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ABSTRACY

This thesis investigates the operating circuit of a

Soviett made oxygen plant of type K-0.15 which employs a
medium-pressure refrigeration cycle. The purpose of this
investigation is to explore the possibility of improving the

production capacity of the plant to meet the increasing

market. demand on oxygen.

A computer program, CODE, which is a steady state process

simulator has been used to calculate heat and material
balances of process equipment.. A flowsheet is generated to
simulate the operating circuit of t.he plant. under
consideration.

Energy requirements are considered to be the primary

factor determining the production cost of the oxygen plant,
Such requirements are controlled by the employed network of

heat exchangers of the plant.

To predict the optimum exchanger network, the Energy
Integration analysis is adopted wusing the Problem Table
method. This method determines the minimum

energy

requirements of the operating circuit.

Since the plant circuit_inc:ludes only one type of energy
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requirements  (Lhay g GUO““E PO[IU“"Q]IIQHL), it has become
possible to use the Maximum Energy Recovery (MER) design.

Such type of a problem is sometimes referred to as threshold

problem.

Using MER, an optimum configuration of process streams
are predicted and checked by the computer simulator. The

results obtained show that the predicted configuration

complies with the operating conditions of the rlant circuit.,
A reduction in heat transfer area of about 21% is found

possible while keeping the production capacity invariant.

Furthermore, it is determined that the rectifying columns
are capable of handling a flow rate 60% higher than the
nominal flow rate value. However, ma jor components of the
plant (compressor, pump, purifier, turbo-expander and some
Piping> should be redesigned if expansion is implemented,
A comparative economical study shows that the cost of unit
production after expanding the existing plant by 60% points
to 90% of the unit production cost if a new similar plant. i=

erected. This result. indicates that a decision to expand

the plant may not be favourable,
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viii

NOMENCLATURE

A : Surface area of heat transfer, m’
Al & A2 :; Moisture separators
A3 : Preliminary heat exchanger
A4 : Heat. exchanger
AG : Three-way subcoéler

A7 : Lower column
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A8 : Plate-fin condenser
A? : Upper column
A15 & A16 : Cylinders of the air purifier
BP1, BP2 & BP2 : Throttle valves
CP : Heat-capacity flow rate, kw.°q
CP; : Heat-capacity flow rate of stream i, kW.°C
Cp : Specific heat, kW, kg.CC
d : Tube diameter, m
D . Hydraulic diameter, m

L=

Di : Inside diameter of the outer tube for

tube-in-tube section, m

di ! Inside diameter of the inner tube for

tube-in-tube section, m

Do ¢! Outside diameter of the outer tube for

t.ube-in-tube section, m

do ¢ Outzide diameter of the inner tube for



X

{.ube-in-tube section, m

dﬁ v dif ferential heat flow-rate, kW

ﬂ ! Enthalpy flow rate, kW
H1 : Liquid'-oxygen pump
HAF : Heat availability function
h : Film coefficient. of heat transfer, W.m2.°G
hi ¢t Film coefficient 61‘ heat transfer based on
the inside diameter of the tube, W.m2.°cC
h,,  Modified h,, w/m’°c
ho : Film coefficient. of heat transfer based on
the outsibe diameter of the tube, W/mz.oc
JISICO : Jordan Iron and Steel Indust.riss Company
K1 : Air compressor

L

Tube length, m

LMTD : logarithmic mean temperature difference, °C

Q
m

Mass flow rate, kgs/s
MER : Maximum Energy Recovery (design>
02 : Oxygen
Pr : Prandtl number
Q : Heat flow rate, kW
Re : Reynolds number

T : temperature, “c

T1 : Air temperature before preliminary heat.

(]
exchanger, C

T2 : Air temperature after preliminary heat

[a]
exchanger, C

T3 : Air temperature after air purifier, OC

T4 : Nitrogen temperature after heat. exchanger
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A1) °G

TS : Nitrogen temperature after preliminary heat
exchanger A3, °c

T9 : Air temperature before turbo-expander, °¢

T10 : Air temperature after turbo-expander, °¢C

TA1 : Turbo-expander

T_ : Supply temperature of a stream, °c

Tt. : Target. temperature of a stream, OC

! Overall coefficient of heat transfer, W/mz. OC

UA : The "UA" product of U times A, W/ °C

v

Flow velocity, mrs

AT : Temperature difference, °C

AT, : Temperature difference for stream i, °C

1

ATmin : Minimum temperature difference, “c
AR Difference of enthalpy flow rate, kW

4 : Kinetic viscosity, Pas

2 : Density, kg/ma
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Chapter One

INTRODUCTION

1.1 Problem Statement

In 1988-89, Jordan Iron and Steel Industries Company
(JISICO> has installed and commissioned a new imported oxygen

Plant at its factories in Zerka. The installation and

commissioning were done under the supervision of the

manufact.urer.

During his work as plant engineer at JISICO, the author
tried to investigate the plant circuit and its operating

conditions. During this investigation, the” follo‘win;;

questions were raised

- Do the operating conditions set by the manufacturer

lead to the optimum performance of the plant 7

- Is it. possible to increase the production capacity of
the plant without replacing any parts of the plant? If
s0, what will be the individual contribution of each

component. t.o this increase?

- Is there a bottleneck in implementing such an

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



increase T

If ves, how {5 it possible to get  through
VIS Dottlonack 9

- Is it possible te increase the plant capacity by

changing the present configuration of the process streams

and/ or the operating conditions of the plant only ?

These questions are the basis of the present. research.

In this thesis, answers to the questions listed above are

present.ed,

The following section is a brief description of both the

circuit, and components of the oxygen plant under

consideration.

1.2 Oxygen Plant

1.2.1 Application

1)
The plant under consideration is of type K-0.15 and is
designed to produce gaseous oxygen of grade 1 according to

the USSR standard NOCT 5583-78. The plant is manufactured in

versions intended for operation in temperate and tropical

climatic regions; It displays stable operation in the ambient

temperature range of -40 to 40°C.

The oxygen produced by this plant is intended for use

mainly in machine building and metal working - welding and

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



flame Cutting of metals ~as well as in chemical industry and

other ficldas of technology.

The plant can also be used to produce technical gaseous
oxygen of higher purity 99 according to the standard
'OCT 5583-78 or technical liquid oxygen of grade 1 according
to the standard OCT 6631-78 or liquid nitrogen of grade 2

according to the standard MOGT 9293-74.

1.2.2 Circuit arrangement and operating principle

a. General information

Air is precooled in the preliminary heat excﬁanger. Water
vapor, hydrocarbon products and ;:arbon dioxide are removed
from air by the =zeolite air purifier. The refrigeration
losses are compensated by the meﬁium pressure refrigeration
process employing the turboesxpander. Refrigeration is
recuperated In a tubular heat exchanger. The air. is

separated into oxygen and nitrogen by a two- column

rectification system.

b. Modes of operation

The plant has the following four modes of operation :

Mode i : Making grade 1 gaseous oxygen

After passing througzh a dust filter, air is compressed by

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit
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In the lower column, air is separated into oxygen—rich

(33.5%)> liquid and nitrogen reflux  containing 2.0-25%

oxygen,

The still liquid in the amount of 60% of the processed
air is throttled to a pressure of 0.04 MPa by valve BP2 and

passed to the 40th plate of the upper column A9 dif counting

from bottom to top).

The nitrogen reflux in the amount of 40% of the processed
air is passed to subcoocler A6 in which it is cooled by the
gaseous nitrogen leaving the uppe:f column. Then the nitrogen

reflux is throttled by valve BP3 and passed to the top plate

of the upper column.

In the upper column, air is finally separated into

gaseous nitrogen and liquid oxygen.

Liquid oxygen is withdrawn from the still of the upper
column to condenser-evaporat.or ABS. Liquid oxygen in the
amount. of 19% of the processed air is passed from the
condenser-evaporator to subcocoler A2Z21, On passing through
the subcooler, liquid oxygen is used for cooling the Jacket
of the liquid oxygen pump H1 whereupon it is passed to the
suction side of this pump. Liquid oxygen is pumped at any
required pressure within the range of 0 to 20 MPa and

directed to the heat exchanger A4 in which it is evaporated

and passed to the preliminary heat exchanger. Gaseous oxygen
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from +the preliminary heat exchanger is passed to a fillins

manifold.

Gaseous nitrogen in the amount. of 80% of the processed

air is passed from the upper column to subcooler A6 and then

to heat exchanger A4 in which it is heated to temperature T4,

Thereafter it ig directed to preliminary heat exchanger A3

and heated to temperature T5. Part. of the gaseous nitrogen
is passed to the air purifier for regeneration of the Zzeolite
and cooling the absorbers, The remaining gas is released t.o

the atmosphere.

Mode ii : Making high purity gaseous oxygen

When the plant. is operated in mode ii, higher purity
gaseous oxygen is produced by reducing the rate of product.

withdrawl {decreasing the pump delivery.)

Mode iii : Making grade 1 liquid oxygen

When the plant is operated in this mode, liquid oxygen is

withdrawn and transferred to a storage tank. In this case

the liquid oxygen pump is kept inoperative, The air pressure

at. the compressor exit is increased to 6.4 MPa.

Mode iv : Making liquid nitrogen

When the plant is operated in this mode, a part of the

Sub-cooled nitrogen reflux is withdrawn as product. In this

+
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8

case Lhe pressure after Lhe compressor i ralsed up to 64

MPa. The liquid OXygen pump is kept inoperative.

1.2.3 Technical data

The nominal production capacity of the plant is 170 m°/hr
of 99.7% pure gaseous oxygen at 10°Cand 15 MPa. This

capacity is restricted to the following conditions

Delivery of the air compressor employed in the plant

complies with the technical specifications in its

certificate and its negative tolerance does not not

exceed 524,

-

Suction conditions conform with FOCT 2939-63, whereby

the pressure equals 101,325 Pa (760 mm Hg>, and the

temperature equals 293.15 K 20°C.

= Temperature of the cooling water delivered to the

compressor is 28315 K (1000).

= Purging losses of air do not exceed 324 .

The plant will normally operate with the volumetric flow

rate of the air supplied for separation ranging from 750

ma/hr- to 1056 ma/hr .
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1.2.4 Equipment list

{a2 Air separation unit KK 0216.00.000 155

(b> Turboexpander AT-0.64 (9>

(¢ Air purifier KK 0926.000 1>

(> Set of testing instruments and devices KK 0036.10.000
(e Preliminary heat exchanger KK 3283.000 (A3)

) Air compressor 305 BIl 1670 (K1)

(g) Two moisture separators KK 5013.000 C(A15,A16)

The complete list also incorporates valves which are
installed on the pipelines interconnecting units of the
plant, as well as instruments for measuring purity of the

product and a set of spare parts, servide tools and

accessories.

1.2.5 Individual description of equipment

* Separation unit

The separation unit is designed for cooling, liquefying
and separating compressed atmospheric air into oxygen and
nitrogen. A medium -pressure cycle employing a turboexpander
is used for cooling the air, Oxygen and nitrogen are

produced from air by double-column rectification.

The separation unit consists of a housing, apparatus for

392001

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



10

separating  air into oxygen and nivrogen  <high-  and

It
low-pr‘essure recllf‘ymg columns, conc]enser-evaporator), heat

exchanger, liquid oxygen subcooler and subcooler of still
liquid and nitrogen reflux, turboexpander, liquid-oxygen

pump, valve equipment. and instruments.

All the apparatus of the separation unit are accommodated
in the housing. ‘This housing is filled with a heat
insulating material (expanded perlite powder), which reduces

refrigeration losses to environment,

* Heat exchanger, A4

The heat, exchanger is designed for cooling the air coming

into the separation unit by the outgoing nitrogen and by

compressed oxygen.

It is a three-stream wound tube-in-tube type apparatus,
Air is the hot stream while oxygen and nitrogen are the cold
streams. The number of wound tube layers is 8, and the

- -

number of tubes is 19. The outer tubes are of 10x1 mm

diameter while the inner tubes are of 5x1 mm diameter.

* The outsidesdiameter ofmmthe Ttube cequalsiolOmmf while
its thickness equals 1imm. This convention of tube

diameter is adopted all through this thesis,

- Center of Thesis Deposit
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11

The apparatus weighs 274 ks. The workinfj Pressure in 9xi

mm diameter tubes is 20 MPa. These tubes are sub jected to a

test pressure of 25 MPa.

The working pPressure in 10x1 mm diameter tubhes is 7.0

MPa. These tubes are Subjected to a test Pressure of 9.0

MPa. The working pressure in the Space between tubes is 0.07

MPa.

The operating temperature is from +10°C to -1?600. The

external heat exchange surface of 10x1 mm diameter air tubes

is 9.16 m- The external exchange heat surface -.of Sx1 mm

diameter oxygen tubes is 458 m?

The operating temperature is from +10°¢ to —17600. The

external heat exchange surface of 10x mm diameter air tubes

is 9.16 m> The external exchange heat surface of 5x1 mm

diameter oxygen tubes is 458 m®,

..

When the exchanger is in operation, the high pressure

oxygen is passed through the 5x1 mm diameter tubes; the air

Lo be cooled i= passed through the annular Space inside the

10x1 mm diameter tubes while the cooling nitrogen flows

through the space between the tubes.

The hydraulic resistance in the inter~tubular Space as

determined by testing at 20°C is as follows :
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“ it Lhe upper zone 1t Is of 930 80 mm H20,
- in the lover zong i i5 of 30 10 mm Hz0,

The air flow rate during testing is 400 ma/hr.

* Preliminary heat-exchanger, A3

The preliminary heat~exchanger is intended for cooling
the air before it enters the purifier. It is a coiled-tube
three -stream apparatus with parallel wound coils of air and
oxygen tubes. The coils are wound in eight layers. The air
tubes are 8x1 mm in diameter and 16 in number, The oxygen

tubes are 8x15 mm in diameter and 3 in number.

The working pressure in the air tubes amounts- to 7.0 MPa,
The tubes are subjected to a test pressure of 9 MPa. The
working pressure in the oxygen tubes amounts to 20 MPa. The

tubes are subjected to a test pressure of 25 MPa.

The working pressure in the space between the tubes and

casing amounts to 0.07 MPa.

Technical characteristics of the preliminary heat

exchanger intended for use in temperate conditions are as

follows :

= The mass of the apparatus is 311 ke.

= The height of the tuybe winding is 293 mm.
= The height of the apparatus is 1605 mm,
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=~ The outside heat exchange surface of :

- Air tubes is 74 2

= Oxygen tubes is 1.4 m’

When the apparatus is in operation, air to be cooled is

passed through 8x1 mm diameter tubes and high pressure oxygen
is passed through the 815 mm diameter tubes while gaseous

nitrogen flows through the Space between the tubes.

The hydraulic resistance in the inter-tubular s;.:pace as

determined at 20°C i= 390 0 mm Hz0 at air flow rate of

700 m’hr.

* Sub-cooler, A21

This =ub-cooler is= designed "~ for subcooling oxygen by

means of still liquid.

The sub-cooler is a coiled tube two-stream apparatus with

4 tubes coiled in 2 layers. The apparatus weighs 120 kg.
The working pres;.sure in the tubes is 0.07 MPa. The tubes are

sub jected to a test. pressure of 0.2 MPa. The working

pressure in the space between the tubes is 0.2 MPa. The test
pressure applied in the space is 0.3 MPa.

The design temperature is within -1860C to -1880C. The
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out=side heat. exchange surface of the 8x0.8 mm diameteor tubes

amounts to 0.412 m.

When the sub-cooler in operation, liquid oxygen is passed

through the tubes while the still liquid flows through the

space between the tubes.

*x Sub-cooler, A6

This sub-cooler is designed for sub=-cooling the =still
liquid and nitrogen reflux by the outgoing nitrogen. It is

a coiled tube three-stream heat exchanger with two bundles of

8x0.8 mm diameter tubes which are parallel-coiled in four

o~

layers.

There are 8 tubes in each section of the apparatus dn
still liquid section and nitrogen reflux section). The
outside heat. exchange surface area of the still liquid tubes
is 0.85 mz_.while the outside heat exchange surface area of

Lthe nitrogen reflux tubes is 2.12 m°.

The apparatus weighs 55 kg. The working pressure in the
tubes with still liquid is 0.6 MPa, while the test pressure
is 0.9 MPa. The working pressure in the tubes with nitrogen
reflux is 0.6 MPa and the test pressure applied to these

tubes is 0.9 MPa. The working pressure in the space between

the tubes is 0.07 MPa while the test pressure is 0.2 MPa.
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% Lower column, A7

The lower column

[

into oxygen-rich liquid, nitrogen reflux, and gaseous

nitrogen.

The column is a cylindrical vessel accommeodating 20

circular perforated plates. These plates are secured in

special creases on the column casing by means of rolling them

in.

-~ Working pressure = 6 MpPa.
Testing pressure = ¢ Mpa.

Operational temperature = 93 K.

= Column capacity = 200 liter.
= Mass of column = 75 keg.

= Plate diameter = 0.4 m.

The column complies with the standards for construction

and safe operation of high pressure vessels.

* Upper column, A9

The upper column is designed for the final separation of

air into gaseous nitrogen and liquid oxygen.

The column is a cylindrical vessel accommodating 56

is designed for the separation of air
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circular rectifying sieve plates which are fixed in SFeCiaI

creases on the column caging by means of rolline them in.
Installed in the column still a plate~fin condenser (called

“packet™ hereinafter).

= Working pressure in column 0.07 MPa

- Testing pressure 0.14 MPa

- Operational temperature 80 K

= Column Capacity 900 liter
= Mass of column with packet. 300 kg

= Plate diameter 0.5 m.

* Packet (plate-fin condenser), AS

The packet is built into the wupper column still and is

designed for condensing nitrogen incoming from the lower

column owing to the oxygen boiling.

The packet consists of a number of 1 mm thick identical

flat Spacer plates silumin-coated on both sides, which are

inter-laid with corrugated aluminum~foil packing of 02 mm

thick {working portiond and 0.7 mm thick (distribution

portion).

On the opposite ends of the Spacer plates are lateral

packing bars made of aluminum section. At top and battom the

packet is fitted with 4-mm thick cover plates coated inside
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with =ilumin.

aluninum alloy,

The channels of nitrogen are communicated by means of

headers.

The spacer and cover pPlates are made of

17

an

as well as the aluminum Packins [oil,

@

The oxygen Space channels are at the end faces of

the packet so that OXygen passes through the Packet from top

to bottom.

VWorking pressure in nitrogen space
Testing pressure in nitrogen space
Working pressure in oxygen sp-ace
Testing pressure in oxygen space
Operational temperature

Number of nitrogen space channels

Number of oxXygen space channels

= Mass of packet.

* Moisture sSeparator, A1 & A2

0.6 MPa

0.9 MPa

.0.07 MPa

2.0 MPa
77 K
16

17

76 kg

The moisture Separator is designed for removing moisture

droplets from aip before the preliminary heat exchanger and

before the air purifier inlets.

The water Separator is a welded cylindrical

which the air flow is directed tangentially,

The capacity of the apparatus is 16 liters and it

vessel into

weighs
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40 kg.

The working pressure in the separator amounts to 7.0 MPa

while test pressure applied to the apparatus is 8.8 MPa.

When the apparatus is in operation, moisture is separated

from the air due to the sharp change in the velocity and

direction of the air flow.

* Liquid~oxygen pump, H1

The pump used is one of the Russian pump series 2ZHCr.

These punips are designed for use in air separation plants or

.

gasifiers  to transfer super-cooled or compressed liquefied

Oxygen, nitrogen or argon.

+

Mean delivery per charging cycle at a piston stroke of

30 mm, m'ss CAohd> . ... 7.0 3

+ -
-0.7>%10

252 ¥ 255

+
Delivery control range, % ............ €100 - 40> - 10
Mean discharge pressure per cycle, MPa
Maximum discharge pressure, MPa

- Maximum power (at maximum delivery), kW ,...4.4

* Turbovexpander, TA1

The expansion turbine type AT-0.6/4 incorporated in the

alr separation plant is designed for expansion cooling of
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compressed air in a low-temperature refrigeration cycle. The

air to be expanded must be free from mechanical admixtures
and carbon dioxide.
=~ Refrigerating Capacity, W e e e, 6400

Inlet air pressure, MPa

Work i ng : ) 3.96 ¥ 0.40

Maximum T S B -

. . . +so

- Air-handling capacity, kgs/hr ......... . 600_30
= OQutlet air pPressure, MPa, .. 0.50
+

= Inlet air temperature, K ¢° e . 173 = 5

{-100 - 5>

T Outlet air temperature, K <¢°GC> ...... {20 -153>

+
- Rotor speed, thousands of pPm ... ... 150_?:
- Cooling water consumption, kg/hr ..... -3
= Cooling water pressure, MPa, v e e 0,196

* Air purifier, A15 & A1l6

The air purifier is intended for removal of moisture,

carbon dioxide and any other hydrocarbon from air to be

distilled. It is designed to operate at the medium pressures

3.5 - 7 MPad.

The purifier may be incorporated in an air separation

plant or in air complex purification installation.
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An electric heater is provided with the purifier. This
heater is | - -
weater 1s intended for warming regenerating gas. VWhen the

air purifier is incorporated in an air separation plant, The
heater is also used for warming the air or nitrogen used for

warming up the separation unit.

Technical Data ..

1. Air purifier capacity, m/s ....... e 0.227 - 0.267

2. VWorking pressure, MPa

veene 3.5 = 7.0
3. Air temperéture at
purifier inlet, K <°GQ> .................. 278 - 283
B - 10>
4. Content of &'.‘.0z
a2 in purified gas, ppm  ............. v. 3 max.
b> at the end of adsorption
cycle, in 8 hours on comp-
letion of paralle! operation, ppm ... 20 max.
5. Dehydration level, dew
point, K <°C> ... ... .. ... . 203 max.

C-70> max.
6. Length of adsorber working
cycle in air purification, with
parallel operation taken into
consideration, hr

7. Length of desorption cycle, .............. 2 hrs and

10 =20 min.

8. Length of adsorber cooling cycle ......... 4 hrs and -

45 min. to 5 hrg
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©. Duration of adsorbent OPEFGV“"S

cycle prior to replacement, .+, . ... 2 years approx.

10. Temperature of regenerating gas

after it is raised by electric

heater, K ¢“cO> ............ R 673 €400
11. Temperature of Tegenerating gas

at the adsorber outlet by the end

of regeneration cycle, K ¢°C> ........... 493 (220>
12. Regeneratiown flow rate, ma/s

a) At a temperature of 0 to 5°C

at the electric heater inlet ......... 0.0472
b> At a temperature of 35 to 45°¢C
at the electric heater inlet .... 0.061 to 0.695

13. Electric heater consumed power, kW ....... 30
14. Weight of zeolite used

as adsorbent, particle size 4 mm, kg ..... 460
15. Main dimensions of aijir purifier, m

ad Height ........ [ 3.35

bd Width ... 1.845

¢ Depth ... ... ... .......... e et araee. 2.05
16. Total weight of air purifier, kg ........ 2565

including weight of zeolite ............ 460 ¥ 50
* Air compressor, K1

It is a stationary, reciprocating, direct. action,

four-stage, with perpendicular cylinders and with inter- and

terminal cooclers compressor.
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Technical Data

1.

2.

=3

10.

11.

Discharge pressure, MPa e, 7
Free; air delivery, m’ s min .......... . .. 16 - 5%
Power consumed, kW .. ...................... 190
Speed, rpm e e e 500
Cooling water requirements

without. terminal cooler with

entrance 15°C, liter min ..ouoounrnnnnnn.. .. 110
Recommended cooling water

requirement for terminal
cooler with entrance temp-
arature 1500, liters/min . ... ... ... .. . ... .. 40
Number of cylinders ....................... 4
Cylinder bores, mm

Ist stage . ..... ... ... ... .. iiiieneee. .. B00
2nd stage . ... .. .. e e 270
3rd stage . ..., .. . .. L e i e .. .. 145
4th =stage . ...... ... . .. ... ... .. 100
Piston stroke, mm ....................... .. 220
Stage outlet pressures, MPa

Ist stage . .... ... .. . . ... i 022 = 0.28
2nd stage e . 08 - 1.2
3rd stage ............ ... it 22 = 2.85
4th stage . .... .. .. .. . .. . . i i i T
Lubrication

a?> Crank mechanism ..... circulation system with

gear pump

b>» Cylinders ,.......... central force - feed
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13.

14,

15,

16.

17.

i1g.

0Oil capacity of compressor
frame, liter

Force - feed deliverv rate,
Overall dimensions, mm

a2 length

b> width

c> height .................
Mass, kg ... ......

Automatiics

Drive

Synchronous motor

a> Rated power kW ........
b> Speed, rpm .............
c) Voltage, V

d) Mass, kg

23

fbom a lubrication unit

incorporate d with the

compressor

136

e s e .. 4,400
protection and signaling
for main compressor para-
meters.
synchronous motor,

direct. coupled.

.................... 200

.................... 500

e 1,660
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Chapter Two

LITERATURE SURVEY

Oxygen is the most abundant element. on the earth’s

surfaca, It occurs both ag the freoe olement and combined in

innumerable compounds: It comprises 23% of the atmosphere by

weight, 46% of the lithosphere, and more than 85% of +the

hydrosphere ¢~ 85% of the Oceans and 88.81% of pure water),

2.1 Oxygen Discovery

In the 15th century, Leonardo da Vinei noted that air has

; : )
several constituents, one of which supports combustion.

The discovery of oxygen, however, is generally credited

to C. W. Scheele and J. Priestley independently in 1773-4,

though several earlier investigators had made pertinent

observations without actually isolating and ch:ar-act.erizing
the gas(a_s).

Indeed, it is difficult to ascribe a precise

meaning to the word discovery when applied to a substance so

ubiquitous present as oxygen; particularly when <ad

experiments on combustion and respiration were interpreted in

terms of the phlogiston theory, <b> there was no clear

consensus on what constituted "an element”, and (o) the birth

of Dalton’s atomic theory was still far in the fut.ure,
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Moreover, the technical difficulties beDI‘B th

ﬂlld'éigl;{,@en{,h cenLury of isolating

and manipulating gases
compounded the problem still further, and it seems gertain
that several investigators had previously prepared oxygen

without  actually collecting it or recognizing it as a

constituent of “common air",

Scheele, a pharmacist in Uppsala, Sweden, prepared oxygen
at. various times between 1771-3 by heating KNOa, MgNOad2,
Ag2C03, HgO and a mixture of H3AsO4 and MnOz. He célled the
gas vitriol air and reported that it was colorless, odorless
and tasteless, and supported ‘c:ombust.ion better than common

air, but the results did not appear until 1777 because of his

publisher’s negligence.

Priestley’s classic experiment - of using a "burning glass"
to calcite HgO confined in a cylinder inverted over liquid
mercury was first performed in Clone, England, on Monday,
August 1, 1774; he related this to A, L. La;oisier and
others at a dinner party in Paris in October 1774 and
published the results in 1775 after he had shown that the gas
was different from nitrous oxide. Priestley’s ingenious
experiments undoubtedly established oxXygen as a separate
substance J(dephlogisticated air> put it was Lavofsier"s deep
insight. which recognizes the new gas as an element and as the

key to our present understanding of the nature of’ combustion.

This led to the overthrow of the phlogiston theory and laid

the foundations of modern chemistryw». Lavoisier named the - o

All Rights Reserved - Library of Univers ty of Jordan - Center 6f Thesis Deposit



26

element “oxygéne" in 1777 in the erroneous belief that it was

an  essential constituent or g acids  (Greek ofvg, oxys,

sharp, Sour; Yervuae, geinomaid, 1 pProduce; ie. acid

forming).

H. Cavendish (1781) reported that water constituents of

oxygen and hydrogen. The decomposition of water into its two

constituents was first Performed in 1800 by W. Nicholson and

4. Carlisle through electrolysis.”

2.2 Old Production Techniques

Before the development. of low-temperature distillation

route oxygen “was "made - by - chéniical methods, —
Kingdom Brin’s pProcess was operated commercially from 1886 to

19067’

that the peroxide so formed would decompose ir the

temperature was raised to about BOOOC,

In commercial practice it was found that the barium oxide

lost ' it= power to react after a few

incoming air wasg first froed from

cycles unless the
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matter and dust. It waz ales found that, Instead of the

expensive and time-consuming practice of raising and lowering

the temperature by 300°C, the process could be operated at

about. 600°¢ using two different pressures :

2.0 atm 0.05 atm
2Ba0 + 02 ——— — , 2Ba0O > 2Ba0 + 02z

—

The gas produced by this process was impure by modern
standards, usually centaining 90-96% oxygen together with
nitrogen and smaller amounts of argon and other gases.
Qccasionally, small-scale laboratory preparations of oxygen
are required and the method chosen depends on the amount and
purity required and t.he availability of services,
Electrolysis of degassed aqueous. electrolytes- - prodides “wet
Oz, the purest gas being obtained ~from 30%- -pot,assium
hydroxide solution using nickel electrodes. Another source

is the catalytic decomposition of 30% aqueous hydrogen

pPeroxide on a platinized nickel foil.

Many oxocacid salts decompose to give oxygen when heated,
A convenient. source is KClO3 which releases oxygen when
heated to 400-500°C according to the simplified equat.ion(_z,

2’

A
2 KClO3 ———, 2 KCl + 302

The decomposition is reduced to 150 °C in the presence of
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MnGz but then the product is contaminated with up to 3% orf

Cl0a. Small amounts of breathable oxygen for use in

emergencies <(e.g. failure of normal supply in aircraft or

submarines) can be generated by decdmposition of NaClOa in

"Oxygen candles". The best method for the controlled

preparation of very pure oxygen is the thermal decomposition

of recrystallized pre-dried, degassed KMnO« in a vacuum line.

{VI)
Mn

and Mnuv’ are both formed and the reaction can be

formally represented as‘m,

L]
2 KMnos __ 215 7 235°C | poui00 4 Mnoz + 02

Where electric power is exceptionally cheap, _oxygen may

be manufactured by the elect.rolysis of water,but. the amount

made by this process constitutes a very small percentage of

total productipn in USA and Canada‘®

By far, the most important method of manufacturing oxygen

is by means of fractional distillation after the liquefaction

of air, Liquid air is essentially a mixture of approximately

one-fifth oxygen and four-fifths nitrogen. Nitrogen, having

a lower boiling point, is allowed to escape, leaving oxygen

in the liquid form, which may then be purified.

-
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2.3 Gas Liquefaction

Air-separation plants are built for a wide variety of
outputs: To produce one or mo:z.‘e of the products in liquid
form; and to make products of various purities. The precise
practical method employed depends to some extent on the

definition of these requirements.

An air-separation plant, however, always has three basic
stages, namely purification, liquefaction and distillation.
The other processes of prime importance is that of heat
transfer, so as to keep losses of coldness to minimum, Among
these four processes, liquefaction of a gas presented a

serious chalienge which was the first article in establishing

the gases industry.

Michael Far‘a-d—ay (1845> was able to liquefy many gases for
the first. time, including ammonia, chlorine, sulphur dioxide
and hydrogen sulfide'”. He generated his gas in one arm of
a sealed tube shaped like an inverted V and immersed the
other arm in an appropriate cooling mixture, so that a

combination of high pressure and low temperature was achieved

in one piece of equipment.

Despite the efforts of other workers who used still high
pressure there remained a number of gases which could not. be

converted to liquid form and these became known as "permanent

gases”. It was only when the concept of .ceritical temperature —--- - -

prmmwn aE Bemanb i .- e
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va3 developed folloving Andrew's work On carbon dioxide in

1860 that the liquefaction of Permanent. gas became possiblef&

The critical temperature is defined as that temperature above

which it is impossible to liquefy a gas however great the

applied pressure, It should be noted that the critical

Pressure is the pressure required to liquefy the gas at its

critical temperature. At lower temperatures a lower pressure

suffices.

Oxygen was first liquefied in 1877 by two workers quite

independently using quite different methods'”’

Cailletet <(France) cooled oxygen to -20°C by bath of

evaporating sulphur dioxide,compressed to a pressure of 200

atm and released the pressure suddenly. A mist of liquid

oxXygen was seen. He observed the same phenomenon wvhen using
carbon monoxide, acetylene and nitrous oxide but not with

hydrogen.

Pictet (Switzerland> used a method now known as +the

"cascade method" which involves proceeding to lower and lower

temperatures in 5 sSeries of stages using different coolants.

Thus he liquefied oxygen compressed to 320 atm by cooling it

in liquid carbon dioxide at 140%c. The latter had in its

turn been obtained by cooling in sulphur dioxide

Wroblewski and Olszewski in the period 1880-90 were the

first to obtain relatively large quantities of liquid oxygen.
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They employed a cascade method sometimes combhined ¥ith £ds

oupanclen.

Another feature of work with liquefied gases is the

difficulty of keeping any product obtained. The influx of

heat. from the surroundings posed serious problems for the

workers in this field. The major advance was made by Dewar

{1892> when he invented a vacuum flask to store liquefied

gases originally designed by d’Arsonval in 1887.'7

Production of oxygen on an industrial scale was pioneered

by Linde company 19003 who built an air liquefier wusing

)

ammonia for precooling‘p. Further development have been

carried out by the same company in 1902 and 1907 when they

erected the single and _double-stage__air . separation -column,

respectively.

Other companies, Claude, Heylandt and Messer'®*1® became

involved in the air liquefaction and separation of air

constituents since 1902,

The first commercial plants for oxygen production by the

low temperature distillation method were started up almost

simultaneously in England, Germany and France 1912> based on

technical developments by Hampson, Von Linde and Claude

respectively, (2

Further improvements to the air liquefaction plants were

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



a2
éddéd by Lt'nde Co. (19265 who in 1932 introduced expansion

turbines for the first time in air separation plant.suo’

Kapitsa C1937-39> built, a high efficiency expansion
turbine permitting air separation on the basis of a low
pressure cycle alone. Kapitsa’s low-pressure cycle is the

basis of all existing tonnage air separation rlants.

Continued increase in eff icilency and capacity resulted in
plants capacities of 70,000 cubic meter per hour in the
seventies™, In 1985, the world production of liquid oxygen

to half million tons with a purity of around 99.5%"%

2.4 Heat Exchanger Network Optimization

In the oxygen plant under question, the liquefaction duty
is actually performed through network of heat exchangers.
Any possible optimizing of this network will support an
optimum final design of the plant. Due to the rising costs
of energy, the design of an optimal heat exchanger network
between hot. and cocld pProcess streams becomes an important.
problem. A heat exchanger network is defined as several heat
exchangers arranged in series ands/or parallel to affect the
heat exchange between several hot and cold streams. The
target was always to minimize the total area required for

heat exchange using a thermodynamic approach. Other economic

factors were not. taken into consideration.
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Early optimization work on heat, UKGhanger networks wag

roviowed by Hendry ot al.ﬂm and Raghavan Ha) Some of the

early authors used heuristic approaches for stream matching
which do not guarantee cptimality, A practical method of
evaluating the heat exchange among multiple streams ~ in

parallel and in series was developed by . Chato et al*?

This can be used most effectively in the final design stage
of a heat exchanger network. Lee et at*™ used a
mathematical approach based on a branch and bound method to
synthesize networks and find the optimﬁm. This procedure

requires too much time for large-scale problems.

Nishida et al.''® used an algorithm which they claimed
give the least total heat transfer area and, t;y using a few
beuristic rules, reduced it to a final form. Raghguvan argued
that. this method did not guarantee optimality—and- proposed a-
Heat Availability Function <HAF) with which the maximum
recoverable energy could be computed. An .algorithm to
determine an optimal network vas also presented. In 1978,
Linnhoff and Flower “7 presented a method similar to that,
presented by Raghavan in that they proposed a method which
first generated preliminary networks which gave maximum heat.
Trecovery and then a final network was evolved using the
preliminary networks as starting points. Malhotra et atl.‘''®
used the Discrete Maximum Principle to minimize the total
cost of heat exchanger chains in which one cold stream was

heated by several hot auxiliary streams. In an extension to

this work, Siddique et al.“”_considered the optimization of
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° heat exchanger train <as a nobwork somotimos called) in

which one cold stream to be heated by several hot streams

using the same procedure as in their earliep work. Recently,

2m

Siddique et al extended their earlier work to include

two cold streams. This method can only be applied to

small-scale problems and is thus restrictive.

Parkinson et al. ¥ considered the optimal design of

resilient heat exchanger networks. A resilient npetwork is
defined as one which can tolérate fluctuations in stream

temperatures and flow rates. They presented an algorithm
which synthesized networks regilient. for all stream
fluctuations and minimized network investment costs for the
conditions of maximum energy recoverable, In an extension of
their earlier work, Parkinson et al.'*®  also solved the

problem of resilient heat exchanger networks optimization

using Monte Carle simulation.

Hesselmann @2 presented an approach which incorporated

the economic aspect of heat exchanger design. A functional
relation between minimum investment costs and energy losses
was determined and, by Plotting the investment. costs against

energy losses, an optimal network could be determined.

The above approaches to the problem of heat exchanger
net.work optimization rely on large computer algorithms and

are time consuming. A hand application technique has been

used by Linnhoff and Turner <4 and Hindmarsh et al.zs to
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optimize yarious procoss systems, Including heat exchanger

(or heat-recovery> systems, In 1?60, Gnuto Ot al'(zm
presented a simpler method based on the second law of
thermodynamie=s, using the load curves for a particular
problem. The method can be easily performed on a graph.

In this literature survey, the ideas and sometimes the

expressions of the cited papers were used.
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Chapter Three
METHOD OF ANALYSIS

It has been understood that oxygen production is
compromised of four processes: compression, heat. removal,
liquefaction, and rectification of air. For these processes
to be evaluated and analyzed, a large set of ther-modynarhic:
calculations are needed. The multiple parameters of plant.
circuit (like flow rate, pressure, temperature, product,

purity, product state, etc.> make it-hmore complicated.

To perform necessary calculations for the plant.
parameters when operating under steady state, it has been
thought of a computer program which is able to simulate the
actual design of the plant as close as possible. Through the
plant  simulation program, a large set of runs could be
performed in order to evaluate the circuit parameters under a

set conditions of operation.

To get the required program, two options exist., The
first one is to construct an independent.,, specific and
comprehensive program which should meet all details given by
the plant design. Although it is direct and attractive,
this option calls for a tedious and complicated work because

of the wide variety of processes and equipment.. Even, the

resulting program will still satisfy only the plant under
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question , which in turn seems a simP.le

§ain when compared
with vhe efTorts bohind

The second option suggests to search for a program among

several of them available in the market..; Fortunately, the

Faculty of Engineering and Technology at. the University of

Jordan possesses and provide a quality computer sof t.ware,

Finally, after the investigation of different technical

softwares available at. the faculty, a computer simulating

program referred to as COMPUTER CODE has been chosen to

perform the simulation of the oxygen plant. In the coming

section, CODE is briefly described.

3.1 CODE Program

CODE is a steady state process simulator that calculates

heat and material balances around process equipment. It is
able to

1. prepare process de=sign,

2. analyze design alternatives,

3. predict the effect of changes on plant operating

conditions,
4. optimize energy consumption and

5. eliminate bottlenecks and increase throughput.

?
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CODE contains a database with physical properties of 427

pure substances. The user can also create his own database

containing other components by supplying the required

physical properties.

Flowsheet.s containing up to 100 streams and 50 pieces of
equipment. can be simulated. With the aid of 16 built-in
equipment. modules, it is possible to model virtually all

Process plants. A brief description of each equipment. module

will follow.
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3114 CODE =kills

These skills are listed in the CODE menu shown below.

CODE B ME NU
A . » Input/Edit Data File
B, e - ITnput Data Checking
C. o, + CODE Flowsheet Simulation
D‘ ........................... > Run Time Message
E. . + Report Generation
F. o, -> Pure Components Databank
[ ¢ —— -+ HP Plotter Driver
o [ + Apple Laser Writer Driver
| - List Data Files
N + Type Files
K. oo, + Tray Sizing Input
O + Exit = Return to DOS )

This menu is the interface with different phases of the

package.

A. Input/Edit Data File
This is the user interface with the system. With Option A
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one can create new problems, review results of problems

already run, or build case studies or make modificatione of

previcusly run problems.

B. Input. Data Checking

Once a problem has been created or modified, this phase of

system is used to check or detect input errors in the problem

data.

