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ABSTRACT

In order to verify the natural circulation flow characteristics of FHX(finned-tube type sodium-to-air heat exchanger) for the

case which the active decay heat removal system is used as passive at emergency situation in the sodium-cooled fast reactor,

experiments were conducted for various conditions including the variation of external air temperature using SELFA test facility,

and comparative verification with analyses results using MARS-LMR were performed. As a result, the heat transfer from

sodium side to air side decreased as the sodium side inlet temperature decreased, so that the air side temperature and the natural

circulation flow of air side decreased. Also, the temperature difference between sodium side inlet and outlet was occurred even

before the air side damper was opened due to the radiation heat transfer and heat loss inside the M-FHX. Due to this, the

difference between experiment and analysis result was occurred, however, the analysis results seem to reflect the experiment

results properly.
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Fig. 1 Schematic of DHRS for PGSFR
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Table 1 Design specifications of FHX and M—FHX

S

Design Parameter FHX M-FHX
(PGSFR) (SELFA)
Thermal duty, MWt 2.5 0.3125
No. of tubes 96 12
Tube material P91 STS304
Bare tube OD/ID, mm 34.0/30.7 34.0/30.7
Thickness, mm 1.65 1.65
Finned tube length, m 8.0 7.722
Fin height, mm 15.0 15.0
Tube inclined angle, degree 7.2 7.2
No. of fin(per unit length) 152 157
Spacing between fins, mm 5.08 4.87
Flow rate, kg/s 17.54 2.19
(Szzil::in) Inlet/outlet temp., C 334.6/226.2 | 335.0/224.2
Pressure drop, Pa 742.1 512
Flow rate, kg/s 13.63 1.70
?Xlerl)l Inlet/outlet temp., C 40.0/226.2 20.0/213.9
Pressure drop, Pa 451.6 47
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Fig. 3 Detailed shape of M—FHX and finned—tube

Expansion tank

i

Fig. 5 Piping & instrument diagram of SELFA
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Table 2 Test matrix of natural circulation for M—FHX

c Temperature (C) Flow rate (kg/s)
ase
Sodium Air Sodium Air
A-1
~ 350.00 4.00
A-8
B-1
~ 300.00 4.00
B-8 : ;
=45 =43k
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D-8
pmm e LT T T e [ T ]
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Fig. 6 MARS-LMR nodalization on M—FHX
= Asiglon, 7] Wiwel 4 o7)g wolsy] ¢

7HEel & Fke AL olE VM d/Eet ddstke

B 23X (Closed loop) & FAISHEL ESH 3712 Yo H
¥ (Damper) & 7ol o5 e Al Qughy] oA A
glo] PAEE=E /53Tt Fig. 60 MARS-LMR 34
9t o =& AAE UEhf A

“eHxe] 4F e 9HY £8e Sojskap] sl 2
olek. whebA, Hef ot

AEdE S712 Yehte 8485 A a5 4 O 2
© ¥HZA FAAS(Surface extension factor)S ©]-88}F]
A 4 9

A,
7;:17—2” . (1—n,) @

EFeh= F A

2S YehH, 9= @ 1] 588 vehys?, o]



2
o
ogk

L

[0
0

A
Q=hAAT= h( ;1) AT=lnA, AT 2

Yzol| ARg-E=
Zhukauskas AJZH4]70] 2] (4)9} ZFo] AMSEITE FHXO)
He % A
3

& WA HE

Nu=4.0+0.025P"* (3)

a 0.2 s 0.18 h —0.14 0.65 02(‘ Prf 0.25
o, =0 557G mgege

for 1x10° < Re, <2x10"
1.1<a<40, 1.03<b<25
0.07 < h/d < 0.715, 0.06 < s/d < 0.36

02/ . \0.18) 7 \—0.14 Pr, \0:25
— a S h 0.8p0.4 1Tf
Nu, (].(]507( b) ( d) ( d) Rel°Pry Pr.

for 210" < Re, <2x10°

1.1<a<40, 1.03<b<25
0.07 < h/d < 0.715, 0.06 < s/d < 0.36

a 0.2 s 0.18 h —0.14 0.95 04 Pl”/ 0.25
N“f*°'°°81(z) (7) (F) ey P\ By @

for 2<10° < Re, < 1.4x10°
22<a<4.2, 127 <b<22
0.125 < h/d < 0.6, 0.125 < s/d < 0.28

