Mass Balance

Example 1
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PROBLEM DESCRIPTION

This example will be used to illustrate the mass balance capabilities of METSIM.

Water and Acid will be added to a Mixer so that a specified concentration of Acid will be achieved in the
product, stream 3.

A Feedback control will be used to adjust the flowrate of Acid entering the Mixer in stream 2 to achieve the
desired concentration of 65 GPL of Acid in the product, stream 3.

Problem Solution

1. Click on the Model Parameters Button M A window appears with a number of clickable tabs.

PARAMETERS

Project | Siter Data| Calc Dptions' Cale Palametersl Dynamic Parameters' Eonvergence'

A. The window opens on the Project Entry window. From here a Title and a Case Identifier and other
Project information may be entered.

B. Click on the Cale Options Tab and check the box next to Mass Balance.
C. Click on the Calc Parameters Tab and set the units of Mass and Time to KG/Hr.
2. Click on the COMP Menu and then "DBAS Component Database".

A. A window appears displaying a table of the elements. Select H, O and S and a list of all the
components in the database composed of these elements will be called up. Select the aqueous H2S04.

Components:

No. Name Formula Phase Type
1 Water H20 aqueou IMPORTANT NOTE: Concerning Sorting Components.
2 Acid H2S04 aqueous Refe™NO®TE 1 on Page 13.

TTL) COM| EER

[} GEMN | hAIN] MTL) COM| EER

HES | GAS| TAZ | MIE B3| GAS| IAS] WIS

==

=

[] DO | AHC

3. Click on the Screen Object Button "GEN" AIV] OV 8] and
then select a Stream Mixer, MIX
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Hold the Cursor over a Button for a Description of the object. nIL{ com| BEH
Gas| Tas| mls
Streams are added using the “STR Stream” Button. | oove| anc

Streams 1 and 2 are entered as feed streams, and stream 3 as the
product stream.

INPUT STREAM DATA may now be entered.

Stream 1 50 KG/Hr
Component Assays H201  ............ 1 (Meaning 100%)
Stream 2 10 KG/Hr
Component Assays H201 ................ 0.07
H2S04 .............. 0.93

Click on the Stream Number with the “Edit Object Data” Tool to activate the Input Stream Data
Screen. Enter Phase flowrates first then you can enter Component Assays.
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PROCESS CONTROLS

The control strategy may now be entered. An FBC-Feedback Control may be
entered which adjusts the flowrate of stream 2, Acid, until there is 65 GPL of
acid in stream 3, the product. The Value Function to use is of the following form
CVGPL S and can be read as

(Component Number) Grams Per Liter in (Stream Number).

Where C is the component number of the Acid and S is the stream number where
the GPL of the Acid is calculated. The value function would be entered as;

¢2 VGPL s3

The small ¢ in front of the component number in the Value Function above is
used to update the component number if changes are made to the order of the
components.

The small s before the stream number in the Value Function above is used to
update the stream number if stream numbers are renumbered.

Feedback Controller Entry Screens

FBC1 Screen
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FEEDBACK CONTROLS simulate PID controls and other constraints.
[v Controller On

|1 oo1 Control Laop Mumber, [use with YCTL value functions].

IFBC Controller Type: FRC, FFC, PSC, FEC

Conhtroller Description

FBC2 Screen

CN oP NO SN LV HV VF SP SL
1001 2 2 s2 0 1000 ¢3 VGPL s3 0.1 -1

IAcid Controller

I 2
I2 * Unit operation number where controlled wariable is used.

ADJUSTED STEEAM OF MANIPULATED VARIAELE:

* Unit operation number where set paint is caloulated.

enter number ] or a predefined wector of the numbers.

IF parameter 'wn' or a reaction estent is to be adjusted, enter [,

Or: Enter “WCTL CH' in the reaction 'EXPRESSI0N FOR EXTENT

Alza: Enter the starting value in the output fisld balow.

1]

“If & stream or streams are to be adjusted,

And: Enter 'wn+VCTL CHN' in the unit op 'Controls CtE' field,

Output walue of adiusted variable,
* Lower limit of adjusted wariable.

* Upper limit of adjustad wariabls.

ak I Eancell Help |




FEEDBACK CONTROLLER

'FBC1 FBC2 | Nates |

VALUE FUHCTION for CONTROLLED/MEASURED VARIABLE _SET POINT:

APL espression for the surrent walue of the set paint variable.

