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Graphical Abstract 

Abstract 

This study investigates the thermal performance of common kitchen utensils, focusing on conduction based heat transfer, 
cooling rates, and insulation effectiveness. This is in order to investigate how the various properties impact the safety aspects 
of kitchen utensils on its users. Three experiments were conducted to assess the influence and thermal conductivity of 
material type, surface area, and insulation. Using a thermal imaging camera, transient temperature changes and temperature 
gradients were able to be recorded.  Further analysis applied Fourier’s Law and surface area-to-volume ratios to explain 
differences in heat transfer and cooling performance. Results showed how he increase in temperature increases the maximum 
temperature of the handle. However, made safe due to timbers exhibiting minimal heat conduction, meaning that heat does 
not travel up the handle presenting a hazard. Conversely, metal utensils demonstrated significantly higher heat transfer 
however, insulated variants reduce this significantly with the increase in surface area increases heat transfer. As a result, 
presenting their importance in safe utensil design. Procedural inconsistencies such as camera positioning, utensil placement, 
and environmental reflections were identified as key sources of error, obscuring precision and hindering repeatability. 
Recommendations for improved experimental setup are also discussed to increase data reliability in future studies. 

Keywords: conductive heat transfer, insulation effectiveness, Fourier’s Law, safety 

 

1. Introduction 

1.1 General Problem 

Kitchen utensils are essential tools in the preparation and 
handling of food in everyday life. While their function is 
primarily mechanical, utensils are also expected to act as 
thermal barriers between the user and hot cooking 
environments. A failure to prevent excessive heat transfer 
can pose a large threat to burns, discomfort, and handling 
inefficiencies to the user. This is particularly relevant for 
utensils exposed to hot water as its high heat capacity 
increases the amount of energy in the system1. Despite 
design considerations often prioritising insulation or 
ergonomic grips, the underlying thermal safety of a utensil 
ultimately depends on its material conductivity and physical 
geometry. While anecdotal observations—such as “metal 

utensils get hot quickly”—are often accurate, quantitative 
validation through structured experimentation and known 
theories such as Fourier’s heat transfer theory, can highlight 
safe material choices. This is particularly crucial for items 
like tongs, ladles, and spatulas, which are commonly used in 
high-temperature environments and are frequently made 
from a wide range of materials with varying thermal 
properties. 

1.2 Previous Studies and Existing Solutions: Known 
Material Properties and Gaps 

Previous studies on thermal conductivity have established 
that a material’s ability to conduct heat depends on its 
internal structure and dominant heat carriers. In metals, such 
as stainless steel, electrons are the primary means of 
transporting thermal energy, resulting in high thermal 
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conductivity values whereas stainless steel with 16 W/m·K2. 
These properties highlight the effectiveness of these metals 
as conductors but potential hazards for utensil handles unless 
properly insulated. 

In contrast, polymeric materials like nylon and silicone 
rubber conduct heat through lattice vibrations (phonons) 3. 
These materials are considered thermal insulators, with 
conductivity values ranging from 0.2 to 0.44 W/m·K, 
depending on molecular structure and temperature4 Their low 
conductivity and flexibility explain their widespread use in 
cooking utensils, especially for handles and grips where 
reducing burns and harm is essential. 

Although these thermal properties are well-documented in 
material science literature, most are measured under idealised 
lab conditions using standard test shapes, such as thin slabs 
or for different kitchen appliances such as pots and pans. 
Few studies have experimentally examined how these 
material properties behave in complex geometries in 
common kitchen utensils. For instance, factors like handle 
thickness, insulation layering, and contact surface area can 
all affect how heat travels from the heated portion of a 
utensil to the user’s hand. 

Additionally, while Fourier’s Law of heat conduction 
provides the theoretical framework to describe this heat flow, 
prior research has rarely applied it directly to utensils in 
domestic contexts. As such, there remains a practical gap in 
understanding how theoretical values translate to real-world 
thermal safety in consumer-grade kitchenware. 

1.3 Scope and Objective of the Current Study: Focusing 
on Conduction with Fourier’s Law.  

 This study aims to address the outlined gaps by conducting a 
targeted investigation into purely conductive heat transfer 
within common kitchen utensils, by breaking it down to three 
key questions. These key research questions are: 

1. How temperature affects heat conduction within the 
handle of the utensil. 

2. What role utensil surface area and shape play in cooling 
rate and heat dissipation. 

3. How effective insulation is in reducing heat conduction in 
metal utensils. 

Our experiment answered these objectives by submerging 
utensils into controlled-temperature water baths and 
recording temperature changes along their handles using a 
thermal imaging camera. The focus on conduction allows for 
a direct application of Fourier’s Law of Heat Conduction, 

which states that the rate of heat transfer through a material 
is proportional to the negative gradient of temperature and 
the thermal conductivity of the material5: 

𝑄 = −𝑘𝐴 !"
!#

 (1)  

where Q is the rate of heat transfer, k is thermal conductivity, 
A is the cross-sectional area, T is the temperature and 𝑥	is the 
distance along the handle. 

By using this theoretical framework, the study evaluates the 
relative thermal performance of materials like wood, plastic, 
and metal. In addition, both the impact of added insulation 
through silicone and utensil geometry through the role of 
surface area-to-volume ratios on heat dissipation during 
cooling can be analysed. The overarching objective is to 
provide recommendations based on experimental data and 
calculations for material and design selection in kitchen 
utensil manufacturing, with the goal of enhancing user safety 
through thermal engineering principles. 

2. Methodology  

 
Figure 1: experimental diagram6 

For all experiments, the experimental setup can be seen in 
figure 1. A 250 mL beaker was placed on a hotplate and set 
to specific temperatures (40°C, 60°C, or 80°C). A thermal 
imaging camera (InfiRay Pro 2) was used to record 
temperature changes in the utensils. For each measurement 
five readings were taken within 10-second windows around 
each minute to reduce random error. 

