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AEEAMENH AITIOXTPAITIXHX
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AEEAMENH AITIOXTPAITIXHX

Heiaht of iquid ~ Time Halphi of Liquid — Time
(cemtimeters) (seconds)  {oentimeiers) [saconds)
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AEEAMENH AITIOXTPAITIXHX
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IX0ZYTIA MAZAX XQPIX ANTIAPAXH
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IX0ZYTIA MAZAX XQPIX ANTIAPAXH
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[X0ZYTIA MAZAX ME ANTIAPAXH
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IXO0ZYTIA MAZAX ME ANTIAPAXH
A +bB — uM
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A +B —» uM

Table &1. Comcentration of M3y veryay dime for the
reactiwn of sad furic ockd witk diethwl selfore de aqesooy
sofmiton & Z2C Dada of Hellin and Jowpers, Bull. Soc.
Chem. France, Mo 2, pp. 386800 (1037

Comceniration of H; 50y,

Time, I {min) Caft) (B-moll)
0 5.5
41 491
48 421
55 450
75 438
o 412
127 154
162 159
150 344
194 334
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[X0ZYTIA MAZAX ME ANTIAPAXH

A +B —» uM

Table 63, DNais jor the decowpposition of NIDEA
wilth wirraudoler radintion, read from g graph in 1.
XNa, £ Chen, F. (i J. Mo, and F W, ). Hazardous
Matenals, 179 976087 (2000)

Time {min} O BE T LAl
L 1 .
z L3 00 -
3 L3 -
1o boo small Lo resd drom graph 0= -
_é 10 -
-‘“'-E 15 -
& 20—
25 -
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IX0ZYTIA MAZAXY ME ANTIAPAXH
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IAANIKA AEPIA

TABLE 131 Common Standard Conditions for the Ideal Gas

E.TTaoXGtov, 2017

System r P v

| 173.15K 101,325 kPa 22.415m¥kg mol

Universal scicentific 0.0°C 760 mm Hg 22.4135 liters/g mol

Natural gas industry 59.0°F 14.596 psia 379.4 ft*/1h mol
(15.0*C) (107,325 kPa)

AMencan enginesring 491.67T°R (32°F) | atm 159.05 fi*Ab mol

Table 5.2-1 Standard Conditions for Gases

System T P; v, ns

SI 273K  latm 0022415m’ 1 mol

CGS 273K latm 22415L 1 mol

American Engineering 492°R latm 359.05 ft? 1 Ib-mole
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IAANIKA AEPIA
Z/4/” pV=nRT
R
P = FIME = PowalYi

Py *¥P2t %Py = Protal
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IAANIKA AEPIA F5.2.5

Liquid acetone (C;HgO) is fed at a rate of 400 L/min into a heated chamber, where it evaporates

into a nitrogen stream. The gas leaving the heater 1s diluted by another nitrogen stream flowing at

a measured rate of 419 m*(STP)/min. The combined gases are then compressed to a total pressure
= 6.3 atm gauge at a temperature of 325°C. The partial pressure of acetone in this stream is
= 501 mm Hg. Atmospheric pressure is 763 mm Hg.

l. What is the molar composition of the stream leaving the compressor?
2. What is the volumetric flow rate of the nitrogen entering the evaporator if the temperature am:l
pressure of this stream are 27°C and 475 mm Hg gauge?

Yypn aketovn tpogodoTteital pe mapoyn 400 L/min oe Bepuarvouevo Baiapo omov

eCatuiletan oe pevupa alwtov. To agplo mov e€epyetal amo Tov e€atuiotnpa

apalwvetal pe pevua almtov pe mapoyxn 419 m3 /min (KX). Ta cuvoAika aepia

TOTE CLUTIECOVTAL O€ OAIKN TTieOT) HavoueTpikn 6.3 atm oe Bepuokpaocia 325 oC. H

LLEPIKT) TTIEOT) TNG AKETOVNC OTNV ££000 eivanl 501 mmHg. H atpoo@aipkn stieon

etval 763 mmHg. 1

(1). ITowa etvan ) HOAQPIKT) CVOTAOT) TOV PEVLUATOC EEOOOV ATTO TOV CUUITIEDTI).

(2). ITowa elval 1] OYKOUETPIKI) TTAPOYT] TOV A(WTOV IOV EI0EPYETAL OTOV EEATUIOTIPA
av 1 Oepuoxpaoia eivan 27°C kau 1y stieon 475 mmHgE pavouetpikn?
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IAANIKA AEPIA .
5.2.5
v, (m3min)
nyimol No/min) n4{molimin)
- | COMPRESSOR -
27°C, 475 mm Hg gauge 4 yalmol CqHg0/mol}
EVAPORATOR 1 - yg {mol No/mal)
400 Umin C3HgO (1) 6.3 atm gauge, 325°C
. - pa =501 mm Hg
ﬂgtmﬂ-“mm’
419 m3(STP) No/min
niz(mol/min)
n4, ni, n2, n3, y4, vi=???
p AKETOVNG=0.791g/cm3, Mr=58.08 Vi=550 m3/min N,
YIIO®EXH IAANIKA AEPIA
M 7-4-7-5

MOAAPIKEYX POEX
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[IPAMATIKA AEPIA

ol 1 i |
250 450 550

Prassura (Am) Temperature (K)

a. b.
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TABLE 15.1 Examples of Equations of State (for 1 g mole)*

van der Waals: Soave-Redlich-Kwong (SRK equation):
a\, - RT a'A
o V — b = RT LBy Dty )
(p v’)( ) P = V(V + b)
( 27) RT? ., 0.42748 R’T?
a=|— a = ———
64/ Pp- Pe
( ! ) RT, 0.08664 RT,
b=|—)1— h = ————
8/ Pe Pc
Peng-Robinson (PR equation): =[1 + (1 — T)?)2
pen _I— x = (0.480 + 1.574w — 0.1760?)
V=b V(V+b)+bV-b>b)
R1?
a = 045724 Redlich-Kwong (RK equation):
(2
RT,
b= 0.07780(—‘) NERE, | S
e (V-b) TRV +b)
25
a= (1 +«(1 = T}?))? a = 042748 LiLF:

(4

x =0.37464 + 1.542260 ~ 0.269920? b= 0.0866451:'

Benedict-Webb-Rubin (BWR equation):

p9=m+§+%+%+% Kammerlingh-Onnes (a virial equation):
c’ . ( B C )
= RTBy — Ag — =3 VaRTil+=s++
=bRT—a+-7%exp(—-g—z) Holborn (a virial equation):
n=cycxp(—§i) p\./-RT(l +Bp+Cpt+ )
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[IPAMATIKA AEPIA-KPIXIMH KATAXTAXH

piatm) 4 i
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I[IPA'MATIKA AEPIA-KPIXIMH KATAXTAXH

Run T(°C) Peona(atm)  po(kg/m?)  p(kg/m’)

1 25.0 0.0329 0.0234 997.0
2 100.0 1.00 0.5977 957.9
3 201.4 15.8 8.084 862.8
4 3498 163 113.3 575.0
5 3737 217.1 268.1 374.5
6 37415 218.3 315.5 315.5
7 =>374.15 No condensation occurs!

