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ABSTRACT 

This study aims to predict temperature on human skin using mathematical equations and one-dimensional finite 

difference method bioheat transfer that is exposed to environmental conditions. The use of finite difference 

methods in the bioheat transfer equation is used to predict human skin temperature with the influence of 

temperature and environmental convection heat coefficient. In this case, human skin is divided into four parts: 

epidermis, dermis, fat, and muscle, which have different thermal conductivity. The results showed that the lower 

ambient temperature and the higher convection heat transfer coefficient resulted in a significant difference in 

temperature distribution between the surface temperature of the skin and the core of the body. The conclusion of 

this research shows that changes in environmental conditions by applying different methods to the equation of the 

bioheat transfer model affect the temperature distribution of human skin. Thus, causes changes in the body's 

thermoregulation to maintain thermal stability. 
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 INTRODUCTION 

The rapid development of scientific fields is now making significant progress in various fields including medicine. 

within the scientific principles of engineering, there are scientific disciplines that analyze the existence of heat 

transfer from the system to the environment and the other way around, including within the living tissue of the 

human body (human tissue) called bioheat transfer. Bioheat transfer is an occasion of heat and mass transfer within 

the physical body that depends on organ systems, blood flow, and therefore the thermal response of body tissues 

from external stimuli [1], [2]. Calculation of warmth transfer in body tissue (bioheat transfer) aims to determine 

the mechanical phenomena within the scope of thermodynamics and biology in living things. The body tissue that 

experiences the phenomenon of heat transfer is that the outermost body tissue in the skin where the skin functions 

as a hot exit. 

The skin is that the body's largest organ, which is a protection against external physical, chemical, and biological 

attackers, also preventing excess water loss from the body and its role in thermoregulation. The skin undergoes 

bioheat transfer in each layer by conduction caused by the movement of atoms from high temperatures that vibrate 

so that it also vibrates the atoms that were initially stationary within the microscopic range. one among the factors 

that influence bioheat transfer is thermal conductivity [3], [4]. Thermal conductivity is an intensive quantity of 

material that shows its ability to deliver heat, both liquid, solid, and gas. The thermal conductivity value of a 

material indicates the rate of heat transfer flowing in it. If applied to the skin tissue there are various layers where 

each layer features a different thermal conductivity as seen in figure 1. 

A previous study conducted research on bioheat transfer modeling in human networks supported the finite element 

method [5], [6]. The research aims to form a model and simulation of bioheat transfer in head tissue that features 

a brain tumor namely Malignant Fibrous Histiocytoma (MFH) and see the temperature distribution at each layer 
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of head tissue using the finite difference method. The result's a finite difference calculation obtained from the 

Pennes equation with MFH treatment that doesn't cause an increase in temperature within the tumor tissue and 

doesn't affect healthy tissue. so that visible temperature distribution within the network with variations of 1 layer, 

two layers, and multi-layer on the head network [7], [8]. The Pennes equation [9], [10] is employed to analyze the 

bioheat transfer where the equation is described as having an impact on blood perfusion within the temperature 

distribution of tissues. generally, the one-dimensional Pennes equation is: 

ρc
dT

dt
= k

d2T0(x)

dx2 + ωbρbCb[Ta − To(x)] + Qm                                                                                          (1) 

where: c and k respectively, the precise heat and thermal conductivity of tissues; whereas b and  b indicate the 

precise gravity and blood perfusion heat type; Ta is that the arterial temperature during this study considered 

constant; T0(x) is that the temperature at the required x point; Qm is that the generation of metabolic heat. The 

tissue temperature described by the equation is controlled by heat storage(ρc
δT

δt
), thermal conduction(k

d2 T0(x)

dx2 ), 

heat dissipation through the bloodstream(ωbρb Cb[− To(x)]), heat generation metabolism (Qmet) is another form 

of heat input that results from the conversion of biochemical energy within the tissue. Solving equation (1) using 

the Finite Difference Method (FDM) to get temperatures at various points in human skin tissue [11], [12]. 

Thus, many researchers use the bioheat transfer one-dimensional steady-state equation to describe temperature 

distribution skin tissue because it is simple and can be solved analytically and can be programmed into Finite 

Volume Method (FVM) and Finite Element Method (FEM) models study thermal stress in peripheral regions of 

human limbs during periodic exercise and rest study thermal stress in peripheral regions of human limbs during 

periodic exercise and rest with finite element [10]. In this study, a different finite method is proposed to solve the 

one-dimensional, steady bioheat transfer equation which is used to predict the temperature distribution of human 

skin exposed to different environmental conditions. In this case, human skin is divided into 4: epidermis, dermis, 

fat, and muscle which have different heat conductivity values, which are shown in Figure 1. The bioheat transfer 

equation to predict the distribution of human skin temperature with the effect of skin thermal conductivity, blood 

perfusion, metabolic heat, ambient temperature, and environmental convection heat coefficient.  

