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Abstract

In order to improve the cooling capacity exergy efficiency and refrigeration coefficient of the di-
rect contact ice making system, the system is simplified into an ideal model and thermodynamic
analysis and calculations are made. The main influencing factors are: ambient temperature, con-
densation temperature, and evaporation temperature. Using RC318 as the refrigerant to design
Lo(34) orthogonal test to explore the optimal value of the system’s cooling capacity exergy effi-
ciency and refrigeration coefficient, the results show that the order of influence of each factor on
the target value is condensing temperature, ambient temperature, and evaporating temperature;
When the ambient temperature is 38°C, the condensing temperature is 20°C, and the evaporation
temperature is —7°C, the system is optimal, the cooling capacity exergy efficiency of the system is
44.39%, and the refrigeration coefficient is 3.10; the trend of various factors on the comprehen-
sive score shows that the cycle is satisfied Under the premise of system operation, the lower the
condensing temperature and evaporating temperature and the higher the ambient temperature,
the higher the cooling capacity and refrigeration coefficient of the system will be. The condensing
temperature and ambient temperature have a large impact on the target value and the evaporating
temperature will affect the target value. The impact of the impact on the target value is small; the
analysis of variance shows that the influence order of each factor on the target value is consistent
with the result of range method of orthogonal test, and the influence of condensation temperature
on the target value is significant. The influence of environmental temperature is significant, and the
influence of evaporation temperature is not significant due to the properties of RC318 refrigerant.
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1. 518

UKIEAE Dy —Fh B2 H O 2 N AR M RE, AR & UK b1 IR R 4, b K
R B R 1 mm, BARRCER S R IR LB VERELS « S H TR AR L, RS B AR |
TREAA R EZAEH] . VKR OB T RIS, W &% M TS5, 7 FRER. AT
B ERIT R RIEB KK BRI S OUR[] [2] [3] [4]. VKIS TR R AR SR K%, BETH A
HIV S AR . ESVEM B AR [5] [6] [7]. Horh B UH DK I R KW 1 fos, E=2
LRI ORI T 2R R TT 1), ER S MRl e AR A L, i AU, MR, MY
AT LI RRAS L ST DABR e AR, IR BT REFEAR R H 98] [9] [10] [11]. SEAEK, A AR HRk—FHr
2 L i DI ) e B —— 2 WA o vt L P QUi A BRCR B, 12077 U R o ) A b fe tA
TR Fm 1 ARG B T UKE R [12]. A B TORBL, VKSR, R A g R Bk,
A DA UK B A A% PRI v B, SR VA VA AE R RS, ST LI REUR 18] BEAE A 1l ¥4 71 0}
RAZTRIA . RHERARZ W/ 0 s DIRVERF & 20K, BIRRn ] UK 10 75 206 v
FE R EA — € e R e . R B AN BT . B — @M RE Ik, Gufiter, Bk
Fefih AV L BLZ A TR B2 TARUK 8 RER AR 26 AR [14] [15] [16]. ELREE Ui Bk
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Figure 1. Direct contact ice-making system
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Figure 2. Simplified model of circulatory system
and exergy balance of each part

B 2. 838 R G R RE R 25 20 -4

2.2. IBHEFDSTEIAMSIEE

R B HE AR ZR IR R A AR &L W R 1 3 Fs 240 B . RIS IR 1-2 R gEd f2(1 AR
H A IS S ZZIORE); 2-3 B EABUHGIFER mONHIA FIMANR S ZIRE); 3-4 KR
FRE(ER): 4-1 SR e IE AR R A FE[17].

2.3. R RGRASH

HRAR #4755 R G AT R0 A7 (18] [19]. 1] 3 RGRHR 1-2 1L A R AEHUE Al A7), R4 D)
0
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Figure 3. Thermodynamic temperature entropy
diagram
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LAMEFR R 4t 1-2 R 4G HLA RGBEAT I 204, DU e sh L RgEAT ih 5,
AR EAFHLIRR K e, A9
e, =To(s,—5,) 8)
(2) Atas
DL 2-3 i FRAEEER N R 4L,
g S ISNNPUE PR SRS VAR
€, +8n =0 ~To(s,—5;) ©)

