
Energy and Power Engineering, 2020, 12, 73-87 
https://www.scirp.org/journal/epe 

ISSN Online: 1947-3818 
ISSN Print: 1949-243X 

 

DOI: 10.4236/epe.2020.122006  Feb. 27, 2020 73 Energy and Power Engineering 
 

 
 
 

Experimental Study of a Metallic Pressure 
Cooker Insulated with Kapok Wool 

Drissa Ouedraogo1*, Serge Wendsida Igo2, Abdoulaye Compaore2, Gaël Lassina Sawadogo1,  
Belkacem Zeghmati3, Xavier Chesneau3 

1Laboratoire d’Energies Thermiques Renouvelables (LETRE), Université Joseph KI-ZERBO, Ouagadougou, Burkina Faso 
2Département Energie, Institut de Recherche en Sciences Appliquées et Technologies (IRSAT/CNRST), Ouagadougou, Burkina Faso 
3Laboratoire de Mathématiques et Physique (LAMPS), Université de Perpignan Via Domitia, Perpignan, France 

           
 
 

Abstract 
This work is devoted to an experimental study of metallic pressure cooker 
insulated with kapok wool, a vegetal biodegradable fiber. Experiments con-
ducted on the cooling of hot water in the equipment revealed very low heat 
losses and a time constant of 60 hours on average. As a result, the equipment 
makes it possible to finish cooking meals only thanks to the heat stored at the 
beginning of cooking and keeps cooked dishes warm for long hours. The 
thermal phase shift of the pressure cooker is around 7 h. Cooking tests con-
ducted on some local dishes revealed about 70% butane gas savings for cook-
ing cowpea and white rice, 38% for cooking fatty rice, 75% for pasta and 
couscous, and 30% for cooking potato stew. These results show that this 
technology can contribute to minimizing energy consumption in the restau-
rant sector. 
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1. Introduction 

The biomass (firewood, charcoal, animal excrement, organic matter, agricultural 
or agro-industrial residues, etc.) occupies on average more than 70% of the 
energy balances of African countries [1]. Indeed, it accounts for nearly 85% of 
the energy balance in developing countries [2] and more than 90% of house-
holds use it as the main energy source in the Sahelians countries [3]. This form 
of energy is becoming rarer and rarer [4]. 
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A study conducted by Boukary OUEDRAOGO has shown that the restaurant 
sector represents the second largest consumer of energy (wood, coal, etc.) in 
Burkina Faso [5]. In the world, more than 2.7 billion people use solid biofuels 
for cooking and heating [6] [7]. The global impacts of the use of this energy 
(biomass) on the environment are significant. It has been estimated that indoor 
air pollution due to the use of solid fuels accounts for nearly 4 million deaths by 
year and accounts for about 4% of the disease burden in developing countries 
[8]. The inaccessibility to improved cooking solutions, in addition to causing 
environmental problems such as deforestation and its corollaries, creates serious 
problems such as women’s increased time and workload and the deterioration of 
their workload and health. As a result, the fight against desertification and its 
impact on the climate forces us to rethink our energy system and reinvent our 
ways of producing and consuming energy. There are energy saving solutions for 
the catering sector like Norwegian cooking pot. It is advantageously used in the 
finishing food cooking started on a conventional wood, charcoal or gas-fireplace. 
As the cooking is not done entirely on the conventional fireplace, it results in a 
saving of energy (wood, coal, gas, etc.) corresponding to the energy not con-
sumed if the cooking should continue normally on a conventional fireplace. 

Since their invention, Norwegian cooking pot has undergone a number of 
improvements. For example, there is the introduction of electrical regulation of 
food temperature. Indeed, patent No. PCT/IB2018/055811 describes a smart 
pressure cooker which is characterized by its ability to stabilize and regulate the 
temperature of food. In fact, it keeps the already cooked food warm and starts to 
heat it if a certain programmed time has elapsed or if a threshold temperature is 
reached [9]. The disadvantage of these improved systems is related to their elec-
trical energy consumption and the use of chemical insulators that can cause en-
vironmental problems.  

However, vegetable fibers, which are biodegradable have shown their effi-
ciency in the insulation of utilities. It is also known from the patent OAPI No. 
185818 of 04.12.2018 a portable pressure cooker bag which is characterized by an 
insulation made of crushed raffia and a fabric coating. The author indicates that 
the bag time constant is about 36 hours [10]. 

In order to reduce energy consumption in restaurant sector in Burkina Faso 
and to promote local materials, we have developed a metal pressure cooker in-
sulated with kapok wool, which works without external energy supply. 

