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Abstract: Objective: A trans-critical CO; refrigeration system
with ejector is proposed and its performance factors are studied.
Methods: In this paper, energy and exergic system model
combined with experiment method were used to study the impact
of the change of major parameters on traditional and new
refrigeration systems. Results: In a given working condition,
exergy efficiency of the compressor increased by 11.08% when an
injector replaced the throttle valve, while the power of the
compressor decreased by 6.04% and the performance factor
increased by 11.1%. The optimum gas cooler pressure was found
to maximize the system performance. In addition, the exergic
damage of the system components was optimized in this paper.
Conclusion: The ejector of the new system has great potential for
optimization, and the outlet temperature of the gas cooler has the
greatest influence on the performance of the ejector.
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Schematic diagram of system

Figure 1
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Figure 2 Schematic diagram of gas ejector

hytwehy=0+w) *hs, (6)

B oo = onoutsis
WS e h —1, @)
K.

hio sh;——CO,7E 10,5 S AIE1H k] / kg
Wt S 28 T 5T H
Do e WEPS 25 A B S8
oW 2% A RS (E L kT ke
SRR WA U S A AL k) ke
Rouis— FM T WA IR G WY EEH O,
kJ/kg;
R WEHT SR IR & 2 0 OURE M L k] kg
W% S5 25 9 W 5 L ph 20 (7)) 2R OR L TR A I S 2 AR T SOk
[18].
Xt NTRE £ S8 4 &% , 8 0 i <7 6 1 F 5 ik A
TRV T v 4 4 1 A

w

R nsoutis

(+w) *my, * hs=m, * hs+my, * h,» (8)
R =my/m )
K.

heshy——CO7E 6.1 s K H k] /kg;

R oe— o G0 o 5 I s G 1 LU A

A, % F CTRC RGEM % 2%, b e & b (9 i it 5

my s hstm o hy=m *hstmy *hio 10

ZEE MR BEE A —35 C LA IR ATJG & 2200 UANAE .
BRI, 5 98 18 M T A 3 4 1 E A A

he=hy,

TR K, MR EERX QDT

Q.=m (hs—hy),

Favi: L

h——CO,1E 7 S MK . k] / ke

Q.— R &G HI% i . kW,

PERE R (COP) N -

Q. Q
W Wit W

QY

(12>

(:()P CTRC.NTRE — ( 13 )

Eave

COP crrenre— R G H) COP;



F&M | Vol.40, No.4

W.— REBWEGE T kW ;

Wip s Wip—— RGEALEHA S R EL T, kW,
1.2 MomEs

RGeS a0 A A 48 R R R =R,
IR XS 2R G0 i 4 0 B #E AT TR S8 i 43 B A IR
NP O Wil P A IS & v S LR (U N BUIE (A Y

TV R TE B AR AS A L KT DA s R T

ex; =, —h)—Ty(s;—50) (14)
A,
ex; 57 MRS S k) ke

h./ 7] )\5\ E/‘Jﬂ:ﬁ{ﬁak‘]/kg,

ho SR R AE k] kg
To %%’{k?&,‘gﬂgﬁﬁ qK§
So %%%?ﬁ)ﬁﬂq%ﬁyk.]/(kg' K);

hy—j BEME K]/ (kg » KD,

Ho hg fl sy 5 RS F TR WK B LS ki
(T,=298.15 K,P,=0.1 MPa), % % {1 45 A~ 4 {4 iy K0 °F
My R R

Exd = 2 myexi — towezon +Q(UL— To/T) + W ,

(15)
Exd., = >, Exd, » (16)
v L

Exd R B, kW5

M s 10— AR M 00 5 B 9 8 kg /s
e iy s e o F AHIGE HHBAF I 1 L K KT/ kg5
Q — MM HA L kW
TR IR K
W——4hFExF ER A 4 A 2 kW

Exd o — REMEM kW
Exd,—% k A RINIE KW,

KAL) B 81 R K 28023 2 K 4 T 1 R AR

0y =Exd;/Exd . » an
Nex =1 = Exd o/ (Wip+Wup), (18)
EN

3. TR BN L 005

Do RGRMMH A, %,

£ BE.LABIEBER COBMHEHLRFERRR

2 WiyLgs R 55 b

T FRGR AR X S RE HAT I EIH S, Bk
TN SARBHEE P E S 9~13 MPa, AR %
PO T, R R 33~41 °C LB P.WHEEEA R
1.2~2.1 MPa, Wi 5 2% 45 Bt (3R B A1 7 50N 9. = 0.9,
N =0.9.9=0.8" P JE P, K JJ{u Fl N 3~5 MPa, [
I 8 g A % 94 505 N 1.0 g /s

