Distiller Sample Problem

Refer to Chapter 15
“A Practical Guide to SysML”
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| L
N Distiller Problem Statement

« The following problem was posed to the SysMLteam in Dec '05 by D. Oliver:

» Describe a system for purifying dirty water.
— Heat dirty water and condense steam are performed by a Counter Flow Heat Exchanger
— Boil dirty water is performed by a Boiler
— Drain residue is performed by a Drain
— The water has properties: vol = 1 liter, density 1 gm/cm3, temp 20 deg C, specific heat

1cal/gm deg C, heat of vaporization 540 cal/gm.
condense water
v

* A crude behavior diagram is shown.
- Condense

Heat Dirty water @ steam
Boil Dirty water
—* T 100 deg C Ll -

Heat to Dirty
water

h 4

Disposed
residue

What are the real requirements?

Heat to Boil
water

How do we design the system?
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Distiller Types

Batch
Distiller

Continuous

Distiller

Note: Not all aspects of the distiller are modeled in the example
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Distiller Problem — Process Used

Organize the model, identify libraries needed
List requirements and assumptions
Model behavior

— In similar form to problem statement
— Elaborate as necessary

Model structure

— Capture implied inputs and outputs
» segregate I/O from behavioral flows

— Allocate behavior onto structure, flow onto /O

Capture and evaluate parametric constraints
— Heat balance equation

Modify design as required to meet constraints
Model the user interaction
Modify design to reflect user interaction
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Distiller Problem — Package Diagram:

Model Structure and Libraries

pkg Distiller [ model organization ])

[ ]

Distiller
Requirements

[ ]

Distiller
Behavior

[

[

Distiller Use
Cases

]

pkg “alue Types[ value types for distiller U

Distiller
Structure

[ ]

ltem Types

Value Types

=WalueTypes==

[

Engineering
Analysis

LN
==import==

|
I

==modellibrary==
S1 Definitions

4/15/2008

dimension = mheat flow rate

unit= Clcalories per second

dimension = @ specific heat
unit= Cacalories per gram degree celcius

Real
== = == = == ==
‘-.-’alu::T yie V?:L;;szpe Vall-ﬂ?;:Ee RS e
g efficency
<hllueType s> <OvllueType:» <<hvilueType > {0==n==1}
dimension = @temperature dimension= @Epressure dimension = @mass flow rate
unit= cadegrees celcius unit= mnewtons per square meter uhit= cagrams per secand
==WalueTypes== ==WalueTypes== ==WalueTypes==
calizec caliigm*°C) cal/gm
<<hvllueType s <ohBlueTypes: <hBlueType

dimension = @latent heat
unit= CAcalories pergram
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Distiller Example Requirements Diagram

SYSTE

M
MODELIN
G

LANGUA

req [Package] Distiler Reqguirement= [ Top Level Reguirement s U

Source_Requirements
(Distiller Distiller Requirements)

==requirement=»=
Original Statement

ld="50.0"
Tewt=" Describe a systermn far purifying dirty water,
- Heat dirty water and condense steam are performed by a Counter Flow Heat Exchanger
- Boil dirty water is performed by a Boiler. Drain residue is performed by a Drain.

The water has properies: vol = 1 liter, density 1 gmifcm3, temp 20 deqg <, specific heat 1calfam deg <, heat of vaporization 540 caligm "

[#]
==requirement==

L

[Diztiller Distiller Reguirements Derived_Requirements)

ld="01.0
Text="Th

e systemn shall purify water by hoiling it"

==requirement== ==requirement==
Purify Water Heat Exchanger Water Properties
Id="51 0" ld="520" ld="85.0"
TERT="'|;hE system shall purify Text = "Heat dirty water and Text="Water has properdies: density 1
dlirty weater” condense steamn are performed by a amfcmad, temp 20 deg C, specific heat
! Counter Flow Heat Exchanoger” Tcaliom deg C, heat of vaporization
M 540 calfgrn
I
| ==requirement==
Boiler
| — - ==raguirement==
| Id = EHE'D o . Water Initial Temp
ST vERBGESS Text = "Boil dirty water is performed by
P a Bailer. " Id="55.1"
_ |\_‘-. P = Text="Water has an initial
==Rationale== |E_; L : tEmp 20 dEg e
The requirement | - ==reLirements=
for & boiling | L Drain
function and & - o_ - . =
hailer implies that | - — =7 |ld="340
the weater must be : A o g Text="Drain residue is perfarmed by
purified by i 1
distillation o aDrain,
I <
| e
==requirement==
Distill Water

