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Analysis of the Flow Field Testing under Operating Room’s Sliding Door Opening Conditions
Shi Heyang
( Sichuan Academy of Medical Science and Sichuan Provincial People's Hospital, Chengdu, 610072 )

[ Abstract] In general, the air pressure between indoors and outdoors is typically about 20Pa, aiming to prevent the infiltration
of contaminated air and reduce the risk of wound infection. However, the pressure difference between indoors and outdoors
disappears during human movement, compromising the sealing of the operating room. The processes of door opening and human
entering can cause additional disturbance to the air exchange at the doorway. This study employed ultrasonic three-dimensional
anemometry to measure the instantaneous airflow at the doorway during human movement. The results indicate that the process of
door opening can cause the ambient air to enter the operating room, even with the measures that keep the initial positive pressure of
20Pa with a sliding door and reduce the exhaust air volume by 50%. Furthermore, the ambient contaminated air can still intrude
into the operating room when humans enter or leave. Compared with the condition without humans entering or leaving the
operating room, the air volume entering the operating room increased by 83.8% (about 0.269m%), and the air leaving the operating
room increased by 13.6% (about 0.424m?). This study provides guidance for the design of the ventilation system in the operating
room.
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Fig.1 The layout of the operating room
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Fig.7 The variation of v, without foot traffic
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FIFRIFA NET

B9 AT fE N Gk o # b vy 1 T AR
o FRATRIN S EE T A N Gk i Tk . AT
FLT ST 1A ) 2 B X 38k X72=0.93 E I AN
K9 (a) ADS 4 (XIL=0.93, Z/H=0.81) ] v, ik
JEARAL o IXA i BER R S . AE T N HE I
ZIXEH A~ E RN TFRE R GERRS . A 5

3.2

FHGEHEN, FHIRE IR AR, 2 i [T,
vy FIRIIN 2 0.6m/s (¢=5s) , B 2RI R 36
B C6<t<11s) , U2 E B 46 7 F AR = i
Ao MITRE R AR (128) , HES TG
WHEIER . MR, U ENEHFRER, v AT
F£22-0.3m/s (=5s) , BJ5 2RI mMEE{E. /£
4<t<6s Wila], ERHHITSIFHIEAFARE,



38 HE 5 W

SLf: FAREIRSIIEE KA TSI Hr

* 677 ¢

N OB e A B ) D4 (X/L=0.93,
ZIH=0.63) HILHIE e A E, i 9 (b)) fFiw.
ENBENES v, FIEE-1.1m/s, 7E 4<t<8s ¥ila], &
R SN FARE . SRS NIRRT, v, IR

12

0.9

0.6
< 03 \ A
g; 0 A\R\?«t// \
>
" o3
7] — TABH

0T — AEEA

09— KRHA

1.2 | 1

-10 0 S 10 15 20
RFiEI(s)

(a) D5 (X/L=0.93, Z/H=0.81)
&9

£ 1.0nv/s (r=4s) , BER PR H R EIT
g, 5 D5 AL, BOEREEE (D4) LR K
{85 B/ MERAE T RE], XA R RN 5 S e
FHEE, 0 v R 55 1 IHE 2 T8 F 1) B B /DN o

1.2

0.9 \
0.6
< 03 \1 f
§’>. 0 o~
& |
"] 03
] — EAZT |
T — AREmF /
08 ARBEA U
412 | |
-10 0 5 10 15 20
Fif 8] (s)

(b) D4 (X/L=0.93, Z/H=0.63)

IHTFR AR EES v BIRE T

Fig.9 Comparison between velocity v, with and without foot traffic

Bl 10 Cad) #1 (b) &/x 7 T1HFE N ik A F
AREZE W2 1R SRR - ok B B BRI 5205 s
()R 32 2 N B3R T THE A ) R B2 B A RN =R
%o AR EE R AN A 51 S T (it 22
FIN s, mFERENFES. mE 10 () il (d)
RTHFfE N R T F AR S I 58 5 1R AS X3 44
e A NBHFRER, LMEERSS MmN

FAREPBEI . RIS TREHTF A
N G ) 14s IXTRL Y, 2 NS00 ) 2 A0
3.55m?, TR E AN A E AR 0.59m3. ATk
NGB0, AN Gk 2 S N FAREW
TR RN 83.8%, K% 0.269m*, EHFAREN
AN 13.6%, K% 0.424m’,

Z/H Z/H Z/H Z/H
0.95 0.95 0.95 | -0.06 0.95| -0.03
0.81 0.81 0.81 | -0.06 0.81 0.02
0.63 | . 0.63 0.63 20.01 0.07 0.63
0.45 0.45 0.45 2001 0.08 0.45
0.27 0.27 0.27 018 0.27
0.10 0.10 0.10 0.23 0.10
-0.2 0 0.2 04 -02 0 0.2 -0.2 0 0.2 04 -02 0 0.2 0.4

ERHEIIRERAmY) ERIETRHETR(m?)
E: EEANBEHFFARZE, AHENEAFAE
(a) NGEEN, X/L=0.54

(b) Ao, X/L=0.93

ERHIEIZHRER(m®) ERIE IR (m?)

