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Abstract

The performance of an air conditioner depends on the refrigeration cycle that consists of
compressor, condenser, evaporator and expansion valve. The temperature and pressure of
each component are crucial to the performance of the system. Each design has different
operation condition (temperature and pressure) depending on the refrigerant that is used
in the refrigeration cycle and depending on the climate condition on that particular places.
Once the temperature and pressure are out of the range of the standard operating condition,
the power consumption will increase for the component to reach the requirement and
hence the overall performance and energy efficiency will drop. There are many factors
that are affecting the performance of air conditioning such as an overheated compressor
or dirty coil. Besides that, the distance of the wall gap between the wall and outdoor unit
is one of the factor that affect the performance of air conditioning unit. The distance of
wall gap will create static pressure around the wall gap which will affect the air flow
towards the outdoor unit. The shorter the distance of wall gap, the higher the static pressure,
hence prevent air from going through the outdoor unit. The objective of this project is to
study the airflow of a split type outdoor unit when it is installed near the wall and to
determine the distance between outdoor unit and wall that gives optimum performance.
For the first stage, CAD (Computer Aided Design ) drawing of the actual model of
DAIKIN outdoor unit of 5SLY15F SERIES is needed to simplify by using a CAD
software called ANSYS SPACECLAIM and mesh it before simulation process. The
outcome that is obtained from the CFD simulation that will be done in OPENFOAM s
the air flow rate (CFM) that are coming out from the outdoor unit. Based on the results
that was obtained, the minimum installation space for outdoor unit is 60mm in x-axis and

60mm in y-axis.
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CHAPTER 1
INTRODUCTION

1.1 BACKGROUND

Malaysia is a tropical country where the temperatures are around 25°C to 35°C throughout
the year and the weather are very hot and humid especially in the major cities. The weather
on those islands surrounding Malaysia are less compared to the weather around cities due
to cool breezes. Besides that, many highlands of Malaysia such as Cameron Highland,
Genting Highland and so on have cooler temperature compare to cities where the
temperatures are lower than 25°C. Due to the hot and humid weather condition in
Malaysia, the number of air conditioning installed in residential area and industrial area
are increasing. In residential area, most of the residents installed split type air conditioner
unit which is more energy saving and good cooling effect [1].

A split type air conditioner consists of an indoor unit and an outdoor unit. The indoor unit
is the device that supplies the cold air inside the surrounding of the room which is linked
with an outdoor unit that is installed outside of the cooling/heating space [2]. The indoor
unit consists of evaporator while condenser and compressor are installed in the outdoor
unit. There are two types of split type air conditioner which are single split unit and multi-
split unit. Single split air conditioner consists of one indoor unit that connected to one
outdoor unit while multiple indoor units that connect to single outdoor unit is called multi-
split air conditioner. Figure 1.1.1 and Figure 1.1.2 show the types of split type air

conditioner.



Figure 1.1.1: Single Split Air Conditioner

— | |
~

Figure 1.1.2: Multi Split Air Conditioner

Figure 1.1.3 shows the path of the refrigeration cycle. The whole air conditioning system
cycle is supported by 4 main components which are the condenser, evaporator, expansion
valve and compressor. The refrigeration cycle starts with a cool, low pressure mixture of
liquid and vapor refrigerant that enter the evaporator where this fluid absorbs heat from
the surrounding fluid. This process will heat up fluid inside the evaporator and produce
low pressure superheated vapor refrigerant which then flows through the compressor. The



compressor then absorbs the vapor refrigerant from the suction line and compresses it into
a high pressure and temperature superheated vapor refrigerant. This forces the vapor to
flow towards the condenser where heat exchange takes place. During condensation
process, heat is transferred from hot vapor refrigerant to cool ambient air or cold water.
This process changes the phase of superheated vapor refrigerant into a subcool liquid
refrigerant before it leaves the condenser without changing the temperature. Once the
subcool liquid refrigerant pass through condenser, it flows to expansion valve where this
device restricts the amount of subcool liquid refrigerant flowing into the evaporator. At
the same time, the pressure of the liquid refrigerant drops and it changes phase into a
mixture of liquid and vapor refrigerant. From here onwards, the whole cycle starts again

from the evaporator.
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Figure 1.1.3: Air Conditioning System
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Figure 1.1.4: P-h Diagram

There are many factors that influence the performance of split unit air conditioning system.
One of the factors that affect the performance of air conditioning system is wall gap
between the wall and outdoor unit [3]. The distance that separates the walls of particular
building with the outdoor unit can influence the whole performance of the air conditioning
where the performance can be calculated using COP (Coefficient of Performance) and
EER (Energy Efficiency Ratio) [4]. Based on Daikin Installation Manual, they set the
standard for the installation space between the outdoor unit and the wall to be more than
100mm in y-axis and 50mm in x-axis [5]. With the standard distance that provided, this

is to give space for the outdoor unit to run at optimum operating condition.



1.2 PROBLEM STATEMENT

The outdoor unit has been designed under a condition of unobstructed air flow through
the fin-tube heat exchanger (free-throw conditions). Air is drawn in from the surrounding
and exhausted out by the propeller into the same atmospheric space. The rated air

volumetric flow rate flows through the heat exchanger.