Ao A AN sHAF f=
oJulsha, a, b 22t B
| 27F 9] X|(P,: Longitudinal pitch) t] Z7ZH|E oJu|st
E3E b, 6, s ZP2F WO 0], FA|, A W Ato]o] 1+
=1 —4“1’5"#, di= U] Eol& AlQRt Aol A7-E 9]
gtet, e, O] Aito] ARSE= &% 32 Y- (Tube bank)
Aol & -5 FA19] Ao &0 o8 HojE]= gfo=
A, A 718 Ak whedet 7 91X W F7t 519
o= ALt A9 Al S= 1, = HYSA %iﬂ
of gt AgrE 2o RRE AAEY, 1= A
% old] FAGEE oneith E3F Rey, 4, = HOI
A8z HA o o] ‘;]'21 A e 75 |

37 AR 3

o] Hztx]
T x](P,: Transverse pitch)

_Yl >1'E mlo

L_“1 L=
M Sjuit), ATHe] AGEL AR UE-
SR A Wl 9 R A4 wjelo] e 54 wesl

o T3l e}, ATEAVNNE R
A el Histol S Zlsetds

= Algskal e, I FoA A

32

O|MIE - 2IxiE

AV ghe ARt

W/ET 2= 9 7l o
S|4 BIE Fig. 7~113} o]

ulslo] Uehyoltt, A= o o)7lz7e] da) Ane 4
Asholot A 9712 Al Ado] x| oH §
AAH AR 1L 98] 7 Aol

2 2 g7k 7o) tigt dis Batste] Hlaskgl
o} WA AFEES AHHEY Fig, 749 Zo] A5S AT
27} wople] et MA| Q] 2t TFAadhs A B
olvf, s Aol AL AP AL}t T eEE A 2.1%,
ET2mE Hd 2.7% w7 S5kt 19 82 AFS ¢
/&7 &EA}o] tis) MARS-LMR &4 2xe} AdA9E
H gk Tgolt, o7]4], dT(Exp.) ind AA| 4
Eot BT 719) 2}olS, dT(Exp.)_out
MY Ao 2 2=t WY 39 aF 2= 9
ZpolE UeRdL webd, dT(Exp.) outd EAIGHY o

1% B

2
oMol WE Aot WiAE go= E 4 9k
dT(Bxp.)_in% MARS-LMR $}4238 ulud 25
#Ql Aol AP ALOE 442 T Apol7} ZAsHe 4
@2 Holu], dT(Exp,)_outdt HHALE vlwd 59 A
22l Zfolt= AX dN(Bxp,) iniH thd Aol FFol
ek, oft AT} iAol BE 4 Gl ofe 7HX
AAS(EA, 42, A Bokw o] BYyHoE 4§

She A= ek,
7159 A= vRZIAR Fig, 9oAet o] 4w
AT =7k sobel upet ARl L=7} Hashe HF

& WO, AESdhs N i anrt dddvhE ¢
TEEe A 3.5%, E72Ee A 8.7% A <5314
oh ek 3715 /S AR Fig, 10042} o] &5
= Yt 27t wobdaE Ayt dddahE oF 0.4
~8.2%RkE A7 53t JEE BT = Sk 37 &
2 Fig. 110149} o] /&7 LEA7} Thaglo] whehA
A3 GaFo] Zadhs AR Kol Hutdoz 34
A7t ARATE F oSoks Ao wkEn 9j9k 2ol
Ueh= dddat 9 siadate] 2ol oA AaTt Hiet
o] M-FHXOJA 2As= SAEAE o a4, A3t
3HA-]/\}-oﬂ HP}\H‘GL R 9\1“: o:]gi 7].;(] 2]9] %(Etlao /\]—:'_/\l’
AS 8= 5] TE o2 Hgshe Aoz werdr
opebA, oS Kot Wds] wEsly] fleiMs 2HE e A9
g E4o] arET

