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Design of Spiral Fin Type Condenser for Hydrogen Cryogenic Distillation Column
Yasunori IWAI"', Toshihiko YAMANISHI and Masataka NISHI "’

Department of Fusion Engineering Research
(Tokati Site)
Naka Fusion Research Establishment
Japan Atomic Energy Research Institute
Tokai-mura, Naka-gun, Ibaraki-ken

(Received July 12, 2005)

The purpose of this paper is the proposal of new concept condenser for hydrogen
cryogenic distillation column of Hydrogen Isotope Separation System (ISS) in a fusion reactor,
and the establishment of numerical evaluation method of the hydrogen isotope inventory in
the condenser. A large amount of hydrogen isotopes including high concentration of tritium,
radioactive hydrogen isotope, has been handled in the cryogenic distillation column.
Therefore, from the safety point of view, cryogenic coolant tube was commonly arranged to
surround the condensed area to prevent the mixing of tritium into the coolant. This inevitable
arrangement leads the difficulty in the minimization of the condenser. The scale of condenser
has influence on the scale of the ISS and its earthquake-resistance. The spiral fin type
condenser, which introduces fins inside it and in coolant tube to enhance heat exchange, is
proposed as a new concept condenser for hydrogen cryogenic distillation column to
miniaturize the condenser. The volume of spiral fin type condenser is estimated to become
less than half of that of coil tube type condenser currently in use. Accordingly, it is found that
the adoption of spiral fin type condenser realizes the significant miniaturization of the ISS.
Moreover, the numerical evaluation method of the hydrogen isotope inventory in the
condenser is proposed. The validity of this method was confirmed by the experimental data.
The synthetic design of the condenser for the hydrogen cryogenic distillation column is
achieved by the combination of the proposed new concept condenser with the numerical
evaluation method of the hydrogen isotope inventory.

Keywords : Fusion Reactor, Tritium, Hydrogen Isotope Separation, Cryogenic
Distillation, ISS, Condenser, Inventory, Spiral Fin Type Condenser, Coil
Tube Type Condenser, Design
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BHRIFOB/ANEAKOIVINE U
— [J/mol] v
RRBOBRBRES L BOMARS v
DI ZINVE— [J/mol] vy
IKFEDRBHE [J/kel Y,
BEIBOoROTINE— Vv,
[J/mol] V,
Ti ICHIFD He DT %I E—
[J/g] WH,
To ICHI}D He DT 9 IE— WHe
[4/el YbH,
BRBAOKEZSRE [mol]
BRBAOERKFERE [mol] ybHe
BRBADOKERTE [mol] - aFH,

Q. FHe

BRBBOAERE [mol/s]
Bwhigs [m]
AUDLARKRESR [m]

74 OBAKE [-]

A NEEE -]
aq/NELEEE -]
VEaOSNEEH [F]

%1% He £/ [MPa]
AMINDE v F [m]

BRBME [W/m2]
BmBanivl

BRkFRER [m?]
BRAEGKFEOLS /I NVZE [-]
FiegETmE [m?]

BE K

BRAROTYRE (K]

At He AQRE [K]

%A% He OB E [K]
ZRBNBARTEE K]
SRBEmEE (K]

He DX FI9RE (K]
HEFEEREZE (K]

H, B (REBAEH) BELERE
EE [W/m¥/K]
BRBARIRE [m/s]

A% He DFHE [m/s]

BHKFED x FHEHEE [m/s]
BRIARD y HEEE [m/s]
BRBARIAAR [m¥/s]
BWMBPORTME [mol/s]
REAROBRBR LBORIRE
[mol/s]

KFERZ7 4 DEE [m]

B He D7 4 > DEE [m]

H, il (B\{BAME) 074 VES
® 1/2[m]

A He D7/EZ D 1/2[m]

H, fl (BEBAE) O7« 8%
EEEW/m2/K]

He il 7 4« 8B 8 5 & £
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(W/m?/K]

aH, H, ] (BBARE) OREGEER
(W/m2/K]

aHe He fIBEER [W/m2/K]

o BREEH [m]

dav BREFEEH [m]