A

<+—Wall gap
\4

Heat Exchanger

Wall gap Fan
Figure 1.2.1 Air Gap between wall and outdoor unit

Based on figure 1.2.1 that is shown above, when the distance of the wall gap between the
walls and outdoor units is decrease, the resulting obstruction will increase the static
pressure, reducing the air flow rate that passes through the condenser heat exchanger.
Consequently, the heat rejection within the condenser will reduce causing an inadequate
cooling of the refrigerant. Because of that, the performance of air conditioning in total will
decrease [6]. With the reduced air flow rate that flow into the whole system, it will cause
the compressor discharge pressure and temperature to increase. Hence, the cooling
capacity of the air conditioning system will drop and the energy consumption will increase
which bring the performance to drop. In addition, the lifespan of each components inside
the system will decrease especially the compressor before it fails. This relationship can be

seen in figure 1.2.2 below [7].
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Figure 1.2.2: Relationship between Q and CFM

The closer the gap is, the more adverse is the situation. The limitation for this situation is
the maximum allowable compressor discharge and suction pressures. A typical operating
pressure for the compressor is at about 400 psig up to 500 psig for high ambient

application. This relationship is shown in accompanying figure 1.2.3 below [8].
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CFM

Compressor Discharge Pressure, Pd

Figure 1.2.3: Relationship between Pd and CFM

At the same time, the static pressure experienced by the propeller fan increases as the gap
becomes smaller. This changes the rotational speed of the fan which then affects the air

flow rate delivered. For such changes in fan behavior, it is summarized as a fan curve.
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Figure 1.2.4: Relationship between static pressure and CFM

The accompanied figure 1.2.4 [9] shows how the change in static pressure changes the fan
delivered volume flow rate (CFM) for a particular fixed RPM. Such relationship can be
inputted inside the intended CFD software as a User Defined Function (UDF). On top of
that, this could also cause air short-circuit to take place between the air discharge and air
intake.



1.3 OBJECTIVES

The objectives of this study are:
e To investigate the relationship between air flow rates (CFM) and the distance of
wall gap between wall and outdoor unit.

e To find the minimum installation space of outdoor unit.

1.4 SCOPE OF STUDY
The scope of study are:

a) The air conditioning model that is used in this study is the simplified CAD model
of DAIKIN outdoor unit of 5SLY15F SERIES.

b) The distance of wall gap between walls and outdoor unit without considering the
surface roughness or the material of the walls.

c) The output of the study is the distance of wall gap between the wall and the outdoor
unit versus the air flow rate (CFM) and heat distribution.

d) The simulation only focuses on turbulent flow.

e) The working fluid is air and its properties are constant.



CHAPTER 2

LITERATURE REVIEW

Split type air conditioners are widely installed in residential areas and office buildings
because of the simplicity of split type air conditioner and its flexibility [3]. Due to the hot
and humid climate in Malaysia all the year where the temperature and humidity of the air
are almost constant on every month which measured the average temperature of 20°C -
30°C, the usage of household appliances is assumed to be constant throughout the year
[10]. Based on figure 2.1 that shown the surveys that were conducted in one of the states
in Malaysia shows that air conditioner is the biggest contributor among the other electrical
appliances that used inside household which is 1,167kWh per year [11]. While in office
buildings, the majority of power consumption that was used is the air conditioner which

consists of 57% of total power consumption [12].

Air-conditioner s 1167
Ceiling fan | 670
Refrigerator | 597
Fluorescent lamp RS 369
Waterheater SR 366
Television Rl 244
Rice cooker |l 242
Electric iron [ 241
Electric kettle | 216
Washing machine Bl 150
Compact fluorescent lamp | 122
Standfan |l 93
Vacuumclener [l 84
Incandescent lamp |l 75
Desktop PC il 55
Microwave oven il 51

Thermo pot |l 42

Toaster [l 36
Hairdryer | 23
Laptop PC | 23 n=243
Mixer § 14
] 200 400 600 800 1000 1200 1400 (kwh)

Figure 2.1: Yearly Electricity Consumption [13]



Air temperature and air flow rate have brought significant effect on the performance of an
air conditioner. If the coil temperature increase by 1°C, the COP of air conditioning unit
will decrease by 3% [3]. Once the temperature increase more than 45°C, the whole air
conditioning system will trip and fail to function due to excessive working pressure that
occurs in condenser and compressor [14]. The distance of the wall gap between wall and
outdoor unit is one of the factors that influences the air flow rate. A restriction will cause
the temperature to rise and increase the power consumption with a reduction in low

cooling capacity, and this can eventually cause the whole system to trip.

There is a few research paper that studied about the placement of outdoor unit that
influences the performance of air conditioning. Chow et al. [14, 15] had studied the effect
of the placement and re- entry on outdoor unit of split-type air conditioning unit. He claims
that the position of outdoor unit for each re-entrant affect the performance of the air
conditioner which the number of condensing units at tall buildings increase, the heat
energy will accumulate and can cause substantial energy waste and deteriorate the
operation of the condensing unit. According to Avara et al, they used k-& model to simulate
the optimum placement of outdoor unit and the results are good for mean velocity in many
cases [3]. Figure 2.2 and figure 2.3 show the results that Avara got from the CFD
simulation that they did.
305.2
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Figure 2.2: Graph of temperature VS installation distance
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Figure 2.3: Graph of temperature VS installation distance

CFD simulation is a suitable tool to study the complex fluid flow phenomena like air flow
in and around buildings, and of course, air conditioner placement can be studied through
CFD [3]. There is some assumption need to be done for CFD simulation such as the flow
is assumed to be in steady state, incompressible and the air is assumed to be in turbulent
flow. Last but not least, natural convection and radiation heat transfer are neglected to
simplify the simulation [16]. The k- ¢ model is used in the simulation which there are five
transport equations of k-¢ model in a 3D vector space that are used to solve the steady-
flow thermal problem [15].

11



3.1 Project Activities
There are several stages to achieve the objectives of this project. Figure 3.1.1 below

CHAPTER 3
METHODOLOGY

shows the flow chart of the whole process of this study.

Stage 1

Stage 2

Stage 3

Modeling
Reconstruct CAD drawing into simplified
drawing using ANSYS SPACECLAIM

Meshing
Convert CAD drawing into stl format and
meshing will done using OPENFOAM

software

CFD Simulation & Data Analyze
Separate into few cases with different distance
of wall gap for CFD simulation. Once the
simulation is done, data analyze will be done

using Microsoft Excel to plot graph.

