/LA/‘])/‘/!’UDUH ﬁ

U’M}//l (/ _/l//wd'/)
_/w/‘/;,:t./o’»/ ubtu,:

U’A//.’U)J/’ IU"/ ‘




b simlio 9 0240 :1J9l Lhat

Introduction and Basic Concepts

U1 101

WWW.AEGHBALLBLOG.IR 1393
EGHBALI.D@GMAIL.COM




(N10Lis39045 9 Coylpo |JLELI

Loo BT S &1 g rmenns 33 o0 (5551 JUB oo g5 1>
P 9 e S5 @yl JEDL lade b dad pe iy oge i *
525 a5 S35 Sl 53 o o5 i
a5 Gyl Wygua 59 JBGH s F 5 oS o3Il il L] *
S35 50 O30 ol Lod Lo 43 YU oo Lasono 1
s J2lg dgio Wigh Lo pb o 90 &5 Jloy Wyl JLG! *
(&gl p JUS! Gilie s gy #*
Conduction culoa &yl o JlG| @
Convection glxl> &)l JLS) @
Radiation gousid &yl > JL5| @

WWW.AEGHBALIBLOG.IR - e
EGHBALI.D@GMAIL.COM dol Jus - o)ha Jawsl



)l Jlodil aasg) U

S 50 g WSS (0 Jos 59, wygear LdeSdge (Sl 4 i %
N St (5551 51313 5 239

L Jodg0 g b ol Solai e jo b bad po (55 551 1yl #

WS a5 5,00 (M Glgie b aigs Jluw Sble oyl > 1o I 4 L
A5 (0 P9l S0 e 4y (oo Sl g 0gr 050 9 92 S5 e

Contact . ) L.
surface U)')’ )‘ t.sj")"'q G2 J)é +
8,8 SN 48 dowd 5
Hot Cold
body body

WWW.AEGHBALLBLOG.IR - —
2 EGHBALL.D@GMAIL.COM Jol Jus - Sy JE1



Ik 2480 )10 JLaiil

Sl 4298 8590 Ol japend &)l JUKT (2 1ib g ol +

Oyl o JES! i jo Sl alwd 90 *

(Pl oo OS] 58 gl 5l o JUKI £ 55 (6305 05l 7 5 filus @
Pl o WS g #5 L Oyl WG o) 9 ot 03105 s 03105 flue @
BT 58 g oolyugni adfllae gl 0559550 #

500 b el g 1o ool s JBlas (o4 58 a0 3,55, @

(b oy g Wlud )8) el S8 (ol )l cry yuw 1 Jdoxd 0 509, @

+ Heat exchangers + Heaters

+ Boilers + Furnaces

+ Condensers + Refrigerators

+ Radiators 4+ Solar collectors
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Specific heat = 5 kJ/kg-K
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m=1Kkg
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| kJ/kg°C =1 J/g-°C = 1 kl/kg K = 1 J/g K

du = ¢, dT and dh = c,dT
Au = ¢ 1 AT and Ah = ¢, AT (I/g)

L AV
[=

AU = mc, 4 AT and AH = mc, AT (J)

w2aU 8504 oslo
L ol (Aoisls L) o3 pxo a5 gl oobo #*

Iron
25°C

oo 4 kaiid pagl o515 colo ojag sbo,S +

;0‘.’4_5 lgllkg-K _
18 (S
AU = mc, ,AT ()
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Total energy Total energy Change in the
entering the | — | leaving the | = | total energy of
system . System ~ the system

Ein o Emn f"FEﬁ}'ﬁtcmhh (W)

v ' -

Rate of net energy transfer Kate of change in internal
by heat, work, and mass kinetic, potential, eic., energies
Ein ' . Eou(
) Vi oy
Heat \ > Heat
Steady
WOrk s—— —
Q. —0,, +t E = AE (1 | system . Work
Ain =" out gen thermal. system . Y
- s’ e —! - e et Mass Mass
Met heat Heat Change in thermal ;
transfer generation energy of the system A
m = EOU[
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Stationary closed system:
E.— E, .= AU = mc, AT (J)
S pecific INNESIE
Mass = m
Initial temp =T, L
Final temp = T, Stattonary closed system, no work:
\_%?mv(ﬂ ~-T3) Q= ”'T{L-JS‘T (1)
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30°C N Fourier’s law of heat conduction
20°C

) O = 4010 W/m?

