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Abstract: This paper analyzes the applications of four air terminal
device( ATD) models(i. e., the basic model, the box model, the
N-point momentum model, the jet main region specification
model) in computational fluid dynamics ( CFD) simulation and
their performance in case study. A full-scale experiment is
performed in an environment chamber, and the measured air
velocity and temperature fields are compared with the simulation
results by using four ATD models. The velocity and temperature
fields are measured by an omni-directional thermo-anemometer
system. It demonstrates that the basic model and the box model
are not applicable to complicated air terminal devices. At the
occupant area, the relative errors between simulated and measured
air velocities are less than 20% based on the N-point momentum
model and the jet main region specification model. Around the
ATD zone, the relative error between the numerical and measured
air velocity based on the jet main region specification model is
less than 15% . The jet main region specification model is proved
to be an applicable approach and a more accurate way to study
the airflow pattern around the ATD with complicated geometry.
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uring the last two decades there has been great interest
Din developing CFD programs for predicting the air
movement in a ventilated room' ™. In a ventilated room, the
supply air condition and the type of diffusers are two essen-
tial parameters affecting the air flow pattern in the room.
The conventional method considers the supply diffuser as a
simple free opening. However, this method cannot handle the
diffuser whose geometry is complicated. Nielsen'"' proposed
a box model(a box located around the diffuser), in which
the description of the diffuser boundary conditions was
transferred to the description of the box boundary condi-
tions. The box model requires measurements of parts of the
boundary conditions. Therefore, this method is not very
practical. Chen and Moser'” proposed a new momentum
method in which the velocity vector was calculated based on
the effective area, not on the opening area, in order to obtain
correct velocity descriptions. But most of the commercial
CFD software does not support the separate description of
boundary conditions for continuity and momentum equa-
tions. This paper introduces the jet main region specification
model, and puts forward equations to calculate the boundary
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conditions around air terminal devices( ATD) in the model.
The performances of the basic model, the box model, the N-
point momentum model and the jet main region specification
model are compared.

1 Methodology

1.1 Jet main region specification model

In the jet main region specification model, the ATD
boundary conditions are transferred to the specification of a
rectangular block in front of the device. The boundaries
along the airflow are set at the jet main region and their con-
ditions are calculated by characteristic equations, while the
parameters perpendicular to the airflow are determined by 9
¢/ 9y =0'""". For the non-isothermal free jet, which is popular
in engineering applications, the characteristic equations to
calculate air velocity and temperature are shown as
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where u, is the jet axial velocity at a distance of x to the dis-
charge, m/s; u, is the average velocity at discharge, m/s; x is
the distance to the discharge flow, m; F), is the area of dis-
charge, m’; T, is the jet axial temperature at a distance of x
to discharge, K; T, is the temperature of the surrounding air,
K; T, is the average temperature at discharge, K; m, and n,
are velocity and temperature decay coefficients, respective-
ly, which are determined by air opening patterns.

The Y-axis deviation from the horizontal axis of the jet
distance can be expressed as
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where y is the vertical distance of the curving trail of the jet
flow at x, m; d,, is the diameter of air opening, m; 3 is the
angle between horizontal and jet flows, (°); a is the turbu-
lence coefficient, which is determined by air opening pat-
terns; A, is the Archimedes number; g is the acceleration of
gravity, m/s’.
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1.2 Set up of air terminal device model

Software Airpak 2. 1 is used to set up the four air terminal
device models, i. e., the basic model, the box model, the N-
point momentum model and the jet main region specification
model. These models are used in the air movement simula-
tions in an office, respectively. The office dimensions are 5.4
m x4.7 m x2. 6 m. The layout of the office is shown in Fig. 1.

Supply air terminal device with a height of 1. 49 m is lo-
cated on the ground at point A(see Fig. 1). The dimension
of its cross-section is shown in Fig. 2. The exhaust air termi-
nal device is installed in the ceiling at point B(see Fig. 1).

The supply air flow is 0. 141 m’/s. The supply air tem-
perature is 21. 5 C and the exhaust air temperature is 28. 0
C. The two sides of the supply air terminal device are
against the wall, as shown in Fig. 3. Thus N =3 for the
N-point momentum model.
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Fig.1 Layout and dimension of the office room(unit: m)

——H——

90°

1

I

|

1

|

|

I
315
520

260

625 o

Bl -

Fig.2 Cross sectional view of ATD used in the displace-
ment ventilation system in the office( unit: mm)

Fig. 3  Sketch map of the N-point momentum model for
ATD (N =3)

In the jet main region specification model, the boundary
conditions are defined in nine surfaces perpendicular to di-
rections of 1,2 and 3. In each direction, there are three sur-

faces and they are denoted as S, S,, S;(i =1, 2,3) from
down to up. According to Egs. (1) to(3), the air velocity
and the temperature of discharge are calculated and shown in
Tab. 1.

