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Energy Consumption Characteristics and
Load Influencing Factors Analysis of Air-Conditioning for Plateau Railway Trains
Bi Haiquan Zhou Yuanlong Wang Honglin Lin Congyun Liu Xin
( School of Mechanical Engineering, Southwest Jiaotong University, Chengdu, 610031 )

[ Abstract]  The plateau railway is an important component of China's railway network. In plateau environments, as the altitude
of train routes changes, the load of train air-conditioning rapidly changes, seriously affecting the stable operation of the
air-conditioning system. This article uses Amesim energy consumption simulation software to establish an energy consumption
simulation model for plateau train air-conditioning systems, studies the energy consumption characteristics of plateau train
air-conditioning, and analyzes the impact of determined and uncertain factors on the energy consumption of plateau train
air-conditioning. The research results show that the energy consumption of compressors in the air conditioning system of plateau
trains accounts for about 50%, the energy consumption of evaporative fans accounts for about 30%, and the energy consumption of
condensing fans accounts for about 20%. The change in fresh air volume of each building has a relatively small impact on the
energy consumption of air-conditioning for plateau trains. The heat transfer coefficient of the train body has a relatively small
impact on the energy consumption of the train air-conditioning system operating in complex plateau environments. In areas with
geothermal anomalies, the energy consumption of air-conditioning systems is linearly related to tunnel temperature. When the
tunnel temperature increases from 28°C to 40°C, the total energy consumption of train air-conditioning systems increases by 16%.
Among the uncertain influencing factors, the order of the impact on the load of the plateau train air-conditioning system is: number
of passengers>outdoor air temperature>outdoor air relative humidity>solar radiation intensity>outdoor atmospheric pressure.
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Table 1 Components of vehicle enclosure structure

LR INERER T Y 4t TR [W/(m-K)] J5F /mm
e &L 1.86 50.0
= REE R 0.03 100.0
il AR AR (BN 0.50 (0.40) 1.5 (3.0)
= 0.03 50.0
FHE RIS A 0.04 80.0
= REEA R 0.03 10.0
WZERE 4 1.86 50
R4 0.038 50
ks FHE RIS A 0.04 20
= 0.03 30
SRR BN 0.40 3
M= 64 1.86 30
HEREHAAR GRIHAR AT 0.125 (0.29) 22 (2.5)
HAR B A B 3 22 K s 0.033 10
FHE RIS A 0.04 10
= 0.15 40
LN — — 20
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Table 2 Parameters of various components of the train air-conditioning system

S HRSH
FEZERL H B 108cmrev, ZEHIABE 71 23kW, BT TR 7.2kW, [E45LE<10.5
- W HMEN 9.52mm I NIRSUE, 4K 1400mm, EFE 25%19mm;
R NSRRI STIN GRS, JEE 0.15mm, JrEE 2.5mm
. B AMEN 9.52mm I IRSCHE, B K 1400mm, E(A]RE 25%21.65mm;
R RN 0.15mm JEMSE/KETF A, A EE 2.0mm
TR E HLF I K 1R

KA E A RALRE 2400 m¥/h, TR 1.2kW; ZEHMANXE 8000m*/h, THE 1.18kW
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Fig.1 Energy consumption simulation model of train air
conditioning system
T Rz - IR Bk 2 b B 5 42 118 AT
THRIRWER 3 Pron. JIERT B IETEE N
114km/h, ZHIN R SBTHREE N 23°Co %k nd
B H AR A 2 s .
®3 FESTHRIE
Table 3 Train schedule

2 WEFERIUE
MR SCHR[1 7] I PN B 5 TN 25 R 504
AU 1 RIS G2l RGRERENT B, WA
S T AT IRAE . SCHR[ 171 A A1 4R S5 R
MW R SRR 4 K 5 Fios.
T4 XD ERBPLEEER

Table 4 Composition of vehicle enclosure structure in

literature
ghi) s CANAZISM) JEJ /mm
TEHHRES 25
TEHHRE 25
w0 FRAIM 50
W73 I 2
I 75 15
s TEHHRES 4
FRAIM 65
W73 1
TEHHRES 35
e AR 10
JREE W7k 10
FRAIM 80
W73 I 1
LN — 20

34 4k /m ESl]iny R 153 /min
bR 605 — 13:00 o
R4 1093 13:12 13:14 2
ViE 1600 13:47 13:49 2
RETE 2676 14:10 14:12 2
By 3450 14:45 14:47 2
TEVL 2670 15:11 15:13 2
HyH 3940 15:55 15:57 2
LI 3450 16:46 — —_
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Table 5 Parameters of various components of train

air-conditioning in literature
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Fig.2 Temperature at train operating stations
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HEATAL BEMNR: 6.81kW
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AEES R 25mmx21.65mm; S 0.145mm JE 15
KETE R, Jr¥E 2.5mm
M 9.52mm N IREUE, K Im,
KA [APE 25mmx21.65mm; W 0.145mm £
KETE R, Jr¥E 2.5mm
Seriik=g % 42 3mm, K 0.8m
= W RBLUNE 2000m3/h, T 0.55kW; =4+
AL