] AVFUoY—-BRICHHZ8BHK

' Z0EE [-]

AcCu HBERBOMMLESE [W/m/K]
A He He DRGEE [W/m/K]

AL BRAG KkKFZFoORGCESE
[W/m/K]
M He D514 # [ke/m/ s ]

uL BWEAKFEDOMEHRE [Pas)

uv IKFRRK[ORERE [Pas)

0 He DEE [ke/m?3]

oL BMBREKRDOEE (ke/m3]

oV KRBERT[DEE [kg/m3]

oML BREBEGKZFOEIEBE

[mol/m3]

oMV RAZRK[DENEE [mol/m?]

ov KEEARDEE [ke/m?]

g RERAN [N/m].

v He DRI [m2/s]

VL BRRGAKEODHISERE [m2/s)

o H, H, fll (FHEBAE) O7 4 9FE
: -]

dHe AR He DT 1 > BE [-]
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K1 ITERKZERMAESE AT LADERAABREORERAH(E

: Columnl | Column2 | Column3 | Column4
mARmERR (W] 3726 536.2 446.3 576.5
/MBI ANR [W]] 1628 76.0 412.0 184.5

F2 ITER-ISSICAANTF 1 —TRRBBZHA LIS OFEER
_ Bifyf [B&8S | Columnl | Column2 | Column3 | Column4
RMB[NBMATEE K |Ts 23.22 20.40 23.66 24.27
iR maRE K |Tw 22.72 19.90 23.16 23.77
AiFHe N OBE K |To 22.62 19.80 23.06 23.67
Ai¥HeEN Mpa |P 0.14 - - -
RmBOVERBE W |Q 372.6 536.2 446.3 576.5
BMBAE m |dc 0.18 - - —
BWMBNE m  |Dc 0.20 - - -
BB m |L 0.50 1.08 0.57 0.65
AlHea AWV E m |DH 0.2150| 0.2210| 02150 0.2150
AREHeENE m |d 0.0120| 0.0180| 0.0120] 0.0120
AlEHeENE m |D 0.0150| 0.0210| 0.0150| 0.0150
A1V DEYF m |Pi 0.0165|  0.0231 0.0165| 0.0165
AlHe AQRE K |Ti 18.7 18.7 20.6 20.6
AEHHERE g/s |F 179 91.5 34.1 354
F3 BEB[BOVERBAZOE(AADHIS
ColumnlA-SliHe ABEIC LB
Column1B-SEHeH BFE IC & 5 X
B4 B8RS [ Columni|ColumniA] ColumniB
BESNRNRJEEK Ts 23.22 21.18 21.18
SMBEEaE K Tw 22.72 20.68 20.68
AifHeh ORE K To 22.62 20.58 20.58
BiEHeE N Mpa |P 0.14 — -
BRBOLERBE (W |Q .- 3726 162.8 162.8
BikHe AQRE K Ti 18.70 20.07 18.70
ARHEERE g/s |F - 17.89 17.89 7.57
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R4 ABHeENNMBEWBPRBICE X283 (AN F 1 —TREHER)
SEHeED B4 |BRS [0.14MPal0.20MPal0.40MPal0.80MPa
BRGNENAETEE|K Ts 2040 — — —
B EERE K Tw 1990 — - —
AHe OB E K To 19.80| - - —
AlHeEH Mpa |P 0.14 0.20 0.40 0.80
RESROVERBE (W Q 536.2] — - -
B AE m dc 0.18] — — -
BMIINE m Dc 0.20 — - -
BES0ex m L 1.08 0.98 0.82 0.77
AitHea 1 JLE m DH 0.2210 | 0.2180 | 0.2124 | 0.2104
AEHeERRE m d 0.0180{ 0.0150| 0.0094| 0.0074
BAiEHeBE SR m D 0.0210| 0.0180] 0.0124] 0.0104
AM4IDEYF m Pi 0.0231| 0.0198| 0.0136| 0.0114
SiEHe AOQRE K Ti 1870 — - —
AIRHBERS g/s |F 915 — — -
AEHeIDEBREE [m? AHe 0.4552| 0.3916| 0.2902| 0.2578
&S5 ITER-ISSICR/SA SV 7 1+ UK BHREREIRALLISEDRHRZER