H,0
(T, P)
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[IPAMATIKA AEPIA-XYMIIIEXTOTHTA

1.4

Temperoture = 100°C
13-
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[IPATMATIKA AEPIA-KPIXIMH KATAXTAXH
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I[IPA'MATIKA AEPIA-KPIXIMH KATAXTAXH
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I[IPATMATIKA AEPIA-MII'MATA AEPIQN

100
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I[IPAMATIKA AEPIA-MII'MATA AEPIQN Fs578

5.78. Methanol is produced by reacting carbon monoxide and hydrogen at 644 K over a ZnO-Cr,0,
catalyst. A mixture of CO and H; in a ratio 2 mol Ha/mol CO is compressed and fed to the catalyst
bed at 644 K and 34.5 MPa absolute. A single-pass conversion of 25% is obtained. The space velocity,
or ratio of the volumetric flow rate of the feed gas to the volume of the catalyst bed, is (25,000
m*/h)/(1 m® catalyst bed). The product gases are passed through a condenser, in which the methanol
is liquefied.

(2) You are designing a reactor to produce 34.5 kmol CH;QOH/h. Estimate the volumetric flow rate
that the compressor must be capable of delivering if no gases are recycled, and the required
volume of the catalyst bed. (Use Kay's rule for pressure-volume calculations.)

(b) If (as is done in practice) the gases from the condenser are recycled to the reactor, the com-
pressor is then required to deliver only the fresh feed. What volumetric flow rate must it deliver
assuming that the methanol produced is completely recovered in the condenser? (In practice it

is not; moreover, a purge stream must be taken off to prevent the buildup of impurities in the
sVstem. )
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[IPATMATIKA AEPIA-MII'MATA AEPIQN 578

Basis: 54.5 kmol CH,OH/h CO+2H, - CH,0H

n, (kmol CO/h) o

Catalyst L . CO. H
21, (kmol H, / h) Bed Condenser :
644 K I
34.5 MPa

l 545 kmol CH;0H(/) /' h

KAASMA METATPOITHE =E ENA
IMEPAXMA=25%

1)? n1 + 2n1, VTtpo@?

2) Vipo@?
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AIATPAMMATA ®AXEQN

[Ma rapadstyna 1o vepd otove 130 °C kot mison 100 mmHg sivan agpio (1)
evd atovg -40 °C ot wigon 10 atm (2) eivar otepeo. Ztovg 100 °C kot wison 1
atm Umwopsl va eival géplo 1 vYPOo 1 Mivua Tmv ovo (3). Ewdwa otovg 0.0098
°C kot wieon 4.58 mmHg unopet va eivat g€plo vypo 1) oTtepeo (4)
CUVOLUCLOC TOVS (TPITAO GNlEiD)

218.3 atm Kpigipo anpeio
1
P /
|
760 mm Hg |- !
1
17.535 mm Hg ) .,1 ' pdpio
4 .58 mm H!E Tpog 1
4 mm Hg I-
-5 0.0098 20 100 130 3743

T°Cl
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AIATPAMMATA ®AXEQN

Tpauusg-Zuvunapén dvo paoewv
> :
Rl Ynepkpioiuo
' Onou c=1 ka1 P=2 PEVOTO
2183atmb o ———— -V ______Kpiaipo onuzio
P b3 3 F=2¥c=P=2
TEPEO E | 0 - -
760 mm Hg |- _ / nou c=1 «ai
TpinAod
17.535 mm H ey — b
455 Hg (Amog) |\ Aepro)
" mm — PSR y
3 e H: a - & SUPNUKVQOIHOC E Mn CUPNUKVWOIHO
=g P , ZU\IUHGPE"I icu Twv 3 cpdfswv , E
Onou c=1 kai P=3 -50.0098 20 100 130 3743

7(°C) Felder and Rousseau,
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AIATPAMMATA ®AXEQN H,O
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Taon atpwy

- E&lowon Clapeyron
dP*/dT = AHv/T(vG-vL)

Av vmoBeoovue ot AHv etvar aveEaptnto e T
TOTE EYOVUE TNV

eClowon Clausius-Clapeyron:

In P* = -AHv/RT + B

(B otaBepa dragopetikn yia kabe ovoia)
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Taon atpwy

» Mia aAAn poper) €€l0womMC TOV CVUVOEEL TNV TAOT)
aTUWV Kol TN Oepuokpacia kot YPrjo1UOoTolEITAL
ovyVvAa.

logio P*=B — A/(C+T)

omtov A, B, C otaBepec YapaktnploTikee yia kabe

ovola, T etvar n Oepuokpaotia oe K1 ° C kat P* n

Taom atuwv oe mmHg.
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F6.1.1

‘H taon atudv tov Pevioiiov peTplétol og 000 BeplLoKpUcied :
T=7.6°C P* =40 mmHg
T=154°C P* = 60 mmHg

Ymroioyicte v AavBdvovca Bepudmnta e€atucns (AH,) kot )
otofepd B and v eCicmon Clausius — Clapeyron. X1 cuvéysia
vroiovicTe TNV TdoT atudv otovg 42.2 °C ne my eéicmon Clausius
— Clapeyron kot e v eCicmon Antoine. ITo6Go diueépouv o1 60
extiumoeic; (o v eéicoon Antoine amd ) owedvewa 15 £yovue
vio 1o Peviormo A= 1211.033, B=6.90565 ko1 C=220.790)



= [0 toug 42.2 °C oydet:

In P* = [-35024 (J/mol)/(8.314 (J/mol °K)x(273+42.2) °K)] + 18.69
== In P* = 5.33 == P¥*=¢>33 == P*=207 mmHg

=» And mv egicmoon Antoine £yovpe: log,, P*=B — 4/(C+T)
avTikofiotdvtoe Tic otafepéc A B, Ckonmv T =2
log,,P* =6.90565-1211.033/(220.790 + 42.2)
=> log,,P* =2.3=>P*=10>3 =200 mmHg
= Apo amoxiion 207mmHg — 200 mmHg = 7 mmHg



= 10 11 0V0 Beplrokpaciee £yovie:
In P,*=-AH /RT, + B (1)
In P,*=-AH /RT, + B (2)
=2 (2)-(1)== InP,*-InP*=-AH /RT, + AH /RT,=>
AH_= In(P,*/P;*)/(1/RT;-1/RT,) == ®=8314 J/mol’K)
AH_= 35024 J/mol
=2>(1)==B=IhP*+AH /RT,=18.69
= Apa 1 eicoon Clausius-Clapeyron yio to fevioAiio eivat:
In P* =-35024/RT + 18.69 (P* ce mmHg)
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F6.3.2

A stream of air at 100°C and 5260 mm Hg contains 10.0% water by volume.

1. Calculate the dew point and degrees of superheat of the air.

2. Calculate the percentage of the vapor that condenses and the final composition of the gas phase
if the air 1s cooled to 80°C at constant pressure.

3. Calculate the percentage condensation and the final gas-phase composition if, instead of being
cooled, the air is compressed isothermally to 8500 mm Hg.