VF |<:2 VGPL s3

SP |65 x Set Point

LE ID Hot used
SL |1 Fropartionality Switch

* IF %F increases with an increase in Controller Output, enter 1",

If %F decreases with an increase in Contraller Output, enter ' 1'.

PID USED FOR DYNAMIC SIMULATION ONLY

co *| PID Method
PROPORTIONALITY CONSTANTS: PID cantral, KP _Kl required, KD optional

EFP I * Propartional gain

RI I * |ntegral tuning constant

KD I Drerivative tuning constant
CONTROLLER TUNING FARAMETERS

EE |0 fo Jo - Controllar Factors

PG ID IEI ID - Controller Outputs

PV ID ID ID - Sat Point “ahiues

ok ﬂ\ Eancell Help |

Saving Model Files

Each flowsheet is saved in a single file containing all data, graphics etc. All models are saved as internal
format APL component files, (filename.SFW). After a model is loaded, all data becomes immediately
available.

It is important therefore, to save the model regularly during development, and almost always prior to
calculation.

After Calculating 5] 82 @) B8] B4) e file the results may be viewed.

Acid Tank - Stream M xer

Mass & Heat Bal ance with FBC & DDE STREAM DATA
CASE DEFI NI TI ON AQUEQUS - KdE HR
NO. STREAM H20 H2sO4
Project Infornation: ST AR oo
Owner : 1 Water Feed 50.0000 0.00000
Location : 2 Acid 93% 0. 2525 3. 35403
Title : Acid Tank - Stream M xer 3 PRODUCT 50. 2525 3. 35403
Case: Mass & Heat Bal ance with FBC & DDE
Purpose : Training Exanple 1 AQUEQUS - WEI GHT PERCENT
Nunber : NO. STREAM H20 H2s™4
Engi neer : ST AR oo
Logo File: 1 Water Feed 100.000 0.0000
Model I er : 2 Acid 93% 7.000 93. 0000
Revision : A 3 PRODUCT 93. 743 6.2568
Data Storage File Name : Exanpl el. sfw AQUEQUS - GRAMS PER LI TER
NO. STREAM H20 H2sO4
Mass Bal ance Option : ON T e Foaamo -
1 Water Feed 998. 259 0. 00
Units of Mass : kil ogram 2 Acid 93% 128.270 1704.15
Units of Tine . hour 3 PRODUCT 973. 875 65. 00



% DISPLAY VALUE FUNCTIONS FOR STREAMS

Clicking on the Display Value Function For
Streams Buttons calls up the following window.

Click on the EDIT LIST Button
calls up the following window
where you are able to create a
new option.

Stream Label WLABR 5
MASS FLOW TOTAL VSTR 5
MASS FLOW GASES G2 VSTE 5
MASS FLOW LIQUIDL L WSTE S
MASS FLOW SOLIDS SC VSTE 5
Z Solids 100=VPCS S
VOLUME M3/ HOUR VCMH S
TEMFERATURE < VTEC 5
PRESSURE kP= WEPAa 5
Contralled Temperature STR[STMP]

Edit List 'i DisplayLevel | Ewt |

[l Edit Display ¥Yalue Functions

Description

IValue Function |

o. Decimals |

STREAM NO.

Stream Label

MASS FLOW TOTAL

MASS FLOW GASES

MASS FLOW LIQUID

MASS FLOW SOLIDS

% Solids

VOLUME M3/HOUR
TEMPERATURE

PRESSURE kPa
Controlled Temperature
Dizplay Yalus Function

=1

YLAE S
YSTR S

GC WSTE S
LC WSTR S
SC WSTR S
100=WPCS S
VCMH S
¥TEC 3
¥EPAa 5
STO[5;2iTHP ]

Jul
1}
0
3
3
3
3
2
1
2
3
1

Inzert
Edit
Cut/Drel
Copy
Paste

Clear

Flelelek e,

Highlight the “Display Value Function” Line in the list displayed and Click on the EDIT Button. This calls
Up the following Window where you Enter a Description which will be displayed on the Palette and any
Value Functions you want displayed on a stream.

For “DS — Display Description” enter STREAM NUMBER AND ACID gpl in STREAM.
For “VF — Display Value Function” enter

S Q c2 VGPL S

Where

S represents the Stream Number

is the key combination which allows more than one statement on a line

c2 VGPL S is grams per litter (gpl) of component two (H2S504) in the Stream

ALT ~




DS

VF
HD

DISFLAY VALUE FUNCTIONS

Enter YWalue Function to Replace Stream Numbers on Flowsheat.

