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Abstract - Air Conditioning System is the process of
treating the air to simultaneously control temperature,
humidity, cleanliness & distribution to meet the
requirements of a room, such not only at office buildings,
malls, airports but also at residences. Indonesia, with its
tropical climate, which has hot, dirty (dusty, smoky) air
and erratic winds, needs a way to get comfortable using
air conditioning equipment. In this paper, the
calculations were carried out, taking into account the
ASHRAE standards. For Space references and
calculations, the plan is developed by AUTO CAD. Along
with the development of Air Conditioning technology and
the increasing awareness of climate change, energy
consumption, and also more flexible layout of Air
Conditioning placement so as to get comfortable, making
the use of VRV - A continues to grow not only in office
buildings but also in residential areas. This paper will
explain how to design an Air Conditioning system of
VRV-A by selected indoor unit and an outdoor unit with
connection ratios between 50% - 200%. The cooling load
calculation is carried out by using HKGSG v 2.05
software and HAP software v 4.90, which is available in
the worldwide market. Nowadays, people are estimating
the cooling load calculation by approximation method,
i.e., by giving dimensions of the building, which the
sellers are estimating roughly the cooling capacity.

Keywords - ASHRAE, AUTOCAD, Residences, Tropical,
VRV, HKGSG Software, HAP Software

I. INTRODUCTION

Residential is housing that functions as a place to
live or a residential environment equipped with facilities
and infrastructure to accommodate the environment. The
ideal housing is housing that is not only assessed from the
exterior and interior of the building, its location towards
the workplace, education area, shopping area and is easily
accessible from the main route but also from the Air
Conditioning System. With the selection of a good and
reliable Air Conditioning System that will provide

comfort and affect the psychology of the occupants so
that every activity can be carried out properly.

Indonesia is a tropical country with a high level of
temperature and humidity, and this greatly affects the
level of comfort in the room, the standard of comfort in
the room against the surrounding air conditions (thermal
comfort) is obtained at temperature 62 °F (19,6 °C) — 82
°F (27,9 °C) [2] with relative humidity less than 65% [3].

Air Conditioning system with the latest technology,
namely VRV (Variable Refrigerant Volume) or VRF
(Variable Refrigerant Flow). The term VRV (Variable
Refrigerant Volume) or VRF (Variable Refrigerant Flow)
refers to the ability of the Air Conditioning system to
control the amount of refrigerant flowing into each
evaporator, allowing the use of multiple evaporators of
different capacities and configurations, controlling
comfort, heating and cooling simultaneously. In different
zones and heat recovery from one zone to another [4].
VRV system where one outdoor unit can be used for
several indoor units; in other words, the general
arrangement of the VRV AC system does not require a
large space for many outdoor units, resulting in neatness
and beauty in the residential area. Since the release of the
first VRV system in 1982, Daikin continuously added
new features to meet evolving market demands. From
increasing the capacity load to incorporating more
recovery technologies, they continue to improve the VRV
system to achieve the best in comfort, efficiency, and
reliability.

By using the HKGSG software v 2.05 and HAP
Software v 4.90 to calculate the cooling load requirement
for air conditioning (cooling capacity) in a residential by
paying attention to heat sources in the room that can
increase temperature and air moisture content. Sources of
heat can come from outside or inside. Heat sources from
outside the room can come from the conduction of heat
through roofs, windows, floors, and partition walls. Heat
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sources from inside the room can come from humans and
room equipment such as cupboards, lights, and others.

Il. TECHNOLOGY OVERVIEW

A. VRV-A

VRV-A offers technological improvements over the
VRV-1V (previous generation). These technological
improvements are to meet various needs while increasing
energy savings, ease of installation, and systems with
high reliability. The following is a discussion of what the
technology improvements are:

e Energy Savings
Unlike previous generations of VRV, VRV-A
combines advanced Software and Hardware for
greater energy savings during system operation.
The combination of VRV (Variable Refrigerant
Volume), VRT (Variable Refrigerant
Temperature ), and VAV (Variable Air Volume)
technologies can be achieved both in terms of
energy-saving and comfortable air conditioning.

e Automatic Refrigerant Function
The automatic refrigerant function automatically
determines the optimal amount the refrigerant
tone charged. This function prevents a capacity
shortage or energy loss due to excessive or
insufficient refrigerant.

e High Reliability
The control functions of inverter technology
have been integrated on printed circuit boards.
As well as improving reliability, this has reduced
the number of parts and enabled
downsizing.

B. Indoor Unit VRV-A ( FXMQxy-PAVE )

One of the types of VRV-A indoor units is ceiling
mounted duct type, or usually, we call it the FXMQ-
PAVE type. The following is the description of
FXMQxy-PAVE:

e F = Unit Category of indoor unit cooled
type.

e X = Series Category of the inverter.

e M = Ceiling Mounted Duct.

e Q = Using Refrigerant R410-A.

e Xy = Capacity Indication from (20(0.8 HP)
-140(6 HP)).

e PAVE = Power Supply 1 phase, 220 — 240
VAC, 50 — 60 Hz.

