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Abstract

This research investigation in airflow characteristics and thermal comfort inside a
lecture room contained load under cooling by a ceiling air conditioner of 4-way cassette
with 45° discharger angle, and ventilating system. A modified version of a three-
dimensional software FLUENT was used to simulate the complex flow inside the room.
The computational program was validate by comparing the numerical results with
experiential result of temperature and air velocity measurement. The comparison
showed a good agreement. The results showed that the ceiling air conditioner with
mixing ventilation system is more effective in achieving the airflow mixing, temperature
distribution, and thermal comfort as recommended by interval environment condition of
ANSI/ASHRAE Standard 55-2010.

Keywords: Temperature Distribution (TD), Computational Fluid Dynamics CFD,
Thermal Comfortable (TQ), 4-way Cassette Air-conditioner and Performance
Coefficient of Air Distribution
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Introduction

Good internal conditions depend on
internal thermal comfort which is an
indicator by measuring the effects of
temperature and relative humidity in the
interior space. a numerical investigation
of thermal comfort in an office room
with 4-way cassette air-conditioner
Buildings account for about 40% of total
energy consumption worldwide
(Bamodu, et al., .2015) a comparison
between an office with a ceiling and a
wall cooling device and the extent of its
impact on air distribution as roof
equipment is commonly used in East
Asia (Oluleke, ef al., 2017) In this field
to test ventilation using three methods
mixing, displacement and stratification
for the purpose of knowing the
differences between them and provide
thermal comfort (Wiley, et al., 2011).
The low air change rates of a residential
room from 1 to half and its effect on
thermal comfort and the effectiveness of
air change and ventilation of radioactive
land in winter and summer illustrated by
(Simone and Olesen 2013).
Experimental and numerical analysis of
the lecture room with a ceiling air
conditioner and ventilation system and
its impact on indoor air quality and
thermal comfort (Noh, et al., 2005). the
best operation conditions of 4-way
cassette air-conditioner in a lecture room
to satisfy both the TC and CO; limit,
when the discharge angle, the discharge
airflow and the ventilation rate is 30
degrees, 23 CMM, and 800 CMH
respectively as mentioned by (Houri, et
al.,2009). Applying numerical results on
variable ventilation systems during the
year for the purpose of saving energy and
comparing it with the field side which
depends on the occupants' load suggested
by (Lu, et al., 2010). Experiments,
numerical analyses, modeling and
practical results of a person sleeping in
the room with the measurement of
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carbon dioxide rates by a sensor in the
center of the room (Popio, et al., 2014).
The numerical results of temperature and
flow rates were analyzed and compared
with the test chamber. It was found that
the displacement ventilation and cooling
system of roof panels are one of the most
efficient types (Liu, et al., 2009) “The
aim of this study is to uses simulate the
thermal comfort inside a lecture room
equipped with direct expansion air
conditioner and ventilation system. The
numerical work is based on non-
isothermal,  incompressible, three-
dimensional, (K-g) turbulence model,
and solved using a computational fluid
dynamic (CFD) approach, used laws of
mass conservation, momentum with
turbulence modeling, and energy
conservation.

Material and Methods
Symbols, Greek, & abbreviations

Gk: Generation of turbulence kinetic
energy due to the mean velocity
gradients

T: Temperature

o : Air density

®: Independent variables

Se: Source term of the general flow
property

J: Diffusion flux (Kg/ m%.s)

oe,ok: Turbulent prandtl number K and €
I': Diffusion coefficient

p: Dynamic viscosity of fluid (Kg/m s)
p: Density of fluid (Kg/m?)

A: area, unit m?

ASHREA: American Society of Heating
Refrigerating and Air Conditioning
Engineer

CFD: Computational Fluid Dynamics

ELR: Experimental lecture Room
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U, V, W: Velocity component in X, y, and
z- directions m/s

ACH: Air change per hour
TC: Thermal comfort

The governing equations are thereby
time-averaged navier-stokes and
continuity equations given as mass
conservation by was Conducted using
ANSIS  FLUENT  software. And
experimentally by designing a full- scale
lecture room dimension (L= 3m,
W=2.5m, H=2.3m) The inlet cold air is
supplied by with 4-way cassette ceiling
type air-conditioner measuring the
temperature and humidity at fix
positions. Which connecting to control
panel and from the control panel to the
computer testing it under Iraqi weather
conditions.