Basis: 100 mol Feed Gas

100 mol A conpenser ns(mol} ,

0.100 mol H,0(vimaol ylmol H,O{v¥/meol]

0.900 mol BDA/mal (1 - y}mol BDA/moI)

T=100°C, P = 5260 mm Hg T =80°C, P=5260 mm Hg
Saturated with H,0

nl[l‘nﬂl HED (il
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EXETIKH KAI ATIOAYTH YTPAZIA-KOPEZMOX

2XETIKOX KOPEXMOX - YI'PAXIA

SR (h,)= p;/p; *X 100

MOAAPIKOX KOPEXMOX-YI'PAXIA
Sm(h, )= p;/(P-p;)=Moles atpov/(moles atpov-Moles Enpov agpa)

AIIOAYTOX KOPEEMOX-YTPATIA
Sa(h,)= p; M;/((P-p; )*Mg, =Mada atpov/ pada Enpov agpa

ITOXOXTO KOPEXMOY - YI'PAXIAY

SP(h ,)=Sm/Sm*X100= (p;/(P-p;)/(p;*/(P-p;"*)

AYXKH2XEIX: F6.3.3, F. 6.18
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MITI'MATA 2 XYXTATIKQN

=>» Nopog tov Raoult (yevikog):
2 TOV KOPEGLO, 1 LEPIKT] TTLECT] TOV UTLLOV GTO LUIYLLO 1GOVTUL UE
TNV TAGT UTULOV TOV LYPOV ETL TO KAAGUO TOL GUGTUTIKOV GTNV
VYPI QAT
Py =ya P =x,P*(T)
O vopoc tov Raoult amoterel koA mpocéyyion o6tav x, =2 1 (10
A Kuplopyet 6TV vYp1 GACY).
=> Nopog tov Henry:
> Avtifeta av x, =2 0 pmopet va epappoctet o vopog tov Henry
Py=ya P=x,H (D)
omov H, eivain otabepd tov vopov tov Henry yua 1o A 610
GUYKEKPIULEVO OLOADTY
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AIATPAMMATA ®AXEQN
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AIATPAMMATA ®AXEQN

T=80"C
’ ; p =0.50 atm
200Ta0n aong
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Figure 6.4-1 Txy and Pxy diagrams for benzene-toluene system.

Using the Txy diagram, estimate the bubble-point temperature and the equilibrium vapor com-
position associated with a 40 mole % benzene-60 mole % toluene liquid mixture at 1 atm. If the
mixture is steadily vaporized until the remaining liquid contains 25% benzene, what is the final
temperature?
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AIATPAMMATA ®AXEQN F6.4.4

Using the Txv diagram, estimate the dew-point temperature and the equilibrium liquid compo-
sition associated with a vapor mixture of benzene and toluene containing 40 mole % benzene

at 1 atm. If condensation proceeds until the remaining vapor contains 60% benzene, what is
the final temperature?

Xb=0.4 Tbp=95 yb=0.62
Xb=0.25 Tbp=100,

yb=0.4, Tdp=102, xb=0.20
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AIATPAMMATA PAYXEQN F6.4.2

Use either Raoult’s law or Henry’s law to solve the following problems.

1. A gas containing 1.00 mole % ethane is in contact with water at 20.0°C and 20.0 atm. Estimate
the mole fraction of dissolved ethane.

2. An equimolar liquid mixture of benzene (B) and toluene (T) is in equilibrium with its vapor at
30.0°C. What is the system pressure and the composition of the vapor?

8.5.20 him

A liquid mixture of n-pentane and n-hexane containing 40 mol per cent n-pentane is
fed continuously to a fash separator operating at 250°F and 80 psia. Determine:

(a) The quantity of vapor and liquid obtained from the separator per mol of feed.
(b) The composition of both the vapor and the liquid leaving the separator.
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AIATPAMMATA ®AXEQN F6.18

6.18. Air at 90°C and 1.00 atm (absolute) contains 10.0 mole% water. A continuous stream of this air
enters a compressor-condenser, in which the temperature is lowered to 15.6°C and the pressure is
raised to 3.00 atm. The air leaving the condenser is then heated isobarically to 100°C. Calculate the
fraction of water that is condensed from the air, the relative humidity of the air at 100°C, and the
ratio m’ outlet air at 100°C/m’ feed air at 90°C.

Basiz: 1 mol feed

v, {m} my (mol), 15.6°C, 3 atm W hest 100°C, 3 atm
1 mol. 90°C. 1 atm ) va (mol Hy O {(v)mol){zat'd) " |us (mel)
0.10 mol H 40 {(v}mol (1 —yq){mol DA 'maol) ":-I:n:: )

0.90 mol dry aur'mol

n3 (mol) HLO(I), 15.6°C, 3 atm

K=moles ocvumuk/moles tpo@od vepov?
H(r) oetikr) vypaoia?
V2/V1=? (100/90)
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AIATPAMMATA ®AXEQN F6.61

The vapor leaving the top of a distillation column goes to a condenser in which either total or partial
condensation takes place. If a total condenser is used, a portion of the condensate is returned to
the top of the column as reflur and the remaining liquid is taken off as the overhead product (o
distillare). (See Problem 6.60.) If a partial condenser 13 used, the liquid condensate is returned as
reflux and the uncandensed vapor is taken off as the overhead product.

PARTIAL

Vapor from
top of calurmn ':.':'HI:'E-"-I‘E-ER

Caaling flusd
| Crvarhaad
product (vapor)
Berlux ! i3k :
{ligued} | ﬁt?
e I FLUX DRUM

The overhead product from an a-butane—n-pentane distillation column is 96 mole% butane.
The temperature of the cooiling fiuid limits the condenser temperature to 40°C or higher.



F6.61

(a) Using Raoull's law, estimate the minimum pressure at which the condenser can operate as a
partial condenser (1.e., at which it can produce liquid for reflux) and the minimum pressure at
which it can operate as a total condenser. In terms of dew point and bubble point, what do each
of these pressures represent for the given temperature?

(b} Suppose the condenser operates as a total condenser at 40°C, the production rate of overhead
product i 75 kmolh, and the mole ratio of reflux to overhead product ig 1.5:1. Caleulate the
molar flow rates and compositions of the reflux stream and the vapor feed to the condenser.

{c) Suppose now that a partial condenser is used, with the reflux and overhead product in equilib-
rium at 40°C and the overhead product flow rate and reflux-to-overhead product ratio having the
values given in part (b). Calculate the operating pressure of the condenser and the compositions

of the reflux and vapor feed 10 the condenser.

Condenser
V_(mol)
F (mol) T 0.96 mol butane/mol ™
»
x  (mol butane/mol) P R (mol) >
x, (mol butane/mol)



[XOZYI'TA ENEPTEIAX
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Term

Definition or explanation

Adiabatic
system

lsathermal
system

Isobaric system

[sochoric system

State vanable
{point function)
{state function)

Path variable
{function)

A systemn thal does not exchange heat with
the surroundings during a process
(perfectly insulated).

A system in which the temperature is
invariant during a process.

A system in which the pressure is conslant
duning a process.

A system in which the volume s invanant
during a process.

Any variable (function) whose value de-
pends only on the state of the system and
not upon its previous history (e.g.. internal
energy).

