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Abstract: This paper deals with the Three-
dimensional CFD simulations are carried out to
investigate the effect of workers and computers on the
indoor air flow in an office room. Standard k-o
turbulence model was used to modulate the air flow
velocities and indoor temperatures with its gradients.
Physical processes in room with different planes are
modeled using specialized computational fluid
dynamics (CFD) software ANSYS /FLUENT 13. The
enclosed space is fundamental impressed by the
velocity of airflows, and the vertical temperature
gradient. It is shown that it is possible to save good
flow distributions, at the same time maintaining the
conditions of thermal comfort in the room which is
the main goal. Creating suitable thermal conditions
for satisfying human desires, the thermal comfort has
been recognized to be an essential requirement of the
indoor environment.
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1. Introduction

The need of precise determination of air flow pattern and
temperature distribution in a room was realized by HVAC
engineers to provide comfortable temperature conditions, and air
velocities in the occupied space.Since the distribution of air
velocity and temperature in a ventilated space is not uniform, whole
flow field airflow patterns and air velocity distributions are
essential information to understand performance of air conditioning
systems, occupant comfort and well-being. Prototype studies are
expensive and time consuming, largely due to limitations of the
current available measurement technologies and instrumentation.
Interests in simulating the airflow through large openings in
buildings, such as Person's, computers, windows or doors, allowing
for bidirectional flow, are increasing. However, perfect modeling of
air flow and temperature distribution is very tricky due to suitability
of different turbulent models by Nielsen [1] used for CFD
simulation of room air flow and hence validation is essential. An
extensive literature review on the application of CFD to building
ventilation and IAQ (indoor air quality) problems was performed
by Emmerich [2], which includes room airflow case for various
ventilation system, and it was determined that Large eddy
simulation has unique capabilities compared to other CFD model.
Emmerich and McGrattan [3] described a three-dimensional, large
eddy simulation (LES) model developed for studying the transport
of smoke and hot gases during a fire in an enclosure. Williams, et.
al. [4] described three-part paper documents research completed on
the topical aspects of computational fluid dynamics (CFD)
associated with the room air motion problem. Eftekhari ,etal. [5]
Investigated airflow distribution inside a test room, which is
naturally ventilated

Abanto ,et. al. [6] described the study of the numerical
simulation of airflow and the prediction of comfort properties in a
visualization room of a research centre. Fan [7] has used various
models to solve the air and contaminant distribution in rooms. Chen
and Xu [8] have proposed a new zero-equation model to simulate
three dimensional distributions of air velocity, temperature, and
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contaminant concentrations in rooms. Zhao ,etal. [9] proposed new
numerical method and claimed that it can correctly simulate air
velocity and temperature distributions in the room except in a few
positions by less computing time than using conventional CFD
methods. Jouvray and Tucher ,et.al. [10] used nonlinear RANS
model for complex geometry, which showed impressive
performance for validation. Zhao ,et.al. [11] developed a PIV
(Particle Image Velocimetry) measurement system for indoor
airflow field studies. Quantative air velocity distribution can be
obtained to validate numeric models and analyze ventilation
strategies. The results showed that the PIV technique can be
effective method to quantitatively measure the room air velocity,
especially for those regions with very low velocity .Posner ,etal.
[12] compared result from relatively simple three dimensional
numerical simulations (CFD) with laser Doppler anemometry
(LDA) and particle image velocity meter (PIV) experimental
measurement of indoor air flows in a one tenth scale model
room.Staman and Katsiris [13] used the SST based k-o model to
calculate air-flow velocities and temperatures in a model office
room. Calculations were compared with experiments and with the
results of the standard k-g, RNG k- model and the laminar model
and concluded that all the three tested turbulent models predict
satisfactorily the main qualitative features of the flow and the
layered type of temperature fields and computations with the SST
k- based model showed the best agreement with measurements.
The main aim of the present study is to investigate the effect of
workers and computers on the indoor air flow in in a model room
numerically using three dimensional CFD simulation.

2. CFD Simulation
The physical model of the office room for which the numerical
studies were conducted is shown in Figure 1. A rectangular
enclosure X=7m, y=8m, and z=4m.
The initial and boundary conditions for the model are:-
% Enable Gravity and specify Z-component of Gravitational
Acceleration as -9.81 m/s2.
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Figure 1: The physical model of the office room

The following continuity, momentum and energy equations are
applicable for constant properties and describing the three-
dimensional fluid flow and heat transfer in the air-conditioned or
ventilated space:
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Where, effective viscosity and thermal conductivity are given

by,

Mg =+ H,. kg=k+k

The shear-stress transport (SST) k-omega turbulence model is a
type of hybrid model, combining two models in order to better
calculate flow in the near-wall region. It was designed in response
to the problem of the k-epsilon model’s unsatisfactory near-wall
performance for boundary layers with adverse pressure gradients.
It utilizes a standard k-epsilon model to calculate flow properties in
the free-stream (turbulent) flow region far from the wall, while
using a modified k-¢ model near the wall using the turbulence
frequency o as a second variable instead of turbulent kinetic energy

dissipation term €.

