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Abstract Objective: To evaluate the airflow organization
and distribution conditions in the air-conditioning ventilation air
ducts and space of a metro train passenger compartment, it is
necessary to adopt simulation analysis method for analyzing and
assessing the spatial flow field and temperature field in passen-
ger compartment during train air duct design phase. Method.
The Star-CCM + software is employed to establish a 3D geo-
metric model that includes the supply air duct, return air duct,
flow control structures, interior components of the duct struc-
ture, the wiring harnesses, drainage pipes, door mechanisms,
electrical enclosures inside ducts, and compartment interior ele-
ments such as seats, doors and windows. The simulation utili-
zes a polyhedral mesh to discretize the computational domain
and conducts comprehensive simulation analysis of spatial stre-
amlines, velocity fields, pressure fields, and temperature fields
for the typical cross-sections of ducts and compartment. Result

& Conclusion: The supply air duct provides uniform air distri-
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bution and performs well in guiding and allocating airflow. The
presence of components such as door mechanisms and electrical
enclosures in the return air duct reduces the effective area, re-
sulting in increased local airflow velocity. The spatial airflow
organization and distribution in compartment are uniform. The
compartment interior maintains a slight positive pressure, and
the temperature distribution is uniform. The overall technical
solution of the air-conditioning and ventilation system meets the
engineering design requirements.

Key words metro train; air-conditioning ventilation; air
duct; numerical simulation

CRRC Qingdao Sifang Co., Ltd.,
266111, Qingdao, China

Author’'s address

HoA%H) 4 % 25 28 P X R 5 2 2 R s LA
FIRGEZE I, U 20 aod 26 XU 7] 5 =8 N aE XL,
3 st T R 0472 3 DA 30 IR B s AL
MR A X BT i P A I 2 A R A A UE
A — 050, T 326 XE | (0] XU B3 7 22 i A
P AERGE R AR O, TN XGE R T o O T
XoF i B A1 2 2 a8 s el KUK B 5 S T A R
WAL A 4T RGO I, 5 2R 05 B i F
B AEBN A MGE BT B BOW % %8 23 (8] i 5 Bt B2
O A OLBERT 73 AT B bA o

FRTTH AR 30 71 24 05 B EOR B A Wl &%
FIEMARGEBT R R Z N, o IR %
P39y L T AR A0 B A, 02 PP X B %
2SR EEY) R 19 Bt BE G W 3 A O o I Al AR
e BTS2 SR A KGR, 2R AT 1 003, A
TR &A% WA & LA, A SR Star-
CCM + BRAF 4 57 B EORERY , I 41X 2% B A6, 52
BRI 3 A 5 BT SR

1 B2uHEHEER

1.1 JU{At&Es
Ay ELSE W 3 A Al X R %5 S [a) N A T



YR RAE , T P B8 -3 224 A7 A0 X 90 1 5% i 458 K g A AR
SERE BT RRAE .

TG 6 AT L AR] A5 7R fg s 2 o, (R B8 O3 2
faifk T AIMLEE 26 RGE | 32 2% KGE # | 26 XUE P
RSN E ) AR

FEFA A [R]XUTE LA A AR (1 o i v, % B O3 24
fRIAL T =[] JRGTE | ] R T P, DL R XU PN 3 1 26
HHEKAE TP B AR A

TEZ Z 25 N, D) B O3 S Ak 1 8 far Bk
R IV B SR, A8 W T 4 2 (i1 50 5 48 A5 X i 3 5 Tl
KRR B 1 NSRS 19 4% =24
(5 B AY . Horp, R % 28 (B AR K 2 23 m,
e 3 m,FH2) 2 m, FiERGER 2 20 m,

) BEAR AN
B FEBERA =4k L7y

3D geometric model of main parts

Fig. 1

1.2 BRI 5y

iz ] Star-CCM + Hcf {47 14 W A 4k BEAS B,
AT IGE R A S TS B 2 B R . AE R
K r i #E b, xRl AL A K KGE | XGE A A 2R
FHEKAT TTHUAG | AR R Btk TR LT R
SR/ ELUR R 3l R 5 MR R A 45 R AT AR
BEARFR X T O b AR A AR KA DX, H T R
JOSF 3 Y R, ol 45 90 s 50 o A B AR 4 4

il o BRI o3 5 ) EACRL AN & 2 s, 24
23[R R S 5024k 1 800 J54,

B2 AR o3 i i £ B

Fig.2 Simulation model of whole-vehicle grid division
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Fig.3 Screenshot of spatial airflow line distribution of

air supply duct
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Fig.4 Screenshot of velocity field distribution at the middle

section of main air supply duct
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Fig.5 Spatial airflow line distribution of air return duct

P 6 Ay [l JXUIE 4 1) DX S T B 3 oA o il T
[ JXUTE P T DAL A | fL 2 i 45 0 P O A7 A, R L 50
AR AL o AEZS P HLLL [0 U I, 28 AL HEK
NGk C <o e d o O N DN T 2= G U R
RGHSE R o

SIHEE/ (m/s)

6.000 0
-

5.1429

42857
3.428 6
2.5714
1.7143

i0.857 14
0

P06 [mJRUE 47 ] DX A T e 2 37 7 A1
Fig.6 Screenshot of velocity field distribution at door

area cross-section of air return duct
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Fig.7 Screenshot of spatial airflow line distribution of whole-

vehicle passenger compartment
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Fig.8 Screenshot of pressure field distribution of passenger

compartment typical cross-section
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Fig.9 Screenshot of temperature field distribution of passen-
ger compartment typical cross-section under different

working conditions
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