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ANALYSIS ON FLOW FIELDS IN AIRFLOW PATH
OF CONCRETE DRY STORAGE CASK USING FLUENT CODE

G.U. Kang, H.J. Kim and C.H. Cho
Research & Development Institute, Korea Radioactive Waste Agency

This study investigated natural convection flow behavior in airflow path designed in concrete dry storage cask
to remove the decay heat from spent nuclear fuels. Using FLUENT 16.1 code, thermal analysis for natural
convection was carried out for three dimensional, 1/4 symmetry model under the normal condition that inlet ducts
are 100% open. The maximum temperatures on other components except the fuel regions were satisfied with
allowable values suggested in nuclear regulation-1536. From velocity and temperature distributions along the flow
direction, the flow behavior in horizontal duct of air inlet and outlet duct, annular flow-path and bent pipe was
delineated in detail. Theses results will be used as the theoretical background for the composing of airflow path for
the designing of passive heat removal system by understanding the flow phenomena in airflow path.
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(air inlet)

Fig. 4 Constructed mesh for thermal analysis under normal condition
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Table 1 Thermal property for air[10]

Temp. 27 127 227 327 527

p(kg/m’) 1.1614 | 0.8711 | 0.6964 | 0.5804 | 0.4354

Cp(J/kgK) 1007 1014 1030 1051 1099

k(W/mK) 0.0263 | 0.0338 | 0.0407 | 0.0469 | 0.0573

Table 2 Thermal property for stainless steel SA240 Type 316 L[11]

Temp. 20 [ 100 [ 300 | 500 | 700

p(kg/m’) 8030

Cp(J/kgK) 491.8 | 5114 | 540.0 | 566.5 | 581.3

k(W/mK) 14.1 154 18.4 21.2 239

Table 3 Thermal property for concrete[12]

Temp. 378 | 934 | 2601 | 5378
p(kg/m’) 2307
CpW/kgK) 1046.7
k(W/mK) 207 ] 190 | 173 | 138

Table 4 Thermal property for carbon steel[11]

Temp. 20 [ 100 [ 300 | 500 | 700

p(kg/m’) 7750

Cp(J/kgK) 415.6 | 463.0 | 533.7 | 636.8 | 846.5

k(W/mK) 60.4 58.0 49.2 40.5 31.1
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Fig. 5 Temperature distributions for each component of concrete
storage cask under normal condition

4. 4

41 MYEFE 22X

Fig. 5% SAE #A4-87] Adxdel dist daly A
oty 7 FAEE AT HAURXEE AAVIFIAN ek
542529} 3| Table 50 L}E}Lﬁa’iﬁ} Fig. 5(2)¢] 749 8
oMo HYEt 34252 400CHT = YERL

Table 5 Maximum temperature on each component

Components Max. temp.(C) | Allowable temp.('C)
Fuel region 461 400[2]
Concrete 74.8 93(Local)[13]
Canister 149.9 427[14]
T Type channel 80.3 371[14]
Linar plate 87.8 371[14]
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Fig. 6 Velocity distribution in airflow-path of concrete storage
cask
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Fig. 9 Maximum velocity on each height in airflow-path

3.0 T T T T

Lower region

Upper region

N
o
1

N
o
1

I—I»J\.. 1

L |

T T T T T T T T T T
2 3 4 5 6

Average maximum velocity (m/s)
P &
1 1

o
o
1
| |
/

o

Height of air flow-path (m)

Fig. 10 Average maximum velocity on each height in airflow-path

Y, e d8hE 9 45 BYeiiA Huiger iy

ARE HAAFE) s Hugerh SAske A
o] FF BEEO] QAN AT A5E F4e Bt st
= TE Ad AlolelA 2o ozt Wit} Bt gdst 4
olF dolry] fste] A7t Fte] gk HUHEE Fig
100] 222 et ¥71HE sH-e) A9 4T F
3 5012 FE2 e TERE Aoold HUEES Ko
3 FYREE wE) Asshas 19 Ad A7 S22t 7
Et = e = IR ) ?r%: T8 Adg Fyshis =7t o
Al F7FeP] ARG BRSSP = SReA A
Y&EE Holw &R ﬁko}ﬂi*ﬂ &5 A8 FolEdth
£5o] Augke s WA FRE A9 49s A9

Fig. 1129} b FHFZolA 32502 FAwH| djst

15 () T T T X T

Q —=—H=0.6m H=2m

= e—H=0.7m —<«—H=3m

2 4+ H=08m —»—H=4m ]
£ . —v—H=1m —*—H=5m -

o 1.04 E o

Qo ® &

S < 5

2 S - o J
= 5 e S

5 o) Ty, 5

- K ®
5054 ¢ S

k) @ €
2= bl 3

g g e

=}

2 S £

s -
2 0.04

=

)

°

2 v . . . '

0.70 0.75 0.80
Seperation distance in annular flow-path (m)
(a) Velocity profile

~ 140 . - . - T - T

Q »

@ 1 —+—H=06m H=2m

S 1204 i —+—H=07m —«—H=3m

8 P 4+~ H=08m —»—H=4m 7
i1 5 —v—H=1m —*—H=5m ~ |
z 1004 2 g

2 2 1k e |
2 - \f‘;' . g
Eal 3 i 5
2 3 ) Q

c k= 8 4
2wl 2 5
3 60 o 5 a

= 5 @

o v

& o £

S _
= 40 10 .

