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This thesis presents an analysis of heat transfer from the surrounding area skin
of newborn under using infant radiant warmer (IRW) by finite element three-
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DIALARIL Kelvin (°K) 273 373
parlstuas Reaumur (°R) 0 80

pumgilusrsnisvosuyudaziianufouintudesiinnslindiureneaduio
DIHILHLY) VOITNNE LYY nsvuvesndaiedeiinsva nsgesems wavan
sz Asdusesnanie mm%’auﬁ'Lﬁméﬁuéﬁﬂa'nfuséfaqgﬂszmw%nglﬁaaaﬂ
19198 MadileruauaudoulumeliadivnzaudmiunisinureseTeedneg
aelugrenie Tnsamgufisoadivneg At unslueadvosstanisasiigungid

N FVMEASEY ﬂ’ﬂilallﬂﬁi%%’jﬁﬂﬂﬁiﬁ%ﬂ]ﬂﬁ'J’WSJ%jE)usLuil'W\‘iﬂ’WFJLLa3ﬂ7§38‘U'1‘EJﬂ’J'13J%IBUE)@ﬂ7\]’]ﬂ


http://th.wikipedia.org/wiki/%E0%B8%AD%E0%B8%87%E0%B8%A8%E0%B8%B2%E0%B8%9F%E0%B8%B2%E0%B9%80%E0%B8%A3%E0%B8%99%E0%B9%84%E0%B8%AE%E0%B8%95%E0%B9%8C
http://th.wikipedia.org/wiki/%E0%B9%80%E0%B8%84%E0%B8%A5%E0%B8%A7%E0%B8%B4%E0%B8%99
http://th.wikipedia.org/wiki/%E0%B8%AD%E0%B8%87%E0%B8%A8%E0%B8%B2%E0%B9%82%E0%B8%A3%E0%B9%80%E0%B8%A1%E0%B8%AD%E0%B8%A3%E0%B9%8C

$1me azgnimualasgamgiivessians (Body Temperature) Ssgamagisnanevasuyyd
wuseenlidu 2 d fie

oaumgiluny (Core Temperature) Wugamaifiinaneiuizflegludindnvesinanme
Fsanunsansruagumgiunuldlasnsianismmdn Unfesdanudsuulasiosunn delsl
Au 1 osmwusiled vi3e 0.6 ssrwala uigamgivesdanadeuniouensianieay
Wasull gamapiunulneedeasiiawintu 37.1 ssmwadea Wetmatinasdauszunn
97 aarmwusuled 30 36 eemLTAYd f1 99.5 samuusulad e 37.5 esrnvALTYA
gaumpiunuaziinisiasuutaddurianaissninedu lnsazgeanlutiamoutfuuazige
Tugranau

aamaliUdenviogaumaliianil (Shell Temperature or Skin  Temperature) 1Uu

9 Y

UM IMUABNLUATUAININAN1IERINABUNI8UBNI NN 8RN 181U 1918 WAl

Y

[

anuddgluniseuaueumgiiunulviagg
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2.1.2 ANURAUNAYEINYUNISALINATDA

ynsnusnAaealnElanIzyInAaeAfouimuada AN sasAalunnsUsus e oY
gamniinieasi denaligamgiiinunaisvessienieinisudsuutaddupiugungd
danndoufiudsundas mnliiruaugamaiinisvesmsnliegluinasiung agvilisn
mafalsALagdnTnsmelunandui

AMraunninieas (Hyperthermia) nunede aamninielusianigveamsniiv 37.5
osmwaldua vi3eguvgifiansiinids 1nndn 37 ssrwaldoa Seamniiddnyuasdl
Sunsnededin femsindeuuaiiseluden (Sepsis)

Azgumafiniesm (Hypothermia) e grumafinglusianievesmsntesnin
365 ssmuwaLdua vegannITinmsimialonnin 36 ssmiwallua nzgumglines
wfinnusuusatufuanuannsalunsfuiavemisnlaglduiisemaed gungives
dawnndeumnioiiiedla uazsreznarfimsnwdyiuanudu manfiegluifonmgiisi
Linnfunaiy wannseasuenufeudulnglfuffsemaeifalminvemmsnaglsl
i esannueaeifildainemsdesgnitluaansiduanufouwnumsilul fiflonns

L3gLAuln



2.1.3 ﬂ’]iﬂ')UﬂlﬁquﬂgﬁﬂﬂﬂﬂaﬁﬂqiﬂLlﬁﬂﬂaﬁﬂ

a

AwaansalunsUsufessnusnaaenitelritlgaumaiinneund (gaumgiinanswiin
370 esrnwaldea) mstesiunnzgamainedmiegaumninegdlunsnusniiniioglu
Tsame1u1a desuiugungiidandouinisneg Tiegluinaminemingiveigndnasn
pumgiAuAdLNeMINE @I UMINATUR LA LARITInT19T 2.2

M19199 2.2 wansAnuduiussEninssengivaamgidwnden [11]

91y gumgiiAaIndeu (C) 91y oumgiiAuaden (°0)
0-6 . 32.0-33.8 48-72 Bu. 30.1-33.2
6-12 V. 31.4-33.8 72-96 W4. 29.8-32.8
12-24 . 31.0-33.7 4-123u 29.0-32.6
24-36 Yu. 30 33Y 12-14-3u 29.0-30.8
36-48 . 30.5-33.3

2.1.4 Fawndeunlilinaludiueamalilaens

19NAINNIIAIRINIAINUSaUNLN 8T UAINITNWATIR I TaTadsIndou liling
lumueamiilngnsewagy Ly
2.1.4.1. ANy anugutulidiiessinasonsgaiduanuiounianissemevesl
) VA ° v ~ -y N ——il= ANa v a Y W
Wi widilnavivlimisnilleniafnwelagaumey insivatnneiinnalugyudtulingg
Wi Aulaldmngvuluaniziaamalivasanuiiugs
2.1.4.2. FWINRDUNINFLS 81INAINNFINADUNYUDN NUINOTULFLIABAY 60
a a = 1 v
WBUA 1aiNaderaUsEaNveININLA
2.1.4.3. @uInFeun1was uasinudnu iesdinadegnmaiivinduudddinaiu

oo M sAUNURMITNWaE A1 bASURAII1LINAD1R YN IR UBa L

2.1.5 A77u59u

Tumsildnd anudou (ddydnwalin Q) Muuds NaNLNEI18AINAAITNIOILUY
nilaludaaans e sruvdulagofeainuuandvesumn)ll WeTaniuiivesing Ay