Experimental studies carried out by Wereme et al. [11] on kapok wool, show 
very interesting thermo-physical properties of this material. Indeed, they showed 
that its thermal conductivity varied between 0.03 and 0.04 W/m. K for a density 
between 5 and 40 kg/m3 and average thermal diffusivity of 17.1 × 10−7 m2/s [12]. 

In the same study, they compared the storage life of ice in a pan insulated with 
kapok wool and in the shell of a commercial refrigerator insulated with polyu-
rethane. Their results show that both equipments have substantially the same 
storage life.  
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Faming Wang [13] analyzed experimentally the heat transfer in kapok wool 
using a sensor (HIH-3610). It appears that the use of kapok as a thermal insu-
lating material in the fabric makes it possible to minimize the heat losses of the 
human body. Moreover, the influence of temperature and wind speed on heat 
transfer through kapok was analyzed and compared to that of cotton. It has been 
shown that with kapok, the heat losses of the human body are lower than those 
obtained by cotton. 

As seen, kapok wool, which is a vegetal insulator, can be well used in the 
manufacture of utilities. In addition, this material is available locally and its ex-
ploitation can create new economic sectors. 

Therefore, the objective of this work is to conduct an experimental study on a 
prototype of pressure cooker insulated with kapok wool. The study will focus in 
particular on the determination of the level of heat losses (U), the time constant 
(τ) as well as the energy savings achieved by the equipment during the cooking 
of certain local dishes. 

2. Materials and Methods 
2.1. Materials 

We have for this study: 

2.1.1. Metal Pressure Cooker 
The pressure cooker has a parallelepiped shape (L × w × H) = 65 cm × 60 cm × 
50 cm) box made of 2 mm thick steel sheet (1) which encloses the insulation 
system consisting of 15 cm thick kapok wool (4). The kapok wool of density 50 
kg/m3 is protected from the outer wall by a 15 mm thick wooden sheet. The box 
is equipped with two metal arms (2) fixed on both sides, used to lift it. It also has 
a 2 mm thick steel closure consisting of a metal cover (3) on which is fixed a 
wooden sheet 15 mm thick (5). A cushion padded with 15 cm thick kapok wool 
and sewn in a black peach skin fabric (7) is used to seal the pressure cooker. The 
device is equipped with a mobile steel support (8) equipped with 4 wheels to fa-
cilitate its mobility. Figure 1 shows the technical diagram of the pressure cooker. 

Figure 2 shows the prototype of metal the pressure cooker. 
 

 
Figure 1. Technical diagram of the pressure cooker. 
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Figure 2. Prototype of metal pressure cooker, source: IRSAT. 

2.1.2. Other Cooking Equipment 
A gas fireplace with a 6 kg gas cylinder and a 22 liter pot were used to heat the 
water. Two gas fireplaces with two 12 kg gas cylinders and two 22 liter pots were 
used for food preparation. 

2.1.3. Measuring Equipments 
The instrumentation chain consists of nine (09) K-type thermocouples of un-
certainty ±1.5˚C, connected to a LOGGER GL840 midi data logger with a toler-
ance of: 0.05% (read value) ± 1˚C and a 1 g precision kitchen scale used to weigh 
the different food products. 

The thermocouples are distributed as follows: 
• One (01) thermocouple is placed in the cooking pot to monitor the tempera-

ture of the hot water (Tint); 
• Six (06) thermocouples are placed on the six outer faces of the pressure 

cooker, allowing the temperature of the outer walls (Text) to be monitored;  
• Two (02) thermocouples make it possible to follow the evolution of the am-

bient temperature. 

2.2. Methods 
2.2.1. Determination of Heat Losses Levels and the Time Constant of the  

Pressure Cooker 
A pot of capacity 22 liters filled with water is heated at 90˚C, 80˚C, 70˚C to pre-
vent mass losses and is introduced into the pressure cooker. The equipment is 
immediately sealed. The evolution of the temperature of the hot water, as well as 
the temperatures of the walls of the equipment and the ambient medium is mo-
nitored for three (03) days. Figure 3 shows the experimental device for the de-
termination of heat losses and time constant. 
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Figure 3. Experimental device for the determination of heat losses 
and time constant. 

