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Unlike household refrigerators, commercial refrigerators are composed of separate indoor and
outdoor units. The outdoor unit of most commercial refrigerators is designed to run at a fixed
speed, which results in low energy efficiency and loud fan noise. Moreover, it cannot respond
flexibly to changing thermal load in the indoor unit. Inverter type outdoor units can address such
problems through speed changes based on information obtained from the indoor unit. However,
using two units from different manufacturers is often not a viable solution. If condition changes in
the indoor unit can be detected without communication between the two units, it is possible to
adjust the speed of the outdoor unit. This paper attempts to analyze the signal from the outdoor
unit when the condition of the indoor unit changes by varying the thermal load.
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Fig. 1 Out-door unit type comparison

Folth. 4&5F Arle d4A FE2 A
HEE Aoz zFsied A7t A%
98 714 45719 Fan®l EEVF HAEER
A& FAsE Aotk o] wiite] 27| 7|EE
AFEH =2 AFE AHEsiH, 279 ¥Hsele
dRetel] fFAstA dgstA kgve ddE Tt
A3 ek oE Eo] AuUrle EFREIF A
Ao 7|7t Bhdas HgEgor 4
Ha ke o]l dojdr) Ee HuglEEo=
FHEE T BHO Ag- & ddow 283
ohoole g A&E AHerie ddE 1Sty ¢
3 JigE Aol AWHEP AQrjo|th. JAIMEF
A7l EAEEE AT F oA 7E AL
Y Aot thEA ERetd mEt AH3A &
AshE Aol 7hsstth o] Wil Fig. 13 2ol
On-Off WAHh Ad3 Aoj7} 7hasir 222
HES =Y = Ju T3 Ao wal 47
9} Fand] £EE HFojx W& 3 AE5H
Gl e oE XY B2dadt HusE 23
< 9 F oA, anjdy Aztayn 2 LS
A ads 71 5 Aokt olgd FHEE A
gk o] &3t7] fste] Ad7ier Ae7)7t 4l
< &3t AQ7)7F A7 AEe wtEol 58
How AT £ g Edo] sutgo] =&
FLE A= Ak

ShARE @ AUV 7 AEAE gAY AlEel
7] Wl oldt A&7 Fale] ErhEdt
71 gk =3 71E

% 2o AlE A% Age
3w shE 978 WA wolw Az B
Wbses] ] Asel geel me EEA
Falo] B of Wl AMEY Ue)/E

AR iR Azl AU L
ARk IEENIE S B
g71skel B4 glolw He)v)E
T 5 gl getel Wasth ol
8y 491719 4
A971e weH AoE 9% 7]
79 guwEE aAss Py
491719 ofd WsE B
e R e g

3

A s 15

r1rkm;:~_%
2, 7 ol
Z 2 K

ro

LI (= )

of 2 1 -

5ol
F2A A
BEa g
1717} 71
N5 AS

to] o] Ao

>

=

~N

1o

ol

>

o
BNl fob
2 e o

o> 9
o o

AFAZ ALY AUy Y 5 U=
12ft AAAe] 2, 3ft AAA ]2, JAJNFTHE T
o] lom, Aejr= QIWEHE RES AL
ATt Fig. 2& AHSE dE W Al=ES e
NeFzoltt, gk die] Ae7]el 3die] Au7|7F 4
Axojglor, Wl Hj#E AAE YRk B2
< HA @E A¥EAA A4S BAFI gt} o
W Az="e 3 7E Al 7 Al sl
Solenoid Valve® do] Wuj7} 524 3a1, 497
oAM= F7] ol AAFo] dv AHAME
3 Wl 4=HSE S Fdh S A 3
wfekel ghol wiEl AAdE A 7IEwk P, ool
2 A9, 57 A9 valveE dof Ae|7|7) 7}
S AASHA "ok 7E $ xRk B £
%719} Fans sk, 2xvitt SA 0= A
@ EEE sk o @e vlaste] 7
¢} Fan 3|WEEE AsiA @At o F 7F Ay
7] frEe] AR 250 =34 ¥ Solenoid
ValveE &0 24 WulfFo] AstA =i, 4
71 A = @A Wme) b= Fhel wE AAE
2 71FE %k Poy ©137F 2 A%, ValveZ Fol A9
71¢] A& AASHA Hr) olgf o] WA Alx
e A7) Auirle dAder W dxex A
HE w27 uio o4 Yuje 71& 4= #%