Fouannsalvaruaningniliaaungiigelugingilgamgisinit wndeanslianuiou

q q Y] q 9 Y

1w

anawnludaingnigamglivindunseaininaziildndedield Heat  Pump wintiu n15ada

wrasuTounlgamaligaunsavilaannufisenadl (un1sknlng) Ufasentiundes



9y Thdulumending) nsndeufivessuniauimanind (Funilil) vienisiedeud

19N8 (WUNSLEUAE)

2.1.6 MIgHsANIAUTBMIIN WAz NMTAUINAIANNTUNIMSNEYLHE

nannsviauinistestunsgydanudeuvesmisnungussenia lasnisgayde

arufeutesmantuenaaAnld 4 35 weil
2.1.6.1. nmMsaewmauIaulagn1sin (Conduction)

nsthanudeuszgnainemaineymaindsidlgauvgiigeludeyniaieginiulasd
gumgiianni anufeussanewm derlesiuluzes Tasluvnfioynafisuanusoudly
fusztemanufeusendnunilhsiane fnnnslnadivesanufeulureuusnazg
niarmsluaeen Wenarnuludninisinadmesauouuueyniatuanas Sasms
Inaoonazgetu wluilgedammiluadhazsviiusnsnsinasen anufeussugalva nie

agladinisanemausauvueynAtudnsialy dunuieauIeuaIauuiauingiudig

Y

AMFANAANINANLTOY
% o\ 2F
snsnslravespuiou e (2.1)
e AQ = USunuanusounlvadnuaslvasen
At B2 a1 anduujnmelpsnsstuiuiviidnvesing (m)
X A v o %)
A = NUNTUIRAVIIE (M)
T,- T, = T, WugaumaliauSeuiilvawdi
T, Jugamglinnuiauinlnasen
L = ANNEVBNIAEG (M)

Faveulaeaaunisn 2.2

AQ_ a2 —T) (2.2)
At L

de k WuAaidasenin “@anmiininuieuvesa@ns” (Thermal Conductivity) e
< | a b4 d' P 1 1 = 1 d’lj P 1 Y aa
JuAvesUsunuauseuninaluniauisaiuniamuigvesiunve sy ing ninng

Wnlanig wazguuiseninlantniaeIniaiy 1 o dauntieves k- Iy

1 _ = -2 -1
Jn*s K use Wwm” K



dmiuuTunm anisendt “Arnnuduvesgungil” (Temperature Gradient)

(Tz _Tl)
L

druasemungauluauns dauranedn guniivranamINsEeEnIe L Miady

2.1.6.2. nMsagwmAUsaulagnITNI (Convection)

AalANISANEMAINLSULTIIINNITNIAINNSDUILAIAUNITUIAINUSDUATININ

TuragaremanudouaziinsiAfouNveILIaY8IfINaNg LLﬁ%LﬁUﬂ’]id’]EJL‘Vlﬂ’J’WiJ%’EJUS$‘VI’J"N

'
a =

gnansiifureslnasuinfiiuresuds Snamsdemanufeuiuegiuadudsyaninng
dremanufoudiiivesuds nswianuieutdunisaiemaiuiou lnserdenannisla
luanavesiinanuadsuiinndanuanuieulufufinarsainudnaiieumgiias Tug
Uinaifoumgiis Tassasnsdwiiuarudeusenainingfountlaenisnanuoudy
dndnlnensstu mnuunnsisszrinigaumgiivesesinaiiiusmenudoutugumgives

i A negiuvedlva 1Weuduaunisi 2.3
Q = hAAT (2.3)

h = fuUsgaNsn1sWIAIINSau (Convection Coefficient) 189f7na14

) ! = lw a P a i = 1 I
L‘U‘L!ﬂ?ﬂ\‘lG]’J‘Uﬂﬂ]uﬂgﬂﬂﬂ/]ﬂ%’]\‘iﬂ’]iLﬂﬁBUVI‘UBQF’YJ’MTQUQJWU’JEJL‘U‘H (W)

[ '
aa X =

= 1 2
A = Wuiiwesnans Suuiedu (m)
AT = wasnevesgaumadl 2 swntsuusananeiu fvaedu ()
Q = wiunIMANLSeuY

2.1.6.3. N353V (Evapolation)

v
a o

dlaunseneeanaIngInIenaznIaINsaweenlume msnvaainln 4 selityuin
= g:' %) o Y a ¥ Qdd’l ¥ = = vy 1 Y] v v <@ 1
Jonaiy aziinlndsauseulasdsileun - Jsassuldinquauliwislaess  diunis
aodornueunenissemevesvuRwaniulifinnuuanaavesgnmngll wiinanany
WANFNTEUINANMUAUEDBUDIUNUURILAN (Skin - Partial  Pressure) wazAI1usiugaev

91NATIDYTaU) AALAN (Air Partial Pressure) wanasisaunisn 2.4

Evap loss = K(Pts—Pt,) X A (2.4)
e Pt, = AIUAUEREVRIUURIAN
Pt, = AUAUERETBIBINTATIOTBUS AN



AUNHINISN

X >
(T

Thermal Conductivity

2.1.6.4. N15WES9E (Radiation)

[ 5] ' 1

Junsideanudeuliiiuingfegisainsnineuaziigamgiaind wu wiesia

U
Jou  (Warmer) aglvinnueugulagnsui  LaziilaAfedan1suiTadauseu aun1snis
aawauioudnludesdasunisdaulananieslneninuiouigyideainnisudssd (H,) oz

4’;’ L% Ady d‘Q -dl U U U -dy d‘ 1
YUBYNUNUNNININNAUNANUDINA (Ap) NUNVBIUIETRINIGN (A) AUEINTOLUNTT U

$edvemIn () AnuaEnsalun1sunssdnnuseu (€) avaunisineasifeargamainty
lun1sAuiufe ssmaaiy uarauiouniinisaemazedluguing  lagr1asi Stefan

Boltzmann Constant (O) 1AY 5.67 X 1078W /(m? - K*)

