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Comprehensive Performance of a New External Thermal Insulation Heating System
for Railway Freight Equipment

WANG Feng-peng
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ABSTRACT: The paper aims to propose a new external thermal insulation heating system and explore its comprehensive
performance. With the cold chain logistics as the breakthrough point, a new thermal insulation heating system was pro-
posed to elaborate the comprehensive performance of the new thermal insulation heating system from physical perfor-
mance analysis, process performance practice, comprehensive performance testing, application performance verification
and other aspects in combination with the basic theory of heat transfer. After the thermal-dynamic balance of the new
thermal insulation material was achieved, the relationship curve between heat leakage rate and temperature difference was
relatively stable and had no big fluctuation point. At the same time, the diesel consumption of the new heating system was
reduced from 19.3 L/h to 17.2 L/h, and the average heating time was reduced by 1 h. The heating efficiency of the new
external thermal insulation heating system is greatly improved, and the heat loss is further reduced, while the loading and
unloading efficiency is accelerated.
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Tab.1 Comparison of physical properties between rock wool and polyurethane

4 AL SRAEH/(W-m2-°C) fifi FH I B2 /°C RH A 20 B (kg m™3)
RATRFHEB AR bR 0.02~0.03 —60~80 A, Bl1, B2, B3 45~60
FRREER AR TR IR 0.035~0.041 ~600 A, Bl1, B2, B3 80~150
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Fig.1 Composition and combustion performance test of composite polyurethane
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Fig.2 Manufacturing process of outsourced rockwool
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Fig.3 Manufacturing process of outsourced composite polyurethane
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Fig.4 Process Comparison of outsourced rockwool and polyurethane
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Tab.2 Sampling and testing report of polyurethane
T A 38 % PR FHA AREIHL . AT E0 e 1Y
FE AR FLE AR . FE e
FEH RS 350 mmx350 mmx80 mm
R it A ) 3 [ A HARFEAIRE S 2 FAITCH) U
I kg/m? 45~60 55.9 AR
FHRER W/(m-°C) 0.02~0.03 0.0225 =i
BUEIRIE kPa =200 369 B
AABEL % =26 32.2 i
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Fig.5 Dynamic flow of heat transfer system
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Tab.3 Temperature data record
[ iaf% VRS 1 MRS 2 MRS 3 MRS 4 MRS S WRAS 6 FIME =4ME  WE BIER
i i) BESC BE/SC WE/SC O REE/SC JRE/SC HEE/C /°C BE/eC /(W-°CY /(W-m2-°C1)
1 14:00 40 40 40 40 40 40 40 21 131.579 1.149
2 14:30 40 40 40 40 40 40 40 21 131.579 1.149
3 15:00 39 39 40 39 39 39 39.83 20 126.072 1.101
4 15:30 39 39 40 39 39 40 39.33 21 136.388 1.191
5 16:00 39 39 40 39 39 40 39.33 21 136.388 1.191
6 16:30 40 39 40 39 39 40 39.50 21 135.135 1.180
7 17:00 40 39 40 40 39 40 39.67 21 127.097 1.110
8 17:30 40 39 40 40 39 40 39.67 20 127.097 1.110
9 18:00 40 39 40 40 39 40 39.67 20 127.097 1.110
10  18:30 40 39 40 40 39 40 39.67 20 127.097 1.110
11 19:00 40 40 40 40 39 40 39.83 20 126.072 1.101
12 19:30 40 40 40 40 39 40 39.83 20 126.072 1.101
13 20:00 40 39 40 40 39 40 39.67 20 127.097 1.110
14 20:30 40 39 40 40 39 40 39.67 20 127.097 1.110
15 21:00 39 39 40 40 39 40 39.50 20 128.205 1.120
16  21:30 39 39 40 40 39 40 39.50 20 128.205 1.120
17 22:00 39 39 39 39 39 40 39.17 19 123.946 1.082
18 22:30 39 39 38 39 38 39 38.67 19 127.097 1.110
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VA5 L BE S U A PRl R e B PEREIN L, IF:
VA LI B O A E PR SE Y, ik Bk R I 46 PR R
AR TN DT s o AR P 3 T AR, LR 42 T
PR G- PIR 22 0GR, A R 48 FAA4 R0 12
F R, I 5 ST A 26 A e S A R A
PEI SRy PR B E AR

1 n
U_H;ug
L U PEHEHRE (WPC); n EHEIC S
WK o

5038 3 PRI 2 , P T R 5P
IRZEMCR ML, WK 7.

20.5

200

195}

HANEZE/C

19.0

185

136.388

18.0 T
122 124 126 128 130 132 134 136 138

WHEUI(W-CY)
B 7 TWiESEZERRINZE

Fig.7 Relation curve of heat leakage rate and
temperature difference
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Fig.8 Analog simulation analysis of temperature
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Fig.9 Comparison of heat flow in pipeline of heating system
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Tab.4 Comparison on performance of heating system
i BIHE MY ‘ . N iz WRIE I (4
T g SR MR i i R
251 FE/°C JE/°C K /h FE/°C ) /L
R EERE ExE 55 13~25 4130 H 1040 4130 H 18:10 7.5 140 135
R R ExRE 51 13~25 4 F30H16:00 5 01H02:30 10.5 140 189
JRERE EEES 50 13~25 4730 H 1845 54 01 H01:20 6.58 136 147.5
TR R it it 55 20~25 7 H 30 H 11:05 7 H 30 H 18:50 7.75 150 133
TR TR it i 55 20~25 8 H 26 H08:45 8H 26H 17:26 8.18 150 147
LS B it i 62 20~25 9)] 04 H 0838 9 04 H 16:10 7.53 150 130.8
FT5 MARFKREFENTLLER
Tab.5 Comparison on energy consumption of heating system
7= eI RE /L S AE/ (L-n!) SEH R ST T
TR TERH 157.2 19.3 115.8
B T 136.9 17.2 103.2
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