Experiment 1: Effect of Temperature on Wooden Utensils  

Three identical wooden spoons were submerged in water at 
40°C, 60°C, and 80°C respectively. The temperature at the 
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base and top of the handle was recorded every minute over a 
five-minute period.  

Experiment 2: Effect of Surface Area and Shape on Heat 
Transfer  

Two plastic kitchen utensils, one a spatula and the other a 
ladle, were placed into water at 80 degrees Celsius and the 
rate at which the temperature changed was recorded using 
the camera. They were then removed and placed on the 
bench and had heat scans taken after approximately 20 
seconds of cooling to measure the effects of different surface 
areas and shapes on heat distribution and cooling. Similarly, 
during the 5 minutes both utensils were in the hot water, 
measurements were gathered at the end of the respective 
handle with the temperature being taken on each respective 
handle at 10±3 second intervals with 5 separate readings 
each time. 

Experiment 3: Effect of Insulation on Heat Distribution  

Two metal tongs, one made entirely of stainless steel and 
another with a silicone-insulated head, were submerged in 
60°C water. Temperature readings were taken along the head 
and handle every minute for five minutes using a thermal 
imaging camera. The material composition of the tongs was 
confirmed based on product information found online; the 
all-metal tongs were stainless steel, while the insulated tongs 
consisted of stainless steel with silicone grips and tips7&8. 
Experimental heat conductivity values were calculated using 
equation 1. 

Key Controls and Assumptions: 

Utensils assumed to be homogeneous in composition, 
material properties (k, 𝐶$, ρ) sourced from literature and 
product data, identical beakers and thermal camera setup 
used across all tests. No significant air drafts or 
environmental temperature fluctuations. Only conductive 
heat transfer is considered; convective effects neglected. 

3. Investigation of the effect of temperature on the 
rate of heat transfer and distribution 

3.1 Hypothesis 
1. The increase in temperature will increase the 
steady-state temperature.  
The energy transfer from the water to the spoon is 
given by Newton's law of convection9 where h is the 
convection constant, T is the object temperature and 
𝑇% is the fluid temperature: 

𝑄 = 𝐴ℎ(𝑇 − 𝑇%) (2) 
As such, when the temperature of the water 
increases there will be a greater temperature 

differential thus, increasing the rate of energy transfer. 
Furthermore, as given by the formula there will continue to 
be a transfer of energy up until the temperature of the spoon 
and the temperature of the water are the same. As such, since 
the energy is dissipated through convection from the handle 
and the surface area and convection constant remain constant 
the temperature must increase to account for the increase in 
energy. 

2. The low thermal conductivity of the timber allows it to 
remain safe to use over time when exposed to direct heat. 

Thermal conduction within the spoon can be modelled by 
equation 1. Since there is a small thermal conductivity 
constant of 0.1 – 0.2 the amount of energy transferred over a 
given distance is quite low10. This results in lower 
temperatures along the handle. However, another competing 
factor in reducing the temperature along the handle would be 
the rate at which energy is convected away from the 
handle11. Since there is only natural convection the 
convection constant should be small and thus, have less of an 
impact on the temperature gradient through the handle12. 

3.2 Results 
The data that was collected all three trials indicated that the 
increase in temperature over time is one of a logarithmic 
scale (this can be seen in the appendix). As such, to confirm 
this relationship the natural logs of the temperature were 
taken and then graphed with the corresponding times. In 
figure 2, the data conforms to a linear trend affirming with a 
great deal of confidence that the change in temperature over 
time is related by a logarithmic trend with 𝑅& values of 0.85, 
0.98, 0.96 for 40℃, 60℃	&	80℃ respectfully. This affirms 
the accepted and theoretical understanding of transient heat 
conduction. This can be seen with the lumped capacitance 
analysis formula for the assumption of no radiation and the 
convection constant remaining constant over time (equation 
3) 13. Here t is the time, 𝑉 is the volume, 𝜌 is the density and 
𝑐$ is the specific heat capacity. 

𝑇(𝑡) = 𝑇% + (𝑇 − 𝑇%)𝑒
' !"
#$%&

(
 (3) 

𝑇 ∝ 𝑒! , 𝑡 ∝ ln(𝑇) 

However, the relevance of this formula can be argued. This is 
due to first the fact that some energy will be being lost to the 
environment by radiation simply since there is a difference in 

Figure 2: linearised graph of temperature with respect to time 

SJIE 1(2) X-X (2025)                                                                                                                                              Krause et al



SJIE 1(2) X-X (2025)                                                                                                                                              Krause et al   

 4  
 

temperatures. However, this is a somewhat reasonable 
assumption due to the temperature difference being small 
such that the energy lost will be close to negligible. 
Furthermore, the whole underlying assumption of general 
lumped capacitance is that the rate of conduction is large 
enough compared to the rate of convection that there is a 
negligible temperature gradient within the spoon. As a result, 
this equation is only accepted when the Biot number is less 
than 0.114. Using the literature values for the convection 
constant for water we can gain a rough perspective of at least 
the relative order of magnitude15. This value, however, will 
be far from accurate as this is a general value not one that 
accounts for the wooden spoon’s properties. As a result, the 
Biot number ranges from 4.25 ≤ 𝐵𝑖 ≤ 510 (these 
calculations can be found in the appendix). Hence, the 
assumption of lumped capacitance is not valid in this 
scenario and unfortunately cannot be used to model the 
transient temperature. However, if we compare the formula 
to the infinite cylinder with non-negligible temperature 
gradients (equation 4), we can see that the proportionality of 
temperature to time still holds true as the Fourier number is a 
function of time. As such, the data conforms with the 
accepted literature in forming the correct relationship 
between temperature and time13.  
𝑇(𝑡) = 𝑇% + (𝑇 − 𝑇%)∑ 𝐶)𝑒'z'

(*+𝐽,(z)𝑟
∗)%

)./ , 𝐹𝑜 = 0(
1)(

 (4) 

∴ 𝑇 ∝ 𝑒( , 𝑡 ∝ ln(𝑇) 

3.3 Discussion 
The heat conduction constant can be calculated by assuming 
that the handle is a fin that is dissipating the energy through 
conduction to the atmosphere. As such, the temperature can 
be modelled through equation 5 where P is the fin perimeter 
and L is the length of the fin16.  