He=|=+2(==1)| xot -1 25)
S T r

e e NG mm%@uﬁqmLﬁamﬂmmm‘%’a?{
A1l < NuiiRamsnitdudatuorne
A, = iuiivesuizseamnsn
E. = anuannsalunsuissdvuewnsn
E. = anugunsalunisunsidannuiou
Ty = gounqiiaTan
T, = gounilannsussd
o - AAsiives Stefan Boltzmann

nsgaydenuieunnainundasiuil andulumuanimnisaiewmanuioudenaay

v =

AunUsuauieunigydslulaeuuia (endun1sseme) wavazulsiuniuaiig

1 ' aa ' 1% a o & ! [ =
WANANIZUINYUNNUNYUNI (T,) NUUNHUVBNINYNLEUNTT (T,) LAAIIANNITN 2.6

Heatloss = k(T, — T,) (2.6)
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2.1.7 wvasadreadnudaulusienie

AnuFeunvilsenigausu 1hanain 2 ne fie
2.1.7.1. walUa%u (Basal Metabolic) lunmzuninuseudiulugiialaain

ﬂ’]SLN’]NaWQJ,@Wﬁ’ﬁﬂ’]EJIuiI’Nﬂ’]EJ

2.1.7.2.  msvinuvesndnuiie (Shivering) FeaziUdsundanuaininaiuain

LY % dy [~4 v
nsuasvaanauialulduainusou

2.1.8 nszUIUMsINEMIsAUINAGRNTUENIIE Rauniin1ean (Hypothermia)

aualimsnegludsnseuiiigamginvitlinnsniinisldeandiauuasinisminaisy
m%ﬁﬂ@ﬂﬁ@@ (Neutral thermal environment, NTE) I@Eﬂﬁﬂmiﬂa&ﬂuﬁau %58 Radiant

warmer @MsumsnnaneumMRuaANLLInIng1nI1 1,000 N5y (ELBW) a5ty

a

Servocontrolled incubator Iagfa Skin probe Tifintavtivios wazmslausugamad

Y

RudamsniAf - 36.5 aspwaLted.

MsnksniiaUsEIn ELBW #lasuainueuguain Radiant warmer aisgualagags
wHuNanasnta (Plastic wrap) Mpgsvasmsnivedesriunisgaidouinasanuseuniaimi

(Insensible water loss) Gﬁ’&gﬂﬁ 2

a A s A o § v = % | d Ql' % a
VaﬂLaﬁ]ﬂﬂ'ﬂgLaUﬂ%@qﬁ]mqiﬁmqiﬂﬁjﬁyLﬁﬂﬂ?"lmi@u LYY AN Laﬂﬁﬂﬂiﬁ’]\‘ﬁ/l’liﬂl’mum

A & 4 A = o’ ! a Y o v a a % v a
UBUNYU I8N UAUNANTU Mi@ﬁ?ﬁ%ﬂiﬂiﬂﬂﬁﬂhﬂd%‘i%@ﬁﬂEJ‘LJ LUﬁEJum']@a@JIVVﬁiﬂLN@

Donau 1 0udu

FUNROINI5VB Hypothermia LU WeasuvatslioUanein & nszdunszans Ranti
a [ @ [ v ¥ gcj L | a A 1 al . 4
Fauazidu melauds Suunlald dwdnlaidia dienuds msniin1ie Hypothermia a5y
nsaualaeLiitgumiivesrounse1eianisntild Radiant warmer vveviedimnisnlvieuguy

Faguil 2.2 wag 2.3

funmeIn158s Hyperthermia 1w Ranilaunsu wagsou melasilu aasuiluay

angueIn1sigamalisnaniegs wu viedvnsnunniiuly samgivesdeuaniuly (Dusu



JUT 2.3 uanansinwnigisnisldgeumsnusnanen [16]
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2.2 #UN1INTUEITEANTOY
2.2.1 @UNINTUHTIEANNTU
aunsmauwsfadndouildlunsiinsginnsnsznogumgll vesuuiiasuaiosli
ANLBUGULAMISNIETENSUAIE ileasuremIwiSaduagnsnszaeivesmngidsgy

da & o &
AUNINAAVUAIU

oC, g—: + V- (—kVT) = Q 27
—n+ (=kVT) = h(Tyns = T) + (=) Up — 0T*) 2.8)
Tneil

P ABANANNMILULYBITER

C,  fefnmugALIauTRs s

k ApAIN1sIMgvedian

Q ADUTUUIAILTDUTDIUARAITIIAINTOU

n ﬁ@ Surface normal vector.

T.¢ @9 Convection cooling gas.

& Ao Surface emissivity.

Jo #® Expression for surface radiosity.

o fio AAaTives Stefan-Boltzmann.

2.2.2 @un1sn1sinaves wiesaland (Navier - Stokes Equation)

aunisnsluaves widesaland (Navier -  Stokes Equation) Wussuuannisids
syitusdosannisuszendlingnisindeudited 2 vesifuiliossursnsindeudivesves
v 1unsdansaninenia nislnaveserniminuniadestu nislnavesvesiualusie
vien1savesdesltunasaden Wudu Fansieseinisinareseiniaseusaiasdinny
oUgUUAMINAIEIENIUESE Aldauns widefaland Wethunlinnginisinaveseinie

VSISOV LUNTUOUTBIANIITN
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pZ—I; +puw-Nu=V-[-pl +n(Vu+ Vu))]+F (2.9)

Tnen
- ALE7 [m/s]
= AUAUY DN [Pal

Dynamic viscosity [Pa-s]

= Unit tensor

- —~ 3 o g
I

= Volume force [N/mB]

o/ a 4
2.3 BanNN1FAAINSUAUNIT

NANNNFIATIZHANNTITIIUDINNTARUAAIARIDINS I UANNToULa I uNg
1 [ 1% = 1 o w n" v & =] Y a a 4 1
YNNIUAIINTOU AD AINIANIUN 500 T9d 1TWIAT 30 WY LAUITUNITIATIZUNITUN
FidanuSounnurasnnilandenu azlaamisilwmesunlglunisuadgmaunisnisivaves
91N1AL RN U UL U Bt nARIN ALK EANNTOU KALAATIEANNITNNT

luamsannis ules — aland (Navier- Stokes Equation) LiB@NAIIAIUIUATUAINATT

(%
a

un AsAIUINARzAWERag

2.4 5lWlunaduug (Finite Element Method)

Tunisuilaynmisg dedshiludedwudaziinisuiiguinestdaniesnduiu
1 1 d‘d 1 a (2 a (3 1 dydll 1 U Qll 1
daugae M3enI1 AU (Elements) Ladmudmaiiiousiaiungasde (Nodes) Tuns
Aaszilglatdymmviiseslssneume aun1sidsayiusiazRouluvouwafiinueuiii
NMSMATHALRaULIUATY (Exact solution)  avUszneumeainneg Nanuadudiuiuetdua