H{I  [B8S | Columnl|Column2|Column3{ Column4
RE\BABRMESE K Ts 23.22| 2040 23.66] 24.27
BRaREmEE K Tw 22.72 19.90] 23.16| 23.77
AEHe OB E K To 22.6 19.8 23.1 23.7
AliEHeEH Mpa [P 0.14 - - -
BRBBOVERE w Q " 3726| 536.2| 446.3] 576.5
BiEaNE m dc 018} — - -
R AE m Dc -~ 0.20 - — -
BRa0e X m L 0.23 0.56 0.28 0.33
AEHeEHL AR m de 0.0120[ 0.0180| 0.0120| 0.0120
AR He R RIE m a 0.0120 | 0.0180| 0.0120| 0.0120
PEHeRBEE (74/B) [m h 0.0120 | 0.0180 | 0.0120 | 0.0120
AlifHe a1 AR m dHe '0.224| 0236 0.224] 0.224
AEHe M IIHE m DHe 0.244| 0.256| 0.244] 0.244
AlEHe ADEE K Ti 18.7 18.7 20.6 20.6
RAiEHeBERE g/s F 17.9 915 34.1 35.4
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£RK6 ANASIIVT 4 YERBRBOESICET 515

0.135

TN B7|RgS] 0.200] 0.185] 0.150
RMBRNBMEIEE |[K |(Ts 2040 — — - —
SRR mEE K [Tw 1990 - — - —
ARHeHOBE K |To 19.8 - - — -
AidHeE N Mpa |P 0.14 - - - —
BMBOVERBE W |Q '536.2 — - - —
RmBAE m |dc 0.180| o0.165 0.130] 0.115/ 0.100
BN E m |Dc 0.200| o0.185| 0.150| 0.135| 0.120
BmBOEX m |L 0.56 0.60 0.73 0.80 0.89
SiEHeEHL AR m |de 0.018 - — — -
AEHe RIS m |a 0.018] - - - —
AiFEHeBE X (J4/B)[m |h 0.018| — - - —
AiHea M ILAR m |dHe 0.236| 0.221 0.186] 0.171 0.156
AHea A VAR m |DHe| 0.256] 0.241 0.206| 0.191 0.176
BiEHe ADRE K |Ti 187 - — - —
SEHeHEERE g/s |F 915 — - - -
AiREHefllO M m? |AHe| 0.1442] 0.1459| 0.1430| 0.1424| 0.1387
XRT AEHe AOQBRERTENBRBHRRBICEZHEEDOFME
(RIS SV T 4 A FAREERR)
AiFHe AEE B4l BgS | 18.73 17.70 | 16.60 13.96
BRBNENESA K Ts 2040 -» | - -
REREmAE K Tw 1990, — - —
SiEHeOEE K To 19.8 - - -
SiHeEH Mpa |P 0.14 - - —
BRBOVERRE w Q 536.2| — — -
BmaNE m dc 0.18] — - —
BN E m Dc 0.20 - — -
BRSBTS X m L 0.56 0.49 0.44 0.40
AEHeEHRHAE m de 0.0180 — - -
A He KRS m a 0.0180 - — -
AiEHe RS E (747B%)m h 0.0180 - - -
|BEHea M LAE m dHe 0.236| — - -
SiEHed M IIHEFE m DHe 0.256 — - -
RBiEHe ABE K Ti 18.73| 17.70| 16.60| 13.96
AiEHeHEERE g/s F 94.1 480 315 17.2

= 31 —
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&8 AT Y —ICEHWET D kREEDFM

