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Heuristic Algorithm for Performance Improvement of Non-Communication
Inverter Type Refrigerator
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Inverter-Type refrigerators are known to consume less energy by varying the inverter frequency according to indoor tem-
peratures and refrigerant pressure through indoor-outdoor communication. However, many commercial operators cannot
afford to replace indoor units with ones capable of communication. In a non-communication configuration, indoor units are
connected with an inverter-type outdoor unit without intercommunication abilities. The research goal is finding appropriate
operating parameters to achieve energy efficiency. Thus, an operation algorithm with two modes is proposed, i.e., one to
search the best operating parameters and one for normal operation with the best parameters. The experimental evaluation
showed 11.27% reduction in energy consumption, indicating a good applicability of the algorithm.
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NOMENCLATURE 1. ME
W yanaara= Standard electric power consumption A8 W= 7S WAl 2 oAy Sv|el
W eomparison= Electric power consumption to be compared Wi e 7L vz e A7)k 4719 $7|2 FAAE AT
Hina0ra= Standard refrigerating effect 2 o|Fo|A it Z7|o|A Wujr} 23t nff SEks A e
H_omparison= Refrigerating effect to be compared o8] WA o] L7} Wolx ], Zuly|ofjA] AL Flle] Zub
hy = Enthalpy at evaporator entrance 3 W2 o=v|oflA 1 wgte] 7= wErh 18 119k
h,= Enthalpy at evaporator exit o o =

& A9z Y&, 3571014

£ Foto] SR By
HE ISt HEEA]l 24471 AEol
AZEESo| vl AB|AHEo] =} 11 &=

]

M;=Mass flow
Pr=Target low pressure
Tp= Temperature error

P,,= Refrigerant pressure to turn on the compressor 5]010]:—]-7 | el o2

P,;= Refrigerant pressure to turn off the compressor M= =71 ‘]iﬂ 2BIE= ] 80% oV AA[sH7] wize]
P =Performance index oF=7]9] oyR] EEE =o)7] s thekslk oz AT}
Py =High pressure of refrigerant R3Yw]o] Lot 1:]141401 A2 Yz 85 7Y Qe I
P, =Low pressure of refrigerant 7] NS E3)) oF 14.3%2] oA 134 2 2AJ3t Shin et al.2]
T; = Compressor inlet temperature A151912 Choi et al.2] oL A] AH]|FE--L oF%7| 3] A<o] Talst

Copyright © The Korean Society for Precision Engineering
This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/
3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



134 | February 2017

et al.o] AroA= A Hewglyl, %Jxﬂ‘ﬂﬂ A o7]
= 7Ht"—'% 3l By WAL avjHdYES *11: 7.5% 7iAst
127]9] 7]
A4 s BAs wges g/l ARS oF
6.8% S7HA71= Aol W& Albstoict. o) 71A] AfA W
% 97§ Y QlulE a1 b 22 Ans nglo
] olof wet o] EAEE A7l AHEE U571E

#2 Ahgsta gl
Qe walel gHe 2 2
U7 sAE 243 EEAg ofuA] ARE &Y 4 Uk’
A

A TS| PHAE 33 HANE dsplst A

HOHH% *E!LHﬂsl} *‘94714 i*l %ﬁi LR e L KR
o, ofo]l e AR Hlgo] gk B JUE YHILES
AMEBHE RS AHES Y BES ARSI 9lom QI
B Bl 2857] feid & ulg-s FAS Aurl= A
fof sh= AR el ATk

o] AIE 2usl] fIste] 71| Aujrlel IHEF e
S Adste o] Wol AREAL Sirt. Aujrier de7)e] &
o] E7Fst7] wiell BlEAE 2E AA7|oA ST &
RO R AL QlojA ol|A] ago] FAIF HHo]
Hojl}. o5 Helshr] 9 2 w=elde Bt
TR o] sk dalElEe ARt Bt
oA & W] sl whE e Hluste] el 2
R WS gt £ARtolA o] E ol 88l dshe

> 3l

g —
PUENZE AE A T 5 vistel dueEe] fuS

E;Erzm

e

28ollA=
Mg 43t gloly 57 “o“,'.uﬂ of o HH 7]55 E} 3olM=
24 W] Hglel| wg dee Blushy] SR eAEE A
- =

n

ABEE 2 Ay
2.1 HE| LHE} A|AE1I
A7) el A7) AdiE A8 " 3 AladEE A
AR ARSI A7l A8 AHET HdS ARSI
o, AW7l= 12 ft dRAlL, 3 ft FAA0lL, YaddE =
g¥lo] Qlek. Fig. 12 AA| Al2"] FAE=S Yehfe, 497
A7) Afolof winf Hijgke: Ad= ] AT FAS =7k
& HolFn gtk

