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Abstract

The outbreak of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has been evaluated as
very high risk at the global level by the World Health Organization (WHO). Currently, COVID-19 is labeled as
a pandemic. Therefore, efforts have been undertaken to develop equipment to help mitigate the outbreak of
COVID-19 rapidly to protect healthcare workers better. In this study, the negative pressure isolation room
design with high mobility and the designed ventilation system meets ASHRAE 170:2017 standard. The
minimum requirements consist of outdoor air change rate by 2 ACH, total air change rate by 12 ACH, quantity
and efficiency of exhaust fan filters, and pressurized at least (-ve) 2.5 Pa. A negative pressure isolation room
was designed and fabricated using dimensions as 3 x 3 x 2.4 meters, including an isolation room as 2.3 x 3 x 2.4
meters and an anteroom as 0.7 X 3 x 2.4 meters. Makeup fan and exhaust fan with high-efficiency filter were
installed as ventilation system elements. The experiments were conducted by adjusting exhaust fan speed from
30 to 60% with an increment of 10%, and test conditions performed in two cases as without and with two
workers to enter and leave from a room. From the experimental results, it is found that exhaust fan speed from
45 to 55% is optimal to make air change rate from 19.71 to 26.04 ACH, makeup fan by the fixed speed can
make air change rate about 7.2 ACH, an isolation room is negatively pressurized from (-ve) 6.0 to 16.0 Pa.
While two workers open the entrance, an isolation room can maintain the pressure within (-ve) 4.5 — 9.0 Pa. The
room pressure can return to equilibrium within 121 to 231s. The smoke test does not detect the leakage and
confined space of air in an isolation room. Environmental contamination of SARS-CoV-2 may be a route of

viral transmission. However, it can be minimized by a negative pressure isolation room.
Keywords: Isolation room; Negative pressure; Ventilation; Covid-19, Mobility
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Required Parameters. Design Parameters
Pressure Relationship to Adjacent Areas (n): Minimum (-ve) 2.5 Pa (-ve) 15 Pa
Minimum Outdoor ACH: 2 5
Minimum Total ACH: 12 15
All Room Exhaust Directly to Outdoor (j): Yes Yes
Air Recirculated by Means of Room Units (a): No No
Design Relative Humidity (k), %: Max 60 40-60
Design Temperature (I), °C 21-24 23-27
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I Door Leakage 5%
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List Dimensions Material / Class / Model
Frame 1-1/4” (32 mm) x 1.5 mm Stainless Steel 201
Joints 32.8 mm Aluminum
Canvas 24mx30mx 0.3 mm Nylon — 66: Polyester (50: 50 %)
Makeup Air Filter 6” (152 mm) G4
Exhaust 1" Stage Air Filter 296 mm x 296 mm x 44 mm G4
Exhaust 2™ Stage Air Filter 296 mm x 296 mm x 44 mm M13
Exhaust Final Stage Air Filter 296 mm x 296 mm x 44 mm HEPA (H14)

Makeup Fan
Exhaust Fan
Flexible Air Duct

Flexible Air Duct

258 m’/h (152 cfm)
450 cfm
6” (152 mm) x 10 m

10” (254 mm) x 10 m

PANASONIC: Model FY-12CG1
AstroPure 450
AERODUCT
AERODUCT

50



M. Pipathattakul and W. Borisut / Pathumwan Academic Journal, Vol. 11, No. 32, September - December 2021

I ' 1 Aa
Tns9a314 (Frame) vosdouilunenauauauaaafia 201 (Stainless Steel 201) Baaledonoogiiiion
1 @ ] a < 1 a o
(Aluminum Joints) A1099A199 WK1 10 (Canvas) AaBHUDIRUAZITY 4 § ndesAany Tnseadedieans
1 v I o a A U ' 4 9 o
ludounazirdudanaradn vinaumunihdiuarvesiossinsaneaeen laeanuazaindmsuns

4 o <3| a (g ' o o 4 Y < a
wdoudegUnsal Uszgiouilunundlasaimnumuaudnun (Velero Tape) oiloanunisiadu usnu

'
v A1 9 [ A 1

Y
munaslirvesdrmsudouasunanIugy 1 (Power Panel) UsnadunduuuueIiosAnRINAaNIAN

910191 (Makeup Fan) agyANT09010AI01 (Makeup Air Filter) Class G4 USNUATUHAIAIUANUDINDY

b4
a v o

AAAINABNTZU18DIN A (Exhaust Fan) IasnWaauuaaz gadouaonuid1nsousodsz 11001019 (Air Grill)

