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ABSTRACT

The present study focus on the performance improvement of the binary refrigeration system
utilizing ejector-cooling unit and the performance test for a ice-storage system based on the binary
refrigeration system. Experimental results show that improvement of COP of the binary system
increase with increasing condensing temperature. At condensing temperature 36°C, evaporating
temperature -10°C, COP increases 8% from 2.13 for a single-stage system to 2.30 for the binary
system. For the first-generation prototype of the binary system, COP is 1.4 that means an increase
of 64% improvement.

The COP for the binary-system test with ice storage operation is 1.26, while COP is 1.19 for a
single-stage system. Experimental results show that COP of the retrofitted prototype has power
consumption 1.67 kW/RT (at condensing temperature 36°C, evaporating temperature -/0°C) that is
close to the value for large refrigeration machines (>50RT) having power consumption around
1.3-1.6 kW/RT. This verifies that the binary system can improvement the ice storage system
efficiency.

Ice-storage operation tests are also performed in the present study using brine circulation (not
direct expansion design). COP is increased by 6%, with 1.26 for binary system and 1.19 for
single-stage system. COP for binary system can be further increased by using direct expansion
design. For controlling the superheat at the entrance of the compressor in order to increase the
system efficiency and protect the compressor from wet compression, a microprocessor-based
control system using 8051 chip associated with an electronic expansion valve are also developed.
Test results show that the superheat can be accurately controlled despite of the cooling load
variation.

Keywords: Ejector refrigeration; binary system; two-stage refrigeration system.




At AFRBHEEEAEH SRS
TRERARASRAKBEIGES),
Design of ejector-coupled two-stage dual-refrigerant cooling system(3/3)

T ES%%E: NSC89-2212-E-002-072
$ATHIM: 8848A10ZE8 %7438
PTG BHLEBASBRRLEZ

HEEH wXH

ZEHEE: V.A.Petrenko

BBy FE:

—\ﬁ;

AARELBT RN A ARBRARALK
ROBEXBEHHAZTHALTRMRUKEER 4
BATAITH - K& BT ARBHEMA % COP
RIAFMARBE G mA % £AREE 36°C -
AEBEICC 05 » MMAHRBRERBEBRAY
8%t COP(d E 4 & 2.13 1A 284k 64 2.30) - B/
RE AW AR - R AB COP A 126 E48 5
L19c siff - Kmey s R bR (BB A %) ¥l
COP % 1.4 > ##t COP % 2.30 » 1254 64%t432
HFE--RRERET MRAGBHRE  LRHEE
# 5 (T,=-10°C) » COP % ik 2.13(T.=36°C) > & n %
FmE 167 KWRT b K B gaec % - £ 2T
WA KB (GS0RT)EE K Z @ EM(4 1.3-1.5kW/RT) »
EYMWERNAE T,=-1°C 2 ZRc B2 4CE& > Bib
RARBAKTH TURERRAGMHELIRETH -
A AL AT B M SR kR (R =k kR
HMAREAWXEH) BRALKGCOP S 126~ %
85 119 & RMERAGC%)c TR > ik &
Xt BREAGH COP RAFTTHMMw oo &
tEEKE 8051 MBAERN RAOTFHBENARSHY
BEM RS A HBREMBA TS RBRE o T
BAERET RBABABHEF AN TFHENRE
BEMNE > ABRA AR H ARG > B RIBHA
DRRAEABBE KA KBRE o

MSEF: KA XA R ~ MRS R

ZHi

RBAAREAGKER  BEAENT &
R-CBHTRAIRERNE LR HRBRABTEAR
L AP —BRBMHAERENMEL 28t
KA GRG0 4 R E AR S £ 4% B H (Rankine)
TERBA - AMAERAGBAL > BT XK AR
W) AR BELIAEE AR AT KRB R A S
B8 - Bib > RAVBAZHAGLOERKE R ES

