Lecture 4: Mass & Energy Balance

Chapters 3-4, 7-8 (Textbook) plus additional material
Part-1: Extension of the mass balance model
Part-11: Different types-levels of decision

Part-111: Case-study (methods for design decision
making plus application of simulator for mass &
energy balance with simple model)
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Design decisions versus sequence of tasks
Flowsheet & data

Tasks 1-3 —> (process, product, raw —> Task 4

material) !

Decide reactor,

Check component Mass balance with | separator, purge

Mtreams simple model specifications
— Decide stream Mass & energy balan
_ TasksS6 |7 rep T | with simplemE
Check calculated V
stream & Unit  <— Mgss & energy balanc*e - Task 7
operation variables with rigorous models
Sizing, costing & Base case design
Tasks 8-9 — economic evaluation* _>/\

* Corresponding design decisions Tasks 10&12 Task 11




Flowsheet for cyclohexane production — Mass Balance

Purge gas
S10
Recycle H
y 2 SP-1
( ¥ )
A
S3 R-1 |
‘ S9
i M-1
CeHg= >
100 S4
S2 mixer
S5
> D-1
H,=975 : :
CH.=25 «  Other data: R-1 (heat of reaction, conversion, reference
4= compound), SP-1 (purge rate); product recovery rate
s «  Condition: H2/C6H6 in reactor feed=12: methane/H2 Cyclohexane
balance for purge product

S8 3



The objective is to fill-out the stream summary table! Which
stream variables are known? x are specified variables; x are
calculated mass balance model; x are obtained from x

Variables Streams

S1| S2| S3| S4 |S5 (S8 |S9 |S10
fy; X | X | X | X | X | X | X |X
fy; X | X | X | X | X | X | X |X
fs; X | X | X | X | X | X | X |X
fy; X | X | X | X | X | X | X |X
F X | X | X | X | X | X | X |X

For mass balance: Number of streams (NS) = 8; Number of independent variables =
NC*NS; Number of known variables = 2*NC; Number of unknown variables = 6*NC;
NC is the number of compounds; subscript j indicates any stream |j

Course: Process Design Principles & Methods, L4, PSE for SPEED, Rafiqul Gani 4



Flowsheet for cyclohexane production - What are we solving?

T=330 K P=34 atm

Recycle H,

VvV Y

CeHs=
100

mixer

H,=97.5
CH,=25

T=322 K P=31.6 atm\

Purge gas

Isothermal

reactor

T=497.2 K
A P=1 atm

Other data: R-1 (heat of reaction, conversion,
reference compound), E-1 (U & A), SP-1

Condition: H2/C6H6 in reactor feed=12
methane/H2 balance for purge

T=422.2 K P=333atm
N

»
»

SP-1

J g | T=322K

(purge rate)

A P=0.5 atm

Cyclohexane
____,  product

Course: Process Design Principles & Methods, L4, PSE for SPEED, Rafiqul Gani 5



The objective is to fill-out the stream summary table! Which
stream variables are known? x indicate a specified variable.

Variables Streams
S1 S2 S3 /ﬁl/—%w‘sn
f1 X x x| x X N
/
f2 X X ( X X X X
f3 X X \ X X X X
2
f4
X X >\ i X .
T X X X X X X
P X <X X X X e [ X T

Total number of stream variables = 13 (NC+2); Number of known stream
variables = 2 (NC+2). Note: for energy balance, there will now be at least 2
more rows for enthalpy, vapor fraction of the stream
Course: Process Design Principles & Methods, L4, PSE for SPEED, Rafiqul Gani
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Steady state process simulation - solve algebraic equations

Develop

Mass balance equations

process |
model Energy balance equations
h(x,y) =0
ax.y)=0
Define
Problem Divider —
1 Collect
additional
* Reactor > Separator data
Analyze l
results

Chemical Plant

Solve model
equations -
AE solver

Course: Process Design Principles & Methods, L4, PSE for SPEED, Rafiqul Gani 7



Two ways to perform mass & energy balance simulations

*Use a process simulator (see PROII manual)

