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® ® @ ® @ @ ® @ O) O)

21 22 23 24 25 26 27 28 29 30
[234= : 2024] @ @ @ ® ® ® @ @ @ ®
setZ AL E 31 32 33 34 35 36 37 38 39 40

@ @ @ ® O) ® ® ® @ O)

41 42 43 44 45 46 47 48 49 50
[31}= : 202H(] ® @ ® @ ® ® @ @ @ @
CHe=%} 51 52 53 54 55 56 57 58 59 60

@ @ ® @ O) @ @ ® ® @

61 62 63 64 65 66 67 68 69 70
[43= : 202H]) @ @ @® @ ® ® ® @® @ ®
HS 38t 71 72 73 74 75 76 77 78 79 80

@ O) @ @ ® ® ® @ @ @

81 82 83 84 85 86 87 88 89 90
(535 : 202H[] @ @ @ @ @ O] ® @ @® ®
SH|of 91 92 93 94 95 96 97 98 99 100
@ ® ® ©O) @ @ ©O) ® ©) @
101 102 103 104 105 106 107 108 109 110
(615 : 202H[] ® @ @ ® @ ® @ @® ® @®
Slet3AUMNE 111 112 113 114 115 116 117 118 119 120

@ O) @ @ @ ® ® @ @ @
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[12=] s3Eelst (202A) 5 o2 s ws,

1. LC}2 = A|2H%(extensive property)= 0= Z4Q17}? |

a .. .

2 |(V—b) = RT

OF= \ / oM P= atmETte
V= L/molette| 2 F|5HH, &4 a2l thel=?

@
o ® L —atm/mole
@ Hlg @ atm—mole/L-

®i.' - 1.:-" .
2. Efetas ZEOMM B3] ALBE|S ofE A S0l WH| (K atm —mole’/L

@ atm/L°"

rir

M 2 molEict o] A2 H0|2} M2 I K. of

. DEIA|9 = AEZT| Q| St 0| gl He?
%HlEAl-stﬂ'? 6. J-|=|7‘" I | |o |' |' |HA A

. @ H2 9n|2 M HHERl 20| BItE|= A
717 i éE—- LGJ[Pi] -
O] =9 @ &2 9n|2M & i L FEMHZICH= A
g -
o| Y= Meotetmlj O|F 7t ol FE 2 IEA o X
_i.:jll ':iq;*"ﬂ 1 9]??]?;‘ ®5._|EFEZL'
@ 30 )
(P @ ZO| LZ 7™ o= Met Elch= 5
5 At (P)
R - — R 7. CI2 32 17|stu Ml A, B2 EA U0 i HI™M
= 4BH | o] F71L(PY) o :
EZ(Boiling point diagram)O|Ct. X,=0.402! 8H S 17|25}
7174 1 A8 E4(P) Ol M MA{3| 7Bt 0ff YojLES HAIS Muistrie Al 5 &
@ " » E—I j-|O7 |:|. x OQEI_ o — o
- A . = 2l 427 (T, 22 == 40°C0| 12, OX|8F 2 &= 70°CO|LCt,
ExAA | 9 F71% (P (2 A 12, 017 <F)
3. 23 YA (Maxwell)2| BAACZ MYsIR| ke 2HS? 50
8T . aP . 50
@ (==)s =—(==)y
a\ & +
T . 8P . o 015 040 07d
@D(—=)g= [—r, )y — I, 0
8P &
04O xS = A7 QbR
Tl =l 5| 7|gfstC
- S0H0| 11 XtSERO AMZI XX ZU7|XME
& —( as V= ( ay, \ SoH0| #7| AZtSHAIOER; A 71 2[R9 7|
- U ! YA=0.700|LC}.
0| A& Seetof met Holls 8ol TMH2 M
LY 2T gl Ao A BHSEHHE (reaction coordinate)of] Lt DEZ [c}2} tHSHC}
= L4 x|o] 2+ M sietHtS mE 29
“G'bgbsoiH |2 2AZOA 2hetits 8 @ OpX|9f &2 st &2 242 XA=0.150]Ck.

