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Simulation Study on Indoor Thermal and Humid Environment and
Thermal Comfort of LargeSspace in Underground Engineering
Wang Wei  Ye Maolin Jiang Jianzhong Lv Fang
( Institute of Defense Engineering, AMS, PLA, Beijing, 100850 )

[ Abstract ] In this paper, we use Airpak to compare and simulate the indoor temperature, humidity and wind speed
environmental of the underground centralized office hall under two different air supply forms. The results show that the indoor
environmental field and personnel thermal comfort can be guaranteed by using the air supply form of ejector and air diffuser. Under
the condition of diffuser air supply, the temperature in the activity area in the form of diffuser air supply is slightly lower than that
of the ejector, and the air age is about 212s, while that of the ejector is about 419s. When use the air ejector supply, the indoor
average temperature is slightly lower, which is 24.4°C, the air fluidity in the space is greater, the blowing feeling is strong, and the
wind speed in the middle area is up to 0.3-0.4m/s. For the underground space with large space and high density of people, in order
to ensure the more comfortable environment in the personnel area, considering the hot and humid environment, the small air
volume of diffuser can better guarantee the indoor temperature, humidity and wind speed environment field. And the indoor
Predicted Mean Vote(PMV) is more uniform, the average PMV is 0.68, and the people's thermal sensation is moderate, which can
realize that the Predicted Percentage Dissatisfied is less than 25%.

[Keywords] underground engineering; Airpak; air supply forms; thermal and humid environment; thermal comfort
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Table 1 Parameters of the indoor design calculation for

comfort air conditioning

BEEHN XFEN  ENE . =
s e . AR
VORI WIHERE TR o) RE
.
(QeP) e B (%) P w/h)
24~26 22~24 40~60 >35 >8

xR2 BIMTESH

Table 2 The outdoor design conditions

HENE  HE ;:;‘2' jéi s
i a0 L
W CCH) WE CC) (/)
e e
34.2 27.8 31.8 >35 >8

1.2 st B E

ZHL R TRE 2 ] R G060 s tH DL JLER 44
B (1) A HAGUIE TR P 30 A% At RO & 38 A%
MR 5t s (20 N GP=#g=ig; (3) 4T H.
WA S RIEELH (4 FATAT

o, fi F HADUIE TAE P 3L 3B 5 S AT 46
TR S YU B2 SR 7 SR T LARTARRAE
W78 N R T AR A A ER A 25 S
5, UL AR E

0=a,t, ~t)1-f(E*BxF (D

X, O FoRMEHAMINMERE, W; FRRfk
WG 6 RoRPUEN RIS RIRE, C 0k
INE A IWILRIREE , Cs o 74778 PN R TH ik
RE, Wm?Cs F, i IR0, B AL
RRAEN, 35 3507 o AH LA ST SR E

NG TR WA SERARIE S R e, wT
R A 7] B Z21) 25 [ P 25 AR PR 30 B 5 0 9L 1) 74
Bt ARECTH S0 E o A S A AR s 1) 75 SRHT R
MEHNIIESEILF DT .

BT LREAL T R RAL , AR TR BETH 9] %
ELTE B (RO, B A R T HGE N 0.5g/m?h,
NAPRHEE BB 30~40g/p-h

2 EREIMERMR
2.1 BAB#gERE

FIAT Airpak BT RT AT IR IS, FFXT
L Y R IR ST 718100, 25 R 1] 5 [ 1) %o R
PE, 1E Airpak W& X MRS 2 — AL
(20mx13m), M FNIREE -3 AR RN,
F o s e IR BE AR T, 1) 2 N DAE E RO, W
R B A AR IR R T SR AT oy BT
s N R B 9 EE 7= = 1B & S0 J7
s TR IR, VRS RS R, [
IR H 2 B 2@ i SEBR G o, B oiE i &
H 8 BUR S TR IR, R AR 2 N IO, |
T 8 B TR S 7 AR S B, BN T R BN
— JE SR I AL

KIT AU FRIE R TT 20, 53 0 A G # 18 X AN
5 1%, 20 L 1 AN 2, Horb, Bom s R
TR E Tm AW E M, X330 4, RSEh
0.4m*0.4m, N 6 HE*5 55040, KITH G x ShAA AR
4394 3.5m, 6.5m, 9.5m, 15.5m, 18.5m, 21.5m,
z 5AR AR 3N 2.0m, 6.0m, 10.0m, 14.0m, 18.0m,
y FAAFRA 6.8m; [ K3 9 4, ]sF4 0.6%0.6m,
N3 HE*3 B A, R x Bl AR AR 430N 1.1m,
12.5m, 24.5m, z 444553509 2.8m, 9.1m, 15.4m,
y HAAFRA 6.8m. Wi JE: KT AEE M, H
PIEL Tm DAF 23 [ D 2 N BRI 3 s | X 4, 38
KA 3E 16 4y, KU G x #2845 BN 1.4m,
2.9m, 44m, 59m, 7.4m, 8.9m, 10.4m, 11.9m,
13.4m, 149m, 16.4m, 17.9m, 19.4m, 20.9m,
22.4m, 23.9m, y fAFRHN Tm, z HiAAFR A 20m,



F37THE 1

L S WU TR AR A AR IS AT G A IT <37

KRS E AR 0.16m 1 [ T 15 B3 44,
K Hey x FhAEFR 4> 5008 3.5m, 9.5m, 15.5m,
21.5m, y HHARFR N 0.5m, z BHAAKR A 20m, K
<} 0.8m*0.4m.

