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Fig. 1 Schematic diagram of ejector refrigeration system
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Fig. 3 Structure diagram of the ejector
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The thermophysical properties of normal refrigerants

AR R JE& IR o 4t/ ‘ b i ‘ I A I Sl ODP GWP GEFEYR
(kg * kmol ') #p/C WE/C JEH/MPa (100 &)  TLV-TWA
R11 CFCl; 137. 39 23.70 198.0 4. 37 —111.00 1.000 4 600 1000
R123  CH;CCl,CF; 152.93 27. 80 183.8 3.66 —107.15 0.012 120 50
R134a CH:FCF; 102. 03 —26. 20 101.1 4.06 —101. 00 0 1600 1000
R141b CH;CCL F 116. 95 32.00 204. 2 4. 25 — 0.086 700 500
R236fa CF3;CH:CF; 152. 04 —1.44 124.9 3. 20 — 0 6 300 1 000

1 : ODP J&: 48 SLATHFEW AR (H ; GWP 18 2 BRAS BE W e 1E



500 X # E I ¥ ¥ #® %52 %
NESD 1 v 00O R S5 0% 2 5 o o4 0 R R R

ol TRz B S0 4 T 5 2 56K AL i T 004 70 ko

* Ridtb BRI FE AR 20 3R T 7E B4 R134a 1 o

—RM!

0 40 80 120
t/C

B4 ATAENFE ) MR E Tl &
Fig. 4  Variation curves of working fluid pressure

with temperature

2.2 gHEs

TESEBRAE 7= R P R 5 IR R
FREA A A G 2 (8] 28 T 1k A A 2T
TET 5 T TR AL FH A ] o ¥4 760 £ s 55 okl v 2R 8 Y R
AT 5 &% 32 B RT BEAT LA

A% B Sl o V4 2 R A A PR K Bl A
AR S B v RN M T 9 4 BE VR Y. TR R
R ER SR TR D AR A B 3L A A O — AR
FEL R 9 BT F , 2R Dy 3 0 A U o v B — A
PRifi. 05 S92 E TARZ&AF T CR AR E =80
CZERME =10 CHWEEREE =31 C) ™
A2 1000 kW ¥ B £ JIr 7 22 A9 22 D A o3 A . el
P 5 ] UL, BT R134a £ S il v& 70 A4 1 5 i ¥ 22
LI FERY IR D AR e £, kv 1 HAtl 3 Aol il v 79 5

X 3 Fh il ¥ 5] 76 22 I 3R #& # 22 AN 2 i),
R236fa AH X1 FEMS =5, R123 A1 X 14 FERSAIC.
180
160
1405 -+ R236f:
a
. 120 -=R141b
Z 100} -*R123
§n. 80' +R1343

60
40
20
0 1 1

74 76 78 80 82
ke

BS WBARNERADEMAERE 1 R# %

Fig.5 Variation curves of the circulation pump

power with generator temperature [

2.2.1 RIFEHNH FIRNEFEEERIET
T8 o 2R A R U (AR T O kA AR A R
) APEA R O AKS 22, fELL R123 il R141b

YT ZR e A A T KL (R AR 25 A
R e 6 BUR Ty 2 ik K, KK 3 R % &
45 5 LA R236fa 15 il ¥4 71 1 22 50 1 il ¥4 550 5 ot Jii
HEUR 1T R134a R258H2 I8 280/, iR
R123 il R141b R4 IHFE R VIR EIE G &.
2.2.2 KHBEO ARFRLSTABHSMN  FEM
SHERE L B O AR 4 AIRAEERE &
JEW AR B AT e B WS 0 AR e
AT 55 25 HL A 1 i RS

6 F1 7 43 SR TE 25 5 TAE SR W s o
CE ARG H A b B v 528 1k i il
2. B 6 F1 7 AT, B ¥ A BE O, X AN
I 1 ¥4 791 %) i 86 O 11 B A FNR A & ELAR Y 22 Al
Aok R, S HI A 1000 kW I, L R141b 1
R123 2y TAEA BT A W S g 09 RO AR 32 3 (T vh

—-R134a
100 | =R141b
-4-R123
80 | ®R236fa
g
£ 60
AN
40+
,=80 C
20 1.=31C
. . =10 T
0 300 600 900 1200
OJ/kW

