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Heat transfer simulation with a human head model representing the brain temperature distribution

Yutaka Takagi, Satoru Honma, Hidetoshi Wakamatsu, Minami Ito
(Tokyo Medical and Dental University)

It is important to keep accurate brain temperature for the better hypothermia treatment. Therefore, visualization of intracerebral

temperature distribution in hypothermia therapy was studied. For this purpose, a technology of virtual reality is applied to

synthesize a mathematical model that reflects the metabolic heat production and Fourier's heat conduction in the brain. Necessary

parameters have been studied for the clinical application of simulation of the model. In the present study, the experimental system

was developed to examine result in the simulation including the blood flow of the human head. Hereby brain hard model was

realized in silicon rubber of a brain shape based on MRI data, and a metabolic heat was given by three pieces of film heaters.

Furthermore, six sensors were set to measure brain internal representative regional temperature. Our simulation describes an

interior temperature distribution of brain, which is clinically difficult to observe, as our concerning model has also similar

structure of the mathematical brain. Thus, they enable us a heat conductive experiment in a similar condition in human for the

study of future brain hypothermia.

F—U— R BRES I 2 L— g v, AMEEHET L, MSERE

(Keywords, heat transfer simulation , human head model, brain hypothermia )

1. [FC®IZ

SHER MO 2 T 72 S U2 K 0 EMAMERR AR RBIC IR 2 &
FEMPEEIC IV T, BAENOMIE: 81 Xk Ao E
AMEDBEIZ L0 B2 HREFECE M ORIEIC K > ThE
JECHMIER 235 = 0 iR S EH9 5. & B L~
K DRIEMEST A NI A O, EMERFEOFRAER LI L
D, W& & B ZDREBICET L, EffERioft
MAELEULDEANDDH. 20X FEEELR/NRICE S 2,
JMERE D[ X 5 ECHZRFEDO—2IZ, MEAHIL
CHR A AT 2 IR RN B 5. BHEE G2y E
HE L BITMAERRT Z LT X AR EOR RIT, WD
IREEENEUNATOIL T DM Z O IFEDORRTh O L
725, BRIRFRE CIIAMOIEEE 2 7E L b — BRI
TIRZIZWHEIT B, < O%E, MNOIRENARZ —E
LRI L, WED IR S R B O 72 812 X 51
BFHEIT>TWAD. L, BEICTEEDOREMRNDE
W EDDIRESHN—ETIERL, TNEZBE LTZNE
HIEIAS KR D STV B

L2 AT, REIBIXINFE TICAKREEE 23 2 I
DWW Z & DRSO kI TREL, AL

1407

BEBOBAMN % AW TR LT 23R TR ET L E S
L[1], BMPNIREE A OB HN R ORF 21T > T\ b, =
T, ERIEREL E L TV A Kakat s 2 —2 80
% OERBIGICBNT, ERSCHEHER, R LYty
OEFRREFE DB O OIEFE A & ERAIIE T 5
CEERBERETLOTHD. ZOHETIE., SERRICHN
J—FRuEREL, 77—V OEINC X 28 5#EE ) — R
THERILLTEY, ABENIEE) 2T A—XEHELT,
PRI AT T D MOIRES M A HEN AR TH DL L &
RLTWAL2].

AWFETIE, ZOETFTAEZANZY I 2L —2 3 0OF
PEZRETT 27201, NRTEESIEIR 2 Bt U 7 SEE0 A AR
BB T . ZNEAWT, BERESED ST
B IR R AIE A 3] 2 @ BH IS B W I BRI E O R 1T\,
FCSUEZHRELEY I 2L —ar EOlEICLY, #
BEETNVERNEY I ab—ya VY ORMEERTT 5.

2. Y2al—YarvETILOEBE

2.1 BEEMEABETILOBME
HFRICIRE L2 MRTEE OMRIE 5 — % % JiM(Brain),
G (Skull), ARER(Eyebal)lZ/3FET 5. 7272 UAMIEKRAN, /1S

© 2012 IEE Japan



PRk 24 FEERERE A

T« ¥ AT DERTRE

Jib, MEREZ KL L e —o DR L L, BHiEOMHRNE R
72 E ORI E ICE O, MRET V2 M RER(CSF)A
T EEZD. D OMBRICEYRE 28T DN e
Y=o ) — REEE L NEBOBS M 255§ 2580€
TINEREGELUTZ[4]. & 2 A TRINO K5y O PEAEZIAM .
W OBGHMTHHENDL DT, ZOXBLEETL L
WEETHS. LL, TXTOMLERDOET MEITR
AHEZR DT, FE/2 1M (blood vessel)D 7 & S 7p s A —
CTETMEL, MMEERERT D — RHE TR 2 i
WIEBRET N A EZ D, £, HEEHELOZERIHFIEST D
ZER(AINFE LY, MRID B FEL S eV & (skin) B 7 L
HATEEL, MRNEBESFYIaL—va v 2ERBT 5.

