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1. Introduction 

The purpose of the July 17 Thermalhydraulics Phenomena Subcommittee 

Meeting was to review Draft Regulatory Guide DG-1120 (Transient and Accident 

Analysis Methods) and the RES-sponsored research program at UCLA on subcooled 

flow boiling. 

Material contained in DG-1120 had been presented to ACRS previously 

and the presentation at the meeting focused on responses to public/industry comments 

although there was some discussion related to the background for the Regulatory Guide 

initiated by members of the Thermalhydraulics Subcommittee who had not been at the 

previous meetings. 

With regard to the UCLA research, Prof. Dhir summarized the extensive results 

obtained over a five-year period of RES-sponsored work. A significant portion of the 

material presented was not made available to the Thermalhydraulics Subcommittee 

before the meeting. In view of this, the discussions were often aimed at better 

understanding what had been done, rather than critically reviewing the research. 

Nonetheless, it appeared that the quality and quantity of work far exceeded what RES had 

obtained in other sponsored-research programs that had been presented recently to the 

Thennalhydraulics Subcommittee. 

2. Transient and Accident Analysis Methods (DG-1120 Draft) 

The need for the Regulatory Guide related to accident analysis methods 

apparently became clear after a 1996 ISAT review of a Maine Yankee submission. 

Amongst the problems the review identified were: use ofan old version of RELAP5 that 

did not allow the whole range ofLOCA break sizes to be investigated due to numerical 

instability, inadequate documentation, and an inadequate database for code assessment 

for some of the breaks, e.g. steam line. Similar problems occurred with other safety 

reports, e.g. for the AP600, leading to recommendations to develop an SRP section for 

code review, and a Regulatory Guide for code development and assessment. RES has 



·. been responsible for developing the Regulatory Guide and NRR for the SRP. The SRP 

was not discussed at the July 17 Thermalhydraulics Subcommittee Meeting. 

The Regulatory Guide has been long in the making. In 1998 proposals were made 

to the ACRS Thermalhydraulics Subcommittee and the contents then incorporated in a 

Draft Guide DG-l 096. This was finally issued for public comment at the end of 2000 

and a public workshop was held in April 2001. In response to public comment (entirely 

from industry) some revisions were incorporated and a renumbered Draft Guide DG 1120 

was issued for ACRS review. This leisurely pace raises a question as to the need for the 

Regulatory Guide - it must have been pretty low on RES's list of priorities! 

Be that as it may, there are still problems with DG-1120 in my view as discussed 

in the section "Specific Comments." 

3. Subcooled Flow Boiling Program (UCLAlDhir) 

The work presented consisted of four main parts, viz 

a literature review 

experiments on subcooled flow boiling on a vertical flat plate 

experiments on subcooled flow boiling in a rod bundle 

development of a mechanistic model focused on predicting the 

partitioning of the wall heat flux into a portion generating vapor in the 

form of detached bubbles, and a portion going into the liquid. 

The experiments are of particular interest as the following parameters were varied over a 

wide range: 

inlet subcooling 

inlet velocity 

contact angle 

As well, two geometries were investigated, viz flat plate and rod bundle. Some 

experiments were also done with borated water to determine effects on the boiling curve. 



The measurements included wall temperature, liquid temperature profile in the 

wall-normal direction (at various axial locations), some gamma densitometry to measure 

void fractions, and extensive high speed video to study near-wall vapor-bubble behavior. 

Most of the detailed measurements were made in the flat plate geometry as they are 

difficult to make in rod bundles. 

The videos, in particular, were useful as they showed that attached bubbles slid 

along the wall before detaching and also enabled measurements of bubble size changes 

and trajectories. Such observations were used to develop semi-empirical models for each 

phase of bubble growth, detachment and condensation. An overall model for heat flux 

partitioning was then assembled out of the component models and checked against the 

overall experimental results on flux partitioning to ensure consistency. 

Perhaps the most interesting result to arise from the work was to show the 

importance of contact angle in determining bubble behavior before detachment. It also 

appears that the correlations (component models) proposed capture this effect quite well. 

All in all, this is a considerable body of work that should now be incorporated into 

computer codes, such as TRAC-M, that deal with subcooled flow boiling. More about 

this aspect under "Specific Comments." 

4.	 Specific Comments 

4.1 DG-1120 

a)	 I have a problem with the "evaluation model (EM) concept" under Section B. 

ofDG-1120. Apparently the EM should include code input, e.g. nodalization, 

arising from the plant geometry. This aspect is revisited again in 1.4.2 Step 

14 where it is stated that nodalization and option selection should be 

consistent between the experimental facility and similar components in the 

nuclear power plant. Similar wording is used in 1.4.6 Step 18 which pertains 

to lETs rather than the SETs that were the subject of Step 14. 
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The problem with all this is that it is inconsistent with the wording under 1.4.4 

Step 16 where the numeric solution evaluation requires "convergence, 

property conservation and stability of code calculations to a solution of the 

original equations when applied to the target application ...." i.e., the 

solution should be converged, which means independent of nodalization if 

fine enough. 

Clearly, the codes purport to solve a mathematical idealization ofa physical 

system consisting of field equations, closure relationships, initial and 

boundary conditions. Provided nodalization is fine enough and the time step 

small enough for stability, the results should, as stated above, be independent 

ofnodalization. This is what is required by "convergence." If the results of 

the code calculations only agree with experiments with a particular selection 

of nodes then there is no guarantee that the same selection will give good 

agreement with results from facilities of significantly different scales - in 

particular of reactor scale. On the other hand, if the results are independent of 

nodalization, provided it is sufficiently refined, and also agree with 

experiments of different scales, then one may be reasonably confident that the 

results for a larger scale may have some validity. This is because convergence 

and stability assure that the numerical method is relatively transparent, and it 

is the underlying mathematical physical model (field equations, closure 

relationships, etc.) that has been validated. Provided the closure relationships 

may be expected to apply at reactor scale, and no new phenomena is expected 

at that scale, then the code itself is the scaling tool in this case. 

