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41. Sim Distribution (Pyro) Units
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The Distribution unit, also known as the Pyro unit, is a basic unit type in which output
species are formed based on the element distribution. This distribution can be defined
manually, and regulated further with controls. The Distribution unit also offers Mixer and
Equilibrium wizards which allow you to produce the output species without defining the
element distribution.
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Steps to Successful Sim Distribution Simulation

It is important to add the necessary information before simulation can be started. It is good
to follow this list while making your Sim Distribution models. Steps 2 to 5 are explained in
more detail here.

Draw units and streams
Specify input streams
Specify output streams
Specify distribution

Set controls

Save process

Run process

NOoORGN=

Specify Input Streams

The unit editor for a distribution unit is shown in Fig. 1. Information about the input streams
is specified on the Input sheet. The data of the streams are presented in rows. For the input
streams, you should specify: the total amount of the stream, the measurement unit for the
total amount, temperature, pressure, species, and composition.

B pistribution (Pyro) Unit — Lo JCx
File Edit Insert

Pyro Calculation Mode Al e

Normal (Distributions sheet) A B € D E F G H | J K L U Vv w >

:! Input

4] Convert to Equilbrium Mode

&) Convert to Mixer

[ Distributi ] Input streams Value Units |Amounts Heat Content H Total H Heat ContH Tot H Chem Ex Phy Ex Tot Exergy
kg Nm?* kmol |kWh kWh  kWh/kmol kWh/kmol kWh kwh  kwh
(@) Dist heet Rows (Visble)
3> Show Distribution Sheet 0.00 0.00 0.00] 0.00  0.00 0.00 0.0 0.00|
8 |SRC Stream 1 Amounts Heat Content H Total H Heat ContH Tot H Chem Ex Phy Ex Tot Exergy
[Tools T 9 psT Temperature  25.00 °C  |kg Nm® kmol [kwh KWh  kWh/kmol kWh/kmol kWh  kWh kwh
(&) Hide Non-essential Columns 10 Pressure 1.00 bar 0.00 0.00 £
11 Fix Total 0.00 vol-% 0.00 0.00 0.00| 0.00 0.00 0.00 0.00 0.00
(&) Insert Custom Sheet 12
Controls 13 |SRC Stream 2 Amounts Heat Content H Total H Heat ContH Tot H Chem Ex Phy Ex Tot Exergy
14 |DST Temperature 25.00 °C kg Nm? kmol |kWh kWh  kWh/kmol kWh/kmol kWh kWh  kWh
& Add New Control 15 Pressure 1.00 bar 0.00 0.00
13> Show Controls Sheet 16 Fix Total 0.00 vol-% 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00
17
Heat Flow 18 |SRC Stream 3 Amounts Heat Content H Total H Heat ContH Tot H Chem Ex Phy Ex Tot Exergy
@) Insert Heat Loss 19 DST Temperature 25.00 °C kg Nm?* kmol [kWh kWh  kWh/kmol ~ kWh/kmol kWh kwh  kwh
20 Pressure 1.00 bar 0.00 0.00
R 21 |Fix Total 0.00 vol-% 0.00 0.00 0.00 000 0.0 000 000 0.00)
22 -

Fig. 1. Distribution

4 4 » ¥ Input /Output /Dist / Controls /Model

unit editor.

<
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41.2.1. Total Amount, Temperature and Pressure

41.2.2.

The total amount of the input stream is specified in the cell next to the stream name (Fig.
2). The measurement unit for the total amount is set next to the total amount value (Fig. 3).
Please note that the selected measurement unit (t/h, kg/h or Nm*/h) will determine the
composition percentage unit (wt % or vol %).

Enter the total
Stream 1 50.001 " linput amount of the
Temperature 25.00 °(stream here
Pressure 1.00 b
Total 0.00 v

Fig. 2. Total amount of the stream.

Choose Nm3/h, t/h
Stream 1 50.00|Nm*/h lAlor kg/h. You can
t use "N", "T" or "K"
Temperature 25.00 k/h Kl se zhorteuts.
Pressure 1.00 [&E]ﬂ
Total 0.00 vol-%

Fig. 3. Measurement unit for the total amount.

The temperature and pressure values can be changed from the cells below the total
amount (Fig. 4).

Stream 1 50.00 Nm*/h
Temperature |75.00II C
Pressure 1.00 bar
Total 0.00 vol-%

Fig. 4. Temperature and pressure of the stream.