Figure 3.1.1: Methodology Chart

12




First of all, the first stage of this project is started by modelling and simplifying the CAD
drawing of DAIKIN outdoor unit (5SLY15F SERIES) that acquired from Daikin Research
& Development (DRDM) Sdn. Bhd. Then, it will proceed to the second stage where
meshing process will be done using a software called OPENFOAM. The last stage is to

run CFD simulation using the software called OPENFOAM to find the CFM (air flow rate)
and the temperature of heat carrier around condenser.

Stage 1

The first stage of this project is started by modelling and simplifying the CAD drawing of
DAIKIN outdoor unit (5SLY15F SERIES) that acquired from Daikin Research &
Development (DRDM) Sdn. Bhd. The process of simplifying the model is to remove the
unnecessary features that are within the model and also to reduce the amount of mesh
generated on the model and hence will reduce the time for CFD simulation. In this stage,
the casing of the outdoor unit by drawing a simple rectangular block and the components

such as fan blade, grilled casing, coil, fan bracket and bellmouth are remain which can be
seen in figure 3.1.2.
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Figure 3.1.2: Components of 5SLY15F
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Since the original CAD drawing contain geometry problem on some components, geometry
clean-up process will be done. More complex geometry even need to reconstruct. For
example, the propeller fan and the grill. Since the CFD simulation is to simulate the actual
case of outdoor unit where the system is functioning and consist of a rotating fan blade, a
solid cylinder is created around the fan blade. This solid cylinder is called MRF (Multiple
Reference Frame) zone where this solid is created to allow OPENFOAM to make the fan
blade to rotate within the MRF zone during the simulation. MRF model is a steady state
approximation where the cell zones can be assigned on different rotational speed. The flow
within each cell zone can be solved using the MRF function which the MRF zone adds in
the coriolis force source term into the navier stokes equation. The reason of using MRF
model in this project is because of the cell zone of fan blade are rotating during simulation.
By applying MRF, OPENFOAM will detect the selected moving cell zone. Figure 3.1.3
shows the MRF zone that was created using ANSYS SPACECLAIM.

Figure 3.1.3: Multiple Reference Frame (MRF) Zone
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Once the simplified CAD geometry is done, it need to convert into STL format using
ANSYS SPACECLAIM. Figure 3.1.4 shows the original CAD geometry and simplified
CAD geometry.

(a) (b)

Figure 3.1.4: Original CAD geometry and simplified CAD geometry

Stage 2

During second stage, meshing process will be done using SNAPPYHEXMESH from the
toolbox of OPENFOAM. OPENFOAM is a free open source CFD software that has
object-oriented library for numerical simulations in continuum mechanics written in the
C++ programming language. Text files format are used to define the boundary conditions
and physical properties of the model that are stored in the folders of OPENFOAM such
as blockMesh.dict, snappyHexMesh, decomposePar.dict and so on. To generate mesh
using SNAPPYHEXMESH, BLOCKMESH tool are needed to generate a block of mesh
that cover the outdoor units. Once BLOCKMESH generate mesh, it will discard the
unnecessary feature and produce simple block of mesh and once it completed,
SNAPPYHEXMESH will generate the mesh and refine them according to the setting that
was set in the snappyHexMesh script file. Figure 3.1.5 below shown the example of text
files format used for meshing in OPENFOAM

15



File Edit Search View Enceding Language Settings Macre Run  Plugins Window 7
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4 O peration Version: 2.1.x
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11 format ascii;
12 class dictionary;
13 object autoHexMeshDict;
12 Ly
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18 f/ Which of the steps to run
15 castellatedMesh true;
20 s=nap true;
21 addLayers false:
22
23
24 Geometry. Definition of all surfaces. All surfaces are of class
25 searchableSurface.
28
27 refinement for any mesh cell intersecting it
28 refinement for any mesh ce inside/outside/near
29 - to 'snap' the mesh boundary to the surface
30 geometry
31 i
32 GRILL.stl
33 {
34 type triSurfaceMesh;
25 name GRILL.=stl;
36 }
38 FAN BRACKET.=tl

Figure 3.1.5: Script file of OPENFOAM

In OPENFOAM software, there are 3 basic directory structures that are important to run
a simulation which are 0 directory, constant directory and system directory. Each directory

have important roles and the simulation couldn’t proceed without those directory. Figure

3.1.6 shows the basic directory structures that have inside OPENFOAM.
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Yo Eavarites Mame = Date modified Type Size
B Desktop ] 83/2016 2:35 PM File: Folder
4 Downloads constant 8)3)2016 2135 PM File folder
= R £ Pl
1 hecent Places system 8)3)2016 2135 PM File folder
e | All_clean (3/2016 2:35 PM File 1KE
4 Libraries
E-! Dcicuments | allrun 8/3/2016 2:35 PM File 1KB
J': Music | Allrun_meshing 8/3f2016 2:35 PM File 1KE
|&=| Pickures | Allrun_parous 8312016 2:35 PM File 1KB
B videos || Allrun_salve 83/2016 2:35 PM File 1KB
. || change_BC 8i3/2016 2:35 PM File 1KB
1% Computer
| tlean 8f3/2016 2:35 PM File 1KE

& osc)

Figure 3.1.6: Directory structures in OPENFOAM
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0 directory is to determine the initial boundary condition of the model. For this case, 0
directory consist of U (velocity field file), p (pressure field file), k epsilon (k epsilon field
file) and nut (turbulence model) file. For this case study, condenser, grill, propeller,
bellmouth, casing, and fan bracket are input inside all of these files and specify the
boundary condition of these components. For velocity field file, all the components
including the surfaces that were created from BLOCKMESH such as walls_sidel,
walls_side3, walls_side4, walls top, walls_bottom and so on will have their own
boundary condition. For condenser, casing, fan bracket, propeller, bellmouth, grill,
walls_sidel, walls_side3, walls_side4, walls_top and walls_bottom will have fixed value
type and uniform (0,0,0). This fixed value type means that each components will have
constant value while uniform (0,0,0) means the components will have 0 value of velocity
during the initial condition. Other components such as atmosphere_sidel,
atmosphere_side2 and so on that were created in BLOCKMESH are put as zerogradient
which means that those components will remain constant throughout the whole simulation.
Figure 3.1.7 shows the boundary condition that was set in these files. While in pressure
field file, all the components were set as zerogradient except atmosphere_side2 which is
put as fixed value type and contain uniform value of 0 in the initial condition. For the other
field file such as k-epsilon file and NUT file, all of the components other than
atmosphere’s surfaces will be input as kqRWallfunction, epsilonWallfunction and
nutWallfunction while for atmosphere_sidel, atmosphere_side2 and other will be input as

zerogradient.