T 327171 9] Alo] A FollA FEH S E Case A-L(EFES

%

OII

S=ERHDIHEE =28 232, M5, 2020



22
360 --@-- dT(MARS-LMR)
I\ —e— Inlet(Exp.) 20 —@— dT(Exp.)_out
340 ~< ~=~B-=Inlet(MARS-LMR) o) —m— dT(Exp.)_in
g ~ —o— Outlet(Exp.) S 18
320 R Outlet(MARS-LMR) 2
o S 16
3 300 .“E:
E o 14
= ©
\g 280 %
£ 5 12
E 260 E
£ 2 10
2 240 E
3 2 s
220 a
6
200
4
180 Case A CaseB CaseC CaseD
Case A Case B Case C Case D
. . . . Fig. 8 Sodium inlet/outlet temperature difference
Fig. 7 Sodium inlet/outlet temperature comparison )
comparison
350 310
—@— Inlet(Exp.) —o— dT(Exp.)
300 - -B- - Inlet(MARS-LMR) 290 --@-- dT(MARS-LMR)
—— Outlet(Exp.) —_
Outlet(MARS-LMR) 8 270
250 8
O i~
% £ 250
§ 200 E
g ® 230
g 5
£ 150 ®
= 2 210
= £
< )
100 T 190
<<
50 170
0 | L} L . | 150
Case A Case B Case C Case D Case A Case B Case C Case D
Fig. 9 Air inlet/outlet temperature comparison Fig. 10 Air inlet/outlet temperature difference comparison
Exp_Tube inlet
0.19 Exp_Tube ountlet
380 ~ - — MARS_Tube inlet
—@— Air(Exp.) - = MARS_Tube ountlet
0185 ~-®-- Air(MARS-LMR) a70 b
360 |-
g 0.18 o
T ®
: g
0.175
3 g
] E
4 e
s 017 320 |
310 |
0.165
R N N T O Y I
s} 60 120 180 240 300 360 420 480 540 600 660 720
0.16 Time (sec)
Case A CaseB Case C Case D
] ] ] Fig. 12 Sodium inlet/outlet temperature comparison(Case
Fig. 11 Air mass flow rate comparison
A-1)
Exp_Shell inlet .
Exp_Shell outlet Exp_Air flow
350 - - MARS_Shell inlet 0.30 = = = MARS_AiIr flow
- = MARS_Shell outlet
0.25 |-
— 020 | n
o =z '
Y Ey !
% ;‘é’ 015
2 : :
E ool S ot} E
1
50 |- 0.05 |- :
' :
o et i el il it n " T n m i 0.00 | L L . L . L L L L s )
] 60 120 180 240 300 380 420 480 540 600 660 720 4] 60 120 180 240 300 360 420 480 540 600 €60 720
Time (sec) Time (sec)
Fig. 13 Air inlet/outlet temperature comparison(Case A—1) Fig. 14 Air mass flow rate comparison(Case A-1)

s=ERHMDIHSE =28 232, M5=, 2020 33



HO

n -4~ Sodium(Exp.)
60 - - Air(Exp.)
N Sodium(MARS-LMR)
Air(MARS-LMR)

Heat Transfer(kW)

Case A Case B Case C Case D

Fig. 15 Heat transfer comparison

A F7I50R do] ALE] aFS E 257t gashal
%"ﬂé E:IL =) —7}°Pi Sy Q%@ = Sleh @y

Avte] v 2A t&%’é‘}h Ae ol ol
LMRO] BEPel it TEBE HER Lofsty) ghoba] 7
280 ZAEL oUx7} 3] 1eEA] 9] tRoltt ®
& o emrt B AL HAE Lxs SAFEE
FEOIEE ACto A5l W Ayl At
2

2l 2530 vl 37159 48 L 4 At &
3o, 2% %E AR U Aol ofg Aol g 7l

7 Alolx E 2SS 9 |
2 MARS-LMR 34] 232 Fig. 159} zro| B|ws}
Wdek oA 2 AR 29 A Eele Y8 2
H 87HA] 97| 2Ae| et Aakg HFste] Blastott, %
W08 SRS AT 257 A
= A8 HolH,
FUsY AEdINE AESA TAYE
Al i AFS o] Skt

OII

[e}

A
2= = =~
Agege] Zpol7h gt Ido® 3715 Md=k2 A
Ao} s Aa} 7ke] 2pol7} A 7% AEZ T ﬂi o
28t om, ol st HAR sjdnt= AFdaE
28] wrgstal Qs AoR s

34

M- YYD - oINS - DIRYE

4.2 =

AFYANERE GO AT 4 A 1F NS
Fs17] Slsto] ADHRSE W|FFOR ALgak B9l of
o 2% 29U w79 FHXS] A5 G5 SHE 4
HHoz A3 Sistel AR Brleme] wats Tas
L TR 2715 sl AES SY5H, MARS-LMRS
ST AP vlw AFHE o0, 1 FUE 2o
chet g,