(]
rr

@ isothermal process

@A
@ adiabatic process
B
@ @ polytropic process
®cC .
@ isoentropy process
@D
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9. OHASE

S 1S EY YST|

X0 M HSH 2| =2taEol g 2t 22 F

=2 =7 (T Hp= 53kal/kg, Hp=

0

s
B O

49%kal/kg, He=Hp= 16kal/kg) H
@ 81.7kg/hr

2 73.181.7kg/hr

(3 50.481.7kg/hr

@ 41.381.7kg/hr

10. OF2{S| P-THMEOM Ol 47|H|of THE =1ty S LIEHLE M

=

@ adiabatic
@ closed
@ isolated

@ isothermal

12. B (equilibrium)2| =
@ AGT.P=0

@ a7} Qofe #Eo| rHOR 2 Ael

13. 37|12 0|M7IHIZ Mzt i, 7| K| &=

RZt2 kgf m/kgm - K
2 BAISHH, 71 710h2 2f27 (B BEME O S7(9 =

= 1.29kg/m30|C})
@ 8.314

2 1.987

3624

@®29.3
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17. &EE

14. 122 air-standerd Otto cycleQ| P-VM=0|Ct, E2I ZH2?

15, a2t BO| MZ HWHYEO| ATt THE =AU & S8

o
.:._-_._sa._Zd:7

(B, G : Gibbs free energy, u : chemical potential, f :

fugacity, S : entropy)
©(dG Y1 =0
@ uf =
-7

@ (dshu'V'=0

16. C(s)+0,(g)—>CO,(g) : AH; =-94050kca/kmol - CO,,
CO(g)+1/20,(g)—CO,(g) : AH, =-67640kcal/kmol - CO,
etz US W Cts BHSE 2 Hofelof?

Cls)+(1/2)0,(g)- CO(g)

22 ot
S= &4

@ -37025 kal/kmol - CO2
2 -26410 kal/kmol - CO2
(3 -74050 kal/kmol - CO2

@) +26410 kal/kmol - CO2

rr

HEol| 2ol A 28E A

[

@ W_=—a H B0 ozl 2x/420]ct,

5 Ws :_J 1 du EIRI0IA of4x] 4X14120)

ct.

@ ZESFHOIM 0|AX] #X|42 dH = -u du O|Ct.
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=Ne]|

k=]
=d

18. = B olHx|el &
=B AMIH

QIStA|7| HEEfLICE
@ open system
@ closed system
@ isolated system

@ reversible system

Mgl 2Rl

JtssiLt 220 2Y2 =7tse Al
ChEIEA FEI SES &

19. 25°CO|M 7|HIZE20| 100m32] £7|40] 9 bare| #|7| 2t

O HAH UCH N, H,2l &

ozt & i, 7|xMze=

oro| 2zt 60 kPazt 140kPa
& Hy7IHQ

871501 KFxIstn A= AI71? (H, 7IMEe =2 ol 7|A|
= ZHFSHH T2 =2 1bar O|Ct.)
@ 14m3
@ 15.6m3
® 16m3
@ 17.7m3
20. CIS 712 AMM S H2?
( dE =SdT - PdV
@ dH=TdS +VdP
® dA=-5dT - PdV
@ dF =-SdT +VdP
[22t=] ofSZAALE (202H)
21. Ao| BYRB0| X,01 £8 L kgt X2l 8% N kg E¢t
St Xy 2l & =8l S Ao Stot Lak No| HIE 1ot A
27?
O L/N=(Xg+Xyu)/ (Xy—Xu)
@ L_e'f.].\: — [};ﬂ _KM .]_a'i[.:‘;]g, _Kg]
® L_e'f.f': — [K;_-.L _KE, -]_r'f. [KM - KB )
@ L_a'f.].\' — [KM _}:E ']_,-“'[':{ﬁ _KM )
22. oft™ LS Erof| 18°C, 700mmHg, A& 50%2 37|€ =
SIAUCE EE&E=?

@ 0.001 kg - mole(kg

-.moleZi=&7|-1)

2 0.011 kg - mole(kg - .mole?T1=Z7|-1)
(3 0.022 kg - mole(kg - .mole?d=&7]-1)
@ 0.033 kg - mole(kg - .mole?T1=Z7|-1)

91| 25°COolA & m37t

23. Na,SO0,E EHsts £8%9| THE mole¥E8 2 HAIS
217 (B, Na,50,0] XIS 142)(Q2 A17} Has 25|

LICH HHEA| MEHD} S A2 SHoIBLA| 7| HERELICE)
@ 5.2mole%
2 21.8mole%

® 26.4mole%

@ 30mole%
24, TS 22 HEItA(Flue gas)o| W EXtaF2 oF 2ot
Cco, 11.9%
co 1.6%
Flue gas| O 4.1%
7h Me 82 4%
(1 18.25
228.84
330.07
®) 35.05
25. i R ?] 7\"” }'c;lﬂ e
O|A7|H 120 Hetggato| 2
olct HEH8H2?
1
® —R
2
@R
3
® —R
2
T
@ —R
2