£ 2 off

I

5

o



S USS3(X M 33 F M 63F pp.517-523

June 2016 / 519

== Pipe Line
— ication Line

Indoor Outdoor
j—— -~ - -t i miEEEE H
| Walkin 12ft Lunch-case H
! Cooler 1
: Sensor A, 1
1|| Sensor 4, H
! 1
1
h 3ft — Outd
1 Lunch- | US ¢
H case ' Unit
: Sensor B, :
. Sensor A3 | '
! 1
! 1

|
PC
l Sensor B,

Fig. 2 Multi-refrigeration system

O

(@) (b)

Fig.3 Sensor for multi-refrigeration

| Il ® niradonooe

system: (a)
Refrigerator temperature sensor, (b) Indoor and
outdoor temperature and humidity sensor

UuIE] 9

o Az3|ALZE AR BUEE AXE 1]017} A
A =k ek 3djo] Auy] &E9F Azt A
AE AEUF-e 255, 977 AxE AEY
9 HEEE é@o]—?jﬂ-. Fig. 2¢] 2+ Auj7]e] A
]38k Sensor A, Sensor A,, Sensor Ay SparkfunA}2]
2544 (Fig. 3(a)E AHEstlom, A9 A
A&k Sensor B, Sensor B,i= U7 ~E ALS] -5
T AA (Fig 3(b) 2 AF&3HT)
Adiziel A WHIE dove
Table 16 vdsh 23S e sigivh 3 HJRH &
e 319 A7) F4 F AadEy 199 %
T qu],\] Ae AF, 7 HA e 3 A
w7l Zejeb 126t AA Ao 2 20 <]

z 929l

2

Table 1 Experiment senarios
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Fig. 4 Inverter frequency with all units running

—3ft Lunch-case

— - 12ft Lunch-case = = Walk-in cooler

Temperature(C)
3

1600
Time(s)

2400 3200

Fig. 5 Indoor-Unit temperature

T

Frequency(Hz)

LT

1600
Time(s)

2400 3200

Fig. 6 Inverter frequency with walk-in cooler off

o
E

Frequency(Hz)
B

N
5

Fig. 7 Inverter frequency only

running

9= X9 A &
Aoz FHHE 12t
of w3 AW Fzto]

1600
Time(s)

2400 3200

with 3ft lunch case

A wio] &% HWAsF A JERd
A A o] 2% 3ft TR Ao]
Y] Wi Wi 2% ghol

1 Normal
%% 1 Unit off
2] 2 Unit off

Operating ratio(%)

Experiment number

Fig. 8 Operating ratio with different number of units

2

running

g =4 vEhd A& & 5 vk Fig. 62 $13<
5 ¥ Ae7] AWE S Fut
FZ YeRd Zolth!? 9] adF e 7} off Bell uhek
Yol AR Qdl, HA VEE Pyl =9
3 AlZbo] Fraste], 3ui7h 49 wRTy A
719] &g vt FUhe RS o 5 AU Fig 7
S F7FE 12ft AXA | =E off T F A7) <
HE o] Fa+E YERA Zlolth 126t AAAe] =7}
F7HA o= off Foll wel viHA = el ke
Aoz QE, Ha 71EE Pyl =gk ARl
o= ghaste], Fig 4Rt de)r]e] d& 357t
7k AEs & Uk
ol#| gk QIME e AEaiRls FAskslr] ¢t
A AT (o) S FF ¥ FI5 ol tist
o] & (Operating Ratio)} 1 &ALt (Average
Operating Time)S 21(1)3 2(2)= A 93}t

R, =l M)
ttota[
zt
- on 2
ave 2 N ( )

A7N & AWETL 2E
8] A1ZFOT ], NE ti 5 3k QvEle) 25
g 5oleh. oldA Aol SAEL A7t A
o sk Asel 271§ HHHOR A

fllo
=) :
-
f

H 11— = _)':
g Aolet Aztslel =ATh PR LAAN
e AEY VR WAS 23 AW FAW
g¥stol ojsl aEE L A oA 44
g 2 was] A% Aol & FUE Avs
of sl ew WA HopAw fAES W
AT FFLAN] Fobd Ao gt



June 2016 / 521

517-523

3 pp.