1) 253 4T =5 200~350C ] HoflA 50C 714
o= WA TRt 9712710 dhs) & 3270l e
Hoh AEE SastEon, 1 A 255 YT 2wk ot

e @%Hat Qepo] ZAstElg LE7) 5t
oo 7hasHe WAe] Uehte,

2) A9 3 Al %71% HHE GA o2 oM aF

N 1o N ot o
o 2 oN
_c|>_13
k
e
1E oX
e
uu)
ng
]

o L
v
o
<
1o
%
rUE
o
i)
FII‘ ¢

rl e
B
>,
2

Zre] &AL HAEkloH, 1 9ow E‘fi_l%‘ A
o 59 oy 7] ajlE
dAute} s Axt 7ke] Aol7t HAYEES)
ek AR A ARATE 443
Aoz FeE)

Z 9 Y o]F A7he|| W2 AE/TVIE
wstel Heste] AEdute] A9 sja Azt vls) A Rt
St A Holed), o= MARS—LMR.J Eﬂ‘%bﬂ =

=E]

_é
Ay
e
1o

So] BEatxog zg

ol P~
2
o,
il
o
%
ruz

K1

rl

A7} s 2w o7 l HH%J o= {aﬁgq
4) B Ao AT A% S| tlaja A QT
20| Wl wE 3715 /ST 2k HIe} o]2 Qg
WA= Zh% S W3lS wolaly] 9l thakst 97
35t 1 Qﬂrﬁ a4} Hms}od o

F

¥

& A7 WIS AT Rt AR ARl (2016
M2B2B1944981) Y =7/}ukel7]| & Ts] Aold §adTAL
%(No, CAP-20—03-KAERI) 2| |92 o} 52345,

S=ERHDIHEE =28 232, M5, 2020



e
oo

References

(1) Eoh, J. H, Han, J. W., Lee, T. H,, Kim, S. O., 2010,
“New design options free from a potential sodium
freezing issue for a Passive DHR System of KALIMER”,
Nuclear Technology, Vol. 170, pp. 290~305.

(2) Eoh, J. H., 2012, “Conceptual design report of decay heat
removal system for PGSFR”, SFR-FS500-ER-01-2012,
Internal report, Korea Atomic Energy Research Institute,
Daejeon.

(3 Kim, D. E, 2013, “FHX thermal sizing calculation”,
SFR-513-DF-462-002, Internal report, Korea Atomic
Energy Research Institute, Daejeon.

@) Kim, H M., 2016, “Construction report of Sodium
thermal-hydraulic Experiment Loop for Finned—tube Type
Sodium—to—air Heat Exchanger”, SFR-710-TF-486-002,
Internal report, Korea Atomic Energy Research Institute,
Daejeon.

(%) Kim, H. M, Kim, B. Y., Ko, Y. J., Cho, Y. L, Kim, J.
M, Son, S. K, Jo, Y. C,, Kang, B. S, Jung, M. H., Eoh,
J. H, Lee, H. Y., Jeong, J. Y., 2016, “Design evaluation

S=EFHIIHEE =28: Hi232, Mb5S, 2020

A25-37| w9l Xided EY

of thermal-hydraulic test facility for a finned—tube
sodium—to—air heat exchanger’, Transactions of Korean
Nuclear Society Spring Meeting, Jeju, Korea.
(6) Kim, H. M., 2017, “Heat transfer performance test report
of finned-tube type sodium-to—air heat exchanger”,
SFR-710-TF-458-023, Internal report, Korea Atomic
Energy Research Institute, Daejeon.
Mori Y. and Nakayama W., 1967, “Study on forced
convective heat transfer in curved pipes — 2* report,
turbulent region”, Int. J. of Heat and Mass Transfer, vol.
10, pp. 37~59.

M

(8 Neil E. Todreas and Mojid S. Kazimi, 1990, Nuclear
Systems (I), Hemisphere Publishing Corporation, New
York.

9 A. Zhukauskas, 1989, High—performance single- phase
heat exchangers, Revised and augmented edition,
Hemisphere Publishing Corporation, New York.

(10) Michael P. Heisler, 1982, “Development of scaling

requirements for natural convection liquid—metal fast
breeder reactor shutdown heat removal test facilities’,
Nuclear Science and Engineering, Vol. 80, pp. 347~359.

35



	핀형 소듐-공기 열교환기의 자연순환 특성
	ABSTRACT
	1. 서론
	2. 실험장치 및 방법
	3. 실험결과 및 고찰
	4. 결론
	References