Yl F3RM

KA -

WA R 5o > B4 (subcool) B K 1A A R 2
ALGAOARR TURAARA GO AMESS
(COP) #R22 A A %Mt » 584 1°C TIRHA
#0.8% - MZMBMREX(RER) B BB B
M O HARARBRERH(H 70 £ 90°C: A8t
REHBFH RE2HH100C) 5—F & FEAMA
RAEARBRYLAMBKABRERATY  CHG
BB RERTER Bk WEAEYFIA Bk
HOGREZANARME  Ali® 3 —ae X
(heat-driven)4 R # 84 - 3 A R&A ML R 5 X 83
FRBEAGAOARER RETRRA R RMEEE X
BN BBEARAME > CTEHBREAKYBE -

KM LEEBE[3-5]F A — RI41b HH X 4
%p# & (Ejector cooling system)iZ # 7% % R22 %
REXBEEEARMEA 4 5 & 34 2 (bottom
cycle) » #1/ R22 Bt H O S5 BABB AR S
Ra XM AR A £ 5 RMEREA MRS X
PR EEMEY R AR REEBRAGAOMIER
$(COP) = = 4 X, 74 5p #4150 JR 555 48, 4 Rl 4 46 B 69
RHERX—ARBRARAGL > B | A7

LEEARER  —ARRARA % COP &%
FHLERRZ BRERAAARASE - HBARGEA
(T=-10C) B 2 %5 COP LR R BB M AKE S
TR 15.1%(T.=41°C) » & Y & 4.23%(T.=38C) -

BAERGR - KBRRRE(T~-10C) - AR
REFERERT > UABRFER A% IR > COP ik
1.26(T.=41°C)-1.36(T,=38°C) 2 F[5] - B sk » AB 5
LARABREFREBENICREBEVAFER
AHRAR - RER LR Z 8% - FI6F - b0 BRITA
HARUBRTMABKTHA L IR R UREY
BAGAHTITH - AL ERAIERATES G -

= BRHHR
3.1 BRI



HRBERUBER R KA W R[] L4
KREREESE RARBRET~38°C- ABFRE T~
-5°C & R141b g A @z A g2 E T,-20°C -~ %
BB T,=32.5°C $/%3T% - #1485 39 kW
COP % 2.3 EER % 1.99 kcal/W-hr - 5% % # 18 4
KmaSih s R E4RBoE - HAP T

o R22 #4a
(DR BN F
EMEadN R AR HBRERBAEZERG(BA
OBR2 ABBET,AHMSC) %2444 R
COP i EERBR -LERAKRBIFLEE >
A A BRAB I B RIF -
Q#H%BRE

AREFFAEAERERABE 2 bRkl
THRAXBTBEARE  -HEBRAR HETRAATLK
£8%  HKhwEd—H -

® | $ERGRAR AR

= B B % |nlw
1TRHP @8 | L rcainm 4.4kW
R (Electrolux , 1 '
$34UP) PR 3425cm’
AR 5.2kW » K25-30 R
@k [ 1 |EBEEkY
ERE o KT ek —xsem
7.1kW » K2540
wE% o 1
22 lmes ‘,‘:"w K22 ks
Ei: mEREERE  [387 1
EEEHE (127 1
A: £ 35cm
EHE B:£& 60cm A ARTRIEBEER
(A 1.4mm) |C: £ 80cm BEE
D £ 18am
EEN 2RT(7kW) 1
WHANE |38° 1
A% 9.SkWipAlE [t
SR 12HP 1
a8 - Tg=70C
[mssz A3/A4.8 1 | resete To3t
RI41b[FZE 1.9kW > K258 [1
L YT 4.6kW - K2560 |1
il R 3c.c./frev
(F5#5 5.1 Vmin) 1 [1720r.p.m motor
[ ] 2RT(7kW) 1
- YEW HR1300
BIREE | 1 |20 channel
k=4 MEH T-type 20 |38 F-200~+200°C
l RI41bERE -
) XSk £:-1~2atm 2 R E
B ([Bhkk $REE-1~10atm |2 [R22 ZBBA
% |Ehs $ME-1~30atm |2 [R22 SRR
2% R141b JiEET [0~150 cc. 2 [R141b ¥ - BiEEA
% kBB [0~10 Umin 1 [R22 RREARIRE
Microprocess
Digital Meter 220V,10 A B4 )1

