999

0,960
0,914
0,852
0,742

27.41
28.18
28,99
2987
30,65

31,50
32,38
13,28
34,19
35.11

36,07
37,04
38,04
39,06
40,10

41,11
42,18
43,31
44,45
45,62

46,81
53,13
60,38
68,56
75,98
85,69

96,52
108,81
122,85
138,31
156,49
177.30

201,20
228,83
278.48
374973

' 449,87

433,00
433,96
434,92
435,93
436,89

437,90
438,86
439,87
440,83
441,83

442,84
443,84
444,85
145,35
446,36

447,86
448,87

450,88
451,92

452,93
458,08
463,31
468,54
474,16
479,68

485,33
491,07
496,93
502,96
509,16
515,48

522,05
529,04
536,46

5031

580,33
580,71
581,17
581,59
582,01

582,47
582,84
583,26
583,64
584,06

584,52
584,90
585,27
585,69
586,07

586,49
586,82
587,20
587,58
587.95

588,29
590,09
591,72
593,10
595,07
596.58

597,96
599,09
600,01
600,64
600,85
600,43

599,17
596.66
592,49
581,50

147,33
146,75
146,24
145,65
145,11

144,57
143,98
143,40
142,81
142,23

141,68
141,05
140,43
139,84
139,21

138,62
137,96
137,33
136,70
136,03

135,36
132,01
128,41
124,56
120,91
116,90

112,63
108,02
103,08
97,68
91,69
84,95

77.12
67.62
56,01
31,19

4,23708
4,24043
4,2437¢)
4,24709)

4,25040

4,25371
4,25705
4,26036
4,26363
1,26694

4,27024
4,29993
427686
4,28012
4,28339

4,28674
4,29000
4,29327
4.29649
4,29980

4,30311
4,31940)
4,33568)
4,35189
4,36876)
4,38509)

4,40142
4,41787
4,43432
4,45099
4,46765
4,48469

4,50202
4,51986
4,5387§
4,57065

4,74842
4,74812
4,74783
4,74750
4,74720

4,74691
4,74662
4,74633
4,74604
4,74575

4,74549
4,74519
4,74486 |
4,74457
4,74427

4,74406
4,74369
4,74339
4,74306

4,74281

4,74251
4,74097
4,73933
4,73741
4,73728
4,73850

4,73452
4,73226
4,73041
472761
4,72367
4.71861

4,71153
470102
4,65204
4,65204




Bing 22

Fréon — 22 biao hoa (CHCIF?)