3 00040

[

Q

qE) 20 T T T T

L 0.70 0.72 0.74 0.76 0.78 0.80

Seperation distance in annular flow-path (m)
(b) Temperature profile

Fig. 11 Maximum velocity on each height in airflow-path

o Ve Zlolt), SERE] 7

% 0.8 m9| Eol7HA] T"riﬂ.ﬂ E5E QW A A7} wE
I o7} RolASE ST TS ol Fig 8-10%
Feshs Aot} 1 m woloA] % W ZHAA Y] &
L= 7] B T o UAE ZAeM Y &
T7 sl ZAe] SE okde AFAR AAUF e
FHedo] veht= 2l lskqith

E—Erzﬂ 3, AUAE 2AY LEE B3PS
% vk o3 mol 4 m EolelM] et s
mel o) u}iouzsm whark 4 m ol L7
itk o)l ol A 9] FAR WsH: dage
4% W) ARolck Sl WY A )
Stk ol B ol hiel ol Al o)
F2 AP SR o] o) 2ARIE SO zE
A7) ot



ANALYSIS ON FLOW FIELDS IN AIRFLOW PATH OF CONCRETE DRY:-

Vol.21, No.2, 2016. 6 / 53

5. E

£ AFelA= FLUENTE E-8sto] Z32|E A387]9
FFEoM LA AAUF NS vRst Zdo

o
st F1977H 100% BB ARl olal AR 9
g SRtk THEL AYLE 8 ERLEE AEdg

A YA TEE T Y, 93 fERLe) net g
itk 3719078 Fal Bole f5S WA T2E Al

2 Foeh S5k b w3 ol 8% PRI
WASHs Aodtol oIe Jat fEE o] F) R
o] HES BIREE wet YA S0k 9 F
7H T3 AR QTARE ANE S AR g
=
3]

k)

N R 3 N BECERCER
sfol A% SR AR WA QAT FAZe]
&7} thl webgon E7E wALRIA A1A13] gt
oick

B wepod 7168 e 15 Adow Bl 4
AR ZAAE AFEINS) AFAAANSGAN WA
FEAR ohal olsistn BF 1k £EHe AFAAAL

B 2RISR MOTIE)SF 3h=tollU %] 7] %357}

AKETEP)S]  A¢h&  wol g A7 FAYYE
(No.2014171020173A)

References

[11 2005, US Code of Federal Regulations, Licensing
requirements for the independent storage of spent nuclear

fuel and high-level radioactive waste, Part 72, title 10.

[2] 2010, U.S NRC, Standard review plan for spent fuel dry
cask storage systems at a general license facility, Rev.1.

[3] 1982, Haland, S.E. and Sparrow, E.M., "Solutions for the
channel plume and the parallel-walled chimney," Numerical
Heat Transfer, Vol.6, pp.155-172.

[4] 2001, Auletta, A., Manca, O., Morrone, B. and Naso, V.,
"Heat transfer enhancement by the chimney effect in a
vertical isoflux channel," Int. J Heat Mass Transfer, Vol.44,
pp-4345-4357.

[5] 2015, Herranz, L.E., Penalva, J. and Feria, F., "CFD
analysis of a cask for spent fuel dry storage : Model
fundamentals and sensitivity studies," Annals of Nuclear
Energy, Vol.76, pp.54-62.

[6] 2014, In, WK., Kwack, YK, Kook, D.H. and Koo, Y.H.,
"CFD simulation of heat and fluid flow for spent fuel in a
dry storage," Transactions of Korea Nuclear Society Spring
Meeting, Jeju, Korea, May 29-30.

[7] 2015, ANSYS FLUENT User's Guide, release 16.1, ANSYS

Inc.

2010, Holman, J.P., Heat Transfer, 10th ed., McGraw-Hill.

[9] 2010, US. NRC Docket No.72-1014, Final safety analysis
report for the HI-STORMI00 cask system, Rev.9, Holtec
International Inc.

[10] 1996, Incropera, F.P. and DeWitt, D.P., Fundamentals of
Heat and Mass Transfer, 4th ed., John Willey & Sons Inc.

[11] 2010, American Society of Mechanical Engineers, ASME
Boiler and Pressure Vessel Code, Section 1I, Part
D-Properties.

[12] 1985, Mark, F., Handbook of Concrete Engineering, 2nd ed.,
Van Nostrand Reinhold Company Inc.

[13] 2001, ACI-349R-01, Code requirement for nuclear safety
related  concrete  structure and  commentary, Americal
Concrete Institute, Farmington Hills, ML

[14] 2010, American Society of Mechanical Engineers, ASME
Boiler and Pressure Vessel Code, Section III, Division
1-Subsections NB and NG.

—
o]
[l