C. CODE Flowsheet. Simulation
This is the computational phase of the program. Phase C

reads the problem data file, performs the calculations, and

records the results in the problem data file.

D. Run Time Message__

This program allows to review any sScreen messages orr error
messages which may have occurred during a problem run. Phase

D should be run each time when the problem calculations are

performed.

E. Report Generation

This phase reads the problem output file and generates a

report containing the problem results.

F. Components Databank

This program accesses the physical properties in the pure

component. databank. It allows inspection of the databank and

the addition of new components and pseudo components.
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G. HP Plotter Driver

Thls pPOEI‘am pPOVidES an interface to the Hewlet.t.-Packard

7400 series plotters. This phase is used to generate

a graphical hard copy of the flow sheet outputs,

H. Apple Laser Writer Driver

This program provides an interface to the Apple Laser Writer.

It is used to generate graphical hard copy flow sheet outputs.

I. List of Data Files

This program will list all data files <(files with DAT

extension) on the default directory.

J. Type Files

This program will print a file to the screen. —This ~option

can be used to type out wvarious files, such as Data, Result.v,

or Report files.

K. Column-Tray Sizing

This program allows to enter data for tray sizing. It must

be executed before the Report program.

L. Exit - Return to DOS

This program allows users to leave CODE and return to DOS.
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3.1.2 Run procedure

'
1. Through phase A a data file is created. By the graphics
option within this phase a set of equipment modules are
selected, laid down and then connected to each other
according to the problem being dealt with, Both equipment
and streams are automatically numbered. Necessary
information are provided by wusing the spreadsheets option.
Local menus are s0 helpful t.o indicate the required
information either for equipment or streams. Of course, the
user should begin with specifying the components handled by

his process(es) and thermal options of solution.

2. Phase B is used to Survey errors accompanying step # 1.

If errors are assigned, phase A is recalled to correct them
or their causes, When phase B shows a well refined data

file, it becomes possible to move further to the next step.

3. Phase C is selected and the required data file is
assigned. Calculations will be performed upon a number of

loops depending on how far entered data can help accuracy.

4. Phase D is then loaded to display errors detected during

performing the calculations.

5. Using phase E =2 report file is generated. There is a

variety of report files : comprehensive, stream details

only, equipment. details only, both stream and equipment.
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details or what is referred Y0 a3 LN USOD repont.,

3.1.3 Equipment modules

The

following list introduces the equipment modules

available in CQDE.

ABSR

ADBF

COLLM

CTRL

DISC

Absorber-stripper module using absorption and

stripping factor method of Edmister.

Two-phase equilibrium flash module with = third
product stream containing a free water phase in

hydrocarbon systems,

Comprehensive, rigorous multistage equilibrium

routine using a modified simultaneous corrections
algorithm. CQLM.can handle up to 300 stages and
is relatively fast for problems with few
components, It may be wused for simulating

absorbers, and fractionators.

Flow sheet controller with fead forward and

feedback control.

Short-cut distillation rating or design module.

In the design_ mode, threeo -optiong —are-- available-—- -
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DVDR

ENTM

EVLP

FHTR

HXER

MIXR

MMIX

44

for feed W(‘\)’ location. In the l‘aUng mode, the

fl‘at‘.uonal recovery of the light key component is

comput.ed.
Component. splitter module.

Stream and component divider module. It divides
one input stream into two to six streams with

flow or proportional control and arbitrary

component separation.

Isentropic compressor or expander for wvapor or

gas.

Phase envelope module which generates dew point,
bubble point, and condensing curves.
Fired heater module controlling either output

temperature or heat addition.

Multi-pass heat exchanger module with ten modes.
Change of phase is allowed and single- or

two-stream cases can be used.

Rigorous mixing point. module with flash

equilibrium at the output.

Simple stream adder module. It should always be

followed in the layout _ by an ADBF 1if thermal
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conditions are important.

PUMP : Liquid pump or multistage polytropic wvapor

compressor module,

REAC : Simple stoichiometric reactor module with heat of

reaction.

TOWR : Fast., comprehensive |, multistage equilibrium
routine using a state-of-the-art "inside-out"”
algorithm. This module should be used instead of
COLM to save run-time. TOWR is limited to 100
stages. It may be used for simulating absorbers,
strippers, reboiled absorbers, and fractionators.

VALY Downstream pressure controller module.

The modules have been used in simulating the plant. are

DVDR, ENTM, HXER, MIXR, PUMP, TOWR and VALV.

3.2 Plant Simulation

This section describes the simulation steps with

reference to Figure 3.1.

Prior to the implementation of plant simulation the

following assumptions have been established :
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ad> The plant operates under sbeady-stat;e

conditions,

b> Air is assumed to be a binary mixture of only
nitrogen and oxygen with molar ratios of 81% and
19% , respectively. This means that other
constituents of air (water vapor, carbon dioxide
other hydrocarbons, argon, helium, etc)
were neglected based on their very small total
contribution to an air sample when compared with

that of the two major constituents (Nz and 02.)

c> Also, air is assumed to follow ., the laws of

perfect gas when hecessary for the simulating

program.

d> Refrigeration losses to ambient were neglected

along the heat transfer blocks of the simulated

layout..

> The whole quantity of air fed to the compressor
is processed by all the rest of equipment; i.e.
no purging losses are allowed.

Figure 3.2 shows the scheme of equipment connection.
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|
~ Alr compressor

In the plant description, its operation has been reported

to be normal with a volumetric flow rate of air supplied for
separation ranging from 750 m>~hr to 1056 m°/hr. A flow rate
of 40 mol/hr ¢ 961.62 m’/hr at 20°C and 1.0 atmd has been
selected. Under ‘t.emperat.ure of 15.6°C and pressure of 1.0
atm, this is equivalent to 947.608 m°~hr. Both values are

in good agreement. with the range specified before.

The four-staged , inter-cooled compressor is simulated

using the two equipment modules ENTM and HXER.

The temperature increase of the compressed air due to
deviation from isothermal compression has been limited to the

final (fourth) stage of compression.

According to Figure 3.1, ENTM # 1 through ENTM # 4 stand
for the respective four compression stages. Heat exchanger
modules HXER # 5 through HXER # 7 simulate the respective

three inter-coclers of the compressor, vwhile HXER # 8

represents the terminal cooler.

In fact, the compression process could be simulated as a

one-staged process without altering the final state of air at

compressor delivery.

— Preliminary heat exchanger

Through this excﬁanger, air is precooled to its
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purification temperature 10 - 12°. Moisture separators

have nov been included in the analysis bocauso moisturg

(water vapor) was not assumed as a constituent of air.

According to the operating principle of this exchanger,
dir-/ect. heat. exchange only occurs between the hot stream
(air) and one cold stream (nitrogen). The other cold
stream C(oxygen) is not allowed to exchange heat directly with
air; its effect is to sustain the temperature of nitrogen as

long as the heat. transfer mechani=m is wvalid.

Three units of equipment module HXER are connected to

simulate the function of the preliminary heat exchanger.

= Air purifier

Following the assumption that air is a binary mixture of
only nitreogen and oxygen, air purifier is automatically
dropped off. The only effect produced by this equipment is
the temperature rise of air across the purification process

by 2°c. This effect is considered in the analysis.

Equipment module HXER # 13 is used to provide the

required temperature rise.

- Heat exchanger/upper half

For this exchanger, the part before the branching of air

stream will be termed as upper half while that part after the

branching will be termed as lower half,
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ThI‘UUEh th UDDQP half_ of L}IO I\ea{. excl‘lang'er alr is to be

qoolec! Lo the inlet temperature of the turboexpander.

Two units of equipment module HXER HXER # 11 HXER # 12>
are arranged to represent a three-stream heat exchanging
unit. A divider module (DVYDR # 14> precedes the formed unit
to split the air stream into two streams. Splitting ratio
complies with thermodynamic equilibrium which requires that
air (as a single stream)> has a unique temperature at any

specified location of the heat exchanger,

- Heat exchanger/lower half

Through this section, part of the processed air <(40%) isg

allowed to exchange heat with the two cold streams (Nzand

Oz). A divider module (DVYDR # 17> precedes the exchanger

section to partition the air stream. The rest of the air
€6022> is directed to the turboexpander <C(ENTM # 18). A

divider module <DYDR # 19> is again used to split the main
hot stream in order to have the arrangement of three=-stream

-

heat=exchanging section.

Beyond this section of the heat exchanger, the outgoing

hot stream is throttled by equipment module VALV # 2a.

The outlet pressures of both turboexpander and throttling

valve comply with the requirements of the separation unit
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- Lower column

An oquipment module, TOWR # 24, is used to simulate the

lower column of the separation unit. The selected mode of

operation guarantees the distillation fraction assigned by

the manufacturer.

= Sub=-cooler A21

This sub-cooler is also a three-stream equipment.. It=s

function is to sub-cool each of the two streams (liquid

nitrogen, liquid oxygen-riched air) leaving the lower “column.

HXER # 25 and HXER # 26 are the simulating modules.

Across both outlet streams, two valve modules (VALY # 28
and VALV # 29> throttle the running streams to the pressure

range required by the upper column follows.

= Sub-~cooler A6 -
For sub-cooling the main product (liquid oxygen) emerging
from the upper column by the incoming liquid oxygen-riched

air, HXER # 27 exists to simulate the required sub-cooler.

- Upper column
A tower module (TOWR # 30> is used to represent the upper
rectifying column. The selected operating mode guarantees

the flow rate of the final product as assigned by the

manufacturer.
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A pump module PUMP # 21 1is used across the sub-cooled
liquid PRYpeN Stream for the lavter to be compressed to the

required handling pressure.

The two streams ocutgeing from the upper column (gaseous

nitrogen and liquid oxygen> are the same cold streams

encountered by the heat exchangers later.

HXER # 33 & HXER # 34 are being used as temperature
controllers to isolate the liquefaction block ) {preliminary
heat~exchanger, heat exchanger and turbo-expander)> from
temperature variations that may occur at the exit of the

rectification block whenever some parameters of the latter

are altered.

A divider module, DVDR # 32, is located across the
nitrogen stream at. the ent,;:ance to the preliminary
heat-exchanger. This divider corresponds to an actual one in
the plant layout design. Its function is to make part of the
nitrogen stream bypass the preliminary heat-exchanger for the
outlet temperature of t',he precooled air not to violate its

assigned range - 7°m.
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INVESTIOATION OF THE EXISTING PLANT

4.1 Introduction

4.1.1 Optimum process design

Air-separation process may be considered as a series of
unit  operations. The various components are closely
integrated by the process designer and optimized to suit the

particular requirements and to suit available energy

source(s).

The important factors which influence the selection of

the process within the oxygen plant are

= energy consumption,

= product quantity,

- investment cost,

=~ product purity,
product state (temperature, pressure, phase)
= continuity of product supply,
= plant flexibility, =~ '~ o

- maintenance cost and

= permissible plant. dimension.

These factors remain in continuous conflict when

searching for an optimum design. The primary fact.or
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determining- the cost of the pProduct is the energy cos=t,

As to our plant, energy is lost due to the following

causes

a) low efficiencies of energized equipment,
(compressor, pump, electric heater)

b> heat in-leak to cold blocks due to the imper -
fect. insulation.

c) incomplete heat transfer resulting from

imperfect heat exchanger network.

To improve the efficiencies of the compressor, the pump
and the electric heater, it is necessary to increase the
capital cost of the plant. Also, to improve ~the—effictency
of the  insulation, more expenditure is necessary. However,
increasing the efficiency of the heat exchanger network does

not. necessarily require higher cost.

The plant circuit shows that. heat is being exchanged

across three locations within the plant. These locations

are
1. compressor inter-coolers,
2. sub~coolers contained in the air-separation unit and
3. cooling and liquefaction block (¢ preliminary heat

exchanger, heat exchanger and turbo-expander),

A compressor inter-coocler is a water-cooled air cylinder, """ ~°7 "
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ILg foecf.iveness depends on inlet temperature of the cooling

wator which in Lurn is debermined by the flow rate of waten.

For the sub-coolers contained in the air-separation unit,
the configuration of streams is controlled by the operation
principle of the rectifying columns and so their efficient

operation is an integrated part of an effective rectifica-

- -

tion block.

Since the circuit arrangement. does not, employ an
independent refrigerating system for the liquefaction of air,
the cooling and liquefaction block becomes of most importance
to focus on., Within this block, expansion of air by the
turbo-expander provides the necessary cooling effect., After
the separation of air into liquid oxygen and gaseous
nitrogen, a heat exchanger network is used to utilize the

coolness within the separation products toe cool the incoming

air.

The following section is an energy integration analysis
to investigate the present layout. of the plant. and to

suggest. improvements that may be necessary.

4.2 Energy Integration Analysis

4.2.1 Method of approach

The starting point. for an energy integration analysis s

H
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the caleulation of the minimum heatine  and/op cooling

requiremsnts  for a  fheat exchanger  network, These

calculations can be performed given the input and

streams without having to Specify any heat exchanger net

Similarly, we Can calculate the

without, having to Specify a network, Then the minimum energy

requirements and the minimum number of heat exchangers

pProvide targets for the subsequent. design of heat exchanger

nef.work,

Two wsll-

Jordan - Center of Thesis Deposit

known approaches are available tgo estimate the

minimum requirements of energy; they are

1. Composit_e_ Curves and

2. Probiem Table.

In the first approach a single composite of all hot and a

single composite of all cold streams are Produced in the

temperature-enthalpy CT-H> diagram, and handled Just in the

Same way as a two-stream Problem, This method will not be

used because it'would"require'graph'paper- and cut. and paste

approach (for sliding tLhe graphs relative to one another)

which would be messy and imprecise,

The second ‘@pproach which has been published by Linnhoff

and Flowerp (19?8)(_” ’, is used for considering ~ tha enargy




8

barget-.s alsebraicany. This approach will be adopted because

of its simplicity and applicability to computer handling.

4,2.2. Stream definition

Figure 41 shows the connection scheme within the
stream-equipment. layout of the cooling and liquefaction block
in the plant. Also, design-temperature ranges at the

equipment. boundaries are shown.

Figure 4.2 illustrates the formation of streams according

-~

to which the coming analysis is based.

Considering the fluid type, three streams are formulated,

they are air, oxygen and nitrogen. The first one is hot.

stream while the other two are cold streams. Physically, the
hot stream, H, 1is splitted into two parts at the middle of
the heat exchanger, A4. The first part, H2, moves t.hrough

the turboexpander while the other part, H3, is throttled by

valve BP1.

The oxygen stream conserves itself as one cold stream,
C1. The nitrogen stream, C2, is divided intoc two parts. The

first part travels through the preliminary heat exchanger.

The second part bypasses the exchanger such that the outlet

temperature of incoming air is controlled. The lat.ter part

is excluded from the formed streams. The part which goes

through the exchanger is chosen to be the third cold stream,

]
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Figure 4.2 : Stream formation
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G3.

Using the flowsheet. shown in Figure 3.1, hot and cold

streams are defined as follows :

Hot stream no.1; H1 ¢22.0 to -126.69°C)

Comprises air streams numbered in the flowsheet as o, 10,

II,.r2, 13, I4s, I5, I6 and r7.

Hot stream no.2; H2 (~126.69 to -172.35°C>

Comprises air streams numbered as I and =26.

Hot stream no.3; H3 <(-126.69 to -136.76°C)

Comprises air streams numbered as I8, 2o, 21, 22, 23 and 24.

Cold stream no.i; Gt <-180.0 to 10.0°C>

Comprises oxygen streams numbered as 42, 45, 46 and s5r.

Cold stream no.2; C2 (-175.0 .t,o -15.0°C)

comprises nitrogen streams numbered as 234 347

Cold stream no.3; €3 (-15.0 to 14.31°C

Comprises nitrogen streams numbered as 48, 49, 36 and 38.

The temperature-enthalpy diagram can be used to represent

the thermal characteristics of process streams, as

illustrated in Figure 4.3, When a differential heat flow dQ
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is added to a process stream, it will increase its enthalpy

(H) by CP¥AT, wheres,

CP = heat. capacity flow rate (kW./K>

= mass flow rate, m Ckg/sd>* specific heat,Cp kJ7kg KD

AT = differential temperature change

Recalling the assumption of air as an ideal gas and assuming

that CP = constant then, the following balance becomes

possible,
M*Cp* AT = GP*AT <4.1>
Hence dQ will be the same as AH.

Then CP may be calculated as follows,

CP. = AH, ~/ AT. <4.2>
1 1 1

vhere i denotes the stream number.

T 7 dQ= CP=»AT

4

AT

-

2

Figure 4.3 temperature — enthalpy diagram

~ - -
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Table <4.1> shows the Streams defined before along with

their supply and target, temperatures, enthalpies and heat

Capacity flow rates.

TABLE 4.1 — STREAM DATA

Enthalpy Enthalpy gp
Stream No TS at 'I‘S Tt, at Tt. °
. kw. S
& Type ®°c> CkWd ®w CkW)
H1, hot 22.0 222.82 1-126.69| 161.10 | 0.4154

H2, hot |-126.609 96.66 [~172.35 89.94 0.1472

H3, hot |-126.60 64 .44 [-136.76 59 .63 0.4776

C1, cold{-180.00 16 .72 10.00 38.55 0."1‘149
C2, cold ~175.00| 130.99 =15.00| 173.98 0.2687
C3, cold| -15.00 57 .41 14.31 59 .96 0.0870

4.2.3 Calculation of minimum energy requirements

A very simple way of incorporating the socond law of

thermodynamics into the energy integration a-nalysis was

presented by hohmann(27,, Umeda et 1“9’ and Linnhoff and
Flower"?, Their analysis will be followed,

Initially, a minimum drivi ng force (temperature

difference), ATrru'.n should be Specified. The economical

value of ATmin is usually estimated by trading off energy

against. capital cost,. However, azn experience value of ATmin
. Will be adopted.

For a refrigeration system the eXperience

' —tibrary of 'University of Jordan - Center of Thesis Deposit
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(191

value of AT n is 5% . Now, we can establish two

temperature scales on a graph , one for hot streams and the

other for celd streams, which are shifted by SOC. See Figure

(4.2).

Then the stream data are plotted on this graph. Next we

establish a series of temperature intervals that correspond
to the heads and tails of the arrows , i.e., the inlet
(supply temperature, TS) and the outlet (target temperature,

Tt,) of the hot and cold streams as given in Table 4.1,

Temperature intervals are superimposed.

Setting up the intervals in this way guarantees that full
heat interchange within any interval is possible since the
driving force is already adequat.e, Hence, each interval will
have either a net surplus or a net deficit of heat; as
dictated by enthalpy balance, but. never both. This is shown
in Table 4.2, Knowing the stream population in each interval

(from Figure 4.4>, enthalpy balances can easily bhe calculated

for each according to
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Figure 4.4 — Temperature interval analysis

for any interval i. The last column in Table 4.2 indicates

whether an interval is in heat surplus or heat  deficit. . It
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would be possible to produce a foagibla network deslgn based
on ¥he assumpoion that all “ounpluc” {nbepvals rejecled  heat

to cold utility, and al "deficit" intervals received heat

from hot, utility,

Now, considering the results shown in Table 4.2, Figure
4.3 explains what. is called HEAT CASCADE PRINCIPLE by which
it is possible to evaluate the minimum requirements of energy

for a specified process,,

TABLE 4.2 — TEMPERATURE INTERVAL ANALYSIS

Interval Ti - Ti+1 h cpcold AHi Surplus
No. - or
€id <®c> L CP . <kw 5| ¢ xw >|pericit
17.0°C] e - . - I
1 2.69 - 0.4151 -1.1166|Deficit
14.31°%}. SRR F, e
2 4 .31 - 0.3281 -1.4141|Surplus
s TV o ol [ S R - .
3 25.0 - 0.2132 -5.3300 Surplus
-15.0°%C e Y S

o 4 116 .69 - 0.0315 -3.6757 Surplus
=131 .69 C ceceeeeenn SRS NSO NI
g5 10.07 - 0.2412 -2.4289 |Surplus
141 .76°C e -
6 33 .24 + 0.2364 +7 .8579 [Deficit
-175.0°C, e - —— e
7 2.35 - 0.,0323 ~0.0759|Surplus

=177 .35°C | oo - —
g 2.65 + 0.1149 +0.3045|Surplus

-180.0°%| o i . -

Assuming that no heat is supplied to the hottest interval

1> from hot utility, a surplus amount of 11166 kW is

cascaded into interval ¢2). Interval (2> has a 1.4141 kw

surplus which will be joined with the income f‘rome interval
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1> to produce a heat flow of 25307 kU passed to interval

(g) Tlxe cascading process continues through the rest of

intervals as shown in Figure 4.5.

By completing the cascading process, the minimum energy

requirements are shown to be 5.8788 kW cold.

Appendix B shows the results of the temperature interval

analysis for values of ATmin ranging from 0.0 to 10.0°¢ .
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FROM HoT uriLiTY

Figure 45 —

17.0°C e l - 0.0 kW
AH = - 1.1166 kW

14.31°C e 1 1.1166 kW
AH = _— 1.4141 kW

10.0°C e l 2.5307 kW
AH = — 5.3300 kW

-15.0°C 1 7.8607 kW
AH = — 3.6757 kW

-131.69°C e 1---11.5364 kW
AH = — 2.,4289 kW

-141.76°C J_---13.9653 kW
AH = + 7.8570 KW

-175.0°C 1 ~ 6.1074 kW
AH = — 0.0759 kW

~177.35%C e, l 6.1833 kW
= + 0.3045 kW

-180.0°C e l 5.8788 kW

TO COLD UTILITY

Heat. cascading
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4.3 Maximum Energy Recovery Design

There are other characteristics of the optimum heat
exchanger network. An optimum network should use the minimum
area of heat transfer. Also, the number of employed heat
exchangers within such network should be minimum. These two
characteristics could be investigated for a certain design by

using an analysis called MAXIMUM ENERGY RECOVERY (MER)>

design.

4.3.1 Stream matching / exchanger network

The ruling criterion , is to maximize the individual
loads of matches (exchangers)> in order to have “the minimum
number of operating units. This aspect is simply imposed by

the fact that the capital cost increases as the number of

employed units increases.

Figure 4.6 illustrates the working streams and their

enthalpies. The actual cooling utility is also shown.
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H 1 H 2 H 3

air air air
61.725 kW 6.72 kW 4.805 kW

c1 c 2 C 3 Turbo -
oxygen nitrogen nitrogen expander
21.83 kW 43,00 kW 2.35 kW 5.8764 kW .

6.4 kW min
rated

Figure 4.6 — Stream enthalpy

A simplification of the configuration shown in Figure 4.6
is possible; that is to let both €2 and C3 be one stream, say

2>
C2. This unification is justified ‘as follows

a) physically, €2 and €3 are one stream (both are
nitrogen and also have the same pressure) and

b) outlet temperature of G2 is the same as the inlet

temperature of C3,

When the plant is under operation, the partitioning of
nitrogen stream into two streams <Q2 & C3), Figure 1.1,

occurs at inlet to the preliminary heat exchangenr.

In order to sustain thermal equilibrium, the newly

»
formed stream C2 must. have

ad a total enthalpy equivalent to the summation of the
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individual enthalpies of both €2 and 09 and

b> a target temperature similar ‘to that of the two

streams when mixed at the exit from the preliminary

heat. exchanger, (1.200). Then,

»
Enthalpy of C2 = Enthalpy of €2 + Enthalpy of C3

= +
CP = AT)GZ (CP = AT)C3

[

€0.26875178 - 15> + (€0.087>C15 - 12>

It

45.341 kW .

The resulting heat capacity flow rate of the new stream

will be

_ AH _ 45.341 kW
AT = @17 + 1.°%

0.2573 kW °C

Now, the streams configuration may be redrawn as

illustrated by Figure 4.7.

b
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H 1 H 2 H 3
air ©air air
61.725 kW 6.72 kW 4.805 kW
N
\\ _ //
1) 2> 3> 4> / 5>
0.64
6.08
21.83 39. 4 sos \
+ JP \’
1 ca’ Turbo -
oxygen nitrogen expander
21.83 kV 45.341 kW 5.8764 kW min
5.4 kW rated
Figure 4.7 — Stream matches

The Figure also illustrates 5 matches started from the cold

end (oxygen stream) with their loads.

In this configuration, it is noticed that match (3> is
relatively so small to deserve an independent. heat. exchanger.
H3 could be cooled further if the load of match (3> is
relocaded wupon match (5. This in turn, will leave the
cooling load required by H2 handled by only one match; that
is match 4D, What. we have truly done is that we increased
the minimum cooling requirement a bit. There is nothing

being sacrificed, since the rated capacity of the available

cocling utility (turboexpander) allows for such an increase,

- Library of University of Jordan - Center of Thesis Deposit
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I‘Qcau Ll‘la‘L its rated capacity is 6.4 kW min.

H1 H 2 H 3
air air air
61.725 kW 6.72 kW 5.445 kW
\ N /
1> 2> 3> 4>
6.72
21.83 .
L 39.9 445
) Ny
c 1 cz? Turbo -
oxygen nitrogen expander
21.83 kW 45 .341 kW 6.72 kW
Figure 4.8 -Final configuration

Figure 4.9 shows the final configuration of stream
mat.ches and the relevant. loads. This configuration indicates

that three heat exchangers are needed plus a cooling utility.

It is a common practice to start a design at its most
restrictive location. The hot air stream H1 should be inter-
rupted at. a certain point; that is, air purifier with a
predetermined temperature interval. A temperature increase
of 2°C across the air purifier is reported by the

manufacturer. The inlet temperature to this unit ranges from

5°C¢ to 10°C.
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AQ a result of this restriction, it becomes neces=sary to

implement matching of streams starting from the hot epd

bearing in mind that both matches <> and (2> will be upon

two stages to allow for cooling interruption imposed by the
air purifier.

Match 1/ 1st stage : Hi is let to exchange heat. with €1 such
that. the outlet temperature of Hi pPermits a feasible matching
with (12,; ﬁ.he minimum temperature difference across the warm
end of a match ¢ a heat exchanger) should be equal (or even
greater thand AT . = 5°Q as presumed at the beginning of

min

analysis. This match stage will be denoted by 1-1,

Match 2/ 1st stage : H1 matches with C2 after it has been

cooled through match 1-1. This match stage will be denoted

by 2-1.

Along the match stages; 1-1 & 2-1, H1 is to be cooled
from its supply temperature down to 10°¢ which is the maximu'm
permissible wvalue of inlet temperature of air to the
purifier. The accompanying temperature drop is chosen to be

divided equélly among the two match stages.
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s 1y temperature of C1 is g

HppLY Temp C 2 C 1 {H 1
" o l

(CP = A'I')H1 o 22 C

(Ts)C1 = (Tt,)01 - s 10°C
C1 - 02.49 kW 0
1-1
C0.4151256D

= 10 0.1149 o
= - 11.7°% 1.2°CH+ 16°C#
, o 2.49 k‘L‘O

Supply temperature of G2 is 2-1
-11.7°%C4+ o
10°C
CP = 4!\'1')"1 T
? L - ——
(TS>cz (Tb>C2 PP AIR é
cz2 TPURIF‘IER%
=1.2 - €0.41515C6D
. C0.2573> . 1200“
= - 8.5"C - 85%4

See Figure 4.8.

Figure 4.9 Matches 1 and 2/
first stage

By the end of this stage we have :
Supply temperature of H1 = 12°C,
Target. temperature of C1 = - 11.7°C and

>
Target temperature of C2 = - 85°C.

The load left to the 2nd stage of match 1, denoted by

1-2, will be 21.83 ~-2.49 = 1934 kW. Similarly, the - load
of the 2nd stage of match 2; denoted by 2-2, will be
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390 . 240 = g?‘“ LW See Figure 4.10.

C 2 G 1 H 1
JP -~
12°¢ 4
-11.7% 1
-8.5% &
19.34 kW
o =0
37.41 kW ]
0 50
-180°C #
Q
154°C -124.71°¢ T
d 4 d

Figure 4,10 — Matches 1 and 2/ second stage

For stream H1 it has been splitted because air stream

(H1) actually exchanges heat in parallel with both oxygen

»
stream (C1> and nitrogen stream (C2). On the other hand,

the ratio of splitting should keep air temperature always

having the same value of temperature within both resulting

parts,

The ratio of air stream splitting is determined in accor-

dance with the decided partial loads. Then :
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”i-par{. for match 1-2 = 1934

1934 +37.41

= 34% W

- Hi=part for match 2-2 = 1.0 - 0.34

Now, target temperature of Hi is

_ o _ AH
(Tt) = TS _—

CcP

1934 + 37.41
= 120 0.4151

-124°¢,
wvhich confirms with technical characteristics of the turbo -
expander; since it includes that the inlet temperature of air

to the expander should be within ¢-130 to -115>°C.

Supply temperature of Ci is

(AH)m tch 1-2
a _
c'rs>c1 = (Tt,)cn po
c1
19.34
= -11.7 0.1149
= -180°¢

»
Supply temperature of C2 is

(AH)m teh 2-2
| . - < - -
CTS)CZ = (TL)CZ cry >
c2
37.41
- 8.5 0.2573

- 154.0°%C.
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Now, match 4 must handle

availablo in stroam CZ .

Target temperature of H3 is

CAHD
H3
T oy = CT Dy e
H3
5. 445
= -124.71 0.4778
= -136.11°¢C

. »
Supply temperature of €2 is

' AH
T _ >.,,” = (T,>, * - =22
s Q2 t. Q2 (Cp)c

2’

5.44
0.2573

-154.0 -

-175.0°C

A process flowsheet has been

resulting configuration of streams and the relevant mat.ches

See Figure 4.12.

(L4

load of B5.4458 kW still

3

1

*

-124.71%c»

-154°C%

5.445 kW
Y {
0 match 4_‘)

~-136.11°%¢s

-175°Cc %

Figure 4.11 — Match 4

established to check the

-
>

This flowsheet. was exposed to the simulation program af

CODE. The results obtained are listed in the Appendix C.
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4.4 Column-Tray Sizing

Az  the simulating program CODE comprises the facility
capable for sizing distillation columns, it has been possible

t.o extend our investigation towards the air-separation unit.

A flowsheet segment representing only the double-column

rectifying unit is shown in Figure 4.13.

For this =segment, the tray sizing calculations were
performed using the program phase "Tray Sizing Input™. Such
calculations aim to estimate the minimum diameters of the

distillation columns under operation. The method being used

{30)

is the Smith-Dresser-Ohlswager technique

The program prompts the user to enter the following data:
Tray spacing, down comer area, weir length and weir height;

then it calculates a diameter for each t.ray.

The results obtained and shown in Appendix D reveal that:

= The estimated diameter of lower column =~ 0.30 m.

-~ The estimated diameter of upper column =~ 0.40 m.

But. the actual diameters of lower and upper columns
within the air-separation unitt are 04 m and 05 m, respec-

tively. This means that both of the rectification columns
employed in the plant are capable to separate an additional

amount. of air into oxygen and nitrogen. Also, this
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introduces 4 possibility of expanding the production capacity

of the plant while still using the existing air-separation

unit.. Of course, such expansion should also consider the

rated capacities of other existing equipment,

To evaluate the allowance which has already been noticed
within both of the rectification columns, CODE program was

used. The flow rate of air incoming to the separation unit
was increased by increments and then the program phase

"Column-Tray Sizing" was run. When the calculations have
given column diameters similar to the actual design, a flow
rate of air approaching 1.7 times the operating wvalue was

permitted. See the results as obtained in the Appendix E.
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Chapter Five

DISAUSSION oF RESULTS

5.1 Base Design-———— — —

5.1.1 Plant simulation

The results obtained for the simulating flowsheet, shown
in Figure 3.1 which .::ure listed in Appendix A, comply with the
technical data of the plant as given by the manufacturer.
Oxygen purity is only 2% less than stated in the plant
certificate. — This—-deviation™ does not affect the energy
requirements of the circuit; Oxygen purity depends only on
the operation characteristics of the rectifying columns.
According to the module TOWR, its routine comprises several

options that may produce values of purity as high as desired

by the user. However, this requires larger number of

computer runs and hence longer time necessary for the

calculations to converge.

In regard to the modules simulating the heat exchangers,
the most important parameter is the logarithmic mean tempera-
ture difference (LMID) which is denoted in all results by
"corrected delta T." The wvalue substituted for the
coefficient of heat transfer <300 MJ/hr.m® 2 8333 W.m?> was
not. determined in advance; It is only an assumed value. The

target, here, is to estimate the product. value of the overall

coefficient. of heat transfer, U, times +the heat transfer
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area, A, 10. "UA" correspondine to a specified LMD and

presumed heat. duty, Q, for each heat. exchanger,

Values of pressure viewed in all results refer to the

absolute pressures.

5.1.2 Evaluation of the heat exchanger network

The ~question that. should be answered in this discussion
is whether the heat transfer area used in the heat exchanger
network is minimum. To answer this 7questr.ion-, ong should
consider the process flowsheet which has been predicted by
the energy integration analysis, Figure 4.12. The total area
of heat transfer calculated for this netwo;:-k is then compared

with that already exists within the actual design of the

plant. assuming that the coefficients of heat transfer are

kept. the same.

The scheme to be applied is as follows:
1. The "UA" product of all actual "heat exchanger network are

are estimated using the general equation of heat transfer,

Q =U=x A &« LMID ... 5.2>

where,

Q : Load of the exchanger, kW,
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U Overall coefficient of heat transfer of the

2

exchanger, W.m .°c,

A : Heat-transfer area of the tube side , m2 and

LMTD : Logarithmic mean temperature difference across the

heat '&ch;nger, °c.

LMTD is known for any heat-exchanging section and Q is

obtained from the results of the program calculations.

Then, the product "UA" is determined by the equation

(5.2). See Table S51.

2. Using the same equation, the corresponding "UA" products

for the predicted flowsheet in Figure 4.11 can be

evaluated using results found in Appendix B. See Table

5.2.

3. The values of the overall coefficient. of heat transfer

for the actual design are evaluated as follows

where A tual is recalled from the technical data given
ac

for the plant. See Table 5.3.

Then the resulting values of U in step 3 and the
corresponding "UA*"’s in Table 5.2 are substituted in the
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following equation to find the predicted area,

IIUA‘I .
predicted

............. 5.4>

predicted -

actual

See Table 5.4, —

85
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TABLE 5.1 : "UA" FOR ACTUAL DESION

-

Section Simulating Q LMTD “"UA"
Module , kWD CCa. . WSl

Heat. Exchanger./

= upper_half

® Air - nitrogen HXER # 11 39.58 30.11 1314

® Air - oxygen HXER # 12 17 .90 33.76 530

* Air - nitrogen HXER # 20 ... _ 3.41. 37 .11 92

* Air - oxygen HXER # 21 - 1.40 41 .59 34

Preliminary Heat-Exchanger./

* Air - nitrogen HXER # 9 2.35 18.32 128
* nitrogen - o%ygen HXER # 15 - 2.52¢ 1.45 1737
* Air - nitrogen HXER # 10 2.72 7.37 370
E = 4205

the negative sign is imposed because at this section of heat
exchanger, the nitrogen works as a hot stream which is oppo-

site to the nitrogen function thoughout. the rest. of sections.
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TABLE 5.2 : "UA" FOR PREDICTED FLOWSHEET

Simulating Q LMTD "UA™
Section Module kW) Co Wl
Heat Exchanger./
- upper_half :
® Air - nitrogen HXER # 2 40 .00 23.20 1724
* Air - oxygen HXER # 1 ©.87 36.01 274
- lower half
®* Air = nitrogen HXER # 3 5.10 32.58 157
Preliminary Heat-Exchanger./
* Air - nitrogen HXER # 11 2.38 15.51 153
* Air - oxygen HXER # 10 1.96 19.04 103
L 2411
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TABLE 53 : "U™ FOR ACTUAL DESIGN

IIUAII A U
Section WD am®> wW/m®, %0
Heat. Exchanger~
- upper_half
% Air = nitrogen 1314 4.58 286 .9
* Air - oxygen 530 2.29 231 .4
= lower_half
*® Air - nitrogen - 92 4.58 20.1
x Air - oxygen 34 2.29 14 .8

Preliminary Heat-Exchanger/

%= Air - nitrogen 128 + 370
= 498 7.1 70.1
* nitrogen - oxygen 1737 1.4 1240.7
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TABLE 5.4 : HEAT TRANSFER AREA FOR THE PREDICTED DESIGN

u “uA” A
Section <Ww/m®. > cw o <m®>
Heat Exchanger/ _
= upper_half
*x Air - nitrogen 286.9 1724 6.0
® Air =~ oxygen 231 .4 274 1.18
= lover_half
* Air - nitrogen 20.1 157 7.8
* Air -—;;)Tge;r: N 14.8 0.0 0.0

\

Preliminary Heat-Exchanger./
* Air - nitrogen 70.1 153 2.18
*= Air -~ oxygen =T 103 b4
T = 17.16 + x

T x stands for the unknown value of the heat-transfer coeffi-

cient between air and oxygen since in the actual design of

the plant there is no match between these two streams.
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FDI‘ alr"oxvggﬁ mat.ch suggested within the preliminary

heat-exchanger, a coefficlent of heat transfer similar to
that of air-oxygen match within the upper half of the actual
heat. exchanger is employed (U = 2314 W./m> °C.) Also, the
geometry of tubes is 7ﬁs'i1g'_gested_'ffo remain invariant. i.e.
t.ube-in-tube. It is now desired to evaluate the dimensions
of these tubes which will suit both the coefficient of heat

transfer and the suggested geometry.

When two different fluids, say F and @, flow according to
the pattern shown in Figure 5.1, the coefficient of heat
transfer U ruling the procesé of heat tjréﬁsf-e'r' ﬁétw;—:a;aﬁm t.ttésed
fluids is estimated as follows(an,assuming that thermal

resistance of the tube wall is negligible when compared to

the thermal resistance of the fluid film,

where,

ho : film coefficient of heat transfer for fluid F and

h_o : film coefficient of heat transfer for fluid G.
L

Actually hi.o is the modified value of the coefficient ‘(h_L)

vhich is based on the inside diameter of the inner tube such

that,

5.6
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Wl‘lel‘e, referring to Figure 5.1,

h , : Modified film coefficient of heat transfer, W.m>.°C,
ht. : Film coefficient of heat transfer based on the inside
diameter of the inner tube, W/m2.°C,

d : Inside dig}hé{.er o-f the inner tube, m and

d : Outside diameter of the inner tube, m.

( e e ORGSR
F

—_—

AL SIS S

Do l.'):i %G - d‘_. d

LSS SIS

F
—_—

e NN TR TSN

Figure 5.1 Tube-in~tube section

For turbulent flow of gases inside tubes » the film

coefficient. of heat transfer h can be expressed as a function
of both Prandtl and Reynolds numbers as follows'>2

©.6 o.@
h = 0.022 » Pr » Re 5.7>

To obtain the required value of U (2314 W m?.°0,
equation (55> is used. To determine the appropriate heat

transfer coefficients ho and hi.o resulting from the

suggested geometry (tube-in-tube), one can use equation <¢5.7>
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whereby the Prandt! number is known at the corresponding

range of temperature. The Reynolds number in the predicted
section can be now found. As the Reynolds number is known,

one can choose a combination of flow conditions and geometry

to satisfy the calculated Reynolds number. — —  ~— — — ~ — 7T

-

Let’s denote the parameters related to the upper half of

heat exchanger A4 by ™" and those related to the

preliminary heat exchanger A3 by "2",

Then, recalling the necessary values from Table 55 and

substituting into equation 5.6 will give

For air,

€1.1415% ° » (6.60866E4>°" % = 0.7595°" C (Re2>°'8

Re = 8.97 E4

2,air
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TABLE 5.5 : Pr & Re NUMBERS FOR AIR AND OXYGEN

Heat Exchanger/ Upper Half

Stream Prandt le Number
Air 1.141
0 1.010

Reynolds Number

6.60866 E4

1.94540 E4

Preliminary Heat-Exchanger

Stream Prandtl Number
Air 0.759
o 1.107
2
For O,
2
1.0100%° ° » 1.9454E4>%° ® = ¢1.107>°C « Re >°*®
Re = 1.811E4
2,0

2

For the flow inside tube, the Reynolds

expressed as follows

number is
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pvd

Re = ——— onunnluu(S-B)
u
where, A -
Re : Reynolds numben,
v : Flow velocity, m s,

d : Tube diameter, m and

U : Dynamic viscosity of the flowing fluid Pa.s,

But. for the flow inside annular space <(tube-in-tube), an

equivalent diameter, De, is substituted instead of tube
diameter, d. For heat. transfer, De may be given as

in Reference 32,

in terms of the dimensions shown in Figure 541, where

Di : The inside diamet.er of the outer tube, m.

