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ABSTRACT: This paper is suggesting a new technology for refrigerant amount detection of a
system air—conditioner installed under various installation conditions. System air-conditioner was
introduced to domestic market first in 2000. It consists of one or a series of outdoor units and
a number of indoor units connected with single pipe line to the outdoor unit. The system can vary
the capacity from 20kW to 186kW. For the system Installed under long and high-elevated
condition, about 100 kg of refrigerant is charged in the whole system. In this paper, the new
technology RAD (Refrigerant Amount Detection) with edge technology of refrigerant cycle control
and measurement of a system air conditioner was developed and investigated for its application
for the various installation conditions.
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(D Compressor @ 0il separator @4 way valve @Outdoor heat exchanger

® Subcool sensor @ Indoor Unit (Evaporator) (DBypass valve

Fig. 1 Schematic diagram of test system.

U g A aE dolFe MAzA 9 &
Az we a2 4 540 W v=1, 1
Al dehbE A2"e 3 542 24
49 ¥ dAe my distd fueFoRe
2 Aol FA7 A

o

HZo s AW (R-410A) &3t w2

TAF] d3 15 &5E Az F 47 (rece-

iver)& AAY Ato]d EAl g A7 =W
gHoz APHn Yot e E AFeMe

R-410A WY& ARG Al2d of

[

=

=

rot
2
)
2

FE}I W

By,

2.

Fig. 1& &

NI

oA AT
Al2gE veRga 9l =
16 kW, dH 18kW &9 4-way WHE o
Edloju], F 3o HAui7lE
. %7+ PWMl(pulse width modu-

i)
I op
ok

2 %

lation)Alelell o8] 2§ xdstes vAE 22

flt
2
S

i1

o
N
U
o

fru
>

hab
N
N
of
>
i
2
oz

0%

> B ooE 3

o g o 1o

=k

g, 9 o o
N,
o

oy rin o £ o of
an N rlr Il

o £

[
>
R ul
N
i)
1)
o
o
2
o?‘:',

Fig. 2= #3
50%7HA Wl e
2 A gs JEd Ao
o gko] 409% o4 Fadlol WsHe] 3435 A
Sh= = =
Fig. 32 o=
CoPe W3 E ekl et} ool 40% o
slol e Wibsd 9 COPY Wyt A7 o

i
£ d¥
)
e
Ev
>
>
o
o
of
oL
off

O o
e &

Yo Eko] 40% ol Fasior Ala® o] Wt
2 77 g 4 g Aew ®woth o] Axe 4
A Azd gl Al nel g Yuf F4de] 30%
olUl2 A gL Agoles W #Eo] oy
o AlA"e] AWA nAL WA g ¢ dg

P
W aFel of 5

[} [}

G 2o

Al el Zel

oo e



28 o]4=9] - Hisashi Takeichi - #4431, &

50 18,000
g 16,000
A0 T 14000
~a
12000 =
o Bl 8 N 110000 >
o} T N %
o Cw A {8000 §
E I g COP |- e &
—&— Capa. 000 ©
10 bt 4,000
2.000
20 : —— . : 0
[i] 10 20 30 40 50

Refrigerant leakage [%}
Fig. 3 COP and capacity according to
refrigerant leakage.
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Fig. 2 Reduction rate of capacity according to
refrigerant leakage
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Fig. 4 Effect of charged refrigerant amount
on high and low pressure.
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110 Table 1 Factors and levels

B Level
£l g AT e Control factor

~a-EvaparationTemp, ~c | 1 0 +1 1+
-4~ Suction Temp.

v e, | ] A | Indoor temp.(C) | 10 | 15|20 | 25
s Spbcool Temp, -
= * ” B | Outdoor temp.(C) 5

C | Ref. amount(kg)

Temperature [TC]