 
LML!
L"ML!

=
NOPQR(SMT)UV #

$%W PXYQR(SMT)

NOPQRS	UV #
$%W PXYQRS

     (5) 

𝑚& =
ℎ𝑃
𝑘𝐴2

 

Then subbing in the temperatures and taking an average 
(excluding outliers which were values that are either 
1.5 × 𝐼𝑄𝑅 above or below the median), we can find the 
average heat convection constant (ℎ = 0.054	𝑊𝑚'&𝐾'/	) 

17. Sample calculations can be seen in the appendix with the 
results for all the measurements. The reason for using an 
average is due to the variability in the convection 
coefficient which had a range of 0.036 excluding outliers. 
Although small, when compared to the average this results 
in ±33% which is not negligible. These changes in values 
are most likely due to drafts and changes in the velocity of 
air in the room in which the experiment was taking place18. 
In addition, taking an average allows us to simplify the 
calculation and ignore any changes in the convection 
constant concerning time.  

The use of the fin approximation, however, comes with some 
assumptions, the only one that is being violated are the 
steady state conditions as the measurements were taken 
transiently19. However, if we ignore the bottom of the spoon 
and just focus on the handle the temperature gradient should 
be consistent. Hence, it is relatively feasible to look at it as a 
fin as the observational data followed the expected trend of 
an exponential curve.  

Using the data collected a model can be made for the 
transient heat conduction along the spoon. 𝑇3 can be 
calculated using the formula for the trendlines that come 
from the experimental findings. This can then be modelled in 
3D to see how the temperature changes along the handle with 
respect to time.  

Evidently even when modelling into the future the 
temperature along the handle will never get hot enough to be 
dangerous to the user. This is evident with the spoon at 80℃ 
after 20 minutes (𝑇 = 47℃) only going to cause damage to 
the basal layer of the epidermis20. However, this is only 
when touching the very bottom of the spoon. Halfway up the 
spoon the temperature would be only 31℃ which is not 
enough to cause any form of damage to the skin. 
Furthermore, the data clearly shows the benefits of such a 
small heat conduction value as the temperature gradient is 
incredibly steep preventing the top of the handle from getting 
hot. This conclusion can be approximately made due to how 
small the convection value is such that the energy lost is not 
influencing the conduction curve. This makes it a highly safe 
utensil as it is unrealistic to have direct contact with a water 
at 80℃ for more than 20 minutes straight and be touching it 
right at the hottest point.  

Although there are no specific commercial cookware safety 
standards, typically in commercial kitchens wooden utensils 

Figure 3: 3D plot of temperature, time and distance for the three different 
temperatures24 
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are not as common. This is due to the hygiene concerns that 
come with the use of timber21. These stem from the porous 
nature which allows bacteria and other pathogens to grow22. 
Since, there are extremely stringent food hygiene regulations 
this exacerbates the stainless-steel control over the market 23. 
However, this is not to say that the findings from this 
experiment are worthless in a commercial environment but to 
say that the use of other materials with low thermal 
conductivities may allow for both the user to be safe and the 
food to maintain its hygiene. Beyond the professional 
environment where wooden utensils are far more common 
the findings conclude that they are one of the safest tools in 
burn prevention. 

When considering other substances which can reach higher 
temperatures and similarly transfer heat like oil, then the 
temperature it will reach will be far greater increasing the 
energy transfer. However, oil may have a much lower 
convection constant (50 − 350	𝑊𝑚'&𝐾'/) compared to 
water (50 − 3000	𝑊𝑚'&𝐾'/) 16 25. Yet again these values 
are most likely not correct as they are not for this specific 
case with timber spoons however, they serve as a comparison 
between their effective rates of heat transfer. As such, if 
taking the maximum values, it is only true when either the 
temperature is so high that it isn’t feasible or if left in the oil 
for an unrealistic amount of time. However, if the convection 
constants are both 50 then the temperature will get 
considerably hotter. As such, a future area of research would 
be to investigate the effects of different substances.  

4. Investigation into the effect of surface area and 
material on the rates of cooling and heat conduction 

4.1.1 Hypothesis on the effects of complete insulation 
material on heat conduction  

Both the spatula and ladle utilised in the experiment were 
Coles brand, however Coles does not reveal the insulation 
material utilised in the makeup of each product. Thus, for 
this experiment based on comparison to other products and 
the physical properties of each product compared to the 
properties of typical insulation plastic products to be nylon 
for the spatula 26 and silicone for the ladle27. Past academic 
research indicates both kitchen utensils should be good 
insulators of heat as each material has been found in studies 
to have very low heat conductivity constant with nylon 
ranging between 0.23-0.29W/m∙k for nylon28 and 0.2-
0.44W/m∙k for silicone29, dependent on specific type of each 
insulating plastic utilised. These values gathered from 
literature reports indicate each utensil should not conduct 
considerable amounts of heat up the handles of each separate 
utensil. These values also indicate that heat conducted is 
expected to be found to be relatively similar amounts in each 

material due to similar heat conductivity constants, with 
silicone perhaps conducting slightly more. 

4.1.2 Hypothesis on the effects of material and surface 
area on cooling and heat dissipation 

Secondarily this experiment aimed to measure the effect of 
surface area, shape and material on heat distribution and 
cooling through taking heat scans of both the ladle and 
spatula 20 seconds after being removed from the hot water. 
Given both thermal insulating materials utilised were 
measured to have the same thickness it is possible to study 
the effects of both surface area and volume specific surface 
area. In general, a larger surface area leads to faster rate of 
cooling as a larger area allows for more contact with the 
cooling medium, in this case surrounding room temperature, 
and facilitates greater heat dissipation30. This would indicate 
the ladle head to cool much faster given the calculated 
surface area being 356.83𝑐𝑚& compared to the spatula’s 
head’s calculated surface area being 177.04𝑐𝑚&. However, 
volume of each shape must also be considered to find a 
volume specific surface area(ω) as a prior study by Árpád 
et.at recently suggests having found ω affects Newton's law 
of cooling in the following way, where an increase in ω will 
cause an increase in cooling rate and deviation of 
temperature (Θ(τ)) 31. 

