ISS (Isotope Separation System)
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1. ISS(Isotope Separation System)4a 1
2. ITERISS §F H37|

3. 85 945 N°IE

4. Pure Component Properties

5. ITER ISS & ME8°IM Case 1

6. ITER ISS &% A&3°IM Case 2

7. ITER ISS 8% NE°|M Case 3
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% He Refrigeration Cycle (nomlnal operatlon temperature between 20 -24 K)

. a
Howos L _ \/ - | To expansion .
WDS feed - ,/ N\ — volume
D;toWDs & ( ; ] =
Glove Box 1 Cold Box _iﬂﬂﬂﬂ] ~
T.0,H ] D=

——

Glove
= Box 2

|
| A

— Equilibrator
i (EQ)

m
5]
Expansion Tank

'
4£ Eo
T |
I

1
Z

o

I _rn%ﬂ i J%

Legend: D, for refueling B M
g iy < . i = 2 Eag - - N =
CD - Cryogenic Distillation Column Plasma exhaust —se{<} - =as
HE — Heat Exchanger - —
. 9 90% T Product

EQ - Equilibrator

Reactions in the equilibrators ” \_ & jumn
CD)

EU Contribution to ITER Fuel Cycle, Alain Teissier, IBF 2013
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4.5 K Helium refrigeration unit

2= X

QIIE0AN 2=8
HZ 0IE0tH =N =2 =2 S
E=3=4

8= 320K0I M 14 KK Z &S

AN

Ol 4.22K(-268.96 C) 2! d'%% A

AL 220 Lo 2

D

H OH

Helium Stream

Helium Refrigerator :
—— High Pressure

LN; nd;or?i

Helium Refrlgerat ion —— Low Pressure
Heat
I x
Helium Oil ]
Removal Skid [ Explrslon
v
Compressor .ﬂ .x
Helium
1barOil A i l Compressor
22bar )t K| &=
Helium %
Expansion Tank
Esboser Condenser \

Cryogenic Distillation Cold Box

AN
N\

4K 220 L0t S ME

5

Helium Refrigeration Cycle
=4 SHAJALE ELlot)| flet SFEX
A2 = M2(-30K)0IlA 2HEEZ, 9
ol AiE2El=dE d=s)le =23?E
4~ ZclE FletdEsdsle g2
1,800W & &£ 0| Ct.
o = merat




LN, Adsorber Helium Refrigerator Heliu:\i;t::::\m
r:w Helium Refrigeration ——— Low Pressure
Heat Exchanger
e | = 1SS
— v v — |— 1
elium Oil woansion| ---—-——""[ "1 "~ "~ ~"—-=--~.
R:.:lmoval gkid I_ ETﬁme’ E < ~ 7‘,\_ K'L_
Compressor : .x' /.X - T d .
‘X ﬁ ﬂ,.x C0||:|ne|:!\lrl:3?sor // 14K~ 3OK
/| E—
1 ¢ — |-
Helium \
( Expansion Tank ) \\ o
\ eootier Condenser
RS - Cryogenic Distillation Cold Box J\_ \/‘(.; 4
1) Helium Expansion Tank " ===--coooo----"7"
2) Helium Screw Compressors — H
3) Helium Refrigerator U

4) Cryogenic Distillation Cold Box Cold Box
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» Refrigeration Process Operating Pressure Determination

LN, Adsorber ~ Considering the compression efficiency which
~ was applied to 2-stage compression system

¥ . - -~
- -~

> : - S~.
m/codl‘m/gWater : R 22.0 bar S o
. \
5 H‘f%ﬂ*
[EoT] !

Helium Oil : /

Removal Skid /
" 1
y : | 6.0 bar

: \ :  Expansion
3 ‘ . \
e R RS s v i R T urblne \
H Helium N

Coimpressor ~
\

\
L

Compressor

(Given the temperature in summer season
in Korea, which is assumed to be cooled
down to 45 °C)

1/n

Helium
Expansion Tank

Compression Ratio= | =




“*Determining the optimum operating pressure

from helium refrigeration process

Compression ratio

A\ 4

Decreasing
Compressor
power required

7.0
65F
6.0 F

55

From operating pressure of 22 bar or
more, t0 a pressure increase,
compression ratio reduction rate is
very low. = if it's operating in 22 bar
or more, it's inefficient.