This type of indoor unit has adjustable external static
pressure from 30 Pa to 100 Pa, and all models of this type
have a height of 300 mm. Ceiling mounted duct typed
facilitated by separating the drain pipe from a
maintenance inspection panel for the drain line and also
equipped with silver ion which serves to prevent the
growth of mucus, fungi, and bacteria that can blockages
and odors smell in the drainage path [4].
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Fig 1. Ceiling Mounted Duct.[4]

These are the specification of indoor units ceiling-
mounted duct:

MODEL FXMQ20PAVE ‘ FXMQ25PAVE ‘ FXMQ32PAVE ‘ FXMQ40PAVE ‘ FXMQ50PAVE
Power supply 1-phase, 220-240 V1220 V, 50760 Hz
e — Bluh 7,500 9,600 12300 15,400 19,100
KW 22 28 18 45 58
Power [T 0.056+1 00561 0,060 0.151+1 04281
Casing Galvanised sted plate
Ao ate (M) mimin 07565 97565 057 1B 18165115
ofm 318/265/230 1B/265/230 05282247 565/450/388 635/562/530
Extornal static prassure Pa 30100 (60)*2 30-100 50)*2 30-100 (50)*2 30-180(1002 | 50-200 (100)*2
Saund level (HHHI) dBjA) 3381720 333120 34/32120 04735 44
Dimensions (HxWD) mm 0045505700 300x550x700 300k550x700 00xTOCKTO0 200¢1,000K700
Maching veight kg % % 2% o7 3%
Liquid (Flars) 484 64 464 464 464
:‘u‘:“:gm”s Gas (Flare) mm #127 $12.7 #1271 #27 $127
Drain VP25 (External Dia, 3/Internal Dia, 25)
MODEL FXMQGIPAVE | FXMQBOPAVE | FXMQ100PAVE | FXMQ125PAVE | FXMQ140PAVE
Power supply 1-phasa, 220-240 V/220 V, 50760 Hz
. Biuh 24,200 30,700 33,200 47,800 54,600
kW 74 20 112 140 16.0
Power, i [T 04381 048541 02151 028441 040541
Casing Galvarised slel plate
Ao ate (HHHI) m/min | 105175116 35/22.6/20 32/21/23 3083728 48/3032
cim £88/618/565 833/704/T08 1,130/053/812 1377/1,165888 | 1.824/1,3774,1%
Extemal static presure Pa 50-200(100)*2 50200 (100)*2 50200 (100)*2 50-200 (1002 50-140(100)*2
Sound level (HHHIL) dB(A) 4214038 43041730 4y U240 48145113
Dimensions (HxWxD) mm | 300:1,000x700 | 300«1,000x700 | 300x1400<700 | 300x1400x700 | 300x1,400x700
Machine weight kg % 35 5 45 46
Liquid (Flare) #05 $05 405 $05 405
::::gmms Gas (Flars) mm $159 4160 4150 4160 4159
Drain VP25 (Extarnal Dia, 32/Internal Dia, 25)

Fig 2. Type of indoor units FXMQ-PAVE[4]

C. Outdoor unit VRV-A ( RXQxy-AYM )

There are three (3) types for Outdoor unit VRV-A,
which are single-unit outdoor, double unit outdoor, and
triple unit outdoor. For single-unit outdoor usually, we
called it RXQ-xyAYM. The following is the description
of RXQ-xyAYM:

e R = Unit Category of Outdoor unit for the
air-cooled type

e X = Series Category of an inverter.

e Q = Using Refrigerant R410-A.

o Xy = Capacity Indication from ( 6 HP — 20
HP).

e A = Single Unit

e YM = Power Supply 3 phase, 380 — 415

VAC, 50/60 Hz.

The VRV-A outdoor has low operation sound,
between 50 to 60 dB. For areas with stringent restrictions
placed on outdoor sound levels, the outdoor unit can be
set for low operation sound during the nighttime to meet
sound restrictions. The unique 4-sided all-around heat
exchanger ensures sufficient surface area for the heat
exchanger.

This improves the heat exchanger performance
without increasing the footprint [4].
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Table 1: The floor, Ceiling, Wall, and Partition
Daikin VRV-A series incorporates a simplified and Dimensions