(b)
Figure (1) (a and b) Basic Dimensions of the
Lecture Room Model Geometry

Numerical Simulation

A 3D model of lecture room was
generated utilizing (SolidWorks, 2016)
used CFD software ANSYS (Fluid
FLUENT) version 17.0, to analyze the

heat transfer and flow, the physical
model to verify the numerical method
presented in Figure (1). Which shows
that the basic dimensions of the model
were geometry. As (John, and Anderson
2009), for the computational model 12.
The geometry is generated by using
SolidWorks to build the lecture room
components (Students, Lights, President,
and Table). Two cases of lecture room
were studied and modeled were given in
(Table (1) a and b). The ANSYS software
and SOLIDWORK will solve the
governing integral equations for the
conservation of mass and momentum,
(Documentation, 2005). The occupants
were modeled as the cylinder objects
with cup; each human body was
simulated by 0.3 x 1.2 m?. All occupants
and fluorescent lamps (2 x 20W) were
located in the room. Computer (1*500W)
was modeled with a metabolic rate of
60W/m? (ASHRAE, 2004). Conservation
Equations for Scalar property

a(p®P a Ojoj

20D 4+ 7 (@) = 61743, +So (D)
Governing Equations The three physical
laws are

Continuity Equation

ou 017

oyt =0 @)

Momentum Equation of Newton’s
Second Law

In x-direction

d(pu) | d(puu) |, d(pvu) , d(pwu)
at + ax + dy + 9z
TN Gy

0x dx%2  0dy2 = 0z2

3)

In y-direction

d(pv) |, d(puv) , d(pvv) , d(pwv) _
at + dx + dy + 9z
6p 0%v  0%v .
+ [Oxz + ay + dz2 ]+ Sb] (4)
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In z-direction

d(pw) | d(puw) | d(pvw) , d(pww) _
at + dx + dy + 9z
_o [i 2w 62_W]

0z 0x2 + dy? + 0z2 (5)

Conservation of Energy

0 0 0 aT
EN (uT) + P35 (WT) = EN (Teffn ;) +

d

aT.
_(Feffh dy ) += (Feff.h ;) + ST (6)
Turbulence Modeling
a a a
=5 (puk) +—(va) +o. (pwK) =
i ut 6_k) (,ut dk 6 ut 6_k
dx “ok 0x ok 0y 62 ok 0z
Gy — pe (7
Model constants: the constants of

standard k-E model were given in Table
(2).
Convergence Criteria

Residuals of scaling for Convergence
Criterion of continuity, momentum,
Energy were presented in Table (3).
Boundary Conditions
Boundary conditions specify the flow
and thermal variables on the boundaries
of the physical model were presented in
Table (4).

Mesh Resolution

To achieve the results of high-
resolution solution must increase the
number of cells and this requires a
computer with a very high processor or
dual processor for the Windows system
and the cells may reach 4 million cells
and 8 Gigabyte RAM. For the present
cases, a number of meshes of (4.3
Million Cells) were taken as shown in
Table (5).

Experimental Work

Thermal comfort inside the space was
based on several measurements,
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including temperature, air velocity and
relative humidity, which must comply
with the international standard of
distribute and rates of variation. the
parameters that are measured in this
research were.

1. Temperature and relative humidity
which were measured by advance
Sensors.

2. Air velocity which was measured by
Modified device.

System Description

A full-scale chamber was established
for the purpose of conducting practical
experiments and taking the results by
providing standard conditions lecture
room. The Experimental lecture Room
(ELR) was designed and constructed in
Mechanical Engineering Department at
University of Technology. The tested
lecture room of 2.5W*3L*23H m’.
Dimensions have a single insulated door
in one wall. The (ELR) was constructed
of polyurethane foam sandwich panel
(PU Sandwich Panel) which was used for
air-conditioned rooms and controlled-
environment rooms with either positive
or negative temperatures. Velocity and
CO2 concentration can reach stability
taken over 3hours period the instrument
readings of CO2 concentration for these
strategies, within did reach constant
readings. The volume due to supply air
(7.8 ACH), will neglect the infiltration of
air and consider the exchange of air as
nothing and take into account the effect
of the load force is due to the natural
convection currents due to the buoyancy
force was formed after calculating the
(non- parameter Richardson number
(Koufi, et al., 2017), the laboratory
chamber characteristics showed in the
Figure (2).
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Table (1) (a) First Case Study Parameter
Air
Ventilation | Cooled Velocity | Velocity
Flow Rate Flow ACH Ts°C Tvent °C (s) (vent)
m3/h Rate m/s m/s
m3/h
135 1512 7.8 20 37 4.2 0.4
Table (1) (b) Second Case Study Parameter
Air
Ventilation | Cooled Velocity | Velocity
Flow Rate Flow ACH Ts°C Tvent °C (s) (vent)
m3/h Rate m/s m/s
m>/h
171 1512 9.9 19 37 4.2 0.52
Table (2) Model Constants of the Standard k-¢ Model ANSYS Workbench, (2005)
ok oe Cle C2e Cn
1.0 1.3 1.44 1.92 0.09
Table (3) Scaling Residual
Continuity X-Velocity Y-Velocity Z-Velocity Energy
1073 1073 107 107 106

