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[12t=] st3LHst (202H)
1. HHHM Ale HEO| Z[CHIt == A=2?
@ At
@ AEZI|
® W& oflx]
@ Gibbs Xt 0l X|
2. JIH|9| HEHLYACR AFBE|X| @h= A2 025 o= Ae!
71
(@ Redlich-Kwong equation
(2 Beattie-Bridgeman equation
® Benedict-Webb-Rubin equation
@ Gibbs-Duhem equation
3. S2280M 300K 20| 10atmOi|Al latm 2 HMUCE
HAQE U2?
@ 787.2cal
@ 967.8cal
® 1136.2¢l
@ 1372.6¢al
4. CIEE AX72NS 22 RO 2 SR EALY, ot Foll=
Avogadro=2| 0| & 7|H| X7t 0 QL1 CHE Z0j|= OFF
A= S0 QUX| Q4T BtCE ZHO[TF E{M A 7|K| 7 2FE0f|
KA =|QUCHH o|mf AE 2| M3} gf A S&= CHE S o= el
78
@®AS=RTIn2
@AS=-RIn2
®AS=RIn2
@AS=-RTIn2
5. Ct23 €Yot w28 A ot HQl HoIOZ SHIE AR2?
OAU+AKE+APE=Q-W
@ A Stotal> 0
@ lim As =10
+0
@ du=dQ-dw
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O™ 7|X= CHZ2f &efAl0] hELC}. P(V-b) =
1| V;2HE V2

<b<Vel E==0[Ct. O] 7|H| ImolE HMSF
=omx

S=UE AZACHH 0] i O| F0{Tl H(work)2
Vi-b
Vi-b

i
ln—
Vi

@ W =RT |n(
@ W = RT

RT

RT In(

[
®OW-= In—
i

Vi-b
Vi-b

Chast
(acentric factor)&= CHS 2| O ALEE 0|8
PsE 37|E LIEHHLCY)

@ T/TC= 0.5 Ps/PC=0.50]|C}.
@ T/TC=0.7¢m Ps/PC=0.50|C}.
(3 T/TC=0.7¥uH Ps/PC=0.10|C}.

@ T/TC=0.5m Ps/PC=0.10|C}.

RT,7Ib=0

20orelzt?

St Al (simple fluid)ofl CHSH Pitzer2| ™A A 4

oF ARA7E? (H,
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10. Ct32H 22 B7|-2% WS7|2 AO|20M Ms A5 13. O|&7|H|E S2slolM LS S7HAI7|H dIETm=?
(coefficient of performance)=? @ =7psiCt
%1 @ yadict
= B
T U™t
L c ® SHCE
@ =41} Hz|gtct,
0 A 14. 1kg-mol2| O|At7|KIZ P =15atm, V,=4.72L01 4 ezt
NS S0 Py=latm7ItX| 7tHEE A[ZACE O] mh AE
I|tHoH(EE H)gf2 Hokel7t? (B Cp=5kcal/kg.mol.K,
MEZT] (S) Cv=3kcal/kg.moloKOILC}.)
@ -3027kcal
Hy — Hy
(H—H)-(H—) @ -4027kcal
HB ¢ AT 3 -5027kcal
HD } H'E' @ -6027kcal

(H,—H, )+ (HHH,)
H, + H
{HB_HGH ( HF._HD]

®

He = Ho @ 122 AEZD S= 2¢120|Ct,
©)
@

15, 243t 420| Ao M 7IHZ A2 Holdl izt MF S
o

o 25
o
A2?

1= Gibbs AtF 0| X| G= SH£0|C}.

