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Design, Fabrication And Testing Of Prototype Of 
An Anti-Hypothermic Flexible Body Heater 
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Abstract— A flexible body heater is designed and tested for treating hypothermia. The heater is portable and can be carried to treat 

hypothermia victims in remote places. It contains a 24-gauge Chromel A (Nickel-80) wire placed between two layers of flexible Silicone 

Rubber. The ends of the Nichrome wire are connected to a 12V Sealed Lead Acid Battery by means of copper connecting wires with a two-

way switch to regulate the circuit. The sample is tested in ambient atmospheric temperature (25°C). When the  switch is turned on, current 

passes through the heating element, which in turn heats up the periphery of the rubber surface to the desired temperature. The flexible 

heater is applied to the epidermis of the human skin in order to provide sufficient heat. The desired heat is reached in a very short period of 

time and comfortable heating is obtained. The body part to be heated is identified and the heater is fastened over the skin covering that 

part. It is capable of operating continuously for a long period of 3 hours. The flexible nature of the heater enables the user to apply it on any 

body part. When the switch is turned off, the heating element rapidly cools down and returns to ambient temperature. 
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———————————————————— 

1 INTRODUCTION                                                                     

Heat  is essential for life to sustain. It becomes paramount in 
harsh cold weather conditions. Human body generates heat 
due to metabolism. However, the heat generated is constantly 
lost to the environment through skin pores and excretion. In 
order to save the generated body heat, clothes are worn and 
the heat is insulated from the external conditions. But clothes 
can provide insulation only up to a certain extent.  In extreme 
cases, the body begins to lose its core temperature, that is 
inside temperature of the body gets reduced. Loss of core 
body temperature is dangerous and can lead to several 
implications in the body function. The optimum body 
temperature required for normal functioning ranges from 
36.1°C (97°F) to 37.2°C (99°F). Hypothermia occurs when rate 
of heat loss from the body to the environment is greater than 
the heat generated by the body. When the body temperature 
falls below 36°C, the muscles start to shiver in order to 
produce additional heat. If it drops lower than 35°C, the body 
heat begins to dissipate rapidly to the environment. The 
normal body functioning gets affected adversely. To protect 
the available body heat, the blood vessels narrow down to 
reduce blood supply and the pulse rate drops[1].  Problems 
such as frostbite[2] shown in Fig.1 can occur. The body 
functions only to keep the vital organs from failing and hence 
the arms and legs can lose blood supply. If this situation 
continues, the heart beat becomes random and the person may 
lose consciousness. 

 
 
 
 
 
 
 
 
 

 
 

Fig.1. Frostbite 
 

Insulated clothes trap the heat produced by the body during 
any activity. But when the body is idle no heat is generated and 
thus existing heat is lost to the environment. British cyclists at 
last summer's Olympics wore electric "hot pants," to keep their 
legs warm between the end of their warm-up and the start of 
their races. Since the Games, the researchers at Loughborough 
University who developed the pants published a paper, in the 
European Journal of Applied Physiology. Heated clothing is for 
the extremities; the hands and feet. These parts are the most 
likely to suffer frostbite or frostnip in severe cold. Recent 
innovation in this field has resulted in the invention of a heater 
jacket which can operate at outdoor temperatures up to -60° C. 
It comprises of multiple TEGs present all over the jacket. 
Voltage of up to 2.4V is produced due to the temperature 
difference between human body and cold outer environment. 
This voltage is used for heating the jacket. Traditional treatment 
for hypothermia in hospitals include covering the patient in 
warm blankets as shown in Fig.2, till the core body temperature 
reaches normal value. Constant supervision is required to 
reheat the woolen/rubber blankets to the desired temperature 
so that the patient recovers quickly. Another method to 
improve core body temperature is by injecting intravenous 
fluids inside the patient‘s body. The fluids help to bring the 
body temperature to the normal condition at a much faster rate 
than blanket heating. While there are no blanket warmer 
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temperature guidelines, the ECRI Institute issued a hazard 
report update in 2009 that the blanket warming temperature 
should be no higher than 54.44° C (130° F) to decrease the risk of  
patient injury. The report also noted that the intravenous fluids 
should not be warmed in the same cabinet as used for blankets. 
 