efficient test operation function that not only greatly

accelerates the installation process but also effectively Room FAloor CHei_lir;g Occupan | The O(Ut‘;f wall The"(‘”‘;f wall
improves the field setting quality like [4]: Name | /vea | Height ) cy L i
p g quality [4] (m2) (m) | (Person) | N | E |W]|E | S | W
e Automatically checks the wiring between Bedroom | 30.2 3.9 2 5.0 62|62 |75
outdoor units and indoor units to confirm wiC 23 | 39 1 38 | 6.2 38 | 62
whether there is defective wiring.
e Automatically check whether the stop valve in
each outdoor unit is functioning normally to . I
. . Table 2: The Window Characteristic
ensure the smooth operation of the air
conditioning system. i i ] Window
e Confirms piping length to optimize operation. V\Qgrizw V\(’:g)ht Hfr']?)ht Quantity | Material (m?)
, N | w
i ' Window Bed
2.6 2.7 1 7.0
L “ : l' )
Mods! RXQBAYM RXQBAYM RXQ10AYM RXQ12AYM RXQ14AYM WIndOW Bed 4.7 2 7 1 Clear 12 7
- 5 = = = (W) ) ) 5mm )
Combination units - - - - - WindOW
Power supply - s;;asewive system, aa-wswaanm SﬂHzfﬁ;Hz = WIC ( N) 0.8 2.7 2 4.3
. . Btuh 64,600 76,400 95,600 114,000 136,000
Cooling capacity kW 160 224 260 35 40.0
By 7] i o5t i o7 Table 3: The U-Value Outer wall
Capacity Control % 25-100 20-100 13-100 12-100 11-100
Casing colour Ivory white (5Y7.51)
Type Hermetically sealed scroll type Conductivit
(T m:mﬂ’; KW 261 341 4661 56x1 e Partition thickness ® Yy 1/k, R U
Arowrate o [ 7 a1 %7 (Inner Walls) (m) (W/m’ K) (M.K/W) | (m2.K/W) | (W/m?.K)
Dimensions HxWxD) mm 1,657x930x765 1,657x1,240x765 )
Machine weight kg 175 T 185 216 . .
Sound \m\g B 56 | 5 B 60 Inside Air 0.11
Operation range C0B 101049
Refiget [ 12 Reioh Plaster 0.025 0.79 1.27 0.032
Chage | kg 59 I 67 68 I 74
Pping | iaud ™ 18.5 (Brazing) 2.1 Brazing] Normal
connections | Gas mm 19.1 (Brazing) ‘ $22.2 (Brazing) $28.6 (Brazing) Concrete 015 14 072 011
Fig 3. Type of single outdoor units. [4] mortar 0.019 15 0.67 0.013
Plaster 0.006 0.79 1.27 0.008
I1l. METHODOLOGY Inside Air o1
A. Residential House Layout and Location Total R Value 0.383
The objective of this project is to design an HVAC U Value 262
system VRV-A which serves an area of the residential
house Mrs.S which is located in Jakarta, Indonesia. The
floor plan for this portion of the layout is shown in Figure
5. It is comprised of a B’edroom, WIC (Walk In_ Closet), Table 4: The U-Value Inner wall
and Bathroom on the 2’nd floor, but this project only
designs an HVAC system for Bedroom and WIC (Walk —
In Closet). The rooms in this portion will be air- thickness | Conductivity | 1/, R U
i Wall (k), (mK/ | (m2K/ ,
conditioned by one packaged rooftop. (m) (WIM.K) W) wy | WmK)
Inside Air 0,12
Insulation 0.01 0.19 5.27 0.05
Normal 0.2 14 072 | 015
concrete
Mortar 0.02 15 067 | 0013
S Plaster 0.003 0.79 127 | 0.004
Outside Air 0.03
W Total R-Value 0.367
N U Value 2.725

Fig 5. Residential House Layout of Mrs.S
These are the space characteristic of bedroom and WIC:
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Table 5: The U-Value Roof (With Ceiling Board) A. Cooling Load Calculation by DACS-HKGSG
Roof — Software v 2.05.

ith | thickness Condtll(C“V'ty 1k, §K/ Wy , The DACCS-HKGSG Software ver 2.05 program
Ceiling (m) (W(/n)1’.K) (M.K/W) (”\‘N') ( K’)“' uses a steady-state load calculation method to compute
board) heat load over a 24-hour period (1 day) on a summer day
Gypsum 017 5.89 and a winter day. It also applies effective temperature
Board 0.012 0.08 differences in consideration of the effect of the heat
Air Gap 0.52 accumulated in the walls since the heat load, which is
Total R Value 0.62 receivgd from stro_ng sunligh_t through the outer wa!ls and
U Value roofs in summer, is su_b_stantlal. The program contains the
1.66 24-hour weather condition data of major cities in summer
and winter (TAC 5%). The standard design data include
Table 6: The U-Value of Glass weather data of 140 countries, which is contributed by the
climate data of the British Meteorological Office and
Window/Glass |  thickness S?:éitiorlg U Japan Meteorological Agency. The software computes

Type (mm) (s0) (W/m2.K) cooling load according to the following flowchart:

Clear Glass 5 0.63 4,97 START

PROJECT OUTLINE

v

ROOM DATA

v

SUM/PRINT

Fig 6. Operational Flowchart DACS-HKGSG
Software

These are the cooling load calculation of residential
Mrs.S by DACS-HKGSG Software v 2.05:
e Project Outline
Input the project name, country/city names,
address, outer wall assembly, water data, and
design data such as overall heat transfer

coefficient.
Fig 5. WIC Space Froject Qutine 8
Preject Narme [EERE
B. Cooling Load Calculation City/Country  Jakartadndonesia Citw/Countoy Map
A cooling load calculation determines total sensible Address  [lakana
cooling load from heat gain through opaque surfaces s Al Aeemiles
(walls, floors, ceilings, and doors), through transparent woERy [
fenestration surfaces (windows, skylights, and glazed e s iyt ot el 2 62 e
doors), caused by infiltration and ventilation, and because o Ioers
of occupancy. The latent portion of the cooling load is ok | Cancel | beswnbata |

evaluated separately. Although the entire structure may
be considered a single zone, equipment selection, and
system design should be based on room-by-room
calculations. For proper design of the distribution system,
the conditioned airflow required by each room must be
known [5].

Fig7. Project Outline Mrs.S DACS-HKGSG Software

e Room Data
Determine the room specification of Mrs.S, such
as room name, floor number, usage of room,
ventilation  system, overall heat transfer

22
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coefficient, design temperature and humidity,
schedule, and so on.