t p 2 e v W i i r P g
°C | bar |kg/dm?|kg/dm®|dm¥kg| m¥kg |kJ/kg!klke) klkg kl/kg K kJ/kg.K
-100(0.020729| 1.5653 | 0,12475 | 0.638% | 8,0158 396,04 |659,531263.49 | 05316 2,0534
-90 [0.048951| 1,5408 | 0.27904 | 0,6490 3,5837 405,48 664,40 25891 0,5847 | 1,9983
~80 | 0,10453 | 1,5161 [ 0,56672 0,6596 1,745 415,06 669,32 | 254,26 0,6356 | 1,9519
—70 | 0,20510 | 1,4909 | 1,0620 | 0,6707 0,94159 |424,821674,25 (249,44 0,6848 | 1,9126
-60 | 0,37459 | 1,4650 | 18604 | 0,6826 053751 (434,78 (679,161 244,37 0,7326 | 1,8791
-50 | 0,64352 | 1,4381 | 3,0791 [ 0,6954 032477 |444,99 (683,98 ;239,00 0,7793 | 1,8503
~40 | 1,0490 | 14101 ! 4,8571 {0,7092 0,20588 |455,43 688,69 | 233,25 | 0,8250 | 1,8254
-351 1,3161 | 1,3957 | 6,0055 | 0,7165 0,16652 |460,78 [690,99 | 230,21 | 08476 1,8142
~30 | 16340 13809 | 7,3560 | 0,7241 | 0,13594 466,17 | 693,25 | 227,07 | 0.8699 | 1,8038
-25| 2,0089 | 13659 | 8,9329 | 0,7321 0,11195 |471,54 (695,45 | 223.81 0,8920 | 1,7939
-20 | 24472 | 1,3505 | 10,762 | 0,7403 0,092920 (477,17 | 697,60 220,43 | 0,9140 1,7847
-15 | 2,9558 {1,3348 | 12,871 | 0,7492 0,077695 482,77 699,69 216,92 0,9357 | 1,7760
-10 | 35416 | 1,3187 | 15,290 [ 0,7583 0,065404 |488,44 | 701,71 | 213,27 0,9573 | 1,7678
) 4,2119 | 1,3022 | 18,051 0,7679 | 0,055399 | 494,19 703,671 209,48 | 0,9787 | 1,7600
0 49741 | 1,2853 | 21,190 ; 0,7780 0,047192 |500,00 705,55 : 205,55 1,0000 | 1,7525
k) 58358 | 1,2680 | 24,747 | 0,7886 0,040409 |505,891707,35 | 201,46 | 1,0211 1,7454
10 | 6,8048 | 1,2503 | 28,764 | 0,7998 0,034765 511,85 709,06 | 197,20 | 1,0421 1,7386
15 | 7,.8300 | 1,2321 | 33,292 | 0,8116 | 0,030037 |517,90 (710,67 { 192,77 | 1,0630 | 1,7319
20 9.0966 | 1,2133 | 38,385 | 0,8242 0,026052 |524,03 712,18 188,15 | 1,0837 | 1,255
25 10,436 | 1,1940 | 44,108 | 0,8375 | 0,022671 530,25|713,57 | 183,32 | 1,1044 1,7192
30 11,915 | 1,1739 | 50,536 | 0,8518 } 0,019788 536,57 714,83 178,26 1,1250 1,7130
35 13,544 | 1,1531 | 57,756 i 08672 | 0,017314 54300715951 172,95 1,1456 1,7068
40 15,331 | 1,1314 | 65,876 | 0,8839 | 0,015180 549,551716,91 | 167,36 | 1,1661 | 1,7006
45 17,286 | 1,1086 1 75.027 | 0,9020 0,013328 |556,23| 717,68 | 161,45 1,1868 | 1,6942
50 19,418 | 1,0846 | 85,374 | 0,9220 | 0,011713 563,07 | 718,24 | 155,17 1,2075 | 1,6877
55 21,739 | 1,0590 | 97,12% 10,9443 0,010296 | 570,10 | 718,55 148,45 1,2284 | 1,6808
60 24,260 | 1,0315 | 110,57 | 0,9694 10,0090438 57735 718,55 141,21 | 1.2496 | 1,6734
65 26,993 | 1,0018 | 126,10 | 60,9982 0,0079303 | 584,87 | 718,19 | 133,32 1,2712 | 1,6654
70 29,952 | 0,9692 | 144,27 | 1,0318 |0,0069314 592,74 (717,34 124,60 | 1,2934 1,6565
75 33,154 {-0,9330 | 165,96 | 1,0718 |0,0060254 601,07 | 715,87 114,79 13166 | 1,6463
80 36,615 | 0,8918 | 192,67 | 1,1213 |0,0051903 610,07 |713,50| 10343 | 1,3411 1,6340
85 40360 | 0,8435 | 227,32 | 1,1856 |0,0043991 620,07 709,73 | 89,66 | 1,3680 1,6184
N 44,416 | 0,7817 | 277,47 | 1,2793 |03,0036040 631,96{703,29 | 71,33 | 1,3996 | 1,5960
95 48,825 | 0,6639 | 387.66 | 1.5062 [0,0025796|650,69 | 687,06 | 36,38 1_.4491 11,5479
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Bing 23

Nude chua s6i va hoi qua nhiét

Py 20 40 60 80 100 120 | 140 | 160 | 180

bar

v |0,00100181 36,12 38,45 40,75 43,07 | 45,39|47,69 (50,01 52,31
0,04 i 83,7 2574 | 2612 2650 | 2688 |2726 | 2764 (2803 |2841
s 0,2964 8,537 8,651 8,762 8,867 |8,966/9,060(9,150 19,238

v |0,0010018|0,0010079] 19,19 20,34 21,50 | 22,66|23,82)|24,97126,13
0,08 i 83,7 167,5 2612 2650 2688 2726( 2764 2802 2841
s 0,2964 0,5715 8,331 8,441 8,546, | 8,645/8,740(8,830 18,917

v [0,0010018(0,0010079| 15,35 16,27 17,20 | 18,13]19,06(19,98 {20,90
010| i 83,7 1675 2612 2650 2688 2726|2764 (2802 (2841
8 0,2964 0,5715 8,331 | 8441 8,546 | 8,645|8,740(8,830 (8,217

v |0,0010018|0,0010079| 12,78 1355 | 14,33 15,10/ 15,87 |16,64 (17,42
012 i 83,7 167,5 2611 2649 2687 2725|2764 | 2802 |2841
5 0,2964 | 0,5715 8,143 8,253 8,358 |8,454(8,552(8,643 8,730