CO03 outlet pressure (bar)



Helium Refrigeration
Heat Exchanger

Cooling Water

™
[

453 K :
22.0 bar 318 K

Compressor

AAAMAAAANS [

Helium Stream

High Pressure

Low Pressure

Helium Oil :
Removal Skid

T Il compressor

[

Turbine

14 K
6.5 bar

Helium
Expansion Tank

30 K

26 K

21.4 bar 21.1 bar

Reboilers

Condenser + Coolers

Cryogenic Distillation Cold Box




311 K Helium Refrigerator 18K
BEbar | e 6.2 bar
' Helium Refrigeration :
Heat Exchanger :
‘ - ok
AAAAAAAAA,, (¢
SN JNAL r/1
'l PR
Expansion :
318 K Turbine :
21.7 bar "X 14K
30 K 22K 6.5 bar
214bar | ¢ ¢ | 208bar
4
<
: Reboilers Condenser + Coolers
DB K |
21.1 bar

Cryogenic Distillation Cold Box
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Qil Flooded Screw
Compressor

Oil Removal + Gas
Management

Helium Refrigerator Cold Box

Oil Flo

oded Screw ]

Compressor R |
Oil Removal + Gas m

Management

M €02 1
0l T () [ M
e e
T ! i
e 8% i 61 B - o ‘ i
o s @0 0 o B me
[ ] T e l 14K —_ el
¢ | b W01 1 '
e . . 30K 26K i
Reboilers Condensers + coolers Helium Ref”gerator ! : o _ I
3,268.2 Watt -3,749.3 Watt Cold Box | O i T !
"o T T Condensers +
Reboilers Lg coolers
3,268.2 Watt REBOLER -3,749.3 Watt CONDENSR
Qil Flooded Screw
Compressor XCHG-100 XCHG-107
PRl
-Q3 -
CMPR-100
. 2 CMPR-102
B
az-p
CMPR-101
XCHG-104
MIX-100 -
L TRBN-100 |
® | 14K
= 30K 26K ]
Helium " T‘ l
Refrigerator .l, |
Cold Box e :,@’ D@"—
XCHG-105 Hengacs
BR&E Raboilers Condensers + coolers
3,268.2 Watt ~3740.3 Wty
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Oil Flooded Screw
Compressor

co

EO1

g m Oil Removal + Gas
Management

GAS_MANAG.

Helium Refrigerator Cold Box

Reboiler Condenser
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18K

Reboiler Condenser
Stream Number 5 6 10 11
Stream Name Reboiler Inlet Reboiler Outlet Condenser Inlet Condenser Outlet
Temperature (K) 30.00 26.00 14.05 18.08
Pressure (ATM) 20.00 20.00 6.25 6.25
Phase Vapor Vapor Vapor Vapor
Total Molar Rate
(KG-MOL/HR) 113.18 113.18 128.58 128.58
Total Mass Rate (KG/HR) 453.00 453.00 514.66 514.66
Flow rate Percent Flow rate Percent Flow rate Percent Flow rate Percent
(kmol/hr) (mol%) (kmol/hr) (mol%) (kmol/hr) (mol%) (kmol/hr) (mol%)
Helium 113.18 100.00 113.18 100.00 128.58 100.00 128.58 100.00
|
14
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Refrigeration cycle Example

Problem.
D22 YO AESI0 3| MRS WEACISO LDt HARNE 2USIA BiCt. A
IR SH= B E OOl B U0t AR AEZQ| A8 ¥ 2L .30 °|Lt.

> ABBIA Bt UE TN

Component Mole%
Propane 7.80
Iso-Butane 49.08
N-Butane 43.12
Temperature (°C) 25.0
Pressures (bar) 1’
Flow rate (kg/hr) 15,078

YUHZ= &40 Z=0S ASTH. G0 SN 241 'S0z Yh+E A3, s82k
o

0.5 bar 1. Yot EE FRULE=E 2= -40°Co|H. g4 HHAl peng-Robinson 4

E"I:IH(-I/\I Ao
OO 10
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Problem 1: 4&3AI°|Z2 Ik

Refrigeration Cycle Diagram

Compressor Condenser

>0 —

Evaporator @
Expansion

18




Compressor P A

Condenser

© ® 2\
. e N " ®
" / Condensation
Evaporator Expansion
Te=T,

PorPe |77 _ Evaporation 7@

Expansion i
Valve ! A Hevap !
B —
< D><Je ® ' ' —
H
Refrigeration Cycle Diagram Pressure Enthalpy Diagram

Refrigeration Cycle Step :

® Expansion
Evaporation
© Compression
©® Condensation
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Problem 2

34719 heat dutyE 2}
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Problem 2: & 12| heat duty 3%

/Cumpm&ur
Process &E‘\ Process Power=2 A B0
Fluid In > | Fluid Out Cooling water | Cogling water
{2F= S > |- 52 >
Cvo1
EVAF’ORAT
B
%
%
%
s
s
Y
B
s
s
s
s
s

PRO/Il - Stream Data PRO/Il - Heat Exchanger

Help Overview  Status  MNotes

Overview  Status

Help

Sheam: |FEED Description:
Unit:  [EVAPORATOR Description:
To Unit: EVAPORATOR ; )
Sl T Hat Side Cold Side

Process Stream

Utility Stream...