T SR AR 1 o A L FE O R X R 1 I
HCO M RGRI & L AT IR, iR FE T
T GBI F CO. B 46 18 3R 58 W = R 988 5 4%
B I R COL I 2R G0, LA R Il 428 38 43 19 J i 25 2 Fh
T FFR 1 AT 05 A 0 B Y R 25 X A T 2
JOFE L0 LT R SRS B et SO A A T A A B
— M T,
2.1 CTRC 5 NTRE #5858 L&

i€ 2 AT, 36 i 5 2% )5 . NTRE &R 48 #9 COP Al
MR (o) S BIHR R T 11.10%.11.08% . NTRE R 4
Hh i s S 1R N T IR T U AR S AR A R P AT RO
Gy B . WEET AR O AR SRR T 1 A R S A R I
i, B B R R R 1 R 1 g/s. W CTRC
ZEH m 9 0.418 5 g/s, NTRE & 514 J9 0.438 3 g/s, H.
NTRE & 4t /) i & i & b (R..) /M F CTRC & & 1.
NTRE R4 B R 2.281,CTRC R 419K 2.389, FEKFh
1B F NTRE Byl 4 Q. b CTRC R4 M ®4.72% . [l
Pk 378 3 5 S 28 2 S O U 1 AR R A B T e BIL Y
B HEEF CTRC &4 M. KL, NTRE R4 1 &
45 W CTRC RH MK 6.04% . AR5 CTRC
RYEM L, NTRE &S5 COPIEIN T 11.10% , LAk, W5
BIAEAEBEAR T IR E R G LR AR/ 57, 530 NTRE
ARG TR YR A DL HE SR FRAE T18.5 *C. Bk &
AV e 4 AL HE R B A R T e 4 AL 1 £ P i

Hi 3 2 Al 01, 24 NTRE R %09 55 i g s T
CTRC &# %G i, NTRE % 4 & M 1 2% (E o) 18 F CTRC
RGN IX R TG DR v 2 BB (8] B R 4 00 R AT
WAL FRARME . hHE 3 T, 45 F CTRC &4 . M
Tie KM A7 B ) F AR (Srre 21,86 26) L X 2 THIR

x1 HESIRETERMLL

Table 1 Comparison of simulation and actual operation results
- 9 R TR AL 4 3 B cop o9 A i A L 1A w
L
fE K wE/n HE ORE RE/ R KR RE/ E O RR RE/N%
P.=1.2 MPa, T, =35 C,AT;= 112.95 121.8 7.26 1.341 1.19 11.26 2.28 2.36 3.49 0.48 0.52  7.69
5°C,Pw=9.3 MPa,P;=4.4 MPa
P.=1.2 MPa, T, =35 C.ATy.= 123.10 147.8 16.70 1.070 0.87 18.69 2.01 2.14 6.46 0.32  0.37 13.51

5 °C,Pg=10 MPa,P;=4.7 MPa

67



68

BEREE&E5E 4 E FOOD EQUIPMENT &. INTELLIGENT MANUFACTURING

JE 48 AL 0 Ak i 30 R 5599 T R 1 O 00 I R 22 1R IR
BHE . WA BT K % B (EVL I EV2) & MY
29.29% . XF NTRE FR &t . i K0 X & A5 7 w8 5 248 355
A3 (See A 30.99%0) . 33X & By T W 5 4% b 08 3 44 B ik LA
5ok AR EE G LAY 64 FR & . i B ik 5 & (EV1
FIWE 28t BRI 45.74% . WX AR FH . NTRE
rhms Gt 38 00 7 AE SR AN T R B L — S k. BEAh,
TR BB & R G MR R — . PR G
SR AR v R 4 HLRIR 46 BL A K 8 A
BRK—#5r, M 4 A, 3 M S BT 5 vk T DL T
ARG U RS HET .
22 HRREESSBINREIERNFIN

B 3 AT AR COP Hl g B P O350 2
SHmBERMEFEEES TRAERE, HAREHAH -1
T HE B ARV H 88 R A8 LA 2R 55 Y B 1 00 5 R I
KAk . CTRCHR G i iy e (R SR H28 R 1 E 1w o+

