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Introduction

Variable refrigerant flow systems are one of the most efficient and
widely used air conditioning systems to reduce energy consumption
while maintaining the desired level of thermal comfort. Variable
refrigerant flow systems as an efficient and flexible solution for
various heating/cooling applications are gaining more attention and are
widely used in commercial and residential buildings. Variable
refrigerant flow systems have many advantages over traditional air
conditioning systems such as chillers and fan coils or air conditioning
units, including satisfactory partial load performance, individual
control capability at arbitrary temperature range, and no loss in duct
transmission. Easy installation and maintenance. However, variable
refrigerant flow systems require a dedicated outdoor air system with

an additional ventilation unit.

Methodology

This section first discusses the design of a variable
refrigerant flow system. The next step is to model
the building located in Cyprus with the heating
system in question. The parts of this modeling
include the characteristics of the selected location of
the building, modeling of the relevant building,
modeling of variable refrigerant air conditioning
system and photovoltaic systems in detail.

1. Variable refrigerant flow system
Variable refrigerant flow systems Among the various
air conditioning systems is the DX system, based on
the standard Rankin reverse steam compression
cycle. Therefore, these systems are
thermodynamically similar to conventional DX
systems and have similar equipment such as
compressor, expansion valve, condenser, and
evaporator. Figure (1) shows the inside of the
exterior of a variable refrigerant flow system that is
installed outside the building.

A 5-storey residential building with an area of
1061 square meters of space has been modeled in
Design Builder software (on each floor, there are two
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residential units with 110 square meters). Each floor
consists of two units with an equal area; the north-
facing unit has two bedrooms, the south-facing unit
has three bedrooms, and the ground floor is
uninhabited and without air conditioning. In addition,
the corridors between adjacent apartments on each
floor are also without air conditioning. This research
will focus on the power consumption of the variable
refrigerant flow system as an electric charge. Figure
(2) shows a schematic of an integrated photovoltaic
variable refrigerant flow system.

Results and Discussion

In this section, energy consumption in variable
refrigerant air conditioning, power generation of
photovoltaic arrays, and carbon dioxide reduction
due to photovoltaics are examined according to the
results obtained from the design of builder designs.

Conclusion

The intensity of solar radiation in this city equals
1852kWh, and the annual electricity consumption
of a refrigerant flow system varies around
18500kWh. The results show that according to the
duration of sunlight during the day, the total daily
electricity produced by photovoltaics provides only
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54% of the daily electricity required for variable and a significant impact on Reduces carbon dioxide
refrigerant current, which has a significant impact by 14 tons per year.
on reducing electricity consumption from the grid
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Figure 1. Internal view of the outer part of the variable refrigerant flow
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Figure 2. Schematic of VRF-PV integrated system
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Figure 4. Energy rate status of a building unit on July 21
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Figure 5. External and indoor temperature status of a unit (dining room facing south on the 5th floor of the building),
on July 21
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Figure 9. External temperature and temperature of the dining room facing south on the 5th floor of the building, in
summer and autumn
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2. Design Builder

3. Graphical User Interface (GUI)
4. VRF
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3. Outdoor Unit

4. Zoon

5. Central Processing Unit (CPU)
6. Printed Circuit Board (PCB)

oy

Sl L aal IS b g dan Byggd s S0 s
G Ee Ol & Sillogid sl Jl 4 it L]
505 i (8l Jloanl ool S st 4 g5
49 Oj9 (S5 leS splitle 13 ard 5> gl
0l (25 4 4295 b s cpl el w355 )15 SIS
5 delse nlo 5 aie yos Jsb i 5 ol (s3luilely 5 o
el 13595 5 Glyzme 5 Qb G 50 (S938l39) Cangazee
G928 ol YL eily L 0 o 930 aslllas
5 tes (bl So plee an ) gacdas dyged 4 iy
S5 Sl (6531 SLojls (els (g sl
3ol (65068 sglesle ;o gorlae

Sl 2led Glolsbml ped Gz ol eonlnla
) 5525 5,5 SBrae Glie (22 Gl )l LS L
SLeol 550 5 cinions e 45 L] 5l S o il b 5
2 Slssid (5,58 L i 3 e Gl Slopincns
ity 1) ok Bdod (ul el 95250 o8 )5iS
=hb e YL (=l Jeily Ghls a5 ams s
L pleysiS plo g opd )0 jhe (Al slagleizle
G sla i ;o Wgd oo Coe aline Llyd
D95 e c0dd Joo letSl 990 )3 (Ll by
ools hgiy o=l 5o Sillgeid Lo sile 5 5—lae
w5z e tole a4 58 mls Gisu )0 0gd e
SalS slinly jo ety ; &l S5 (65,5l B pae yo
g oo a2y aSTlgs oS