4/15/2008
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INCOSE Distiller Example: ik N
Requirements Tables

——
al

table [requirement]OriginalStatement[Decomposition of OriginaIStatemeny)
id |name text
S0.0 [OriginalStatement Describe a system for purifying dirty water. ...
S1.0 [PurifyWater The system shall purify dirty water.
S2.0 [HeatExchanger Heat dirty water and condense steam are performed by a ...
S3.0 [Boiler Boil dirty water is performed by a Boiler.
S4.0 |Drain Drain residue is performed by a Drain.
S5.0 [WaterProperties water has properties: density 1 gm/cm3, temp 20 deg C, ...
S5.1 [Waterlnitial Temp water has an initial temp 20 deg C

table [requiremenf PurifyWater[Requirements Treey

id name relation id name Rationale

The requirement for a boiling function and a boiler
S1.0 [PurifyWater |deriveReqt|D1.0 |DistillWater [implies that the water must be purified by distillation
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INC ng Distiller Example — Activity Diagram: st
Initial Diagram for DistillWater

==

« This activity diagram applies the SysML EFFBD profile, and formalizes the
diagram in the problem statement.

weffivd
act [activity] DistilhVater [Simple Staring Point)

pure:HZ20

recoversd: Heat lliquid]

\/

3.{aa?}:t.".clnl:lenar,EE-tEﬂn'nJ\
aZ:Boilfvater e { } —_ >©
</ -

mmven%eat / mammm\ ‘ mpmmu:{ N
/ "\ \
// \ | -\

Actions (Functions) Control (Sequence) Things that flow (ObjectNodes)

coldDity:H20 hotDirty:H20 steam:H 20
lliquid] lliquid] [gas]

al:Heat\VWater

.__

o
a4:DrainRezidue
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LANGUAGE

Control-Driven: Serial Behavior

«effbd»

act [activity] DistillWater [Simple Starting Point)

recovered:Heat

coldDirty:H20
[liquid]

steam:H20
[gas]

hotDirty:H20
[liquid]

external:Heat

A
[ ]
——————— al:HeatWater r----->= a2:BoilWater
[ ]

-
-
-
-
-
>I:
~
~
~
~
~
~

OMG \
Distiller Example — Activity Diagram: it

pure:H20
[liquid]

_—

,7‘ a3:CondenseSteam i~\

\Q{‘ a4:DrainResidue k’/
LJM discharge :Residue

predischarge :Residue

} ______ .

Continuous Distiller Here

4/15/2008

Batch g%
Distiller (%5
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Iﬂ: crnatic lﬂCﬂllll(llDﬂS\‘Sll:NE‘“k necring

Act
(Fu

NG SR>
P LY I SYSTEMS b
ISTUlEer £EXampile — bloC erinition MODELING =
LANGUAGE
bdd [Package] 1. Initial Behavior [ behavior breakdown with ObjectFlovws ],]
. g m -::-:cacti'\.‘.'i'tl:l.':.p ContrOI
IVItIeS Distill Water
=i ol
i (not shown
nctions )\
\ ~ Y l on BDD)
-8 -8 -8 -8
==activity== ==activity== ==activity== ==activity==
Heat Water Boil Water Condense Steam Drain Residue [~
i i [+
[ 1
-external -recovere -pre-disc!]}arge -pre-dizcharge -dizcharge
==hlack== ==hlock==
-recovefred Heat Residue
vales vale s
dzuddt ;. calories per second zludge temp . *C{unit = degrees celcius, dimension = temperature}
sludge prezs - M 2{unit = neswtons per square meter, dimension = pressure}
-hot dirty -cold dirty |, -hot diy [ -steam
==hlock==

H20

values

weater temp © *Ciunit = degrees celcius, dimension = temperature}
specific heat ;| cal’gm{nonunigue unit = calories per gram, dimension =

lstent hest |

latent heat : calfgm**Cl{nonunique unit = calaries per gram degree celcius, dimension = specific hestt W

weater press | Mim*2iunit = newtons per sguare meter, dimension = prezsure}
mazs flove rate | gmizeciunit = grams per zecond, dimenzion = mazss flow rate}

