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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 a
connection ratio 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].

I

.

Fig 1. Ceiling Mounted Duct.
[4]

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

MODEL FXMQ20PAVE | FXMQ25PAVE | FXMQ32PAVE | FXMQ4OPAVE | FXMQSOPAVE
Power supply 1-phase, 220-240 V/220 V, 50/60 Hz
| Btum 7,500 | 9,600 [ 12300 [ 15,400 [ 19,100
Godling capacty
| ww 22 [ 28 [ a8 [ 45 | 58
Fower | o o0s6* | 00s6*1 | 00601 | 015t | 0128+
Casing Galvanised stad plata.
Ao ate (HHAHA) mimin 075/6.5 077565 0.5/m7 1611 1816515
ofm 918/265/230 18/265/290 335/2820247 565/450/388 635/582/530
Extarnal static prassure Pa 30-100 (50)*2 30-100 (5012 30-100 (50)*2 30-180 (100)*2 50-200 (10042
Saund level (HH/HA dBlA) 33/31/20 33/31720 34/32/30 20737735 7T
Dimensions (HxWxD) mm 00550700 300xE50x700 300x550:700 300700700 300:1,000x700
Maching vieight kg % % 2% 27 %
o Liquid (Flare) 484 464 464 464 464
iping
e o | Gas(Fare) mm #127 #27 #127 #127 #127
Drain VP25 (External Dia, 32/internal Dia, 25)
MODEL FXMQG3PAVE | FXMQBOPAVE | FXMQ100PAVE | FXMQ125PAVE | FXMQ140PAVE
Power supply 1-phase, 220-240 V/220 V, 50/60 Hz
- . [ Bum 24,200 | 30,700 38,200 | 47,800 | 54,600
[ 7.1 | 00 112 [ 140 [ 160
Power, i | ww 01884 | 0,185+ 02154 | 0244 | 0.405 *1
Casing Galvanisad stedl plate
3
Airflow rate (HH/HIL) mimin | 19.517.5116 25/225/20 32127123 S03ar28 a2
oim 6B4/618/565 BE3/704/706. 1,130/053/812 13771165088 | 1604137711130
Extemal static prassure Pa 50-200(100)*2 50-200 {100)*2 50-200 (100)*2 50-200 (100} 2 50-140 (100)*2
Sound level (HHHL) 9B 42140038 43041739 43741/39 44/42/40 46/45/43
Dimensions (HxWxD) mm | 300x1,000700 | 300x1,000x700 | 300x1,400x700 300«1,400x700 | 300x1,400x700
Maching weight ka % 35 5 45 46
. [ Liquid (Flare) 405 405 $05 405 #05
iping
g tions |G (Fare) mm 4159 4150 4160 4160 $150
| omin /P25 (Extarnal Dia, 32/intarnal 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 the 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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Daikin VRV-A series incorporates a simplified and
efficient test operation function that not only greatly
accelerates the installation process but also effectively

