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ALTEC-7012 THERMOELECTRIC DEVICE
FOR COOLING OF THE HUMAN HEAD
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The results of computer simulation of thermophysical processes in the human head at given heat fluxes on its surface
have been presented. The disadvantages of the existing physical models of the human head have been established and the
ways for their improvement have been proposed. A prototype ALTEC-7012 thermoelectric device for cooling the human
head has been designed and manufactured. The device is promising for human brain hypothermia.
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Brain hypoxia is among the most relevant me-
dical problems [1—8]. It accompanies disorders
of cerebral blood circulation, depressed cases,
acute cardiovascular insufficiency, complete trans-
verse heart block, head injury, poisoning with
carbon monoxide, and asphyxia of various origin.
Brain hypoxia may also occur as a complication
of surgeries on heart and major blood vessels and
in early recovery period. It is accompanied with
various neurological syndromes and psychiatric
disorders.

If hypoxia lasts longer than 3—4 minutes, brain
recovery is impossible. However, local hypother-
mia is known to reduce brain need in oxygen, to
enhance its resistance to hypoxia and to minimize
or even to remove risk of temporary brain isch-
emia, thereby extending permissible duration of
hypoxia [9—10]. For instance, cooling by 5 °C in-
creases brain lifetime several times. Hypothermia
is recommended in the case of various head inju-
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ries, cardiac surgeries, and during recovery period,
in the case of hypoxic cerebral edema, intoxica-
tion, and CNS injuries.

Usually, the equipment for cooling of human
head is associated with bulky fixed hardware
based on compressor refrigerators [11—17]. Re-
cently, engineers have deigned devices based on
thermoelectric cooling, however, they have not
been widespread yet [18—20].

Therefore, this research is aimed at assessing
the prospects for the application of thermoelect-
ric equipment to cooling of human head and at de-
signing a device for human brain hypothermia.

PHYSICAL MODEL OF HUMAN HEAD

The physical model of human head is based on
the existing models. It is a hemisphere having a
radius R that is equal to average radius of the adult
human being (Fig. 1). The sphere has near-surface
layers 7—3 whose thickness is equal to average
thickness of scalp g__. (i = 1—4) generated in each,
uniformly across the spherical volume, and each
exchanging heat with circulating blood described
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by blood perfusion factor w,. The brain is consid-
ered a biological tissue having a high blood per-
fusion; blood temperature is fixed at 7, = 37 °C.
Temperature at the boundaries of respective lay-
ersis T, T,, T, T, Thermophysical properties of
these biological layers are given in Table 1 [21].

The upper part of the hemisphere exchanges
heat with environment (by irradiation and con-
vection) or with cooling helmet (with given inte-
gral heat exchange coefficient). Here, ¢, is density
of heat flux dissipated from the human head to
the environment. The lower part of the hemisphe-
re has a temperature of 7, = 37 °C.

MATHEMATICAL DESCRIPTION
OF PHYSICAL MODEL

The general heat exchange equation in the bio-
logical tissue is as follows [21-26]:

oT
PGS =V, VD), €@, (1, =T)+ 4y, (1)

where i = 1—4 are respective layers of the physi-
cal model of the human head; p, is density of the
respective layer of the biological tissue, kg/m? C.
is specific heat capacity of the respective layer of
the biological tissue, J/kg-K; p, is blood density,
kg/m?; C, is specific blood heat capacity, J/kg-K;
o, is rate of blood perfusion of the respective
layer of the biological tissue, m*-s'-m™; T, is
human blood temperature, K; g, . is heat of me-
tabolism of the respective layer, W/m3 T is abso-
lute temperature, K; k, is heat conductivity coef-

ficient of the respective layer of the biological tis-
sue, W/m-K; ¢ is time, s.

Fig. 1. Physical model of human head

The component in the left part of the equation
(1) is rate of varying heat energy in the volume
unit of biological tissue. The three components in
the right part are rate of varying heat energy due
to heat conduction, blood perfusion, and meta-
bolic heat, respectively.

The heat exchange equation in the biological
tissue shall be solved for the following boundary
conditions (2)—(3):

ql :qrad +qcanv :8‘0‘(T4_T;)4)+hcanv‘(T_T;))
a6o (2)
q,= hﬂuid (T - T ﬂuid)’

T.= 310K, 3)

where g, is density of heat flux dissipated from
the human head to environment; g _, is emission

Table 1
Thermophysical Properties of Biological Layers of the Human Head [21]
Anatomic structure of | Heat conductivity Density p, Specific heat capacity Perfusion Metabolism
the human head k, W/m-K kg/m? Cp,]/kg-K W, st m= q, .0 W/m?
Scalp 0.47 1000 3680 1.5 363
Subcutaneous layer 0.16 850 2300 0.2 130
Skull 1.16 1500 1591 0.15 130
Brain 0.49 1080 3850 8.5 10437
Blood 0.5 1069 3650 — —
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Fig. 2. Grid of finite element method in COMSOLE MULTI-
PHYSICS computer program

Fig. 5. Cooling helmet for head and collar for neck

heat flux density; ¢ is convection heat flux
density; ¢ is emissivity coefficient; o is Boltzmann
constant; T is absolute temperature; T, is environ-
ment temperature; £ is convective heat ex-

cono

Fig. 6. Thermoelectric cooling unit

change coefficient; hﬂui , is coefficient of heat ex-
change with fluid; 7, is fluid temperature.