9 1

a A < d 1 . . ) @ Y I a A ) o
ﬂ?ﬁm@@@,muEJmWaﬂcﬁﬂ@u (Flexible Air Duct) dvsunaauszuisoMauszuulaives (Slot) @115 U

ee

- 2 3 _ . o Y
ANAIYANTOIOTINIA 3 T 1A8TUN 1 1150 Pre Filter (Exhaust 1" Stage Air Filter) 11Ugan303 Class G4, Fuil

® Medium Filter (Exhaust 2" Stage Air Filter) udng ANIDY Class M13 HAsYANTOIG A1 (Exhaust Final

ol

2%
. . d . o ) o % u % 1

Stage Air Filter) L“]Jl!“lg'ﬂﬂif)\‘l HEPA Filter Class H14 IﬂﬂﬁﬁHl‘ﬁuiﬁ'l‘ﬁiﬂ']ﬂﬂ']'mﬂu@ﬂﬂi@uﬂl@ﬁijﬂﬂﬁﬂi
' v 2 ¥ ) v A4 A ! ¥ o

2INIFALIADT YA fﬂﬁalflf\ﬂulillﬂ1ﬂﬂTﬂJigﬂfJ‘UIﬂi\‘lﬁﬁ%‘lﬁﬂu("I1°L!‘U°L!Gh"ilﬂuﬂﬁ@ﬂgﬂﬁlﬁﬁﬂuﬂﬂu ANUUUN

v oAg 2 a L2 A A A4 4 Ayy - ) o = 9 1

AU uaIne 4 LﬁﬂU@N"UuLWﬂ!af]u%jﬂﬂi@‘ﬂﬁlﬁﬁﬂifﬂVlﬂﬂigﬂﬂﬂhhlla’J"UHQWHUH NINTYAUDNDNTNIYA

' = Yagv < ¥ o v a Y = o y =R a & ¥ ) ]

AN 5’33Jﬂ\‘]‘111@]\‘]611’ﬂlﬂl\‘1u3\1 %']ﬂuuu1ﬂﬂﬂﬂa@’t’)ﬂll“ll')ilﬂﬁ@\iﬂﬂﬂﬂiﬂiﬂﬁiN mmmﬂmwwmﬂ%ﬂm%

na1lszuna 30 — 40 min

2.335MINAaB
. v . o Fa de A e
MININAADIRDIINAIUANVAUAT TUNUNUYUIA 14 m x 6 m x 2.8 m NUATOIUSUDINAVUIA
o A 9 ¢ A A v [ ~ o 1 <
36,000 BTU 9119U 21A503 TaglegilnsalnTeaiuaindiee aan13199 3 11n15naaod 1usianuEives
o g sl @ 2 X y A a ¥ P o
WAAUITUE01IMAAILA 30 — 60 1BSIFUA (%) INATUATIAZ 10% IaBiTunInAnAIglnIaitoInuAUAY
=} (94 Y a g’/ = o o <3 ] ~
asaovuullszquazmiauanunlidaaiin anuualawaauszuisermalsuanuisiaaun 30%
pimanegnmeluiosgnizuigeonaunnuauneluiedinianas Tagausne uAIANNIANAIIAINAY
serameluresuazmenen ldaninaianuuanA 1A NUAY (Differential Pressure Gauge) IUNTENA
Y
#o9linNULANAINANAY (-ve) 2.5 Pa 1InUMTANAa AL INIATEIUANUAUYBIND I IFAN 1z ANAA

tufinmanuuanmesanuduszniumeludeanzaeuen Tuiinnaimildanuduneluteudg
anmzauga Jannuiiemaidumis 12, 3, 6, 9 auduninuaziinmesreiaadue e uas
finausEU80 A IloMA IR ABYeIANNTIMA (V,,) AaeinToeiandauunluia (Anemometer)
AN ﬁuﬁﬂﬁ1qmwgﬁuazmm§uﬁuﬁwﬁma“luﬁ’awmm%ﬂf@qmﬁ@,ﬁuaxmméﬁuﬁuﬁwﬁ'gmfu
336 (Thermometer & Hygrometer) TufinAinnusuiianaseugansote1mAnaiosan 1A ILANIS
ANMUAULUUNWNN (Portable Differential Pressure Meter) TﬂfﬂuLm'a3ﬂf.l”l‘llL%?ﬁﬂﬂﬂiz‘].ﬂﬂ@WﬂWﬂﬁWﬂﬁ
NAADINIAY 3 AS1 1e AR AY oINS uing 19199 @n5afIuIY ATINITEIBMEINA (Air

Change Rate Per Hour : ACH) Taonaunsn (8)—(10)

51



< v v
MW NTnana uaz 3382 U3gNE / 115015331M3Unadiu N 1 21v7 32 fueneu-5una 2564

o=7v,,4 (8)
CFM =0x60 )
ACH = CFMx6O (10)

room
A
)
CFM e 6@35105 1av8301Mel (cfm)
ACH @9 8a51msoeme1nd (h')
0 Ao 89513 1Mavese1mAae U (ft'/s)
A o A
Ve 10 ANUITA0NAN DY (fi/s)

j‘ { U 1
Afe WuﬁﬁﬁW@]ﬂﬂlﬂﬂﬂ@’OWﬂWﬁ (ftz)