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Research scheme of human skin tissue 

Where:  

KE, KD, KF KM: thermal conductivity of epidermis, dermis, fat, and muscle, respectively 

LE, LD, LF, LM: thin of epidermis, dermis, fat, and muscle, respectively 

METHODOLOGY 

Governing equation 

The bioheat transfer equation (1) is widely used to analyze heat transfer in the human skin tissue to determine the 

temperature between the skin layer and muscle, which is then used as a boundary condition in the Finite Difference 
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Method. This equation includes the formation of metabolic heat and heat exchange of energy from the flowing 

blood and surrounding tissue, shown in equation 2. These two factors are identified as sources of heat. The solution 

to the bioheat transfer equation uses the Finite Difference Method (FDM). FDM [11], [12] converts ordinary linear 

differential equations into a system of equations to be solved by algebraic techniques. In this study, FDM was 

used to solve the bioheat transfer equation in human skin tissue exposed to different environmental conditions as 

indicated by changes in temperature (Tf) and heat convection coefficient (h) of the environment. In this case, the 

skin generally consists of 4 layers: epidermis, dermis, fat, and muscle. 

K
d2T0(x)

dx2 + ωbρbCb[Ta − To(x)] + Qm = 0                                                                              (2) 

According to Mathews (1987) equation (2) is solved using Finite Difference Method (FDM) up to the subsequent 

stages of work [13], [14].  

Discretization of Domain 

Measurement of the thickness of the skin layer is carried out perpendicularly from the outer skin surface to the 

core of the body. For one-dimensional modeling, a schematic diagram of the layers of the human skin is shown 

in figure 2, divided into sixteen parts. 

 

 

 

 

 

 

Figure 2. Discretization of Domain 

The human skin layers schematic diagram in Figure 1, is split into 16 regions for one-dimensional modeling. 

The thickness of epidermis, dermis, fatty, and muscle parts of subcutaneous tissue has been considered as 

x1,x2, x3, …to x16 respectively, and T0, T1, T2, T3 to T16 are the nodal temperatures at human skin. 

T(i) where i=0, 1, 2, 3, 4, 5, to 16 be the temperature function within the layers: epidermis, dermis, fatty 

and muscle parts of subcutaneous tissue respectively. Similarly, T17=Tb is that the body core temperature 

at x=L. 

Boundary Condition 

The mixed boundary condition of heat flux from outer skin surface under one-dimensional study is taken 

as in equations (2) and (6). In one dimensional discretization of the skin layers, thicknesses are taken along 

the x-axis and therefore the loss of heat from the outer surface of the body is exposed to the environment 

than the heat loss caused via convection. Therefore, the condition of heat flux from the outer skin surface 

understudying is shown in equation (3).  

−K
d To(x)

dx
]

𝑥=0
= h[T∞ − To(x)]                                                    (3) 

The transfer of heat in the skin tissue that occurs from the core of the body to the skin tissue (muscle 

boundary layer) is negligible, therefore the heat flux that occurs along the x-direction is negligible. 

Therefore, the boundary conditions are assumed as shown in equation (4): 

d T o(x)

dx
]

𝑥=𝐿
= 0                                                      (4) 

Also, the core temperature of the human body maintains a consistent temperature of 37°C. Therefore, the 

inner boundary condition of one-dimensional is usually taken because of the body core temperature 

(Tb)=T17=37°C. 

The structure of human skin parts makes it reasonable to think about C=ρbcbωb=0 within the epidermis. Qm 

is metabolic heat also zero in epidermis and dermis, C and Qmet are constant in fatty and muscle layers of 
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human skin [15]. The Finite Difference Method of the equation of One-Dimensional Mathematical of 

Bioheat Transfer steady state. The governing equation (2) alongside one-dimensional boundary conditions 

as in equations. (3) and (4) are transformed into the Finite Difference Method (FDM) during a variety 

of environmental conditions. Modeling with the finite difference method within the second-order T0(x) [4] 

of the Pennes formula are often stated as: 

d2T0(x)

dx2 |m =
Tm+1−2Tm+Tm−1

∆x2                                       (5) 