Ae7ieh Auir]el FAlol 7hedt AlLEeAe TEHoR
Tp (AR2=2), P (@A A9, 7] L8 Alo] W AR
o} Tpe A7) AR2m=ef i 28] Zfololw A FFsHE

<41 o oot

o o

oulgitt. Tyt 255 AQl7] Ay Fuppr) wobAw Tp7t
A8 olulg vt voblth P 207 79 Gas
Valveol 4l Z79Ele Qe elolel HUe] OWOft 71Zo]
o, vlg] A Pt Pys R o] On/Off Hrt. £17]
2= 8571014 duizk 7H A sl 2 9% vIA
7] ol Ao = ARgSHH, AEER AlolE vE=A 5]
9fet 710] "

Qe T Aol Fig 29 20 2 A P2 i
4= Qlek. QIHEZF A & Phase 1A= e Fabez Al
AZF 59k A% 9L 3 Hick. Phase 2045 T4k A1) 4]
of Tyoll Wk Zug} v} of FgIA Tyt 2% we
Fojz 44 5P B pAEie R Phase 3lAE Tl
o] Py (HEAYVE A= AL, Po] Pl EHSHAGE ke
£ AARtem 2EsH "ok T2]ar 7p9] A7) 9 skeo] uh
o} 7} WslEo| Helr.

9] A Aui7]e] FE7F Ao HgE
ol tigt Zolct. o] =EollA v BlEAIE E‘?J W
W71e] AEE He7] uZe] 7]&9] darelEs AR
o|e} Tp Fk= A7gshioF jhet. E=3t War Ax] Al A
A4 Adstelets B0l gle FHolth wehA H|
e gRstol wep Al Fukas Aojof oy
oA E&E BAIE mEHTE WS = ol gir)

oo 1-11

2
-
OBL F,‘

O o rlr 2o ot
e
=) H:I

facs

;
Outdoor unit — 1

L Lunch-case ’ b
: () P .
i o Vo
! N N
' ' ~--- Outdoor --- I
_;_ Lunch-case ’ i N |
' (12ft) Sensor |
! | (Temperature, |
: humidity |
+: Walk-in cooler |« ] I |
E L4 e !
I ;
R Tndoor ---------- !
A
Pipe Line

= = Communication Line

Fig. 1 Multi-Refrigeration system

A
E Phase 1 Phase 2 Phase 3
= e >e >e >
Q i
Q :
Q
=]
o
e
[+

Time(s)

Fig. 2 Inverter operating phases



February 2017|135

22 lolE] &S Y
Fuggel et sk o))

Fig. 1ol49h 2ol ®UE3 PCoh 49 1%
Y ZEawe AXsc. £ g6 A3t
A

oM A g AQlRt &7

Bl v flsle] &5k AlME F7k=
H7]12E ARe] UALOS ARESHeH e

59

o
HIEAY mRolA Fuskel W

o] Bot GRS fFl7

e}

o=
o] F 2 WHe

3 SEERES
7] e é;suﬂ o ot Amttoz kel Ao

U} webA A

gﬂﬁwq A= @

Alo|x o, AE
5, A7) Yol ZkzF AXJskelch e AlARlA Ae
7] AZ= 2sec, 2% U FE= [secd] 7R 7|EHESE A

3.2 9sK=®
FATOAE Folxl o] Hater W gk 2] ¢

A

.

] Search section Search section

=

E Operation section Operation section

=] N <

£

=4

o

Time(s)

Fig. 3 Timing chart for inverter control

N2
5 WA

[¢

[e)
ar

A Holok SN 1, %, A7) o
A, 29, Adaplel 1A 5 ol $UE oA ad
A ofegol g

Wyl Zro] AYAog =2 7H/H6L Q= Hol-}g% ZF-
A

T,k P2 Apelei Wt e A4S AR ulag,
oful Al PZ A(1T ol Aofsitt. P 74 o 74

Lo WA g 2lest Fagolt. PR RAISSH]
Sfef 7122 oku vliwshs WAL At

P=a- Wstandard + (1 _ a) __comparison (1)
comparison standard

AN, Wetandard®F Hytandarai= 713501 Fhiz 249 v 3} 5
BONH Weomparison®t Heomparisor= B ILBFIL
A} FEFolth o= avAYY SAFY] vSE 245k
Aol 2 =wolde 030= AASKI 7ol He
Standard ZFS- EFA1L7EO] 7R A HA A o)A ZA3] Hjo| g
= A}&31 BuE 93+ Comparison 7 ¥4 ZHS HAS of
nith Z43t tloelE ARERITE |4 22 A] AaH]
AP} Fg=ko] Standard®t Comparison Zro] 77| wjfol| P=
lo] ¥ = i A FE PO Walrh A7tk webA P7h 1
o} 255 deo] Srha wekst 5 gl

