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Modeling and Optimization of a Refrigeration System for
Metro Train Air-conditioning
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Abstract Though metro in China today is booming, the typical refrigeration system for metro train air-conditioning is at quite lower ener-
gy efficiency level (COP = 2.2 -2.3) in comparison with the residential systems under the same operating conditions. A refrigeration
system model was developed to predict the metro train air-conditioning system performance. The predictions agreed well with the experi-
mental data. Based on comprehensive modeling and analysis, the refrigerant circuitries of condenser and evaporator were optimized and
smaller capacity compressor of higher COP was adopted. Consequently, the optimized system COP increased 21.7% at almost the same
cooling capacity and cost. At last, the refrigerant R407C was replaced by R410A and the system were accordingly redesigned, which

brought additional 11.3% COP increase and achieved 3. The present method and results could be valuable for designing high performance

air-conditioning system of the metro train.
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Fig. 1 Refrigerating unit for metro train air conditioning
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Fig. 2 Schematic of refrigerating unit model
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Fig. 3 Structure of the finned-tube heat exchanger model
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Tab.1 Comparison of simulation and experimental data at rating conditions
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Tab.2 System performance after 1st-round compressor replacement

—_— JEARpLERE FYilkfE

iR e/ kW FiEDIFE/ kW #iE COP Be/ kW Uik, kW cop
JR ARG 16.5 5.80 2.80 32.4 14.3 2.26
R RS 16.6 5.15 3.22 32.4 13.1 2.47

2.2 SRt

MEEBR A, ¥ BE A AL 322225 i =N Jr Tl
EHER (- HER A BORAR ) VA 790 I 5 (I 1%
BOMR I BOEE 7 NI 45 1) 8 R8s, otk
A ¥ B LR B AN AE

& 4 SR T ¥R BE s S HEBOR I ¥8 550 I i 20 1k
AP RS COP A8 4k, Bifi 45 4 HEE ny3E i, & 48 COP

Bob A O (N B e 5 57 S A =i e S i)
o, &4 COP SeTt G b, AEAE — DI AR BE 2L, 1
PV Bk PRV 300 ) O sl 4t A 5 R 8 8 B e A DT
R 7S ) 2Z R, BB T R AS ¥ e
EHEBGE S IR TR R 6 HE, 1 v 700 i B £
Jriseit 10 gLkl 8 B, AN HL, :48 COP M 2. 47
FE 2,55,



$£35% F£61H
2014&12 8

#% F iR

Journal of Refrigeration

Vol. 35,No. 6
December, 2014

WAL, RGEBERLEE R , UV BRI P AR
%, FE2s [ Z BRI B0 AT LA e s i e .
5 FEUARE I 5 B (RPusb Fr (R EE ) XF &R 48 COP
MRS, R B B3 IR T TV AR 1 4 A AR
77 AR ] B st D 1 s S BB 1, S EOR
N R, RGN ES TR BER I RE T, IR A S E0A BE
RAHUFEDIE I . Rt A — > B A A e [l R, % T
R B R AEE YN 1.3 mm, (HAEZEG 5 BN
o KM A BUKER R G, 7 1.5 mm 38 7 (7]
B, AR HL, 245 COP M 2.55 [ F+% 2. 66,

287
2.6
a9
S 45
-
\

) -6
22F <7HE
M-O*\ i
ool oo -o-9%F
5 6 7 8 9 10 11 12 16 20
S = ST
4 2% COP 4 =S EHE AR BBk

Fig. 4 System COP change with condenser row number

and circuit number
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Fig.5 System COP change with condenser fin pitch
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Tab. 3 System performance after 2nd-round replacement with smaller compressor
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Tab. 4 System performance with working fluid R410A
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