Room spec =

Ma. |1 Foom Mame |EIEEIEIIEET] Floor | 2 Gtw| 1 Spstem | 1 Mest roorm
Usage of Room
¢ Office ¢ Shop ¢ Hotel ¢ Hospital ¢ Factory © Condominium ¢ Detached ¢ |Others

Flaor Area 302 m2
Ceiling Height 38

Cailing Board
& awail Mo

Ventilation Spstem

" Matwral & WentFan  ( Total Heat Exc
RooftNon-Cond. Ceiling Area(mz) Non-Conditioned Floar Area[m2)
E quipments

Upper Foom 0.0 Eanth Flaor oo
Flat Rocf 0.0 it Layer Exist 0.0 Sensible Heat |
Inclined Roof | 30.2 &t Layer Mo 0.0 Ll (ot 0w
Glass 0.0 Filatie oo Heat Source Input

N[ E [ &5 [ W 50 Shade

m
o
o
o
o
o

o
5 oo
so

Outer wall Lengthim]
“Windows area on Outer WWallmz2) [ 7o oo
Innerwall Length for Mon-Cond. Spacelm] | 00| &

Change Std Data

4

[N

N
:

:

:
I
o
i
“““Z

o
o

RRRE
T4
o

OHT.C |TempiHumid| Schedue | Others | Canopy | Materisiil | Ewension |
Room spec >
Ho. [2 7 Fioom Name [0 Floor | 2 @w| 1 System | 1 Prevroon]

Usage of Room
 Office ¢ Shop ¢ Hotel ¢ Hospital ¢ Factary & Condominium ¢ Detached ¢ |Others

Floor frea 223 mz
Ceiling Height 38

Ceiling Board
& Avail © MNa

Wentilation System

" Natursl (% “ertFan ¢ Totsl Hest Exc
Roof&Non-Cond. Ceiling Area(mz2] Non-Conditioned Floor Arealm2)
Equipments

Upper Fioom 0.0 Earth Floor 0.0 i

Flat Roof on Air Layer Exiist on Srereflelo (Hlosk g

Inclined Roof 22.3 Air Layer No 0.0 (Lefiemt: (e 0w

Glass 0.0 Pilatis oo Heat Source Input

H E s W [ NE [ SE [ 5W [ Nw [Shads
Outer wall Lengthlm] [ a8[ &2 oo oo] oo o] oo oa] oo
Mfindow area an Outer Walllm2) [ %3 00| oo oo oo ool ol a0 Ao
Inmer WwWall Length for Mon-Cond. Spacsfm] m ,T m ,_ ,_ ,_ ,_ W
Change Std Data
0HT.C |TempiHumid| Schedule |  Others | Caropy | Materalil | Estension |

Fig 8. Room data of bedroom and WIC Mrs.S DACS-
HKGSG Software

Design Termp & Hurnid pad

Foom Mame |BEDROOM

[ 200 (cog
[ 500 (zRH)
[ 200 (cpg)
| 500 (xRH)

Temp in Summer
Hurnid in Surmmer
Temp inwinter

Humid in Winter

Design Temp & Humid >

Foom Mame |WIC

[ 220 (com
[ 500 (zRH)
[ 220 (cpg)
| 500 (xR

Temp in Summer
Humid in Surmmer
Temp inWinter

Humid in “finter

Fig 9. Design Temperature and humidity bedroom
and WIC Mrs.S DACS-HKGSG Software
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Schedule >
Room Mame |FEDROOM
Operating Time Zone
[ o [24 w Set Scheduls
Hour 1 2 ] 4 |6 | B 7 g8 19 /1011 |12
Lighting oy o} o 0| 0)100)100)100|100 {100 100|100
Persons oy o} o 01100100100 {100 {100 100|100
E quipments ol of o0 0{100|100|100 {100 100|100 {100
Hour 13 |14 115 [16 [17 [18 [19 |20 |21 |22 |23 |24
Lighting 100|100 {100 (100100 (100100 100|100 (100|100 {100
Persons 100|100 {100 (100100 (100100 100|100 (100|100 {100
E quipments 100|100 {100 (100100 (100100 100|100 (100|100 {100
Schedule x

Room Mame

Operating Time Zone

E quipments

EEEE

Hour 1 213 |4

Lighting [ o] of of o
Fersons ,_EI ,_EI ,_EI ,_EI
Equpments | ©| 0| 0] ©

Howur 13 (14 |15 |16
Lighting 100|100 (100100
Persons 100|100 {100 100

Set Schedule

o
sl
Sl

o
=]
o
=1
o
=]
o
=]
o
o
o
=]
o
a

w
@
@
)
=]
)
)
3
e
b5
Y
&

o
=]
o
=]
o
=1
o
=]
o
=]
o
o
o
=]
o
a

100 (7001100 (100 (100100100 (100 |100}100 100 100

Fig 10. Schedule bedroom and WIC Mrs.S DACS-
HKGSG Software

Fresh Air Intake
& m3hpeson  © m3th
AirVolume  THHeat Exch Effey

Summer 200 yam person 0o
‘winter 200 yam person 0o

Safety Factar

]

Infiltration

Cooling | 1.05

Heating ,m

Summer| 020 Timessh

“Winter ,ﬁ Times/h

Lighting
& W/m2 " w/Room
Fluarescent Lamp 200 wim2
Incandescent Lamp 00y

Fioom Name [#1C

Fresh Air Intake

* m3sh person " m3th

AirYolume Tt Heat Exch Effcy

Summer 200 3 person 00 g
Winter 200 13k person | 00 %

Irifiltration S afety Factor

Summer| 020 Times/h
winter | 0.30 Timessh

Lighting
& wim2 " %//Room

Fluorescent Lamp 200 yi/m2
Incandescent Lamp 00 wym2

Cocling | 1.08

Heating | 1.10

Finom Name [EEDROCM

Intemal Heat Gain in Heating

" consideration % Mo consideration

Fersong 50 g
Lighting 5y
Equipments 50
Window Type ‘Elear Bmm j
Elind Type Meutral colar -
Shading Factor. 063  OHT.C: 497
Hurrid Method ‘wwlhnul bumidifier j

Tatal heat load in heating is not contaied LH.

