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Esquema da circulacao cutanea
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Anatomia dos membros superiores
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Anatomia dos membros superiores
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Anatomia dos membros superiores
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Anatomia dos membros superiores
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Transferéncia de calor nos
membros superiores

FERREIRA; YANAGIHARA (2011):

Regime permanente;

Oito cilindros de secao circular (braco, antebraco, mao e dedos);

Duas camadas concéntricas (nucleo e pele);

Macro e micro circulacao.



Modelo de Ferreira e Yanagihara

Parametros geomeétricos dos vasos

Vessel Number | L/m D/ mm D* [ mm x / mm

Brachial artery 1 0.31 4.0 3.5-44 24
Ulnar artery | 0.28 2.6 1.8-4.3 17
Radial artery 1 0.28 2.6 1.9-3.1 17
Arterial palmar arch 10 | --—---- 1.6 1.4-1.8 ---
Proper palmar digital artery 2" 0.08 1.0 0.5-1.3 7.5
Brachial vein 2 0.31 2.9 2.9-3.8 21
Radial vein 2 0.28 2.0 1.6 15
Ulnar vein 2 0.28 2.0 2.3 15
Venous arch 10 | ------ 1.6 | ------e-- ---
Cephalic vein 1 0.31 3.3 1.9-3.8 8

Basilic vein 1 0.31 3.3 1.9-5.1 8

Superficial vein 6 0.28 1.8 1.8 -

Venous palmar plexus 10 | ------ 1.0 | --m-mee- ---
Venous back plexus 5 | ------ 1.8 | - ---
Palmar digital vein 4" 0.08 1.0 0.8-1.3 8.5




Modelo de Ferreira e Yanagihara

Arranjo da macro-circulagao (vasos com D > 1000um):
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Modelo de Ferreira e Yanagihara

Arranjo da micro-circulagao (D < 1000pum vasos com D > 1000um):
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Balanco de massa:

Arteries:

Brachial Artery BF in = Arm BF + Forearm BF + Hand BF + 5 x Finger BF
Brachial Artery BF out = Forearm BF + Hand BF + 5 x Finger BF

Ulnar Artery BF in = Radial Artery BF in = Brachial Artery BF out + 2

Ulnar Artery BF out = Radlal Artery BF out = (Hand BF + 5 x Finger BF) =2
Arterial Arch in = Hand BF + 5 x Finger BF

Arterial Arch out = 5 x Finger BF

Palmar Digital Artery BF in = Finger BF =2

Palmar Digital Artery BF out = 0

Veins:

Brachial Vein BF in = (Forearm BF + Hand cr BF + 5 x Finger cr BF + ) + 2

Brachial Vein BF out = (Arm BF + Forearm BF + Hand cr BF + 5 x Finger cr BF + ) + 2
Ulnar Vein BF in = Radial Vein BF in = (Hand cr BF + 5 x Finger cr BF + ) + 4

Ulnar Vein BF out = Radial Vein BF out = (Forearm BF + Hand cr BF + 5 x Finger cr BF + ) + 4
Venous Arch BF in = 5 x Finger cr BF + y

Venous Arch BF out = Hand BF + 5 x Finger cr BF +

Cephalic Vein BF in = Basilic Vein BF in = (Hand sk BF + 5 x Finger sk BF) x o + 2
Cephalic Vein BF out = Basilic Vein BF out = Cephalic Vein BF in

Superficial Vein BF in = (Hand sk BF + Finger sk BF) x a + 6

Superficial Vein BF out = Superficial Vein BF in

Palmar Venous Plexus BF in = 5 x Finger sk BF x 6

Palmar Venous Plexus BF out = Palmar Venous Plexus BF in

Back Venous Plexus BF in = 5 x Finger sk BF x (1 —6)

Back Venous Plexus BF out = Back Venous Plexus BF in

Digital Vein BF in =0

Digital Vein BF out = Finger BF + 4

pB = Hand sk BF + 5 x Finger sk BF * (1 - «)

y =5 x Finger sk BF * (1 - «)
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Modelo de Ferreira e Yanagihara

Transferéncia de calor no tecido:

2
[1a(kr aT)+ kﬂ + wblpblcbl[Tar _T] tqg+t uat[Ta" _T]+ th[T

~T]+u,[T,,-T]=0

r or ar ox> v
| Y ] | v | \_Y_; \ Y | Y )\ Y J
Conducao de T.C.com o Met. T.C.c/o T.C. Entre T.C. Entre
calor no tecido tecido — micro- tecido = veia e tecido e
_ N macro- superficial e
circulagao circulacdo tecido

Condicdes de contorno:

J
_ksk P = h(T - Top) T ey Conveccgao, radiacao e evaporacao
¥ lr=R
JT
Z1 =0 . .
| _, Simetria

Tampas adiabaticas



Modelo de Ferreira e Yanagihara

Equacodes diferencias do sangue

dT,,
Arterial: Pu1QarCpi W + hatnDar(Tar - T) =0

T, = TC,,,,-,, emx=0

dTl D/2

Venoso: Pp1QeCpr dve+h nD, (T T)+2npblcb,f

. wb,(Tve —T)rdr =0

T,e= Twe,,.,7 emx=1L

Venoso dT .
superficial:  Pb1LvsChi d;s +hgmw Dy (Tys=T)=0 Nutjy = 4 +0.155¢" 381080

Gz, < 1000
T,= Tvs,,-,, emx=1L



Modelo de Ferreira e Yanagihara

Table 1

Geometrical parameters

Bodysegment | L/m | D/m | th/m A/ m’ V/m’ e/ mm
Arm 0.31 | 0.085 | ----m- 828 x 10 | 1,759 x 10° 4.5
Forearm 028 | 0.067 | ----m- 5890x 10* | 987x10° 4.5
Hand 0.10 | 0.085 | 0.044 214x10% | 374x10°
Finger 0.07 | 0.021 | -—-mmm- 462x10% | 243x10° 2.0

where L is the cylinder length, D is the cylinder diameter (in the hand D means width), ¢4 is the segment
thickness, 4 1s the segment superficial area, V' is the segment volume, and e is the skin layer thickness.

Table 2

Heat transfer parameters

Cold (T,, = 10 °C) | Neutral (T,, =30 °C) | Hot (T, = 40 °C)
Body segment | &/ (W/m’.K) q., | (W/m?) q., | (W/m?) q., | (W/m?)
Arm 8.1 5 4 75
Forearm 8.6 5 4 75
Hand 8.2 10 43 70
Finger 11.0 5 4 75




Modelo de Ferreira e Yanagihara

Transferéncia de calor na maéo:

Dorso da mao:

(hA)

Tvm(Tvb ~ Tsk,b) ~

(hA)
2

Arco arterial:

Pui€pi Qar,in (Tar,in - Tar) - (hA)art (Tar - Tcr) =0

Arco venoso:

%(T T %(T -T,)=0

pblclevs,ina(Tvs,in - Tvp ) - ) vp sk,p ) - D vp cr

" [(Tsk,b - Top) B qev,hd] + i€ 1 sk (Tar B Tsk,b) T



Modelo de Ferreira e Yanagihara

Primeiro conjunto de dados (Salloum et a al., 2007)

Minimum sk BF Basal sk BF Maximum sk BF cr BF

Body segment / (cm’/h) / (cm’/h) / (cm’/h) / (cm’/h)
Arm 0 910 8,319 2,667
Forearm 0 508 5,553 1,758
Hand + Fingers 627 1,114 4,454 388
Hand 473 840 3,362 293

Finger 30.7 54.6 218 19.0

Segundo conjunto de dados (Takemori et a al., 1995)

Minimum sk BF Basal sk BF Maximum sk BF cr BF

Body segment / (cm’/h) / (cm’/h) / (cm’/h) / (cm’/h)
Arm 0 488 8,319 2,941
Forearm 0 272 5,553 1,643
Hand + Fingers 0 4,699 5,723 264
Hand 0 3,547 4,320 199

Finger 0 230 281 12.9




Mean skin temperature / °C
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Modelo de Ferreira e Yanagihara - Validacao
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Modelo de Ferreira e Yanagihara - Resultados

Top = 30°C
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Modelo de Ferreira e Yanagihara - Resultados

“AVACEN”
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