                               	𝚯(𝛕) = 𝚯(𝟎) ∙ 𝐞'𝐡𝛚𝐓                          (6) 

This conversely indicates instead the expected outcome of 
the findings to be the spatula cools faster given the calculated 
volume specific surface area to be 10.96𝑐𝑚'/ compared the 
ladles 5.10𝑐𝑚'/. This also agrees with common theory that 
rectangular prism shaped objects generally cool faster than 
their spherical counterparts due to their larger surface area to 
volume ratio32.  

Furthermore, utilising the heat scans it will be possible to test 
whether the materials utilised are homogenous or if the 
materials are not uniform during production. Ideally 
homogenous plastics should have consistent heat spans that 
demonstrate a smooth transfer of heat during cooling with a 
gradual colour change being demonstrated on the heat 
scans33. However, if the materials are not homogenous, 
localised hot spots are more likely to be found on the heat 
scans. 

Figure 4: Line graph demonstrating the change in temperature 
against time at the end of the handle for both spatula and ladle 
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4.2 Results 

4.2.1- The effects of solid insulation on heat conduction 

The temperature at the end of the handle for each utensil 
never demonstrated a clear trend thus the data gathered can 
be best displayed utilising a line graph exhibiting the 
averages for all data points found. Averages could be taken 
from the 5 readings taken every 10 seconds each collection 
of results never exhibited major standard deviation or 
maximum deviation. The data collected illustrated minimal 
fluctuation, thus to better view variation in data the y-axis 
range was minimised to range between 23.5°C-27.5°C.  

4.2.2 – Surface area and material heat dissipation  

 
Figure 5: Heat scans taken after 20 seconds of cooling for each 
utensil, spatula on the left and ladle on the right. 

Heat scans were taken of each utensil after 20 seconds of 
cooling to allow for qualitative analysis on the heat 
dissipation during cooling for each utensil. The spatula 
exhibits the central section of the utensil to be the hottest 
with gradual heat dissipation both the tip and back of the 
spatula head. The ladle also similarly demonstrates the 
central section of the utensil to be the hottest however its 
heat dissipation is slightly more irregular also with a few 
localised cool spots. 

4.3 Discussion 

4.3.1 – Solid insulation and heat conduction 

The temperatures recorded at the end of both the ladle and 
the spatula handles evidently never displayed severe rises in 
temperature that could lead to them being dangerous for 
users. Each handle displayed initial temperature increases 
from room temperature of 23°C and then remained relatively 
stable at averages of 25.39°C for the ladle and 24.75°C for 
the spatula. Slight deviations in data were likely gathered 
from possible fluctuations within the room which lead to 
maximum variance from average temperature of ±1.78% for 
the ladle and ±1.97% for the spatula, which are relatively 
negligible. The gathered results support the hypothesis that 
each utensil should be safe for cooking at 80°C given their 
respective insulation materials utilised. The findings also 
agree to the hypothesis that silicone is a slightly better 

conductor of heat, hence the slightly higher average found 
for the lade. To further support these findings, heat flux(q) 
can be calculated using the Fourier law of heat conduction 
for a heat transfer model. 

                               𝒒 =	 𝒌𝒙𝑨𝒙(∆𝑻)
𝑳𝒙

                                    (7) 

Through applying the above equation average heat flux 
values of 0.015W for the ladle and 0.018W for the spatula 
were found. These values reinforce the prior findings of the 
safety of each utensil and its insulating material given the 
gathered heat flux values for each are extremely small 
suggesting the amount of heat transferred through the 
handles is very minimal indicating the insulating materials, 
nylon and silicone are doing their jobs for each respective 
utensil34. 

4.3.2 - Surface area and material on heat dissipation 

Through analysing the photos, it is evident for both utensils 
the central portion of each head is as expected the hottest part 
after being allowed to cool for 20 seconds. This is simply 
due to the fact that despite all sides seen on the heat scan 
being in contact with the atmosphere, the edges have more 
exposure to the atmosphere allowing it to release more 
heat35. As hypothesised the spatula appears to be cooling 
faster especially the edges which is likely due to the greater 
volume specific surface area on the rectangular prism shaped 
spatula then the hollowed out semi-ellipsoid shape of the 
ladle. 

This can be quantitatively understood from the adapted 
Newton's laws of cooling equation displayed earlier where 
evidently slower cooling rates will be received for a smaller 
volume specific surface area value. The results shown here 
further prove the relatively recent discovery that volume 
specific heat capacity should be considered within Newton's 
laws of cooling as this proves the rate of cooling and heating 
not only heat transfer coefficient and materials characteristics 
but also volume specific surface area31. This would hence 
lead to the conclusion that when utilising utensils of a similar 
thickness and material but differing shapes those with higher 
volume specific surface areas will be safer to touch in a 
faster period. However as seen by each image each utensil 
head after 20 seconds still contains significant amounts of 
heat despite being made from insulating materials, thus it is 
highly recommended to not touch any part of a utensil that 
has come in contact with extreme heat for an extended period 
or until cooled by other systems36.  

The heat scans indicate some scale of uniformity within both 
utensils as neither display major localised hot spots and 
instead more gradual heat dissipation can be seen. However, 
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especially within the ladle small darker spots can be seen 
indicating those areas to be cooling faster which could be 
indicating small amounts of compositional non-uniformity. 
This would thus lead to the conclusion of the spatula being 
safer to cook with then the ladle as its greater amounts of 
uniformity throughout its heat scan indicates the spatula 
heating and cooling rates are more predictable throughout 
then the ladle. The greater predictability of the heat 
dissipation within the spatula means better advice can be 
sought on length of cooling times before it is safe to touch 
the utensil in comparison to the spatula, thus making the 
spatula head less harmful. 