1 m

(a) Copper (k=401 W/m-°C)

30°C \
20°C
) O = 1480 W/m?

Thermal conductivity, k
Temperature gradient dT/dx
Negative sign

Im

(b) Silicon (k = 148 W/m-°C)
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Thermal conductivity, k

Nonmetallic
crystals
: { /X Gas 1000
* Molecular
- collisions
7 I\o ‘[ * Molecular
diffusion
2 P s o0
n Nonmetallic alloys
solids
/ (_(“, . -
7;_?:7 Liquid 10 T
G“C‘II‘(,C * Molecular 5: Mercury
e P collisions S
e i Y * Molecular o
ot g diffusion | Water
. Insulators
Hydrogen
o electrons " 0.1 Helium
Solid Air
 Lattice vibrations Carbon
* Flow of free dioxide
electrons
0.01
WWW.AEGHBALI.BLOG.IR . - —
Jdol Jus - Oylya J@E35)

13 EGHBALI.D@GMAIL.COM



14

Conduction Culam <yl JLaiil (1

Thermal conductivity, k

10,000
k. Solids
W/m-°C Diamonds ==z ==—==—= Liquids
------- Gases

Type Ila
Type IIb
Typel

1000

W

Silver Copper
Gold !

/I(

100 Tungsten Aluminum

/

10

I Clear fused quartz

S~ l-l{_el_iu_n] L

0.1 ——— .__‘gilrbon totrachlonde Steam . A: i
SOIURISTIREEE L Argon

0.01 [~

200 400 600 800 1000 1200 1400
T.K
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Thermal Diffusivity, a

The thermal diffusivities of some
materfals at room ’[emperature2 Cp Speciﬁc heat, ]/kg .°C
Material a, m4/s PCP Heat capacity, ]/m3-°C
Silver 149 x 107° o« Thermal diffusivity, m?/s
Gold 127 x 10-°
Copper 113 x 10-¢
Aluminum 97.5 x 10-° L
lron 29 8 x 10—5 o = H{i‘dt LD[]LIUL“DI] _ k “1]2;&}
Mercury (1) 4.7 x 10~ Heat storage PCp
Marble 1.2 x 10-°
lce 1.2 x 10-° . . . N Al ‘
Concrete 0.75 x 10-° ‘Sw = )’Yl-f ‘5’)‘)’ °FY +
Brick 0.52 x 10-% “ ol Luseo " . P

o Gt o O ‘ ,.o.v LM'
Heavy soil (dry) 0.52 x 10~ - J )z S
Glass 0.34 x 10-* W& o . . m
Glass wool 0.23 x 10-° )J)ﬁ’ @)‘P uq‘d& RS
Water (I) 0.14 x 10-° . . W s g
Beef 0.14 x 10-5 P52 Gl ety "
Wood (oak) 0.13 x 10°°
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Newton’s law of cooling

Qu:.nm' — /'}A.a' (Tx o Tx) (W)
h: convection heat transfer coefficient, W/m? - °C
+ the surface geometry + the properties of the fluid
+ the nature of fluid motion + the bulk fluid velocity
Velocity
variation ;
of air . Forced Natural
-V — 1 : :
convection convection
A Temperature
] Al variation
- flow - of air Air
" Air
oA
) S = =
QCOI]V : ou h j ﬁ \ ‘-\ 4
A —~(hot egg) = \ #(hot egg)x 'y
S T — — i el
/ 5
‘ Hot Block ‘
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O emit max = AT (W)  Stefan-Boltzmann law

o= 5.670 x10°8 W/m? - K4 Stefan-Boltzmann constant

Oemit = €OATS (W)  Rradiation emitted by real surfaces
_ 7
Qcmil. max O-TS
I = 4{0 K ‘ = 1452 W/m?
( Blackbody (¢ = 1) \
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Surr

Surrounding
surfaces at
T

surr

Qincident

Qref = (l N OC) Qincidenr

Qincident

Qabs =u Qincidem

Qrad = £GAs(T?_ Tgun)
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Step 1: Problem Statement

Step 2: Schematic

Step 3: Assumptions and Approximations
Step 4: Physical Laws

Step 5: Properties

Step 6: Calculations

Step 7: Reasoning, Verification, and Discussion
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