'

v |0,0010018(0,0010079| 10,95 11,61 12,27 12,94|13,60 14,26 (14,92
0,14 i 83,7 167,5 2611 2649 2687 2725( 2763 (2802 |2840
5 0,2964 | 0,5715 8,071 8,181 8,287 | 8,386(8,481 (8,572 (8,659

v |0.0010018|0,0010079]| 9,573 | 10,160 | 10,740 | 11320 11899 1247813057
0,16| i 83,7 167.5 2610 2649 2687 | 2725|2763 | 2802 [2840

§ 0,2964 0,5715 8,009 8,120 8,225 |8,324/8,419(8,510 (8,597

v |0,0010018| 0,0010079(0,0010171}| 8,119 8,584 9,049 9,513 | 9977 |10.441
0,20 1 83,7 167.5 2511 2648 | 2687 2725( 2763 | 2801 (2840
8 0,2964 0,5715 0,8307 8.015 8,120 | 8,220|8,315 8,406 |8,493

v 0,0010018| 0,0010079/0,0010171|[ 5,400 5,713 | 6,025(6,335]6,645 (6,955
06,30 i 83,7 167.5 2511 2646 2685 2724|2762 | 2801 |2839

s 0,2964 05715 0,8307 7,825 7,931 8,031|8,126 8,217 18,504

v |0,0010018|0,0010079(0,0010171;0.0010289 1,695 1,795/1,889 (1,984 12,078
1,0 i 83.7 167,5 251.1 3349 2676|2717 | 2757 | 2796 |2835

5 0,2964 05715 | 0,8307 1,0748 7,361 |7,465/7,562,7,654|7.743

v |0,0010018/0,0010079/0.0010171|0.0010289} 10010434 (/1,491 1,572 1,650 1,729
1.2 i 83,9 167:54251,4293, | 3349 &, 419.0 2715) 2755 [2795 (2834
L 8 0,2964 10,5715 0,8307 1,0748 13067 |{7,376{7,475|7,568 7,657

188 -




Tiép bing 23

200 | 220 | 240 | 260 | 280 | 300 | 350 | 400 | 450 500 | 600

54,63 | 36,93| 59,24 61,56 | 63,87 | 66,18 71,96 | 77,73 | 85,31 89,28 | 100,84
aggo | 2918 | 2958 | 2997 3037 | 3077 | 3177 | 3284 3384 | 3490 | 3707
97321 | 9,402 | 9479 9,554 | 9,627 | 9,698 9,866 | 10,024 10,174 10,317| 10,585

27,29 | 28,44 29,60 30,75 | 31,90} 33,06 35,94 | 38,84 | 41,72 44,61 | 50,38
2880 | 2918 | 2957 | 2997 3037 | 3077 ) 3177 | 3280 3384 | 3490 | 3707
9,000 | 9,081| 9,159 9,234 5 9,306 9377 | 9,546 | 9,704 9,854 | 9,997 10,265

21,83 22,76 23,63 24,66 2553 | 26,46 28,76 31,08' 33,39 | 35,70 | 40,32
2879 | 2918 | 2957 2097 | 3087 | 3077 | 3177 3280 | 3384 § 3490 ) 3707
8,897 | 8,978 9,056 9,131 | 9,203 | 9,274 9,443 | 9,601 | 9,751 9,895 | 10,162

18,19 | 1896} 19,73 20,50} 21,27 | 22,04 2396 | 25,89 | 27,82 | 29,74 33,60
2897 | 2918 | 2957 2996 | 3036 | 3077 3177 3280 | 3384 | 3490 | 3707
8,813 | 8894 | 8,972 { 9,047 9,119 | 9,190 [ 9,359 9,517 | 9,667 | 9.810 10,078