2.2 ARG EETILOHME

RO BB E T VAL T DB FET L, 7=
TOBEEDOERNC X 5 BURE & Rt EEEZ B RS 5.
ZOLE, Ml EORBIIEE L. S — FEH—IC
WERET DL, &/ — RiTEEEosEs: L2 EN RO TE
SICELE T 5./ — REOBMREITIENEEO &L O J7 1\
WAELDEEZ, AHDI12 O —FEBZMELITH . Inp,
AR GE AT — OB AL T D /) — R TOLEZET

Bzl 12815/ — Roo b o#E, BEE, BEEZ
nENO(), Co(f), To()iZ>WT, LLFD)~B)A Y
SO ATo()ix ./ — R0 &/ — Ri OIREHE, ko 1/ — RO
L — i & DOFOBURZERIL, Mo()I TR E A % 7.
0u(1)= C, ()7, (¢) M
AT, (6)=T,(6)- T, (¢) )

To(t+1)= T(t)+{§k,0ATlo t)+M()}/CO(t) (€)

3. ERETILOHE
3.1 ANAERMEZOME
YIal—iarOfRE T A0, BRiEES
NER—OBRE b OMERE TV ERBET D, 207D
W2, ) arIATRREFE LR EZREST S, R
BEEA R T D7D ORI LT T 4 b b —F (v
/UMEJHHQ%3ﬁWWL WESOWE A0 2 ET D
IR Y (RSB, 103IT-050)% 6 # ATiC Y
5. Tiﬁﬁ’)f’o R 4y 2 3 HOER (Center) , H A IZEW
TIA S IR & U CTHIE S AT D B % 7= 34 R SEET
(Right) & ZE B (Left), BHTEES(Top), AITEHHN(Front), #28A
HB(Rear)D 6 #» FHIIRE ¥ I CRIMHCIRE ZBIET 5.
SHICET LT 2 EEIME 2B E L, ZALUIHNE
MO OR TN K o TR % FHEE U 7= Bl 72 i i % 11 B
L, BMREET )L L ERROEAI A FIRE L T 5.

3.2 ANKEREAMREDEAE

T — 2 LRI ST, &l Z & ISERL L
ARV EOEDL, MUk T Z 82 CRALA

Ef %, (K1) BVEEET LD/ — FREHEZZE LT

1408

EWROE S % 6[mm]& Liz. 7Bk L7ZERI SR L
T, HEOmWY Y a2 I3 A THEE T VOB ZERR L.
MR NEE CoOMm Bt Z FH L, FREMEOBREAEE
R D700, R 2R DB, MERRLE 7 11
L — X ERUET A EICEET 5.

AR, IMPN O 372 L & R 2 AR I BT L C '
TIME L TZE T M L7md» TERR Lz, BRI
BTN EMER & DIETBICHFEL, TNENENE 40 DT
ARy Fa—TERIEHTECHILE., ThbbK 2 IR
T E DI, BB PRI B W RE 7R M AE R A R L 7.

I F R & L5 oo R O BRI NER I AR B, NEROIERSE
FRPET L —IAZ ERGEEERO T 4 VA —F %
X 3 O ICNEKRENE LT, FEKWEIOREEHD Y =
VIAAT, ThbE—OICE LD AER L. 2
NEX 4 T2, Fio, A% L CIER LG OR
2D, B TANEEMEEEA 2 REL . EEELBE
L7eEBROTDIT, 7 4V b DORE 2D U ST s
A 3 FEMH, BHEBZ 2 FFH N TR OB HERM LT,

B 1. s K O O s R

Fig.1 Appearance of basic mock model of a human brain and skull
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Fig.2 Blood vessel mock model of brain
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Fig.3 Blood vessel mock model and film-heater in the brain
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Fig.4 Brain mock model realized by silicon rubber
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Fig.5 Outline of automatic control system of temperature of brain

mock model.
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Table.1 Parameters of each organ-type mock model in a head

Organ . Eye | Blood ) A
Property Brain | Skull ball vessel CSF Skin ir
N f

umber o 13093 | 24206 | 172 | 497 | 1805 | 3310 | 20917
Nodes
Temp. Room | Room | Room | Room | Room | Room | Room
[deg C] Temp. | Temp. | Temp. | Temp. | Temp.| Temp. | Temp.
Metabolic
Heat 0 0 0 0 0 0 0
Production[W
Thermal 560 |258 | 258 | 239 |560 | 258 | 555
Conductance | x103 | x103 | %103 | X102 | X103 | x103 | x105
[W/K]
Heat Capacity| 2.31 1.82 1.82 2.11 2.31 1.82 1.36
[J/K] x10" | X107 x10! x10" | x10! x10! x 10+
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Fig.6 Measured values with mock models and result of the

simulation.
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