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Abstract

It is vital to provide negative-pressurized environment for infectious control in the biosafety level (BSL)
laboratory. In this study, numerical simulation of a full-scale BSL-3 laboratory has been carried out in a
district hospital. Computational fluid dynamics (CFD) simulation were conducted to investigate the airflow
distribution of the BSL-3 laboratory. The results from computer simulation revealed that the improvement of
airflow distribution could be achieved satisfactorily through alternative layout of supply and return air.
Different arrangement of air distribution could be assessed extensively not only by airflow simulation but
also by concentration decay method using CO, as tracing gas and local mean age of air to achieve the
infectious control purpose. It was also expected that CFD aided simulation could identify strategies for best
practice at design stage as well as reduce running cost at full operation.
Keywords: biosafety level laboratory, air distribution, computational fluid dynamics, local mean age of air

1. %32 BRI FREMAEREFE A ﬁﬁ’m4#
rsr’buuiﬁahpuaw Brr S-S L S SR S A

B EEFR ARG > 7 ENS 2 RiEs wL e F e 3R PRIm AT o

iﬁN@MH%MO@mmMnWMMH*iW CFD #iciE it > & > Lin[3]% X »t 4p% %

3| Z"\jgr 4 %7 % Fe(National Institutes of Health, FHY AR FFU R T A v b 5081
NIH)[2] & 5% 1 w%mﬁﬁzi#+iiw’vg AR R KRS DR R R ks
HEfEb 22X 29 %3 PRE {0254 ®* b 2% & 404 ¢ (Dry Coi)f2 FDCU(Fan
%% ¥ (Risk Groups, RG)&Z 4 F % > F % 3 & &% Dry Coil Umt) MENFE R R T2 AR
(Biosafety Level, BSL)§ #-lmen@ & f#§# > T 3P TP TR AR E T ELRT R ERBEE
4P >ER T FRKD G L GEMA i’ﬂ %L’r FEERE TR MNEE D é‘cﬁ%xff »c% o d
FLTRIRGEHE ERAREE PEEN 3% kor FDCUw b 238 dp s g w b 45530

261


mailto:jmh@ncut.edu.tw

2013 % ¢ fL 4 28 ¥ 773 ¢ (GTEA)
PEAR-FE-_&E£T ) - Legp

3R ALEIRE TR
Liu[4]$ A RERELTF '1 Ca xtfﬁf;m"v
3Vt Ja Bpe b “f-ﬁir"zlf' Lo R HA BT 2+
W o l—-sE‘IE'_Eﬂ LF 3 fy“fﬁ’kl?';ﬁ’/ﬁﬁ:
Sleng onthin o BWIRBRIRE L F 7 A R
FAotE a4 B (CFD) > 2 » =Rk T H
e éf?;‘ﬁ:}"“’%ﬂ@%'}fﬁ%ﬁ:; o E AP FERR
Fh KX EKAER - RIEBEFRFER LK e
aRdr e giER o Fg',f’*’?b?%l" ERY I(i' 3
RN PR RS F kAR
% /ffﬁ?mffﬁﬁl" AR ipM e

EIR G NF i e N ’Sandberg[ ]u_’;if—ﬂ
ﬂ 7F 5 i b "Wfﬁﬂ‘ b
LTt s LI S
EFTHG WA tRE R
ii*f” A FlEga %Qﬁm"mp*wﬂl ¥
ERFA LT o Ao Big N IR
I% % ¢ * o ASHRAE Handbook [6]7 #& 2 & f&
HOR R AEE R BIRET I BAoE R RR S i‘af«
7% (concentration decay or growth) - Z_jk & 2
(constant concentration) % fi= & ;L » ;% (pulse
injection) = &7 IF 5t Hig 48 = /2 o Chung[7] %
AT CO,iT 5 THGF WP 2P Wb “32""‘ > M
NFEH el b BN AR RS AT Y o 5B
Bl R TR F S el b R o vxarvﬁ
HURBLEEINZFS 4%"”m/»\ Wfﬂ—%&‘*% R
ABEHE R 2SR TR V/F Lol R N o= g
Wﬁlmﬁﬁﬂ”*ﬂkmw%i&w~’mm
WA Bl - Ta dipfd 2 P E2
<@ ARk ovoenfe R s 3
B FHE R RF P PRI T A b
Wang[8]% 4 k¢ * CO, iF 5 7w B B:& 7k
EREp  S8FH 2 &;r S N
:' N 'ur.}i N /,‘%?&Fi ‘/f&v'l')r'“ > ﬁﬁ:” 3 pcd #ﬁ:‘:g éz"
BB SO FREIFTHTE L A PERR
E L THRT B 50961 g E E
gtk > # i@ CFD g2 P kb # R T » £
WEE P R o @ Tung[9]% A - B & fORGR
Aiﬁ,]_f‘ ;gi,sa%,/@ag-imﬂ.aa{_rwgﬁ
& i r(SF6)/k)i’f‘/kJ“m1 %0 11 n F ##(Age
of air) ~ 7 # < # »x 5 (Air exchange efficiency,
AEE) ~ Bkt % 325 (Odor removal efficiency,
ORE)= Bk ;}% T PR 2 A7 od b el
ko TIEFHE R R 2Tk o

