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A comparative numerical simulation study on ventilation performance of
train equipment compartments by the fixed—frame uniform—inflow method

and the moving reference frame method
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Abstract: During open—air operation of high—speed trains, the fixed—frame uniform inflow method, which

keeps the train stationary while the airflow moves, is commonly used to simulate equipment cabin ventilation.
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However, the equipment compartment is located beneath the train, where the surrounding flow field is strongly
affected by the ground effect. The moving reference frame method can more realistically reproduce the relative motion
between the train and the track. Therefore, a comparative study of the two methods is necessary. A four—car high—
speed train model was employed. Simulations were performed using the standard k- & turbulence model at an
operating speed of 200 km/h. Grid independence analysis and full-scale experimental validation were conducted.
The computational efficiency, flow—field characteristics, and ventilation—rate prediction accuracy of the fixed—frame
uniform—inflow method and the moving reference frame method employing overset grid technology were then
systematically compared. The results demonstrate that, under identical computational settings, the moving reference
frame method requires approximately 50% more computational time compared with the fixed—frame uniform—inflow
method. Both methods predicted external flow—field pressure distributions with mean relative error below 5% and
captured similar internal flow structures, confirming their engineering applicability. While the minimum relative
error in skirt panel grille time—average mass flow rate prediction was 3.33%, the maximum relative error reached
—=14.73% in the car 03. This considerable discrepancy highlights the significant influence of ground effect on
ventilation systems employing side—inlet and bottom—outlet configurations. In conclusion, the fixed—frame uniform—
inflow method demonstrates superior computational efficiency and satisfactory applicability for most scenarios,
whereas the moving reference frame method provides more accurate predictions of ground—induced aerodynamic
effects.

Key words: high—-speed train; equipment compartment; ventilation performance; moving reference frame

method ; fixed-frame uniform-inflow method
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Fig.4 Internal equipment and inlet/outlet vents in the equipment compartments of each car
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Tab.l1 Comparison of grille flow rates under different mesh densities in the moving reference frame method
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Tab.2 Comparison of grille flow rates under different mesh densities in the fixed—frame uniform—inflow method
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Tab.4 Computational cost under different simulation methods
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under different simulation methods
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Fig.14 Pressure measurement points (red points) at the train

head under different simulation methods
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Tab.5 Comparison of 01 car pressure measurement point errors under different simulation methods

JE7) A1 52 W53 W54 WSS Mri6 M g7 M ri8 M9 FEME
ZEBhi/Pa -82.99 -80.96 -80.02 =79.92 -80.93 -77.68 =76.05 -78.79 =77.24 =79.40
R R /Pa -81.66 =79.48 -76.66 -74.59 =75.11 =73.79 =73.72 -73.28 =72.78 =75.67
2% 1R 2 /Pa -1.33 -1.48 -3.36 -5.33 -5.82 -3.89 -2.33 -5.51 -4.46 =3.72
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Fig.15 Pressure contour of equipment cabin at 5 s of

train operation

BUR [R5 57 3 F 03 E B M P A M E S =
KL, anfE 16 & 17 s . BARITT S, A8 AL i i i A
52 BAWAE AT )y ) R BE R RE 0, I8 2 A AR N
B E SZ A . 1003 235 48 A I A ) 4 5 AR A, 1 B
3 A S v e DX, G g WA v T A AR A A L
A 1) F o Bl I ) ) AR R A P, 5% B A B
HERG . AR 5 2% 350 R 4l 1 4 A ks ARG 40 245 44 Ak
(AR RV A, B R AR5

L-04 L-03
TOMNORN  HWEETD

L-07

R-07 R-05

R-06
H16 03 & &MmsiEs =R

Fig. 16 Pressure contour of equipment compartment grille in

03-car using the moving reference frame method

WY A8 4T 5 s B | FF T (5 B 2= 486 mm Y%
MR R A s AT U0 R AR 18, AR RS A ]
Lok, ik 5 RGE B TE MR EAR 2% 2T
I3

PRI b Y O v o D P o s i
W A T 55 421z 2 5 el A S B o B 67 1) 5 e Ui
o, FEHIK S M), T B RERS .
e FER T sk E S R 1A A st T
1 & B BRSO, BRI 25 e b F b 42 R 758



45 8 301 SEERAE WX I B0 9 2 8 XL R O B0 HF 143
BeiEs MR IR/, AR A AT O e BB/ 5 02 2 B i X

< =500 0 > 500

R-04 R-03 R-02 R-01
L-07 L-06 L-05

R-07 R-06 R-05
B 17 Rk 03 F X &-Aetsitt /& 1 = B
Fig.17 Pressure contour of equipment compartment grille in

03~-car using the fixed frame uniform inflow method
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Tab.6 Time—averaged mass flow rate and relative error at

skirt grilles of each equipment compartment under

different simulation methods

A 44 5T ik g 01 % 027 03 % 04 7%
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Fig.19 Velocity vector contour at the outlet vent of the traction

transformer in 03—car under different simulation methods
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Fig.20 Mass flow rate time—history curve at the outlet vent of

traction equipment in 02—car under different simulation methods
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Fig.21 Mass flow rate time=history curve at outlet vents on both
sides of the traction transformer in 03—car under identical

simulation method
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Tab.7 Time—averaged mass flow rate at outlet vents of main air—consuming equipment under different

simulation methods
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