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2 =Y B3-S AF87ta1%5E (sodium cooled fast reactor, SFR)2F 7] CO, Brayton cycle®] A A, A=
G Aled WS ASS 4 AAE Bk =1 A ek A wgo] BAYs 129HEF 200 bar)
9] coyt 38t 7] MALFETE Sl Fh=EdE Wl E2aeH] ads siotslo] dugly] Al &8 7ksst
A ARE ks Zoltt. Ak 8] AF-CO, BAM 18 @ ZAAHS < Z7]0l wet vjA] el &t
AEFEE (plugging) T3 Ao & ol ost k] AEE i (wastage) FFOF LATE. Plugging 4
A3, AFHE A70] 3mmi W CO, 7Y FA| &F S50 FA|eh v AFH=E 270] 5 mm¥ = o] 74
=7] A= AR 3 mme] A2 AR CO, FY SA UEFSAIN Al s50] hds] FAE ujziA]=
AiF oz 9@ Algto] AQESITY. o]efst A= A 139 AF-CO, AAMNA mAlEdo] HAF-E o,
AFAE A0 3 mmE F& A 14 Y FAlOl AT AFREZE RSl 2El B ald fE 919
EER AHHR dudhy] 40] 7FssATh AF=Ee] 7o) 5 mmE Hod A9 AFRFEIF 1A E oS
ZA] 2] a1 A E] AFREE wet AlE RS olEsitt U7 FE ofdo] Holof AFREE A & F10 = of
4 s AItelt). Wastage AA, Gwdke] A4 (STS316, Inconel600, G91 F=74), +252(400~500 °C),
+Z47(0.2~0.8 mm), AE-=ZF A2 (2~6 mm)e} FSA ZH©F 200~250 bar)e] CO, ALl 28t AlHe] 22
2} &= (erosion) T2 Y] QISITE. =Zoll A 2] BATE S COS ARG EE vl 0.4~0.7]1 F10 = ERIEQ) &
Ao Adda= dudly) Ik gix Al vl A3 A5 E &89 A0 F J|gdc)

Abstract — We investigated the physical/chemical phenomena that a slow loss of CO, inventory into sodium after the
sodium-CO, boundary failure in printed circuit heat exchangers (PCHEs), which is considered for the supercritical CO,
Brayton cycle power conversion system of a sodium-cooled fast reactor (SFR). The first phenomenon is plugging inside narrow
sodium channels by micro cracks and the other one is damage propagation referred to as wastage combined with the corrosion/
erosion effect. Experimental results of plugging shows that sodium flow immediately stopped as CO, was injected through the
nozzle at 300~400 °C in 3 mmID sodium channels, whereas sodium flow stopped about 60 min after CO, injection in 5 mmID
sodium channels. These results imply that if pressure boundary of sodium-CO, fails a narrow sodium channel would be plugged
by reaction products in a short time whereas a relatively wider sodium channel would be plugged with higher concentration of
reaction products. Wastage by the erosion effect of CO, (200~250 bar) hardly occurred regardless of the kinds of materials
(stainless steel 316, Inconel 600, and 9Cr-1Mo steel), temperature (400~500 °C), or the diameter of the CO, nozzle (0.2~0.8 mm).
Velocities at the CO, nozzle were specified as Mach 0.4~0.7. Our experimental results are expected to be used for determining
the design parameters of PCHEs for their safeties.
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2-1. MR 7Y

AL 20 6 m, ¥ 3.5 m x 3.5 mQ] A oA FETHEFig. 1).
A = AF A7 8 = (storage tank), 2~ &1 B 7L (reservoir tank),
74 A17138 3 (electromagnetic pump), % A}7] % A (electromagnetic
flow meter), 2% El(coarse filter, fine filter), plugging 23 A&
- (plugging test section), 2257132 7] (vapor trap), wastage’ &
A] & H-(wastage test section), ¥ AF &7 (dump tank), 7} %] E @] o]
(catch tray), CO,%"H2Z(CO, booster pump), CO, U7 HE-87](CO,
high pressure heating storage), CO, 15841 71(CO, mass flow controller),
CO, F+ZA|(CO, mass flow meter), 3715 7] (air compressor), 7+~
F%17](gas collector) 5 2% T ¥t AHGH] 150ll= A= (2F
300kg 2w A%, HlAaFEE7], catch tray, air compressor, MFC,

1st floor

Fig. 1. Facility for the sodium-CO, interaction test.
1. Storage tank 9. Vapor trap

2. Reservoir tank 10. Dump tank

3. Electromagnetic pump 11. CO, cylinder

4. Coarse filter 12. Ar cylinder

5. Fine filter 13. Gas heating storage
6. Electromagnetic flow meter 14. Gas cooler

7. Plugging test section 15. Air compressor

8. Wastage test section 16. Gas collector
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MFM o] X% 31, 250l T8, WA 182, FE], &
plugging A& AJHH 7} collector 5-°] A F 1L, 350l
EJ =, booster pump, U7 L8271, wastage® =1 5-©| v x| €t}
AZSZI71 (AR E, AA7| 5534, MFC, MFM, 7FE A, A7 =2
5= LabView (NI, 2013 ver) Alo]= 2 73 0 7 #ojsit}.
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COzE FRIsh B o N, 2ot AR w8 B
FUE Cotubgate] sk A=l da) Ao AE
27} el w7 A e st é@&ﬁﬁ PCHE®] ZAQIAZ
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Fig. 2. Equipped plugging specimen for the sodium-CO, interaction

test.