COMPUTER MODELLING RESULTS

In order to determine the heat impact on the
human head, a 3D computer model of the human
head whose surface contacts with cooling helmet
has been developed. For designing the computer
model, Comsol Multiphysics [27] software pack-
age has been used. This enables modelling the
thermophysical processes in the human biologi-
cal tissue with blood circulation and metabolism
taken into account. The temperature and heat
flux density distributions were calculated by the
finite elements method (Fig. 2).

Using object-oriented computer modelling the
temperature distribution inside the human head
has been determined. For instance, Fig. 3 (see
color inset) shows the temperature distribution
in the axial cross section of the human head at a
total heat flux from its surface Q = 10 W.

Magnitude of heat fluxes from the human head
ranges within Q = 10+100 W and is limited with
minimum permissible temperature of human head
surface (+2 °C). For the convenience of compar-
ing the mentioned heat regimes, Fig. 4 (see color
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Fig. 3. Temperature distribution in axial cross section of human head
at total heat flux from its surface Q = 10 W
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Fig. 4. Influence of intensity of cooling Q on temperature T distribution along radius R of human head hemisphere
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Fig. 7. Thermoelectric device for cooling of human head ALTEK 7012

inset) features the temperature distribution along
the hemisphere radius for the respective heat
fluxes from the surface of human head.

Fig. 4 shows that provided temperature of ex-
ternal surface of the human head is kept at the
minimum permissible level (+2 °C), only 3 mm of
near-surface layer of the human brain can be
cooled down to required +32 °C, with tempera-
ture of the brain core remaining fixed (+37 °C).
In this case, 90 W heat is withdrawn from the hu-
man head, which according to [28], corresponds
to 90% of heat generation of the whole human or-
ganism. However, in fact, the human brain should
cool down, since heat withdrawal of 90 W 6 times
exceeds the total heat generation by the human
head. As a result, blood passing through the head
gets cooler and when passing through the human
organism, cools the whole organism. Having re-
turned to the head the blood has temperature sli-
ghtly lower than +37 °C, which in the existing
models is given as constant. Obviously, this fact is
the key weak spot of the existing physical and
computer models of the human head.

Hence, the existing approaches to designing
physical models and computer modelling of the
human head with arterial blood temperature fi-
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xed at T, = +37 °C should improve due to tak-
ing into consideration a gradual cooling of the
circulating blood and heat capacity of the whole
human organism.

In [29—30], it has been established that in order
to raise effectiveness of human brain cooling the
thermoelectric device shall contain a cooling hel-

Table 2
Technical Parameters of the Device
Technical parameters Value

Range of operating temperature (—=5++40) °C
Temperature stability +0.1 °C
Resolution of measured and set tem-
perature +0.01 °C
Accuracy of temperature measure-
ment +0.2°C
Cooling capacity 250 W
Power voltage:

AC 50 Hz 22010V

DC 12—14V
Main power 450 W
Size of the cooling unit (305 x 250 x 360) mm
Weight of the cooling unit 6 kg
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met for the head and a cooling collar for the neck.
These devices can be promising for emergency cas-
es (blood stroke, coronary thrombosis, cerebral
blood circulation disorder, acute cardiovascular
insufficiency, head injury, and brain hypoxia).

THERMOELECTRIC DEVICE
FOR COOLING OF THE HUMAN HEAD
AND ITS TECHNICAL PARAMETERS

Thermoelectric device for cooling of the hu-
man head Altec-7012 (Figs. 5—7) has been de-
signed at the Institute for Thermoelectrics of
the NAS of Ukraine and the MES of Ukraine in
collaboration with the Amosov National Insti-
tute for Cardiovascular Surgery of the NAMS of
Ukraine.

The device is to be used for cooling the human
head in the case of brain hypoxia, cerebral blood
circulation disorders, depressed cases, acute car-
diovascular insufficiency, complete transverse heart
block, for the heart and major vessels surgeries, in
early recovery period and in emergency cases (hy-
poxia, blood stroke, coronary thrombosis, head
injury, etc). The technical parameters are given
in Table 2.

