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Abstract: In this study, the cycle performance of an air conditioner with multi-indoor units is analyzed and simulated.
The cycle performance could be predicted through the integration of mathematical formulation for these devices. The
condenser pressure is obtained by an iteration process to match the mass flow rates of the compressor and the expansion
valve and the evaporator pressure is determined by an iteration process, in which the suction super heat is tracing the
targeted super heat. The required software was developed by system programming. the software algorithm is extended
to predict the cycle performance of an air conditioner system with multi-indoor units, and then the numerical results are
compared with experimental results. This mathematical model is validated from the result of experiments conducted on
8.3kW air conditioner. The errors in capacity, electronic power, and COP are found to be within 10% in general.
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input spec (heat exchanger, compressor MAP, fan
motor, EEV opening, tube dimension)

- ¢

‘ assumed evaporating tempeature, T, A ‘
34

‘ assumed condensing tempeature, T, ‘

target super heat, SH

oudoor HEX analysis
- - -
[Cindoor mit2 | - [ idooruniti |
EEV model EEV model EEV model
‘mass flow rate of EEV outlet]
= comp mass flow rate
v
+ + +
[ indoor HEX1model | [ indoorHEX2model |- [ indoor HEXimodel |

outlet entalphy of
evaporator = assumed
value

ez, |

(a) Present study

Assumed superheat degree 5 T,

Assumed evapurating temperaure T,
Assumed condensing temperature T,

- l Tndoor unit n |

Assumed pressure

Indoor unit side

(b) Zhu et al.®

Fig. 2 Simulation process

_ mghy A mphy + . A mphy

mix,indoor —

g + g+

2 @nd SRvle 7HdE AErh 2=
7] Stelo] kRN g5Erh W
Newton-Rapson &arz] 5ol o] =3 = lc). wt

A -
Table 1 Europe standard test condition
. outdoor ‘ indoor
operation
condition dry bulb | Wetbulb | dry bulb | Wet bulb
temp(‘C) | temp('C) | temp(C) |temp(C)
A 35 24 27 19
cooling | B 30 20 27 19
mode | C 25 16 27 19
D 20 12 27 19
a -7 - 20 15
heati b 2 1 20 15
eating . 7 5 o s
mode
d 12 11 20 15
e -10 - 20 15

o, Zhu®e] &ae]E[Fig. 2(b) Fx]e] Aol 7t
AU7IE g=3 Aozt el Ade &

go] oA s Z} Au7lel thg F7h4<Ql F
7b A vk AWrI7E S ket
ZEAZEe] AUAIA AojA = Tl At

3. AZES0 54 43 &
off A

& ATl e AZEYoE JeAFoR
Mk s Eo] fFHA A EA]FQ &5 83 kW
nas ggez st AlgAass FH4 2
802 55T Table 1 FH14 ASAE
eExAS Hot EF 7T 2Ae AZA Falet
Fa5el 218 whEstofof sttt 5], WA
B, @ ZE 3t ZdGHE Table 20| 453}
%t} Table 20| H.<l npel 7ol A7) 1tjo] ¥
Aol A7) 2017} AzrE ATt ALy A&
2 83 kwoln, F dlo] Aur] &5 Z+7F 5kwW
o} 3.3 kwolth AEAIHS g/ q5 21S
A& 4 9= ZRIUE AWM Y AT
A9l 7l Aol duslr] A AxH
of| 6] A =2 (air sampler)S F3lo] FEHJL &%=

g 243 s de)y] dudsl 9Tk ET
$57) £Y 2 Exwel AUzt P,
w9, AUy dudr] Qs Evel Aduz

=
FaEJon, dANE Ttypel2A =74 753
SEHYE 200C~200Co|th A ¢ Wuf ¢t
2 NSKAF] A zpet b& Al(2dH: NSK-BCO508-
146)0ll o3l St57] EE5-<F Al gy o+
oA Z+zt ZAEA 7Hed W9l 0~5,000 kPa
oW, QA= full scale®] +0.13%°|t}. A& A3&=
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Table 2 Component specification for the test device

