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Simulated Analysis of Formaldehyde Removal and
Personnel Thermal Comfort by Hall Ventilation
of Residential House in Cold Areas
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(School of Municipal and Environmental Engineering, Shenyang Jianzhu University , Shenyang ,China 110168)

Abstract: The change rule of hall ventilation to remove indoor HCHO pollution was studied to
obtain the shortest ventilation time in different seasons. A representative residence in shenyang as
an example, its physical model is established by using CFD numerical simulation. The measured
formaldehyde mass concentration as the formaldehyde source, the formaldehyde concentration of
hall ventilation was simulated under typical wind speed conditions in different seasons. In winter,
when the initial concentration of formaldehyde is 0.148 mg/m’, indoor formaldehyde
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concentration can reach 0.057 mg/m’ after 150 s ventilation. after summer, when the initial

concentration of formaldehyde is 0.25 mg/m’, indoor formaldehyde concentration can reach

0.05 mg/m’ after 500 s ventilation. In transition season, when the initial concentration of

formaldehyde is 0.23 mg/m’, indoor formaldehyde concentration can reach 0. 055 mg/m’ after

200 s ventilation. The results show that the time of reaching a stable level for indoor formaldehyde

concentration is different in each seasons. Although hall ventilation may bring discomfort to

residents , hall ventilation can rapidly reduce indoor formaldehyde concentration.

Key words ; ventilation ; formaldehyde concentration ;numerical simulation ;heat loss
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distribution at 300 s at different heights
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Fig. 4 When wind speed is 2 m/s, Variation curve
of average HCHO mass concentration and

temperature with time
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Fig.7 When wind speed is 1. 5 m/s, variation curve
of average HCHO mass concentration and

temperature with time
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Fig. 13 When wind speed is 1 m/s, variation curve
of average HCHO mass concentration and

temperature with time

3.3 WHEFEBLERSN

FEFEML X o) VE FE =AM B R, EH
BRI 2 KB R 3 mss. B ot
ZE O YL YA R A s [R] PN A KEL 1&
EEMNE Y RN 3.92 x 107" keg/s,
KITHE ¥ HL R 8.53 x 107" kg/s,
MR R N 0.23 mg/m’ B, X
PR O o v B 5 5 O8O A0 A A O i AT
4.
3.3.1 KN 3 m/s BPLLI4E

K14 2 T80 V 444 F 28 5238 XL 900 s
F A ] v B g 5 P R It A 3 A o L.

@@ﬁﬁ%ﬁ)ﬁ/(mg m™)

(3)Z=0.5m
ﬁaﬁfﬁ“ﬁﬁigl(mg m™)

Q

(b)Z=1.2m
PR % R B YR /(g - m™)

v

(¢)Z=1.7m
14 RGN 3 m/s, Al EE S 900s i 5
HRE A=K
When wind speed is 3 m/s, cloud diagram

Fig. 14
of HCHO mass concentration distribution at
900s at different heights

2B 25 SR AT, 2 A E XL 900 s BT,
Z=0.5mZ=1.2m5%5 Z=1.7 m ¥ FEEF
B B 43500 0.06 mg/m® 0.05 mg/m’ |



53 4]

BL R A IR M DA o o X2 R R N B AT S A AL A BT 575

0.04 mg/m’. 2 755 VR R R R I e vk 3
ey (U XU AT PR AR {1 2 P FY o
JZ.900 s J&, R BT it Wk B 0 AR B AR iK1
DITR . AB T3 FE £ B2 DR 0 98 2 XU R
ISR S i) P 2 30 JXU 25 205 Joe R SR e R i
R,

B 15 R T80V &S A B Y &=
PR 2 (B 2R A3 XL 900 s B, % Y IR
JEAE 285 ~287 K NAEfL. Z=0.5 m.Z =
1.2 m [ (S Y 06 5 48 285 K, & [
B 3T R e PRI B2 ek R D Bl A /s HL 34 4k
T AT 4252 U5 BE Y LN A 2 i 2 = A A
MM 3 m/s B, ZE 4 3E K900 s A2 i K
PN ET I

BEK

288.000 S

287.712 g
287.423

287.135
286.847
286.559
286.270
285.982
285.694

285.405
285.117

BEK
287.137 [
286.923
286.700 |
286.495 [
286.282 *
286.068
285.854
285.641
285.427
285.213
285.000

(b)Z=1.2m

15 JXado 3 m/s ANEFEE T 900 s N E Z K
Fig. 15 When wind speed is 3 m/s, temperature
cloud diagram at 900 s at different heights
AR B A A0 45 R ) A5 o P 2 KU Dy
3 m/s, ZFHEiE XL 200s 23 A J5T 4 vk 32
B2 R AR E, W B i e B IR 7
0.06 mg/m’, 418 K 150 s Zc 475 N IR
IRFIRE. = IR BEARE 1E 285.7 K. i1 Tid
T2 XU A vy, 2 2 T IR 3 i 22 18 A XL
S TS YK R E 2 05 AT PRARSE 5 4
XA 16) .