Any variable {function) whose value de-
pends on how the process takes place, and
can differ for different histones (e.g.. heat
and work).
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ENEPI'EIA - XYNTEAEXTEX METATPOIIHX

IMINAKAE A.5 ANTIZTOIXIEZ MONAAQN ©OEPMOTHTAEL, ENEPI'EIAZ "H EPTOY

o felb kWh HPh Btu i Joule
| 0.7376 2.773 x 10-7 3,725 x 10-7 9.478 x 10-4 0.2390 1
7.233 2.724 x 10- 3.653 x 10-8 9.296 x 10-3 | 2.3438 9.80665
: 3.766 x 107 5.0505 x 10-7 1.285 x 10-3 | 0.3241 1.356
2.655 x 108 1 1.341 3.4128 x 108 | 8.6057 x 105 | 3.6 x 108
1.98 x 100 0.7455 1 2.545 % 10 6.4162 x 105 | 2.6845 x 108
74.73 2.815 < 10-5 1,774 x 10-5 9604 x 10-2 24 218 1.0133 % 102
3.086 x 103 1.162 x 10- 1.558 x 10-3 3.9657 1 x 108 4.184 x 10
77816 x 10t | 2.930 x 10-4 3.930 x 104 1 2,52 % 107 1.055 % 103
3.086 1.162 x 10-9 1.558 x 10-8 3.97 x 10-3 1 4.184

!
AES

T
SI
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[2XYY - XYNTEAEXTEYX METATPOIIHX

ITINAKAZL A4 ANTIEZETOIXIEZ MONAAQN IZXYOZ

HP kW ft-1b/s Btu/s J/s
o B 0.7457 550 0.7068 7.457 x 102
1.34] | 737.56 0.9478 1.000 x 103
1.818 x 10-3 | 1.356 x 10-3 1 1.285 x 103 1.356
1.415 1.055 778.16 l 1.055 x 103
1341 x 10-3 | 1.000 x 10-3 0.7376 9.478 x 10~ !

T !
AES S
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MopEC EVEPYELAC

» Xapaxtnpi¢ouv Ty evEPYELAKT] KATAOTAOT] EVOG
OUOTINUATOC U1 CUYKEKPUEVT) XPOVIKT) OTLYLT)
4 Paoikeg Hop@eg evepyelag

- Kwnrikn evepyeia (Ek), H evepyela mov exet eva
oVOTNUA AOY® TNE KIVNOT)¢ TOV

- Avvauikn evepyewa (Ep), H evepyela mtov €xel eva
ovoTnua Aoym tne Beonc tov (we TPOC KATO10

OLVAUIKO TTEOT0)

JEowtepikn evepyela (U), H evepyeia mov exel eva
OVOTNUA AOY® TNC KIVNOTC TV HOPLOV

JEvOairia (H), H evepyela mov exel eva cvotnua
AOY® TNG KIVNOTC TV LOPLOV KAl TNC TTEONC
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MOPPEC HETAWPOPAC EVEPYELAC

« Mmopovpue va Aafel ywpa HETAPOPA EVEPYELAC WOTE VA S10(POPOTTOIEITAL
1 EVEPYELNKI] KATAOTAOT] EVOC CUOTIUATOC.

AvTO yivetal Kuplmg HEow OVO HOPP®OV LETAPOPAC EVEPYELAC:

+ Ogpuomta (Q)

» Me tov 0po Bepuotta (Q) evvoeital 1] LETAPOPA EVEPYELAC AOYW
Oepuokpaoiakng dragpopag (amo to Oepuod oto Puypo)

« XvuPaon: Oetikn (+) OTav peel amo 10 TEPPAAAOV 0TO CLOTUA

- Epyo (W)
»  Me tov 0po £pyo (W) evvoeital 1 LETAPOPA EVEPYELAC TTOV CUVOEETAL UE
LETATOITOT) 0TO OLOTNUA OTAV EPAPUOCETAL O€ AVTO KATTOWA SUVALU)

« YvuPaon: Oetiko (+) OTAV ACKEITAL AWTO TO CLOTNUA OTO
mepfairov



IXOZYTIA ENEPT'EIAX
IXOZYT'TIO ENEPI'EIAY XE KAEIXTO XYXTHMA-
MH MONIMH KATAXTAXH
AE YYXTHM, cuvoo®mpPevuoT) =AU+AE kT AE p = Q - W

A tehikn-apykn (apopd pada CLUOTHHATOC) OTO
KAEL0TO CUOTI A AVAPEPETAL OE Sra@opa pHeTadv
OVO XPOVIKWV OTIYLUDV

A Bepupoduvaukog vouog

IXOZYITO ENEPI'EIAY XE ANOIKTO XYXTHMA-
MH MONIMH KATAYXTAYXHX

AE YYXTHM, (rv(mwpsv(m =AH+AE k + AE Q -W

A: 0TO AVOIKTO GUOTNUA AVAPEPETAL 08 olapopa
HeTaly pevuatwv e£000V Kat e.00O0V.



KAEIXTO XYXTHMA

E. I[TavAdtov, 2017

‘Eva TEAEIO aépIo TTEPIEXETAI OE EVA KUAIVOPO HE KIVATO €UBOAO F.7.31
o€ 25.C. O KUAIVOPOG pTTaivel o€ vepO TTou Bpadel ye 10 EUPOAO oTaBePO Kal TO
agplo atroppopa BepudTnta 2 kecal £1o1 woTte va grdoel Toug 100 C (o€
|IOOPPOTTIa JE TO VEPO TTOU BPACLEl). 2Tn ouvEXEla TO EUPOAO atTeAEUBEpWVETQI
Kal TO a€PIo oTTpwyVEl To EUBoAo TTapayovTtag €pyo 100 J. H TeAIKA
Bepuokpaaia Tou agpiou gival auetdBANTN otoug 100 oC.

[[pawTe 10 1I00CUYIO EVEPYEIOC YIa KABE pia atrd TIC dUOo QAcEIC TNG dlEpyaaiag
(B€puavan, eKTOVWON).

: : S—
2&8°C 100

Imitial state Final state Initial state Final state

100°C
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KAEIXTO XYXTHMA £ Tloion 2017

Him 9.2

KUuAvOpiIko doxeio pe epBoAo meplexel 1OaviKo agpto otoug 300 K
kKat mieon 200 kPa. To agplo ompwxvel otadlaka 1o EPBOAO WOTE
0 OykKog tou agpiou amo 0.1 m3 va yivel 0.2 m3. YmoAoyiote to
epyo Tmou amodidetal av:

1. H diepyacia yivel umo otabepn mieon (p=200 kPa)

2. H diepyacia yivel umo otaBepn Oeppokpacia (T=300 K)

Vi V, =
0.1 "f'J 02 m:
gas gas

State 1 State 2
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0.2

Vimd)

o

p(kPo)
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ANOIKTO XYXTHMA
F7.4.2

500 kg/h aTtpou Tpo@odoTouV uia ToUupuTTiva. O ATUOC EICEPXETAI OTNV
ToupuTriva (oTpORIN0G) oc Beppokpaaia 450 oC, trieon 44 atm kai
TaxuTnTa 60 M/s. EyKATAAEITTEI TNV TOUPMTTIVA 5 M XAPNAOTEPQ O€
argooalpikn Trieon Kal Taxutnta 360 m/s. H TouppuTtriva armrodidel €pyo 70
KW kai €xer attwAeieg Adyw Bgpuotntac 10000 kcal/h. YTtrohoyioTe Tn
METABOAN TNG €I0IKAG evOAATTiQg oTO CUCTNA.

500 kg L }
44 atm, 450°C | 5m 300 kg/h .
B0 mis I '|' 1 atm

| 360 mis

1 1
] 1
1 ]
¥ t
O =-10%kcallh W, =70 kW

AH=?
-650 kJ /kg
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ANOIKTO XYXTHMA-MAZA-ENEPTEIA g 6.4

["a evav evalaktn Oepuotntag asmarteital vepHepuog aATUog
300 oC ka1 stieong 1 atm. Ytapyel KopeoUEVOS ATUOG 1 atm o
07T010¢ aTToppEel agto TNV ££000 otpofirov pe pvbuo 1150 kg/h
kaBwg kot vitepBepuocg atuog 400 oC kat stieong 1 atm. H

avauién Tmv 600 PeEVUATOV YIVETAL adtafaTika.