%2 CTRC# NTRE MRS HILE
Table 2 Comparison performance parameters between

CTRC and NTRE

PERES L Hfr CTRC NTRE
CoP 1.207 1.341
Q. w 89.15 93.36
Rt 2.389 2.281
W. w 73.84 69.63
m g/s 0.418 5 0.438 3

t10c10h) C 131.45 112.95
Ezd o A4 49.98 44.64
ex % 32.31 35.89

tOBRME&M. T.——35°C, P.=1.2 MPa, Ty =235 C,
AT e=5 C,Pg=9.3 MPa, P;=4.4 MPa,

R3 SEWMEREBRIIEREE
Table 3 The exergy destruction and exergy destruction

efficiency of each component

CTRC NTRE
A
Exd ok/ %% Exdy S/ %%
pRe 6.188 12.38 6.188 13.86
] 4 3.490 6.98 3.590 8.04
% 555 45 - — 13.830 30.99
e A 10.930 21.86 1.290X10°%  2.53X10 8
T 1 6.285 12.57 6.583 14.75
ER 2.373 4.75 2.485 5.57
REE4EHL 6.159 12.32 5.755 12.89
FEE4EHL 6.206 12.42 6.206 13.90
I 2 8.356 16.72 — —
T BELM. T.=—35°C, P.=1.2 MPa, T,.=35 C,

AT =5 C,Py=9.3 MPa, P;=4.4 MPa,

BE2708 | 2024 £ 4 B | RASHM

x4 ETIAIKRM CTRC 0 NTRE 4L £ R
Table 4

Improvement priority of component based on

CTRC and NTRE of exergy destruction

L% CTRC(Epi )  NTRE(Ep.)
1 GARCSE o WSS A5
2 W 2 L 1
3 L 1 T 2% R 46 HL
4 R BREE
5 RS RGN KRS R AL
6 1GR9 R 47 AL n] P4 2%
7 [m] $4 2% by
8 by g [ERREE
167 70.40
i —e— NTRE-COP —= CTRC-COP
g - NTRE-7, —4 CTRC-7,,
<
L 1035 .
I g
ﬁg :5 A/H\‘\‘\‘\‘\A\‘\‘ é %
#< i ’/H\‘\‘\\ 10305 %
C B
&g B =
EE<Tl2r g=
g =
g 10.25
£
=
9000 10000 11000 12000 13000 *-2°

KR AESIP,
The pressure of the gas cooler/kPa
Te=35C,P.=1.2 MPa,P;=4.4 MPa
B3 %% COP Fo M P, 04 T LA H
Figure 3 The change trend of COP and 7. of the system

with the increase of P

NTRE, 4 P, #3if 9.4 MPa i}, NTRE & % #) COP
D PR 1.342 F1 35.9% N EAE A B R, CTRC
RENRESIEL HWIEIE S LN 9.8 MPa, 1L R 51
COP Ml 5. 205120 1.210 F1 32.3% . oAb, B A #8485 1F
F.NTRE R4 COP Fl 5. 358 F CTRC R4,

HIFE A WTH1LBE PRI ARG R B2 T

2.6r

J
~
0

—— NTRE-R,,
—&— NTRE-W,,

- CTRC-R,,
—a CTRC-W,,

N
~
T
L
~
(=}

The power of low pressure compressor

22rF

Jpigrigiihiid =
Mass flow ratio
L
j9%)
W

.N
z
R R ZEW,,

W
(=]

Il Il Il Il Il
9000 10000 11000 12000 13000
SWBIENP,

The pressure of the gas cooler/kPa

Te=35C,.P.=1.2 MPa,P;=4.4 MPa
E 4 Rmrﬁ" WLPE@ Pgué’a%‘i‘[’cﬁ%‘
Figure 4 The effects of R, and Wp with P,



F&M | Vol.40, No.4

FERash, P s, TR g, B P i3, W 5
AR A BTSN, MBS nAL S P
J.NTRE 251 o 2 TRBEHE P, 8, T R
M, WS AR LR BB One) PRY LB 42% EF =
S1% . Bl TEEMRB A 1 g/s. HHE P oM, KE
37 B e I, 5 BOIG R S 4 T R R s . [l R
Mg S5t 1% T2 4R 119 6 7 8 I, W I O AR 00 B R R AR BT o
W AR, M S5 8 A 348

o
N
=

-
.% —— NTRE-w 10.52
Eonl —&— NTRE- 6 s p
w Z, 1050°%
¥ 2 030 I8
B g {048 £
Ea%028 s