Species and Composition

The species of the stream are entered in the white cells below the stream's header rows
(Fig. 5).

Stream 1 50.00 Nm?*/h
Temperature 75.00 °C
Pressure 1.00 bar
Total 0.00 vol-%
N2(g)
02(g)

_{H20(g)

Fig. 5. Enter species in the streams.

Once all the species have been entered, then the composition can be specified (Fig. 6). Please pay
attention to the composition percentage units.
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Stream 1 50.00 Nm?/h
Temperature  75.00 °C
Pressure 1.00 bar

Total 100.00 vol-%
N2(g) 75.00
02(g) 20.00
H20(g) | 5.001

Fig. 6. Composition of a stream.

The above steps need to be repeated for all of the input streams which act as raw material
inputs. If an input stream is not a raw material input but a stream from another unit, then the
properties of this stream cannot be edited on the Input sheet of the destination unit. The
energy feeds (or heat losses) can be entered in the streams using the buttons in the left-
hand panel (Fig. 7).

Bl pistribution (Pyro) Unit — Lo jix
File Edit Insert

[Pyro Calculation Mode ] < ~ || ENERGY FEED
Normal (Distributions sheet) A B c D E F G | H | J K L u Y w
£4] Convert to Equibrium Mode 5 kg Nm?  kmol [kWh kWh  kWh/kmol  kWh/kmol kWh kWh  kwh
6
R 7 68.15 50.01 2.51 0.83 -18.70 093 28943 290
[Distributions 8 |SRC Stream 1 50.00 Nm?*/h|Amounts Heat Content H Total H Heat ContH Tot H Chem Ex Phy Ex Tot Exe
9 |DST Temperature  75.00 °C kg Nm?  kmol [kwh kWh  kWh/kmol kWh/kmol kWh kWh  kWh
RS R R 10 Pressure 1.00 bar 091 -658
> Show Distribution Sheet 11 |Fix Total 100.00 vol-% 63.15 50.00 2.23 091 658 . 086 287.49 288
12 N2(g) 75.00 46.87 37.50 1.67 0.68 0.68 0.40 040 033 4401 44
JLCT = Y 02(g) 20.00 14.28 10.00 0.45| 018 018 0.41 041 049 11.90 12
@ Hide Non-essential Columns 14 H20(g) 5.00 201 250 0.11 005 -7.44 047 6671 003 23158 231
15
RA=CEl S e 16 [SRC Stream 2 5.00 kg/h |Amounts Heat Content H Total H Heat ContH Tot H Chem Ex Phy Ex Tot Exe|
Controls 17 |DST Temperature  10.00 °C kg Nm* kmol |kWh kWh  kWh/kmol kWh/kmol kWh kWh kwh |°
18 Pressure 1.00 bar -0.09 -22.12
e 19 |Fix Total 100.00 wt-% 500 0.01 0.28) -0.09 -22.12 007 195 2
3> Show Controls Sheet 20 H20 100.00 5.00 0.01 0.28 -0.09 -22.12 031 7971 007 195 2
21
[Heat Flow 11 22]src ™ Stream 3 0.00' kg/h  |Amounts Heat Content H Total H Heat ContH TotH Chem Ex Phy Ex Tot Exe
(&) Insert Heat Loss 23 |DST Temperature  25.00 °C kg Nm*  kmol |kWh kWh  kWh/kmol kWh/kmol kWh kWh  kWh
24 Pressure 1.00 bar 0.00 0.00
|© rsert neroy reed || 25 Fix Total 0.00 wt-% 0.00 0.00 0.00 0.00 10.00 0.00 000 q
26 |HF |eneray Feep | 10.00 -
4 4 » [ Input /Output /Dist / Controls / Model < »

Fig. 7. Inserting an energy feed into a stream.
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41.3.

Specify Output Streams

On the Output sheet, the same steps need to be carried out as those done for the Input
sheet, with the exception of specifying the total amounts and the stream compositions (Fig.
8). The amounts and compositions of the output streams are usually specified on the Dist
sheet, but there are also wizards which can be used to specify these properties. Specifying
the distribution is introduced in section 41.4.