 
 
 
 
 
 
 
 
 
 

Fig.2.Hypothermia treatment 
 

Kim et al.[3] studied about wearable heaters with high 
flexibility and durability. The electrical and thermal 
performances along with the durability of the silver nanowire 
(AgNW)-based wearable heaters were assessed. The variations 
in temperature of the wearable heater with voltage and time 
were monitored. Carbon-based materials such as graphene and 
CNT as well as conductive polymers have been proposed as 
substitutes for metal-based electrode materials. Although 
carbon-based materials offer excellent conductivity and 
durability for application in a wide range of fields, they have 
relatively high resistance at nanowire intersections. The high 
contact resistance leads to high overall resistance of the fabrics, 
resulting in huge power consumption. Ken[4] studied about 
accidental hypothermia and its treatment. Accidental 
hypothermia means an unintentional drop in the core 
temperature of the heart to 35°C or below. Accidental 
hypothermia is caused by environmental exposure and by 
diseases or conditions that decrease thermoregulatory 
responses. Iatrogenic accidental hypothermia may occur during 
resuscitation in emergency settings. Heat loss due to 
evaporation through sweat or wet clothing also accounts for 
insensible losses from skin and from breathing. 

Valentin et al.[5] studied the system dynamics of thermal 
regulation in human body. On removing the patient from a cold 
environment, peripheral tissues are cooled due to convective 
loss to blood. Convective cooling may be increased by 
rewarming the extremities which will result in an increased rate 
of blood flow to the periphery. This phenomenon decreases the 
core temperature and increases the workload on the heart. In 
hypothermic patients, temperature drop of 5° to 6°C have been 
reported in hypothermic patients during pre-hospital care. 

Yang[6] had done a research on the application of carbon 
fiber heating material  in clothing. Heated clothing is different 
from the warm clothing.  Warm clothing is controlled by the 
loss of body heat to achieve the purpose of warmth, and heated 
clothing is capable of generating heat by the external source to 
use thermal effect on the human body actively. Electric energy, 
chemical energy, solar energy can be used as heat source and 
the application of electric energy is the most mature. Sim et 
al.[7] studied about thermal characteristics of silicone rubber as 
thermal pad for heat dissipation. At present, the heating 
element and the circuit element of carbon fiber heating clothing 

is still difficult to do waterproof and washing resistant. Medical 
treatment for hypothermia is available in hospitals and medical 
centers.  But in remote locations it is not possible to treat the 
condition without the necessary equipment. The current 
solutions are preventive in nature. Heated jackets and garments 
are worn by individuals to prevent hypothermia[8]. But this 
equipment cannot heat any specific part of the body. They 
provide heat only to the designated parts of the body. 

2 MATERIALS AND METHODS 

2.1 Design 

In this novel design, a sample heater was fabricated using 24 
AWG Nichrome 80 wire[9] and Silicone Rubber[10],[11] 
sheets. The wire is bent in a curved shape along a single plane 
and fixed to one side of silicone rubber. The other layer of 
rubber is adhered to the wire, equally enclosing the wire and 
other layer. Adhering is achieved using glue, which can 
withstand high temperatures. The ends of the heating element 
are connected to the terminals of a 6 V battery via copper 
wires. A switch is provided to regulate the circuit. The 
experiment is conducted at ambient room temperature(25°C). 
The heater wire lengths and power supply are varied and the 
resulting heat generated are studied and compared in this 
report. Bare wire is tested first followed by testing the entire 
assembled setup. The flexible body heater is versatile and can 
be used to heat any part of the body. It allows localized 
heating of any specified part of the body. The heater is 
designed to be fastened to the arm or wrist and the user can 
move the heater to the part he/she wishes to heat. The battery 
is also light in weight and portable. There will not be 
overheating of any part as the heater is designed to operate at 
a temperature below 53°C, the safety limit for human 
body.Calculation[12] was done based on heat requirement of 
body to overcome hypothermic condition and reach normal 
state. The mass flow rate and specific heat of blood are 
considered along with the temperature rise to be induced. 
Normal body temperature T1 = 39°C  
Hypothermic temperature T2 = 35°C  
Heat required for overcoming hypothermia is calculated by, 
 