Peisons 2 Underground wall Depth | 0.0 m

Intemal Heat Gain in Heating
" consideration % No consideration

Persons al oz
Lighting a0y
Equipments 0

Window Type ‘E\eal Bmm j

Blind Type: ,W‘
Shading Factor: 063 OHTLC: 497

Hurmid Method | without humidier -

Total heat load in heating is not contaied LH.

Persons '_1

Underground Wall Depth | 0.0 m

Fig 11. Window Type bedroom and WIC Mrs.S
DACS-HKGSG Software
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e Sum/Print
Perform calculations and print its results

HetLoed Sum up Tt

Tloor (AL floozrs ¥

Cooling Heating Tloor | Beat Load / Area
Nomleme EL S5 060 g Tl [Sleceed Tine Toted | Slected Fumid. Time M Cooling et
0 Bom mnm Mo
BECRIY DLl ol ome s L0 03 fona @E L
it DlLoWoOWE oMU o4 9Am ¢y omrou

Besk Load of Building | LI VRV /A LR S B ] w913

[ERIRI

Fig 12. Result Calculation cooling load DACS-
HKGSG Software

o Exit
After all the room, calculate, exit, and save the
program.

B. Cooling Load calculation by HAP Software v 4.90

Hourly Analysis Program (HAP) is a computer tool
that assists engineers in designing HVAC systems for
commercial buildings for estimating loads and designing
systems. HAP estimates design cooling and heating loads
for commercial buildings in order to determine the
required sizes for HVAC system components. Ultimately,
the program provides information needed for selecting
and specifying equipment. Specifically, the program
performs the following tasks:

o Calculates design cooling and heating loads for
spaces, zones, and coils in the HVAC system.

o Determines required airflow rates for spaces,
zones, and the system.
Sizes cooling and heating coils.
Sizes air circulation fans.
Sizes chillers and boilers.

The software computes cooling load according to the
following flowchart:

24

v

NEW PROJECT

v

CREATE WHEATER DATA

v

DETERMINE U VALUE OF
WALL, WINDOW AND ROOF

v

| CREATE SCHEDULE |

v

| CREATE SPACE DATA

v

GENERATE SYSTEM DESIGN
REPORTS

v

Fig 13. Operational Flowchart HAP Software.

These are the cooling load calculation of residential
Mrs.S using Hap Software v 4.90:
e New Project
creates a new project, in this case, create Mrs. S
Project. This Function is to hold and save your

data.

&7 Project Properties |
Project Info:
Project Mame: [Mrs.=
MNumber: — %
Date: [ozmorza Help
Contact Mame: |
Contact Type |[none) j

Project [

Motes:

Other Info
Last

03/11/2021 22:25:45

|C AE20-1NProjects\Mrs. S

Project

Fig 14. Create Project Mrs.S with HAP Software

o Create Weather Data
Input the weather data Mrs.s

%% Weather Properties - [Jakarta] ===l
{ Desian Patamsters)| Desian Temperatures | Design Solar | Simulation |

Region Asia/Pacific = Atmosph r [1.00

Locstion:  [imdarssin =] soverome -

City. [akata -] Soil Conductivity 1.385  wW/mK

Latitude: [62 dea

Design Clg Caloulation Months — [Jan ~| to [Dec =]

Longitude: [Foee dea

- e m Time Zone [GMT +~] [-70  hous

S Lrnmer Diosian DB Er i Daylight Savings Time © Yes & Mo

Summer Coincident WE [z67  C DST Begins [2er =1

Summer Daily Bange F8 K DST Ends [ocr =] [

winter Design DB 23.7 °Cc Data Source:

“winter Coincident W 15.2 € User Madified

Fig 15. Create weather Data Mrs.S with HAP

Software
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e Determine U value of wall, window, and roof

ﬁ% ‘Wall Properties - [OUTTERWALLS]

[

“wiall Asserbly Name:  [DUTTERWALLS ~|
Outside Surface Colar: m Absorptivity: ’W
Layers: Inside to Outside Thiﬁi(r:ess ?(Z?ﬁ!;u Sﬁj?ﬁ;pt E%ia}b': \':;junfht

Inside surface resistance 0,000 0.0 0.00 0.12000 00

} |board insulation ~| 10.000 600.9 1.09 0.05000 E.0
200mm Normal concrete £ ~| 200000  977.1 084 015000 %4
20mm Mortar ~| 20,000 0.0 0,00 0,01300 il
3ImmPlastering ~| 3.000 18600 0,00 0,00400 5
Dutside surface resistance | 0.000 0.0 0,00 0,03000 00
Totals 233,000 0,37 2070

Overall U+ alue: 2,725 It K,

Fig 16. U Value Outerwall Mrs.S with HAP Software.

Roof Properties - [ROOF (With ceiling Borad)]

=

Foaf Assembly Name:  [RDOF (With ceiling Borad) |
Outside Surface Color: | Dark, - Abzorptiviy: |0,900
. Thickness| Density | Specific Ht. F-alue “weight
Layers: Inzide to Dutzide m kg kd gk, TR A L/t
Inside surface resistance 0.000 0.0 0.00 0,26000 o0
» |12mm gppsum board j 12.000 8009 1.09 0.08000 95
Dutside surface resistance 0,000 0.0 0.00 0.26000 0.0
Tuotals 12.000 060 9k
Orverall U-value: BB A K

Fig 17. U Value Roof (With Ceiling Board) Mrs.S with
HAP Software.

