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(atom)

1-2
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(107 m)

(molecule)

H,O 0O, H,
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2-2

.(gas) (liquid) (solid)

(1-2)

((1-2)



(1-2)

3-1

)
% M
_M
PV
1000 kg/m’ kg/m’
1 1 g/cm’

19300 kg/m’



Prel

_ pobj — pobj (kg/mS)

2-2
( ) rel ,OHZO 1000
0.739
13.6
(1-2)
(1-2)
(kg/m’) (kg/m®)
1.00 1000 (4°C) 2.70 | 2700
0.129 1.29 (0°C) 13.60 | 13600
0.12 1.2 (25°0) 8.90 | 8900
1.06 1060 | (25°C) e 7.80 | 7800
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1.03 1030 10.50 | 10500
0.92 920 | (15°C) 11.30 | 11300
0.739 739 (15°C) 19.30 | 19300
0.92 920 7.80 | 7800
(1-2)
600 cm’ 300 cm’

m =(1000kg/m*)(300 cm®) =(1g/cm’)(300cm’)

water p Water water

=

Water

=300g=0.3kg

Moo, = PoeraVoer, = (739kg/m’)(600 cm?) = (0.739 g /ecm*)(600cm’)

— m,, =443g=0.443kg

M, =M, + My, =(0.3+0.443)kg = 0.743kg
V, =V = (300 + 600)cm’® =900cm’> =9x10™* m’

Water benz



10:

m. _ 0.743kg

T = 825.6kg/m’

V. 9x10™m

4-2

42



(3-2)

2-2)

(4-2)

(B. Pascal, 1623-

_F
P
F A
(
F
| A
() 0
(2-2)
F=DpA
Pa 1662)

1 Pa=1N/m’



10

980

(atm)

1 atm = 1.01x10° Pa

:( ) (bar)

1 bar = 1000 mbar = 10° Pa

:(mmHg)

4-2

4-2

4-2

44



760 mm 76 cm 1 cm?

760
I atm = 760 mmHg
(torr) I mmHg

1 atm =760 torr = 760 mmHg

(2-2)
2m 10 m 50 m

F=mg=(pV)g

101 sl g LY X Gl @ Jshall (5 g s sl aaa V- Cus

V= (50 m)(10 m)(2m)= 1000 m’

(ot gl e 3 yinall 5 gl 5 pa g
F = (1000 kg/m’)(1000 m’)(9.80 m/s*)=9.80x10° N

058 A ¢ A=500 m* gl gl x Jshall s sl g lall dalie () LS
;ﬁ@cw\



_F_9.80x10°N

—=19.6x10°Pa
A 500m
)
(
(incompressible)
N/m
N.m/m’ =J/m’ m
(1-2)
(3-2)
-Pa

5-2
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(3-2)

()

(

(PaA)

(3-2)

2 1

3-2) b

47
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FUIO =mg + p,A
(5-2)

m= pV = p(Ah)

F,=P,A

up

(5-2)

p,A=(pAh)g+ p,A

h
) Py = P, + P9
(6-2



(manometer formula) (6-2)

Ap: pb_pa:pgh

b a (gauge pressure)
(6-2)
(4-2)
) A
(
76 (6-2)
76

1(4-2)



6-2

6-2

(5-2)

(7-2)

> |

F

A2 , Al

:(5-2)



(3-2)

1000 kg
.03 m?
0.01 m*

(1000 kg)(9.80 m/s%)
(7-2)

F_F

F _F _ (1000kg)9.80m/s*)  F,
A A (0.3m”) (0.01m?)
F,=326.7N

33

(6-2)

6-2

51



_2)

L (6-2) (6-2) C

Pl |
hy
C cl |y

(7-2)

Ps — Pc = p,gh,

(7

52



Pa— Pc = nghz

( )pA:pB:pa

(8-2) pihy=p,h,

6-2

.(Eureka!)