HMX2RE CBT(App Store) :[CIRZE]
HXER A CBT(Google Play) :[CI2ZE]

4 Google Play

26. CI2 5 NZEMO| siZ=l x| o= He?
OF=1=
@ o4
2]
@iz
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27. 2EEE X KUY FHAZ QU HAZE X HHEZ 31, TurbineE 2T37| 218l 71 2kg/S= 5atm, 300°COf| A

2F V7L A e o =2 AMZESOf| A 50m/s2 £0{7t11 300m/s £ 2 T 7|of YEEIC, o 2Hy
A

CHeH, S| tASh= HOFRITI? (T, work : 2 20f| LA +,

heat: 2HEA| -)

2la|of Mtk oo 7122 Ol A turbine 400kwe| 2 st 100KJ/s s LEsIA

® 212.5kW

(2 -387.5kW

(3 412.5kwW

® F/V = AB/AC
® L/V=AC/AB

@) -587.5kW

. - 32, MHZIMof chet MEftHAIO Z 0| 2|1 U= HHH[ S A vf
®L/F=AC/BC HAl(Van der Waal's equation)0flA A2 a2t bo| kflo 2

e — = FEEWEETEY
@ V/F=AB/BC
®a : atm f/1bml, b = ££/1b ml
. AZEII2 5712 BRBS 242 1.0J/g - KL 192 J/g - :
28 % #5719 IOJ/gﬁK 192 J/g @a : atm ft®/1ib ml, b = £t3/1b ml
KOICt. &=71 13(g H,0/kgd=3 7)1 &%t 57|12 8
(Begez)e Aol ®a : ft°/1bml, b = atm £t*/1b mol
@ 1.025kJ/kg - K @a : atm/ 1bml, b = atm {t®/1b mol

2 0.345kal/kg - K
33. 20°C, Imol2| O| &7 [H[7} 1atmOl| A 5atmeE H2ItHA o

LI 13- 1§ 2 YEEICE o) A7} B 222
@ 0125kcal/kg -K @ 837cal/mol
@ -937cal/mol

(3 -1037cal/mol

@ stz Y= 2/ HoHK| Y= Yd=2 =+

@ 2Bt MuZel B4 UK e ve e 24 & ST

@ oK b= WY =2 24/ Hot= Y=o 2 34. THSAEfO| 2i|of CHet M = 21 212?

@ S| b= WY =0 2/ Hot= HS=2 2 CHSAtEHo| 2la|= statelad shate = gl ShAbg| = o
v ofst dFElCt

30. acetone 14.8 vol%E E&tst= OM|IE, R4 =3HE0| QU

N CHS AtEf O] Sla]= AlN|7|K|2] HS0| O|At7| KO HE
C}. 20°C, 745mmHgOl| A H| 2 Zote = A0tels}? s wkis bl Al eleolis 2

Ol MFRE HojLts Y= E Fa5t=C AHEEIL.

@ 17% o o ~
S shattd, S SR E 9l S SR Sof| QU
@28% @& £ 22 2xo| R0 utat EX3 HSS LEHH
@ 53% ct
@ 60% @ AATOM O AAL=AXH= ZE SHOI| Chsto] LH
s =0t
35. 0|2 22| ZUEE2 HEH|H 78°Coll M 204cal/gO0IA
1, AA2 &= 243°CO|Ct 180°COllA Q] BLH2?
@ 141.5¢l/g
2 294.2ql/g
3 54.0cal/g
® 771.0cal/g
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36. LIS &SI HRIAZR 24 E ZH2? 41. 7|H E5A S5 45 3 67| flst =H0| ofcl ZH2?
@ cm, dyne, erg @ HEAIZHE IS
@ ft, Kmol/m3, m2/s, cal @ S4H4E A et
® lbm, Btu, Q, um2 Q) s 2LKIE HABICt,
@ kg, N, °C, sec @ 7|-A HEHS A5t
HMS HR MYt 27