() NBEEIF, XIL=0.54 (d NRABTF, X/L=0.93

Bl 10 ARHEAFMBAFFARER]EZMXEHXNE

Fig.10 Volume of air crossing the door in each region when a person enters and leaves

4 ZEig
K FC I o 3 SE BRI AR =TT 0 AR

HAIREAT IRV 1 30 1T RITT R AN S A7 3
REXS TR ST Bl I A= A b2 e

RISZNE o AT 1 = 2 7 5 G ORI A

(R AT ) JEERTTE, BAE LT 4518
(1D FARZEIHTIE, BIERA A Gt

BN IMIIAT TR, B R R AT Rt



<678 + il ¥4

2024 4F

AFARZE, MFARENMSREELETH FEEHT
FARZE.

(2) KA @R, TTE RS RER
2R, N BIAT HE DT )22 B S 520 = P R )
TRAE, YN AFANFRER, FEiITHE—M
PR ERZ, B TE—HEIEED. mEF
NETFR, EFERb el NFAE, HEHS
s/ N RHENFARZER . HXF TN G H
T, AN G AT RS 2
83.8%, K#J0.269m*, B F AR = M2
13.6%, K#%]0.424m3,

B, REERATC AR 2 AR TV 2 4
Jita KT FAREIb S RFNEN, (HREFARZETIF
PN R E AT SR 2 SEUOME S A TR =, 51X
PORTIITFR, IRRA N HFARE, HE2THE
ETETBAFARES,

SE K :

[1] MDA Melhado, JLM Hensen, M Loomans. Review of
operating room ventilation standards[C]. Proceedings of
the 17th Int.
Conference, Prague, Czech 17th May 2006-19th May
2006.

[2] GB 50333-2002, % B i 1% F AR S B R My [S]. 4k
e A A, 2013,

[3] CS Hayden Ii, GS Earnest, PA Jensen. Development of

Air-conditioning and Ventilation

an Empirical Model to Aid in Designing Airborne
Infection Isolation Rooms[J]. Journal of Occupational
and Environmental Hygiene, 2007,4(3):198-207.

[4] TT Chow, XY Yang. Ventilation performance in the
operating theatre against airborne infection: numerical
study on an ultra-clean system[J]. Journal of Hospital
Infection, 2005,59(2):138-147.

[5] WAC Zoon, MGM van der Heijden, et al. On the
applicability of the laminar flow index when selecting

lighting[J].
2010,45(9):1976-1983.

[6] H Brohus, KD Balling, D Jeppesen. Influence of

surgical Building and Environment,

movements on contaminant transport in an operating

room[J]. Indoor air, 2006,16(5).

[10]

[11]

[14]

[15]

T-T Chow, J Wang. Dynamic simulation on impact of
surgeon bending movement on bacteria-carrying
particles distribution in operating theatre[J]. Building
and Environment, 2012,57:68-80.

RJ Lynch, MJ Englesbe, L Sturm, et al. Campbell.
Measurement of Foot Traffic in the Operating Room:
Implications for Infection Control[J]. American Journal
of Medical Quality, 2008,24(1):45-52.

S Scaltriti, S Cencetti, S Rovesti, et al. Risk factors for
particulate and microbial contamination of air in
operating theatres[J]. Journal of Hospital Infection, 2007,
66(4):320-326.

EB Smith, 1J Raphael, MG Maltenfort, et al. The Effect
of Laminar Air Flow and Door Openings on Operating
Room Contamination[J]. The Journal of Arthroplasty,
2013,28(9):1482-1485.

AE Andersson, I Bergh, J Karlsson, et al. Traffic flow in
the operating room: An explorative and descriptive study
on air quality during orthopedic trauma implant
surgery[J]. American Journal of Infection Control, 2012,
40(8):750-755.

L Chang, X Zhang, Y Cai. Experimental determination
of air inleakage to pressurized main control room caused
by personnel entering[J]. Building and Environment,
2016,99:142-148.

L Fontana, A Quintino. Experimental analysis of the
transport of airborne contaminants between adjacent
rooms at different pressure due to the door opening[J].
Building and Environment, 2014,81:81-91.

S Lee, B Park, T. Kurabuchi. Numerical evaluation of
influence of door opening on interzonal air exchange[J].
Building and Environment, 2016,102:230-242.

JW Tang, A Nicolle, J Pantelic, et al. Different Types of
Door-Opening Motions as Contributing Factors to
Containment Failures in Hospital Isolation Rooms[J].
PLOS ONE, 2013,8(6):0066663.

J Hang, Y Li, WH Ching, et al. Potential airborne
transmission between two isolation cubicles through a
shared anteroom[J].

2015,89:264-278.

Building and Environment,