N g
|
|
=@z :
=@z
Lo Lo l
=02 :
=@z
=02 oo
Start AP, time and AP, time and AP, time to equilibrium
a
waiting for 15 s waiting for 15 s and waiting for 30 min
— Entrance Exit _

9
%

d‘ d‘ A Y (A A
319 4 Fuaeumnaasulplfgiinnu

g . AAA a 9 Y (a va A o YY (A ua
ﬁnﬂuu‘ﬂTﬂTiﬂﬂa@ﬂiuﬂiﬂlﬂllﬂ15mulf’lﬂ-ﬂﬂﬂ GIJ@QZJJTJQU@QTH 2 ﬂuiﬂﬂ!ilﬁ]ﬂﬂﬂflﬁﬂﬂaﬂﬂxﬂu

L=

A 2 Y 9 a 9 ¥ A o R 1 o Y
aun 1 iladszgmediuriedlosse @udianuuilalsee unnanuuanasanuaunigluies tuin
1 Y H v
pa e antiuse 15s 1 lEGUTROANT 2 Aailszgmediudesingge @udnmivdalseg tuin
' o 9 o = dq v ¥ q 9912 aa =2 o Y 1Y o
anuuanaaNuauneluies tuninnanly sinuuladuina 2 ause 15s 3utlatlszquingenn
1 9
uenidgrnniuTailszg sevunnuauvesiosndudigannzauga tuiinanuuanalsnnuaun gy
v v = a9 o YY (a oa ' v . = o
#od unnnainiesnduganiizauga uazldduginnuedneluies 30 mn  Tasiinisyageny
9 A a Y Y= Y (a2 wva ' A ] (J
yanameuenied meilsziivanimeimanieluiesninanuidnvesdiiaau mueimean Tnariudd
1] H v 9
msnely anuazainlunsdu uazduq asgii 4 mmiuluduasunisesnainies nszsiuguReINy

) 1y Y
MDA UNAY

52



M. Pipathattakul and W. Borisut / Pathumwan Academic Journal, Vol. 11, No. 32, September - December 2021

A s A A o
f13°19N 3 Qﬂﬂiﬂllﬂﬁ@ﬂﬂ'ﬂ?ﬂ

List Brand Model Range
Differential Pressure Gauge SAFE GAUGE J-5300-120 Pa 60-0-60 Pa
Thermometer & Hygrometer LXSZRPH HY-1 (-40)-70°C, 20-90%RH
Anemometer UNI-T UT363 0-30 m/s (0.1 m/s)
Differential Pressure Meter OUTEST GMS511 + 10 kPa

9 '
INUURINITATINAOUMNTTIFULAZNANIINIG 11av099101# (Direction  of Flow) 1a835n13
NATOUAIIATU (Smoke Test) AI0IATBIAS 19MVONSAAT1 TwiA 12 %2 499 OEM U HGFCY0006 1agii
4 1 [ Aa Y ) a £ . . { &’ a
w3esasnvenldaslusuna1@@nussqunauLSqns (De-ionized Water) 119 UUS naduniives

(% o w (2

' ' )

ﬁjﬁlﬂﬂﬂgﬂ‘ﬁ 5 99IUATIULTUNTE Y inﬂuumJﬂ‘wﬂamz‘mﬂmmmmzwaaumummﬁmumﬂu AUNANTT
< [ a [ { A 3 4 <3 le o
i'J“?NG’]'I?JLLH'J"U’E]TJ@]NG] i'JﬂJﬁQ‘VIﬁ‘VINﬂ'lill‘l'?ﬁﬂlﬁ]ﬂﬂﬂuﬁlﬂﬂﬁuﬂ'lﬂluﬁj'ﬂﬁ Lﬁ@ﬂ'liﬂﬂa'ﬂﬁlﬁiﬁ]ﬁu NInN1IvY
DI & . ¥ A o o a A o
waQmﬂmmiaicﬁmﬂuiwznm 30 min fl]"lﬂLl‘LlL‘]JﬂWﬂaﬂJ§$UTﬂ'ﬂTﬂ1ﬁlm$Wﬂf13Jm3JE]”Iﬂ"IﬁLWE]5$1J1EJﬂ1GB