EH window Properties - [WINDOW BEDROOM(N]]

Es

Width: [2,60  m

‘window D etails

Mame: M NJ
Detailed Input; I

Height: W m

Frame Type: |

=l

Intemal Shade Type: |
Ovwerall U- alue: 4,970

Owerall Shade Coefficient: {0,640

WK

=

EH Window Properties - [WINDOW BEDROOM(W]]

=)

widthe 470 m

Window Details

Hare:
Detailed [nput; r

Height W m

Frame Type: ‘

Intemal Shade Type: ‘
Overall -4 alue: 4,970 WwimEAK

Overal Shade Coefficient: 0,640

=l
=l

[ Window Properties - [WINDOW WIC ANAK (N)]

=

Width: 080w

Window Details

Mame: N |
Detailed Input: [

Height: W m

Frame Type: |

=l

Intemal Shade Tupe: |

Orverall UV alue:
Overall Shade Coefficient

4,980

0.630

Wik,

=

Fig 18. Window Specification Mrs.S with HAP
Software
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e Create Schedule

1} Schedule Properties - [Schedule] (=3
Hourly Profiles | Assignments |
Schedule Mame: Schedule
Schedule Type: * Fractional  [People, Lighting. Equipment. Misc.
Sengible, Mizc. Latent, Yentilation
Airflaw, Service Hat wiater Usage,
Misc. Electric, Misc Fuel)
= Fan/Thermostat
i Utility Rate Time-of-Dayp
L0 Schedule Properties - [Schedule] (3]

Scheduls Typs  Hourly Profiles | Assigrments |

Prafile: 2:Profile Two

[Kmi &nak.
q:Krnr Anak

e

3Profile Thres | 4:Profile Four

EFrofile Five &| E:Profile Six

=

7:Frofile Severd|  &Fofie Eight 5 |

Fig19. Schedule Mrs.S with HAP Software.

o Create Space Data

|| &l Space Properties - [BEDROOM]

@:

General | Intemals | ‘wialls, windows, Doors | Rools, Skyights | Infilestion | Floors | Partitions |

&) Space Properties - [BEDROOM]

Name BEDROOM)
Floor &rea 30,2 i3
Aivg Ceiling Height ,3'37 m
Building 'weight W ke I
Light Med. Heawy
04 Ventilation Requirements
Space Usage ‘HDTEL' Bedroom/living raam j
04 Requiement1  [2.4 [Lésiperson =1
O& Requiement 2 (0,30 ‘ L/zriE) J
Space usage defaults: ASHRAE Std 62.1-2010
Defaults can be changed via View/Preterences.

=

General :"iﬁiernal ] Ywalls, Windows, Doars ] Foofs, Skylights ] Inhltlalion] Floors ] F‘artitions]

Owerhead Lighting People
FEixture Type ,W Occupancy ,2’|]— ,m
Wwattage: IZU'T ’m Activity Level ’Wl
Eallast Multiplier ,1,25— Sensiple ,53’0— W/ person
Schedule Schedue - Latent ,7'3’0— W/ person
Task Lighting Schedule | [schedule |
‘Wattage IZ&T ’m Miscellanenus Loads
Scheduls m Sensible ,07 W
Electrical Equipment Schedule ’m
“wattage ’[u]u— ’m Latent ’07 W

Schedule [none] - Schedule | |{nane) -
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&l Space Properties - [BEDROOM] ==

General| Intemals § Walls, Windows, Doors

Fioofs, Skylights | Infilration| Floors | Fanitions |

wall Construction Types
Gross  window Window for Exposure: 1(N)
Area 1 2 Door
Exposure mF Quartity Quantity Quantit whal  |[oUTTERWALLS -

1n ~|[135 1 0 0
2w =2 3 ] ] *indow 1 | [wiNDOW BEDROOMI =
3 [ ot user = | Shade 1 |[inane) -
4 [mot usen ~ ||
5 ot veen < window 2 | [(nane] -
& [mot uses ~ || shade? [[ond) =]
7 [notuse > |
& ot e = | _ Do |[inone) -

&l Space Properties - [BEDROOM]

General] Intemals] “walls, ‘windows, Doors Infiltrat\on] Floorsl F'altmons]

Raoof Construction Types far
Gross Foof

Alea Slope  Skylight Exposure: 1 [H)

Exposure e [deg]  Quartiy
1H - 20,2 i} BRoof ROOF [with celing Borad) +
z
ot e = Skyiight | [fnore] -
3| not usen v
4 [not usen =
& Space Properties - [BEDROOM)] =

General | Intemnals | Walls. Windows. Deoors | Roofs. Skylights

Floors | Partitions |

Enter infiltration rate in any column:

Lés Lis/mé ACH
Design Cooling ,ﬁl; [o.15 [0.20
Design Heating  [0,00 |o.00 |o.00
Erergy &nalvsis  [p,00 [0.00 [o.00

Infilration ocours: & Dnly Wwhen Fan OFF

Al Hours

o| &l Space Properties - [BEDROOM]

General| Intemals | Walls, Windows, Doors | Roofs, Skylights | Infiltation | Floors

Partition 1 PFautition 2

" LCeiling Partition
@& wall Partition

" Ceiling Partition
& Wall Partition

Area 242 283
UMalue [2620 2620 WmE/R
Uncondiioned Space Max Temp. [23.8 EEX
Anbient at Space bax Temp. [35.0 [350 T«
Unconditioned Space Min Temp. [23.8 FEE
Ambiert at Space Min Temp. — [12.8 [zs T

Fig 20. Room Specification Mrs.S for Bedroom with
HAP Software.

