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:&-)!-.S}nalc,-.phx S&S-km; :

i Tn 'olwplemq s Shreams on the FlwcChart are labeledd
Like :

oo m”ﬁ

Just  mass (mele) Flowrates

06 hel Alwal
1~ (umg..m-i-;.)am( Com PosiFion S

o4 mel B |mal
'\'\'['Oﬁchiov'\ i

— In ‘ths C.l\ﬂfl'cr > Su??usc. ':]ou have in-rermb'on about
Pl R=V, and/or Partial pressuwres(for gas S+Ye,qM$)

* for solids and L‘-qu'.fs Streawns .

EX: l';lOr-h:l
250 LfS
33 °C
oo MmH
0.6 wal A| wmel

—>

o4 wel B| mel
what owve other qua-l:ibns that relate n or m Witk

TJPJ and '8 ?

other e-luqk.'on ; m=SG
nw = £ GZ =

—

Mwt

—

A
Vi 5?':(‘.'14:;(- weliw volume =1 i
wa \
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l ZQI . | i Il.
—— T - HN‘!‘. 7 g A 3(
w+ 1= L= 1

— For solids omd l;al.uld; : .‘Pick HF S; or SG, ‘r’fbm |
?kaas'.a\l Poperties table at given T L chadd P s such
as teble B4 i1 Your texibook
Or use ﬁu«.ﬁion o Qh-k.( EO 5) it dhese densities

or Specdic ﬂmv;kes ot Pare Cnm?owe_n-l-s o~e ot~
avaslable a4 T and -
— Whet cdo we mean by Eos| ?

Relationghip between 1,7, | 1S ol VT ;

-F(T,?/ {;’av-_?) =0
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.&'Fof- gaseous Streams :
Ae R e =gp

A

™

Hows 4o estimate 8 or V for gascous Siveams ?

@ I£ tre Stream has Pure 1deal Qas

»

u
PV= nRT  ideal gas laws for ‘adch process

A
or P = VRT
Remember that T is absolute -l-cmfem-l'wre. I-H K or QR
a ML = PreSsuve. -

K= 2314 _ T
ghnol-K

For Sheamsc ‘PV':.V\R’T' %n:?v
RTT

_ (m-l-e_ Lhat ideal gas law is an exdwrlc of EOS)

A?m?o.—-#‘.c,s of jdeal Jases :
-~ No G‘F'EMCL'ion 'IO\—CGS between melecules ) Hw} hele

ind.e?g\.\dﬁ\}l- Oﬁ eﬂﬂl\ O-LLCV-.

- Melecules wave Mv\afomly__; Col\liSionsS are '?er--ﬁcc{-lj_

elastic so enws.a_ 15! Qamchaberad .

— HblCCult.S 0-[- id‘“‘ 8"45 have, he%\\a'nb\c. Volume

Nieae &) | &6 2=z
V-
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4 'F’f"' where oid ideal gas law srgivally Come ?
OIS TN R PEAARC
ad | Copbdoiet p and v . NocT ¥ Chale’s law ¥
at nstavt Powd T 1 VX 1

ce NV =R .n_:;_ R: Constawnt of Ph?ﬁfl?b?\‘\mj

Se|l PV=nRT

Awhen Can We use ideal gas law ? L
—For gases at lows p and /o high T" ! low gas oemsities.
— Do not use idead Qas lad for “C‘u'\(l.{ and solids.
— ideed gas lewsd 15 Valid fov all gases at
T2 o% and P 1abm
— Rule of Ehumb: idedd gas las works well win Swadl

evrors 1§
R o5 L | (for dicdomic
Y W | .

Yases such as N, ,Hz, 0,_---&':()

RT &
or| |. = D2 -J::-‘ ('I-Ovc{kw 34:5)
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”* .S“&ndwrop ""c"'“Pc-rql-MrC, ay\tl '?ft'jﬁuhg, (STP)' o °C

1 atm
S
ot STP - +the S‘F\no“-\f‘J welar Vo\ume vg = _SI.
‘F
\Z'— fI.: 22.q15 L _ 22.415s m?*  _354..5 £+3
iy e | Kqra | 1w |

(an'pg_ Lthese Vqlues.)