Feferenced to Stieam
Solids Only Stream

Stream S‘Bﬂds Data,

Stream Data - Flowrate and Composition

- L =
Stream PDIWE'gQata... Help Pressure Drop: Heat Exchanger - Specifications
S

-— Specify flowrate and compasition for stream FEED 2.00000] bar :
itz Gl ‘\ Fluid Flowrate Specification - Help 5
First Specification: s Themadynamic System: AV 4

@ Total Fluid Flowwrate: 15078, | kgthr [ Total LY or GY rate on an Specification: | Haot Product Temperature M b

[Temperature | s [ O Individual Component Flowrates Adiusted Standard Basis Defaull [PROT) b

Second Speciication Qﬁﬂmpﬂnant CoiEeriEls Yalue: -30.00| C
[Pressure |+ ‘ 1 ZDDD| bar "‘Tolta\ Fluid Flowrats: Relative Tolerance: 0000100
0

Copy 3| Component Compasitian Area: mé
: i il Paste Mol
Thermadynamic Systen: Determined From Connectivity = U alue: keal’hr-me-K

Puzh ta provide operating specification

7.8000)
ik ] Can| IC4 43.080
NE4 43.120

Exit the window after saving all data

] Cancel |

Exit the window after saving all data

Clear Compositions Tatal 100.00
Nomalize Component Flowrates

Based on Specified Fluid Flowrate
(0K I Canesl ‘

Exit the window after saving all data

21



Problem 2: 3212 heat duty 3%

> 2279 heat duty

UNIT 1, 'EVAPORATOR'

OPERATING CONDITIONS

DUTY, M*KCAL/HR 1.712
LMTD, C 29.383

F FACTOR (FT) 1.000
MTD, C 29.383
U*A, KCAL/HR-C 58247.946

22
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Problem 3: &Z=7]|

Compressor outlet Pressure

= Bubble pressure of propane at 45C + 0.5
bar (Pressure drop)

Phase= Vapor i Phase= Liquid

C3 > A ‘O

T, =-40°C / Temp.= 45°C

AP =0.5 bar

v

24



Problem 3: &Z=7|

W) {458UsBLE |—mm) Result

Data Review Window - Stream — *45BUBBLE’ )

Help Owerview  Status  Motes
Stream:  |45BUEBELE Description: | Prﬂpert_l,l Walue Linits
To Unit; [Froduct Stream)
Stream Mame 45BLEELE

Stream Type

Composition Defined | Flavarate and Composition... I TEITII:IE[EItLIfE 45.000 E

Petroleun Aszay

Referenced ta Stream ' | Fressure 16,385 bar

Solids Only Stream Stream Solids Data...

owrate 1 mkg-mulfhr
Streamn Polymer Data... |

Thermal Condition

First Specification:

|Temperatule | b | 45.00) C

Second Specification:

[Bubble Paint |~
Thermodynamic Systenm; |Determined From Connectivity | w

Property Label List " Copy
Cancel |
Evit the window after saving alldata E it the window without saving any data

25
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Problem 4:

1 p DEW-40 |—— >

PRO/Il - Stream Data

Help Overview  Status  Motes
Stream:  |DEW-40 Drescription: |
To Unit: [Product Stre.am]

Cor| Defined |
Petroleum Assay

Referenced ta Stream .

Solids Only Stream Stream Solids Data... |

Flowrate and Composition... I

Stream Polymer D ata.. |

Propane
-40°C

Thermal Condition
First 5pecification:

|Temperature |v | -40.00| C

Second Specification:

DewPoit |

B

Valve outlet Pressure

Thermadynamic System: |Determined From Connectivity | v

= Dew Pressure of Propane at -40C

Cancel |

Exit the window after saving all data

27



Problem 4; T#t &

Data Beyiew Window - Stream - ‘DEYY-40°

Property Walle itz
Stream Mame DEWwS-40)
T emperature -A0.0000C
Freszure 1114 bar
nwrate o0 kg-mal/hr

Property Label List " Copy Closes

E xit the window without 2aving any data

28



Problem 5

29



Problem 5: $81|2 F&l

=) (s2] -

PRBO/Il - Heat Exchanger Heat Exchanger - Cold Side Utility

Help Owerview  Status  Motes Help
Uze Utility for Cold Side

Unit:  |EVAPORATOR | Desciiption: | JIPTTL (i _ -
i . aee® p* IItiliby Tope Ywiater ar Air Inlet and Outlet Conditions
Haot Side Cold Side P O water ’—
| Process Stream... &etﬂlcatlon O &i ,—
[l i tiIi't'_i,'I"gt"r'é'ém...i I‘ * Configuratiar... (%) Refrigerant
Zones Analysis. .