4 A g 4 ,bzk; &

o
-
w3

N
a0

aw
HE O (my oy

Sy Ag By
{;‘a—*‘r 74‘5

ik

l*g]l

=
o
T

:’1’7«?/?[5_5’
A

\r\} .\4 h mh
o %

2. i syt
PR RE MY xS F R ]

PEAR 1A LY R ERERKE
% $%:GT5-003

@W%%ééi’ﬁ*ugﬁﬁﬁzﬁﬁpz%
LT T I PRy
N A S G REE I E S e
% (Biosafety Level 3, BSL-3)% % % i& (747 1 4%
Hoox Tiiififﬁﬁ%é‘i% R aEz iE B
FHREPINEIEAE L T oo PSS
LXWXH—8.5m><7m><2.4m - - S
LxWxH=2.6mx1.5mx0.8m 1 # @ &+ =+ 4 &
}E LxWxH=2.6mx0.66mx0.1m g 0.2m =%

» $2 % 4 (Incubator)#o*x >t e B =% > BSC > 33
% 451 -80°C 7k 44 (Freezer) ¥ 27 5503 0.2m> & 2
4°C 2. & %8 7k 48 (Refrigerators) | &4 0.1m - =
s A WK G R 02m B v < ] i
LxW=0.3mx0.5m e g v » ¥ 344 F
(Stained region)#? &t % (Centrifuge)  * % 3 &
BREFUC LI FRF 0 E LxW=13mx0.9m »
o b 2Pl e 28 B LxW=0.8mx0.64m F §E
O.lmeng v - F%E P F = 5 Class II Type B2
2.4 $ % > 1% (Biological Safety Cabinets, BSC) »
% PR F B NSF/ANSI49 # 3 % > 1R % - &
FARE > T8 & 0.2m P12 0.51m/s 74 b
b P2 - B ) & LxW=0.34mx0.22m ¢
ThUCHREXHFTR > H- BSC 2% h £ 5%
995CMH © % f BF % £ % B i e

Flt % TRETE N B E A e %FI’LJ" g
T LxW=1mx0.02m %4 o 287 7 & Jen=
ﬁ*?tﬁi@HkFaélﬂﬁ’Jujﬁ
LxW=0.6mx0.6m ik v & {7 zvuj | B e
AT E R R ET R E GO R

:T\"@ZR"—‘-»’]@—%EJ- °

AEHET LR R AR A K ’f&p{?]r‘r&‘“
£ A4t T SR T AT I ¢ BT %
P Sl AR A R - S Eéé_if?%ia‘ﬁﬁ%ﬁﬁ
AR E AP sy § & BSC oA iE
BSC hifih > 3% A%k i & L Wi hf TRk
At ”Pﬁ:] BT b ‘EQ%E F iR 2
R = d BN E: S NS I e E =
%m&?ﬁg%?%iﬁmi‘ﬁﬁ%@%’J

‘R ERA S BSC B VARG AR RIR
ﬁm&"mﬂﬁ BAREBEAR AR DK
%ﬁ’ﬂfﬁ%@’f‘és‘eﬁ*%”?%’%“Hé‘“’rﬁ? G
<> ﬂ@-i%%‘m]}‘]rﬂrkl%w'%%ﬁa o A NS
F3t e

