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Preliminary Analysis on the HERMES-HALF Experiment
using Simple Loop Analysis
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Abstract

To observe and evaluate the two-phase natural circulation phenomena through the
gap between the reactor vessel and the insulation in the APR1400, a T-HERMES
program has been performed. A HERMES-HALF which is half-scaled experiment of
APR1400 reactor has been arranged to evaluate the cooling capability by the natural
circulation flow under the external reactor vessel cooling (ERVC), and to suggest
optimal insulation design for effective ERVC. Preliminary simple loop analysis of the
HERMES-HALF experiment has been performed. As a result, The heat flux
distribution of the reactor vessel has not an effect on the natural circulation mass
flow. And the natural circulation flow rate increased as the coolant temperature, the
inlet / outlet area, and the heat flux increased.
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kP 2 o - Aol A= T-HERMES(Thermo-Hydraulic Evaluations of Reactor vessel
cooling Mechanism by External Self-induced flow) 2 =Z13& a3t Aot [10~12].
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qesr] e 2AY B AT

T-HERMES-SMALL : A4 93d& dx2 A47+ 1/216 A7= F4H3 29
28[11, 12]

HERMES-HALF : AA d& dA=Z A7+ 1/2 472 4% 2o A3
T-HERMES-CFD : ©=%23]4 RELAP5/MOD3, CFX #=Z2 o]&3%F w9 2
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Fig.1 Reactor vessel/insulation system of APR1400
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Fig.2 HERMES-HALF experimental facility



Table 1. Dimensional comparison of the KSNP, APR1400 with HERMES-HALF

. . o HERMES-HALF
AAE HA (Figl 715 ZFFx) KSNP APR1400
(1/2 scale)
2.278m 2.538m
RPV Wb &% 3h5 9 (R ) 1.269m
(89 11/16") | (99.915")
2.307m 2.574m
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(90.84") | (101.34")
1.915m 2.193m
G AR G B Rp ) 1.097m
(75 3/8") | (86.34")
A2 = YA(H) 56.6° 56.6° 56.6°
0.0712m | 0.089 m
Ha 2+ FACdn ) 0.063 m
(2.8") (35"
0.2159m | 0.2159m
AE 5 FA(du ) 0.153m
(85") (85%)
0.076
o e g el el ) 0.0445m 0152 0.054
Sl el T E A 3 U m
" ! (7/4") ~0.114m
(3~6%)
7.141m
Sz R W2EE( He ) 3571m
(281.17")
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Fig.3 Locations of the air injection holes on the lower reactor vessel
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Fig.5 Definition of integration sectors for simple loop analysis (1 : inlet, 2 : vessel
bottom, 2’ : minimum gap region, 3 : vessel top, 4 : outlet)
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Fig.6 Variations of gap thickness and area with respect to the height
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= = (6)
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A+B+C=)0 (13)

o714 4—1 32 diF o] FEUA FE(poo)E 7HEE] 4 & 092 ST
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Fig.6 Heat flux distribution of the APR1400 reactor
under the severe accident condition
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Table 2. Preliminary results on the water circulation mass flow
rate as a function of the heat flux distribution
(Inlet areaio.25m2, outlet areaio.25m2, water temperature:100C)

Water circulation mass flow rate(kg/s)

Non-uniform 55.8
Uniform 65.7

Table 3. Preliminary results on the water circulation mass flow
rate as a function of the water temperature
(Inlet area20.25m2, outlet area10.25m2, non-uniform heat flux distribution)

Water Temp.(C) Water circulation mass flow rate(kg/s)
20 8.80
80 27.3
100 55.8
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Fig.7 Preliminary results on the water circulation mass flow rate
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(water temperature:100C, non—uniform heat flux distribution)



