Design of Cryogenic Distillation System of Pilot Plant
for Tritium Removal Process Demonstration
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Abstract

The structure, specification and material of column, cold box and heat exchangers of
the cryogenic distillation system were designed. At least four heat exchangers which are
a liguid nitrogen adsorber precooler, a liquid nitrogen precooler, a cold helium precooler
and a condenser for hydrogen liquefaction, are required for the various purposes and
operating conditions in cryogenic distillation. Stainless steel was selected as a material
of the cryogenic distillation apparatus and especially copper was selected to increase the
heat transfer efficiency as material of the heat exchanger surface where the hydrogen
fluid and the refrigerant contacted. The dimensionless variable relationships was used to
find the overall heat transfer coefficients and to determine the specifications of heat
exchangers. In the calculation, 20% margin of the contact area for heat exchange and

the compensation of heat transfer coefficient as temperature variation were considered.

The pressure drop through the heat exchangers was calculated.
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Nusselt =& 7-8tH, Colburn A & 25 ¥ 3 g2 67.5%1 2™, Dittus-Boelter 4 & 24 H
T 2 8285 AR B AAMIoR dAGAST 3 Colburn 2o2 T
& 435%10° J/em' sec K& 243194},

94
tlo

A7p 22 WE#e 94S 1 ecmZ I28la oRFe] UyAS 1
S 2 2F 31 m/sec 2™ Reynolds F7} 2726°i
w37 EFoNA FAFES oF 0.7309 m/secS



o1 Reynolds 4+ 87492 9 A] turbulent 4ol HZ= At 21212 Prandtl =+ 0.703
0769 . gyl oA Colburn A& A&3sto] 3k Nusselt % 101391 HHH,
Dittus-Boelter 21-& A &3l F3F Nusselt &% 11.18%A T FESE Gu3ty] EFoll A
Colburn 21& 2 &3o] 3 Nusselt & 26.762] ¥4 Dittus-Boelter 2]-& qu‘lo]-oi T
3 Nusselt % 294289 th. wetas 242 AN del o3 dAGAF 72 JFolA 1.26
%10 J/em sec K& ZEToA 959%10° J/em’ sec K& #4319t}

4) F2 dAGASF

T 5o} o Fef 9. %?Oﬂ’ﬂ T3 Vi AAGAFE FEele FE dAGASFE F3
W Fa Q)T AE 927x10° J/em sec KolW, 4 EFoAE 689x10°7 J/em sec K7t
3=

5) @3]

qez5e A5Wnl precoolerd] Al FLZ d= AGHAL 9F 1246 cm’
0 cmolt. 20%9] ofFEE Forsld FHF dudkr]e] Hol&= oF 48 cm

..lx_u

orH A3 E AMEE B Ut <k 6.76x10° psi, F 7t F 6.0x10°
o

4) 2ASTHFHE 57

1) 49 AAZF

ZAZTHH SF7IdA Hgdfor st Y e THEY vl (reflux ratio)ol <
) At Y] 10S M (EA TRFE 2A=SHE2 vluste] FEsk v]&<d)3ka
S Ay, SE7 d8F2 9F 165 J/sec’t HU)

=3
=<
Tt SEFEE B 95 dAYATE Nusselt 1S o]&3te 3t °F 015 J/em'

T UyEzE dsdurt 2259 7oA Prantl £ 07919 Reynolds &+ 104,2557}
T A Prantl 4+ 0.35°]™ Reynolds 4% 84,3712.2 =5 turbulent &<l
&l . XA Nusselt 5 Colburn 23 Dittus-Boelter 218 ©]-&3}o] AAkslo
AAGASFE T, T E 565107 Jlem sec Kolal EFoAE 81x10° J/em’

4) FZ dAGAS

& U Hep e & Oﬂ/ﬂ T N EHEASTE HEete] T2 %E{ ATE T3}
M AE P E 418%10 7 J/em' sec Ko, dAF Z oA 319%x10° J/em sec Kol
=



2ALZFE 571 94

g A e oF 8594 cm’ol, 47]9 thE#S &3 o
Zdol= oF 72 cmolth 20%2] AFEE

}
l A O 1o
g e HF Guwdsle] Aol o 86 cmelth

6) FHE4

$Z7] dAEYuzt 2% B YRl A friction factor: 4.65x10°01H, dl&o] ot 743}
)3

= ok 889107 psiE ¢ &AL A9 ¢l Aoz Holrh
3. 4%

Qe AL ddde] AHAoR dojy= FEE T E AdAsden, 1 gte
S710 d RERe g aT 3045 AAFAY. AA AL F2E precoolers laminar <
QoA EHEH oju] Hadt dHAIGHAAHL oF 246 cm'olH ZLFHolth AT FHFY o
2 A% precoolerE laminar G4 SAEH, 2F 198 cmre] ddEdHZF o] Qs %A
257" FFEYH precooler= # UF-eF &F EF turbulent FGAA A=, 28 &
?ﬂ%‘?ﬂ@,% °F 125 cm’ AEAT 2ALTHFH $57]E e #om FAHW gz
L turbulente] 32, ¢ 859 cm'e] FAEHA o] A3t Guslr|o gHEHNL mE o
w7 AL gl Aoz e
FaEd
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