The research, bioheat transfer equation, steady-state, and one dimensional in form the finite difference method 

springs. Consider the overall form of the Laplace equation under steady-state conditions, variational of thermal 

conductivity (k) of human skin layers, and constant internal heat generation ˙(Qmet). In cartesian coordinates, this 

is often given by. Therefore, the equation (1) becomes: 

−
d

dx
(k

dT0(x)

dx
) + C. T0(x) − q = 0                         (6) 

Where: 

q=C.Ta+Qmet                                                          (7) 

One-dimensional Pennes' equations are derived and modified using the Finite Difference Method (FDM) 

consistent with the research parameters obtained: 

At the first point of the environment at the surface skin point x = i =0 

(𝑇∞ − 𝑇𝑚) + 𝐾𝐸
𝑇𝑚+1−𝑇𝑚

∆𝑥
+

𝑄𝑚𝑒𝑡

2
+

𝜌𝑏𝜔𝑏𝑐𝑏(𝑇𝑎−𝑇𝑚)

2
= 0                                    (8) 

with the assumption, the blood perfusion and metabolic heat have been considered zero in the epidermis 

ℎ( 𝑇∞ − 𝑇𝑚) + 𝐾𝐸
𝑇𝑚+1−𝑇𝑚

∆𝑥
= 0                        (9) 

At the second point and so on, x> 0: 

𝑇𝑚−1−2𝑇𝑚+𝑇𝑚+1

∆𝑥2 +
𝜌𝜔𝑐

𝐾
(𝑇𝑎 − 𝑇𝑚) +

𝑄𝑚𝑒𝑡

𝐾
= 0                                   (10) 

while for the point i = 1, 2 and 7 are caused interface layers, so used  

0 = 𝐾𝐸
𝑇𝑚−1−𝑇𝑚

∆𝑥𝑚−1,𝑚
+ 𝐾𝐷

𝑇𝑚+1−𝑇𝑚

∆𝑥𝑚,𝑚+1
+ (

𝜌𝑏𝜔𝑏𝑐𝑏(𝑇𝑎−𝑇𝑚)

2
+

𝑄𝑚𝑒𝑡

2
) (∆𝑥𝑚−1,𝑚 + ∆𝑥𝑚,𝑚+1)                               (11) 

and point i = 16, used  

Tm−1−2Tm+Tb

∆x2 +
ρωc

KM
(Ta − Tm) +

Qmet

KM
= 0                                   (12) 

The equation (8)-(12) show the system of linear differential equations which may be written in matrix form as 

shown in equation (13)  

[C]{T} = [Su]                                      (13) 

where [C] is 17×17 order matrices, [T] is 17×1 order column matric. The [C] elements are said with the physical 

and physiological parameters. the answer of 17-linear algebraic equations. 

RESULTS AND DISCUSSION 

The environment condition analysis used the parameter values 

The parameter values of Table 1 are used in the bioheat transfer, steady, one-dimensional equation solved by FDM 

to predict the temperature distribution in human skin. The epidermis is approximately (80) μm in thickness. The 

second layer is the dermis which is approximately 2 mm. The third layer is that the fatty which is approximately 

10 mm, and therefore the fourth layer is the muscle which is approximately 20 mm. [10], [11]. 
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Table 1. Parameter values and tissue properties 

Parameter Symbol Value Unit 

Thermal conductivity of Epidermis KE 0.24 W/m.K 

Thermal conductivity of Dermis KD 0.45 W/m.K 

Thermal conductivity of Fatty KF 0.21 W/m.K 

Thermal conductivity of Muscle KM 0.5 W/m.K 

Environment convection heat coefficient  h 5, 10, 15, 20 W/m2K 

Environment temperature Ts 25, 30, 35 oC 

Arterial temperature Ta 37 oC 

Body center temperature Tc 37 oC 

Metabolic heat Qmet 1000 W/m3 

Blood specific heat Cb 4.2 kJ/kg.K 

Blood specific mass ρb 1000 kg/m3 

Blood perfusion ωb 5.10-4 ml/s.ml 

 

In this study the skin surface is defined at x = 0 while the body core is at x = L. Previous research conducted [12] 

showed that the temperature of interior skin tissue usually remains constant within a brief distance of 0.03208 m 

from the surface of the skin, therefore long domain (L) = 0.03208 m. By entering the property’s value in Table 1 

into equation (9-12), we get table 2. 

Table 2. Coefficient of the Matrix system of ordinary differential equation of temperature 

 

 

Table 2 has been transformed, was obtained 17x17 matrix as shown in Figure 3. 

