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Effectiveness Analysis of Reducing Air Leakage in
Hospital Isolation Room by Directional Airflow during the Door Opening Process
Li Peng
(Sichuan Academy of Medical Science and Sichuan Provincial People's Hospital, Chengdu, 610000 )

[ Abstract] Patients with highly contagious diseases are typically placed in negative-pressure isolation rooms within hospitals to
restrict the spread of these diseases within the healthcare facility. However, opening the door can potentially lead to a significant
exchange of air carrying pathogens through the doorway into the corridor when the doctor enter or exit the room, putting
individuals in the corridor at risk of infection. To mitigate and prevent indoor air leakage caused by door openings, it is necessary to
minimize the air exchange between the interior and exterior when the door is opened. To address this issue, we have installed
directional airflow supply outlets at the entrance of the isolation room, redirecting airflow toward the isolation room's doorway to
reduce the indoor-to-outdoor air exchange resulting from the door opening process, personnel movement through the doorway, and
indoor-outdoor temperature differences. Visualizations using smoke for airflow patterns have revealed that using directional airflow
directed towards the isolation room during door opening or closing processes can significantly reduce the indoor-to-outdoor airflow

exchange. Tracer gas test results show that with 90 L/s of directional airflow under isothermal conditions, the air leakage from the
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isolation room can be reduced by 38%, while with a 3°C indoor-outdoor temperature difference, the use of directional airflow can

reduce leakage by 31%. When the directional airflow rate is adjusted to 190 L/s, the indoor-to-outdoor airflow can be reduced by

60% under isothermal conditions. With a 3°C temperature difference between the interior and exterior, airflow exchange can be

reduced by 39%. Although the tested directional airflows may not completely eliminate air leakage, they are effective in reducing

the indoor-to-outdoor airflow exchange resulting from door openings, personnel passage, and temperature differences.

[Keywords] Negative-pressure isolation rooms; Door opening process; Indoor-to-outdoor air exchange rate; Directional airflow

0 38

B 56 v BB AT A% L 1) B8 5 T8 W i BLAE UK
B8 25995 o5 v o AU 8 H R S AN A 5] 1 B
J5» DT B35 L B8 95 o v B e s = ks 22 ) R =
(] 3 AT ORG99 o3 PN R 2 s e, T Bl
B8 2595 55 AN B LIRS R RISy o VA 97 ORG 12595 J5
PN R 57 2 A ACORLIAL 17 B 3 o » (HR AT AR 2
KA FERRAEST IR IS, BRI b5 A B ) 07 s 2
R, BT R E N S R+ s
LTSNS Sl . AL 5 7 S A 1 2 < E i
H R B 55 1. NG AE T I AT S 8 n = 4 b
R, N BIIN G R =B E N
A EE SN PEAETHTTIOTR 5 N iEATE S EUE
(58 1 59 D 15 S it 1 2 SR PR 2 — (230,

24 N1k, e RUTTHIT R CRel2 X
TEBEND) 2 5HEM R A = A RSB E N
GG G, B FCIE RN S I AT 612150
VKI5 I ] 160 S P A ) Ji 22 14516201 2
BN E A SN R > N AN TR
WA RBOTVEZ — AL B T AR BEE ] . 2R
1M, W BNT5 N AT 7 A B 25 & RS0 % P9 3
R R R 2 e 12210,

i X FR G 1E R 9 3 1 £ P X R 25 <5 e
Yy okt EEAE M . TR, 8@ K
eGSR RS, DR s i R G828 B 1) 5E )
UGN R BRI D . A RES A 8 K HE KR
B, W ETTHT IS DL T 3R 4ERF 171 = A L sl 1Y)
SE [F T RE TR . NRIEAT . ENSNRZE
I SFPAL 1 AR EE VIR AT DL 2 > =
WA SR 46120, thdh, SAERT ARt —Fh
e W Y I A T R R @R N [T
EATE W T BA RIF D DA AR5 B
=N AR 22 % BE RSN EE R R SR 1
(28301, {EL7E = e W8 B0 05 o A 856 o e s (D

BUAT IR BE X € 1) S = A A 22 TS etk

s L RER RS KT, R KEZE
HTERR SR IT A TR N AT B R
Booth 1 ArribasBUJk 81T ) 5€ 1) LR ) A
DU T T AN B8 57 AV BR T TR RS B 5 1)
S E FRRESFMT, THMEETH) o %
B PAE R & B R B WA RS 5 N
X 35 )5 G X 3k 1 75T 1N 4701 /s (0.29m/s)
(R 5E (A, A PR AN 2 K AR m) i3 . Shaw!?]
v, EBA IR ZE S O T 58 4% B8 B AN AH 41 X
B, FEKL 2000/ (0.11m/s) (IR, BLI R
AN 2 B T TR AR BRI IRES

RADH) LI FRAEA RS E /A T CEFETTIH)
FFR AN LB AT B AT SEIG T 7T T 5 RS
XTS5 Je Wi 5 . Hayden %6 N4
T TSRS S I SRR FH A ] 1 ) S )
MRZ]30L/s (0.01m/s) #4 /%] 100L/s (0.05m/s)
AT LA N AR S e P4 1.55m3 Jels 21 1.20m3 .
MATIE— DA T SRR R I IS = N A SR
B REME XK, TEKRKLEH 360Ls
(0.17mvs) [, A ReR = NI AT HRE D
FIEE R AHRANIA TR T 2 R R T TR S
N GOBAT T 5 % NSNS Z [R50