E=== @’ 0 directory folder
alibrary +  Share with = Burn Mew folder
- Mame “ Date madified Type Size |

|| epsilon 313/2016 1:00 AM File 3KB
Lk 3i3/2006 10D AM  File sk |nitial Boundary Condition
|| nat < FPIZ0TE T00 &M Fiis IFE
Lip 332016 1:00 AM File: ZKB
Liu 31372016 1:00 AM File: 3KB

Figure 3.1.7: 0 directory folder
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Figure 3.1.8 below shows the example of initial boundary condition script files.

S S *
| ========= | |
(B 4/ F ield | ©penFOAM: The Open Source CFD Toolbox |
| A £ O peration | Version: 2.1.x

| WS A nd | wWeh: wumr . OpenFOAM. org |
| Ay M anipulation | |
\* ___________________________________________________________________________ *f

FoamFile

{

version z2.0;

format ascil;

class wvolVectorField;
location o,

object I;

dimensions [0 1 -1 000 0];
internalField uniform (0 0 03;
boundaryField

i
#include "${OPENFOAM INSTALL PATH}/etc/caseDicts/setConstraintTypes”

)l"*

INLET

i

type cyclicAMT;
wvalue uniform ( 0 0 0 };
'
(a)

PR e b e e F= @i cY¥occccsscosesscsssssesssssssssosssss B
| ========= | |
[N /S F 1eld | CpenFOaM: The Open Source CFD Toolbox
RS / O peration | wersion: Z.1.x:
| Wy & nd | ueb: W . OpenFOAM. org
| WS M anipulation |
\* ___________________________________________________________________________ *Jlu"
FoamFile
i

version zZ.0;

format ascii;

class vol@calarField;

location rgr,

object p:

dimensions [0 2 -2 000 0];
internalField uniform 0;
boundaryField

{
#include "${OPENFOAM INSTALL PATH}/etc/caseDicts/setConstraintTypes”
J-"’*
INLET

{
type ayolicAMI;

(b)

Figure 3.1.8: Example of initial boundary condition script file
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Constant directory consist of the CAD drawings in stl format that have already been mesh
and put inside one of the folder called triSurface. Figure 3.1.9 and figure 3.1.10 below
shows all the files in constant directory where polyMesh consist of boundary condition
file, blockMeshDict file and so on. The blockMeshDict script file contain all the
information to create a simple block based on fully-structured hexahedral meshes that
cover the outdoor unit and wall which this block act as surrounding condition of the case
studies. As mention on previous page, BLOCKMESH tool are the first tool to use in mesh
generation before it can proceed to SNAPPYHEXMESH. It required information such as
the coordinates of the nodes that will form a solid. There can be in rectangular form, square
form and pyramid form depends on the coordinates and the sequence that need to input
inside blockMeshDict. In this case study, a rectangular block was created as the walls that
cover the outdoor unit and the surrounding. Inside vertices, there are the coordinates of
each points while the blocks are the place to allow the software to know that which points
need to connect on which points to form a solid block. Once the blocks are finish, each

boundary will be assigned on each surface.

1k

17 convertToMeters 0.001;
18

19 wvertices

z0 (
21

BE

&3

24

&3

Z6

27

=8

29

20

31

&

33

24

35

26

37
380
a8

40 blocks

-400 &74.299 0) //0
-400 -7Z5.701 0)

1010 -725.701 0)

1010 &74.295 0}

—-400 674,299 1500}
-400 -725.701 1500)
1010 -725.701 15003
1010 674,299 1500)
—-800 -725.701 -1000)
-800 -17Z5.701 -1000})
1600 -17Z5.701 -1000;
le00 -725.701 -1000;
—-800 -7zZ5.701 Z500;
-800 -17Z5.701 2500}
le00 -1725.701 Z500;
1600 -725.701 Z500)

41

42 hex (0 1 2 3 4 5 & 7) stator (60 &0 &0) simpleGrading (1 1 1}

43 hex (8 % 10 11 12 13 14 15) stator (40 56 140) simpleGrading (1 1 1)
44 g;

a5

46  edges

47

43 ) ;

aa

Figure 3.1.9: Example of BlockMeshDict script file
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3=
50 boundary
510

52 Walls sidel

53 {

S type wall;
S faces

56 {

57 (01 5 4)
38 Vi

59 }

&0

51 Walls_ sideZ

52 {

3 type wall;
54 faces

55 {

E6 (L 2 & 5}
&7 1;

[1=] }

59

70 Walls side3

71 {

Tz type wall;
73 tfaces

T4 {

75 (3 7 6 2)
i 1i

77 }

78

73 Walls sided

20 {

21 type wall;
82 faces

Figure 3.1.10: Example of BlockMeshDict script file

System directory consist of all the settings needed to run the simulation including
snappyHexMesh, decomposeParDict, surfaceFeatureExtractDict, and so on.
SnappyHexMesh is used to create high quality hex-dominant meshes based on geometry
that are stored in dictionary constant/trisurface. Inside snappyHexMesh script file, it
control all the number of cell, refinement level and mesh quality on every components
separately. With snappyHexMesh, OPENFOAM will generate the refine mesh of each
components and insert into blockMesh. Besides that, surfaceFeatureExtract function is
used to extracts feature edges from the geometry surface using the surfaceFeatureExtract
utility and then explicitly specifies the features through the features entry in the
snappyHexMeshDict file. There is another function which is called decomposePar which
is to run OPENFOAM in parallel on distributed processors. The method of parallel
computing used by OPENFOAM is known as domain decomposition, in which the
geometry and associated fields are broken into pieces and allocated to separate processors

for solution.
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Stage 3

Once the mesh element is done, stage 3 will begin with CFD simulation (OPENFOAM).
The OPENFOAM solver such as simpleFoam, pimpleFoam, pimpleDyMFoam and so on
are used based on the criteria of the case studies. Figure 3.1.11 shows the list of solvers that
can be choose based on the criteria of the studies which is under category of incompressible
flow.