0.241 1288.5
| — BRRRAE
Y m
70.20 17880
£0-18 {287.5
£o0.16 v
20140 1287.08
8 0.12( =
50‘10'2% {286.5
B-0.081 {286.0
0.06F *
0.04 g sbo 2855
i [l/s
B 16 KGEH 3 m/s, V-2 BB vk B S TR
R ] 78 A bl 2%

Fig. 16 When wind speed is 3 m/s, variation curve
of average HCHO mass concentration and

temperature with time
j__: N
4 én 1«/8

(1) & &= W B 5wk E N
0. 148 mg/m’ B} ZE B2 30 X 150 s 2 P H i
HHRJEFEAL ] 0. 057 mg/m’. 4% 2= % 4 3 X
233 BE IR S, 300 s BT B AR O R
2.724 x10° J.

(2) H &= W EEY) s B ik R
0.25 mg/m’ ZE 338 XL 500 s 2= P o i ik
ik 0.05 mg/m’. T EFEINLES,
TH RS YLy I o] 4k 2 2 i 3 R, ok i 2 R
WIHA B JE M 0.23 mg/m’ I 5 4 5 X
200 s % N HEE TR B A 21 0. 055 mg/m’,

(3) ZFaiid XU AT PR A = N TS e vk
JE. JRIEMIX AR B AN, FE E S0 s
RO RANET G 2% INAETIE 5T REMIE % IE,
TEAZE AT BT 1Y) 2 A 38 XU B V5 Qe ) Je A
BAEARSL T i . A T o E I BR TS
PG FESRME SRV OL N AT A SR 25
3 R a3 2 R A ey AR, R R
F 25 30 X2 45 3 PN T R SR s 1 A e JXURS.

&% 3k

(1] RBEHI IR TIESEAE R T i e L i R B =
PSSt i X RT3 47 M F5E [ D] o4
U VUL AR FIRHRY:,2018.
(ZHU Xiaoming. Research on indoor air quality
of Xi" an residential buildings and residents’



576

Tk B B OR E eE R (A SRR )

%36 %

[11]

[12]

window switching behavior based on continuous
online monitoring[ D]. Xi’an; Xi’an University
of Architecture and Technology,2018. )

e AETT M XA T A A AR T XN 3 A A
REEH R W BF 52 [ 7). 12 38 45 8, 2008 (7))
125-129.

(WANG Ye. Study on the influence of natural
ventilation on indoor thermal environment in
north China in winter[ J]. Heating ventilating
and airconditioning ,2008 (7) ;125-129. )
WEOK, ERE . 2= N BB TS Y By e
AR [T]. BHEE B, 2015, 25
(11).254.

( TAN Bing, YAN Xiaoyu, XU Liying.
Investigation and purification of indoor
decoration pollutants[ J ]. Technology outlook,
2015,25(11) ;254.)

HAERE. F AN KR T 5 ) T O
WFFE[T]. i 525 4R 2013 (1) ¢ 15-18.
(XIAO Chufan. Study on formaldehyde diffusion
simulation under natural ventilation[J ]. Clean and
air conditioning technology,2013(1) ;15-18. )
HUANG Kailiang, FENG Guohui, LI Huixing,
et al. Opening window issue of residential
buildings in winter in north China:a case study
in Shenyang [ J]. Energy and buildings 2014,
84 ,567-574.

T R AT KR By A LR
5K X SR [T ] iR 54518, 2015, 15
(12) :6-9.

(LI Yuanming, QIANG Tianwei. Analysis of
the bottlenecks and countermeasures of the
current fresh air treatment methods [ J ].
Refrigeration and air conditioning, 2015, 15
(12):69.)
el K. b5 58 A 0l XS s R RE T X
RGWFE[ D], ER KK ,2015.
(HUANG Kailiang. Study on ventilation and
efficient energy storage fresh air system in
north residential buildings in winter [ D ].
Chongging ; Chongqing University ,2015. )

TR SR TEOG, BUIE, F. BN R E I
[J]. REVRHE AR ,2003,24(6) :251-254.

