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—— Radiation




v' Cac nguyén tr, phan t& hay ion & cac nut
mang lubn dao déng quanh vi tri can
bang. Khi cac phéan t& nay nhdn nang
lvong sé dao déng manh hon va truyén
ndng lwong dao déng cho cac phan to
xung quanh. Sw dao dbong nay tao thanh
song am voi lwong t cua soéng la
phonon.

v' Electron tw do trong kim loai va ban dan

cé thé khuéch tan mang theo ndng luong.
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PO DAN NHIET

Fourier’s Law:
Mat do q=-k——" Gradient nhiét do
dong nhiét

k= do dan nhiét (J/m.K.s):
(J/mz2.s)

Kk phu thuc vao ban chat cua moi vat liéu

Do dan nhiét phu thudc vao phonnons (do sw dao ddng cta cac phan

SRR 3 Material having
tr 0 nut mang) va do electron. thermal conductivity k

»
k =k + k, l ﬁ
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PO DAN NHIET

Vat lieu

 Kim loai
Nhém
Thép
Vonfram
Vang

« Gom s
Magnesia (MgO)
Alumina (Al,0,)
Thuy tinh Na
Silica (cryst. SiO,)

 Polymer

Polypropylene
Polyethylene
Polystyrene
Teflon

Co’ ché dan nhiét

k (W/m.K)

247 Chu yéu Ila sw di chuyén cua
52 cac electron tw do

178

315 k=k,
38
39 Dao déng nguyén t, ion
1.7 =
1.4 k =k
0.12

0.46-0.50 Dao déng va quay cua cac

0.13 %,
0.25 chudi polymer



C a k L

Material (J/k;-K)" [CO)™! >é 107%° (W/m-K)* [Q-W/(K)* X 107%)
Metals
Aluminum 900 23.6 247 2.20
Copper 386 17.0 398 2.25
Gold 128 14.2 315 2.50
Iron 448 11.8 80 2.71
Nickel 443 13.3 90 2.08
Silver 235 19.7 428 2.13
Tungsten 138 4.5 178 3.20
1025 Steel 486 12.0 51.9 —
316 Stainless steel 502 16.0 15.9 —
Brass (70Cu-30Zn) 375 20.0 120 —
Kovar (54Fe-29Ni-17Co) 460 5.1 17 2.80
Invar (64Fe—-36Ni) 500 1.6 10 2.75
Super Invar (63Fe-32Ni-5Co) 500 0.72 10 2.68
Ceramics
Alumina (AL,O3) 775 7.6 39 —
Magnesia (MgO) 940 13.54 37.7 —
Spinel (MgALO,) 790 7.6¢ 15.0¢ —
Fused silica (Si0,) 740 0.4 1.4 — .
Soda-lime glass 840 9.0 1.7 SV tw nhan
Borosilicate (Pyrex) glass 850 3.3 1.4 —
Polymers xet !
Polyethylene (high density) 1850 106-198 0.46-0.50 —
Polypropylene 1925 145-180 0.12 —
Polystyrene 1170 90-150 0.13 —
Polytetrafluoroethylene 1050 126-216 0.25 —
(Teflon)
Phenol-formaldehyde, 1590-1760 122 0.15 —
phenolic

Nylon 6,6 1670 144 0.24 —
Polyisoprene — 220 0.14 —




Hau hét chat ran déu gian né khi gia nhiét va co lai khi lam lanh.

Nguyén nhdn dwoc gidi thich theo dwong cong thé nang khong doi

xung theo khoang cach cac nguyén tu.
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Su gian no nay co thée bieu dién theo biéeu thurc sau.:

Iy~ I Al
] — al(Tf — To) ‘ [y
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CYIAT

I,— chiéu dai & nhiét dj T, AV

a, AT
Vo

|, — chiéu dai & nhiét dé6 T,

a,— hé so n& dai

AV — bién dbi thé tich mau khi nhiét do thay déi AT
a, — hé sb gidn nd thé tich, tinh gan ding: a,= 3a,

Polymer c6 hé sé gidn né nhiét kha I6n do cau tric gap khic



GIAN NO NHIET

> M6t day kim loai Cu dai 15 m dwoc lam lanh tor 40 °C xudng
-9 °C. Biét a, = 16,5.10¢ (°C)-" tinh sw thay doi chiéu dai cla
day Cu?

Gidi-
Al =a 0 AT =[16.5 x 107°(1/°C)](15 m)[(=9°C) — 40°C]

Al =0.012m=—-12mm



UNG SUAT CUA VAT LIEU

> Ung suat bén trong: khi thay déi nhiét do, vat liéu co gidn sinh ra

(rng suat ndi. Thay doi nhiét dé tee lanh dén nong (T, dén T))

O — Eal(TO — Tf) — ECVZAT

E — modul dan hoi

> Ung suat bé mat: khi vét lidu tiép xuc véi méi truong néng lanh

khéac nhau, dac biét khi vét liéu dan nhiét kém

rapid quench

A

tries to contract during cooling 2 (_D_)




HIEN TUONG SHOCK NHIET

» Khi vat liéu tiép xuc voi moi trirong néng lanh dot ngot. Néu véat liéu

dan nhiét kém, sé tao rng suat bé mat Ién, gy nat né hay vo
vun (hién twong Shock nhiét).
Vi du: gém st, thay tinh bi nung néng nhanh.

> Kha ndng chiu duoc sw nit né hay vé vun goi 1a dé bén Shock
nhiét TSR (Thermal Shock resistance):

0;— (Png Ssuéat chong nirt
opk E — modul dan héi
Eq; k — hé sé dan nhiét

TSR =

a,— hé s6 n& dai



TINH CHAT NHIET PIEN

> V&i 2 kim loai khac nhau tiép xuc véi nhau, sé tao thanh I6p dién
tich kép goi la thé tiép xuc.

> Vi 1 day kim loai, dau tidp xtc vai nhiét do thdp (dau lanh) sé c6 it
dién t&r hon dau tiép xuc voi nhiét dd cao (dau néng).

— Dién tir sé di chuyén tir dau tiép xudc véi nhiét dd cao sang nhiét do

thap. Hot
=r X y x . \ ~ y F n-type p-type )
» VoI chat ban dan loai p va n cing 0
-
hinh thanh dong dién khi 2 dau tiép \qitage l l
xuc voi 2 moi trirong co nhiét do khac
¥ e e hth™

nhau. - Ik



1i® Heat

Nbi 2 ddy dan khéc nhau thanh mach kin, sau dé nhung 2 diém noi
vao hai méi trong cé nhiét dé6 khac nhau, xuét hién dong dién trong

mach (hiéu t'ng Seebeck)



ONE SEEBECK DEVICE "COUPLE™ CONSISTS OF ONE
N-TYPE AND ONE P-TYPE SEMICONDUCTOR PELLET
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THERE MUST BE A TEMPERATURE DIFFERENCE BETWEEN
THE HOT AND COLD SIDES FOR POWER TO BE GENERATED

Ung dung lam may phat dién



Khi ¢6 dong dién di qua mach kin tao boi 2 kim loai, dwa trén chiéu
dong dién, tai 2 moi ndi: mét 1a thu nhiét va moét Ia téa nhiét, goi la

hiéu teng Peltier.

Heat absorbed

Metal A

Metal B

Heat leased

X
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THE CHARGE CARRIERS, NEGATIVE ELECTRONS
AND POSITIVE HOLES, TRANSPORT THE HEAT.

Ung dung trong thiét bi lam lanh