Steady-state solver for incompressible,
MRFSimplefoam turbulent flow of non-Newtonian fluids with
MRF regions

Transient solver for incompressible, laminar

nonNewtonianlcoFoam . :
flow of non-Newtonian fluids

Transient solver for incompressible, flow of
pimpleDyMFoam Newtaonian fluids on a moving mesh using the
PIMPLE (merged PISO-SIMPLE) algorithm

Large time-step transient solver for
pimplef~oam incompressible, flow using the PIMPLE (merged
PISO-SIMPLE) algorithm

pisoFoam Transient solver for incompressible flow

Steady-state solver for incompressible,
porousSimplefFoam turbulent flow with implicit or explicit porosity
treatment

Transient solver for inviscid shallow-water

shallowWaterFoam : . i
equations with rotation

Steady-state solver for incompressible,

simpleFoam
P turbulent flow

Steady-state solver for incompressible,
SRFSimpleFoam turbulent flow of non-Newtonian fluids in a
single rotating frame

Steady-state solver for incompressible,
windSimpleFoam turbulent flow with external source in the
momentum equation

Figure 3.1.11: Types of solvers

Inside the system folder, fvSolution is the script file which is the setting for the solver that
act as a tool to solve the equation. Since this case study is about incompressible and
turbulent flow, simpleFoam is chosen to be the solver of this case study. The table 2.1.1
below shows the simulation that need to be done with different distance of x-axis and y-

axis between wall and outdoor unit.
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Table 2.1.1: Case studies of CFD simulation

wall distance (Y¥/mm)

wall distance (x/mm)

20 60 150 200

20
60
150
200

Case 1 Case 5 Case 9 Case 13
Case 2 Casef Casel0 Caseld
Case 3 Case 7 Case 1l Casel5s
Case 4 Case8 Casel2 Caselb

Data are recorded and can be viewed in Paraview which those data will be analyzed and

graph will be plotted to determine the relationship between the wall gap and the heat
distribution on the outdoor unit. OPENFOAM software is different compare to other CFD

software such as ANSYS software, AcuSolve and so on because OPENFOAM operate

using scripting format where user need to type the command inside command prompt to

execute the function inside OPENFOAM. It don’t have guided user interface to show user

about all the option and function. There are some example of command that execute the

function that can be seen in table 2.1.2 below. The purpose of “runApplication” is to save

the log data so that the user can review the data easily.

Table 2.1.2: Type of commands

Command

Function

runApplication blockMesh

Execute the BLOCKMESH tool according to the settings
from blockMeshDict and save log file into OPENFOAM

runApplication

surfaceFeatureExtract

Execute surfaceFeatureExtract to extracts feature edges
from the geometry surface and save log file intg
OPENFOAM

runApplication
snappyHexMesh

Execute SNAPPYHEXMESH tool to generate mesh ang
save the log file into OPENFOAM

runApplication checkMesh

To check the condition of mesh after mesh generation

runApplication simpleFoam

Execute the solvers
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Figure 3.1.12 to Figure 3.1.14 shows parts of the scripts of each command while figure
3.1.15 shows the command prompt.

Casing.stl

{
/4 How to obtain raw features (extractFromFile || extractFromSurface)
extractionMethod extractFrom3urface;

extractFrom3urfaceCoeffs
i
/4 Mark edges whose adjacent surface normals are at an angle less
/4 than includedingle as features
A4 -0 : selects no edges
/4 - 180: selects all edges
includedangle 150;

4/ Write options

A4 Write features to obj] format for postprocessing

writeCh] yes;
i
i
Grill.stl
i
/74 How to obtain raw features (extractFromFile || extractFromSurface)
extractionMethod extractFrom3urface;

extractFromBurfaceloeffa
1
/4 Mark edges whose adjacent surface normals are at an angle less
/4 than includedangle as features
F4 -0 : selects no edges
A4 - 180: selects all edges
includedangle 150;

Figure 3.1.12: Example of snappyHexMesh script file

/# Hettings for the castellatedMesh generation.
castellatedMeshControls

{

// Refinement parameters

£ e e

/7 While refining maximum number of cells per processor. This is basically
/7 the number of cells that fit on a processor. If you choose this too small
/4 it will do just more refinement iterations to obtain a similar mesh.
maxLocalCells s00000;

/7 Overall cell limit (approximately). Refinement will stop immediately
/4 upon reaching this number so a refinement level might not complete.
/7 MNote that this is the number of cells before removing the part which
/7 i1z not "wisible' from the keepFoint. The final number of cells might
/7 actually be a lot less.

maxGElokhalCells 100000000;

/7 The surface refinement loop might spend lots of iterations

/7 refining just a few cells. This setting will cause refinement
f// to stop 1if <= minimumRefine are selected for refinement. Note:
/4 1t will at least do one iteration {(unless the numker of zells
/4 to refine 1s 0)

minRefinementCells 10;

/7 Number of buffer layers between different levels.
4/ 1 means normal Z:1 refinement restriction, larger means slower

// refinement.
nCellsBetweenlLevels Z;

Figure 3.1.13: Example of surfaceFeature script file
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application simpleFoam;