Sy Sl i oy & peS SR 5 aldl o
P okl S4B o i il i 5 eiie
O 50 gl oo il liie pled Hlo b uypd jelS
dlie 5 silwdowe 5l ol @l (o p 9 koS & po
Ol @ Ll o g oals Bl iy Slalllas b guls oyl

Dyl go 43NSy £9.050 (nl el Eou g (5 S Azl

L gy 9 olge

e 8y 2 a2 b a0 lal LiSu ol o
&y Jleitlo silodse 4 gan 53 05800 wils
Aoy 5 e (Gl s ool 4y o8 55dS 5
alasie Joli g3l Jos Q:’.‘ s as Sgud o0
g e laislos g5lwJoe (leisle bl Coadge

1. Air conditioning- AC



S bt )3 e jge 4 odbiceal slasS e
el o piiio 8y b >

Refrigerant inlet /

/ Refrigerant outlet

el 00l el juio 00 b ) S (65, 45
o3l amlg any S o ol aS 0ed e dule

“y Condensor fans
\

Condensor coils

Compressor

e O g (3l y2 (2B i B IS led Y JSCh

S Blas e o (x> slapi

e spome (enie byl L) pitte s s by g eS
Sloptana )3 e pu ST jgm peS g 5yl SO T 5B
LB B 50 &5 wed e Gl ) ste e 0L >
st yeS Aol a5 S a5l o g 9l
e 45 (Sloj B35 0 )18 )b Cod e 50!
B0 Ed)l )3 s oy 8L do 0 O 4 Lo
29 S 9 09—h oo AT 5l joweeS oo
O 5l Gl Ced)b LB sl g on (o9, Aoy SS
WS oo I jei o ailinl jew peS a5 >y s
L 05 (50 )18 Lk Cod g ya 0)lg 5550 jgm e

WL YESLIN N - WS R VP SWOoN)

Slapins ( Slides 3590 slacarsy Lol »

L85 - g b e el 09,5 A 4 ke 3yne by
-AQ)U—" bt v fnﬁ)‘)" S oy souiS S
Ol wites Jogome o a5 Lo I 2Lk (Slapinn
Sago DS 0wl 8y Glejen le S g (ole
a5 Bl Al vy b (Slaoyg)) Bble oS
il o fale S 4o L (o 9 Galep 5l

3. Outdoor Unit
4. Heat Pumps
5. Heat Recovery

OA

e | g a8 S pla e 0 aleg 50

S | (o) ol e Sl (sl b ams o
S ol b S iy iy S5 5
oLz (B Sin (59, edmal (55l &S
30 3l ale e o, 0] o s @yl i 0y
Sl sl ol ]SS 500l 9 595 4 pgage Ceond
bz 1y gl 53,9 by (fouiiS 5y L)' Jono
o ) el Oy gkl Mo g 836 s paiias
o8 Gl asS oo o erie WAL sl 0l >
@l e 0p S (o0 et 1) g a8 593 395 digi
L oS o s ) (215 S (795 b iz
o yee Ol (aSadg 40l 50 5l 0590 950 (b
S g S g Slisge i Sy gl g e S Lade
o 9ty S sl esliial b oS el e 3 e (b
|y oSwin S bl ot o s sabeslo_mlatsl 35 5o
a5 ogm aples bl pl  edaild i aiS oo ppdais
Sl a1 5L 9y e Ol Jladie e 33
5L 055 05 Of Gty b g Giule S 5k 4 sl

DB ol

1. Converter Circuit
2. Rectifier



SN PRCSPCINUUMIST PR T30 PRRN PCES W ¥) PRURRPS 6] IOUN ( JPCTWUUMINY W 5 SRS | WY RPN I L OV SRV |

oletlo S0 Gbe S gl (Jle yobo a0l alisee
oy Joad (o aS Al gy LT S LS )5 (55l
bl plw as b o ls 5L ol s ialoyw
LS bl pians S sl oaliial wigd 05 WL (o))

WS S8 55 0 P JB x4 Wlg o

s o8 (bl @ (pdaloy blie 5l eaddl o slo S
s s S0l a5 B o Jlujl iy ke )5 4y
sl (Sl o gl (olo)S s jeite 3500 0L >
Je 5L 99 oo |y Lo )5 (Soludy asly S o
ol yiie om0 2 Sl Lk Slaptaes WS o0

