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Evaluation of Mechanistic DNB models Using HCLWR CHF Data
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An onget of departure from nucleate boiling (DNB) in light water
reactor (LWR) has been generally predicted with empirical ceorrelations,
Since these correlations have less physical bases and contain adjustable
empirical constants determined by best fitting of test data, applicable
geometries and flow conditions are limited within the original experi-
ment ranges. In order to obtain more universal prediction method,
several mechanistic DNB models based on physical approaches have been
proposed in recent years. However, the predictive capabilities of
mechanistic DNB models have not been verified successfully especially
for advanced LWR design purposes.

In this report, typical DNB mechanistic models are reviewed and
compared with ecritical heat flux (CHF) data for high conversion light
water reactor (HCLWR). The experiments were performed using triangular
/-rods array with non-uniform axial heat flux distribution. Test
pressure was 16 MPa, mass velocities ranged from 800 to 3100 kg/s'm2
and exit qualities from -0.07 to 0.19. The evaluated models are: 1)
Weisman-Pei, 2) Chang-Lee, 3) Lee-Mudawwar, 4) Lin-Lee-Pei, and 3)
Katto. The first two models are based on near-wall bubble crowding
model and the other three models on sublayer dryout model.

The comparison with experimental data indicated that the Weisman-
Pei model agreed relatively well with the CHF data. Effects of

empirical constants in each model on CHF calculation were clarified by
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sensitivity studies. It was also found that the magnitudes of physical
quantities obtained in the course of calculation were significantly
different for each model. Therefore, microscopic observation of the
onset of DNB on heated surface 1s essential to clarify the DNB mech-

anism and establish a general DNB mechanistic model based on physical

phenomenon.

Keywords: Critical Heat Flux, Departure from Nucleate Boiling,
Thermal-hydraulics, Two-phase Flow, Mechanistic Model,

High Conversion Light Water Reactor
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B‘:h‘f:%o

EALA

DNBHEAKRIEA IS TEELASEL:EFOMIC I(#EVWERBBERKRZNS I &%
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Fig. 2.1 Schematic representation of Weisman-Pei model
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Fig. 2.3 Schematic representation of Katto model
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Table 3.1 Major specifications of high pressure water loop

1) Loop
Max. pressure 16.0 MPa
Max. water temperature 350 °C
Test section power supply 1.1 MW(IMW+100Kk¥)
Circulation pump head 180 mH
Max. flow rate 250 £ /min
Piping 2B

2} Components
Pressurizer volume 300 £
heater power 40kW
spray nozzle 1/2B
Cooler Cooling power I1MW(16MPa)
forced air-cooling
Preheater volume 22 ¢
heater power  3J0kW

Table 3.2 Specification of test sections

Test 1 Test 2 Test 3
Number of rods 1 1 7
Rod diameter {(mm) 9.5 9.5 9.5
Rod pitch (mm) 11. 4 1.1 11.7
Heated length {(mm) 0.5 0.6 1.5
Interval of grid spacer {(mm) 200 300 300
Axial power distribution uniform cosine double-flat-core
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Table 3.3 Input parameters for COBRA-IV-I analysis

Subcool void model

Bulk void model

Rod friction coefficient
Spacer loss coefficient
Heat transfer correlations
Cross flow resistance
Cross flow momentum facter
Turbulent momentum facter
Cross flow axial velocity

Turbulent mixing coefficient

Levy

EPRI

Blasius

1.0

RELAP-4 package

0.5

0.5

0.0

(U3 + ugi))y / 2

single-phase B o0=0.003

two-phase  S8/Bo=1.0(0.0<a<0.1%)
=interpolation{0.15< a <0. 3)
=4, 0(0. 3< @ <0. 8)

=interpolation(0.8<a <1.0)

=1.0{a =1.0)

Table 3.4 Comparison of mechanistic models with Test 1 CHF data

Experimental ranges

Pressure

: 14 ~ 16 MPa
Average mass velocity : 770 ~ 3230 kg/s. m°
. -0.356 ~ 0.111

Average exit quality

Data points = 22

<Comparison with mechanistic DKB models>

Models

Weisman - Pei
Chang — Lee

Lee - Mudawwar
Lin - Lee - Pei
Katto

Calculation / Measured

(Average & Standard deviation)

2.368
2. 642
3.399
4,333
3. 448

0.254
0.768
0.499
1.073
0.458

HoH A
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Table 3.5 Comparison of mechanistic models with Test 2 CHF data
Experimental ranges
Pressure : 16 MPa
Average mass velocity : 820 ~ 2290 kg/s.m"
Average exit quality : -0.005 ~ 0.1%4
Data points = 24

<Comparison with mechanistic DNB models>

Models Calculation / Measured
(Average + Standard deviation)