3. WEHGR
3.1. gﬂwﬁ‘ﬂ;

(1)'}71 p. * ¥ @ ‘fﬂ/n ;E"_ ’ @)—ﬁ 'f ok ’,



2013 % ¢ fH 41 4287 e * 3t ¢ (GTEA)
PEAR-FF-&£T - Lep
A FAERE R o
Qith E B 253 A6 o
(3)7P 5),%.’5/3—4 ~9:),@;7~A?
W&V%ﬁ%ﬁ#ﬁ%&@o

OS2k 25 COye

323&7‘!’#!——

(DR v » v B R iEE Ry Ep K3
@ 3420CMH 4 z_h % » T 33k % ;i

0.528m/s » J§ & 5 292.15K(19°C) »
Q#LvR* IR - HFETE LA
B BPERE S 4240CMH -

GFLE b 2d Rz P2HMBZTRE S
YT TIE I IV TS PRy
(4)d * A& 7 £ * 158 k-¢ turbulent model » &=

TR AR R 350048 S di(wall function) AJE o
(5)i* 4+ 4450k B % 3000ppm °
6)= 24 % F kR 5 350ppm -
A R VR EFRCR S LS5 ) H e
BT B W E PN R ER RERERT S
600s ° Fluent ™ 3 *148 i (finite-volume approach)
ERFEZ LSRN TN ARE R IRAS > A
E RN VAES B SRR Al e S
FOIL R 0 B B TR F 4R % k-g turbulent model
e - FF 2k 2 (Upwind differencing, UD)*c 12
fREr o - HPHEZEFP T EEREDORES
oom R EE gty SIMPLE = 2 &
2oz @r 4l CFD k3Fgp42 % 2
FEHREPNF A TAT 2B % I R RR R
E%ﬁ%ﬁ%i%§°
33.2 ,1:‘ 37
sy. ¥ M(Age of air)§_fsE A o N 30 F & 2
EZFHMzF R LR - BEAZF
iigﬁ,’ﬁér e A JECON T ETO I SN SN
Li‘:ﬁi#%ﬁﬂ%ﬁ-qﬂiq_;’. s o rﬂ_-,,_;}, ¥ i —ELL_F‘L
AP R L L AP F R 2§ #8405
B L@l § 589 *}*A\ﬁ’ ST F A
72 13 SRR RA o T FE
e dre AR ER R ILARAT o A F
B4e R L@ * [6]e % F § & fo i Sihird £ 1
0 S FEMENLF R SE R

Hrk N arF e

FEAPRY ORREAHE TG W 2
,/_L_ﬁq_,—f;,&ﬁyr’ ﬂ\?léq"f‘/)é‘/z‘p—r;’vﬂ%
T 327 § & #(local mean age of air)2 -5 =
FheT
_ L@ - c,)]

P70, (0)—Cp(e0) (1)

H ¥ Cp(0) ~ Cp(t) 2 Cp(o0) ~ B] % FPFREF 0~ t

263

CEAR LA LY REpEfgR
2 #%..GT5-003

Fyri 2 FEME PR R R B o

4. BEHHE

SR RREOERRE AP BEXT R
FARRTLAP L PRI ZF
PR R E2 R 8 % COIE G T By 1o
d kR RS SRR A ﬁ*“"é otk
Fiﬂ)»% mzl'-’qb#f'#”f‘i% FTAERE - BP
FAHAFRT U BER RS
AR vl B F RS 26 A
FopT o~ dE ~LARF] > & A Case A~
Case B ~ Case C» 4rB|3%777 - Bl45 b3 %
BLRPEEE T LB PEE R AI6m = E
BLA WL F SBSCH 3 @ BLP1 ~ P21 2 32 & g
= & 8EP3 P4 ERIPERY 5 600s 0 ez 57
b Ul nE R ER R FAB G ER
B oB5HE o

tCase A¥ ith v 2R g g T RTEA -
BEPleni= 44 “,fi Fipy EHo * 9 Aat=50sis
Bdew T R 0 2 21t=500s = + 1 ABTfE T > @
=B P2RAR 2. T R T4 - =205 2 + 7
L4 % 'ﬁ WA 4T R o =120sPF T PR ABFR jbr
AR e P3G A B RBLES 0 & K05s
fod MELTE 0@ i*;‘iP4ﬁv513L%"f%§f?"§xé
i o BT ZARLEE T AT o Aikh
CEP TR R #k?' fe ¥ ihCase B BliLF T