B pistribution (Pyro) Unit — Lo x
File Edit Insert

[Pyro Calculation Mode ]| <2t -
Normal (Distributions sheet) A B C D E F G H | J K L V] \J W -
1] Convert to Equilibrium Mode 1 Output
4] Convert to Mixer ;
[Distributions 4 Flags Output streams Value Units |Amounts Heat Content H Total H Heat ContH TotH Chem Ex Phy Ex Tot Exergy
§ 5 kg Nm? kmol |[kWh kWh  kWh/kmol kWh/kmol kWh kWh  kWh
(& Dist Sheet Rows (Visible) s
3> Show Distribution Sheet 7 - - 0.00 0.00 0.00| 0.00 0.00 0.00 0.00 0.00
8 |SRC Stream 4 0.00 Nm*/h|Amounts Heat Content H Total H Heat ContH TotH Chem Ex Phy Ex Tot Exergy
[Tools | 9 (psT Temperature  100.00 °C kg Nm?® kmol [kWh KWh  kWh/kmol kWh/kmol kWh  kWh kwh L
&) Hide Non-essential Columns 10 Pressure 1.00 bar 0.00 0.0 i
11 |Fix Total 0.00 vol-% 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00/
WP l=atctn S 12 N2(g) 0.00 0.00 0.00 0.00 000 0.0 0.61 061 000 0.00 0.00
[ConEeE | EE 02(g) 0.00 0.00 0.00 0.00) 0.00 0.0 o.ez: 0.52: 0.00 0.0 0.00)
14 H20(g) 0.00 0.00 0.00 0.00 0.00 0.00 0.70 -66.47 0.00 0.00 0.00]
(&) Add New Control 15
(3> Show Controls Sheet 16 |SRC Stream 5 0.00 kg/h |Amounts Heat Content H Total H Heat ContH TotH Chem Ex Phy Ex Tot Exergy
17 |DST Temperature 100.00 °C kg Nm?* kmol [kWh kWh  kWh/kmol kWh/kmol kWh kwh  kwh
[Heat Flow 1|18 Pressure 1.00 bar 0.00 0.00
@ Insert Heat Loss 19 |Fix Total 0.00 wt-% 0.00 0.00 0.00 0.00  0.00 . 000 000 0.00)
20 H20 0.00 0.00 0.00 0.00 0.00 0.00 1.57 -77.82 0.00 0.00 0.00]
(@) Insert Energy Feed 21 il
I < » W[ Input, Output /Dist, Controls  Model < ’

Fig. 8. The user needs to specify: the measurement unit for the amounts, temperature, pressure,
and the species for the output streams.
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Specify Distribution

The distribution of the elements from the Input sheet to the Output sheets can be done by
using the Dist sheet or by using the Mixer or Equilibrium wizards.

Dist Sheet

You can create the distribution manually by filling the Dist sheet, which is synchronized with
the Output sheet. The elements need to be distributed to the streams and the species
within those streams. Therefore, the common approach is to first distribute the elements to
streams, and then to species. For instance, in this example, the elements H, N and O need
to be distributed to two streams. The first stream contains gaseous species (N2(g), O2(g)
and H20(g)) and the second stream contains pure water (H20) (Fig. 9).

Bl pistribution (Pyro) Unit — [ x
File Edit Insert

[Pyro Calculation Mode | A -
Normal (Distributions sheet) A B (c D J X Y BK CA CH &
£X] convert to Equilibrium Mode 1 ! Distributions Elements H N (o]
& Convert to Mixer i Total H Shift
Distributions 4 Flags Balance kwh 18.70|Balance kg -0.78 -46.87 -20.50
5 Input kWh -18.70|Input kg 0.78 46.87 20.50
SRlDSE et R () 6 Output kWh  0.00|Output kg 0.00 0.00 0.00
[> Show Distribution Sheet 7 wt-% 0.00 0.00 0.00
8 Stream 4 Stream Dist. wt-%
[Tools 1B Dist. Type Fixed " Fixed " Fixed c
(&) Hide Non-essential Columns 10 Amount kg 0.00 0.00 0.00
11 Species Total wit-% 0.00 0.00 0.00:
(&) Insert Custom Sheet 12 N2(g) Fixed. N
T | EE! 02(g) Fixed: o:
14 H20(g)
(&) Add New Control 15
(5> Show Controls Sheet 16 Stream 5 Stream Dist. wt-%
17 Dist. Type Fixed ) Fixed
[Heat Flow I|18 Amount kel 0.00 0.00
(@) Insert Heat Loss 19 Species TotaL wt-% 0.00‘ 0.00
20 H20 i
IR 4« » |\ Input /Output’ Dist /Controls /Model < »

Fig. 9. Dist sheet.
The types of distribution of elements to streams can be Fixed, Rest, and Float:

Fixed - Constant or function value is used.
Rest - All the rest of the element goes into this stream.
Float - Automatically fixed by other elements.