// application porousfimpleFoam;
startFrom startTime;

startTime 0;

stophit endTime;

endTime 2000;

deltaT i8>

writeContraol timedtep;
writeInterval 30;

purgeWrcite o;

writeFormat ascii;

writePrecision &;
writeCompression off;
timeFormat general;
timePrecision A
runTimeModifiakle true;

functions

Figure 3.1.14: Example of simpleFoam script file

run-time
ppli

Figure 3.1.15: Command Prompt
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From meshing until CFD simulation in OPENFOAM software, all the process are done
by typing function into the command prompt. In this project, there is one script file called
All_run which is named by the user and it contain all the command written inside the file
so the user just type one keyword to activate the whole process. The command must be in
sequence from the first line until the final line so that the software will execute one by one
from the first line to the end of the script. Figure 3.1.16 shows the script file inside All_run
where the first command is blockMesh follow by renumberMesh which this function is to
renumbers the cell list in order to reduce the bandwidth, reading and renumbering all fields
from all the time directories. Next is surfaceExtractFeature then decomposePar to
distributed the geometry into multiple pieces based on the number of processor that the
computer have so that the software can simulate faster simultaneiously. After that, the
snappyHexMesh function will be execute to mesh the geometry followed by checkMesh
function to check the quality of the mesh. Once the mesh is good, it is ready for CFD
simulation where the command simpleFoam is needed to execute the simulation. Once
simulation is done, the distributed mesh needed to reconstruct to become the full set of
mesh. To do that, reconstructPar function comes in handy to combine all the mesh so that

the data is complete.

B controlDict | B decompozePaDict | B celFones o [ dlun u.'il
#!/binssh

[ury

# Source tutorial run functions
. SOPENFOAM INSTALL PATH/binftoolsfRunFunctions

2]

3

4

5 rundpplication blockMesh
&

7 renumberMesh -overwrite
g

E runkpplication surfaceFeatureExtract

1z # #tart parallel meshing operation

14 # op system/decomposeParDict.hierarchical system/decomposeParDict
1& runkpplication decomposePar

15 runParallel snappyHexMesh -overwrite

20 runParallel checkMesh -constant

Figure 3.1.16: Example of All_run script file
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Experiment

Experiment of different wall gap between 5SLY15F outdoor unit and wall is conducted to
determine the rotational speed (rpm) of DC fan motor and AC fan motor. This experiment
Is installed in one of the test room in Daikin Research & Development (DRDM) Sdn. Bhd.
The setup of the experiment are shown in figure 3.1.17 and figure 3.1.18 below. The
experiment are conducted with placing the outdoor unit near the walls in X-axis and Y-axis
and increasing 10mm each time after the data have been recorded using stroboscope. The
data of rpm will then insert into excel and graph is generate to see the pattern of the
relationship of the distance between wall and outdoor unit. Figure 3.1.19 shows the

equipment (stroboscope) used in this experiment.

Figure 3.1.17: Airflow study Experiment Setup
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Figure 3.1.19: Stroboscope
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3.2 Flow Chart

Airflow study of a Split-Type outdoor unit subjected to near wall
effect using Computational Fluid Dynamics (CFD) simulation

'

Literature Review

}

Experimental
Method

|

Computational Method
e Modeling
e Meshing
e Conduct
Simulation

v

Rejected

Validation

Validated

Data from CFD
simulation will insert
into Microsoft Excel

and graphs will be
plotted

|

Report & Presentation

Figure 3.2.1: Flow Chart
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3.3 Key Milestone

Key Milestone 1 Key Milestone 2 Key Milestone 3

Completion on
remodeling of CAD
drawing

Completion on setting Completion on CFD

for CFD simulation simulation data
analysis

Figure 3.3.1: Key Milestone
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3.4 Gantt Chart

Table 3.1: Gantt chart

30

No. Activities 34|56 | 7|89 (1011 12|13 (14| 15|16 17 (18| 19|20 (21| 22|23 |24(25|26|27 |28
1 [Selection of Project Topic
[Understanding Project
2 |Topic and Gathering
information
F econstruction and
3 |simplification progress of
(CAD drawing (35LY15F)
Settings for CFD
4 |simulation in @
(OPENFOAMN
5 |CFD simulation
p A nalysis and presentation @
of results
Preparation of technical
7 report for technical paper
publication
8§ |Submiszion of final Report]
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Chapter 4

Results and Discussion

During FYP 1, the components of outdoor unit of model 5SLY15F are collected for
experiment purpose to get the data that are needed for verification with the simulation
results. Figure 4.0.1 below shows the outdoor unit of model 5SLY 15F.

Figure 4.0.1: Outdoor unit of 58LY15E

For numerical analysis, the CAD drawing of outdoor unit of 5SLY 15F had to be simplified
and some components are needed to reconstruct to get better quality of mesh which shown
in figure 4.0.2. Once the simplified model is done, mesh generation can be done in stage

2 and CFD simulation in stage 3.
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]

Figure 4.0.2: CAD drawing of outdoor unit of 5SLY15F

Due to some geometry problem occur in the components such as propeller and grill
components, reconstruction process need to be done on those components by connecting
surface by surface to form a solid components which consume a lot of time to do this part.

This process can be shown in figure 4.0.3 which is already reconstructed.

Figure 4.0.3: Reconstruction of CAD geometry
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4.1 Experiment Results

There are two experiments that have been conducted to verify with the simulation and the
data that were collected from the experiment are the rotational speed (rpm) of DC and AC
fan motor inside the outdoor unit where the data was obtain using stroboscope on each
wall gap distance between the walls and outdoor unit. A piece of yellow tape was put on
the surface of fan blade as a reference point to measure the rpm of the fan, which is shown
in figure 4.1.1 below. Since the stroboscope is used to stop motion for diagnostic
inspection purposes. It can read the rpm of the fan blade when the rotation of the blade is

reach a certain point where the fan looks static.

(b)

Figure 4.1.1: Method of rpm measurement
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For the outdoor unit that installed with DC motor, it is equipped with DC power supply
controller to turn on the motor only without turning on other components such as

compressor. This Figure 4.1.2 shows the experiment setup which is equipped with DC

power controller.