For enample:
Stream Labels YLAE S
Tonnes per Hour VHMTH 5
80% Passing Size: WFE0 S
Copper gpl e23 VGLE 5

To Enter Mare Than One ltem, Separate Each with 22 [l 7],
Faoresampla:
Temp and Pressure VTEM 52 YRS S

Mote: Use capital S for all stream numbers.

Dizplay Dazenphion

‘EAM NUMEER AND ACID gpl in

Display %alue Function

|5 ¢ g2 VEPL S

ID Number of decimal places

Ok, I E'ancell

Help |

Clicking OK when you are
finished entering the Value
Functions to be entered calls
up the following window.

Click on the Display you just created to have it displayed on the streams.

Stream Label

MASS FLOW TOTAL
Ma55 FLOW GASES
MASS FLOW LIQUID
MASS FLOW S0LIDS
% Solids

VOLUME M3/HOUR
TEMPERATURE
PRESSURE kPa
Controlled Temperature

STPEAM[kNUMBER AND ACID gpl in STREAM S5 < <2 VGPL S

Y0LAE &

WKPSa 5
STA[S:THF]

EditList | Display Level |

Eat |

[N DISPLAY FUNCTION

VSTR S
GC VSTE 3
LC ¥STE S
SC WSTE S
100=%¥PCS 5
VCMH S
VIEC S

IlO

7 21704 @
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lACID MARKEUP SECTION

L

STREAM NUMBER AND ACID gpl in STREAM




Design GRAPHIC STREAM BOXES

To design Graphic Screen Boxes select the “INPUT

Menu” and then “ISBX Design Graphic Screen Boxes”.
(e
B,

- METSIM-16.12 CMETSIM1607b'\mex'METSI

Files | Input Comp  ‘Weather Dynamic Heap  Merg:

15C3 Select Screen Sieve Series for Model
S5SNI Screen Sieve Series for Data Entry
TWAS Washability Data Sizes and 5.G.'s

IFLS Use "OMLY" to Rearrange Flowsheet
ISEC Use "ONLY" ko Rearrange Sections

IF5S Design Flowsheet Spreadshests
1355 Select Spreadsheet and Streams

ISTR Stream Flowrate Data
IPTH Strearn Pressure, Temp., Heak Loss
15TQ Other Stream DatafContrals

esign

am Graphi

ICTL Process Conkrals

This will call up the following List
Screen.

[N STREAM DISPLAY BOXES

MNo. |Description | Width

I Lahel | Function I Lahel | Function

ILa

1 Example 5]
a

Stream S Ky Hr VCHT 5

i

Inzert
Edit
Cut/Cel
Capy

Pazte

Pkl ,

Clear

Up
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Sort

Undo

Save

Ok

Cancel
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To add a new Graphic Screen Box highlight a blam in the List Screen and Click the “Edit” Buttomhis will call up

the following Entry Screen.




Eriter Design of Stream Box Data for Flowsheets
HO |2— * Stream Box Number
EX  [RESULTS * Stream Box Description
CH IB * NMumeric Column Width
L1 [STREAM MNo. Label 1
F1 IS Walue Function 1
L2 [Kg/Hr Label 2
F2  |VCWT S Walue Funcion 2
L3 [ACID gpl Label 3
F3 |c2 VGPL 3| Yalue Function 3
La | Label 4
F4 I Walue Function 4
Ls | Label 5
F5 I Walua Function 5
Ls | Label 6
FB& I Walua Function G
L7 | Label 7
F7 I Walue Function 7
Ls | Label 8
Fi I Waluz Function &
Ly | Label 8
F3 I Walua Function 9

Ok 1: Cancel | Help |

With the “EDIT OBJECT DATA” TooI click on the steen where you want the Graphic Display Box to beldiged.
The following window is activated.

-lBix]

[0 Description

ID output Level ID Dresign Fg_c"rm ID FdarimLm Fln'\:ql
|2 Box therk lD |D ID' Wariables 123

|PRODUCT L | | -
|Product Label Ok | CGITC_Ell

0.9374323 973.87529 50. 252454 0.1l06l852 110.3135%6 5. 6922557

o 0.0625676 65.000002 3.3540328 08733591 907_31121 46.817714

53.606487 0.020454% Z1_ 250126 1.036517Z

0

o | o) =

53.608487

Enter the Box Number of the Graphic Screen Boxwah to use in the “BOX NUMBER?” field then click QK



Stream 1
ki Stream 3
[[Rg/Hr 50 Rq/Hr 53.61
9___[icicil gpl| £5.00
el
{21700 g
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Turning on the Heat Balance Module and Heat Of Mixing.