YmoAoylote Tnv mocotnta vaepHepuov atuov otovg 300 oC stov
TTAPAYETAL KAOWE KAL TNV OYKOUETPIKT) TTAPOYT) TOL LIIEPOEPUOV

ATUOL TwV 400 oC.

Turbine discharge
1150 kg H,0(v)h

-

E\atm. saturatea (100°C)
H = 2676 klkg

my (kg H,0(v)/h]
400°C, 1 atm
A = 3278 kiikg

MIXER

m; (kg H,0v)/h]
§\OO°C. 1 atm
H = 3074 ki/kg

»



YIIEPOEPMOX ATMOX

572 °F 752 °F
MINAKAL I'2 YTIEPOEPMOX ATMOX
"Axtl. Tliean Ocpuoxpaaid OF)
Bint Kop Kop
(Ocpp. Kop.) Nepos Atpig 200" bl b M 400 a0 500 6o ™ L 0o 1000 100" 1200
" .
SA y SE4  14R24 19524 24524 290 MDA DORDM | 49834 39824 | 6924 TRI2A  SUS34 VR4 J09Ra
1 4 0.016¢ EER B 3925 4225 4521 4821 Ny Mia 713 6309 SO5 7502 Lo N B9 4 AT S | 9887
(o158 & ;2 11052 1492  1ITI9 11844 10170 13403 13608 2067 | 10009 120 | JA10  JABON  ISMIA4 19830 16344
5k .35 8793 13073 INLTS 23178 XBYOS GRS | 40238 IS | €3S IS BT WINTS 100738
5 . 0.0164 T8 TR1Y B4 24 %0.21 9€26 10219 10820 11406 | 12601 13405 | 14999 16191 17383 18580 1.2
(16229 A 13,13 1130 143D WITE) 11936 12668 1200 12600 12840 | 13358 1DMIN | 16308  JSHOE 13X 15529  1638)
Lt 6 3679 10479 13679 20679 256.TF 06T | 40679 30679 | 40679 FOLT9  MOLTS 90672 100579
" " (.0ion 3K 462 LR 419 “un 4502 5m 404 .8 63.01 R T LR LN ) 2 8
(193.21) A 16817 11423 11440 11703 11528 2960 12327 126298 10088 | IMRREY  1M16 | 1436 14805  1S312  ISEZR 16352
SA oo BRO0 13000  18H00 23800 28500 | JBR00 48800 | SES00 SRR00 TEEOO  BEROO  SRECO
14696 v 00167 26,828 2h44 Ja.s2 1261 pIFS 36.73 MTS ¢ 4200 w9y 0N 503 %0 61,19 6735
(21200 A 180,07 115%.4 11692 11520 12454 129 12621 12854 10000 1)814 14308  14B0e 15311 1%E2T 1638
A w7 §6.97  1M9Y 1857 49T 0097 30497 43890  SHA9T  ARA YT THAOT  BlAYTY Wk
15 v Q0167 26.320 2785 %90 9% 3353 i35 ns 4198 4597 "9 5191 $7.91 &3 (S8 3
(21300 & L ANE 1= 11683 11920 12154 1209 12620 J2RSA 1130 1IR1A 14008 14B0O4 1800 13RLT 1S
SA 2204 7204 204 M I 272 b 47204 STOO4 67204 TTIOM  BTION T4
0 v Q.0168 20,110 2081 2206 2391 234) 26,9 A Jian Mod4 1744 4040 44 44.4) LR |
(32796) & 15 l’ 115 HIGR0 11910 12348 1234 12616 12830 13327 13812 14300 14B02 1SMO0 15228 163351
SA 89 5993 1993 15993 N9 25593 35003 485903 13993 65591 TW9) %9 ey
bi ) ' Q01 16,331 1658 17.54 19,08 200 al.5) 2.7 2515 27.55 9.9 nn MW 1714 w2
(240,07 A 2041 11604 11663 11902 12340 12M1% 12600 12546 13324 110 14300 14800 15309 1828 16000
5h aenn W06 18946 190484 JAGAS MOML MRG0 A6 S0 TV MO WMUG
L v 00170 1).%6) 14,82 1587 1639 7.9 13.52 2094 1294 2494 2653 28.93 30.54 3153
(350,04) & MELE 1140 1.2 D4 I 12406 13842 13351 10808 14299 14795 15000 15824 169
SA 40.72 9072 18072 19077 24072 0T 44072 SM.72 64072 0T Mo MR
a8 . 0817 11,907 12.006 1L57 1442 1.0 1.2 17.94 19.06 1.3 .08 M 26.52 3322
(159.23) & 27 9; 11670 11582 12127 12549 12604 11028 13019 13806 14298 14798 15307 153231 16MB
SA L6 8176 11076 1K1 %e 28296 3329 43127 SI176 &ILT6 TIAE BIAM Sn %
W ’ O.BIB 10,506 1104 1.4 na 13,40 1406 1568 119 18,69 20,1% 21 .45 1).20 uH
(267.24) A 235.04 11687 11871 12119 1234 12395 12834 13316 13804 14296 14796 15004 19922 16348
AL} | 25.55 7555 12555 19555 22593 2108 420 255 M55 TN 1S M
45 v 081 9.a08 9788 .50 1120 11.8% 1257 1 9 13.27 16.60 17,9« 12 20,62 215
(R4 & FLAN 1o L N N 13268 130 12430 110 1w 14204 14794 15003 1020 16y

Sk = tmopSépuaven, °F

v = clbxts dyxos. AT /b

A = dviicisia, B/t
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F.40
IXOZYTIO ENEPI'EIAX

7.40. Three hundred L'h of a 20 mole% C3;Hz-80% n-C H;, gas mixture at 0°C and 1.1 atm and
200 L/h of a 40 mole% C;Hg-60% n-C,H,; mixture at 25°C and 1.1 atm are mixed and heated
to 227°C at constant pressure. Calculate the heat requirement in kJ/h. (See Example 7.6-2.) En-
thalpies of propane and n-butane are listed below. Assume 1deal gas behavior.

Propane Butane
1(°C) H(J/mol) H(J/mol)
0 0 0
25 1772 2304

227 20,685 27,442

Q=587 kJ/mole
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IX0ZYTIO ENEPTEIAX F.40

ny (mol /) N

- >
0.2 C;H, neHy (mol C;Hg / h}
0.8 C,H,, fc,H, (mol CyHyg /h)
0°C. 1.1 atm 227°C

f 5 (mol / h)

) (kI /h 0.40 C3Hg
QU 5 C,H,,

25°C. 1.1 atm
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F.52
MHXANIKO IX0ZYTIO ENEPI'EIAX

7.52. An aqueous solution with a specific gravity of 1.12 flows through a channel with a variable crosg
section. Data taken at two axial positions in the channel are shown here.

I - .
E Point 1 Point 2 ‘
|

| Poayge | 13X 10° Pa | 9.77 x 10° Pa i
| u | 5.00 mfs ? |

Point 2 1s 6.00 meters higher than point 1.
(a) Neglecting friction, calculate the velocity at point 2. (See Example 7.7-1.)
(b} If the pipe diameter at point 2 is 6.00 cm, what is the diameter at point 1?

U2=0.894 m/s

D1=2.54 cm



S — |

E. I[TavAdtov, 2017

[X0ZYTIO ENEPTEIAX XE XYMIITYKNQTH

Acetone (denoted as Ac) is partially condensed out of a gas stream containing 66.9 mole% acetone

vapor and the balance nitrogen. Process specifications and matenal balance calculations lead to the
flowchart shown below.

