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Investigation of Airflow in a Room with Displacement
Ventilation by Means of a CFD-Model

The airflow in front of an inlet device in a room with displacement ventilation is
investigated in this study. In continuation of the full-scale measurements and the
development of a CFD-model, described in /1/, this report aims at testing the model and
conducting numerical experiments to provide a detailed description of the air current along
the floor. It is investigated if the model results comply with a theoretical model.

Configuration of the room

The test room is equipped with an inlet device standing on the floor at the long wall. The

heat sources are situated close to the opposite wall. 100 W is supplied to each of the two -
person simulators and 400 W is supplied to a small heat source standing on a table. Two

exhaust openings are situated in the ceiling. The arrangement is assumed to create

symmetrical flow in the two halves of the room.
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Figure 1.

CFD-model and boundary conditions

The CFD-model is based on the standard k-e turbulence model. The Navier-Stokes
equations are employed together with the continuity equation and transport/diffusion
equations for relevant scalars. The set of variables includes the velocity components U,V
and W for the x,y and z-directions, pressure, P, temperature, T, turbulent kinetic energy,
k, and dissipation of turbulent kinetic energy, €. The full governing equations can be
found in /1/.




The governing equations are discretized using the HYBRID-scheme /2/ and for the results
presented here a non-uniformly spaced computational grid of nx=33, ny=26 and nz=25
has been applied.

Due to the assumption that a symmetrical flow prevails in the room, the calculations are
restricted to only one half of the room. Boundary conditions corresponding to a symmetry
plane are thus applied, implying that all variables at the grid nodes adjacent to the centre
plane are specified in order to maintain gradients equal to zero.

Boundary conditions are specified at inlet, outlet, solid surfaces and heat sources.

Inlet: The inlet device is described as an obstacle and a uniform U-velocity
profile is used at the inlet boundary. The inlet velocity is determined as
U,=q,/A, and values of k and € are equal to 1.1-10* m*s?* and 1.2-10°
m?/s’, respectively.

Outlet : The outlet serves to remove mass and heat. It is important that the
demand for conservation of these properties is satisfied. The outlet
velocity is found by dividing the supply air rate by the area of the
outlet, U,,=q/A.., and the outlet temperature is continuously checked
throughout the calculation.

Solid surfaces: Traditional wall laws are applied in the momentum, k and € equations
/3/. A Discrete Transfer radiation model /4/ is used to take into
account the radiative heat transfer between the surfaces of the room.
Floor, ceiling and walls are assumed to be adiabatic and e.g. a radiative
heat gain is transferred directl to the adjacent air volume.

Heat sources: To model the thermal plumes above the heat sources properly without
spending too many grid nodes in the area close to the heat sources
simplifications are needed. The surface temperatures of the heat sources
are specified and the convective part of the heat transfer is calculated as
the total supplied heat minus the radiative heat transfer.

Model of stratified airflow in front of the inlet device

The air in front of the inlet device spreads across the floor in an approximately radial
pattern. The description of this type of flow is presented in /5/ and /6/. Figure 2 shows
the initial angle of spreading, 6,, and at a distance from the inlet device where the
stratified flow has been established the flow field is subdivided into angular sections, A®.
For each A@ the airflow rate, q,,, at a distance, x, from the inlet device is found by
integration across the vertical velocity profile, see ref. /6/:



Figure 2.

g, = AB(+x)3U, f f(n)dn )
0

If the maximum velocity, U,, and the layer thickness, J, are assumed to be constant
along the angle 6, q,, could also be expressed as :

dpe = —9¢ )

where e is entrainment. Eq.(1) is inserted in eq.(2).

E _ e 1
X f}(n a0
t o ©)
qi: - K,,(Ar);l?o , KA = —°%
80 {f(n)dn

where e, 8,, 0 and thus K are functions of the Archimedes number, Ar, see ref. /6/.

Measurements, however, indicate that the maximum velocities and the layer thickness often
vary with the angle and they are consequently denoted U,, and J,, respectively. An
equation similar to eq.(3) is derived.
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Eq.(4) can thus be applied for the description in general of the dense air current along the
floor.

Specification of test cases

Bearing in mind eq.(4) it is the purpose of the numerical experiments to describe how the
Archimedes number influences the airflow. Furthermore, the variation of the flow field
with the horizontal angle, 8, is investigated. The inlet flow rate has been altered to obtain
different values of the reduced Archimedes number, Ar,, in the range of 90 - 5400
°Cs¥m°®. The disturbances of the flow field caused by placing a solid obstacle on the floor
in the full width of the room are also investigated.

The model results given below show some interesting basic features of the displacement
ventilation principle, but it should be emphasized that the numerical model may not be able
to capture all important physical characteristics of the flow. Due to the complexity of the
flow the model may have some shortcomings but the application of the CFD-model offers
the possibility of avoiding time-consuming measurements.
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Vector plots for different Archimedes numbers
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Distance to virtual origin, x,

Ar,=5385
X0 [m]

4.0

0 x=3.0m

3.0

20

1.0

0.0

Lodsingt b 0o Loy b 1oy

-1'0 LONLINL Al NN N I N I L NN B N N L L B

0.0 05 1.0 15 20 6

Ar,=720

X0 [m] 49

QO x=3.0 m
AX=2.0m

| O

Ox=1.0m

3.0

20

S O O O O A .- W A A A I

1.0

T T 0 O T I T Y

0.0 ||||l|l||||lllllIl|||||l11||||lll|l1r]

0.0 0.5 1.0 15 20 6

12



Ar,=94

X0 [m] 40
10 x=3.0m

Jax=2.0 m

Ox=1.0m

20

0.0

e N I T Y NN TN N U NN AN T TN N O WO OO OO O

20 ©

x=2.0m

X0 [m] 40

20

0.0

2.0

|I|III|(|I7I[IIIIIIIII|lTlllllll

0.0 0.5 1.0 1.5 20 6

13




K,-values
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Increment of layer thickness, &y, with distance from the inlet device
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Variation of airflow rates, qq, along the angle 6 = 0 — /2
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Vector plots, room with an obstacle
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Comparison between maximum velocities, pressure, momentum and layer
thickness in the centre line of a room with and without an obstacle
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Note : The momentum flow is calculated by integration in an infinitesimal angular section
of the flow in the centre line. The upper limit of integration, d, corresponds to U,/2 :

8
M = xd6p f UR)*dy
0
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