These are the space characteristic of bedroom and WIC

Table 1: The floor, Ceiling, Wall, and Partition

improves the field setting quality like [4]: Dimensions
. Automatical!y check_s the wiring betw_een Floor | Ceiling The outer wall The inner wall
outdoor units and indoor units to confirm Eloom Area | Height OCPCUpa”CY (m) (m)
whether there is defective wiring. ame | ey | my | (Persom TTeTw i elsTw
e Automatically check whether the stop valve in
each outdoor unit is functlo_nlng normally 10 | gedroom | 302 39 ) 50 62 | 62 | 75
ensure the smooth operation of the air
conditioning system.
e Confirms piping length to optimize operation. wIC | 223 | 39 1 38|62 38 |62
Modsl RXQGAYM RXGBAYM - T T Window
Combination units - - - - - Window Widht Helght Quantity Material (mz)
- - - - - name (m) (m)
Power supply 3 phase 4-wire system, 380-415V/ 380V, 50Hz/ 60Hz N W
Gooling capacity Biuh 54,600 76,400 96‘00 114,000 136,000 =
e e e e R ey B | 2s | 27 | 70
Capacity Control % 25-100 20-100 13-100 12-100 11-100 -
T Formeiol dadsaol e Window Bed |, 27 1 Clear 12.7
Enp Rt | o 2341 34x1 4541 56x1 Bx1 (W) Smm
e ) .x 5 o " -
Aiflow rats mé/min 118 178 191 267 Window 0.8 2.7 2 4.3
- WIC (N) ' ' '
Dimensions (HxWxD) mm 1,667x930x765 1,667x1,240x765 " " "
Hachoa wagh 5 s I IS o5 Table 2: The Window Characteristic
e * —— - =
Rt (28— = e TR Table 3: The U-Value Outer wall
Piphg _ gqmd mm 195 [Brazing) ‘ T :12.7::@@; Conductivi
connections | Gas mm #19.1 (Brazing) $22.2 (Braziny 28.8 (Brazing)
Partition thickness on (T(():tw'ty 1k, R U
. i i (Inner Walls) (m) Wi YK (M.K/W) | (m.K/W) | (W/m2K)
Fig 3. Type of single outdoor units. [4] (W/m.K)
Inside Air
I1l. METHODOLOGY 0.11
A. Residential House Layout and Location Plaster 0.025 0.79 1.27 0.032
The objective of this project is to design an HVAC Normal
system VRV-A which serves an area of the residential | Concrete 015 14 0.72 011
house Mrs.S which is located in Jakarta, Indonesia. The mortar 0.019 15 0.67 0.013
floor _plan for FhIS portion of the layout is shown in Figure Plaster 0.006 0.79 127 0.008
5. It is comprised of a Bedroom, WIC (Walk In Closet), ncide Alr
and Bathroom on the 2°nd floor, but this project only 0.11
designs an HVAC system for Bedroom and WIC (Walk Total R Value 0.383
In Closet). The rooms in this portion will be air- U Value ” 62
conditioned by one packaged rooftop. :
5”’”-5\’”‘””’”’%‘“”“]’ Table 4: The U-Value Inner wall
Roof L
(with | thickness | CONAUCHVIY | g, R v
Ceiling (m) (), mKwy | (MK (Wi,
board) (Wim.K) w) K)
Gypsum
S Board 0.012 0.17 589 0.08
»W
Total R-Value 0.62
\KL U Value 1.66

Fig 5. Residential House Layout of Mrs.S

10
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Table 5: The U-Value Roof (With Ceiling Board)

Wall ‘hii'r‘n';ess Cond(tlg,ﬂ\/ity (rln/?(K’/ (mE{.K/ w /gz 9

(WIm.K) w) w) :
Inside Air 0,12
Insulation 0.01 0.19 5.27 0.05
L\‘oc:gr‘gt'e 0.2 14 072 | 015
Mortar 0.02 15 0.67 0.013
Plaster 0.003 0.79 1.27 0.004
Outside Air 0.03
Total R-Value 0.367

U Value 2.725

Table 6: The U-Value of Glass

Window/Glass | thickness S?:(ilor}g U
2
Type (mm) (s0) (W/m2.K)
Clear Glass 5 0.63 4.97

Fig 5. WIC Space

B. Cooling Load Calculation

A cooling load calculation determines total sensible
cooling load from heat gain through opaque surfaces
(walls, floors, ceilings, and doors), through transparent
fenestration surfaces (windows, skylights, and glazed
doors), caused by infiltration and ventilation, and because
of occupancy. The latent portion of the cooling load is
evaluated separately. Although the entire structure may

11

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].

a) Cooling Load Calculation by DACS-HKGSG
Software v 2.05.

The DACCS-HKGSG Software ver 2.05 program
uses a steady-state load calculation method to compute
heat load over a 24-hour period (1 day) on a summer day
and a winter day. It also applies effective temperature
differences in consideration of the effect of the heat
accumulated in the walls since the heat load, which is
received from strong sunlight through the outer walls and
roofs in summer, is substantial. The program contains the
24-hour weather condition data of major cities in summer
and winter (TAC 5%). The standard design data include
weather data of 140 countries, which is contributed by the
climate data of the British Meteorological Office and
Japan Meteorological Agency. The software computes
cooling load according to the following flowchart:

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, wheater data, and
design data such as overall heat transfer
coefficient.

