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nneuen (Outdoor air, OA) deralyt Supply air (SA) lWAsuwUasluga 46.83 - 49.74 deg F (8.24-9.85 deg C)
(ALady 48.47 deg F) (Aady 9.15 deg O) wazdwalinududuing (Humidity ratio, W) 1A suudaslugas
80.67 - 89.98 %RH (FLade 84.65 %RH) wazNan1s Simulation aaeavslassanzenelulszUsandlne av
Wil szuuvihamudu (Cooling coil) vaumdasusuameluiesnda azauisavieuniegldanuuwans 19wes
auduluenAnnAsey Cooling coil 14.73 - 23.03 erw/lb.da I¢ TnesyuuviAuidu (Cooling coll) wavsyuy
Winay (Fan) aganunsavinulagdian Coil sensible heat gain ration (Coil SHR) aglluas 0.59 - 0.67 Faza1una
muaugvniuazaLtuluResH ARl

1Y
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ABSTRACT

Operating room is a very important room to maintain patient life. The air conditioning system is the
main variable that controls temperature, pressure, and relative humidity. If there is a problem with the air
conditioning system in the operating room, it may be one of the reasons that the patient has an infection
from surgery. Although the percentage may not be very high. But when it happened may cause surgery to
fail dismembered patient or die. It may also affect the safety of life of patients, doctors and staff working in
the operating room.

In this research, the effects of changes in ambient conditions on the operating conditions of air
conditioning systems are studied. Cooling load types were compared in terms of latent heat and sensible
heat. The analysis revealed that the Ventilation cooling load was the highest, accounting for 53% of the
total cooling load. Conduction in building and Heat load from equipment were the second and third highest
cooling load value respectively. The effect of outdoor air (OA) results in mixed air (MA) changes in the 68.00
- 69.44 deg F (20-20.80 deg Q) (average value is 68.63 deg F) (average value is 20.35 deg C) and results in
humidity ratio (W) changes in the 56.28 - 62.08 gr.w/|b.da F (average value is 60.28 %RH). The effect of
outdoor air (OA) results in supply air (SA) changes in the range of 46.83 — 49.74 deg F (8.24-9.85 deg C)
(average value is 48.47 deg F) (average value is 9.15 deg C) and results in RH changes in the range of 80.67
- 89.98 gr.w/lb.da (average value is 84.65 %RH). From the simulation results all year round for the weather
conditions in Thailand, the cooling coil system of the operating room air conditioner must be able to operate
under the difference in air humidity across the cooling coil 14.73 - 23.03 gr.w/lb.da. The cooling coil system
and the fan system must be able to operate with a coil sensible heat gain ration (Coil SHR) in the range of
0.59 - 0.67 to be able to control the temperature and humidity in the operating room.

Keywords: safety in operating room; air conditioning; ventilation; humidity control
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Arduduingogluta 45%RH fa 55%RH Anuduly
KosFounnnirfiuiidradeddiesnda 2.5 Pa shs
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2. N159LA1ZH Cooling load G195 UTRIHIAR

mmﬂ‘ﬁ'aq’mEfl,uﬁaﬁumm%’aummnwmEJ
wnds A1sgAndouLnani (Heat gain) 9gdaagn
\d ougsaeanluanies i evinlwaiunsaniuay
gaumnqdl AT wazan1zaauTsls a1sEAIN
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Woer1indee1e Zvu1andne 8 m 813 8 m g4 3
m ANN1SEANUSEU (Heat gain) Usenaulusie 4 diu
f® 1.) Conduction through interior structure

2.) Equipment and Lighting

3.) People

4.) Ventilation

vosdingagsegulureseinis lfidnlaves
N9 095 UN1T2AINLEILAALABA T (Conduction
through exterior structure and radiation) & sualu
Heat transfer 91n Conduction kuulAssasanielu
(Conduction through interior structure) LAl
LA HANITILATIZUNUIIAY Sensible heat LAY
25,382 BTU/hr

Equipment and lighting Tuwesw1dn dgunsal
91ui1e 9 egvatevia uiavvlleaiiennnudoul
Aedunieluresunnsnaiu gunsaling 9 Usznauld
f 78 ECG/RESP, Electro surgery, Blanket warmer,
Blood warmer, Optical microscope, Anesthesia
system, Blood pressure meter, Pulse oximetry,

Vacuum suction, X-ray system (C-arm) a1nn19
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AU NUEANINAU 22,090 BTU/hr @3uaAinise