To T#upana1n¥i04

IMG_1931

a 9y A Y @ a
gﬂﬂ 5 ﬂ1§ﬂﬂﬁﬂﬂﬂ1§1ﬁaEUf]\1@1ﬂ1ﬁﬂjﬂlﬂﬁﬂ\1ﬁ§’]\1ﬁuﬂﬂﬂaﬂ31I°]fuﬂ

d

3. WANIINAABINAZNITIDIT

Y ! 1% A AN Yo o 3 A

WENL!EJﬂﬁ’J‘Ll‘ﬂ’ﬂiJﬂLlﬁ‘ULL‘]J‘ULﬂE‘]E]HVI“@Z‘TWWS‘UT?QWEHUTE]Z‘THHJ Iﬂﬂﬂﬁ’iuﬂNﬂu”l% ATNNINITIU

§ o a o { <] o @
ASHRAE 170-2017 Lﬁ’i)WﬂﬁllL@ll@'Iﬂ'lﬁ‘l/l'l\?'luﬁﬂil'mlii] 100% vlﬁ@@i'lﬂ'lillﬂﬁ 91.46 cfm HLAZDAIING
' ' 3 y o4 .. a d 1 ' @
D18mMeInNIa 7.2 ACH E;Nﬂ’J'IEIQJ}E]ﬂ'IWuﬂ"UHWI (Minimum Outdoor ACH = 2) Aty 3.6 11 f‘T’J‘l!TI'IQﬁQ])'IuWﬂ
{ v o 1 o @ 1 (% <

auITUIYDINIA ﬂ']ﬂgﬂﬁ 6 LlﬁﬂQﬂ’J']ilﬁiJWH‘ﬁi%ﬁ’J'Nﬂﬁﬁ']ﬂﬁllﬂﬁ!.m%@ﬁi'lﬂ'l’iﬂ']EJ!.“I/I’Eﬂﬂ']ﬁﬂ“]Jﬂ’J']iJLﬁ’J“ll’E]\i

@ < 1w @ ' % v < @
NADUTSUIDINIA Lﬁul’l@g}}31ﬂﬁ’i1ﬂﬁl’lﬁaLlagﬂﬁ51ﬂ1§ﬂ1ﬁlm@1ﬂ1ﬁ ulsAU TAsATINUAMNGIVDINAAY

53



< v v
MW NTnana uaz 3382 U3gNE / 115015331M3Unadiu N 1 21v7 32 fueneu-5una 2564

@ 1 'o I { < ] @ 1
szUwe e Tagdasimaniameinmamgailu 10.69 ACH NanuiEniaau 30% 1azdaiin1sn1emeInis
< { < Y] X a N o ?1}./ ° @ 1
gegailu 27.8 ACH fnnmiFavinaw 60% Famniosantou luamudeimuaiud dasinisotemeinis
] ] I~ 1 o & < Y]
5091 0d09 11Toen 11 12 ACH (Minimum Total ACH = 12) iu'ldsuiludesldanuErveaiaay

Y Y ) ' Y ] 1
szungoImaaaue 35% vu lihive 1iElu lauiteu lvrumamuinsivua

400 50

® CFM
O ACH

Makeup Fan - 40
300 {1 Speed: 100%

CFM : 91.46 cfm

ACH:7.2h"
= L 30 —~
£ ) ",
= 200 o7 =
i e <
= e )
O Lo <
o7
100 - -
< - 10
O T T T T T T T 0
25 30 35 40 45 50 55 60 65

Exhaust Fan Speed (%)

{ v W 1 Y 1Y U @ < Y
gﬂﬁ 6 ﬂj]l]ﬁuwugjgﬁ')1\1@@]51ﬂ']§Uh’iallaz@ﬁiWﬂTﬁﬂ”IEJLV]ﬂAlﬂnlﬁﬂ']Jﬂ'JﬂliJﬁ’JGU@\iWﬂalﬁzlﬂﬂﬂ']fnﬁ

1 a oA Y] ] v <3 [
Tunsal ludidufuanuanuauavvesiosluanizauga 9as1mMInemeInIad LazaNUT AN
v ] N
52U1001MA Haaeaagli 7 indemmuatudanuauauveiesdod litfosni (-ve) 2.5 Pa tagliaas
a A A a 9 o Y < A v ' a J A
1A (-ve) 20 Pa tnszidielimsilalszg wi-oen lnanuiiomman lvarmiugseullaaieg ganiii
o = 2 o q v& A Y o o q Y Y o Y
ANAU (-ve) 2.5 Pa D9 215% i Inaunldesnanadsnunazszeznarlumsildiesndudhganing
g < " A < o o '
dugaonATI [19] 1InHaNInaaouiu lANNAMUETINAANTZUIBDINA 35 — 40% 1ADATINITAIBNDINS
Y] Y I o o ] 9Y o g’/ :)
14.43 g 17.81 ACH tazanuaumeluiouilu (-ve) 2.5 — 4.0 Pa mudiay dauilularudomruatud
1 a A A Y 1a oA a 9 o Y Y a A (2
uaminiasanlunsandidufiacwau idr-een mlndeunansulasumlasnnuaulasninwanis
4 Aa oA a { <3 o z': 1 [ % [
naaeulio U A 2 Au Bud-eon AnNERANTZUIERIMAAINI 45% TUdT0TNITZAL
) ' ' { 3 o v a
anusuneluieald ludosnin (-ve) 2.5 Pa 1314 TurazfinuE1iaausz 101018 60% ATUAUNY
[ @ ?x’; < Y] { o [ o
A7 (-ve) 20 Pa Aa1H ANUIGINAANTLUIEDIMANINNIZAN (Optimal Exhaust Fan Speed) d1151UA15%11914
1 1 1 @ 1 I~ 1 ) g’-/ :: a I~
g 1UH95217919 45 — 55% Tasdasimstremernienilu 19.71 - 26.04 ACH gandoivuaiusiaaiu
[ @ Id 1 o e o a & 1
1.64 —2.17 w1 wazganuauneluieuiu (-ve) 6.0 — 16.0 Pa ganiFoimuavumaailu 2.4 — 6.4 11