Project Outline >

Project M arme |m

City/Country  Jakartadndonesia

City/Cauntiy

tap

Address |J akarta

Outer Y all Assembli

¥ Momal Conciete

T ALC Plate

" Metallic Curtain wall
i wooden construction
 [Others

[nit walue of overall heat trans coeff of main part

Rooffwith Ceiling Board) ; 1.66 ‘w/mzk.
ter Wall - 2.72 Wim2K
Inner wall : 252 W Am2K

ok |

Fig7. Project Outline Mrs.S DACS-HKGSG Software

Cancel | DesignData |
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e Room Data
Determine the room specification of Mrs.S, such
as room name, floor number, usage of room,
ventilation  system, overall heat transfer
coefficient, design temperature and humidity,
schedule, and so on.

Room spec

x
No |1 Room Name |EEEEEIEE] Floor | 2 Qty| 7 Systsm| 1 Next roor]
Usage of Room

€ Office ¢ Shop ¢ Hotel ¢ Hospital ¢ Factoy = Condominium ¢ Detached ¢ |Others

Floor Area 302 m2
Ceiling Height 38

Ceiling Board
@ fval " Ho

Ventilation System
" Matwral & YentFan ¢ TotalHeat Exc
Roof&Mon-Cond.Ceiling Arealm2) Mon-Conditioned Floor Arealmz]

E quiprments

Upper Room | 0.0 EathFloor | 0.0
Flat Roof [iXs] s Layer Exist | 00 Sensible Heat T w
Inclined Roof | 30.2 irlayerhio | 0O LatentHeat | 0w
Glass | oo Pilotis [ oo Heat Source Input

N s [w Shade

Duter *all Lengthlm] 50

E

0.0
Mindow area on Outer Walllm2] 70 0.0

6.2

Inner wall Length for Mon-Cond. Space(m] 0.0 ..

Changs Std Data

OHTC |TEmp&Humld| Schedule | Others Eerer | Material Il | Eriemstm |

Room spec P4

No.[2 7 Room Name [EHIEN Floor | 2 aQw| 1 System | 1 Prevroon]

Usage of Room
¢ Office ¢ Shop ¢ Hotel ¢ Hospital ¢ Factory © Condominium ¢ Detached ¢ |Others

Floor trea 223 m2
Ceiling Height 38

Ceiling Board
* Avail 0 Mo

Wentilation System
 Matural % Vent Fan " TotalHeat Exc
Roof&Hon-Cond.Ceiling Arealm2] Hon-Conditioned Floor Arealm2)

E quipments

Upper Room 0o Earth Floor 0o
Flat Foof 0o Air Layer Exist 0o SIEEDR |
Inclined Roof | 223 Aif Layer No 0.0 Latent Heat 0w
Glass 0.0 Filotis 0.0 Heat Source Input

N s [ w Shade

Outer wall Length(m] a8

E

B2
Mfindov srea on Outer W llimZ2] 43 oo

0.0

Inner wial Length for Mon-Cand. Space(m] 0o .|

Change Std Data

OHTC ‘TEmp&Hum\dl Schedule ‘ Others | Canopy | Material |1 | Extension |

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

Design Temp & Humid bSe

Room Mame |BEDROOM

Temp in Summer 200 [coBe)
Hurnid in Surmrner 500 (=RH)
Temp in Winter 20.0 cDE)
Humid in ‘finter 50.0 [(%RH)
Design Temp & Humid 3

Fioom Mame [WIC

Temp in Summer [220 (coe)
Humid in Summer [508 (xR
Temp inwinter [ 220 coe
Hurnid in “winter [B00 (zRn)

Fig 9. Design Temperature and humidity bedroom
and WIC Mrs.S DACS-HKGSG Software
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Schedule >
Room Mame [BEDROOM
Operating Time Zone
[& b ota [24 W Set Schedule
Hour 12 [3[al[6 (67 &8[9 [10[11[12
Lighting [ 8] o] o & o[ioo[ioai60[1o0 1001560 100
Persons [ o of of of ofioafiooftoo[1o0[1o0 o0 100
Equipments | 8 o] o[ o] ojtoo[io0|to0[To0 [T00 100 {100
Hour 13 [14 [15 [16 [17 [18 [19 [20 [21 [22 [23 [24
Lighting [100 700 700 [100 100 [To0 [100 100 [To0 [100 [100 [T00
Persons 100 [100 100 [1o0 100 [1oo [Too [1oo [1oo oo [1oo [Too
E quipments 100100100 100100100 (100100 [1oo[too [1oo 100
Schedule =