                                 (1) 

      0.085 x 3490 x 4  

     1186.6 W  or 1.1866 kW 

 
After calculating the heat required, the problem was 
approached in ‗Composite wall problem‘ method, where the 
silicone rubber is considered as the wall.  
Area of the rubber sheet = 7 x 6 cm2 = 42 cm2 
Heat required to overcome hypothermia can also be given by, 
 

                                    
        

 
                                         (2) 

1186.6 = 2.4 x 42 x 10
-4

 x (Ta – 39)/0.001  

Required Temperature Ta = 156°C  
From the calculation above, it is understood that the heating 
element should be heated to 156°C so that the outer surface of 
the silicone rubber is maintained at 39°C. Nichrome wire is 
chosen as heating element because of its high melting point, 
flexibility and availability in various sizes. For the required 
heating of the Nichrome 80 wire, the current, voltage and wire 
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resistance values are obtained from a Nichrome Wire 
Calculator available at http://jacobs-online.biz. The wire is 
chosen as 24 AWG of length 40 cm. A 6 Volts, 2 Ampere DC 
power supply is required to heat the wire. Resistance, R of the 
40 cm wire is calculated. 
R = Resistance per meter x length of wire = 5.31496 x 0.4 
R = 2.157 Ω 
The wire resistance can be further increased if the length is 
increased. But for higher resistance increased currentflow is 
required to provide same amount of heating. 

TABLE 1 
PROPERTIES OF MATERIALS USED 

Nichrome 80 
(Chromel A) 

Silicone Rubber Human body 

Density: 8400 kg/m3 
Melting point: 1400°C  
Specific Heat: 450 J/kg 

K  
Thermal Conductivity 

: 11.3 W/m K  
Thermal Expansion Co-

efficient: 14 x 10-6 
Wire size: AWG 24  
Resistance per meter: 

5.31496 Ω/m 

Young‘s modulus: 

0.04 GPa 
Thermal conductivity: 
2.00 W/m K  
Tensile Strength: 4.5 
MPa 
Specific heat : 1200 
J/kg K 
 

Blood flow rate: 0.085 
kg/s  
Specific heat of blood: 

3.490 kJ/kg K  
Epidermis thickness: 

0.1mm  
Conductance of body 

tissue: 5.28 W/m2 
Thermal Capacity of 

blood: 1.163 W h/ K  
Core Body 

temperature: 36.8°C 

 
The model of the flexible heater is shown in Fig.3 as exploded 
view. 

 
 
 
 
 
 
 

 
 
 
 

Fig.3. Exploded view of Flexible Heater 

2.2 Fabrication 

The flexible heater consists of two layers of Silicone Rubber 
with a coil of Nichrome 80 wire between the layers. The 
dimensions of the silicone rubber are 7mm x 6mm x 1mm and 
the wire is AWG 24 (0.502 mm diameter) and 60 cm long. The 
ends of the heating element are connected to leads of a 6V 
lead-acid battery. Switch is provided to engage and disengage 
the power supply. The fabrication process is described step-
by-step: 
1. The silicone rubber is cut in the required dimension using a 
cutting blade. Two pieces of rubber are cut.  
2. The nichrome wire is bent in a coil shape as shown in the 
figure.  
3. The ends of the wire are crimped to copper wire leads.  
4. The surface of the silicone rubber is rubbed with emery 
sheet, because rough surfaces can be adhered effectively.  
5. Glue is applied on the surface of the rubber sheet and the 
wire is placed on top of it.  
6. The other layer of rubber is placed on top of the wire and 
the setup is firmly held for proper adhesion.  

7. The copper wires are connected to the terminals of a 6V SLA 
battery through a switch.  
The completely fabricated prototype of flexible heater is 
displayed in Fig.4. 