A. Click on the Model Parameters Button M A window appears with a number of clickable tabs.

B. Click on the Cale Options Window and check the box next to Heat Balance and Heat Of Mixing
Switch. Click OK to close the Menu.

C. From the COMP Menu select “ITHM Heat Of Mixing”.

- METSIM-16.12 C\METSIM1607b'mex'METSIM Course [N SELECT COMPONENT x|

Files Input | Comp ‘Weather Dynamic Heap Merge Calc C

D = E DE&S Component Database COMPONENT DATA ACTIVE
i<ol | Sulfuric Acid 52 Yes Off
E"E' \/ 5 DCOM Display Elements/Comp. I}
ICOM Edit Components

RCOM Replace Model Data
ICPL Insert Phase Labels on Component Mame

1152 Add Model Comp ko Database

IUSR Edit User Database Exit |

EEMM Copy Elernent List ta Clipboard
ECHM Copy Component List bo Clipboard

GEMT Plat Companent Enthalpy
GGIE Plok Gibb's Free Energy
E3TM Plot Steam Enthalpy

DCCP Display Comp Heat Capacity

IHTM Heat
GHTM Plok Heat of Mixing Data *

15GF Aguenus Specific Gravity Data
E3PG Plok Agueous Specific Gravity

IACT Activity Cosfficient Equations
OACT Qubput Activity Coefficient Data

ILOT Loss an Ignition Fackors
FLEL Estimate Fuel Composition

The window which is called up displays the Aqueous components and if they have “HTM-Heat Of Mixing
Data” and if it i1s Activated. The above window shows Sulfuric Acid has HTM data but is not Activated.

To Activate the data click on the Sulfuric Acid in the List and a window displaying the HTM data for
Sulfuric Acid is called up. Clicking OK Activates this data and returns you to the previous Window which
now shows the Sulfuric Acid is Active.

[N SELECT COMPONENT x|
CORPOTENT DATA ACTIVE

Sulfuric Acid 52 Yes oOn [}

Exit |




SAVE the flowsheet then CALCULATE and view the results to see the temperatures in the streams.

Stream 1 STREAM No. 3
Kg/Hr 50 Rg/H 53.62
ITEMP oC 20 g/ur :
ACTD gpl 55.00
TEMP oG 25.90
a2t
12 1704 20
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2
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lACID MARKEUP SECTION | STREAM NUMBER, ACID gpl in STREAM & TEMP oC

Acid Tank - Stream M xer
Mass & Heat Bal ance with FBC & DDE

STREAM DATA
AQUEQUS - KGE HR
NO. STREAM H20 H2SM4
e R S

1 Water Feed 50.0000 0. 00000
2 Acid 93% 0. 2531 3. 36284
3 PRODUCT 50. 2531 3. 36284

AQUECQUS - WEI GHT PERCENT
NO. STREAM H20 H2SO4

1 Water Feed 100.000 0.0000
2 Acid 93% 7.000 93. 0000

3 PRODUCT 93.728 6.2721
AQUEQUS - GRAMS PER LI TER
NO. STREAM H20 H2SM4
e R S

1 Water Feed 998. 259 0. 00
2 Acid 93% 128.270 1704.15
3 PRODUCT 971.336  65.00
HEAT BALANCE SUMMARY - 1 KI LOCALORI ES/ HOUR

I NPUT HEAT HEAT ENERGY HEAT HEAT OUTPUT

OP PROCESS STEP STREAM REACT SOLUT INPUT  LOSS REQRD STREAM TOTAL
e e - R O, - O O o - +
1 ACID MAKEUP SECT 0 0 0 0 0 0 0 0
2 Acid Tank - 257 0 508 0 0 0 -251 0

HEAT OF REACTI ON - 1000 KI LOCALORI ES/ HOUR

NO PROCESS STEP ~ ------ TOTAL-- - - - JRY o T =SSN = 7.Y o I Ve

STREAM TEMPERATURES AND ENTHALPI ES

NO. STREAM TEMP-C TEMP-F  KCAL/HR  BTU HR KJ/ HR
e - O o i, o
1 Water Feed 20.0000 68.0000- 250. 00000- 991. 00000- 1044. 0000
2 Acid 93% 20.0000 68.0000 -7.00000 -27.00000 - 29.0000
3 PRODUCT  29.9004 85.8207 251.00000 997.00000 1052. 000

10