KB BEF AR TEEE T REsh. AR
AT NG 22 5 I G B 5 T 1 = N b
SAEIE, PR TR T R XU 7 AN B e
A F B T 72 AR B E ) SN A A RS E I R
M), ARSC BB T A FE SRR E (0. 90
FI190L/s) B =5 N AMRS & . FT A LI ERTE — N
TE I SIS 2 1R 4 RO R B s A AT

1 MRAE
1.1 A B B s A A

AR T 1) S5 T 38 R S = v R 1 4 R
%% B8 90 o B T AT o B 0 o R LA T A AH 4T
(6 55 18] s B BS99 55 (4.0mx4.7mx2.6m) Al i JT°



418 + 45

1 2024 4F

(2.4mx2.4m*2.45m) o XA ) i b W b
) B [ TAHE . REET TR = B 2.06m, 5N
1.10me A —A 1.7m & BB LE [T i it
BT AR e fIE B e b G
FAMFZRD o BT ARG B0 5 R BRI S
R FERRESE 5, 1 KOs A 2 FLIT M B
a1 (BT 0.60 K%0.60 2K, &AM T 81
AT ) 3 A7 75 b5 ) o el R AERR B GGRHED .
WS IS 1 7 1) A ik AL ot XU A 7 1] #4
I 51 R BAM  2 SRS 1 o BS99 55 i A HE
KAEHE, —A (027 Kx0.17 KIAERAEMD 2T
IR 7 IR b, 55— (0.27 2K%0.07 K1
FETEASMD AL T 25 b TH S8 A

n X

E1 PFEEmEINR (ZM) MAR (BN WERTEE
Fig.1 A full-scale model of the outside (left) and inside

(right) of the isolation room
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Fig.2 Schematic diagram of the isolation room model (The left side shows the location of the air supply and exhaust, and

the right side shows the top view of the room)



38 H5 3 W

MG € DS KON B B b3 T 1 T B e 40 1 BOR BT 5L - 419 -

iy
1=
e
=
s}
=

B3 BT () FREEHEE (G) AZEEYT .

Fig.3 The air diffusers in the anteroom (left) and isolation room (right)
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Fig.4 The process of the manikin entering the room
1.3 JHZ AL

N T EMEH R TTRIF R« N AT = A4
I ZEAE AR SR IR, ASSCHET T % T
SRS . 0% e 8% & B A R S LA B .
ZoP B R BRI KN 1.0-1.5um, R R AR %
REMEERBE RISzl FESLI T, FRATR I S & B
BRI 55 o T S5/ MUK TR s 25 N A A A A A

Y7965 b5 AR A ELAE T, SR 1K HEUBA FH 10T
B AR Ah . Lkl kT sh T AL B K i
BENRIT o FET IR, £ ££6E 7D i AHAL
0k TS E s #2 o AR AUR R T el
PR ) 1 AR
1.4 JRERSARD &

FATTR 7% B S A AT I R 5 O O
BEHITHE S . ElES, 1@ SFs
INER SRS SRR S IO\ BB 9 B IR Ik R
TEH . R, TREE SR 23 S H IR A 21 5 [
TN R SRR PR 38 I A A SRR B 4 BT X
(Thermo Fisher 5800-GOB, £ 40 F»KAE[AIRE )
1. SFe MIRFERAHNE BN RN EFAT
T2 BT, 2 IR B Hh 25 RS 5u Ml . TR ER SRR
JETERR B A B e e R TG, AT TH —IK
FIIF R SL8e . BT RA — e AHEE ST, &
UAE T THT I 22 1, FRAT TR 75 2248 A i 2 B A
WS B AT HEXUT) SFe ik« TERRIRITI 1201,
BATVEAG AR B0 55 IR BE , AR (o By P FR 5
TERRAIKF (RIFESE— KT B 2RI 7KF)

YT, BN SR TR EES
PRI AR A R AT T B0,

mSFS[aA
=V1—>A'CSFS,<:>V1—>A= (D

Csr,,

Sob, my, R T UOTT T B B Bl
RENFIOREE (SF MARR, o 1
FTIF 2 HU RS B0 b5 WoR B SR AR IR, 7,
e bR B b S ETT 2 A AR . T1RHE,
AR AR L AR B9 55 1) A% 5l IR BT TT R
AR AR BE T AR P S 1B 20 11T J8 AT I Aa RS
TR AR R i HE R BB TR )T, R RETT

m
SFsr-54



<420 - il 525 2024 4F

DR B U R B 45 DL 7 TR, FO7HE (3 RATE (1) BH T B likIFE
my,  (1)=0p s, (1) () 5 A MK B9 53 BB T 1 7 A e,
Ht Qe T TT RIS Csr,, (t) FEHI T QEA'_TCSF (f)dt

64 T

HEPUpA R R 13 B s B AR P B 7 A Ap— S D VIC

61 B 7 g CLEBEI91B0  FT  pAR B B - T

UAMIED RS IRER ST BRI, 7T LA SRR A MR Fort, cg,  FETTIFIRR BT 88 § Ol

B 5 ST (0 4 060, BRURIRIE, At RS 1 ISR R . B 5 Ay

Op, [, (1) y RERARME I SR TR, T
m = e : WL
SFer 54 EA ! SFe 4 ;H\:%Eziglﬁ/fj_?/\ﬁ(o
BEHEEHRONRER
90 e

~
=)

=)
=]

[
=]

A BEHTRERSERERR

IRERSARIR BE(mg/m?)
B
o

\
\
58
A\

BE %I‘?}'F)E‘.iiif — =

10 A o

0

9:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00 17:00
fit [l (hh:mm)

El5 REmREHREENENRIESERE

Fig.5 The tracer gas concentration measured in the exhaust duct of isolation room.
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Fig.6 Directional flow at different scenarios when the door is open
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