5. Investigation into the effect of partial insulation on 
heat distribution. 

5.1 Hypothesis 
The aim of this experiment is to investigate the effect of 
insulation on heat distribution within a system. Specifically, 
it seeks to determine how the presence of insulating materials 
affects the rate of heat transfer in stainless steel tongs, 
compared to a pair with silicone insulation to one without. 
The hypothesis is that the addition of silicone insulation will 
reduce thermal conduction, slowing the rate of temperature 
change and leading to a more uniform temperature 
distribution over time. This is due to silicon having a lower 
conduction constant thus, conduction less energy and 
reducing the overall temperature37. 
 
Insulating materials reduce heat transfer by providing 
resistance to conductive, convective, and radiative losses. 
Fourier’s Law of Heat Conduction states that the rate of heat 
transfer through a material is proportional to the temperature 
gradient across it and its thermal conductivity38. 
Subsequently, materials with low thermal conductivity, such 
as silicone or even nylon, are commonly used as insulators 
on kitchen utensils38. Prior research suggests that well-
insulated systems experience slower temperature changes 
and exhibit greater thermal efficiency compared to non-
insulated systems40. 
 
We expect that the insulated tongs will exhibit a significantly 
lower rate of heat transfer than the non-insulated tongs. This 
will result in a slower temperature increase in the handle 
region and a more uniform temperature distribution across 
the insulated material41. These expectations align with 
transient heat conduction models, where insulation reduces 
temperature gradients and slows heat transfer42. The practical 
implications, suggests that insulated tongs are safer to use for 
handling hot objects over extended periods. 

5.2 Results 
The experiment measured temperature changes in two sets of 
Coles brand stainless-steel tongs—one with silicone 
insulation on the handle7 and one without8—at three 
locations: near the bottom closest to the water, midway up 

the handle, and at the top of the handle. Minimal temperature 
change was observed at the handle for both tongs, indicating 
limited heat transfer along their length. The most significant 
temperature changes occurred at the bottom of the tongs, as 
shown in Figure 1. This is due to the temperature gradients 
discussed in section 3 of the report. The results in Figure 1 
are averages from five trials per tongs type to ensure 
reliability, with the corresponding data and standard 
deviations provided in the appendix. 

 
 

5.3 Discussion 
The results indicate that the insulated tongs conducted heat 
significantly less than the pure stainless-steel tongs. Based on 
common manufacturing standards, the stainless steel was 
assumed to be grade 30443, with a thermal conductivity 
constant (k) of 16.2 W/m⋅K44. Its density was taken as 7930 
kg/𝑚>, and the specific heat capacity (𝐶$) was identified as 
490J/kg⋅K45. For the silicone insulation, the thermal 
conductivity constant (k) was estimated to 
range from 0.2 to 2.55 W/m⋅K, with a density of 1100 kg/𝑚> 
and a specific heat capacity of 1050J/kg⋅K37. Since the metal 
core of the insulated tongs did not appear to extend deeply 
into the silicone tip, the submerged portion was assumed to 
be primarily composed of silicone. 
 
The experimentally calculated k value for the stainless-steel 
tongs was 82.8 W/m⋅K, significantly higher than the 
theoretical value of 16.2 W/m⋅K. This discrepancy 
corresponds to a percentage error of 411.1% and can be 
attributed to multiple factors, including the simplification 
of the tongs’ geometry. Approximating their shape as a 
rectangular cross-section may have led to a poor estimation 
of heat transfer values, as the actual geometry provides 
additional surface area for heat transfer not accounted for in 
the simplified model. Variations in temperature 
measurements due to shifts in the thermal imaging camera’s 
position may have introduced minor inaccuracies.  
 
For the insulated tongs, the experimentally determined k 
value was 19.93 W/m⋅K, which was higher than the 
theoretical expectation. As evident in equation 8 for the 
calculation of the rate of heat transfer using the total 

Figure 6. Temperature Change of Stainless Steel vs. -Insulated Stainless-Steel Tongs  
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resistance formula it is evident that k calculated will be an 
average between the stainless steel and the silicon with 
respect to the surface are and thickness. (Note: all values 
subscript one are the constants respective to the metal and 
subscript two for the silicon.) However, the experimentally 
calculated value is outside of the range indicating that the 
rate of heat transfer values has been underestimated, likely 
due to the same limitations affecting the stainless-steel tongs. 

𝑞 = "+#",
$-.-/0

 (8) 

𝑅!%!&' =
(,
),*,

+ ((
)(*(

 (9) 
While the absolute values obtained from the experiment were 
inaccurate compared to theoretical values, they effectively 
demonstrated a comparative trend. The results consistently 
indicated that the insulated tongs conducted heat less 
effectively than the pure stainless-steel tongs. This supports 
the hypothesis that silicone insulation reduces heat transfer 
and enhances thermal safety. An additional limitation in the 
experiment was the estimation of the submerged portion's 
volume. Rather than directly measuring this volume, 
calculations were made using dimensional approximations, 
which may have introduced further error. A more precise 
approach, such as water displacement, would have provided 
more accurate data and improved the reliability of the 
calculated k values. 
Overall, the insulated utensils are far superior when it comes 
to the safety of its user from burns. However, it is still 
common to see full metal utensils rather than ones with 
insulated grips in industry. This is due to their cost and 
durability which they tend to be inferior to their full metal 
comparision47. On the contrary, silicon is far more hygienic 
than timber presenting no real reason for insulated grips 
becoming more common in the industry. 