 
1) Experimental protocol for the calculation of heat losses  
If a steady state regime is assumed during the operation of the pressure cook-

er, and a uniform temperature distribution, the energy balance equation can be 
written as follows [14]: 

( )i int ext fE UA T T t E− − ∆ =                    (1) 

where:  

( )i f int extE E E UA T T t∆ = − = − ∆                  (2) 

The thermal losses are:  

( )int ext

EU
A T T t

∆
=

− ∆
                      (3) 

As seen, the determination of U involves calculating ΔE which can easily 
determined for the case of simple systems such as water: 

( )e fin intE m Cp T T∆ = −                      (4) 

The calculations of ΔE and U will be tainted with uncertainties: 

( ) fine int

e fin int

Tm T
E E

m T T
 ∆∆ ∆

∆ ∆ = + + ∆  
 

                (5) 

( ) ( )int ext

int ext

E tT T AU U
E T T t A

∆ ∆ ∆ ∆ ∆ ∆ ∆
∆ = + + + + 

∆ ∆ 
           (6) 

The value of the pressure cooker area is given by the following relation: 

( )2 2A H L w L w= × + + × ×                    (7) 

The uncertainty of A is: 
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2A H L w
A H L w
∆ ∆ ∆ ∆ = × + + 

 
                   (8) 

2) Experimental protocol for calculating the time constant 
The time constant defines the time for which the temperature amplitude (dif-

ference between the initial temperature and the final temperature) is divided by 
e (e = 2.7) [15]. We assume that at the infinite moment, a thermal equilibrium is 
established between the equipment and the external environment. So:  

00,t T T= →  

( )0, et T T Tτ ∞= → −  

,t T T∞→ ∞ →  

By analogy with electricity, we can admit an exponential evolution of the 
function ( ) ( )0T T T T∞ ∞− − : 

0 e
UAt
CT T

T T
∞

∞

−
=

−
                         (9) 

01 e
tT TUA

c T T
τ

τ
∞

∞

−
= = =

−
                     (10) 

If we apply the natural logarithm to the previous relation, we obtain: 

0ln
T T t
T T τ

∞

∞

 −
= − 

                       (11) 

Determining the slope of the straight-line y = f(t) then makes it possible to 
determine the time constant of the pressure cooker. 

2.2.2. Determination of Energy Savings 
For the determination of energy savings, we chose six local dishes usually con-
sumed namely: white rice, fatty rice, cowpea, potato stew, pasta and couscous. 
The experimental protocol follows the following steps: 

1) For each dish, cook normally on the conventional fireplace and measure 
the butane gas consumption (M1). Cowpea is soaked in cold water for one hour 
before cooking. 

2) Repeat the experiment for each dish in the same proportions (same mass of 
products and same quantities of ingredients), but here the cooking stops when 
the meal acquires enough thermal inertia, usually when the boiling is reached. 
Note the butane gas consumption of this precooking phase (M2). 

3) Immediately transfer the meal in the pressure cooker and close it tightly to 
finish cooking. 

The energy saving (EE) is given in percentage by the relation (12): 

( )( )1 2 1 100EE M M M= − ×                   (12) 

The uncertainty of EE is determined by the expression 

1 2 1

1 2 1

M M MEE EE
M M M

 ∆ + ∆ ∆
∆ = + − 

                (13) 
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3. Results and Discussions  
3.1. Analysis of Temperature Curves 
3.1.1. Variation of the Temperature of the Hot Water inside the Pot 
Figures 4-6 respectively show the evolution of the temperature of hot water as 
well as that of the walls of the pressure cooker and the ambient environment. 
The initial temperature inside the pressure cooker is 90˚C in Figure 4, 80˚C in 
Figure 5 and 70˚C in Figure 6. These experiments were repeated several times 
and the results are almost similar. 
 

 
Figure 4. Time dependant temperatures evolution for an initial temperature 
of hot water at 90˚C. 

 

 
Figure 5. Time dependant temperatures evolution for an initial temperature 
of hot water at 80˚C. 
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Figure 6. Time dependant temperatures evolution for an initial temperature of hot 
water at 70˚C. 

 
We observe that the internal temperature decreases over time in a homoge-

neous way throughout the experiment whatever the initial temperature inside 
the pot. This decrease is greater at the beginning of the experiment (because of 
the strong temperature gradients) and then stabilizes gradually as the insulation 
shields heat transfers to the outside. It is also noted that despite the wide varia-
tion in temperatures (around 50˚C) of the wall of the pressure cooker, they do 
not affect the internal temperature of the kettle placed inside the pressure cook-
er. This shows the good insulation of our pressure cooker. The temperatures of 
the walls follow those of the ambient temperature. The temperature peaks ob-
served correspond to the solar noon, where the sunshine is maximum. The high 
temperatures at the level of the East face are explained by the fact that this face is 
subjected to direct sunshine. 