Refrigerant Component Selection and 5 aturation Conditions
Pressure Drop:

Compaonent: Saturation Conditiotis:
| ooo0oo] b G v Ofesws [ b

Thermadynamic Systen: (%) Temperature: C
| Default [PRO1) | v aK

Thermao Methad far Air Cp Calculation
Cancel

Puzh to bring up the utility ztreann window

Cancel

Exit the window after saving all data

30



Problem 5;: 521

=) —D‘) (s2] -

UNIT 1, "EVAPORATOR™

OPERATING CONDITIONS
DUTY, M*KCAL/HR 1.712
CONDENSATION, KG-MOL/HR 264 .390
TEMPERATURE, C 25.000 -30.000
PRESSURE, BAR 1.200 1.200

COLD SIDE CONDITIONS INLET OUTLET
REFRIGERANT, KG/HR 16946 .501 16946 .501
SATURATION PRESSURE, BAR 1.109
SATURATION TEMPERATURE, C -40.000
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Problem 6: &0

-$ FEED

(]

[4]

33

-

PRO/II - Feedback Controller

Help Owerview  Status MNotes

Unit Desciiption: |

Specification
Heat Exchanger E1 Duty in % 10°6 Kealéhr = 1.7115 within the defaul tolerance

W ariable
Stream 54 Flowrate in kg-mol/hi

Parameters
b aximum Mumber of Iterations = Frint Results for Each [teration

Action if Minimumn,/t aximum Limits are reached
(&) Accept as Solved if Limits are Reached

() Fail Urit and Stop Calculations if Limits are Aeached

) Fail Urit and Continue Calculations if Limits are Reached

Mext Unit Calculated after Control Wariable is Changed: Calculated L4

Cancel |

Exit the window after saving all data




Problem 6: 02| &

Steam S4
STREAM "S4°*
TOTAL LIQUID
RATE, KG/HR 35139.6939 35139.6939
TEMPERATURE, C 45 .00 45 .00
PRESSURE, BAR 15.38 15.38
MOLECULAR WEIGHT 44 0965 44 0965
WEIGHT FRACTION 1.0000
ENTHALPY, KCAL/KG 30.9152 30.9152
CP, KCAL/KG-C 0.7693 0.7693
MASS FLOWRATES, KG/HR
1 - C3 35139.6939 35139.6939
2 - IC4 0.0000 0.0000
3 - NC4 0.0000 0.0000



Problem 7

AFTY A2FHS TN O, P59 BRL
70%2i1 "t"“’tEt.
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Problem 7: &4=1

> SIET 28 70%

[ - S10

o=

PRO/Il - Compressor

PRO/II - Stream Data

D Seus Mates [ Help Overview  Status  Motes
.
Steam:  |510 Description: | . 9@_9 Unit;
s
To Unit: (] ) ] Description: ‘
Stream Type of” After Thermodynamic System: [ Deaul (PROT] [a
ition D = honal ¥
[ D Flowrate and Composition... D‘;‘f"gﬂl"’“ﬂl .
Petroleumn Assay — a Inlet Pressure: bar
Fieterenced to Stream st Solids Dat i
Solids Only Stream éﬂaam Gl BEIE) Outlet Temperaturs Estimate: C
[ sl Stream Data - Flowrate and Composition Fressure, ‘Work or Head Spesification
s [Dutet Pressurs [ 15,885 b |
Tzl Gl Gipsly o el e wsian far ez 510
First Speciication T e Efficiency or Temperature Speciication
‘Adiabal\c Efficiency | v | FD.UDUD|F‘ercanl |

[Temperatur= ||| 40.00] € | | O Total P Flowrte: [ Total LV o1 GV rate on an
Second Speification: (5) Incividusl Comprnert Flowrstes Adusted Standsrd Basis
- © Component Concentrations ——
Total Flid Flowate —
T Component Tormporent Flosirate —
Thermodynamic System Determined From Connectivity Paste kathr ,7
£ _ Caeel |

