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Simulation of Temperature Distribution in infant: treatment with the incubator by

using Finite Element Method
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qmunﬂﬁmﬂmﬁ' (homeothermia) Liasangudaiuquanaianluauassiulalisanida (hypothalamus)
ﬂ'&ﬁmﬁhﬁivl,;iawgmi LLazﬁaﬁvﬁu‘ﬁ'ﬁwadiNmmmmﬁ'mﬁﬂuﬁuﬁmﬁfﬂﬁaﬁﬂﬁqu@'ﬂmwﬁaﬂﬁdw
Usenaunvlusudsinens (brown fat) lddmsisdtas ﬁwmeﬁﬁﬂﬁs’wmﬂg@Lﬁsmw%”auaaﬂvlﬂvlﬁdw
mNalﬁqmﬁgﬁl,muﬂmwaaiwmzl (core body temperature) ﬁmimﬁmuLLﬂm"Lﬂmuqmwgﬁ?fammi’aw
anaaIan G9azinarnlisasinisialsa (morbidity) ma@i”'mw”wmmsmaauamazaﬁﬂv@mﬁm@m 97
La=EINAR 88 ATIN3AN 8 (mortality) Ll s L mﬂﬁmi@uaminﬁlﬁwaﬁﬁa Lﬁ'wqmﬁgﬁiwmﬂﬁm
mm@ﬂyﬁ]ﬁ'zlmimigrgLﬁﬂmm%”au‘ﬁ'l,ﬁmnﬂ?aLLaﬂﬁawﬁ'&nﬁiwaﬁwaﬁu uazlianuiaudiogdaunin
(incubator) Lﬁ@‘?ﬂﬂﬁiﬁqmmgﬁagluma 36.5-37.5°C lagianzagrsfanavaslinisAnininua
msﬁnmluﬂ%ﬁﬁ]:Lflumiﬁﬂmw‘\faﬁ‘haamazimﬁzﬁﬂﬁmslmmwm”auﬁﬁaminvl@ﬁ'mnnﬁaumin
wazMINTzANEANNTan LU dImuaIEIRANT (gray matter) LAzFNBIFV1? (white matter) lagldaun1552
A58 (Bioheat equation) kaz3zidovaTInludiedwndaluldsunsn ANSYS lasinualinisndsn
wanvedgunelusieme Tuniavessie wazfiodwazasmslusvandenluiiedvazdrseg Sendavann
°1Jm:ﬁmsnuamﬂﬂﬁmnﬂmﬂmgﬁ”Ium'iﬁﬂmwmﬂ qmvxgﬁmaaﬁﬁsmﬁmwmmﬂ@mﬁ‘u Lfllagj”ﬂ%‘u
qm%nﬂﬁvlﬂ‘ﬁ' 36° C, 36.5° C llax 37°C ﬁ]:vlajﬁﬂﬁqm%nuﬁmamuaaminguﬁu 37.5°C ﬁaagluma 37.2-
37.4°C duuﬁéwﬁaqm%gﬁ%:m:myLﬁ'm”u lifianuuandrenu Lﬁmu@iﬁ]:ﬁmmﬂﬁwuﬂmqmvxnﬂﬁ@rm
fowasanilsuen lidifigamniganiianas ‘lummzﬁqm%gﬁauaaﬁ% 3 nymdanlnaiAsany
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Premature infant has a limited ability to control body temperature due to hypothalamus is

CST-2017

Abstract

incomplete and cannot control core body temperature. Additionally, a ratio of surface area to body weight
is more than adult. Then they will increase morbidity of brain and slowly development of Intelligence. If
core body temperature decreases, mortality of infant increases. From this reason, Infant is treated by
increasing body temperature and decreased the factor of heat lose by using the Incubator. In this study,
the finite element method (FEM), bioheat equation and human physiological properties were used to
simulate the temperature distribution in infant body under three constant air temperature conditions, i.e.
36°C, 36.5°C, and 37°C. The result showed that the temperature distribution in infant was in the range of
36°C - 37.37°C under constant air temperature 36°C. The maximum temperature in brain was 37.37 °C.
In constant air temperature 36.5°C, the temperature distribution in newborn was between 36.5°C and
37.39°C. The maximum temperature in brain was 37.39 °C. The third condition, constant air temperature
37°C, the temperature distribution in body was 37°C - 37.40 °C. The maximum temperature in brain was

37.40 °C. In Summary, incubator is harmless for infant because the maximum temperature in brain is

lower than 37.5°C if the constant air temperature is not over 37.5°C.