Hour
Lighting
Fersons

E quipments

Hour
Lighting
Persons

E quipments

Fioom Mame  [“I1C

Operating Time Zone

E Hr to 24 Set Schedule

i (23 [a4[s5[86 7 [8[a[i0[11[32
[ of of o] of ofioo[oo[ro0[100f1o0f100]vo0
[ o[ o[ o[ o ofroo[too[io0[to0[to0 100|100
[ o] o[ o[ oo

13 (14 [15 [16 [17
[100[To0[To0[100 100
[100[100f100]100 100 oo
[1oo[ioo[vo0[to0[100[vo0 100 100 [To0 100 100 100

=1n=
=]
o
=]
o
=]
o
=]
ol o
=]
o
=]

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

Fresh Air Intake
+ m3/h person

Airtolume

Infiltration

Lighting
& Wimz

Fluorescent Lamp

Fresh &ir Intake
& m3/h person

Air Y olume

Surnmer 200 magm person 00y
Winter 200 w3 persan | 00

Ifiltration

Surnmer

Lighting
& Wim2

Fluorescent Lamp

Incandescent Lamp

Summer 200 am persan nn
Wwirnter 200 m3hperson | 00 %

Surnmer ,TQD Timessh
whinter | 0.30 Times/h

Incandescent Lamp 00 wm2

0.20 Timesth

winter | 030 Timesth

HKGSG Software

Fioom Mame |BEDROOH

Intemal Heat Gain in Heating

" mah " consideration
Tt Heat Exch Effcy Persons W %
4 Lighting W 4
Equipments W 4

Safety Factor

& Nao consideration

Wwindow Tupe ‘C\eal Srarn
Cooling | 1.05

Heating | 1.10

Blind Type

Shading Factor: 063 QH.T.C: 497

5

Neutral colar hd

£ WiRoom Humid Method ‘withoul humidifier

200 whimz
Persans ,72

Underground 'wall Depth

5

Total heat load in heating is not contaied LH

00 m

Fioom Mame [#1C
Intemal Heat Gain in Heating
 mih " consideration (% Mo consideration
THHeat Exch Effcy Persons m %
Lighting W %
% Equipments m %

Safety Factor

Window Type ‘C\eal Smm

Cocling | 1.05
Heating | 1.10

Blind Type

Shading Factor. 0,63 OHTLC: 497

=]

Neutral color A

 W/Raom Hurid Method | without humidife

00 4yim2

0.0 wimz Persons ’_1

=]

Tatal heat load in heating iz not contaied LH.

Undergiound Wall Depth | 00 m

Fig 11. Window Type bedroom and WIC Mrs.S
DACS-HKGSG Software

e Sum/Print
Perform calculations and print its results
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HetLoed Sumup Tele

Thit
v

Tloor ALl floors ¥

{ Yeal/h

Cooling Heating Tloor | Heat Load /[ Area
Rl LSS O g Tl Slecsed Dine Tl Sleceed Bmid, Time | Cocling Besving
i mow mam ® @

BETROH LA S N 1 R A I U-L¥ & N s 0D
ilC LI O S I T ANV T T R A

Beak Load of Building | AU Y N SO A LT O VA 8 T

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:

e 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:

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

END

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.
£ Project Properties =3
Praoject Info:
Project Name: [lirs.S
Number: | — __canca_|
Date [ozmarza Help
Contact Mame: |
Contact Type: [(none) -
Project [
Motes:
Other Info
Last [03rrz021 22:25:45
Project [CAEZ0nProjeciswrs.S

Fig 14. Create Project Mrs.S with HAP Software

o Create Weather Data
Input the weather data Mrs.s

5% Weather Properties - [Jakarta] (===l
{ Diesian Parameters | Design T | Desian Selar | Simulation |
[Eloefore Asia/Pacific =l Atmospheric Cleamness Number  [1.00
Location:  [inganesia =] fiverage Ground Rieflectance 020
(e [akarta =] Seil Conductivity [1385  wimik
Latitude: [(62  dem
Design Clg Caleulstion Months m to m
Longitude: [[fo68  dea
N —a . Time Zone [GMT +/] [7.0  hous
Summer Diesign DB Erris Daaglight Savings Time © Yes & Mo
Summer Caincident WE 267 T DST Begins Ao 1
Summer Daily Bange EZ- LS DST Ends Oct 31
“winter Design DB [z T Diata Source:
“winter Coincident WB [s2 T User Modified

