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T Ina%  (K) = t" c + 273.15

a = I Al
iZ

C E &
mAt

AQ = mcAt

AQ = mL
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.

AQ/At  = -kA AT/Ax 4

AQ/At  = hA  CT,  - T,)

R = kA (T,4 - T,4)

Q/t = K CT,  - T,)
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$4 0.4 ~J~VI~QCUM~$~~~%~~KT~  (Optical Pyrometer)
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cc-0°C 100

tF-3dC  = 80

gnt%m  (Boiling)

gn6dQn66ih  (Freezing)

up&%&  (Absolute zoro)

372
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a = alAt . . . . . . . . 9.3

PH 111 373



374 PH 111



a = al
IAt

. . . . . . . . 9.4

1,-l  = Al

1, = 1 + Al

= 1 + alAt

1, = l(1 + aAt) . . . . . . . . 9.5
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= lw
I .

Al = na7u”nmi.J&4

Aw = wa~n%&iu&~

At = tpnQfi~a~aJ~u

A, = (1 + Al)(w + Aw)
= Iw + [wAl + lAw] + AlAw . . . . . . . . . . (1)

wA1  MI=  1Aw  = &&h&~ 2 $1~~79

AlAw = i&&h  q -i&y

A, = (1 + laAt)(w + waAt)
= lw + wlaAt  + 1waAt  + 1wW  (At)’
= lw + 21waAt + 1wW  (At)” . . . . . . . . . . (2)

I,
AA = A, - A

= lw + 21waAt + 1wW  (At)” - lw
= 21wccAt  + IwW (At)z
= 2AoSt  + AW (At)”
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3. fll3~fJlfl~~iasn¶l~l~n”  (volume expansion) Ii:bklIJ~TaFiG

v, = V(l + ‘yAt> .* . . . . . . 9.7
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a



m'j19 9.2 (60)

c wdao J/kg.‘C

4180

2250

2480

2380

1720

,138

1970

910

1040

1000
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L, = Q/m . . . . . . 9.12