*Build your own simulator (chapters 3, 7-8)
*Derive the model equations
=Use a suitable solver to solve the model equations

Both alternatives will require you to specify* —
*The flowsheet
\ariables representing the input streams
«Parameters for all unit modules (reactor, stream calculator,
divider)
*Specify temperatures, pressures and/or phase condition

* By making design decisions on variables that need to be
specified

Course: Process Design Principles & Methods, L4, PSE for SPEED, Rafiqul Gani 8




Mass & Energy Balance: Modelling Issues

Add the energy balance equations (model)
to the simple mass balance model

h(X,y) =0 mass (component) balance; |*NC per
unit

a(x,y) =0 energy balance; 1 per unit

Course: Process Design Principles & Methods, L4, PSE for SPEED, Rafiqul Gani 9



Mass & Energy Balance

Principle of conservation (mass)

Rate of accumulation = dM/dt

dM/dt = Mass;, — Mass,; + Mass,,, = 0 (for steady state)
Principle of conservation (energy)

Rate of accumulation = dE/dt
dE/dt = Energy;, — Energy, . + 4Hi + Q = 0 (for steady state)

Course: Process Design Principles & Methods, L4, PSE for SPEED, Rafiqul Gani 10



Simple mass and energy balance model

f. . L . f. .
L Stoichiometric 1+l
» conversion [ *
reactor <{-->Q
Mj fi N1
. SO
S o Mixer
rsevesvoasmrmeroreo <-4>Q
fi,j+NM
0 < = fi,j+1
e S0
e e t\(lder & e
1:i,j+NS

fi,j+1 — fi,j +2r'Yr,i nr,k fk,j
Y.i=>0;0r,<0;0r,=0

|:j+1 Ahj+1

finme1 = 2 fi,j
Famer ADgmer + Qm = 5 F5 A,

+Q, + Fj AH, = F; Ah;

j=1,NM

j=1,NS-1

Ij+1 E.u ,U Ij
| NS — (1 2 E.u U)flj
Fi. Ahj g + Qg+ Fipp AH;, = F; Ab;

Note: A flash or component splitter can use the same model as
divider/splitter where &, (recovery of component i) is specified

for each compound i

Note: Splitter in PROII is called stream calculator 11



Models for Calculation of Enthalpies

Liquid Enthalpy

AN (M) =4h+ X x. [ (Co (T)) dT (from T,to T)
Ah(T)=A4H (T)- 2" X; Hyapi (T)

Vapour Enthalpy

AH (T)=A4H+ X y. [ (Coy (T)) dT (from TO to T)
AH (T)=A4h (T) + 2" y; Hypi (T)

Heat of Reaction

AHg =2'v; Ahglp- 2V 4 hglg

Course: Process Design Principles & Methods, L4, PSE for SPEED, Rafiqul Gani
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Model for Calculation of Enthalpies
Ah(T)=4h0+ 3 x [ (Co (T) dT (fromTytoT)  liquid

AH(T)=A4AH+ X yif (Coy(T))dT (fromT,yto T)  vapor
AHg =2 v Ahg|p- 2V, A hglg heat of reaction

/’,

Fi, X . F3, Y3
- Fy X,

Fi Ahy(T,) + Q = F, Ahy(T,) + F3 AH5(T;)
Calculation options:
*1: Fix T, = T; and then calculate Q ??

*2: FixQand calculate T, =T; ??
Course: Process Design Principles & Methods, L4, PSE for SPEED, Rafiqul Gani 13




Design of Refrigeration Cycles (Chapter-4)

intake 4 3
_|' P 1-2, open intake
v 2-3, compress
— ; 5 3-4, exhaust
exhaust - 4-1, expand
v

FIGURE 4.9 Compression cycle for reciprocating compressor.