Fig 15. Create weather Data Mrs.S with HAP
Software
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e Determine U value of wall, window, and roof

% Wall Properties - [OUTTERWALLS] ==
Wall Assembly Name:  [DUTTERWALLS ~|
Outside Surface Color: | Dark - absorptivity: |0.900

Layers: Ingide to Outside Thi;kgess [lizjﬁl;‘" Slﬁjﬁ;w E%ia}t'; f;jqwﬁht

Inside surface resistance 0.000 0.0 0.00 0.12000 0.0

} |board insulation ~| 10,000 6009 1.09  0.05000 [
200mm Hormal concrete lz 200,000 9771 0.84 015000 195.4
20mm Mortar ~| 20.000 0.0 0,00 001300 00
ImmPlastering | 3.000 18600 0,00  0,00400 56
Dutside surface resistance | 0.000 0.0 0,00 0.03000 0.0
Totals 233,000 0.37] 207.0)

Overall U4 alue: 2723w imEK

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

=X

i Roof Properties - [ROOF (With ceiling Borad)]

Roaf Azsembly Name: |HIJIJF [with ceiling Borad] j
Outzide Surface Calor: | Dark - Absarptivity: 0,900
e . Thickness| Density | Specific HE. Fialue ‘wheight
Lavers: Inside to Outside o ke ki kalk pea ko
Inside surface resistance 0.000 0.0 000  0.26000 0.0
» |12mm gppsum board ﬂ 12,000 8009 1.09 0.08000 95
Outside surface resistance 0.000 0.0 0,00 0.26000 0.0
Totals 12,000 0,60 3.5
Overal UV alue: TG /K

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

H Window Properties - [WINDOW BEDROGM(M)] S
window Details

Mame: M M)

Detailed Input: I

Height: 270 m width: [2.60  m
FErame Type: |

=]
=]

Internal Shade Type: |

Overall U alue: 4.970 e
Overall Shade Coefficient: — |0,640

=

E Window Properties - [WINDOW BEDROOM(W)]

window D etails

MHame: INDOW BEDROOM

Detailed Input: r

Height: 2,70 m width: |4,70 m
Erame Type: | ﬂ
Internal Shade Type: | ﬂ
Ovverall - alue: 4,970 WA

Overall Shade Coefficient: {0,640

‘window Details
Mame:

Detalled Input:
Height:

Frame Type:
Intemal Shade Type:

Overall U alue:

Overall Shade Coefficient:

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

sl

INDOW WIC ANAK [N]

-

270 m widtte (0800 m
| =l
| =]
4880 Wit/

[0.630

Fig 18. Window Specification Mrs.S with HAP

Software.
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e Create Schedule

[} Schedule Properties - [Schedule] @
! Hourly Pmllles] gsslgnmentsl
Schedule Name: Schedule
Schedule Type: @ Fractionsl  [People, Lighting, Equipment, Misc:
Sensible, Misc. Latent, Ventilation
Airflow, Service Hat Water Usage,
Misc. Electic, Misc Fuel]
€ Fan/Themostat
" Utility Rate Time-of-Day
@ Schedule Properties - [Schedule] \EI
Schedule Type  Hourly Profiles I gss\gnmenlsl
Prafile: Krr Aniak - 2Profile Twa &)
T:Kmr Anak =0
0 0%
- 100%
-90% | | GProfile Thiee 8|  4:Profile Four &|
-80%
-70%
- B0%
50% | BProfieFive 8 GProfile Sk &)
- 40%
-30%
- 20%
10%
o T:Frcfile Sever S|  &Profils Eight =)
‘DDDDDDDDDD11111111112222 -
012345676901234567890123

Fig19. Schedule Mrs.S with HAP Software.

o Create Space Data

&7 Space Properties - [BEDROOM] =
General I Intemals 1 Wallz, Windows, Doors ] Roofs, Skylights 1 Inf\\lrationl Floars ] F’artitionsl
Name BEDROOM
Floor Area 30,2 i
vy Ceiling Height ’397 m
Building Weight W kafmé ’—
Light  Med Heawy
04 Wentilation Requirements
Space Usage |HEITEL: Bedroom/living room j
0& Requirsment 1 2.4 |Lz‘sz‘persan J
DA Requirement 2 [0.30 |L.v‘[s-rrF] J
Space usage defaults: ASHRAE Std 62.1-2010
Defaults can be changed via View/Preferences.