I think this is the only defensible position if the procedures are subject to 

independent peer review. If the nodalization idea in DG-1120 was presented 

to the CFD community it would be regarded as a return to alchemy. As an 

aside, it may have been argued a few years ago that computational resources 

were insufficient to allow convergence to be demonstrated and therefore a 

relatively coarse node description of a plant was the best that could be done. 



In this case, the best coarse node description available based on comparisons 

with experiments would have to be adopted. This is unacceptable today when 

256 cubed turbulence simulations are routinely done on PCs and 512 cubed on 

small PC clusters. We are planning a 1024 cubed simulation on a cluster we 

are building ourselves for $50K! These are full resolution 3-D Navier-Stokes 

simulations involving a defonnable interface between gas and liquid phases. 

b)	 I find 1.1.3 Step 3 of the Regulatory Guide incomprehensible. It appears to 

require that one knows the answer before a calculation is done. For example, 

how can one know the geometrical configuration that is defined by a transfer 

process (whatever that might mean)? Even in a simple experiment in which 

air is bubbled through a column ofwater containing a little surfactant one 

doesn't know whether the two-phase level will reach the top or not, i.e., 

whether there will be a water-column surface within the container or not. The 

geometry of the interfaces is very different in the two cases. If this step is to 

be carried out at all, then considerable clarification is needed in the 

Regulatory Guide. 

c)	 Section 5 of DG-1120 appears to be a response to industry comments, and 

allows modifications to existing EMs without requiring an analysis of the 

uncertainties that arise from a calculation. The procedure outlined under 5.3 

(Degree of Conservatism) therefore, confuses rather than clarifies. How can 

one estimate the degree ofconservatism ifone does not know the uncertainty 

in the estimates themselves? 

In my view, while a full CSAU may be unnecessary for the cases that might 

use the procedure under 5.3, nonetheless the degree ofuncertainty in the "best 

estimate mode" calculations should be presented in a reasonably defensible 

fonn. 



Furthennore, it would be useful to have a concrete example of an application 

of the proposed procedure in Section 5.3. 

In my opinion, the Regulatory Guide can be cleaned up by removing a few 

words here and there and adding some. Error or uncertainty estimates should 

be required for realistic calculations, convergence testing required for the EM 

etc. A revised version might be sent out to the Thennalhydraulics 

Subcommittee quite soon, so that the next steps in the issuance procedure are 

not delayed. 

4.2	 Subcooled Flow boiling (UCLAlDhir) 

a)	 As pointed out by almost everyone on the Thennalhydraulics Subcommittee, 

this work appears to be proceeding in something of a vacuum, though its 

fundamental significance and intrinsic value are not in question. In the short 

tenn, it must be phrased in a way that allows incorporation in TRAC-M, 

which requires that the code developers interact with Professor Dhir's 

research group. Why this is not happening at present, and more crucially, has 

not happened in the past is a mystery. This is also in the nature of a general 

comment on all RES experimental programs. Early involvement of the code 

developers in each program is essential, if only for them to understand better 

how to incorporate the results in the codes and ensure that the variables of 

interest in the code are being measured. 

b)	 While many variables of interest were measured in the experiments, it is 

unfortunate that the average void fraction could not be measured in the rod 

bundles. This is a quantity of considerable interest and perhaps the contract 

could be expanded to include a few such measurements. The easiest way is to 

use neutron scattering. Several papers are available as to how this can be 

done in rod bundles. 



An alternative would be some truly 3D numerical simulations of the 

experiments using appropriate CFD codes. Perhaps the cordal void fractions 

measured could be compared with the CFD results. and if accurate. then the 

average void fraction calculated in the simulations used for comparison with 

TRAC type codes. 

c)	 The void fraction due to attached bubbles needs to be estimated and a 

correlation or theoretical expression provided for computer codes like TRAC

M. 1 mID bubbles closed packed on the walls of a 1.2 cm tube can give a void 

fraction -10%. so the effect is not negligible. 

d)	 Many of the correlations. e.g. the f-factor dependence on contact angle are 

purely empirical and it would be reassuring if a physical basis for such 

expressions could be uncovered. 

e)	 For condensation. it will be difficult to take the effect of the Fourier number 

on the Nusselt number into account in computer codes. though this effect is 

small except at very high condensation rates. Also. the exponent on the 

Prandtl number in the Nusselt number parametrization is generally Y2 rather 

than 1/3 for free surface and bubble mass transfer problems. Finally. a 

parametrization in terms ofthe liquid friction velocity at the interface, i.e., in 

terms of U 0 = F: /p( is usually more theoretically sound than in terms of 

u, =1 u( - u g I. The heat transfer coefficient should be almost directly 

proportional to u* as defined above. except for very small bubbles (smaller 

than the Kolmogorov scale). A parametrization of the type 

Pr1l2Nu =CRe
o 

should be tried, where Re* is based on u*. There is a theoretical basis for such 

an expression. 



None of this is meant to detract from the high quality of the work presented. It would 

be desirable for the Thermalhydraulics Phenomena Subcommittee to review in the 

future, incorporation of the UCLA results in computer codes such as TRAC-M. 


