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Abstract: Interest in clothing research has also grown over the past few decades. As 

intermediaries between the human body and the environment, they can become a 

protective layer of human heat work. A heat transfer model based on multi-layer 

circular cylinder was established to accurately design protective clothing to reduce high 

temperature and staff casualties. In view of the above problems, the heat transfer 

process can be divided into three parts (1) high temperature and high humidity 

environment  to Ⅰ layer surface: consider to spread the influence of heat and radiation 

heat transfer.(2) the inside and outside of protective clothing: only heat conduction is 

considered.(3) the protective clothing Ⅲ to dummy the space between the epidermal 

layer surface  : considering the heat conduction and radiation 

The combined effect of heat transfer. 
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1. Introduction 

The dummies, whose internal temperature was controlled at 37oC, were placed in a 

high-temperature environment in the laboratory, and the temperature change of the 

outer skin of the dummies was affected by the comprehensive influence, such as 

suaninterlayer thermal conductivity, material density, specific heat and thickness. 

From the environmental temperature of 75oC, the thickness of layer II was 6mm, the 

thickness of layer IV was 5mm, and the working time was 90 minutes, to analyze the 

temperature change, establish a mathematical model, calculate the temperature 

distribution, and according to the model for different temperatures, pick out special 

attention to the advantages and disadvantages of the model. 
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2. Assumptions 

1. Ignore the influence of clothing shape on heat transfer【 2 】 

2. The same layer of clothing conforms to the characteristics of isotropy, that is, the 

tortuous coefficient, thermal conductivity, density and specific heat of the same layer 

of clothing remain unchanged. 

3. The outside temperature remains constant, and the body temperature of 37 ℃. 

4. The heat transfer of the system only considers the heat transfer of heat radiation and 

heat conduction, ignoring the influence of water vapor and sweat, that is, the moisture 

transfer is not considered. 

5. The skin surface is smooth and flat, which means the influence of skin surface 

roughness on heat conduction is ignored. 

 

3. Heat tranter modell of multi-layer cylindrecal cylinder 

By the analysis: Φ r can be approximately equivalent toΦ  c, according to the unsteady 

heat transfer lumped parameter model .Get the relationship between t and  . 
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The heat flux of the void can be expressed by Newtonian cooling formula. 
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In order to homogenize the above equation, introduce excess temperature  tt , 

the above equation can be rewritten as: 
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The general solution of the first-order ordinary differential equation is: 
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Take advantage of the condition that the initial temperature , namely 0 , 

00   tt , to take the value of the constants in the general solution as follows: 

01 c . 

Substitute in to get, the relation between the average temperature of an object as 

expressed by its excess temperature over time is: 
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4. Conclusion 

The heat transfer model based on multi-layer cylinder wall breaks the traditional heat 

transfer equation and boltzmann algorithm for this kind of problem.This method is 

based on innovation. Firstly, the model realizes the separation analysis in space and 

time, thus reducing the unnecessary factors.On the other hand, the model divides the 

heat conduction process into three parts and discusses them separately. The three 

processes are divided into steady state and unsteady state processes. The steady-state 

unsteady state is combined to avoid the analysis of large numerical boundary 

conditions. 

 

4.1 Model advantages 

The heat transfer model based on multi-layer cylinder wall breaks the traditional heat 

transfer equation and boltzmann algorithm for this kind of problem This method is 

based on innovation. 

Firstly, the model realizes the separation analysis in space and time, thus reducing the 

unnecessary factors.On the other hand, the model divides the heat conduction process 

into three parts and discusses them separately. The three processes are divided into 

steady state and unsteady state processes. The steady-state unsteady state is 

combined to avoid the analysis of large numerical boundary conditions. Subsequently, 

the error of the model is small and regression is conducted After analysis and variance 

calculation, the relative error of the data is 0.03%, and the data is accurate. 

 

4.2 Defects of the model 

On the one hand, the model hypothesizes that the effect of human body surface 

roughness and human sweat and exhalation on heat transfer is ignored Accuracy can 

be further improved. On the other hand, there is a correlation between the heat 

transfer and the shape of the transfer surface, ignoring the shape equivalence.Is the 

cylinder model, will also increase the error. 
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