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The Numerical Simulation Analysis of
Indoor Air Quality in Gym

HAO Hong ,LUO Wen ,SHI Guiwen, DONG Hongjun ,XU Li

(School of Municipal and Environmental Engineering, Shenyang Jianzhu University , Shenyang , China, 110168 )

Abstract; In order to provide the design and use reference for a healthy exercise environment air
quality in gyms was studied and the influencing factors of the gym environment was analyzed too.
Based on the measured value of temperature, relative humidity, wind speed and pollutant quality
concentration in the gym,the distribution of pollutant quality concentration, temperature and wind
speed during the early opening of the museum in summer and the peak of personnel were simulated
by Fluent software. The simulated results show that the obvious accumulation of VOC
concentration in the early opening of the museum is found and the concentration of VOC is 0. 68 ~
0.94mg/m’, and the difference between the measured value and simulated value is between
0.002% and 0. 007 % . During the peak of personnel period,in the private classroom and the jump

room the CO, concentration accumulation is serious,and the average CO, volume fraction is about
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0.162% ~0.170% ; the difference from the measured value is 0. 001% ~ 0.009% . At the same

time , the indoor temperature increased significantly. So in the early opening period of the gym,it is

difficult to discharge indoor accumulation of VOC in a short time by Air conditioning system,and

difficult to discharge or dilute CO, concentration by the ventilation system during the peak period

of personnel. The density of personnel is the reason of the indoor temperature increase,and there is

a dead corner in the indoor airflow.

Key words :indoor air quality ; FLUENT ;the numerical simulation ;pollutants
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Table 1 Indoor pollutant concentration

p(VOC) / p(WEE)/ ¢(CO,)/ p(PMy5)/

e

(mg'm~) (mg-m™?) % (mg-m~?)
/M 0.38 0.03 0.05 0.012
wKMH 1.28 0.14 0.26 0. 061
S 0.84 0.07 0.15 0.026
bR 0.50 0.08 0.15 0.075
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Table 2 Indoor heat and humidity parameters and air pollutants in different seasons

SRR p(VOC) / PUTE) /o,y PPMs)/
(ms')  (mgem) (mg-m~) (mg-m-?)
K25 19.9~25.1 28.7~41.9 0.07 ~0.23 0.38 ~1.21 0.03 ~0.11 0.05~0.24 0.015 ~0. 061
HZE 20.8 ~27.2 45.2~50.7 0.05~0.29 0.42~1.14 0.03 ~0.10 0.05~0.22 0.012 ~0. 049
ES 25.7 ~28.5 53.8~72.1 0.02~0.18 0.50 ~1.28 0.04 ~0. 14 0.05 ~0.26 0.012 ~0.038
2 20.8 ~27.2 45.2~50.7 0.05~0.29 0.42~1.14 0.03 ~0.10 0.05~0.22 0.012 ~0. 049
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Table 3 Boundary condition setting
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4 Hh BETH] 1
5 N3 BE T 3
6 TR A BE T 13
7 RIEA BE TH] 1
8 BiiATiT) UDF 1
9 NN FEiEAL 6
10 A 1 AN 1
11 VNG i a 1
12 AP Ea 1

2.2.1 VOC Bl e
VOC HHL A 3 2Rz DL (1] 2 722 5 1Y) bR
B, 38 B T 9 T e W RIOR ORI A B
Bt 28, SR )5 % UDF ( User-Define Function )
PRIZICT A Fluent % 5 10 HVE Ay b IfT 110 T8 i
1Y R X AR RS B 2 1Y
VO F 28 T %5 1 55 1Rl N VOC 431 [ AR
P, BRI, SR FHAE RS I RSO AE b i1 450
BEHLEE B 5 2 N VOC 43045
FIH Origin £ 45 4b 1 4K {4 K 0 45 1)
VOC BEHCH UG 5 B ] ¢ AH O 19 45 5L
PREL, 153 VOC BUE R 7 1%
E=0.001 7exp( —1/5.864 13) +0.001 6. (1)
KL E ABEGER ,;mg/ (m” +s) ;¢ AIFE],s,
K2 PN VOC BElE R & ik,
BT I, LA RORAR YT
000342
0.003 23 |

= 0003 04]
"8 000285}
2 oomes|
E 000247}

¥ 000228}
> 000209

0,&)1” 1 1 1 1 1 1 1 1
2 3 4 5 6 7 8 9 10 11
Hit [E)/h

2 PN VOC Bl R4 A Hh £

Fig. 2 Fitting curve of indoor VOC release rate
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Table 4 Solver parameter settings
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Table 5 Residual values of convergence conditions
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Fig.3 Cloud chart of indoor VOC concentration

distribution when the gym was just opened
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Fig.4 Cloud chart of indoor temperature distribution when the gym was just opened
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Fig. 5 Cloud chart of indoor wind speed distribution when the gym was just opened
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Fig. 6 Comparison between simulated and measured values when the gym was just opened



55 1]

LA A B A N s R R A 929

ME6(b) AL, TE z =1. 5m 1 LA
SR G S A IR I, 2 R
FWN ARSI K, I H I e A A —
ERZE AR R A M, hHE 6
(c) AT LA, BERLAS 1 2 P XU 2 1
SEFRIMERAE K 0. 03 ~0.09m/s, 1% T 52 i
T3k KRG B 22 DL Bl A o N B3 BH
PSR, R L B S s
LB, B S RS A 45 LT
3.2 ANBRBIEHHERNIEESS T
IR A AT, NG e W = TS e
e AT B LR A SO N s 3
JEREK, T co, HERU™ E, [F i AR
W b AR ORI OR W T L BB
CO, 1EHR N B e i 2 P 25 SRS B o
Mrisbn, —J& CO, R85 % N AN E0%
YIFH, CO, IR BN L RE B AR R = N &
SRHTEERE BE DL G XUBR 55, i HLAE —
JE I BBAE WL N AT REAELE A 5 e i)
Jri R KT R E N COo, 5 VOC 1)
AR B AR 2 Ak, — B
CO, BHUA5 AT LU 2 N VOC 43+ K
IO, R 35 EB A 5 e A 51 &7 3 1k Y

= = = = =

0162
0154
016
0ny
0Bl
%E
0.085
0077
0070
0062
0054
0047
y
O 1000 20000 {2, -
5000 15 000
(a)z=1m

BN ZE, =M VOC Hii, CO, TEENRY
PrauraZz s R 2R A AR L R v
RE A% T A b IR 1 N TS e i oA

HMZEN R Cco, EE R A T A &M
AR, B AR 4l £ D g XN 5% 0 A9 A [m] X
CO, Bl o3 M HEAT I AE , 4% R B 2 ey 04 1)
B NE, BOECN 104 A, S35 3
B IIREIX Y CO, B, tnsk 6 R,

R6 FUIEEX CO, Bl

Table 6 CO, emission in each functional area
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Fig.7 Cloud chart of indoor CO, volume fraction distribution during peak period
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Fig.8 Cloud diagram of indoor temperature distribution during peak period
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Fig.9 Cloud diagram of indoor wind speed distribution during peak period
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Fig. 10 Comparison between simulated value and measured value during peak period
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