=Tivi B85S [Columnl [Column2 |Column3 {Columnd
ANNSA—4 —
RiEENRNRAKE K Ts 23.22 20.4 23.66 24.27
H2 0.014 0.994 0.000 0.000
HD 0.289]-  0.006 0.003 0.001
HT 0.074 0.000 0.000 0.009
D2 0.620 0.000 0.997 0.316
DT 0.004 0.000 0.000 0.535
T2 0.000 0.000 0.000 0.139
RMREmEE K Tw 22.72 19.9 23.16 23.77
RmBAE m dc 0.18 - — -
REHRE S m L 0.19 047  0.23 0.26
T40DEHE m WH, 0.0298] 0.0334| 0.0294| 0.0294
NZ 1 DBAKRE N 8 — — -
itk _
BREREOFESERE K Tf 22.845| 20.025| 23285/ 23.895
BREEKEORE kg/m* |oL 147.4 71.0 162.5 200.6
IKEDBRBEH J/kg Ah | 3.24E+05| 4.51E+05| 3.08E+05| 2.74E+05
BHREOKEDIERE Pas wL | 2.80E-05| 1.27E-05| 3.08E-05| 3.59E-05
BRRAKROBDIMERE (/s vL | 1.90E-07| 1.78E-07| 1.90E-07| 1.79E-07
BRRAKFEORMES W/m/K |AL | 1.24E-01] 1.18E-01| 1.32E-01| 1.33E-01
BRBEAKZEOTNEE mol/m*® | pwMmL | 3.97E+04| 3.54E+04| 4.06E+04| 4.15E+04
BNARDOTEINBE mol/m® | pmv | 5.62E4+02| 5.76E+02| 5.21E+02| 5.17E+02
H2 B R 5 W/m?/K |aH, | 2.52E+03| 1.78E+03| 2.54E+03| 2.58E+03
mEkER
RIREHEA m 0 av | 5.29E-05| 7.13E-05| 5.57E-05| 5.54E-05
BHIKERE m?® R . 1.05E-05| 3.69E-05| 1.33E-05| 1.49E-05
S, ==t = —_
;'3 7;; 0/);};‘?%'“5”5§ % 9 0.22 0.31 0.23 0.23
RIERNORBKFRER mol HLc 0.42 1.30 0.54 0.62
BRBANOKERERSE mol Hvc 2.71 6.87 3.04 3.41
BREAEKEEOLAL /I NVHE Res 105.7 2929 123.1 136.1
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ONY 0 ABRDBEBEARANTAR. ONU D LABRIBKERMEZEZS
BANBEICESIRENELH S, CREBHABLEBTONTSEY.
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EERBALR (S) L HBEEK