SYUSSIEX M 332 A 6

t

S
o

< 3 z
a [ 7] =
s | | 2 - g s 2o
me.”.”. ................... i m Iw.dw ...... 8 _% \\\\\\\\\\\ g mv mO[ﬁroOo
Eee 2 Eee - B ¥ - E D &=
I I T N annnn T
= =R
Dm@ 2 v e 5 2 E 2= a18
||||||||||||||||||| = S o X a2 <
o | 2 = 2 = E 8 E M
............. - e’ 23 =
= = ~ = ) £
AAALLAAALA 5 = = = 2 £ s«
g S £ o 5 2 =] .m%743
g = | g = g o = S =|o|o|~
i | ¢ & 3 B = 2 | T
.......... o5 s it it et e el o e el m = € 5|8
IIIIIIIIIIIIIIII -— °
[ f B ] &8 £ =228
................ g £ - S B/
S % £ 5 5F 5T2%:s
= - s 8 =2 5 E 22| |a
5 5 £ S EZ| |5
o) < 2 = = |E
| | © | _ o T :
T g geggesgs e e — § 882888 8R e -° i 2 rm.123
R 8 8 & &8 R 8 =< . &8 &8 R 8 R ¢ 8 | = b . 6 d S
(%)ones bunesado Wa (s)awn Bunesado abesany i (e)ones buneiado =
K s T W BT BO T oo P WM R B D R
- o m, || =~ ™ W W T H OflﬁOAE%Qﬂ.%%%
-] 8 2 EX|R| S| 3 w ~o el 25 ar w0 o Il o
555 E = ESRSIE] FE Ll W N I
ESS - 2 = |5|E 0 TR aﬂg%nmi%%%giﬂwgﬂug
- g EREE Ty %u%%g_z.%mwﬂﬂql ud ﬂ
7 2 = S =T W o gy X° 5 d
173 (e - g |°lEgzl22 QWEMMW E#EHQ&M%%EE%W@.@M@ﬁﬁﬂ
||||||||||||||||| o= - ~ = o el &) N —
F .m mro[332 N oA T = B EﬂLo_LHa7iEﬂﬂaot - .%o R
L s 5 CN X K VS s
z R 3 | 0 RO - T
iz g o 0 ) pEE T G I R R . 2
£ 2 EREEE e, TR Dl Tenig BT
5 5 =N E|ola Q oz K| o B X o oo = m o w
| & o s 2 5 oo 1o o = < o - o ALlL.dﬂL Y = T S
W= m.. 2 | = = OT_ —_ o E#E N = B Y o o! ry NI \mﬂ — . ‘W.L ‘m_ul . O#E
........................ E E 5|3 CEEAEE R g W Romh w r TR
] 22 2 =2%Es5 R E Y Elp o — Ty E B PR S
5E E° I0%ER CrTT.” WePLiasucLrEUETE®
- N =
LA & 3 mw mo[zﬁﬁ T oo = g o MééCf%@,m%ﬂ&M%ﬂ.@r
= B m — OOJIﬂWL] N A ]NE o ; ﬂmOﬂﬂ o
o = 5 5] %Y < % N ) N — wl = )
Mm < 8 = &otﬂmd‘.m_l .__Auoﬂwm 31_u|1_luxqfiﬁﬂv Haxlot]
cn &0 o o] oy B 0 o Mg o oh & 0
3 2 | F o] Faltms (Tr2entlegwug aww
8 R 8 R 888 2 ° . = — [ ! g o PR AN
(s)awpy Bunesado abesany umb M = o E e B oLy PpEWTHFNTERRONT TR W




ror

I USS3[X H 33 ¢ X 63 pp.517-523

June 2016 / 522

[ Normal
Heat load

\
B

Fig. 13 Average operating time with increased thermal
load
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