AMUSIUTY Lighting WuandlA1LvinAy 4,896 BTU/hr
Aszaudeuiinnanay Ussneulddie 2 du

Ao 1.) Sensible heat way 2.) Latent heat mm%fauﬁ'
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We1AANa1vied U3 1 AU, Wnnduiein 2 Ay,
NEIUIR 3 AU, HYIeNeIUIa 3 AU TG Unng
(Anesthesiologist) 1 AU sautdu 10 Au 31nAnS
TATIERANINAITV I UVDIUNNE LazAET 197U
WuqI14d Sensible heat 4@ n1AU 2,750 BTU/hr,
Latent heat diA1wvinAu 4,750 BTU/hr, Total heat &
AWMNAY 7,500 BTU/hr

3. N153LAS18Y Psychrometric ¥8981n1
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aun13 Sensible heat Uszgnaldfuainiaty

(Moist air) la@a

Qs = (0.24 m, x TC) + (0.45 m,, x TC)
he
Qs= Sensible heat gifindluniegndiseanllain
917771, BTU/hr
m,= 8n31N15lavesNIaeInIA, Ib/hr
my,= $asnslnavennaleth, lo/hr
TC=t, —t;- qmmﬁﬁm?{auuﬂaq, deg F
audousinzvasennadu 0.24 uavvaslotniu
0.45

wonksnluauns uans Enthalpy fidsuudas
YBIDINALIS (Dry air) LLaSLVIalJﬁ?IENLLam Enthalpy
Mdsuntasadloun (Water vapor) @MM5UAIUIN
AsufuenialaeUssann euiidesazdvuinies
10 Fefuansnsodneanld uavauns Sensible heat

Weuladu

Q. = 0.24 m, X TC
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TunuuSuenia 8ns1nsiravesennia dnuang
Tumine CFM 1nnninuudae Wb/hr 1Hesanniasesiladn

drnnguandumiie CFM n1sudasmuae seming
saosmieidiedanudnduegieds defuunvug
Capacity gUnsal 1iu fWaau Aosd AHU Liouunly
o o anmzgamginazanuduiiuandneiy e
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Wuwasgrulukuimaiendu sasinslvadeuiunns
2938 UNIlTNILUANY & ANI1ILBINIAUINTFIU
(Standard air condition) @171 8111ANIATFIY
nuefe TUFuInsdnnie 13.3 f/lb d.a. (AW
Uiy 0.075 b/t d.a) annieiivssendld w 68
deg F (20 deg C) way 29.92 in. Hg. n15UseEndng
Usuenna 1sesgamgll asidutasdaliinasdime
fa1lnanue1n1aNInsgIu AU ANAIANID
Aaaadeutosun MntUe1AIUTIINTTUNIZ YRS
91nALnsgulUlY aruduiusseninegnsinisiva
28981117 MUY b/hr kazdnsinistuavesainia
e f*/min w30 CFM Tdanizeniaunasgiu e

WJu

b _ cuft 60 min y 11b
Ma 10~ min 1hr 13.3 ft3
m, =45 x CFM

unuafasluly Sensible heat equation wag
auuf Typical average moisture content YBI91NA
vWJu 0.01 b w./lb d.a. (lb of water vapor per b of

dry air) dwsunszuiunisusuennia lanadnsidu

1.1 x CFM X TC
1.1 X CFM X (t, — t;)

Qs

v

UfpgUuuuTiaznINvesaun1s Sensible heat Yl

MmlUfunisauimeinadulunisusuenie
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my, = ma(WZ -W)

dle

my,- laﬁfwgﬂLﬁmLfﬁwlﬂﬁaﬁaaaﬂmﬂmmﬂ, b w./hr
m,= gnsnslravesiasind, b/hr

W, — W, - nsasunlasdndiuninud uvesenid,
b w./lb d.a.

PENIEUIUNTT Sensible heating process 1Ny
auufdteniAegluan1izunsgu d1gnsnisivaves

Usumseanniadiviiedu CFM wnualuaunis agle
m,, = 4.5 x CFM (W, — W,)

w3 & dndrueutu Winlugy or w./lb da. (b of

water vapor per b of dry air) w15A2Y 7000 gr/lb

Mw = 1556
e
W, — W, = mané‘éanaé’mdmmm%u, grw./lb
d.a.

n1swWAsuuyad Latent heat 31A5129lAN 113
FEMEVRIUINBINITAUTOU Latent heat ¥0IN1S
SEMEVeUl a gumgiuiueinanalulirnuseunn

1,055 BTU/lb

CFM (W—W+)

Qi = 1055 x m,, = 1055 x =

Q, = 0.68 x CFM (W, — W-,)

e
Q,= latent heat Lﬂ?iamvdaa, BTU/hr
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W, — W, = msidsundasdadiuainudiu, gr w./lb
d.a.

