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Microenvironment and Thermal Comfort of Subway Carriage Occupants

Based on Amplitude-flow Fans
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Abstract: Subway carriages are ventilated from the outside world through fans, which regulate the temperature, humidity, and
wind speed of the internal environment of the carriages, improve air quality, and enhance the thermal comfort of passengers.

Due to the limited number of applicable thermal comfort evaluation indices, accurately determining the thermal comfort of
subway car occupants in transient environments is challenging. This paper first focuses on occupants of a B-type subway
compartment as the research subject and proposes the joint application of DR-Berkeley thermal comfort evaluation indexes by

considering both airflow comfort and heat sensation. The study then employs the Stolwijk physiological model of human

thermal regulation to construct a three-dimensional model of the amplitude-flow fan and an overall simulation model of the

subway compartment. Finally, using CFD software, STAR-CCM+, the study analyzes the effects of different fan speeds, fan
hood disturbance speeds, and fan air supply temperatures on the micro-environment and thermal comfort of the occupants
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under seven different conditions during the summer. The results show that the DR-Berkeley thermal comfort evaluation indexes
can reasonably evaluate the thermal comfort of subway compartments under the premise of meeting the airflow comfort in
summer; increasing the fan speed, reducing the hood disturbance speed, and reducing the fan air supply temperature can improve

the thermal comfort of the occupants; in the seven working conditions, the fan speed of 1,400 rpm, the hood disturbance speed
of 3.25 rpm, and the air supply temperature of 20°C have a uniform temperature and speed distribution in the compartments.
The temperature and velocity distributions in the cabin were uniform, the occupant microenvironmental heat flow field was

optimal, and thermal comfort was 0.766. This method can solve the occupant thermal comfort problem more comprehensively,

which is of some reference significance for optimizing the thermal flow field environment in subway compartments and upgrading

occupant thermal comfort.
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Figure 1 Three-dimensional model of the carriage
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Table 2 Analysis condition of flow field in carriage
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Figure 6 Wind speed and temperature of microenvironment
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Figure 7 Comparison of airflow discomfort in different
parts of passengers at different speeds
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comfort of each part at different speeds
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ment monitoring points at different supply air temperatures

URBAN RAPID RAIL TRANSIT 113



EHIREAZE - £ 3745 E5H) 2024 F 10 B

I 5 A 28 KGR FE R B DR T T, 3 A Ry
PREGRE O TET, W E AR W, s B
AN i il PSR IA B e i 1 31.835°C . ] 11(b) AT
HI, FE AR A K AR R A 0 T, A<
ANET I P i A 226 A B3 KT PR . 76 00 7 At
EriEtE e tE, 75F DR fHimh 12.64%, K% DR
fEH/NT 10%; 1M L3 6 I A A ST & e 2, H
HHSH DR AEIEF T 18.69%, /2 KJji DR AH A 17.94%,
i+ A F DR {H B & FIA 19.83%. 21.01%, K4 KD
P AT I TMAL e v WA FREREEE T, A&
AURET I M 2 B2 IR B B IR 5
AN [F] 328 PRI SE T 3T 13 i S 1A A P i, S BT
GRS LEan ] 12 Pt 12() & 12(b)rl 50, A
AT AT o 50 AR i B A 3% DXl 1S KT B A, Sk
Fo KRR S NR A A R B U
Th, RGP G, AR A ] 1 Sk vk
W 1.76 EFEE] 2.01, #EFIE -0.278 T £ EI-0.778;
J /N JR R U A—0.677 _EFFF] 0.220, #ETIE M
3.930 TREH] 2.440, MAEH R IRAE N ETIR: A /DR )R

PR N

i T
: ERUNES vl 2 RiRGTIE
30} 7
25¢
2.0F17 0o
w15} 13 132 13
E 10t 0663 0627 ? ?
ya 0.5 H 0499 7 Tﬁara ’ ’
Sl v 1)
A LA I— 0.756  0.808 0.458
—0.5F 027 | 374 0309 I_ 0287 é gu H
~1.0¢} 0er 0026 "% 58 ~0.987
15k
0L~ 186, L L L 1 L I L L | L I |
R T T T T T
T F E /AN T F K KN B W
OB BB BORE B
A
(@) EREE16°C
401
o 0 it
3‘0 I JRTRIAET i
2(0-20] g g g ? Lot 77
@ 1.5 ? g g ? L4 ? g
gg 10 01 g g g 1»347 0842 g g
= 05 2 U U N
ARkl UU

A
(b) IR EE24°C

114 URBAN RAPID RAIL TRANSIT

1.0

0.91 O A A
0.9¢ S s i LA
0.8}
0.7} 0.657
el 0.585
g
& o4y
04t
03}
02f
0.0916
0.1f
0.0 - N \1
16 T8 17
T

(c) HEMRPRGE 5 IAGT IS
K12 ANTRJIE XA A Pl A7 ) 78 A A A A et 5 AT

Figure 12 Local and overall thermal sensation and thermal
comfort at different air supply temperatures
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