Tai ligu gi@gng day truyen nhiét — siy ¥ Hé Thi Ngan Ha

CHUONG 1
DAN NHIET

1.1. NHIET TRUONG, MAT PANG NHIET VA GRADIENT NHI ET PO
1.1.1. Nhgt tr wong
- Nhiét @6 la mot théng $ trang thai béu thi mic 6 néng hnh aia mdt vat thé
haac mot maoi treong.
- Nhiét truong 1& 8p hop nhirng diém c6 nhét do trong nét vat thé haic trong
khong giandi mot thoi diém t naodo.
- Nhiét trudng 1a ham & cua khdng gian va th gian. Plrong trinh 6ng quéat ea
truong nhét do cé cang t = f(x,y,z7).
+ Néu nhigt truong ch thaydoi theo khdng gian ma khong thayi theo thi
gian thi @i la nhigt truong on dinh.
+ Neéu nhigt treong thaydoi ca theo khdng gian va dh gian thi @i la nhigt
truong khéngon dinh.
VD: Pun néng va lam ndiinhanh caad hop dé tiét trung @n pham.
Ngoé}i ra, tuy theo nbi do thqydéi thgo 1 toc toaqé, 2 tuc toado hoac 3 tuc
toadd ma co tk phan thanh trong 1 chéu, 2 chéu haic 3 chéu.
1.1.2. Mat dang nhiét
- La tap hop nhirng diém cé cung nhit o tai mot thoi diém naodo.
non lanh

|
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- Pic diém:
+ Céc mit dang nhit song song nhau.

+ Trén mit dang nhét khéng c6 hin trong din nhiét vi t = constd moi
diém, ma cti cé hién trgng din nhigt tir mit dang nhét naydén mit dang nhét khac. Do
vy, nhiét 6 trong \at thé chi bién thién theo niing phrong cit ngang nit dang nhiét va
bién thién nhanh it |a theo plxong phap tugn voi mat dang nhit.

1.1.3. Gradient nhgt do

Gia sir bién thién nhét d¢ giira 2 miit dang nhgt lién nhau I2At, khaing cach dra
chung theo pinong phap tugn laAn, theo plrong x IaAXx.
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Tai ligu gi@gng day truyen nhiét — siy ¥ Hé Thi Ngan Ha

t+ At

An

Hinh 1.1: Phwong va chiu caa grad T

At a2 13 ar gia ting nhit 6 trén net don vi do dai.

An AX

Vi An < Ax => % > %, dodo6 ar bién thién nhét do trén nét don vi do dai €
n X

lon nHit theo plrong phéap tugn.
Khi 2 mit ddng nhét tién toi sat nhau :

. At dt
lim—=—
An>0 An dn
rad T =3 (do/m
gra —%( o/m) (1.1)

=>» Gradient nhit do:
~ La mot vect c6 phrong triing Wi phuong phap tugn cia ke mét dang nhet
va c6 chéu la chéu ting aia nhét do6. Dau (-) thé hién ngroc chigu voi chiéu dong nhit.

- Thé hién toc d6 bién thién @a nhit @6 trén mdt don vi d6 dai theo plrong
phap tugn aia k& mat dang nhét.

’ Khi dt > 0> grad > O thi réi xay ra hén twong din nhit, tac la cé dong nigt
xuat hién trong it thé.

1.2.PINH LUAT FOURRIER VA H E SO DAN NHIET
1.2.1.Pinh luat Fourrier

Khi nghién &u qua trinh d@n nhiét trong \at thé, Fourrierda phat hn « Mot
lugng nhit dQ truyn qua not be mit dF trong thi gian dr 5 ty 16 thuan véi gradient
nhiét do, voi thoi gian va dén tich k& mat ».

dt
dQ=A.—dF.dr 1.2
Q=14 (12)
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¢mua chéu, ch tinhdo 16n)

Néu qué trinh 1&n dinh:

Q=)I%F.r (1.22)

