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ABSTRACT: This study developed a program for detecting charged refrigerant amount in
system air-conditioner. System air-conditioner is an air-conditioning system with multiple in-
door units. Due to the complexity of the system, it is more difficult to detect the refrigerant
amount charged in the system air-conditioner than in a general single air-conditioner. Experi-
ments were performed for a 6 HP outdoor unit with 3 indoor units in a psychrometric calori-
meter. The experimental amount of the charged refrigerant was ranged from 60% to 140%
with 10% increasement. Fuzzy algorithm was employed for detecting the charged refrigerant
amount in the system air-conditioner. The experimental data were used for curve-fitting for
the general ranges of indoor and outdoor temperature conditions. Membership function was
determined for the whole ranges of experimentally measured data and rule-bases were defined
for each charged refrigerant amount. Developed program successfully predicted the measured

data within 10% resolution range.
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Fig. 1 Schematic diagram of test system.
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Table 1 Indoor and outdoor temp. conditions

Mode | Indoor temp. (C) |Outdoor temp. (C)

21 21

21 35

Cooling 27 35
27 43

32 43
20 —-10

. 20 2

Heating 20 7
20 15

2 % (discharge temp.), A< (low pressure) 2
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Fig. 2 Effect of charged refrigerant amount on
EEV step of indoor unit.
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Fig. 3 Effect of charged refrigerant amount on

high and low pressures.

o

79 3:(high pressure) ¥ A G(low pressure)
£ vERA RAolt}, Fig. 29 w37tAE #9477}
A e Qe A8 waste YEdn. 1
4o A FAYIE A= A EFAE o
80~120‘V HeoA 2 AtelE YeA] F& W
, TV e A delEA e wy g
7] E75% 1ol AEHog TS AE ¢ F
ATH Y F A HF 140% ©)F mYge] §43) #a
st A Uebd AL 1gto] UAF
A FEE § Az Ao ¢ Aoy AUl
2 47 248 Aol WE Aoju},
S A7 {5 BAGe WuEA
€ Hols Yehlx okt wEkA
Harol uiwsle] & o, WojZdag
3&%4 Tﬁ 911}7} g 4 o FAv 9lE
AR FAd77 gle AE o A BEo)
e Aoz A
Fig. 4% e A9 WelFFdsd o0&
AABAA ME(exp. step)E UEIA Aot} Fig.
2] vebd yubAl Auirle] MASAW fre
vl A2 Yol S A F F7bo] upet dik Az
I8 AEE A&HoE PBideE FES Ued
ool Az WAle) wpRslAR Wl
ZAF F7to] wet Wule@Fol Fuste ARG
Bo & Fig. 4olM #4771 gle A%, 597
7k A A vE o 30% A= Weirh %S
A" AFE vetdd, ol A5t AAE A

22 O
TR E

2 0z Zz2ayP A 175

2

1000
HEAT 20/7
800
g 600}
773
o
) 400}
200 -®- Without receiver
-©- With receiver
0 L L L
0 50 100 160 200

Refrigerant Charge, %

Fig. 4 Effect of charged refrigerant amount on
expension valve step (EXP. Step).
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Table 3 Variables for detection of charged re-
frigerant amount
Fault diagnosis variables
Cond. .
Mode ' ond. temp
Discharge temp.
% Subcool temp.
. % e High pressure
3 5 ) Low pressure
o T C l
% ooung Cond. temp.
Discharge temp.
R Subcool temp.
. Exp. step
Out > e N
d°0rre,,,p Y oop2 Heating High pressure
Fig. 6 High pressure for refrigerant 70%. Low pressure
Table 2 Curve fitting model for refrigerant 80%
Y=Ci+ CiX,+ C, X+ CyXy+ Cy X3+ Cs X3+ Co X2
X, =indoor temp., X,;=Outdoor temp., X3=Comp. operating rate (%)
Y Cond. temp. Disch. temp. Subcool temp. Low press. High press.
Co 99,7 1106 111.0 ' 75.1 79.8
C —6.58 2.7 -17.85 —0.815 —2.26
Cz 1.79 —149 1.92 0.055 0.205
Cs 0.122 —-0.762 0.151 0.019 0.045
C4 —0.009 0.212 —0.010 - 0.0002 0.003
Cs —546 —-10.8 —541 —6.661 —6.26
Cs 0.231 —0.316 0.210 0.173 0.201




Table 4 Membership for subcool temperature

A ¢neEE

o] & Axdl oojre] WeEMe #x L2y s

Membership function

Temp. range (T)

N2S
NS

S (Small)

N3M
NZM
NM

M (Middle)

PM
P2M
B (Big)
PB
P2B
P3B

0~18
17~21
20~24
23~27
26~30
29~33
32~36
35~39
38~43
42~46
45~50
49~54
53~59

Table 5 Membership for low pressure

Membership function

Pressure range (bar)

N2S
NS
S
NM
M
PM
B
PB
P2B
P3B
P4B
P5B
P68B

0~25
24~31
3.0~35
34~38
37~41
4.0~44
42~46
45~48
47~50
49~54
53~6.0
58~6.8
6.5~10.0

Table 6 Rulebase example for refrigerant 120%

-
Re rlge.r ant Experimental | Membership
detecting .
. data function
variables
Indoor temp. : 27°C, Outdoor temp. : 35T -
Cond. temp. 47~49C PB
Disch. temp. 103~106T PS
Subcool temp. 39~41TC P2M
Low press. 40~447T PM, B
High press. 20.1~21.0C PB
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