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The effect of temperature changes on the thermal comfort of people in an
operating room

Alireza Zolfaghari’, Haneyhe Bijari, Mojgan Chaji

Department of Mechanical Engineering, Birjand University, Birjand, Iran
*P.0.B. 615/97175 Birjand, Iran, zolfaghari@Birjand.ac.ir

ABSTRACT

Thermal comfort prediction of patient and surgical team has an important effect on the quality of surgery. Evaluation of thermal comfort at the top of
the operating table is an important issue especially when the patient has thermal sensation in surgery under local anesthesia. This study was conducted
to explore the influence of the inlet air temperature of the operating room (OR) on the thermal comfort of surgical team and patient. This was
performed by applying a numerical calculation to map the air flow and energy field. In this regard, the AIRPAK software was employed to perform
the numerical simulation. The results were reported in tree critical area: above the patient, the left and right side of operating table. Results revealed
that due to increment of inlet temperature, Predicted percentage of dissatisfied of surgical team and patient increased by 0.1156 and 0.1868,
respectively. Therefore, thermal sensitivity of patient to temperature variation is much higher than operation staff.

Keywords: Sensitivity, Operating room, Temperature, Thermal comfort
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Fig. 1 Isometric view of operating room model
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Fig. 3 The PMV contour at a height of 1.6 meters for people with

inlet air temperature 20°C

sl 550 1.6 el o ol 8l ulea! bl jasls jeuls 3 Js<s
g 4230 20 (394

o 3bla o bos 5 )l lenl 2510 1 Jguz
Table 1 The temperature and PMV in critical area

s oufibe bl asls

T
21.25 038387 Lwselo x5 19 oYL sl
21.95 019256 gk 43,520 e e
22.60 001016 gk 4z 521
21.99 1.08259 T T- T
22.82 1.19500 s 20520 e ol 3
23.64 1.31106 sl 45,321 e e
22.47 1.11280 T T- T
23.29 1.22865 gk 2,520 o ol 3
24.14 1.34696 g 42,521 =,

Joe
PMV O
X IR
o ol
N oR
O a8 O

Fig. 4 The PMV contour at a height of 1.6 meters for people with inlet
air temperature 21°C
21 53555 sles 520 1.6 el jo oldl pulea! L)l sl Heuls 4 s

143

¥ G 4z o

&b -4
sbow dhex Sl Jee GBI o pol sl (ricpilas p2l GdoS )
519 Los sogamme el 00l oy (639,9 (192 (Slod Sl s s o
Slp 2oy 60 5 50 eogume [0 i Cush, g g 4> 0 24

sl 00 s W Jslid ollas (s 5 olils 55 Jos (sla bl

039 o ugmndos 42,8 21 520 (19 o a0 Les allae ol jo
llas Lo 2 slp 5o 1.6 glis)l jo ol 3l )l el ol ,guls
15 950 sonlive a5 jsbilen il o0d pwy "4 b 2 sl s
Sl ialel gesgazme Koo led 90 b anglie [0 ax, 19 les
(2 Splie £5) bawste (S codlad b g oolias] (53131 sl ogllae
Bl ge Fos xS

39 05 e (N, JS8 0 a5 o)l yho il PMV Gl (15
anign i 1y 1 o (o o i o IS5

Fols a5 G bl po Les 5 (Sl pebesl 2315 1 Jsur
9 Jos 55 Conl) Coom 5 o Ceon )3 (22 095 1Bl jga 0dgume
Ll 00l 155 Jas ©38 (YL jlow j3a> 03guzme (ruizmed

69939 Slop slod slaz s o Rl L 09l s oalive a5 j5blen
g 4l iol3dl 4,0 0.7 sg0> Les jlew cow YU 4l ,0 20 419 )
Sl ol i Gal331 01912 oy )l ol (a3ls (izeen
0.1824 4 &)l > a>,00.65 il coge a0 21 4 20 Sl
sl 003 o 5y e a3l

a5 Jlew Cewly G jo ol oLdl canain g o el Judoa
Lo glaz,e S pens b aiien ol gl b Oliged s SOo3
G S Sl 4 S gyt (R gl (Gl peles] asle
FS03 Jos 361 50 25250 &l ads mlie az je Gl sl ails
St Lo Gl 4 G L] )l il ol axal ol 8l 4
D90

S s S & o sl S sl 3L ks S
lpls ailige 01156 >l> 055 lp s 0.1868 Lo (glaz,o
ssboles 4z )5 Coul jiin Lo laz s Gyt 4 S o Sl
Shwsthe Gyl Ghlol Lulpd )5 Jles 950 ssmlin 1 Jgaz o o8

Syl 8

PMV
2.25

=
Fig. 2 The PMV contour at a height of 1.6 meters for people with inlet
air temperature 19°C

19 599,5 slod 5,0 1.6 el jo oldl bt b5yl sl )5,2.352 Js<%
¥ G 4z 30

330 9 G Dl 5 £ oibodsgis Slallips (sl xaS o9 wVlie acseze 13 ojlait 16 095 1395 jiw (purde Silko wis



Vad 9 5 Ll Ld pule S

Joe GUI 3 3 33 i il g bod wlyuis ;86 Lw )

e o ygd -6
(WM?) (o slogesgm) Sdplia &5 M
(ax22) 31 5 ool (ke PMV
(WIM?)  slmls 555k Lawgs &> 3T Qe
(WIM?) colas S gle bawgs &) > 31 Qk
(W/m?) (il Sg5ke bawgs &)= 61 Qr

(W/mz) PRSI RN SR U P ] Qres
(W/M?) (il Sg5ke bawg &l> 361 Qs
(Wim?) o5 IS &5 w

exls -1

[1] C. A. Balaras, E. Dascalaki, A. Gaglia, HVAC and indoor thermal
conditions in hospital operating rooms, Energy and Buildings, Vol.
39, No. 4, pp. 454-470, 4//, 2007.