@ =Rl =] 2o
{HF. HD:I_{HG HB:I 129 RIojve SH450|Ct
12 Gibbs RO GO| 2Zofl i3t Hi3tg e 2
11, BHE Aoz xxte| 129] 0|AF7|H|7} QUCt, o o AHlof Aol
104 3t U2 Of2] HHO R A A & QICE C}S 5 9HX| Qb
227 (2 y =Cv/Cp) 16. AR MERS TR0 A BHSA|HA +24,C0,C0,,CHE A4 AL
Wy AT StCh, e BH20| MIOHe|of QUCHH 1 XFRE= ADjQIT}?

c+ EH:D _”CO: + EH';, c+ EH: _’CH_1
C+ HO0 —CO + Ho, CO + H0 —CO0z + Ha
® W = P1V1[1-(P2/P1)(y-1)y] C + G0, —2C0, CO + 3H; —CHs + H0

@ W =[RT1/(y -1)][1-(P2/P1)(y-1)y]

@ W = (P1V1-P2V2)/(y -1)

™1
@2
12, 380°C 19| EXZ1et 120°CO| M2 X ZTALO|0| A =
Sot= E7|20] 60.0[kw]e| SHS MAMSICIH n29| EX ®3
FN2EE EI|HCE RAUE= B (Qy)2? @4
@ 23.9 [kW]
17. T24A| o ot dH = & 2l A2?
@ 87.7 [kW]
3 90.7 [kW] @ Q|Het AFES B 4 Qrt,
pr—— @ 9lwo 2unge ¥ 4+ ULt

B LiF0i| A sFetHtZ 0] 2o{E = ULt
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18. Joule-Thomson A= u =0 W 7|H|Q] REE AXM2E 23. X3t 220mZi0|0l| A FE| X|5t=5 L4310 20m S-&H0i| 7t
(inversion temperature)2t StCt CHS MH = 82 2127 SE SY30 XY 15kg/s2 YOE =S SE| 1 %Ef of
tie| potential energy®| S7H=2(A Ep)2 0OQI7t?
PEIHE N2 O|H0M T2 & WEAHEZ A
st & Qlct, @ 35300J/s
@ 2E 7|Mls 220 2tAIgl0] AobE 4~ QAT (2 3600J/s
® EE 7|Mle ™2 o[stof| ATt At EICE, (33000J/s
@ 2E 7|Mls T2 0] &0l M2t Aot EICE, @ 200J/s
19, CtS = =Hol| SHEHE|X| o = Z127? 24. Tt2 & 272 HX| 0T H2?
@ e @ LR X] -
@ s¥dg @ LUK K] - At
B3 gild @ AEm] - LR X]
@ 53 @ ¢ -Ag|

20. O{H SX0| C}S3} 22 EN|HA LN SRYUXS8S JIX|1 25, &83717k 1atm, 20°Cofl Lt o mf F72] —Er'°*0| 1.75mm
AS 0 0| SHO MEAMS IS F ol 2o 2 HHE 3 Hgdl m $THEE=? (2,20°COlM S7|1252 17.5mHgoICt)
=4 @ 4.33%
=, B=aN k =b/V a—{—)p b —{E)T @ 10%

43.3%
@D V=aT+bP + const @ °
100%
@V =bT +aP + const ® °
® V=aT-bP +const 26. H,o| AAIRE &= 33K0| 11, A= 2 12.8atmO|LCt.
@V =DbT-aP + const newton's 2&AI2 0 I%OW BHE Tct Pce?

@ Tc=4T7K, Pc = 26.8atm

[22t5] sfet3HLE (202H)

@ Tc=45K, Pc =24.8atm
21. Heptane(C;H1,)2 EN® Dryice(CO,)E HMIESICE CO,7tA
prane(CrH1e)® SH#| Dryice(Co) ’ ® Tc = 41K, Pc = 20.8atm

0l M Dryice22| FEE22 50%0| 1, A|ZtE DryiceX| =20
500kg 2 Z Q3 Heptane2) %‘%? @ Tc = 38K, Pc = 17.8atm
@ 325kg/hr 27. 40°COIlA W T E29l0| 20| 7| 4BEO| /Tt Raoult
@ 227kg/hr of /0| HREICkD 2 0 0HS M3 5 52l 2L of= %ol
7t2 (B, D 40°COl|A 2 7|2 #IFH:180mmHg, & F2M:60mm
r— 2 (B, @ 40°Coll 2] Z7/gt g
Hg @ HAZ AT 30%, E2:700%(271F))
@ 143kg/hr
£ @ ol Aol RHRELE 20/}
22. 10wt% A =8 50kgzt 20wt% B =& 50kg2 =&tst @ 7|4 HWHEA2 HH 54mmHg, S 42mmHgO|Ct.
C}. S8 ote| =S ofEA| g 2=} .
L Euactel 282 ofRA ==t ® 0] o] W M2 240mmHgOICH.
DT @ 71Ak0] WHEAS W 56.3%, S=9H 43.7%0IC,
@ 15wt%
3 20wt%
@ 30wWt%
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28. 7|3t ES

29. 100°C of| M Li= ol X| 100kcal/kgS 7H2l 37| 2kgO| 2|

30.