Ex: A gas stream enders a reaclor at rabe of lz%o SCEH.
what oloes that mean ? find the melur Flow rale.

QCFH y &L%Oeﬂfvp Cub)ic -Qbo'l:- Per houe~ 5"“‘"‘“"'! £&_"3_

°°° Q: 1280 'P+3 ot ST'P: Obc j 1q,+hr1
he

2| | = P
RT™

@ | |11 jadd el et | 1172110 il L
Vs - Izsq.o5£+3 W

or h =
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€

Ex! qus ewbrs a Peacdor g4 rade ol 128c SCFH, the

actual +erpPeratwe ondl presswe of this Shreavn ave

126 € and o.8 abm N}?c.c.-l,—iu_r_lg_. What s +he actual
Flow rw‘—f-?

Stade 1. standond @ @ =l280 ff%.

T, ::Ohc =0 +23}13.\% =2:}3-15k
=1 atm

Stade 2 1 achaal ! @a.. = ?
T2 =120°C = 120 +233-15 =293.15 K

?2. = 0-2 atwm

node ek = ha =V Coglanct

A?Plg 'IA-aJ gas laws -[-Qy- bt Shales :

‘RQ.':I:\R']_I 3 Y20- = Tk
2@.=wRT=2 @, T}

L TT= Pi) ® _(343-\5'- (1 ( >
Q (TI ('Pz. 1 1}3-‘5) e |23
- 2303 +43

W
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(@) T e | Sl Joas Yas mixdure (ided gas m‘.x-l'ur'c,)

For such Gases portial Pessuce infornetion are givew

(o) a0 YE1 u.rej L.

Ex.
n
A el Al
=45 mal B |nal
3¥¢,250Lis
Boo i-uml-g_(wbjolul-c)
420 -ImmHg. (patial pressime of A)

'Fino(h.an./&?‘

Y@ = nRT =N FE _?__Q;_: lo- 24 qwel | &
RT

How ds relade Yy with putial Pressie of A B 2

= Dtﬁ;v\f‘l'fd\ﬂ 0"' ?Mlql Presswe of- Speclies \ i QO Yas
Mmixhare 'P. :
YV = WETT
7‘)\; T RV
oL IRV | L I wmiRT = R [ v | Y,

YV MRT Y "




Dr. Mohammad Al-Shannag 3

ITn Owr ffxm.?lg Iﬂ& = ?P . H::° — 0525
N

Nede= | |dtaalt: Z?. Z‘j:? = P.Zf“ = P

=  P= Z?' Todad Presswe equads la tue Sum of
M pa-tial Rressies of Cﬂwrouwot‘ s

% Sometimes ?a..-l-‘.al Volunes a-£ IA!‘J ﬂa.s. mixtwres one HSEJ:

PV = Mg BT = vy Ay
YV = nRTT \ g
Vi= NE’; \Y/
anad| | Oz | DT
‘ -7
\ & ?ml.-:af Volune: of Species Ll fv (6] gl -

(@) T£ e ghreans has [Bwre. beal |dais):
Resd =d PV i RT
PV #* RT
How P, T, and | e hala:l-uf'?
Tm}cm b i Undbeal | ch lofl Leuasndd us:vg_ '

@) E‘im{-,-on of clate (EO_S) .
(.b) COVNF"C-S-S:%‘\ \\43_ 'L‘\-C-lﬂ‘.)r" : | R O == (T.l P) R_l_
(c). E ?v,f'-wn'\—‘\.( h\g.-thq_ca !
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(@) Equation of Sheke (E0S) medthod
- all Eos are ba.sJ on m.:op_-_fpuing_-l:hc ideal gas law .
— EoS are Semi- envpiri cal relationships : ‘
— Modificdions are basedd on tlernsdynawic thearies.
Ll (St Chacilaadtls | ok | dlederntdod| based [oial Cuvue J:-;-H-{na
o f expedwantal data.