Q.. cooling water
2
e \_/ \
Condenser

[#]

X
SNEA
Jossaidwon
B

w.
. Evaporator w'
Y cold (7 -
-
Q. process stream

FIGURE 4.10 Refrigeration cycle and phase diagram.
Course: Process Design Principles & Methods, L4, PSE for SPEED, Rafiqul Gani 14



Design of Refrigeration Cycles

EXAMPLE 4.3

Suppose we want to cool air as a process stream to 180K. Consider the refrigerants:

R Thoit(K) 0.97 (K)
Ethylene 169 254
Propane 231 332

We know that ethylene will go down to 180 K but not up to 300 K. The opposite holds for
propane. Therefore, we need at least two stages: one propane, one ethylene.

Course: Process Design Principles & Methods, L4, PSE for SPEED, Rafiqul Gani 15



Design of Refrigeration Cycles

Stage 1: Consider propane as the refrigerant

0 cooling water
e Condenser 5
- ropane
<32k A -
332 K
C.W. 327 K
. Y
w.
Evaporator
Q. & Ethylene
254 K
e . men S -

=
Propane 235 K

240 K ethylene

Course: Process Design Principles & Methods, L4, PSE for SPEED, Rafiqul Gani 16



Design of Refrigeration Cycles

Stage 2: Consider ethylene as the refrigerant

ropane
Qe P Condenser

]
20K A ’Aﬂ;& <254 K
240K
-
X [ '} Propane 235 K

W.

Evaporator

Q
Y 7 - 180 K /A"
P == -

1goK  ar Ethylene 175 K

Course: Process Design Principles & Methods, L4, PSE for SPEED, Rafiqul Gani 17



Design of Refrigeration Cycles (exercise In
class — Exercise 6 from Ch-4 of textbook)

A stream of n-butane needs to be cooled from 300 K to 250 K.
The change in heat content for this stream is 300 KW.
Possible refrigerants are:

Ty, (K) Tc (K)
Ethane 184.5 304
Propane 231.1 370
Isobutane 261.3 408

a) How many stages of refrigerants are required? Select the
refrigerants for each stage.

b) Decide the operating pressure if AT, =5 K

c) For coefficient of work =5, determine the compressor
work and the cooling water duty.

Course: Process Design Principles & Methods, L4, PSE for SPEED, Rafiqul Gani 18



Design of Refrigeration Cycles

a) - Number of stages = (T;, — Toy) /ATy
- Check the Tb, Tc and the following rules:
T, <T<T.,, < 09T, forstage 1
T, <T<T.,, Z0.9T, forstage 2

b) Decide the temperatures for the heat exchangers in the two
cycles (see the refrigeration cycle diagram); use the vapor

pressure model to calculate the pressures at the selected
temperatures — find the Antoine constants for each compound

b) Use Eq. 4-40 for work; Eq. 4-41 for Q. and W,

Course: Process Design Principles & Methods, L4, PSE for SPEED, Rafiqul Gani
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Property model
selection

Do

you Fave data

A

properties or
companesnt

known 7

UNI

Fac

{Aspen or
EMEW M)

o methods avalkable

IREEd SOMmEe
gxparimental data;

5 the sysi=m
electrolytic?

Regreas das using
Lspen or SMSWIN
nio appropriaie model.

ELECHRTL
(User W izand]

[~
Use Wilson-HOC for

Carbaowylic achds
Uz ENRTL-HF for HF/H20

Course: Process Design Principles & Methods, L4, PSE for SPEED, Rafiqul Gani

P

E. dzsocial

T no parameiers
Ery other method

or UNIFAC

A 4

Ideal

Ideal
(hydrocarbons)

Uge EDOS -
Seak sdvice
If omily modarate

pressune
Use MRTL-HOGC
or Wikon-H3C
or NRTI-ERE

Wilson-3RK
(Gee nules on 2
lguid phases for
Willsor!' MRTL)

Lz Wilsan-HOHE for
Carboxylic ackds Use

EMRTL-HF for HF/HZ0

A 4

Equations of
State (SRK, PR)