 
 

 
 
 

 
 
 
 
 
 

Fig.4. Prototype of Flexible Body Heater 

3 RESULTS AND DISCUSSION 

Testing of the heating element was carried out to determine 
the temperature of the wire for the respective voltage 
supplied. A multimeter was used to note the resistance of the 
heating element before undertaking the experiment. The 
voltage was measured using an analog voltmeter and the 
current flowing through the circuit was measured using an 
analog ammeter. The temperature of the heating element was 
measured using a Fluke TiS40 Thermal Imager. A DC 
regulator was used to vary the input voltage to the circuit.  
The experiments were carried out in two stages. In the first 
stage, the heating element without the insulation rubber was 
tested and observed. The wire lengths were varied and the 
corresponding temperatures as shown in Table 2 were noted. 
In the second stage, the heating wire was insulated by silicone 
rubber on both sides and adhered together. The second stage 
of experiments was conducted only after finalizing the length 
of the heating element to be used in the flexible heater. This 
assembled setup was then tested and observed as shown in 
Table 3. 

TABLE 2 
TEMPERATURE VARIATION OF HEATING ELEMENT WITHOUT 

INSULATION WITH VARYING VOLTAGE 

Length 
(m) 

Resistance 
(Ohm) 

Voltage 
(V) 

Current 
(I) 

Temperature 
(°C) 

1 8.5 12 2 34 
0.6 5.8 12 3.2 80 
0.5 4.5 12 3.5 90 
0.4 2.8 12 4 120 

 
During the experiment, it is noted that the temperature values 
are significantly higher at the bends than in the straight 
regions of the wire. This is due to lower values of resistance at 
the curvatures. From the values obtained above, heating 
element length of 0.4 m is chosen for fabrication, since it 
attains the temperature nearest to the calculated wire 
temperature. Also 6 V DC supply is chosen due to the fact that 
6 V SLA batteries are portable and give a high current 
discharge up to 4 A. 
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TABLE 3 
TEMPERATURE VARIATION OF FLEXIBLE HEATER WITH VARYING 

VOLTAGE 

Voltage (V) Current (I) Temperature 
(°C) 

2 1.7 50 
4 3 100 
6 4.4 155 
12 5.8 196 

 
After testing the heater for temperature variation, the 
prototype was tested for temperature distribution. 
 
 
 
 
 
 
 
 
 
 
 

Fig. 5(a). Thermography for2 V supply 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.5(b).Thermography for 4 V supply 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 5(c). Thermography for 6 V supply 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
 
 
 
 

 
 
 

Fig. 5(d). Thermography for12 V supply 
 

The temperature measurements of the heater with and 
without insulation present a stark contrast in values. The 
temperature produced by the heater is higher with the silicone 
rubber than without it for a lesser voltage supply. This can be 
attributed to the fact that silicone rubber has a good thermal 
conductivity. Also, the heat is sustained for a long period of 
time after switching off the power supply. Thus, it is finalized 
that 6V supply is required for powering the heater. 

4 CONCLUSIONS 

Health problems faced due to hypothermia are severe and 
painful. The flexible body heater aims to treat this problem 
even when the victim is in a remote place. The versatility of 
the heater allows the user to place it on ay part of the body. 
This product has the potential to serve usefully in the military 
and medical field. By connecting a 6V battery to the heater, up 
to 1.186kW of heat can be produced, which is sufficient to 
overcome hypothermic condition. It helps to provide in-situ 
treatment to the affected victims, especially during harsh 
winters. 

5 FUTURE SCOPE 

Hypothermia is a major problem faced by soldiers posted in 
the high-altitude places. Currently the heater works efficiently 
in ambient conditions. In the future, the heater can be 
redesigned to operate in the extreme cold conditions prevalent 
at high-altitudes. Thermo-electric Generators can be used to 
power the heater to supply the necessary heat to prevent 
hypothermia. 

 

NOMENCLATURE AND ABBREVIATIONS 

Q  Heat required to overcome hypothermia 
m          Mass flow rate of blood 
Cp  specific heat of blood 
K Thermal conductivity of rubber 
A Area of the rubber sheet 
Ta  Temperature of heated element 
Tb Outside surface temperature of rubber element 
R Resistance of 40 cm wire 
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