15,58 | 16,24 | 16,90 17,56 | 18,22 |- 18,88 20,53 | 22,18 | 29,83 25,49 | 28,79
2879 | 2918 | 2957 2007 | 3037 | 3077 | 3177 | 3280 3384 | 3490 | 3707
8,742 § 8,823 8,900 8,975] 9,048 9,119 9,288 | 9,446 | 9,596 9,739 10,007

13,6335] 14,213 14,790 15,367 15,943 16,52 17,96 | 19,41 | 20,85 22,29 | 25,18
2879 | 2918 | 2957 2997 | 3037 | 3077 | 3177 | 3280 3384 | 3490 | 3707
8680 | 8761| 8,838 | 8913 8,986 | 9,057} 9,226 | 9,384 9,534 | 9,678 | 9,945

10,903 - 11,369 11,832 12,295 12,758 13,220 14,376] 15,530 16,68 | 17,82 | 20,15
2897 | 2918 | 2957 2906 | 3036 | 3077 | 3177 | 3280 3384 | 3490 | 3707
8,576 | 8657 8,735 | 8,610 8,833 | 8954 9,123 | 9,281 9,431 | 9,575 | 9,842

7,246 |- 7,.573 7,882 | 8,191 8,500 8,809 [ 9,580 | 10,351 11,121 11,891 13,430
2878 | 2917 | 2956 | 2996 | 3036 | 3076 3177 | 3280 | 3384 | 3490 -| 3707
8388 1 %469 8,547 | 8,610 8,695 | 8,766| 8935 | 2,093 9244 | 9,388 9.655

2,162 | 2,266 | 2,359 | 2,452 2,545 | 2,638} 2,871 | 3,102 3,334 | 3,565 | 4,028
2875 | 2914 | 2954 2993 | 2033 | 3074 | 3175 [ 3278 ) 3382 3488 | 3706
7,828 | 7,910 7,988 | 8,064 8139 | 8211 | 8381 | 8541 8,690 | 8,333 | 9097~

1,807 | 1,886 | 1,964 | 2042 2,120 | 2,197 | 2,391 | 2,584 2,777 | 2,770 | 3,357
2874 | 2913 | 2953 | 29933033 | 3073 3174 | 3278 | 3382 | 3488 | 3705
7,742 | 1,824\ 7,903 7979 | 8,053 8,1261.8,236 8A56 | 8,606 | 8,749 | 9,013