Property model
selection and
application:

Rules for selection

20



SIMSCI - Thermodynamic Data

Al Primany Methods
E quations of State

Generalized Carrelations
Special Packages

Help Overview  Status M otes
Selection of Property Calculation Svstem
Cateqony: Primary b ethiod:
Mozt Commonly zed | [MERTL Y

Add -»

Wfilzon

wan Laar
Margules
Feqular Salutian

Defined Systems:
IDEADT

Default System:

Electralyte * | |Florg-Huagaginz e |IDE.-’-‘-.EI'I | Lv
Actions for Selected Property Calculation System
Modiy... Delete | e Cvervion
tadifying thermaodynamic system LIWIE0
ok | Cancel | Property: Current Method: Property-zpecific D ata:
Select a primary thermodynamic method for the spstem K-walue [WLE] UMIGUAC A Enter Data...
— — — K-value [LLE] Nare v
F.-walue [SLE] Mone W
Liquid E nthalpy Library L Enter D ata...
Wapar Enthalpy Library w Enter Data...
Liquid Dersity Library L
P rO p e rty m O d e I Wapor Density Ideal W
selection options in T :
p Ligquid Entropy Mone W
Wapor Entropy Mokhe L

PROII: |z]
Thermodynamic data

Course: Process Design Principles &

Tranzport Properties... | Fefinem Inspection Properties... |

| |zer-defined Properties... |

Canicel |

E sit the window after zaving all data

Methods, L4, PSE for SPEED, Rafiqul Gani 21



10 -
100 -

Or ?7?

o 510 20 30 40 a0 =il 70 a0 a0 100

Tdaw, [
Tew
- ol
fouh C

Or ??

uoiiepisia

A
\lj i Toub, i
- A

Inconsistent choice of models: Consequences - |
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Inconsistent choice of models: Conseguences - ||

= [

Feed

A

Bottom
Product
-

Process for separation of
styrene from ethylbenzene

Positive error means lower cost and infeasible
separation, while negative error means

feasible separation at significantly higher costs
Dohrn & Pfohl, Fluid Phase Equilibira, 194-197
(2002) 15-29

100%

@
=]
=

60%

40%

20%

0%

Error in minimum number of stages

-20%

-40%

) [ |
(]
\ ' - = =alpha=1.05

alpha=1.1

\ A — -alpha=1.2

-

~ M

~ f—
M

[
AN ~

‘ -

~
-

-5% -4% -3% -2% -1% 0% 1% 2% 3% 4% 5%

Error in separation factor g=(y/x1)/(y2/%z)

Consequence of error in
calculated separation factor
on number of stages

Course: Process Design Principles & Methods, L4, PSE for SPEED, Rafiqul Gani
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Inconsistent choice of models: Consequences - 111
Terephthalic Acid

o) OH /
HO 0 S

/

.’f\)letastaﬁle Zope for
Polymorgh |

. s e '
__Metastable Zo

T Polymor Seed > Form |

Solubility

P —
NSy W ¢ 2V

Y o-% ‘b_\‘__‘f »— '\

i b

Form 1

femperature May obtain wrong product!
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Decisions related to generation of data

Calculation Analyze | _,| Make
decisions ?? data design
decisions

selection l data I

« Modelling: Related to mass balance; mass & energy
balance; unit operations; enthalpy; phase behaviour; ....
« Operational phenomena: reaction; mass-heat

transfer; phase separation; solubility; ...

 Phenomena:
* Properties: pure component, mixture, phase-states

« Calculation options: data generator (phase diagrams,
saturation conditons, kinetic data, solvent data, ...)

Course: Process Design Principles & Methods, L4, PSE for SPEED, Rafiqul Gani 25




Decisions: Verify design

Cal_Cl_JlatIC’)?r; [?e_sign Next design
decisions ?~ decisions ?? level
selection simulation
results

Modelling: Related to mass balance; mass & energy

balance; unit operations; enthalpy; phase behaviour; ....