AN

54



M. Pipathattakul and W. Borisut / Pathumwan Academic Journal, Vol. 11, No. 32, September - December 2021

-30.0 30.0
| ® Differential Pressure ) L
-27.5 o ACH Q/// 27.5
- m ~ -
25.0 Makeup Fan rad 25.0
T 225 - Speed : 100% el 225
S CFM : 91.46 cfm 7
o 2001 ACH:7.2h" 6 - 20.0
5 -7
@ -17.5 - o 175
o 7 <
& -15.0 - 150 T
= g 5
[ -
= -12.5 A - F125 <
c O//
S 4100 1 - 10.0
E
o  -7.5 A 75
-5.0 1 Optimal Exhaust 50
> N 25
0.0 T T T T T T T 0.0
25 30 35 40 45 50 55 60 65

Exhaust Fan Speed (%)
{ o o 1 1 o o 1 @ <3 Y
gﬂﬁ 7 mmfcmwuﬁszmwm:nzuLmﬂ@mmmﬂuuazamwmsmammmﬁﬂumwmsammwmmzmﬂ

91NA

o Y] < o { < [ o o ° @
dmSuanuisIaanszUIeeIMA 45 — 55% 103U 8 wiula szeznardmsumsiildanudu
) Y 1 D) ' £ v A < o 2 2
yostouiganzaugaldiarlugie 30 - 45s FeszeznaiveauiionnuidiaausE U INANLIY
Y A YY (A ua A v o < PR o Y a
e IHAUHUAOU 2 awdu 1-00n amduasunisnaase muldnanuauniteludesiinig
~ ' ' L o o o o y D) PIRK) '
nasuuaseglurig (ve) 4.5 — 9.0 Pa BIA9eNI0INEITEAUANUAUALTUAUDIRD 1A liipand
Y Y
(-ve) 2.5 Pa auvomnua Tasldnaisrunsaulugie 121 —231s @szua 2 — 4 min) Snsumsvin e
o Y o Y 1 2 ¥ &2 9 a aa i Y <3 . 1
anwaumeluresndunganzaugadnnis sdlianuedmeluieuluszezinal 30 min lidsing

1R g ] A S o 1 A 1 1 @ A
@1ﬂ1'§11JWQ‘1J3$ﬁ\‘]ﬂ&L§I@EIN1ﬂ IUBDIINUDATINTDIYNDINIANA uazagiummmmuaumwmmu

-17.5
A A Exhaust Fan Speed
-15.0 - —e— 45%
= ’ S — -0 — 50%
Q-/ .(" ....... ANeerens 55%
o -12.5 - : AN
5 N . ~ Makeup Fan
@ LA Speed : 100%
g 1007 ; Y Y CFM : 91.46 cfm
a 4 Y _——"" ACH:7.2h"
T 7.5 Y
c
()
8 504 .
= / (-ve) 2.5 Pa
B B
OO b’ T T T T T T T T T T T T T T T T T T T T T T T T

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250
Time (s)

= v o v 1 (% A o Y 9y [ v A A Y(aea
g‘IJ‘VI 8 mmﬁuwu‘ﬁizﬁanmmzmﬂmdmmﬂuuaznam‘ﬂﬂwwmﬂauqﬁm’;mu@amau@ﬂgﬁumm