31.

FMBHS Al9] &

=—l =2

rir
08
ot
mum
L)
o

@ oo gt 2RO TAZRE IS F
Atst= A 0| Clausius-Clapeyron Al0|Ct

® HAH|IS2Eo AARE - ¢S 0|88t0] RHS 7
Sth= 40| Watson&{0|C}
Zt M2 9 J|StHZRE FHES Fots 40|
Watson4{0|Ct

@ @ﬁHI%SEQF %ﬁISE LHS 0|35t FES

& 87|50 ULt 0] S7|E 7HESH] LE oA K| 7F

130kcal/kgOl =IAS M S7|0f| M= 222
@ 55kcal
@ 60kcal
® 75kcal
@ 80kcal
A 20l

To

K,Cry07(MW:294) 13wt%2|
=S SEAIZI T2 20°CHR| 2t AZACE K,Crp042]
20tel7}? (£,20°COll A K,Cry0,2] 831 E = 0.04kg-
mole/100kgH,00|L}.)

@ 68.2%

@71.2%

®79.2%

@ 83.2%

L&z Mo|ct, o] JZlof chst A

Eo

;B

2| 74

uim

—_ A
(D A2} B= 2t =gtstr}
@ At 2RO M2 A B,CHE0| 2tF 8| =8t3iCt

100kg2 22 E{ 64kgo]

ASO
TE=ET

S

32. C,HsOH(R) +30,4(g) = 3H,0(8) +2C0,(g) 9l HHS2| 25°C
Ol M2 82 A Hy =-326. 1kl 22 20| A H ettt

et
22 AHpe 0ol

@ -324.Tkal

@ +325.5kal

(3 -326.7kal

@ +326.7hal

33. COy= 1120{14 2C0, — 2CO + 0,2 Zol{otrt. TEAEHO]|

A 11.2L9 CO,7t LE A0 M 3000K= 7HECHH HA| =

g7IH|e| 21| Lokl
@ 160L

@ 160m3

3 150L

® 150m3

34, 249t 40| 28E0|
o

@ 16.7 g/gmol
@ 15.7 g/gmol
3 14.7 g/gmol
@ 13.7 g/gmol

2 a70| HSuls HUBU BRHAASYO|

He| &t
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36. Ctg 122

20|t 647N Q.=

condenser0i| Al X7l EF?I)':, Q,= Reboilerdf| A 7tE st &
g, F= 32, D= HY R ME, BE HolR REY, C,=
streem@| WrH|E S 2|0[BtLt. O] Al2| Over all energy
balance Al SHIEA| EAlot A7
Q¢
=)
[
Cooler or| 70
Condenser
R
Reflux
CpR
F Toe
PF
B gr
B
= C
— Reboiler P8

M Qr-Qc=DJ CPDAT+B [ CPBdAT-F J CPFAT
@ Qr-Qc=DJ CPDAT+B J CPBAT+F J CPFAT
® Qr-Qc=F [ CPFdT+D J CPDdT-B J CPBdT

@ Qr-Qc=F J CPFAT-D J CPDAT +F J CPRdT

|2 0| Al

=
2

39. #lz|o| gAlof Cist ©HE S A=2?
@ SILHo| gl= Tet Aol 7|- HAS LR =0 AL
2t EIC}
@ A2 Y4 (HA) = Al o= 8HEH0)| IHE 2=0 o
Zeitt
I|2| I (CSH5N) 2t 22| E4oi|Af | 2| Elof| CHai A= &l
2| g%lo| M2 AL
@ 7|-4 HHA| 7] ol o Y2 o| Y= (PA)2 HeollM ot
22 E2E(XA)2t 2| Y4=(HA)2| H = LIEFHLE,
40. CO, 70V%S2t NH3 30V%2| 42| 7|x| =&t22 KOHZ