« Unit operations: reactors; separators; pumps, ...

* Phase behaviour: fugacity, activity coefficients,
vapor pressure, .....

« Energy: enthalpies; heats of reaction, heats of
vaporization; ...

Simulator options: models, calculation sequence,

specified data, convergence criterlia, ...

Course: Process Design Principles & Methods, L4, PSE for SPEED, Rafiqul Gani 26




Ethanol Process: Case Study (from Textbook)

% Purge Stream

5. Splitter Rm— é Absoroer

Waler

pa34

susiAulg
-~ P984 ISIBM

Pr—
-
t Lm“mw 18Q0SAY ¥

1. Mixer ®*1 2. Reactor {7 3. Flash
) ¥
- i 8. Mixer
Ethanol o = ""}
Product g $
33 -
_(D o g. . %
o ) (v
g3 g
5¢ [ g9
R g I SR E
& L
w0
AR e rrermen ?
Wastewster

Wasiewater

FIGURY 3.1 Ethano! flowsheet.

Mass balance has been
performed & the simulation
results have been verified
(this completes tasks 1-4).

Start tasks 5-6 by defining
the temperatures and
pressures of all streams still
using the simple model

With specified T & P for all
streams, perform mass &
energy balance and calculate
heat addition/removal from
each unit operation

Course: Process Design Principles & Methods, L4, PSE for SPEED, Rafiqul Gani 27



Ethanol Process: Case Study (from Textbook)

% Purge Stream

5. Splitter Rm— é Absoroer

Water
:_h.
nE >
g2 @ 1
e ey g
oY
o
i
4 ¥ j
é 1 !
— i 8. Mixer
Ethanol 6T @e—m,.._.i
Product % fﬁ
33 -
© 53 .
S35 S
52 f €8
w0
Rici— ¥
ate
Wastewater Wastewater

FIGURY 3.1 Ethano! flowsheet.

In order to perform mass &

energy balance (simple)
what do we need?

Models for each unit
operation?

Identify which variables
need to be specified?

Use the flowsheet for
MB-model!

Decide what values of P
& T to specify

From the energy balance,
obtain the heat duties for
each unit operation

Course: Process Design Principles & Methods, L4, PSE for SPEED, Rafiqul Gani 28



On the simple MB-model flowsheet: Locate specified variables

i l'l52
< 5. DIV
Hsq Hoz ] & I Ha1
u:il 4a. Mixer 4b. Splitter
Ho1
> &
K [ 27) g
S 1.MIX 2. RXN 3. Splitter
Ho2 Yek Mr Tre PR s TP
Haz o 6. MIX —
: H ‘
o; < acH 8. Splitter < 71 2 5 U
< 7i
Hgo §8i 7. Splitter
9.Splitter <
l l~l7zl
Koo Soi T & P for all streams

If all the variables marked in blue are known, then all new variables E; (energy
of stream ) & Q, (heat duty for unit U) in the simple flowhseet can be
calculated! 29



Using option 1 from slide 13, perform mass+energy balance

for the ethanol case study > Hs2
) 5. DIV
Usq Ho3 ] x Hag
”il 4a. Mixer 4b. Splitter
Ho1
My Ho
Sl 1.MIX //// 2. RXN 3. Splitter Ko
Ho2
Haz 6. MIX —
Ho1 < aci 8. Splitter [« H7e 2 " ‘
Hg2 7. Splitter
9.Splitter <
l l~l7zl
Ho?

First identify the ’tear stream?”, the calculation sequence &
a good estimate for the tear stream; specify calc T; &
selected P; for all streams for M+E balance

30



Close the recycle loop and add the last separator (end of task 4)

Note: recycle loop is now closed. Check the calculation sequence.

