12 380 120 20
2003 1 60.0[KW]
Qn 2 ?
( ) a/V, k = b/V o\ b o\
. = R = ,a=(—),, = -(——
1110 |3 A . 23.9 [KW] . 87.7 [KW] B (57 (55
. 90.7 [KW] . 150.7 [kW]
.V =aT + bP + const
13 ? .V = bT + aP + const
1 7 Maxwell ? .V =al - bP + const
.V =DbT - aP + const
( i T) = -( i P)
Ttavt T tas?
1 ? o T 0P 14 1kg-mol P=15atm, V=4.72L 2
(57327 (G5 P=latn
- oV _ aP « » 2
- Gibbs - ( d T)V = ( d S)V [ ., Cp=5kcal/kg.mol.K, Cv=3kcal/kg.moloK ]
0T 0 S 21 Heptane(CsHis) Dryice(CO,) . COz
2 - (s = G . -3027kcal . ~4027kcal Dryice 504, Dryice
? . -5027kcal . -6027kcal 500 Heptane ?
. Redlich-Kwong equation 8 (simple fluid) Pitzer 15 . 325 /hr . 227 /hr
. Beattie-Bridgeman equation (acentric factor) 2 . 162 /hr . 143 /hr
. Benedict-Webb-Rubin equation ?C , Ps )
. Gibbs-Duhem equation 1 Gibbs G
. T/Tc = 0.5 Ps/Pc = 0.5 1 S 22 10wth A 50kg 20wt% B 50kg
= ’ ?
3 300K 10atn  1latm - MTe =07 Ps/Pc = 0.5 -1 v .
2 . T/Tc = 0.7 PS/PC =0.1 1 Gibbs G
’ . T/Tc = 0.5 Ps/Pc = 0.1 . 10wt% . 15wt% . 20wt% . 30wt%
. 787.2 . 967.8
. 1136.2 . 1372.6 O Carnot ? 16 ,C0,C02,CHy 23 220m 20m
15 /s
4 2 ? . potential energy (& Ep)
’ C + 2H0 - COz + 2Hp, C + 2Hp - CHs 2
Avogadro
C + H0 - CO + Hp, CO + H0 - CO, + H,
C + €O, - 2C0, CO + 3Hz » CHs + HO . 35300J/s . 3600J/s
AS 2 . 3000J/s . 200J/s
.1 .2 .3 .4
AS=RT In2 AS=-RIn2 10 -
- - n - = -nn (coefficient of performance) ? 17 2 24 ?
.AS=R1In2 .AS=-RTIn2 ’
HA - HD = -
5 2 HoHY_(H _HY B -
5 (HB‘Hc)_(HA'HD) E,_T_: -
' H, - H, < ¢
_— (phase) -
.AU+AKE+APE=0Q-W (He-H)+(HytHp) ‘ A
D
) A-Stml f 0 —HA * 18 Joule-Thomson pr=0 25 latm, 20
. !!?A s=0 (Hz-H)+(Hy-Hp) (inversion temperature) 1.75 Hg , ?
U= dQ - o Hg - He dE27 (S) ? ( ,20 17.5 Hg  .)
(HA'HD)‘(HC'HB)
6 . P(V-b) = RT, . 4.33% . 10% . 43.3% . 100%
b 0<b<v 1mol Vi
V e 1
" (work) 26 H, 33K, 12.8atn
' ? ( , vy =Cv/Cp) newton’s Tc Pc ?
. W=RT In( VT_b ) . W=RT |nV_T .W=-C T 19 ? . Tc = 47K, Pc = 26.8atm
Vi-b vi W= (PVI-PAL)/(y -1) . Tc = 45K, Pc = 24.8atm
- RT I . W=RT In( Vi-h ) - W= PVi[1-(Po/P)V DY ] . Tc = 41K, Pc = 20.8atm
VF Vf-b W= [RT/(y -1)1[1-(Po/PD)W DV ] Tc = 38K, Pc = 17.8atm
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27 40 34 1000
Raoult 450
?2( , 40 :180 Hg, 2, 2,
160 Hg 28 2
30%, 270%( )
. 16.7 g/gmol . 15.7 g/gmol
. . 14.7 g/gmol . 13.7 g/gmol
54 Hg, 42 Hg
240 Hg
56.3%, 43.7%
35 ©) ?
28 ?
Clausius-Clapeyron
Watson
Watson
Riedel
36 .
condenser , Qr Reboiler
29 100 100kcal/kg 2kg , F , D , B
Cp streem
130kcal/kg ? all energy balance
Qc
. 55kcal . 60kcal [ Trp
. 75kcal . 80kcal Conoper or
R
Reflux
30 KoCro07(MW:294) 13wt% 100 64 Fe CPr
20 - KoCra0y PR ar
?2( ,20 K2Cr207 0.04 = =B
= Reboil PB
-mole/100 Hy0 2 orler
. Qr - Qc = D_r CppdT + B_r CpedT - F_r CpedT
. 68.2% . 71.2% . 79.2% . 83.2% - Qr = Qe = DS CeodT + BJ CoadT + FJ CordT
. Qr - Qc = F_r CeedT + DI CppdT - B_r CppdT
Q- Qe = F_r CpedT - DI CppdT + F_r CprdT
31 A,B,C 3
? A
.A B . 37
A,B,C ?
¢ B c
B C ( .
32 CHsOH(E ) + 302(9) - 3H0(8 ) + 2C0:(Q)
25 A Hv = -326.1 ) ’ ’
A Hp ? )
. =324.7 . +325.5
. -326.7 . +326.7
33 C0; 2C0, —» 2CO + 0, 38
11.2L CO; 3000K
?  , C:12, 0:16, H:1
. 160L . 160m3 . 150L . 150m3 . 0.5 . 0.6 . 0.4