16.45 malls

]
‘ 2,092 maot Acfylimal
—, 0.908 mai Nymal
] | 20°C, 5 atm
Sl CONDENSER|
0,669 mod Aciylimal '
0.231 mot Nymal -
G5*C, 1 atm £3.55 mal Ac{lis
Z0°C, 3 atm -

‘The process operates at steady state. Calculate the required cooling rage.

Q=AH=-2320 kW
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EvBaAmia kat BeppoxwpntikotnTa

A
T/
o000
: /'/’ AL LTS
Z ’73'7%
,%;A,/ 77

7 Al =["(a+ BT+ 9T +6T%)dT =
T,

! ~ pT 2 78 ooT?
“:/x: L :/x:: :f J AH = (”T + - + + ) =
A 23 4
A A A A A A AA IS AN 1
T1 T T:-:

I, -T) yI, -T) 8T, -T)
2 3 4

:”(Tz _Tl)+
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IX0ZYTIO ENEPTEIAY -EEATMIXH F8.4.2

100 mol/h vypov e€aviov otovg 25 oC kat stieon 7 bar e€atuiovtal kat
Oepuaivovtarl otovg 300 oC vto otabepr) mieon.

Na Bpebet n pvBuog mapoyng Bepuottag mov mpemel va 600el oTo
oVOTNUAL.

Q=2.38KW



H

[X0ZYTIO ENEPTEIAY -MIT'MA +E._.ATMIEH 104

(MAZA+ENEPTEIA)

'Eva i1copoplako putypa fevCoAlov — TOAOVOAIOU GTOUC
10 °C TpO@OOOTELTAL € OOYXELO O1OXWPIOUOV TO OIT010
Oepuatvetan otovg 50 ° C. To Bev{oAl0 etvan 40% oTo
VYPO mpolov kal 68.4 % oto aeplo (kata mol). IToon
OepuoTNTA TIPETEL VA TIPOCPEPETAL V1A TOV
OUYKEKPIUEVO O1AXWPIOUO;

Cp,Bfo“:O.IE'ﬁj +23.4%10°T CRE‘(G»*=G.0?406+4G.85MJU‘J"T— 2.520=107T?

cpjf“:f":{}'. 1488 +32.4=x10°T cpJfoEG. 09418+38=10°T—2.786 x10"T?

Q=17.7 kJ/mol
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F8.4.4

- S— s =
I aylmod), 50°C, 34.8 mm Hg

0.684 mol B/mol
EVAPORATOR| 4 316 moi T/mol

L mol, 10°C M QU
0.500 mol B/mal
0.500 moel T/imal o

=
m(mal), 20°C, 34.8 mm Hg
0.400 mol B/mol
0,800 mai Timol



[XOZYTIO ENEPTEIAY (MAZA+ENEPTEIA)

Air at 80°F and 80% relative humidity is cooled to 31°F at a constant pressure of 1 atm. Use the
psychrometric chart to calculate the fraction of the water that condenses and the rate at which heat

must be removed to deliver 1000 {t*/min of humid air at the final condition.

- — -
1 b, DA, 51°F
_ AR | Dy HolNwh
l':t:_,., A | COOLER | ﬂEiEtu.'“t-m DA
(it Ha00)
= _ : — -
?}Uig-t_ﬁ;t; EDﬂ:-’; —3 mliby, Hz00), 51°F
1B B | H s (Btwlb,,)

(2 (Btu)

[ToG00TO VEPOU CLUTTVKVAOVETAL= 0.555
Q=-1360 Btu/min



IXOZYT'TA ENEPTEIAY ME
ANTIAPAXH
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ENOAATIA 2XHMATIZMOY ENQ2HX

* O Oeppotoviopog 1 n Bepuomta mg avtidpaong ekPpadet n petaPoAr
EVEPYELAG AOYW TNC XNUIKNG AVTIOpAOT|C

H amoutovpevn gvepyeia yia 1o oXnuatiopo 1 mole piag £vwong amo ta
ovotatika g otokeia. ILy. C(s)+ /2 02 —-CO(g)

Svupoitopog AH f

» IIpotummn evBairtia oynuatiopov eivar n evBaAstia oxnuatiopov oe
npotuneg ovvOnkeg (T=250C, P=1 atm)

Svufoirouog AH"

* H egvBaimia oynpatiopod twv pepovopevay otoeiov (. 02, H2...) og
pOTLTIEG OLVOTKEG OpideTal OTL eival UNOEV.

«  EvBaAmtieg oynuatiopov 1mv S1apopwy evaoeny viapyovyv otov ITivaka Z.1
OTO TTAPAPTNUAL.
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METABOAH ENOAANIAZ XQPIX ANTIAPAZH

AH, . = i nAH® i+ ini rwcpﬂ.d]" AH_ = ZE: n AH® -=F ZI: . J:; cp AT
i=1 i=1 i=l1

Tref i=1

AH,,—AH, = iﬁij::rc?,id?
i=1
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METABOAH ENOAAINIAZ ME ANTIAPAZH

AH, —AH, Z}rﬂH”,JrZHJ:Ic*P,dT ZH&H"i Z}:Lref pdT

re
i=1

. o . -
'v' "'\‘l"

TpoiovTd aVTIOPOVT

AH, . —AH,, Z”‘ﬁHIr Z”ﬂ‘Hfa+ZH.[ﬂ cp,dT — Zf?jj cp dT

M - e —
W e

[IpoTomn Bepuotnta o166 T BeprotnTo
avtiopaons (AHe )
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ENOAAIIA ANTIAPAZHZ

AR (TP)= 2H, e - 201

EVTIOPEVIO

AIEIrxn(T,P) <0 e&wBepun
AHrxn(T,P) > 0 ev600epun

AR, (T=25°C, P=1 atm) = 2% 60 - 245% i0ive

Ioyvel yia: ZTO(E10UETPIKES AVAAOYIES

Movadeg: kJ/mol evog avTtid pwvTtog 1) evOg TpoiovTog



NOMOZ HESS

d Eav a avtidpaon wmopel va IpoKmpel Ao AAAES AVTIOPAOELS LE ATTAEC
aryefBpikeg mpacerg (mpoobeomn, agpaipeon, TOAAATAACIACOUO HE oTaOEpPQ)
TOTE 01 101e¢ aAYePpikeg TPAELIC LITOPOVV VA EPAPUOCTOVV OTIC AVTIOTOLYES
evOaATtiee avtidpaong kat va vitoAoylotel n evlaistia g nTovuevng
avtidpaong

O Xprjo1uog yia Tov EUUECO LITOAOYIOUO TNg evOaATiag piag avtidpaong

ATTO AAAEC AVTIOPAOEIC TWV OTTOIWV 01 EVOAATTIEC £lval YVWOTEC
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NOMOZX HESS

» O vtoAoyiouog ™mg evOaATTiag oym uomopov CO
EVAL OVOKC* = =~ =77 ===~~~ =K Y1ATL Eva
LUEPOC TOV ( 10¢e CO2.
YmoAoyiou ess aIto OO
AAAEC AVTIC

« A:Cu)+ O2 - co, J/mol

AH°®__ =-303.51282.99 kJ/mol

* B:CO+ % C A 99kJ/mol
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EvOaAmia kauong

» Kavon: Tayeia avtiopaon pe O2(oéeiomon) e vynin
Oepuokpacio
o Cis)*+ O2(9) =>CO2 CaHs(g)+ 7/2 O2(g) —2 CO2g) + 3 H20q)