KL 8000m3/h, I 0.75kW
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Table 6 Comparison of simulation and testing of

air-conditioning energy consumption

SCHRT7)FF RS S ACSCH G SR iR 2
/kWh /kWh /%
13533.01 13845.76 2.31

3 HBREDH

3.1 ARSI EREFERE
P72 A e FE BTG A HLAERE . 28R AL

REFEANVA BEXNLRERE . S RIT R e, 28K KWLER
FEIP IR, 074 B LT 5 B0 IS g ALK T 8
BB RGE, EAHITER, BREXITE . Bk,
FIZERAT RIS REAEN: — G IRGHLRERE+T —
& IS A8 HLRERE+ LA 28 R ML REFE < 28 R XMLIT R
BB+ BNV B AN L BEFE < VS KD LIT 5 BB 242
MR AT RO HA . HEIRIN, BREFEaRU L=
ANERIY . A RAL T B ARIE R A, e
REFEZ R NNLBERE . AT LAREREII K /NG 5 2 1K)
IBATHRAA KKK AR

AR 3 7 (1 51 ZE Ik Z A0 2 mP A 2 U
SR v SR 2R 2 R G AT AL 1B 3 R N T
JRE P PR 2 TR AR A R, B R R A AR
TR (40°C oyt ke i M X BEIE A 10 SR D«
ME 3 AT LA 2, 3R s T B, &
JFE N 1 2 SR ETE 22°C~26.5 C VG N A2 1k, H
HR R S DX A R R B

0 2400 4800 7200 9600 12000 14400
iRl (s)

3 ERAMZESIEE
Fig.3 The air temperature inside the carriage
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Fig.4 Energy consumption of train air-conditioning

system
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Fig.S5 The proportion of energy consumption of each

component in the train air-conditioning system
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Fig. 6 The relationship between fresh air volume and

total energy consumption
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Table 7 Heat transfer coefficients of various parts of the

vehicle body
FM ETWMW/(mK) MR W(m-K) il W/(mK)
1 0.2113 0.1275 0.3654
2 0.1586 0.1477 0.3079
3 0.2097 0.1569 0.2032
4 0.1560 0.1035 0.1697
5 0.1405 0.09920 0.1576
6 0.1153 0.07818 0.1378
7 0.09089 0.05778 0.1187
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Fig.7 The relationship between body heat transfer

coefficient and total energy consumption
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Fig.8 The relationship between tunnel temperature and
total energy consumption
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Table 8 Orthogonal experimental factors and horizontal values

P SAMEAIREC AN SURRRE % EANKAUS bar FANKBHARS(Wim?Y)  SREAKUN
1 37.40 73.25 0.937 931.11 90
2 27.93 59.05 0.783 610.63 60
3 18.45 44.84 0.628 290.15 30

FT TR SR O 577 B2 0 B 12
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Table 9 Orthogonal experimental table

A B
C D E F
P AR HHMER - R fiud
i HHMKAUE KBRS EREE  REAE =A%
T AR
1 2 2 1 2 2 3 220413.8
2 1 3 3 2 2 2 251733.6
3 3 1 1 2 3 3 30507.33
4 3 1 3 2 1 2 268973.4
5 2 1 2 3 3 2 138784.9
6 1 2 1 3 3 2 186857.1
7 1 1 2 1 2 3 550548.4
8 2 1 3 3 2 1 256832.9
9 1 2 3 3 1 3 274449.6
10 3 3 2 3 1 3 181647.5
11 2 3 1 1 1 2 251733.6
12 2 2 2 2 1 1 3202322
13 3 2 3 1 3 1 68401.11
14 3 3 1 3 2 1 105993.0
15 1 1 1 1 1 1 503059.1
16 3 2 2 1 2 2 139771.7
17 1 3 2 2 3 1 154008.7
18 2 3 3 1 3 3 104255.4
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Table 10 Results of analysis of variance

I 11 28775 1 H B7 F SEME W Eta Py
B IERLRY 290409860279.95¢ 10 29040986028 8.89 0.004 0.927
B 8.92539E+11 1 8.92539E+11 273.221 <.001 0.975
BRI 1.06017E+11 2 53008330158 16.227 0.002 0.823
AN AT 44721060947 2 22360530474 6.845 0.023 0.662
FBHRAE 36000031648 2 18000015824 4918 0.039 0.528
ECIW NI 40694146876 2 20347073438 6.167 0.021 0.625
e N3 1.12978E+11 2 56488980246 17.292 0.002 0.832
RE 22867069286 7 3266724184 —_ —_ —
Bt 1.20582E+12 18 — — — —
1BIE )G St 3.13277E+11 17 — — — —
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