QrrEgr#B
REROTHABTESFE—BRATHESR
RH B AR B(Jet device) - RATHR BB EFARE
B RABREROFBEARAIAE AL ERESE
W% EYE - Jet device FI R AHWIKRS, RIGBR AL
BBNEFREAHELERBRAAE URAAE
Bk -
(G €8
B BANMASERGRME B RMLS 63 &
KBER RSV BB ARE > EREKRE -
BB #[4-5] ) BBCRH S oMALA 48

o R141b i
-2

B K MM a4 8 B K25-30)4 8% 0 KkB NE
A 0.016m° > B X H DKL 0.48m°) > @RikE B AT
RERALREE L BHRBIHRE MARIKRS
K25-60 » &} 0.016m” - s % % # @ 5 0.96m”) »
QREAT#E

KR mad  rREAAEXEREIES » 12 Jet
Device it R AR S K BRE KX A¥HBAR
Ho#BausE  UBRASRHBSHAREAL
ERAMBAEYTKETHRE -

3.2 GOk TR

BARAGEREE ANRH K AR E K
R - 58— fmpk ki 2 3k & (Ice storage fan-coil
system) * LUK & T ARE KR AWBES S - i —
REGBIBER - L P AN EABTSARR2 A4
HERTHERETAE " BREEL  BHEEaKNA
HNZERGHAMBZH FRAETFRAY LS
TEERGRIE > A HFEEAE wl 3 - R
KN B R R 4 AR IER2- B

SHREBAMETARBHTRRY -

2 FEUKERS

| =] | B |

|es ki 1690x 290x 530 mm® |1 &7k B 95 liters
KR 172 HP 1 AL &t Tal
it - | Dia.300mmx 500mm |1 HEE 17 liters
FIE] 110V 1

ST RTE]5/4hp(930W) 1

sk 26% M2 19 liter

i 7k R 2L % ¥ T 8§ (Propylene Glycol) 6 24} &
HI3AFRETR 19 A FGBAER EFEHL
RE# 2 32% kXE K B-15°C b 3.9 (k/kg K)-

SEKHRHE 6 THRARTHRMEFFEHR
RE -

LB AR EEH o

2K EER -
3HAREAKEER -
LARETRARB KR ER o



.

FRHA A 3o

R 3 FEKBHEERER

WA|MB[RC|WD|WE|RF |[MG|ERE|E
5k ON |OFF |ON |OFF |OFF |OFF [ON |OFF |ON
=K OFF |[ON |ON |OFF |OFF [ON [OFF |[ON |ON
ST ON |OFF |OFF [ON |[ON |ON [OFF |ON |ON
“EE®AkION JOFF [ON |OFF [ON JON JOFF JON JON

s REER
4.1 WX TR

B7AAHAXERAGEMATHARAY (T~
-10°C) > e mka KRS LR BT Q.-
COP ¥R ¥MaAiaiRf - kR ERB TR HE[S]
B &A% COP HRATHMAREE Pl
& ARRFRARZIE ICCARERE > Rk
4-6- LA BB 36°C - KFZEE-10°C v > Sk sty
YRR FEBWEIFRAH 8% COP(HER 2.13 £
FFESS/E 230) 23 - Bih@mH B FLB(ER A
%) KM@ COP A 14 ¥l COP 5230 435
# 64% W RA F[S]° & 5-TTRE S - k@ mAR
% ERWBEIRE(T.=10°C)» COP &k 2.13
(T.=36°C) » R ENBF T 1.67 kW/RT > Lt
BN E  RETRERNBCSORTBEKZHEM
(49 1.3-1.5kW/RT) ¥ B Re M £ T,—10°C 2 ¥R E
BRAETER BKASR ALK TARERR A
GUHERAELTYH LAERLAAMNAERZIREGAY
HER-

42 ARFRAR

RIAG T A AR A G5 B KA B K
R FEA LESRER K -

KB AMNA KRG ERAFEARBOC » Bk
ITRHANBABR T ARG F AT A RBMR
Rl HARKRS AR REkERE
T85> KEWME - ARENB D RAE LM 6
KHPAR - BB A RIERE - AR
A 2.0

BHK MO TR UATR L 00 TR RIS A
KRBT > ARR I ARAERBSHRER
H-REMTRAHABER - EHATHHA 2R
BAR SRMEAAMALRATSTRERARE
MEREOEAELE BRAVEIRUE  REFH
BRGEME S o