55



< v v
MW NTnana uaz 3382 U3gNE / 115015331M3Unadiu N 1 21v7 32 fueneu-5una 2564

A

a g > U U 1 % 1
uUNYU mm%uﬁuwmﬁ msﬂuﬁ’m HASANNAUANATONYANTOINAANTSUIYDINIA Glumm‘ﬁﬁlﬁ}
a oA ~ < PR a i‘ o v o Y [l 1 o
']Jf‘]ll@] 2 AU NAITINN 4 mullﬂm JUNYN ANNTUTUNNT m&iuwmagium& 23 - 27C uag 40 — 60

o v = & 9 o o & Y ' o A Ay Y
%RH A14a19U G]NHJLl"lﬂﬁTNm@ﬂTWUﬂ1Uﬂ15@ﬂﬂLLUU ANUU ‘W@\‘]LLEJﬂﬁ'J‘L!ﬂ'.]nJﬂ‘l!ﬂiJLL‘].liJLﬂﬂﬂu‘I/IlIGI

=\

o o a g’./ 9 j’ A A o j‘ Y Y ' A
dm5u lsanenuiaauiy awnsaaaalgaulunun aumsdsvemadesduniuaarsunelueinsvse

Y

H Y .
‘]_IiL’Jﬂlﬁflﬂ”li@]ﬂ@]\ilﬂ%ﬂﬂﬂiﬂi’]"lﬂ”lﬁﬂﬂ”lﬂwill”lgZ‘TEJ %ﬂ‘ﬂ\iﬂjnl@luﬁﬂﬂiﬂllﬂgﬂﬂiﬂ\il!@ﬂz‘ﬂu ulsAulaons

e

[ < o : o a (% ! J Z { . g {
AUANULIINAANTSUIYDINA G?Qi]mﬁﬁ}mmzmellmﬁwaﬂﬂmuﬂuﬁ@mﬂi@uyﬂﬂim %u‘ﬁ 1 (Pre Filter) GISUﬁ
9 M 9
2 (Medium Filter) Ltaz%uﬁ 3 (HEPA Filter) é’ljmulmﬂu 250, 250 tag 500 Pa AUEIAY ASHUNTUSD
< @ 1 1 A a a y g
ANUSINAANTZUIGDINMABI KIS A UF NN TLANTNINNITNT 09 "?)ﬂanumiﬁﬂmqmﬂ‘ffﬂmmm

YANTDI0INIADNAIY

{ a ! o o < @ J o
A15190 4 qmﬁguﬁ’m ﬂ’JﬁJGL]ﬂSUﬂ'iJW‘V]ﬁ HAZANNAUANATONYANTDINAAN ISV INHA

Exhaust Fan Speed  Room Tempm Room RH" Pressure Drop in Exhaust Air Filter”
(%) (C) (%) (Pa)
1" Stage 2" Stage Final Stage

30 25.000 40.000 1.0 20.0 50.0
35 25.000 41.000 1.0 24.0 60.0
40 24.700 41.000 4.0 28.0 70.0
45 24.900 41.000 5.0 35.0 90.0
50 24.800 41.000 8.0 40.0 100.0
55 24.400 41.000 12.0 44.0 120.0
60 24.100 40.000 15.0 52.0 140.0

Note : (I)Design Parameters for Room Temp and RH are 23 — 27 °C and 40 — 60 %RH

“Filter Pressure Drop Should Not Exceed 250, 250 and 500 Pa for 1, 2™ and Final Stage Respectively.

Y 1 v

NUUTING Smoke Test 1HBATIVNADUMITIFULAZNANIINS THavoso1manieluries anHa

' 1A o oA o VY v 4 = v ¥
msnaaeanuN luliatunaivisaduna ldal1ea1a 15 Fue0nINAINUUIVIVITBIADAIIY VYBIN B

4 1 @ [ < 4 Y]
iHipemnANuuanaNANNALTznINMe Tute ez meueniluay 910317 9 (a) waAInIW Sketch ANBUE
v Y

M3 Imavesomaninavunmeluios Tasemannwaau@uoINaAN I IuLY Ivaru1nso %0921
A 1 v v oA Y Y 19y 1 A ] Y A =
pIMANHuEUTIADAaN19113 Inald Tvavinauvasgaivais e ldswaauszuneeimeiona
usnalndnunisesnrosszuienima omauisau lvarin 1o sszuisoimealasases luvmznermea

' A A A v Y = DR = 9 v o '
vudnaeufiaslzngiiudowdielvaringroesz oo 1na Faaeandesnuanyuz 1T lvavenguy

v ] 1 H Y
atulugdd 9 (b) Taelifinguatuandraiiosnnineims lindouiivsogasuomennaruluuinuios

56



M. Pipathattakul and W. Borisut / Pathumwan Academic Journal, Vol. 11, No. 32, September - December 2021

S4 from Makeup Fan

V to Exhaust Fan (a) (b)