Table (4) Boundary Conditions of Lecture Room Model

Part Type Boundary Conditions
T, = 54 °C-Thermal
Wall Wall Convection (h) = 8.2
(W/m?2.K)
To= 54 °C-Thermal
Door Wall Convection (h) = 8.2
(W/m?.K)
e . . Velocity Inlet = 4.2 m/s
Ceiling Air Condition Velocity Inlet-out Flow Out Flow/ Gage Pressure
(4way)

=0paT=-20°C

Outlet Sections Flow Out Gage Pressure = 0 pa
-Velocity = (0.4-0.52) m/s

Input Section(ventilation) Velocity Inlet -T=37°C
- =41

-T=34°C

Human Body Wall -Heat Flux(q) = 60

(W/m?.K)

External environment Wall -T=45 °C
conditions - =41
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Table (5) Different Element Size with Average of Air Parameters

Type of Mesh l\izulrennll):; tzf Air velocity m/s Alr tenL[éerature
Mesh 1 3952551 0.33 26.1
Mesh 2 4642898 0.34 26.6
Percentage Difference 1.3% 1.8%

)

Figure (2) (a,b) Full-scale Lecture Room
Geometry

Occupant's Model

The occupants were modeled as the
cylinder objects with cup, each human
body was simulated by (0.3D x 1.2 H)
m? Human sitting and a thermal load of
100 watts in a stable state All occupants
are modeled with a metabolic rate of
60W/m? (Turner, et al.2011).

Experimental Processing

The ceiling cassette radiator starts to
cool the lecture room in four directions
to ensure a good distribution of air inside
the space as shown in Figure (3). Where
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the convection source of students and
lectures is light and carry the computer.
At the same time, temperatures.
Humidity and velocity the air after one to
three hours to obtain the status of the
study through the sensors installed at the
specified points and readings are
repeated after five minutes to ensure the
stability of the criteria after the signal is
transferred from the sensors to the
information collector. Then received by
the computer for the purpose of
Presentation and data presentation and
save, and calculating the change in
temperature relative humidity and
velocity, and then comparing the results
(ANSI / ASHRAE Standard 55-2010,
2011). The sensors were calibrated in
center organization for standardizations
quality control.

- 5

Figure (3) Inverter in Ceiling Cassette
Measurement Equipment

All Points were controlled by tow
Arduino microcontroller as showed in
Figure (4) and Table (5). All measured
data including temperature, humidity and
air velocity were transferred from
sensors to a computer for displaying, and
analysis. The sensors are shown in
Figures 5, 6 and 7. The functions and
models of sensors were recorded in Table
(5) (Mahyuddin and Awbi 2010).



Iragi Journal of Science and Technology

2020, 11(1)

HOT WIRE _
ANEMOMETER

Figure (7) Infrared Themometer GM700

Increasing Precision by Multiple
Measurements.

Increasing the measurement accuracy
in practice was done by repeating the
measurement  successively for the
purpose of increasing confidence in
values through Quantities average (or
mean) each Sminute measurement. All
these equipment’s were calibrated before
used to ensure reliability and accuracy.

The calibrate equipment’s give to correct
measures of physical parameters of
environment. Finally, the characteristics
of each system device are shown in Table

(6).
Air Ventilation System

The air conditioning system used in
this research for mechanical ventilation
was a full fresh S0EES—ZP Single-
Package air conditioner. Packaged unit
shown in Figure (8). It was a domestic
and commercial refrigeration unit

designed on the basis of an air outlet and
an air inlet returning to the unit.

Figure (8) Packaged UnitS0OEES—ZP

The Specific Location of Multiple
Type Sensors

The positions of all the sensors were
shown in Figure (9).