A-10-3-1110

-)

. 0.3

Qe

Over

39 ?
(Ha)
(CsHsN)
- (G
(Xa) (Ha)
40 CO, 70V%  NH3 30V% KOH  CO;
35V% CO, . Co, %
?( , KOH NH3
B
. 1% . 66% . 55% . 44%
3
41 ?
baffle
- floating - head
( )
42
. 4.4 , 15.24
60 , 22.86
0.24kcal/kg- ?
. 24.1 / air . 6.69 / air
. 13.35 / air . 48.03 / air
43 -

44 (radiation) Kirchhoff
?
(emissivity) (absorptivity)

- (radiating power)
4

(maximum monochromatic radiating power)

45 vy ,
?
-ya=1l,ys=1 .ya<l,ysg>1
-ya<l,yse<l1 .y¥ya>1l,ye>1
46 latm 0.6
?
(G
0.8 )
. 1.3 . 1.5 . 2.0 . 2.7
47 ?
(Fanning)
« D
48 (plait point)
, tie - line 0
, tie - line
49 ?
50 ?

. mixer - settler - Batch
. spray - tower - Heavy liquid
liquid

. perforated - plate tower -

. pulse - column -

A-10-4-1110
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2003 1
( )
1110 (3 A
51 (Viscous 56 ?
shear) (Eddy viscosity)
?
. Viscous sublayer . Buffer layer
. Turbulent core . Logarithmic layer
- (leaching), -
(extraction)
52 0.9 25psi
(head) ?
. 12.19m . 19.52m . 1.219m . 1.954m
57 feed
feed 1 mole (feed pate) vapor
0.4mole . feed 80molel% methanol
53 2 20mole% (feed line) ?
a) ( )
b) ( ) .y =3.5x-2 .y =-15x+2
.y=1.5x+0.5 .y =-3.5x+2
b)
b)
58
?
a)
54 ( ) ’
?
(sand bed) ’
B A
(non porous clay slab) il
al
!
©
i 59
(porous ceramic plate) %o AAEAE
Pr-Py ?
= = 1n3 3
(non porous plastic flim) F em [Tein |
P | Pz
' '
. 3.98x 104 psia —A40mm
55 Nw (Nusselt number) ?
( , Nsg = stanton , Npr = Prandtl ) . 2.23x 1072 psia
— ~— 12mm
. KD/h . 3.98x 1072 psia
(conduction) / (convection)
: - OheOlE sS4
/ - 2.23x 1072 psia o = 1.10 x 10% kg/w’

- Nst/Nge: Npr

A-10-5-1110

60
0.67  /hr- 900
150 100
15
100 20,
730 /hr- m2. 1.5m? 2
.7 .14 . 18 .33
4
61 - . )
=R
A
s A
R C
= I ______
A
\ S R,S
R —1
A <
S
AR —3S§
62 AR>S R
?
63 A — R Kygs = 300
A Hr,, = -18,000 / .75
?
. 69% . 55% - 19% - 93%
64 A- R, ki =100 R- S, k=1 A- S,
k . k ?
. 0.99 .1 . 100 . 101
65 Langmuir ?

A-10-6-1110

66 1
time) ? ( , 2
XA CAO CA
T = =
1-X, k C,
-In (1 -X)
T = —— T =In(@-X)
k
67 1mole/? A 18 /min
2liter
0.1mole/t A (mole/¢ - min)
. 0.45 . 0.50 . 0.75 . 0.90
68
1 : 1000
20 ?
. 3105 . 3725
. 4022 . 4303
69 N0 1 694
0.1382 /mol- sec 812 0.370€ / mol-
550 ?
. 0.04828 /mol- sec . 0.03828 /mol- sec
. 0.02828 /mol- sec . 0.01828 /mol- sec
70 ?
71
?
72 ,
S
?
Arahr Dy ¢ 0s
dt 1 ~A B
A+ B-s % = K, C, %3
dt 2 YA VB
. Ca , Ce
. Ca , Cs
. Ca , Cs
Ca , Cs

(Space

?