28f £8

ié 1046 TF
2% =
£ Bo26r 1044 £

% =

5}

£ 024 1042

F L L L L L

9000 10000 11000 12000 13000

SARWEIP,
The pressure of the gas cooler/kPa

Te=35C,P.=1.2 MPa.P;=4.4 MPa
E 5 8}:1}:%‘7 w %Pg(vﬁé i{t%%“

Figure 5 The effects of 8ge and w with P,

R 6 AL B E T, 3, COP Al g 2 F B4
oo R FRE SRS EIAR O IR A T E
T IR /Mot S5F 5 2 Mt W 19 o) 4 R0 R 1 0L Y e T i S R
JEZ R Bt 6 2R, 3 B0 2E R a1 IV i ) AR, e 4 1%
KT RZ4itEfE. NTRE £ 40 /9 fg 2 AU M AE O T CTRC
RGN R RERMIERHHRET. 4 T
33 CIFEZE 41 CHF,NTRE Z4iH) COP M 1.42 BERZE
0.84,5 CTRC R& A LL 1 in T 10.8% ~11.7% ; NTRE
9 o\ 37.95 % REAR = 22.51% .5 CTRC R4 K
T 10.8%~11.7%,

201 —— NTRE-COP —#- CTRC-COP - .40
. —— NTRE-7,, — CTRC-n,
<
g 1035
= [ =
gEgl 2
W £2 10308 =
— S A5
@12 1025 B
=g =l -
% =
e 1020
£ 08f
1 1 1 L 015
32 34 36 38 40 42

HBHRET,
The temperature of the gas cooler/C

Py, =9.3 MPa,P.=1.2 MPa,P;=4.4 MPa
B 6 #Z%#h COP Fo g, B T, 09 LA H
Figure 6 The change trend of COP and 7. of the system

with the increase of T,

£ BE.LABIEBER COBMHEHLRFERRR

HE 7 AT B P A, A RGN R 8
Tt Tl TR, BE P AN W2
TR DTSN, mE 8 A, fE T, M
JLNTRE R4 o 2 B ST, Mm, T e i,
B T HIBE N0 N 0.28 EFFZE 0.58,8me M 47% FHEE
25% ., SRR ENZR N IR TS ESOE T m I
B R, NI R AL TR, T, 1
TS 25 Bl A8 5% 55 % 6 W 8 1 07 . A A9 28 4 32 2 R AU
Vo HV SR T 1R o TS ST 85 B 104 A L A8 R A1

- .

—e— NTRE-R,  —% CTRC-R,
—e NTRE-W,, -4 CTRC-W,,

IS
O

RER R W,

_=N =N
i R,
Mass flow ratio
w
T
\
©
s
The power of low pressure compressor

1 L L
32 34 36 38 40
SRAIRET,
The temperature of the gas cooler/C
Py=9.3 MPa,P.=1.2 MPa,P;=4.4 MPa
B 7 Rufe Wik T,0 T4 %

Figure 7 The effects of R, and Wip with T

[Se]
W

IS
S

£ 0561 —e— NTRE-w
% : —— NTRE-§ 1048 _
R =

o L &
s £048F 1042 £ g
£ 2

T 040+ ’0365_';,
=9 IR
B < S
g, 1030 =
= £ 032r =

% =

e 10.24

024t ‘ ‘ ‘ ‘

32 34 36 38 40 4

RAIET,
The temperature of the gas cooler/C
Py, =9.3 MPa,P.=1.2 MPa,P;=4.4 MPa
B8 Ouyphr w K T, 8 %A%
Figure 8 The effects of 0y and w with T,

BB O I, B P B, COP A g, 3 52 T
#, NTRE % % 1Y fe & A H: fg L T CTRC & 4t 19,
NTRE R4 COP M 1.375 K= 1.262, Lk CTRC A9
9.83% ~11.79% » . M 36.81% Al & 33.78%, . CTRC
P 9.85%~11.82% . v IH] R J1 B 3 23 B AR = R R
AP R4 T %, {8 [R) B i 23 3 IR R R 4R DL 1Y R 1 3
R AR RS RIRACR ., FEAENETEE N, BT
UEE NS> L R GERE BRI B PERE IR P, B8 I REAIR .

B 10 AT, BEE P09 30, T A R G R M
W B2 EF % BEEP RN, R K2.240 LT+ &

69



70

BEREE&E5E 4 E FOOD EQUIPMENT &. INTELLIGENT MANUFACTURING

140r  — NTRE-COP —# CTRC—COP -0 33

. —e NTRE-74, -4 CTRC-17..