‘ﬁ \_l

IR TR

__u.,ﬁ?l "“'—“Tﬂ < il

Case A% 14%"? FoaFu - w IR g
ér_’ml[#w mi,ﬂi%ﬁr%ﬁ_ﬁi\@gm,gﬁa/,\
o ¥t i dRBLAIE 7 ehCase C¥ » i+ % P4ed

= g A ﬁk_, » g2 1 % 4rCase A* % 2 iF 2
Ao TR 137:/1:74‘%%%53;%‘ Ay P
i# > @ P1~P2~P322Case Bz T " 48 F i3 4p i >
Case B¢z Case C4p >t Case Arng Bl i B 8L4 IR
ML EY T EARE VARV LA X ER T
mﬁj‘ﬂﬁ%:J?uéi%b%mﬁﬁ%
R
57 L0 fEBSCH 2 F AP AFHA 0 F A
S R A ALY BT 180s PR 2 0K A Hit
Tt g heBl6 0 wCase BF i fist T AR @ i 3
g3 kR A o0 mCase A= = BSCH

ﬁﬁ?ﬁ%’E?%BKWﬁMﬁ?éﬂ%%&
—L/—"- 4‘}[’%@"1“}%@%%5( ° :_:3 /%—_*{ilﬁa*ﬁv—‘%—é"*%

A ’TIJ'H’ BIRT oz ;{, ,&gﬁ#"né’.‘r_,p )’ - —H);tz.'
Bk RblhEAp gy REFEN > d BT
L& F|Case A¥?Case C =% P2~ P3 ~ P44p § 4%
g f&CaseAér_Plf*ﬁ%ﬁﬂz}:ﬁ;’ EdLiriET = B
X0 P BRI INT § £& o Case BE2 R &

%Ky'm



2013 % ¢ fH 41 4287 e * 3t ¢ (GTEA)
PEAR-FF-&£T - Lep

F E#22Case CLFER + > fe iz =B Pl H &
I BB AN F ERY LS ERE o 330 Case C
3 AP PAF Al N F B 0 A
P2 P35 s BRGIhIBEL A E o ¥ BT
BSCxihm*,‘ﬁéEﬁvlr*F%fn TR RMEL D
Va2 Fu%BSCf\ff\‘)fExfj\Fﬁ.‘/E’ﬁﬁLrﬁm
i ﬁu’*J%%ﬂw%pf%&
FWARE 23593 2§ A WAl j - 2w Case A
&P2E P3ehd b i > Ai= % P12 Case Cih
MINE F E#F LR P4 E x 2Case CF
FE®APT 0 2 ERIFHE G ¥ R Case A

lfﬂ
[

al_E_

FHREMFOAGPEA S TR ARG ER
LAz b el A 9%k EEHR -

"Pf’é‘;

ngz #_,E;bJ-g‘;iJ-ﬁ‘vng r/;:,,g}}'a;luk&r-

iﬁmBSLS“?%U_:\Eﬁ R oUoenfe d K B
NZfEEh v el 0 ¥4 CFD#ciE F it &
AR T HEF BCO 2 kR R R T AT

Tyo% F ASREEE ) HHRERT Fa &

EXSE TR PO SR R
FRFEA S - QEI TREL TS

PABLA RS N 1 BSCE 1 £ # % B4
VEFREZTLY Mf)f't ’%%ﬁg*ﬁ?%i

2o Fm¥ng B o FFLAIRAR T EE KRG F T
AT\ PR
6. &3

A P 3 AP & 7 #
(NSC-100-2221-E-167-023-MY3)4¢ 8% » 4yt 3 F
R#HZE -
7.$%¢$
1.World  Health  Organization, “Laboratory

biosafety manual, ” 3rd Edition, 2004.
2.National Institutes of Health, NIH guidelines for
research involving recombinant DNA molecules
(NIH guidelines), 2011.
3.T. Lin, Y. C. Tung, S. C. Hu, and Y. J. Chen,
“Experimental Study on Airflow Characteristics

and Temperature Distribution in
Non-unidirectional Cleanrooms for Electronic
Industry,” Building and Environment,

pp.1235-1242, 2011.

4.].J. Liu, H. D. Wang, and W. Y. Wen, “Numerical
Simulation on a Horizontal Airflow for Airborne
Particles Control in Hospital Operating Room, ”
Building and Environment, Vol. 44, No. 11,
pp.2284-2289, 2009.