Tiép bdang 23

T E— tOC . . "
phar~-EC| 20 40 | 60 | 80 | 100 | 120 | 140 | 160-| 180
. v 0,0010015 | 0,0010076 |0,0010168 | 0,0010287] 0,6010432 ¢,0010601]0,0010797 || ¢,3167 0,3348
60| i 843 | 1679 | 2515 | 3352 | 4191 | 503.7 | 589,1 | 2759 | 2805
s 02964 | 0,7516 |0,8302 | 0,0744|1,3062 | 1,5265| 1,738 | 6,767 | 6,869
v 00010015 | 0,0010076 |0,0010167 | 0.0016286] 0,0018431| 0,0010600) ©,0610795 | 0,0011020| 0,2473
80| i 84,5 | 1681 | 2517 | 3353 | 419,2 | 5038 | 589,1 | 6753 || 2792
s 0,2962 | 0,5714 |0,8300 | 1,0742 | 1,3060 | 1,5263) 1,737 | 1,941 [ 6,715
v 4,0010014 | 0,0010075 (0,0010166 | 0,0010285) 0,0010430 | 0,00105958)0,0010794 0,0011018( 0,194%
10 i 84,7 | 1683 | 2518 | 3354 | 4193 | 5039 | 589,2 | 6754 || 2778
s 0,2960 | 0,5712 |0,8298 | 1,0740| 1,3058 | 1,5261| 1,737 { 1,941 || 6,588
v 0,0610013 { 0,0010074 |0,0010165 | 0,0010284( 0,0010429 0,00165970,0010793 0,0071016|| 60,1845
12 i 849 | 1685 | 251,9 | 3355 | 4194 | 5040 | 589,3 | 675,5 2790
s 0,2959 | 0,5711{0,8297 | 1,0738 | 1,3056 | 1,5259| 1,737 | 1,940 [ 6534
‘ v 0,0010812 | 0,0010073 100010164 | 06010282 0,6010427 | 0,0010594 0,0010792 | 0,0011015| 0,0011271,
14 i 85,1 | 168,7 | 252,1 | 3357 | 419,6. 504,2 | 589,5 | 6757 | 7632
5 0.2958 | 0,5710 [ 0.8296 | 1,0736 1,3054 | 1,5257 1,736 | 1,940 | 2,137
v 0,0010011 | 0,0010072 |0,0010163 | 0,0010282 6,0010426 | 0,0010595 0,0010790 | 6,0011013( 0,0011270
16 i 853 | 1688 | 2522 | 3358 | 419,7 | 5043 | 589,6 | 675,7 | 7632
s 0,2958 | 0.5710 [0.8296 | 1,0735 | 1,3052 | 1,5256| 1,736 | 1,940 { 2,137
v (,0010010 | 0,0010071(0,0010162 | 0,0010281 6,0019425| 0,0010594 0,0'010789 0,0011012] 0,0011269
18 i 85,5 169,0 | 252,4 | 336,0 | 419,9 | 504,5 | 589,8 6758 | 763,2
s 0,2957 | 0,5709 [ 0,8295 | 1,0733 | 1,3050 | 1,5254| 1,736 | 1,939 | 2,136
v 0,0010009 | 0,001007006,0010161 | 0,0010280 0,0010424 0,0010593/0.0010787 | 0,0011011| 0.0011267
20 i 85,7 | 1692 | 252,6 | 336,2 | 420,1 | 5047 | 539,9 | 6759 | 763,2
s 0,2957 | 0,5708 | 0,8294 | 1,0731 | 1,3048 | 1,5252| 1,736 | 1,939 | 2,136
v 0,00100004 |0,00100065|0,0010157 | 0,0010275 0,0010419 0,0010587] 000107282 | 0,0011004( 0,0011258
30 i 86,7 170,1 | 253,5 | 337.0 | 420,9 | 505,4 | 590,6 676,4 [763,7
s 0,2956 | 0,5707 |0,8290 | 1,0726 | 1,3038 | 1.5244| 1,735 | 1,938 |2.134
v 9,0019001 | 6,0010062 (0,6010152 | 0,0610271] 0,0010414| €,0010582{0,0010776 0,0010997| 0,0011251
" 40 i 87,5 | 170,82 1254,14 | 337,87 421,61 | 506,181 591,18 | 677,00 | 748,09
s 0,2952 | 0,5698 | 0,828 | 1,072 | 1,303 | 1,523 | 1,734 | 1,936 | 2,133
v 0,0009997 | 0.0010057{¢.0010148 0.0019266 6.0010409 0,06105‘77 0,0010770 | 0,0010990| 0,0011243
50 i 88,34 171,66 +254.98- | 338,71/ 42245 | 507.02( 592,01 | 677,42 |764.51
s 0,2952 | 0.5698 [ 0822 | 1071 130251 1,523 | 1,733 | 1,935 |2,131
1990