Need to
consider
phases
of H,0

4/15/2008
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when (water temp == 100 & latent heat oNvaporizaN

en [water temp==100 & latent hgat of vaporization removed)

when (water temp == 0 & latent heat of fusion added) when (water temp == 0 & latent heat of fusion removed)

| Solid |

Distiller Example — State Machine WoReLiNG
Diagram: States of H20
States Transitions
NN 7|
‘stm States of H20O[ example\aﬁ@achinmu h

4/15/2008
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INCOSE Distiller Example — Activity Diagram:

/0O Driven: Continuous Parallel Behavior

act Diztil Wegter [ cold dirty : H20O, external : Heat, pure : H20, dizcharge : Residue ) [ 4. parallel cortinuous U

*

A p
[33 : Condense Steam ]j{stream}

ure - H20

==continuous==
pure : H20

I
I
I
I
I
I
I
I
I
| dizcharge ;. Rezidue
s

I
recmﬁred : Hesa
steam ; H2O
fiream) l {ztream}
==continuouss==
cold dirty : H20
{=tream}
steam | H20
T=tream}
hit dirty : H2O [] {stream}
cold dirty - H {=tream} aE:BuilWatﬁ.lr [34 Drain R.ESId“.IE }:l
hat dirty @ H20
eederTial | Hest pre-dicharge ; FiEmid dizdharge | Residue
{=tream} | {=tream} fstream}
==continuous:=:= | |
external : Heat | |
1=tream’} | |
Continuous
Batch Distiller Here . g
Distiller
4/15/2008 Copyright © 2006-2008 by Object Management Group.

{=tream}

==zcontinuous==
dizscharge : Residue
{atream?




3 Distiller Example — Activity Diagram:
No Control Flow, ActionPin Notation,
Simultaneous Behavior

(act Diztill Wigter ([ cold dirty | H20, external . Heat, pure | H20, dizcharge : Rezidue 1 [ 5. interruptakle ])

| Y
|
|
==continuaus== : = PUEE:S H20 | SR
cold dirty : H20 | | a3 : Condense S‘tea#;l “‘,:‘Rﬁrea”‘} of4 | ure : H20
{=tream} | B 3
. J | {stream}
| recovered | Heat I—l}a |
| {stream} steam | H20™.
‘ {stream} |
|
ofs af3 |
| |
[ steam ; H2C |
o diJ‘ty: Ho recovered | Heat T=tream’} dizcharge | Residue
{stream} _ pE {stream}
{stieam} hat dirty : H20 i
(a1 :Heat Water | roamy (a2 : Boil Water ) ("ad: Drain Residue || S=conliiay e :
| | ) Il'i'l I:'_ of2 {strea?ma}lz‘ ) ﬁ'l | | ) ll'.'|.|E IZHL discharge : Residue
| 4 hot dirty - H2O of5™ {atream’
{stream} i — o
| —erternal Heat Pre-discharge : Residue  pre-discharge : Residus |
| _____E'E——-—"'_ {stream} {stream} istregmm} |
<=continuouss== _____-—-F"'_____ |
external : Heat | |
hutd
{stream} | > shutdown
- |
z @
J
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( D- tIII E I t' 't D' SYSTEM
I I I — A I I I MODELIN
“act Distil Wigter [ cold dirty © H2O, pure : H2O, external : Heat, discharge : Residue 1 [ 7. swimlanes & callouts U )
==gllocate== ==allocate== ==allocate==
condenser : Heat Exchanger x evaporator : Boiler - drain : Valve
| N\ |
SR g | pure : H2O Parts allocatedTo = CAmaind | .
cold dirty : H20 | a3 : Condense Stea {streamj} R | s=continuous==
[stream} | H: O I pure : H20
| | tetream}
L]
[ recovered | Heat allocatedTo = EAmain3 |
{=tream}
I .- I
o I off - I
| |
. dizch Resid |
: recoverad | Hest steam ; H20 IBCharge ;. Residy
Crblcigfﬁm?zo [1 fstream) hot dirty | H20 Areaing e | :
al : Heat Water szj"TrEEm} a2 : Boil Water ad: Drain leastil:lurr| lafE ) ‘“'3':""’“”'-":'”3’_}
b th th e dlscha{rsge : R;esndue
hot dirty | H2O | reatm
II : of? fstream} \ }—1 | u““m_ﬂ of3 l I
I
: | 7 EﬁemT3 Hest  pre-dizcharge ; Reside \ pre-dizcharge | Residue | |
==cortinuious == _._,_,__f_——J-"‘ {=tr an@} {stream} \ {stream} |
external : Heat | . W |
{stream} | | > 5“'—“'1'::”" | \ \ |
I e R i e o i Hhinn b it e Bl e e e -, — |
T,
! !
allocatedTo = Emainﬁ / e w_i) allocatedTo= I__zlmain[i \ allocatedTo= Ijlsludgezbw
/ A
allocatedTo = qulﬁ allocatedTo = msludgeﬁ
e y,
Allocated ibd . .
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INCOSE Distiller Example — Block Definition woneLiNG I'
Diagram: DistillerStructure