Now,
p v De '
Re _ = $83.13.4v>.<{Ded _ 8.07 E4
Z,air u - 1.811E-5 )
{vDed> = 0.030 and,
(=118 J
(304 .35, (v).(dt)
R0 . 1.9BE-5 = 1.811E4

s Cvd > = 11782E-3
v O

?
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Let’s have for oxygen, 19 tubes of %1 mm mﬂmﬁbm‘

(Slmllal‘ to the upper=half section within the heat exchanger

A4), This will yield a flow velocity of

1.1782E-3

= _—___—d.-_(= 36-35 0.39 m/s.

This value is less than that of the actual design (0.5 m-sD.
It is noted that oxygen tubes are selected to have the same

thickness as in the heat exchanger since the working pressure

is assumed similar to the actual design.

To maintain air velocity as in the actual design (5.0

m/ss),
De = 2930 o (O0E3m=60 mm.
5.0
D, -4 2
Recall that De = ‘—-dz_"- where d_, here, is the outside
[»]

In order to calculate the thickness of +the outer dCair)

tube, the equation of hoop stresses has been used %, The

{34)

hecessary properties of copper were obtained The

thickness was calculated to be 1.0mm. This means that the
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diameter of the air tube is 15x1 mm.

Since Uai.r-o has already been assumed to be 2314
Z
P
W/ m° °C and the product. of "UA" was determined as 103 W/ °c,

then the heat-transfer area required for air-0_ section will

be

103 _ 2
Air-o 2" Za31.q ~ 0445 m.

Hence, the length of the air tube should be

0.448 e -
= d%y<ny.GE-3 © 1491 =15 m.

Finally a bundle of straight., copper tube-in=-tube
arrangement would be necessary. This will result in a total
area of heat transfer pointing to 1716 + 0445 = 17.605 m-°.

This resembles a reduction in heat transfer area of about 21%

of the existing design (22.24 m>.)

5.1.3 Inspection of the air-separation unit/ rectifying

columns

Using the program phase named “Tray Sizing Input", it has

been possible to investigate the maximum  rectification

capacity of the two columns within the air-separation unit.
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The sizing of a column is baged on Lhe flooding diameter. 1t
is the maximum diamotor beyond which floodine occurs ie.

the column will function improperly.,

The - lower and "Upper column diameters needed €o rectify
the nomina! flow r8ate of the incoming air have been
calculated to be 03 m -and 04 m, respectively. These
diameters are less than those within the existing design.
The flow rate of air has then been incrementally raised until
both lower and upper columns approach their actual diameters

(04 m and 05 m for the lower and upper columns, respective-

ly>. The corresponding value of air flow-rate amounts to 70%

above the nominal flow rate.

Through plant details, the maximum tolerance provided for
design capacities of equipment was noticed to be less than or
equal to 102, If a similar tolerance is assumed for the
air-separation unit, it will have a capacity allowance of
602, This availability indicates the possibility of
increasing t.he plant productivity. Of course, the plant
equipment will respond to the new productivity according to
the rated capacity of each, Tracking the plant circuit, the

following steps are needed for increasing the productivity of

the plant. by 602 :

1. In=talling another air compressor which is able to

deliver 60% of the air flow-rate suggested for the exis-

ting compressor at the =same outlet pressure, The
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resulting two outputs could then Join each other in a

°

final single line.

Replacement. of the air purifier with a new one whose
cylinders can accommodate the purification of the extra

amount. of air flow-rate.

Replacement of the expansion turbine with a new one whose

liquefaction <(refrigerationd duty is high enough to fit

the running target.

Replacement of the liquid-oxygen pump with a new one

capable to pump 60% over the rated capacity of the

present. pump.
Replacement. of the existing pipe-network with a new one

vhich is capable to withstand 1.6 times the nominal flow

rat.es,

Instruments will be independent of any variation, This

is due to the constancy of the properties being measured.

A reserve of 21X in the heat transfer area has been
estimated to exist within the heat-exchanger network if

operated according to the configuration predicted before.

-

Along with these steps, neither new nor additional civil
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work will be needed.

5.2. Economical Comparison of the Existing and the Predicted

De=zigns

Table 5.6 illustrates the elements of capital cost of a
new oxygen plant based on 1988 prices‘“ . The Table also
shows the extra capacity for the major equipment. within f,he
plant over that given by the manufacturer. This capacity has
been evaluated such~ that the productioh capacity of the

existing plant could be expanded by 602,

Table 5.7 illustrates the cost of expanding the

production capacity of the existing plant by 60% of its

nominal value and regarding to the steps listed in section

5.1.4,
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TAPLE ©.¢  GOST ELGMGNTS OF A NEW OXYGEN PLANT OF TYRE
K0.15 AND THE EXTRA CAPACITY WITH RESPECT

RESPECT TO 60% EXPANSION

Cost element Cost Extra Capacity
* Air compressor $ 100,000 0.0
* Air purifier + 10,000 0.0
* preliminary heat

exchanger , A3 t 15,000 35.0%
* Heat. exchanger ,A4 2 20,000 0.0%
* Turbo-expander % 10,000 Q.02
* Liquid-oxygen pump % 15,000 0.02
* Rectifying columns N 50,000 100,02
* Two subcooclers % 15,000 0.02%
* Electric system % 9,000 100.02%
* Piping system + 16,000~ 0.0%
* Civil construction | $ 75,000 100.0%
I Cost %$ 335,000
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TABLE 5.7 : COST OF

EXPANDING

PRODUCTION CAPACITY oF
THE EXISTING PLANT BY

602

Cost element. Cost
* Air compressor $ 85,000
#* Air purifier 3z 12,000
* preliminary heat

exchanger ,A3 % 16,000
* Heat exchanger,A4 $ 23,000
* Turbo-expander $ 12,000
* Liquid-oxygen pump $ 18,000 -
* Rectifying columns % 0,000
* Two subcoolers $ 18,000
* Electric system ® 0,000
* Piping system $ 25,000
* Civil construction $ 0,000
Y Cost $ 209,000

101

Table 58 shows the annual costs for both the existing

and expanded plants(” .

Now, if JISICO has a future plan

demanding more

oxygen

gas but, less than or equal 1.6 times the production capacity

of the existing plant, then two alternatives will rise.
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TABLE 5.8 : ANNUAL COST FOR THE EXISTING AND EXPANDED

PLANTS
Cost value
Cost. item
Existing plant Expanded plant

Electric power $ 10,000 £ 16,000
Man-powenr $ 12,000 $ 12,000
Maintenance $ 8,000 $ 12,800

Y $ 30,000 $ 40,000

These are,

= Alternative 1': To expand the production capacity

of the existing plant by 60%
= Alternative 2 : To install a new plant similar to

the existing one.

Upon having a decision to choose either 6f the two
alternatives, lets assume that the company will adopt. a
simple aggressive policy, and choose a plan for the
optimistic sales forecast. This level of analysis is of the

least. order of complexit.y‘as).

The analysisz can be summarized as follows :
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{1> The annual costs are estimated for both alternatives 1 &

2>

3>

&,
The cash necessary to start each alternative is
annualized. = The calcualations are based on 10% interest

rate and 20 years life time.

The summation of wvalues estimated in 1) and (2> is
divided by the annual amount of production to estimate
cost. of unit production as expected along the plant

life time.

Table 5.9 illustrates this analysis.
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TABLE 5.9 : ALTERNATIVE - DECISION ANALYSIS

104

Alternative Alternative
Description 1> 2>
Cad Annual cost
- Electric power € 16,000 3 20‘,000
- Man-power $ 12,000 $ 24,000
- Maintenance £ 12,800 $ 16,000
x $ 40,000 $ 50,000
(b) Cash for starting % 209,000 $ 335,000
€c) Annualized cash £ 24,549 $ 39,349
d> ¥ Cad> & Ccd $ 64,549 % 89,349
(e) Annuzal production of -
oxygen, m® C1.63¢C1.23E6>|<¢2.0>C1.23E6>
(f)> Cost of unit production $ 0.0327 $ 0.0363

Alternative 1 is noticed to

alternative 2 cost.

cost. about.

945% of the

* The annual production of the

o)
gaseous oxygen .

plant is 1,230,000 m° of
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the estimated cost of unit production does not concidor
the deterioration factor for either equipment or currency.

It only indicates the alternatives costs relative to ea;:h

other.
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QONALUSION

The following statements constitue the conclusion of the

research :

ad

«Q2>

<3>

<4>

The oxygen plant under consideration satisfies the
condition of the minimum energy requirements by 91.8%.
Recall that the rated capacity of the turboexpander is
64 kW while the minimum cold requirement has been

estimated to be 5.8788 kW.

The heat. exchanger network employed within the plant
slightly deviates from the optimuum configuration. The

heat. transfer area of the preliminary heat exchanger A3,
could be reduced by 21% if a stream configuration

similar to that within the heat exchanger A4 was

applied.

The air-separation unit./rectifr ying columns are capable
to handle 60% more flow rate of air than the nominal
flow rate. This extra capacity does not consider the

(evaporation) losses within practice, it stands for

ideal process.

The existing instrumentation of the plant will need few
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modificabions Lo accommodate the additional rates.

The cost of equipment replacement has been estimated to
be $ 209,000 based on the 1988 prices, While erecting a

new similar plant will cost. $ 335,000.

The cost analysis presented shows that the cost of unit
production if the existing plant is expanded is about
90.0% of the cost if a new similar plant. i= installed
next to the existing one. If the alternative of plant
expansion was decided upon, the operation of <the
existing plant would be stalled to implement. the
necessary equipment replacement. This may impose

additional cost such that. expansion becomes not.

profitable.

The results obtained in this work indicate that.

expanding t.he existing plant may not afterall be

favourable,
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Temperature interval analysis
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Figure A1l : Temperature interval analysis
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TABLE A.1 : TEMPERATURE-INTERVAL ANALYSIS, AT= 0.0°C
In;z?val Ti- Ti+1 P> c?dald Aﬂi Suzﬁlus
Cid °c> L CP,_, kwe>| ¢ kW d>|pericit
1 7.69 - 0.4151 -3.1921|Surplus
2 4,31 - - 0.3281 ~1.4141|Surplus=s
3 25 .0 - 0.2132 =-5.33 -Surplus
4 111 .69 - 0.0315 --3.5182 Surplus
5 " 10.07 - 0.2412 -2 .4289 Surplus
...... 6 35.59 + 0.2364 +8.4135|{Deficit
7 2.65 + 0.3836 +1.0165 |Doficit
a8 5.0 - + 0.1149 +0 . 5745 |Deficit
E in = 5,8788
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Q
AT = 1.0°C
21.0°%¢ 22.0%¢
1
14.31°% 15.31°¢
2
10.0°¢C 11 .0°¢
3
-15.0° -14.0%
¢3
4
[s) (o]
-127.69°C H3 H2 -126.69°C
5 -
-137.76°C -136.76°¢C
6
-173.35° -172.35°¢C
[ PPUOTE [ - -
7
-175.0°¢Q -174.0%¢
........... &
s )
-180.0°C -179.0°%¢C

Figure A.2

c1

Temperature interval analysis
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TABLE A.2 : TEMPERATURE-INTERVAL ANALYSIS, AT= 1.0°%c

In;zl:-val Ti - Ti+1. p» Cpcold - AHi Suzf‘lus
°c <id °c> TGP, ckw2cd| < kW > |peficit
21.0 ,

1 6.69 - 0.4151 -2.7770|Surplus
14.31 |- . S SO -
2 4.31 - ¢.3281 -1.4141|Surplus
10.0 {meere . . .
3 25.0 - 0.2132 -5.33 |Surplus
=15.0 Jomrrermeme ereeernremrema et S
4 111.69 - 0.0315 -3.5497{Surplus
-127.69 |- -
5 10.07 - 0.2412 -2.4289 |Surplus
-137 .76 . revormeemrmeeemren for s meemraens i
6 35.59 + 0.2364 +8.4135 |Deficit
-173.35 - reersreenemraerenne
7 2.65 + 0.3836 +0.6329|Deficit
-175.0 — -
8 5.0 + 0.1149 +0 .5745 [Deficit
-180.0
E_ . = L |5.8788
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AT = 2.0°¢
0 (s ]
20.0°%C H1 22.0°%¢
1
14.31°C 16.31°¢
T S———
O 2 O
10.0% _ 12.0°%¢c
3
-15.0% -13.0°C Vﬁ
............ - R
4
-128.69°C H3 HZ -126.69°¢G
5
-138.76°¢C -136.76°G
6 .
-174.35°C | -172.35°¢Q
7
-175.0% -173.0°C
S —
8
-180.0%C -178.0°¢C
................................. ] -

Figure A.3 : Temperature interval analysis
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TABLE A.3 : TEMPERATURE-INTERVAL ANALYSIS, AT= 2.0%

Interval Ti - Ti+1 E CPcold - AHi Surplus
° No. o o or
c Cid> < a T C.Phot’ CkWr/ GO | ¢ kW D |Deficit
20.0 ¥
1 5.69 - 0.4151 ~2.3619|Surplus
B S I T NSOV S
2 4.31 - 0.3281 -1.4141|Surplus
10.0 . "
3 25.0 - 0.2132 -5.33 Surplus
~15.0 |- . B —
4 113 .69 - D.0315 -3.5182|Surplus
=128.69 | e, : . -
5 10.07 - 0.2412 -2 .4289%|Surplus
-138.76 |- cemernseerasrasmas
6 35.59 + 0.2364 +8 .4135|Deficit
~-174.35 .
7 0.65 + 0.3836 +0.2647 |Deficit
=175.0 | ] e
8 5.0 + 0.1149 +0.5745|Deficit
=480 .,0 [ -rrmiimieens . B -
Emin = T 5.8634
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Figure A4

AT = 3.0°%C
e} [o]
19.0% 22.0°¢
1
[} o
14.31%C 17.31°¢C
................................... e i
2
O 0.,
10.0°¢C 13.0°%C
3
-15.0°¢ -12.0°¢
4 .
-129.69°C -126.69°C
5
-139.76°C -136.76°C
6
-175.0°%¢ -172.0°¢C
7
-175.35°C -172.35°¢C
8
-180.0°C -177.0°C

: Temperature interval analysis

L
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TABLE A.4 : TEMPERATURE-INTERVAL ANALYSIS, AT= 3.0°%C

Inngval i T Ti+1 p Cpcold - AH1 Suzilus
¢id <G> T CP ., caewCed| ¢ xw > |pericit

1 4.69 - 0.4151 -1.9468|Surplus

2 4.31 - 0.3281 -1.4141|Surplus

----- 3 25.0 - 0.2132 -5.33 |Surplus
4 114 .69 -~ 0.0315 -3,6127{Surplus

5 10.07 - 0.2412 -2.4289|Surplus

6 35 .24 + 0.2364 +8.3307 [Deficit

7 0.35 - 0.0323 -0.0113|Surplus

8 4.65 + 0.1149 +0 .5343Deficit

-Emin = 1 |5.8788
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AT = 4.0°C

18.0°C 22.0°¢
1

14.31°% 18.31°G

....................... g
2

10.0°C _ 14.0%¢
3 .

-15 .OOC -11 .OOC
4

-120.69°C -126.69°¢C
5

~140.76°C -136.76°¢C
(5

-175.0% -171.0°¢c
7

-176.35%C -172.35%
8

-180.0°¢ , -176.0°C

Figure A5 : Temperature interval analysis
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TABLE A.5 : TEMPERATURE-INTERVAL ANALYSIS, AT= 4.0°C
In;{.zrval Ti - Ti+1 r CPcold AHi Sux;zlus
°q Cid <o T CP_. ckwe>| ¢ kW d>lpeficit
18.0
1 3.69 - 0.4151 -1.5317 [Surplus
14 .31 -
2 4.31 - 0.3281 -1.4141 |Surplus
10.0
3 25.0 - 0.2132 -5.33 |Surplus
-15.0 §oem . ,
4 115 .69 - 0.0315 -3.6442|Surplus
130 .69 oo .
5 10.07 - 0.2412 =2.4289 |Surplus
NPT - Y [P W—— )
6 34 .24 + 0.2364 +8.0943 |Deficit
-175.0 :
7 1.35 - 0.0323 -0.0436 |Surplus
-176.35
8 3.65 + 0.1149 +0.4194 |Deficit
B0 .0 | et s o —p
E ;. = L |5.8788
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Figure A.6

: Temperature interval analysis

AT = 5.0°C
1 © Q
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......................................................................... - _
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- o o
15.0°%¢ -10.0°C
- - U ) a
4
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........................................................................................................... R !
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TABLE A.6 : TEMPERATURE-INTERVAL ANALYSIS, AT= 5.0°C

Interval Ti - T1+1 PN Cpcold - AHi Surplus
o No. o o or
C <id [ T cphot (kW7 C>] € kW J>]Deficit
17 .0 [ :
1 2.69 - 0.4151 -1.1166|Surplus
14.31
2 4 .31 - 0.3281 ‘]=1.4141 |Surplus
S 1L I+ [ [FORUSNY NSUURO U USRTY UUN -
3 25.0 - 0.2132 -5.33 Surplus
-15.0 ‘
4 116,69 ' -~ 0.0315 -3.6757 |Surplus
-131.69 |- .
g5 10.07 - 0.2412 =-2.4289|Surplus
~141.76 -
6 33.24 + 0.2364 +7 .8579 |Deficit
-175.0
7 2.35 - 0.0323 -0.0759 |Surplus
=177 .35 | e N
8 2.65 + 0.1149 +0.3045[Deficit
-180.0 . S O S "
Emin = T 5.8788
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AT = 6.0%
16 .0°¢C 22.0°¢
----------------------------------- H1 )
1
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. 16 .0%C
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""""" éa 1
4
0
-132.69°%¢C - °
RSt S M3 H2 | AR
5
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-142.76%C -136.76°C
G
0
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...................................................... o S
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........................... ek

Figure A.7 :

Temperature interval analysis
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TABLE A.7 : TEMPERATURE-INTERVAL ANALYSIS, AT= 6.0%

In;grval Ti - Ti+1 b Cpcold - AHi Suzilus
°c <> <®co> T CP_, kW 0| < kW d|Deficit
16.0

1 1.69 - 0.4151 -0.7015[Surplus
14.31 -
2 4.31 - 0.3281 -1.4141|Surplus
10.0 :
3 25.0 - 0.2132 -5.33 |Surplus
-15.0 .
4 117 .69 - 0.0315 -2.7072|Surplus
-132.69 . -
5 10.07 - 0.2412 -2.4289|Surplus
~142.76 |wem J....
6 32 .24 + 0.2364 47 .6215|Deficit
=175.0 [ oo N -
7 3.35 - 0.0323 -0.1082|Surplus
-179.35
8 1.65 + 0.1149 +0.1896 |Deficit
~-180.0 . SUST R )
E ;o= L |[5.8788
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AT = 7.0°C

o 2200
1 -

14.31 ¢ 21.31 C
2

10.0 C 17.0 C
3

-15.0 C -8.0 G

.................................... - R . —
4 ]

T13s.09 © H3 mz | "126.69C
5

-143.76 C -136.76 C
o

-175.0 C -168.0 C

....................................... o — .
7

-179.35 C -172.35 G
8

-180.0 C -173.0 C

................... &1 o

Figure A8 : Temperature interval analysis
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TABLE A.8 : TEMPERATURE-INTERVAL ANALYSIS, AT= 7.0°C

Interval 'I‘i - Ti+1 pM cpcold - Al*l1 Surplus
o No. o o or
a i G b cphot. CkW/"C)| € kW D IDeficit
15.0
1 0.69 - 0.4151 -0.2864|Surplus
14.31
2 4 .31 - 0.3281 -1.4141 |{Surplus
10.0 vere
3 25.0 - 0.2132 -5.33 Surplus
=350 | -
4 118 .69 - 0.03185 =-3.7387 |Surplus
“133.69 | e rsrereenee e memsara s asans s st senrcmt e merr o ceae st e feememessaen s s
5 10.07 - 0.2412 -2 .4289 |Surplus
-143.76 -
6 31.24 + 0.2364 +7 .3851 |Deficit
~175.0 [ . .
7 4 .35 - 00,0323 =0.1405 |Surplus
=179 .35 [ e : -
8 0.65 + 0.1149 +0.0747 |Deficit
R 210 1% o T (FCUURNIOTON [OVOUNUIURRUY WUUROR -
Ernin = ¥ 5.8788
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14.31% 22.31°C

1
o] (]

R H1 20 ¢
a4

10.0°¢C 18.0°%¢
3

-15.0°¢ ) -8.0°%C

............. - . e e
4
0 o

e il wa wa | -126.69%
5

-144.76°C -136.76°C
6

-175,0°C -167.0°¢C

..................................... -
7

-180.0°%C -172.0°C

....................................................................... o B— —
8

-180.35°%¢C -172.35°¢

Figure A-9

: Temperature - interval analysis
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14.31

14.0

10.0

-15.0

-134.69

=144 .76

-175.0

-180.0

-180.35

TABLE A.9 : TEMPERATURE-INTERVAL ANALYSIS, AT= 8.0°¢C

131

In;zx‘*val T, = T,,4lZ P,y 14 AH, Su:glus
€id ®c> L¢P, <kw/a>| ¢ kW >|Deficit

1 0.31 + 0.0870 +0.0270 |Deficit

2 4.0 .- 0.3281 =-1.3124Surplus

3 25.0 - 0.2132 -5.33 |Surplus

4 119.69 | - 0.0315 -3.7702|Surplus

5 10.07 -~ 0.2412 -2.4289 |Surplus

6 30 .24 + 0.2364 +7 .1487 |Deficit
B R - 0.0323 -0.1615 {Surplus
8 0.35 - 0.4151 -0.1453|Surplus

E .= L |5.9726
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AT = 90"
14.31°G 23.31%
1
O 0O
2
10.0% 19.0°¢C
3
~15.0°¢C -6.0°C
................................. S F——
4
Q 0
8 H3 w2z | "126.69°C
5
-145,76°C -136.76°C
G
-175.0%¢ ~166.0°C
N o E— - .
7
-180.0°%C -171.0%C
eemereeeeee et PP NRG———
8
-181.35°C -172.35%°%C

Figure A-10

: Temperature - interval analysis
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TABLE A.10: TEMPERATURE-INTERVAL ANALYSIS, AT= 9.0°C

14.31

13.0

10.0

-15.0

-135.69

-145.76

-175.0

-180.0

-181.35

133

In;ce:val '1‘i - Ti+1 L cpcold - AHi Sugglus
<id <®ed L CP, ¢ ¢kw°c>| ¢ kW >|Deficit

1 | 1.a1 + 0.0870 +0.1140|Deficit

2 | a0 | - o.s281 «0.9843|Surplus

3 25.0 - 0.2132 -5.33 Surplus

4 | 120.69 - 0.0315 ~3.8017 |Surplus
s “i0.07 - 0.2412 -2.4289 |Surplus
6 29 .24 + 0.2364 +6.9123 [Deficit

7 5.0 - 0.0323 -0.1615|Surplus
e T 1lss - 0.4151 Z0.5604 |Surplus

E ;n= L |[6.2405
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AT = 10300

14.31°¢ 24.31°¢
1

Q O

12.0% HL “ 22.0°C
2

10.0°¢ 20.0%
3

-15.0% -5.0°%C

...................... -t . b
4

(o} O

.._‘%--:-36 ‘ 69 c [T perap————— ---...lla Hz v 126 i 69 C
5

-146.76°C -136.76°C
6

-175.0% -165.0°%¢C

................................................... e I e
7

-180.0°C -170.0%

................. . &
8

-182.35°¢ -172.35°¢

Figure A~11 : Temperature - interval analysis
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14.31

14.0

10.0

-15.0

-136.69

-146 .76

-175.0

-180.0

-182 .35

135

TABLE A.11: TEMPERATURE-INTERVAL ANALYSIS, AT=10.0°C

Inltq,zf*val Ti - Ti+1 T cp_qold - AHi Su‘z;ilus
Cid <°c> L CP, . <kW/%C>| ¢ kW >|Deficit

1 2.31 + 0.0870  |+0.2010|Deficit
""""""" 2 2.0 - 0.3281 -0.6562|Surplus
3 25.0 - 0.2132 -5.33 |Surplus

4 121 .69 - 0.0315 -3.8332|Surplus

"""""" 5 10.07 - 0.2412 -2.4289|Surplus
6 28 .24 + 0.2364 +6.6759 |Deficit

7 5.0 - 0.0323 -0.1615|Surplus

8 51;5 - 0.,4151 -0.9755 |5urplus

Emin = Y, 6.5084
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Appendix B

Computeb results of the simula-
ting flowsheet of the oxygen

plant of type K-0.15
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PLANT.REP

CODE: Chemical Engineering Simulation System
(C) Copyright. COADE / McGraw-Hill,

All Rights Reserved

TOPOLOGY
Equipment

ENTM
ENTM
ENTM
ENTM
HXER
HXER
HXER
HXER
HXER
10 HXER
11 HXER
12 HXER
13 HXER
14 DVDR
1% HXER
16 MIXR
17 DVDR
18 ENTM
i9 DVIR
20 HXER
21 HXER
22 MIXR
23 vaLv
24 TOWR
25 HXER
26 HXER
27 HXER
28 VALY
29  valy
30 TOWR
31 PUMP
32 DVDR
33 HXER
34 HXER
35 MIXR

NMDNECU BN -

Stream Connections

Streanm Equipment
From To

1 0 i
2 i S
3 =] 2
4 2 &
5 & 3
& 3 7

CODE REFPORT

LOoOOCHNNUW -

1986

Stream Numbers

-2

~24

-

137
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wirean tonnect iona

Stream Equipment 138
From To
7 7 4
g 4 8
2 B8 2
i0 Q i0
i1 10 13
iz 13 14
13 14 11
i4 i4 12 .
is 11 16
16 12 1&a
i7 16 17
18 17 19
19 17 18
20 19 20
21 19 21
22 21 22
23 20 22
24 22 23
23 23 24
26 18 24
27 24 25
28 24 24
29 23 28
30 26 29
31 29 27
32 2 30
33 27 30
34 30 23
33 30 27
3& 15 10
37 27 31
a8 10 35
39 25 26
40 26 33
41 31 34
42 34 21
43 33 20
44 20 11
45 21 12
44 12 1S
47 11 32
48 32 Q
49 Q@ 15
S0 32 35
o1 15 0
o2 35 0
COMPONENTS & & + & = 2
ID Numbers sessvassses 446, 47,

CGDE REPORT

THERMODYNAMICS

Kvalue optiont: Feng~Robinson
Enthalpy cption: Feng—-Robinson

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



Density ocption! APl method

MISCELLANEQUS
Recycle calculations are converged,
Recycle equipment list (KEZ2): 13, t4, 17, 18, 19, 33, 20, 11,

31, 34, 21, 22, 23, 24, 12, 15,
25. 26+ 2B, 29, 27, 30

Streams used in conv. routine (KE4):¢ o)
{})=Delay factor

Preferred cut stream list (KE3): 11, 17, 40, 37, 34, 35,
Convergence tolerances, Error
Flowrates: . 00100000
Vapor fraction: « 00100000
Temperature: . 00100000
Pressure: . 00100000
Enthalpy! - 00100000
Flash calcs: « QQGOTS000
Max. loops in recycle calc.: 30
in flash calcs! 75

CORE: Chemical Engineering Simulation System
(C) Copyright, COADE / McGraw-Hill, 19856
All Rights Reserved.

ok DIVIDERS e ok e
Equipment no. 14 17 19 3=
External name
Fraction/flow 1§ . 68750 « 40000 « 71000 « 33000
2 « 31250 « 50000 « 29000 « 67000
3 « 00000 » 00000 « 00000 . 00000
4 « Q0000 « 00000 « 00000 «Q0000
S5 « 00000 « 00000 « 00000 « Q0000
[ « 00000 « Q0000 - 00000 « 00000
Mode .0 0 . O .0
Stream # O o) a0 0
Comp. ID # e <0 .0 .0
Corp. ID # e QO «0 .0
Comp, 1D # 0 20 « 0 .0
Comp. ID # .0 -0 0 .0
Comp. ID # .Q -0 -0 .0
Comp. 1D # «0 .0 e .0
Comp. ID # .0 «0 -0 .0
Comp. ID # .0 .0 .0 .0
Comp. 1D # «0 -0 «0 +0
Comp. ID # .0 .0 0 .0

l---ll-'u.lttulnullil.lll.Oll-l!lll-ll-lllsalll-l-IllllllIllll'llal-ll

o MIXERS-W/FLASH LEL
Equipment no. 16 22 359
External name

--III.l.llll.ll...'.l.llllllllll.I-I--Il.IIIIIll.l.l..ll-ll.lllllll-ll

- VAaLVES e e ok
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Equipment no. 23
External name
Outlet pressure bars L.6132

28

1.4006

29

1.4572

140

%% kEXCHANGER/CONDENSERS# k%

Equipment no. S
External name

Heat transfer coeff. » 00000
Area « Q0000
Number of shells e
Shell passes .0
Tube passes -0
Mode 5.0
Min. delta T or T—aout 20,00
Delta P, stream 1 « 00000
Delta Py stream 2 « Q0000
C, stream 1 MI/tr -158.52
Water usage. DM3/hr = Q0000
Corrected delta T « OO
Equipment no. 7
External name

Heat transfer coeff. 300,00
Area 1.5385
Number of shells .0
Shell passes .0
Tube passes -0
Mode 3.0
Min. delta T or T-out 10.00
Delta P, stream 1 - 00000
Delta P, stream 2 « 00000
G, stream 1 MJ/he -8.453%
Water usage. DM3/hr « 00000
Corrected delta T 18.32
Equipment no. 13
External name

Heat transfer coeff. « OQO00
Area - 00000
Number of shells .0
Shell passes 0
Tube passes .0
Mode 5.0
Min. delta T or T-out 10,00
Delta P stream i « 00000
Delta P, stream 2 « OO0
@, stream 1 MJI/hr 3.0318
Water usage. DM3/hr « Q0000
Corrected delta T B8.43
Equipment no. ial

External name
Heat transfer coeff. 300, 00

Area 9.7545
Number of shells .0
Shell passes i
Tube passes .0
Mode 3.0
Min. delta T or T-out 46.00
Delita P, stream 1 « 00000
Delta Ps stream 2 » 00000

@2, stream 1 MJ/hr -10.610

« 00000
« 00000
.o
.0
.0
5.0
20.00
« 00000
« C0000
—-183.56
« QQO00
« OO

10

300,00
4.4356
-0

.0

.0

3.0
1.00

« 00000
« 000G0
?.8046
« Q0000
7.37

15

300,00
20,847
.0

-0

-0

3.0
1.00

- 00000
» 00000
7.0809
« 00000
1.45
26

300.00
J.BB8S
-0

-0

-0

3.0
3.00

» Q0000
« 00000
=7.13562

- 00000
= 00000
.0

.0

.0

9.0
20.00
« 00000
« 00000

-164.72

« 00000
<00
i1

300.00
15.772
-0
.0
.0
3.0
25.00
« 00000
. 00000
142.49
« 000Q0
30.11
20

300.00
1.1028

300,00
« 33237
.0

«0

.0

3.0
7.00

- 00000
- 00000
1.3775

S.0
22,00

» 00000
00000
—-106.13
« 00000
« 00

i2

300,00
&. 3643
.0

.0

.0

3.0
28.00
- 00000
« 00000
—~&4.454
« 00000
23. 76
21

300, 00
-404364
.0

0

.0

3.0
40.00
- 00000
. 00000
5.0450
« 00000
41.5%9
33

« 00000
« 00000
.0

IO

.0

5.0
~175.00
- 00000
- 00000
« 15206
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Water usage:

DM3 st

Ccr@ected delta T
Equipment na.

External name
Heat transfer coeff.

Area

Number of shells
Shell passes

Tube passes
Mode

90000
L£.18

34

« 00000
. 00000
.0

.0

.0

S.0

Min. delta T or T-out —-180.00
Delta P, stream 1
Delta P, stream 2

Qs stream 1
Water usage,

MI/hr
DM3/hr

Corrected delta T

R N N L R L L T e,

CODE! Chemical Engineering Simulation System

(C) Copyright, COADE / McGraw-Hill,

All Rights Reserved.

*%% PUMPS/COMFRESSORS

Equipment no.
External name

Number of stages

Work capacity MI/hr
Outlet pressure bars

Power type:
(+) steam

(Q0) electricity
(-) fuel gas
H, steam out KJ 7/ kg

Fusl usage.
Water usaga.
Steam usage

MZ  /hr
DM3/hr
Tonnes/hr

Kilowatt usage

ek ENTROPY MACHINES
Equipment no.
External name

Mode

Outlet pressure bars
Adiabatic efficiency

Theoretical

hp

Actual horsepawer

Entropy in
Entropy out,
Entropy out,

KJ/deg C
ideal
actual

Equipment no.
External name

Maode

Outlet pressure bars
Adiabatic efficiency

Theoretical

hp

Actual horsepower

Entropy in
Entropy out,

KJ/deg C
ideal

= DO0D00
« 00000
1.1303
« 00000

18.32

L3 1]
J1

lo
« Q0000
190,00
0

« 00000
- 00000
- 00G00
« 00000
1.1632

LE 1 J

.0
2.7100
. 70000
41,181
58. 831
1140.9
1140.9
1257.2
18

.0

4. 6065

« B5Q00

-10.517
-8, 9396
~733.70
~733.72

199999

4.04

19846

0
8.2300
« 70000
47.38%9
a7.469%
B12.34
812,33
940.77

2

190000

8.&63

22,300
« 70000
41.786
59. 694
438.03
438.02
503.43

00000

8.463

43.4600
« 70000
256.671
38.101
74.006
93.919
177.31

1l
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Entropy out, actual -£93.70 142

CODE: Chemical Engineering Simulation System
(C) Copyright, COADE / McGraw-Hill, 1986

All Rights Reserved.

#kk  RIGOROUS TOWERS Lt

Equipment no. 24 30
External name

Number of stages 21.0 57.0
Feed 1, stage # 15.0 1.0
Feed 2, stage # 21.0 17.0
Feed 3, stage # 0 .0
Feaed 4, stage # .0 -0
Feed S, stage # .0 .0
Sidestream # 1 stage .0 .0
Sidestream # 2 stage .0 .0
Sidestream # 3 stage .0 -0
Sidestream # 4 stage .0 -0
Cond. pressure bars 6.7131 1.4004
Cond. delta P bars . 0C0G0 . 00000
Colm. delta P bars « 12400E-01 « 19850
Condenser type .0 1.0
Condenser mode 4.0 .0
Value of cond. spec. 146,000 . 00000
Cond comp 1 position 1.0 .0
Cond comp 2 positian .0 -0
Cond. deg. subcooled 1.00 .00
Reboiler mode .0 4.0
Val. of reboiler spec .00000 7.46000
Rebr comp 1 position .0 2.0
Rebr comp 2 position .0 .0
Damping ratio . 00000 1.00C0
Bidestream 1 mode .0 .0
Sidestream 2 mode .0 «0
Sidestream 3 mode 0 -0
Sidestream 4 mode .0 «0
Sidestream # 1 spec « 00000 « 00000 -
Sidestream # 2 spec - 00000 - 00000
Sidestream # 3 spec . 00000 - 00000
Sidestream # 4 gpec - 00000 « 00000
Sidestrm 1 comp posn .0 .0
Sidestrm 2 comp posn .0 -0
Sidestrm 3 comp posn .0 .0
Sidestrm 4 comp posn .0 0
Cond. duty MJ/hr -163.51 - 000060
Rebr duty MJI/hr « 30000 153.21
Est dist rate Kgmol/hr 1&6.000 . 00000
Est. reflux Kgmol/hr « DOOGO =« 00000
Est. side draw rate 1 .00000 « 00000
Est. side draw rate 2 .00000 « 00000
Est. side draw rate 3 .00000 . 00000
Est. side draw rate 4 (00000 - 00000
Est. temp stg 1 C ~-178.00 -193.00
Est. temp stg N C -174.00 =183.00

L L R L R R N N N R N N NN N T T R E R L R T IS

CODEREFORT
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#aratream nQe 1 e

Temparature deg C.
Fressure bars. . .
Enthalpy MJ/hr .
Entropy MJ/hrsK .
Ava. mol. wt. . .
Total flow kg/hr.

kgmol/shr .
Density kg/m3 . .
Viscosity centipoise .
Thermal cond. cal/cmkskk
Specific heat kJ/kg*K
L factor o 4 s 4 4 e e
m3/hr (13.4 deg C & 1 at
Vol. +flowrate m3/hr . .

)

Vapor
mole
fraction
Nitrogen . 810000
Oxygen . 190000

k¥ Stream no. 2 wkxk

Temperature deg C. .
Fressure bars. . . .
Enthalpy MJ/hr . .
Entropy MJ/hrsK . .
Ave, mol. wt. . . .
Total flow kg/hr. .

kgmol/hr . .
Density kg/m3 . . .
Viscosity centipaise .
Thermal cond. cal/cm¥s*K
Specific heat kJ/kg*K .
I factor « . . .+ .
m3/hr (15.46 deg C & 1 atm)
Vol. flowrate m3/hr . . .

"« 8§ 2 ® 8 31 ® =
= & 3 B & * » 9

Vapor
mole
fraction
Nitrogen - 810000
Oxygen - 1900060

CODE REPORT
xuk Stream no. 3 «xs

Temperature deg C. .
Pressure bars. . . .
Enthalpy MJ/hr . .
Entropy MJI/hr*K . .
Ave. mol. wt. . . .
Total flow kg/hr. .

kgmol/hr . .
Density kg/m3 . . .
Vigcogity centipoise .
Thermal cond. cal/cm¥s*K
Specific heat kI/kg*K
I factor « ¢« ¢ o & 4 s .

4 = & ¢ ¢ 4 = @
" 4 @ § ® ®8 8 8 &

s ® & =3 & » ® § F =8 & 3

All Vapor
<0.0000
1.01323
812.759
1.14091
28.7703
1150.81
40.0000
1.19674

. 180405E-01
« 62B02ZFE-04

1.016467
« 799419
?47.4608
?61.5641
Vapor
flowrate
kgmol/hr
32.4000
7. 60000

All Vapor
154.633
2.71000
970.718
1.,25721
28.7703
1150.81
40.0000
2.19114

» 239542E-01
. 907807E-04

1.02914
1.00045
?47.4608
525.220
Vapor
flowrate
kgmol/hr
32. 4000
7. 60000

All Vapor
20. 0000
2,.71000
812.202
-B12340
28.7703
1150.81
40. 0000
3.20381

« 1B0405E-01
« 62BO29E-04

1.02047
« 75784463

143
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mi/he (15,4 deg O L 1 atm5

Vol. flowrate m3/hr .

Vapor
mole

. fraction
Nitrogen «810000
Oxygen « 120000

Wik Stream no, 4§ e

Temperature deg C., .
Fressure bars, . . .
Enthalpy MJ3/hr . .
Entropy MJI/hr#k . .
Ave. mol. wt. . . .
Total flow kg/hr. .
kgmol/hr . .
Density kg/m3 . . .
Viscosity centipoise .
Thermal cond. cal/cmes*k
Specific heat kJ/kg*K
Z factor « .« . . . .
m3/hr {(15.4& deg C &1 atm
Vol. flowrate m3/hr . .

)

Vapor
mole
fraction
Nitrogen . 810000
Dxygen « 120000

CODE REFPORT
k¥ Stream no. S wkn

Temperature deg C.
Pressure bars. . .
Enthalpy MJ/hr .
Entropy MI/hrek .
Ave. mol, wt. . .
Total flow kg/hr.

kamol/hr
Density kg/m3 . .
Viscosity centipoise . .
Thermal cond. cal/cmksxK .
Specific heat kJ/kg*K .
Z factor . . . . . .
m3/hr (15.4 deg C & 1 atm)
Vol. flowrate m3/hr . . .

Vapor
mole
fraction
Nitrogen ».810000
Oxygen « 190000

*kk Stream no. & ke

Temperature deg C. v + &
Frocsure bars. « « « « «
Enthalpy MJ/hr « s e a
Entropy MI3/hrsk . ., . .
Ave., mol, wt., . . . . .