EHRAA—STAMBEKR RS~ L ® (BATH

A& 45cm) > BEEREX A HBARK - KBRERA

OEEKE MM R22 AFBE - EHARAT
PBEWKIE - BRI 2 ABHAERE T H KR

AR RAXRGERQBREMRE O RAFE - B

BARERTRASKFNATER AP REMA R
AZh) s REBARAE  BREMRE oRAFELHR
RERIOZBEREAHEANRERA T Rt —&

BEARTREMR w4 BRi K E -

AR RETERAEREEKRA R At
ER-BERUBMAESABE 2R 5 ALiE
KA H BREREANIFAR VSR AHAE
BALABEA BFEEAHMRNBEE CCCHANEYR
% °

B AERAKBITREMNRAKTI=I0C) B
SMEOZE - AN0BEE -ARBET.-ABRE
T.H4E B9 AERASEBITHRAKER KN
WARKE - ANOBRE -BAMAKEREIMREAFIRZ
B -

H 10 A% 83 A %R TREMUH(T=10C) B
SEMRE ANURE - ARBET. -ABBEET.2%
16 B 11 BER A R BTEAKERE > 55 KM MK
F RN 5§ BN -FE PR T EX $3:-5-4. 8 FA

(XM R ARBE T hiEnN# 36°C - R22 %%
BET.%425-10°C)

¥ AR iTeAkey > BAREIRBA BN EHE
R B oRERRGEN AR bR
H# wH3-10EREMRE T ESESEL 120C
T ki 2%8AEK BERAORIE
HiBG ERERE R EBY > BLBEFEHLAE
EBRE  ASBEN - RSk RIT gk
HWABEMWEEOCZHE SEKMAMBRITE Ao
911 Y HETEHAMAKXZOC) - B - kA
%HAF(AR)R ) R2 ABEHASKREAY
EERTESARREHHRVEL Bt
FULEBRE  EBHABEN > A8 LR ENEE
BALR K4 T2 XEAEASEHORABEL A
NERARBCABREEMNMAE  Z k2 A DIENT
KA SRR A R KA E R -

HAMAGHATRRERT=10C) ik 4 -
Ba$|AMeEth 3 COP 4 1.19 %4 COP 4% 1.26 »
MERAL 6% -

F4 SREBREEKREMERERE(T~10°C)

[ EREARKEIEAENS, R ABBEB(7~107)

B |EEK
M (A (RO ZK) cop
(

)] (min)

3 |247 21148 26717 1.26

S RRAENE, R22 XBRE(T~10T)

142 |238 120478 124308 .19

4.3 B

RRGE R 0 AL KB B A FREFR S 5
AR mELLMEREY > SBAFEE L (R
HEMBAD)LHBRENR  BEMLHEER L
o LBRREGHAES - FERRARHERETFH
BRI B S IEH B - REEFFRITHBP UERBEHRM

AT TN TR E G A%
R BESY K ik AR B 40 R e SN i Bk



UM ERIEFARAE - M H XA K
B -2 A% AR SERB HER — @
Pulse ¢4k A #2 K (48 Pulse /1% ) & 2% 2 H
P A 250 Pulse ° 4uft A 1-2 A8:5me ) T4 8/ 44 A
(96 Pulse /E14% ) > 4o st X B 4782 7T i£ 500 Pulse » =T
BERARGES TTFHERNECXETL A EHAEL
A EH A2 ETFHAKRMA Saganomia &
DKV-14D13 & » #4544 F

HE g
[5]-39] 441M Pa
RERN 3.33M Pa
mERE S 2.94M Pa
Be LIFBAIE 226M pa
TR o
R -30~60 C
i R-22
i 24 G dEbik::]
b 1-2 THEEE
. 31.25PPS &,
BRI 83.4PPS
KA REER
BRE B BEE
# - BEFR
DC12V -
e DC24V

At Eik 8051 MARLL R BHIEHEA
G KHRHIE > AERBERAGETRR > R
BRAREE36TC ABRBE-10C -4 B4 A AD590
REMNABBAVARBRAOHEE BERKE
B RIGE £ R AF 0~5V 2/ A ADC0804 - 3%
ML A B WIE - KEd 8051 RiIEFIEES
EFWEN -ZEHALTRBLR 12-EHwE 13-
2PN ME— -