A Most wide used EoS:
_ Van dler waals Eos: (P+ 2 )(V-b)=RT
v’l

wheve o = 23+ RAT’| | | b= | RTe

J

64 Y G?C

Te: cridical temporatnre

+Labl 4
Y2 Crndiad PresSsSure i =
- Redlick- kwovmj Eos @ see Sec. 5.3 in Your dexdbook

Criticod shade:

Pc — — ——— -

. . —

1

I

i

)

|

|

)

)

! = ; >
& [

\J
3 ~
Critical dhade @ set of ?hﬂ.s;a»l Conclitions et which € o~ V omd

o'.:{kw' ?cr:?or-l-'.t.s ot Liqnlo' c«,.a{ Vapor phases bedowme
idewtical -

K|
o
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(&) Compmsgibll:-!} factor metrad :

'y
PVE 2RT
=2: Co:rwpmib”.‘-g_ -ﬁchfr:-r— which 15 -Puy..:l:on ﬂ*; T amel ‘F

2 is aleukded usin} Compre S5 b\ I;Jﬁz,r_ Chert s !
Figures 544 — 5.0.4

T T
1.4 T T - 1 - ALY | - - R A

1.1

! | : | o R o 1 |
| | 1 H (== Q'?
Generalized compressibility factors . ! ,r ] i
(z, = 0.27) f‘t ! o
1.2 / i r i
/

1.0

0.9 fet!

0.8

Q.7

0.6 |

Compressibility factor, z

0.5 P, g 4

0.4

0.3

0.2

0.1

G 1 1 1 | 1 J |. | 1
0.1 02 030405 1.0 20 30 4050 10 20 30

Reduced pressure, P,
Figure 5.4-1 (Reprinted with permission from Chemical Process Principles

Charts, 2nd Edition, by O. A. Hougen, K. M. Watson, and R. A. Ragatz, John
Wiley & Sons, New York, 1960.)
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0.40 | | | | 1 | | | I | | | 1 | | 1 | 1o 1Y
4 Do 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.4 Lo 4 N
| Reduced pressure, £,
“"_i— Figure 5.4-2 Generalized compressibility chart, low pressures. (From D. M. Himmelblau, Basic —
' Principles and Calewlations in Chemical Engineering, 3rd Edition, copyright © 1974, p. 175, Reprinted
" bypermission of Prentice Hall, Inc., Englewood Clifs NI)
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| |

r 1
|

I
1 1 1 | | | 1'2—
|
| .
S I 5 B 8 i1 = i | |
I .
o I 1 8 | 1 A5 S S U N 1N
| | ' '
1.20
i 1.15
w 110
T S1L05
L
1 %100
= w 0.95 Y
1 Bo09%
2 0as—
L Zoso O, e
3075 ;
. Eo70 1
5065
— 0.60
0.55
= e i 0.50 iy
0.45
e = i 0.40 . 7 ;
&35 {,I l
=== T2~ h f o [} { ———
0.30 77 1_@‘-,{/ : - _
=8 0.25 { S| I ; - & o
0.20 ' | ; L ; T
00 05 10 15 20 25 30 35 40 45 50 55 60 65 70 75 BO 85 90 95 100
g Reduced pressure, P, o
I Figure 5.4-3 Generalized compressibility chart, medium pressures. (From D. M. Himmelblau, Ba-
sic Principles and Calculations in Chemical Engineering, 3rd Edition, copyright © 1974, p. 176.
——  Reprinted by permission of Prentice Hall, Inc., Englewood Cliffs, NJ.)
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Compressibility factor, z = PVIRT
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ER]

[ 4%
(=]

1.0

T
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0
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Reduced pressure, P,

30 35

— — Figure 54-4 Generalized compressibility chart, high pressures. (From D. M. Himmelblau, Basic e T
Principles and Calculations in Chemical Engineering, 3rd Edition, copyright © 1974, p. 177. Reprinted
by permission of Prentice Hall, Inc., Englewood Cliffs, NJ.) -
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4

¥ proce dupe for u.s.'n} Corrpress b'.lo'ha_ Chowrts :

1. obhain critical values of T and P, | for the Pure
Compound  From table B.1 in Yowr dext book oy otier
hane bosks .