El Space Properties - [WIC AMAK] ==

General | Intermals | “walls, Windaws, Doors | Raofs, Skylights | Infiltation | Floors | Parttions |

em2
Floor &rea 223 e
Avg CelingHeight  [39 m
Building Weight W kadne I
Light  Med. Heawy
04 Ventilation Requirsments
Space Usage [HOTEL: Eadroom/living room =1
0 Requirsment 1 2.4 |L/s/person J

04 Requiement 2 [0_30

|Létsn) =1
Space usage defaults: ASHRAE 5td 62.1-2010
Defaults can be chanaged via View/Preferences.
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ﬁﬂ Space Properties - [WIC ANAK]

Overhead Lighting
Eallast Multiplier ’1’257
Schedule Schedule hd

FEizture Type

Wattage

Task Lighting
Wattage 20,00 A i
Scheduls Schedule hd
Electrical Equipment

Wattage ’l],l]l]— ’m
Schedule ’m

=

Walls, Windows, Dours} F\oofs,Skyhghts} Inhllratlon] Floorsl F‘artltluns]

People

Deccupancy

Mo [Peoe  ~]
Auctivity Level ’W‘
Sensible W W person
Latent [76.0  Wiperson

Schedule ’m

Mizcelansous Loads
o W

Schedule ’m
Latent ’u— W

Schedule ’m

Sensible

ﬁi Space Properties - [WIC ANAK]

General] Internals

wall
Gross  wfindow Wwindow
12a 1

2 Door
Quantity Quantity Guartit

Exposure i

=)

I Hoofs,Sky\ights] Inf\ltralionl Floors} Pamt\onsl

Constuction Types
for Exposure 1[N)

wal |[ouTTERwWALLS =

- FJas 2z o o

2[e LJuz o o o

Wwindow 1 | [wiNDOW wiC AMAK ||+

3 |not usen ﬂ

Shade 1| [none] hd

4 |not s ﬂ

5 |not usen ﬂ

Window 2 | |nane) v

B |nUt usgn ﬂ

Shade 2 [[{rone) -

7 |nnt usen ﬂ

8 |not usen ﬂ

Door [none] hd

&l Space Properties - [WIC ANAK]

Gemeral] \ntemalsl Walls, Windows, Doors

Foof

Gross  Foof

Ae2  Slope  Skylight
Exposure e [deg] Quantity

U CIE 0
2 |nnt Ligen ﬂ
3 |nnt usenﬂ
4 |not usen ﬂ

Boot ROOF with celling Borad) +
Skylight [none] 2

e

] \nf\ltlation} F\ours] Paltilians}

Construction Types far

Exposure: 1 [H)

& Space Properties - [WIC ANAK]

Genarall Internals ] Walls, Windows, Doors 1 Fioofs, Skylights ] Infiltration | Floors

Partition 1

™ Ceiling Partition
& Wall Partition

Area ’T
UValue ’2,BT
Uncondtiored Space Mag Temp. [239
T
Uncaonditioned Space Min Temp. (23 9

Ambient at Space Min Terp. [128

Arnbient at Space Max Temp.

Partition 2

" Cgiling Partition

{+ "wiall Parlition
[24.2
2.620 WA
ms T
[35.0 T
FEE
M2 T

Fig 21. Room Specification Mrs.S for WIC with HAP

Software.




Yohannes Sudirwan & Wegie Ruslan ./ IJCE, 8(12), 19-28, 2021

o Generate System Design Report

Air System Sizing Summary for BEDROOM
1110472021
10:37PM

Project Name: Iirs.S
Prepared by: YOHANNES

Air System Information

AirSystem Name.................cc..coner..... BEDROOM NUMBET OF ZDNBS...........ccoeeeensers e
Equipment Class PKG ROOF Floor Area 302 m*
AT SYSET TYPE .o SZCAV (1L — L)
Sizing Calculation Information
Calculation Months Jan to Dec Zone s Sizing Sum of space airflowrates
NG DBE oo U SEFModlifiEd Space LIsSizNg...............Individual peak space loads
Central Cooling Coil Sizing Data
Total coil load "7 KW Load occurs at Feb 1400
Lo TS —— | QADBIWE... e 340 1 2688 °C
Coil /s at Feb 1400 1051 Us Entering DB / WB 2901221 °C
Max block Lis 1051 Us Leaving DB /'WB 2007193 °C
Sum of peak zone Lis. 1051 Ls Coil ADP 190 °C
SENSIDlE NBALTALD ... 38 L R S— X [
mA 26 Resuting RH 55 %
¥ 386,2 Design supply temp. 200 °C
Water TOWE 56 K IE ..o A Z0NE T-SE CHECK ... OF 1 OK
M ax zone temperature deviation 43 K
Central Heating Coil Sizing Data
No central heafing coil loads occurred during this calculation,
Supply Fan Sizing Data
B L — s I ) Fan motor BHP e300 BHP
Standard Us. 1050 Us Fan motor KW 0,00 kW
ACUBIMEELISF) oo 80 L(ETE)  FENSIBHC o) PR
Outdoor Ventilation Air Data
DESIg AMOWLIS...co v 3 LIS LISIDEISON ..o 1128 LISIDERSON
() 008 Lisr)