Feldansamamamanld Fadealdsuatlidusuuiinuld (Finite) MENITLNUIUTN
anwuzvoItlguninie dwudfifvunaeg fu 35lludiedmuiazEuainnig
frsaedwuniiasvieduudiinisadrsaunisiiurasieduudiidenndaafuaunisids
auﬁuﬁmmﬂﬁymﬁm MntudahaunsveusazoduRiad s ulseneusndusyuy
aumsyelng anduihmstmusdoulvveuasiilinaduaunsylngSshnmsutaunis

udaziiaNaRaslngUszuUNsLlse v stym
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Elements

JUN 2.4 wuudaedlwlwieduudfignuusesndy wawuduaslnun

nszvaunITitaszRtguilaglagylumedisinludiediuud azdsznouluaiy 5

v

TUADUNENS P9l

2.4.1. nsuuelmuuresdymoeonifuteduuddesqlagunfazldiiaiuinngiy
Jndudesasnagusnmeslom (Geometry)  agsgnipsuNIneu sUs1veslymniena
Usgnoudedindiulamiinnududou 393dudesonfuninuisulsznaulusae

Ui%ﬁUﬂ’liﬁﬁL‘I‘jugEjNiﬂﬂ

2 Y a a I3 a 6 1 a & I3
2.4.2. ﬂ'ﬁLﬁ@ﬂI‘UGUUW‘U@QL@aLlIUW L@aLNUWEJEJEJV]LL‘UQ‘UUI@LZJUGUEJ\T{]QJJ%']UU 913 UULD

amwﬂugﬂLLU‘Usuaaammﬁsmw%aﬁmﬁamé’mhiwhﬁié’ WINLUIe N U ALIUAANLLAYY

[
1Yo Y

Al3An (Unknowns) — agegiuvisanuvesauiviionty duieniuiigese (Node) 013

Y

HenldvllnuadofiluudiizaonAfeenuansaen1IN s8R0 L IANauLATLUWEE

o ' (%
6 I = %

WudNg Wy Mndenldie i una i iagiLuUAINIARNYNTINEINLAT GNYENIT

2
1Y 1 a 6 o

NIV IS ATUULDANAN LT NANNA oY LUSULUUTD LN UL sU (Flat Plane) Ju

Y Y Y Y

'
1 =

AU wiindenldiofiuuinuudmasy wuuaadenyu sdenaliissunsarladlulAnla

Aadunsidenldiedmudviiasie)iuasiinalaenssiurnadnsnazAuiale

2.4.3. n1sUssRvgaunisbiludiefiuud aunisliseyiusiaonndesiulgmin
Tarziegiuazgniuasuldduaunismsiivadiniiienduin aunsvludeduud (Finite
Element Equation) aumsbiludiediuudazgnaisdudmsuudaziofiuud 1ewinied

wiusaeivunalavinniu
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2.4.4. nsmannsiludedinuditimeiundunszuvaunisinegaunisinlusied
wudeglusUuuvannismsivadedsldussfvstudmivuiasiodiumd ludunouiiug,
Jndudeshunsiuiuegiegniesuasinannis n1susenevaunistnludiediuud udas
aunsidefuazneliiAnssuvaumsunalng ntulsUszgnditouluveumastigm

U NPURATEUUANNITVUA IO INAENS

2.4.5. mMsmwumadugivae 9ntuIadunsmadugfinesnsmsiu efiay
ity vduldsun1siesen lensiugamgin1uiiunuaie awa1u15aaIuIum

Usunaundndanusounluaniule wseionsiuAnisiedausfanulsaniAIauLAule

2.5 nszuaunskidgyaiglnludeduudganauas

[

nszvaumsuntmmelnludgensiuas  Ussneumetunoulveq 3 Tuseu  agil
2.5.1. nspuaunstusy Ae. Msasegusuulnlusiiedmuiannsuieanuyne unase
voatgmanduinssendteulvveuaneuiasizndymuu n1sadguuuulnludied

U uUTENaUMLLRAMUAT I IUIINUUTUI I nyr sl i munan Ilagisuash

(%
(%

AaANITAs19gALEUAsY LHulAI1egsIuieiuiy Tnedeyavesanidunse LdulAs uag

fufmarBzgniiulugduuuvesaumsneiigada elidldausoadsedwudvisvune

1%
a = IS

wazdauanegiula nesusuuvedlnludiediuudiinduagiailougus1aiuluuvesass

d' B\ = v ! a
ll']ﬂ'i/l?jﬂ E‘ULL‘UU‘U@QVLWIUG]L@aLllumu‘ﬁ]ﬂﬂﬁgﬂa‘Ul‘UﬂfJEJ‘VIN']EJL@SUGU@QQWG’]@ NUYLAVYDLDA

wuduazdoyadu Fedndudeddlunssuiunmsimszitusiel ndwinadieguuuulv

RV

(2
a i

ludefmudiaseduands desnmuateulaveun dueialseneulumenisimunan
Tifuunsgasesuunuulnludedinwiny. Reulvveswsuwamarldnluseuniiouiuresass

Tnfian Fuhlugnadnsiigonndesiuauduais

2.5.2. ngUIUNTIATIEY Teyadieqvessunuulnludifiuudnasiunazteuly
YDULIANANAUA LA LUTUADULITNISHIUNTZUIUNITAIAS N DA 19au NS Il us Lo AL uA

aonndesiulymiudmiuyngeduudneuiivssneuiulussuvaunssmawnlng  uda

A

dndszgnanuReulvveuwandmun antuiudssuvaunisrinvunelng laenaiily

Tun13AUINITTUad UL LUUANAT 1N ULAZ VUIAYBITTUUANNTTINVUIA LN TLARTY
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mnaumsfseyiusveslymiusglugliuu@edy seuvaun1ssiniaggnuiiiednsmen
ibanltdlunisauiniuliunusmnaunisigeeyiusveslymeglusuuuuligady

JEUUANN1STIHRgNUAMIENITINEImMAIesey Ylianldlunsawianiy fsludle

¥ = (3 Y A ] ada & a 33 ! Y a 1 ]
ndlateesdanuiiugiunislussideuisivludedwudissdisldndulansuviinis