(3) i
PL 3-4 SRR N R S,
TR ey, BB
€y =To (S, —$3) (10)

(4) B
DL 4-1 IREE RN RS,
B TR e, BEFLN:

e41:T0(Sl_S4)_TO/T(h1_h4) (11)

LA RC318 il I iz a3 h RS IMI R ANMI AR, RC318 ANETK, AEKKARDL, AEHIA
RAZENEIET, T8 A, BESEERTK, AR A A AR A [16], RC318 2i& & Hikdk
A OK P 70 ] RC318 fHilve 7], MBI 25°C, YREREE N 30°C, Z& AR N-11CREATH
o3Hre MRHE REFPROP B A HUEE, THEEEE Rk 1 fon. & 1 th&E &b R4 pLs 0 Rk ik,
= 5 DR s A LA F1 740 7 ARG A1 H DR A8 T 24 21 vl v R R 1 #4070 A R DR 32 A7 AE FLR AT PR AR K
PRI (B I It 22, 3G R A D0 R Bl ok, SEBn IR A LI R VR T SEPRIG 31 B 4 il 72 RC318 1 ¥ 71
PEFUE AN P R L 2, M BB T S AR AN HE HoR e s HE AN He e L Py 0 BE 4
BHATRIHE R, AR BB G K A 3A P 2 2 H AR e RN AR G BMIRCR, SMB%ER
HRTHIXPIE [ EE .

Table 1. Exergy efficiency
L OIEE

Hp g RGN A BRI SRR A 2% SRR oA BRI Syl HIA Zde
e1l(KIkg) eqi/(KJ/kg) ex/(KI/kg) eadl (KI/kg) ea/(KIkg) eql (KJ/kg) R

JH/(KIkg) 27.89 2.00 2.66 3.79 3.13 7.12
1.60
RGN (%) 59.86 4.29 5.71 8.13 6.72 15.28

3. B3R IE T
3.1. IERiFIH

MRG0 W ol R RGO R IR, WREIR S, ARRRE, DURX =R R 2R i
THIEASIS IR 7T R e MR AN R S Ui . DA RC318 iy, BRI =Mkttt IR A8t
B o P IS PRI 2R KT (8 HAE DUt - PSS L PR R AR K M DY 2= PR AR AL T A (N5 R & ML), Bk B &R
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TR R, WIFRMARE LIREERI 2°CHIRE, ORI HL G HRIERN 15C, BRIEEE
FM B IR AR AT TA 3] 40°C 4R & 5 FEIEHY 38°C s AR IR ET: SEPRIEFF TAERLFE A R 48 ML HE IR
JEE RS 77 0 5 26 V4 Tk B8 (PSR T, A Tl 5 R 735 R U 39 UK I8 P I 77 S TR N i 2 e g AL ) s 4
bl, VA Bl FEE P 326 B 1) A GBIt 5 IR RIS ) e PR R /N, A gl R /N 4 VA R e o/ 368 4 9 R g )74
P B D A RORAE, BTURIE 25 & I GBS G MR BHRE: 20°C, 35°C, 50°C; 7&K Ik
B 2RI FEE 110 38 HX 2% G 2 1) 7% L J5 PR o v iR BE T BR (R AR RS £ 272,15 KB A B B =i 4 J7 =X
(1 e R R (127 SRR ) VA AR PR o 28 R U PEE T 7 [ R 0 3t A R AL IR SO g A Yt L %o
PR 15T B HE SR F7, 78 IR A S L B ()35 I B e ok 5 R 4R ML 4 Lk [20] [21], FITbA
HRA 25 A DR B B G I 2 R IR - —7°C, —17°C, —27°C o WA DA b 261t & B BUA BS 5 B . 2°C, 15°C,
38°C; WAt 20C, 35°C, 50°C; ZAKIE: —7C, —17C, —27C. AT #BRANNKKIER ARG R
2, WS B R KRR Ak 2 FioR[22].

Table 2. Draw data
< 2. IMEHIE

Fl % WELHEIC (A) WEHREIC (B) HREIEEIC (D)
1 15 50 -7

7K 2 38 35 -27
3 2 20 -17

AN LAY R 3R /KT SER R U R S04 B AR A KRB A i, MaRE 3° Al %dE,
el AR, PSR DY R R = AP IE S IR Lo(3*) /L4125l fE 75 31 R S04 BSR4 R 2%
HiiE, EARE R RE R K 3 fs[22].