In this example, all the nitrogen is distributed to the first stream and hydrogen and oxygen
are distributed to both streams. For instance, it can be initially set that 60% of hydrogen is
distributed to the first stream and the rest to the second stream. For oxygen, the distribution
type in the second stream will be set as "Float" and "Rest" in the first stream (Fig. 10).
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Bl pistribution (Pyro) Unit
File
Pyro Calculation Mode
Normal (Distributions sheet)
& Convert to Equilibrium Mode

Edit  Insert

& Convert to Mixer

Distributions
(&) Dist Sheet Rows (Visible)

[2> Show Distribution Sheet

=

(&) Hide Non-essential Columns

(&) Insert Custom Sheet

Controls ]

(&) Add New Control

[2> show Controls Sheet

Heat Flow ]

(g3 Insert Heat Loss

(&) Insert Energy Feed
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CHS ¥ Rest

A B (© D J X Y BK CA CH >
1 Distributions Elements H N (o]
2
& Total H Shift
4 Flags Balance kwh 18.70|Balance kg -0.78 -46.87 -20.50
5 Input kWh -18.70|Input kg 0.78 46.87 20.50
6 Output kWh  0.00|Output kg 0.00 0.00 0.00
7 wt-% 100.00 100.00 100.00.
8 Stream 4 Stream Dist. wt-% 60.00 100.00 100.00
9 Dist. Type Fixed " Rest Rest =
10 Amount kg| 0.47 46.87 T
11 Species Total wit-%| 0.00 0.00| Float |
12 N2(g) Fixed N
13 02(g) Fixed' ls)
14 H20(g) 3 1 A
15
16 Stream 5 Stream Dist. wt-% 40.00 0.00
17 Dist. Type Rest Float )
18 Amount kg| 0.31 0.00
19 Species Total wit-%) 0.00 0.00
20 H20 A ) I

4« » |\ Input /Output’ Dist /Controls /Model

Fig. 10. Distribution of elements to streams.

Next, the elements in the streams will be distributed to the available species. All the species
within a stream need to be assigned an element in column Y and a "Fixed" or "Rest" value
in column X, which shows how the element amount is distributed to the species.

In this example, H20 can be assigned with all of the hydrogen distributed to the second
stream. For the stream with gaseous species, all of the nitrogen will be distributed to the
N2(g), all of the hydrogen to the H20(g), and the remaining oxygen to the O2(g) (Fig. 11).

Bl pistribution (Pyro) Unit

File Edit Insert

ro Calculation Mode
Normal (Distributions sheet)
& Convert to Equilibrium Mode

& Convert to Mixer

Distributions
(&) Dist Sheet Rows (Visible)

[2> Show Distribution Sheet

=

(&) Hide Non-essential Columns

(&) Insert Custom Sheet

Controls ]

(&) Add New Control

[2> show Controls Sheet

Heat Flow ]

(g3 Insert Heat Loss

(&) Insert Energy Feed

m

X14 ¥ Rest
A B G D J X Y BK CA CH
1 Distributions Elements H N (o]
2
3 Total H Shift
4 Flags Balance kWh -7.63|Balance kg 0.00 0.00 0.00
5 Input kWh -18.70|Input kg 0.78 46.87 20.50
6 Output kWh -26.34|Output kg 0.78 46.87 20.50
7 wt-% 100.00 100.00 100.00
8 Stream 4 Stream Dist. wt-% 60.00 100.00 87.85
9 Dist. Type Fixed " Rest " Rest )
10 Amount kg| 0.47 46.87 18.01
11 Species Total wit-%| 100.00 100.00 100.00
12 N2(g) Rest. N 100.00
13 02(g) Rest o 79.26
14 H20(g) Rest H 100.00 20.74
15 Fixed
16 Stream 5 5 wt-% 40.00 12.15
17 Dist. Type Rest Float
18 Amount kg| 0.31 2.49
19 Species Total wit-%, 100.00 100.00:!
20 H20 Rest H 100.00 100.00

4« » |\ Input /Output’ Dist /Controls /Model

Fig. 11. Elements distributed to species.

NB! When all the elements have been correctly distributed to the species, the element
balance, on row 4, should show zero values for all the elements. This ensures that all the
atoms are conserved in the distribution unit.
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41.4.2.