TunszEuuNTsEUUYSUDIMAT Ma1Y 9IN1ADE
wuRUTan1sIUA sunUas Sensible heat uae Latent
heat lunSauffu nsUsusIniAiisnuauIsveIny
#99N15M5¥UIUNST 99 Sensible way Latent heat
gniseenluaineinia dude onagnilibuasuas
Dehumidified lagfe Sensible heat panluneulay
AIUAIUNITAY Latent heat WasI, Qp = Qg + Q, Ad
Total heat fignfisdmiunszuiuns

8M3187UI¥NI19 Sensible heat #iw Total heat
(sensible + latent) 158n791 RSHR (room sensible heat
ratio) mﬁﬁmmﬁwﬁmasj’mmn $ON199DNLUUTEUU
USuene Wusaulsddennuduiugass Sensible

1% P

heat Wway Latent heat %3 aA3 4% wluiios a0l

N

ANNFUivseUTIaleulueInedn AlaziiAnge

Tunnanssdny z:’hﬁaaﬁmm%uqw%aﬂ%mmiaﬁﬂu
9INMEN AnTiagiAAN 1y oefidl RSHR = 0.6 Aavdl
Usinailedlueinieganiiiesiiil RSHR = 0.8 udu
dmsulunsdlfesingail fA1 Room sensible heat
WU 55,568 BTU/hr i1 Room latent heat 1Ay

4,750 BTU/hr kaganadnsadsmsiesian RSHR Lanadl

RSHR = L

QS+Q1

55,568

~ 55568+ 4750 002

%é’nmmLﬁuvLéfdwﬁﬂﬂqéﬁymawmw‘ﬁyﬂuﬁaﬂﬂqa
desniinrwduanauiiegluiesidamiidy uay
nsfinrsanludui Selafldsaunasinnis Ventilation
\flesa1n Outdoor air requirement AMUNINITFIUNT
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4. N153LATITH Psychrometric ¥@3a1nf
$2uAY Outdoor air ventilation &1%5U% 04
NIRR

Mnnsdifnwmessluii auuasgiuvesies
W 16 A ASHRAE 170 (Ventilation of Health Care
Facilities) dn15l¥n1svyuiisueinia windu 25 ACH
wazdin1sld Outdoor air Wity 5 ACH ledszidiuan
Mo Anf19e19 YUIANTIN 8 LuUnT 817 8 1UAT g9 3
a5 SUSumswiAy 192 m® wudesndasediel
ABINIINTVYUIBUDINIA WU 2,875 CFM (4,800
CMH) 81514 Outdoor air wifiu 575 CFM (960 CMH)
101519 Return air i1y 2,300 CFM (3,840 CMH) i
nMsUSusts Outdoor air Tigeunnd1 Exhaust air e
FNWIANAY Positive @S UNDNIAR @anzniglu
Wosufuernimeenwuulii 64.4 deg F (18 deg O),
Relative humidity 50% RH, Specific humidity 44.99
gr/lb anenieusnaInseensuuliv 89.6 deg F
(32 deg O), Relative humidity 81.2% RH, Specific
humidity 173.35 gr/lb

A15¥A10%0UT 11910 Outdoor ventilation
Usznauluaae 2 @1ufe 1) Sensible heat wag 2)

Latent heat Iaganu1503A518b9a7N
Qs =11 XCFM x (t, — t;)

Qs = 1.1 X 575 X (89.6 — 64.4)

BTU
= 15,939 —
hr

Q = 0.68 x CFM (W, — W',)

Q; = 0.68 x 575 (173.35 — 44.99)
BTU

= 50,189 —
hr
AINNISIATIENANIILDBNLUUANINLING DY
drsuusenelng wuIn Outdoor air § Sensible heat
dANYIAY 15,939 BTU/hr Latent heat @119 U

50,189 BTU/hr Total heat fiawiniu 66,128 BTU/hr

nszarudeusts 5 nuanuszneuluaae 1)
Conduction through interior structure 2) Equipment
3) Lighting 4) People 5) Outdoor air ventilation 16
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Types of Cooling loads in Operating Room

