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An Experimental Study of CHF for Return-to-Power Condition at 
Main Steam Line Breaks Using a Non-Uniformly Heated Vertical 

Rod Bundle
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Abstract

  An experimental study on critical heat flux (CHF) has been performed for water 
flow in a non-uniformly heated vertical 3x3 rod bundle under low flow and a wide 
range of pressure conditions. Especially, this experiment was focused on the analysis 
of the CHF trend and the applicability of conventional CHF correlations in 
return-to-power condition of main steam line break accident whose conditions might 
be low mass flux, intermediate pressure, and high inlet subcooling. The effects of 



mass flux, inlet subcooling and pressure on the CHF are consistent with previous 
understandings. The effects of mass flux on the CHF are relatively large in low 
pressure conditions. The effects of inlet subcooling and pressure on the CHF decrease 
as the mass flux decreases. The effect of pressure on the CHF shows complex 
behavior in low pressure conditions, and becomes relatively small as the mass flux 
decreases. As the local critical quality increases, the local heat flux at CHF location 
sharply decreases at high mass flux or low critical quality. However, at low mass 
flux or high critical quality, the local heat flux at CHF location shows nearly constant 
value regardless of the critical quality. Conventional CHF correlations predict the 
present return-to-power CHF data with reasonable accuracies. However, the prediction 
capabilities become worse in low mass flux of about 100 kg/m2s.   
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avg Average
C CHF
loc Local
m Measured
p Predicted
T Total for whole test section
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1. 

Parameter Total Database

(MPa) 0.47 ~ 15.06 5.97 ~ 12.08

(kg/m2s) 49.66 ~ 654.44 49.66 ~ 250.58

(kJ/kg) 67.90 ~ 722.70 206.59 ~ 722.70

(-) 0.36 ~ 1.29 0.68 ~ 1.27

(kW/m2) 77.02 ~ 834.62 88.81 ~ 470.29

(kW) 76.69 ~ 828.36 88.37 ~ 466.78

(-) 277 93

2. 

Total data base (No. of data = 277)

 Correlation Look-Up Table EPRI KAERI

 Parameter 1) RMS RMS RMS 

    -0.026 0.132 0.095 0.184 0.023 0.117

   -0.320 0.434 -0.255 0.366 N/A N/A

   0.058 0.148 0.193 0.278 N/A N/A

  0.162 0.188 0.162 0.185 N/A N/A

condition (No. of data = 93)

 Correlation Look-Up Table EPRI KAERI

 Parameter RMS RMS RMS 

    -0.085 0.122 0.183 0.231 -0.004 0.114

   -0.278 0.403 -0.110 0.282 N/A N/A

   -0.027 0.088 0.266 0.333 N/A N/A

  0.130 0.160 0.132 0.160 N/A N/A

1) :  = (Predicted value - Measured value)/Measured value

= 
 



 , RMS = 





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1.  RCS Loop
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Heated length from inlet, Z (m)

 Thermocouple location
 Real power profile
 Fitting equation

         q(Z)/qavg, T = 1.4 cos[π(Z-1.83)/4.315]
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(a) P = 6.0 MPa
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(b) P = 12.0 MPa
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(a) Mass Flux
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(b) Inlet subcooling
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