Mixer Wizard

If the unit operation does not include any reactions between the species, then the species
can be distributed directly to the output streams with the Mixer wizard. For the Mixer wizard,
you do not need to specify the species for the Output sheet, but you need to specify the
measurement unit for the amounts. Please also note that the Mixer wizard requires that the
same measurement unit is used for all the streams (both input and output).

The Mixer wizard option is found on the left-hand panel (Fig. 12). Distribution in the wizard
is specified using percentages for each of the output streams (Fig. 13).

B4 Mixer Unit — Jlajix

File Edit Insert

[Pyro Mode | 0% ~]|%0
Normal (Distributions sheet) A B = D E F G H | J K L V) \'] w o
£&] Convert to Equiibrium Mode 1 Input
X Convert to Mixer ;
Distributions 4 Flags Input streams Value Units|Amounts Heat Content H Total H Heat ContH TotH Chem Ex Phy Ex Tot Exergy
5 kg Nm?* kmol [kWh kWh  kWh/kmol  kWh/kmol kWh kWh  kWh
(@ Dist Sheet Rows (Visible) 6
3> Show Distribution Sheet 7 - - 300.00 0.06 2.81 0.00 -104.99 626.98 0.00  626.98
8 SRC Input 1 100.00 kg/h |Amounts Heat Content H Total H Heat ContH TotH Chem Ex Phy Ex Tot Exergy
[Tools 1| 9 |psT Temperature  25.00 °C  |kg Nm? kmol [kwh kWh  kWh/kmol kWh/kmol kWh  kWh  kWh
(@) Hide Non-essential Columns 10 Pressure 1.00 bar 0.00 -18.80
11 Fix Total 100.00 wt-%| 100.00 0.02 0.80| 0.00 -18.80 13933 000 13933
(E=Rermeres 12 cus 25.00 25.00 0.01 0.26| 000 -3.86 000 -1476 5000 000  50.00
[Controls | BE] cu2s 65.00 65.00 0.01 0.41 0.00 -9.45 0.00: -23.14: 89.17 0.00 89.17
14 cuo 10.00 10.00 0.00 0.13 0.00 -5.49 000  -43.70 017  0.00 0.17|_
(&) Add New Control 15 2
5> Show Controls Sheet 16 |SRC Input 2 120.00 kg/h |Amounts Heat Content H Total H Heat ContH TotH Chem Ex Phy Ex Tot Exergy
17 |DST Temperature  25.00 °C  |kg Nm? kmol [kWh kWh  kWh/kmol kWh/kmol kWh kwh  kwh
[Heat Flow 1|18 Pressure 1.00 bar 000 -49.13
@ Insert Heat Loss 19 | Fix Total 100.00 wt-%| 120.00 0.02 1.16| 0.00 -49.13 - _ 35817 000 35817
20 FeS 35.00 42.00 0.01 0.48| 0.00 -13.27 000  -27.78 11727 000 11727
=] 21 Fes2 60.00 72.00 0.01 0.60| 000 -29.71 000 4951 237.84 000  237.84
22 FeO 5.00 6.00 0.00 0.08| 0.00 -6.15 000 7363 306 0.0 3.06
23
24 [SRC Input 3 80.00 kg/h |Amounts Heat Content H Total H Heat ContH TotH Chem Ex Phy Ex Tot Exergy
25 DST Temperature  25.00 °C kg Nm? kmol [kwWh kWh kWh/kmol  kWh/kmol kwWh kWh  kWh
26 Pressure 1.00 bar 0.00 -37.05
27 [Fix Total 100.00 wt-%|  80.00 0.01 0.86| 0.00 -37.05 - 12048 000  129.48)
28 Nis 55.00 44.00 0.01 0.48| 0.00 -12.66 000  -2611 10245 000 10245
29 Ni3s2 15.00 12.00 0.00 0.05 0.00 -3.00 000  -60.09 2410 0.00 24.10|
30 Nio | 30‘00! 24.00 0.00 0.32 0.00 -21.39 000  -66.58 294 0.00 2.94
:’14 » ¥ Input /Output /Dist / Controls / Model < >
Fig. 12. Using the Mixer wizard.
B pyro Mixer Wizard — JLa](x
E12 v %0
A B C D E F G H~
1 |Mixer Unit DISTRIBUTIONS:
2 Input Streams: Output Streams:
3
4 Input Streams Value Units Output 1 Output 2 WARNINGS
5 kg/h kg/h
6
7 Total Input % %
8 |Inputl 100 kg/h
9 Total 100 wt-%
10 CuS 25 95 5 E
11 |Cu2S 65 95 5
12 CuO 10 10I 90!
13 |Input 2 120 kg/h
14 |Total 100 wt-%
15 |FeS 35 95 5
16 FeS2 60 95 5
17 [FeO 5 0 100
18 |Input 3 80 kg/h
19 |Total 100 wt-%
20 |NiS 55 90 10
21 |Ni3s2 15 100 0
22 [NiO 30 15 85 -
4 4 » M|\ Mixer < LI} »
Define by streams oK Cancel