®1 SIEXBHE UG 2 SIEHtHzh AL #£5 SIiaE
&2 % i 5 % Fr i 5354 e T b i 5
E alx — b n m 4y, #, B | min, h, d 0t =7 ¥ E
H“ Bl+o075 4 kg E, 7., B cL LT 10'¢] -~ 4 P
B s} 72 3 » 5 b |l L 0% 73 T
B #wl7 v =~ 7 A 3 vt 10° | # bed G
BOFEE |7 v © v K BE AL | oV 100 | 5 M
Y oH R|E # | mol BFEREL | T
* Elh v 7 3 cd 1000 ~7 b h
__________________ oL
T @ A|5 v 7 v| rad 1 eV=1.60218x 107J 00| 7 #] da
vk A[RFIITY st 1u=1.66054x10""kg LU I d
107? € v F c
100 | J) m
%3 EHOZHE b SUATHL 0 | w4sa| a
x4 SlEicgENIC 9
S 10 + / n
& % w |es|BoSEE e B B O A
& -4 E54 w7 Hz s™! & w L 5 107" 7=t f
# Zza-tv| N | mkess 4 TAFO— L A '] 7 b a
E A, B Bl zx s ] Pa N/m? = — v b _
IHIVE-HH B | Y 2 - | Jd N-m 5 - w bar GE)
TR, B R(7 v +F W J/s # W Gal 1. %1 —53 TEBRBAR) B R EER
T AR, EH[s7 — o v C A-s £ a2 Y - Ci ER®HE 1985 EHITIck 3, 72721, 1eV
By, BE, EBSH | K o bV W/A I N R BLU 1 uDiiiid CODATA O 1986 FEH#i5E
W B E OR|7 - 3 F|F | OV 5 k| rad e
'%E )% fE. ﬁ *+ - A O V/A v FN rem .
av s s svalv-xvz| s AV 2. RAKCEBE, 79 b, 70, ~29%
i F|w = — /| Wb | Vs 1 A=0.1 am=10""m —VEZENTVAMBEDRALDOTL
w ® ® K|y 2 7| T Wb/m’ 1 b=100 fm?=10-2* m? CTIREBLI,
. o ~ .~ —_ o >, 1=
R EEEE S R H | Wb/a 1 bar=0.1 MPa=10°Pa 3. barid, JISTHREDENEEDT S
2wy RBE ey rE| C | Gale | cm/a? = 10-!rn/s? BIBNE2 DA F 7Y — I HAS AT
P w®|lwv — A Vi Im cd-sr al=icem/s = m/s 2
3 2 1Ci=3.7x10"°B °
" Eiv 7 Z) x| Im/m o 4 ECHIREHLISH T bar, barnbk
e 1 tel~x 2 v | B 57! 1 R=2.58x10"*C/kg . R
' E q L U TIHEOEE | mmHg 2%200 5 7Y
% W & Ry v 4| Gy| Jxe Irad =1cGy=10"Gy —ILARTVS
/O Y Rjry-~wrir]| Sy J/kg lrem=1¢Sv=10"%8v °
il 3 ®
71| N(=10°dyn) kgf 1bf £ | MPa(=10 bar) kgf/cm? atm mmHg(Torr)| 1bf/in?(psi)
1 0.101972 0.224809 1 10.1972 9.86923 7.50062 x 10° 145.038
9.80665 1 2.20462 #1| 0.0980665 1 0.967841 735.559 14.2233
4.44822 0.453592 1 0.101325 1.03323 1 760 14.6959
¥ # 1 Pas(N-s/m?)=10PGET X) (g/(em-s)) 1.33322 x 107* | 1.35951 x 10°* | 1.31579 x 1072 1 1.93368 x 10?
HEE 1m?/s=10'St(R b — 2 X ) (cm?/s) 6.89476 x 1072 | 7.03070 x 107% | 6.80460 x 10~? 51.7149 1
x| J(=10"erg) kgf*m ~kW-h cal (GHE#) Btu ft « Ibf eV 1 cal = 4.18605 J (§t#&#:)
*
w 1 0.101972 | 277778 x 107" 0.238889 | 9.47813x 107 0.737562 6.24150 x 1018 = 4.184J (#fk3)
B
! 9.80665 1 2.72407 x 107¢ 2.34270 9.29487 x 107 7.23301 6.12082 % 10" =4.1855J (15°C)
% 36x10° | 3.67098 x 10° 1 859999 x 10° 3412.13 2.65522 x 10° | 2.24694 x 102 =4.1868 J (BB #EGAR)
; 4.18605 0.426858 | 1.16279 x 107 1 3.96759 x 107 3.08747 261272x10"  fm®m | pS (AES)
& 1055.06 107.586 2.93072 x 10~* 252.042 1 778.172 6.58515 x 102! =75 kgf-m/s
1.35582 0.138255 | 3.76616 x 107" 0.323890 | 1.28506 x 10~2 1 846233 10'® = 735.499 W
160218 x 107'* | 1.63377 x 10-%°| 4.45050 x 1072¢| 382743x 1072 | 151857 x 1072%| 1.18171 x 107*° 1
v g Bq Ci % Gy rad i3 C/kg R 8 Sv rem
5 i s i
1 2.70270 x 10°" 15 1 100 ® 1 3876 Y 1 100
fig it ht it
3.7 x 10° 1 0.01 1 2.58 x 107 1 0.01 1

(864F 12 A 26 BH &)
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