- TIpétumn evBaimio kavonc AH °c etvon 1) evOadmio e
avtiopaong térelag kavong yoo T= 25.C ko P =1 atm
(ITivaxog Z.1, Hoapdptnua)

o Ioyvpad e€mOepuog yapakIpag TNe avTiopaong
(AHoc< 0) Yo, TV Topoy@yn 0epuodtrog
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EvOaAmia kauong

AHﬂrxn: - [ZJIP 1} AI:ID Z[w 1 ‘&ﬁﬂqw]

Q¢ mpolovta tne kavong Bewpovvtal kvpiwg CO2(g), H20(1)
aAAa kat SO2 av vrtapyetl S, HCl av vtapyet Cl

C.p

AH c=0 yia 02, CO2, H20 ka1 d\\a Tpoiovia Kavong
*Oepuoyovog (Oepuavtikn) Svvaun kavoiuov opiletal wg (-
AHoc)

* Avrtepn Bepuoyovog dvvaun (AGA) 'Otav to H20 sivan
o€ vypn pop@n (vepo)

* Katwtepn (n kabapr)) Oepuoyovog ovvaun (KOA)'Otav to
H20 eivan oe agpua popen (atuocg)

* H Stagopa tovg etvar n Oepuotnta e€atuiong tov vepov
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Fo9.5.1
The standard heat of reaction for the oxidation of ammonia is given betow:

4 NHi(g) + 5 Oy(g) — 4 NO(g) + 6 HyO(v): AH® = —904.7 kJimol

One hundred mol NH;/s and 200 mol O,/s at 25°C are fed into a reactor in which the ammonia is
completely consumed. The product gas emerges at 300°C. Calculate the rate at which heat must be
transferred to or from the reactor, assuming operation at approximately | atm.

r" =
100 mol NHa/s igg mmz: ﬁﬂ;
200 mol O,fs = m e WIS
25°C 75 mol C,/s
| \ 300°C

O(kJ/s)

Q=-19,700 KW
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Fo9.5.2

100 mol/min CHatpogodotovvtal otov aviidpactipo otovg 25 Cuali pe pedua aépa
nov meptEyel 100 mol O2/min otovg 25 C. To pedua e€6dov otovg 150 CrepriauPdver
XmolCHa4/min, 30 mol HCHO/min, 10 molCO2/min, 50 molH20/min, 50 molO2/min,

376 molN2z/min. H migon givon 1 atm ko o aépoc mepiéyet 21% Ozkon 79% Na

CH, + O, > HCHO + H,0
CH,+20,- CO, +2H,0

e e . i s

100 mol CHd
————

25°C REACTOR 60 mol CHx
- ’m 30 mol HCHO(g)
10 mal CO
1 2
3?2 ::In’:: ﬁz + i 50 mol H,0(v)
100°C ? Q 50 moal O, (Q=-15,300 KJ

Znrovvral:

Me 11 pOuod mpémet va amdryeton BepudTnTa 0o Tov owngpoccmpa Ot TpoTLTTEG
Oepuodtntec oynuaticpov (25.C, latm) tov evocewv givar: AH(CH4) = -17.9 kcal/mol,
AH#(HCHO) = -27.7 kcal/mol, AH.f(CQOz2) = -94.5 kcal/mol, AH#«(H20) = -57.8 kcal/mol



F9.5.4
The ethanol dehydrogenation reaction of Example 9.5-3 is carried out with the feed entering at
300°C. The feed contains 90.0 mole% cthanol and the balance acetaldehyde and enters the reactor
at a rate of 150 mol/s. To keep the temperature from dropping too much and thereby decreasing
the reaction rate to an unacceptably low level, heat is transferred to the reactor. When the heat
addition rate is 2440 kW, the outlet temperature is 253°C. Calculate the fractional conversion of

ethanol achieved in the reactor.

2440 kW
150 mnlfs
» REACTOR P
0. QDD mol CE 5UH[\J”mﬂt Fil{mﬂl CEHEDHIE,
0.100 moi CHLCHO(v)/mol ny(mal CH3CHO/s)
300°C nz(mal Ha/s)

253°C

CoHgOH —— CH3CHO + H,
X=0.319
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In the production of many microelectronic devices, continuous chemical vapor deposition (CVD)
processes are used to deposit thin and exceptionally uniform silicon dioxide films on silicon wafers.
One CVD process involves the reaction between silane and oxygen at a very low pressure.

SiH4(g) + Oz(g) — SiOa(s) + 2 Ha(g) Fo9.12

The feed gas, which contains oxygen and silane in a ratio 5.00 mol O-/mol 5iHy, enters the reactor

at 298 K and 3.00 torr absolute. The reaction products emerge at 1375 K and 3.00 torr absolute.

Essentially all of the silane n the feed 15 consumed.

(a) Taking a basis of 1 m’ of feed gas, calculate the moles of each component of the feed and product
mixtures and the extent of reaction, £(mol).

(b) Calculate the standard heat of the silane oxidation reaction {(kJ/mol). Then, taking the feed and
product species at 298 K (25°C) as references, prepare an inlet-outlet enthalpy table and cal-

culate and fill in the component amounts (mol) and specific enthalpies (kJ/mol). (See Example
9.5-1.)

Data
(AH Jsipyg = —61.9 kJimol, (AH{)sio.s) = —851 kJ/mol
(Cp)siby () [KI/(mol-K)] = 0.01118 + 12.2 X 107°T — 5.548 X 107°T? + 6.84 x 107 17°
(Cp)sions[kI/(mol-K)] = 0.04548 + 3.646 x 107°T — 1.009 X 10°/T*

The temperatures in the formulas for C, are in kelvin.
(¢) Calculate the heat (kJ) that must be transferred to or from the reactor (state which it is). Then
determine the required heat transfer rate (kW) required for a reactor feed of 27.5 m’/h.



1 m’ at 298K. 3.00 torr Products at 1375K. 3.00 torr
> —

1y (mol) ny (mol On)

0.111 mol SiHy'mol ny (mol S10;)

0.8889 mol Oy/mol n; (mol H,)

(a)Z0oTtaon Tpo@odooiag, IPolovVIwY =277
(b) Q=???, 27.5 m3/h

Q=-0.0536 KW
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Ethanol is produced commercially by the hydration of ethylene:

C.E Hq{g} + H;{_}{“-’} — CEHRDHIV} F 9 21

Some of the product is converted to diethyl ether in the undesired side reaction
2 C;Hs;OH(v) = {C:Hs)2O(v) + HO(v)

The combined feed to the reactor contains 53.7 mole % C,Hy, 36.7% H,0 and the balance nitrogen
which enters the reactor at 310°C. The reactor operates isothermally at 310°C. An ethylene conver-

sion of 5% is achieved, and the vield of ethanol (moles ethanol produced/mole ethylene consumed)
is 0.900.

Data for Diethvl Ether

AH? = —272.8 kJ/mol for the liquid
AH, = 26,05 kJ/mol (assume independent of T)
C,[kJ/(mol-°C)] = 0.08945 + 40.33 X 107°T(°C) — 2.244 x 107'T?
(a) Calculate the reactor heating or cooling requirement in kJ/mol feed.