£ 1350 0.37

g 1036
8 5130F | g,
W &5 0.35 E =
99 o &= S
il SR 1034 5%
»>EE BR
EE S 1200 103 £ ¥

|5} =

B 1032

v L

g LIS loat

1.10 L . L . |
4000 4200 4400 4600 4800 5000

ARSI P,

The intermediate pressure/kPa
P, =9.3 MPa, T —35 C,P.—1.2 MPa
B9 AZ%® COP A 5. M P #y TAH
Figure 9 The change trend of COP and 7. of the system

with the increase of P;

2.382, W A& Hfm, b CTRC R4 MK 4.36% ~5.00%.
W M 32.92 W B8 i1 &= 39.25 W, it CTRC % 4 1 1%
8.84%~14.13% ., & 11 nl &, k& P, /3% im, NTRE
G o 2 IR, BE PO, A 0.30 EFE
0.32,8pE M44.63% FHEE41.98% . i T o [6] /& Jg 19 28

IS
3

2.50[ —— NTRE-R,, —® CTRC-R,
—o— NTRE-W,, —4— CTRC-W,,

i E R,
Mass flow ratio

226+

N
S
The power of low pressure compressor
TRER AL W,,

W
(S5}

2.20 . . L . |
4000 4200 4400 4600 4800 5000

I RSP,

The intermediate pressure/kPa
Py=9.3 MPa,T,=35C,P.=1.2 MPa
B 10 R Wipkl Pi# ZHAS
Figure 10 The effects of R,y and Wp with P;

—e— NTRE- o
—— NTRE-§

I
3
o8}

70.48

I
0
R
T
L

0.44

+10.40

U IES e

=}

%)

—_
T

The injection coefficeint

L
e
w9
=)}

WS FRAIBIBCR 6 4
The exergy loss efficiency of ejector

0.30 I I I I I 0
4000 4200 4400 4600 4800 5000

R E TP,

The intermediate pressure/kPa
Pu=9.3 MPa,Ty=35 ‘C.P,=1.2 MPa
B 11 Opeh o B Pi#) TAA Y
Figure 11  The effects of 0 and w with P;

BE2708 | 2024 £ 4 B | RASHM

Pkt ey e RMER s 2 =2 18] 9 3 3k 56 R S I B8/, BRI R o F1
w I AGHE/IN WS 1 40 L 461 A2 AR /0N 8 B v )
T 3 %] W55 s AL B 52 o N

B 12 AT AL B PO, COP Al g 2 L
#LOH COP WAL #AEH W, [FF, NTRE b CTRC
BAEAF e A PERE . Hob , NTRE R 4009 COP )
1.341 ¥ = 2.060. 5 CTRC HIELI M T 11.1%~13.9% .
NTRE ¥ 5. M 35.89 %38 N4 37.92% , 5 CTRC AH L3
T 11.08%~13.98% . £ b, WM A Kk R 1 Al L 3 4
T REMBCE AL RE AR A .

g
=]
T
I
=
™)
N

g
:
B

Mo =
BT g 10.32 £ 8
% £& 1.61 g‘)ﬁ(
=EZ RS
4= ~§ < L::

< 10.28

= ~e— NTRE-COP —#— CTRC-COP

121 —— NTRE-#,, — CTRC-7,
L L L L L
1200 1400 1600 1800 2000 2200
HKRIESIP,

The evapration pressure/kPa
Py=9.3 MPa, T, =35 C,P;=4.4 MPa
B 12 %69 COP Fo [ P o) AL H
Figure 12 The change trend of COP and 7. of the

system with the increase of P,

B 13 L BEE P RYIE N, A RS R H
Wi TR, & P AN, R 2.281 THZE
1.945, Ik CTRC & 4 AR 4.58% ~ 4. 742, Wi A
35.34 W= 18.97 W, [t CTRC RS WK 11.91% ~
25.25% ., B 14 FHLBEE P YIS, NTRE 241 o
BENREMHEL N 0.31 W F 0.26, Spr M 43.83% N &
51.40% . ZEREJI BN B He RMAEMMERER WL T
PR, T iR AR R 2R O i OC R AR AR B R FH
w W AR AN [l B, 28 2 S 9 A% b ANl 2 U R R

sal ~o~ NTRE-R, —=CTRC-R, | }

- ~— NTRE-W,, —— CTRC-W,, {45 £
23F S
¢ =
el 140 ¢ %
=22 E R
= £ 135 7 2
0 £ 211 P
== 130 & %
1# %20t e §
i = 530
1.9F 1=
El—

L8k 120 &

£

17 &

1 1 1 1 1 15
1200 1400 1600 1800 2000 2200
RRIETIP,

The evapration pressure/kPa
Po=09.3 MPa, T =35 ‘C,P;=4.4 MPa
B 13 R Wil Py ZAA S
Figure 13 The effects of R,y and W with P.