GIRS! 711
St Hgk ARE ARSIt G 21 A
T £1T oJUE Aolsen, RE 2= 54
£ dAYE -50~100Co A BALCE 2279
AW71E AAs wjP-e g A o] o8] T dd
ALk ZE FHAEFA £k A0,
AY-e] FF 183 EEV MEE Ut
of tjste] ol %7

dEol g E el Alddel
R )

FAsYom, Fxe Apge] wad T, 42

Items Description _
| o el gle.
type: inverter rotary (R410A)
Compressor frequency range: ~120 Hz
4, da} 2 E=E
EEV model number: 1.63 mm —
range: ~500 pulse
pe: finand-tube Table 3& AIES] A@He] AgH A7) 2
tube outer diameter: 7 mm - - 0 =
unit tube length: 950 mm Auzle] FzE 4571, W, PuE ji‘ﬁ/\}og%
Outdoor fin density: 14/in Holth A¥EAEE =37 Y& 457, 9 2
Z?a\gﬁmnlﬁz% P37} Table 37 o] A EAE 457 F
u : - -
tube material: copper g, A7) W S AFWHE Vs Ak
fin material: aluminum ﬂé}oﬂ §_7] —3]_93\ I:}
type: fin-and-tube . o o=z = gl an
tube outer diameter: 5 mm Fig. 3 sEEde wE dlejdd FE 4
unit tube length: 775 mm A2S BTl Fig. 3(a)ol] E.<Ql nle} Zol, oo
HEX | Indoor 1 2)“ dﬁ“f;%’;rzé/ n Ao A7l 13 A7) 204 A2 ARtE s
W nuj : o _
tube material: copper HwslRS o, tiAdow AdAxe Aot
fin material: aluminum = 10% o]uU]e] ©x= Wit Table 3¢ Kol u}
type: fin-and-tube . ' -
tube outer diameter: 5 mm of o], Wk AxS AAxAY, Ao}
unit tube length: 665.5 mm 717 =t} B, C 18| DEZ AR 2= 2L
fin density: 23/in = -
Indoor2 | A EeR Wb wokAa 5] Fakgot sl A9,
stage number: 16 ol lste] ol &5 dFHoZ s,
tube material: copper 2H|AEe xHow 7ads AnE Ak
fin material: aluminum
type: axial fan SR EA e 2719 A7 7H we
OudoOr | fan speed: ~900 RPM W,dz7e Aelews} 44 s AgH Ao
type: cross flow oy o8 o}lZxy Zgpll= 2=l T
Fan Indoor 1 fan speed: ~1600 RPM = P $&575 457 Fi0E 24 AAse
Indoor2 | type: cross flow B2 exoA oojd &3 vl M =
fan speed: ~1600 RPM o d=ANN g A ARHAY BE £4
Table 3 Main actuator control specification for the cooling and heating modes
outdoor indoor
opera}tion Operatin, Operating fan indoor I indoor 2
condition lej /max I%Iz RPllz/I /mangPM air volume flow EEV opening air volume flow EEV opening
(CCM) pulse/max pulse (CCM) pulse/max pulse
A 0.5 0.83 17.7 0.21 11.8 0.16
cooling |B 0.3 0.83 18.3 0.25 12.2 0.19
mode |C 0.2 0.72 18.3 0.23 12.2 0.18
D 0.1 0.44 11.5 0.18 7.7 0.14
a 0.7 0.83 17.9 0.18 12 0.14
heati b 0.4 0.83 18.1 0.26 12.1 0.20
e e 0.2 0.56 18.5 0.21 123 0.16
d 0.1 0.30 12 0.18 8 0.14
e 0.9 0.83 18.1 0.18 12.1 0.14
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Fig. 3 Comparisons of experimental and predicted
results according to operation mode; (a) Capacity,
(b) cycle work
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Fig. 4 Comparisons of pressure and temperature
according to operation mode; (a) pressure, (b)
temperature
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Fig. 5 Comparisons of temperature difference of outlet
and inlet for individual indoor units according to
operation mode
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Fig. 6 Performance analysis for individual indoor unit of
air conditioner with five indoors versus non-
dimensional compressor frequency; (a) mass flow
rate, (b) capacity, (c) indoor pressure
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