Table 3. Orthogonal test design table
3. EXRIERITER

s A B =7 D DS
1 1 1 1 1 AB;D;
2 1 2 2 2 AB2D,
3 1 3 3 3 AB:D;
4 2 1 2 3 AB1D;
5 2 2 3 1 A:B:D;
6 2 3 1 2 A:B3D,
7 3 1 3 2 AsBiD,
8 3 2 1 3 AsB2Ds
9 3 3 2 1 AsB3D;

3.2. IEXAEHIE

FUARME 256 € H AR GEve BRI 4 AR B BCE % o5 2 5 OB 22k %:, A Excel 0k
AEARK P MT S R U R 4% 4 ol K EA R ZE R, B 22 R BOK/INAT A2 32 BRI 4K O B (Ve
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EHR L), A (PAEIREE), D (AKIREL); 18 K EME R TT RN ABD IEEIR N 38°C, A EHEIE N
20°C, ZARIRFEN-TCHRIRI TR, W EIHERBEIEN: REMBERAE, N 44.39%, A R
# e =3.10.

FRRGEVEE MGEHEWE 4 s, B 4 g MR RS N 2R G OC,  HklA &
BRI EFEANFE LA, HIAE 2R R Z R TG R E 22, BT DLPREEIR BE X 6l RECEH
SO, W 4 FRIRIEIR BT A A R S PR RS R G B AR IR, AR IR B VKR e
BRI R— A EE-1C, JHEHmME R e, R AR 2= S TR, s
UK BARIR PR HL 2 i — s, ARYE v e B IR AR — & MR AR K KRG R M RS A &
RORAEER, 55 0P 0 2L ETHES . B 4 A RHEE B A TP 28 ETHES, Y e E g,
VA VI P ARG A VA AR E VA Bk A TCHE AR 22, VAV U B X I 104 750 P 4 A0 7t gl /N
AENLIHE SR At )y, RAE LI 46 LU R HE SRR e, AR HLRE SR, [R] B X 7 s i ¥4 551
(R B PRI 9R0 /N LE 35 74 B P9 IR 1174 B ANV S ABE OR, 178 REO RS B BCR AR R, WA IR P BRI
HIA BB RGEBE MRG0 2 ETbaS . & 4 hZRIR R RZRE V8O E I KB R BN %18,
HemRE—E, BRI EAENLIE SR SRS AR, 48 HUE 4 Lok R 48 HLFETh kb,
HH T RC318 il ¥4 771 1 Joft 1y Ji IR 286 A il P88 s e %o 82 PR s B R R 3 #5 BT FHEL I KDk s AR ., v =
R, FrLLE 5 7R RIS RS VR 2 BT A ET LE E RE X I B D

Table 4. Orthogonal test results
4. EXREHER

Ry A B 51 o FALEN ppgy FEEEA MEEN saws
1 1 1 1 1 4.57% 0.78 0.1563 0.1083 0.13230
2 1 2 2 2 5.31% 0.90 0.1849 0.1516 0.16825
3 1 3 3 3 13.45% 2.29 0.4998 0.6534 0.57660
4 2 1 2 3 8.96% 0.61 0.3264 0.0469 0.18665
5 2 2 3 1 22.19% 151 0.8379 0.3718 0.60485
6 2 3 1 2 26.38% 1.79 1.0000 0.4729 0.73645
7 3 1 3 2 0.53% 0.48 0.0000 0.0000 0.00000
8 3 2 1 3 1.28% 1.16 0.0290 0.2455 0.13725
9 3 3 2 1 3.58% 3.25 0.1180 1.0000 0.55900
Ky 0.87715 0.31895 1.00600 1.29615
K 1.52795 0.91035 0.91390 0.90470
Ks 0.69625 1.87205 1.18145 0.90050
k1 0.292383  0.106317 0.335333 0.432050
kz 0.509317  0.303450 0.304633 0.301567
ks 0.232083  0.624017 0.393817 0.300167

%R 0.277233  0.517700 0.089183 0.131883

ISENHERVN B A D
LWIE S AsBsDy
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Figure 4. Trends of various factors and comprehensive scores
Bl 4. &HEHRMEEETFE KBS

3.3. FESDH

MR LA IR 4 4 B AT J7 Z 70 W [22], 5 BIEEE W 5 s & 6 NH BN R — e N 2 kiR
FEXT R ECE : 1] 5 18] 6 A28 KR E-27°C 37" CAR 0 RG0A AR FIHIA REU S E .

