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Interface between Computational Fluid Dynamics (CFD)
and Plant Analysis Computer Codes

R. D. Coffield, F. F. Dunckhorst,E. T. Tomlinsonand J. W. Welch

Computational fluid dynamics (CFD) can provide valuable input to the development of
advanced plant analysis computer codes. The types of interfacing discussed in this paper
will directly contribute to modeling and accuracy improvements throughout the plant system
and should result in significant reduction of design conservatisms that have been applied to
such analyses in the past. Examples where CFD can be effectively used include:

a. Assessing the importance of localized phenomena (e.g., thermal stratification and flow
recirculation in elbows) and the need for modeling these phenomena in plant perfor-
mance analysis.

b. Developing simplified models for use in plant codes based on insights obtained from
detailed CFD analysis.

c. Accurately predicting local heat transfer coefficients in various plant components.

d. Permitting informed instrumentation selection and location in hydraulic tests and
providing a means for more effective use of hydraulic test data.

To assure success of using CFD in this fashion the CFD methods need to be first qualified
for their specific applications. Considering five basic areas where advanced plant analysis
codes need to be capable of performing accurate predictions, Figure 1 indicates typical tasks
of the type needed to qualify the CFD analyses. Once qualified, the CFD computer codes
can reliably be used to help develop these areas in support of improved plant analysis
modeling.

An example of where input from three of the Figure 1 tasks (Mixing and Scalar Transport
Models, System Component Irrecoverable _P Coefficients and Thermal Stratification) can
contribute involves the plant analysis evaluation of low flow component pressure drops under
natural circulation conditions. Effects such as the increased local momentum of the flow
passing through regions that have been reduced in effective flow cross-section due to the
blockage created by a stratified portion of the flow field can result in calculational uncertain-
ties and subsequent increases in conservatism. This would be the case for stratified flow in a
"cold trap" section of piping where the flow can have a significantly higher irrecoverable
pressure loss for the upstream and downstream elbows (forming the trap) plus the piping
itself. The benefit of qualified CFD analysis of the flows, temperatures and geometry for this
case is that the propensity for the stratification to occur and its magnitude can be defined.
With this knowledge, the plant analyst can determine whether special stratification consider-
ations need to be addressed. If it is a significant factor, the CFD flow field variations could
allow a temporal multiplicative factor to be developed for a one dimensional type plant anal-
ysis code prediction. Alternatively, multi-dimensional models could be developed with the
correct independent parameters (as determined from the CFD analyses) driving the predic-
tions.
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Another example addressed by the Figure 1 tasks where CFD input can reduce plant analy-
ses uncertainties through improved models relates to heat transfer coefficients for predicting
system fluid to component heat transfer. This is indicated as a subtopic under the task
heading of Steady State and Operational Transients but also heavily interfaces with the
various tasks of Mixing and Scalar Transport Models and Thermal Stratification. Accurate
heat transfer coefficients (both steady state and transient) are needed for accurate prediction
of temperatures within the integrated plant system. They are also needed for the detailed
structural analysis models which are developed for cri' _1component locations. The plant
computer code predicted temperatures are provided for these stress models and equally
accurate heat transfer coefficients are needed to complete the required set of boundary
conditions. Conditions exist throughout the heat transport system where fully developed flow
heat transfer coefficients, such as those calculated with a standard Dittus-Boelter type of
correlation, do not apply. A non-fully developed boundary layer (e.g., near the flow entrance
to component or near flow directional changes) results in less thermal resistance between the
particular structure and the bulk fluid temperature of the flow stream. Using a fully developed
flow heat transfer coefficients, can result in as much as an order of magnitude underestimate
of the true value. This can cause significant errors in predicting local temperature gradients
in structural components, particularly in those locations where significant changes in flow
path geometry take place. Also, it can influence the time constant for heat capacity energy
exchange between the component and coolant which can result in an error for the predicted
transient spatial variation of system temperatures. The CFD investigations need to concen-
trate on the most commonly encountered configurations and conditions which would have
significant impact on the heat transfer coefficients at critical locations throughout the plant _'
system. This would include the special considerations related to establishing the heat
transfer coefficients for T-junctures, vena contracta region at outlet nozzles, interfacial heat
transfer to components near the oscillating interface of stratified flow, etc.

Figures 2 and 3 provide further examples of how 2-D and 3-D flow effects can significantly
influence key elements in the system performance predictions. The high sensitivity of the
irrecoverable loss coefficient for a 90 ° elbow at r/D's below 2 (shown by Figure 2) can only
be phenomenologically predicted by detailed CFD analyses. General agreement among
various researchers exists that the multidimensionality of the flow for the tighter radius bends
causes this effect when significant flow separation develops. Likewise the effective mixing
occurring in a plenum such as that characterized by Figure 3 (where it can be noted that less
than half of the plenum volume is effective in the mixing) needs the rigor of the CFD
capabilities. However, once the key independent parameters influencing the prediction are
characterized (usually with the need for supportive experimental data), less rigorous models
can then often be developed to accurately predict the phenomenon of concern.

Key to the success of developing the Figure 1 qualification base for supporting the plant
analysis modeling is the continued interaction among the plant component designers, the
experimentalists providing the qualification data, and the CFD and plant analysis computer
code developers.

In summary, many areas can be identified where CFD can contribute to improved accuracy
of plant analysis models. The key to successfully achieving these improvements is to qualify
the CFD computer codes for their intended areas of adding improvement. This should result
in a significant reduction of design conservatisms. Priority should be given to those areas
which maximize the plant performance improvements.
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1. Flow of FluidsThroughValves,Fittings.andPi_, TechnicalPaper No. 410, publishedby
Crane Co., New York, N.Y., 1970
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