Fig. 13. Distributing species with the Mixer wizard.
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41.4.3. Equilibrium Wizard

The composition of output streams can also be calculated with the Equilibrium wizard. This
allows you to distribute the elements from the input sheet to species in the Output streams,
based on their chemical stability at the specified output temperature.

The Equilibrium wizard option is found on the left-hand panel (Fig. 14) and the equilibrium
results are presented on the Gibbs sheet, which is linked to the Output sheet. You need to
specify the Input sheet as well as the Output sheet for the wizard. The streams on the
Output sheet are assumed to be separate phases in the equilibrium calculations (Fig. 15).
Phases can be set either as a mixture or as pure phases.

R Equilibrium Unit — J(oJ(x
File Edit Insert -

a2 -
Normal (Distributions sheet) A B C D E F G H I J K L u \ w -
Convert to Equiibrium Mode 1 Input
|
£&] Convert to Mixer 3 -
4 |Flags Input streams Value Units [Amounts Heat Content H TotalH HeatContH TotH  Chem Ex Phy Ex Tot Exergy
s kg Nm?  kmol [kWh kWh  kWh/kmol kWh/kmol kWh  kWh  kwh
(&) Dist Sheet Rows (Visble) 6
(5> Show Distriution Sheet 7 2061.67_650.20 36.95 0.00 -289.15 175651 0.00 _ 1756.51]
8 [SRC " Input 1 650.00 Nm?/h|Amounts Heat Content H Total H Heat ContH Tot H Chem Ex Phy Ex Tot Exergy
9 |DST Temperature  25.00 °C  |kg Nm®  kmol [kwh kWh  kWh/kmol kWh/kmol kWh  kWh  kwWh
@ Hide Non-essential Coms 10 Pressure 1.00 bar 000 000
11 Fix Total 100.00 vol-% | 836.67 650.00 29.00) 000 000 1130 000 1130
O Insert Custom Sheet 12 N2(g) 79.00 641.79 513.50 22.91 0.00  0.00 0.00 0.00 458  0.00 4.58]
13 02(g) 21.00 194.87 136,50 6.09| 000 000 0.00' 000 672 0.0 6.72)
14
alcdiesenet 15 [SRC Input 2 100 t/h  |Amounts Heat ContentH Total H Heat ContH Tot H Chem Ex Phy Ex Tot Exergy
5> Show Controls Sheet 16 DST Temperature  25.00 °C kg Nm?®  kmol [kWh kWh  kWh/kmol kWh/kmol kWh  kWh  kwh
17 Pressure 1.00 bar 0.00 -209.00
Heat Flow 18 |Fix Total 100.00 wt-% | 100000 0.16 5.0 0.00 -209.00 113692 000 1136.92)
@ InsertHeatLoss 19 Pbs 80.00 80000 011 3.34] 0.00 -93.26 000 2789 70603 000  706.03
20 Zns 20.00 20000 005 2.05) 0.00 -115.73 000 5639 43089 000  430.89)
(&) Insert Energy Feed 21
22 [SRC Input 3 225.00 kg/h | Amounts Heat Content H Total H Heat ContH Tot H Chem Ex Phy Ex Tot Exergy
23 DST Temperature  25.00 °C kg Nm?  kmol [kWh kWh  kWh/kmol kWh/kmol kWh  kWh  kwh
24 Pressure 1.00 bar 0.00 -80.16
25 [Fix Total 100.00 wt-% | 22500 0.05 2.55| 0.00 -80.16 60830 0.00  608.30)
26 Fes2 5.00 1125 000 0.09 000 -4.64 000 4951 3716 0.00 37.16]
27 Fes 90.00 20250 004 2.30) 000 -63.98 000  -27.78 56539 000  565.39
28 FeO 5.00 1125 000 0.6 000 -11.53 000 7363 575 0.00 575
144 » ]\ Input /Output /Dist /Controls Model <[ »

Fig. 14. Using the Equilibrium wizard.