(b) Why would the reactor be designed to yield such a low conversion of ethylene? What process-

ing step (or steps) would probably follow the reactor in a commercial implementation of this
process?
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Basis: 1 mol feed

F 9.21
1 mol at 310°C Products at 310°C
0.537 C,Hy (v) ny (mol C-Hy (v)
0.367 Hy0 (v) ny (mol HyO(v))
0.096 Ni(g) 0.096 mol N> (g)

n3 (mol CoHsOH (v))

ng (mol (CoHs)0) (v))
C,H, (v)+ H,0(v) & C,H.OH(v)

2C,H,0H(v) & (C,H; ), O(v) + H,0(¥)

Q=-1.3 KJ

AvEavw TV ammod00m pe S1aXwWPIoU0 AVTIOPWVTWV
JTOL OEV AVTEOPAOAV KAl AVAKUKA®WGOT cd.
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F9.54

Methanol vapor is burned with excess air in a catalytic combustion chamber, Liquid methano! inj-
tially at 25°C is vaporized at 1.1 atm and heated to 100°C; the vapor is mixed with air that has beep
preheated to 100°C, and the combined stream is fed to the reactor at 100°C and 1 atm. The reactor
effluent emerges at 300°C and 1 atm, Analysis of the product gas yields a dry-basis composition of
4.8% CGL 14.3% D;, and 80.9% Ng.

(a) Calculate the percentage excess air supplied and the dew pont of the product gas.

(b) Taking a basis of I g-mole of methanol burned, calculate the heat (kJ) needed to vaponze and

heat the methanol feed, and the heat (kJ) that must be transferred from the reactor.
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F 9.54
] _ 7640
CH;0H(v) mol

-

CI—IE{}H[V:H%{]Z[_;}—}E‘G] (2)+2H,0(1) AR =(4H?

C

Basis: 1 mol CH;OH fed and burned

1 0 1 “ Qy(kJ)
1 mol CH ;OH : 1 mol CH ;OH(v
35°C. Llam | VAPOTZeT yonee T l
.. ot nctoy | Effluentat 300°C. 1 atm
Q4(kI) 1y, (mol dry gas)
0.048 mol CO ymol D.G.
J g (mol O5) 0.143 mol O ymol D.G.
3.76n (mol N, ) 0.809 mol N ymol D.G.
100°C n,, (mol H,0)

a) Ilepioocia agpa? (200%) Znueio 6pOCOL TOV TAPAYOUEVOL AEPIOV
(T6pooov = 44.1° C)

b) Me Baon 1gmol peBavorng, Q=? E€atuiotpag, kat Avtidpaotrnpac?
Q1, 2=? 40.33, 534 KJ
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F9.54
3 - - kJ
CHE{]H[E‘:I'F—{]?[g}—}E'Gj I:g)+EHE{]I:1:I AHIE' =(A.Hf] =-—764.0——
| 2 - - | CH;0H(v) mol
Basis: 1 mol CH;OH fed and burned
Qa(kT)
1mol CHOH(D) | 1 mol CH ;0H(v) l
35°C. Llam | VAPOTZeT yonee T
.. ot nctoy | Effluentat 300°C. 1 atm
Q1(kJ) 1y, (mol dry gas)
0.048 mol CO ymol D.G.
J ng (mol O,) 0.143 mol O ymol D.G.
3.76n (mol N, ) 0.809 mol N ymol D.G.
100°C n,, (mol H,0)

a) Ilepioocia agpa? (200%) Znueio 6pOCOL TOV TAPAYOUEVOL AEPIOV
(T6pooov = 44.1° C)

b) Me Baon 1gmol peBavorng, Q=? E€atuiotpag, kat Avtidpaotrnpac?
Q1, 2=? 40.33, 534 KJ



AIATPAMMATA YI'PAXIAY —
WYXPOMETPIKA ATATPAMMATA




YYXPOMETPO X®ENAONHX

|
OepuUOUETPO
% PHOUETP
: H.O Yypri ©@puaAAida
\ AEpag —
(Mpoogopd  H,O
EVEPYEIQ)

o E¢drtpion H,O
(ATTwAcia EvEpyeiag)

OEPMOKPAXIA EHPOY, Ty, O@EPMOKPAXIA YI'POY OEPMOMETPOY T,y

100% ZxeTIKA vypacia

50%

P H20
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AIATPAMMA YT'PAXIAX
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AIATPAMMA YT'PAXIAX

Mpappn adiaBarikig wigng
Kal ypapun Yypou BepuopéTpou.

™

Vs E'|6n<c')g
OYKog
uypaaoiag V

Tsnugio psoou TWB Tbs T
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AIATPAMMA YTI'PAXIAX
H-11.2
pauun Kopeopévo
F') gl b o . 14.5 ft¥/lb
A€pa LS
, ¢npou agpa
(100% oxeTikr vypaaia)
&
ol 2
ol 5
Bl S
= |5
t'\.
— - H=0.0112
~ [pappn
0 5 - s Yypou BepUOpETPOU
G Pk 60°F Z_OF 90°F V1 70°C



Moisture Content, kg/kg Dry Air
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AIATPAMMA YT'PAXIAX
F-8.4.5

IIpooGlopiote TNV amoAvtn vypaoia, T Bepuokpaocia vypov BepuoueTpov,
OYKO vypaoiag, TnVv e181kn evOaAsia vypov agpa otovg 41 °C, ka1 10% OYETIK)

vypaoia. To mooo Tov agpa eival 150 ms3. : :
A7t To Sraypaupa

ha=0.0048 kg vepov/Kg EA
10% k, Twb=19°C
V(m3/KgEA)=0.897

hylkg HaOkg DA)

Td=3°C

54.2 klkig DA
Saturation
curve

\
I\.. R

-1 0.005

I'a Twb=190C n e161kn evBaistia
~ 0.004 etvat 54.2 KJ/KgEa

e 19°C 41°C Y Enthalpy dewation curves AlOPe(ﬂ(m
T:p Tl T {=0.8 klikg DA) H:542—O’7=535 KJ/KgEa

FOERKEDA 5 yypoe dykog eivar 0.897
m3/kgEA
150%0.0048/0.897=0.803 Kg
VEPOU
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. F-8.4.6
KAlPATIOTIKO 4

» Agpac otovg 80°F, kat oyetikn vypaocia 80%
Yuyetal otovg 51°F. YrtoAoyiote 10 vepo mtov
OULITUKV@OVETAL, TN OepuoTnTa 7TOV amatTelTal
yia va mapaAn@Bovv 1000 ft3/min vypov aepa.
H Paon vtoAoyiopov va eivat 1lbm Enpov agpa.

1 b, DA, 51°F
. AIR TEHhN HzD{‘.‘}]
1 Ib,, DA "| COOLER | Hp(Btu/lb, DA)
my(lb,, Ha0(v))
° = —
?}O ; :;; ) Bgf ) ms(Iby, Ho0(1), S1°F
1B DA 1 AyBtuib)
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2016

Aepag otoug 50° C kat pe 10% OYETIKT LYPACIA EICAYETAL O
Enpavtnpa pe moapoyn 11.3 m3/min kol e€epyeTan
kopeouevog. O Enpavinpag Aettovpyel adtafatika.

1. YZTOAOYIOTE TNV QITOAVTH VYPAOTIA KAl TOV OYKO UYPAO1OC
TOV AEPA TTOV EI0EPYETAL OTOV ENPAvINpa.

2. Ymoloyiote tn Oeprokpaocia kat tnv mapoyr €000V Tov
Enpov agpa (kg/min).

3. YoAoytote tov puOuo (kg/min) sov e€atuiletal To vepo
OTOV Enpavtnpa.