D|  Fan (step) 7
QAP Frhr7E A9A8L T F4A
e AgAe] wde wEt HeE xoly) A
" 70% Refr?;:ani Cha:;:%;%] o o /(‘1 é}g ?3\-?‘% Ouigli Xée—g :F %U;}
Fig. 5 Effect of charged refrigerant amount B ATE A 2R uhet ol o 6‘%_}\“]_ s
on system temperature. I6HPE & dido= 4917 wed éﬁéﬂ}%ﬁ
F FATAADG olf3lo] 89 163, £1
TRHENLEE, ¢h57] Fl2RE & WEE B 83, 44 632 F 3089 APAYHE Table
ol#] Fstow, IYFY Y%Vl EFLre & 29t o] @A EFEAAE A A
2Y¥HeNE Yulgo] Zylste] wgt AEHO gyjol o8] AP AFE WIIAE K Hs}]
2 Frheke, dgees gaste AE 2o Table 3% 2ol W#Fs 7o A& & F
AgGaa wwsgds o, ngE WeSe vzt stk gl Wal of 5 WEE BN oA A
=7F $FEA vERTh mEA Ay 85 3 AYA R 2 (FHFEXFLE), 2 (FF7 ES
#7 2E2¥Ien 4FV] EELR AUYEE L5, ry (A gex) B A#EHe 48EE £
skt 7] A8 a(FETHLE 2T E AE & 5
Aok, Hz 2E Al Ui FHAEN ATE
4. ME ol Xof thst Bt EHYe HE Table 4] WeEpgdc}. A3E 43 i F&
FHmain effect)d % ;39 P-value7} w7
Wl &g 9% wANSR SEEGLE, A golakn) Ay a3 FdoA AEEER A
&7 Bk, FY=g MYt s A greba] agra, AFE F 4MELE 25 P-value
HE Qlabe 55 Adart A5 Aodd & gl 7} o) =mA v A] B el AEFstal &
A=A t}j%olz}i B 5 u wEA el 2l (Pooling) s+t =¥ (Pooling) & HAIEAS
o WgstA wr&ete AAEE A A 4 28 A4 o9 AKEsE FopA HEH
=l Bpxpi spto] HElstn, An g EA e UAE 224G HolA e 24
& A#ste Ao E duiE o5 Aads ¢ e wei AL gtk 2% F H(interaction)
A gkt & F o7l (@ ewy, @y, S WR7EA R Poval-
B4 Al g FUA Al bed d9 < uert w& AN FoA Fonz FAN AN
Ao A8l eE, W FEn drjEeln ol Agsta 9 (Pooling) 8H A th,
o malatel gigk vheRd APAEYEol S BAMEA A3 Table 5(Analysis of variance)
& HAA e wWAE 7 Table 13 2ol o vhebgith. 133 Linear)2 P-value?} - =
407 252FE Ak FAGAG Y s A ob feoghg o & o, AF P (square) & P-
g2 Fasteint 488 AN (14~ 16HP)Z valueZtb W19 AA 23 A7t IAE Qo
Wdem Adsdct, FAREAAEYS W5y & Ag Bk 2dA 408 25 ¥ (Pooling) 3
& Wl webA HAYe e SHAe ¥ 9
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Table 2 Design of experiments (RSM)

Table 3 Experimental results (RSM)

EXP.| Indoor Qutdoor Ref. Fan : T, T x
NO | temp(T) | temp{T) | amount(%) | (step) L_y | ; 1P L L i; L : J E
1 15 G 0 3 EXP.| Ref. Sat) | (Sap) |Subeool| Dis.
2 5 5 0 R NO | amount T at. L)) Temp. | Temp.
- (9 | Temp- | Temb. | "oy | ()
3 15 % 80 3 ] vy | (O
4 25 35 80 3 1 80 33 5 32 62
5 15 15 120 3 2 80 36 13 3H 63
6 25 15 120 3 3 30 51 8 50 81
7 15 35 120 3 4 80 54 15 53 93
8 25 35 120 | 3 5 120 38 5 27 44
9 15 15 80 7 6 120 46 13 28 66
10 25 15 80 7 7 120 54 9 49 54
11 15 35 80 7 8 120 61 17 51 74
12 25 35 80 7 9 80 26 4 25
13 15 15 120 7 10 80 29 11 28 54
14 25 15 120 7 1] & 45 7 44 72
15 15 3% 120 7 12 & 47 14 47 81
16 25 3B 120 7 13 120 31 5 22 53
17 20 25 100 5 14 120 39 11 21 65
18 20 25 100 5 15 120 48 8 42 49
19 20 25 100 5 16 120 55 15 43 71
20 20 25 100 5 17 100 42 10 37 67
21 10 25 100 5 18 100 42 10 37 67
22 30 25 100 5 19 100 43 10 37 67
23 20 5 100 5 20 100 42 10 37 65
24 20 45 100 5 21 100 38 3 37 41
25 20 25 60 5 22 100 46 16 38 76
26 20 25 140 5 23 100 : 6 15 48
27 20 % | 10 1 24| 100 13 56 84
28 20 25 100 9 25 60 37 9 37 71
29 20 25 100 5 26 140 52 10 32 54
30 20 25 100 5 27 100 57 12 52 74
28 | 100 3 9 32 66
Table 4 Results of regression analysis gg ig jé ig 2; 2?.
Parameter | Coef. | SE Coef. | T-value | P-value
Constant | 103.620 2012 51.498 0.000 . .
) 90702 | 10.959 877 0,000 Table 5 ANOVA(Analysis of variance)
T2 “16.77 w2 ~2.306 0.036 Source | DOF{ 88 SM Can | & _value | P-value
7 76669 | 13063 | -5869 | 0.000 , duare ‘
7 a7 | 12245 | 00%6 | 0925 SLmear j 8397;1 1;?25'?5 50191; g'igg
; quare . 5y : .
fosmy | C15740) 17451 | 0902 | 0381 Interaction| 6 | 58508 | 9751 | 429 | 0.010
Tog* Ty 9918 8.763 1.132 0.275
Ta¥dy 25061 | 20805 -1.206 0.247
75T, 13302 | 16976 0.784 0.445 Table 6 Results of regression analysis
E|¥Ty -65.236 | 27.951 ~2.334 0.034 I’ammeterlPa_rameterI Estimated ParameterfEstirnated
Ty T, 36.067 33.203 1.086 0.295 Constant Linear Cross product
zpxz, | 59235 | 28590 | 2072 | 0086 ! 122232 | @4y | -0410474
Ty Ty 83181 | 30.343 2741 0.015 879135 zy ~2.667 xpkr, | 0.106627
ZoHTy -16.242 | 19944 -0.814 0.428 3 0.0556375 | @y*xy 0.507434
TykTy ~74.455 | 34.206 -2.177 0.046 Ty -0.377785 Ly Ty -0.12365
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Table 7 Comparison bgtween predicted and ol MAHPHS P&t A2 wWae nHe HH