EX equilibrium Unit — o j(x
File Edit Insert -

[Pyro Mode 1El - 500
Gibbs (Equilibrium) mode (using Gibbs ... A B C D E F G H | J b
] convert to Normal Mode 1
: 2 EQUILIBRIUM MODEL Sim uses this model if flag Input!AS = Gibbs exists
e 3 Phases = Output Sheet Streams
[Gibbs Sheet | Temperature | 500.00!‘C
5 Pressure 1.00 bar
3> Show Gibbs Sheet 5
s | OUTPUT SPECIES: AC Equilibrium Amounts _|Equilibrium Amounts _|Equilibrium Composition
8 Mixed |§Output Gas 595.76 Nm*/h 595.76 Nm?*/h
) tiide Non-essential Columns 9 N2(g) 1.00 22.91 kmol 513.50 Nm*/h 86.19 vol-%
@ Insert Custom Sheet 10 02(g) 1.00 0.00 kmol 0.00 Nm*h 0.00 vol-%
11 s02(g) 1.00 3.67 kmol 82.26 Nm*/h 13.81 vol-%
[Controls ] 12 s03(g) 1.00 0.00 kmol 0.00 Nm*/h 0.00 vol-%
@ Add New Control 13 PbO(g) 1.00 0.00 kmol 0.00 Nm3/h 0.00 vol-%
14 ZnO(g) 1.00 0.00 kmol 0.00 Nm*/h 0.00 vol-%
> show Controls Sheet 15 FeO(g) 1.00 0.00 kmol 0.00 Nm*/h 0.00 vol-%
[Vieat Flow 1| 16 Mixed [§Output Solids 1184.74 kg/h 1184.74 kg/h =
17 PbS 1.00 3.32 kmol 793.76 kg/h 67.00 wt-%
(&) Insert HeatLoss 18 PbO 1.00 0.03 kmol 5.82 kg/h 0.49 wt-%
@ Insert Energy Feed 19 Zns 1.00 0.90 kmol 87.58 kg/h 7.39 wt-%
20 n0 1.00 1.15 kmol 93.88 kg/h 7.92 wt-%
21 FeS2 1.00 0.00 kmol 0.01 kg/h 0.00 wt-%
22 FeS 1.00 0.00 kmol 0.03 kg/h 0.00 wt-%
23 FeO 1.00 0.03 kmol 1.99 kg/h 0.17 wt-%
24 Fe203 1.00 1.26 kmol 201.67 Ig_/h 17.02 wt-%
25
26
27
28 INPUT ELEMENTS: kg kmol
29 Fe 142.62 2.55
30 N 641.79 45.82
31 o 197.38 12.34
32 Pb 692.79 334
33 S 252.90 7.89
34 Zn 134.19 2.05 ~
4 4 » »| InputOutput /Dist /Controls /Model’, Gibbs < m »

Fig. 15. Distributing elements with the Equilibrium wizard.
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41.5. Set Controls
Bl pistribution (Pyro) Unit — e ]lx
File Edit Insert
Pyro Calculation Mode D8 w Liquid water output
Normal (Distributions sheet) B C D E -
%4 Convert to Equilibrium Mode 6
7
jeicomvetio ey 8 Y TARGET NAME Liquid water output Heat Balance
Distributions 9 Process unit Distribution (Pyro) Unit Distribution (Pyro) Unit
10 Measurement Unit kg/h kWh
(& Dist Sheet Rows (Visible) 11 Set Point 1.00 0.00
3> Show Distribution Sheet 12 Measured 1.00 0.00
13 Tolerance +/- 0.05 0.05
Tools 14
(@) Hide Non-essential Columns 15 X VARIABLE NAME H Distribution to Stream 4 Input Energy Feed
16 Process Unit Distribution (Pyro) Unit Distribution (Pyro) Unit
A lr=rEClstom Shest 17 Measurement Unit wt-% kWh
Controls 18 Value 85.73 3.50 3
19 X Min Limit 0 0
& Add New Control 20 X Max Limit 100 10
(&) Remove Control 21 X Max Step
22
A SE=: 23 CONTROL METHOD Static Static
Heat Flow 24 Active ON ON
25 Iterations Max Limit 4 4
() Insert Heat Loss 26
(&) Insert Energy Feed 27 Operation Light (fast) Light (fast)
28 v
4 4 » M|\ Input /Output /Dist’, Controls /Model < 3

Fig. 16. Controls sheet with two controls.