4. aq

U

v

317 9 anbazns lave01me (a) Sketch (b) Smoke Test

v S v

s A v . o Ao o Y1 a 9w
Njﬂ@ﬂigﬁQﬂlWﬂ@@ﬂ!lﬂﬂﬁ@\ulﬂﬂﬁguﬂj1uﬂuau ﬂuaﬂymgﬂ@ﬂﬂﬁgﬂﬂﬂqﬂ\‘]']ﬂ ﬁﬂﬂ\‘]alcﬁ

O De

v 9 ) 9
auldeg1asraiEd awnselgau ldluusnanimsdsueimemieaduuind wisilosnumsduilouriu

Yy a A v ' o Vg o A ) a
ﬁ%@@\‘]@TﬂTﬁ%Tﬂ@ﬂﬁﬂﬁﬂlﬂf@ Iﬂﬂﬁ@\ulﬂﬂﬁﬁ‘Hﬂ'Nllﬂuﬁ‘]_lllﬂ\‘llﬂuﬁf]\‘]wﬂllﬂﬂlﬂﬂﬁlm%'ﬂ@\iiﬂ\ﬁ@ AN

9 [} a Y o g’/ a9 (Aaova
5211891MAYTZNOUAIBNAANAND INALAZWAANTL LGN A mmimammiuﬁmaz”luuzgﬂ;;]wmu

uazlidufiaauleesmuaionluauuasgiu ASHRAE 170-2017 Wi

1.

o ' @ a <3| ' I3 5 a g
8A3IMIAIMeINIAVeINAaNANIMAmTY 7.2 ACH gandideruavud (2 ACH) Anily
3.61M

3 o g ' X Y o ' 1Y o
anuiEinauszgoImaaa 35% Iull awnsaliddasinmsaemeimaganndedivua
9 ]
VU1 (12 ACH)

3 o A Y (Ao 1 o o v
ANUTINAANTZUIRIMA 35— 40% Tunsditigufiiaanu lueunsasnuszaanuauniely

1 o Y oA { 3 @

woelrigandeimuatudn (ve) 2.5 Pa 1314 Tuvazianudiaauszuieeinia 60%
ANNAUAUNI (-ve) 20 Pa

< o { ] 1 @ 1
AN IMRaNsZINee ANz aueg 1UBI9 45 - 55% Tasannsald oasimsaiemeIna
<3| ' ° Y ta g ' o
1111 19.71 - 26.04 ACH gandoivuavumanily 1.64 —2.17 wh nazanuaunieluios
<3| ' ° Y b a g ' o w : o
111 (-ve) 6.0 —16.0 Pa ganNdofmuatumamilu 2.4 - 6.4 MUEIAY FI@ W0

@ o Y Y ' 9 o ) A Y A v a 9 Y

szauanuaumeluiesligenidedmuadud lunsaiidlgiaau 2 awdu idh-oen'la

Taganuaunielurosldsunaseglugig (-ve) 4.5 —9.0 PauazaNuAUTINITONAUIG

annzaugalalugianal 121 - 231s (Uszanat 2 — 4 min)

Afiiaau 2 au egaelureaiiuszozinat 30 min litsngerms liielsyeasd

57



< v v
MW NTnana uaz 3382 U3gNE / 115015331M3Unadiu N 1 21v7 32 fueneu-5una 2564

6. lumamsiFunazdumiigedueinianieluiean1nnis Smoke Test agHoIa 150 ldaIu

Y, a Aa [ cﬁ’ 9 Y
1@11411503!1/]11ﬂ"lﬁ']JT]J@TﬂTﬁLlI@\‘I@HlITLLﬁ’J

9

' Y 4 ' o A & '
Wouendauanuauauuuuaaoudie 1d famdaglunstlesnuaaluilonluemsaingie

g

a 3 ' : o v ! @ )
Tunsaigniduldiiued1ed Feamisawamn Idiestidnyuz Tassadwuuoiamiauiduag

] Y
(Knockdown) tagiiszuuilszquuuda luimmoaams duia lasvuediussoznamazaulsznm

1PNA1591909

[1]

[7]

World Health Organization, Transmission of SARS-CoV-2: implications for infection prevention
precautions [Online],  Available: https://www.who.int/news-room/commentaries/detail/transmission-of-
sars-cov-2-implications-for-infection-prevention-precautions [July 9, 2020].

S.H. Kim, S.Y. Chang, M. Sung, J.H Park, H. Bin Kim, H. Lee, J.P. Choi, W.S Choi and J.Y. Min,
“Extensive viable Middle East Respiratory Syndrome (MERS) coronavirus contamination in air and
surrounding environment in MERS isolation wards,” Clinical Infectious Diseases, Vol. 63, No. 3, 2016,
pp- 363-369.

S.W.X Ong, Y.K. Tan, P.Y. Chia, T.H. Lee, O.T. Ng, M.S.Y. Wong and K. Marimuthu, “Air, Surface
Environmental, and Personal Protective Equipment Contamination by Severe Acute Respiratory Syndrome
Coronavirus 2 (SARS-CoV-2) From a Symptomatic Patient,” JAMA., Vol. 323, No. 16, 2020, pp. 1610-
1612.