Figure 4.1.2: Outdoor unit with near wall experiment setup

The data that was gathered from the experiment are then imported into excel program and
plot graphs to see the difference between DC fan motor and AC fan motor. Based on the
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graph plot shown in figure 4.1.3, DC fan motor considered to have constant rpm because
it has smaller standard deviation compared to AC fan motor which is 2.45 and 5.03126.
The data that were recorded are within the range of 918 rpm and 926 rpm which is lower
than the nominal rpm that was set on the outdoor unit (930 rpm). AC fan motor has the
range of 925 rpm to 946 rpm and its standard deviation is higher compared to DC fan
motor. The reason DC fan motor have constant rpm is because DC fan motor use direct
current electrical power to convert into mechanical power. Since DC motor have constant
voltage, it will rotate on same rpm throughout the whole process based on the specification
of the motor. Based on the experiment, even though the distance of wall gap is shorten,
the DC motor is still running on the constant rpm but it required more power consumption
to maintain the rotational speed as it consume more current. This is because the shorter
the distance of wall gap, the higher the static pressure and the air flow rate going through
the condenser become lower. This will affect the rotational speed of a motor. But DC
motor have to rotate on the nominal rotational speed that have been set so when it detect

the changes of rotational speed, it require higher current to maintain the rotational speed.

928

926

924

R*=0.0123
Q22 —+—y_only
R*=0.023
= ¥_only
& 920 -
.= both x &y
R* = 0.4697

918

Linear (y_only)

Linear (x_only)

gl6
— Linear (both x & v)

914

912 T T T T T T T T T T T T T T T T T T T |
10 20 30 40 50 60 70 30 90 100110120130140150160170180190200
Distance (mm)

Figure 4.1.3: Graph of RPM versus distance of wall gap (DC motor)
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For AC fan motor, it used alternating current electrical energy to convert into mechanical
energy. It is equipped with a control panel that control the power consumption. So when
the distance of wall gap changes, the rpm will change according to the distance to reach
the constant power consumption. Figure 4.1.4 shows the graph of distance versus

rotational speed of AC motor.

450

Q45
R*=0.7058

240 e

—+—y_only

x_only
E Q35
= both x &y
R?=0.8582
Linear (v_only)
G930
R?=0.2308 /
925

920

Linear (x_only)

Linear (both x & y)

10 20 30 40 50 60 70 B0 20 100110120130140150160170 180190200
Distance (mm)

Figure 4.1.4: Graph of RPM versus distance of wall gap (AC motor)

With the data that were obtain from the experiment, it will verify the assumption of
constant rpm on the fan motor which AC motor can be used because of the constant rpm
through different distance of wall gap. With this verification, the rpm can be set for CFD
simulation to find the air flow rate (CFM) that are the results of the simulation.

4.2 CFD Simulation

Once those rpm data have been analyze, CFD simulation can be run on those cases based
on DC fan motor since it has constant rpm. With the constant rpm, heat distribution around
the condenser will be the responding variable while distance of wall gap between wall and
outdoor unit will become the manipulating variable. There are total of 16 cases needed to
be simulate and 16 times of simulation are running at the same time. With limited

resources available and some difficulty that occur, there are 10 cases that have been done
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while other are still on progress simulation. Table 4.1 shows the total cases for simulation
with different distance.

Table 4.1: Case Studies

wWall distance (¥/mm)
wall distance (x/mm) 20 &0 150 200
20 Casel Case 5 Case 9 Case 13
60 Case 2 Case b Case 10 Caseld
150 Case 3 Case 7 Case 1l Casel5s
200 Case d Case 8 Case 12 Caselb
X (mm) ¥ {mm)

Case 1l 20 20

Case 2 60 20

Case 3 150 20

Case 4 200 20

Case 5 20 a0

Case b 60 a0

Case 7 150 a0

Case & 200 60

Case 9 20 150

Case 10 60 150

Case 11 150 150

Case 12 200 150

Case 13 20 200

Case 14 60 200

Case 15 150 200

Case 16 200 200

In each cases, the distance are different such the distance increase from case 1 to 16. In
each cases, different distance of X-axis and Y-axis was set and this distance can be
changed in blockMeshDict file from 0 directory folder. To create a blockMesh, the
coordinates are required to input. So with different cases, the coordinates have been set
according to the distance of wall gap to create the exact scenario inside the simulation.
Other files that are needed inside O directory, constant directory and system directory are
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remain the unchanged since the settings are the same throughout all the cases. Figure 4.2.1

shows the blockMesh generated on case 16.

U Magnitude
-1.815e+01

E13.615

-E 20769

|
£ 4.5384

~0.000e+00

Figure 4.2.1: BlockMesh

Result of air flow rate and pressure

From these simulation that were done, air flow rate and pressure drop can be obtained near
the condenser area since the objectives of this study is to study the flow distribution that
was influence by the distance. So with the changes of distance, the flow distribution will
be interrupt. The data are obtained using Paraview software which this software is a multi-
platform data analysis and visualization application. User can use Paraview to build
visualizations to analyze their data using qualitative and quantitative techniques. The data
exploration can be done interactively in 3D or programmatically using ParaView’s batch
processing capabilities. Once those simulation are done, the data can be view using

Paraview as shown in figure 4.2.2.
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Figure 4.2.2: Paraview
The purpose of getting the air flow rate and pressure drop at the area before the air passing

through the condenser is because that area determine the condition of air where it will pass
through the condenser and influence the performance of air conditioning. To measure the

air flow rate and pressure, a few tools needed in Paraview. First, the block will be clip to

cover the area of condenser as shown in figure 4.2.3 using clip tool.