=
f510 | =

=5
| EQ

Flawsheet e

Check the converged stream compositions & flowrates for S1 and S2

31 i 52 512 53 54 35 36 57 5% 59 310 513 514 515 516
Tufined Wapor ‘Japor WJapor Wapor fvixed Liquid Pufixed ‘Japor fufixed Tufiaed ‘Japor ‘Japor Tufined Liquid ‘Japor
292 5756 50,0000 590,0000 590,0000 310,0000 310,0000 300,0000 301,1133 300,0000 300,0000 303 9658 300,0000 00,0000 350,0000 370,0000 300,0000
1,0000 1,0000 1,0000 1,0000 1,0000 1,0000 1,0000 1,0000 1,0000 1,0000 1,0000 1,0000 1,0000 1,0000 1,0000 1,0000
13,3936 82 6358 82 6584 22 6601 13,7204 25232 0,0764 13,7968 9,6381 0,8739 33971 00424 96396 9,6450 47240 16389
25,9916 26,9433 26,9639 26,9639 28 9286 226740 18,0150 28 6299 28 6020 19,5908 23.TE22 28 6080 18 6080 37,3810 18,0395 42 6100
0,7010 1,0000 1,0000 1,0000 1,0000 0,0269 0,0000 0.,9398 1,0000 03472 0,0737 1,0000 1,0000 0,9825 0,0000 1,0000

Course: Process Design Principles & Methods, L4, PSE for SPEED, Rafiqul Gani 31



Identify P & T for the P-T Flash and replace the stream calculator with a

model for the flash Unit-Op (start of tasks 5-6)

="

Note: choice of property model is important

=)

i 52 512 53 54 55 56 57 1] 54 s10 513 514 515 516 817
i ‘Japor ‘Japar “wapoar Wapor Liquid Liquid fufimed “Wapor Liquid Liquid ‘Japor Japor “Wapor Liquid ‘Japor Liquid
F 5a0,0000 5a0,0000 590,0000 36,0000 2F5,0000 00,0000 il ey 36,0000 36,0000 2F5,0000 Frh,0000 PG, 0000 403 0547 478 3508 19,8530 A5 4009
1 63,0000 69,0000 69,0000 68,5000 63,5000 1,0000 68,5000 68,5000 68,5000 63,5000 68,5000 68,5000 17,0000 18,0000 16,0000 17,0000
I 82,7215 22,6940 82 6958 14,2225 10,6343 0,0764 14,2989 12 4808 1,0340 11,6683 0,0624 12,4184 14,6302 10,2864 47525 3,2939
i 26,9469 26 9675 26 9675 28,1309 25,8722 18,0150 27,8545 27 624 29,0262 25,8569 27, Th24 27,7624 34 6502 18,0395 34,9424 339140
f 1,0000 1,0000 1,0000 1,0000 0,0000 0,0000 0,9467 1,0000 0,0000 0,0000 1,0000 1,0000 1,0000 0,0000 1,0000 0,0000
3 0,0000 0,0000 0,0000 0,0000 1,0000 1,0000 0,0533 0,0000 1,0000 1,0000 0,0000 0,0000 0,0000 1,0000 0,0000 1,0000
! 2465 482 2463547 2463 597 1343 425 120,172 37,740 1381165 1280 521 100,645 1220 816 6,403 1274118 A74.545 G456 272 411,295 163,250
Course: Process Design Principles & Methods, L4, PSE for SPEED, Rafiqul Gani 32