A 1 hé 5 din nhigt (hé s ty 18, do dan nhigt)
Q : nhét lvong
F : bd mat vudng géc vi phuong din nhigt (m?)
T : thoi gian (s)
Tu pheong trinh(1.2) ta € tim duoc y ngha Vat ly va thr nguyén éa hé sb dan
nhiét :
dQdn _ Jm _ J _ W
dt.dF.dr sm*C sm°C m°C

+ [A]=
+ La lugng nhit din qua 1M bé mat vuéng géc wi phuong din nhigt, chiéu
dai din nhiét 1a 1m, chénhéch nhit do gitta haidau la 1°C trong thyi gian 1s.
Hé sb dan nhigt A phu thupc vao du tao caa vat liéu, nhiét do, &p sdt, do am, ...
VD: CO nhirng Vat liéu c6 & sd A rat 16n: Pt, Au, Ag, Cu, Al....
C6 niing vat liéu c6 I sd A rat nho: dat sét, khong khi, &...

==> Pé giam h¢ s dan nhit ta 1am lai vat liéu x6p vi khaing Bng chra
khong khi (dn nhigt kém).

1.2.2. H sb din nhiét cha cAc cHt rian, chat 1éng va chit khi
1.2.2.1. B s ddn nhiét cia chit rdn

Néi chung, & s dan nhiét cua cac ut thé ran dqéu’ph_l‘thu@c vao nhét do, phan
IQn [\e SO dan nhit tang khi nhét d6 tang. Boi vpi vat thé ran dong chit, quan 1§ gita h¢
s0 dan nhit A va nhét d6 gan nhr theoduong thang:

A=A (1 + bt) (1.3)

A : hé sb dan nhigt ¢ 0°C
Ao : hé sb dan nhiet ¢ t°C
, b: ¢ 5 nhiét do, dugc xacdinh king thrc nghém, né ph thue vao tinh
chat cua vat liéu.
t: nhét do lam viéc (°C)

> Heé sd dan nhit cua \at liéu xay drng va \at liéu cach nhit nim trong khang
gi6i han A = 0,02+ 3 (W/mds).
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— Khi nhiét d6 ting thi k¢ sb dan nhit tang.
- Cung lai vat lieu nheng loai c6 khdi lugng riéng &n hon thi A ciing I6n

hon.

— Déi vat liéu am, ke sb dan nhiét twong ddi 1on, 16n hon ¢ vat liéu khd va
nuoc.

VD: Gach khdé A = 0,35 W/mdo
Nréc A =0,6 W/mdo
Gchust A = 1W/mdod

Céac \at liéu c6 k¢ sb dan nhigt thap (A < 0,2 W/mdd) thuong dugc dung 1am
vat liéu cach nhit vaduoc goi la vat liéu cach nht.

> Hé sd din nhiét caa kim loai nam trong khang givi han: 20 + 400 W/mio.
Bang 1.1: Hé sb din nhiét cia mét sb kim loai thwong ding

Tén kim loai A (W/m°C)
bong 384
Nhém 203,5
Thép carbon 46,5
Chi 34,9
Thép khéng § 23,2

Sir truyen nhiét nang trong kim lai cha yéu 1a do caddién tir tw do, con daadong
cua cac nguyénutdudi dang songdan foi khongdang K. Khi tang nhét d6 lam cho &
hén loan caadién tir ty do &ing 1én, dadd hé s6 dan nhigt tang.

Trong kim lai khi c6 lan cac #p chit khac thi I@SO dan nhigt giam di rat nhanh,
sé di xay ra nhr vay la do s ting tinh Bn loan cia két cau mang va din dén lam &ing sr
phan tan ¢adién tr tu do.