.(buoyancy force)

Fup Fun

(8-2)

(8-2)

Jed mg=(aVi)g

I:up = mlg :,0|V|g

Mpg
(8-2)

F

Total — w'= m,g — I:up

.(apparent weight)

54



(9-2)

(10-2)

(10-2)

(11-2)

|:up mb:pDVb

w'=(pV, — pV))g

(float) W'

PV, — oV, =0

PV = PV,

(4-2)

1030 kg/m’ 920 kg/m’



(11-2)

PV = PV,
Vi
\
3
oV, = pV, = lzﬂzmzogg
V, p 1030kg/m
89%

.(10-2) 1 11%



(11-2)

:(10-2)

6-2
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:(12-2)
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-2

(ideal fluid)

(non-viscous)

.(incompressible)
(shear
stress)
.(steady flow)
v A
h=vt  t (13-2)

m= pV = pAh = pA(t)



A
Vo A2 Vi
Apgyv, = A,pgv,

(12-2) AV, = AV,

.(equation of continuity)

p
Vv
y
) P (pgy) )

60



U=3pV"+pgy+p

(13-2) LoV + pay, + Py =1 pV; + POy, + P,
(D. Bernoulli, 1700-1782)
(5-2)

0.2 cm’ 1060 kg/m’
. 0.05 cm® 20 m/s

AV, = AV, = (0.2cm*)(20m/s) = (0.05cm’)v,

v, =80m/s

61



1pvi+p=ipv;+p, = p—p,=1pv —1pv
= p, - P, =L (1060kg/m*)(6400 — 400)(m/s)’ = 31.8x 10° Pa

8-2
L
-2) F A
AL (14
I | <]
AL
{(14-2)



:(stress)

F_
A
:(strain)
AL _
L
(!
y=(FA —— (14-2)
(AL/L)
N/m?
(2-2)
(2-2)
Y (10" N/m?)
70
110
90
190
16
200
360

63



(15-2)
A O
(elastic region)
F=—kx
B A
C
.(breaking point) C
Jlassyl
o
i)
A
(15-1)

9-2
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1(6-2)

500
0.15 3m kg
sz
F=mg=(500 kg)(9.80 m/s*)=4900 N
Fo_ PON 357x10' Nm?
A 0.15x10"m
-2) (3-2)
(14

AL (F/A) 3.27x10°N/m’

= ———=1.63x10"
L Y  200x10"N/m

AL=3%1.63x10"m=4.89x10"m=0.5mm



10-2

11-2
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100° C 0° C

212°F 32°F
(16-2)

1(16-2)



(15-1) T, =(2T, +32) °F

(16-1) T.=3(T, ~32)°C
() ()
K 273.16 K
T;
T, =273.16K
.(absolute zero)
) 20
( 20
0.001K=1mK

312.16 K

0K

20
20



(17-1)

T. =T, -273.16°

(17-6)

Water
Bails 212 °F 100 ° 3ITAK
Water

Freczes 32 °F g°c 273K

{(17-1)

12-2

69



12-2

TO IO
AT=T-T, T
Al=1-1, |
(18-1) Al =1,aAT
a
1°C 1K
(14-1)
(19-1) | =1,(1+ aAT)
(3-1)
:(3-6)
a(1/°C) a(107°%/°C)
0.0018 24
1.01 17
1.51 12
0.95 29
0.49 11
0.68 3.3
1.18 12




(7-2)

25°C
(18-2)
Al =1,0AT = ?—I =aAT
0
Al -6 -6
T aAT =(17x1071/°C)(25°C)=425x10
0
Al 0.0425%
IO
12-2
(19-1) W I

| =1,(1+ @AT), w=w,(l+aAT)



A=lw=1,(1+aAT)W,(1+aAT) = I,W,(1+ 2AT +&*AT?)

azATz A():I()W()
(20-2) A=A+ BAT)
o
AA
21-2 — = PAT
(21-2) A I

:(18-2)

72



(22-2)

( ) =3

(23-2)

0°C

V =V,(1+AT)

4°C

12-2

13-2

73



(24-2)

. 4180 J/kg.°C

AT

Q =mcAT

(4-2)