Specify T and P for distillate & bottom products in distillation columns

Bubble point

Dew point

51 5N 52 512 53 54 it 56 57 it} 54 510 513 514 515 516 517
fufixed ‘Wapor ‘Japor ‘apor ‘Wapor Ligquid Liquid hfixed ‘Japor Liquid Liquid ‘Japor ‘Wapor ‘Wapor Liquid ‘Wapor Liquid
309,278 530,0000 5a0,0000 540,0000 75,0000 38,0000 00,0000 376,506 36,0000 75,0000 75,0000 75,0000 75,0000 A 5365 479, B3 20,4350 445 3965
1,0000 69,0000 69,0000 i3,0000 63,5000 6 ,5000 1,0000 g, 5000 68,5000 62,5000 g, 5000 63,5000 62,5000 17,0000 18,0000 16,0000 17,0000
18,6212 81,5286 B1,5134 81,5168 14,0861 10,2784 0,0764 14,0655 12,2604 1.0133 11 2677 0.0613 12,1896 14,2214 10,2853 43165 31,2950
25,7362 26,7183 26,7358 16,7348 27 H633 25,2387 13,0140 ITETN 27,4780 28 9675 55196 27,4780 275780 34,3644 18,0388 34,5620 338012
0,7281 1,0000 1.0000 1,0000 1,0000 00000 0,0000 0,9469 1.0000 0,0000 0.0000 1,0000 1,0000 1,0000 0.0000 1,0000 0,0000
0,2719 0.0000 0.0000 0,0000 0.0000 1.0000 1,0000 0,0621 0.0000 1,0000 1,0000 0.0000 0,0000 0,0000 1,0000 00000 1,0000
2512,4500 432,031 1430, 438 2430 438 1335,4845 1094953 37740 1363,1H 12632810 09,231 1192 640 6,320 1247.590 546,518 G, 172 383,110 163,408
105 7RAA 197 fififil 197 ffifil 1497 fififil 186 23849 17 4272 1 nnnn 183 N8R 183 2nR8 1 nnnn 17 3R47 N A1fRA 187 2A73 17 3Rd7 1 nnnn 17 3Rd7 1 nnnn

Course: Process Design Principles & Methods, L4, PSE for SPEED, Rafiqul Gani
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FIGURE 3.16 Reboiler configurations.

< |
2 gl ;
& L ' T .
SUSVEVEVEUUUUINS 5% QR '
5 Eubst coint g
Taial Reboiler
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Dew
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. . i B
FIGURE 3.33  Setting column |
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Xg

Partiai Reboiler
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Specify T and P for distillate & bottom products in distillation columns

Help
Unit: [SC3
Feed Scaling... T o]
" verhea
—pc Product. ..
—

ottoms

B
Product F"mduct\
Specificationss

Pzéudoproduct
pecifications. ..

14—

Pzeudoproduct. |

bottoms products.

The stream calculatar will combine the feeds. The compozite feed iz split into over

1]8

Owerview  Status MHotes

E |

Dezcrption:

If negative flowrates are encountered, reset
rates bo zera

Thermodynarnic Syetem: | Um1am

| Cancel |

Help
T hermal 5 pecification:
| Dew Point Temperature | w
Preszzure Specification:
|F'ressure | w | 'I.'-".EIEIEI| bar
T emperature E stimate:
| K |
K I Cancel |
E it the window after zaving all data

Puszh to bring up the overhead product conditions window

S5tream Calculator - Overhead Product Conditions Stream Calculator - Bottoms Product Conditions

T

Help
T hermal 5 pecification:
|Bul:u|:u|e Puoint Temperature | "
Preszure Specification:
|F'ressure | " | 'IE.EIEIEI| bar
T emperature E stimate;
| K |
0K I Cancel |

E =it the window after zaving all data
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Add heat exchangers, pumps, compressors, expansion valves,
etc., to change stream T and/or P