Tiép bdng 23

200 | 220 240 | 260 | 280 | 300 | 350 | 400 450 | 500 | 600
03520 | 0,3688 | 0,3835 10,4019 0,4181(0,4342 | 0,4741 | 0,5136 0,5528 10,5919 0,6697
2849 2891 2033|2975 13017 | 3059 | 3164 | 3270 3376 | 3483 | 3701
6,963 7.051 7,135 |7,215 | 7,292 | 7,366 7541 | 7,704 | 7,857 {8,001 8,266
0,2609 1 0,2739 | 0,2867 |0,2993 0,3118|0,3240 | 0,3542| 0,3842 0,4137 | 0,4432} 0,5018
2839 agg3  |2926 . |2969 3011 | 3054 3160|3267 |3373 3481 | 3692
6.814 6,905 | 6,991 [7.073 7,151 7226 | 7,404 [7,568 [7,722 7.866 | 8,132
0,2060 | 0,2169 | 0,2274 0,2377 10,2478 |0,2578 | 0,2822 0,3065]0,3303 | 0,3539} 0.,4010
2827 2874 2918 12962 |[3005 | 3048 |3156 [3263 3370 | 3479 | 3698
6,692 6,788 16,877 |6,961 |7,040 7.116 | 7,296 | 7,461 | 7,615 7,761 | 8,027
0,1693 | 0,1788 | 0,1879 6,1967 |0,205410,2139 0,2343 ] 0,2547|0,2747 | 0,2944 0,3339
28106 2865 2911 (2955 |2999 |3042 [3515 |3260 3364 | 3477 | 3696
6,588 6,688 | 6,780 |6,866 {6,947 7,025 | 7,206 |7.373 [7,529 7,674 | 7,942
0,1429 | 0,1515 | 0,1596 |0,1673 0,174810,1823 | 0,2001 | 0,2176 0,2349 | 0,25201 0,2858
2803 2855 2902 |2948 | 2992 |3036 |3147 3256 3365 3474 | 3695
6,497 6,602 | 6,697 |6,784 | 6,867 6,945 | 7,130 [7,299 |7.455 7,601 | 7,870
00011565 01309 0,.1382 01452 | 61519 | 0,1585 | 01743 0,1899 | 02051 |02201 | 02499
8254 2844 2893 [7040 | 2986 | 3030 | 3142 | 3253 | 3363 3472 | 3693
2,329 6,524 | 6,622 | 6,711 | 6,796 6.877 | 7,063 | 7,233 | 7,390 7,537 | 7,806
000115631 0,1149 | 01216 | 01280 | 01341 0,401 | 01545 | 0,1683 j 0,1819 0,1953 | 02219
8524 2833 2884 | 2932 | 2979 | 3025 | 3138 | 3249 3360 | 3470 | 3691
2,328 6,452 6,554 | 6,646 | 6,732 | 6,814 | 7,003 7,175 | 7,333 | 7,480 | 7,750
00011561 | 01021 1,084 |0,11430,1200|0,1255 | 0,i384 0,1511}0,1634 | 0,1755 10,1995
852,4 2821 2875 |2924 [2972 {3019 |[3134 |3246 3357 | 3468 13690
2,328 6,385 6,491 {6,585 16,674 (6,757 | 6,949 7,122 | 7.282 | 7.429 7,701
0,0011551 | 0,0011891 || 0,06826 0,07294 | 0,07720 | 008119 000051 | 0,09929 | 01078 0,1161 0,1325
825,6 943,5 2873 | 2882 {2947 | 2988 | 3111 | 3229 | 3343 3456 | 3882
2,326 2,5146 [ 6,255 | 6,337 | 6,438 6.530 | 6,735 | 6,916 | 7,080 | 7,231 7,506
0,0011542] 0,0011880]0,0012282 0.05302 | 0,05679 | 0,06022 | 0,060782 | 0,07490 0,08162 |0,08116 0,1908 .
82585 | 4370 | 1037.49 |[2838,65 200145 | 295830 | 308944 | 3212,111 333018 344573 3647,75A
2,324 2,512 | 2,698 16,148 16262 |6,364 6,585 |6,773 |6,943 | 7,098 [ 7,376
0,0011532 | 0,0011868 | 0,0012266 0.0012751 [ 0,04330 | 0,04646 | 006310 0.05904 | 006462 | 0,06999 0,08029
85321 | 99412 { 1037,49[ 113504285833 202406 3065,57 | 319410} 331594 | 343443 366680
2,322 2,510 |2,696 (2,883 |6.097 6,296 146,453 64651 ,| 6,825 (6,984 | 7.267