(ZHANG Hao, ZHANG lJiguang, ZHU Bo,
et al. Indoor air quality evaluation[ J]. Energy
technology ,2003,24(6) :251-254. )

GALVIN R. Impediments to energy-efficient
ventilation of German dwellings:a case study in
Aachen[J]. Energy and buildings ,2013,56:32-40.
DAL I 2 AR, 2 BRI g X XL
JEAERITR BSRIE XU sZma [ T] . PP 3o
2R (HARBLANR ) ,2007 (4) :625-630.
(LIANG Chuanzhi, FENG Guohui, XU Shuo,
et al. Influence of single building height on
natural ventilation under wind pressure [ J].
Journal of Shenyang jianzhu university ( natural
science ) ,2007 (4) :625-630. )

WRF, T3, SE . OCT B4R X CFD 5%
EILSHRVTT]. WA 54514 ,2011 (1) .78-81.

( CHEN Yu, XU Zhihao, MA Guochuan.
Discussion on CFD algorithm of natural
ventilation [ J ]. Refrigeration and air
conditioning ,2011(1) ;78-81. )
hIE 2 WA A5, 45 3N 3 Ak KO
R B UR BB AU T ] TR SR
AR (A ARBAR) ,2014,30(1) :131-136.

[13]

[15]

[16]

[18]

[19]

[20]

(FENG Guohui, MING Yue, LAN Xinying,
et al. Numerical simulation of human aerosol
particles in three indoor air supply modes[ J].
Journal of Shenyang jianzhu university ( natural
science ) ,2014,30(1) :131-136. )

BRI, BOR 220, A SR XU = P v
ERMEA S RIS oE [ 1], BHECA B 5 6
J,2019(4) .4546.

( XIA Houbing, SHEN Jun, JIANG Ya.
Numerical simulation and experimental study
of indoor formaldehyde concentration under
natural  ventilation [ J ]. Technological
innovation and application,2019(4) :45-46. )
B, RS R 5E AR, 55, RO A R
RUAZS B AR R R R R 404 [ ] AL
M,2018,46(11) ;74-78.

(HUANG Kailiang, CHANG Qunpeng, SONG
Jiasen, et al. Analysis of factors affecting heat
transfer of concentric tube bundle air phase
change accumulator [ J ]. Fluid machinery,
2018,46(11) .74-78. )

O, LT FE M A T i A o 3R 25 4
KL B2 ORI 0 [ D] PEFH - L FH
HEHRA,2017.

( GUAN Ying. Study and analysis on the
diffusion law of haze particle concentration
based on residential buildings in heavy
ondustry in cold region [ D ]. Shenyang:
Shenyang Jianzhu University ,2017. )
BLRIR JATE TR, 5 T N RO R
MRS TR [ T]. B A R (TR,
2016,38(1) :32-38.

( WEI Haoran, ZHOU Hao, QIAO Lifeng,
et al. Method for estimating formaldehyde
emission rate in residential buildings [ J ].
Journal of Nanchang university ( engineering
edition) ,2016,38(1) :32-38. )
hIE 2y, 22, LR, S5 IR X GE KU ()
25 N T RS e i JEE o A LR RIT S [ 7] A
B ,2017,45(11) :79-84.

(FENG Guohui, JIANG Bian, HUANG Kailiang,
et al. Study on the concentration distribution of
HCHO pollutants in ventilation rooms in cold
regions| J ]. Fluid machinery,2017 ,45(11) ;79-84. )
T, EMGE, SRt AR ARILH X E N T
BEY RO B (LR [ T ] IR R I B TR 242
#12,2018,23(6) :29-34.

(WANG Fang,WANG Penghao , XU Hongxiang.
Numerical simulation of indoor formaldehyde
diffusion in northeast China in winter[ J ]. Journal
of Harbin university of science and technology.
2018,23(6) :29-34.)

HUANG Kailiang, SONG Jiasen, FENG Guohui,
et al. Indoor air quality analysis of residential
buildings in northeast China based on field
measurements and longtime monitoring [ J ].
Building and environment 2018 ,144 .171-183. )
A0S AR, Bkt e BERE T 2 s ) O 7 44
PRI 15 70 A [ ] 238 =3 9, 2008 , 38
(3):111-113.

(LI Jingmei, FU Lin, DI Hongfa. Test and
analysis of heat loss in heating window of
heating house [ J ]. Heating ventilating and
airconditioning 2008 ,38(3) :111-113. )

(TS AR M JESCHER R )