947.4608 144
359.206

Vapor
flowrate
kgmol/hr

32. 4000

7. 60000

All Vapor
174,770
B8.23000
993.971
» 7407465
28.7703
1150.81
40, 0000
&.34707
. 2847552E-01
- 957600E-04
1,03568
1.00172
947 .608
iB1.317

Vapor

flowrate
kgmol/hr

32. 4000

7. 60000

All Vapor
20. 0000
B.23000
810.408
. 338028
2B.7703
1150.81
40. 0000
?.75871
» 180405E-01
« b28029E-04
1.03134
-99548%9
947.608
117.928
Vapor
flowrate
kgmol/hr
32.4000
7. 60000

All Vapor
i596. 4639
22. 3000
970.4685
e o435

28.7703
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Total flew kgthe. . . . .

kgmal/hr . .

DENSILY K93 40 vy

Viscosity centipoise . . .
Thermal cond. cal/cmss«¥ .
Specific heat kJ/kgeK .
Z factor « + « 2 % & . = a
mI/hr (15.6 deg C & 1 atm)
Vol. flowrate m3/he . . .

- .

Vapor
male
fraction
Nitrogen -810000
Oxygen - 1570000

CODE REPORT
**% Stream no. ARl

Temperature deg C.
Pressure barg. . .
Enthalpy MJ3/hr .
Entropy MJI/hrsk
Ave. mal. wt. . .
Tetal flow kg/hr.

kgmol/he .
Density kg/m3 . . . . .
Viscosity centipoise . . .
Thermal cond. cal/cmsssk
Specific heat kJ/kgxi
Z Factor = & v 4 s - e e W
m3/hr (15.6 deg C & 1 atm)
Val. flowrate m3/he . . .

" = s & 3

Vapor
mole
fraction
Nitrogen «810000
Oxygen « 190000

#%% Stream no. B #xw

Temperature deg C.
Fressure bars. . .
Enthalpy MJ/hr .
Entropy MJ/hrxk
Ave. mol. wt. . .
Total flow kg/hr. -
kgmoal/hr . -

Density kg/mn3 . . .
Viscosity centipoise . .
Thermal cond. cal/cm¥s*K
)

Epecific heat kJ/kg*K
4 {aCtUI‘ = 8 & B 8 @ -

m3/hr (15.46 deg C & 1 atm
Vol. flowrate m3/her . . .,

Vapar
mole
fraction
Nitrogen -B1000C0
Oxygen - 190000

CODE REPORT

1150.81 145
40D, Q000

17.8700

« 240458E-01
-R124L67E-05
1.04437
1.00422
Q47.608
64,3682
Vapor
flowrate
kgmal/hr
32, 4000
7.560000

All Vapor
20. 0000
22.3000
B05.%464
- F4004L1E-01
28.7703
1150.81
40Q.0000
26.6192
- 180657E-01
. &28029E-04
1.05903
. 988871
947.4608
43.2331
Vapor
flowrate
kgmal/hr
32.4000
7. 60000

All Vapor
107.532
43,6000
08, 2865
- 177305
28.7703
1150.81
40.0000
3I9.4742
« 220565E-01
. 799857E~Q4
1.04555
1.00399
F47.608
29.15430

Vapor

flowrate
kgmol/hr

32.4000

7. 60000
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wek Stream no.  § #s

Temperature dag C. . .

Pressure barg., . .
Enthalpy MJ/hr .

Entropy MJI/hr
Ave. mal. wt. .

Total flow kg/hr. . .
kgmol/hr . . -

Density kg/m3 . . . -
Viscosity centipoise . .
Thermal cond. cal/cm%s*k
Specific heat kJ/kg*k .
}

¥4 ‘FaCth‘ *® & 3 3 & » ® s
m3/hr (15.6 deg C & 1 atm
Vol. flowrate m3/hr . .

Vapor
mole
fraction
Nitrogen .810000
Oxygen - 190000

ik Stream no. 10 sk

Temperature deg C. .
Fressure bars. . . .
Enthalpy MJ/hr .- .
Entropy MI/hrsk | .
Ave. mol. wt., . . .

Total +low kg/hr.
kgmol/h+ .

Density kg/m3 . . .
Vigcosity centipoise . . .
Thermal cond. cal/cmkssK .,
Specific heat kJ/kgek .
Z factor < . & v 4 . . .
m3/hr (15.46 deg €C & 1 atm)
Vol. flowrate md/he . . .

Vapor
mole
fractian
Nitragen «B1C000
Oxygen « 120000

CODE REPORT
Wk Stream na. 11 ke

Temperature deg C.
Fressure bars. . .
Enthalpy MJ/he .
Entropy MI/hrs¥ .
Ave. mal, wt. . .
Total flaw kg/hr.

kgmol/hr .
Density kg/m3 . .
Viscosity centipoise .
Thermal cond. cal/cm¥s*K
Specific heat kJ/k g*K
Z Factor v v ¢ 4 s 4 . o

« 5 & & & a

ALl Vapar

22.0000
43. 6000
BOZ2.137
-. 138455
28.7703
1150.81
40.0000
52.0371

- 182234E-01
«&31572E-04

1.09814
982313
?47.608
22.1156
Vapor
flowrate
kgmol/hr
32.4000
7. 60000

All Vapor
15.3137
A43. 6000
793.683

-. 167679
28.7703
1150.81
404, 0000
o3. 40460

«179041E-01
« 619794E-04

1.10248
«F79320
947.608
21.5487
Vapor
flowrate
kgmol/hr
32. 4000
7.50000

All Vapor
7.59764
43. 6000
783.879

~-. 202191
28.7703
1150.81
40. 0000
£5.0894

« 175318E~01
« &OL4TEE-C4

1.10845
- ?75487
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m3I/hr (15.6 deg C & 1 atm)

Vol. flowrate md/he . . .

Vapor
mnoie
fraction
Nitrogen « 810000
Oxnygen « 120000

*k* Stream no, 12 %+%

Temperature deg C. .
Fressure bars. . . .
Enthalpy MJ/hr -
Entropy MJ/hr*Kk . .

Ave. mol. wt. . .
Total flow kg/hr. -
kgmol/hr . .
Lensity kg/m3 . . . .
Viscosity centipaise . .
Thermal cond. cal/cmiessK ,
Specific heat kJ/kg+K
}

Z {actg" - . . - L ] L | a L 3
m3/hr (15.6 deg C & 1 at
Vol. flowrate m3/hr . .

Vapor
mole
fraction
Nitrogen 810000
Dxygen - 190000

CODE REPORT
k¥ Stpream no. 13 des

Temperature deg C. .
Fressure bars. . . .
Enthalpy M3/hr . .
Entropy MJI/hrsk . .
Ave. mol. wt. . . .
Total flow kg/hr. .
kgmol/hr . .
Density kg/mn3 . . .
Viscosity centipoise .
Thermal cond. cal/cm¥sK
Specific heat kJ/kgvK
Z factor « & ¢ & & 4 0 .
m3/hr (15.6 deg C & 1 atm)
Vol. flowrate m3/hr . . .

VVapor
mole
fraction
Nitrogen 810000
Drygen « 120000

Wk Stream no. 14 sk

Temperature deg C.
Fressure bars. . .
Enthalpy MJ3/hr

Entropy MJ/hrsK
Ave. mol. wt. .

F47.608

20,8902

Vapor
fiowrate
kgmol/br

32. 4000

7 . 60000

All Vapor
10. 0000
43. 6000
7B5.711

-. 171324
28.7703
1150.81
40,0000
54.5527

« 1764B2E-01
« 510568E-04

1.10737
976727
947.4608
21.0957
YVapor
flowrate
kgmol/hr
32.4000
7. 60000

All Vapor
10.0000
43,6000
541.001

-, 13153&
28.7703
791.18B4
27.5000

54.5327

« 176482E-01
. 610558E-04

1.10752
976727
&651.480
14,5033
VYapor
flowrate
kgmol/hr
22.2750
9.22300

All Vapor
10.0000
43, 6000
245.910

—-.597889E-01

28.7703
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Total flow kashe. . . . .
Hgmol/hr‘ LA I I |

Density kg/m3 . . . . . .
Viscosity centipoise . .

Thermal cond. cal/cmks*K .
Specific heat kJ/kg*K .
Z factor . . . . v .
m3/hr (1S.6& deg C & i atm)
Vol. flowrate m3/hr . . .

Vapor
mole
fraction
Nitrogen .B10000
Oxygen . 190000

CODE REPORT
¥ Stream no. 1S xew

Temperature deg C.
Pressure bars. . .
Enthalpy MJ/hr .
Entropy MI/hr*K .
Ave. mol, wt. . .
Total flaw kg/her.
kgmol/hr .
Density kg/m3 . .
Vigcosity centipoise .
Thermal cond. cal/cm*sK
Specific heat kJ/kg*K
Z factor . . . .
m3/hr (15,6 deg C L1 atm
Vol. flowrate m3/hr . .

)

Vapor
mole
fractiaon
Nitrogen «810000
Oxygen - 120000

*kx Strgam no. 16 kxx

Temperature deg C. .
Fressure bars. . . .
Enthalpy MJ/hr -
Entropy MJI/hrs ., .
Ave. mol. wt., . . .
Total flaw kg/hr. .
kgmol/h+ . .
Density kg/m3 . . .
Viscosity centipoise .
Thermal cond. cal/cm*s*K
Specific heat kJ/kg*K
Z factor . . . . -
m3/her (15.4&6 deg C & 1 atm
Vol. flowrate m3/hr . .

" & ¥ & v & @ &
« & 32 & w 8 & § @

}

Vapor
mole
fractian
Nitrogen - 810000
Oxygen « 190000

CODE REPORT

35P.629

12,2000

T P woal

. 1764082E-01
. 610548E-04

1.10704
Q76727
296,127
6£.59242
Vapor
flowrate
kgmol/hr
10.1250
2.37500

All ‘Vapor
. —126.812
43. 46000
378.8507
.842187
28.7703
7%1.184
27.5000
1656.452

» 106017E-01
« 309595E~-04

2.37537
619385
&51.480
£.75330
Vapor
flowrate
kgmal/hr
22.2750

5.22500

All Vapor
-126.4840
43,8000
1B1.454
-=. 380657
28,7703
359. 629
12.35000
164.835

- 106149E-01
« 4104353E-04

2.336561
. 623874
296,127
2.1817%
Vapaor
flowrate
kgmol/hr
10. 1250
2,37500

-
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wék Stream no. 17 &

Temperature deg C. . . .
Pressure bars. . .
Enthalpy MJ/hr .
Entropy MI/hrsK . . . .
Ave. mol. wt, . .
Total flow kg/hr. . .« .
kgmoal/hr « « 2 o« &
Density kg/m3 . . o + « &
Viscosity centipaise . . .
Thermal cond. cal/cm*s*K .
Specific heat kJ/kg*K .
)

I factor . . . . .
m3/hr (15.6 deg C & i atm
Vol. flowrate m3/hr . .

Vapor
mole
fraction
Nitrogen .B10000O
Oxygen « 190000

*k% Stream no. 18 =+

Temperature deg C. .
Fressure barS. « « o+ « «
Enthalpy MJ/hr - .
Entropy MJI/hrsK . .
Ave. mol., wt. . . .
Total flow kg/hr. . . . .
kgmol/hr . . .
Density kg/m3 . . . . . .
Vigscosity centipoise . .
Thermal cond. cal/cmts*K .
Specific heat kJ/kg*K .
Z factor . . . . . .
m3/hr (15.4 deg C & 1 atm)
Vol. flowrate m3/hr . . .

Vapar
male
fraction
Nitrogen « 810000
Oxygen « 120000

CODE REFORT
k¥ Stream na. 17 #&kx

Temperature deg C.
Pressure bars. . .
Enthalpy MJ3/hr .
Entropy MI/hrsk .
Ave. mol. wt. . .
Total flow kg/hr.

kgmal/hr .
Density kg/m3 . .
Viscosity centipoise .
Thermal cond. cal/cmss+K
Specific heat kJ/kg*K
I factor .« + v « & & o

" " e s s e 9
a ¢ = & = % % 9
= 4 ® = = ® & a s

149

All Vapor
~126.696
43. 6000
579.9863
-1.,22284
28.7703
1150.81
40. 0000
1685.942
« 10605BE-01
- 410139E-04
2.36246
- 620796
947 .408
&.93515
Vapor
flowrate
kgmol/hr
32.4000
7. 60000

All Vapor
=-12&.695
43. 6000 !
231.985
—-. 489127
28.7703
4460.325
146. 0000
165.937
. 10560358E-01
.4101408—04
2.36314
. 620808
379.043
2.77413
Vapar
flowrate
kgmal/he
12.34600
3.04000

All Vapor
—126.693
43. 6000
347.978
« 7335690
Z28.7703
&%0. 488
24,0000
165.937
.IO&OSBE—OI
+410140E-04
2.36291
« 620808
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m3/hr (15.4 deg C & 1 atm)

Yol fienrate mamr o . .

Vapor
mole
fraction
Nitrogen « 510000
Oxygen « 190000

ke Stream no. 20 ww*

Temperature deg C.
Pressure bars., . .
Enthalpy MJ/hr .
Entropy MJ/hrsk .
Ave. mol. wt, . .
Total flow kg/hr. .,
kgnol/hr . .
Density kg/m3 ., . .
Viscosity centipoise .,
Thermal cond. cal/cmess .
Specific heat kJ/kg*K .
Z factor . . . .
m3/hr (12.6 deg C & 1 atm)
Vol. flowrate an3/hr . . .

Vapor
mole
fraction
Nitrogen .810000
Oxygen . 190000

CODE REPDRT
*dé Stream no, Z1 kae
Temperat ure deg C.

Frescure bars. . . .
Enthalpy M3/hr -

Entropy MJ/hr*k
Ave. mol. wt., . .
Total flow kg/hr.
kgmol/hr . . .

Density kg/m3 . . . . -
Viscosity centipoise . .
Thermal cond. cal/cm*stk .
Specific heat kJ/kg*K .
Z factor v . . . . . .
)

m3/hr (15.6 degq C & 1 atm
Vol. flowrate m3/hr . .

Vapor
male
fraction
Nitrogen « B10000
Dxygen « 190000

k% Stream no. Z2 e

Temperature deg C.
Pressure bars. . .
Enthalpy MJ/hr

Entropy MJI/hrsk
Ave. mol. wt. .,

568.545

A.16120

Vapor
flowrate
kgmal/hr

19. 4400

4,56000

All Vapor
=126.4&93
43. 6000
164,710
-.347280
28.7703
326.831
11.3600
165.937

» 106GEBE-01
-4101430E~-04

2.36313
« 620808
269,121
1.96963
Vapor
flowrate
kgmal/hr
?.201460
2.15840

All Vapor
-126,4L95
43, 6000
&67.2758
—-. 141847
28,7703
133.494
4.464000
165.937

- 106058E-01
- 310140E-04

2.356258
. 620808
107.922
« 804498
Vapor
flowrate
kgmol/hr
3. 75840
- 831600

All Vapor
-1346.781
43. 6000
&2.2307
-.177787
28,7703
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Total flen K9 4 4

kgmol/hr o« + & . .

Donsity ka/wd .. .. ..

Viscosity centipoicse . . .
Thermal cond. cal/cm&ssk .
Specific heat kJ/kg»K .
Z factor « ¢« « 4 &« & & 4 .
m3/hr (15.6 deg C & 1 atm)
Val. flowrate m3/he . . .

Vapor
mole
fraction
Nitrogen = 810000
Oxygen « 190000

CODE REPORT
*vk Stream no. 23 s+

Temperaturae deg C. . .
Pressure bars. . . . .
Enthalpy M3/hr . a e
Entropy MI/hrek . .
Ave. mol. wt. . . .
Total flow kg/hr. .

kgmol/hr . .
Density kg/m3 . . .
Viscosity centipoise .
Thermal cond. cal/cmessi
Specific heat kJskgxk .
Z factor @ v . 4 4 4 e s s
m3/hr (15.46 deg C & 1 atm)
, Vol. flowrate m3/hr . . .

Vapor
mole
fraction
Nitrogen . 810000

Oxygen . 190000
**% Stream no. 24 w*%

Temperature deg C.
Pressure bars. .. « . .
Enthalpy MJ/hr .
Entropy MJ/hersK .
Ave. mol. wt. . .
Total flow kg/hr.
kgmol/hr .
Density kg/m3 . .
Viecasity centipoise .
Thermal cond. cal/cm#*ss¥
Specific heat kJ/kg*K
Z Factor . . . . . . .,
m3/hr (15.46 deg C & 1 atm
Vol. flowrate m3/hr . .

)

Vapor
mole
fractiaon
Nitrogen «810000
Oxygen » 120000

CODE REPORT

133,404

4.,64000

287.504
- 1064556E-01
. 397891E-048 '
7.77801
- 412963
109.922
- 498299
Vapor
flowrate
kgmol /hr
3.75840
» 881600

151

All Vapor
-1346,752
43, £000
152,431
-. 434724
28.7703
326.831
11.3800
267.071 .
« 1046420E~-01
« 3P7P25E-04
7.703542
«4141862
267.121
1.22378
Vapaor
flawrate -
kgmol/hr
?.20160
2.15840

All VYapor
—1346.760
43. 45000 -
214.86462
~. 612399
<8.7703
460,325
14,0000
247.300
- 106430E~01
- 3?791&E-04
7.725351
-.413833
379.043
1.72218
Vapor
flowrate
kgmol/hr
12.95600
3.04000
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197
*++ Stream ng, £d T

Pressure bars, . . . . s .

. 6.71314

Overall Vapor Liquid
Temperature dag C. -172.38%
Pressure bars. . . &.61325
Vapor fraction . . . 817598
Enthalpy MJ/hr . 214,682 H 187.6464 H 27.0110
Entropy MI/hesk . = 4748245 ! =« 2693550 ! -. 204705
Ave. mol., wt. . . 28.7703 i 28,6455 H 29.240%9
Total flow kg/hr . 440,325 ! 374.990 ! 85.3375
kgmal/hr . 156.0000 : 13.0816 ! 2.91843
Density kg/m3 . . . . . . . “ . 26.7024 H 1304. 48
Viscasity centipoise . . . . . . - - 690154E~-02 | - 103313
Thermal cond. cal/cm*swk ., . . . . «337732E-04 ! « S05024E-03
Specific heat kI/kgk . . . . . 1.25170 H 2.17381
Z factor . . ... . . . ... . . « 847052 :
m3/hr (15.6 deg C & 1 atm) . . . . 309,974
Vaol. flowrate m3/hr . . . . . . . 14.0435
Surface tension dynesem. . . . . " e s e e s oa e S.67519
8. G. (6O/&DY ., . . L . .. * s e v n e e w e e . . 215033
m3/hr (15.6 deg C & 1 atm) . . . . . s e s s . - 73407BE-01
Vol. flowrate m3/br . . . . . . . "k e s s e e - 606731E-01
Vapor Liquid Vapor Liquid
mole mole flowrate flowrate
fraction fraction kgmol/hr kgmol/hr
Nitragen -B3630 6714 10.94501 2.01943
Oxygen « 16370 « 30804 2.14142 . = 859001
“k¥ Etream no. 26 % re
Overall Vapor Liquid
Temperature deg C. -172.347
Pressure barg, . . 6.604647
Vapor fraction . . .B32393 .
Enthalpy MJI/he . 323.794 : 2B&. 507 H 37.273%
Entropy MJIshrek ~. 693328 H -.411175 ! —. 282652
Ave. mol. wt, . . 28.7703 ' 28,6730 : 29.25346
Total flow kg/hr . &%0.488 H 372.812 ! 117.4675
"kgmol/he . 24,0000 H 19.9774 ! 4.02257
Density kg/m3 . . . . . . . . . . 26.86790 ! 1407.55
Viscosity centipoise « . . . . . . + 67041BE-02 « 103345
Thermal cond. cal/cmussK . . - s . + 3S7657E-04 ! « 504985E-03
Specific heat KI/kgek . . . . ., 1.24986 : 2.17363
Z factor . . L0 L0 L L L. .. . -847282
m3/hr {1S.46 deg C &% 1 atm) . . - 473.210
-Vol. flowrate m3/he . . . . . .« . 21.4708
Surface tension dyne/cm. . . . . * s s e e s s oe . S.59054
S. G. (60/760) . . . . . . ... " vt e e e e e . . 215375
m3/hr (15.6 deg C & 1 atm) . . . T T - 128735
Vol. flowrate m3/he , . . . . . e s e s e .o - B35040E~-01
Vapor Liquid Vapor Liquid
mole nole flowrate flowrate
fraction fraction kgmol/hr kgmol /hr
Nitrogen «B3343 . 68876 16.64%8 2.770460
Oxygen . 18557 31124 3. 307567 1.25197
CODE REFORT
*kw Stream no. 27 s -
) All Liquid
Temperature deg Co . . . . . —-175.941
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En{halpy MJ/hl" [ T T T
Entropy MI/hesk . . . . .

fAive. mol. wt, = 5 & w5 § 3

Total flow kg/hr. . . . .
kgmol/hr . « .« . .
Density kg/m3 . . . « . .
Vigcosity centipoise . .
Thermal cond. cal/cm*s*K .
Specific heat kJ/kg*Kk .
Surface tension dynelcm. -
5. G. (&0/60) . . .
m3/hr {(15.4 deg C & 1 atm)
Yol. flowrate m3/hr . . .

Liquid
mole
fraction
Nitrogen -781097
Onygen « 189026E-01

*¥¥ Stream no., 28 w4+

Temperature deg C.
Pressure bars. . .
Enthalpy MJ/hr .
Entropy MJ/hrek .
Ave. mol. wt., . .
Total flow kg/hr.
kgmol/hr .
Density kg/m3 . . .
Viscosity centipoise .
Thermal cond. cal/cm*=*H
Specific heat KJI/K g*K
Burface tension dyne/cn.
S. G. (60/E0) . W W 4 .
m3/hr {15.6 deg C & 1 atm)
Vol. flowrate m3/hr . . .

LI S )
= w8 = 8
" 8 = " & & & " a

Liquid
mole

fraction
Nitrogen « 595938
Oxygen - 3040464

CODE REPORT
w4k Stream no, 29 &

Temperature deg C., .
Fressure bars., . . .,
Enthalpy MJ/hr -
Entropy MJ/hrek .
Ave. mol. wt. . . .
Total flow kg/hr. .
kgmol/hr . .
Density kg/m3 . . .
Viscosity centipoice .
Thermal cond. cal/cm*s*K
Specific heat kJ/kg¥k
Surface tension dyne/cm.
5. G. B0/ . . ., .
m3/hr (15.6 degq C % 1 atm)
Vol. flowrate m3/hr . . .

152,101 153

-1.122%1
28,0883
449,512
15.9999
1329,.92
«947307E-01
- 310531€E-03
2.343647
4,74317
- 883885
- 009248
- 337928
Liquid

flowrate

kgmal/hr
15. 67975
« 302440

All Liquid
-172,151
&6.73254
222.843
~-1.468107
29.2250
701,402
24,0001
1402.47 "’
« 102868
« S0464LLE-03
2,183357
T. 60304 ' ’
-« 914507 "
« 768091
500125
Liquid
flowrate
kgmol/hr
16,7025
7.297S4

All Liquid

-18&.647
&£.71314
141.492

-1.23802
<8.0B83
449,412
15.999%
1445.97
. 123409
. S27857E-03
2.09301
6.78401
. BB3B85
« 509248
« 310805
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Liquid Liquid
mole flowrate
fraction kgmal/hr
Nitrogen . 781097 15.697S5
Oxyoen . 1B9024E-01 . 302440
4k Stream no. 30 kEe
A1l Liqui
Temperature deg Cu ¢« o« ¢ « -« -176.93%9
Pressure bars. « « o « » « » &£.732354
Enthalpy MJ3/hr “ e e s 215.707
Entropy MI/hrek . . . ', . -1.75344
Ave. mol. wte . + &« & =+ & 29.2250
Total flow ka/hr. . « - « - 701.402
kgmol/ht « « &« & « 24.0001
Dansity kg/m3 . . . - « . . 1454. 6%
Viscosity centipoise . . . . . 1137835
Thermal cond. cal/cm*s*K . . .512414
Specific heat kJ/kg*K . . 2.07018
Surface tension dyne/cm. . . b6.67743
5. G. (60/ED)} & & o & &+ - « 714507
m3/hr (15.46 deg C & 1 atm) . . 768091
VYol. flowrate mI/hr . « o . 482172
Liquid Liquid
mole flowrate
fraction kgmol/hr
Nitrogen . 695936 16,7025
Onygen . 204064 7.297356
CODE REFCRT
wkk Stream no. 31 wex
Overall
Temperature deg C. -190,.027
Pressure bars. . . 1.45723
Vapor fraction . . - 138541
Enthalpy MI/hr - 215.707 H
Entropy MI/hrsK . -1,73074 H -
Ave, mol. wt. . . 29,2250 H
Total flow kg/hr . 701.402 H
kgmol/hr . 24,0001 !
Density kg/m3 & « o« o« o o« «

Viscosity centipoise . .
Thermal cond. cal/cm*s*K
Specific heat kJ/kg*K
Z factor « 4+ « = & . .
m3/hr (1S5.6 deg C & 1 atm)
Vol. flowrate m3/hr . . .
Surface tension dyne/cm. .
8. G. (60/60) .+ o« o o =
m3/hr (15.6 deg C & 1 atm)
Val. flowrate m3/hr . . .

« 4 & = & & B B s w 8
LI T I ]
LI T T |

Vapor Liquid
mole mole
fraction fraction
Nitrogen «.87111 «. 66782
Oxygen - 12889 .33218
khd Stream no. 32 *éw
Overall

Temparatura deg C. ~192.652

d

E-03

Vapor

46,6821
- 407657E-01
28.5267
74.8512
3.32499
L. 38647
« SELFT7AE-02
« 337247E-04
1.10370
« 49507
78.6264
14,9457

Vapor
flowrate
kamol/tr
2.89644
. 428552

Vapor

Liquid

168.992
-1.68978
29.3371
606.544
20.46751
15790.31

- 161615
«3334619E-03
1.8454%

Q.92894
17617
L662037
. 381406
Liquid
flowrate
kgmol 7hr
13.8073
6.86778

Liquid
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Fressure bars. . . 1.40035

Vapor fraction .

Enthalpy MJI/hr . 141.492 }
Entropy MJ/hrsKk . -1.23344 H
Ave. mol. wt. . . 28.088B3 !
Total flow kg/hr . 449,412 H

kgmoal/hr . 15,9999 H

Density kg/m3 . « « « «
Viscosity centipoise . . .
Thermal cond. cal/cmas#K .
Epecific heat kJ/kg*K .

I facter . . .
m3/hr {15.4 deg C & 1 atm)
Vol. flowrate m3/hr . . .

Surface tension dyne/cm. .
B. G. (0/80) . . .« &
m3/hr (15.6 deg C & 1 atm)
Vol. flowrate m37hr .« « &

Vapor

mole

fraction

Nitrogen - 79332
Dxygen - 566830E-02
CODE REFORT

k% Stream no. 33 *+*

+ &689846E-01

quuid
mole
fraction

. 78024

« 19763E-01

Dverall
Temperature deg C. -190.008

Pressure bars. .
Vapor fraction .
Enthalpy MJ/hr

Ave. mol,. wWt. .
Total flow kg/br
kgmal/hr
Density kg/m3 o « + « « &
Viscosity centipoise . . o
Thermal cond. cal/cmes*K .
Specific heat kJ/kg*K .
Z factor . . . .
m3/hr (15. 46 deg C & 1 atm)
Vol. flowrate m3/hr . . .
Surface tension dyne/cm. .
S, G. (&0/80) . . < &«
m3/hr (15.6 deg C & 1 atm)
Vol. flowrate md/hr .« .
Vapor
mole
fraction
Nitrogen 87004
Oxygen - 129956

*4% Stream no. 34 %*»

Temperature deg C. .
Pressure bars. . « «
Enthalpy MJ/hr . .
Entropy MI/hrsl . .
Ave. mol. wt., . . .
Total flow kg/bhr. .

4 = 8 % & 3
LI T T T T ¥

701.
24,0001

. 1.45725
. . 148874
. 217.084 H
Entropy MI/hrsi . ~-1.,71320 H
. 29,2230 H
. H
- I

402

Liquid
mole
fraction
. 66549
. 33451

All Vapor
- —-192.58647
. 1.40055
. 453.4461
. -. 421952
. 28.0407
- 20B.518

14,7390

-. 138828E~-01

28,0376
30,0129
1.07037
&. 29450
- 541943E-02
- 336861E-04
1.13005
. 747848
24,9376
4.76818

Vapor
flowrate
kgmol/hr
1.06322

[ e

. 715335E-02

VVapor

S0.2428

—.440183E-01

28.5310
101,955
3.57344
6. 33689
« 567 16BE-02
-337457E-04
1.10343
.949532
84,6209
15.0893

Vapor
flowrate
kgmol/hr
3. 10905
464419

— me wt mm as am

124. 654
-1.21957
28,0918
419,398
14.929&
1503, 80
-148024

- 537568BE-03
1.97940

B.3144%
. B83978
.475188
. 278895
Liquid

flowrate
kgmol/hr
14,6345
- 293055

Liquid

166,874
-1.466718
29.3463
997. 446
20,4264
1520.93

« 1618466

« 533592E-03
1.84441

?.74126
717865
654110
» 376793
Liquid

flowrate
kgmol /hr
13.5938
&.83284
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kgmol/he =+ + « &+ &
Density kg/m3 . . . . .
Viccosity centipoise . .
Thermal cond. cal/cmks*K
Epecific heat kJ/kgwK
L factor . . . .. . ..
m3/hr (15.6 deg C & 1 at
Vol. flowrate m3/hr . .

LI S T

Vapor
mole
fraction
MNitrogen «FPI053
Oxygen ~6F4701E-02

CODE REPORT
khd Stpream no. 35 &+

Temperature deg C.
Pressure bars, . .
Enthalpy MJ/hr .
Entropy MJI/hrsX .
Ave, mol. wt. . .
Total flow kg/hr.

kgnol/shr .
Density kg/m3 . .
Viscosity centipoise . .
Thermal cond. cal/cmes*K
Specific heat kJ/kg*K
Surface tension dyne/cm. .
. B. (60/60) . . & . &
m3/hr (15.6 deg C & 1 atm}
Vol. flowrate m3/hr . . .

Ligquid
mole
fraction
Nitrogen . 2961560E-01
Oxygen .770384

**% Stream no. & ke

Temperature deg C.
Pressure bars. . .
Enthalpy M3/hr .
Entropy MJ/hrsll .
Ave. mol. wt. . .
Total flow kg/hre.
kgmol/hr .
Density kq/m3 . .
Viscosity centipoise .
Thermal cond. cal/cmis*K
Specific heat kJ/kg*K
I facter @ & & 4 4 0 . .
m3/hr {15.6 deg C & 1 atm
Vol. flowrate m3/hr o .

L 2NN T RN I TR T
LI T T I D T T}
. s s & & & = & @

}

Vapor
mole
fraction
Nitrogen - 793056
Oxygen « &F43ISIE-02

CODE REPORT

32. 4000 156
6£.15011
«DA1992E-02
. 339356E-04
1.13027
. 247873
767.562
145.771
Vapor
flowrate
kgmol/tr
32.174%
. 225083

All Liquid
-179.524
1.599035
£8.1288
-. 604788
31.8810
242,295
7.60000
1708.81
175474
<S517224E-03
1.63250
12,0762
. 985074
- 2846347
.141794
Liquid
flowrate
kgmol/hr
. 225082
7.37492

All Vapar
-17.0000
1.40035
206.0562
« 2344685
28.0407
299.812
10. &%20
1.8444B
« 157820E-01
. 371445E~04
1,044649
- 998549
253.2946
162,335
Vapar
flawrate
kgmol/hr
10.6178
« 7424Q5E-01
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#+% Stream no. 37 *e»

Temperatue deg C. .
Pressure bars. . . .
Enthalpy MJ/hr -
Entropy MJ/hrsK . .,
Ave. mal. wt.e . . .
Total flow kg/hr. .
kgmol/hr .
Density kg/m3 . . .
Vigcosity centipoise .
Thermal cond. cal/cm¥s#K
Epecific beat kJ/kg*¥
Surface tension dyne/cm.
S. G. (&0/60)Y . . . . .
m3/hr (15.6 deg C & 1 atm
Val. flowrate m3/he . .

)

Liquid
mole
fraction
Nit+rogen «296180E-01
Oxygen .?70382

wkk Stream no. 38 wkx

Temperature deg C.
Pressure bars. . -
Enthalpy MJ/hr .
Entropy MJ/hr*K .
Aveg. mol. wt. . .
Total flow kg/hr.
kgmol/hr .
Density kg/m3 . .
Viscosity centipoise .
Thermal cond. cal/cm#sK
Specific heat kJ/kg*K
Z factor o & & & o+ .
m3/hr (i5.46 deg C % 1 atm
Vol. flowrate m3/hr . .

[ Y I ]
" ® 2 8 2 e = "

)

Vapor
male
fraction
Nitrogen . 7930558
Oxygen -624353E-02

CODE REFORT
*%% Stream no. 39 *kE

Temperature deg C. .
Pressure bars. + « »
Enthalpy MJI/hr -
Entropy MJI/br¥K . .
Ave. mol. wt. . . .
Total flow kg/hr. .
kgmal/he . .
Density kg/m3 . . .
Viscosity centipoise .
Thermal cond. cal/cm*s*K
Specific heat kJ/kg*K

[ T T I R I )
4 4 & & ® 8 ® = u

s ¥ & 4 # 4 8 = 3 s

All Liquid
-183.027
1.59%05
S46.7509
. 619822
11.880%
242,295
7.606000
1734.78
. 190476
. 522893E-03
1.461428
12.9412
. 983094
. 246347
- 139310
Liquid
flowrate
kgmoal/hr
. 225097
7.374%0

All Vapaor
14.3137
1.40055
215.867
. 270798
28.0407
29%.812
10,6920
1.64442
« 17220%E-01
« 624492E-04
1.04284
. 959233
253.294
182.323

Vaponr

flowrate
kgmol/hr

10.6178

« 7424 05E-01

All Vapor
-182.235
1.40055
444,271
-. 297990
28.0407
208.51%
32.4000
5.40076
.612474E-02
. 350410E-04
1.11342
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Z factor « « 1 " 4 a8 .

m3/hr (15,46 deg C 1 atm)
Vol. flowrate m3/hr . . . .

Vapor
mole
fraction
Nitrogen 993052
Oxygen -&F47F0E-02

sk Stream no. 40 wkk

Temperature deg C. .
Fressure bars. . . .
Enthalpy MJY/hr [
Entropy MI/hr+K . .
Ave. mol., wt. . . .
Total flow kg/hr. .
kgmal/hr . .
Density kg/m3 . . .
Viscosity centipoise .
Thermal cond. cal/cmtstk
Specific heat kJ/kg*K
1 factor . . . . .
m3/hr {15.6 deg C & 1 atm)
Vol. flowrate m3/hr . . .

Vapor
mole
fraction
Nitrogen . FFI0OL2
Oxygen «EP47FOE-O2

CODE REFORT
*a% Dtream no. 41 4k

Temperature degq C.
Fressure bars. . .
Enthalpy MJ/hr .
Entropy MJI/hrs¥ .
Ave. mol., wt. . .
Total flow kg/hr.
kgmol/hr .
Density kg/m3 . .
Viscosity centipoise .
Thermal cond. cal/cm¥sk
Specific heat kJ/kg*K
SBurface tension dyne/cm.
S. G. (60/60) . . . .
m3/br (i15.6 deg C & 1 atm
Vol. flowrate mn3/hr . .

LI N T T T )
4 & =2 3 & = u a
LI I N O D T

)

Liquid
mole
fraction
Nitrogen . 296015E-01
Oxygen . 770398

#dk Stream no. 42 sk

Temperature deg Co o o = & =«
Fressure bars. . « =« s « « &«
Enthalpy MJ/hr e o= oaom

« PE1973

767.562
1£8.223
Vapor
flowrate
kgmol /bhr
32.1749
225112

All Vapor
-1735.151
1.400355

471,407

« 222393

28,0407

908.517

32. 4000

4,97527

. 860189E-02
» 3S8104E-04
1.10482

. 968776

767 .562
182.609

Vapor
flowrate
kgmal/hr

32.174%

« 225112

All Liquid
-183.027
190.000
59.0735
. 632921
31.8810
242.296
7.60001
1851.30
« 190477
 522893E-03
1.53818
12.91862
. 785095
« 2456348
. 130880
Liquid
flowrate
kagmol/hr
. 224972
7.37504

All Liquid
-1B0.000
190.000
60,2037
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Entropy MIhesll . . . . ..

Ava. mal. wt, e = & a = = =

Total flow kg/hr. . . . . .

kgmol/he . . . . .

Density kg/m3 . . . . « .+ &
Viscosity centipoise . . .
Thermal cond. cal/cméssK .
Specific heat kI/kgeK .
Burtace tension dyne/cm. .
B Ga (6O/8ED) . . 4 4 . .
m3/hr (15.6 deg C & 1 atm)
Vol. flowrate m3/hr . . .

Liquid
mole
fraction
Nitrogen - 2956015E-01
Oxygen . 770398

CODE REFPORT
x4 Stream na. 43 &x*
Temperature deg C. . . .

Fressure bars. « . .«
Enthalpy MJ/hr . .

Entropy MJ/hr&K -
Ave. mol. wt. . -
Total flow kg/hr. .
kgmol/hr « .
Density kg/m3 . . .
Viscosity centipoise .
Thermal cond. cal/cmg®K
Specific heat kJI/kg*K
Z factor &+ . . 2 v 4 . .
m3/hr (15.6 deg C & 1 atm
Vol. flowrate m3shr . .

LI T T TR T R D B I T R 1
LI T T IR T T BN I B B )

Vapor
mole
fraction
Nitraogen - FF3056
Oxygen « 6F43ISE6E-02

*4% Stream no. 44 sk

Temperature deg C. .
Fressure bars. . . .
Enthalpy MJ/hr . .
Entropy MJ/hrsk . .
Ave. mol. wt. . . .
Total flow kg/hr. .
kgmol/tr . .
Density kg/m3 . . .
Viscosity centipaoise .
Thermal cond. cal/cmsssK
Specific heat kJ/kg*K
I factor &+ v« 2 o« « . s
m3/hr (15.6 deg C & 1 at
Vol. flowrate m3/hr . .
Vapar
mole
fraction

)

-. 420504
31.8810
242,294
7.60001
1832.14
177378
«9177294E-03
1.54479
12.1671
« PB50RS
« 2446348
« 132249
Liquid

flowrate

kgmol/hr
224972

7.37504

All Vapor
-175.000
1.400855
471.55%9
- 220847
28.0307
908.517
32.4000
4.9466%6
. 661203E-02
- 3S8270E~04
1.10413
. 268902
7&7.5862
182.915
Vapor
flowrate
kgmal/hr
32.1730
« 224771

All Vapor
=-162.695

1. 400355
483.838

. 102970
28.0407
F08.517

32. 4000
4.37578

« 7843156402
- 371982E-04
1.09313
. 977283

767 .5462

207,627

Vapar
flowrate
kgmol/hr

150
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Nitrogen 93006

Oxygen «&£94356E~02

CODE REPORT

k*k Stream no. 45 #ew

Temperature deq C. .
Fressure bars. . . .
Enthalpy MJ/hr -
Entropy MJ/hrsk ., .
Ave. mol. wt. . . .
Total flow kg/hr. .
kgmol/hr . .
Density kg/m3 . . .
Viscosity centipoise .
Thermal cond. cal/cmessK
Epecific heat kJ/kg*K
Burface tension dyne/cm.
5. G. (60/8Q) . . . . .
m3/hr (15.6 deg € & 1 atm
Vol. flowrate m3/hr . .

)

Liquid
mole
fraction
Nitrogen - 29401SE-01
Oxygen . 970398

whk Stream no. 44 **»

Temperature deg C. .
Fressure bars. . . .
Enthalpy MJ/hr . .
Entropy MJ/hr+k . .
Ave. mol. wt., . . .
Total flew kg/hr. .
kgmol/br . .
Density ka/m3 . . .
Viscosity centipoise .
Thermal cond. cal/cm*s*K
Specific heat kJ/kg*K
Z factor « @ & 4 4 & .
m3/hr (15.6 deg C &% 1 atm
Vol. flowrate m3/hr . .

