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Supplementary Note 1. Heat transfer model analysis 

We used one-dimensional steady-state heat transfer model analysis to determine the impact of 

textile’s IR properties on the required set-point of environment temperature for maintaining 

thermal comfort in a cold environment. This model includes the heat radiation, conduction and 

convection to simulate the heat dissipation from a clothed human body to the ambient environment 

(Supplementary Fig. 1). The criterion for thermal comfort is set as the equality of the total heat 

dissipation rate with the total heat generation rate. Based on energy balance, the heat dissipation 

flux should equal the metabolic heat generation flux at every position in the system. The net 

radiation equations with non-radiative components of heat transfer are as follows (first index refers 

to inward or outward flow), 

At surface s (skin) 

  qin,s + qgen = qout,s + qcond,a                                                       (1) 

 qout,s = qrad,s + (1 – εs) qin,s                                                      (2) 

At surface e (environment) 

 qin,e + qconv = qout,e + qgen                                                     (3) 

 qout,e = qrad,e + (1 – εe) qin,e                                                           (4) 

For the absorbing layer (textile) with inner surface i and outer surface o, 

 qout,i = qrad,i + (1 – τt – εi) qin,i + τt qin,o                                                 (5) 

 qout,o = qrad,o + (1 – τt – εo) qin,o + τt qin,i                                     (6) 

The outward and inward radiative heat fluxes qout and qin are related as, 

qin,o = qout,e ,     qin,i = qout,s ,     qin,s = qout,i ,     qin,e = qout,o                               (7) 

The energy balance equations at the skin surface and textile outer surface are as follows (εe = 1), 
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At skin surface                   

                             qgen = (1 – ρi) [qrad,s + (1 – εs) qin,s] – τt qrad,e – qrad,i + qcond,a                                  (8) 

At textile outer surface      

                            qgen = τt [qrad,s + (1 – εs) qin,s] – qrad,e + ρo qrad,e + qrad,o + qconv                            (9) 

Within the textile, the temperature profile has the following analytical formulation1, 

    To = tt/(2kt) × [qrad,i + qrad,o – αi (qrad,s + (1 – εs) qin,s) – αo qrad,e] – katt/(ktta) × (Ts – Ti) + Ti     (10) 

Here, qgen is the metabolic heat generation rate per unit area, qrad,s is the radiative heat flux from 

the skin, qrad,e is the radiative heat flux from the ambient environment, qrad,i is the radiative heat 

flux from the textile inner surface, qrad,o is the radiative heat flux from the textile outer surface, 

qcond,a is the conductive heat flux in the air gap between the skin and the textile, qconv is the 

convective heat flux from the textile to the ambient environment. According to Fourier’s law, 

Newton’s law of cooling and the Stefan-Boltzmann law, the conductive, convective and radiative 

heat flux terms can be expressed as, 

                                   qrad,s = εs ∙ σTs
4                                                                    (11) 

                                   qrad,e = εe ∙ σTe
4                                                                   (12) 

                                   qrad,i = εi ∙ σTi
4                                                                     (13) 

                                   qrad,o = εo ∙ σTo
4                                                                   (14) 

                                   qcond,a = (ka/ta) ∙ (Ts - Ti)                                                     (15) 

                                   qconv = h ∙ (To - Te)                                                             (16) 

All the input parameters are listed in Supplementary Table 1 below.2-5 Note that the textile thermal 

conductivity kt is an effective value of the textile as an entirety, in which the existence of air gaps 

in the textile is considered.6-9 
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Based on the above equations and known parameters, the three unknowns, Te, Ti and To, can be 

solved with the input of εi and εo values from 0 to 1. The resulted Te corresponds to the required 

set-point for the specific textile to maintain the thermal comfort at the constant skin temperature 

(33 oC) and heat generation rate (73 W m-2). 

 

 

 

 

 

Supplementary Figure 1. Schematic of the heat transfer model. Schematic illustrating the heat 

transfer model of clothed human body. 
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Supplementary Figure 2. Illustration of Mylar blanket and Omni-heat. (a) Schematic of Mylar 

blanket and its optical and SEM images. Scale bar, 1 µm. (b) Schematic of Omni-Heat and its 

optical images. Scale bar, 200 µm. 

 

 

Supplementary Figure 3. Additional characterization of infrared property. (a) IR reflectance 

and (b) transmittance spectra of cotton/Ag/PE, cotton, Mylar blanket and Omni-Heat. 
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Supplementary Figure 4. Additional thermal characterization. Thermal imaging and photos 

of the textile samples covering the simulated skin. 

 

Supplementary Figure 5. Coloration effect on IR emissivity. IR emissivity spectra of 

cotton/Ag/PE textiles before and after coloration with Prussian blue and permanent marker dye. 

 

Supplementary Figure 6. Thickness of the Ag layer. SEM image of the cross-sectional view of 

electrolessly plated Ag film. Scale bar, 500 nm. 
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Supplementary Table 1. Input parameters for the heat transfer model analysis. 

Symbol Definition Value Unit 

qgen 
Metabolic heat 

generation flux 
73 W m-2 

k Thermal conductivity 
Textile, kt = 0.05 

Air gap, ka = 0.03 
W m-1 K-1 

t Thickness 
Textile, tt = 350  

Air gap, ta = 1400 

µm 

 

 

h 
Natural convective heat 

transfer coefficient 
4.1 W m-2 K-1 

σ 
Stefan-Boltzmann 

constant 
5.67 × 10-8 W m-2 K-4 

ε IR emittance 

Skin, εs = 0.98  

Environment, εe = 1 

Cotton, εc = 0.89 

Textile inner surface, εi 

 Textile outer surface, εo 

unitless 

α IR absorbance  

Cotton, αc = 0.89 

Textile inner surface, αi = εi 

 Textile outer surface, αo = εo 

unitless 

τ IR transmittance 
Cotton, τc = 0.02 

Opaque textile, τt = 0 
unitless 

ρ IR reflectance 

Cotton, ρc = 0.09 

Textile inner surface, ρi = 1 - τt - εi 

 Textile outer surface, ρo = 1 - τt – εo 

unitless 

T Temperature 

Skin, Ts = 306.15 

Environment temperature, Te 

Textile inner surface, Ti 

Textile outer surface, To 

K 
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Supplementary Table 2. Comparison of IR properties of normal textile, nanoPE (for cooling), 

and nanoporous metallized polyethylene (for warming). 

 IR transmissivity τ (%) IR reflectivity ρ (%) IR emissivity ε (%) 

Normal textile 

(e.g., cotton) 
2 9 89 

NanoPE 96 3 1 

Nanoporous 

metallized 

polyethylene 

0 90 10 
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