[2] W. A. C. Zoon, M. G. M. van der Heijden, M. G. L. C. Loomans, J.
L. M. Hensen, On the applicability of the laminar flow index when
selecting surgical lighting, Building and Environment, Vol. 45, No.
9, pp. 1976-1983, 9//, 2010.

[3] T. Chow, Z. Lin, W. Bai, The integrated effect of medical lamp
position and diffuser discharge velocity on ultra-clean ventilation
performance in an operating theatre, Indoor and built environment,
Vol. 15, No. 4, pp. 315-331, 2006.

[4] P. Ham, Handboek ziekenhuisventilatie, Leiden: TNO Preventie en
Gezondheid, 2002.

[5] J. Verheyen, N. Theys, L. Allonsius, F. Descamps, Thermal
comfort of patients: Objective and subjective measurements in
patient rooms of a Belgian healthcare facility, Building and
Environment, Vol. 46, No. 5, pp. 1195-1204, 2011.

[6] G. Walenkamp, Beheersplan luchtbehandeling voor de
Operatieafdeling, Werkgroep Infectiepreventie. Maastricht, the
Netherlands, 2005.

[7] P. Fanger, Moderate Thermal Environments Determination of the
PMV and PPD Indices and Specification of the Conditions for
Thermal Comfort, 1ISO 7730, 1984.

[8] L. Peeters, R. De Dear, J. Hensen, W. D’haeseleer, Thermal
comfort in residential buildings: Comfort values and scales for
building energy simulation, Applied Energy, Vol. 86, No. 5, pp.
772-780, 2009.

[9] A. Ashrae, Standard 55-2004, Thermal environmental conditions
for human occupancy, American Society of Heating, Refrigerating
and Air-Conditioning Engineering, Atlanta, GA, 2004.

[10] P. O. Fanger, Thermal comfort. Analysis and applications in
environmental engineering, Thermal comfort. Analysis and
applications in environmental engineering., 1970.

[11] M. A. Melhado, J. Hensen, M. Loomans, Literature review of staff
thermal comfort and patient “thermal risks” in operating rooms, in
Proceeding of, 11-14.

[12] S. Sadrizadeh, A. Tammelin, P. Ekolind, S. Holmberg, Influence
of staff number and internal constellation on surgical site infection
in an operating room, Particuology, Vol. 13, pp. 42-51, 2014.

[13] R. Van Gaever, V. A. Jacobs, M. Diltoer, L. Peeters, S. Vanlanduit,
Thermal comfort of the surgical staff in the operating room,
Building and Environment, Vol. 81, pp. 37-41, 2014.

[14] S. Sadrizadeh, S. Holmberg, Effect of a portable ultra-clean
exponential airflow unit on the particle distribution in an operating
room, Particuology, Vol. 18, pp. 170-178, 2015.

[15] S. Sadrizadeh, S. Holmberg, A. Tammelin, A numerical
investigation of vertical and horizontal laminar airflow ventilation
in an operating room, Building and Environment, Vol. 82, pp. 517-
525, 2014.

Y cle @ il 20 gamio o Lo i Skl "5 "
sl gles ploa GBI bl 251 los selo Glse Lags 25 oon
(2sboes Lo Sle (2 oY 5 jlen Sy UK nl p3) Sl (5995
b 5l oVl (g pslaer sl Joe GBI 50 puiloin &5 jsbolen
I O R e I T L S e N P =
2 e ;0 Lo g sy 3l gl &5 "B S jo e ol
ol D gpdin ol 3L

S0 9 65 dmid -5

o)l lades 5| pam dlox I (b9 (a0 b (B> Sladee o
@hls slow (s Ohlew sl (2B 3 )l3e 53 Grizmen 5 1) slam >
o>z g5 onl )0 e il Glel 4 az g g 00s ()l el
ey s0 5 A e Sl

e s oz 08 Sl sl b Sl Sl ol Gkes
S ol as ol plas 1 Jsur gl gl cesl 48,5 )13 (o 3550
@ 2l 05 g Jlem il leal asll IR el s glaz s
e il plplty ol o0t 0.1156 5 0.1868 ojadl a4 s
ssalie 1 Jgozr )3 a5 jsbolen az ) Les glazys S jdd & S

el g o gls 3 o i0slhe Sl Giolel byls 1o les 04 e

52.00
43.75

35.50

19.00

Fig. 5 The Temperature contour at a wide of 4.25 meter with inlet air
temperature 20°C
4.25 pye g e 4250 20 (639,9 slod ,0 Led ,guilS 5 i

Fig. 6 The Velocity contour at a wide of 4.25 meters with inlet air
temperature 20°C
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