35140
= T
Ca Exxit the window after saving all data

Exit the window after saving all data

Clear Compositions Total 35140,
Ak Cancel

Eib the window after saving all data

36




Problem 7: &£ A2F

> S5 2& 70%

Data Beriew Window - Compressor — 'C1°

E it thie windoww withaut zawving any data

Froperty " alue Inits
Compressar Mame C1
Compressar Dezcription
Fressure 15,8850 bay
Temperature SE.532HC
Head 18331 611,
tctual YWork, 17553500 |y
sentropic coel., k 1.@
Compreszor Unit w Copy

37




Problem 8

&&7|9] heat dutyE 5},
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Problem 8: 5 12| heat dutyE 27

o

> 57| L&Y 0.5 bar , 45CTA| T2 &5

[ S10

PBO/Il - Heat Exchanger

Heat Exchanger - Specifications

Help Owerview  Status Mates Help
Uriit: |E2 | Description: | Specification: |H|:|t Product Liguid Fraction | A4
HDtSidB CDld SIdE v-all.@.------lll-llll; | 'IDDDDl
| Process Stream... Specification... me Fielative Tolerance: | 000 DDl
Lltility Stream... e l— .
Attach ta Column...
U- alue; kcaldhr-nn-k
Prezzure Drop:
[ 0.50000{ bar ]
TRermodynamic ysten: Thermadyrarnic; Syster:
[Default [PROT) [ | Default [PROT) |+ K Cancel |
E it the window after zaving all data
Cancel
Exit the windaow after zaving all data

39



Problem 8: 5 12| heat dutyE &

> 57| L&Y 0.5 bar , 45CTA| T2 &5

= 510 >.j
=l »‘) o=

*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
“
*

Data Review Window - Simple HX - ‘E2’ X

*
*
Property Yalue Unitz ““
*
*
d

<
Hex Mame E3 "“

Hx Deszcription K
Duty 3.2209% 106 caldhr
FTD n

Heat Exchanger Unit A Copy Close

Exit the window without saving any data
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Problem 9: d4

> WAL injout 32°C/37°C, T2M 45 CTA| &%

[y 510
s3 s4 _
““
““
os* .* -E2
““
P Ae
s*
“"
-““‘
.
P e
BBO/Il - Heat Exchanger Heat Exchanger - Cold Side Utility
Help Owerviews  Statuz Motes Help
Use Utility for Cold Side
. L o
Hni | E2 | pcellp o | aus®® sent Ltility Tope Water or Air Inlet and Outlet Conditions
. . -
Hat Side Cold Side -___.-.- i Irlet T emperature: C
o - .
| Frocess Stream... | S paoifilion. . O air . Dl Tenmmei ol c
I ; ';g §EEEQE " * Configuration. .. O Refiigerant
| Zones Ainalysis, . Refrigerant Companent 5 election and Saturation Conditions
Preszure Drop:
0.50000) bar
Thermodynamic System: Thermodynarnic System:
|I::|'3[‘E""‘|t [FROT) | W |DEFE'L’lIt (PRO1) | h Therma Method for Air Cp Calculation
Cancel
E it the window after zaving all data
Cancel |
Exit the window after zaving all data
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Problem 9: '§

> WAL injout 32°C/37°C, T2M 45 CTA| &%

[ 510
UNIT 5, "E2°
OPERATING CONDITIONS
DUTY, M*KCAL/HR 3.221
LMTD, C 27.312
F FACTOR (FT) 0.947
MTD, C 25.860
U*A, KCAL/HR-C 124551.633
CONDENSATION, KG-MOL/HR 796.881
TEMPERATURE, C 86.533 45.001
PRESSURE, BAR 15.885 15.385
COLD SIDE CONDITIONS INLET OUTLET
COOLING WATER, KG/HR 644179.101 644179.101
TEMPERATURE, C 32.000 37.000



Problem 10

[N 'YSACIZE Bt PRO/II FileZE 2
ofd, 442 Bopo [N HitE M= Huldte.

J
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Problem 10
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Problem 10

Contents CEHI WLt HNIANAR Wt
227 heat duty (M*kcal/hr) 1.7115 1.7115
2&51 FHEH (bar) 15.385 15.385
L% e oo 2™ (bar) 114 1.114
ZE7Z FYHE= YU 7T 16,946 16978
(kg/hr)
‘Yoo F £&RT (kag/hr) 35,139 35,139
AXT A2FH (kW) 1,755 1,755
2 %7| heat duty (M*kcal/hr) 3.2209 3.2209
WL ARZ (kg/hr) 644,179 644,196
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