2. For H, and He adjust the criticl values Using

Newtonw's Corrections *
M= Te g ik
P\cz Yot 2 ohm |

Ql:; Can be o'b'\ﬂ'w.\eJ fown D RT. = Qf:
| ®c

3. Calculate 4 Y‘eJHCeJ qun{:‘.l-;c_& Hcce.‘aﬁqrj--pbr- m-‘«i

Compress: h‘.\:k& chots:

Re M || Rk veduced| pressuce
Ye

_r,- = T —‘—,.'- Y‘eoluclco( “'ﬁb-?grq‘hl\rc
Te

0'- - 0 p—y \,:, = (PC Q’

Ve REIR || [F[E
Remewbor | 4o Use absclute | vales | o8 T ond| P
Y. use tive sudable Chat~ Yo delermine 2 or the r‘ep.&«f
reduced qM..-I-fk?_.

5. ?n,c“J wikh | Pvablema .
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: =
3| TL| 4he ctrean Has! real Gas wixture .

There ore two wWays for ole-l:nj_ 4 real Yas wixtures

A. Define 2 . to Solve tne Problema ihvo\vinca\"e‘ll gas

ZZ Y.

where X 1S the hulc, -ﬁruc,-‘now of S?GCHLS \
2y 15 the Cam?mss.b,l&j of Species U at

+hen Uuse ?0 ..‘."1WRT

O R

A\

B. l&z’; method : ‘P'f/-‘-' Z(RTT

where 2' s bie ?sma{o—-Com?ms'.b'.l-‘ig, factor fo
a mixtwre which Can be obtamed miﬂg—!
y N
— pseudocritical demperaer To = D 4. T,
=)

N
- PScualoCr:HCq‘ Pressure - ?; = Zﬂ‘ ‘Pc,'
s

" Ps:.'ua(c—relluce.e( -l-ewrm-l-mre'- T = ik
e

- ‘PSCua(o-reduce,o( Pressure . ?r‘ = P

“Then use Chats o obtain =' at Ty' and ?‘

'ﬁm\“rj ; {/ =" 2 RT
P
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A Shream of a mixdare of F5/ H‘z_ and 25 7 N, (melar
basis ) at 800 octm anel —FoC . Estimwte +4he spechic

molor Volume of +his mixdure usiv\;_

@ kéi}’s lnc.-f’hoj

@ u“"’?“—‘ law @ PV =
vzl BTl (23m)(—Fo+233. \s)
P (@o0)(101325)

= 2.03 Xlos m2 - o.o2] L
e | wo |

@ Kag’s wethod |

- Pnck up critical Values Powm doble B.1 ¢

for H, - Te=-33 kK 'Pc:lz-g atwn
these Values mughk be Cav{ec.i—eo[ Since tle Gas

1S H'z.'
To = 3248 = 41 K

Y. = 12.€ +g = 20-2 atwm

+or Ny: T =l2¢6.2 k R =228 abm
= Cnlm(gk ’ps-cudo Oritical values:

Z'j T = (o :l-s)(l-}l)-l-fo 25)(126 ’2)

l"“l

—= 623 | K
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.. 1?: = il‘éi?c; = (o35)(20:3) 4 (o-25)(33.5)

~ 240 atm

—

L] Galdulate veuuced Values
T="Fo 42335 = 20315 K |

P = Boo ordw
\
Te 62.2
Pr = P =8| | - aaz
'PC\ 2‘1-0

‘r‘:bhﬂ Chert 5.4.4 a+ ?: = 33.3 OhJ _’;‘:‘3-2{

2'~\1id¢g |
P\? == KT = I\\/ 4| 2R he (l.gs)(s -3!‘-!)(203-@)
o (€00) (101325)

-5
= 3.9 Xle M3
wo |

L

= O0o%q =
}vuol

The abgslde relative exrov in €5t mation \'} u.s'.ng ;J.e._J
gas laww (s 1 o/ relative evvor =_‘ Qm‘- {M‘“ |_ *1v0
Vres
=| 4gd. (LWJ‘E. ervor '.)