191




Tiép bdng 23

pbar~LC| 20 40 60 80 | 100 | 120 ; 140 | 160 | 180
v 0,00009992 0,0010.053 0,0010144 0,9010262 0.0010464 0,0010572 | 0,0010764 | 0.0010084| 0,0011235
60 i 89,18 | 172,50 [255.81 | 239,55 | 423,28 | 507,44 | 592,43 | 678,26 | 765,35
s | 0,2948 | 0,5694 | 0,827 | 1,070 | 1,3017 | 1.480 | 1,732 | 1.934 [2.129
v 0,0009988 6,0010049 0,0010139 [ 0,0010257 0,00103%99 |0,0019566 | 0,0010758 | 0,0010977| 0,0011226
70 i 90,43 173_1,33 256,65 | 339,96 | 423,7 | 508,27 | 593,26 ; 678,68 1765,76
E 0,294 0,568 | 0,826 1,069 | 1,300 | 1,521 1,731 | 1,933 {2,127
v 0,000983 [0,0010043 | 0,0019134 | 0,0010254 | 0,0010398 [0,0010564 | 0,0010754 | 0,0010072 0,0011220
80 i 91,3 174,6 | 157.8 341,2 | 4249 | 509,1 5934 | 679,6 |766,7
[ 0,2943 10,5686 | 0,8260 | 1,0689 ) 1,2996 | 1,5198 | 1,730 | 1,931 |2.12
v 9,0009978 | 0,0010038 |0,0010129 | 0,0010249 | 0,0010393 |0,0010559 | 0,0010749 | 0,0010966| 0,0011213
90 i 923 175,5 { 258,7 3421 | 425,7 | 509,8 594,6 | 680,3 (7674
s 0,2941 | 0,5681 | 0,8253 | 1,0682 1,2988 | 1,5189 1,729 | 1,930 (2,125
v 0,0009575 |0,0010031 |0,0010125 | 0,0010245 | 0,0010386 }0,0010552 | 0.0010741 | 0,0010956] 0,0011201
100 i 932 176,9 | 2596 | 342,9 | 426,5 | 510,5 5933 | 681,0 [758,0
s 0,2939 [ 0,5674 | 0,8247 | 1,2982 | 1,5182 | 1,728 1,929 2,123
v 0,0009965 |0,0010024 | 0,0010116 | 0,0010236 | 0,0010379 0,;)010544 0,00106732¢ 0,0010946f 0,0011189
120 i 95,1 178,2 ; 2614 3446 | 4281 | 5120 596,7 | 682,4 |789,1
s | 0,2935 [0,5668 | 0,8236 ) 1,0662 | 1,2967 |'1,5165 | 1,727 | 1,927 |2,121
v 0,0609961 (0,0010020 (0,0010112 | 0,0010231( 0,0010573 |0,0010538 | 0,0020725| 0,0010939| 0,0011182
130 i 96,0 179.0 | 262,2 345,4 | 4289 | 512,7 5974 | 683,0 |769,7
s 0.2931 {0,5664 [ 0,8230 | 1,0655| 1,2959 | 1,5256 | 2,726 | 1,926 {2,119
v 0,0009957 (0,0010016 ;0,0010108 | 0,0010368 |0,00105330/0.00107190  0,0010932| 0,0011174| 0,0011174
140 i 96,9 179.9 | 263,0 346,2 1 4296 | 513,1 598,06 | 683,6 |770,2
s 0,2930 [0,5660 | 0,8224 {1,0648 | 1,2951 | 1,5148 | 1,724 | 1,925 |2,118
v 0,0009943 0,0010007 [ 0,0010099 | 0,0010217 | 0,007035 |0,0610522 | 0,0010707| 0,0010918| 00011157
160 i 98,9 181,7 | 264,7 3479 | 431,2 | 514,9 | 5994 | 684,9 ;7713
5 0,2925 10,5653 0,8212 1,0634 | 1,2937 [ 1,5131 | 1,722 | 1,922 (2116
v 0,0009912 |0,0009973 |0,0010065 | 0,0010182 | 0,0010320 | 0.0010479 | 0,0010660| ©,001086 0,0011099
240 i 106,4 | 1888 | 271,5 354,3 | 437,2 | 520,8 604,6 | 689,9 |774,14
s 0,2911 {0,5625 | 0,8169 | 1,0582 | 1,2881 1,5962 1,715 | 1,915 |2,108
v 0,0009886_10,0009949 1 0,0010041 | 0,0010156. 0,0010293 [0,0010450 0,0010626; 0,0010825] 0,0011050
300 i 112,0 1945 01~270,5 - .353,1 | 441.9, 1 5251 609,0 | 693,6 17791
8 0,2902 | 0,5603 |1 0.8140 |1 1.,0545 | 12834 11,5024 1,709 | 1,908 2,100

192



200 220 240 | 260 280 300 350 | 400 | 450 500 | 600
0.0011522| 0,0011857 | 0,0012251| 0,0012729 | 0,003405 | 0,03711 004324 | 0.04845 | 0,05327 | 0,05785 | 006658
853,69 | 944,12 | 1037,49 1134,20|[2809,34 2884,70 304,29 3176,52| 3301,29 | 342271 365843
2,321 {2,508 2,693 | 2,880 § 5,940 6,076 | 6,339 |6.546 | 6,726 6,888 | 7.175

0,0011513 | 0,0011045 | 0,0012236( 9,0012709|°0, 0,03020 | 003615 | 0,04081| 004513 | 0,04918 0,05678
85410 | 94454 | 103749 113420| 123594 284158 | 301575 [3157.263287,05 3410,98 | 3650,00
2,319 | 2,506 2,691 | 2,876 | 3,063 || 5,943 6,235 | 5,455 | 6,640 | 6,806 7,097