B g @ B R & % KT OREORON E W
¥ & 2 & * 8 ®E ®W OB E 8 W 6 @

Vapor
mole
fraction
Nitrogen . 296015E-01
Oxygen . 970398

CODE REPDRT
#4d Stream no. 47 ***

Temperature deg C.
Prescure bars. . .
Enthalpy MJ/hr .
Entropy MJ3/hrsKk .
Ave. mol. wt. . .
Total flow kg/hr.

kgmol/hr .
Density kg/m3 . .

32,1730

« 224971

All Liquid
—146.695
12¢.000
&65.248%
- Sb9975
31.8810
242,296
7.6000Q1
1747.94
. 1356068
« 49644563E~03
1.58880
8.96505
=« 985095
« 246348
« 1384620
Ligquid
flowrate
kgmol/hr
« 224972
7.37504

All Vapor
=18. 0000
1%0.000
129.703
. 190834
31.8810
242,296
7.460001
337.460
«18B9521E~-0Q1
« 540524E-04
1.41163
. 8456140
180.044
-718010
Vapor
flowrate
kgmal/hr
« 228572
7.37504

All Vapor _.

=15, 0000
1.40055
&26,332
.718553
28.0407
F08.517
32.4000
1.83224
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Viscosity centipoise . . ., .

Thernal cond. cal/cmusk( . |

Specific heat kI/kg*K . .
Z factor & v 4 4 v e s e
m3/hr (15.6 deg C & 1 atm) .
Vol. flowrate m3/hr . . . .

Vapor
mole
fraction
Nitrogen +F93054
Oxygen «6F4TTLE-Q2

¥+ Stream no. 48 w&=*

Temperature deg C. .
Pressure bars. . . .
Enthalpy MJ/hr . .
Entropy MJI/hr*k . .
Ave. mol, wt. . . .,
Tatal flow kg/hr. .

kgmolshr . .
Density kg/m3 . . .
Viscosity centipoise .
Thermal cond. cal/cmessK
Specific heat kJ/kg*K .
L factor @ & v v 4 e o4 . o
m3shr (15.6 deg C & 1 atm)
Vol. flowrate m3/hr . . .

# & = ®w s B @ &
- & ¢ & = » s & @
LI I T N S A

Vapor
mole
fraction
Nitrogen «F93056
Bxygen «&943353E~02

CODE REFORT
wkk Stream no. 49 kb

Temperature deg C.
Pressure bars. . .
Enthalpy MJ/hr -
Entropy MJ/her*Kk .
Ave. mal. wt. . .
Total flow kg/hr.
kgmol/hk .
Density kg/n3 . .
Viscosity centipoise .
Thermal cond. cal/cm%skK
Epecific heat kJ/k g*K
Z factor « @ 4 4 2 4 . .
m3/hr (15.6 deg C & 1 atm
Vol. flowrate m3/hr . .

« B+ = & = = 3
" s 4 % 4 8w s
e 8 & 8 & ¥ e u 3

}

Vapor
mole
fraction
Nitrogen « 723054
Oxygen «&F4T5IE-02

¥4 Stream no. SO #ww

Temperature deg C. . . . . .

« 15880BE-01

 J74T16E-04

1.045646
« 778621

767.562
495.851
Vapor
flowrate
kgmol/hr
32.1730
- 224971

All Vapor
~15.0000
1.40055
204,689
- 237124
28.0407
299.812
10. 46920
1.83227
- 15B808BE~01
«S74715E-04
1.04545
. 778621
253.296
163.631
Vapar
flowrate
kgmal/hr
10.46178
« 742305E-01 -

All Vapor
12.0000
1.40055
215.143
268271
28. 0407
299.812
10. 6920
1.565783
- 171821E-01
« &EZ0435E-04
1.0433%

« 729193
253.2956
180.84%
Vapar --
flowrate
kgmol/hr
10.6178
- 742305E-01

All Vapor
~15, 0000
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Pressure Dérs: « v o 11 4 )
Enthalpy MJ/he - e aom s s
Entropy MI/hr#k . & « « o« »
Ave. mol. wt. « 4 2 0 8 8 »

Total flow kg/hr. . .
kgmol/hr ., . .

DEnE‘ity kg/m3 N .
Viscosity centipoise . .
Thermal cond. cal/cm*s*K .
Specific heat kJ/kg*K .
)

Z factor . . . . .
m3/hr {(i1S.6& deg C & 1 atm
Vol. flowrate m3/hr . .

- = B B 4 & = a s

Vapor
male
fraction
Nitrogan « 9930556
Bxygen «&F4356E-02

CODE REPORT
ke Stream no. 51 #wek

Temperature deg C.
Fressure bars., . .
Enthalpy MJ/hr .
Entropy MI/hrek .
Ave. mol. wt. . .
Total flow kg/hr.
kgmol/he
Density kg/m3 . . .
Viscosity centipoise .
Thermal cond. cal/cm*s*K
Specific heat kJ/kg*K
Z factor 4 % & s @ . .
m3/hr {iS5.6 deg C & 1 atm
Vol. flowrate m3/hr . .

}

Vapor
mole

fraction

Nitrogen . 296015E-01
Oxygen +970398

*kk Stream no. T2 ws

Temperature deg C.
Pressure bars. . .
Enthalpy MJ/hr .
Entropy M3I/hrsk .
Ave. mol. wt. . .
Total flow kg/hr.
kamol/hr .
Density kg/m3 ., .
Viscosity centipoise .
Thermal cond. cal/cm*stk
Specific heat kJ/kg*K
I factor . . . . .
m3/hr (15.46 deg D & 1 atm
Vol. flowrate m3/he . .
Vapor
mole

LI A ]

LI T RS T Y

" » ® o8 ¥ = & W ow

= A 8 = m A 8 &N B & & = o8 s

® g & B B R OE OB O® 84w ow

1140030

4194682
« 381432
28. 0407
&£08.708
21.7680
1.83227
« 158808E-01
«274715E-Q4
1.04576
« 998621
514,267
332.220
Vapor
flowrate
kgmol/hr
21.5573
« 150731

All Vapor
?.97&84
190,000
138.784

-, 157037
31.8810
242,295
760001
284,551
« 20325%9E-01
« SB5S59E~04
1.27814
904312
1B80.046
.B51514

Vapor

flowrate

kKgmol/hr

« 224972

7.37504

All Vapor
-35.32648
1.40055
&635.509
. 733482
28. 0407
?08.517 -
32, 4000
1.7&568
« 163539E-01
» S70755E-04
1.04497
. 9988352
747,562
914.551
Vapor
flowrate

162
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fractiaon hgmol/hr

Nitrogen .99305¢ 32.1750 163
[ -~
Oxyaen STR8I6E-02 224971
CODE REFORT
TOWR # 1 Data file: PLANT.OQUT Profile file! link.prf
Column Summary
Temp Pres Net Flow Rates Duties
Stg € - bars kgmols/hr MI/hw
Ligquid Vapor Feed Product
1 -175.9 6£.713 18,302 146.000 -163.51
2 -174.8 6.713 18.437 34.301
3 -174.6 &6.714 18,313 34.437
4 -174.4 &.715 18,186 34.315
S —-174,1 6,716 18.033 J4.186
& -173.9 &.717 17.920 34,0353
7 -173.7 4.718 17.788 33.920
8 -173.5 6,719 17.4664 33.788
? ~-173.2 &6.720 17.548 33,4464
16 -173.0 &.721 17.441 33.548
11 -172.9 &.722 17.345 33.441
12 -172.7 6.723 17.260 33.345
13 -172.5 6£.724 17.188 33.260
14 -172.4 &6.725 17.125 33.188
15 -172.3 &.726 20.019 33.125 16.000
16 -172.3 &. 727 20.017 20.019
17 -172,3% &.728 20.013 20,017
18 -172.3 &.729 20,007 20.013 -
19 -172.2 6£.731 19.995 20.006
20 -172.2 &.732 19.977 19.993
21 -172.2 &.733 19.977 24.000 24.000
Stream # 25 fed to Stg 15 is B1.7&60 % Vapor
Stream # 2146 fed to Stg 21 is 83.23%2 % Vapor
Stream # 27 is Liquid Distillate from Stg 1
Stream # 28 is Liquid Bottoms from Stg 21
Condenser duty is -1563.509 M3/hr
Reboiler duty is « 000000 M3/ hr
CODE REFORT
TOWR # 1 Data file: PLANT.QUT Prafile file: link.prf
Tray Ligquid Froperties
Standard Actual Actual
Mass flow Avg Vol. flow Val. flow Density Viscosity
Stg kg/hr mal wt m3/hr m3/hr kg/m3 centipojse
1 Si14.1 28.09 .58 «39 1329,90 . 0947
2 S19.3 28.17 «a? « 39 1324,17 « 0934
3 517.4 28.25 .58 « 39 1330.77 . 0941
4 S515.4 28.34 .38 .39 1337.73 - 0949
S S513.4 28B.44 .58 « 38 1344.8%9 » 0957
& S11.3 28.53 .57 .38 1352.12 « 0966
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0974
10983

-0991
« 0998
« 1005
1011
»101&
. 1021
« 1024
1024
- 1025
« 1025
<1025
- 1027
« 1029

file: link.prf

7 Wil 26,60 107 W1 1339, 2
8 507.3 28.72 56 7 1366110
9 £05.5 28.81 .54 .37 1372.55
10 S03.8 28.89 « 56 - 37 1378.48
11 S02.3 28.96 «55 « 36 1383.83
12 201.0 29.03 « 55 . 36 1388. 54
13 49,9 29.08 « 55 -« 35 1392. 62
14 498.9 29.13 « 53 « 35 1396.12
15 SB4.0 29.17 .54 «42 1399.05
16 584.0 29.18 « &4 «42 1399. 15
17 S84.0 29.18 b4 «42 1392.33
18 583.9 2%.18 -1 «42 1399, 65
19 =83.7 29.19 b4 42 1400.1%
2 583.4 29.20 .64 .42 1301.05
21 701.4 29.23 77 « 50 1402, 45
Tray Vapor Properties
Standard Actual Actual
Mass flow Avg Vol. flow Vol. flow density
Stg kg/hr mol wt m3/hr m3/he Zz kg/m3
1 «#+« Total Condenser : No Vapor Outlet ##
2 963.5 28,09 812.6 34.93 .83546 27.583¢&
3 ?&58.7 28.13 B15.8 33.16 .B364 27.5500
4 66,8 28.1B B12.9 35.14 .8372 27.5144
g ?64.8 28,22 809.% J5.11 .838B0 27.477)
& 962.8 28.27 BO&.7 35.09 ,B388 27.4393
7 40,7 2B8.32 803,46 35.06 .8397 27.4012
8 73B.46 28,37 800, 4 35.03 .B405 27.3550
9 956.7 28.42 797.5 35.01 .8413 27.3303
10 954.9 28.46 794.8 34.98 .8420 27.2985
11 953.2 2B.50 792,2 34.956 ' .B427 27,2699
12 ?51.7 28.54 78%9.9 34.93 .8432 27.2448
13 350.4 2B.58 787.9 34.791 .B438 27.2235
14 ?49.3 2B.460 7B56.2 J34.89 .B442 27.2041
15 ?48.3 28.63 784.7 34.88 ,.B444 27.1917
14 573.1 2B.63 474.3 21.08 .B44s 27.1%94s6
17 573.1 28.63 474.,2 21.07 .B444 27.1974
18 573.1 28.63 474,.1 21.07 .B446 27,1993
19 S73.0 2B.64 474.0 21.04 .B445 27.2003
20 S572.8 2B.&5 473.7 21.06 .8B438 27.1985
21 572.5 2B.&b 473.3 21.05 .B449 27.1935
CODE: Chemical E&ngineering Simulation System
(C) Copyright, COADE / McGraw-Hill. 1936
All Rights Reserved. )
TOWR & 1 Data file: PLANT.TSZ Profile
Smith-Dresser-Dhlswager Shortcut Technigque
w¥wllser Provided Input Datasss
Tray spacing (in. or cm) 7. 0000
Downcomer area (ft2 or md) 01512
Weir length (in. or cm) 24,0000
Weir height (in. or cm) 3.0000
Liquid Yapor Liquid Vapor
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Flooding Se
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100

Diameter Vol. flow Vol. flow density density velocity helght

Gtg met s m3/min m3/sec kg/m3 kg/m3 m/sec maeter
1 +#iCondenser! No tray sizing«+s
2 . 3051 .01 .01 1324.14&B0 27.9840 1673 0361
3 . 3053 01 .01 1330.7740 27,9504 » 16681 . 0361
4 .3047 .01 .01 1337.7290 27.5148 . 146879 0361
S .3041 .01 .01 1344.8930 27.4775 . 1696 03461
& . 3034 .01 .01 1352.1240 27.4397 .1704 0342
7 . 3028 .01 .01 1359.2350 27.40146 .1711 . 03462
8 . 3022 .01 .01 1385.1010 27.35854 .1718 . 03482
9 . 3017 .01 .01 1372.5490 27.3307 . 1725 . 0362
10 L3012 .01 .01 13785.4840 27.298% .1731 0362
11 . 3007 .01 .01 1383,.8270 27.2703 <1736 . 03583
12 » 3003 .01 .01 1388.5370 27.2452 .1741 . 03483
13 . 3000 £ 01 .01 1392.6240 27 . 2239 . 1743 « 0363
14 « 2997 .01 .01 13946.1170 27.20465 « 1749 « 0363
15 . 3029 .01 .01 1392.04%90 27.1921 .1701 . 0359
14 . 2615 .01 .01 1399.14540 27.1950 .1517 . 0359
17 . 2615 =« 01 .01 1399.3340 27.1978 .1517 « 0359
18 2614 .01 01 1397.46510 27.1997 «1517 « 0357
19 . 2614 -0t .01 1400,1%00 27.2007 . 1517 . 0359
20 . 2613 .01 .01 1401.0490 27.198% .1518 » 0359
21 . 2661 .01 .01 1402.4480 27.1939 .1444 . 0354

CODE REPORT

TOWR # 2 Data file: PLANT.OUT Frofile file: pool.pr¥f

Column Summary

Temp Pres Net Flow Rates Duties
Stg c bars , kgmols/hr MI/he
Liquid Vapor Feed Product
1 -192.6 1.401 14,924 16.C00 32. 400
2 -192.46 1.4304 14.920 31.324
3 ~192.&6 1.408 14.%15 31.320
4 ~-192.5 1.411 14,907 31.315
S -192.5 1.415 14.8%96 31.307
6 —-192.5 1.418 14.881 31.294
7 —-192.4 1.422 14.861 31.281
B -192.3 1.425 14.832 31.2561
? -192.2 1.429 14.793 31.232
10 -192.1 1.432 14.742 31.194
11 -192.0 1.435 14.674 J1.142
12 ~-191.8 1.440 14.587 31.074
13 ~191.6 1.443 14.478 30.987
14 —1791.3 1.447 14.348 30.878
15 -191.0 1.430 14.198 30,748
16 ~190,6 1.454 14.037 30.598
17 -1790.2 1.457 34.435%9 J0. 437 24.000
i8 ~190.2 1.4&41 34.444 24.85%9
19 -190.2 1.464 34,449 26,8564
20 ~-190.2 1.468 34.474 25,847
21 —-190.2 1.471 34.479 246.874
22 -190.1 1.475 34.484 26.879
23 -1%90.1 1.479 34.48% 24.884
24 -170.1 1.482 34.4%94 24.889

25 -1%90.1 1.486 34.49%9 26.874
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28 —=190.0 1.489 34.504 26.899
27 -190.0 1.493 34.509 24.904
28 -190.0 1.4956 34.514 26. 909
29 -190.0 1.500 34.519 25,914
30 ~189,9 1.503 34.524 26.919
31 -182.9 1.507 34.529 25.924
32 -168%9.% 1.510 34.534 26.929
33 -189.9 1.514 34.539 26.934
34 -189.8 1.518 34,544 26.93%9
J5 -189.8 1,521 34.549 26.%44
36 -189.8 1.525 34.554 25.949
37 —-1B%9.8 1.52B 34.559 26.954
38 -189.8 1.532 34.564 26,959
39 -189.7 1.535 34.549 26,9564
40 -18%9.7 1.539 34.574 26.96%
41 -189.7 1.542 34.578 265.973
42 -189.7 1.545 34.583 26,978
43 ~-1B9.6 1.549 34.588 24.983
44 —-189.6 1.553 34.592 26.988
45 —-18%9.4 1.557 34.5%94 256.992
45 -189.56 1.560 34,599 26.975
47 ~-18%.5 1.564 34.602 26.999
CODE REPORT
Liquid Vapor Feed
48 -189.5 1.567 34.600 27.002
4% -189.5 1.571 33,589 27.000
50 -1B9.4 1.574 34.553 26.989
51 —-189.3 1.578 34.451 26,953
S2 -189.0 1,581 34,183 26.851
23 -188.3 1.585 33.566 26.583
54 -185.7 1.588 32.488 25.946
95 —-1B4.1 1.592 31.382 24.888
56 —-181.2 1.596 30.8B29 23.782
57 -179.5 1.3599 23.229
Stream # 32 fed to Sty 1l is 6. 690 L Vapor
Stream # 33 fed to Stg 17 is 14.889 ¥ Vapor
Stream # 34 is Vapor Distillate from Stg 1
Btream # 35 is Liquid Bottoms from Btg 57
Condenser duty is ,000000 MI/br
Reboiler duty is 153.215 MI/hnr
CODE REFORT
TOWR # 2 Data file: FLANT.OUT
Tray Ligquid Properties
Standard Actual
Mass flow Avg Vol. flow Vol. flow
Stg kg/hr mol wt m3/hr m3/hr
1 419.3 28.0% .48 .28
2 41¢.2 28.10 - A7 . 2B
3 419.2 28.11 a7 . 2B
4 41%.1 2B.11 «47 « 2B
S5 419.0 28.12 «47 « 2B
& 418.89 28.14 47 .28

Profile file:!

Froduct

7.6000

Actual

166

153.21

pool.prf

Density Viscosity

kg/m3

1504.02
1504.13
1504.38
1504.79
1353035, 44
1506. 44

centipoise

-1477
-1477
-1474
« 1476
« 1477
«1477

Surface
tension
dyne/cm

6.32
8.32
8.32
B.33
8.34
8.35

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



7 418.5
8 418.1
? 417.6
10 417.0
11 4156.1
12 414.9
i3 413.5
14 411.8
135 409.8
1& 407.7
17 1007.2
18 1007.3
19 1007.5
20 1007. 4
21 1007.8
22 1007.9
23 1008.1
24 1008.2
23 1008. 4
24 1008.5
27 1008.7
28 1008.8
29 1009.0
30 1009.1
31 100%.3
32 1009. 4
33 1009. 4
34 1009.7
39 1009.9
36 1010.0
37 1010.2
a8 1010.3
39 1010.5
40 1C10. 4
41 l1010.8
42 1010.9
43 1011.0
44 1011.2
435 1011.3
45 1011.4
47 1011.5
48 1011. 6
49 1011.5

CODE REPORT

TOWR # 2

28.15
28.19
28.23
28.28
28.35
28.45
28.56
28,70
28.86
29.04
29.23
29.23
29.23
29.23
29.23
29,23
29.23
29.23
29.23
29.23
29.23
29,23
29.23
29.23
29.23
29.23
29.23
29.23
29.23
29,23
29.23
29.23
29.23
29.23
29.23
29.23
29.23
29.23
29.23
29.23
29.23
29.24
29.24

Data file:

Tray Liquid Properties

Mass flow
Stg kg/hr

S50 1011.1
S1 100%.8
o2 1004, 4
o3 798. &
54 9856.0
55 976. 1

Sé 975.4

fAvyg

mal wt

29.26
27.31
29.44
29.75
30.35
31.10
31.564

.47
.47

47
47
«47
47
<44
- 44
«45
- 45
1.10
1.10
1.10
1.10
1.10
1.10
1.10
1.10
1.10
1.10
1.10
1.10
l1.10
1.10
1.11
1.11
1.11
1.11
1.11
1.11
1.11
1.11
1.11
1.11
1.11
1.11
I.11
1.11
1.11
1.11
1.11
1.11
1.11

PLANT., OUT

Standard

flow

m3/hr

1.1%
1.10
i.10
1.0B
1.05
1.01
1.00

«28
.28

.28
<27
.27
.27
.27
« 27
«26
25
« 64
.64
.64
64
«564
64
- b4
- 64
- 64
.54
.64
.64
«&4
- 64
.64
- 64
iy -2
64
&4
64
.64

64
.64
64
« &4
« 64
« 64
-&4
« 64
.53
64
« b4

Actual
Vol. flow
m3/hr

.64
. 64
63
. 62
« 60
.58

167

1507.846 .147% 8.38
1509.88 «» 1482 8.42
1512. 48 .1485 8.47
1516.48 1491 8.353
1521.53 . 1499 8.4&3
1528.10 « 1509 8.75
1536.34 - 1522 8.90
1546.31 « 1339 ?.08
1557.7%9 . 1558 9.30
1570.25 -1380 9.54
1582. %0 - 1602 ?.78
1582.70 «1601 9.78
1582.51 « 1400 Q.77
1582.31 . 1598 Q.77
1582. 10 « 1597 .76
1581.91 - 1596 Q.74
1581.71 » 1593 .75
1581.51 .1594 F.75
1581.31 -.1593 .74
1581.12 « 1592 g.74
1580.92 -15%91 .73
1580.72 « 1570 Q.72
1580, 53 « 1589 ?.72
1580.33 « 1588 ?.71
1580.14 . 1587 e.71
1579.94 « 1584 9.70
1579.73 « 1584 ?.70
1579.55 - 1583 Q.89
1579. 36 -1582 ?.6%
157%.16 - 1581 2.48
1578.97 - 1580 F.468
1578.77 - 1579 ?.67
1578.58 -1579 ?.67
1578.38 « 1577 Q.64
1578. 19 « 1576 Q.68
1578.00 « 13575 F. 65
1577.81 . 1574 ?.63
1577.62 « 1573 .63
1577.44 . 1372 .63
i577.28 «1571 .63
1577.15 - 1570 .63
1577.13 « 15469 .62
1577.43 . 1549 ?.63
Profile file: pool.prf
Actual Surface
Density Viscasity tension
kg/m3 centipoise dyne/cm
1578.51 « 1571 .65
1581.73 1576 .71
1590. 22 . 1591 ?.87
1610.17 « 18627 10.26
1644.33 . 18692 10.98
1684, 468 « 1753 11.72
1703.76 « 1764 i2.04

«57
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o7 242,3 31.68 « 23 14 1708.78 « 1733 12.08
COPE REPDRT

TOWR # 2 Data file: PLANT.OUT Frofile file! pool.prf
Tray Vapor Properties
Standard Actual Actual
Mass flow Avg Vol. flow Vol. flow density
Stg kg/hr mol wt m3/hr m3/hr z kg/m3
1 ?08.5 28.04 767.6 1456.77 .2479 &. 1700
2 B78.4 28,04 742.1 1341.58 .9478 6.2042
3 878.3 28.04 742.0 141,25 .9477 6.2183
4 878.3 28.05 741.8 140,93 .9476 b.2322
4] ) 878.2 28.05 741.7 140.60 ,.947& &.2461
& g78.1 28B.0&6 741.4 140.28 .9475 &6.2593
7 877.9 2B.0& 741.1 139.95 .7474 &. 2726
8 g877.6 28.07 740.6 139.63 .9474 &6.2850
T B77.2 28.0%9 739.9 132.31 .9474 4. 29569
10 876.7 28.11 737.0 139.00 .9475 &6.3077
11 876.1 2B.13 737.8 138.68 .9475 &£.3174
12 875.2 28.1é6 735.2 138.36 .9477 6.3256
13 B74.0 2B.21 734.1 138.03 .9479 &6.3322
14 B72.46 28.26 731.5 137.70 .%481 &.336%9
15 870.9 28B.32 728.4 137.36 .9484 6.3399
16 B&B.9 28.40 724.9 137.02 .9488 6.3414
17 8656.8 28.48 721.1 136.66 .9452 4. 3427
i8 764.9 28.48 636.3 120.33 .94%1 4. 3569
ie 765.0 28.48B &636.4 120.08 .9490 6.3712
20 765.2 2B.4B 634.5 119.83 .948%9 6.3855
21 765.3 28.48 636.7 119.59 .9488 &.3997
22 765.5 28.48 636.8 119.35 .9488 b.4141%
23 765.6 28.48 636.% 119.10 .94897 6.4283
24 765.8 28.48 637.0 118.86 .948% b. 4426
25 765.% 2B.48 637.1 118.62 .9485 &. 4568
25 7&66.1 28.48 &37.2 118.3%9 .9484 6.4712
27 7&6.2 28B.48 &37.4 118.15 .9483 &.4854
28 7b66.4 28.48 &37.5 117.91 .94B2 &. 4997
29 766.5 28.48 &37.4 117.68 .94B1 6.513%9
30 766.7 2B.4B &637.7 117.44 9480 &4.5282
31 766.8 2B.4B &37.8 117.21 .947% 6.9425
32 767.0 28.48 638.0 115.98 .9478 6.55468
33 767.1 28.48 638.1 116.74 .9478 6.5710
34 767.3 28.48 &38.2 116.51 .9477 6.5853
35 767.4 28.48 £38.3 116.28 .947&4 6. 5995
36 767.6 28.48 &38. 4 116,06 .9475 6.6138
37 767.7 28B.48 &638.93 115.83 .9474 6. 6280
a8 747.9 28.48 638.7 115.60 .9473 &.46423
39 768.0 2B8.48 638.8 115.38 .9472 &. 65465
40 768.2 28.48 638, 9 115.16 .9471 6.6707
41 768.3 28.48B £39.0 114.93 .9470 &. 6850
42 768.5 28.48 639.1 114.71 .9449 b. 6992
43 768.6 28.48 &37.2 114.49 .9489 &.7135
44 768.8 28.49 &37.3 114,27 .9448 b.7277
45 768.9 2B.49 &3%7.4 114.04 9447 &.741%9
45 749.0 2B8.49 &39.5 113.B2 .9466 6.7561
47 76%.1 28.49 63%9. 6 113,60 .9465 6.7703
48 76%9.2 2B.49 637.7 113.39 .94464 b.7B842

49 769.3 28.49 639. 6 113.16 .T443 &.7980
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CODE REPORT

TOWR # 2

Data file:

Tray Vapor Properties

Mass flow

Etqg kg/hr
bale) 769.2
51 768.8
92 767.5
53 764.1
54 796.3
55 743.7
96 733.8
37 733.1

Avg
mol wt

2B.50
28.52
28.5B
28.74
29.13
29.688
30.8B56
31.56

PLANT.QUT
Standard Actual
Vol. flow Vol. flow

m3/hr m3/hr
637.4 112.94
&6£38.5 112.71
636.1 112.45
£29.8 112.12
615.1 111.52
SB?. 4 110.28
5463.4 108.74
550.3 108.14

CODE: Chemical Engineering Simulation System
{C) Copyright, COADE / McGraw-Hill,
All Rights Reserved.

TOWR # 2

Data file:

FLANT.TSZ

17856

Smith-Dresser—DOhlswager Shortcut Technique

wuxliger Frovided Input Datak+s

Tray spacing (in.
Downcomer
Weir length (in.
Weir height (in.

are

Diameter
Stg metar

1 « 3780
2 » 3922
3 3920
4 .3718
5 - 3715
1) 3713
7 3710
B « 3707
g . 37904
10 - 3899
11 - 38%4
12 . 3889
13 . 3882
14 . 2874
15 . 3845
16 - 3B36
17 « 3935
18 « 3775
19 3774
20 3773
21 . 3772

or cm) 7.0000
a (ft2 or m2) . 0236
ot cm) 30. 0000
or cm) 3. 0000
Liquid Vapor Liquid
Vol, flow Vol. flow density
n3/min m3/sec kg/m3
« 00 .04 1504.0210
« 00 .04 1504,1320
.00 .04 1504.3760
.00 .04 1504.7910
.00 .04 1505.4370
. 00 .04 1506.4410
.00 .04 1507.8440
« 00 .04 1509.8790
. 00 .04 1512,46780
. Q0 .04 1516.4810
.00 .04 1521,5340
.00 .04 1528.0950
.00 .04 1534,3370
.00 .04 1546.3100
.00 .04 1557.78%0
« 00 « 04 1570.2530
01 .04 1582.9040
01 .3 1582.7020
.01 .03 1582.50%90
.01 .03 1582.3070
.01 .03 1582.1040

Profile file?
Actual
density

z kg/m3
« 7463 6, 8107
« 7454 &.8211
- 7467 &. 8292
. 7475 &.8151
. 9494 6.78B21
. 7524 &6.7435
7549 &.78468
- 9562 6.7793

Profile file! pool.pr+t

Vapor
densit
kg/m3

6.1901
6. 2043
6.2184
6.2323
6.2452
&6.25%96
&6.2727
&.2851
&.2970
6.3078
&.3175
&.3257
46,3323
6.3370
&.34C0
6.3417
6.3428
6.3570
6.3713
6.38546
&.37978

Flooding
y velocity

pool.prf

m/sec

- 4043
<4045
- 4042
«4038
« 4035
« 4032
« 3029
« 3028
. 4028
« 4029
4033
- 4038
- 4046
. 4037
« 4070
. 4085
- 3874
« 3785
3780
« 3775
« 3769

169

Settling
height
meter

.0373
0373
. 0373
0373
.0373
. 0373
0373
.0373
.0373
0373
0373
. 0373
. 0374
-0374
.0374
.0374
« 03353
« 0353
-0353
. 0353
. 0353
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22 3771
23 « 3770
24 . 3769
25 « 3768
26 3767
27 « 3766
28 3765

CODE REPORT

01
.01
.01
I01
.01
.01
01

Smith-Dresser-0Ohlswager

Liquid
Diameter Vol. flow

Stg meter m3/min
29 . 37564 .01
30 - 3763 .01
31 . 3762 .01
32 . 3761 .01
33 « 3761 .01
35 « 3760 .0l
35 - 3759 .01
34 . 3758 .0t
37 « 3757 .01
38 . 3756 .01
39 3755 .01
40 . 3754 .01
41 . 3753 .01
42 . 3792 .01
43 3792 .01
44 . 3791 01
4% 3750 .01
44 . 3749 .01
47 . 3748 .01
48 « 3747 .01
49 « 37456 .01
S0 . 3744 .01
S1 - 3740 .01
52 <3732 .01
53 .3714 -0t
T . 35682 .01
55 « 3643 .01
S6 . 3618 .01

S7 *¥«Reboiler: No

«03
.03
.03
«03
.03
- 03
.03

1881.9110
1581.7080
1581.5140
1581.3120

1581.1170
1580.9240

1580.7210

Shortecut Technique

Vapor
Vol. flow
m3/sec

.03
-03
.03
-03
« 03
03
« 03
-03
.03
.03
.03
.02
.03
.03
.03
.03
.03
.03
.03
» 03
« 03
.03
.03
.03
« 03
.03
.03
.03

tray sizingwaas

Liquid
density
kg/m3

1580.5240
1580. 3320
1580.1370
1579.9430
1579.74%0
1579.5550
1579.3600
1579.1650
1578. 9470
1578.7750
1578.5800
1578. 3850
1578.1900
1578.0040
1577.8130
1577.56230
1577.4420
1577.2790
1577.1480
1577.1340
1577.4270
1578.51350
1581.7290
1590.2230
1610.1710
14646.3300
1684.6800
1703.7650

£.4142
5.4284
6.4427
6.456%9
&£.4713
&.4855
6.4998

Vapor
density
kg/m3

6.5140
6.35283
H.5424
&.5569
&.5711
6.5854
6.5996
6.6139
6.6281
6. 6423
6.65656
4.46708
&.6851
5.6993
&.7136
&.7278
6.7420
&.,7542
6.7704
6.7843
6.7981
6£.8108
&.8212
5.8253
&£.8152
6.7822
6.7436
&.7459

+ 3764
» 3759
« 3754
+ 3748
. 3743
. 3738
« 3733

m/sec

.3728
.3723
3718
3713
. 3708
- 3703
« 3697
« 3692
« 3687
« 35683
. 3678
» 3673
.346568
« 3883
-34658
« 3653
34648
« 3643
« 3639
« 3634
« 3630
3628
- 38630
« 3642
» 3675
.3738
. 3799
.3814

170

Floading
velocity

« 0353
. 0353
« 0353
. 0333
. 0353
» 0353
« 0353

Settling
height
meter

.0353
.0353
. 0353
. 0353
. 0353
. 0353
.0353
.0353
. 0353
. 0353
.0353
.0353
.0353
.0353
.0353
. 0353
. 0353
.0353
.0353
. 0353
. 0353
. 0353
.0353
.0353
.0354
.0355
.0356
L0356
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QDmputer results of the optimi-

Zzed exchanger network of the

oxygen plant
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ALT2, out

CODE: Chemical Engineering Simulation System

(C) Copyright, COADE / McGraw-Hill. 1984

All Rights Raserved.

TOPOLOGY

-

Equipment

HXER
HXER
HXER
HXER
DVDR
DVDR
MIXR
ENTM
VALV
HXER
HXER

P OO bLN -

-

Etream Connections

Stream Equipment
From To

11

S@Ne bW -

-
N=OWOoOIWRECrN=NAUNDHOO

-
QOO NUHOYORWTNN =N

iB
19 11
20 10
21 11

COMFPONENTS . . . .

ID numbers seeees aesan

THERMODYNAMICS

[,
NQOW O

Stream Numbers

146
15
14
-3
-5
-9

&

10 -11
12 -13

1
2

17
18

-7 -17
-4 -18
~-12 -15
] 0
-4 0
=10 0
-8 0
0O o
o (o]
-2 -20
-19 -21
2
45, 47,

Kvalue option! Feng-Robinson
Enthalpy option! Peng-Robihsan
Density option: AFI method

CORE REFORT
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MISCELLANEQUS 172

Recycle calculations are converged.

Recycle equipment list (KE2): 4, 5. 1, 16, &, 3. 2. 7. 1
Preferred cut stream list (KE3): 19, 8.
Convergence tolerances, Erraor
Fiowrates: « 00100000
Vapor fraction: - 00100000
Temperature? 00100000
Fregcure: - 00100000
Enthalpy: «D0100000
Flash calcs: - 00005000
Max. loops in recycle cale.: 30
in flash calcs: 75

CODE: Chemical Engineering Simulation System
(C) Copyright, COADE / McGraw-Hill, 1985

All Rights Reserved.

¥k ok DIVIDERS "k ok

Equipment no. S &
External name

Fraction/flow 1 - 33200 « 40000

2 « 66800 « 40000

3 « 00000 00000

4 . 00000 « 00000

S « 00000 « DO000

& « 00000 « 00000
Mode .0 .0
Stream # .0 «0
Comp. ID # .0 «0
Comp. ID # 0 0
Comp. ID # <0 O
Comp. ID # .0 .0
Comp. ID # L0 .0
Comp. ID # «0 .0
Comp. ID # -0 .0
Comp. ID # .0 .0
Comp. ID # .0 «0
Comp. ID 4 .0 .0

_ MIXERS-W/FLASH .ok
Equipment no. 7
External name

ko VALVES o
Equipment no. ?
External name

Outlet pressure bars 6.6132

-----n------n--"------.------------c-u.---n---------.--.----;-.------.

*x #EXCHANGER/CONDENSERS* # %
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Equipment no.
External name

Heat transfer coeff.

Area

Number of shells

Shell passes
Tube passes
Mode

Min. delta T or

T-out

Delta P, stream 1
Delta P, stream 2

@, stream 1 MJI/hr
Water usage. DM3/hr

Corrected delta T

Equipment no.
External name

Heat transfer coeff.

Area

Number of shells

Shell pasaes
Tube passes
Mode

Min., delta T or T-out

Delta Ps stream !
Delta P, stream 2

G, stream 1 MI/hr
Water usage, DM3/hr

Corrected delta T

Ll N N N N N N N N N Y R R R R R T Y I

CODE: Chemical Engineering Simulation System

1 2
300.00 3900, 00
6.56210 20.5686

) .0

«0 .0

-0 0

3.0 3.0
24.00 19.00
« Q000 « 00000
« 00000 « 00000
-71.526 -144,00
« 00000 00000
34.01 23.20
10 11
300,00 300.00
1.2357 1.8388
el .0

.0 .0

«0 -0

3.0 2.0
12.00 14.40
- 00000 « 00000
« 00000 - 00000
-7.0501 -8.55746
« 00000 = 00000
19.04 15.51

(C) Copyright. COADE / McGraw-Hill, 1984
All Rights Reserved.

*4&  ENTROPY MACHINES

Equipment no.
External name
Mode

Outlet pressure bars
Adiabatic efficiency

Theoretical hp

Actual horzepower

Entropy in KJ/deg C
Entropy out, ideal
Entropy out, actual

CCDPE REFPORT

*+4 Stream no.

1 #%s

Temperature deg C.

Prescure bars.
Enthalpy MJ/hr
Entropy MJ/hr=X
Ave. mol. wt.

Total flow kg/br.
kgmol/hr .

Density kg/m3

"k
8

.0
6.56065
« 22000

-10.158
-7.3453
-760.17
-760.68B
-737.87

All Vapor
22,0000
44,0000
BO2.0248
. 142020
28.7703
1150.81
40. 0000
52.5200

" & & % e ® " u
L I T N S |
LI I T I A L

300.00
1.8794
-0
.0

3.0
28.00

« 00000
« 00000
-18.371
- Q0000
32.58

» 00000
« 00000
-0

.0

.0

5.0
12.00
« 00000
. 00000
2.9331
« 00000
.00

3
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Viscosity centipoise . . ,

Thermal cond. cal/cmessi |
Bpecific haat kKJI/kg*K -

I factor . . . . . .

m3/hr (15.46 deg C & { atm)
Vol. flowrate m3/hr . . .

Vapor
mole
fraction
Nitrogen .B10000
Oxygen « 190000

**% Stream no. 2 s

Tenperature deg C. .
Pressure bars. . . .
Enthalpy MJ/he . .
Entropy MJ/hrsk ., .
Ave. mol., wt. . . .
Total flow kg/hr. .
kgmol/hr . .
Density kg/m3 . . .
Viscosity centipoise . .
Thermal cond. cal/cm*stk .
Specific heat kJ/kgtK .
Z factor . . . . .
m3/hr (15.4 deg C & 1 atm)
Vol. flowrate m3/he . .

4+ a2 2 e s =
= & ¥ & ® = 5 @
" % e & = = 8 2

Vapor
mole
fraction
Nitragen 810000
Oxygen « 120000

CODE REFORT
>k Stream ng. 3T wwe

Temperature deg C. .
Pressure bars. . . .
Enthalpy MJ/he -
Entropy MI/hrsk .
Ave. mol. wt, . . .
Total flow kg/hr. .
kgmol/hr o .
Benulty kg/m3 . . ,
Viscesity centipoise .
Thermal cond. cal/cm*ss
Specific heat kJ/kgtK
Z factor . . . . .
m3shr (15.6 deg C & 1 atm
Vol. flowrate m3/hr . .

)

Vapor
mole
fraction
Nitrogen .B100CO
Oxygen « 190000

*hk Stream no. 4 e

Temperature deg Co & o . .

v 183249601

.631=7¢E-O4

1.09848
. 982210
947.4608
21.9122
Vapor
flowrate
kgmal/hr
32,4000
7.&0000

All Vapor
16.4189
44,0000
794,944

-. 15656208
28.7703
1150.81
40,0000
o3. 6488

.179487E-01
+621728E-04

1.10302
979712
947 .608B
21.4432
Vapor
flowrate
kgmol/hr
32.4000
7.60000

All Vapor
12.0000
44,0000
789,335

-. 185758
28.7703
1150.81
40. 0000
S4.618%

«1774583E-01
« 614027E-04

1,10628
. 977588
F47.4608
21.0702
Vapor
flowrate
kgmol/hr
32.4000
7.60000

All VYapor
12. 0000
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Fressure bars. « « « =« o »

Enthalpy M3/he

Entropy MJ/hr=K T
gvel m01| Ntl . L] L] L] L] L]

Total flow kg/hr. . . - -
kgmol/hr o« « =
Density kg/m3 .« o « «
Viscosity centipaoise .
Thetrmal cond. cal/cn*s*K
Specific heat kJ/kg*K
Z factor .« . - .
m3/hr (15.6& deg C & 1 atm
Vol. flowerate m3/her . .