6. Conclusion 

6.1.1 - The effect of temperature on heat transfer 
In culmination, it is clear the temperature does in fact 
increase the steady state temperature of the utensil. However, 
as seen due to the low thermal conductivity of the timber it 
makes the utensil incredibly safe. This is due to it preventing 
thermal energy from travelling up the handle and thus, 
maintaining the end of the handle at practically room 
temperature no matter how long it is supposed to heat. This 
was evident with the model indicating that even at 80℃ for 
20 mins the end of the handle reached a temperature of 25℃. 
This was similarly cooperated with the base of the handle 
only reaching 47℃ which was barely enough to cause harm. 

6.1.2 - Investigation into the effect of surface area and 
material on the rates of cooling and heat conduction 
To summarise, the key findings illustrated both the Coles 
brand spatula and ladle, which are believed to have utilised 
nylon and silicon respectively, to successfully maintain a 
safe temperature for holding whilst cooking at 80°C. Each 
utensil only saw slight immediate increases when placed in 

the water to move above room temperature and then the ends 
of the handles remained in between 23.5-27.5°C each. 
Therefore, indicating the vital role of including the 
conduction constant into utensil design as it limits how much 
energy enters the spoon. 

The heat dissipation of each material exhibited the spatula to 
cool faster than the ladle due to its smaller volume specific 
surface area. This hence points towards validating Árpád 
et.al study recommending the addition of volume specific 
surface area to Newtons law of cooling. Furthermore, the 
slightly more irregular shape of heat dissipation in the ladle 
with localised cool spots, indicates the spatula was made 
more uniform and thus safer as its rate of cooling is more 
predictable. 

6.1.3 - Insulation effect on heat distribution. 
This experiment demonstrated that even partial insulation 
significantly affects rates of conduction. Thus, in utensil 
design it is not necessary to be made completely out of an 
insulated material whilst keeping the safety a priority. By 
reducing the rate of heat transfer, the insulation promoted a 
more gradual temperature change and contributed to a more 
uniform temperature distribution. These findings align with 
Fourier’s Law and support the hypothesis that insulation 
enhances thermal efficiency by resisting conductive, 
convective, and radiative heat losses. The trends seen in the 
experimental results matching expectations, confirming that 
insulated materials lowered the overall temperature. While 
errors and external factors may have influenced the results, 
the overall trends were consistent with theoretical 
predictions. 
 
6.2 – Summary 

To conclude, this article has successfully investigated and 
summarised various possible sources of harm through heat 
conduction of an array of different kitchen utensils through a 
range of forms, including the effect of temperature, surface 
area, material and insulation. Further studies could examine 
how changes in liquid utilised could affect the rates of heat 
transfer in each investigation and further investigate the role 
of convection in heat transfer for kitchen utensils. 
Addressing potential sources of error, such as ambient 
temperature fluctuations, movement of the position of the 
thermal camera and geometric modelling assumptions, could 
further improve experimental reliability. Additionally, 
employing direct measurement techniques for submerged 
volume would enhance the precision of heat transfer 
calculations.  
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Appendix 
Table 1: 40℃ change in temperature over time at the bottom of the handle 

 
Table 2: 60℃ change in temperature over time at the bottom of the handle 

Time ± 5s 
Trial 1 / 
±𝟎. 𝟏℃ 

Trial 2 / 
±𝟎. 𝟏℃ 

Trial 3 / 
±𝟎. 𝟏℃ 

Trial 4 / 
±𝟎. 𝟏℃ 

Trial 5 / 
±𝟎. 𝟏℃ Average / ℃ Error / ± Standard Deviation Ln(Temperature) ln(T) Error / ± 

60 33.1 31.8 32.9 31.5 32.2 32.3 0.8 0.793 3.48 0.02 

120 32.2 34.8 32.8 33.9 34.3 33.6 1.3 1.16 3.51 0.04 

180 33.0 34.8 35.8 35.6 33.8 34.6 1.4 1.28 3.54 0.04 

240 33.7 34.5 35.2 35.1 35.5 34.8 0.9 0.690 3.55 0.03 

300 35.4 36.7 34.6 37.1 36.2 36.0 1.3 1.16 3.58 0.03 
 
 
 
Table 3: 80℃ change in temperature over time at the bottom of the handle 

Time ± 5s 
Trial 1 / 
±𝟎. 𝟏℃ 

Trial 2 / 
±𝟎. 𝟏℃ 

Trial 3 / 
±𝟎. 𝟏℃ 

Trial 4 / 
±𝟎. 𝟏℃ 

Trial 5 / 
±𝟎. 𝟏℃ Average / ℃ Error / ± Standard Deviation Ln(Temperature) ln(T) Error / ± 

60 25.4 27.1 27.9 25.1 27.5 26.6 1.4 1.35 3.28 0.05 

120 29.1 27.3 27.8 27.7 28.6 28.1 0.9 0.780 3.34 0.03 

180 28.1 27.0 29.3 28.6 29.0 28.4 1.2 0.968 3.35 0.04 

240 27.3 28.9 28.3 29.7 27.8 28.4 1.2 1.01 3.35 0.04 

300 29.0 30.2 28.7 31.5 30.1 29.9 1.4 1.28 3.40 0.05 

Time ± 5s 
Trial 1 / 
±𝟎. 𝟏℃ 

Trial 2 / 
±𝟎. 𝟏℃ 

Trial 3 / 
±𝟎. 𝟏℃ 

Trial 4 / 
±𝟎. 𝟏℃ 

Trial 5 / 
±𝟎. 𝟏℃ Average / ℃ Error / ± Standard Deviation Ln(Temperature) ln(T) Error / ± 

60 30.7 32.7 30.9 33.7 32.5 32.1 1.5 1.27 3.47 0.05 

120 34.7 34.3 35.6 34.9 35.0 34.9 0.7 0.47 3.55 0.02 

180 38.0 36.5 37.6 36.1 37.8 37.2 0.9 0.846 3.62 0.03 

240 37.4 39.8 39.5 38.0 39.8 38.9 1.2 1.12 3.66 0.03 

300 40.1 38.1 40.6 40.8 39.9 39.9 1.4 1.07 3.69 0.03 
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Table 4: 40℃ change in temperature over time at the bottom of the handle 