Keisman - Pei 1.056 + 0.084
Charng - Lee 1.254 + 0.209
Lee - Mudawwar 1.381 + 0.138
Lin - Lee - Pei 1.166 = 0.162
Katto 1.328 £ 0.184

Table 3.6 Comparison of mechanistic models with Test 3 CHF data
Experimental ranges
Pressure 15,8
Average mass velocity : 1050 ~ 3095 kg/s.m®
Average exit quality : -0.066 ~ 0.149
Data points = 43

{Comparison with mechanistic DNB models)

Models Calculation / Measured
(Average * Standard deviation)

¥eisman - Pel 1.268 = 0.182
Chang - Lee 1.466 = 0,220
Lee - Mudawwar 1.580 = 0.150
Lin - Lee - Pei 1.451 £+ 0.225
Katto 1.801 £ 0.373
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Fig. 3.2 Grid spacer and TG locations of Test section 1
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Fig. 3.3 Axial power distribution, grid spacer and TC locations
of Test section 2
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| ~ 18 Channel number
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Fig. 3.5 Subchannel noding model for COBRA-IV-I analysis
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Weisman-Pei model (Tesi secticon 2}
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Fig. 3.7 Predicted to measured CHF ratios vs. average mass
velocities for Test section 2 {Weisman-Pei model)

Weisman-Pei mode! {Test saction 21
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Fig. 3.8 Predicted to measured CHF ratios vs. average exit
qualities for Test section 2 (Weisman-Pei model)
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Chang-Lee model (Test section 2)
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Fig. 3.9 Predicted to measured CHF ratios vs., average mass

velocities for Test section {(Change-Lee model)
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Fig. 3.10 Predicted to measured CHF ratios vs. average exit

qualities for Test section 2 (Change-Lee model)
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Fig. 3.11 Predicted to measured CHF ratios vs. average mass

CHFR

velocities for Test section 2 (Lee-Mudawwar model)
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Fig. 3.12 Predicted to measured CHF ratios vs. average exit
qualities for Test section 2 (Lee-Mudawwar model)
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Fig. 3.13 Predicted to measured CHF ratios vs. average mass
velocities for Test section 2 (Lin-Lee-Pei model)
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Fig. 3.14 Predicted to measured CHF ratios vs. average exit
qualities for Test section 2 {(Line-Lee-Pei model)
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Fig. 3.15 Predicted to measured CHF ratios vs. averadge mass
velocities for Test section 2 (Katto model)
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Fig. 3.16 Predicted to measured CHF ratios vs. average exit

qualities for Test section 2 (Katto model)
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Weisman-Pei model (Test sectien 3)
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Fig. 3.17 Predicted to measured CHF ratios vs. average mass
velocities for Test section 3 {(Weisman-Pei model)
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Fig. 3.18 Predicted to measured CHF ratios vs. average exit
qualities for Test section 3 (Weisman-Pei model)
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Chang-Lee model (Test section 3
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Fig. 3.19 Predicted to measured CHF ratios vs. average mass

velocities for Test sectien 3 (Change-Lee model)
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3.20 Predicted to measured CHF ratios vs. average exit
qualities for Test section 3 (Change-Lee model)



JAERI-M 02-033

Lee-Mudaowwor medel

CHFR

Fig.

{Test section 3)

O~~~ T3GARY - T3CHFR3
V-1 o oo e I A e AN S N s A A D 0 A D O A D O A
2.00 "
B o c O .
- o -
o U]
— OO0 % Yul m o ) —
§.50 R e e L
= % O o [u] v} -
L o -
1.00
— -
0.5 (I T I 0 U T S T T T S T O T O L
%Dﬂ 1000 _ 1500 2000 2500 3000
Average mass velocity (kg/s.m? )
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Fig. 3.22 Predicted to measured CHF ratios vs. average exit
qualities for Test section 3 (Lee-Mudawwar model)
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Fig. 3.23 Predicted to measured CHF ratios vs. average mass
velocities for Test section 3 (Lin-Lee-Pei model)
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Fig. 3.24 Predicted to measured CHF ratios vs. average .exit
qualities for Test section 3 (Lin-Lee-Pei model)
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Fig. 3.25 Predicted to measured CHF ratios vs. average mass

velocities for Test section 3 (Katto model)
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Fig. 3.26 Predicted to measured CHF raties vs. average exit

qualities for Test section 2 (Katto model)
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Fig. 3.28 Effect of two phase multiplier in turbulent intensity
on CHFR (Weisman-Pei model)
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Fig., 3.31 Effect of bubbly layer thickness to bubble diameter
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Fig. 3.32 Effect of parameter a; on CHFR (Lee-Mudawwar model)
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