| &) Space Properties - [BEDROOM]

General

(Overhead Lighting
Eixture Type ’W
‘Wattage W ’m

Ballast Multiplier |1 25
Schedule Schedule hd

Task Lighting

Wattage W ’m

Scheduls 'W‘
Electrical Equipment

0.00 Wit
Schedule [nane] -

‘wattage

e

Walls, Windows, Doars] Hools,SkyIights] Inliltrationl Floors] Partitmns]

People
Occupancy ’2‘|]— People =
Activity Level ’W‘
Sensible (560  ‘W/peson
Latent ’7[“]— W person
Schedule ’W‘

Miscellaneus Loads

Sensible 0 W
Sehedule | | jnone) -
Latent 0 W

Schedule | |jnone) -
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& Space Properties - [BEDROOM)]

=5

g F\ﬂnlS,Skyhghls} Inl\lllalinn} Flnnrsl Pamtinns]

Ganalal] Intemals

fall Canstruction Types
Gross  \window Window for Exposure: 1([N)
Area 1 Door

Exposure n Quantity Quantity Quantit
1 ‘N j 195 1 0 1}
2w <2 1 o |o
3 ‘nol use-j
4 ‘nnl use:j
5 ‘nol uzen j
E ‘nul uselj
7 ‘nol use-j
g ‘nnl use:j

wal_|[ouTTERMBLE <]
“indow 1 m
Sheded ([jronel 7]
Shade? [[jnone) =]
Door |[nnn5] j

2

£l Space Properties - [BEDROOM]

==

\nfiltralion] F\oars] Pall\lions]

Genela” Inlama\s] ‘wialls, windows, Doors

Roof Constuction Types for
Gross  Roof
Aos g Skl Exposure: 1 (H)
Exposure ma (deg)  Quantity
1 |H - |[(30.2 ] m ROOF (with cailing Barad) +
2 T
|n0l s Skylight [noie] x
3 ot uses +
4 |nul usen ¥

B2l Space Properties - [BEDROOM]

=)

Toors 1 PEIUUDHS}

Gemera” Intema\s} Walls,W\ndnws,Dnnrs] Finafs, Skylights |

Enter infiltration rate in any calumn:

Lés Lisit ACH
Design Cooling 5,55 [0.15 l0.20
Design Heating [0 [0.00 [0.00
Enegy &ralysis .00 [0.00 [0.00

Infilration occurs: & Orly ‘when Fan Off

" Al Hours

&0 Space Properties - [BEDROOM)]

General] Intemals] WaHs,W\ndows,Doolﬂ Hoafs,SkyIighls} Infiltlation] Floars

Patition 1 Pattition 2

(™ Ceiling Partition
& w/all Partition

" Ceiling Partition
(* w/all Partition

Area 24,2 293
UV alye 2,620 2,620 WK

Unconditioned Space Mag Temp W
Ambient at Space Max Temp. ’353—
Unconditioned Space Min Temp. ’r
Ambient at Space Min Temp. ’T

P —r
WA T
s T
f2a T

Fig 20. Room Specification Mrs.S for Bedroom with

HAP Software.

&30 Space Properties - [WIC ANAK] ==
Gieneral | Intemals | wialls, Windows, Doors | Raofs, Skylights | Infilistion | Floors | Pantiions|
Hame
Floor Area ’r e
Awg Ceiling Height ’3,57 m
Building tw'eight W ka/r? ,—
Light  Med Heavy
DA Ventilation Requirements
Space Usage [HOTEL: Bedroomliving raom ~|
0ARequiement 1 2.4 |Lisperson =1
0ARequiement2  [0.30 |L.v‘[s-m2] J
Space uzage defaults: ASHRAE Std 62.1-2010
Defaults can be chanaed via View/Preferences

[l Space Properties - [WIC ANAK]

Overhead Lighting

Fixture Type ’W
‘wiattage 20,00 m

Ballast Multiplier {1 2%

Scheduls Schedule s
‘ Task Lighting
‘W attage 20,00 e 2

Scheduls Schedule <

Electrical Equipment
0.00 WnE -
Schedule (none) -

W attage

=

2| Walls, Windows, Doors | Fioofs, Skylights | Infiltration| Floors | Partitions|