B6 mHEoACHEHAAER bl &
Fig. 6  Variation curves of nozzle diameter

with refrigeration capacity

300

-+-R134a
250 | =R141b
-4+-R123
200 | ®R236fa

g
E 450t
=

100
1,=80 T

50 t,=31C
=10 C
0 300 600 900 1200
O/kW

W7 RAEFEAHMF A ELT &
Fig. 7 Variation curves of the mixing chamber

diameter with refrigeration capacity



54l 7k

W% B R236fa 15 H 4 7 69 50 4 #1 4 R 5 M 8 2 A7 501

SN E S  WEEME O B AR #AE 100 mm A4, 1R
B = HAAHBTE 270 mm 2247 s DL R236fa ) TAEA 5
PRI IS W 1 B AR 7E 60 mm 2245 - 1R &% HARTE 150
mm 7247 ; Uh R134a S TAEA 5T 00 ME % 0 11 B AR E
40 mm EH IR EFEEHARTIE 90 mm £ 4. — Kk
UL WU AR A EA D BRK B  HEBKE MY
BMERKESRAE BN —E MR, LEHE
Gy R A 4 R 69 R I, T F AR DL R134a,
R141b,R236fa Fll R123 &y TAE A 5T 1 W 5 £% 5K
2909 1.5.4.0.2. 2 Fl 4.0 m. £ LE43 B ol 0, 76K
IR A 7 Hp, BE B R2361a 4 4 T4 A 5 14 155 5t 4
R RGN E RN, 5 T2 06 E.

W% IS 28 R~ = 2 b 8 R0 A I G 8 b A A
TR SE 1Y 1 1] 8 750 A AR B St H i ¥ 790 7 il &b
ARAS T 10 %5 B R T & 3 U E Y. FE LA R123 N
R141b Ky TAEA BT 09 B3 55 0 v &R G2 b, Jot ot i i
ARAR /N (FL % 8 0 S 32 3 8 AL A R 4
e 28 08 5 2 00 4R RS 3 K 7E L R134a
TAEA BT A S 6 v FR G, Jo U o R AR R
SR J3E A IIC /N A ¥4 711 R T M S5 445 1 RS
BN HELL R236fa Ry TAEA 0T B W85 ¥ R ge
J R KR BN BRI T R134a, 5565
LA, e 2 B S 2 ) RS I R AR K e ol v,

eSS R LR e N W RS
R236fa &4y PE 5T 8 R 52 KA Tl AL 48 ki
B TAEA k.
2.3 I FIRT R S0Pk RE 5 M

78 0 X A R Gulk RE A A e PR R L AR
A TR ot ot 54T, LA R236fa,
R141b.R134a #l R123 & TAEA 5t (4 w5 =X il ¥4
ARG PERE R COP. WNE 8~10 fi/R.

0.34
0321
0.30F
o 0281
8 0.26
0.24F
0.221
0.20t
0.18

--R236fa

-=+R141b

1,=80 C --R123

1,=31 C -+R134a

6 8 10 12 14
t./C

K8 COPMARLIEESTMNHA

Variation curves of COP with evaporation

Fig. 8

temperature

0.29
0.28}
0.27
Q.
8 0.26
0.25} —--R236fa
y -#R141b
0.241 ,=31C -e-R123
1.=10 C -~R134a
0.23 : y '
74 76 78 80 82

1,/C
B9 COP M &£ & EE %

Fig. 9 Variation curves of Q)P with generator temperature

1,=80 T —*-R236fa
1,=10 T -=R141b

0.31F -e-R123
0.29}+ -4-R134a
o 0271
S 025
0.23F

0191
017 X '
29 3 33 35 37
t./C
M 10 COP [ 4 %5 & & i &

Fig. 10  Variation curves of COP with condenser temperature

ok B8 ~ 10 By X b 43 A AT B0, DL R236fa,
R141b,R134a Fil R123 Jg TAEA 5t 4 s 5 =0 5 v
R0 COP #3231, R134a 1) COP 78 K#B4
T Bt B - R236fa FLR. Ay ms 5 =00 % R 46
F BN T AR BRI R R134a 1R
S il ¥ ) A M 5 VA 2R g nT LS8R = ) COP,
HZ RGN R BRI, B, N RS is 1T
P RE ff Bk 43 M. R236fa B 36 A KA Tolk 4k A= 7=
() 2.