The SST k-omega model is similar to the k-epsilon turbulence
model, but instead of ¢ as the second variable, it uses a turbulence
frequency variable omega, which is expressed as o = ¢/k [s*]. The
SST k-omega model computes Reynolds stresses in the same way
as in the k-epsilon model. The transport equation for turbulent
kinetic energy k for the k-« model is:
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o, and g* are equation constants.

The transport equation for turbulent frequency o for the k-o
model is:
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Whereo,,,, 7», B,,and o, are constants ...(8)

The constants for the SST k-omega turbulence model are listed in
table 1.

Table 1, Constant values for SST k-omega turbulence model

equations.
ﬂ* ﬁz Oy Gw,l o-w,Z 7/2
0.09 0.083 1.0 2.0 1.17 0.44

Additional modifications have been made to the model for
performance optimisation. There are blending functions added to
improve the numerical stability and make a smoother transition
between the two models Versteeg [14].

The results included are obtained after running for 554 iterations by
using iso-surfaces mesh created at various locations of the domain
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to examine the results at any location within the domain, not just at
the boundaries.

3. Results and Discussions

Numerical simulations results have been discussed and
performed to simulate the effect of workers and computers on the
indoor air flow in the test geometry representative of the enclosed
space The flow field is examined; key physical mechanisms,
resulting from the interactions between workers , computers and the
room air are identified and their effect on the thermal field are
highlighted .

e The computed distribution of temperature contour:

In order to understand the behavior of the flow, several (Z-Y)
planes were taken to give details about the effect of workers and
computers on the temperature distribution behavior in the room as
shown in Figures (2-6). Figure (2) shown the temperature contours
in (Z-Y) plane at X=0.25m from the front wall. This figure
showed the vertical temperature gradient due to the effect of the
computers and workers heat. Figures (3,4,5&6) shown the
temperature contours in (Z-Y)plane at X=1m,1.25m,1.5&2m from
the front wall, where the vertical temperature gradient decreases as
we move far away from the front wall also we can see that air
movement is controlled by buoyancy. The cconvective flows, is the
engine of vertical temperature gradient.Air movement is controlled
by buoyancy due to free convection around heat sources Stratified
flow in the room .

Figure (2) indicates that the maximum interactions between
workers, computers and the indoor air flow at x=0.25m from the
wall at the middle point between workers and computers in which
the interaction area for this case covers a very wide range.

e The computed distribution of velocity vectors :
The velocity vectors distribution shown in Figure (7). The air
movement is controlled by buoyancy .The free convection around
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heat sources (workers and computers) placed close to each other
will merge into a space, stratified flow. Figure (7) indicates that the
velocity increase at the region between workers at x=0.25 m from
the front wall where a counter clockwise and a clockwise
recirculation cell covering this region.

4. Conclusion

In this work the effect of workers and computers on
temperature and velocity is simulated. Numerical analysis is used to
solve three dimensional steady flows in enclosed space and
resulting temperature distribution and air velocity field for closed
room. The analysis of all the above results have led to the following
conclusion:-

e The maximum interactions between workers, computers and
the indoor air flow at x=0.25m from the wall at the middle
point between workers and computers in which the
interaction area for this case covers a very wide range.

e Displacement flow Controlled by buoyancy (temperature
differences).

e The velocity vector and temperature contours reduced as we
move forward from the middle point between workers and
computers.
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Figure 2: Temperature contour in (Z-Y)plane at X=0.25m
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Figure 3: Temperature contour in (Z-Y)plane at X=1m
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Figure 4: Temperature contour in (Z-Y)plane at X=1.25m
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Figure 5: Temperature contour in (Z-Y)plane at X=1.5m
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Figure 6: Temperature contour in (Z-Y)plane at X=2m
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NOMENCLATURE
SYMBOL DESCRIPTION UNIT
K Thermal Conductivity W/m.°C
Effective Thermal
keff .. Wi/m.°C
Conductivity
T Temperature °C
Component of Velocity in x-
u ) m/s
Dir.
Component of Velocity in y-
% ) m/s
Dir.
Component of Velocity in
w ) m/s
Z-Dir.
K Dynamic Viscosity kg /m.s
Effective Dynamic
K eff ] ] kg /m.s
Viscosity
p Density kg /m’
O,1. Y2, Pr.and | Constants of turbulence
O, model (K-w).
Subscripts
eff Effective value.
_ Average value
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