& wem 4 @ F B

Vapor
maole
fraction
Nitrogen . 8100060
Oxygen . 190000

COBE REPCRT
*w% Stream No., 5 wx¥

Tenperature dsg C.
Fressure bars. . .
Enthalpy MJY/hr .
Entropy MJ/hr#k .
ave. mol. wt. .« -
Total flow kg/hr. .
kgmol/hr . .

Density kg/m3 . - .
Viscosity centipoise . -
Thermal cond. cal/cm*s*K -
Specific heat kJ/kg*K .
}

-
-
-
]
-

Z factor . . .
m3/hr (15.6 deg C & 1 atm
Vvaol. flowrate m3/he . .

Vapor
mole
fraction
Nitrogen .B10000
Oxygen . 190000

wkk Stpream no. & ke

Tenperature deg C. .
Pressure bars. . « «
Enthalpy MJI/hr -
Entropy MJ/hrsl . .
Ave. mol. wt. " e o=
Total flow kg/hr. .
kgmol/hr « . «

Density kg/m3 .« - - .
Viecosity centipoise . .
Thermal cond. cal/cm¥s*K .
Specific heat lekg*K .
)

I factor . . -
m3/hr (15.6 deg C & 1 atm
vol. flowrate m3/hr . .
Vapor
mole

5 2 4 = 3 & * 1 ¢+ & 8 &

44,0000
527.276

—-. 124086

28.7703

768.743
2647200

54.6189

-1774463E-01
. 614027E-0%

1.104651
77588
&£33.002
14.0749
Vapor
flowrate
kgmol/hr
21.56432
5.07680

All Vapor
12.0000
44,0000
262,059

—. 616716E-01

28.7703
382.070
13.2800
S54.618%

. 177453E-01
.614027E-04

1.10704
. 777588
J14.606
6.99530
Vapaotr
flowrate
kgmol/hr
10,7548

2.52320

All Vapor
-128.5460
44.0000
383.278
-. 8446519
28.7703
768.743
26.7200
177.787

. 105447E-01
. 407851E-04

2.63376

- ‘-IT LLSS

&£33.002

4.32401
Vapor

flowrate
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fraction

Nitrogen «810000

Oxyaen . 190000
CODE REFORT

=4 Stream no. ram Ll

Temperature deg C. .
Pressure bars., . . .
Enthalpy MJ/hr -
Entropy MJ/hrsk . .
Ave. mol. wt. . . .
Total flow kg/hr. .
kagmol/hr . .
Density kg/m3 . . .
Viscosity centippise .
S™ Thermal cond. cal/cm*s*
Specific heat kJ/kg*K
Z factor « ¢« v v 0 4 0 .
m3/hr (15.6 deg C & 1 atm)
Vol. flowrate m3/hr . . .

K

Vapor
mole
fraction
Nitrogen . 810000
Oxygen - 120000

*#¢ Stream no. B #4=x

Temperature deg C.
Pressure bars. . .
Enthalpy M3/hr .
Entropy MJ/hrxKk .
Ave. mal, wt. . .
Total flow kg/hr.
kgmol/hr .
Density kg/m3 . .
Viscosity centipoice .
Thermal cond. cal/cmkskK
Specific heat kJ/kg*K
Z factor . . . . . . .
m3/hr (15.6 deg C & 1 atm
Vol. flowrate m3/hr . .

LI R L ]
" % 4 . B e owow
LI T I

)

Vapor
mole
fraction
Nitroaen 810000
Ouxygen « 190000

COCE REPORT
4%k Stream no. G wew

Temperature deg C.
Pressure bars. ., .
Enthalpy MJ/hr .
Entropy MI/hrsK .
Ave. mol. wt, . .
Total flow kg/hr.

kgmol/hr .
Density kg/m3 . .

“« & &N ® 5 " e w
A 4 8 ® a2 " 8
a & & & = = = 8
" = = 8 & ® & &

kamol/shr

el1693¢

5.0674680

All Vapor
-128.51%
44,0000
190.533
~-. 8420439
28.7703
3B2.070
13. 2800
177.565
» 105657E~-01
- 407901E-04
2.62877
« 592862
314,606
2.15175
Vapor
flowrate
kgmol/hr
10.7548
2.52320

All VYVapor
~12B.544
44.0000
573.811
—1.24656%95
Z28.7703
1150.81
40,0000
177.711
- 105651E-G1
- 407868BE-04
2.63183
. 092484
947.408B
6£.47584 *
Vapor
flowrate
kgmol/hr
32,4000
7 . 50000

All Vapor
-128.546
44, 0000
229.525
—. S06780
28.7703
4560.325
16,0000
177.711

{77
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Viscosity centipoise . . .

Thermal cond. cal/cmese

Bpecific heat kJ/kg*K .

1 factor . . .
m3/hr (15.6 deg C & 1 atm)
Vol. flowrate m3/hr . . .

Vapor
mole
fraction
Nitrogen . 810000
Oxygen . 190000

*¥k Stream no. 10 &ex

Temperature deg C. .
Pressure bars. . .« .
Enthalpy MJ/tr . .
Entropy MJ/hrsK . .
Ave. mol. wt., . . .
Total flow kg/hr. .

kgmol/hr «
Density kg/m3 . - .
Viscosity centipoise .
Thermal cond. cal/cmesxK

)

Specific heat kJ/kg*K 2.63220
Z factor « « . . . . ST2484
m3/hr (15.6 deg C & 1 atm 5&8.565
Vol. flowrate m3/hr . . 3.88550
Vapor Vapor
mole flowrate
fraction kgmol/hr
Nitrogen . 810000 19.4400
Oxygen . 190000 4.556000
CODE REPORT
**% Stream ng. 11 wxx
Cverall
Temperature deg C. ~-172.433
Pressure bars. . . 6. &L0L50
Vapor fraction . . « 7940735
Enthalpy MJI/hr . 319.118 H
Entropy MJI/hrek . -. 739788 i
fve. mol. wt., . . 28.7703 H
Total flow kg/hr . &90,488 H
kgmol/hr . 24.0000 H
Density kga/m3 . . . . . ..

Viscosity centipoise . . .
Thermal cond. cal/cm¥s*K .
Specific heat kJ/kg*K -
Z factor . . - -
m3/br (15.6 deg C & 1 atm)
Vol. flowrate m3/hr . . .
Surface tension dyne/cm. .
B. G, (LO0/860) o &« o & @
m3/hr (15.6 deg C % 1 atm)
Vol. flowrate m3/kr . . .
Vapor
mnole
fraction
Nitrogen .B3931

. + 105651E-01

. .4070868c-04

. 2.63231

. .592484
- 379.043
- 2.59034
Vapor
flowrate

kgmal/hr

12,9500
3.04000

All Vapor
-12B8.544
44,0000
3434.287
- 7860170
ZB.7703
&90.488
24.0000
177.711
. 105651E-01
« 40786BE-04

a ® ¢ & & & & ® 5 ®= 4 B 4@

B & e ® ® 3 oB ¥ ¥
I R T T T R R
L T S TR R S TR B B )

Liquid
mple
fraction

. 674694

Vapor

273.333

-, 392703

2B. 6535
5446.073
19.0578
26.6876
- 689482E-02
. 357702E-04
1.25212
. 846983
451.521
20.45619

Vapor
flowrate
kgmal/hr
15.9954

178

Liquid

45.7%38

—. 346585

29.2210
144,416
4.74220
1405.230
. 103319
. 505124E-03
2.17687

S5.659&0
. 714497
. 158148
- 102770
Liquid
fiowrate
kgmol/hr
3.444450
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Oxygen » 15069
wew Stream no. 12 &++*

Temperatuwe dag C.
Fressure bars. . .
Enthalpy MJ3/hr .
Entropy MI/hr¥l .
Ave. mol. wt., . .
Tatal flow kg/he.

kgmal/hr .
Density kg/m3 . . .
Viscosity centipoise .
Thermal cond. cal/cm¥ssK

}

. 30306 3.06243 1.49780 179

All Vapor
-137.366
43,0000
211.154
.638783
28.7703
450,325
16.0000
297.981
. 108017E-01
. 397190E-04

|

Specific heat kJ/kg*K 9.94371
Z factor « « & o o &+ = & « 376301
m3/hr (15.46 deg C & 1 atm 379.043
Vol. flowrate m3/hr ., . 1.54484
Vapor Vapar
mole flowrate
fraction kgmol/hr
Nitrogen 810000 12.9500
Oxygen . 120000 3.04000
CODE REPODRT
k¥ Stream no. 13 *4x%x
Overall Vapor Liquid
Temperature deg C. -172.462
Pressure bars. . . &£.61320
Vapar fraction . . . 774389
Enthalpy MJ/he . 211,154 H 177.4671 H 33.4807
Entropy MJI/hrsK . -. 309091 H -. 255681 i -.2533%1¢
Ave. mal. wt. . . 28.7703 H 28.6438 H 29.2045
Total flow kg/br . 460,325 H 354.904 i 105,422
kgmol/hr 156, 0000 H 12,3902 H 3. 460978
Density kg/m3 . + « « &« & = & & . 26.7247 H 1403,92
Viscosity centipoise + « « o o« « & «68P110E-02 | . 103234
Thermal cond. cal/cmisi . . . « - 3S7705E-04 -S03164E-03
Specific heat kJ/kg*K o « +» . . 1.25342 H 2.18061
Z factor . & &+ 4 s = 2 s 4 s o= o . 8446719
m3/hr (15.6 deg C & & atm) . . . & 293.3518
Vol. flowrate m3/hr . . . « « . & 13.2802
Surface tension dyne/cm. « &+ s o & 2 2 = 8 e « o = 5.64067
S. G. (BO/E0) & & 4 o o & 5 o « o » a o s = 2 = » .9214055
m3/hr (15.6 deg C & 1 atm) . . . - . o ¢« ¢ &« 4 o & . 115515
Vol. flowrate m3/hr . . . & « & @ ¢ ¢ ¢ & - & . - . 7S0918E-01
Vapor Liquid VVapor Liquid
mole mole flowrate flowrate
fraction fraction kgmol/hr kgmol/hr
Nitraogen .B4174 . 70109 16.4293 2.53077
Oxygen . . 138246 29891 1.596094 1.07901
%% Stream no. 14 *w%
All Vapor
Temperature deg C. = -« - . ~175.000
Fressure bars. « « « « « + =« 1.40055
Enthalpy MJI/hr “ e = oe e s 471.55%9
Entropy MI/hrsK . . . . . . -.220848
Ave. mol. wt. . . . . . . . 28.0407
Total flow kg/hr. . . . . . 908.518
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kgmol/Zhr + + o 1 0 s
Deneity kg/m3 . . . . . . .
Viscosity cgntipui;n .

Thermal cond. cal/cm*smk . .
Specific heat kJ/kg*K .
Z factor . . . = - .

m3/hr {(15.46 deg C L1 atm)
Vol. flowrate m3/hr . . .

Vapor
mole
fraction
Nitrogen « 793061
Dxygen - 69385BE-02

CODE REFGRT
whd Strepam na. 15 ks

Temperature deg C. . .
Pressure bars. . .
Enthalpy MJY/br .
Entropy MI/hr*k .
Ave. mol. wt. . .
Total flow kg/hr.
kgmol/shr .
Density ka/m3 . . .
Viscosity centipoise .
Thermal cond. cal/cm*s*K
Bpecific heat kJ/kg*K
7 factor . . .
m3/hr (15.4 deg C % 1 atm
Vol. flowrate m3/hr . .

» " s e s a
R T TR SR |

I T S R T T S T S R 1
" & = & & & ®¥ ®w & & 3 @«

Vapor
mole
fraction
Nitrogen - 793061
Dxygen «HBFIBTBE-02

ko Stream no. 16 sk

Temperature deg C. .
Pressure bars. . « .
Enthalpy MJ/hr .« .
Entropy MI/hrsk ., .
Ave. mol., wt. . . .
Total flow kg/br. .
kgmol/hr . .
Density kg/m3 . . .
Viscosity centipoise .
Thermal cond. cal/cmsHi
Specific heat kJ/kgaK
Surface tension dyne/cm.
§. G. (s0O/50) . . .
m3/hr {(15.6 deqg C & l atm
Vol. flowrate m3/hr . .

= & ®2 ®w s w 8 mR m

" F " 4 B % " s ® m " omoI omw

)

Liquid
mole
fraction
MNitrogen « 295B0O3E-0O1
Oxygen « 770420

COUE REFGRT

w2400
4.96497

661202602

« 308270E-04
1.10482
. 768902
767.962
182.915
Vapor
flowrate
kgmol/hr
32,1752
. 224810

All Vapor
-156.5448
1.40055
489.930

. 492974E-01
28.0407
208.918

32. 4000
4.13194

» 7B3364E-02
« 378799E-04
1.089797

« FROZ78
767.562
219.880

Vapor
flowrate
kamul/hr

1752
.224810

A1l Liquid
-180.000
190,000
60.2035
—-o 620586
31.8811
242.294
7. 60000
1832.15
. 177380
« S17994E-03
1.54479
12.14673
. 285098
- 246347
. 132248
Liquid
flowrate
kgmal/he
« 228810
7.373519
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hd Stream no. 17 #sk

Towperatre doq Co v o v 0
Fressure bars. & & 0 0 & v a
Enthalpy MJ3/hr . v s s e
Entropy MI/hrsK o ¢« ¢ & o &
fve. mol. whte o o 0 & v 0
Total flow kg/br. .« <« « .« =

kgmol/hr o« » = + « =
NMansity kg/m3 . « « « =« « =
Viscosity centipoise . . . .
Thermal cond. cal/cmksy . .
Specific heat kI/kgkll . .
I factor + - « o ¢ & & - . -
m3/hr (15.6 deg C % 1 atm) .
Vol. flowrate m3/hr - . . .

Vapor
mole
fraction
Hitrogen . 295803E-01
Oxygen « F70420

#Adk Stream no., 18 &+

Temperature deg Co 4 & = = &
Fressure bars. « = « « - +
Enthalpy MJ/hr . e s e e s
Entropy MdshrxK o o o &+ .
Ave. mpol. wt. e = a s o= e e
Total flow kg/hr. . « « .+

kgmol/hr e e e e
Nensity kg/m3 . « « « - .+ -
Viscosity centipoise « o . .
Thermal cond. cal/cm¥s*K . .
Specific heat kI/kgvK o .
I Factor « + « s ¢ o 2 0 2w
m3/hr (15.6 deg C & 1 atm) .
Vol. flewrate m3/hr o 0 o

Vapotr
mole
fraction
Nitrogen » 993061
Oxygen 69385802

CODE REFORT
#dk Stream no. 17 ke

Temperature deg Co o &
Pressure bars. + « « o« = =
Enthalpy MJ/hr « . .
Entropy MI/hrsKk .
Ave. mol. wt. o« .
Total flow ko/hr. . . . .
kgmolishr « .
Nensity kg/m3 . « «
Viscosity centipoise . . .+ .«
Thermal cond. cal/cmessi . .
Specific heat kI/kgvK .« .
I factor - - - &« 4 4 = - . -

A1l Vapor
~17. 0000
190, GO0
131,730
~, 182981
31.6811
2A42.296
7 . 60000
324.183
. 192427E-01
L S549925E-04
1.37680
L B60550
185,045
727417
Vapor '
flowrate
Lkamol /hr
. 224210
7.37519

All Vapor
1.40035
633.928
. 787534
8. 0407
?08.518

Z. 4000
1.77685
«162726E-01
. SO7PSZE-04
1.04477
L RS
767,562
511.31&

Vapor

flowrate --
kgmal/hr

32.1752

. 224810

All Vapor
9.4H8271
44, 0000
786.4086
-. 19461546
28.7703
1150.81
40, QGO0
55. 1324
. 17634SE-01
LSHIU021E-04
1.10737
.976418

i R3]
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m3I/Mr (15.46 deg € %2 1 atwm) .

Ual. Floweata w3 ... .

Vapor
mole
fraction
Nitrogen 810000
Oxygen . 190000

sk Stream no., 20 kekok

Temperature deg C. o - - - -
Pressure bars. . « « « = + =«
Enthalpy MJ/hr « = e e =
Entropy MI/hr# . . -« - - »
five. mol. whe @ o 0 o s e s
Total flow kg/br. . . «
kgmol/hr - .+ . =
Density kg/m3 <« « « « -
Yiscosity centipoise .
Thermal cond. cal/cm*s*K . .
Specific heat kJ/kg*K . -
7 factor . . . .- .
m3/hr (15.6 deg C & i atm) .
vol. flowrate m3/her . < .

Vapor
mole

fraction

Nitrogen . 29SH03E-01
Oxygen LF70320

CODE REFORT

b Stream no. 21 *k

Temparature deg Co & -« »
Precsure bars. « « o = = & =
Enthalpy MJI/hr . e e e w
Entropy MI/hrsk . . .
Ave. mol. wi. . e omw
Total flow kg/hre. « o + «
kgmol/hr .+ . .
Density kg/m3 . « -« -« - = -
Viscosity centipoise . . . -«
Thermal cond. cal/cmkssK . .
Specific heat kJ/kg*K - -
7 factor . . . « s e .
m3/hr (15.6 deg C & 1 atm) .
Vol. flowrate eid/hr .+ . . -

Vapor
mole
fraction
Nitrogen 593061
O:ygen . 693858E-02

oa7. L08
-~ (2]
A0.075
Vapor
flowrate

kgmol/he
32,4000
7. 60000

All Vapor
10.0000
194,000
1383.790

-. 157012
31.85811
242.296
7 . &0000
284.517

203271E-01
.SBSSQTE 04
1.27878
. 5043439
180,045
.B51617

Vapor

flowrate

kgmol/hr

. 224810

7.3751%

All Vapaor
Z.0188%
1.50055
642,486
777154
28.0407
208,518
32.4000
1.71828 --
. 167077E-01
- 6031BLE-DY
1.04360

007
767 .562
52B.745

Vapor

flowrate
kgmol/he

32.1752

L 224810

a2
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Appendix D

Computer results of the co lumn-

tray sizing under the nominal

flow rate of air

jod
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colunn. REP 184

CODE: Chemical Engineering Simulation System
(C) Copyright, COADE / McGraw—Hill, 1786

All Rights Reserved.

TOFOLOGY
Equipment Stream Numbers
1 TOWR i 2 ~3 -4
2 HXER 3 10 -5 -13
3 HXER 4 13 -4 -15
4 HXER g8 11 -9 -12
9 vaLv S =7 0 (o]
& VALY & -8 0 0
7 TOWR 7 ? ~10 ~11 .
8 PUMF 12 ~-14 o] 0 -
? HXER 15 -146 0 0
10 HXER 14 -17 0 0
Stream Connections
Stream Equipment
Fram To
1 0 1
2 0 1
3 1 2
4 1 3
S 2 =]
& 3 &
-7 S 7
=] & 4
g 4 7
10 7 2
11 7 4 .
i2 4 a8
i3 2 3
i4 =] 10
15 3 9
14 9 0
17 10 0
COMPONENTS & . . . . . 2
ID numbers s.eevessaas 4&: 47,
THERMODYNAMICS

Kvalue option: Feng-Robinson
Enthalpy option! Feng-Robinson
Density option: API method
CODE REFORT

MISCELLANEQUS

Recvecle calculations are converged.
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calumn.REF

copE: Chemical Engineering Simulation System

(C) Copyright: COADE / McGraw-Hilly 1986

All Rights Reserved.

TOPOLOGY

Equipment

1 TOWR 1
2 HXER 3
3  HXER 4
4 HXER 8
5 vaLv 5
& VALY &6
7 TOWR . 7
8 PUMP 12
9 HXER 15
10 HXER 15

Stream Connections

Etream Equipment
Fraom To

1 B + 1
2 0 t
3 1 2
4 1 3
S 2 5
& 3 &
-7 ] 7
8 & 4
g 4 7
10 7 2
11 7 1
12 4 2]
13 2 3
14 a8 10
15 3 q
146 9 (o]
17 10 o]

COMPONENTS & &« & & . .
ID numbers c.ciceseses

THERMODYNAMICS

Kvalue option! Peng-Robinson

Etream Numbers

2
10
i3
11
-7
-8
9
-14
-1&
-17

-3 -4
-5 -13
-4 =15
~9 -12
0 0
0 0
-10 -1}
C (o]
0 (o]
0 0
2
45,

Enthalpy option! Feng~Robinson
Density option: AFI method

CODE REFORT
MISCELLANEQUS

Recycle calculations are converged.

47,
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Recycle equipment list

(KE2)

2, 3y O

Streams used in coov. routine (KE4): ( O)

{y=Delay factor

Preferred cut stream list (KE3): 10. 1.
Convergence tolerances. Error
Flowrates: 00100000
Vapor fraction? . 00100000
Temperature: - 00100000
Fressure: - 00100000
Enthalpy: . 00100000
Flash calcs? 00005000

Max. loops in recycle calc.:
in flash cales:

30
73

CODE: Chemical'Engineeving Simulation System
(C) Copyvright. COADE / Mchraw-Hill, 1986

All Rights Reserved.

e T R I R R EE R R R NI I B I A

4

300,00
.53238
-0
.0

3.0
7.00

« 00000
» 0O000
1.3775
B aleleltle]
B.62

MR LR R

Q

« 0Q000
- 00000
.0
o
.0

5.0

-175.00

. Q0000
. Q000D
.15194
« 00000

B. 42

ek vaALVES e ok

Equipment no. 5 &
Enternal name

Outlet pressure bhars 1.4006 1.4572
#akEXCHANGER /CONDENSERS* %+

Equipment no. 2 3
External name

Heat transfer coeff. 300,00 300.00
frea . 5.7562 5.8855
Number of shells .0 -0
Shell passes .0 .0
Tube passes .0 .0
Mode 3.0 3.0
Min. delta T or T-out &.00 3.00
Delta P, =tream 1 « 00000 - 00000
Delta P, stream 2 » 00000 Maleialsle}
9, stream 1 MI/hr -10.614 -7.1327
Water usage. DM3/hr Malsieloln] . Q0000
Gorrected delta T 6.15 4,04
Equipment no. 10

External name

Heat transfer coeff. . 00000

Area . 0000

Number of shells .0

Ehell passes .0

Tube passes .0

Mode 5.0

Min. delta T or T-out —180.00

Delta Py stream 1 . 00000

Delta P, stream 2 . 00000

Qs stream 1 M3/t 1.1303

Water usage. DM3I/hr Malsiolele]

Corvected delta T B.42

PR R A

LIl
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* PUMPS/COMPREGSORT  #4+ 0o
Equipment no. 8 '

External name
Number of stages . 0
Work capacity MI/he L O0OGO
Qutlet pressure bars 190,00
Power type! : -0

{+) steam

{0} electricity

{-) fuel gas
H» steam out KJ / kg « Q0000
Fuel usage, M3 /hr » 20000
Water usage. DIM3/hr » 00000
Steam usage Tonnes/hr . 00000
Kilowatt usage 1.15632

LR R A N R R N N A N L N N N NN

CODE: Chemical Engineering Simulation System
{C) Copyright. COALE / McGraw-Hill, 1584

All Rights Reserved.

*«% RIGOROUS TOWERS ko

Equipment no. 1 7
External name

Number of stagesg 21.0 57.0
Feed |, stage # 15. 1.0
Feaed 2, stage # 21.0 17.0
Feed 3. stage # .0 -0
Feed 4, stage # .0 .0
Feed 5, stage # .0 ' .0
Sidestream # 1 stage .0 .0
Sidestream # 2 stage .0 .0
Sidestream # 3 stage 0 .0
Bidestream # 4 stage . O .0
Cond. pressure bars b6.7131 1.4004" -
Cond. delta P bars « O00G0 «OQ000
Colm. delta P bars « 17400E-0O1 . 19850
Condenser type .0 1.0
Condenser mode 4,0 .0
Value of cond. spec. 16.000 Malslelele
Cond comp 1 position 1.0 .0
Cond comp 2 position -0 .0
Cond. deg. subcooled 1.00 .00
Reboiler mode .0 4.0
Val. of reboiler spec .00000 7. 5000
Rebr comp ! position .0 2.0
Rebyr comp 2 position .0 .
Damping ratio - 00000 1.00090
Sidestream 1 mode -0 0
Sidestream 2 mode .0 .0
Sidestream 3 mode .0 0
Sidestream 4 mode O 0
Bidestream # 1 spec » DO000 » DODOG
Bidestream # 2 spec « 00000 » Q0000
Sidestream # 3 spec Q0000 - GQO00
Sidestream # 4 spec - QOQ00 . 00000
Sidestrm 1 comp posn -0 .0
Sidestrm 2 comp poen -0 -0
Sidestrm 3 comp posn .0 .0
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Bidestrm 4 comp posn ) 0
Cond. duty M3/hr -163.53 . 00000
Rebr duty Ml/he « 00000 153.21
Est diat rate Kgmol/hr 16.000 00000
Est. reflux Kgmol/hr « 00000 « 0QD00
Ect. side draw rate 1 .00000 . 00000
Eut. side draw rate 2 .00000 . 00000
Ect. side draw rate I .00000 - 00000
Est. side draw rate 4 .00000 . 00000
Est. temp stg 1 C -178.00 ~193.00
Est. temp stg M C ~174.00 -183.00
CODE REPORT
#«% Gtream no. 1 &ee
Overall Vapor
Temperature deg C. -172.346
Pressure bars. . . £.561325
Vapor fraction . . -.B17724
Enthalpy MI/hr . 218. 4671 H 187.5651
Entropy MI/hr#k . -.474310 H —-. 269548
Ave. mol. wt. . . z28.7704 H 28.64655
Total flow kg/br . 440,324 ! 375.044
kgmol/hr . 15.9999 H 13.08335
Density kg/m3 . & + ¢« o & & <« o = 26.7085
Vigrosity centipoise . . . « - - . . &90154E-02
Thermal cond, cal/cmssK . . . . . L3574656E-04
Specific heat lekg*K - e = 2 = 1.25193
1 factor . .+ « . s s e mw e .B847052
m3/hr (15.6 deg C & 1 atm) . . . . 309.950
Vvol. flowrate m3/br . & . o & -« . 14,0424
Surface tension dyne/tm. . « « = ¢ = = = s & = = =
B. G. (&0/860) . o &« « » « o 2 = & 2 = & % = » =
m3/hr (15.6 deg € & 1 atm} e = m s s e e s e o=w
Vol. flowrate m3/hr . . . . e s = o= omoeoa s
Vapor Liquxd Vapor
mole mole flowrate
fraction fraction kgmol/he
Nitrogen .B3530 52194 10.7418
Oxygen . 16370 . 30804 2.14175
wok Stream no. 2 *#+*
Overall Vapor
Temperature deg C. -172.347
Pressure bars. . . 6.460647
Vapor fraction . . .8324464
Enthalpy MI/hr . 323.802 | 2B4.544
Entropy MI/hreK . —. 6935623 t -. 411253
Ave. mol. wt. . . 28.7702 ' 28.6730
Total flow kgs/hr . 690,484 ! 572.861
kgmol/hr . 24.0000 ! 19.9771
Dencsity kg/m3 . <« =« ¢ « < &+ =« 26.6758
Viscosity centipoise . . . . - - - -690418BE-02
Thermal cond. cal/cm#*s*K . . . . . « 35767LE-04
Bpecific heat kJ/kg*R - e e o= 1.25085
Z factor - . . . - . - e e .B47282
mI3/hr (15,6 deg C & 1 atm) « e o= - 473.307
val. flowrate m37/hr & v o & & . - 21.4752

Surface tension dyne/cm. . .

- A B wd S S A8 S8 aw

Liquid

27.0201
~.204763
29.2409
B85.2782
2.91641
1406.48

. 103552

» S505017E-023
2.17510

S5.67519

- 215033

. 933430E~01
- 604330E-01
Liquid
flowrate
kgmal/hr
2.01803
.B78377

Liquid

37.2358
—-. 282370
29.2534
117.625
4.02087
1407.54

- 103704

- 5049590E-03
2.17z8%

5.65055

187
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8. B. (&0/7869) .

ni/he (15.6 deg € & 1 atm)
Vvol. flowrate m3/hr o . .

Vapor
mole

fraction
Nitrogen .83443
Orygen . 16557

CODE REFORT

asd Stream no. 3 *kk

Temperature deg C.
Fressure bars. . -
Enthalpy MJ/hr .
Entropy MI/hrsll .
Ave. mol., wt.. . .
Total flow kg/hr. .
kgmol/hr . .

Dencity kg/m3 . « . .
Vigcosity centipoise . .
Thermal cond. cal/cm*stk -
Bpecific heat kJ3/kg*eK .
Surface tension dyne/cm. .
)

8. G. (60760} =« & &
m3/hr (15.6 deg € & 1 atm
Vol. flowrate m3/he . .

Liquid
mole
fraction
Nitrogen 581119
Oxygen . 18880BE-01

«4% Stream no. 4 d*kk
Temperature deg C. .
Pressure bars. . - .
Enthalpy MJI/hr . s
Entropy MI/hrsll . .

Ave. mol. wt. . .
Total flow kg/hr.
kgmol/h+ .
Density kg/m3 . « -
Viscosity centipoise .
Thermal cond. cal/cm*s*K
Specific heat kI kg
Surface tension dyne/cm.
5. G. LO/EDY . . . .
m3/hr (15.6 d2g C & 1 atm
Vol. flowrate m3/he . .

« m ¥ 5 = s » F ¥

 we s & & 8 ® om B &£ & =

Liquid
mole

fraction
Nitrogen L 695738
Oxygen . . 304062

CODE REPORT

ek Stream no. T *k*

Temperatuwe deg €. + « -

Liquid
mole
fraction
. 688756
.31124

All Liquid
-175.935
6.71314
152,106
-1.12285
28.0883
449,415
16.0001
1329.85

2.345680
4,74204
. 883883
. 509252
. 337748
Liquid
flowrate
kgmol/hr
15. 6780
. 302093

All Liquid

-172.151
&.73254
222.834
29.2259
701.3%95
23.95799
1402.47
. 102857

2.18426

5.60303

. 7184056

. 768084

500121
Liquid

flowrate

kamol/br
15.7024
7.29743

All Ligquid
. -185.647

. 747183
-510523E-03

. 504666E-

Vapor
flowrate
kgmol/hr
16.6712
3.307%6

01

03

.P19373 iaa
. 128700

. B35686E-01

Liguid

flowrate

kgmol /he

2.76943

1.25144
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Fressure bars. « « o« o =

Enthalpy Wbe .. L . .

Entropy MIZhrsk .
Ave. mol., wt. . . .
Total flow kg/hr. .

kamol/hr . .
Density kg/m3 . . .
Viscosity centipoice . .
Thermal cond. cal/cmassk
Specific heat kJ/ka+ik
Surface tension dyne/cm.
8. G. (60/850) . ., . ..
m3/shr (15.6 deg C & 1 atm)
Vol. flowrate m3/he . . .

Liquid
mole
fraction
Nitrogen 781119
Oxygen « 188808E-~01

**+ Stream no. & *+e

Temperature deg C. .
Fressure bars, . . .
Enthalpy MJ/hr .« . .
Entropy MJI/hrsk . . .
Ave. mol. wt. . . . .
Total flow kg/hr. . .
kgmol/hr . . .

Density kg/m3 . . . -
Viscosity centipoise , .
Thermal cond. cal/cm¥ssK .
)

Specific heat kI/kgHK
Burface tension dyne/cm.
8. G. (&0/60) = e = s =
m3/hr (15.4 deg C % 1 atm
Vol. flowrate m3/br . .

Liquid
mole

fraction
Nitrogen 695938
Oxygen . 304062

COnE REFORT

*4k Stream no. 7 kdd

&.71314

141,491

1.23502
28. 0883
44%,.415
16,0001
1445,.97
- 123407
- 527837E~-03
2,0934%
6.98386
- BB38B3
. 509252
. 310809
Liquid
flowrate
kgmol/hr

15. 6980
« 302095

All Liquid
~176.935

&,73254
215.711
-1.73337
29.2250
701.395
23.9997
1454, &4
« 113776
+ D1 240BE~-03
2.06776
&.6T7L50
« 21456046
. 768084
482182
Liquid
flowrate
kgmol /hr

16.7024
7.29745

Vacor

15.1443
—e 139799E-01

30.0132

Overall

Tempevrature deq C. -192.452
Fressure bars. . . 1.40055
Yapor fraction . . » H568986E-01
Enthalpy M3/hr . 141,493
Entropy MY/hrsi . -1.23147
Ave., mol. wt., . . 28.0883
Total fleow kg/hr . 449,415

kgmol/br . 156.0001

Pensity kg/m3 . . . . . .
Viscosity centipoise . . .
Thermal cond. cal/cmigsl

Specific heat kJ/kg+K .
Z factor . . . .

m3/hr (15.6 deg G % 1 atm)

!
! 28.0396
!

1.07038
6.12529
«541943E-02
« 340943E-04
1.1319%
. 747868
. 25. 6248

{69

Liquid

126.409
-1.21749
28.0918
41%.402
14.9297
1503.80

« 1847473

-« 3375B1E~-03
1.97733
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Vol. flowrate m3/hr . . .
Surface tension dyne/cm. .
G. G. (60/60) . &+ & 4 .
m3I/he (15.46 deg C & 1 atm)
Vol. flowrate m3/hr o . .

Vapor Liquid
mole mole
fraction fraction
Nitrogaen 29332 . 98023
Oxygen L6683BE-02 . 19765E-01
*kk Stream no. B ke
Overall
Temperature dag C. —-190,027
Pressure bars. . . 1.45725
Vapor fraction . . . 138577
Enthalpy MJI/h+ . 215.71t H
Entropy MJ/hrel . -1.73072 H -
Ave. mol. wt. . . 29.223 '
Total flow kg/br . 701,395 H
kgmal/hr . 23,9959 H

Density kg/m3 . . . . . .
Viscosity centipoicse . . .
Thermal cond. cal/cm¥s*K .
Specific heat kJ/kg*K .
Z factor . . - . . & . . 0.
m3/hr (15.6 deg C & 1 atm)
Yol. flowrate m3/hr o o .
Surface tension dyne/em. .
S. B, (LOSED) . . . . .
m3she (1S5.6 deg C & 1 atm)
Val. flowrate m3/hr . . .

Vapor Liquid
mole male
fraction fraction
Nitrogen .B7111 . 66782
Oxygen . 12889 . 332189
CODE REFORT
sk Stream no. 9 ek
Overall
Temperature dzg C. -170,008
Pressure bars. . . 1.45723
Vapaor fraction . . . 1482943
Enthalpy MJ/he . 217.088 !
Entropy MI/hrsll . -1.71318 ! =
five. mol. wt. . . 29.225 H
Total flow kg/hr . 701,393 ¢
kgmnol/hr . 23.9979 H

Density kg/m3 . . . . . .
Viecosity centipoise . . .
Thermal cond. cal/cmeski |
Specific heat kI/kgel .
Z factor . . . . 4 e W . .
m3/hr (15.6 deg T % 1 atm)
Yol. flowrate m3/hr . . .
Surface tension dyne/cm. .
8. G. &O/6D) .« v 4 .
m3sh (15.46 deg C & 1 atm)
Vol. flowrate m3/he o . .

L T T I ]
TR B )
R T T

LI T T R |

nn e

.

Vapor
flowrate
kgmol/h
1.06323

« 715428E-02

Vapor

45,4854
. 409738E-01
28.5267
24,8730
J.32583
L.34762
- S566974E-02
. 33F222E-01
1.10301
249507
78.6319
14.94540
Vapor
flowrate
kgmol/hr
2.89717
1284659

Vapor

50.2454
. 440287601
28.5310
101.987
3.574561
4.33857
- 36716BE-0OZ2
-.337417E-04
1.10308
. 249532
84.6253
16£.0701

2.31471

.B33778
LA75192
. 278897
Liquid

flowrate
kgmol /hr
14.8345
. 295089

Liquid

1468.788
1.68575
29.3371
4£06.515
20. 6740
1590.31
161625
-533515E-03
1.8446462

2.926894
917617
. 662004
. 381387
Liquid
flowrate
kgmal 7hr
13.8066
£.846744

Liquid

166.870
-1.646715
29.3443
599.406
20.4252
1590.73

- 1614681
-533572E-03
1.84427

F.24126
. 717665
- 654047
. 376768

100
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Vapor
mole

fraction
Nitrogen .87004
Ouygen . 12996

«a% Stream no. 10 ¥

Temperature deg C. .
FPressure bars. « « -
Enthalpy M3/hr . .
Entropy MJ/hr# . .

Ave. mol. wt. . -
Total flow kag/hr.
kgmol/hr .
Density kg/m3 . . .
Yiecosity centipoise .
Thermal cend. cal/cas*K

)

.541992E-02
. 339355E-04

Liquid Vapor
mole flowrate
fraction kgmol/hr
«6£6549 3.11004
. 33451 .A64567
A1l Vapor
. -192.647
. 1.40055
- 453,650
- -. 421952
. Z8.0407
. 208.515
. 32.3999
. 6.19011

Specific heat kJ/kgr¥ 1.13097
Z factor .« « -+ & o« = s = . .9478B75
m3/hr (15.6 deg C % 1 atm 747.340
Vol. flowrate m3/br . o - 146.771
Vapor Vapor
mole flowrate
fractiaon kgmol/hr
Nitrogen . 993051 32.1751
Oxygan . 693924E-02 . 224831
CODE REFORT
w4k Stream no. 11 &k
A1l Liquid
Temperature deg C. + « < « - -17%.524
Fressure bars. . « . “ . . 1.59705
Enthalpy MJI/hr e e e e e m 58. 1288
Entropy MI/hes . . o - . - -.604787
Ave. mol. wta o & = &+ - = » J1.8808
Total flow kg/br. - . - - - 242.295
kgmol/hr « « - - - - 7.560001
Density kg/m3 . « « » = « = 17¢8.89
Viscosity centipoise . - . - . 175472
Thermal cond. cal/cm¥s*H . . .517224E-03
Specific heat  kJ/kgek . . 1.63202
Surface tension dyne/cm. . . 12.0760
G, B, (6O/E0)Y .« 4 - = e . . 985071
m3/hr (15.64 deg C & 1 atm) . . 2846347
Yol. flowrate m3/hr . -« .+ - 141734
Ligquid Liquid
mole flowrate
fraction kgmol/hr
Nitrogen «296430E-01 . 225287
Oxygen .F70357 7.37472
2+ Stream no. 12 #**
A1l Liquid
Temperature deg €. . - - + » -183.027
Fressure bars. « « « = « = ¢ 1.59705
Enthalpy MI/hr . .+ « - « = 56.7513
Entropy MI/hes¥ . . o . . -.619821
Ave. mol. wt. .« . .+ <« - - & 31.880%9
Total flow kg/hr. . .- - 242.294

Liquid
flowrate

o1
kgmol/hr !
13.5%92%9
6.83238
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Kgmed/nt v 1 v o0y 1 a7777
Density kg/m3 . . . . . . . 1736.77

Ui;tag“y ceanulse . e e .180473 10
Thermal cond., cal/cmessk , , « 522893E-03
Bpecific heat kI/kg+ . . 1.56142%
Surface tension dyne/cm. . . 12.9410
B. G. &0/780 . . . . - « PB5094
m3/hr (15.4 deg cxt atm) . « 245347
Vol. flowrate m3/hr . . . . - .139510
Liguid Liquid
mole flowrate
fraction kgmopl/hr
Nitrogen « 29641 1E-01 « 225272 -
Onyaen 770359 . 7.37472
CODE REPORT
*#d% Stream no, 13 s+
fll Vapor
Temperature deg Co . . -182,231
Fressure bars. . « « « 1.40055
Enthalpy MJ3/hr = e 454,274
Entropy MI/hrs¥ . . . . - 297945
Ave. mol, wt. . . . . . 28.0407
Total flow kg/hr. . . . 908.515
kgmol/hr . . . . 32.3999
Density kg/m3 . . ... . 5.40047

- 612500E-02
» J50415E-04

Viscosity centipoise .
Thermal cond. cal/:m*s*k

}

Specific heat kJ/kg*K 1.11274
z ‘FECtD"‘ v ® & » . 8 l9&1997
m3/hr (15,6 deg C L1 atm 767.262 -
Vol. flowrate m3/hr . . 168.231
Vapor Yapor
mole flowrate
fraction kgmol /hr
Nitrogen -793061 32.175t
Duygen -693924E-02 . 224831
s3s Stream no. 14 #4*
All Liquid
Temperature deg C. + . & . . -183.027
Pressure bars. - + o v & . . 190,000
Enthalpy MJ/hr « = s 0 = = 59.0741
Entropy MI/hr#k ., . . . . . -. 632918
Ave. mol. wt. . . . . & . . 31.B680%
Total flow kg/hr. + « « « & 242.294
ksfﬂnl/hr‘ f & % 3 s @ 7. 997997
Density kg/m3 . . . . . . . 1851.29
Viscosity centipoise « « . . 170473
Thermal cond. cal/cmassK . . « 922893E-03
Specific heat WI/kg*K . . 1.53771
Surface tension dyne/cm. - - 12.915%9
5. G. (60/60) . . . . . . 785071
m3/hr (15.6 deg C & 1 atm) . . 2446347
Val. flowrate m3/hr . . . . . 130880
Liquid Liquid
mole flowrate
fraction kgmol /hr
Nitrogen «296411E-01 « 2259272

Oxygen . 970359 7.37472
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CODE REPORT

*4¢ Etream no. 15 ¢4k

Temperature deg C. .
Fressure bars. . . «
Enthalpy MJY/hr . a
Entropy MJI/hrsX .
Ave. mol. Ht- . 2 =
Total +low kg/br. .
kamol/br . .
Density kg/m3 . .
Viscosity centipnlse -
Thermal cond. cal/cm¥s+K
Epecifiec heat kJ/kg#K
Z factor . . . .
m3/hr {15.4 deg C & 1 atm
Vol. flowrate m3/hr . .