AR RKLHIESHES BREZHLERDE
14 @B#EN 10 548% TEP B KM 3C > L4iF
FHMHHRTER  BErEHNAKCEESE -

E - SRR

ARRBRAVERBEESH AR A A RAE
BRGRORBEAS R A% BAENTRIEH K
A aRARGHRANE - AENTLL 25088
SRR R RBR BERALKLBEK
R B R SRAMRR - FRUTESR

14838 £ S MR » TMA RiE9) - Maey COP #&
M AP 4 64% o

2Rk £ GBI F @(-10°C) » IR A ooy B4
PERAR$ (COP) 8BS A S E VA 6% ¥ o

345 B A BRI, - B8R S COP 5 126~
Faa 1190 AEEAHOEENE > RRALT

COP> 52288 a2 140 HEHLEiF> 18
FERABAZRGHFERYG RHHE (ZKREX)
HEEEW XARTH® (—RAH) Ko KA RZE
KA A R Rk B KRk h B AR
KEH 2R RERER > kR & LARE
WA HUR K ~ KB A R e KB R B KR
ERAEIMABEBRTTHERES (AL BIRE
] > WAKE S FKN-3C s REARKER > kT
# R22 ABBAEFHAE-10°C) > 18 R22 AEBAE
T>2&% COP TH o ARMER B TEOALW
ABEARABEZSENB AN QA ERAEER
TARHE-SC>- RE5E£4% COPo

ABAERHUEND TG —RARSEBAMERE — &
REB AT M ERAGE B AR E  TUAA
BAXBEABBEIAB AR LE ARSHE
GEALTHERNMEFT G  BANBACEARK
By % > 12 R141b "B B @M b(4; /4, )2 &34 %
R22 #aey e g R ABBEBEHAMA
ABEBRENSGE  BH L it —TABXY
HHE > RBAREZI SR A AL EAHIEINYG
M ARFRSERH - N TRBE_ AR EAGKL
R R > MM AE COP RAZTH
Ak o

5. A3t EH 8051 MERHERH ST FHARNRK:
BEiEd i > AEHRERBRA T HLHBB R
B o BRmERBRT  RGABABREY AT TFH
BRI ASENE > ABEABA SR HREN
RGN LEELBIARRKXBRE - 1B
AERAANREREFESAXBRER  AKAR
ERT > AREHBRERR BN > ARTHESLSE
FRARKESAREMRIEHREITRICICRES

7 BEM

1.B.J.Huang and J.M.Chang: "Empirical correlation for
ejector design". International J. Refrigeration, Vol.22,
pp-379-388 (1999).

2.B.J.Huang,J M.Chang,C.P.Wang and V.A.Petrenko:
"A 1-D analysis of ejector performance". International
J. Refrigeration, Vol.22, pp.354-364(1999).

RBRR D "AHALREAKZIFR" GAMKAR
+3% x(1998).
AHRETF . "EHARBREALRALHRE" 6 A MK
% 58 13 3(1999).
5.% %45~ V.APetrenko~ KRR ~HRETF B4
T an A48 R RS FH(23), c BF & &4
T4 % > %3 NSC88-2212-E-002-051(1999) -



Ejector Condenser #oc
R141b
4 Water i

Expansion

Feed

velve pump
Regenerator / Qe Condenser ,/Qc / Qe
—
I N
) Evaporator water 1 Generator
D
Separator Receiver

Evaporator

By-pass R22
valve

¥c
?5
[j Acumuiator Compressor

@1 'SR RS TR

Expansion
valve

2 B AR v AR A T
(1.0m x 0.5m x 1.8m )

XsAnxen
BRE
&K

I

N

=
4/
Y.