3.1.2. Variation of the Internal Vacuum Temperature of the Pressure 
Cooker 

We represent in Figure 7, the evolution of the pressure cooker internal vacuum 
temperature and external temperatures in order to determine the thermal phase 
shift. 

Considering the internal and external temperature peaks, we note that the 
thermal phase shift of the equipment is about 7 h for a kapok wool density 50 
kg/m3 and thickness 15 cm, which is relatively important for this material which 
is an ecological insulator. 
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Figure 7. Evolution of the internal and external temperatures of the 
pressure cooker. 

3.2. Thermal Losses and Time Constant 
3.2.1. Thermal Losses Analysis 
From the measured temperatures, we determined the values of thermal losses as 
a function of time intervals. The value of U is related to the amount of heat de-
scribed by Equation (13). The following table gives the values of thermal losses 
as a function of time intervals. Table 1 shows the values of thermal losses as a 
function of time intervals. 
 
Table 1. Values of thermal losses as a function of time intervals. 

Time Tint Text intT  extT  int extT T−  fin iniT T−  t∆  E∆  U 

13:21:34 
22:35:42 

90.3 
75.3 

27 
30.1 

81.9 30.8 51.1 18 33,600 1,640,520 0.47 ± 0.03 

22:45:42 
09:45:42 

75.2 
65.6 

29.3 
28.9 

70.02 27.8 42.22 9.6 39,600 874,944 0.24 ± 0.01 

09:55:42 
17:15:42 

65.4 
61.6 

29 
27.5 

63.4 30.3 33.1 3.8 26,400 346,332 0.19 ± 0.01 

17:35:42 
10:23:14 

61.5 
53.5 

27.7 
26.8 

56.3 24.1 32.2 8 60,600 728,120 0.15 ± 0.01 

10:33:14 
13:38:54 

53.6 
46.4 

26.9 
31.5 

52.1 28.5 23.6 2.7 34,800 246,078 0.14 ± 0.01 

 
The first calculated value of U (0.47 W/m2·˚C) is the largest during the expe-

riment. This is explained by the fact that as soon as the hot water is introduced 
into the pressure cooker, the temperature gradient inside the pressure cooker 
increases sharply. It is the appearance of this strong temperature gradient which 
explains the level of heat loss quite important at the beginning. Thereafter, the 

https://doi.org/10.4236/epe.2020.122006


D. Ouedraogo et al. 
 

 

DOI: 10.4236/epe.2020.122006 82 Energy and Power Engineering 
 

temperature of the kapok wool gradually increases and the temperature gradient 
decreases resulting in low values of U until thermal equilibrium with the envi-
ronment. 

3.2.2. Analysis of the Time Constant of the Pressure Cooker 
The time constant is a parameter that characterizes the rapidity of the loss of 
heat. The determination of the slope of the line y = f(t) permits to determine the 
time constant of the pressure cooker. Figure 8 shows ln(T0 − T∞)/(T − T∞) as a 
function of time for the 1st experiment. 
 

 
Figure 8. ( ) ( )0ln T T T T∞ ∞− −  as a function of 

time (1st experiment). 
 

The line equation is:  

0.0162 0.1687y x= +                       (14) 

let, 1/τ = 0.0162 and τ = 61.72 hours. 
Two other experiments were made and two other line equations: 
Line equation of the second experiment: 

2

0.0169 0.1892
0.987

y x
R
= +

=
                      (15) 

let, 1/τ = 0.0169 and τ = 59.17 hours.  
Line equation of the third experiment: 

2

0.0171 0.1555
0.9943

y x
R
= +

=
                     (16) 

let, 1/τ = 0.0171 and τ = 58.47 hours. Hence an average of 59.78 hours. 
We can retain an average time constant of 60 hours. This result is directly re-

lated to the low thermal losses shown above and its meaning is very important 
for this study. Indeed, it should be understood that it is 60 hours after the intro-
duction of a heated body in the equipment that we can observe a good gap be-
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tween its initial and current temperature. 

3.3. Analysis of Energy Savings in Butane Gas 

The butane gas savings for cooking dishes are summarized in Table 2. 
 
Table 2. Energy savings achieved with the pressure cooker. 