measured refrigerant amount(16HP) Wl e Exste Al Aordw wmlg Az

NO .y experiment (%) | y Calc. (%) | error (%) veg A%e fadr 49e 9res ®

! o 7308 2% Aol we e o AAEe] JYE R WA

Q,
: = o T = oS sterats] sl AP Asshgon, 4
7 " e o @@4}: Table 8ol A=k A% A W)
< (e}
8 off X &= Z_)\L'VNO Tﬂ;}g_‘oo ok

5 80 77,962 3% © ]j ‘:ﬂ 4&4() ] X}"ﬂf L 5

6 0 081 o %, %uﬁé 100%) A= o 6%, Wl F 120%0

7 80 70848 0% %E oF 242 B oﬂ_fhoﬂ/\«; o o= 7)1

8 80 79.533 1% 80 ~120% A el olE Adae] HiE LAEE

9 80 78.33 2% oF 6% oJUlE HojWA dAdoez UEHE gt

10 100 97.498 3% o =3h& AT Ut

11 100 97 498 3%

12 100 101.759 2% Table 8 Comparison between predicted and

13 100 98.447 ' 2% measured refrigerant amount

14 100 100.308 0% - o

Indoor utdoor

5 100 102.253 2% ®B20°c/ | OB5C/ | B q00u77kg)

16 100 109.638 10% WBIST) | wpze) | Amount

17 100 98535 1% Set | 16HP | 16HP | 16HP | 16HP |64HP(Total

18 100 97972 2% . 0 20/ | G409 00, 9% ( A

19 o0 YR 6% Calc.| 90% | 89.3% | 94.0% | 104.3% | 74.8%(Ave.)

20 100 96.246 4% Indoor Outdoor Ref

21 100 99.737 0% (DB20 T/ | (DB25C/ | O 1009(110ke)

2 120 122,539 2% WBIST) | WBIBT)

—

23 120 119.849 0% Set 16HP | 4HP(Total)

24 120 119574 0% Cale. | 90% | 89.3% | 94.0% | 1043% | 944%(Ave)

2% 120 120.258 0%

2 120 6178 2 ot/ | omsts | B | jonsaang

0 120 117564 2% (V%gfg g; iNBléé ) | amount |~ g

23 120 117532 2% e o pre—

29 150 AT % Set | 16HP | 16HP | 16HP | 16HP | 64HP(Total

30 140 140.157 0% Cale. | 90% | 89.3% | 94.0% |104.3%| 118%(Ave.)
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ref amount, (%)
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number of trial, {time)
Fig. 6 Comparison between predicted and
measured ref. amount(16HP).
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