World Health Organization, Coronavirus disease (COVID-19) questions and answers [Online], Available:
https: / / www. who. int/ emergencies/ diseases/ novel-coronavirus-2019/ question-and-answers-hub/ q-a-
detail/coronavirus-disease-covid-19 [May 13, 2021].

D.M. Turer, C.H. Good, B.K. Schilling, R.W. Turer, N.R. Karlowsky, L.A. Dvoracek, H. Ban, J.S. Chang
and J.P. Rubin, “Improved testing and design of intubation boxes during the COVID-19 pandemic,”
Annals of Emergency Medicine, Vol. 77, No. 1, 2021, pp. 1-10.

U.S. FOOD & DRUG ADMINISTRATION (FDA), Protective Barrier Enclosures Without Negative
Pressure Used During the COVID-19 Pandemic May Increase Risk to Patients and Health Care Providers -
Letter to Health Care Providers [Online], Available: https://www.fda.gov/medical-devices/letters-health-
care-providers/  protective-barrier-enclosures-without-negative-pressure-used-during-covid-19-pandemic-
may-increase [Aug 21, 2020].

nsuAIUANIIA, Tsndadela¥aTaTsun 2019 (COVID-19) [Online], Available:

https://ddc.moph.go.th/viralpneumonia [6 ﬁqmau 2564].

58



M. Pipathattakul and W. Borisut / Pathumwan Academic Journal, Vol. 11, No. 32, September - December 2021

[8] S.Jacob, S.S. Yadav and B.S. Sikarwar, “Design and Simulation of Isolation Room for a Hospital,” In
Advances in Fluid and Thermal Engineering, P. Saha, P. Subbarao and B. Sikarwar (Ed.), Springer,
Singapore, 2019, pp. 75-93.

[0 @011u15AusI9T nsuaIugulsa nsenTNaIsIsTugy, glensdsulyequaimeimanisly
AoUNeLNa, ASaR 1, dninfiusnusnsWlaneuda Lo, AFUNNA, 2560.

[10] S.L. Miller, D. Mukherjee, J. Wilson, N. Clements and C. Steiner, “Implementing a negative pressure
isolation space within a skilled nursing facility to control SARS-CoV-2 transmission,” American Journal of
Infection Control, Vol. 49, No. 4, 2021, pp. 438-446.

[11] P.H. Fang, Y.Y. Lin and C.H. Lin, “A Protection Tent for Airway Management in Patients With COVID-
19 Infection,” Annals of emergency medicine, Vol. 75, No. 6, 2020, pp. 787-788.

[12] M.L. Martel and R.F. Reardon, “Aerosol Barrier Hood for Use in the Management of Critically I1l Adults
With COVID-19,” Annals of emergency medicine, Vol. 76, No. 3, 2020, pp. 370-371.

[13] N.L. Haas, B.S. Bassin, H. A Puls and K.R. Ward, “Use of a negative pressure procedural tent in the
Emergency Department during the COVID-19 pandemic,” The American journal of emergency medicine,
Vol. 48, 2021, pp. 354-356.

[14] C.-H. Weng, P.-W. Chiu, C.-L. Kao, Y.-Y. Lin and C.-H. Lin, “Combating COVID-19 during Airway
Management: Validation of a Protection Tent for Containing Aerosols and Droplets,” Applied Sciences,
Vol. 11, No. 16, 2021, 7245.

[15] K.W. Wong, R.P.K. Lam, W.C. Sin, M.G. Irwin and T.H. Rainer, “Comparison of the Efficiency and
Usability of Aerosol Box and Intubation Tent on Intubation of a Manikin Using Personal Protective
Equipment: A Randomized Crossover Study,” The Journal of Emergency Medicine, In Press, Corrected
Proof, 2021, pp. 1-10.

[16] Centers for Disease Control and Prevention (U.S.A: CDC), Interim Infection Prevention and Control
Recommendations for Healthcare Personnel During the Coronavirus Disease 2019 (COVID-19) Pandemic
[Online], Available: https://www.cdc.gov/coronavirus/2019-ncov/hep/infection-control-recommendations.
html [Feb 23, 2021].

[17] ASHRAE, Standard 170: Ventilation of Health Care Facilities, ASHRAE. Inc., Atlanta, 2017.

[18] J. Francis, Isolation Rooms: Design, Assessment, and Upgrade, Institutional Consultation Services, 1999.

[19] Z. Xu and B. Zhou, Three Misunderstandings for Design of Negative Pressure Ward. In: Dynamic Isolation

Technologies in Negative Pressure Isolation Wards, Springer, Singapore, 2017.

59