Dishes 
White 

rice 
Fatty rice cowpea potato stew Pasta Couscous 

mass of food products 
(kg) for each cooking 

5 5 5 5.5 5 5 

Normal cooking  
duration with a  
conventional fireplace 

1 h 10 1 h 45 mn 2 h 1 h 45 1 h 45 mn 

Precooking duration 
with a conventional 
fireplace 

20 mn 1 h 45 mn 1 h 15 mn 15 mn 10 mn 

Minimum duration of 
cooking in the pressure 
cooker 

1 h 45 mn 4 h 1 h 45 mn 30 mn 

M1 (kg) 1 1.3 1.4 1 0.9 0.6 

M2 (kg) 0.3 0.8 0.42 0.7 0.22 0.15 

Energy saving (%) 70 ± 0.38 38 ± 0.48 70 ± 0.27 30 ± 0.76 75 ± 0.40 75 ± 0.61 

 
The energy saving results obtained are explained by those obtained previously. 

Indeed, because of low heat losses, the thermal inertia of the meal placed in the 
pressure cooker varies very little, and cooking continues normally in the pres-
sure cooker without additional energy consumption. Energy savings are more 
important for meals that require very little cooking time in the precook phase 
compared to the cooking time of a normal kitchen. 

4. Conclusions 

A metallic pressure cooker insulated with kapok wool of thickness 15 cm and 
density 50 kg/m3 has been experimentally investigated in the present work. The 
evolution of the hot water-cooling temperature maintained in the equipment 
coupled with an electrical analogy made it possible to determine the time con-
stant of the pressure cooker. The thermal losses were determined by making an 
energy balance on the hot water exchanges with the environment. Energy saving 
of cooking was determined by making energy mass balance between a complete 
cooking on a gas fireplace and a cooking completed by the pressure cooker. The 
main results are summarized as follows: 
- Thermal losses in the pressure cooker are low, confirming the good insulat-

ing properties of kapok wool observed by other authors, 
- The pressure cooker keeps the heat for a long time (around 60 hours) and the 

thermal phase shift of the pressure cooker is around 7 h, 
- The pressure cooker saves substantial energy cooking (between 30% and 75% 
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under the conditions of this study). This last result shows that this technolo-
gy can efficiently contribute to energy management in the restaurant sector. 
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Nomenclature 

Ei: Initial energy in the metal (J) 
Ef: Final energy in the metal (J) 
U: Overall coefficient of heat loss (W/m2·˚C) 
Tint: Initial water temperature (˚C) 
Text: Outside temperature of the wall (˚C) 

extT : Average of Text in the time interval (˚C) 

intT : Average of Tint in the time interval (˚C) 
Tfin: Final temperature of the water (˚C) 
T0: Water temperature (90˚C) at the beginning of the experiment 
T: Indoor temperature at time t (˚C) 
T∞: Final temperature at the infinite moment from the beginning of the experi-
ment (˚C) 
A: Surface of the pressure cooker (m2) 
Δ: The Laplace operator 
τ: Time constant (h) 
me: Mass of water (kg)   
h: Hours 
mn: Minute 
D: Thermal phase shift (h) 
L: Pressure cooker length (m) 
w : Pressure cooker width (m) 
H : Pressure cooker height (m) 
Δme: Absolute uncertainty on the mass of water (kg) 
ΔTint: Absolute uncertainty on Tint (˚C) 
ΔTfin: Absolute uncertainty on Tfin (˚C) 
ΔText: Absolute uncertainty on Text (˚C) 
ΔTinit: Absolute uncertainty on Tinit (˚C) 
Δ(ΔE): Absolute uncertainty on ΔE (J) 
Δ(U): Absolute uncertainty over U (W/(m2·˚C)) 
ΔA: Absolute uncertainty on A (m2) 
ΔT: Absolute uncertainty of temperature (˚C) 
Δ(Δt): Absolute uncertainty of time (s) 
ΔL: Absolute uncertainty on L in meter (m) 
ΔH: Absolute uncertainty on H in meter (m) 
Δl: Absolute uncertainty on l in meter (m) 
t: Time (s) 
Δt: Time interval considered (s) 
s: seconds 
Cp: specific heat of the material (J/(kg·K)) 
C: Heat capacity of the pressure cooker (Wh/˚C) 
Mav1: Mass of the gas cylinder before cooking with the conventional firebox 
(kg) 
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Mav2: Mass of the gas cylinder before cooking with the pressure cooker (kg) 
Map1: Mass of the gas cylinder at the end of cooking with the conventional fire-
box (kg) 
Map2: Mass of the gas cylinder at the end of cooking with the pressure cooker 
(kg) 
M1: Quantity of energy consumed with the conventional fireplace (kg) 
M2: Quantity of energy consumed with the pressure cooker (kg) 
EE: Energy saving (%) 
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