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Abstract

The cyclopentane + LBA + R600 multi-component foaming system can better meet the technical re-
quirements of electrothermal foaming. The foam has good fluidity, the product’s foam density dis-
tribution difference is smaller, the pore size distribution of foam cells is uniform, and the thermal
conductivity of foam is lower. The energy efficiency margin of the product is 3.3% and 1.4% higher
than that of the pure cyclopentane and cyclopentane + 245fa binary foaming systems, respectively.
The long-term thermal insulation performance is relatively stable, which can save 10%~15% of
foam materials and reduce the cost of foaming raw materials.
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Table 1. Physical properties of common foaming agents

F 1. BRABTIRIIR T EE

R E2N» Wi LBA HFC-245fa R600 HFC-152a HFC-134a
R C5H10  (E)CF3CH=CHCl  CF3CH2CHF2 C4H10 CH3CHF2 CH2FCF3
oy F R 70 130.5 134 58 66 102
i/ C 49 19 15.3 -0.5 -25.7 -26.5
MR 78S /kPa 34 106 124 258 599 572
GWP 5 5 1030 5 124 1300
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WL B 1 R SR NN i R R WA URHE R, e RIS EORH LR R =115, BEARES
130/130 bar. S ARNGE 18°C~20°C, WELE 400 g/s, FENMEBIE A, 2L S min, BOBEH EHIE R
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3. BR 51118
3.1. FREI%EEFRBERDIENMERELL B

¥ FAT 2.2 R, B HS AR R R IR +245fa 0 RIBAR R LIRS + LBA +R600
ZICRIEAR R IR, MRV R P RE L L R 2 2.

Table 2. Comparison of foam physical properties of different foaming systems

= 2. NERBFFRIRIEMRER LR

WL e R W IR R e AN
JE 7105 & kg/m? 382 35.7 32.1
B A 2 kg/m? 4.52 3.26 1.57
JE4 5 5 (- E 77 1)) kPa 155 152 151
S A$(22.5C) mW/mK 20.1 19.8 19.6
R~} R sE ME(-40°C)% -0.65 -0.51 —-0.45
R~} EH(100°C)% 0.36 0.38 0.39
RELA T HF-1 HF-1 HF-1

LB 2 " A1, S + LBA + R600 £ 70K HIAK 220K K 710 25 5 PG 10.3%~16.6%, TiEK
HRL 10%~15%, VUK F5 455 58 B S AR AR 24K, T IR B 25 B 20 A 22 B S ek — 2B DL B, SRl
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Figure 1. Scanning electron microscope of foam of cyclopen-
tane + LBA + R600 multi-component foaming system
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Table 3. Comparison of 24 h inherent energy efficiency coefficient and temperature drop of different foaming systems

2 3. FEILOKRREN 24 h BB RBFE LS

AP A SRR R b+ 205t R IR
24 h [EG RERUR B 0.672  0.671  0.677  0.668  0.662 0661 0651  0.655  0.647
WA 1535 1533 1551 1529 1547 1543 1523 1539 1521
24 h i 30 K 1553 1562 1566 1542 1561 1569 1541 1549 1536
90 K 1580 1571 1591 1569 1588 1581 1566 1572  15.61

HBE: EFERE . FREEEE 20°C; #EKE A 028 MPa; #E/KIRE 15°C; hidid] 75C (RIE)IRZS
TRREWT R K), 08P 24 h J5 PR IR %

AR 3R, BRI + LBA + R600 £ 0 K A REEAL 24 h [ A REMCGREUH LU AR SGe FIER e +
245fa — U IR R 3 RIFEAIK 3.3%H1 1.4%, {1k mi 2 0 RIEAK R AT LARFH LA HLAY IR AR 2 30 K
90 KiPEIRIGKE, HILLE + LBA +R600 £ 70K il 1A REENE A L IR Rt + 245fa — 0 Rl
T RN HA B KRR R Y, IRk Re B A K B AT 2 .
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Table 4. Influence of different material temperature and tank temperature on the energy
efficiency of the machine
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LAl 2 F 3G 24 h [ REAREL
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RHE 21°C 0.558
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Figure 2. Influence of material temperature on energy efficiency of whole machine

2. LRI EEARE AT

PR ITEL S X AT RS 2

0.58

0.57
ey
W& 0.56
= 0.55
&
0.54
<
o~

0.53

0.52

15°C 25°C 40°C
PR R

Figure 3. The influence of tank temperature on the energy efficiency of the
whole machine
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