A9 SAE AQ719] 28HY dlolEE ikste] A
Abete, S-S Y571 Aol AAE AAE S8l o A
£ SAste] AR A2y 8% At Aot

H=(hy=hy)-M-t 2

)

oA7IA, Mz o] AwF froln = 4t L@%‘
(h=hyye t410a Yulle] p-h AwE Ag3o] ARG e
7] QoA o] lietujom 7oA SA3E Qlein} Zalak
WA gho ARG hns G571 Gtellxe] digwiolH
71014 S7g7E At d571 dtelM S Wl 29
< o} AURIT) o] WHEL A3 Aé)E B AAzteR
ATk 4G Wil 842 Ak 2zEgofel Refprope]
A Algshe o713 39 =79 Datafit 4183519
FAA gl gofstul, Al@)h A5y Refpropzt =9}
otz FMYEZV|HE WE T 24 Frloz Aot o
e Eo17] S8l 2 FEY S SAe ARSI Al &
g WA 3] 98l A1 S FelE AMgsiol el
Table 12 4](3)-21(5)2] A% a, b, o5 LRk ol 2lo]A]

Pz $%7) 98, P F97) 99, T 59 e ot

lx

o

I‘_LO
o E 1o

\=J ol

H =1 o =2 H .
=
PH C
hy=axb "xPy 3)
Ti C
hy=axb 'xPp “
Ti C
density =axb 'xP; )

Mp= k571 dtellM ) gl AEE SAst] AR &
w2l Aol ARE A7l S d5717F AAlE /e



136 | February 2017

o =719 My AR A (6) At

M= 1 (A B)L 6 denszty (6)

0
o714 LAY Zololn 4= ¥y W
Piston &7 o] Fig. 49f YEYITE.

Fig. 5= @704 9] =AEE Yehdth. P QIBE7L
A2 5 QeI A7k E9k A Elo]ElE ol Akt pe] A
Aol EutE wl AAME ] On/OfPElE 8Helste] Onold ZJA]

73, B= Rolling

2 ZulE o OffA7] & o8 THAIE 2gslar, Offd vE=
& WA dojzith. Qe el AEE Beld oA w
£ Atz Wil 424 PR AN RE Wl e
Table 1 Coefficients of trend line
a b c
hy 47.586263 1.0000326 0.2108494
h, 460.73583 1.001912 -0.0108407
Density 0.0218 0.9573412 1.07911035

Fig. 4 Cross-Sectional diagram of the compressor

Aot elze] auke 4] S8 Fig. 59 v
(ATl ek At o 2@l et
L AES AWk WA 4B BTN PE AL
7] $IRF AFOR Tpte Al T3, Prm oA 0 & oy 7
2R ZASICh W ReR BE b ARSSH) o A
BF ARG ol BATLI9) olB Folr] gigtoltt. 3 v
B AARS A9 e Fueh A B dlolee] W

[e)

7
# QL1 BPATLI0] ol 79 3 7wt npAjgr
7 WMot #1A17] wholct.

2 =RolA Xﬂ"J g *‘HVH A2t wE
98k o] ohjet PR £ F MR §XE 9]
3 avlEl= AUAIE dHske Wil webd WAL 7)E
& o AR %L% A= PFSkE el HlolEE A

7% wjofck of 4084 Z43lo] Qlvle] 3 7]
S °1F7H &Er s dlojH R PE AR Auir] 2%
Ll 14°C, 38 2% Hak= 2°CE EYsigict. B Ao
Chamber @0 oh7] wie] Fwehge] Hols 24l
Sfa )57t LT He 7o) ATk,

T2t P2 BAIo] WASHIA A5e ulmstu ofd &
AN Aol WA < S SIL a7 st 4

X

A

(e} (e}

< AEY "= PrE WS gL, BiR PE AT o
Tps WA ettt T2 AR = P2 A 3
2 AYste] AHE W 3l ST T 3l