i1 511 52 512 53 54 o] o1 57 58 b=11] 510 513 514 515 516 517
hofad wapar wapar “Wapor “Japar Liquid Liquid tufsied wapar Liquid Liquid “Japar Aapar “Aapor Liquid “Wapar Liquid
09,4559 530,0000 50,0000 5490,0000 375,0000 37460000 3000000 76,2754 374,0000 375,0000 375,0000 375,0000 37460000 4058032 479 9062 18,7552 445 4302
1.0000 G9.0000 69,0000 59,0000 53 5000 35000 1.0000 G2.5000 63,5000 3 .5000 535000 53 5000 35000 1r.0000 18,0000 16,0000 17.0000
16,2007 228312 £1,80463 228071 14,3242 10,5837 0,076 12,0275 10,5289 0,266 10,7915 00526 10,4762 12,5870 10,3172 36004 3.2340
14,6062 69279 26,9480 2 9480 28,1059 15,5443 12,0150 834311 28,3858 27 8450 24,8753 18 3858 18,3858 33474 18,0365 33,3987 33,6463
0, G386 1,0000 1.0000 1,0000 11,0000 0,0000 0,0000 0,9369 1,0000 0,0000 0,0000 11,0000 1,0000 1,0000 0,0000 1,0000 0,0000
03114 0,0000 0.,0000 0,0000 0,0000 1,0000 1,0000 0,063 0.,0000 1,0000 1,0000 0,0000 0,0000 0,0000 1.0000 0,0000 1,0000
2042 405 2471 442 21469,602 469,602 1263274 116,328 37 rd0 109,285 101,540 37,746 1162 607 5,108 1016432 515,508 G4, 009 4173 161,335
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I\/Iass and Energy balances for Ethanol Process Flowsheet

Sai Mi_ T -,“2}_ My Uy 5141-;, Hap Hos
S 0 20000 2000 ¢ 1992 0.8 1992 0 i
‘ 96 0 1289 119877 - 1180.78 17.98 115599 . 24.796 0
“IPropylens <3 0 268.6° 266.71 248.58 18.136 22397 - 24.609 0
{ Diethyl ‘Eshe’i S0 0 N 2,421 1.210 1.2108 02906 0.9202 0
/. Ethanot - 0 0 0.56 90.79: 10.98 79.80 01008 10.87 0
\ Isﬂpmpanol 0 0 0 1.8802 0156 1724 0.001018.  0.15%0 0
\Wma .0 774,797 773.4 680,72 36,75 643.97 1610 72,896 37.747
otal 100 . 7IL797 0 253156 244131 167768 763.62  ISREIWTT 13425 37.747
- Temperature, K 300 300 590 590 - 393 393 381.57. 338.7 310
- Pressure, bar 1 t 69 69 685 68.5 68 68 - 68
“Vap. Frac ] 0 1 1 S 0 . 1 t RV N
5 Enthalpy, kealfs  1198.85  -52097.04  —21683.63 .. ~22689.24° 1151518 -4792028 1343975 =5324.42 -2544.97 .
. _ Mgy - s He Mg A Hgr Msa Hoy - Hoz
‘Methane (gmol/s) — 198.204 099 . 08 0.8 0 0.8 o 0 0
‘Ethylene: “1150.21 5780 - 427978 42778 0 427781 0 Six 0
‘Propylene 22285 - L1198 © 42,746 42,746 0 427466 -0, 0 0
“Diethyl Ether 0.2891 0.00145 . 2.131 2131 0 21208 0.01065 001065 . O
‘Ethanol © 10,1093 0.000549 - 90.680 - 90.226 - 04534 0451 89.775° 893267 (.4489
~Isopropanol - 0.001013.  5.09323E-06 1.879 CLB04 . 0075 0 1.804 0.1046 £.6994
SWater- §.6024 0.00805 716867 7168 . . 64518 0 71686 15.1490° - 56.537
“Total- 1573.27 7.9058 897.882 252173 64570 88.896 163277 104591 58.686
“Temperature, K 381.57 381.57 372 310 480 310 418 - 350. 383
 Pressure, bar 675 67.5 68 17.56. - = 18.06 10.7 11.2 1 1.5
Vap. Frac 1 i 0 0 0 i 0 0. 0
Enthalpy, kealls  13372.55 67.197 5324470 1043614 4262937  590.10  ~10576.78  -6787.79  -3930.30
Compare the results with those obtained through PROI
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Next task & next lecture

Decide reactor,

Check component I\/Ias_;s balance with <« separator, purge
flows of ai | streams simple model specifications
Decli ream Mass & energy-halance
Tasks 5-6 T&P — with simple mo
Mass & energy balance | Task 7 )
ith rigorous models* /

S~
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