Keywords: Infant incubator, Bioheat ,
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Finite element method
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1. ﬂ%”uqmvsgﬁﬁmﬁa (manual control)
2. ﬂ%’uqmﬁﬁﬁﬁ‘miuﬁa (servo control)

2.1. eugudrsminsamnndlugday (air
servo control mode) TagNINTMINNUIIRUNLAL
ms;lq‘*naomiﬂ 158N neutral thermal environment
temperature

2.2. muquﬁmmié’aqmvﬁgﬁﬁmﬁfd
(skin servo control mode) lagazi skin probe fan
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Fauiiaanisn'lasuania3e incubator LaZN1
nszansanNToullgianasgiudini(gray matter)
WAZENBIFV? (white matter) lagldrunstiana
fau (Bioheat equation) waz3zidouiFInludied
WA IMIIeziasallsunIy ANSYS 14.0
luuuy 3 46 MIasesaunanITIaTzHaziinly
Wisunun1Iiagmnndununand (core body
temperature) 12211 1N137AI5IATNUNUNIT

WenUIa bwtiweia 11
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Semzifasit
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wuydnaasvasmIniduuuusnaedalanas
G98n9898197n [8] udsi lutaafi laundsuuds
wnin 18 lWsAduineanan nasaniuingn
W1 ATUsunsw Solidworks tWavinl1du solid

a9 LLa@ﬂugﬂﬁ 1

Gray matter

White matter
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wasaniuwinluiaa solid wgldsunsa
ANSYS 14.0 1#i 8%11 simulation da'ly law
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Heat Thermal Density
Tissue capacity | conduction (Kg/ms)
(J/kg-K) W/(m-k)
1. body 3471 0.7 1070
2. gray matter 3700 0.5 1050
3. white matter 3700 0.5 1050

2.2 Jawluvaulaa (Boundary condition)
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nisgnidsanudaudraniinialnuion
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(bioheat equation) g
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1. anazanndvasgaunisn 36 °C
2. anzgwnniivadgdaumin 36.5 °C
3. anzganndadgaumsan 37 °C
m'iﬁ'mumqmwgﬁﬁoﬂmuf}umiﬁﬂmmﬁia
Wisuifisuanuuand19fiindn tiesainin
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waa N lelElUsunsy ANSYS 14.0 lunns
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L1 37.079
|| 36.981
|| 36.:883
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[ | 36,589
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36.205
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36.001 Min

I 37.372 Max
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37.388 Max
Blo2d
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36.944
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am’szqmﬂgﬁmadﬁammﬂ 36.5 °C
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2
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qmﬁgﬁmamuaa‘ﬁh 2 d’;uﬁ@iﬂﬂﬁlﬁmnﬁqmwnﬁﬁ

va ° ' [l <3 1 a o [
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sa3u Toaiaudu 36.5°C
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Nn3Un 4 LLam’LﬁLﬁu’jwmzﬁWﬁﬂag‘lu
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unaydlai miﬂ‘ﬁ'ﬁma:qmﬁgﬁmm‘ﬁuaﬂ@i’%’u
MINBIGILFaUNIIN I@ﬂﬁqmﬁgﬁagizmw
36.0 - 37°C 2z livihlwmIniinaz hyperthermia
niadadrgmnndununans la'liifia 37.5°C
I@mawq:asmﬁaqmmgﬁ@”\mmuﬂuqmﬁgﬁmaa
FUDY DINOAASDINUNANNIIWEILIATRBINTS
%’ﬂwﬁqmﬁgﬁmaamiﬂ"l,ai@iwul,ﬁu"l,ﬂ 39l
InzdnIiuidaImMIinmamng iauasliliion
auinlauinmsivas WHO ﬁ'ﬁmu@lﬁqmﬁgﬁ
n1Inaglugig 36.5 - 37.5 °C LW1ievinlifa
BUATIABNIN LG
atnalsfianaminuquamnnddavdsnsdu
f?{'aém”auuﬁmmﬂ'jwmzﬁmsnagjﬂu@j@u H9AIAD3
1@sunissnm Iﬂﬂmw:ﬁaaﬁﬂmnﬁ@@ﬁaﬁﬂ
WADNITAN4 %oLﬂuquqm%Qﬁmaog}”ﬁmi