Tab.1 Boundary conditions of nine surfaces
in the main jet region specification model

. Air Air velocity/
Surfaces Height/m temperature/ C (m-s™")
Su 0.43 18.90 0.32
Sia 0. 40 17.87 0.31
Si3 0.38 17. 38 0.30
So1 0.21 19. 50 0.12
A 0.09 18. 88 0.08
Sa3 0.03 18. 41 0. 08
83 0.43 18.90 0.32
S 0.40 17. 87 0.31
S33 0.38 17.38 0. 30

1.3 Full-scale experiment

A full-scale experiment is performed in order to make a
comparison with the CFD simulation. The test room has a
modular structure based on a load-bearing steel construction
with a module of 1.2 m. Its size is 5.4 m x4. 7 m x2. 6 m.
The walls surrounding the perimeter are made of insulated
chipboard. One of the walls has a glass wall with a height of
2.4 m. The floor is made of a 0. 6 m x0. 6 m chipboard that
is raised 0. 5 m above a structural concrete slab.

The measurement system consists of 16 omni-directional
thermal anemometers. The instantaneous values of velocity
and temperature are measured simultaneously. The anemom-
eters are calibrated before measurement. They are grouped in
two sets of 8( modules 1 and 2). Each set is mounted on a
mobile stand. The velocity and temperature fields near the
occupant area are measured. Fig. 4 shows the position of the
mobile stand, i. e., point 1(x=3.5 m, y=1.1 m)and point
2(x=3.5 m,y =1.6 m). The heights of the anemometers
on the mobile stand are 0.05,0.1,0.3,0.6,1.1,1.4,1.7
and 2. 2 m above the floor, respectively. In order to compare
the performances of different models in simulating the air
flow around ATD, the air velocities at the points shown in
Fig. 4(b) are measured. Coordinates are (4.6, 1.4, 0. 1) for
point 3, (4.1,0.7,0. 1) for point 4 and (3.4,0.2,0. 1) for

point 5.
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Fig.4 Positions of the points measured in the full-scale ex-

periment. (a) Measuring points at occupant area; ( b) Measuring points
around ATD

2 Results and Discussion

In order to demonstrate the advantages and the applicabili-
ty of the jet main region specification model in modeling the
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ATD with complicated geometries, other conventional meth-
ods, i. e., the basic model, the box model, the N-point mo-
mentum model, are also used in this paper to describe the
ATD. The comparisons of the simulated air velocities and
the measured values at points 1 and 2 are shown in Fig. 5.
The Y axis is the ratio of measured velocity to supply air ve-
locity. The X axis is the ratio of height at the measured
point to the height of the space.
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Fig.5 Comparison between measured and simulated air ve-
locities at occupant area based on different air supply opening
models. (a) At point 1; (b) At point 2

Fig.5 shows that the basic model is completely invalid in
simulating the ATD in this study. The velocity increases un-
expectedly at the point that A/H =0. 23. This is due to the
fact that the effective area in the basic model is difficult to
define for the ATD with complicated and unregulated geom-
etry. Although the box model can predict the air movement
trends in the tested chamber, the relative error between the
simulated and measured values is up to 85% at the point
that A~/H = 0.019. This is because the box model cannot
model the jet flow at a certain angle, as in the case of the
present case study. The N-point momentum model and the
jet main region specification model both have good agree-
ment with the measured values with a relative error less than
20% . But the simulated air temperature in the jet main re-
gion specification model does not fit the measurement values
well( data are not shown). This indicates that the equation to
evaluate air temperature( see Eq. (2)) needs to be improved
in the future study.

The comparison of simulated and measured velocities
around the ATD is shown in Fig. 6. The Y axis is the ratio of
measured velocity to supply air velocity. The X axes are the
ratios of the coordinates at the measured point to the length
(Fig.6(a)), width (Fig.6(b)) and radius (Fig.6(c)) of
the space. The simulated air velocity by using the jet main
region specification model is closer to the measured value,
compared with the N-point momentum model.
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Fig. 6 Comparison between measured and simulated air veloci-
ties around ATD based on the N-point momentum model and the
jet main region specification model. (a) Along Y axis; (b) Along X
axis; (c) Along radius

In the jet main region specification model, the boundary
conditions of the volume are calculated using the diffuser jet
characteristic equations. For three-dimensional diffusers, the
modeling process is that, part of the volume surfaces needs
to be located at the beginning of the jet main region and the
other part of the volume surfaces should be selected to make
the volume as small as possible. This would reduce the inac-
curacy of the simplification. The advantage of this method is
that users can avoid describing the complicated diffuser
geometry by using data from manufacturers’ catalogs. The
jet main region specification model is applicable for different
diffusers, thus providing an accurate prediction of the air
movement patterns in a ventilated room.

It is very important to find the suitable diffuser character-
istic equations for the jet main region specification model. In
this paper, the equations for air velocity and temperature cal-
culation are provided. Huo et al. " compared the efficiency
and effectiveness of models in simulating the ATD, i. e. , the
basic model, the box model, the N-point momentum model
and the jet main region specification method. However, their
applications and validations were not provided. In the pres-
ent case study, the jet main region specification model is
proved to be an applicable approach and a more accurate
way to study the airflow pattern around the ATD with com-
plicated geometry.



286

Wang Zhigang, Zhang Yufeng, and Sun Yuexia

3 Conclusion

The jet main region specification model can describe well
ATD with complex structure and predict the air velocity
field of jet flow with a certain jet angle. The jet main region
specification model is easy to implement and has high pre-
diction accuracy, which benefits its application in engineer-
ing. However, the equation for temperature description in
modeling ATD needs improvements in future study.
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