Time ± 5s 
Trial 1 / 
±𝟎. 𝟏℃ 

Trial 2 / 
±𝟎. 𝟏℃ 

Trial 3 / 
±𝟎. 𝟏℃ 

Trial 4 / 
±𝟎. 𝟏℃ 

Trial 5 / 
±𝟎. 𝟏℃ Average / ℃ Error / ± Standard Deviation 

60 23.0 23.9 22.8 24.1 23.7 23.5 0.7 0.650 
120 23.9 23.7 24.8 25.4 25.2 24.6 0.9 0.780 
180 23.2 23.9 25.1 24.6 23.2 24.0 1.0 0.829 
240 24.1 23.7 25.1 24.8 24.3 24.4 0.7 0.640 
300 23.2 24.1 25.2 24.9 23.1 24.1 1.1 0.900 

 
Table 5: 60℃ change in temperature over time at the bottom of the handle 

Time ± 5s 
Trial 1 / 
±𝟎. 𝟏℃ 

Trial 2 / 
±𝟎. 𝟏℃ 

Trial 3 / 
±𝟎. 𝟏℃ 

Trial 4 / 
±𝟎. 𝟏℃ 

Trial 5 / 
±𝟎. 𝟏℃ Average / ℃ Error / ± Standard Deviation 

60 24.9 25.2 23.8 23.6 23.5 24.2 0.9 0.793 
120 24.1 23.7 24.3 24.9 24.0 24.2 0.6 0.500 
180 22.9 23.5 23.9 23.1 23.1 23.3 0.5 0.440 
240 24.7 25.4 25.5 24.9 25.5 25.2 0.4 0.386 
300 23.2 24.4 24.5 23.8 23.6 23.9 0.7 0.600 

 
Table 6: 80℃ change in temperature over time at the bottom of the handle 

Time ± 5s 
Trial 1 / 
±𝟎. 𝟏℃ 

Trial 2 / 
±𝟎. 𝟏℃ 

Trial 3 / 
±𝟎. 𝟏℃ 

Trial 4 / 
±𝟎. 𝟏℃ 

Trial 5 / 
±𝟎. 𝟏℃ Average / ℃ Error / ± Standard Deviation 

60 24.1 25.1 24.9 24.0 24.9 24.6 0.6 0.510 
120 25.1 25.5 26.1 26.0 25.3 25.6 0.5 0.440 
180 24.6 24.3 25.7 25.1 24.8 24.9 0.7 0.534 
240 25.3 24.7 24.6 25.9 25.0 25.1 0.6 0.520 
300 23.9 24.3 25.0 24.8 23.5 24.3 0.8 0.620 
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Sample calculations for calculating the convection constant 

𝑇 − 𝑇!
𝑇" − 𝑇!

=
cosh𝑚(𝐿 − 𝑥) + 3 ℎ𝑚𝑘6 sinh𝑚(𝐿 − 𝑥)

cosh𝑚𝐿	 + 3 ℎ𝑚𝑘6 sinh𝑚𝐿
,𝑚# =

ℎ𝑃
𝑘𝐴$

 

𝑃 = 𝜋𝐷 =
1.7𝜋
100

, 𝑘 = 0.15, 𝐴& = 𝜋 .
𝐷
20

'
= 𝜋 .

1.7
2 × 1000

'
, 𝐿 = 0.269, 𝑇( = 23℃, 𝑥 = 0.269 

𝑇 − 23
𝑇) − 23

=
cosh𝑚(0.269 − 0.269) + A ℎ

0.15𝑚C sinh𝑚(0.269 − 0.269)

cosh 0.269𝑚	 + A ℎ
0.15𝑚C sinh 0.269𝑚

,𝑚' =
ℎ𝜋 A 1.7100C

0.15𝜋 A 1.7
2 × 100C

' 

 
For the 40 degrees 60s calculation using the temperature at the top of the spoon and the 
temperature at the base. 

𝑇 = 23.5, 𝑇) = 26.6 

23.5 − 23
26.6 − 23

=
1

cosh 0.269𝑚	 + A ℎ
0.15𝑚C sinh 0.269𝑚

,𝑚' =
ℎ𝜋 A 1.7100C

0.15𝜋 A 1.7
2 × 100C

' 

ℎ = 0.061 
Table 7: value of the respective convection constants (Note: those underlined and italicised 
are outliers and were not counted towards the average)  

Time / s  𝟒𝟎℃ 𝟔𝟎℃ 𝟖𝟎℃ 
60 0.061 0.064 0.051 

120 0.029 0.071 0.039 
180 0.048 0.16 0.063 
240 0.035 0.048 0.063 
300 0.055 0.097 0.091 

 
Biot number calculations 

𝐿$ = 0.017 
50 < ℎ < 3000, 0.1, 𝑘 < 0.2 

𝐵𝑖 =
ℎ𝐿$
𝑘  

4.25 ≤ 𝐵𝑖 ≤ 510 

 

Uncertainty calculations for ln [15] 
𝛿𝑙𝑛(𝑇) =

𝑒𝑟𝑟𝑜𝑟
𝑎𝑣𝑒𝑟𝑎𝑔𝑒 

Example calculation for 40 degrees at 60s  

𝛿𝑙𝑛(𝑇) =
1.4
26.6 = ±0.05 
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Figure 7: non linearised graph of the transient heat at the base of the handle of the wooden 
spoons for different temperatures of water 
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Table 8: Change in temperature at end of ladle handle 