SRR B AREY T AT 865

= AHE-$ITH(Fig. 2). PCHE 214 212k 7ol
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plugglng etﬁ Al HE AAH o Z A &5k el Bmpr] S5 e
2 Attt Ao ok ghR S flal AR AldE Sal 84
171 321060 °C, 8A1Zhell M HAX AL SoIA1A] o= e
IS, A shy] el At o] RS W CO7t F
§22 §59 2 2] 9 Agae) el 47 01
mm?| =Z& 7FEE CO,E 30 mL/min T eeh 2] F4dat
Vg 271 B SApe] g ABAT) AR G e
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Plugging A3 A= MR o= tf3 7 22 SA4 = x 83t
(Fig. 3 #1).
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Fig. 3. Schematic diagram for the plugging experiment (red: sodium flow, blue: gas).
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Fig. 4. Wastage specimen.
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Fig. 5. Wastage experiments system.
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PCHES] £+ Ao nlAlirdo] 2al] Co7t == 3
HARI] AFGE A3 25 Wl i plugging A4 A
ok 91k A A= TR 2. 300, 350, 400 °COlN AFRES
ZA7go] 3 mmet 5 mmY W BF COZF Y FA AF el &
a2l @go] TSI, o= &FY CO, RSl &8l A3+
74 B4 Q& AFE7F Ee]7] AR Wil Ao w
Ah6,7,18-21]. CO, 7% WBE Wsta oF 3 (FA7H7T Ar
oA CO, 2 g==d] st Al7h FHE 2% 50 Tash|
AlZE QAR A B50] AA S wizkA] AR AR S 7 oF
e AR A7 APEe wel xfolE 1otk PCHES] A
Al 285 F450.7 m/s)yS 123 3 mm A3 5 mm 27 25T
oM 2% F 242 0.297 Limin, 0.825 L/minZ A7g 3},

2FRE A70] 3 mmel A%, 300 °CS} 350 °Coll A CO, T
SA] AF o] 74510 0 Limindll TEsk= 3529 A3t =
Z5 U HFig. 6). ©1= PCHES] 2F#2 4732 3 mmz AP
W 2F-CO, AAANA nAlggo] WAy gha} FAl sld 25+
27N Ee) o8l W] e = 9] frREE dudh] &
o] A|&A 0 & 7Fsghs ouldtth 25 CO,°) WHoll 23] A
AJ =]+ sodium carbonate (Na,CO5), amorphous carbon (C) -2} 0]
2ol thall fall 7} vk (saltyo|Lt 14 BAES [24]) tH-9)
Az = WA= 210 defA] AUt

2Na(s, 1) + CO,(g) » Na,O(s, 1) + CO(g)

Na,O(s, 1) + CO4(g) = Na,COs(s, 1)

2Na(s, 1) + CO(g) = Na,O(s, I) + C(s)

4Nags, 1) + 3C0,(g) = 2Na,CO4(s, I) + C(s)

4Nags, 1) + CO,(g) — 2Na,O(s, 1) + C(s)

2Na(s, 1) + 2C0,(g) = Na,COs(s, 1) + CO(g)
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Adst 710 2 Pk}, olefst AP A= AFFE WHo] A
Hog Wwe Audhy|oa A2F-Co, AAe] A gdo] wys
75, AFGE Al vla)] ooz A2 k] coyt AREER
237-CO, RESol| 23l aAg/dEoe] A= Heke AFFE7t 1L
A E 23l SA] we]A] ¢l AFFEE uhet olssi
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Fig. 6. Flow rates of sodium in 3 mm channel with CO, injection
into the plugging test section.
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of motion)® ZH-E] Alxlo] 7153t}

kel r

dp,12 _
+-vit+gz=
_[ D 2v gz = const

gejsjsjsja)s

STS316 Inconel600
0.2 mm 0.5 mm 0.8 mm

N
2 mm 4 mm 6 mm

400°C 450°C 500°C

Fig. 8. Surface images of metal plates before (left) and after (right) CO,
impingement with various (a) metals, (b) diameters of the
nozzle, (c) target-nozzle distances; and (d) temperatures.
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Fig. 9. Comparison of experimental and calculated pressure change

in CO, storage tank with impingement of CO, (nozzle diame-
ter: 0.2 mm (above), 0.5 mm (below)).
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