~ VD: Cu nguyén cht c6 1 = 395 W/mdo nhung réu pha thém it it Asen vao
thi h¢ so dan nhit chi con 112 W/mdo.
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Bang 1.2: H¢ sb din nhiét cia mét s6 hep kim phu thudc nhiét do

A, W/m dd
Tén hop kim O nhiét @, t°C
0 20 | 100| 200, 300 400 500 6d

Hop kim nhém

92% Al, 8% Mg 102 | 106 | 123 | 148 | - - - -

80% Al, 20% Si 158 | 161 | 169 | 174 | - - - -
Dura

94 +96% Al, 3 +5% Cu, 0,5% Mg 159 | 165 | 181 | 194 | - - - -
Pong thau

90% Cu, 10% Zn 102 | - 117 | 134 | 149 | 168 | 180 | 193

70% Cu, 30% Zn 106 - 109 | 110 | 114 | 116 | 120 | 121

67% Cu, 33% Zn 100 | - 107 | 113 | 121 | 128 | 135 | 151

60% Cu, 40% Zn 106 | - 120 | 137 | 152 | 169 | 186 | 200
Nicrom

90% Ni, 10% Cr 17,1(17,4| 19,0/ 20,9( 22,8| 24,6| - -

80% Ni, 20% Cr 12,2(112,8| 13,8| 15,6| 17,2 19,0| - | 22,6
Pong thanh nhém

95% Cu, 5% Al - 1826 - - - - - -
Pong d6

90% Cu, 10% Sn - |1 41,8| - - - - - -

75% Cu, 25% Sn - | 256 - - - - - -

88% Cu, 10% Zn, 2%Sn - | 477 - - - - - -
Hop kim Natri v éi Kali

22% Na, 78% K - - | 244 - - |1266| - -
Hop kim chi véi bitmut

44% Pb, 55,5% Bi - - - 9,65|10,9| - - -

1.2.2.2. W sb dén nhiét ciia chit léng giet (L = 0,08 + 0,7 W/mio)
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Hg <O dan nhigt cia chit long va clat khi nho hon chit ran rat nhieu. O nhiét do
binh throng, k¢ s6 dan nhigt A caa nrge la 0,593 W/ndg; cua khong khiding yén khang
0,023 W/nito; trong khidé thi ¢ s6 dan nhiét A cha thép carbon la 46,5 Wd.

- Co cau truyén nhiét nang trong clit long giot chu yéu la do & truyén ning
lwong aia daodong dan ol hon loan.

- Thuc nghém cho thy rang Hu hét cac clat long co6 1§ sb dan nhigt giam khi
nhiét d6 tang tnr nudc va glycerin.

XA

Hz()_>

t

120°C
Hinh 1.2: Hé sb din nhiét caa nréc
- Khi &p st tang thi i¢ sb din nhigt tang.

2 Muén ting HO 1én 126C > gia nhét H,O trongdiéu kién ap sét cao
(P>=2atm).

Ddi véi chat long, ke sb dan nhigt A c6 tte tinh theo codng tic gan ding:

— P
A= £.Cp.p\/% (1.4)

Trongdo: G,: nhiét dung riéng ta chit long (J/kgto)
p: khéi lugng riéng @a chit long (kg/nt)
M: kBi luong mol dia cHit long

g: hé sd ty 1é phu thudc vao tinh cht caa cHit long, ¢o ti sd cu thé nhu
sau:

4D4i vai chit long khong Kt hop (benzrn, toluen, cac hydrocarbon
khac):e = 4,22.1CF

Dbi vai chit long Kt hop (reou, nréc): € = 3,58.1CF
1.2.2.3. K sb dén nhiét cia chit khi (L = 0,005 + 0,5 W/nao).

_Theo thugt dong hoc phan i, trongdicu kign ap sdt va nht do binh throng |
su truyen nhigt nang king din nhigt trong clat khi duoc xacdinh by sy truyen dong ring
phan tr chuyen dong hon loan va s va cham cia cac phanit chat khi.

- Khi nhiét d6 tang thi & s6 dan nhigt tang.
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i - Trongdiéu kign &p sdt cua cac thit bi ky thuat thong throng c6 te xem ¢ s
dan nhiet gan nhr khong pla thuoc ap sat (trr truong hop ap sat qua tlap P < 20mmHg
haic ap sat qua cao P > 20.000bar).