70,000

60,000 |-

50,000 |

40,000 [

30,000 [

Cooling load (BTU/hr)

20,000 |-

10,000 |

N m

Ventilation Conduction Equipment People Lighting
through
interior
structure

5Uf 3 1W3suifiey Cooling load

auiiuliinniszAuseudiunain Ventilation 9%
fiAngegn esanuinsgiutaduneiunsesniuy
Wosrdnfifasn1s Outdoor air lusnsinisluaiiuin
Uszneufuusewmalneflanzenniefioududnale
AnszATILSeuTanIady Sensible wag Latent heat
ﬁqq Tagtan1zag 198 9 Latent heat ﬁ'qqmmﬂ’jw

Sensible heat 84 3.2 W1

OA + MA SA
— )| Acunit |
Operating
+ Room
RA
EA

35U 4 Schematic diagram Y045 UUMYUIEUDINA

ENONARG



Air mixing process At uannsReEL TusEning
Return air @z Outdoor air lasle na nnas
Conservation of energy principle ¢ Conservation
of mass veslereusarndnsnan warlw Outdoor

air Lﬂugmﬁ 1 Return air Lﬂugmﬁ 2 uag Mixing air Ju

091 3 aglid
_ (CFM, x DB,) + (CFM, X DB,)
3T CFM,
(575 x 89.6) + (2300 X 64.4)
DB3 =

2875
=69.4degF

W = (CFM; X W) + (CFM, x W)
3T CFM,

W - (575 x 173.4) + (2300 X 50)
3T 2875

gr

=70.7—

Ib
mndeulvitdedldnmsvyuisueinayiiiy 25
ACH WWiguwiniu 2,875 CFM 99l 1 10uan1az Supply
air condition (t1, W’1) f\;m?f 2 [Wuannzaisluios

(t2W’2) walWaru1saTiAs1e% w1 Supply air

conditions @31 aniznneluries

1.1 x CFM X TC
1.1 X CFM X (t, — t;)

Qs

_ Qs }
b=t {1.1 x CFM

55,568
= 6.4 - {

11 x 2,875} = 46.83 degF

Q, = 0.68 X CFM X (W, — W)

o Q
Wi=W, {0.68 X CFM}
=500 { 4750 } = 4256 &
e 1.1 x2,875) " 1b
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wuunadnmandienunldgnimiainadu
Block diagram ien153iaszregnadusyuu Tneld
Snustaruoluil

CFMr = volume flowrate of return air

CFMm = volume flowrate of mixed air

To = dry bulb temperature of outdoor air

Tr = dry bulb temperature of outdoor air

Ts = dry bulb temperature of supply air

Tm = dry bulb temperature of mixed air

W’o = humidity ratio of outdoor air

W’r = humidity ratio of return air

W’s = humidity ratio of supply air

W’m = humidity ratio of mixed air

Qs = sensible heat for room load

Qsc = sensible heat for cooling coil

Qso = sensible heat for outdoor air

QL = latent heat for room load

QLc = latent heat for cooling coil

QLo = latent heat for outdoor air
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5. WaJILASILHAINDIN Simulation

Variation of dry bulb (DB) and
wet bulb (WB) temperature
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g‘l.l‘ﬁ 6 @n13¢ Dry bulb temperature wag Wet bulb

temperature Ua4LABUANN 9 IngladsvssUsEnelneg
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annroINALarALT ureIeInIAnIuanlag
wasudaziiou [6] 210y Input A wsunuuiaes
naadamans suviuldinannvenmavesUssnelng
gaunilegluyie 82.4-89.6 deg F (28-32 deg Cluag
mm%yua&ﬂwdaq 64-78 %RH [7], [8] n1swasunlas
vosgunnfuarainud ueylugaedinine iesan
Uszinelnedsogluiundoulndidurudgns il
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g‘l.J‘ﬁ 7 Nan1s Simulation ¥8¢ Dry bulb temperature

A mSU Mixed air

Variation of Relative Humidity (% RH)
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IINWANTAATIENAIBUUUTIRDIMNAMINAENT
WU A998 Dry bulb temperature §1%15U Mixed air
WasuuUasegluga 68.00 - 69.44 deg F (20-20.80
deg O) Againtuluifouunsiay Argegaiiniuly
WWouwwey fAaduagi 68.63 deg F [7] A1vas
Relative humidity #1%5U Mixed air LU& suulasog
Tu923 56.28 - 62.08 %RH AR 1gALAaT uluAou
ungAu Ageaming uludoususiey danadueyi