AATILITLS

' [
a =

2.5.3. ATFUIUMSTUNIEY HAGWSIAATUINNITIATIER Az LanslugULUUYBINT

WARNAIELAUTUR NISLARIMBLEUTUE nsuansmananes Luduy
¢ ¢
2.6 GaNALISNITUSEUIaNE

Tunisneassisinlumedmuddldlulisunsy COMSOL  Multiphysics 118359 3.5a
WWINITATIMUUTIREY MsiuaAIaudRTLNEA9qvesTagn1elun1seaes N3

Reulvangglusyuunaznisuszhanamedsnisinlug vinasuszunanaluudiaeivuaies

a

ABNTLADING SzuuUURNIT Window 8 Taudl CPU 3.5 GHz 64 Bit 16 GB of RAM

a A Yo v o )
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2.7.2 WUANISTNNI9IUYBATES IASIEAIUTUF NS UNISNKINAABA

WuAN15¥9IueRA38d Infant Radiant Warmer wuu Air Mode 10un150 57930
QU RNUTINTEUY Aveufnnsniiialiauaunisinuvensassdnnselind wse

Lulasaeulnsiass iwemivaunsitelilviuurasindannuseudwmsuinidaainuiou

D

a v a a o oA ¢
gaunilseus duanisnazgnauaslvinsilngasdiinnselindvislulasreulnames e

gaumgiisaus fuannsnanndtgaumginusuadly uwndsiiliaauseunssiinanusouln

geuauuignInuTuasll uazgaumaiissgnarunulvinsinaen nsvitailudnvaellay

Y C}

bigaumaiified seuduinnisnasiiegvaiauenaenanIsideu
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2.7.3.1. Infrared Heater @uiidudifudandsnuanusou
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2.7.3.2. Sensor dwiiidiuiiuiaamgl

2.7.3.3. Microcontroller d’;uﬂizmawaﬁ%’masdq”ip,@,ﬂﬁﬂﬂjﬂ@MﬁﬁNﬂW@q
JTUUAIUAY

2.7.3.4. Control Unit dmfisudayaamnn Microcontroller luauAunisvineuy
YDUATOS

2.7.35. Alarm duiiwanmadudyaiaifieusnnisyia

2.7.3.6. 7-Segment 1udIuuanIna
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LNULINLADINIDLUATNGULA BT (Column Matrix) ‘Vl‘LJizﬂEJ‘lJmEJGI’JVﬂﬂ,JgﬂmﬁmmmeLEJaLuum

[

D]

,

SUN 3.2 dwudluuauvasuivsenaumesil

(]

Y1 aa
IATNUADYN 3



21

[

ALY IANAUNEN AT ATNYDIFNNTT )3.3ﬁmmﬁmmma (BWFILRINAINTD

o
[

A5198UN15NUTEUIUA NBUENITNILANYVDINAANSTUULD AU UATULA LN ARSI AUNABWSN

wiassnniedlsiazneliinaimuraInAdeu Erroritesatiestiy (@vinlvaiunsaldie

<

awusndauinlngulasuaridunalaensmenisanuSuianiiganudtaziainlalulu
nsenausdmsulunaujiituiiosanlusunsulnludiiedwudiussAvgiudndudes
inlulglanudgmilaemlidsiudnuaznisn s veinadns s Ussuau oA uAtu i

gndalegluguuuuvedndludea )Polynomialsiiidu (Fugnuidu 1adunss Linear (

@

'
v Y =

SuUsUNT First Order( M3aludadulAsdusuand )Second Ordendudu (F9uIeAINI

¥

dlotedwuAivunndnatdidnyaen1snsTateveradnsinesauuiulauuuargiing

HaaWsNLYa3sesleynitu

(%
o

TURDUT 3HDIINANYULENIINTEIBVRINEANSLALUTTUMUULORLIUATUAE AN

« v sal Y a o :.Il =% v 3 Y v ) ~ o ! v 6
AaniadaulUINNadNSIuNS LR esUssEnAnannslanannvitiaiedrludnaing
TngUszanaiiierunanpaeuiidesfignismsifdeuldiuuintutagiuifonsldszileuis
sl miniasaNAng )Method of Weighted Residual (aisiszieuistiJundenduuind
wsIEansaussenddilanuannsieyiusiaseuaquiyynnaulaty neliinaunis
IludoAmud JFinite Element Equations( fiaenndasiugu aunsiwludiedmusiiuy

anumdeuluzun 3.2 aveglusuuuusil

Ky ki K| (4 f
Ky Ky Kz |10, 0 =11, (3.4)
Ko YR ) g < Py 3 f

" Y

ek ij = 1,2 3 Wueduuszdnsdonadumaiiituegiunnauifvazauinreued

q

W aums )3.9 (Tannsadeulasgelad
K18}, ={F . (3.5)

lngnssuilan e uansdaunsndaiiduunindseauiadiuud )Element(
mnauMsdseuiusiaseunquiymtuegluguuuuliadu  Nonlinearaunisivl (

ludiedmuanuseAvgiuinlaszeglugduuuld@adunuluaig



22

[K@)L i} = {F (3.6)

¥
v @

lnuAdudsyans k; luauns (3.6) davduegiumiliien 4,4, 4, Nynrveofiuusiy

d ad a o 1 I as IS4 U o & VY o [ a
FLLUYUIBHTINAY LYY TELULUITVDIUINU-IINEU "\]gi‘;]ﬂuqlnﬂigE‘J‘ﬂGILGU']ﬂ‘UﬂiJﬂ'ﬁVLWVLUWL@a

2

WURAT NalMARaNNSTEAULALLUANLANA1IRanlUdnNauNazd NN UsEnausIuiudnlu
Junaud 4 okl

1% [
1Y

A s a o al a e a ¢ °
YURDUN 4 ﬁllﬂ'ﬁiﬂ/\llumL@aLMU@WUﬁgﬂﬁiﬂuﬂqﬂV‘]ﬂ5]L@aLMUG’]?\]SQﬂUWN’]UiSﬂ@U

[
| [

sudune ANz UUaLNT (System of Equation) Nduunalwgdussil

o

> (element  equations)= [K ], {8}, = {F s (3.7)

Tngdvies sys  Uavendaunsndiuariiduuninduossyuvannissit  (System) ¥1nen

[
a 6

duUsz@nd k; veuwmind  [Kl.  luaumis 3.7) Wuripsiwnsnd [Kly,, 7Aadufaz

'
I ]

uduarpsficne uamnAduU sy 8nSvoanmning K (4)l.