People
Oeeupancy 1,0 People
Activity Level [|)zerdefined -

Sensible 56.0 W/person
Latent 76.0 wi/person

Schedule | |Schedule =

Miscelansous Loads
’n— L

Scheduls m
Latent ’n— W

Schedule m

Sensible

@ Space Properties - [WIC ANAK]

Generall Intemnals : ‘Walls, Windnws,Dnnrs“:

Roofs, Skylights

xS

Inh\llalmn] F\uursl Pallll\uns]

Constiuction Types
T(N)

Wl _|[auTTERWALLS -

Mwindow T | fuINDOW WIC BHAK |+

Shade 1 | [naone) -

window 2 || nane) -

Shade 2 || nane) -

whall
Gross  windaw Windaw for Exposure:
Area 1 2 Door
Exposure i Quantity Quantity Quantit
1u ] 2 [ ]
HEB v|ze2 [ [ [
3 |not ugen ¥
4 |not ugen ¥
5 [ ot usen =
& [ ot usen =
7 [rot usen >
8 [ ot uses =

Door ‘[none] j

ﬂﬂ Space Properties - [WIC ANAK]

Genera\] Intemals} wialls, Windows, Doors | Fe

Roof
Gross  Roof
Area Slope  Skylight
Exposure i [deg]  Quantity
1 |H j 223 0

2 [not user ~
3 |nul usawﬂ
4 |nol usewj

=)

kylighis | Infitation | Flocrs | Pations|

Construction Types for

Exposure: 1 [H)

Boof ROOF [With celing Borad] +
Skylight

[none] -

15
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&l Space Properties - [WIC ANAK]

X8

Ganeral] Intema\s] Wa\IS,Wmdows,Doors] Roofs, Skylights | Infitration | Floors Pallit\onsll

Partition 1 Partition 2

" Ceiling Partition
{+ 'w/all Partition

" Ceiling Partition
& Wall Partition

Area ,T 24,2 e
Ufalue [2620 2620 wimtK
Unconditioned Space Mag Temp. ,239— 239 €
Ambient at Space Ma Temp, ,35|]— 35.0 T
Unconditioned Space Min Temp. ,239— 239 €
Ambient at Space Min Temp. ,T 12.8 T

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

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 kKW.

Based on the result cooling load of both software,
the suitable indoor unit for the bedroom is
FXMQ125PAV, and the indoor unit for WIC is
FXMQG63PAV. With a connection ratio of 94%, the
suitable outdoor unit is RXQ8AYM.