TD94 S \ﬂ:*t T2t dlofel7t F7el A Bl oAk

48 1,8 1A gro Yol
Fig. 62 44253} T,0] wislol w2 Po Ws}E melr). 3
WA 2121 22 71201 A9kt Po| gro] 12 EA|EgIc

Operate for
search time

» Tnitialize Tp, Pp

A

Compute Select Tp, Pr

H .
standard for maximum P

Wstandard

4

A 4

Operate for
operation time

Change Tp, Pr

v

Calculate P

<>

Fig. 5 Flow chart for refrigerator operation



SI=TUSSEX| M3M4H M25

February 2017|137

ML Ty% 42 Aol 2P o Po) ghe 0942 4
Lo| AdlEPSS HoFm Quh The © ZI7AA 6202
. P7} 0.882 YERIA Tp2 7] H9845E 4

HEe] Fukert b G717t mhad s Ag
2 e 4ER 295k Alo| Hrh £ A%
o

P WBIAE 1) E Tl AR

MBLE HolFm glom 325 407b4 Tl 7H ghe o))
gich. 3 WA gel 3249 P 12 mlm slze] Hek. 34,
36, 3894 P= 9F 0.982 79] Ul 4004 P= 0.960|t}.
P} obasE P gidsks gefjoln] 320 Aol 74y ¢

AFLO. oF A
TS A 5

mO’
Kl
o
N
i
op
=
E
Jor
o

p
o

=

> Rl
(<0

ol

N

juid)
tlo

il

2 ox
1B o
ol

o

- fo
o

E

koot ol
)

12
op
2
H
o
t
ol
L
>
N
w
e
off

4

Y

fto

_ID" ofi

o W

i

8 58

o 2

o B
N T

[P
s
i |
1
gt
o
>
()

o ol.ﬂ
¢}
<
o
B
3
Ry
)
filo
>
ol
S

)
Iz
=
ol
S

1

W L
X
ﬂ
i
~
©
=2
Mo &
]
oo
75
o)
=2

N
N
N
i
2 X0,
[an
T
T
S
rO
g
r_>|i o
o
%
@
o

%
[0}
H1
N
B
_O|l"
2
N

Performance Index

2 4 6
Temperature Error(Tp,)

Fig. 6 Performance index with different temperature errors

1.01

1
®
L
T 099 \ .
3
= 098
<
g
g 097
o}
&~ 096
0.95
32 34 36 38 40
Target Pressure(Pr)

Fig. 7 Performance index with different target low pressures

go] WA BRe Skt @ 4

o 37| wfjEe] A]
9Jt}. Table 2= AlE A FHIEA dlolgo|t}.

wh |

Sh AmElES ANSAL, HAE PR /|R0R MY B2
e UEls BEAYL Pot AFLER 1,2 Saskic
AT P 2eln gago Axel Anldee A
719 S, FUHS A7) kS Uehis wsoltt. oIk
B Fuidol b 2 RS WAl W 1ot PrE AskT
AT WA PE 24 W slwstgich. 7 2w F
9 2ol ek b 2L A wig glol ARk 2 3
o shgom, uelE Ag Ay laste] 2uABL 1127%
A 5 i,

o] QipollA] ek AL AL LA EAIT Aol
ol5oll o] oh]7] whell ATATY] AL ol7] Slsh

>~

o] 2go] FAIE Chamberoll A A& A3¥sh= Zo] Lasict.
S, B W g skl 285 AREE S0
7] 913t mEAl =AY o) dash, vk dde F9l 7
A o} R ] Al Aol dart vt &=
Azt A= A" A SOl Hg= ghol A% REEo] oy

A EEo] FA Fonz Hagho] ARIOR TP 2 AR

(e}
£ AR 4 Qs ¥ S JAelof jitt. ShAJRE BTt
5000
é\ 4000
=
.2
£ 3000
%
g 2000
b}
£ 1000
a
0
before after
Fig. 8 Comparison of power consumption
Table 2 Environmental conditions of experiments
Test 1 Test 2
Outdoor temperature (°C) 27.1 28.3
Outdoor humidity (%) 75.5 67.5
Indoor temperature (°C) 243 244
Indoor humidity (%) 74.4 68.7
3 ft-lunch-case humidity (%) 96.0 94.3
12 ft-lunch-case humidity (%) 92.8 95.0
Walk-in-Cooler humidity (%) 79.6 88.7
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