3 4 #

(1) BB B BT A 77 G P8 22 () 1E 9% | 43
BT . R236fa 25 5 il i FE £, M B A 8% . A4
BT 2 0 R 1 1 M

(&4 1 000 kW ¥ 17 fap 09 155 555 =X 761
ARG B R236fa N TAEN A R A FER
AN K AR V2 1 o U o BEAS ] LA 208 AN 3

(3D B 5%t AN [ ¥ A7 A T 15 11 A9 W5 35 8% ¥ 97 Fif
/N, R236fa {9 AH X ROSF R /N , KK T 48 1% 4 19
o7 S ] TR A R



502 A % # L Kk % ¥ # % 52 %

(WD EZEREFIT RS BE M, R236{a R134a vapor ejector refrigeration system [ J ]
HABEM COP. International Journal of Refrigeration, 2006, 29 (7).
G DL AL R0 ST f

. . orantes R, Lallemand A. Prediction of performance o

i 35t 2 PR 3 ATl AL A7 9 T AR A B a jet cooling system operating with pure refrigerants or

%2 ik non-azeotropic mixtures [ J]. International Journal of

Refrigeration, 1995, 18(1) :21-30.

[1] Aphornratana S, Chungpaibulpatana S, Srikhirin P. [9] Boumaraf L., Lallemand A. Performance of a jet cooling
Experimental investigation of an ejector refrigerator: system using refrigerants mixtures [ ]]. International
Effect of mixing chamber geometry on system Journal of Refrigeration, 1999, 22(7) :580-589.
performance [ J]. International Journal of Energy [10] Selvaraju A, Mani A. Analysis of a vapour ejector
Research, 2001, 25(5):397-411. refrigeration system with environment friendly

[2] HUANG B J, CHANG J M. Empirical correlation refrigerants [ ]J]. International Journal of Thermal
for ejector design [ J]. International Journal of Sciences, 2004, 43(9):915-921.

Refrigeration, 1999, 22(5):379-388. [11] Selvaraju A, Mani A. Analysis of an ejector with
[3] HUANG B J, CHANG ] M, WANG C P, etal. A environment friendly refrigerants [ ] ]. Applied
1-D analysis of ejector performance [J]. International Thermal Engineering, 2004, 24(5-6) :827-838.

Journal of Refrigeration, 1999, 22(5) .:354-364. [12] HUANG B J, CHANG ] M, Petrenko V A, et al.

[4] HUANG B J, HU S S. LEE S H, eal. A solar ejector cooling system using refrigerant
Development of an ejector cooling system with R141b [J]. Solar Energy, 1998, 64(4-6):223-226.
thermal pumping effect []J]. International Journal of [13] HE S, L1 Y, WANG R Z. Progress of mathematical
Refrigeration, 2006, 29(3):476-484. modeling on ejectors [ J]. Renewable and Sustainable

[5] Yapici R, Ersoy H K. Performance characteristics of Energy Reviews, 2009, 13(8):1760-1780.
the ejector refrigeration system based on the constant [14] Humberto V, Sergio C, Guiherme S P. Modeling
area ejector flow model [J]. Energy Conversion and and hourly simulation of a solar ejector cooling
Management, 2005, 46(18-19):3117-3135. system [J]. Applied Thermal Engineering, 2006,

[6] SUN D W, Eames I W. Performance characteristics 26(7):663-672.
of HCFC-123 ejector refrigeration cycles [J]. L15] &Mk, iR waBlM]. #h=.%. .
International Journal of Energy Research, 1996, BHF R, 1997,

20(10) :871-885. Sokolov E 51, Jingel H M. Ejector [M]. HUANG Qiu-

[7] Selvaraju A, Mani A. Experimental investigation on yun, tran. Beijing:Science Press, 1997. (in Chinese)

Performance analyses of ejector refrigeration system with R236fa

ZHANG Bo", ZHONG Fu-chun, CONG Wen, LU Jin-sheng

( School of Energy and Power Engineering, Dalian University of Technology, Dalian 116024, China )

Abstract: The characteristics of R236fa and its feasibility as refrigerant of ejector refrigeration
system are studied. Through the thermodynamic analyses on the ejector refrigeration system, the
operation efficiencies with R141b, R123, R134a and R236fa as working fluid respectively are
compared, and the advantages and characteristics of R236fa as refrigerant in ejector refrigeration
system are drawn. The operation system performance of the ejector refrigeration system with R236fa
in different working conditions is analyzed, and the pump power consumption, the COP and the
ejector critical geometric dimensions are analyzed. When the cooling capacity of system is 1 000 kW,
the maximum pump power is 58 kW, the diameter of the mixing chamber is 152 mm, COP reaches
0. 35 maximally. The research results show that the ejector refrigeration system with R236fa has
better economical benefits and outstanding advantages in the design and manufacture of the large-scale

refrigeration system.

Key words: ejector; R236fa; refrigeration; COP; large-scale