, Ta c6 tie xacdinh K s6 ddn nhiét caa chit khi trong khang &p sét khéng cao
lam theo cong tirc sau:

A=B.C.u

(1.5)

Trongdo: C,: nhiét dung riéng ga khi khi V khéngioi (J/kg do)
w: do nhot caa khi (Ns/rf)

B= ? (k: chi s doan nhiet)

. . ) C . e X " .
Vi rang chH s0 doan nhit k = Cp cua khi i s6 nguyén  khac nhau &u nhr

khéng khac nhau fiy cho nén ta c6 thldy gia ti B nhr sau:
+ D4i véi khi 1 nguyénit: B = 2,5
+ D4i véi khi 2 nguyénit: B = 1,9
+ D4i véi khi 3 nguyénit: B = 1,72

~ He s dan nhigt cia hon hop khi throng duoc xacdinh king thrc nghém vadinh
luat két hop (odng) khéng th tthg ding dugc cho céac cit khi.

1.3. DAN NHIET QUA TUONG PHANG TRONG PIEU KIEN NHIET ON PINH
1.3.1. Twong phang mét |6p

14

»

/ tr2 tr1> tro

tro —

AN\ N

»
»

X

Hinh 1.3: Dan nhiét qua twang phang mot 16p
Xét mot vach pting ddng chit cé chéu dayd, hé sb dan nhigt A.

Gia s tudng c6 chéu dai va éng rt 16n so \bi chiéu daydé nhiét coi nhr chi di
theo phrong x.
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Dit trong vao B toa do vudbng goc Oxy thi nht d6 s5 khong thayddi theo
phuong Oy va Oz.
2
9 % =0 va E
Ta ky héu: tr1 la nhét d6 ¢ mat ngoai @a trong, t, la nhét d6 mat trong a@ia
tuong (tr1 > tro).
Trong tang thai nhét 6n dinh thi krong nhit dan vao trong va ra kbi tuong l1a
bang nhau va khong thaipi theo thyi gian.

2
Jt:O

d0=1% dr dr
dn
Q =A%.F.r ) (1.6)

= Nhiét tai riéng 1 nhét lugng trén 1 bé mit trong thoi gianT:

q :% :A%r (/) (1.6a)
= Mat d6 dong nhét 1a nhigt lugng truyén qua 1M bé mit trong 1s:
q,=9=22 (W/nf) (1.6b)
4 0

0: Mat do dong nhét (W/nr)
A: hé s6 dan nhiét cua wrong (W/nfC)
At: chénh éch nhit do gitra bén nay va bén kiadng (C)
&: chiéu day @a twrong (m)
F: dién tich & mat truyén nhigt (m?)
1.3.2. Twong nhiéu lép

Trén thre t ta it gip vach pkling mbt I16p ma théng thong l1a vach pling nhéu
lop.

VD: VAch trong 10 gdm co: bp gach chiu lira, I6p gach throng va bp voi vira
trat bén ngoai.

Gia sir c6 ndt tuong phing gdm 3 Ibp 1am king cac 4t ligu khac nhau, githict
la cac bp duoc ghép tht chat vao nhau nén néti do cac bp tai be mat tiép xdc co gia tr
nhu nhau.bo day cacdp 1ad,, o, q63. Hé s dan nhiét cac bp Ay, Ay, As. Bi@t nhiét do hai
mat ngqai @a twrong khbéng thaydoi la tr; va t, véi tt1>tr,. Nhiét do cac k& mit tiép xdac
chua bkt goi la t; va .
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»
»

= @@ X
d3

Hinh 1.4: Dan nhiét qua twang phang nhiéu l6p
O ché do 6n dinh nhét, luong nhét dan qua cacdp twong nhr nhau.

Vay ta c6 tkt tnhg ding phrong trinh dn nhigt qua frng lop twong nhr sau:

Lép 1:Q =%(tn ~t,).F.r ==> Q(%) =(t, —t).F 1
1

1

Lép 2: Q =%(tl ~t,).F.r ==> Q(%) =(t, -t,).F.1
2

2

Lép 3: Q :$(t2 ~t,).F1 ==> Q(%) =(t, —t, )Fr
3

3

Cong cac plrong trinh trén tatuoc:
Q(ﬁ + i + é
Al AZ AS

(t, -t).Fr

)= (t, —t,).F T

hay Q = (1.7)

Tong quéatddi véi vach co nép:

T
Q=¥.F.T (1.8)

n: $ 16p twong
i: & thar tu cua rong
41 va o la nhiet d6 cha 2 bp ngoai cung ¢ > tr)
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Tu (1.8)ta suy ra

t,—t,
=t 2 1.8
q anﬁ r (1.8a)
i=1 Ai
t—t
=1 2 1.8b
O anﬁ (1.8b)
=)
Nhiét 6 cac bp tiép xtcdugc tinh nhr sau:
=t -39 (1.92)
1 Al
t,=t,-9% = 4+ 9% (1.9b)
A, A

1.4. DAN NHIET QUA TUONG ONG TRONG TRANG THAI NHI ET ON PINH
1.4.1. Twong 6ng mot [6p

Mot 6ng cé tik xem la vach ping réu chiéu day éng khéngdang K so Wi
duong kinh.

Khi chiéu daydang K tic dign tich bén trong khong @ig dién tich bén ngoai thi
khong ti¢ xem la trong phang.

\ﬂ
N
Hinh 1.5: DAn nhiét qua twang 6ng mét 16p

Xét mot tuong dng dong chit co ban kinh trong Rraban kinh ngoai R chiéu dai
L, hé sb dan nhiét A. Vi dan nhiét 6n dinh nén nhit d6 mat trong @a trong t, va mit
ngodi t, 5 khong thayddi theo thi gian. Vi chéu daiéng thong throng ft 16n so \bi
duong kinh nén nigt d6 chi thaydéi theo phrong ban kinh, cac #i dang nhét 1a nhiing
mat tru ddng tam.
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Dé cho k& mit dan nhigt thaydoi khongdang i€, ta € nghién &u hién tuong din
nhiét qua ndt lop twong cd ban kinh Rab ky, chicu day dn va clu cao L.
Theodinh It Fourrier, irong nhét dan qua bp twong dn § la:
4=, % Fdr ()

dQ = /1 = 2nRLdr )

Vi dan nhigt 6n d;nh nén trong nhét din di khéng thaydéi theo thyi gian nén
phurong trinh trén cé thviét:

at

A— 2TRLT
=
ha yol_n _A2nlLrdt
R Q

R 2TLA T(n 0
_2nL.(t, —t)T
==> Q - lm& (110)
AR

Pay la plrong trinh dn nhigt qua trong éng 1 bp trong tang thai nhét 6n dinh.
1.4.2. Twong 6ng nhiéu lép

tT’I

ts
to

— ~
|~
— —~

Hinh 1.6: Dan nhiét qua twong 6ng nhiéu lép
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O ché @6 6n dinh nhit, luong nhét din qua cacdp trong nhr nhau.
Vay ta c6 tit eng ding phrong trinh dn nhiét qua trng 16p twong nhr sau:

_21LA® )7 __ Q(nR,-IR)

= 2Lt —t,.T
InR, -InR, A 1
Q — ZHLAZ(tl _tz).T = Q(ln R3 - |n Rz) - 2/TL(tl _tz)_r
InR, -InR, A,
_ 2nLA(t, —ty)) T _s Q.(nR,—InR;) _ 27TL.(t, —t; ) T

INR, -InR, A,

Cong cac plrong trinh tréntaduoc:

Q INR, -InR, +InR3—InR2 +InR4—InR3 :27T.L.(tT “t, ).r
/]l AZ A3 1 2

2nL.(t; —t;).r
m@—ma+m@—m@+m&—m&
Al AZ AS

Tong quatddi véi tuong nhéu lop:

::Q =

_2n.L.(ty —tg))

n

> /11In RF;l (1.11)
i=1 i i

Vi try, trola nhigt @6 mat trong va nit ngoai @a trong (k1 > trp)
i: § thir tw ca wrong ke tir trong ra

n: 8 16p twong
Nhiét d6 cac I8 mat tiép xdc:

Q.In E

t, =t - 1.12a

Y mLAT ( )
Q.In ES Q.In&

t,=t, - —— 2=t +——2 (1.12b)
LA, 2L AT

Chu y: Néu ty s %< 2, ta c6 th dungduoc phrong trinh @éa trong phing.
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