37. lOOOkg/hr°| -’—'.*- 2 HiHda EFA9 =3tEH0| RS0 42, HH|E|0]H(Cavitation)
1

tZF Al N2 I-E E=z0|2 5l

475kg/hr2 22|21 ULt &350 U= EFA (g1,
kg/hr) 2t SHS01| 41012 's W (q,, kg/hr)2 2H2t Zopalol BIELH2| S718f0] HOIM A o] =7t S7|2koto] B
o1 Lol SFBH= B4
1y o mImo| 50| LiHEIC
@ a; = 2bke/hr, @, =50ke/hr e o o i
L o olmiz| Zolol ef2{o| @M|o| £7|Q HLH E0IX 57|
@ @ = 50ke/hr, q, =2bke/hr ¥ < armetel netnz ojsstol x| gawct
® @, = 25ke/hr, g, =25kg/hr
: : 43. X|E0| 8ftel pipe 2¢t2 2 H|F0| 221 7|E2 30¢/min2| /&
@ ay = 50ks/hr, g, = 50ks/hr ©2 44510 pipe 20| M 7|20 BRAES?
. @ 0.29ft/min
38. HU{0| Na,ySO5(2XH2E126)2 7k5t0] 224 Fo| A2
H{StCh B Ya] 234 200£0] A2312 9ppm i 0] A @ 0.59ft/min
A2 FHSH=E LR Na,yS052| 0|27 (Th HrS Al ® 4.78 X 10-3ft/min
ol
Na503+0;~2Na;50,%) @ 9.57%10-3ft/min
() 708kg
44. SREO| THE 20| 50%, 0|2 T4t 15 off A|skofof ot
@ 448kg Ch= Opelut?
® 142kg ®20
T1k
@ik @25
39. 10poiseE 16/ft secZ gtitstH Aot O|H =712 ®32
®0.572 @40
DO 45, 9AI7} Ime| HZS 77 Azto 20| 128t UK s21 Y
®0.772 Ct. o] i At X1 A (equivalent diameter)2 L0t £|=7F?
@ 0.872 @ 1/2m
@ 1/4m
40. 0| ro| 1 2tz 7L 091 3| T2 (1)0] F|HES Eof MEE/=
O|lL{X] ML EHAIL? (T i Zt&zo|t) @ 1m
@ tw @ 2m
@ (tw) /2
@ (tw)2
@ (Tw)2/4

(3at=5] 1= (202H)
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46, U HYED, Aol USE o, YYUAE Cp, HEE 1, BY
4556, UHEEE K, THLALE hat & of 2HeI0| £
X ghe 22?

[¥]
© Cot
K
K
®h C

@ 2te| Zojofl H||Stt,

@ &9 HZoll < Hl2stct,

® el X|E 27|0f| 72| HtH|H|Stt
@

e

Yot Mrof| 2akstet.
48. Tt A Wity| & D™ Eo| MM E Zetdst=r]| 7HE XE
w72
® 37| wEt7| (air agitator)
@ I E (paddle) wEt7|
@ Z2Z (propeller)ngt7|

@ E{ (turbine) mEt7|

49. Lh2 & YY) M =0l HEet 4Z=7171 obel H2?

@ Ol ZEt47t 2
® SARIZS| 2T} E

@ EfX‘lI‘I|EO| u/u::

=]

51. o

52. ERU4E
E

53.

54, Ui SN IHT 53

55.

EtZ 40mole%, = 60mle%2| 2l S HIst0] O|Et
mole%2| FZ=H1t Smle%| HEMHO= 2a|strt, FE
100[kg-mole/hr]E 27| 2l M oH =
=2k

rr HHN

(@ 257[kg-mole/hr]
@ 190[kg-mole/hr]
(3 226[kg-mole/hr]
@ 175[kg-mle/hr]

Z%} A0IM EH S (packed)EO| CHtE (plate)
o

H&o| ®o{7t &Lt

B717t 8&710|l M S=¢tCt. o 7[0f| HIS=7tA 7 S QUCHH

MELE SHEE00| o S| LAU=71?

£ 0
ﬂIIO

SFe SO0l CHEHS| ZR6HCT
H|S9| 7|7 (mechanism)= AtHLH R, #HH|S, HolH| S, 2t
HISQE T E25t1 ULt HH|E H| S5t SUAZ 0 o{H 7|
TOM HIEAF|H £EX0171?

@ RpACHE
OETIE
® HolH|S
@ 8|S

HIZ 0.9, & 1.0poise®| AKE XA 30.5cmo| HZHS S8t
0 10m3/hr2 4= &3tet. ofmf 20| == At =2

@ 104.4

@232.2

(®1160.0

@ 2320.5
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56.