A
L --X

¢

"“
sam %

——— RRAKEE
_____ BUAARENE
—————— @AREEARE
....... BATIREBER

[ 3 R R E

BSanazgy

! / 5 50(Pu¢§)

/\ 100:i

\ 800 b.QQ

153 0.5mm#F smﬁ\/\/
2mEBEBRGT(4%)

B 4 FEAEAEEET (347 © mm)



Qelkw), W(kw),COP

40

35

30

25

20

storage
tank

Compressor
cooling system

S

e mm T -~
it p—
-——

pump

Qe(single)
Wc(single)
COP(single)
Qe(Binary)
Wc(Binary)
COP(Binary)
Av(S)

Av.(B)
—Qe(old)

- - - -Wc{old)

— = COP(old)

~— &{t (Qe(Binary))
- = -@&# (Wc(Binary))
|— - &t (COP(Binary))

> > M @ > 00

>

35

40

Condensing temperature Tc,’C

7 SR EOKZSTRHBEARR (1~-10C)



Single Stage System for Ice Storage Test
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Single Stage System for Ice Storage Test
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Binary System for Ice Storage Test
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Binary System for Ice Storage Test
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fiesE— 8051 MRENTBFEEMTEHER

#include "io51.h"

#define VAR (*(char*)0x010000)

static const TAB1[]={0x01,0x03,0x02,0x06,0x04,0x0c,0x08,0x09,0x00}; /*FRIFIpH#EzR(— _FHM8HE)*/
static const TAB2[]={0x00,0x01,0x03,0x02,0x06,0x04,0x0c,0x08,0x09}; /*FRIFIpH#EzR(— _AHBHL)*/
static const TAB3[]={0x03,0x09,0x0c,0x06,0x00}; /*RArIEAER( AR EEL)*/
void DELAY(long int value) /*S0HFAEER Y/

while(value!=0) value--;

}

main()

{
char ¢2,c4,c5; /*c2 B oS ERiREE T4 SEREEFY
int Vd,cl,a2,a4, TEMP=5; /*cl ERfERESE T TEMP SFTEAsvE™*/
float a3,T, Va; *T BIERRE a3 BREEY
c2=0; /* L SRS 2 B (S R R s iR/

for (c1=0;c1<260;cl++)

while (TAB3[c2]==0) c2=0;
P2=TAB3[c2];
DELAY(5000);
c2++;
}
c2=0; 7* DL — — FHE B 250Pulse*/
for (c1=0;c1<250;c1++)

while (TAB1[c2]==0) c2=0;

P2=TABI[c2];
DELAY(5000);
c2++;
}
c2=¢c2;
cA=c2;
c5=c2;
P1_0=0; /*BA%] 250Pulse BME5Z— T/
DELAY(20000);
P1_0=1;
a2=600; P ER5r S AR TR T PR MRS/
while(a2!=0)
{ a2--;
DELAY(10000);
}
while(1) /*iZ&IBaLE*/
{
VAR=0x00; I*EELE B A(E5E WR=0,4r ADC0804 BHi4#siza*/
while(TXD==1); /*{&3] ADC0804 #£Al INTR=0 FRrE#aseRc/
Vd=VAR; I*HERERHFEA VdY/
Va=(5.1/255)*Vd; I*REG— (LT ERREY/
T=20*(Va-1.6); AL BRI ERIRR R
a3=T-TEMP;
if(a3>=0.) I ERBEERR 5 BB/
{ a4=(int)(0.5*a3); /*a4 F5H#E Pulse Bk fHE 0.5%/
P1_0=0; ST FERMAEA R/

DELAY(10000);
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P1_0=1;
for (c1=0;c1<a4d;cl++)

while (TAB1[c5]==0) c5=0;

P2=TABI[c5];
DELAY(5000);
cS++;
}
cA=c5+1;
c5=c5;
a2=30;
while(a2!=0)
{ a2—;
DELAY(10000);
}
}

else
{ ad=(int)(-2*a3);

P1_0=0;
DELAY(10000);
P1_0=1;
DELAY(10000);
P1_0=0;
DELAY/(10000);
P1_0=1;

/*BRRIRIEE 30 B*/

IR/ 5 R
/*a4 E5EFRE Pulse 8k fEES 2%/

R T ERATIRIHE A AR/

for (c1=0;cl<ad;cl++)

{

while (TAB2[c4]==0) c4=8;

P2=TAB2[c4];
DELAY(5000);
c4--;

}

cd=c4,

c5=c4-1;

a2=30;

while(a2!=0)

{ a2--;

I*EARRIRIEE 30 #H*/

DELAY(10000);

}
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