bdd [Package] Initial Distiller Structure [ distiller breakdown ],J

==hlock==
-« Distiller -

-condenser -evaparator -drain
==hlock=:= ==hlock== ==hlock==
Heat Exchanger Boiler Valve
Satisfies = CAIHeat Exchanger Satisfies = CEBoiler Satisfies = CEDrain

4/15/2008 Copyright © 2006-2008 by Object Management Group. 88
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jml\flicotsgg Distiller Example — Block Definition
Diagram: Heat Exchanger Flow Ports

MODELI
LANGUA

erthd S
E

M
N
G

N

¥

bdd Initial Distiller Structure [distiller breakdown (ports)]J

<<block>>
Distiller
R
condenser evaporator drain J{
<<block>> <<block>> in : Fluid <<block>> out : Fluid
_ _ Heat Exchanger ] _ Boiler —] Valve
cin: Fluid constraints hin: Fluid middle : Fluid top : Fluid EIEI
> {h out.temp<=120, E_
cout: Fluid | ¢ in.temp<=60, h out : Fluid bottom : Fluid bottom : Heat
h in.temp<=120, —
¢ out.temp<=90} I:|:I \
Constraints Flow Ports
(on Ports) (typed by things that flow)
89
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INCOSE Distiller Example — Internal Block woneLiNG I'
Diagram: Distiller Initial Design

ibd Distiller [ 1 distiller block diagram (initial) ],J
taint ;. H20 thain2 : H20 sludge! : Residue sludge? : Residus
= b » =
dirty water : H2O sludge | Residue
in; Fluid c out : Fluid miciclle : Fluid battam ; Fluid in : Fluic out ; Fluid
! t il ! Lt
condenser : Heat Exchanger evaporator : Boiler drain : Valve
ot Fluid hvin : Fluid op ;- Fluid bottorm ; Hest
(11 [t1 [T1
L
T mains . H20
4
maind ;. H20
> E]
g1 : Heat purified : H2O
El b
o in: Heat

4/15/2008 Copyright © 2006-2008 by Object Management Group. 90
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INCOSE Distiller Example —Table: woriine |l -
ntematio ‘:’lm:‘ gincering LANGUAGE
- [ ] n
Functional Allocation
R IO IO IO RN N I P P P
Jle|e([Ejr|je(b|jlelee] e
|l o| o | o | o| o| of | | & ¢
SISl 222|121 2(22
gle|lélele|le|élg|Elz|z
sloglglslglalglelelale
2|02/ 9|0|0|0| Q|- |- >
8|18|8 8|8|8|8|%F|F|%|F
| 2| R | R| R R | R[]0
EF [ Initial Distiller Structure[Distill...
Er E Distiller [Distiller::Distiller St..
i {3 -condenser : Distiller::D... v 4
i ¢» -drain : Distiller::Distiller... v
i @ -evaporator : Distiller::... "3
i @@ -mainl :Distiller::Item ... |
i ¢ -main2 :Distiller::Item ... v
i @ -main3 :Distiller::Item ... v
i ¢ -main4 :Distiller::Item ... v
i @ -ql : Distiller::Item Typ... o
i @ -sludgel : Distiller::Ite... v
i @ -sludge2 : Distiller::Ite... v
Exercise for student:
Is allocation complete?
Swimlane Diagram Where is “«ObjGCtFlOW»OfB”?

