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NUMERICAL PREDICTION OF AIRFLOW IN A ROOM
WITH CEILING-MOUNTED OBSTACLES

K.S. Christensen
Aalborg University, Aalborg
Royal Veterinary and Agricultural University, Copenhagen
Denmark

SUMMARY

In ventilated rooms the air inlet device is often placed close to the ceiling. The air inlet
will form a wall jet or a reattached wall jet. The wall jet may be disturbed by ceiling-
mounted obstacles such as light fittings or ceiling beams which, in some cases, can
cause the air jet to be deflected into the occupied zone.

In this paper numerical prediction of two-dimensional airflow in a room with ceiling-
mounted obstacles is compared with the experimental results from the literature. The
first part of the paper deals with velocity profiles in a room with non-deflected flow,
where it is found that calculated velocity profiles agree very well with experimental
results. Thereafter the critical height of an obstacle which deflects the air jet is
examined.
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INTRODUCTION

In ventilated rooms such as office buildings, industrial buildings or farm buildings, the
air inlet device is often placed close to the ceiling. The inlet air will form a wall jet or
a reattached wall jet generating a recirculating flow in the room. The wall jet may be
disturbed by ceiling-mounted obstacles such as light fittings or ceiling beams which, in
some cases, can cause the air jet to be deflected into the occupied zone.

Several authors have presented experimental results describing the influence of ceiling-
mounted obstacles. Examples are [1, 2 and 3]. Some authors also presented numerical
simulations of air flow in a room containing internal obstacles. Awbi [4,5] has reported
good agreement with experimental results for two- and three-dimensional flows with an
obstacle placed downstream of the inlet. Berlandier [6] has found that numerical results
differed from 10 to 20 percent from experimental results with an obstacle which
deflected the inlet air jet. Choi [7] has presented numerical simulation of a large
obstacle (30 % of room height) placed in the occupied zone of the room.

In this paper numerical prediction of two-dimensional airflow in a room with ceiling-
mounted obstacles is compared with the experimental results presented by Nielsen [3].
First the paper deals with velocity profiles in a room with non-deflected flow, and
thereafter the critical height of an obstacle which deflects the air jet is examined.

“The author works at Aalborg University on a research project governed by the Institute of Animal Health
and Animal Production at the Royal Veterinary and Agricultural University in Copenhagen. The project
is sponsored by the Danish Agricultural and Veterinary Research Counsil.




TEST CASE

The two-dimensional test case is shown in figure 1. The room has a lenght L of three
times the height H. The inlet is in the upper left corner of the room and the outlet is in
the lower left corner. Inlet height is 2 = 0.02 H. The inlet jet will form a horizontal
two-dimensional wall jet. A ceiling-mounted obstacle of height fis placed in the distance
x; from the inlet. Values of x, = 10, 30 and 60 are used in this paper. Nielsen [3] found
the results shown in figure 2 for non-deflected flow with this test case. Velocity profiles
were measured in the wall jet downstream of the obstacle in the distance x = 1.7 H
from the inlet and also in the occupied zone in the distance x = 2.1 H from the inlet.
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Fig. 2. Experimental results reported by Nielsen [3].



NUMERICAL SIMULATION

The PHOENICS computer code was used for numerical simulation of the air flow.
PHOENICS is a general computer code for solving three-dimensional time-dependent fluid
flow problems described by equations of the type

0 0 o
— + —(pou) = T, |—| + S (1
00+ oofetu) = T, (axf] A

where ® can be any of the unknowns in the governing equations

u; is the velocity in direction i

P is density of the medium
Ty is diffusion coefficient of the variable &

Ss is a source term of the variable ¢

In the present work the programme was set up to solve steady-state isothermal, two-
dimensional flow, using the standard k-e turbulence model.

Boundary Conditions

At all surfaces of the room logarithmic wall functions were used to determine the value
in the first grid node of turbulent kinetic energy k, dissipation €, and the velocity
parallel to the wall.

At the inlet a fixed velocity boundary condition was used to set the correct mass and
momentum flow. The outlet was defined by a zero-pressure boundary condition which
ensures that the continuity equation will be satisfied.

The boundary conditions for the obstacle were set by so-called porosities by defining
a zero porosity for the control volumes which contain the obstacle.

Computational Grid

A non-uniform 40 x 19 grid with a fine mesh near the walls and the obstacle was used
for the calculations (figure 3).

The inlet height is represented by the three upper cells in the y-direction and the
obstacle is represented by four cells in the y-direction and five cells in the x-direction.




obstacle

Fig. 3. The computational grid has a fine mesh near the walls and the obstacle
(obstacle not drawn to scale).

RESULTS

Figure 4 shows an example of a calculated flow field with non-deflected flow. It can
be seen that the inlet wall jet reattaches to the ceiling downstream of the obstacle

resulting in one recirculation zone in the room.
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Fig. 4. Calculated flow field in a case with non-deflected flow.

In figure 5 the calculated results are compared with velocity profiles measured by
Nielsen [3] for different positions of the obstacle. It can be seen from the figures that
in most cases there is good agreement between experimental and calculated results. Only
when the obstacle is very close to the inlet (x,/2 = 10) there seems to be very little

agreement between experimental and calculated results.
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At certain combinations of the height of the obstacle and its distance from the inlet, the
air jet will be deflected into the occupied zone. Figure 6 shows the calculated flow field
for two different combinations of obstacle height and position resulting in deflected and

non-deflected flow, respectively.

The flow field was calculated for seven different heights and positions of the obstacle
and it was determined whether the flow was deflected or non-deflected. In figure 7 the
obtained results are compared with the experimental results made by Nielsen [3]. It
appears that the calculated results tend to be non-deflected in more cases than the
experimental results. In the cases where Nielsen found that the flow could be either
deflected or non-deflected the calculation resulted every time in a non-deflected flow.

The explanation may be that in the latter cases there exist two different flow field
solutions from which only the non-deflected solution was obtained in the present work.
It is possible that the solution with deflected flow could be obtained by using another
initial flow field for the calculations but this assumption was not further investigated.
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Fig. 6. The calculated flow field for two positions and sizes of an obstacle.
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Fig. 7. Experimental and calculated results for different combinations of obstacle
height and position.




CONCLUSIONS

The prediction of isothermal, two-dimensional airflow in a room with a ceiling-mounted
obstacle has been made using a general CFD-code. Good results were obtained with a
rather simple representation of the inlet and the obstacle.

In cases with a small obstacle, which did not cause a permanent deflection of the air jet,
calculated velocity profiles showed good agreement with experimental results measured
in the reattached wall jet and in the occupied zone.

It is more complicated to predict the critical height and position of the obstacle which
will cause a permanent deflection of the air jet. The calculated results agreed with
experiments in cases with definitely deflected flow or definitely non-deflected flow, but
further work is necessary in order to handle special cases where the obstacle height and
position are close to the critical values.
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