UsznounuAdNyUssansnige) 398

Tuannns (3.7) duuegiuimiliidawnsng (K., NAnTunaztuegiumlisrmnqasenaes

{$ Ly YLRARANNTTITAFUAUNAIEITY

[

n1sthaunIsaInyneduAIYszneauswiutisnduissnseyitegrsindnni st
}% IS LY o a & 1 [y Y watll Y a < & A

denAneanilouiunIsiieduudgos qu1usenoudutine i dununlawuvesym

Tunlauieuiaiiounasihdusedingueanin Uigsaw Puzzle) usefudiegagnsioaduse

k4 ) U 1

N a1 lsnlann1 37 e WeIaNMTIMAI A BIIIN T LB 19gNIE de AR oI UANT LT

(% , “ ¥

Furoinuugnihunsesgisgnsssasiiiinatauninsaulwgduanle

v

Tupaul 5 Miuntaynlevauysaituradniasiuetivaunsieyiusnesuisniy
waslymdeulvveunveslymuazanuwueusnwesdynitunaun 1 uay 4 Ala
afungNneuausinvir UIeIlymdIutunaun 2 Lag 3 JuRBUAUBIANNITLA

o s S T a' 1 ° ¢ = i 2PN
ayusvattymuutunaud 5 desgyinisussenateuluveuwaveslaymdaznaliiie

U o‘d‘ ¢ o [ 5 1 1 QAI 1 ) [ a wa
naansnauysaldmsutymluaineg Nyesedmiulginial il dymnisivg
W szuvannsiu (3.7) Tagusgnoumeaunisuuulii@adududnuuniagagifudui

THralunsAuusiaUsun e LI ndus LI N U Y



23

TURBU 6 NSIIINLATEUVALNITTILLAZNIIUAINIARDANS | LAIADUG Tl una

q

seowlleannanyasiedanusaaliendiegiadu lunsuidymveandamiaualan
asiofoAINISARBUAY (Displacement) vaamsidegudailuldlunisAiamaiunien

(Strains) wagAULAL  (Stresses) duaztdulselevinonisesniuunslunselunisuidaym

mﬂwammﬁaqmw A LAHNIUITUDINIAAINAIUIULATNANADUTENDUAIYLTU ANVD

q
¥
aa

gaundl ArvesgamgilavinluldlunisAuamiysunaanuiou (Aerodynamic Heating)

Y

Fadugdssndulunisesnwuusienudusu

2% '
U ]

& o & = = ) a & s a ¢l
INTUABUNINUA 6 TupoulTUnaul 3 FudunisussAvgaunisinludediuudi

'
v 6 =

aonndasivaunIsiseyiusdosvaslymtusiadalaindudunsuiidfyngataymisi

Lo

yinfuluigy Jymveswdanarlguivedvaszdaunisinludiefinudfiuandiatuly
Tuvaizfitlyniiis 2 sladsmeidutunousugluiusaioatuidy nswdsiufilawy
sonueduuinisidangyuuutainisuszinauneluediuudnnssanaunisinludieduud
dostudusruuaunmssunisUszgnadoulvvauinsmiluiimandssuuaunissiu wasa
fanamiliesiildsdnwsedeuislnlufiodiuuiimisanuauladulvglugsludunouds

Fudumsusehvgaumsinludediud

WwelAnAaudnlalunsussivgaunistnluieduudlilagieimdessliilazesuie
TupauNsUsEAY§auns inludiediuudvainislualuvedanssuiunistunaulsenaumie
o a aa = o ¥ ! ‘N' a a
A8 UIENNAMUNLIENIIN N IMTIE TN lalalsdrglurnenuuInuAnd

Anduanusadaldldduiuguiienisiaudilunsusshvgaunisiiludedwuddmsy

Yeymndannugudauunnauly

3.2 N1599NLUUANBALAILATEY Infant Radiant Warmer
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ANMUSUNTANWAUE ASII9INAN LAZIUTEHEYNANNUIZUDULDUANNITNT 70 LEURLLAS
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4 ':I.'g_'r}' Recently Used
- Conjugate Heat Transfer |[r1i1:ﬁ||
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4 = Preset Studies

|7~ Stationary
. Time Dependent]|
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IR Source

New Born Model

JUT 3.5 uanan1mn1sesnuusEuUiuAsedisidnuiouds niunsnunaaeniiteldly

A1597804

Ingludnillsvinsiuludunidunsinssuaniiownusumiwemisniveusguy
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meluszuudaladuguaad
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+
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5UN 3.7 uansnnnniseankuusyuuiinIesinssdnnuseudmiumsnusnananiie il

ANSADININUA

o ] ! ! i °
M99 3.1 LLE‘WNﬂ’]‘UUW@“U@\‘iﬂ’JMUi%ﬂ@U@N‘] Y95z uunlelunisanass

Modeling Size (cm.)
1. Mattress 40 x 80 x 10
2. Room Air 200 x 200
3. Heater Cover 10 x 20 x 40

4. Distance of mattress and heater

70

3.4 MsMRUAAINISIEMB AN NlYlunTSATUIa

lunseeniuuwAIed Infant radiant warmer nsAmuaAiagldlunismaaey lagns

sonuuulanusianeendu 4 Ju wialu Sawes 1 3w Junaenssddurisn wazlasaiu

(cover)  anufeauvinnegiilluy luizuewinandagin wasieseinia lun1s3dedla

MVUAAIYRITAAFIANTINN 3.2 UaE 3.3 AUERU
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5 AduUsyansnsih , N AIAINAINLTOU
'?JEWJ ” m’lwmuumamaq .

AINUIDU AINIY
heater 400[W/(m*K)] 8700[kg/m’] 100)/(kg*K)]
cover 155[W/(m*K)] 2730lkg/m’] 893[J/(kg*K)]
mattress | 27[W/(m*K)] 2000[kg/m’] 5000)/(kg*K)]
Air KTTL/KDIW/AM*K)] | tho(pA[1/Pal, TI1/KDke/m] | Cp(TI1/KDU/kg*K)]

A15°97 3.3 UARASUOULATDINITAIUNAIINSOU (Boundary Condition of Heat Transfer)

nafr1dnsvasing

(Fluid Dynamics)

woulvvauLun

(Boundary Condition)

%9381 (Inflow) Velocity 0m/s
HTSBY (Chamber) Thermal Insulator T=25°C
luwanisn (Infant model) Temperature T=37 °C

WA UVDIMRRADUNLTA (Heater) Power 500 w
ANSuRUeIDINIA (Initial Condlition of air) Temperature T=25°C