Hw:_Tr}h use Van oler waals Eo S 4o calalale
N

V
'\
= Wse!| B | | et tad | 4o callediite] V.
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Ex: AQas-Phq.sr_- reaction is used £ prcluce Bo wal | hr
of species C ac:c::r.-d;n}\{so the reaction :
A28 o C
The gaseous feed strean has @ Plows rate of I25 Llhe,
a -Itn?c,rntm—e. of 300 °C. ane melar Campasition of l-tc;X A
_and 6o/ B. Fined the Pressure of +his feed stream it
the Canversion of A is 5o/ . The Critical Values oF A
and B are E;.A = Ho atm , (’Dc')b = 3o ahm
1:;A =loc"C | , —I‘;B + 200

- Drao Mj Gnvaleklg labe |l e [Plowoharst :

Conversion of A: "ﬁA =05

sl 2 4
boudifcdL_UNEENSPARNEN >

04 welA[mel n, mel A
06 el B el Ay2BlaC ha mol B

300 °C ha mel C
lag L“'\r'

p=2
0=t
Basis ¢ loo mel] of Leeod thvears vl let Hle Producion
rote of C as unknown e we Can make Squiu\a_\
+o addjast the flow rake of S 4o be as given
(5omel [hr) .

et D‘ﬂmr_ of Frecdow amlas‘..s‘.

For- reaclive Proces s on-ol Using eitre~ Waleculor
SPecieS balances er exfent ef reaction w-h-cﬂ
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Degree of Aeedowm is defined as (fov waterial bql«mu)

DF = #of unknowns — #H of 'unﬂfc;?maﬂe.d" male cullan—~
' balances — other Suatons + H of iv\aé’e.?&f\cﬁou)‘r

reactions .
H of unkhowns = 5 Niuha, g , P, \‘;
# of in&d:?{-. melecudeu~ balances = 3 A, B,<
okhev qud.'uu,s ~ 3 : n = _%_
\Y
Pe=2prT
-PA = VAt —Naount
VA,
# of indept. reactens =1
DE= 5—-3—-3+1. =0 ek v

— Skent Wik e €. +hast qve You c)'.rec,-‘-l«a\sawm
uuhmovov\s.'

£y = o.5 =l-Ha){e0) - Wy == 20 "‘ir
(o-4o)(100)

Extent o‘g r'e,qc{'icm 21145. s aA+bP —C C

LA ’ an’k:: h"\,h - Q] é

_B_ Hu«v‘-,;: h‘)ﬁ- bé
[N

C'. hM)c _':'V‘ia}c-"l"cé
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our reactan 15 Ay 2B ——c

LA L = )(1ed) = (D E =20 £ = 20 py

B! naz (0:6D(100) + (2)E | =60 ~(2)(20) = 25 wed)
-

Ll | Bal=10] 4 (l)f = (1)(26) = | 20| mel |-

¥ Scw‘mg to adjust the pnduction of £ to be 5owel

A
sF= Sowllhr _ 5 o wmallhe
20wl maB RN | |
- 1 = (loe wal) % 215 el b~ 56 el | ue
W |

| _";\o II.S- -I-l-c welow avd vale | - | Hie L«_aa |
Wy = (_m_.).(sF) = @o)(z:5) = S0 wel

W
a= () (sF) = (2:)(2:5) = B> Wl
he
1;33 "-'-‘(Vlg.) (.S'F) = (24:)(7..5') = Dol Wl
) = EQ = N @] L 12s bilhe
=7 W, 250 el [hr
L= 0y ._...l:.._
e |

= 5)(|c:-_‘.l >
PP |
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Al
e Vv

idesd ' N

viEl M DV RTe

- — —_—

< RT_ [ F

<7

<?*

Now let us use kﬁg’f method To Oalculade =
CTe,A = oo +233.15 =3%3.0s 5 Tg,p= 4I3-E
TE E 2 4 Te: = (04) (3%32415) + (o-¢)(433:15)
| = 433.l1s K
'P; =2 9:f, = ©.4)(He) +(c-€)(30)
= 24 odma] 101225 P2
( 1 abn
= 3.4y4ysg Xloc Pa

h L]
V,.'d"J - Ry _ Guusnf)(sxst)
RTe (8-214) (43218

= o-H4g
Moz [T 2| 2ess23zis| | _ pap
T 433.1p
From -F—'ig_ SRl b2 = s

P 2 RTT
P= 2RT - (o-#1)(83u)(513.15)
v 5y|s
<
= 6.3€¢ Xlo Pa

o | 6 1cé xS palll |4/ohm

1ol Pa