The HSC Sim Controls sheet makes it possible to create controls that regulate the target
parameter cell value using another variable cell value, Fig. 16. In principle, Sim Control
works exactly like a real process control. For example, in a real process unit you can give a
set point to the process unit temperature and regulate the temperature by changing the fuel
oil feed.

To create a control on the Controls sheet, you have to set at minimum the Set Point, the
Target cell reference, Variable cell reference, the limits for the variable, and the tolerance.
You can type this information on the Controls sheet using the following procedure:

1. Type the name and the measurement unit into Controls sheet cells D9 to D10
(optional).
2. Type the Target set value (Set Point) into cell D11.

3. Locate the Target cell in your active unit and right-click "Copy cell reference".
4. Go to Controls sheet cell D12 and right-click "Paste cell reference".

5. Give the tolerance of the calculation in cell D13. When the difference of Set Point and
Measured value is smaller than the Tolerance, the control is in balance and will not be
calculated further.

6. Type the name and the unit of measure in cells D16 and D17 (optional).
7. Locate the Variable cell in your active unit and select "Copy cell reference".
8. Go to Controls sheet cell D18 and right-click "Paste cell reference".

9. Type Limit Min and Max in cells D19 and D20, a narrow numerical range speeds up
the calculations.

The default Tolerance is +/-. A small tolerance increases the calculation time and a large

tolerance increases errors. Some 2% of the target value may be a good compromise. The
control will not be taken into account if the value is within the tolerance.
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Sim Controls have exactly the same limitations as real process controls, for example:

- If the target cell does not depend on the variable cell value, the iterations will fail.

- If an external variable cell is used, there may be a long delay before the effect on the
target value becomes visible. In these cases a lot of iteration rounds might be needed
to reach the Set Point. This increases the calculation time.

Table 1. Information on the Controls sheet.

Row Name Description

8 Y Target Name Name of Y (optional)

9 Process Unit Unit name (optional)

10 Measurement Unit  Name of the unit of measure (optional)

11 Set Point Set point of Y (obligatory)

12 Measured Y cell reference (obligatory)

13 Tolerance +/- Y tolerance (obligatory)

15 X Variable Name Name of X (optional)

16 Process Unit Unit name (optional)

17 Measurement Unit  Name of the unit of measure (optional)

18 Value X cell reference (obligatory)

19 X Min Limit Min limit of the X range (obligatory)

20 X Max Limit Max limit of the X range (obligatory)

21 X Max Step Maximum X Step (optional, default = empty)

23 Control Method lteration method (optional, default = Auto”)

24 Active Set control ON/OFF (optional, default = empty = ON)
25 Iterations max limit Max number of iterations (optional, default = 10)

26 Iterations min limit  Min number of iterations (optional, default = empty)
27 Operation Control calculation operation (optional, default = Light?)

'Auto (Solves the control with information on rows 24 - 27), Auto Smart (Same as Auto except changes X Max Step and
Iterations max limit when needed), PID (not in use, will be added to the HSC8 version).

2Light (Solves the control with modified tangent method, fast), Robust (Solves the control with modified Newton method,
slow), Simple direct (Increases X value when Measured value is too small. The step used can be specified in X max step.),
Simple reverse (Decreases X value when Measured value is too small. The step used can be specified in X max step.).

Internal and External Controls

1. Internal control in which the target and variable cells exist in the same process unit
(FAST).
2. External control in which the target and variable cells exist in different process units
(SLOW).

Calculation of an internal control is fast because only one unit is calculated. Usually you can
create a large number of internal controls in a process without a dramatic drop in
calculation speed, because they do not increase the number of calculation rounds of the
process.

Calculation of an external control might take more time because material must be
recirculated within the whole process several times to reach a stable target value. Usually
only a few external controls can be used in one process without a considerable decrease
in the calculation speed, because external controls might multiply the calculation rounds of
the process.
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41.5.2. Advice When Using Controls

- Itis recommended to moderate large changes of the variable with the use of X Max
Step, when using external controls with slow responses.

- The RecoveryX add-in function cannot be used in the Target cell, because it is
recalculated only after all the calculation rounds have been completed.

- The large number of thermochemical add-in functions (StreamH, StreamsS, etc.) may
reduce the calculation speed if the argument value changes in each control iteration
round, because the data search from the H, S, and Cp database takes time. Use
these add-in functions only when necessary.
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