4/15/2008
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Parametric Diagram: Heat Balance

par [Conzstraint Block] Distiller lzobaric Heat Balance [ composition of equations U

==hlock==
: Distiller

maini : H20

-

to: *C

==VWalueTypes=
water temp : °C

Bte | gmisec

==YalueType:==

mass flow rate : gm/sec

main2 : H20

==valueTypes==

]
_ []

==constraint==

:l =1 : Single Phase Heat Xfer

Equation

1 rate=(th-tc)*m ratess hest}

th: =C

water temp : °C

==YalueTypes==

mass flow rate : gm/sec

miain3 : H20

==YalueType:==

mass flow rate : gm/sec

maind : H20

==YalueTypes==

mass flow rate : gm/sec

o rate | calizec

.

L]

==constraint==

condensing : Phase Change Heat

Xfer Equation
1 rate=m rate*| heat}

==lnit==

th kate | gmisec

m rate | gmisec

g tate : calizec

[ L

dQidt : calories per second

]

(.

& calizec

==constraint==

boiling : Phase Change Heat Xfer

Equation
1 rate=m rate*| heat}

= heat © caligm*=C)

==hlock==
:H20

=2 alueType:s=
specific heat : cali{igm*°C)

==YalueTypes=
latent heat : cal/gm

| heat : caligm

| heat - caligm

4/15/2008
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INCOSE Distiller Example — Heat Balance

International Councll on Systems Engincering

Results

table IsobaricHeatBalancel [Results of Isobaric Heat Balancey
specific heat cal/lgm-°C ~ __--~~ 1 &
latent heat callcm __--="" .| 540| ¢
Satisfies «requirement» Jtad c ©
WaterSpecificHeat e S| @
-~ o)
Satisfies «requirement» E k=
WaterHeatOfVaporization olo | o ol o
N AN AN AN AN
Ir| T I I I
Satisfies «requirement» N P PN ol <
WaterlnitialTemp £l £ £ = £
~Sae T| © | © ©| ©
‘s~~~ E E E E E
mass flow rate gm/sec ~“~._ 6.8 6.8
temp °C - wﬁ-\\
dQ/dt cooling water cal/sec 540 Note: Cooling water [\
dQ/dt steam-condensate cal/sec | 540| | yeeds to have6.75x
condenser efficency 1 flow of steam!
heat deficit 0 Need bypass between
hx_water_out and
bx_ water in!
dQ/dt condensate-steam cal/sec | 540
boiler efficiency 1
dQ/dt in boiler cal/sec 540

4/15/2008 Copyright © 2006-2008 by Object Management Group.
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Distiller Example — Activity Diagram:
Updated DistillWater

(act Distill Wigter( cold dirty : H20, external : Heat, discharge © Residue, pure : H20 bypass : H20 ) [ § revised ])

==continuaus== .
cold dirty : H20 ——,
{stream}

of1

==gllocate==
drain : Valve

==allocate==
evaporator : Boiler

==gllocate==
diverter assembly

==gllocate==
condenser : Heat Exchanger

| ==continuous=»
| external : Heat |

| pure : H2(0 | i )
z . fstream} =cortinuous==
: a3 : Condense Stea#;l aid : o pure:H20
{stream}
! ; bypasg : H20 | |
) | hot ity :H20 : s
I CD{\;::adnllrEﬂt steam: Hzo|  {stream} [ ab:Divert Feed S | sacantinlalss s
| {stream} — ] th 1 0i2g ; = bypass : H20
| | istream}
| I :
| ofg feed : H2O |
{stream}
| of3 l
| recovered | Hest ' .
i=tream) of2 I%St{'?;:"eamz}o dizcharge Rlemdue
cald dlr‘l'},-' H20 |3_Cl hot dirty -
{=tream} a1: Heat Water hat dirty : H20 {=tregam a2 : Boil Water a4 : Drain Residue ==cortinuous==
{=tream} 2k th

