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DISCLAIMER

The information contained in this report was prepared for the specific
requirement of Texas Utilities Electric Compuuy (TUEC), and may not be
appropriate for use in situations other than those for which it was
specifically prepared. TUEC PROVIDES NU WARRANTY HEREUNDER, EXPRESS OR IMPLIED,
OR STATUTORY, OF ANY KIND WHATSOEVER, REGARDING THIS REPORT OR ITS USE,
INCLUDING BUT NOT LIMITED TO AMY WARRANTIES ON MERCHANTABILITY OR FITNESS FOR A

PARTICULAR PURPOSE.

By making this  :port available, TUEC does not authorize its use by others, and
any such use is forbidden except with the prior written approval of TUEC. Any
such written approval shall itself be deemed to i 'corporate the disclaimers of
liability and disclaimers of warranties provided here.n. In no event shall TUEC
have any liability for any incidental or consequential damages of any type in
connection with the use, authorized or unauthorized, of this report or the

information in it.
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ABSTRACT

A study has been performed to extend the application of the TUE-1 Departure
from Nucleate Boiling (DNB) correlation to | ). The TUE-1 DNB
correlation was developed at TU Electric using the Columbia University DNB data
base, ° VIPRE-01 thermal-hydraulic code, and the Statistical Analysis

System The oripinal data base for the TUE-1 correlation consisted of 934 data
points representative of Westinghouse 15x15 and 17x17 fuel with R-type mixing
vane grids. In this supplement, DNB test data representative of |

were analyzed to validate the TUE-1 correlation for use with |
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CHAPTER 1

NTRODUC I'ION

). Purpose

] This supplement

describes the analysis of additional experimental DNB test data which

TU Electric presented the TUE-1 DNB correlation in Reference 1. The original
TUE-1 correlation data base consisted of 934 experimental data points

5

representative of Westinghouse 15x15 and 17x17 R-grid fuel The TUE-1 DNB

cot on 95/95 DNBR limit was evaluated to be 1.16, based on statistical
analyses of the experimental data predictions. |
1-1



1.2 lntended Applications

TU Electric intends to employ the TUE-1 DNB correlation for licensing and
safety calculations using the VIPRE-01 thermal-hydraulic code (Reference 7).
The applications of the TUE-1 correlation will include DNB-related calc.ilations
required for core safety limit curve calculations, reactor protection system

setpoint analysis, and safety analyses for normal operation and DNB-limited

events
1.3 Methodology
A VIPRE-01 thermal-hydraulic model represented the | | fuel which was

used to obtain the DNB data. This model is consistent with the model used in
the analysis of the original correlation data base. The TUE-1 Minimum
Departure from Nucleate Boiling Patio (MDNBR) predictions for the new data were
examined using several statistical tests. First, the | )] data base was
tested for normality using the D' test. Then, statistical combinability tests

were performed to |

1

]. The following statistical analyses were then performed
on the expanded correlation data base, which consists of the original data and

the additional | Js
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CHAPTER 2

DATA BAS
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Comparison of the |

TABLE 2-1

| Data and the Original Data

Test Section

[

Original Data

Pressure (psia)

Inlet Mass Flux
(Mlbm/hr-£ft2)

Local Quality

Local Heat Flux
(MBTU/hr-ft2)

Inlet Subcooling
(Btu/lbm)

Mi 'ng Vane Crid
Spacing (in)

Heated Length (in)
Rod Diameter (it®

Wetted Hydraulic
Equivalent Dia (in)

Heated Hydraulic
Equivalent Dia (in)

Axial Heat Flux

Assembly-Average
Grid Loss Coef

-

1485 to 2435

0.93 to 3.53

-0.15 vo 0,30

0.14 to 1.15

30 to 350

20 to 32

96 to 168

0.374 to 0.422

0.37 to 0,51

0.46 to 0.58

uniform,
cos(u), (u)sin(u)

1.20 to 1.90
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FIGURE 2-1

Test Agsembly Geometry and Radial Power Distribution

The decimal numbers inside the rods denote the radial power factor and
the int~ger numbers inside the rods denote the rod number.
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Channel and Rod Layout for | | Data
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The results of the comparison are shown in Table 4-1. |
]
4.3 Data Plots

To determine if the correlation describes the DNB phenomenon for the expanded
data set accurately and without any bias, scatter plots are examined. Scatter
plots of predicted DNB heat flux vs local heat flux and of predicted MDNBR
versus system pressure, local quality, and local mass flux are shown in

Figures 4-1, 4-2, 4-3, and 4-4, respectively. Visual examination of these plots

shows that |

& 95/95 DNBR 1imit fotr the Expanded TUE-1 Data Base

The 95/95 DNBR limit for the expanded TUE-1 data base is calculated as follows:

(1) The D' test (Reference 3 is used tc test the expanded data set .or

normality.

ro
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The results of the D' test indicate that the

(11) A mean and standard deviation of | ], respectively, are

caleulated for the expanded data base, Because the data base is
normally distributed Owen's one-sided tolerance limit factor
(Reference 5) is used to calculate the 95/95 DNBR limit, as shown

below

95/95 DNBR Limit = m + s * K(n,695%,95%)
where: m is the sample mean
s is the sample standard deviation
K{n,95%,95%) is the Owen’'s one-sided tolerance 1°mi* factor
for calculating a 95/95 lumit for a sample set cf

size n

The Owen's factor for a sample size of

4-3
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CHAPTER 5

"

‘ides the justification for the use of the TUE-1 DNB
fuel assemblies. The methodology
tnalysis computer code VIPRE-0Ol. The thermal-hydraulic model

is consistent with the model used in the analysis of the
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