Table 7: Selection Units

Fig 22. Design Report Mrs.S for WIC with HAP
Software.
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Software.
TEMP
- NO | LOCATION TYPE CAPACITY | MODEL | SYSTEM
o Generate System Design Report (°C)
8 HP
- — 1 OUTDOOR UNIT
Air System Sizing Summary for BEDROOM RXQ-
Project Name: 1rs.S 11042021 8AYM
Prepared by YOHANNES 10:37PH —
Ceiling
Air System Information 2 Bedroom 20 FXMQ 125 5 HP Mounted 125
Al SySIEM NAME ...\ BEDROOM NUMBET OF 2008 ... 1 D
Equipment Class. PKG ROOF Floor Avea 302 m* uct
A System Type._ SZCAV Locstion,...." Jakarta,indonesia -
Ceiling
Sizing Calculation Information 3 wiIC 22 FXMQ 63 25 HP Mounted 63
Calculation Months. Jan toDec Zone Us Sizng ‘Sum of space airflowrates DUCt
SZNYDGIR...........oo e User-Modified Space UsSizng,........ Individual peak space loads
Central Cooling Coil Sizing Data TOTAL INDEKS LOAD 188
Total coil load 1,7 kW Load occurs at Feb 1400
L T S | . | OADBIWE. . 3401266 °C
Coil s at Feb 1406 1051 Us Entering DB /B 801224 °C CONNECTION RATIO 94%
MaxblockUs....... 1051 Us LeavigDBJWB 001183 °C
Sum of peak zone Ls 1051 Us Coil ADP 190 °C ] H H
Sarso oo 0 "] The defined selection units for the VRV system are
0 26 Resuting RH 55 % . .
Wime 3452 Design supply temp. 200 °C - —
Water Tow@ 58 K rss T T N Zone T-sat Check T of1 0K tested using Multi-Use USB Temp & RH Data LOgger
I ax zone temperature deviation 43 Temp U03 f|’0m TZOﬂe
Central Heating Coil Sizing Data
No central heating coil loads oceurred during this calculation.
Supply Fan Sizing Data . -ge .
it st s om o Table 8: Temp U03 Specifications[9]
St LIS, . 1080 Us Fanmotor ki, 000 ki
Acdual mex LisF) B0 Ue)  Fanstatc 0 Pa
Temperature Scale °C or °F
Qutd oor Ventilation Air Data
DeSign SIOWLIS. ... ... 3 Us LISIDRISON ..o 1,25 Lis/person
(s) 0 Uism) Accuracy +3 % RH; 0.5°C (-20 °C ~ +40 °C), £ 1.0
°C (kisaran)
. - - i o oF- 0,
Fig 22. Design Report Mrs.S for Bedroom with HAP Resolution 0.1°Catau 0.1 °F; 0.1% RH
Software. —
Communication usB
Air System Sizing Summary for WIC ANAK Measuring Range Temp: -30 °C ~ 60 °C; Humidity: 0% RH
EIZfﬁéimig’iiuss o) 100% RH
- 0
Air System Information
Air System Name WIC ANAK Number of zones. 1
Eguipment Class. PKG ROOF Floor Area 223
Air System Type SZCAV Location Jakarta, indonesia
[rc) s %0 [%RH]|
Sizing Calculation Informaton || faaacesssshmcsssssscdeccccccssdesssccscccscemsessscmsccccmemshosssamsaaq EONAH
Calculation Wonths. Jan toDec Zone s Sizing T R L E g e epeyuguupe e oo e e P e e pupu upupuyuuupupuua pupupupupepupupuyeg utupupupupupupupep
Sizing Data User-Modified Space Lis Sizing Individual peak space loads 28 %03
Central Cooling Coil Sizing Data %6 | aus
Total coil load 6,9 KW Load occurs at Feb 1300
Sensible COI 0BT ...........cccoeimimsinssiersissinssmssnssnn, 558 KW OADBIWB..........cooommmmmmmsinssimssmnisinninss 393 1 26,6 °C
Coil Us at Feb 1300 584 LUs Entering DB / WB 31,7/240 °C M4 79
Max block Lis. 584 LUs Leaving DB / WB 220/13 °C
Sum of peak zone s 584 Ls Coil ADP 209 °C
Sensible heatratio 6,985 ypass Faclor. 6,100
mAKW 3,2 Resutting RH 53 %
Wim=. 3108 Design supply temp. 220 ‘C
‘Water flow@ 5,6 "K rise NIA Zone T-stat Check 0of1 OK
I ax zone temperature deviation 70 K
Central Heating Coil Sizing Data
Max coil load 06 kW Load ocaurs at Des Htg
Coil s at Des Htg 584 Lis Wim* 27,7
Max coil Lis. 584 LUs Ent. DB /Lvg DB 2117220 *C
Water flow@ 11,1 4K dop T
Supply Fan Sizing Data
Actual max Ls. 584 Lis Fan motor BHP 0,00 BHF
Standand L's 584 Lis Fan motor KW 0,00 kW
Actual max L(sm) 26,21 L/(snF) Fan static. 0 Pa
-
Qutdoor Ventilation Air Data
Design aiflowLis ............c..e0voe, e 3 LIS Us/person 250 Us/person
011 Usm?)

Figure 23. Relative Humidity and Temperature of
Bedroom[9]
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580 [%RH]
-

(G e
ST W
NUNLIARARA

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. On
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 INDOOR
TYPE
(kW)
HAP Bedroom 11.7 FXMQ125
1 SOFTWARE
4.90
WIC 6.9 FXMQ63
DACS - HKGSG | Bedroom 12.8 FXMQ125
2 SOFTWARE
2.05 wIC 59 FXMQ63

17

As per the tabulated summary sheet (Table 9)
following conclusions have been made.

e Base 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 shows that the
designing of VRV system corresponding
with ASHRAE standard.
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