=
oo
ulyﬁogﬂwmiﬂﬁi
\I/LO r
%Mﬂ%ﬁ%%ﬁ%ﬂgji
f .D
w@aﬁbt.wb,/ﬁ%ym_@wlw Moz o oW
A Rl SIS nT MmO
MﬂMM ﬂ?&obto{o.ﬁﬂﬂil SE__AIEO ~ N o
ao.w;;omovﬂﬁﬁiim e p o o 78 oo o
ovalﬂwﬂﬂ&rHVo_i Wf z%fﬂﬂiﬁ Mﬁmﬁaamo
o7 oL g W ° x TR A D ~®
Q%]%.f%?ﬂ67@ mL?EﬂﬂWél .s%ﬁﬂ.
T 4 OTR ~
%ﬂm%@@@ﬂa%%@ Pl wi s »E BOET
B Oﬂ}x%i%]%? ﬁu_xwefy?% oL, B
T i R A o " _fﬂ%ﬂg = 1
1%%%%& L?%w 1@14%1“_”_} W 2
o B T B (o o OF -7 = X ) o~ o lo ril
) oLlﬂobqo N 2w o= e ~ T
,WI,OIﬁO‘LIJ«VIO¢aX ,.:O,LI gmrLdl q_u#d_ﬂﬁ/\lr — T \_?H
Wi X o % o ) o ™ o? ~ ol ny i — N = =
= =W E.m}ﬂﬁo7% mm_iﬁo_nﬂ%%dﬁ e
ﬂ}ﬂ#gﬂﬂ7¢ w0 <E e e ¥ P Lw te%s
Gl N No qow wo o ] o = a T ) o o 2B =F ~ o
- ,_mlo_uoioﬂﬂe.,.rai qua‘_dﬂﬁ‘uro,* mMXﬂ_EH
mﬂm|1m-m7 T ofF ﬁoquE AT;MU4Nrmﬂ1|LT_6LW,_ WPF
ﬂﬁo_ZZﬁoﬂLﬂeﬂLwﬁAT,ol,olQ MEAEM 1r1_7mmiﬂﬂ ﬂOACM
@W;ﬂfﬂf%lﬁmﬁ ﬂFmﬂﬂHwWH = Z%
a oo BN G e o = WA E K uLDoL
e % b B % ol %o < #vm;,.&u o =
%ﬂ%@ﬂ&ﬂ.%%%éﬂ JHOtﬁéﬁeo_%L m%Mﬁﬂ
mxﬁ;ﬂ?éwgﬁﬁgﬂﬁ %SWU%EJ&A% @55}
%%%?Hkﬂ@gﬂ@ T g N Sy ¥ @ RS
A g = %%BWL# E S A
Tor _UEO T my ERF = oV S
mmﬂc]myrwrl@mf%ﬂxmﬂ] o 2 = 2 %O hRE%d
o N 3 1&%?0 %HAi@di%m R
%4%1%o§t R T = = il £ T3
anU ol LEd; = =) A E A _ of W 7 = AT 7o
L Q) .ﬂﬂyﬂﬂmu%@@ }%S%zzﬁ = E 47" =
zﬁo.woonl iﬁa_ﬂﬂl:ﬁ G mé,* wmﬂ %LB;A
i G o Ptﬂ%&r = ,H%E;oﬂr EA]NJ
@ocﬁon@wawa zﬁo_/LFNaNroﬂ ERW ﬂﬂﬂnbor S N
%?muﬂyﬂﬂrﬂﬂ% B 5 uﬁrmmumﬂ o No %Smx@
oo _aLLEmMAl_psi N B o oD 5 PR =
7@E,LE7 #H%E%E w&d.é o ° Sl 25 e =
TN T o oo aotuM7Mwﬂ
.mbﬁrlﬂﬁar.mw HogayEl 7o, 8T <" o L%ﬂ#Requ
ol 1a%zmz%ﬁ e o ﬂﬂ%FLovovurmnE i
moT%oM @aovm%ﬂ 1o_uol1rLﬁoﬂ =2
W R of 0o S5 7aﬁsa_ﬁA%;§§£ -
o) o A T o HAﬁoS%ﬂﬁqfﬁr -
Hlﬂt|‘u| ﬁE ,Ll‘hluﬂ;o‘._ E_X1_,_Al1_l7A \}1\.I4A_VH
" ,W_.,._ =n :.LO _zrl Oﬁa M =y X Lf ‘UJ EO :.LO
zogﬂ%mﬂ%%ﬂimul%
loTHiomﬁMTnzno_Eﬂwﬂ
ool N H =y ®°
&



Al 2

AAHATA F37) Ao ABOE FYFAFL

iz
2
-
rr
&
£
N
i
-z
1o,

ETRE ]

(1) T. G. Theofanous et al., 1995 In-Vessel Coolability and Retention of a Core
Melt, DOE/ID-10460.

(2) T. G. Theofanous R. R. 1997, Nourgaliev, Turbulence Modeling for Large
Volumetrically Heated Liquid Pools, Nuclear Engineering & Design, Vol.169, p.131-150.
(3) T. N. Dinh, R. R. Nourgaliev, and B. R. Sehgal, 1997, On Heat Transfer
Characteris— tics of Real and Simulant Melt Pool Experiments, Nuclear Engineering &
Design, Vol.169, p.151-164.

(4) O. kymalainean et al., 1997, In-Vessel Retention of Corium at the Loviisa Plant,
Nuclear Engineering & Design, Vol.169, p.109-130.

(B) FxAHTAL AdEAT4, 1998, AL A FoAba #HElE 93 In-Vessel
Retention ¥ =4F |, = d8g A dgdA44 21

(6) T. N. Dinh and R. R. Nourgaliev, 1997, Turbulence Modeling for Large
Volumetrically Heated Liquid Pools, Nuclear Engineering & Design, Vol.169,
p.131-150.

(7) T. N. Dinh, R. R. Nourgaliev, and B. R. Sehgal, 1997, On Heat Transfer
Characteris— tics of Real and Simulant Melt Pool Experiments, Nuclear Engineering
& Design, Vol.169, p.151-164.

(8) S. H. Yang et al, 1994, An Experimental Study of Pool-Boiling CHF on
Downward Facing Plates, J. of KNS, Vol.26, No.4, p.493-501.

(9) F. B. Cheung and Y. C. Liu, 1999, CHF Experiments to Support In—-Vessel
Retention Feasibility Study for an Evolutionary ALWR Design, EPRI WO# 5491-01,
PSU/MNE-99-2633.

(10) R. J. Park, K. S. Ha, S. B. Kim, and H. D. Kim, 2002, Analysis of Coolant
Flow in the Reactor Cavity under External Vessel Cooling, 2002 Fall Meeting Proc. of
the Korean Nuclear Society.

(11) K. S. Ha, R. J. Park, Y. R. Cho, S. B. Kim, and H. D. Kim, 2003, An
Experimental Study on the Two-Phase Natural Circulation through Annular Gap
between Reactor Vessel and Insulation under External Vessel Cooling, Proceedings of



ICAPP’03, Cordoba, Spain, May 4-7.

(12) a8, HdE, =292, 449, d3F, 2003, 4= 87] o9

BN §719 9
A Abolel AAEF FEol B AT, 20039 FAAALFEWES =R,

(13) A. Cicchitti, C. Lombardi, M. Silvestri, G. Soldaini, and R. Zavattarelli, 1960,

Two—-Phase Cooling Experiments - Pressure Drop, Heat Transfer, and Burnout

Measurements, Energia Nucleare Vol.7, No.6, pp.407-425.

(14) 1. E. Idelchik, 1986, Handbook of Hydraulic Resistance, 2nd Ed., Hemisphere
Publishing Corporation.



	분과별 논제 및 발표자