F&M | Vol.40, No.4

£ 032r —e— NTRE-w
£ —&— NTRE-§ ,,,
go 10.52 E

o o, ;’
A < =
?;t £ 028F E :gi
Ze 1048 S &
=, opea
ECRE S
= 50241 | g
= ? 0.445

<

=

= 0.20 | | | | | 0.40

771200 1400 1600 1800 2000 2200

FEEEAP,

The evapration pressure/kPa
Po—=9.3 MPa, Tye=35 °C,P;—4.4 MPa
B 14 Oppfe o M P8y TALA Y
Figure 14 The effects of dge and @ with P,

55 T A 3B 1 KR L DR G X R 5 1) M S T A/
of 7 K A AR B (4 KRB I B TR K
3 i

WESEHR T — Rl 18 50 4 (9 7 15 5 25 5 11
CO, MIRMEIR . e T L5819 W0 SR 45 15 I - CO. il ¥ 1
W 08 S RN T IR L N TR LS I B CO,
TEIR A GBS WG CO, il ¥ 16 R 1 $4 ) 2 B Y, Jf gk 47
T ERIE., ZREW.O HAEIER CO, HAMEHE
A2 AR ERE . 2 e R G R R A
W, 515 55 7R Go M Lb B 3R 88 B oA T 22 (9 IR 2K il ¥4 70 3k
WM LMK w2 e 1. R, T IOE R RS T
BT 2 Ty 02D o A Ty R I 50 2, b W A
WA EATI6AF R 07 R G801 RE R B AE S 35 1 R CO.
TAEA RGNS 11.10% . @ HEBEIER CO, Hl¥ 16
I IR R R A FE SRR L B0 3R I M R0R L A%
GARIR I 11.08% . TE VR HRAE S 808, & 5 00 L 1%
GREWE T 9.46% ~13.98% . MAN, AR ZN 21 H
1B 6T M BB A B K R T, E 45 A 3 T DY 0 RE A
37.95% FREZ 22.51% ., @ W A% 2 5 R 5 56
A o L L ) 2 2R 8 Y e R A L A . AR AR A A 4 R
R HE B B R 2 U SRS H 45 TR Y AR Ak
kAT BESL, SAERHBEMRENT &S H
5 WA SCUR V8 0025 50 20 R P 58 J B2 1 1 KR B . Y
R A AB 3 T B W S R A o K B R, AR
VIR B G T 4 R R RGO 22 8] B O B G R R
RAR R 0 1 il ¥4 770 97 2, X 3 A R G0 vk e 7 AR f TR
WA, S5 SR 3E A 58 ¥ B 43 BT AN D7 2L AR R T 0 o o b A
FEEE IR CO, W48 RGBS m R % .

£ & Uk
(1] feg 328357, A% B, 00K, 5. BT Bk v R A B A KUIE B T 5 TR
Y5y B3] A28 T2, 2020, 41(23): 230-235.
HE Y X, YANG R, XIE B, et al. Design and temperature field

£ BE.LABIEBER COBMHEHLRFERRR

analysis of new railway refrigerated container air duct[J]. Packaging
Engineering, 2020, 41(23): 230-235.
[2] sk, SeAf e, madtte, . BRI U4 2 R o Big 5
SERER[I]. AR B R, 2022, 45(D): 23-26.
ZHANG M, JING C F, GAO J H, et al. Theory and practice of
transporting  fruits and railway mechanical
refrigerated car[J]. Refrigeration Technology, 2022, 45(1): 23-26.
[3] b IGE U, BEZE, JELIM, 45 TR I £ 4 IS i e 4 B R B B
JEBERT 0], BIE 320 4 £ 5 R, 202006): 1-3.
ZHONG X F, LIAO J, ZHOU 1J, et al. Technology status and

vegetables by

development of railway refrigerated transportation equipment in
China[J]. Rail Transit Equipment and Technology, 2020(6): 1-3.

[4] MAOURIS G, SARABIA ESCRIVA E J, ACHA S, et al. CO;
refrigeration system heat recovery and thermal storage modelling
for space heating provision in supermarkets: An integrated approach
[J]. Applied Energy, 2020, 264: 114722.