3.5

(3
bUIUR

ANSESIMUBBAUUALNDATNI5ANLTUNITIATIZNA285808UAT I ludLed

yipuardnnuvesumadiuuanlglunsiwintutuegiunmslvaunisaddalanly

nmsafaugediuuinauarninensldlunsdim venaniiaiwaganun musduy f

Judnadenilandianudrdyseanugnieaziaissaimlunismuaeasdeaiunse

f1salaananurusiuvesediuudlulauuiinuagldeafivunzauuiniande Fine

Mesh @aladmuauusniianuazidungegavedaiodlisidanuseudmsumsnusnaaen

Adlugui 3.5 dAuingu 1,320,012 s Wnelusunsuildludrasmdludioduud

Hun1a3deldlusunsy COMSOL  Multiphysics — ilesaniduzenuisildszaziaanlunis

sfiunulunisdtastdesnitlusunsudue) wazilulusunsufiiresenisldau Januands
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1%

ADNNIMBSN T IUNTANUINNULS18aLLdanaItAe Intel Core | 7 GHz, RAM DDR4 16 GB,

05 Window 64 Bit Tagl4naluniseiunisi 1,800 Junii

JUM 3.8 UanIn1NNIT0NkuULATeN Wssdanuseudmsumsnusnnaen 3 16

Leig meshing refinement

3.6 MINAAINAIAMNNVaNATEI NI T aUd T UMINILINARDA

luniseenuuunsmaasdlasgldinIaslissdanusoudmsumsnusnaaen Nilldegly
l5ang1una 11vnnsAnsruvanmkIndeulagnisneeuruauliaiiounisldauasadluy
lsang1una saudvuaesnildlun1sneaes d3u1n 2 X 2 1WA 9uniiviesi 25 aeen

Wwaded IszuusEugeINImiiuies NICU fiegnelulsaneuia

3.6.1 aUnInlUsENAUNIINAGDY
1. Patient-probe
2. Reference thermometer accurate to within 0.1 °C

3. LASDIMASIEANNSBUA NS UNISNLSNAaRA (Infant Radiant Warmer)



30

MODEL SM 401
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7 11 10 12 13 14
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1. Ju Heater Power Set 12. &yeyraulal Alarm 83 Power Failure
2. Yy Skin Temp. Set 13, deygyradll Alarm 909 Sensor Failure
3. ﬂuLﬁmqmmgﬁ 14. dygradlnislagsu Skin Temp.

4. Yuangaungil 15. dyaadlwidleiinnis Alarm

5. Yulgeu Manual Mode 16. dyeyradlainislaau Skin Mode

6. Yull¥au Skin Mode 17. 98uans@uunived Skin Mode

7. Uy Alarm Test 18. uaAnIEN ULV Heater

8. Unide Alarm 19. udyaalnislgeu Manual Mode
9. dryayraulw Alarm v04 Patient 20. F9UaANQUUNTIIDT Manual Mode

10. dgyeyreulsl Alarm @89 Circuit Failure

11. wandlihinsldanunseset
3.6.2 JUABUNTIFULAZNITUTUAIA

1. @euuan

2. duaindilansed azvulnRntnasnandna

a

3. lU# Manual Mode wazUSunaauniinnuinesns nenals Heater Power Set

Y

AabiudIneanAsNLvseangunall

5UN 3.12 uannsIsmssiveunsadlisidanuioudmiumsnuinaaen

4. lunsdinld Skin Mode vinady Skin Mode 9nluAnfisane Probe 1U#fATRY
FeagU19vnileumiAnaty Probe Wiudmsn USugaumgiinundenis taenady Skin

Temp. Set AabiLdINAanAsIiauvsoangmgil
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INAHDA

3.6.3 303 ngaumgil INCU Analyzer

\#383 INCU 138 Infant Incubator Analyzer &te Fluke 3 INCU IP30 S/N 6050903.

wdelunsineamaiilugae 20 - 40 esmgadua dadirunadesdis 90 dB ArruAaIn

[ A

waeuvesgmi = 0.1 asrwalva  Wuasesdlenlddmivasuiioudeudnnisnusn

=) b
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Abstract— This paper presents an analysis of heat transfer
from the surrounding area skin of newborn under using infant
radiant warmer (IRW) by finite element three-dimensional
software. And to compare the results of heat transfer
measurements from experiments on the IRW in used
everywhere. In this study, results are obtained for a simplified
model. It is equipped with. Systems design, the properties of
materials and processing methods using finite element three-
dimensional software. The results of the simulation using
COMSOL Multiphysics 3.5a programs will be compared with
the experimental results of heat transfer in newborn skin
mounted on the IRW. The criteria are in the form of a
temperature graph that is installed in a location that is
designed to provide a virtual environment as far as possible.
To ensure the accuracy of the experimental verification of the
simulation method, the finite element model at 3 D. In order to
make the research more easily add features in the future.

Keyword: Heat and Mass Transfer, Infant Radiant Warmer,
Computer Simulation

L. INTRODUCTION

Neonatal cold injury means to measure the temperature
under the armpit or rectal 36.5 degrees Celsius [1]. The
condition is very common in newborn babies, anyone who
wants to help resurrect neonatal morbidity and premature
infants. If unprotected, the hypothermia causing many
complications. Prevention of hypothermia in neonates is
important. I would worsen this condition, the baby is ill with
a disease that is more severe until death. Found a mortality
rate as high as 25-50 percent [2]. Protection achieved by
controlling the temperature of the environment to suit their
gestational age. Radiant heat is an efficient way to heat
baby. Since it can be used as a heat source for infants and
can be managed quickly to prevent hazardous to a baby.

In educated and researched, in 1998 Jonathan R. Ek,
Thermograph principle to find the property of newborn skin
heat collecting [3]. And  Daniele Trevisanuto was
researched Effective temperature under radiant infant
warmer: does the device make a difference [4]. In the 2004
Edward F. Bell makes difference of infant incubators
and radiant warmers [5]. In 2006 Andrew Lyon applied
physiology: Temperature control in the newborn infant [6].

Later to 2010 Anna M. Fic, used numerical method for

reproduced heat transmission of radiant warmer to
newborn’s skin and dehydrate analyzed from radiant

978-1-4799-1467-8/13/$31.00 ©2013 IEEE

warmer [7]. This research presented how to used the
techniques, thermal radiation analysis of radiant warmer by
finite element method 3D from COMSOL Multiphysics
program that able to show the result of infant radiant
warmer’s thermal radiation have to similar result with the
real machines and able to analysis the accurate result of
thermal radiation.