The device consists of thermoelectric cooler
(Fig. 6), cooling helmet (Fig. 5), cooling neck
collar (Fig. 5), ambulance cart (Fig. 7), and hu-
man brain temperature sensor. The cooler con-
sists of thermoelectric cooling unit designed at
the Institute of Thermal Electrics, control unit
based on 4-channel microprocessor temperature
controller, modular power source, and circulat-
ing pump.

The cooling unit contains 20 Altec-127 ther-
moelectric modules (1.8x1.8x2.5) arranged among
fluid heat exchangers and collectors, which cre-
ate two separate fluid loops: in the cold loop, a
heat carrier is circulating under the action of the
pump, it withdraws heat from the human body;
the hot loop is connected to the central water
supply system.

With the help of hoses, the cooling helmet and
the cooling neck collar are serially connected to
the thermoelectric cooler. Cooling capacity en-
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ables connecting a cooling blanket to the human
body, as well. For convenience of patient carriage,
the device has an ambulance cart. The full-option
device is showed in Fig. 7.

CONCLUSIONS

1. The existing approaches to physical model-
ling of the human head based on the assumption
of arterial blood temperature kept constant at
T =37 °C have been established to need im-

p;g):z]ements via taking into account gradual cool-
ing of the circulating blood and heat capacity of
the human organism.

2. It has been established that for raising effec-
tiveness of human head cooler the thermoelect-
ric device shall contain a cooling helmet, a cool-
ing neck collar, and, if necessary, a cooling blan-
ket. This device is promising for emergency cases
(blood stroke, coronary thrombosis, cerebral blood
circulation disorder, acute cardiovascular insuf-
ficiency, head injury, and brain hypoxia).
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TEPMOEJIEKTPUYHW TTPUJIA/T
<AJITEK-7012» U1 OXOJIOZKEHHA
roJIoBU JIIOAMHIN

Hagezieno pesysibraTii KOMIT IOTEPHOTO MOJIETIOBAHHS Te-
10()I3MYHNX TIPOIECIB TOJIOBY JIOJAMHU TIPU 33JJaHUX Te-
IUIOBUX [TOTOKAX Ha ii oBepxHi. BUusiBieHo Helo1iku icHy10-
YUX KOMITIOTEPHUX MO/IeJIell TOJIOBU JIIOJAMHU Ta 3aIpoIo-
HOBaHO IIJIAXM IX BOCKOHAIEHHsL. PO3p06JI€HO KOHCTPYKILIO
Ta BUTOTOBJIEHO EKCIIEPUMEHTAJbHUI 3Pa30K TepMOeJeK-
tpuunoro npuiany «AJITEK-7012» s oxomnomskenus ro-
sioBu sioanHu. [Ipunan nepcrnekTuBHUN 715 TiOTEepMil ro-
JIOBHOTO MO3KY JIIOJIMHU.

Knwouosi croea: koMir'ioTepHe MOJIETIOBAHHS, TEPMOe-
JIEKTPUYHE OXOJIO/KEHHSI, OXOJIO/PKEHHST TOJIOBU JIIOINHH,
TIIIOKCisI TOJIOBHOTO MO3KY.
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TEPMOXSJIEKTPUYECKUI [IPUBOP
<AJITEK-7012» JJIA OXJIAJKAEHUA
T'OJIOBBI UEJIOBEKA

[TpuBeeHbI pe3yJIBTaThl KOMITBIOTEPHOTO MOJIETTUPOBAHMST
TeIIOhU3IIECKHX TIPOIIECCOB IOJIOBBI YeJI0BEKA MPH 3a/[aHHbBIX
TEIUIOBBIX MTOTOKAX HA e OBEPXHOCTH. BBIsSBIEHBI HEOCTATKH
CYIIECTBYIOINX KOMITBIOTEPHBIX MOJIEJIElt TOJIOBBI YeIOBeKa 1
IPEITIOKEHBI IYTH WX COBEPIIEHCTBOBAHS. V3roToBIen sKc-
[ePUMEHTAIIBHBIN 06PA3el] TePMOJIEKTPUYECKOTO YCTPOICTBA
«AJITEK-7012» 151 oxJaskaeHus rosioBbl yesioseka. 11pubop
MePCIIEKTIBHBII JIJIsI THIIOTEPMIY TOJIOBHOTO MO3Ta YeJIOBEKA.

Knwouesvie ¢106a: KOMILIOTEPHOE MOJICIMPOBAHUE, TEP-
MORJIEKTPUUECKOE OXJIasKIEHUE, OXJIaXK/IeHIE TOJIOBbI YeJI0-
BeKa, TMITOKCUS TOJIOBHOTO MO3Ta.
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