1 cal=4.18]

1 cal/g.°C
(24-2)
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(4-2)

c(kJ/kg.C) c(k)/kg.C)
0.39 4.18
0.91 3.89
0.80 2.52
0.23 0.14
0.13 2.11
0.13 0.67

1(8-2)

300 °C 0.5 kg
0.5 kg 0.2 kg
25 °C
Ty

QPb = QCu+H20

Qpp = MyyCop (AT ),y = (0.5kg)(0.13kI/kg.C)(300— T, )°C

QCu+HZO = (M, Ce, + My 0CH,0 )AT)
=[(0.2kg)(0.39kJ/kg°C) + (0.5kg)(4180kJ/kg® C)](T, — 25)°C

T, =32.8°C



(25-2)

(latent heat of fusion)

(latent heat of

(Phase Change) 14-2

Ay vaporization)
L,k  (5-6)
:(5-2)
I, I
(kl/kg) (°C) (kJ/kg) (°O)
2256 100 334 0

200 196 25.9 210
213 183 13.8 218




25 269 B B

448 253 62.8 259
10549 2467 399 660

5191 2567 205 1083

6781 2750 272 1535

850 1740 28.5 328

:(9-2)
20g 20 °C
100
1(24-2) 20°C  °C

Q = mcAT = (1kg)(4.18kJ/kg.°C)(100-20)°C=334.4 kJ

Q> Qi
.20 °C
:(25-1) Qi n

Q, =m.l, =n(20g)(334kI/kg) = n(0.02kg)(334kJ/kg) = n(6.68kJ)



20
°C

Q, =mcAT =n(0.02kg)(4.18kJ/kg.°C)(20-0)°C=n(1.67kJ)

Qi+ Qx=0Q

334.4kJ = n(6.68kJ) + n(1.67kJ)=n(8.35kJ)

n=2222 1 4
8.35

15-2

15-2

(heat H

A current)



AT H L

26-2 kAT
L
K
(coefficient of thermal conduction)
K .W/K.m
K (6-2)
:(6-2)
K(W/K.m) K(W/K.m)
0.1 0.6
1.0 0.05
0.15 2.0
0.024 0.59
72 365
8.0 418




:(10-2)

25 °C 2 mm
0°C

(26-2)

2 p—
H =k 280 _ 1 wik m) G2 —OK
L 2x107m

=25kW

15-2



25 °C (6-2)
80

15-2

(! )

(27-2) g=oT*

(Stefan constant) o
T  567x10° Wm’K
(27-2)



LoV + POy, + P =3PV +PY, + P, ¢

Al =1,aAT

Q=ml :

H =k AAT
L

Av,=Ay, :

Q =mcAT :

_g:O-T4
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2 m 500 kg/m’ 1-2

cm 4 75 cm
2 cm 2-2
¢ 3x4x5m 3-2
() 3x10° N/m® 4-2
() 04 mm
10 kg 5-2
1.5 cm’
Y . 0.0065%
() - 600 m 6-2
()
15 cm
25 cm 15 cm 7-2
600 () .
() kgm’
U 8-2
() .15 cm
()

125N 9-2



02 m’

10N
2x2x%0.3
500 kg/m’
0.2
10 cm?
4 cm

10-2

() .600 N

12N

65 kg

().

—182.86 °C

()

11-2
12-2

13-2
0.8 cm’

() 0.06cm’
14-2
(). m’
0.8 m’/s
3.8 m/s
15-2

() .4 m/s

()

.5 cm
300 Pa
16-2
24 cm
20 °C
25.4 cm

()

17-2



100 g 18-2

18.3 °C 500 g 100 °C
.21.7 °C
90 °C 200 g 19-2
.20 °C 500 g
20-2
30cm 20°C 100 °C 20 °C
50 C 21-2
500g 200¢g 22-2
() () .20 °C
-190 °C 20 °C 50¢g 23-2
1 cm 2 m 24-2
() .0 °C 100 °C ‘
25 ()
cm
25-2
5000 °C

700
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