CO,= H|7{5}04 35V% CO,= YACE.0| T CO, H%7t M|
Z| = 712 (T, KOHE SESHA] 2

=Ct 7 etet)

1T NH, 2| &z BI6HR] 0

@ T7%

2 66%

(3 55%

@ 44%

[33t=] ==t (202H))
41, Fugy|of et MEO = X| k2 A2
@ 7H& Zhetet ety ol e @uety|o|ch
@ O S2&= Qe K& B7HAF|7| fI5H0]
baffle 2 &X|stCt

@ Waf o|3t FHE 2

a9t7| 213t floating - head (£

9 So|E) E AKXt
@ € wety|ol SE2 o7 Wl Zo|Ct
42, £HOZ QI JIFE 2ol 37|17t LHETH S Z Eatsta Y
Ch 27]= 4.4°C, 15.24 m)s 2] £E=2 S0{7tA 60°C, 22.86
mfs 2| AE{E 2tZ LIZICt S7(2f H|E S 0.24kcal/kg - °C 2F
e S0 MEE E2?

@ 24.1 kal/kg air
2 6.69 kal/kg air
(3 13.35kal/kg air
@ 48.03 kal/kg air
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43, 719 Aol SUHLO| ol AL 2 ot A Thet 48, AT (plait point) O] AHOR S| L HE?
MEHOZ 22 7127

@© FLYM EFLYOZ El= ZAH
@ E3li=7t 2 7|H|el S22 HA|Z |67t ElCt.

ool WM = tie-line 2 Z0|7t0 QI A

@ li=7t M2 7|M 2 E2XEY2 7|MF 2 X[uf7t £l

o

@
@ HH HHM = tie- line 2 ZOI7H 7t 21 H
® =7t H2 7|M 2| EEX Y2 A Z 2 X[uH7t EICf. @

@ EENY2 Sl FRBICE,

44. =Al(radiation)of| CH$t 2 & Kirchhoff #%lS ot A

® {2 RS0l chst MatS ®at Stot,
o9
® SEE N F2 otHOf| A0S Mt SH2 K= 7Hl
[t EM|7F O A1 2ETHO| U S Ul BIALS St
of st gﬂr_hwr ol AS mf LHALE of| || BtCt.
(emissivity) ot S4-& (absorptivity)2 ZCt.

@ M HZE RN U2 Lhzts 28 MEat sic).
SHo| Z5 A (radiating power)2 22| 4 H|
Zof| bl |Stet, @ H|Z 1 M=eto| 2A|E HIF et otct.

Ofiel 2017 20| SH|| A{cH EHZ HAf2]

50. =& TK|0f| Ciet HHOZ 2X| 42 U272
® (maximum monochromatic radiating power)2 2
= ot M50 o Ha|sich @ mixer - settler = Batch @ Q2 M WHIEX|E 510 &