{ = . o
wWasuudad semninadedatosuazuwin azvi

lﬁgi’ﬁaaLﬁuﬂizﬁ‘n%mwmw§@1mm§au%aﬁﬂﬁ

qm%gwaammﬂlu@mquu a1aL{ umql'ﬂ

MMINLNANTIL hyperthermia RN G]

16-18 (ﬂﬂ’]ﬂ&l 2556 WNEN ﬁ]x‘i‘ﬂ’lﬂ‘ﬁﬂﬂi : !O

6. naanssudsend
KA98902019 M m“'ﬂgmﬁﬁ’mﬁwmm,wwﬁ
LASHUIVITINAAITAINITAIND T
URAINENRYTITNATAS muﬂ%mgﬂw’inqmqmi
NTNTIY LTIWIILIRBIINARASIARUNTZLALTA
Tunssiuayuunsannay Jaaadnaol uazyulu

AP PRI RERS

7. 19N&1391999
[11 New K, Flenady V, Davies MW. Transfer of
preterm infants from incubator to open cot at
lower versus higher body weight (Review). The
Cochrane Collaboration and published in The
Cochrane Library 2007, Issue 4
[2] Edward F. Bell. Infant incubators and radiant
warmers. Volume 8, Issues 3—4, October 1983,
Pages 351-375
[3] Luiz C. Wrobel, Maciej K. Ginalski, Andrzej J.
Nowak, Derek B. Ingham and Anna M. Fic. An
overview of recent applications of computational
modelling in neonatology. Phil. Trans. R. Soc. A
2010 368, doi: 10.1098/rsta.2010.0052, published
3 May 2010.
[4] Flenady V, Woodgate PG. Radiant warmers
versus incubators for regulating body temperature
Cochrane Database of
Systematic Reviews 2003, Issue 4. Art. No.:
CD000435. DOI: 10.1002/14651858.CD000435.

[5] Michael P. Meyer, Matthew J. Payton, Andrew

in  newborn infants.

Salmon, Chris Hutchinson and Alan de Klerk. A
Clinical Comparison of Radiant Warmer and
Incubator Care for Preterm Infants From Birth to
1800 Grams. Pediatrics 2001;108;395, DOI:
10.1542/peds.108.2.395
[6] Maciej K. Ginalski, A combined analysis of

heat and mass flow in an infant incubator, MSc

F In@®

ETT
3



miﬂs;’nmmmsmﬁam EI’J?I’JT’ISE&ILﬂiadﬂmmdﬂiwmﬂvlﬁ’lﬂ ﬂix‘m 27

CST-2017

Thesis, Silesian University of Technology,
Gliwice, Poland, 2002.

[7] \N3896Nd 33zunng (2536). MIQUATTLLNT
wislalunanuanifia. nyanwey : Sauudinis
NN, i1 51-67.

[8] hT1NNT TILTAY LRZATH.ATILATIEH LA
mmﬁﬂmﬁﬂ‘umiﬂi:mUmadqm%QﬁLLa:ﬂﬁsvlﬁa
pasa1meamuludavianuiniiia lasszidouizin
luvdauud.ap1imiainsudianniaing oo
MIWnng ameIenssnaaas aanuwina lulad
WITIBULNAUTI NN TANANTZL

[9] Riikka Holopainen. A human thermal model for
improved thermal comfort, Termiselld ihmismallilla
parempaan lampoviihtyvyyteen. Espoo 2012. VTT
Science 23. 141 p.

[10] Michael Christiansen, Nikolai Rakhilin, Anna
Tarakanova, Kevin Wong. Modeling brain cooling
treatment approved for hypoxic-ischemic
encephalopathy in infants to treat stroke and
cardiac arrest in adult patients.BEE 4530, Cornell
University, 2010.pp22

[11] Eda Didem YILDIRIM. A mathematical model
of the human thermal system. January 2005

[12] BIOHEAT EQUATIONS: Heat transfer in
blood vessels and tissues ,

http://www3.nd.edu/~msen/Teaching/BioHT

16-18 G]E‘]’]ﬂ&l 2556 WNEN ﬁ]x‘iﬂ’lﬂ‘ﬁﬁﬂi : !O

NAOY

NETT
3


http://www3.nd.edu/~msen/Teaching/BioHT

