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Um pouco de anatomia

Aorta (D = 5.000um)
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Modelo de Pennes (1948)
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Hipoteses:

*Regiao de equilibrio — a transferéncia de calor entre o sangue e o tecido adjacente
ocorre principalmente nos leitos capilares;

*Perfusdo sanguinea — o0 escoamento de sangue nos capilares &€ assumido
isotropico;

*Arquitetura vascular — os grandes vasos na vizinhanca dos leitos capilares nao
sao importantes na transferéncia de calor;

e Temperatura do sangue — o sangue chega no leito capilar na temperatura do
nucleo do corpo e instantaneamente equilibra com a temperatura local do tecido.

Aplicabilidade:

«Regido com vasos com D >500um e L_/L > 0,3.
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Modelo de Pennes (1948)

Criticas:

*Regido de equilibrio — o equilibrio térmico ocorre nas pré-arteriolas e nas pos-
vénulas (70 a 500um) e nao nos leitos capilares;

*Perfusdo sanguinea — a direcao da perfusao sanguinea €& importante para a
transferéncia de calor. A perfusao nos capilares nao € isotropica, pois procede das
arteriolas para as veias;

*Arquitetura vascular — a geometria vascular ndo é considerada. Fatores como a
transferéncia de calor com o0s grandes vasos e transferéncia de calor
contracorrente nao sao considerados;

* Temperatura do sangue — a temperatura do sangue arterial varia continuamente
de seu valor no interior do corpo (aorta) a medida que percorre os vasos. A
temperatura do sangue arterial ndo é a interna e a do que deixa o tecido (venosa)
nao é igual a do tecido. Essa hipotese superestima a transferéncia de calor.
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Modelo de Keller; Seiler (1971):
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Modelo de Keller; Seiler (1971):

Regiao periférica o Calor Sangue
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Modelo de Keller; Seiler (1971):

Energy balance:

/ area per unit length
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Modelo de Keller; Seiler (1971):

Energy balance:
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Modelo de Keller; Seiler (1971):

2 % Escola Politécnica da
¥ Universidade de Sdo Paulo

Energy balance: temperature of the venous blood as it drains from the capillary

Vein (myCpT)xrax + CoWpp LA dx = (myc, 1), + (UA'), dX(T, — T)
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Modelo de Keller; Seiler (1971):
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Mass balances:
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Modelo de Keller; Seiler (1971):

simplifications

(UA"), = (UA"),= (UA")

dT,
mc, —— = (UA'XT, - T,)

dx
TVO - Tt

dr, v

o = (UANT, - T) + cyopy AT — T,)

—ma,

dx

12



EA= D
7(>% Escola Politécnica da
4« @ Universidade de Sao Paulo

Modelo de Keller; Seiler (1971):

ODE:
Tesie kS T4 C2@ - T + (- T+ 0pTy — ) + Q= 0
Artery mcbgﬁ = (UA'XT, - T))
dx
Vel —me, Y = (AT, — T) + eywpy AT, ~ T)
Boundary conditions:
Ti(0) = T,(0) = T, 5(0) = T,(9) = T,
Myy = Myo
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Modelo de Keller; Seiler (1971):

Analytical solution:
d*T, (UA’
Tissue ki—— + ( /{) (T, — T)) + (T, - T)] + wpper(T, - T) + @, =0
dx /4,
0
dr,
Artery me, - = (UA'XT, - T,) |:> T,(x) = Ty
0
. dT, ,
Vein —mcy, —— = (UA)T; — T)) + cowpy AT, = T))
dx
0
Boundary conditions:
Ti(0) = T,(0) = T, L(0) = T,(0) = T
Mmyy = My
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Modelo de Keller; Seiler (1971):

Analytical solution:
d*T, (UA’
Tissue ki—— + ( /{) (T, — T)) + (T, - T)] + wpper(T, - T) + @, =0
dx /4,
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Effective thermal conductivity
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Effective thermal conductivity
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General analysis
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Predictions of the Keller and Seiler model, (withQ,, = 0),

compared with experimental data from the literature as compiled by Keller and Seiler. The
dashed line indicates the predictions of a simple perfusion conductance model



