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An Experimental Study on Post-CHF Heat Transfer in Low Flow
Conditions Using a 3x3 Rod Bundle
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Abstract
An experimental study on post-CHF heat transfer has been performed with 3x3 rod bundle
using vertical two-phase flow in low-flow condition. In this study, the effects of wvarious
parameters on the post-CHF heat transfer have been investigated and an applicability of
conventional post-CHF correlations in low-flow conditions has been estimated. Even if the
equilibrium quality is less than 1, fluid temperatures of subchannel near the test section exit
are larger than saturation temperature. This means that the post-CHF heat transfer phenomena
are in thermal non-equilibrium state. Although the effects of pressure and inlet subcooling on
post-CHF heat transfer was negligible, post-CHF heat transfer coefficients largely increase with
Reynolds number of steam. Conventional post-CHF heat transfer correlations do not show

reliable predictions of the post-CHF heat transfer coefficients.
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- Dougall-Rohsenow[12]



- Groeneveld 5.9 correlation[13]

a3 79 et AXH Look-up tablee FXALGAFE ZHAl o =3H, U] F 79 4
72 Post-CHF €3 g F#AAEL A

EREATE ZA ASFsta An. wEkA 7)E
‘]

o =
% zholAe) FAPATE A4 A AZA Toa Aok

ZANM 33 BThES o3l BT 4Y 2AF N F-Z719] Post-CHF
gAgel U AFe FAste] Gy 2 e

e AES 4L & I
(1) Pre-CHF, CHFE A Post-CHF 4xd& of =3te] wel HHer ] RIdxTt
A F7Fst] Post-CHF A& @AGAF7 A 748
(2) BEFAETL 10]818] A= AP &7 ZHAAY FFE fFAE SHRS
FerRt A degen, ALt Skt wet Beg fAEe] #4E
T 3A F71eATh ol€ Post-CHF €19 #go] @4 niy ool ASS
DRA R RoFE
() @AEATF A= dEHA dT FEEY JF2 vFsr] dSd aHY €
AgAlFs 7€ ¢4 A= AXE $719 doleszsd we St
(4) 71E°l 28] AHE3la 9= Post-CHF €38 Z#AAE52 4F dvol"HE g4
A SsHA Skt
At 2
B ATE A& A48 347 AAY Ao FAAUGUL B 4PS 5
Se W B 592 FA @TUAPATL JRSAG 9FAA FAE SHUY
7% A
ag emissivity of steam
Dj; inlet subcooling
Dy hydraulic diameter
ew emissivity of heater surface
e' effective emissivity
G mass flux
h heat transfer coefficient
i enthalpy
ifg latent heat of vaporization

m viscosity



P pressure

Regn Reynolds number of steam

r density

q" heat flux

Ty liquid temperature

Tiat saturation temperature

Ty vapor temperature

Xe equilibrium quality

Z axial distance from bottom of heated length

subscripts

avg average

con conduction heat transfer
exp experiment

1 liquid

e equilibrium

f saturated liquid

g saturated vapor

m measured

p predicted

rad radiation heat transfer
sat saturation

v vapor

w wall
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AFTE, G (kg/mzs) 50 ~ 453
AT FIE, Di; (kikg) 75 ~ 350
5 A%, X () 0.24 ~ 439
7MEE Hi 2%, Tw, ae (°C) ~ 681
7hE%E HFEE DT, (= Ty - Ta) (°C) 50 ~ 476
H 7%, qwe (KW/md) 92 ~ 706
7tEE =49, Qr (kW) 90 ~ 698
No. of data series 190




Condenser
E

- E!=<_/
_’
7 Heat Exchanger
Steam/W ater -
Separator — —
Cooling

= | Storage
ol W ater Tank
4 <
! Pressurizer L
L (40 kW)
Xy X
v
Test‘ Mixer
Section De-lonizer
—>
v
Strainer
Preheater ) ) Feed Pump
(40 kW) Cirulation
Meter Pump
a1 AR E A4 RCS €58 Loop
@ : Pressure
: Differential pressure
@ : Thermocouple
[ ]
: : Tc Insulator
@4@7 ://_’ Water out (BN)
‘Water T I i (U
Ao . @ Core(ALO,)
) § 3 Water Heating element
T/C2 AL (Nichrome)
- 7
TIC3 R Heater rod  Sheath (Inconel 600)
T/IC4 E
39.8
T/C5 T
g A K X]
® 000
& "
E F Ry (R
=
Subchannel
@ _,09.52 126, T/C
. . Water A-A

@4@7 / <+— Water in

‘Water

a9 2 hEyd P2 % 27 9%



Heat flux (KW/m?)

1.6

14+
1.2+
1.0}
0.8}
0.6
04 B e Thermocouple location TIC24 4T/C 1
g —— Real power profile '
o2L Fitting equation
i q"(2)/q",,, ; = 1.37 cos[x(Z-1.83)/4.329)]
OO 1 " 1 " 1 1

0.0 0.5 1.0 1.5 2.0 25 3.0 35
Heated length from bottom of heated length, Z (m)

793 FAYY Ias

M
e

200
180 | —— Local total heat flux
o Net convective heat flux
160 |
140
120 M
100 F
80| Pre-CHF ‘ CHF ‘ Post-CHF
oor ‘ ‘ TW52
40 - P=23.0 MPa
20| G = 150.2 kgim’s
- Ahi = 209.4 kJ/kg
0 L 1 " 1 " 1 . 1 N 1
0 100 200 300 400 500

Time (s)

() DA



w

Wall temperature T _(°C)

500

TW52
450 | P=3.0 MPa

- | G =150.2 kg/m’s
400 |- | Ahi=209.4 kJ/kg

350
Pre-CHF ‘ CHF Post-CHF

300 ‘
250

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, sat - o ______
200 L 1 L 1 L 1 L 1 L 1

0 100 200 300 400 500

Time (s)
(b) HHLE A%

250 + TW52

. | P=3.0MPa
200k | G=150.2 kgim’s
Ahi = 209.4 kJ/kg

150 |

100
[ Pre-CHF ‘ CHF Post-CHF
50 | ‘
O n 1 " " 1

1 N 1
0 100 200 300 400 500
Time (s)

(c) ©iHT F7] 253
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