1 5 O HTR IR G v BN AR AN 2 B R 3R U AL S I R 221 A sE e i, 52
L A0 R R v B AR SSE 0 P« 28 R TE s LR VA BRI FE X R U FIA REU SR BB N
PRBEIR R 2, 2 RR X R G e 3 . % 6 A I E KA —ER, | RC318 ¥
TR I B R M0 728 AR EE =27 °C 3 =7 "C X N2 B AR AR AR /N BT B AR AR /IS o X I 28 A il B2 ) s A At
AN AL R4 L2 mi /s, RN Zh sl N, T H e W 5 ME 6 shRER & )
2 — 20, X HARME RN A S AN B2, 507 220 A5 2 i T A I A SRR 2 AU E X 2R
Gei BRI AN e R AER G R AN

Table 5. Analysis of variance data

=5 HESTHE

Z R SS df MS F e 2
A 0.127554 2 0.063777 10.35643 *
B 0.409638 2 0.204819 33.25939 **
D 0.034421 2 0.017211 2.794722

W e 0.012316 2 0.006158

Fo1(2,2) 9 Fo.0s(2,2) 19

Table 6. Evaporation temperature data

* 6. BRIBERIR

ZERIREIC {8/ (KJ/kg) R #E/Mpa A R RGMAEIRAE
-25 297.73 0.0428 1.79 0.236
-20 301.06 0.0545 2.01 0.265
-15 304.41 0.0686 2.29 0.303
-10 307.77 0.0855 2.68 0.355
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Figure 5. The influence of evaporating temperature on the coefficient of
refrigeration
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Figure 6. The influence of evaporating temperature on the cooling ca-

pacity exergy efficiency of the system
6. ZLZREXRLULEMMEMZM

4, &g
ARSI T TR R G0 R AR A REIINE, SR TR A5 R 22 404 1 7 v
BRI 4k

(1) xt B KK AR G I @A B, AR 1 AR RIS 26 20 2R G2 2% 8 3 2 AT 0 23
#r, LLRC318 Jyill¥A 7, MBIy 25°C, W lbRE N 30°C, ZRAEN-11UCHATH it 5, 53]
FEGE A5 R A A R (0 T2 BB 2y o A5 0 T 5 B IR R G v B R AN R B R AT - PR BTIR L

RBERE, AR
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(2) ARHEF A BTG FNE K = FR P @ Lo(3Y) IR IR T R G4 MMM B RELE S
MR AR, IR ZEIEAR B0 B ARME RN SRRV R L« MBI . WAL, THE T3]
MLTT RN ABsDy IEIR N 38°C, W lEIRIZ N 20°C, ZAKRIREA-TCHIRI TR, HRERGAE,
RN 44.39%, IR REON 3.10; FRRMERE TGS ERY]: il A RFTEMRTIE T, wHkt
TRLE 78 Rl R /N [ IR PR S5 R B AR B I V00 T R G v B I RA R AN v R OB 5y, vA gl B2 R A 45 i B2
XF H MBS SR RE R, VAR N HARE A B S IR /) .

(3) 75 Z o M A IE AR B A 223045 2 R ZR My — B, RO BRI . AR L . 28R,
SIS BB FET FAME R BN B2 . IR RN R 2 . AR IR A 2 . RC318 1A
5 AR5 0 28 il FEEAE —25°C $1)—10 °C AR A Y A v B2 R e BLAD S s A A R AN BRI 5 14 6
H 28 IR X iV R BR AN GE % AR 52 %5 — BUFAS 206 HARE IR A &2

E&WH
ARTCZ ] A R SRR I - R OR (B BR 4 18) T H (182102410087) 195 3 -
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