Fig 22. Design Report Mrs.S for Bedroom with HAP

Air System Sizing Summary for WIC ANAK
Project Name: Mrs.S 110472021
Prepared by YOHANNES 10:40PW
Air System Information
AirSystem Name WIC ANAK Number of Zones 1
Equipment Class. PKG ROOF Floor Area 733 m
Air System Type SZCAV Location Jakarta, Indonesia
Sizing Calculation Information
Calculation Months. Jan to Dec Zone LisSizing Sum of space airflowrates.
SIEG DA .o IS Modified pace Lis Sizing ... .. Individusl peak space loads
Central Cooling Coil Sizing Data
Total coil load 69 kW Load occurs at Feb 1300
Sensible coi load 6,8 kW 3331265 °C
Coil Lis at Feb 1300 584 Ls Entering DB / WB 31,71240 °C
Max block L/s. 584 Lis Leaving DB / WB 22071213 °C
Sum of peak zone Lis. 584 Lis Coil ADP 209 °C
Sensible heat ratio 0,985 Bypass Factor. 0,100
3.2 Resutting RH 83 %
S [1X DSIg SUPPIY TBIMD. ... rrrens 220 °C
Water flow@ 5,6 *K rise NA Zone T-stat Check 0of1 OK
Max zone temperature deviation 7.0 K
Central Heating Coil Sizing Data
Max coil load 0,6 kW Load oceurs at Des Htg
Coil Lis at Des Htg 584 Lis Wim® g
axcoills, ... 6 Us Ent.DB /Lug BB e o
‘Water flow@ 11,1 *K drop NA
Supply Fan Sizing Data
‘Adual max Lis 584 Lis Fan motor BHP 0,00 BHP
Standard Us 584 Lis Fan motor KW 0,00 kW
Adcual max Li{s ) 26,21 U(sm®) Fan static. 0
Outdoor Ventilation Air Data
Design airflow Lis. 3 Us Usiperson 2,50 Usiperson
) 0,11 (s

Fig 22. Design Report Mrs.S for WIC with HAP
Software.

IV. RESULT AND DISCUSSION

Fig 11. shows the calculation cooling load result using
DACS-HKGSG Software v 2.05 for the bedroom was
12.85 kW and for WIC was 5.98 kW. And Fig 21. shows
the calculation cooling load result using HAP Software v
4.90 for the bedroom was 11.7 kW and figure 22 shows
the calculation cooling load result using HAP Software v
4.90 for WIC was 6.9 kW.

Based on the result cooling load of both software,
the suitable indoor unit for the bedroom is
FXMQ125PAYV, and the indoor unit for WIC is
FXMQG63PAV. With a connection ratio of 94%, the
suitable outdoor unit is RXQ8AYM.

Table 7: Selection Units

NO | LOCATION T(IECI\:/;P TYPE CAPACITY MODEL | SYSTEM

8 HP

1 OUTDOOR UNIT RXQ-

8AYM
Ceiling

2 Bedroom 20 FXMQ | 125 5 HP Mounted 125
Duct
Ceiling

3 | wiIC 22 FXMQ | 63 | 25 HP Mounted 63
Duct

TOTAL INDEKS LOAD 188

CONNECTION RATIO 94%

The defined selection units for the VRV system are
tested using Multi-Use USB Temp & RH Data Logger —
Temp UO3 from Tzone.

Table 8: Temp UO03 Specifications
[

Temperature °Cor°F

Scale

Accuracy + 3 % RH; 0.5 °C (-20 °C ~ +40
°C), £ 1.0°C (kisaran)

Resolution 0.1°C atau 0.1 °F; 0.1% RH

Communication uSsB

Measuring Temp: -30 °C ~ 60 °C; Humidity:

Range 0% RH - 100% RH

27

IGEL %0 [%RH]
1 semiRH
B8 ]
%5 B4,
44 B
00 6

1603201

Figure 23. Relative Humidity and Temperature of
Bedroom[9]
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w00 [%RH]
o

VYV YV i .
NARA A
DRI A S N N

22 ot:17

Figure 24. Relative Humidity and Temperature of

wic
9]

In figure 23, the average relative humidity and
temperature of the bedroom is 57.6 % (RH), 19.6 °C. In
figure 24, the average relative humidity and temperature
of the bedroom is 60.1 % (RH), 22.0 °C. The result from
Temp UO03 shows that all the rooms are in thermal
comfort conditions.

V. CONCLUSIONS

In this paper, both software is designed to find the

cooling load estimation. To design the VRV system with
a standard thermal comfort zone by ASHARE. The
design for indoor type unit using approximation method
of cooling load form HAP Software v 4.90 and DACS —
HKGSG Software v 2.05.

Table 9: Summary cooling load
COOLIG
NO | SOFTWARE | LOCATION | LoAD | 'NDOOR
TYPE
(kW)
HAP Bedroom 11.7 FXMQ125
1 | SOFTWARE
4.90 WIC 6.9 FXMQ63
DACS -
, HKGSG Bedroom 12.8 FXMQ125
SOFZT‘(’)‘:_)ARE WIC 5.9 FXMQ63

28

As per the tabulated summary sheet (Table 9)

following conclusions have been made.

[1]
[2]
[3]
[4]

[5]

(6]
[71

(8]

[°]

[10]

e Based on the result of cooling load from
both software by using approximation
method, the designing of indoor type for
VRV system is same.

e Figure 23 and figure 24 show that the
designing of VRV system corresponding
with ASHRAE standard.
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