Sec



73 (autocatalytic reaction) 80 ( ) 90g 84 Routh 89
? ? 0
40 3 ,
Ca/Cao He 80 3 . Routh array )
1 —® (true density) ? ; ?
- ’T\ S n
A { : . 1.259/ 2 . 2.259/ 3
I . 3.25¢9/ 3 . 4.259/ 3 Routh
A 1® 4§
D 4@
CA/CAO
5
85 ySS’ USS
74 . ?
3
? D o piou
at
81 G(s) (unit step)
Vs, (impulse) Yi Ys adOD)-y.)
Yi ? T:(1+uss)(y_y ss)+yss(u_uss)
adO(D)-y.)
dys dys - :(1+uss) (U_ Uss) ty. ss(y_y ss)
=y =y dt 90 4
75 dt ° dt :
? 2 2 OO ( O 6(5)=—_ et 5)
7 . —=u (v-u )+ - = =
2A ﬂl 3 2R d yl - ys d ys - yl dt SS ss) yss yss) € (S)
dt? dt® dOAD)-y.) ?
T:uss(y_yss)+yss(u_uss)
. —ra=rp=k;CA2 . -ra=-rg=k;CA2 - P - Pl - PD - PID
82 Y(s) 86
. —ra=rs=k;CA . —-ra=-rg=k;CA
FA=Ir=K1 FA=-rgr=K1 X(s) )
76 g = 1/(1+C) ) o1 T 3sec Kp 1
2
‘ - +6 €2 - , £, - 20 100
( ,Cy=1,C,=1/2,C, =0 mole/t 2) X ° * ° Y 3sec 2
+
. 1/2 . 2/3 . 5/6 .1 6,6,65+G, . 68.4 . 70.6
. 146,06, . 72.3 . 81.9
77 A-R-S R 6,6,64+6,
A 2 S R 1 -
. , 1+G,G,
GlGZGB+GZ
. A 146, 92 (liquid level system)
A 6,6,6,+6, 87 2 4 (A) A= 3f2, q=84/h h = 4ft
- A 14G ? (time constant)
A 1 2 1T 2S2Y(S) + 22 T SY(S) + Y(S) = X(S)
S vt . 4/9min q(t)
. C 1
78 1 1.0 ; 3«5 /4nin
60 % A 83 f(t) .C =1 ’
4 A % ? ? 7 <1 . 3/4min it
s_ . -2s 35 2 0 0 t - 3/2min % aqft
s = S-e e’ T
A - P, -r kCa f(S) = —+ _
s S
. 60 % . 73% . 86 % - 92 % e-S_g B f(t 88 (inverse response) ?
. T(S) =
S
2._
79 A - R 1 1 1 e S _
CA, 2 Cf() = —{—- } ! 93 f(v)=1 Laplace ?
S S 17
1 " 1 1
. f(S) = — (1-2e S+e D) 2z 3 4 5 .S — . S —
s S s

A-10-7-1110 A-10-8-1110



2003 1
( )
1110 | 3 A
94 Yi(s)  Ya(s) 99 g = kcAT*
? (k, c, A: ). =T,
%(S) ?
. 4kcAT¥(T - 0.75T) . kcA(T-T)
- s . BKCATY(T - T) . kcAT(T-T)
2
L Yi(S) = Gi(S)Fi(S) + Gx(S)Fx(S) 100
Yz(S) = Gz(S)Fl(S) + G4(S)F2(S)
. Y1(S) = G1(S)F1(S) + G2(S)F2(S)
Y2(S) = Gs(S)F1(S) + G4(S)F2(S)
. Y1(S) = Gz(S)F1(S) + G1(S)F2(S)
Y2(8) = G2(S)F1(S) + Ga(S)F2(S)
. Yl(S) = Gl(S)F1(S) + G4(S)F2(S)
Y2(S) = G2(S)F1(S) + Gs(S)F2(S)
95 K/(s + 4)(s + 5)S 6
2
. 3 X 101 2 (NH4)2HPO, P,0s
£+ — £ —1 + —  +£21 ?
4 4 3 ( » (NHg)HPO, M.W = 132, P,0s M.W = 142)
m 2 s
+ — £ —m + — &7
3 3 3 . 53.8% . 73.8% . 81.9% . 92.9%
102
96 ? ’
_ _ SO0s
= 200
23
97 ? 103 Dorr  NaOH CaC0s
S
(panel ) %
( )
98 Y(S)/X(S) = (t 1S + 1)/(T .S + 1)
Y(B) 2 104
?
R T T, wr, L T T, wr,
T, T,
-1+T2_T1 —t/'l'2 -1+T2Tl ‘t/Tz
T, T,

A-10-9-1110

105
106
. CO,
. CO, SOy
. NOy
100%
107 (HCH
108
109
(9]
(PH)
110
. 0.5x 105
. 1.5x 10°
111

112 H>SO4 60%, HNOz 32%, H.0 8%

Sulfuric acid)

. 2.50

(Rh)

100,000
200,000

. 3.50

10% 2%

. 0.667x 10°
. 1.667x 105

- (Pt-Rh)

60%

lg
24

100kg

DVS(Dehydration Value of

. 4.50

. 5.50

113

114

115

116

117

118

119

120

. Mgo

480

.16
. Du Pont

A-10-10 - 1110

Ha,

hydrazine, Cl;

(160 ) H2S04
?
B -
. B -
?
?
. Cu0 . TiO; . Fe0
?
(visbreaking)
. Inventa
. CcC