264

CEAR LA LY REpEfgR
2 #%..GT5-003

5.M. Sandberg, “What is Ventilation Efficiency?,”
Building and Environment, Vol. 16, No. 2, pp.
123-35, 1981.

6.“ASHRAE Handbook - HVAC Fundamentals,”
American Society of Heating Refrigerating and
Air-Conditioning Engineers, Atlanta, Georgia,
USA, 2009.

7.K. C. Chung and S. P. Hsu, “Effect of Ventilation
Pattern on Room Air and Contaminant
Distribution,” Building and Environment, Vol. 36,
pp- 989-998, 2001.

8.F. J. Wang, C. M. Lai, T. J. Cheng,and Z. R.
Liu, “Performance  Evaluation of  Indoor
Environment Parameters for an Unoccupied
Operating Room,” ASHRAE
Transactions, Vol.117, Part 1, pp.557-564, 2011.

9.Y. C. Tung, Y. C. Shih, S. C. Hu, and Y. L. Chang,
“Experimental Performance Investigation of
Ventilation Schemes in a Private Bathroom,”
Building and Environment, Vol. 45, No. 1, pp.
243-25,2010.

8. W% f &

8.5m

[JExhaust air on ceiling (EA)
— Exhaust air on BSC (EA)
_— Exhausl air on sidewall (EA)

Stained region
Incubator

-80°C Freezer
Centrifuge
4°CRefrigerators
Door

<« Airflow

Table 3

— Supply air

D — Exhaust air

oorl

Z X 17 — Return air
B2 2% 2% 25 9%3Ea R



2013 % ¢ A1 428 s * 5534 € (GTEA) PEARE AR LY M B ERRAE

VEAR-FE-£T - Lep 2 4n§.GT5-003
X Incubator
EA2 |J BSC | ‘_l
; O]
EA4
:l P2 e P3e P4 e
Door 2
~ o e
S 3| P1e Laboratory
S 3 E able
EAS-1 ]
EA1 )

— B4, % R1.6m= 45 T pIB27 & B
(a) Case A o

EA3

EA2 |—| BSC

Concentration (ppm)

0 50 100 150 200 250 300 350 400 450 500 550 &0

Time (s)

(a) Case A

ODoooa

Supply air

EA2 H BSC [

Concentration (ppm)

j .
0 T T T T T T T T T
D qrememesessssesesseeeneana .,------. 0 50 100 150 200 250 300 35 400 45 500 550 600
:
Q : P i
' H H Time (s)
(4 i Tabl o
Q : aole : :
: .
; (b) Case B
:
— 3500
r— ttreres L % |

Supply air

Concentration (ppm)

(c) Case C

Supply air on ceiling (SA) [] Exhaust air on ceiling (EA)

Return air on BSC (RA) — Exhaust air on sidewall (EA)

i — Exhaust air on BSC (EA) T
Time (s)

B3. = fa% v ith v K3l (c) Case C
S, 287 F &b v BT A8 R

265



2013 % ¢ FL 1 A28 b % 273 € (GTEA) PELR 48 LY REpEpEE
VEAE-FE-ET V- Lweop 2 M5L:GT5-003

(ppm)

2000 30
1920
1830 284
1750 el A ]
1670 .
=
[

1590 241
1500
1420
1340

22—

Local mean age of air (min)

o
0
&
@
w

1170
1090
1010
927
845
762
680
597
515
432
350

(b) Case B

(ppm)
2000
1920
1830
1750
1670
1590
1500

1260

1170 wl o
1090 —

1010 64————-——-q-—-----t—
927

945 e e Y b——————]
762 123 & CaseA| ]
680

597 g o oMeBL . oo [ S
515 e (CaseC

432 0.8 T T

350 P1 P2 P3 P4

(ppm) - o . IR Mgt 5 g
2000 B7. =k Z0hitTioy 5 &8
1500

1260

1420

(a) Case A Position
1920
1830
1750
- 1670
1420
1340

20 F——————F———— - ———— ]
1590
1340
1260
1170
1090
1010
927
845
762
680
597
515
432
350

(c) Case C
Bl6. =% itk > X2 ER S
(t=180s, x=1.9m)

266



	目錄
	E. 綠色節能與冷凍空調

	GT5-003