57.

59.

60.

12
offt
I

Mt
L

ook
u
I

Mt
L

of
ra
I
1
s

® ® ©®

s
0
It

MUt

250°C2| H@IHA 400kg/hrofl 2J5H04 100kg/hrel 22 2
St7|0f| A 20°COl| A 70°CTIHX| 7HEBtCtH H=EItAL| H| S
0.252} 1 & I YWEI|2 LR HEItA @z
El=7p?

=

@ 80°C
@ 130°C
3 150°C

@ 200°C

. LIS S 0| 7t HA =S = &% (Compression)2?

2= (isothermal compression)
2t25 (Adiabatic compression)
(3 Ez|ERT 2% (Polytropic compression)

@ oto| M EZ T 2t (isentropic compression)

ZHIRRIS SAA|F| = XK = E2I A

[=)

224 327°C 8! 127°C2t S5HH
Aboil oJsti A MEtE| = B2k SH 1m2e YOkt 571

@ 1245 kal/hr
2 2458 kal/hr
® 4708 kal/hr

@ 5075 kal/hr

[42t5] 283 (202H)

61.

62. Lt 1%

63.

g

Xp=-RCpQl & &
S22 0 2T 0j|M & =8tz £ B 7|(mixed flow
reactor) 17HE AHE35t04 st At vt 7|L] W HFAIZH
0] 302 & mf M2 AQ| M2tE X,=0.602 LRALL. Tt SUst

4

MOz HAIED 20|17} LFSIA A

rir

o rot

A
BHS71E 17 O ME 2 AESHH HHSAIF|H X2 2t

= &otelz?

7|9l

1 0.80
20.84
3 0.88
@®0.92

22 ot 237

&

— \

fujn

ALE3t S me| HIFAIZH &

SHEIR AlTa
@ plug flow reactor

@ mixed flow reactor

® batch reactor

@ semibatch reactor

H>

3t 7|8 A(Cpo0=0.44mol/8)7} CHS
95%2°| MatES f=0 et =21 g 7|9
742 (Th 3A — R, HFS & & -X,3=0.054 mol/2.min) 2|
(MEX 2F)2 ™HEHO| °1§ [T 07| M= 1
FAE2HM = 2FL

om oz O A2 |0
Fg_‘.i-b

Ot ol du
R
L]
il
~
n
2
_K'J_F
rot
2
o
ru|o

— o

o
of "t xbA HEF E 2L 0
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65. T3t 22 BH8ollA Ri=Ry=1 sec!0|Ct. p2| 5= C, 7t A

CI2 £l A2 Fleh £X 2R (UK 27)2 Yol
QALITH 7| M 1S 20 HE M ELch Bere
48 O BTN ©RAIDE E510] HE X4 et 2

|.L1 l':.-

Lty —» P —p U
®1x
@2=x
®3%
@ 4%

66. MZ2 9t32| Z0HE JNLU Xt BiCt, 713 HeX| b2 A2l
N
OFTE=CIE=L R
@ 3ot 2 AT Y
® H0iet EHH|e] ME
@ el FN

67. AA ELSOM BZtA|ZH(space time) T2 B MK A[ZE
(holding time) © of 2|7} 9= 2127 (24, o Atz gute 7|
wm, U ojuarsres]:p, IP)
®Tm = _tm.TD;t L p
@Tm:_T.'m.TD?— _tD
®7Tm = tm, 7P = tp
@7m * tm, 7P = 1tD

68. LIS 719HI3o| WHA+E A™SH= WOl ofl Z2?
@871 2 53
@ @ dotH U
® EH ot i
@ Mg 9 HHLZ Ko A|A

69. LIS 2Kt B3 2| HIZE7|of| Lot SEo 2 82 A7

O %

@ £7| s=o| HZ0i| || ot

= F=0i vtk

® 7| Skof ]3| et

@ 7| sk0of vl 3tk

70.

71.

72.
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THl o] &f (3BA8) 1S 7|7} ObLl 2 2?

@ 2124 37|

@ Z22SE 887

GLE as sl

@ =g =537

SE 0|20 otH HSEE &0 S OIKIX| 42 A27?

@ 0|23t ZEIH
@ TR Hot=
® FH7| oA K|

@ ™I M

uES || HIZ{0] HLS 0| TS Bt ufat ot HrS oA uhS
2 =T (C)9 HBHE ()0 B2 (B, = T st
28 (= HeE £yl zolrt)
1-X,
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