 

Figure 3. System of Ordinary Differential Equation of Temperature distribution 

node i Ti-1 Ti Ti+1 Su 

0 0 -3010 3000 -2980 

1 3000 -3227.184 225 -677.04 

2 225 -334.2 105 -1304 

3 – 7 250000 -510000 250000 -3104761.9 

8 250 -359.2 105 -1304 

9 – 15 250000 -504200 250000 -1304000 

16 250000 -504200 0 -78804000 
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To solve the system of ordinary differential equations in figure 3, we use the matrix method. So obtained: T0 = 

33.753oC; T1 =33.783oC; T2 = 33.140oC; T3=33.774oC; T4 =35.299oC; T5=35.737 oC; T6 =36.106 oC; 

T7=36.419oC; T8=36.533oC; T9=36.632 oC; T10=36.716 oC; T11=36.789oC; T12=36.846oC; T13=36.896 oC; T14 = 

36.935 oC; T15 = 36.965oC and T16 = 36.987oC. In the same way, a temperature distribution is obtained for other 

environmental conditions. 

Model Validation 

Model validation is completed by comparing the FDM results with the analytical results (13) shown in equation 

(8) using the parameter values in table 4: 

T(x) = Tb +
Qmet

ωbρbcb
+

(Tc−Tb−
Qmet

ωbρbcb
)(√Acosh(√Ax)+

h

k
sinh(√Ax))

√Acosh(√AL)+
h

k
sinh(√AL)

+

h

K
(Ts−Tb−

Qmet
ωbρbcb

)sinh(√A(L−x))

√Acosh(√AL)+
h

K
sinh(√AL)

                 (14) 

Where:  A = ωbρbcbk−1  

The temperature distribution was shown in Figure 4 obtained using the precise values of the relevant parameters 

to know the matter of changes in environmental temperature. The extent to which the FDM model for predicting 

accurate temperature distributions in several environments has been analyzed by comparing it with analytic results 

(13). Also, Figure 4 shows an honest agreement between analytic results and FDM which is shown to be a Mean 

Average Percentage Error (MAPE) that's 0.185 %. 

 

Figure 4. Validation of the temperature distribution 

 

Figure 5. Temperature distribution on skin human at environment temperature 25oC 
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Figure 6. Temperature distribution on human skin at environment temperature 30oC 

 

Figure 7. Temperature Distribution on skin human at environment temperature 35oC 
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at Ts =25oC, 30oC, and 35oC are considered and shown respectively in Figures 5, 6, and 7. Figures 5, 6, and seven 
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more quickly towards the human skin surface than in Figures 5 and 6. This shows that the lower environmental 
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Effect of heat convection coefficient of environment  

The heat transfer coefficient values of the environment are considered at h= 5, 10, 15, and 20 W.m-2K-1. Also, the 

many effects of the heat transfer coefficient may be seen in Figures 5, 6, and 7. The curves in these figures indicate 

that the gradient temperature in human skin tissue decreases with the increasing heat transfer coefficients. Also, 
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shows that the heat convection coefficient is lower therefore the body expends less heat for thermoregulation 

within the human body. an outsized expenditure of heat energy within the human body is indicated by a greater 

decrease in temperature within the skin tissue [18]. Figures 5, 6, and 7 show a big decrease in temperature within 

the epidermis, dermis while fat and muscle are relatively constant. Therefore, the increase in the rate of heat within 

the epidermis and dermis is extremely large to maintain thermoregulation in human skin. This research focuses 

on predicting the temperature of human skin tissue by applying the finite difference method to the bioheat transfer 

equation, one-dimensional steady. In this case, the skin tissue is divided into four parts: epidermis, dermis, fat, 

and muscle, which are exposed to environmental conditions. In the future, it is also necessary to predict the 

temperature of the skin tissue using the bioheat transfer, unsteady, one-dimensional equation with the influence 

of metabolic heat and blood perfusion. 

CONCLUSION 

From the results of the info and discussion of graphs and tables conclusions may be drawn: 

a. Obtained solving mathematical models of bioheat transfer of steady-state of one-dimensional on human skin 

using the Finite-Difference Method (FDM) with the variation of environment condition 

b. The effect of the environmental condition of various skin layers on the temperature distribution within the 

finite difference method one dimensional is that the temperature distribution increases then tends to be 

equivalent at the top of the layer as differences within the thermal conductivity of the skin layer. Increasing 

the rate of heat within the epidermis and dermis is extremely large to take care of thermoregulation in human 

skin. 
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