File Edit Yiew Sources Filters Tools Catalyst Macros  Help

le & R R = e =
I8 o a2 Wl—_llmagnitude_liﬂlomﬁne | sk dslre0al
|E90DRIQEL2R@ |8 &2 +

Pipeline Brovwser & X | O Layout #1 X | + 1
T
[ builkin:

@ W case16.foam

- |omEm

@ 0 Condenser.stl

Properties | Information |
Propetties 8 x

' apply | () Reset | 3¢ Delete I ? |

[Search ... (use Esc to clear text)

|—_|_|_|wj

Clip Type

[¥  Show Box

Translate |0,1678405C |0.2686105C |0.12172421

Rotate |0 o 0

Scale 0.25254514 [0.0647271C |0, 1760677
1

Figure 4.2.3: Clip Function
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The purpose of clip is to allow slice tool to be used so that it can get the surface of the

condenser Flgure 4.2.4 shows the example of slice tool.

File Edit View Sources Filters Tools Catalyst Macros Help

le&| % & »ea T = co—
e e | HEE gt Rdireea
IB9CDRTOS2QB AR > Y +

Pipeline Browser & X | O Layout #1 X I + |
ﬁ builtin: # @ 30 @ PRBE R

@ =@ casel6.foam

@ ﬁ Clip1

@ ﬁ Slice1

@ L Condenser.stl U Magnitude

5 7.000e+00

Properties | Information I
Propetties 8 X

I Apply | @ Reset | ¢ Delete |
‘P:rh .. {use Esc to clear text) I——

[= e 3] 0] @] Wl
[= oo 3| ] @]

I Cube Axes Visibility
Representation Surface v I

Coloring

Figure 4.2.4: Slice Function
Once the surface was obtained, calculator tool is used to calculate the magnitude of

velocity multiply the area of the surface to find the air flow rate that can seen in figure
4.2.5. Calculator is not needed to find pressure because paraview can view the pressure
drop data since OPENFOAM already calculate the pressure drop during simulation. Once
calculated air flow rate and pressure drop, descriptive statistic is used to view the data of

air flow rate and pressure drop as shown in figure 4.2.6.
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Figure 4.2.6: Descriptive Statisctic

Once all the mean value of air flow rate, Q were obtained, these data will input inside

excel and a graph of air flow rate, pressure and the distance is plotted.
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Figure 4.2.7: Data of Air flow rate and velocity in different cases
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Case

10
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13

16

From the cases that have been simulated, a graph of air flow rate versus pressure have
been plot. According to the graph, case 13 have the highest CFM (1653.287) and lower
pressure (7.35kPa) compared to other cases. Case 13 have the distance of 200mm toward
y-axis and 20mm toward x-axis. From the graph, case 1 which is the closest distance of
wall gap between wall and outdoor unit and the CFM is lowest and pressure is high. This
IS because of the static pressure that occur when the wall gap is short distance. In case 1,
the temperature will increase due to low heat distribution caused by low CFM. As the
distance of the wall gap increase, the CFM increase and pressure decrease. From case 6,
the distance of wall gap is 60mm x-axis and 60mm y-axis and the CFM is the same as
case 10, 11 and 12. This mean that the minimum distance of wall gap that is suitable for

installation of outdoor unit is starting from 60mm.

There is another analysis that was obtained from Paraview which is the variance of the
flow. Variance is to show how far a set of number are spread out. The higher the variance,
the higher the range of the set of number to be different. A variance of zero shows that all
the values are identical inside a set of data. To obtain the data from Paraview, a same
method was done which are to clip the condenser area and slice out the surface. Once the
surface is obtained, descriptive statistic will show a set of variance data and these data will
be insert into excel and graph of variance versus the distance of wall gap will be plotted.
Figure 4.2.8 shows the set of variance number and graph of variance versus distance of

wall gap that were assigned into different cases.
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Figure 4.2.8: Data of variance in different cases with plotted graph
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Based on the graph that shown above, there are two set of variance data in different cases
which are in y axis and x axis. These is obtained in Paraview that can be seen in figure

4.2.9 that there are y axis surface and x axis surface that are obtained to verify the results.

Figure 4.2.9: Y-axis and X-axis surface to obtain data

From the graph above, the variance from y —axis shows the higher the distance of wall
gap, the lower the variance as the distance of wall gap increase from case 3 to case 16.
But from x — axis, the variance fluctuate because in different cases, the distance in x- axis
is vary with the y axis for example, case 1 to 4, the distance at x- axis changes from 20,
60, 150 and 200 while distance at y — axis remain 20. Starting from case 5, the distance at
x-axis repeat from 20 again but the distance at y —axis change to 60. So based on the graph,

the variance increase during 4 cases and decrease at the 5™ case.

43



The velocity contour of the outdoor unit and walls can be seen in figure 4.2.10 and figure
4.2.11.

2

“

(b)

Figure 4.2.10: Velocity Contour
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(b)
Figure 4.2.11: Velocity Contour
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Chapter 5

Conclusion and Recommendation

The distance of wall gap between wall and outdoor unit affect the heat distribution of heat
exchanger which is the condenser and hence will affect the performance of air
conditioning unit. The shorter the distance of wall gap between wall and outdoor unit, the
higher the static pressure generated on that area. When high static pressure occur there,
air will become difficult to passing through the wall gap and hence the amount of air will
become less. In this project, the objectives have been achieved which are to investigate
the relationship between air flow rates (CFM) and the distance of wall gap between wall
and outdoor unit. It is found that case 1 have the lowest CFM and high pressure but when
the distance increases, CFM increase and pressure decrease. Based on the graph shown in
figure 4.2.8, case 13 has the highest CFM with the distance of 20mm in x-axis and 200mm
in y-axis. Besides that, starting from case 6, the CFM across the condenser become

constant. So the minimum installation space of an outdoor unit is 60mm in x and y-axis.

Due to limited time and limited resources to conduct the study, there are only few cases
that have done and further numerical work has to be conducted to concretely prove the
hypothesis of this project. Never the less, statistical method should be implied on this
project to strengthen the numerical results that were obtained from CFD simulation. For
further studies, more detailed numerical and experimental work need to be conducted

where the range of distance of wall gap need to be narrow down.
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