5 4 4 W ¥ 8 & & & v = w®w &

)

Vapor
mole
fraction
Nitrogen « 9930561
Oxygen » HFIF24E-02

the Stream no., 14 sese

Temperature deyg C. .
Pressure bars. . . .
Enthalpy MJ/tr P
Entropy MI/hrsk ., .
Ave. mol. wt. . . .
Total flow kg/hr. .
kgmol/hr . .
Density kg/m3 . . .
Viscosity centipoise .
Thermal cond. cal/cmtstk
Specific heat kJ/kg*K
Z{actor.... » "
m3/ht (15.6 deg c & 1 atm
Vol. {lowrate m3/hr . .

)

Vapor
mole
fraction
Nitrogen « 9930861
Oxnygen « 693924E-02

CODE REFDRT
#4324 Stream no. 17 *he

Temperature deg C. .
Pressure bars. . . .
Enthalpy M3/hr . .
Entropy MI/hrék . .
Ave. mol. wt, . . .
Total flow kg/hr. .

kamol/hr « .
Density kg/m3 . . .
"Viscouity centipoise .
Thermal cond. cal/cm*s*k
Specific heat kJ/kgeK

All Vapor
-175.151
1.400%5
471.407
~a 222392
28.04307
F0B8.515
32,3999
4.97524
» 56601 B7E-02
«358105E-04
1.10448
« 968776
7467.542
182.4609
Vapor
flowrate
kgmol/hr
32,1751
« 224831

All Vapor
-175.000
1.400355
471.558 °-
—. 220847
28,0407
BOH.515
32,3997
4.96693
«661202E-02
« 338270E-04
1.10414
« 968902
767 .562
182.915
Vapor
flowrate
kgmol/hr
32.1751
+ 224831

All Liquid

—=180.000
190.000
60,2043

-« 620582
31.8809
242.294
757799
1832.13
« 177374
«917994E-03
1.5441%
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Eurface tension dyne/cm. . - 12. 1667 1044
8. B. (&D/&0D) . - . = s o= . 985091
m3/hr (15.4 deg C % 1 atm) . . 2486347
vol. #$lowrate m3/hr o -« . 132248
Liquid Liquid
male flowrate
fraction kgmol/hr
Nitrogen L296411E-01 . 225272
Oxygen 70357 7.37472

CODE REFORT

TOWR # 1 Data file! column,OUT trofile file: link.prf

Column Summary

Temp Fres Net Flow Rates Duties
Gtg c bars kgmals/hr MJI/he
Liquid Vapar Feed Product
1 ~-175.%9 6£.713 18.277 146,000 —163.53
2 ~-174.8 65.713 18,440 34,299
3 ~-174.6 &.714 18.315 34.440
4 ~-174.4 &£.715 18.184 34.315
5 —-174.1 &.7146 1B.051 I4.184
&6 —173.%9 &6£.717 17.216 34.051
7 -173.7 &£.718 17.784 33.91¢&
8 -173.5 6£.719 17.4644 332.784
9 -173.2 &.720 17.551 33.4644
10 -173.0 &.721 17.443 33.551
11 —-172.% &.722 17.345 23.443
12 -172.7 6£.723 17.261 33.344
13 -172.5 6.724 17.197 33.2561
14 -172.4 6,725 17.132 33.197
15 -172.3 6.726 20.023 33.132 1£.000
16 —-172.3 &.727 20.017 20.023
17 -172.3 4.728 20.018 z0.017
18 -172.3 &£.729 20.011 z0,018
19 —-172.2 4£.731 19.976 20.011
20 —-172.2 6£.732 19.979 19.9%4
21 —172.2 &.733 19.97% 24 . 000 24,000
Stream # 1 fed to B8tg 15 is g1.772 % Vapor
Stroam # 2 fed to Btg 21 is a3.246 % Vapor
Stream # 3 iz Liquid Distillate from Stg 1
Stream # 4 is Liquid Bottoms from Stg 21
Condenser duty is -163.529 MI/hr
Reboiler duty 1s Msfalsleiols) MJ/he

CODE REFORT

TOWR # 1 Data file: column.OUT Frofile filet link.prd
Tray Liquid Fropertiaes
Standard fActual Actual Sur-face
Mass flow Avg Vol. flow Vol. flow Nensity Viscosity tension

Stg kg/hr mal wt m3/hir ml3/hr kg/mn3 centipoise dyne/cm
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1 14,0 28.00 R 7 WEnE
2 519.4 28.17 .59 .39 1324.13
e 517.4 28.25 .58 .37 1330.76
4 515.4 28.34 .58 .39 1337.70
S 513.3 28.44 .58 .38 1344.85
& 511.2 28.53 .57 .38 1352.06
7 so9.1 28.63 57 .37 1359.18
8 504.7 28.72 .56 .37 134L46.03
9 505.46 28.80 .56 37 1372. 47
10 503.8 28.89 .54 .37 1378.42
i1 s02.3 28.94 .55 .36 1383.77
12 501.0 29.03 st « 36 13868.50
13 500.1 2Z29.08 =] .35 1392. 60
14 499.1 29.13 «J9 .34 1396. 11
15 584.2 29.17 .64 L4z 1395.05
16 s84,0 29.18 .54 .42 1399.15
17 54,1 29.1i8 .64 .42 13992.33
18 =g84.0 29.18 T A2 1399. 49
19 =03.7 .29.19 Yo . A2 1400, 20
20 =83.5 2%.20 .44 .42 1401.05
21 701.4 29.22 77 .50 1402. 45
Tray Vapor Properties
Standard Actual Actual
Mass flow Avg vol., flow Vol. flow density
=34 | kg/hr mol wt m3/hr m3/hr z kg/m3
1 +#% Total Condenser : No Vapor Qutlet #*»
2 263.4 28.09 g912.5 34,93 .B356 27.5839
3 968.8 28.13 B15.9 35,17 .B364 27,5503
4 966.8 28.18 B12.9 as.14 .8372 27.91446
S 948,88 2B.22 807.8 35.11 .B8380 27.4772
& 962.7 28.27 8047 a=.08 .8388 27.4394
7 9&80.6 28.32 803.5 35.06 D397 27.4016
8 gs83.5 28.37 fa00.4 35.03  .8405 27.35653
9 956.1 28.42 797.0 14.98 .BM3 27.3308
10 955.0 28.46 794.8 34.98 .8420 27.2991
11 g953.3 2B.G0 732.3 34.96 .8426 27.2702
12 951.7 28.54 790.0 34.93 .8432 27.2451
13 g50.4 28.57 788.0 34.91 .B437 27.2240
i4 49,5 28.60 786. 4 34.90 .0442 27.2059
15 948.5 28.63 784.9 4,809 .B44& 27.1917
16 573.2 28.63 474.3 21.08 .8486 27.1944
17 573.1 Z28.63 474,2 21.07 .B4de 27,1973
i8 573.2 Z2B.63 474.2 21.07 .9444 27.1793
19 573.1 28.484 474.1 21.07 .9444 27.2003
20 572.8 28.65 473.7 21.06 .8448 27.1984
21 572.6 2B.64 473.3 21.06 .Ba4? 27,1935

CODE: Chemical Engineering Simulation System
(C) Copyright, COADE / McGraw-Hill, 19356
all Rights Reserved.

TOWR # 1

Data file:

column.TSZ

Smith-Dresser-Ohlswager Shortcut Technique

sesllser Provided Input Datakk#

 OFAT

L0924
0741
. 0947
. 0957
. 0965
.0974
. 0983
0971
. 0998
. 1005
<1011
. 1016
. 1020
.1024
. 1024
L1025
. 1025
1026
1027
- 1029

Profile file: link.prf

195:

4.74

1.62
3. 65
1.78
4.87
4.95
5.04
5.13
5.21
5.29
5.36
5. 42
.47
.52
5.56

5.56

5.54
5.57
5.57
5.58

5.60
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Tray spacing (in. or cm)

7.0000

{0h

Downcomer area (Ft2 o m2) L0151
Weir length (in. or cm) 24,0000
Weir height (in. or cm) I, 0000
Liquid Vapor Liquid Vapor Flooding Settling
Diameter Vol. flow Vol. flow density density velocity height
Gty meter m3/min ml/sec kg/m3 kg/m3 m/sec et ey
1 ##sCondenser: No tray sizing+t+
2 . 3051 .01 .01 1324.14%70 27.5837 L6772 03461
3 . 3053 .01 .01 1330.7550 27.5507 .14681 .0361
4 .3047 .01 .01 1337.46980 27.5150 .1£89 L0341
S . 3040 .01 .01 1344.8480 27.4776 15695 L0361
& . 3034 .01 .01 1352.0650 27.4397 1704 L0362
7 . 3028 ) .01 1359.1760 27.4020 L1711 L0362
8 . 3022 .01 .01 13466.0340 27.3657 1718 L0362
9 L3016 .01 .01 1372.44660 27.3312 1724 L0352
10 3012 .01 .01 1378.4210 27 . 2995 1731 L0342
i1 » 3007 .01 .01 1383.7730 27 .2706 1736 L0363
12 . 3003 .01 .01 1388,.5020 27.2455 .1741 . 03563
13 « 3000 .01 .01 1392.6030 27.2244 . 1785 L0363
145 L2997 .01 .01 1395.1050 27.2063 .174% L0353
15 . 3029 .01 .01 13979.0530 27.1921 L1701 . 0357
16 2615 .0 .01 1399.1530 27.1950 .1517 . 0357
17 .2615 .01 .01 1399.3330 27.1977 L1517 L0357
18 . 2613 .01 .01 139%.6530 27.19%97 -1317 . 0357
19 2614 .ol .01 1400.1980 27.2007 L1517 . Q357
20 L2613 .0t .01 1401.0550 27.19%90 . 1518 . 0357
21 2661 .01 .01 1402.44B0 27.1939 .1444 L0304
CODE REFORTY '
TOWR # 2 Data file: column.OUT Profile file! pool.prf
Column Bummary
Temp Pres Net Flow Rates puties
Etg c bars kgmnls/hr MJI/hr
Liquid Vapor Feed Froduct
1 -192.46 1.401 14.924 146.000 32,400
2 -192.6 1.404 14,920 31.324
3 ~192.6 1.408 14.715 31.320
4 -192.5 1.411 14,907 31,315
5 —192.5 1.415 14.8%96 31.307
b6 —-192.5 1.418 14.6881 31.296
7 ~192.4 1.422 14.861 31.281
B —-192.3 1,425 14.832 31.2561
9 -192.2 1.42% 14.794 31.232
10 ~192.1 1.432 14.742 31,174
11 =1792.0 1.436 134.674 31.142
12 -191.8 1.440 14,587 31.074
13 -191.6&6 1.443 14.478 30.987
14 -191.3 1.447 14.348 3n.878
15 -1791.0C 1.450 14.19%9 30.749
16 ~190.6 1.454 14.037 30.598
17 -190.2 1.457 34.458 30.437 24.000
18 -190.2 1.451 34.44&3 26,858
19 ~190.2 1.454 34.4468 24.8463
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20
21
22
23
24
25
264
27
28
29
20
31
32
a3
34
as
38
37
a8
a9
40
a1
42
43
44
a5
a5
47

-190.2

'lq0|2
—-190.1
-190.1
-190.1
—190.1
-190.0
-1%0.0
-1%0.0
-189.9
-189.%
-189.%
-189.%
-189.8
-1g97.8
~16%9.8
-ig7.8
-189.7
-189.7
-18%.7
-189.7
-1B89.46
~-18%9.6
-189.6
-189.46
-189.5

CODE REFPORT

-189.3
-189.5
-189.4
-189.3
~189.0
-188.3
-186.7
-184.1
-181.3
-17%.5

Stream # 7
Stream # Q

Stream # 10
Gtream # 11

1.468

1.471
1.475
1.479
1.482
1.486
1.489%9
1.4%3
1.4956
1.500
1.503
1.507
1.510
1.514
1.518
1.521
1.525
1.528
1.532
1.535
1.53%9
1.542
1.546
1.549
1.553
1.557
1.9560
1.564

1.5467
1.571
1.574
1.578
1.5
1.585
1.588
1.592
1.596
1.599

34.473

34.478
34,493
34.488
34.493
34,498
34.503
34.508
34.513
33.518
34.523
34.520
34.533

34.538

34.542
34.547
34.552
34,557
34.562
34.5467
34.572
34.577
34.582
34.587
34.571
34.595
34.600
34.602

Liquid

34.401
34.550
34.554
34,451
34.183
33.568
J2.488
31.281
30.829

fed to Stg
fed to SBtg

2&. 8608
26.873
246.878
26.883
24.888
26.893
26.8%8
246.703
24,908
26,913
26.918
24,923
26.928
246.933
26.938
26.943
24.547
26.952
26.957
26,962
26.967
26.972
26.977
24.982
24,987
25.99%
26.995
27.000

Vapor

27.002
27.001
26.970
26.954
26.851
26.583
25.966
24,888
23.781
23.229

Feed

1 is 6. 670 % Vapor
17 15 14.8%4 % Vapor

is Vapor Distillate from Stg i
is Liguid Rottoms from ctg 57

Condenser duty is
Reboiler duty is
CODE REFPORT

TOWR # 2
Tray Liquid Froperties

Btqg

Hass flow
ka/hr

bata file?

. 00000
153.20

Avg
mol wt

0 HMI/hre
B MI/hr

gStandard
vol. flow
w3 /hr

column,.OUT

Froduct

7.46000

197

153.21

frofile file: pool.prf

Actual
Vol. flow
m3/hr

Actual

pensity Viscosity

ka/md

centipoise

Surface
tension
dyne/cm
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N RN O R AN S

a
CODE REFORT

419.3
419.2
419.2
M1
417.0
418.8
418.5
4148.1
417.6
417.0
416.1
414.9
413.5
411.8
40%.8
807.7
1007.2
1007.3
1007.5
1007. 46
1007.8
1007.%
1008.1
1008.2
1008. 4
1008.5
1008. 6
1008.8
1008.9
10092.1
10079.2
1009.4
1007.5
1009.7
1007.8
1010.0
1010.1
1010.3
1010, 4
1010.6
1010,7
1010.9
1011.0
1011.1
1011.3
101t.4
1011.5
i011.6
1011.5

TOWR # 2
Tray Liquid Froperties

Gtg

o0

Mas=s flow
kg/hr

io11.t

28.09 A9
28.10 .47
28.11 A7
28. 11 .47
28.12 .47
Z8. 14 .47
28.16 A7
28.19 .47
28,23 .47
28.28 .47
28.35 A7
78.45 .47
28,56 .46
28.70 .3
28,86 .45
29.04 A5
29.23 1.10
29.23 1.10
27.23 1.10
29.23 1.10
29.23 1.10
29.23 1.10
29.23 1.10
29.23 1.10
29.23 1.10
29.23 1.10
29.23 1.10
29.23 1.10
29.23 1.10
29,23 1.10
29.23 1.11
29.23 1.11
29.23 £.11
29,23 1.11
29.23 1.11
29,23 1.114
29.23 1.11
29.23 1.11
29.23 1.11
29,23 1.11
29.23 1.11
29.23 1.11
29.23 1.11
29.23 t.11
29.23 1.11
z9.23 1.11
29.23 1.11
29,21 1.11%
29.24 1.11

Data file: column.OUT

St andard
Avg Vol. flow
mol wt m3/hr
29.26 1.11

.20
.28
.28
.28
.28
.28
.28
.28
.27
.27
. 27
.27
.27
26
.26
.64
.64
.64
. 64
.64
.64
« 64
b4
.64
. 64
.64
.64
. 64
.64
.64
- 64
.64
. b4
.54
. b4
.68
64
.64
.64
« 64
.64
-1
.64
.64
.64
.64
.64
.64

1504, 01
1504.12
1504.37
1504.79
1505. 45
1506. 43
1507.85
150%.687
1512. 67
1516.47
1521.52
1528, 09
1534.33
1544.30
1557.78
1570.25
582.90
1582.70
1582.51
1582.31
1582. 10
1581.71
1581.71
1E81.51
1581.31
1581.12
1580.92
1580.72
15680.33
1580.33
1580.14
1579.94
1579.79
1579.55
1577. 36
1579.16
1578.97
1=78.78
1578.58
1578.39
1578.17
1578.01
1577.81
1577.62
1577.44
1577.27
1577.14
1577.14
1577.42

o8

7T
1477
1476
1474
1477
. 1477
1477
.1402
. 1485
.147t
1477
1507
1522
L1537
. 1551
. 1580
L1602
L1601
- 1600
. 1578
L1597
L1596
1575
1574
L1573
L1572
L1571
L1570
. 1507
1508
. 1807
L1506
. 1584
L1503
L1807
1581
. 1500
L1577
.1578
L1577
15746

. 1575

L1574
L1573
L1572
L1571
-1570
1567
. 1567

Frofile file: ponl.pod

Actwuval
Vol. flow
m3/hr

.64

Aictual

~

Density Viscosity

kg/m3

1578.52

rentipnise

L1571

T
0. 32
B8.32
0.33
8.34
p. 36
0.38
0.4z
0.47
a.53
.63
0. 75

.90

7. 08
7.30
.54
c.78

7?77
.77
.76
.76
7.73
7.7
7.74
7.74
.73
T.72
.72
7.71
7.71
.70
7.70
7.67
7.7
7.68
7.68
-y
7. 67
F.66
T bt
F.6S
7.65
7.64
?.63
F.63
7.563
7.62
.63

Cunrface
tensiaon
dyne/fcm

9.65
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1007.8

10046, 4
798. 6
786.0
F76.1
975. 4

242.3

CODE REFORT

TOWR # 2
Tray Vapor Froperties

a3
-
[1s]

ANt -

Mazses flow
kg/hw

208.5
a78.14
g78.3
g78.3
878.2
g78.1
g77.%9
877. 6
877.2
874.7
876.1
a75.2
g874.0
872. 4
870.%9
848.%
8&64.8
764.9
765.0
765.2
765.3
765.5
765.6
765.8
765.%
7661
7656.2
766. 4
766,39
7866.7
7646.89
766.9
767.1
767.2
7467.4
767.5
767.7
747.8
76B.0
768.1
768.3
768. 4
768.6

29.31
29.44
29.75
30.35
31.10
31,64
31.88

Data

Avg

ma3l wt

28.04
z8.04
28.04
28.05
28.05
28.046
28.04
28.07
28.079
28. 11
28.13
28.16
2B.21
28.26
28.32
28. 40
Z28.48
28.48
28.48
28.48
28. 48
28.48
28.48
28.48
28.49
28. 48
28. 48
28.448
2g8. 48
28.48
28. 48
28.48
28.48
28.48
28.18
28.40
28. 48
28.18
28.48
28.48
28.48
28.48
28. 48

1,10

1.10
1.0
1.05
1.01
1.00

25

51 1981.72
63 1590.22
62 1610.15
50 16456.27
.08 1684. 65
.57 1703.74
.14 1708.77

file® coelumn.OUT

Standard
Vol. flow
m3/hr

767.6
742.1
742.0
741.8
741.7
741.4
741.1
740.6
737.9
73%.0
737.8
735.2
734.1
731.5
728.4
724.9
721.1
6356.3
6346.4
6£346.5
£36.6
6386.7
635.%
637.0
&37.1
637.2
&37.3
&637.5
437.6
&37.7
£37.8
637.7
638.0
&38.2
638.3
638.4
638.5
638.6
&38.7
638.%
637.0
639.1
637.2

Actual
Vol. flow
m3/he

146.77
141.58
141.25
140.%2
140.460
140.28
139.95
139.63
139.31
13%.00
138. 60
138,36
138.03
137.70
137.36
137.02
136.66
120.32
120.07
119.83
119.58
119.34
119. 10
118.856
118. 462
116.38
118.14
117.91
117.67
117.44
117.20
116.97
116.74
116,51
114.268
116.05
115.82
115. 60
115.37
115.15
114.93
114.70
114.48

15706

.15
. 1627
16792
« 1733
1764
L1755

frofile file: pool.prf

7479
.7478
.77
9474
.P476
7475
.9474
.?474
9474
7473
.2475
.9477
2479
. 7481
. 7184
-.7488
.2492
.7491
7490
. 7489
. 2488
.7488
. 9487
.74B&
- 7485
.7484
.7483
. 7482
. 7481
. 9480
7479
7478
.7478
2477
.9476
.F475
.7474
.2473
9872
.7471
.2470
. 74469
.67

Actual
density
kg/m3

6. 1700
6.2042
6.2183
6.2323
6.2461
&6.2595
4H.2726
6.2850
L. 2969
&.3077
6.3174
&.3256
6.3322
&6.3349
6. 3399
6.3416
b. 3427
6. 3569
6.3712
46.3853
6.3797
6.4141
4. 4283
&£.44826
&6.4548
&.4712
&. 4854
6.4997
46.5139
6£.5282
6.9425
&. 5568
6.35710
4.5853
6£.5995
6.61328
&6.6280
&4.56423
&, 6565
&.6707
6. 68350
6. 6752
5.7135

1o

7-71

9.087
10.26
10,78
11.72
1iz.04
12.08
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44
43
L 1)
47
48
49

768.7
768.9
769.0
769.1
769.2
769.3

CODE REPORT

TOWR # 2
Tray Vapor Properties

Mass flow
kg hr

769.2
768.8
767.5
764.1
756.3
743.7
733.8
733.1

28, 49
=28.4%
28.4%
28.49
28. 49
28.49

£37.3
£37.4
&37.5
£39.6
629.7
&39.7

114.26
114.04
113.82
113. 40
113.38
113.14

Nata file:! column.OUT

Gtandard
fAvg Vol. flow
mol wt m3/hr
28.50 637.4
28.52 638.5
28.58 &36.1
z28.74 £29.8
29.13 6£15.1
27.88 587.6
30,85 543.4
31.54 550.3

Aectual
Vol. flow
m3/hr

112.94
112.71
112. 446
112.12
111.51
110.28
108.7&
108.13

CODE: Chemical Engineering Simulation System
(C) Copyright, COADE / MclGiraw-Hill.
All Rights Reserved.

TOWR # 2

Data file:

1e84

column.TSZ

Smith-Dresser-Dhlswager Shortcut Technique

sxklser Provided Input Dataské

Tray spacing (in. -or cm)
Downcomer arga (Ft2 or m2)

Weir length (in. or

cm)

Wair height (in. or cm)

iy ]
-+
SJONTNHGN= @

e )
(4 - WA VR ]

Diameter
meter

. 3980
- 3922
. 3920
.3718
- 3915
. 3713
3210
- 3707
. 3704
. 3899
.3894
- 3889
-.3882
-.3874
.3865

Val.

Liquid
flow
n3/min

.00
.00
. 00
.00
.00
- 00
. 00
. Q0
.00
. 00
« DO
. D0
.00
.00
.00

7.

J30.
3.

Vapor
Val., flow
mn3/sec

.04
.04
.04
-04
.04
.04
.04
.09
.04
.04
-4
.04
.04
.04
.04

0000
0234
0000
0000

Liquid
density
kg/m3

1504.0130
1504. 1240
1504.35670
1504.7920
1505. 4480
1506. 4320
1507.8550
150%.B700
1512. 64680
1514. 4700
1521.5240
1528.0850
1534.3270
15446.3010
1557.7830

.7448
.2a87
. 7466
9455
. 74464
. 7463

£.7277
&65.741%
&6.7561
6.7702
4.7843
&. 7980

Profile file! pool.prd
Actual
density

z kg/m3
. 2463 4.8108
L7464 6.8211
.9447 6£.8253
.9475 6.8152
-7494 6.7821
-.7524 6.7434
7549 &6.746%
-954&2 6.7772

Profile file: pool.prf

Vapor

density

kg/m3

6.1701
£.2043
&.2184
6.2324
&.2442
6.25%46
&.2727
6.2851
4.2970
6.3078
&.3175
&.3257
&.3323
£.3370
&£.3400

Flooding
velocity

m/Sec

L4043
L4044
.4042
4038
. 4035
L4032
. 4029
. 4028
. 4028
- 4029
- 4033
. 4038
L4044
. 4057
.44Q70

200

Settling
height
met e

-0373
L0373
0373
. 0373
.0373
L0373
0373
.0373
Q373
L0373
L0373
L0373
0374,
.0372
.0374
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16
17
18
19
20
21
22
23
24
25
26
27

. 3856
. 3935
3775
.3774
3773
3772
3771
L3770
. 3769
. 3748
3767
. 3766
« 3765

28
CODE REFPORT

. O
.01
.01
.01
.01
.01
.01
.01
-01
.01
.01
.0
-01

&mith-Dresser-Ohlswager

Liquid
Diamater Vol. flow
meter m3/min
L3764 .01
. 37863 .01
3762 .01
L3761 01
. 3760 .01
. 3780 .0
. 3799 .01
. 3758 .01
3757 .01
. 3756 01
L3755 .01
L3754 .01
3733 .01
. 3752 .01 .
3791 01
. 3751 .01
. 3750 .01
. 3749 .01
. 3748 .01
. 3747 .01
.3744 .01
. 3744 .01
. 3740 .01
.3732 .01
.3714 L0k
. 3682 .01
. 35643 .01
. 3518 .01

sd*Reboilert

ND

-04
.04
.03
.03
.03
.03
.03
.03
.03
.03
.03
.03
.03

1370.2470
1582.9050
1582.7020
1582, 5070
1582. 3070
1582. 1030
1581.9110
1581.7080
1591.5140
1581.3110
1581.1170
1580.9240
1580.7200

ghortcut Technigue

Vapor
Vvol. flow
m3/sec

.03
.03
.03
.03
.02
.03
.03
.03
.03
.03
.03
.03
.03
.03
03
.03
.03
.03
.03
.03
.03
.03
.03
.03
.03
.03
.03
.03

tray sizingt**

Liquid
density
kg/md

1580.5260
1580, 3320
1580. 1380
1579.9430
1579.7490
1579.5550
1579.3500
157%. 1650
1578.9700
1578.7750
1578.5810
1578.3840
1578. 1710
1578. 0050
1577.8130
1577.6220
1577.4370
1577.2740
1577. 1430
1577.1360
1577.4200
1578.5160
1581.7170
1590.2160
1610.1480
1646.2870
14B4. 46500
1703.7580

&5.3417
4£.3428
4. 3570
6.3713
&6.3856
6.3998
6.4142
&6.4284
6.4427
5. 4569
6.4713
&.4855
&. 4978

Vapor
density
kg/m3

£.5140
6.5283
&6.3426
6.5569
6.5711
&6.5854
£.59%6
6£.613%9
&.6281
&. 6423
&.06566
6.46708
6. 6851
6. 6993
£.7136
6.7278
&, 7420
67362
£.7703
&.7844
&.7581
6.810%9
6£.8212
&£.8254
6.8153
&.7822
&5.7435
6.746%9

- 201

. 4085
.3874

. 3785
. 3780
3775
. 37649
. 3764
. 3759
3754
.3748
. 3743
. 3738
L3733

m/sec

.3728
. 3723
.3718
L3713
3708
. 3703
. 34897
3692
. 36897
.3683
. 3678
-3673
3668
- 35663
-3658
« 3653
. 3648
35643
. 3639
L3634
. 34630
. 3628
- 3630
L3642
. 3670
.3738
. 3798
.JBl4

Flooding
valocity

L0374
Q0333

, 0353
. 0353
033533
. 0333
. 0353
. 0353
. 0333
.0353
. (0353
. 0353
0353

Gettling
height

neter

L0353
L0353
. 0353
L0353
L0353
L0353
. 0353
. 0353
. 0353
L0353
.0333
. 0353
0353
L0353
L0353
. 0333
L0353
0353
. 03593
. 0333
.0353
.0353
. 0353
. 0353
L0355
L0355
. 0356
. 0306

UL
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Appendix E

Computer results of the column-
tray sizing under 1.7 times the

nominal flow rate of air

202
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Col17.REF 203

CODE: Chemical Engineering Simulation System

{C) Copyrights CONDE / NeGraw-Hill, 1906

N1l Rights Reserved.

TOFOLOGY
Equipment Stream Numbers
1 TOowr 1 2 -3 -4
2 HXER 3 10 -5 -13
3 HXER 4 13 -& -15
4 HXER g8 11 -9 -1z
3 vALv a9 -7 Q 0O
& VALY & -8 O 0
7 TOWR 7 9 -10 -11
8 FUMP 1z -14 Q ¢
7  HXER 15 ~16 O f
104 HXER 14 -17 O 0
Stream Connections
Sl ream Equipment
From To
1 O 1
2 0 1
3 1 <
4 1 3
5 2 5
& 3 2
7 S 7
8 & 94
9 4 7
10 7 z
11 7 4
z 4 2]
13 2 3
14 a 10
15 3 9
16 9 0
17 10 Q
COMFONENTS & &« & & « « 2
IN NuMbEers @esaeanssas 44, 47,

THERMODYNAMICS
Kvalue:;ptinn: FPeng—Robinson
Enthalpy optiont Peng-Robinson
Density optiont! AFI method

CODE REFORT

MISCELLANEDQUS

Reqmyecle calculations are converged.
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Freycle ruipment list (KEZ}: 2, 3, 5 b 4, 7.
Streams used in conv. routine (KEM)I( O
{)=Nelay factor
rreferred cut stream list (KE3): 10, 11,
Convergence tolerances. Error
Flowrates: . 00100000
Vapor fraction! . 00100000
Temperature: . 00100000
Pressure: . 00100000
Enthalpy: . 00100000
Flash calcs: . QODOS000
Max. loops in recytle calc.} 30
in flash cales: 75
CODE: Chemical Engineering gimulation System
() Copyright: COADE / MeBraw-Hills 1984
ntl Rights fleserved.
ke ke YALVES ok ok
Equipment no. ) 5 &
Eyxternal name
Dutlet pressure bars 1.4006 1.4572
#4okE XCHANBER /CONDENSERS + A%
Equipment no. 2 3 4
External name
lirat transfer coeff. 300,00 300,00 300,00
Nrea 9.7848 10.011 L1125
Mumber cof shells .0 .0 .0
Shell pazses -0 -0 .0
Tube passes .0 .1 .0
Mode 3.0 3.0 3.0
Min. delta T or T-out &£.00 3.00 7.00
Nelta Py stream 1 M lalelele] . OO000 . 00000
Dslta P. stream 2 Melalulele Melelelale) - 00000
n, strean 1 MJI/hr -18.045 -12.132 2.3613
tlater usage, DMI/he . 00000 . 00000 - DO000
Carrected delta T 6£.15 4.04 8.464
Equipment no. 10
Euternal name
Heat transfer coeff. . D000
Nrea . Q0000
Humber of shells .0
Chell passes .0
Tube passes -0
tode 5.0
tiin. delta T or T-out —-180.00
Nelta P, stream 1 Mslaielsle]
Nelta P. stream 2 . Q000
n, stream 1 MJ/he 1.9207
Hater usage. DM3/hr . D000

rorrected delta T g8.64

204

. 00000
. 256046
- 00000

8. 64
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b PUMPEG/COMPREBEORS
Cauipment no.
External name
Humber of stages
Work capacity Ml /he
flutlet pressure hars
Nower type:

(+} steam

(1) electricity

(=) fuel gas
H, steam out KJ / kg
izl usage, M3 /hr
bater usage. DME/hr
Sleam usage Tonnes/hr
Kilowatt usage

ook

-
. Q0000
1570.00
.0

Qo000

COUE: Chemical Engineering Simulation System
() Copyright. COADE / McGraw-Hill, 1984

All Rights Reserved.
Ak RIGOROUS TOUWERS
Erquipment no.
External name

Mumber of stages
Feed 1, slage #

Feed 2, stage #

Fred 3, stage #

Feed 4, stage #

Feed 5, stage #
Sidestrean # 1 stage
Sidestreamn # 2 stage-
Sidestreamn # 3 stage
Sidestream # 4 stage
Cond. pressure bars
Cond. delta P bars
Colm. delta P bars
Condenser type
CTondenser mode

Value of cond. spec.
Cond comp 1 position
Cond comp Z position
Cend. deg. =ubceoled
Rebpiler mode

Val. of reboiler spec
Retr comp 1 position
Relr comp 2 position
Damping ratio
Sidestream 1 mode

Sidestream 2 mode
Sidestream 3 mode
Sidestream 4 mode
Sidestreanm # 1 spec
Sidestrean # 2 spec
Bidestrean ¥ 3 spec
Sidestreamn # 4 spec

Sidestrm | comp posn
Sidestrmn 2 comp posn
Sidestrm 3 cowmp posn

ok
7

21.0 57.0
15.0 1.0
21.0¢ 17.0
.0 .0

.Q L0
L0 .0

0 .0

- ¢ .0
.0 .0

.0 .0
6.7131 1. 4006
. 00000 . 00000
. 12400E--01 . 19850
.0 1.0

4,0 .0
27.200 Minleislele
1.0 .0

.Q .0
1.00 » Q0
.0 4.0

« QOOO0 12.920
.0 2.0

.0 .0

. Q0000 1. 0000
.Q -0

.0 .0

.0 .0

.0 .0

- Q000 « Q000
« Q0000 Pelaleialel
M alelalnle) . 00000
- 00000 Melalelalsl
0 .0

.0 .0

.0 .0

204
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Gidestrm 4 comp posn

Cond. duty  MI/hre

Tt duty MI/T

=

Fot dist rate Kgmnl/hr 146,000

Fat. reflux Kgmaol/hr

Eat. side draw rate
Fst. side draw rate
Frt. sida draw trate
F=t. sidrm draw rate

E=t. temp stg 1

Cc

Est. tenp stg N O

CODE REFORT
4 Styeam no.

Temperature deqg
Fressure bars. .
Vapor fraction .
Enthalpy MHI/hr
Entropy MI/hr#K
Ava. mol. wt. .
Tetal flow kg/he
kgmol/hr
Dizirsity kg/m3d .

1
2
3
q

1 bk

C.

.0 .0
~277.55 . 00000
M olnlalale’ 26H0.55
- D000
- D000 . 20000
elaielelel L DOO00
- 00000 - 00000
. D000 Malslniald]
Mslalalslv] Malalelelsl
-178.00 -173.00
~174.00 -183.00
Overall v
-172.346
L.61325
.814077
364877 H Ji
-.B11724 H —a
280.7725 ! 28
783.12% ! &3
27.2180 H 22
e a e e m e 26

Viscosity centipoise . - . . .« . .
Thermal cond. cal/cméssK . . . . .
KI/kgeK L . . . .

Sprcific heat
7 factor . .

m3/hr (15.6 deg C & 1 atm) . . . .
Vol. flowrate n3/he
Sin-face tension dyne/cm. . o o . . .

B. B. (60/860) .

« = e = = & = =

m3/ht (15.6 deg C % 1 atm) . . . . .

Yoile flowrate m3shre

Hitrogen
iyaen

e Gtpeamn no.

Temperature deg
Frrossure bhars, .
Vapor fractidn .
Enthalpy MI/hr
Entropy HI/hreK
frem, mal. wbl o
Total flow kg/hr
kgmol/hr
Density hg/e3d .

Vapor Liquid
mole nole
fraction fraction
.B3530 LEF1T6
16370 , 30804

2 ok

. verall

C. -172.347
. &. 60647
. .B32295
. 550.428
. =1.17950

-

1173.83
A0. 8000

1
E
=28.7703 i
!
!

Vinmcosity centipoise - « - . . . .
Thicrmal cond. cal/cmts+K . . . . .
LI/kgvK L . . .

Eprcific heat
I lactor o . o .

mI/hr (15.6 deg C % 1 atm) . . . .
Vol. flowrate m3/hr
Swr-face tension dyne/cm. . . < . . .

- 670154E-02
. 357 6F6E-041

1.
.8
52
23

Y

48
-6
2B
7?7
a3

26.
EFOAIBE-D2
« 35767 EE-04

1.

.8
BO
RIS

apor

7.7%4
546471
. 6655
S5.157

L= 4
CR RV Y

Tnc
. 085S

25117
47052
1.913
7814

Vapor
flowrate
lkgmol/hr
18,5304
J3.62715

apor

7.063
78987
4730
3. 666
.TF576
&758

25043
47282
4,459
. 3005

20040

Linquid

14,8845
-. 355303
27.2507
147.972

[ 1 .'\1!:.‘
o LIOLTT S

1406.48
10355
. S05017E-03
2.17478

5.67517
. FEI5033
161966
- 105208
Linuid
+lowratea
kgmol 7he
3.90163

1.5058483

Liaquid

63,3545
—~, NS
29.25356
200. 1461
4.84237
1307.54
-1C3704

L B0A920E-03
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G. G. (&EO/ED) .« o« = e e

m3/he (15.6 deg © % 1 atm)

Varl. Flowrate ol - - -
Vapor
nole

fraction
MNitrogen .B3443
Oxygen . 146557
CUDE REFORT
dk+ Btream no. 3 kwk

Temporature d2g C. - - -
Frossure bars. « « - = = =
Enthalpy MJ/he r e s e om
Entraopy MI/hr+skK  « o « . -
v, mol. whke 0 o s = o -
Total flow kg/hr. - « « -
kgmol/hr « o« <

Density kg/md o - 2 - -
Viscosity centipoise . -
Thermal cond. cal/cmesHd .

Sprecific heat kJ/kg*K
S face tension dyne/cm. .
6. [, (60/E0) . . - - - -
mishe (15.6 deg C %2 1 atm)
Val. flowrate nd/he . . .
Liquid

mole
fraction

Fi trogen . 780825

(hiygen L 1F1748E-01
ek Stream no. N kww
Trmperatuwe deq C. - - - -
Pressure hars. .« - = -

Enthalpy MJ/hr e e e e
Entropy MIfhexd o . . - -
five. mol. wte o« = o« -
Tootal flow kg/hr. . - - -

kgmol/hr < - « - -
NDiensity kg/md - - o« - 4.
Viscosity centipoisa . . .
Thermal cond. cal/om¥s+K .
Speclfic heat kI/kge .
curface tansion dynefcm. .