gl ——

=

externdl | Heat

{ztrdam} I%' ]%l

ofs

pre-dizcharge ;| Residu jstream}

{atream}

|

|

| pre-discharge : Residue
i {stream}

|

i _ - S . . i = — {Str Iﬂ} e

discharge : Residue
{stream}

4/15/2008
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INCOSE Istiller Example — Internal Bloc woorue M -
International Councll on Systems Engincering L A N G U A ﬁ E
ibd Distiller [ distiller block diagram (revized) ])
diverter assembly
gplitter : Tee Fitting
part ; Fluid m2.2 . H20
= b ]
ports ; Fluid byvpaszs : H2O
—{1] (11
port] - Eluid
m2.1 . H2O
ir ; Flaict "
feed : Valve
&
maind : H20 ot Fluid
. [T]
thaiml © H20 4 gludgel : Residue sludge? : Residue
! > =]
dlirty wvater : H20 w21 o H20 shudge : Residue
cin: Fluid coout: Fluid =4 midclle : Fluid bottom : Fluid in : Fluid out : Fluid
L4 Lt L1 ! Lt

condenser : Heat Exchanger

evaporator : Boiler

drain : Valve

o in; Heat

hoaut © Fluid hiin ; Fluicd ap ; Fluic hottom1 © Heat
(41 [T] [t]
L
mains @ H20
+#
maingd : H2O
=
> =
puritied © H20
i1 : Heat
= >




INcost  Distiller Example — Use Case and

International Councll on Systems Engincering

Sequence Diagrams

sd [Interaction] Operational Sequence [ simple segence ]J

uc [Package] Distiller Use Cases[ use case example lJ

Operator%

Distiller

Operate Distiller

: Operator-2- <<block>>
T : Distiller
I I
] 1: Turn On .J_
< — — — — — — 2: PowerlampOn __ __ __ |
P 3: Operating Lamp On
loo
[while state=Ogerating]
alt
[level=high] .
¢ 4: High Level Lamp On
[level=low]
¢ 5: Low Level Lamp On
[state=draihimg residue]
P 6: Draining Lamp On
7: Turn Off >
& — — — — — — 8: Powerlamp Off __ __ __ 4
T I

4/15/2008 Copyright © 2006-2008 by Object Management Group.
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NCOS Distiller Example — Internal Block orisE INR -

Diagram: Distiller Controller

ibd Distiller [ block diagram revised & elaborated] )

diverter assembly

splitter : Tee Fittinq | m2.2 : H20

|RA]

main1 - H20  main2 : H2O® sludae1 - Residue sludge2 : Residue =
E’ | v .V Ctrl | %
m | ’L
! {t y K
condenser : Heat Exchanger i drain : Valve
{1 ) K
¢ : Boile|Signals | P in - Elec Power vV Ctr
main3 : H20 htr pwr : Elec Power
< <
bir ctl : Blr Sig
A
feed ctl : V Ctrl A
main4 : H20 drain ctl : V Citrl
> =]
bir status : Bir Sig
pwr in : Elec Power distiller pwr : Elec Power
&l ‘ >
v2:V Ctrl b : Boiler Signals bp : Elec Power v1:V Ctrl
A E'I I
. pwr : Elec Power | L
user : Control Panel heat & valve : Controller
iPanel iPanel
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INCOSE Distiller Example — State Machine it %IJ

Diagram: Distiller Controller

(‘stm Controller State Machine [ simple diagram] ) h
[power = on] Off | [bx level low]
do Power Light Ofﬂ A
( Filling ) ( Operating
do bx heater on
do /open feed : Valve . ini
{ P J [ox1 level low] [bx1 level high] {do bp;rzlrgli:q Valve}
[ LevelLow | [ LevelOK | | Level High ]
INOT |bx1 level low] kjo fopen feed : ValveJ Ldo /shut all VaIvesJ Ldo lopen drain : Valvej [bx1 temp = 30]
( Warming Up] [NOT bx1 level low] [NOT bx1 level high] f Cooling Off T
dobxiheateronl ||~~~ T TTTTTTTTTTTTTTTTTTTTTTTT entry /bx1 heater OFF )
L 0 /ox1 heater O”J do fopen feed : Valve, open drain : Valve
(Building Up Residue)lrésidue imerl™ g, rging Residue )
Ldo /close drain : Valvel [drain timer] [do fopen drain : Valvej
[bx1 temp = 100] [shutdown command]
§

4/15/2008
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