[S] SARABIA ESCRIVA E J, ACHA S, LE BRUN N, et al. Modelling
of a real CO, booster installation and evaluation of control
strategies for heat recovery applications in supermarkets [J].
International Journal of Refrigeration, 2019, 107: 288-300.

[6] GULLO P, HAFNER A, BANASIAK K. Transcritical R744
refrigeration systems for supermarket applications: Current status
and future perspectives[J]. International Journal of Refrigeration,
2018, 93: 269-310.

[7] ARTUSO P, MARINETTI S, MINETTO S, et al. Modelling the
performance of a new cooling unit for refrigerated transport using
carbon dioxide as the refrigerant [J]. International Journal of
Refrigeration-Revue Internationale Du Froid, 2020, 115: 158-71.

[8] T4 B, 3 . 1516 2 CO v IR 6 2R 40 5 o R 9 ke 9], %
A5 HLAR, 2019, 35(8): 226-231.

XUAN F C, XIE J. Research progress of trans-critical CO,
refrigeration cycle system and its application[J]. Food & Machinery,
2019, 35(8): 226-231.

[9] PAN M Z, BIAN X Y, ZHU Y, et al. Thermodynamic analysis of a
combined supercritical CO, and ejector expansion refrigeration
cycle for engine waste heat recovery[J]. Energy Conversion and
Management, 2020, 224: 113373.

[10] ZHANG S, XU X, LIU C, et al. A review on application and heat
transfer enhancement of supercritical CO, in low-grade heat
conversion[J]. Applied Energy, 2020, 269: 114962.

[11] X, R, ARINRE. 200 X V2 012 i 42 <00 21 8L M B o

[0]. & &5 HLAE, 2017, 33CD: 119-121.
ZHAO Y, TANG G Z, ZHU S K. Study on air distribution
characteristics of refrigerated vehicles in multi-
temperature zones[J]. Food & Machinery, 2017, 33(1): 119-121.

[12] ESKANDARI MANIJILI F, CHERAGHI M. Performance of a new

transport

two-stage transcritical CO; refrigeration cycle with two ejectors[J].
Applied Thermal Engineering, 2019, 156: 402-409.
[13] LORENTZEN G. Revival of carbon dioxide as a refrigerant[J].
International Journal of Refrigeration, 1994, 17(5): 292-301.
(F#% 77 1)

71



&M | Vol.40, No.4

LIU X W, JIE T C, XU Y W, et al. Delta robot trajectory planning
based on synthetic motion[J]. Manufacturing Automation, 2021, 43
(7): 19-23, 47.

[11] LI W, XIONG R. A hybrid visual servo control method for
simultaneously controlling anonholonomic mobile and a
manipulator[J]. Frontiers of Information Technology & Electronic
Engineering, 2021, 22(2): 141-154.

[12] B 6 T oot 51 0 48 R A3 vk 00 i O I AL AU L Fb D).
i S HLA, 2022, 38(5): 82-86.

XU Y. Trajectory optimization of high-speed parallel robots based
on improved gravity search algorithm[J]. Food & Machinery, 2022,
38(5): 82-86.

[13] W24 06, 2588 . B T i NURBS [l 424 #0333 ) £ 5 43 4 Bl
A AN BT ML 9. £ 5 BLAR, 2022, 38(3): 80-85.

YAO X F, LI C. Trajectory planning of food sorting robots based
on improved NURBS curve interpolation algorithm [J]. Food &
Machinery, 2022, 38 (3): 80-85.

[14] RAKE, SRR, AL, 5. —FhOIFBHLAS A B0 #L R0 53
WFFE[I]. HLIR 5K, 2023, 51(5): 14-22.

ZHU D C, PAN Y H, DU B L, et al. Research on a trajectory
planning algorithm for parallel robots [J]. Machine Tool and
Hydraulic, 2023, 51(5): 14-22.

[15] 3k R AL, WiHh, TRA, 5. HTELIMDCIE R AR MR KIS
P R 5 [I]. & 5 AR W BOR 2241, 2024, 43(1): 48-59.
ZHANG L Z, HUANG Y, YU Y J, et al. Rapid identification of six
major tea categories based on near-infrared spectroscopy
technology[J]. Journal of Food Science and Biotechnology, 2024,
43(1): 48-59.

[16] 5k b5, XUWefh, (L)1, 5. JFIRPLE A IEiZ 3) % 5 NURBS #i
ALK [T, HLARBE T 5 i, 2021, 12(4): 282-292.

