


Synopsis 

The evaluation of a code can be done by investigating two items: solving the correct equations 
and solving equations correctly and eficiently. An indoor airjlow code VentAirI has been 
developed and is evaluated here. An evaluating procedure is suggested. The code is 
characterized by the standard high-Reynolds-number k-E model with wall function, the 
two-band radiation model and the SIMPLE algorithm. Test examples are: 1. A 
three-dimensional forced convection problem (Re=5000), 2. A natural convection problem 
(Ra=5 *1 01°), 3. A natural convection-radiation interaction problem (Ra= 1.45 *I 09). All 
calculations are compared with experimental results and published numerical solutions. Grid 
refinements are used to improve the accuracy of the predictions. The applicability of the 
Boussinesq approximation is confirmed. The prediction of heatflux through the boundaries are, 
however, less accurate. The code exhibits a relatively low convergence rate; the finer the grid, 
the slower the convergence. A fast multi-grid solver combined with local grid refinements is 
suggested. Consequently, another indoor airflow code Ven&irII is developed. 

31. Introduction 

One crucial and frequently asked question about the numerical simulation of indoor airflow is: 
are the accuracy and efficiency of the simulation acceptable? A good indoor airflow code 
should have: 1) acceptable accuracy for the predicted velocity vector, its fluctuations, the 
temperature fields (including radiant temperature), contaminant concentration fields and heat 
transfer rates through the boundaries; 2) acceptable computational cost. Not all of these features 
are required in all situations. The overall accuracy of the simulation can be influenced by the 
applicability of the turbulence model, the assumption of Boussinesq approximation, the 
representation of geometry, the truncation errors, and so on. The dimension of the problem and 
the numerical algorithm determine the computational cost. In general, confidence in the 
accuracy of the predictions produced by a code is obtained by investigating two items: 1) 
solving the correct equations, i.e. evaluating the accuracy of the physical model equations that 
are being used. 2) Solving these equations correctly and efficiently, i.e. evaluating the accuracy 
and efficiency of the numerical solution procedure for the given set of governing equations. 
Numerical algorithms produce only an approximate solution to the governing system of partial 
differential equations. Errors arise from two components of the numerical methods: 
discretization errors and iterative (convergence) errors . 

The question of model accuracy (e.g. there exists currently rn generally valid turbulence 
closure models) should be kept separate from the one of numerical accuracy. Thus, the various 
turbulence models cannot be evaluated unless the numerical accuracy is first established. The 
first requirement is to reduce the numerical error to an acceptable level. For any consistent 
numerical approximation, the error is reduced as the grid is refined. Therefore, grid refinement 
is a natural means of improving accuracy. In addition to grid refinement, one may also use 
higher order discrete approximation. However, higher order approximation can be applied QI& 


