<
P
“
e

e Sy 3l g e S (GseaS 5T (S

100%

Load

Compressor capacity control

100%

——

il

oo O g (3l 32 (L e 30 A ST (G y g oS g 3 yeiu | Y S

2 o clatio
lod eSS g ain ale owlidlen Sledbl ) Joux
Ol o alale (s Cusb (ke G2 YL claree
gt GRS el g Al oty (0SSl
S iz oLl (LS oLl pe Caadge of jan

oo o i Ty (552395

olaiS e gl Joto

e ) PN Cole 4o SeSme A O Lol S
Sl 0ol (g3l o jobko cplno Jl8le 5 jo Las ape

AR

Silwde

s sboz s Joe o sonlil filate 5 S oLz
4o Shb 95 pdodas (65 el 12l 9 ge
sl iy o oledbl flaie 4 b aS el 5 7,0
Silsges b slagioy o 5 ojsn dilaie ¢ Coadye
g 3y ezl 4 bgype fleaz 5 Tl

1. Location

2. Region

3. Construction
4. Activity

5. Layout



YoVY lawo o) 5 los o) 5590 cylauly (5551 (5o o

5 dil OLS i aiiws gadas dsed (9o s Al aayo po Ve Colun b SoSn oy g0 aals (2 (o)
el oals BLIY 9 ¥ gl Jgux jo leaslu sloo iy 5 slemlw Soles slaos (Gl oals azd [ a5 o
aS o9 Y Loz Glhls aaizme S g aiw (jlgo Lozl g0 Jolds ddls o .cwl oads ool ylis ouds Jow

ol Sgliie 00 LY Jgo b o] Slaseio

R TR Y Jsds_? d—*“a o)|A_?90 LSLQO}?LL; Slasin

5 Sl SlsS BT aw s G g, wly 5 Sls
Dgbse 3y sl ol sl fyhae Euges ey g A 5 JBB iSen dib
72 5 yolzme slaglas bl o slag,aly cnl 2 ogdle

G951 e S Oledbl ) Jgu

c ¢ c % . .e.

by f <f g1 F 3 %

NS N E— c \E ‘o ch . b

: % 26 % e B 2% 1] E

& ¢ GL ¢ O © 2% S c

el ofe % Zszk § £ 3
€ PPy S 3 ¢ % w

G{ 4 S = 3 3¢ m
. ~ S

18N fIvY AN <YE - 8N - YAQY \n7id Yy 6)93-.‘.)5]

(oo Lawgi culs Jao) (5,18 o Lol Jlods ay (y8Cs) yloss b Soiloads (sl F Sl
1. Opening



SN PRCSPCINUUMIST PR T30 PRRN PCES W ¥) PRURRPS 6] IOUN ( JPCTWUUMINY W 5 SRS | WY RPN I L OV SRV |

Domestic Bedroom
Comman circulation areas

Daomestic Dining room

(oo Jawgs oails Juw) (8,10 o )Ll Jlois & o) ol.n.:.&b» ] P ‘5|.n3 N

Slasiv p Slpess pl dods 10 0S8 co il 9 Connd o=l e aS cwl s 8 glw Joe ol yo

U tolo T ctalepes sla b i yo 5 i, g goizma 3 3,4lis el YE b ol 3l lessle

Oleitls (ol g o8l jgax ailsgy gy 0,188 o s &S 3 JLS otiome oS (Sl 42 5
Sl 00l ooly lid & S o S5 o plod o Wb 5 saudae & 905 e (0l s

b e, b o pleizle o ol Bl jpas e Ll s

Time Time

(a) Occupancy (b) Lighting

Ol (Ulgy 9 o131 jgua &ljg, Jlgy & JSi

4



o b Ciliso Gcaomd G532 ¥ Jaan

ay Slgo i bl ‘5Jl§-” 059 Wyl
=B (y0) (W/m. OC) (J/kg. OC) (kg/m®)
\ -
(Y o315 se) S &)zl 1N IN® A VYo
2 ORI
y oo gy bl 4 e .. "
g XPS - CO,
e (lawgie) 2 Ssb N Iy Yeoo VE. -
v
(Y o sesd) s Sy ¥ Voo Voo
23 OrE
\
oy ) Y cdlanT /oA " 3 Y-
LY RS9
v (Jsy) 2 iy SlglSe VFED ¥ 3 -
¥ (Sl 4o
[-T-PW)
oo ool 5, > o koo YO =~ lgan IS Oy A Veoo Yeoo
S5d)
v
(4 ) & [-3Y -IY0 Y YA- -
Y (RSS9
\
(& s 5 s) aalle b o5l pgd “1-A4 /¥ VE- )
2 ORI
=S v Sy, o I VY 3 Y
olels ¥ g [V -IF\ A¥- Y-
v
(Y 5 5ny) 97 SheetS [Y e \Y- - ep-
22 O
Lol sbro iy Wlipe Y Joua
2 omsiianno U] o
U (Wi ) ordys> I JUas ol gg5 Fenestration g g3
0C) () el 35 (SHGC)()
YIVE NIYS; Dbl Ref-A-L Clr 6mm/6 ~ «5lad w0anlisl o lazrgs sloes
o[+ OYNA mm Air ‘51>"|oao);:

1200KJ/hours sl &lyapzs ) Jol> slo )5 =Y
A5 3 beled o by jo T4 jite i 43 oS 0 (s

e 800K J/hoUrs ol s ol 31 51 Jol> sl )5 Y
5 70 Sllad 4 by pe 4800 u p0 45 D

ol b s NSl Lale a5 Tlsn Ay -
5o ad S s o Jae (b o el lagleisle
5 (K 8131y 4y aSl ade 4 ] ()5 asli
lac/h’ ol ol Jlacie copmimman 0,8 sl olgan Wb
2 0y jlugisle (A 48 g e

2. Miscellaneous
3. Infiltration
4. Air Change Per Hour

Al

Slalllas jo 15 Slaastin a5 Sl G glol 95,0
o g adllae b Gliize (ol pliy g oot (e (S
e Sy Gl s (B S5 gl 5 @b
S8l po 1) 093 Sl 3 50 polie wiusbly 4 oud Jue
A fior az po Gileae B ais S 0 ok calis
R )
300KJhours ;s ol s, 5l ol Lo, -
L5 ,luas absolute zone power &35 o 5 ol (panss

bz Ll sy, Ui e 300KI/hours

1. Lighting



SN PRCSPCINUUMIST PR T30 PRRN PCES W ¥) PRURRPS 6] IOUN ( JPCTWUUMINY W 5 SRS | WY RPN I L OV SRV |

el gl 55" et i) 3 irle e o
tlims Lo JS 5 laceles ples sl <l ol o o8
ey A o s Slloms At 3,5 o el
o8 ST 5 ol ey Ll 335 Sl 55 5 linn
b a8 agdige sglol 0)ls iale s ()b (gLl o, L
5 o,y dlasay asile b el il 51 can o b iole s

oo et 0 g pleiSle sl g5 s

3 AP pmio 8 pmio £ gubro Ay g s (5l Jo
Silidygisd (s lap i
0B SIS e S pa by (5l ey e
i Olgie 4 el s (59, el LB dga L
o=l e il sacds Ol sl ooyl sisle )5
o 2>l S LS o b (Sole bk gl G
a8yl pleitle S Gl it 0 e L~
adhio Y 5l geamme o pleislw (ol bl caloas
SO L den a5 ol ond JuSis goudae d5565 ((y93)
ol el Wi oo eli eiie 3y Ol (g 95Ty
, w&#m Lgt5 e Sl b ok cplps 4o 8
adbio lwog, S g (A ;i 8o s iy a3
e e by So b g e 0 S e plxil by e
ol les iS5 o, slaJUIS e s | sl
] 00 iy e

O 6L Al locnl ;akite 8 pe plaw iS00
¥ Jgoz @ azgi b ogd oo @ulais ol 31 90> udate
deS 5 (°C) PoniS s Sl 5 g sles At
LSy 59 (°0) Voa s S o o g sloo
95 ooyt Sy 50 S sa )ly ialeyw g Linle S
23 5ign s s b 02ig S5 53 5l ik o e
Al e VO L aSady) gogee lis)f s (0
Hu,—?)‘)? Gy (S Sad JBla> jlade 05 e
Sl b lad b oS Cusbine (play 5 09050 0l + IV il
Ay o J5 L o ,0 Ve 4 Plas wilgs oo ol

11. Simulation

12. HVAC system

13. Indoor VRF

14. Fresh Air

15. Maximum Outdoor Temperature in Cooling Mode
16. Minimum Outdoor Temperature in Heating Mode
17. General

18. Air Cooled

19. Minimum Heat Pump Part-load Ratio
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1 Mechanical Ventilation
2. Heating

3. Cooling

4. Heating Set Back Temperature
5. Cooling Set Back Temperature
6. Indoor

7. Fresh Air

8. Outdoor

9. Tab

10. Cooling Design
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1. Power Generation
2. Generation
3. Electric Load Center
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2. GHI, Global Horizontal Irradiation: the sum of both
diffuse and direct components reaching the same
surface.

DNI, Direct Normal Irradiation: is the part of the solar
irradiance that directly reaches a surface

DIF, Diffuse Horizontal Irradiation: is the part that is
scattered by the atmosphere

3. Sensible Cooling Load

4. Cooling Electricity

5. Outdoor Dry-bulb Temperature

6. Sensible Cooling
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3. Outdoor Dry-bulb Temperature
4. Sensible Cooling
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1. Maximum Sensible Cooling Load
2. Thermal Lag
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2. Cooling Electricity
3. Outdoor Dry-bulb Temperature
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1. Simulation
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