This paper is presented as following. An introduction and
finite element analysis implementation is presented in
section 1 and 2 respectively. In section 2, radiant warmer
design and the mashing model is described in detail. A FEM
analysis protocol also mention in this section. Section 3 is
our simulation results which compose of virtual simulation
results. Discussion and conclusion is proposed finally in
section 4.

Wl FINITE ELEMENT ANALYSIS IMPLEMENTATION

The implementation of FEM was primarily performed to
an applicator design then following by infant radiant
warmer modeling and definition of governing control
equation.

A. Infant Radiant Warmer Sysyems

Use the size of machine at present for received the right
information of thermal radiation analysis to design the
infant radiant warmer to be equal to real size at hospitals. In
the picturel, the design of heating element canopy have
semicircle character with a radius of 20 cm, 10 cm thick
and 40 cm long and leave a space from newborn mattress 70
centimeters. The size of the infrared light designed is a
cylinder of radius 1 cm and length 40 cm. and the size of air
around infant radiant warmer’s structure 2 mattress every
side for able to clear the thermal radiation phenomenon
from heater show from Table I and Fig. 1.

Table I Size of infant radiant warmer system model to designed.
Modeling Size (¢cm)

1. Mattress 50x60x 10

2. Air 200 x 200

3. heating element canopy 30 x40

4. heating element canopy layer 10

5. Newborn model Diameter 5 x 30

6. Distance of mattress and heater 70

7. Heating Element Diameter 1 x 40
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Figurel. The front and side of infant radiant warmer system model.

B. Infant radiant warmer modeling and meshing refinement

In Fig. 2 shows subdomain of CAD model while
meshing refinement is shown in Fig. 2. Table II shows main
physical properties of materials for FEM simulation

The components in Fig. 2 are contained in a chamber
with temperature-controlled walls with a set point of 25 °C.
This results in a closed cavity so you can omit the geometry
of the chamber walls. Furthermore, the model assumes that
this physical system is dominated by radiation and
convection cooling. The convective cooling of the mattress
and heating element canopy to the air (at 25 °C) is modeled
using a heat transfer coefficient, 4 (in this model set to 500
W/ (m2-K)).

The model simulates the lamp as a solid object with a
volume heat source of 500W. It is insulated on all surfaces
except for the bottom, which faces the mattress. At this
surface, heat leaves the lamp as radiation only. In order to
capture the lamp’s transient startup time, the model uses a
low heat capacity, Cp, for the solid (10 J/(kg K)). The
lamp’s other thermal properties are identical to those of
copper metal.

In this case assume that the mattress dissipates energy via
radiation and convection on all surfaces. The heating
element canopy is insulated at all surfaces except the top,
which is subjected to both convection and radiation. The
thermal material properties are set to those of alumina.

Table II The parameter for use in variable specify to materials in the
model designed.
" Thermal . .

Material Conductivity Density Heat capacity

heater 400[W/(m*K)] 8700[kg/m"3] 10[J/(kg*K)]
heating

element 155[W/(m*K)] 2730[kg/m"3] 893[J/(kg*K)]
canopy

mattress 27[W/(m*K)] 2000[kg/m"3] 500[J/(kg*K)]

IR Source

e

New Born Model

\

Mattress

a. Infant radiant warmer modeling. b. Meshing refinement.

Figure 2. Infant radiant warmer system modeling.




III.  HEAT TRANSFERS EQUATIONS

A. The Heat Equation

In our case, radiation concept is concerned in this
simulation. The problem is governed by the heat equation,
given below together with its boundary conditions.

pCy S+ - (—kVT) = Q (1)

—n - (—kVT) = h(Ty — T) + (i) UJo—oTY ()

p  Is the density of material.

C, Isthe heat capacity of material.

k  Is the thermal conductivity of material.

O  Isthe volume heat source.

n  Is the surface normal vector.

Tue Is equals the temperature of the convection cooling
gas.

&  Is the surface emissivity.

Jo  Is the expression for surface radiosity.

o Isthe Stefan-Boltzmann constant.

B. FEM Analysis

In this research, we use COMSOL Multiphysics (version
3.5a) solver to implement FEM analysis. Simulation module
was selected on heat transfer module with a heat transfer in
solids and surface to surface radiation (ht) according to an
industrial, scientific and medical (ISM) radio bands criteria.
The simulation was truly performed in full 3D space on
Core-i7 2.5 GHz desktop computer and 16 GB RAM.

IV. SIMULATION RESULTS

In this simulation, a number of meshing elements was
compromisingly refined at 147,212 elements in tetrahedral
shape with 202,312 degree of freedoms while the solution
time is consumed about 30 minute 32 seconds. After heat
source at 500 Watts was emitted for 30 minute radiation
time, a post-processing of full 3D space model was analyzed
and synthesized for an interested result. Simulation results
of this study are shown in Fig. 3, 4, 5 and 6.

In the Fig. 3 temperature rate from heater, in the period
on 30 minutes that time to pre-machine before use it with
newborn. The result shows the temperatures near heater will
high heat to a long distance. Mattress area has temperature
about 34 - 37 degrees Celsius. In the Fig. 4 the surface that
received thermal radiation from heater that testing shows
power value at surface of materials near the heater. In the
Fig. 5 the temperature 5 point in mattress by the 4 corners of
the mattress both left and right received equal temperature
therefore the center of mattress received temperature
difference the side of mattress on the little equal period.
Fig.6 Figure shows the design of a machine that is used to
measure the physical. It is used to measure the temperature

of the storage period of 10 seconds.
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Figure 3. Top view slice plot: temperature (°C).
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Figure 4. Newborn skin temperature (Degree Celsius).
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Figure 5. Point graph temperatures (°C) Temperature comparison chart

between the model and the actual test.



Figure 6. Shows the design of a machine that is used to measure the physical.

V. DISCUSSION AND CONCLUSION

In the researched about thermal radiation from infant
radiant warmer by finite element 3D method, show thermal
radiation from infant radiant warmer will have heat
diffusion to mattress. The result observe heat quantity that
pervaded in the same direction with real machines, able to
test the heat result effect to newborn’s skin and the best
efficiency drainage thermal flight to newborn’s skin.

For the future the authors would like to enter infant
models put on a bed, to be able to analyze the thermal
radiation of infrared light against baby's skin. It simulates
the flow of air within the flow of air is close to that in ICU,
in the hospital. To experiment with different parameter
values as possible.
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