60.28 %RH [8]

Variation of Dry Bulb Temperature (DB)
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g‘d‘ﬁ 9 wan1s Simulation ¥8¢ Dry bulb temperature

d1m3U Supply air

Variation of Relative Humidity (% RH)
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gﬂﬁ 10 wan1s Simulation ¥89 Relative humidity

dm35u Supply air

83
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INNANITIATIZRAIBULUUTIADIN AN S
WU A4 Dry bulb temperature @1%15U Supply
air Wazuuuaseglutag 46.83 - 49.74 deg F Avingn
Antuluifeusieu Argsgainduluifeunnsiau 3
ﬂ'%aﬁ'aagjﬁ' 48.47 deg F [9] m189 Relative humidity
d15u Supply air Lﬂ?alaul,mmagi&l,uﬂm 80.67 — 89.98
9%RH ﬁwﬁwqmﬁm%ﬂwﬁau%’mmu mqnqmﬁméﬁﬂu

Fouwwey deedeagil 84.65 %RH [10]

Difference of Humidity Ratio across
Cooling Coil (gr.w/Ib.da)
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g‘dﬁll nan1s Simulation d11Su Difference of

Humidity ratio across Cooling coil

NHANITIATIENAIEUUUTIABIVNNANAANENT
WU A1UBY Difference of Humidity ratio across
Cooling coil LUA suuUatoylurag 14.73 - 23.03
or.w/lb.da Are1gaLAnd uludeunnsiau Argan
Antuluifeussou Senadeegi 20.25 grw/lbda

[11]
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Variation of Cooling Coil SHR
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g‘l.l‘ﬁ 12 Wan1s Simulation V89 SHR (Sensible heat

ratio) @43u Cooling coil

INHANITILATIZY A IHUUUTIADINIY
ATIAFAIANTNUIN A1YBY Sensible heat ratio VB
Cooling coil 1A sutUaseyluta 0.59 - 0.67 A1
samiatuluieutusey Agigaiintulufou

SunAu drAadeegi 0.62 [12]

6. unasy

o Uszinnveeni1seyinAudu (Cooling load)
IFSnswieuiieustsludiuvosnnnudeundls
(Latent heat) waz ANSoUAUNE (Sensible
hea)31nN15TLASI¥W WU 1 Ventilation
cooling load dagean Anidu 53% vo9
Cooling load ﬁgﬂwm Conduction in building
wag N13eANTou (Heat load) 9ngunsailu
MOINAR A5D989U7

® HanIEMUYRINTANEINAUIAVEIINA1EUEN

(Outdoor air, OA) @aualyl Mixed air (MA)

84

Wasuuwdaslugag 68.00 - 69.44 deg F (20-
20.80 deg O) (ALaAY 68.63 deg F) (ALadey
20.35 deg C) wazanalyt Humidity ratio (W)
WasuwUadluyas 56.28 - 62.08 er.w/lb.da
(Aniade 60.28 %RH)

o wamwwaaﬂmaummﬂﬁqmémﬂmﬂuaﬂ
(Outdoor air, OA) &awalit Supply air (SA)
Wasuulaslugag 46.83 — 49.74 deg F (8.24-
9.85 deg C) (Aad e 48.47 deg F) (ALde
9.15 deg C) uazdwalmududusing (RH)
Wa suuUadluyae 80.67 - 89.98 %RH
(Aade 84.65 %RH)

o nswWdsunvasannizernianiauen vinlw

anzamaneludieglutisvesdnnsgu

NNANT Simulation maamﬁq%aqamwmmﬂ
TudsgUszinalneg aziiulad1szuurinainuiu
(Cooling coil) woaA3 89U VBN Al U BT ATY
annsavauaeldanuusnanwesaudulueinia
anAsen Cooling coil 14.73 - 23.03 grw/lb.da 16 1ng
syuuYiALu (Cooling coil) wagsyuuinay (Fan)
za1u150v191ulagd A1 Coil sensible heat gain
ration (Coil SHR) a¢/lu¥1 0.59-0.67 F9qzarusn

AuANgMiuarATUlue AR e
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NuITedlasunisadvayuain qudmalulad
ANNURDANEEINTURIATTHALLINILERAIMNT T A
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