%up(Iiu~s~~uanvM  n,%rnl~erodasnPd=~,nslgslPlaa~~~~,~  dun%  nimaidhh

(vaporization) aa~~m~f?ii~u  %I ~nt&~~ (boiling point temperature) dfhaiu

~~~aa~s~asni%naias~~e  (latent heat of vaporization)

L, = Q/m . . . ...9.13
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Substance Melting

point, D c

Latent heat of

fusion, k&/kg

Boiling

point, ’ C

Latent heat of

vaporization, kcal/kg

oxygen -218 3.30 -183 51

ammonia -75 108 -33 327

water 0 80 100 540

mercury -39 2.8 357 70

lead 327 5.9 1753 206

aluminium 660 90 2450 2720

copper 1083 32 2300 1211

uranium 1133 20 3900 454

tungsten 3410 44 5900 1150

~11'519 9.3 Latent heats



AQ/At 0~ A(AT/Ax)  hdm~m

dQ/dt  = -kA(dT/dx) . . . ...9.14
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REPRESENTATIVE

VALUEOF  ’

METAL k, J/s.m.O  C SOLID k, J/s.m.O  C G A S k, J/s.m:  C

Aluminum 205 Insulating brick 0.15 Air 0.024

Brass 109 Red brick 0.6 Argon 0.016

Copper 385 Concrete 0.8 Helium 0.14

Lead 34.7 Cork 0.04 Hydrogen O. 14

Mercury 8.3 Felt 0.04 Oxygen 0.023

Silver 406 Glass 0.8

Steel 50.2 Ice 1.6

Rock wool 0.04

Styrofoam 0.01

Wood 0.12-0.04
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dQ,/dt  = k&U, - T,)
L,

6lriflwanla-Rs~~"ai:I~

dQ,/dt  = dQ,/dt

afidQ/dt Idoa~~~~nl~f;lua~~~~~~~~ (&mivbvy~  q mhi%)

. . [L,/(k,A)] . (dQ/dt) = T2 - TX
[L,/(k,A)] . (dQ/dt) = TX - T,

. . . . . . . . (1)

. . . . . . . . (2)

1 dQ =L
K,A  dt

I
T* - T,

3% PH 111



dQ_ = A(T,  - T,)
dt (I&,) + CL,&)
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Y,
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'C (5dd 4dC) 2c 5dC +40°c= - 20°C
t 60x45 [ 2 1

t
10°C x 60 x45 s=
2 x 25 x 60 s/min

= 9 min

VI/T, = V,‘T, . . . ...9.21

6&l v = d%Jl~~uo~fil~

T  =  ~nrwqfk%~y&

PH 111 389



PV-=
T

C

. . PV-=
T

mR

PV  = mRT ..I... 9.23

‘imd P  =  na1ufldu Qa~utioWl919LPJn)9

T  =  QW@E?~~~ mah
v = ¶hJ1Pls fJfllJlFlffWl~

n  =  ilPdauIua n"FanEha
R  =  th&nnauo~61% ~a&aanG+.hJa.6nas4

+b?b 4 STP (Standard temperature and pressure) &a T = 273.15 K, P = 1 atmoshhere

= 1.01325 x lo5 N/m* n'llf  1?hl?%Jtl  %&hJlW~ 22.4 ~fh6JCl4

= (1.01325 x lo5  N/m2)(22.4  m3)
(1 kg-mole) x (273.15 K)

. .

390

g = 8.314 x 103 J/kg-mo1e.K
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8.314 X lo3=
6.02 x 10z6

= 1.38 x 1O-23  J/K
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F, = 4%-= 2mvx
At 2 L/v,

vx2  = N,v,’  +  I$v,’  +  ..a

F = Nrn? . . . . . . 9.26
L

P 2
= Nmvx

v
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F = 2 -
x vy = vz2

iz = v+.y”+v

q = y2= -
x Y

v,2  = (l/3)? . . . . . . 9.28
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(l/Z)mG  =

=

=

. .

(3/2)&T

(3/2)(2 mole)(8.314  .J/mole.K)(3oo  K)

7,479 J

7.5 x 103 J

(w.)kT

(3/2)(1.38x wz3J/K)  (360 K)

6.21 x IO-‘= J

= 4 g/mole

= 4 x 10.~  kg/mole

V =lms
T-
m

M

=’ (3)(8.314  J/K)(tioo  K)
(4 x lo-3 kg/mole)

= 1,368 m/s

= 1.37 x 103 m/s

4 T = 273 - 30 = 243 K .

Vmu
=+T-

PH 111 33!5



. . v,,(d k, = 300 K)

\I,.,,,~  (d T, = 243 K)

v,, (n”  T, = 243 K) =

= (0.9)(1,368)

= 1,231 m/s

= 1.23 X lo3 m/s

T  =  273+20=293K

M = 28 x lo+ kg/mole

= (3)(8.314)(293)

(28 x W3)

= 510.88 m/s
= 511 m/s
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dV “? V



w = J-“‘nRT  dV
“1 V

= nRT “ I J”‘dV/V
nRT In &,/VI)

I= . . . . . . 9.37
= nRT In (P,/P,) . . . ...9.38

w = v,Jv2pdV
= p ", J"'dv
= P(V,  - V,) !, . . . . . . 9.39
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. . . . . 9.47
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TJ1ntlaJfl14  (9.44)

.  .

dU  =

nC,dT  =

0 =

dT  =

nC,dT

o - pdV

nC,dT  + pdV

nRT

nRdT

WV + Vdp)
nR

(1)  = (2) -W'=

nc,

pC,dV + VC,dp =

pC,dV + VC,dp + pRdV =

pC,dV + VC,dp + p(C,  - C,)dV =

VC,dp + pC,dV =

WV  + WI
nR

-pRdV

0

0

0

6~1  PVC, mshaosG1u’19  ~~amn4 C,,K,  = y &I6

dp/p  + y(dV/V) = o

dp/p+YlnV  = k

pVr = k

6iAl PXY = p&Y= .  .  .

. . . . . . . . (1)

. . . . . . . . (2)

. . . . . . 9.48
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=

=

dQ,  =

‘Q,  =

=

QP =
=
=

=

AU =

=

PW,  - v,> = PAV

nRAT

(2)(8.314)(373-273)

1.66 kJ

nC,dT

Tz
TJL

nCpdT  = nC,AT

n(C,  + I~)AT

nC,At + nRAT

Q”  + wp

4.22 + 1.68

5.88 kJ

QP -w,

(Q, + Wp> - W,
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e

w



I
”
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wpl~ w = w,+ w, - w, - w,,

Q = Q, + W, - U,)  - Q, - (5 - U,)
= Q, - Q,

Q = AU+W

= 0 + (Q,  - Q,)
= Q, - Q,

rl = 1 - Q,/Q,

PH 111



94 0

MiWl n. T,  = 500 K

Q, = 200 cal

91.

T, = 300 K
W=?  ) q=?
I - T,/T,

1 - 300/500

0.4

40%

v

rlQ*
(0.4)(200)

8 0 cal
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E = + Q, .  .  .  .
1 Q, - Q,

1
-E =

Q, - Q,
Ql

= Q,/Q,  - 1

Tlfl Q,/TI = Q*‘T,

I/E = T,/T, - I

= T, - T,
T,

410

E = T,
T, - Tl
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T,  = 273 - 13 = 260 K , T,  = 273 + 27 = 300 K

E = 260
300 - $60

260= -
40

= 6.5.
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s,  - s, = ,bQ/T . . . . . . 9.55
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formation)

. . s,  - s, = (1 kg)(80  kcal/kg)
(239  K)

= 293 Cal/K
= 1.23 kJ/K

=
213

r13mcdT/T

= (1000 g)(l)ln(373/273)
= 312 Cal/K
= 1.31 kJ/K

PH 111 413





m¶J 0.066, 0.070, 0.060

PH 111

law T,,,,  K y , IO-~K-’

'MOJ6IFlJ 1,360 43 + 0.022 T

Wl~l6hJ 1,830 30 + 0.015 T

66Wip;l~od”u 2,050 24 + 0.0086 T
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F1N 8.28 x lo-" ORY