Figure (9) Specific Location of Sensors
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Table (6) Characteristics of Measurement System
Sensor -model Function Range Resolution Accuracy
DHT22 Temperature -40 ~80Celsius 0.10C <+-0.5Celsius
DHT22 Humidity 0-100%RH 0.1%RH +-2%RH
Yk-2005AH Air velocity 0.2 to 20 m/s 0.01 m/s +0.025 m/s
Yk-2005AH Temperature -18 t0 93°C 0.1°C +0.3°C
GM700 Temperature -50~700 Celsius 0.1 °C +1.5 Celsius
Table (7) Numerical and Experimental Air Temperature in the Test Room
Numerical Experimental
< Average Air < Average Air
% % > Temperature (% % > Temperature
5 = | & | Location 5 = | & | Location
28 |0 S 8 | A
&= 02|12 |18 |&& 02 | 12 | 1.8
= =
Vent First Vent First
135 Contour 2431246 | 25 135 Contour 253 |124.2 | 25.7
3 3
m>/h Second m>/h Second
RC 7.8 Contour 2421250 28 RC 7.8 Contour 25.1 1233|253
1512 Third 1512 Third
m¥/h Contour 24.5124.6 | 25.1 m*/h Contour 254|242 |25.7
Percentage Error 0.4%

Air Changes Per Hour

Air change rate was a measure of the air
volume added to or removed from a
space in one hour, divided by the volume
of the space. ASHRAE, 2004.

_e
ACH =~ (8)

Results and Discussion

The case study was a practical and
numerical comparison of a classroom
model that accommodates five people
equipped with a four-way roof air
conditioner, the provision of thermal
comfort and compatibility of the results.
The first case study was carried out by
calculating the data within the space
through the operation of the roof air
conditioning system at a flow rate of
1512 m?/h, Ts (20°C), and angle (45°).
The ventilation flow rate was 135 m/h
and the air change rate was 7.8 per hours.
As shown in the Tables (7 and 8). The
second case study was carried out by
calculating the data within the space
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through the operation of the roof air
conditioning system at a flow rate of
1512 m? / h, Ts (19°C), and angle (45°).
The ventilation flow rate is 171m’/h and
the air change rate is 9.9 per hours. As
shown in the Tables (9 and10).

205333
294,000

P

Figure (10) Temperature Contour

Figure (10) showed the temperature
contour at the section of (x-y) z 1.25m in
the section that represents the
distribution of temperatures in the
middle part of the space, the temperature
decreases near the processing air currents
up to 20 °C, while it increases near
people due to thermal loads resulting
from metabolic processes to 34 °C as
well as the load resulting from the
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computer which reaches 37 °C. With a
temperature of 24 to 25 degrees °C.

Distribution at (x and y) plan of z
1.25m, Figure (11) shows the contour
velocity. At the section of (x-y) z (1m)
note that in the velocity section near the
center of the room is velocity ranges
within the recommended limits with high
velocity in the area near the supply.

Figure (11) Velocity Contour Distribution at
(x,y) Plan of zZIm

Figure (12) illustrates the temperature
ensures good distribution of
temperatures and overcomes the thermal
loads generated by occupants in addition
to personal computer and lights where
the prevailing temperature is 25 to 26

degrees and is within the range
Previously = Recommended  thermal
comfort.

Figure Contour

a2)
Distribution at (x and y) Plan of z 1.25 m

Temperature

Figure (13) similarity, the velocity
rates are low near to thermal comfort
because of the impact of barriers and are
close to zero near the walls in addition to
distribution regularly throughout the
room to provide a comfortable
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environment for occupants. Ceiling due
to processing and suction.

Figure (13) Velocity Contour Distribution at
(x,y) Plan of z 1m

Comparison of Simulation and

Experimental

Figure (14) at plan (x and y) and (z =
1.25 m) The behavior is similar to an
increase in temperatures near the ceiling
due to increased loads and the rise of hot
air upward, and the temperature ranges
are within the limits of thermal comfort.

29
27 P
25 -
o 21 —&#—experiment
19 ——numerical
17
15
1] 0.5 1 1.5 2
measured point along y-axis

Figure (14) Comparison between Numerical
and Experimental Results of Temperature
Distance at Plan (x and y) and z= 1.25 m

Figure (15) at plan (x,y) and (z =1 m)
The velocity varies between higher
values near the center area due to the
effect of the velocity of the ventilation
currents and its proximity to the source
of cold air and decreases towards the
ceiling.
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Table (8) Numerical and Experimental air Velocity in the Test Room

Numerical Experimental

g Average Air s Average Air
-% Bl o Temperature -% Bl o Temperature
= =| T | Location = S| T | Location
53| < 02|12 |18 5S| ™ 02|12 18
> >
Vent First Vent First
135 Contour 0.36 1042 | 0.48 135 Contour 0.34 041|042
m’/h Second m’/h Second
RC 7.8 Contour 0.40 | 0.20 | 0.20 RC 7.8 Contour 0.40 | 0.15 | 0.17
1512 Third 1512 Third
m*/h Contour 0.53 1 0.60 | 0.32 m*/h Contour 0.48 1 0.46 | 0.31

