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Experimental Investigation on the Hot Leg Flow Velocity
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ABSTRACT

The velocity distribution of the hot leg coolant is crucial for improving the accuracy of the measurement of coolant flow
rate based on the heat balance method in reactor. In this study, the velocity profiles were measured using a core flow test
facility scaled down to 1/5th of the APR1000 reactor. An automated traversing measurement system, equipped with a Pitot tube,
airfoil, swivel flange, and linear stages, was developed to measure the axial velocity profiles at 186 points across six angular
sections on the hot leg. This study introduces the experimental methods used to measure the velocity profiles and provides a

quantitative evaluation the 2D coolant velocity distribution based on measured data.
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Fig. 1 System configuration of the experimental facility
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Fig. 2 Schematic of internal flow path in reactor vessel
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Table 1 Summary of scaling parameters
Parameter APR1000 Scaling Ratio Model
Temperature [°C] 310 60
Pressure [MPa] 15 02-0.5
Length ratio [ - ] 1 Ir /5
Height ratio [ - ] 1 Iz 1/5
Arearatio [ -] 1 IR 1/25
Volume ratio [ - | 1 I 1/125
Aspect ratio [ - ] 1 1 1.0
Velocity ratio, [-] 1 Vr 12
Mass Flow ratio, [-] 1 PRVR IR 1/35.6
Density ratio [ - ] 1 PR 1.40
Viscosity ratio [ - ] 1 HR 5.57
Core Reratio [ - ] 1 PRVE’DR/ R 1/2.9
DP ratio [ - ] 1 paVE 1/2.85

2 35 Z2Y9(Lower plenum)o.& ©0]53it) o] {5
Bj2H(Flow skirt), ICI x=Z(ICI nozzle), ICIZ|A] ZHICI
support plate), 3} Z|X] ZHLower support plate)Z} 2
o LMt E(Lower Suppot Structure)S E3H &
Wefo] 2zl o2 WA o] 1777]9] =4 Hol7]7h Q=
= B ") o]% AH-E'd(Upper plenum)
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Fig. 3 Measurement points on the hot leg cross section
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Fig. 4 Schematic of velocity measurement apparatus
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Fig. 5 Picture of velocity measurement apparatus

Table 2 Summary of test conditions

AL Wil WA 75 FES FFHOR B} Hydraulic Parameters X o/ X(%)
317] 9l 4-HZ H 24 2N A APl =gl o System pressure, kPa 190.1 0.18
T8 8 2UZ Table 290 AN, 5224 4A] System temperature, C 59.9 0.09
= 53 2 24 5 25, 4", {7l 1% olUe] WE Cold leg 1 mass flow rate, kg/s 100.0 0.005
% oz A= F4/AH (Quasi—steady state) oAl Cold leg 2 mass flow rate, kg/s 100.0 0.005
dddo] e, 7 8 Wl thsto] sampling rate Cold leg 3 mass flow rate,, kg/s 100.0 0.005
2 10hz, tfgF 30& o 4 o] AAIEES 3t Cold leg 4 mass flow rate,, kg/s 100.0 0.005
SRSHINEE =28 M8, H2S, 2005 %
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37



dolg - dest - 26y - 4

9 F2E T AR YA g, 8, (a)eo®
RF FEEn 72w A tiet FF wolch. A
AR AY A dAR 8712 fdEe AL
o o] A BPE W3] A8 e +-3 /=
s HofsA] ofil, MR dEYS W] ot «
o TEEY] P sl tiet FFR=T {5 Yol
ARE= Aol7t olvt. T1BHR Fig, 73t o] £l Fa=
ot whA] BlHshs e MY freol Ee Ao #
FE R 7] AR d2 9IM B4 75 |
Aol Eole IM2UOR FEEE ¥ SET HE2
2 QIsto] Fig. 7] a2 oA f< s 9 73t
FAE AR fRd, uR 2 Aol S4E S
w25 D3kl AAGACNAM Y xS FEshet 9
of & & 225 7HEste] sk 1&g R B
& BN 5 Sl AY HlolH R 28 7= Sttt
& 9l
4.2 E

& ol A= APRIO00 @At2o] AAf &4 219 4-
WL B 24 20N 2 74 54 AddolE s &
H3l7] Sfsf = elAE o] 5 el A
BAE olgste] dde st w2 5 ST =
L A G S £ xS AFHOR 5
AL o =S HE-GUE B8sto] aRtE 5 6
Ao AmR AL W, 2zl 454 30749
AHlolHE S4te] AT AddelgE =3kt A
A} w2ye] whdNe A4edR JYokd wE ¢l
ARE B -4 Ak Batal oiE] giEF 0.90~1.109] HlE
2 fHo] Mglehs FEE YR, $H5E VIEoR
wR7F roldls BIE = Ul

2 AolAe =lolA fadt 2o} AF ARFA
AEEE AW AAE et a2 7554 dds
A 2 ArolA] et AT AdlolE = eAE

38

A7) A\l AgEle] 7% FUSE foF Wb P
oM fUHE BN A BH0E 4 BuE A
Zatol T8 4 Y Aolet Mgt F5 mew W §
SBZ 24 W oolUel £ 7ol WA d2He nefst
F7 A7 9 YR e Basis), gAY e
o AL TR WHES FRASL AESE ol
AE £ ARdeleE F85 288 4 AL Aol
5 7l

& A9e ARIEIAE - MOTIE) 9} fh=roll i A]7] &
7FAKETEP) 9] A2 gob 3k A5t3bA| Yy e (No.
20217810100010)

References

(1) Yoon—Jae Choe, 2003, “A Study on Distribution Characteristics
of Temperature and Velocity in the Hot Leg Pipes for KSNP”,
Master's thesis, Chungnam National University.

(2) Jang, H. C,, Oh, S. M,, Lee, B. J., Cheong, J. S., & Baik, S. ],
2000, “An analysis of the hot leg thermal stratification effect on
the hot leg temperature measurement for KSNP”, Transactions
of the Korean Nuclear Society Autumn Meeting, Taejon,
Korea, October.

(3) Jang, H. C,, Lee, B. J., Kim, S. H., Cheong, J. S., Baik, S. J., &
Lim, C. J., 2008, “A Correlation between the Core Thermal
Power Distribution and Hot Leg RTD Temperature.”,
Transactions of the Korean Nuclear Society Autumn Meeting,
PyeongChang, Korea, October.

(4) Kim, H., Jang, H. C,, Yune, S., & Park, S., 2017, “A Study on
Measuring Hot Leg Temperature with Core Exit Thermocouple
in In-Core Instrumentation Guide Tube.”, Transactions of the
Korean Nuclear Society Spring Meeting, Jeju, Korea, May.

(5 Kim, K., Kim, W.S. Choi, H.S., Seol H., Lim. B.J. Fuh. D.].,
2024, "An experimental evaluation of the APR1000 core flow
distribution using a 1/5 scale model" Energies, 2714.

S=ERHDIHEE =28 28R, Hi2S, 2025



	4-펌프 평형운전 조건에서 유속 분포에 대한 실험적 연구
	ABSTRACT
	1. 서론
	2. APR1000 노심유동분포 실험장치
	3. 유속 측정 실험
	4. 결론
	References