FREE . SHEMANARRBIHNRI ARBRREN T E

ZHANG HY, LIU X W, REN C, et al. Forward kinematics and
NURBS trajectory planning of parallel robot [J]. Mechanical
Design and Manufacturing, 2021, 12(4): 282-292.

[(17] K &%, AR, WL Jg, 55, 56 T XUER E 5 N0 5 0 7 sl L 4

NPk BRERFE R [9]. 5 I8 Tl K23 4R CH AR B 1D, 2024,
47(1: 13-20.
ZHANG X, QIN D C, XIE Y L, et al. Mobile robot trajectory
tracking control based on dual loop adaptive sliding mode [J].
Journal of Hefei University of Technology ( Natural Science
Edition), 2024, 47(1): 13-20.

[18] AZUMAYA C M, DAYS E L, VINSON P N, et al. Screening for
AMPA receptor auxiliary subunit specific modulators[J]. PLoS
One, 2017, 12(3): 1 523-1 538.

[19] R EME. e T 0 b a2 L5 ) 1 14 4 1] B Sl HILARURY B 25 42 1 (9]
LI 5 R, 2020, 43(23): 23-29.

ZHU G Y. Tracking control of omnidirectional mobile manipulator
based on uncalibrated visual servo [J]. Electronic Measurement
Technology, 2020, 43(23): 23-29.

[20] E Bk, £S5, RTAE, . BT NSGA- I J ik iy IR BEAL & A

2 HAR LT B (9], HLAR B3t 5 & TR, 2022, 51(12):
72-77.
WANG X, WANG Z Y, ZHANG Y T, et al. Multi objective
trajectory planning for parallel robots based on NSGA - II
algorithm[J]. Mechanical Design and Manufacturing Engineering,
2022, 51(12): 72-77.

[20] £ M8, BRI 55 3-RRR P T8 I B AL & A0 22 9 2 1 A 47 ol F
FE]. WLR 5%, 2018, 46(15): 16-19.

REN P F, GENG S Y. Research on neural network sliding mode
control of 3-RRR planar parallel robots [J]. Machine Tool &
Hydraulic, 2018, 46(15): 16-19.

(E#F 71 70

[14] YU B, YANG J, WANG D, et al. An updated review of recent

modified
refrigeration cycle[J]. Energy, 2019, 189: 116147.

[15] GULLO P, TSAMOS K M, HAFNER A, et al. Crossing CO,

advances on technologies in transcritical CO»

equator with the aid of multi-ejector concept: A comprehensive
energy and environmental comparative study[J]. Energy, 2018, 164:
236-263.

[16] ZHU J, YANG D Z, ZHANG Q, et al. Performance analysis of
multi-refrigerant multi-variable environment refrigeration system
based on marine cold chamber[J]. Journal of Physics: Conference
Series, 2022, 2 195(1): 012037.

[17] AHAMED J U, SAIDUR R, MASJUKI H H. A review on exergy
analysis of vapor compression refrigeration system[J]. Renewable
and Sustainable Energy Reviews, 2011, 15(3): 1 593-1 600.

[18] ZHENG L, HU Y, MI C, et al. Advanced exergy analysis of a CO,
two-phase ejector [J]. Applied Thermal Engineering, 2022,
209: 118247.

[19] HASAN C, HAKAN C. Advanced

exergy analyses and

optimization of a cogeneration system for ceramic industry by
considering endogenous, exogenous, avoidable and unavoidable
exergies under different environmental conditions[J]. Renewable
and Sustainable Energy Reviews, 2021, 140: 110730.

[20] OZGUR B, HAKAN A, ONDER T. Enhanced dynamic exergy
analysis of a micro-jet (p-jet) engine at various modes[J]. Energy,
2022, 239: 121911.

[21] MENGTING S, YU Z, LEI Z, et al. Advanced exergy analysis for
the solid oxide fuel cell system combined with a kinetic-based
modeling pre-reformer [J]. Energy Conversion and Management,
2021, 245: 114560.

[22] LIU Z, LIU Z H, YANG X Q, et al. Advanced exergy and
exergoeconomic analysis of a novel liquid carbon dioxide energy
storage system [J]. Energy Conversion and Management, 2020,
205: 112391.

[23] ELBARGHTHI A F A, HAFNER A, BANASIAK K, et al. An
experimental study of an ejector-boosted transcritical R744

refrigeration system including an exergy analysis [J]. Energy

Conversion and Management, 2021, 238: 114102.

77