HAtZ 2tk
@ SH|2| mpEof whE of|X| XS LIEHHTY,

spray - tower = Heavy liquid = &2 2 light

45. vt SE ASE LIERS of, 3 D 2o Ee20| 7HXI £ 2o liquid = 3t 2 R ECS.
Hel=? perforated - plate tower — ZRFE 02t 22 LIS
@ YA: ]_’ YB: 1 II.I_I-% ;cl'El:l'
@yA< 1,yB> 1 pulse - column —» ZHSO|L THSEO| 2 gl
BtS QO] @=L
@ yA<1,yB< 1
@ vyA>1,yB>1 51 A HUHE FAVt HRE SEM A MEH(Viscous shear) 2
7o 2 A= 7 MM (Eddy viscosity)O| X[H{Xol HE27?
46. latm H0|lM HIHC| 2280] 0.6 &= SFATte| =8N .
_ @ Viscous sublayer
Z Hidlo] SR olof| cheh H| 2L = =7 (T, 0] =Yt HWY
ArEfO] Q= B712) N 2282 0.8 ) @ Buffer layer
@13 ® Turbulent core
@15 @ Logarithmic layer
@ 2.0 = O} ol A
52, H|F0[0.9 ¢! HH|Tt LIEIHLH = 20| 25psi Y | =5
@27 (head) 2 LIEFLHH?
(1 12.19m
47. EF0| et MHOE X| g2 A7
@19.52m
SCERILEEMS TRIC
(3®1.219m
22 = 1 (Fanning)A B2 A Poiseulle A
g fEd Lt ® 1.954m
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53 JtAE A K0l S AT IEWH B 2 A2 57. ZREHOE %O'Iﬂi feed = T HHZ S0{7t7| W Z20] feed
" — gt S0l o =
3 MHEH =M A Bl We D EEN SR lmole® S (fGEd pate) ERE Vap0r604mOIeE
b JpA = M D 2O s u= = OEND oH3}A|ZICE feed = 80mole% methanol 2t 20mole% &
T O|Ct. 22 M(feed line)S FLotH?
®y=3.5x-2
@ FtAQ| Aol CHot 837t 2 = b) HE AHSSICE
@y=-15x+2
7tA Q| cliA|of CHet =Tt 22 W= b)HS ALE St
®y=1.5x+0.5
ct.
=-3. +
7h0| UKol TSt SHEIF 21 XH ol ALREL0) @y=-3.5x+2
O HHOo|E ZLt, - >
58 ZLI| ZZ0|M Hao o] Ciet MHO = ZX| f2 A2?
7tA Q| liA|of CHer =Tt 2 = a) HE AFESIC
GRS SOt Bt 2t a) BE ArEE o 5271 Hel S W0l ST ol +5710/ o
82 =2 Ut
54, AEX £ 3M0M F THAS| 248 AXEHA (33 BX)E L
@ LS HF0{ AN TS HENOA Z=ZISHH 1S EHAN S
25| S = AUCt
® S| 22N SEF2 = HS| SR%IH, 3222
Ol gstH ZSY7|o SHY HA S FY £+ ULt
0ol £F7|E AH8SHH ZET(Q AV|e JtHE =Y
S - A QIX|OF TR AX 7| = HIMY| o) 2| X £Z7
E|-LH'—|:HE o | 7%87 Do ﬂ'ﬁ‘ﬁ#ﬁﬁ-) @TM | = | |To I | I' | H 0” |—|To |
A2 ™| 2l ZEEN X7 ST}

@ 2aiZ(sand bed)
Z0f OHeO|EHE MX[st0o] 242 SE= |

e YA ), DFHOIM LK P -

)

59. 2E|mjAztH

@ H|3M MEAZtH (non porous clay slab)
otk ZHE 92

@ CtaM =Xt7|2H(porous ceramic plate)

@ H|3H E2tAETH(non porous plastic flim)

55. Nyy (Nusselt number)2| Ho[2M &2 A27? (T, N = 4

= Prandtl%:)

stanton=, Np,,

—ADmm

@ KD/h
@ M & (conduction) X &/CHF (convection) X &

@ TA|2| 2=/ EHO M Q| 2=k

e Tmm

NN

@ Nst/NRe - Npr

1o x5S A(leaching), & - A AES AH|5E

(extraction)O|2t $iCt.

A2 M E CBT(App Store) :[CI2ZE]
HXHENE CBT(Google Play) :[CH2EE
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OteOE S
g o= 110 x 107 ka/w?

@ 3.98 X 10-4psia
2 2.23X10-3psia
(3 3.98X10-3psia

@ 2.23X10-2psia


https://apps.apple.com/kr/app/%EC%A0%84%EC%9E%90%EB%AC%B8%A0%9C%EC%A7%91-cbt-%EC%98%A4%EB%8B%B5%EB%85%B8%ED%8A%B8-%EA%B8%B0%EC%B6%9C%EB%AC%B8%A0%EC%A0%9C-%EC%9E%90%EA%B2%A9%EC%A6%9D-%EA%B3%B5%EB%AC%B4%EC%9B%90/id6746083907
https://play.google.com/store/apps/details?id=com.tomatocx.cbtestpro.android
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60. LHSO0l| 7FETU0| S0 A1 2RIt 7HEXHA R £|0f = 1t 63. A — R,
37| LHoi| H[E0] 0.67 kal/hr - °C QI BFS = 900kgE €1 2
E=74150°C @ £&7|2 100°C 77HX| THEAEHoi| A 7+E St Xt
SICH 8RS 22| £7|2%E7t 15°C & 100°C 7HX| 7HEsH=H