Percentage Error 11%

Table (9) Numerical and Experimental Air Temperature in the Test Room

Numerical Experimental

g Average Air s Average Air
-% ={ ) Temperature -% Bl o Temperature
= =| T | Location = S| T | Location

53| 0212|185~ 02|12 18
> >

Vent First Vent First

171 Contour 2451248 (252 135 Contour 25.8 1 26.1 | 26.6
m3/h Second m3/h Second

RC 9.9 Contour 245 25 | 258 RC 9.9 Contour 2531255264
1512 Third 1512 Third

m*/h Contour 2441248 1252 mi/h Contour 257 | 26 |26.6

Percentage Error 4%
Table (10) Numerical and Experimental Air Velocity in the Test Room
Numerical Experimental

= Average Air “ Average Air
23 Temperature 23 Temperature

5 | O . P s & O . p

= =| T | Location = S| T | Location

53| < 021218 | 5= < 02|12 18

> >

Vent First Vent First

171 Contour 0.3710.47 | 0.31 135 Contour 0.32 1 0.40 | 0.25
m3/h Second m3/h Second

RC 9.9 Contour 0.30 1 0.23 1 0.23 RC 9.9 Contour 0.29 1 0.20 | 0.20
1512 Third 1512 Third

m*/h Contour 0.34 |1 0.39 | 0.33 mi/h Contour 0.30 | 0.36 | 0.32

Percentage Error 12%
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07 Numerical and Experimental
06 Percentage Error
N g
— . .
04 X\ The comparison between numerical
£ 03 = experiment and experimental results for temperature
—#—numerical . . . . .
o distribution with three cases studied for
o Ts = (19-20) °C and flow rate equal to

0 0.5 1 15 2
measured point along y-axis

Figure (15) Comparison between Numerical
and Experimental Results of Air Velocity
Distance at Plan (x,y) and z= 1m

Figure (16) at plan (x,y) and (z= 1.25 m)
The behavior is similar to an increase in
temperatures near the ceiling due to
increased loads and the rise of hot air
upward, and the temperature ranges are
within the limits of thermal comfort.

29
27

25 . ———

23

21 —4#—experiment

°C

19 —&—numerical

17
15

0 0.5 1 15 2
measured point along y-axis

Figure (16) Comparison between Numerical
and Experimental Results of Temperature
Distance at Plan (x,y) and z=1.25 m

Figure (17) at plan (x,y) and (z= 1 m).
The velocity varies between higher
values near the center area due to the
effect of the velocity of the ventilation
currents and its proximity to the source
of cold air and decreases towards the
ceiling.

0.7

0.6

0.5

0.4

o %

+ —#—experiment

m/s

0.2 —8—numerical

0.1

0
o 0.5 1 1.5 2

measured point along y-axis

Figure (17) Comparison between Numerical
and Experimental Results of Air Velocity
Distance at Plan (x,y) and z=1m
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1512 m*/h and ventilation flow rate (135-
171) m*/h Tvent = (37) °C respectively.
A reasonable good agreement was
achieved for temperature, and velocity
profile between numerical results and
experimental results. The simulated data
generally followed the experimental
trends. The overall distribution between
the numerical results and the
experimental once is about (first case
4.3%), (second case 7.5%).

Conclusions

The four-way ceiling air conditioner
with mechanical ventilation system is a
very sophisticated system widely used in
Japanese, Korean and  Chinese
universities. Main control to maintaining
the health of lecturers and students by
reducing the variances of temperature
and air velocity the results were
practically analyzed in the test room and
compared with numerical results
obtained from the application of dynamic
computational fluids and the results were
satisfactory in  terms of their
convergence. The important points of
this study in the experimental and
numerical work were

1. The four-way ceiling-type air
conditioner turned out to be more
suitable to be used in the Lecture room.

2. Ceiling type air conditioner gives little
variation in velocity and temperature
inside space.

3. Ventilation achieves an improvement

in indoor air quality according to the
recommended Standards, with rates of
7.5 L/ s. Person.
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4. Air temperatures are close to the
contrast due to the mixing quality of the
ceiling device, while the highest degree
is near the Ceiling due to thermal loads,
high hot air and an average temperature
within the thermal comfort ranges.

5. The air velocity distribution is regular
with the low velocity near the ground due
to its distance from the current source,
and is within the recommended thermal
comfort ranges.

6. The results were practically analyzed
in the test room and compared with the
numerical results obtained from the

application of computational fluids
dynamic, and the results were
satisfactory in  terms of their
convergence.
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