G, B, ED/ED) &« 4 o« -
wi/hr (15.4 deg C & 1 atm)
Vol. flowrate m37he o - .
Liquid
mole
fraction
Hitrogen . 655808
(l::ygen 304192
IIDE REFPORT
ok Stream na. 5 ke

Troperature deg G - « - -

Liquid Vapor
mnla flowrate
fraction kgmol/he
. 68874 289.3352
.31124 5. 62237

All Liguid

. —-175.734

- &.71314

. 250.574

- -1.9081%

- 28.02374

. 764,031

. 27.199%9

- 1329.95

. . 947303E-01

- .510520E~0D3

. 2.34611

- 4,743:8

R .B83915

- . 865727

- .574488
Liquid
flowrate
kgwol/hr

26. 6784

5215146

A1l Liquid

. ~172.150
- &.73254
. 378.595
. -2.8370%
. 29.2255
. 1192.93
. 10.8189
. 1402.351
. .7 .1028743
. . S046L4E-03
. 2.18318
- 5. 403560
. LF1LAL20
. 1.30633
. . B50576
Liquid
flowrate
kgmol/hr
28.4015
12.41465
All Liquid
. -18h4.645

o
918475 AN
219011

. 142210

Ligquid

Tlowrate

kgmol /he

4.7127¢

2.12957
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'ressure bars. « « « o« .
Enthalpy MJ/he . o o L .
Entropy MJI/hrsK . . . . .
five. mol. wt., . . . . . .
Tatal flow kg/br. . . . .
kgmal/br . . . . .
Nensity kg/m3 o & 0 o e
Viscosity centipoise . . .
Thermal cond, cal/cmes+i .
Specific heat kI kgek
Surface tension dyne/cm.
5. GB. (60/60) P e e e e
mi/hr (15.6 deg € % 1 atm}
Vol. flowrate m3/hr . . .

6.71314
210,529
-2.10444
Z28.08914
764.031
27.1997
1444, 046
. 123420
. 527854
2-09313
&. 78535
. 883715
. 865727

E-03

« 2ZH360

Liquid Liquid
nole flowrate
fraction kgmol/hr
Hitrogen . 780825 26.6784
D::ygen .191745E-01 .521546
w4k Stream no, & dde
All Liquid
Temperature deq Co o o 0 & & -176.%3%
Messwre bars. + - & o & o & &.7325
Enthalpy MI/hr " e r e a s 366.8B63
Entropy MI/hre . . o . . . -2.98213
fve. mol, wt. . . . . ., 2F.2255
Total flow kg/hr. . o . o . 1192.93
kgmol/her = . + - . . 40,1100
Density kgfm3 o 0 o . . . . 1434.70
Viscosity centipoise . . . . -113784
Thermal cond. cal/cmksi . . - 512410E-03
Sprcific heat k3/kg¥k . . 2.06739
Sur-face tension dyne/cm. . . &.67757
5. G, {&60/60) « e e e e . 2145620
mi/hr (15.6 deg € % 1 atm) . 1.305633
Vnl. flowrate m3/hr . . . . . 20056
Liquid . Ligquid
mole flowrate
fraction kgmol/hr
MNitrogen « 6756808 Z2B. 4015
Oxygen L 304192 12. 4165
COLE REFORT
#d 4 Stpream no., 7 ks
Overall Vapot
Temperature deg C. =192.650
Fressure bars. .o . 1. 400535
Vapor fraction . . - H6B736E-0)
Enthalpy MJ/he . 240,52 ! 25.7341
Entropy MI/hrsi . ~2.09356 H -.237600E-01
Ave. mol. wt. . . 23, 0674 ! 28.0401
Total flow kg/hr . 764,031 { 51.0205
kgmol/he 27.1799 H 1.81956
Density ka/m3 & . & . . . . 4. 12840

Viscosity centipoise .o . .
Thetmal cond. cal/cmessi
Sprrific heat kJ/g+K .
Z ftactor « < . . . . . ..
mis/hr (15.46 degq C % I atm)

.541943E-02
- 340845E-049
1.1315%
747871
43.54064

208

Liquid

214.895
—-2.056780
28,0930
713.011
25.3804
1503.90

« 147497
«537877E-03
1.97731
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Vol. flowrate m3/he o o .
Sinface tensinn dynescm. o
B, B, (6HO/60) o 0 4 0 . .
mi/he (15.6 deg C & 1 atm)
“'i31. flowrate m3/he . . .

Vapor Liquid
mole nole
fraction fraction
Hitrogen . 77321 L9757
(:rygen .6783IE-02 (20072E-01
vkk Stream no. B ke
Overall
Tomperature deg C. ~170.0z26
frescure bars. . . 1.45725
Vapor fraction . . . 138561
Enthalpy MJ/hw - 366.863
Entrapy MI/hrsll . -2.94374
Ave. mol. wt. o . °R. 2255
Tntal flow kg/hr . 1192.93
kgmol/her . 10.8180

Nensity kg/m3d o » + « « -
Viscosity centipoise . . .
Thermal cond. cal/cmts+l .
Specific heat kJs/kgrK .
7 fFactor . - . - - & - . .
mIs/hr (15.4 deg C % 1 atm)
Vnl. flowrate md/he . . .
Gurface tension dyne/cm. .
5. R, (D76 L. L . . - .
mi/hr (15.6 deg C %2 1 atm
Viil. flowrate nd/hkr o . .

Vapor Liquid
mole mole
firaction fraction
Hitrogen .B87106 «&E770
Oxygen -.128%91 - 33230
CODE REFORT
4% Gtream no. 7 k¥
Overall
Temperature deg C. -150.007
fregsure bars. o . 1.45725
Vapor fraction . . - 14300t
Enthalpy MIshe - 367.224
Untropy MI/hesid o -2.913%4
five. mol. wt, . . 29,2235
Tntal flow kg/he . 1192.93
kgmol/her . 40,8190

Doengity kg/m3 o o o & - .
Viscosity centipoise . . .
Thermal cond. cal/cmes*i .
Specific heat kI kg .
7 factor o . . o - 4 0 .
wishe (1S.6 deg C % 1 atm)d
vil. flowrate m3/he o . .
o face tension dyne/cm. .
6. G. (60/460) . e e e e .
mishe (15.4 deg C % 1 atm)
Vnl. flowate m3/hr . . .

B.325317
Vapor
flowrate
kgmol/hr
1.80720
.123517E-01

Vapor

7%9.35A7
- 6F6LLTE-D1
28.3270
161.342

S. 6557

L. 35054
. 5669B4E-0O2
L 33TIS2E-GA
1.10402
. 749508
133. 654
25.40564

Vapor
flowrate
kgmol/he
4.924650
729281

Vapor

BS. 4078
-.743885E-01
28.53132
173.325
&£.08192
&. 34457
«SHE717BE-02
. 33F27CE~04
1.10395
.249533
143.847
27.300%

0.321641

L B81012
.BO7RZB
4741145
Limquid

flowrate
kgmol shr
24.8710
. 507438

Liquid

287.431
-2.87410
29.3375
1031.57

35. 1622
1570. 34
161652
LS33617E-03
1.84a60%

@.92959
7174630
1.12593
. 6184657
Liquid
flowrate
kgmol st
=23.4773
11.4844

Liquid

2B3.830
-2.83705
29.3448
101%.37
34.73¢61
1590.97
161735
. 533505E-03
1.84405

2.21191
-91787%
1.11231
.H6A07 46
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vapotr
mole
fraction
Nitrogen -846798
0xzygen - 13002
ke Stream no. 10 wokk
Temperature deg C. . . . .
Fressure bars. . . . . . .
Enthalpy M3/hr . e e e .
Entropy MI/hesi . . . . .
five. mol, wt., . . . . . .
Total flow kg/hr. . . . .
kgmol/he o . . . .
Density kg/m3d . . . . . .
Viscosity centipoise . . .
Thermal cond. cal/cmss#¥ .
Specific heat kJ/kg+K .
I factor = . . . . . . ..
m3/hr (15,6 deg © % 1 atm)
Vaol. flowrate m3she . . .
Vapor
mole
fraction
Nitrogen .TP2954
iygen . 7OALZ2BE-D2
CODE REFORT
ddk Stream no. 11 sk
Temperature deg C. . . . .
Pressure bars, . . . . . .
Enthalpy MI/hr “ e e .
Entropy MIfhexk . . o . .
Ave. mal. wt. . . . . . .
Total flew %Xg/hr. . . . .
kgmol/be . . . . .
Density kg/m3 . . . . . .
Viscosity centipoise . . .
Thermal cond. cal/cmrs+i |
Specific heat kJ/kg*il .
Burface tension dyne/cm. .
6. G, (&OS60) . . . . . .
m3/hr (15.6 deg C & 1 atm)
Vol. flowrate m3/he . . .,
Liquid
mole
fraction
Nitrogen - 286495E-01
Oxygen 971351
«x% Stream no. (2 ew%
Temperature deg C. . . . .
Fressure bars. . . . . . .
Enthalpy MJ/hr - e e e .
Entropy MI/hesk o o . . . .
Ave. mol. wt., . . . . . . .

Total flow kgs/he. . . . . .

411.951

Liquid vapuoe
mole flowrate
fraction kgmol /b
. 66537 5.29115
. 33463 . 7907469
All Vapor
- —192. 645
. 1.40055
- 771.47%
. —. 717509
. 28.0411
. 1545.01
. 55,0780
. &.19003
. -SA2011E-02
- - JIFISEE-04
. 1.13147
. . 747878
. 1305.28
. 249,600
Vapaonr
flowrate
kgmol/hr
54.7098
. 3882346
All Liquid
. ~179.424
. 1.39705
. 78.8147
. -1.02800
. 31.8818
. 411.950
. 12.9199
. 1708.854
. . 175450
. -S17175E-03
. 1.63153
. 12.0743
“ .785195
- . 418796
. 241069
Liquid
flowrate
kgmol/hr
. 370150
12.5498
All Liquid
- -183.026
. 1.59703
- ?4.4537
-1.035378
21.8848

Liguid 210
flowrate

lkgmol she
23.1129
11.46237
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kgmol/he o o L L.
Density kg/m3 o o .+ . .
Viscosity centipoise . . .
Thermal cond. cal/cmes+K .
Specific heat kJI/kg+K .
Surface tension dyne/cm. .
€, G. (L0760} o 0 o W . .
m3/hr (15.6 deg C & 1 atm)
Vol. flowrate m3/br . . .

Ligquid
mole
fraction
Nitrogen . 286528BE-01
Oxygen .771347

CODE REFORT
dak Stream no. 13 sk

Temperature deg C. &« . o .
Fressure bars. « « &« ¢ & »
Enthalpy MI/hr e e .
Entropy MI/hr*K . . . . .
Ave. mol. wte . ¢ 4 & . .
Total flow kg/hr. . « .« .

kagmol/hr o« & <« . .
Density kg/m3 . . . . . .
Viscosity centipoise . . .
Thermal cond. cal/cmes*l(
Specific heat kKI/kg*¥ .
Z factor . o & - & . . . .
m3/he (15.6 deg C & 1 atm)
Vol. flowrate m3/hr . . .

Vapor
mole
fraction
Nitrogen - 792954
Dxygen .704622E~02

4k Stream no. 14 *se

Temperature deg C. « « + .
Fressure bars. . . . . . .
Enthalpy MJ3/hr « & x o=
Entropy MI/hrxk . . . . .
Ave. mol., wt. . . . . . .
Total flow kg/hr. . . . .
kgmol/k+ . . . . .
Density kg/m3 . .« « . .
Viscosity centipoise ., .
Thetmal cond. cal/cm¥ys+i
Specific heat kJ/kgHK
Surface tension dyne/cm.
S. G. (BO/E0) . . . . . .
m3/br {(15.6 deg C & 1 atm)
Vol. flowrate n3/hr . . .
Liquid
mole
fraction
Nit+ogen . 2B652BE-01
Oxygen .971347

12,9200
1737.06
. 190574
« G522872E-03
1.61370
12.9483
. TB5174
. 418778
. 2371556
Liguid
flowrate
kgmol/hr
370194
12.5498

All Vapor
-182.231
1,40055
787.5Z2
-« SO&LE73
28.0411
1545.01
5. 0980
5. 40057
LH12507E-02
< 350412E-04
1.113567
. 961997
1305. 28
286.086
Vapor
flowrate
kamol /hr
54,7070
. 388233

N1l Liquid
-183.024
190,000
100402
-1.07603
31.8848
411,951
12. 9200
1851.52
. 190574
< 522892E-03
1.53708
12.9240
. 905194
.418798
« 222894
Liaquid
flowrate
kgmnol/hr
. 370194
2.5498

21
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CODE REPORT
et Stream no. IS5 ses

Temperature deg C. . . . .
Fressure barg, o« . . . . .
Enthalpy MJ/hr « e e
Entropy MI/hr»k . . . . .
Ave. mol. wt, . . . . . .
Total flow kg/hr. . . . .

kgmol/hr . . . . .
Density kg/m3 . . . . . .
Viscosity centipoise . . .
Thermal cond., cal/cmessi ,
Specific heat kJ/kg+Kk .
Z factor ¢« & 4 v 4 4 4 . .
m3/hr (15.6 deg C &% 1 atm)
Vel. flowrate m3/hr . . .

Vapor
mole
fraction
Nitrogen 772934
Oxygen -704622E-02

ok Steream no. 146 wk

Temperature deg C. . . . .
Fressure bars. . . . . . .
Enthalpy MJ/hr - v e e .
Entropy MI/hrdk . . . . ,
Ave. mol, wt., . . . . . .
Tatal flow kg/hr. . . , .

kgmol/he . . . . .
Density kg/m3 . . . . . .
Viscosity centipoise . .
Thermal cond. cal/cms*K .
Specific heat kJ/kg*K
Z factor . . . . . . . . .
m3/hr (15.6 deg C & 1 atm)
Vol. flowrate m3/hr . . .

Vapor
mole
fraction
Nitrogen « 792954
Duygen » 7044622E-02

COBPE REPORT
Rk Stream no. 17 sk

Temperature degq C. . . . ,
Fressure bars. . . . . . .
Enthalpy MJ/hr T e e e e
Entropy MI/hrsl . . . . .
Ave. mol. wt. . . . . . .,
Total flow kg/hr. . . . .

kgmol/bhr . . o . .
Density kg/m3 . . . . . .
Viscosity centipoise . . .
Thermal cond. cal/cmesHk
Specific heat hJ/kgeK .

All Vapor

~175. 150
1.40055
801,656
.378173
28.0411
1545, 01
53.0980
4.9752

« &60203E-02
- 3EB103E-04

1.104346
L PEE7 76
1305, 28
210,541
Vapor
flowrate
kgmol /hr
54,7078
. 388233

All Vapor
=175,000
1.40055
801.912
—. 375563
Z28.0411
1545. 01
5. 0980
4.96705

- &61210E-02
» 35B268E-04

1.10434
. L8902
1305, 28
311.0546
Vapor
flowrate
kgmol/hr
o4, 7098
. 388233

All Ligquid
190.000
102.323

~1.05506
J1.8848
411.951
12.9200
1832.37
177473

« 1799503

1.543%1

212
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Surface tension dynescm. . . 12.1732
B. G. (60/860) . . . . . .. .985194
m3/hr (1S.46 deg C & 1 atm) . - 418798
Vol. flowrate wid/he . . . . . 224821
Liquid Liquid
mole flowrate
fraction kgmol/hr
Nitrogen « 2B5528E-01 370194
Ouxygen . 771347 12.5498

CODE REFORT

213

TOWR # 1 Data file: coll17.0UT Frofile file: link.prf

Column Summary

Temp Fres Net Flow Rates Duties
Sty cC barsg kgmols/hr MI/hr
Liquid Vapor Feed Froduct
1 -175.9 6£.713 1B8.29%9 27.200 -277.55
2 -174.8 &.713 18.430 34.29%9
3 -174.6 &.714 18.315 34.440
4 -174.4 6.715 18.184 34.315
S5 -174.1 6.716 1B8.051 34.184
4 -173.9 6.717 17.%16 J34.051
7 -173.7 6.718 17.784 33.916
8 —-173.5 6.719 17.644 33.784
? -173.2 &.720 17.551 33. 444
10 -173.0 6.721 17.443 33.551
1t -172.9 6.722 17.345 33.443
12 -172.7 6.723 17.261 33.3446
13 —172.5 6.724 17.197 33.261
14 -172.4 6.725 17.132 33.197
15 -172.3 b, 7246 20.023 33.132 27.218
16 -172.3 &.727 20,017 20.023
17 -172.3 &.728 20.018 20.017
18 -172.3 &.729 20,011 Z20.018
19 -172.2 &£.731 19.996 20.011
20 —-172.2 6.732 19.979 19.9%6
21 —172.2 6.733 19.979 40,800 24,000
Stream # 1 fed to Stg 15 is 21.408 ¥ Vapor
Etream # 2 fed to Btg 21 is B83.229 % Vapor
Stream # 3 is Liquid Distillate from Stg 1
Stream # 4 is Liquid Bottoms from Stg 21
Condenser duty is -277.550 M3/hr
Reboiler duty is . 000000 MI/hr
CODE REFORT
TOWR # 1 Data file! eolt7.0UT Frofile file: link.prf
Tray Liquid Properties
Standard Actual Actual Surface
Mass flow Aivy Val. flow Vol. flow Density Viscozity tension

Sty kg/hr mol wt m3/he m3/ hr

kg/m3 centipoise dyne/cm

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



214

1 514.0 28.0%9 .58 -37 1327.83 . 0947
2 517.4 28.17 .59 .37 1324.15 L0534
3 S517.4 28.25 .58 .37 1330.76 . 0741
4 515.4 28.34 .58 . 379 1337.70 . 0949
a1 513.3 28.44 - 0B . 38 1344.85 . 0957
13 S11.2 28.53 .97 .38 1352. 04 . 044
7 50%9.1 28.63 .57 .37 1357.18 L0974
=) 606.7 28.72 .56 .37 13646.03 . 0583
? 505.6 28.80 .56 « 37 1372.47 .0991
10 503.8 2B.89 56 - 37 1378.42 . 0970
11 §02.3 2B.96 .55 .35 1383.77 . 1005
2 S01.0 29.03 -t .35 1388. 50 .1011
i3 S500.1 29.08 .95 .36 1392, 40 Ld01s
14 499.1 29.13 .55 .36 13945.11 . 1020
15 S84.2 29.17 .64 .42 1372.05 . 1024
146 5B84.0 29.18 . 64 .42 1399. 15 . 1024
17 oB4.1 29.1B .54 .42 1399.33 - 1025
18 °B4.0 29.18 .64 =42 1397.65 . 1025
19 oB83.7. 29.19 .54 .42 1400.20 - 1026
20 9B83.5 2%9.20 .64 +4Z2 1401.03 L1027
21 701.4 29.22 « 77 .90 1402.45 -1029
Tray Vapor Froperties
Standard Actual Actual
Hass flow Avg Vaol. flow Vol. flow density
Stg kg/hr mol wt m3/hr m3/hr z kg/m3
1 «*+ Total Condenser : No Vapor Outlet wes
2 963.4 28.0% 812.5 J4.93 .B83S6& 27.5835
J ?&68.8 28.13 815.9 35.17  ,83464 27.3503
4 ?646.8 20.18 giz.e 35.14 8372 27.51446
=1 Q64.8 28.22 goe.8 35.11 .8380 27.477=
& R62.7 28B.27 BO&.7 35.08 .8B388B 27.4394
7 F60.6 28.32 803.5 35.06 .B397 27.4016
8 §58.5 28.37 800.4 35.03 .B405 27.34353
? F36.1 28,42 797.0 34.98 .8413 27.3308
10 255.0 28.46 7394.8 34.98 .84Z0 27.29%1%
11 53.3 28.50 792.3 34.%4  .8426 27.270Z
12 931.7 28.54 720.0 34.93 .BA32 27.2451
13 950.4 28.57 788.0 34.91 .8437 27.2240
i4 Q49.5 28.60 7846.4 J4.90 .B442 27.205%
15 248.5 28.43 784.9 34.88 .Ba4as 27.1%917
14 573.2 28.4&3 474.3 21.08 .84446 27.1944
17 573.1 28.63 474.2 21.07 .Ba4s 27.1%973
18 573.2 2B.4&3 474.2 21.07 .8B44s 27.1993
19 S73.1 2B8.64 474, 1 21.07 .84446 Z27.2003
2 572.8 2B.&S 473.7 21.0&4 .8448 27.19864
2 972.6 2B.&6 473.3 21.06 .8B44% 27,1935

CODE: Chemical Engineering Bimulation System

(C) Copyright, COADE / McGraw-Hill., 198&

All Rights Reserved.

TOWR # 1 Data file!: coll7.7S52 Frofile file! link.pr+

Smith-Dresser~0Ohlswager Shortcut Technique

**jepr Provided Input Datafks
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Tray spacing (in. a+ cmd 7 - 0000 215
Downcomer area (ft2 or m2) .0151
Weir length (in. or cm) 24.0000
Weir height (in. or om) 3. 0000
Liquid Vapor Liquid Vapor Flooding Settling
Diameter Vol. flow Vol. flow density density velocity height
Stg meter m3/min m3/sec kg/m3 kg/m3 m/sec meter
1 +++Condenser: No tray sizing+#
2 « 3051 .01 01 1324.1490 27.583% « 1672 0361
3 - 3053 .Q1 .01 1330.7550 27 . 5507 1681 .0361
4 « 3047 .01 .01 1337.6%80 27.9150 . 1687 « 0361
] » 3040 « 01 .01 1344.8480 27.4776 » 1696 . 03561
[ . 30348 .01 .01 1352.06350 27.4397 «1704 - 03862
7 . 3028 .01 .01 133%.1760 27.4020 -1711 . 0342
B . 3022 .01 .01 1346.0340 27.3657 -1718 . 03562
? . 3016 =01 L0t 1372.4660 27.3312 1724 . 0362
10 3012 .01 .01 1378.4210 27.2%995 -1731 -0362
11 . 3007 .01 .01 1383.7730 27.2706 .17346 0363
12 « 3003 -01 .01 1388.5020 27.2455 .1741 0363
13 - 3000 .01 .01 1392.46050 7.2244 1745 - 0363
14 . 2997 .01 .01 1394.1030 27.2063 -.1749 L0343
15 .3029 .01 .01 1399.0530 27.1921 -1701 . 0359
14 2615 .01 .01 139%.1530 27.1950 1517 « 0357
17 - 2615 .0t .01 1399.3330 27.1977 1517 . 0359
18 <2613 - .01 1399.6530 27.1997 L1517 - 0357
19 -2614 .03 .01 1400,.1980 27.2007 -1517 « 0357
20 . 2613 .01 .01 1401.0350 27.1990 .1318 « 0357
21 « 2661 .01 .01 1402,4480 27.1939 -1444 « 0354
CODE REFORT
TOWR # 2 Data file: coll7.0UT Frofile file: pool.prf
Column Summary
Temp Pres Net Flow Rates Duties
Stg C bars lkgmols/hr MY/t
Liquid Vapor Feed Froduct
1 ~192.6 1.401 14.924 27.200 55.098
2 -192.6 1.404 14.920 31.324
3 -192.6 1.408 14.915 31.320
4 -192.5 1.411 14,907 31.315
9 -1%92.5 1.415 14.8%46 31.307
& —-192.5 1.418 14.881 31.2956
7 -192.4 1.422 14.861 31.281
8 -192.3 1.425 14.832 31.261
@ ~-192.2 1.429 14,7794 J1.232
10 -192.1 1.432 14.742 31.194
i1 -192.0 1.436 14.4674 31.142
12 ~191.8 1.440 14.587 31.074
13 ~-191.4 1.443 14.478 30.987
14 -191.3 1.447 14.348 30.878
15 —-191.0 1.450 14,199 30.748
14 -1%90.6 1.454 14.037 30.5%8
17 —-1%0,2 1.457 34.458 30.437 40.810
18 -190.2 1.4561 34.443 26.058
19 -190.2 1.464 34.468 26.863
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20 -1%90.2 1.468 34.473 26.8468
21 -190,2 1.47% 34.478 26.873

22 -190.1 1.475 34.483 24.878
23 -170.1 1.47% 34.480 24.883
24 —-190.1 1.482 34.493 24.880
25 —1%0.1 1.4856 34.498 26,893
25 -190.0 1.489 34.503 26.898
27 —-1%0.0 1.493 34.508 26.903
28 —-190.0 1.4946 34.513 2&.908
29 =190.0 1.500 34.518 26.913
30 -187.9 1.503 34.523 26.718
31 -189.9 1.507 34.5289 26.923
32 -189.9 1.510 34.533 26.928
33 -189.9 1.514 34.538 24.933
34 -187.8 1.518 34,532 25.938
33 —-189.8 1.521 34.537 246.943
34 —-189.8 1.525 34,552 26,947
37 —-1B9.8 1.528 34,557 26.952
38 -189.8 1.532 34.542 26,957
39 -1689.7 1.535 34.547 26.962
40 -189.7 1.539 34.572 26.9467
41 -18%.7 1.542 34.577 26,972
42 ~-189.7 1.5446 34.582 26.977
43 -189.46 1.549 34.587 24.982
44 -189.6 1.553 34.5%1 26.987
45 -189.4 1.557 34.595 25.971
45 —-18%9.46 1.560 34.600 26.995
47 -189.5 1.564 33,402 27,000
CODE REPORT
Liquid Vapor Feed Froduct
48 ~-18%9.5 1.5467 34.4&01 27.002
49 —-189.5 1.571 34.5%0 27.001
90 -189.4 1.574 34.554 26,990
51 —-189.3 1.578 34.451 26.934
o2 -18%.0 1.581 34,183 26,851
53 -1898.3 1.585 33.566 24.583
54 —-186.7 1.588 32.488 25. 9664
o3 —-184.1 1.592 31.381 24,088
54 —-181.3 1.594 30.829 23.781
57 —-17%.5 1.599 23.229 7« 6000 2460.55

Stream # 7 fed to Stg 1l is £.690 % Vapor
Stream ¥ 7 fed to 5tg 17 is 14.900 % Vapor

Stream # 10 is Vapor Distillate from Stg 1
Stream # 11 is Liquid Bottoms from Stg 57

Condenser duty is 000000 MJ/hr
Reboiler duty is 260.549 M3/ hr
CODE REFORT
TOWR # 2 Data file! coll7.0UT Profile file! pool.pré
Tray Liquid Froperties
Standard Actual Actual
Mass flow Avg Vol. flow Vol. flow Density Viscosity

Stg kg/hr mol wt mn3/hr m3/hyr kg/m3 centipoise

216

Surface
tensian
dyne/cn
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OSSN WIN -

47

419.3
a19.2

4179.2
419.1
419.0
418.8
418.5
418.1
417. &6
417.0
4146.1
414.9
413.5
411.8
409.8
407.7
1007.2
1007.3
1007.5
1007.6
1007.8
1007.9
io0g.1
1008.2
1008. 4
1008.5
1008. 4
1008.8
1008.%
1009.1
10092.2
1009. 4
1009.5
1009.7
1002.8
1010.0
1010.1
1010.3
1010.4
i010.6
1010.7
1010.9
1o11.0
1011.1
1011.3
1011.4
1011.5
1011. 4
1011.5

COGE REPORT

TOWR # 2
Tray Ligquid Froperties

Etg

S0

Mass flow
kg/hr

1011.1

28.09 .48
=8.10 .47
28.11 .47
zZ8.11 A7
28.12 .47
28.14 .47
28.146 .47
28. 19 .47
28.23 .47
28.28 .47
28.35 .47
28,45 .47
2B.56 46
28.70 .44
28.896 .45
29.04 .45
29.23 1.10
29.23 1.10
29.23 1.10
29.23 1.10
29.23 1.10
29.23 1.10
29.23 i.10
29.23 1.10
29.23 1.10
29.23 1.10
29.23 f.10
29.23 i.10
29.23 1.10
29.23 1.10
29.23 1.11
29.23 1.11
29.23 1.11
29.23 1.11
29.23 1.11
29.23 1.11
29.23 1.11
29.23 1.11
29.23 1.11
29.23 1.11
29.23 1.11
20.23 1.11
29.23 1.11
29.23 1.11
29.23 1.11
29.23 iI.11
29.23 1.11
29.24 1.11
29.24 1.11
Data file! coll7.0UT
Standard
Avg Vol, flow
mol wt m3/her
29.246 1.11

.28
iy <
.28
.28
. 28
.28
.28
.28
. 2B
.27
.27
.27
« 27
.27
. 26
.28
. 64
564
.64
- 64
.64
.64
.54
« 64
. b4
.64
« 64
-64
-64
.64
. 44
-b64
. 64
. 64
54
. 64
N-T.

-

.64
64
.44
- 64
.64
« 64
« 64
64
64
.64
oy

Profile file:!

Actual
Vol. flow
m3/ hr

.64

1504, 01
13504.12
1504.37
1504.79
1505. 45
1504. 43
1507.85
1509.87
1512.67
1516. 47
1521.52
152809
1536, 33
1546.30
1557.78
1570.25
1582. 90
1582.70
1582. 51
1582. 31
1582, 10
1581.91

1581.71.

1581.51
1581.31
ieel.12
1580.92
1580.72
1580.53
1580.33
1580.14
1579.94
1579.75
1577.59
1579.36
1579.16
1578.97
1578.78
1578.58
1578.39
1578. 1%
1578.01
1577.81
1577.462
1577.44
1577.27
1577.14
1577.14
1577.42

fActual

217

« 1477
. 1477

14746
-1476&
- 1477
-1477
«1479
. 1482
. 1485
. 1491
- 1499
. 1509
. 1522
. 1539
- 1358
. 1580
- 14602
« 1601
- 1600
. 1598
. 1597
. 15956
- 1595
- 1594
. 1593
. 1592
1591
. 1570
- 1587
.1588
. 1387
. 1586
. 1584
. 1583
. 1582
- 1581
» 1580
« 1579
. 1578
» 1977
- 1576
-1575
-1574
1573
- 1572
-1571
- 1570
- 1569
- 1569

pool.prf

Density Viscosity

kg/m3

1578.52

centipolise

<1571

B.32
8.32
8.3z
8.33
8.34
8.34
8.38
8.42
8.47
8.53
8.463
a8.75
B.70
7.08
9.30
?.54
%.78
9.78
.77
9.77
F.76
9.76
Q.75
.75
?.74
7.74
?.73
.72
?.72
?.71
9.71
?.70
g.70
9.67
F. 67
?.48
7.60
F.67
F.467
.66
?.66
Q.65
F. 63
F. 64
F. 63
?.63
?.63
?.62
.43

Surface
tension
dyne/cm

F.65
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a7

1009.8
1006. 4
978. 6

9856.0
P746.1
975.4
242.3

CODE REFPORT

TOWR & 2
Tray Vapor Properties

ldp ]
-
4]

MOSNEAB IR e

Mass flow
kg/hr

08.5
B78.4
878.3
878.3
8708.2
g78.1
B77.9
877.6
B77.2
876.7
a746.1
g875.2
B74.0
872.6
870.9
g48.9
85656.8
754.%
785.0
765.2
765.3
765.5
765.46
7865.8
785.9
766.1
766.2
76454
7646£.5
7646.7
744.8
784L.7F
767.1
767.2
767.4
767.5

767.7
767.8

768.0
768.1
768.3
768. 4
748. 6

29.31
29.44
29.75
30.35
31.10
31.464
31.88

Data file:

Avg
mol wt

Z8.04
28.04
28.04
28.03
28.05
28. 06
28.06
28,07
28.0%
28. 11
28.13
2B. 16
.28:21
28.26
28.32
28. 40
28. 48
28.48
28.48
28.48
28. 48
28.48
28. 48
8. 408
28.48
28.48
28.48
Z28.48
28.48
28.48
28.48
28.48
28.48
Z28.48
Z28. 48
28.48
28.48
28.48
£8.48
28.418
28.48
28.489
28.48

1.10
1.10
1.08
1.05
1.01
1.00

23

Standard
Vol. flow
m3/hr

767.6
742.1
742.0
741.8
741.7
741.4
741.1
740,86
73%9.9
739.0
737.8
736.2
734.1
731.5
728.4
724.%9
721.1
6£36.3
6356.4
636.5
636.6
636.7
636.9
637.0
637.1
637.2
637.3
637.5
&37.6
637.7
637.8
637.9
638.0
638.2
4638.3
6&38.4
638.5
&38. 6
638.7
638.9
639.0
637.1
639.2

coll?7,.0uUT

.64 1581.72
.63 1570.22
-&2  1610.15
&0 16446.29
.58  1684.65
57 1703.76
.14 1708.77

Actual
Vol. flow
m3/hr

146.77
141.58
141.25
140.92
140.60
140.28
139.95
139. 63
139.31
137.00
138. 48
138.356
138.03
137.70
137.356
137.02
134. 66
120.32
120,07
117.83
119.58
119.34
1179.10
118.86
118. 462
118.38
118.14
117.71
117.67
117.44
117.20
116.97
116.74
1146.51
116.28
116.05
115.82
115. 60
115.37
115. 195
114.93
114.70
114.48

-1376
. 1591
- 1627
-1692
«1753
-17564
« 1735

Profile file! pool.pr¥f

.9479
.7470
L7477
L7476
L7476
.7478
7474
. 7474

<7474

7475
2475
7477
L7479
.7481
. 7484
7488
« 7492
. 7471
. 7490
. 7489
- 7488
.7488
.?487
. 74846
» 7485
. 7484
. 7483
.7482
- 7481
. 7480
F479
.7478
.9478
7477
-7476
-7475
.7474
- 7473
- 7472
. 7471
« 7470
« 74569
7467

Actual
density
kg/m3

&. 1900
£.2042
6.2183
&.2323
6.2461
6.2595
6.2726
6.2950

 6.2969

4. 3077
6.3174
6.3256
6.3322
&. 3367
&.3399
6.3416
6.3427
6.356%
6. 3712
&, 3855
&6.3997
6.4141
4. 42B3
6. 4426
6. 45468
6.4712
&. 48354
6.4997
6.51379
6.5282
6.548425
6.5568
&4.5710
&.5853
6£.5995
6.61389
&.6280
&. 6423
6. 6565
b. 6707
b. 6850
6.6992
6.7135

218

?.71
9.87
10. 26
10.98
11.72
12.04
12.08
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44 768.7 28.49 £37.3 114,25 .9468  6.7277
a5 768.9 28.4%9 &639. 4 114.04 .9487 £.731F
44 767.0 2£B.4% 639.5 113.82 .74646 6. 7361
47 769.1 28.4% 637. & 113.60 .94465 &H.7702
48 76%7.2 28.49 637.7 113.38 .?444 &.7843
47 767.3 2B.49 637.7 113.146 .74463 &.7780
CODE REFORT
TOWR # 2 Data file: coll7.0UT Frofile file: pool.prf
Tray Vapor Properties
Standard Actual Actual
Mass flow Avyg Vol. flow Vol. flow density
Gty kg/hr mol wt m3/he m3/he z kg/m3
50 769.2 28B.50 632.4 112.94 .94463 &.8108
51 768.8 28.52 638.5 112.71 .9464 &£.8211
52 7647.5 28.58 &636.1 112. 44 .9487 6.8253
53 764.1 28.74 &29.8 112.12 .9475 6.8152
54 756.3 29.13 615.1 111.51 .9494 6.7821
55 743.7 29.88 587. 6 110.28 .9324 &£.7434
56 733.8 30.85 563.4 108.74 .934% &6.746%
s7 733.1 31.556 550.3 108,13 (9542 &.7792
CODE: Chemical Engineering Simulation System
(C) Copyright, COADE / McGraw-Hill, 1984
All Rights Reserved.
TOWR # =2 Data file! coll17.75Z Profile file: pool.prf
Smith-Dresser-0Ohlswager Shortcut Technique
skl fser Provided Input Datass®
Tray spacing (in. or cm) 7. 0000
Downcomer area (ft2 or m2) . 02356
Weir length (in. or cm) 30. 0000
Weir height {in. or cm) 3. Q000
Liquid Vapor Liquid Vapor Flooding
Diameter Vol. flow Vol. flow density density velocity
Stg meter m3/min m3/sec kg/m3 kg/m3 m/sec
1 - 3780 Q0 .04 1504.0130 6.1701 - 4043
2 . 3722 .00 .04 1504.1240 6.2043 . 4044
3 « 3720 -00 <04 1504.34670 6.2184 4042
4 . 3718 « Q0 .04 1504,.7320 6.2324 - 4038
S . 3715 .00 04 1505.4480 6.2462 - 4035
& L3713 .00 .04 135046.4320 &.2596 +4032
7 3710 « 00 .04 1507.8550 &.2727 - 4029
8 -3707 - 00 .04 1509.8700 6.2851 . 4028
? « 3704 - 00 04 1512.44680 L2970 4028
10 - 3B99 - 00 -04 151&6.4700 &£.3078 - 4029
11 .3894 - 00 .04 1521.5240 &.3175 .4033
12 . 3889 . Q0 .04 1528.08B50 6.3257 - 4038
13 . 3882 . 00 04 1536.3270 6.3323 - 4044
14 .3874 -00 .04 1544.3010 6.3370 . 4057
15 « 3865 « 00 .04 1557.7830 &.3400 4070

392091

210

Settling
height
meter

0373
0373
0373
L0373
0373
. 0373
. 0373
0373
.0373
-0373
L0373
« 0373
. 0374
L0374
L0374
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14
17

18
19
20
21
22
23
24
23
26
27

28

. 3854
- 3935

. 3775
-.3774
. 3773
3772
L3771
« 3770
. 37697
. 3768
« 3767
3766
2 3765

CODE REFORT

.00

.01
-01
.01
.01
.01
.01
.01
-01
<01
-01
.01
.01

Emith-Dresser-0Ohl swager

Liquid
Diameter Vol. flow
meter m3/min
. 3764 .01
. 3763 .01
. 3762 .01
3761 <01
« 3760 .01
<3760 .01
. 3757 .01
3798 .01
. 3757 .01
3756 - 01
. 3755 .0t
. 3754 .01
. 3793 .01
.3752 .01
.3751 .01
. 3791 .01
. 3750 .01
« 3749 .01
. 3748 .01
»3747 .01
3744 01
3744 01
3740 01
.3732 .01
-.3714 .01
. 35682 .01
. 3543 .01
. 3518 .01

+x+Reboiler:

No

.01
» 04

.03
.03
.03
+03
.03
.03
.03
.03
.03
.03
LO3

1570.2470
15682. 9050

1582.7020
1582.5090
1582. 3070
1582, 1040
1581.9110
1581.7080
1581.5140
1581.311¢
1581.1170
1580.9240
1580, 7200

Shortcut Technique

Vapor
Vol. flow
m3/sec

03
-03
-03
.03
.03
- 03
.03
.03
.03
.03
-03
.03
.03
.03
.03
.03
.03
-03
.03
.03
03
.03
03
.03
.03
-03
.03
.03

tray sizing+»+

Liquid
density
kg/m3

15B0. 5260
1580.3320
1580.1380
1377.7430
1577.74%0
1577.5550
1579. 3600
1577. 1650
1578.9700
1578.7750
1578.5810
1578. 3860
1578.1910
1578. 00560
1577.8130
1577.56220
1577.43%0
1577.2740
1577.1440Q
1577. 1380
1577.4200
1578.5160
1581.71%0
1590.2160
1610.1480
1646.2870
1684, 6500
1703.7580

&.3417
6.34208

6.3570
6£.3713
46.38556
6.39508
6.4142
6.4284
4.4427
6.45459
4£.4712
6.4855
t. 4978

Vapor
density
kg/m3

6.5140
6.5283
6.5426
£.5569
6.5711
6.5854
5.5996
6.6139
6.6281
6.6423
6. 6566
6.6708
6. 6851
6.56993
6.7136
6.7278
£:7420
5.7562
6.7703
6.7844
6.7981
5.8109
65.8212
&£.8254
£.8153
6.7822
6.7435
£.7469

L4083
« 38749
.3785
-3780
.3775
3769
L3764
.3759
.3754
.3748
-.3743
.3738
3733

m/sec

- 3728
« 3723
-3718
<3713
» 3708
3703
3677
« 36792
. 3687
25683
. 3678
3673
. 3668
L3683
. 3658
. 3653
. 36489
- 3643
» 3639
« 3634
« 3630
. 3628
. 3630
- 35642
. 3675
.3738
-3798
-.3814

220

Flocding
velocity

.0374
. 0353

0353
-0333
0353
. 0353
- 0353
. 0353
« 0353
« 0353
. 03353
. 0353
» 0353

Settling
height
meter

- 0353
. 0353
. 0353
« D353
« 0353
« 0333
» 0353
0353
. 0353
-0353
0353
« 03533
. 0353
-0353
- 0353
- 0353
. 0353
. 0333
« 0353
« 0353
- 0353
L0353
« 0353
« 0353
. 0354
. 0335
- 0356
. 0356
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