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Numerical Heat Transfer Analysis of the Electrowinning Cell in the Pyroprocessing
o2 =2 A2 M| A HG A o D A

Dalseong Yoon*l), Seungwoo Paek, Si-Hyung Kim, Kwang-Rag Kim and Do-Hee Ahn
Korea Atomic Energy Research Institute, Daedeokdaero 1045, Yuseong-gu, Daejeon
*University of Science and Technology, Eoceun-dong 52, Youseong-gu Daejeon

FLA, N9, AN, BB

23]
U ATy, daBes $AT dudR 1045

sfaly| St er s, haselA SAT Bk ol LF 52

bl

(Received July 07, 2009 / Revised August 21, 2009 / Approved October 01, 2009)
Abstract

Electrowinning process recovers uranium with actinide elements from spent fuels and is a key step in the
Pyroprocessing because of proliferation resistance. An analysis of heat transfer of the Electrowinning cell was
conducted to develop basic tool for designing engineering-scale Electrowinner. For the calculation of the heat
transfer, ANSYS CFX commercial code was adapted. As a result of the calculation, the vertical Heating Zone
length had great effect upon temperature of LiCl-KCl eutectic salt. To maintain constant temperature in the salt, the
Heating Zone length should be three times longer than the height of the salt. However, the argon and salt
temperatures were barely affected by the Cooling Zone length. The temperature under the Cell cover was mainly
influenced by the number of the cooling plates. When the cooling plates were installed more than the number of 5,
temperature under the cover was maintained below 250 ‘C. These temperature properties had similar tendency
toward the temperature of the Cell which was measured from experiments. Simulated heat transfer information

from this study could be used to design engineering-scale Electrowinner.
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Fig. 1. A geomerty of the Electrowinning Cell. Complicated devices were
omitted for simplifying the cell and simulations.
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Fig. 2. Decomposed geomety of the Electrowinning Cell into finite meshes
of triangular elements for the simulations.
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Table 1. Argon and LiCI-KCl eutectic salt parameters used for
numerical analysis.

Thermal conductivity, | Dynamic viscosity, # {Heat capacity of
A[W/mK] (131 [Ns/m?] Ar,Cv [[/gK]
Argon 0.018 2,39x10° 0.52
LiCHKCI eutectic salt 0.69 2.23%10° 1.24

Table 2. The comparison of the temperatures between the computed
Its and ed values of the Electowinning cell.

Setting temp, at
heating zone (C)

Ar temperature

Avergafe temp, of
under the cover (C)),

iCl-K eutectlc salt

Measured values of

the electrowinning cell 650

500 200

Computed values in

650 515 240

the simulation

Table 3. Experimental conditions from SET1 to SET10 for the heat
transfer simulations. SET4 has equal conditions with the real
electrowinning cell.

Heating Zone length | Cooling Zone length | The Number of
(mm) (mm) Cooling Plate
SET1 300 50 0
SET2 300 50 1
SET3 300 50 3
SET4 300 50 5
SET5 200 0 1
SET6 200 50 1
SET7 200 100 1
SET8 200 150 1
SET9 100 50 1
SET10 0 50 1
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Fig. 3. Distribution of argon and LiCI-KCl salt temperature as a result of
the simulation. This simulation is based on the lab-scale Electrowinner.
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Fig. 4. Calculated argon temperature over the salt surface.
SET1(Heating Zone : 300 mm, Cooling Zone : 50 mm, no plate),
SET2 (Heating Zone : 300 mm, Cooling Zone : 50 mm, 1 plate),
SET7 (Heating Zone : 200 mm, Cooling Zone: 50 mm, 1 plate).
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Fig. 5. Temperature behavior in the simulation referring to the Heating
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Table 4. Numerical values of calculated temperature in the heat
transfer simulations.

—

Artemp, under the | Average temp, of the | Temperature
cover(‘C) salt(‘C) “““iéﬁ‘to F“CH% the
SET1 441 508 (3
SET2 407 510 (3
SET3 316 513 (3
SET4 240 515 (3
SETS 319 508 (10
SET6 330 508 (12
SET7 327 508 (15
SET8 330 508 {13
SETO 318 495 (16
SET10 [ 277 495 | {20
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Cooling Zone length. These values are from SET5, 6, 7, 8.
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