00011504 | 0,0011833 | 0,001221 | 0,0012689 00013275 || 0.02a29 | 003003 | 0,03438 | 0,03821 0,04177 | 0,04844 .
855,0 | 9451 1037,9 | 1134,4| 12354 2784 2085 | 3135 | 3270 | 3397 | 3640
2,317 | 2,504 2688 | 2,873 | 3,059 || 5,788 6,126 | 6,358 | 6,552 | 6,722 7,019

0,0011496 | 0,0011822 | 0,0012207| 0,001266% 0,0013246 | 0,0019075 1 0,02586 | 0,03001 0,03354 | 0,03680 | 0,04285
855,5 945,2 1038,1| 11342 1234,9 | 1344,3 || 2954 - 3114 | 3254 3386 | 3631
2,316 | 2,502 2,686 2,870 .3,053 3,244 5,940 | 6,207 6,416 | 6,596 6,901

0,0011482 { 0,0011805 | 0,0012185| 0,0012650| 0,0013217 0,0013070 || 0,02247 § 0,02646 | 0,002979 | 0,03281 0,03637
856,0 |19458 1038,3 | 1134,2 | 1234,5 | 1342,2 2920 | 3093 | 3239 | 3372 | 3621
2,314 | 2,500 2,684 | 2,868 | 3,053 3,244 || 5,940 | 6.207 6,416 | 6,596 | 6,901

5011622 | 0,0011788 | 0,0012164| 0,0012612] 0,0013164 0.0013886 || 0.01726 | 002113 | 0,02434 | 0,02681 0,03163
901,5 | 946.6 | 1038,7| 11339 1233,7 | 1340,0 || 2844 | 3049 3206 | 3347 | 3603
2,404 | 2,497 2,680 | 2,863 | 3,040 ; 3,235 5,755 | 6,071 | 6,298 | 6,487 6,803

0,0012458 | 0.0011777 | 0,0012150| 0,0012595 | 0,0013137 0.0013847 || 001514 | 0.01905 | 0,02197 | 002450 | 0.02903
8574 | 9469 1038,9 | 1133,8 | 12333 | 13390 2799 | 3026 | 3189 | 3334 | 3294
2,309 1 2,495 2678 | 2,860 1 3,043 j 3.230 5,657 | 6,006 | 6,243 | 6,438 6,758

0,0011448 | 0,0011766 | 0,0012136| 0,0012575] 0.0013111 | 0,0013808 001325 | 001726 | 0,02010 | 0,02252 | 0,02683
8579 9473 | 10398 | 11338 1232,9 1338,0 || 2750 | 3000 | 3172 | 3321 3583
2,308 | 2,493 2,676 | 2,858 | 3,040 | 3,226 5,550 | 5,942 6,190 | 6,390 6,716

0.0015430 | 0,0011744 | 0,0012109{ 0.0012539) 0,0013061| 0,0013735 0,00078 | 0,01420 | 0,01704 | 0,01930 | 0,232
8588 9480 | 10395 1133,7| 12322 13362 || 2612 | 2845 [ 3137 | 3294 3567
2,305 |2,489 2,672 | 2,853 | 3,035 | 3218 302 || 5,816 | 6,090 | 6,303 6,740

0,0011357 | 0,0011658 | 0,0012004] 0,0012404 | 0,00122883) 0,0013475 0,001612 [| 0.00676 | 0,00977 0,61174 | 0,01478
862,6 | 9509 1041,3 | 1134,0 | 1230.3 1331,2 | 1625 2638 | 2971 3174 | 3493
2,295 ['2,477 | 2657 | 2835 3,011 | 3,190 | 3,684 [5236| 5,724 5,999 | 6,394

0,0011305 | 0,00115907| 6,0011931| 0,0012315| 0,0012764 0,0013311 | 0,001556 Lo 0,00672 | 0,00869 | 0.01144
865,4 | 9533 10429 1134,7 |-1229,0 | 1329,0 1608 | 2155 || 2816 | 3073 | 3434
2,287 | 2,468 2,647 | 2,822 | 2,996 | 3171 3,640 | 4,476 || 5,446 | 5,799 6,242

193
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