{ ‘
# "

(a) EWBAIREE

(b) EAMBHEE

200 % oo™ d0 .00 o8 o0 ®

sp e0|s0 80 o0 /a0 a0/ s0|e0 30

o0 o0/ eDd o0 o0 o0 o0 o0 o0 o0

Moo oo oo oo ool a0 on oo an m
oD g0 vg s gl 50 s p0log o0
DI:I.DEI Dﬂ DD.D[I o0 D[I-E'EI DﬂDD-

oD s a|=a o0 =0 o0 =0 e0|s0 =0

oD o0/ o0 o0 o0 o0 o0 e0|/c0 =0

20 20| >0 =0 =0 50 =0/ =020 =0

o 0 0 o o0 0 e 0 o0 0 o o0
DEI‘:D Dﬂ Dﬂf;ﬂ DnﬂDU.:D Dﬂnﬂ.

Moo oo oo oo oo oW eo oo o0 oo m
o0 o0 o0 o0 o0 |e0 o0 o0 o0 o0

o0 50| en 50 =0 o0 =0 e0|s0 =0

o0 o0 o ol o0 ol ol o0 o o 0
ML L RN L

o0 o0/ o0 o0 o0 |e0 o0 o0 o0 =0

oD s 0|0 50 =0 o0 =0 e0|s0 =0

50 o0/ »0 50 o0 ok o0 50| 00 o0

Wy o g oogo oW dodo ag o m
D-D £ EI-[I nﬂl [I.D g D.

(¢) WAORENE (XZ i)
B 1 BRSBENERERER

Fig.1 Schematic diagram of diffuser air supply model
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Fig.8 Distribution of air supply velocity field of diffuser
at18 °C,14ACH

X BT s T 2T 3 G B2 3 33— 28 23 A AT A
BF, FARAEXENT 0.2m/s, o N R,
WOE CRIRE R4 o (H T REHE K, FELTRE I — 78
S XA F] 0.3-0.4m/s, WA MR .
2.2.2 WEEIER

DA 2R AW A RUET, 38R EE 16°C,
BN 11ACH KIS WAL B . R
W% 1135 KU R RIT I E IR I & 9 . 2K
LRI, 43 e B Y=1m ) A X AP 1 Z=10m
F% T LB IH ) ‘2 AV PR B AR 0 o0 BT 9 o ‘2 A B A
IR ARRRAE 24~26°C 2 IH], FEHIEBCHERN, H
BONSSIRGTE I T AR 75 K5 R P B A AL
HEBR, BRI ORIE R AT . o KB R0 J7 X0 1Y
Tt B M AR T AR X 35

Temperature
¢

36.0000
34.0000
32.0000
30.0000
nnnnnnnnnnnnnnnn

28.0000
26.0000
24.0000
22.0000

20.0000

(a) Z=10m & HALMH

Temperature
C

36.0000
.: 34.0000

32.0000

30.0000

28.0000

26.0000

24.0000

22.0000

20.0000

(b) Y=1m LAE/KG#iih
B9 miO16C, 11ACH #REEIHHH
Fig.9 Distribution of air supply temperature field at
nozzle 16 ‘C,11ACH
SR T 1138 TR 3T 3 A 38 R B2 37 70 A1 2
K10 fron. EAEBARXGEDN T 0.2m/s, JEN IR
PR, XU R B R B o o TR 3 X 3R 2
0.3-0.4m/s, FEIT[A] KPR RRFK o

0.250000

0.125000

0.000000
(a) Z=10m T H#{
Sﬁﬁgd

1.00000
0.875000
0.750000
0.625000
0.500000
0.375000
0.250000

0.125000

0.000000

(b) Y=1m LAE/KF#iih

B 10 WO 16T, 11ACH EXREIFHH

Fig.10 Distribution of air supply velocity field at nozzle
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Fig.11 Distribution of air supply temperature field at
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Fig.12 Distribution of air supply velocity field at nozzle
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Fig.13 Attenuation process of nozzle supply air velocity
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Table 8 Statistics of room air age, ventilation efficiency

and average temperature

m LLRZEE] Tm AR BEAE
SR B S YR
/s /% /C
M2 16°C
272 60.2 24.8
11ACH
HuR 2% 18°C
212 60.6 24.7
14ACH
i 16°C
506 32.3 24.4
11ACH
Wi 18°C
419 30.7 24.4
14ACH
4 B4
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