L Q3 A|ZH27 (T, 2 MDA 4 730kal/hr - m2 - °C 0 @ 69%
1 HEHHL 1.5m? o|C
tEE ICt) @ 55%
7
@ ® 79%
148
@ ® 93%
® 182
@335 64. A> R k;=100R— S, k=191 HIS2A>S k2 E S
QICE, O] i kgt2?
[41t=) 8235 (202H) @ 0.99
61. Cts O 2 sk - A|Zte] ZMO|Ct 22 H3A2? @1
A ® 100
C @ 101
R 8 65. Langmuir 22I9| 7}HOZ EX| 42 7127
*
t @) E%H0| YofLt= X EHE S ZFAUSIC}
@ SEE220|R SE2 0 ASEE S M{stHX| =Lt
R
va = ® see s
=g @ SAXS ChEX} A7} CHEX} X 26| MREC)
R
®A = 66. 1%t mj 211 S5 ¢87|2| B2AIZHSpace time)
~ S 27 (¢, Yz UHMIL})
,ﬂ"‘r It KA
®Oa ~ QT =
S 1 - X
- m— —_
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68. O™ BIS0|AM 20 AE{Ql Z0H MEfeto| IS EE H|w
SISO 2t = Ab4=0| H4-H|E= 1:1000 O|ALCH20°C Of| A
= MEfo| gd St o] kb=

(@ 3105¢al
@ 3725¢l
3 4022cal
@ 4303cal

69. OS2 A 694°C 0f
0.1382 /mol -

ctol t.ﬂ°01|)\1 550°C

@ 0.0482¢2 /mol - sec
2 0.03822 /mol - sec
(3 0.0282¢ /mol - sec
@) 0.018282 /mol - sec
70. O|A& B2 7|9 CHEE QI 6|7 OFcl 2427
@ 3|24 8t37|
@ Ez{asE Htg7|
@ =85 E Hgy|
@ =0f 8h87|
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@ CAE &7, CBE =4
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@ CAE YA, CBE %A

| A4

0.3702 / mol - secO|
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2™ 5MHE "Ell & HSE(inverse response)0|2t?
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91. MM 17t 3secO|X ARl KpZt 191 2 =7t £7]0 20°C 94. IS EEMZUM £ Y (s)2Y,(s)2 EAHCEM SHIE
£ QX[ ULt o] 2=AE 100°Ce| 240 EA S0 3sec
zo| 257 gg2?
() 68.4°C
@ 70.6°C
®72.3°C
@ 81.9°C
Y:(S) = Gi(S)F:(S) + Ga(S)F2(S)
92, O 22 HHHA(liquid level system)7t UL} THHE(A) Yo(S) = G(S)F,(S) + Ga(S)F2(S)
0| A=3ft2, q,=8/ h 0|1 T ZE4-9| h=4ft U I A&k
e comtate 0100 o Yi(8) = Gi(S)F(S) + Ga(8)F(S)
m Y2(S) = Gs(S)F:(S) + Gu(S)F2(S)
® Y:(S) = Gs(S)F:(S) + Gi(S)F2(8)
Y2(S) = GAS)F(S) + Gu(S)F2(S)
Pt Y4(8) = Gi(S)F+(S) + Gu(S)F2(S
E - @{J 1(S)F+(S) + Ga(S)F2(S)
R Y2(S) = GAS)F+(S) + Gs(S)F2(S)
@ 4/9min 95, 73|12 FLUBAT} K/(s+4)(s + 5)50! HAEA 7} Uch 27
@ 34/ 3 /4min Ho| MZMOo| M1t 0|2 = ZH = HORITE?
® 3/4mi T 3
e D+ —9 +— 7
@ 3/2min 4 4
T
93. f(t)=12| Laplace #2t2? @t Y §t £2n
OF T 2
1 @+t —% +—mx
@ — 3 3
S T
® 2 @ + ? 9" + IT
1
@
SL

—0 'E

@ Bl -HZ2SZE7|F
@ | - 0|2 SZ7|+
@[ -0|2 -HESHI|F

@ Hlz S27|17
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® 3kcATY(T - T)
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T2 s 7S
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