Time(s) ±3 
Reading 1 
/ ±𝟎. 𝟏℃ 

Reading 2 
/ ±𝟎. 𝟏℃ 

Reading 3 
/ ±𝟎. 𝟏℃ 

Reading 4 
/ ±𝟎. 𝟏℃ 

Reading 5 
/ ±𝟎. 𝟏℃ Mean / ℃ Error / ± 

Standard 
deviation 

0 25.9 26 26 25.9 25.7 25.9 0.15 0.012 
10 26.1 26.2 26.1 26.3 25.9 26.1 0.2 0.018 
20 27.3 26.9 27.2 27 26.6 27 0.35 0.06 
30 25.4 25.7 25.1 25.2 25.6 25.4 0.3 0.052 
40 24.5 25 25 25 24.5 24.8 0.25 0.06 
50 25.9 25.8 25.6 25.8 25 25.6 0.45 0.106 
60 25.4 25.7 25.4 25.9 25.7 25.6 0.25 0.038 
70 25.1 25 25 25.3 25.1 25.1 0.15 0.012 
80 26.3 26.3 26 26.4 26.5 26.3 0.25 0.028 
90 26.2 26.2 26.4 26.2 25.6 26.1 0.4 0.074 

100 25.2 25.3 25.4 25 25.6 25.3 0.3 0.04 
110 24.8 24.8 24.5 24.5 24.9 24.7 0.2 0.028 
120 24.6 24.6 24.7 24.7 24.9 24.7 0.15 0.012 
130 25.6 25.1 25.1 25.1 25.6 25.3 0.25 0.06 
140 25.3 25.1 25.2 25 25.4 25.2 0.2 0.02 
150 25.1 25.1 25.4 25.1 25.9 25.3 0.4 0.098 
160 24.7 24.8 25.1 24.7 25.2 24.9 0.25 0.044 
170 24.8 24.4 24.9 24.6 24.4 24.6 0.25 0.042 
180 24.8 24.6 24.6 24.2 24.3 24.5 0.3 0.048 
190 24.6 24.5 24.6 24.5 25.4 24.7 0.45 0.118 
200 25.5 25.5 25.3 25.7 25.9 25.6 0.3 0.042 
210 24.9 24.8 24.9 24.7 25.2 24.9 0.25 0.028 
220 25.3 25.6 25.2 25.4 25 25.3 0.3 0.04 
230 25.6 25.9 25.7 25.6 26.2 25.8 0.3 0.052 
240 27.5 27.1 27.6 27.1 27.7 27.4 0.3 0.064 
250 25.5 25.3 25.5 25.7 25 25.4 0.35 0.056 
260 25.1 25.3 25.4 25.3 25.3 25.3 0.15 0.01 
270 24.7 25.2 24.9 25.1 24.6 24.9 0.3 0.052 
280 25.2 25 25.3 25 25 25.1 0.15 0.016 
290 25 24.8 25 24.9 24.2 24.8 0.4 0.09 
300 24.9 24.8 25.1 24.9 24.3 24.8 0.4 0.072 
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Table 9: Change in temperature at end of spatula handle 

 
 
 
 
 
 
 
 
 

Time (s) 
±3 

Reading 
1 / ±𝟎. 𝟏℃ 

Reading 
2 / ±𝟎. 𝟏℃ 

Reading 
3 / ±𝟎. 𝟏℃ 

Reading 
4 / ±𝟎. 𝟏℃ 

Reading 
5 / ±𝟎. 𝟏℃ Mean / ℃ Error / ± 

Standard 
deviation 

0 25.5 25.3 25.4 25.2 25.5 25.4 0.15 0.014 
10 24.9 25.1 25 25.4 25.1 25.1 0.25 0.028 
20 24.4 24.3 24.4 24 23.9 24.2 0.25 0.044 
30 23.6 23.7 23.9 23.5 23.4 23.6 0.25 0.03 
40 27 27 26.9 27.5 27.6 27.2 0.35 0.084 
50 25.2 25.3 25 25.2 24.9 25.1 0.2 0.022 
60 24 24.3 24.6 24.5 24.1 24.3 0.3 0.052 
70 23.4 23.8 23.3 23.8 23.2 23.5 0.3 0.064 
80 25.2 25.1 25 25.1 24.2 24.9 0.5 0.134 
90 24.5 24.8 24.7 24.3 24.7 24.6 0.25 0.032 

100 25.2 25.1 25.6 25.3 25.3 25.3 0.25 0.028 
110 25.3 25.4 25.2 25.1 25.5 25.3 0.2 0.02 
120 25.9 25.5 25.7 25.5 25.9 25.7 0.2 0.032 
130 25.2 25.6 25.7 25.7 24.9 25.4 0.4 0.102 
140 25.4 25.4 25.1 24.9 25.1 25.2 0.25 0.038 
150 24.5 24.4 24.4 24.3 25.3 24.6 0.5 0.134 
160 24.8 24.4 24.9 24.5 24.9 24.7 0.25 0.044 
170 24.6 24.7 25 24.7 25.4 24.9 0.4 0.086 
180 24.6 24.6 24.8 24.7 24.3 24.6 0.25 0.028 
190 24.6 24.5 24.4 24.6 25.4 24.7 0.5 0.128 
200 24.5 24.6 24.7 24.7 24.5 24.6 0.1 0.008 
210 24.6 24.6 24.5 24.9 24.9 24.7 0.2 0.028 
220 24.5 24.9 25 25 24.6 24.8 0.25 0.044 
230 24.5 24.5 24.7 24.5 24.9 24.6 0.2 0.026 
240 24.7 24.6 24.8 24.5 25.4 24.8 0.45 0.1 
250 24.5 24 24.3 24.2 24.5 24.3 0.25 0.036 
260 24 24.3 24.1 23.7 23.9 24 0.3 0.04 
270 24.6 24.6 24.6 24.7 24.5 24.6 0.1 0.004 
280 23.9 23.8 23.9 24.3 24.1 24 0.25 0.032 
290 23.6 24 23.8 23.8 23.7 23.8 0.2 0.018 
300 23.5 23.8 23.9 23.7 24.1 23.8 0.3 0.04 
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Surface area for spatula 
 
Dimensions of head: 
  Width(w) = 8.9cm 
  Length(l) = 9.8cm 
  Thickness(t) = 0.2cm 
  Radius of holes(𝑟*) = 0.35cm 
 

Front and Back surface area of spatula head: 
 

𝐴% = 𝑤𝑙 = 8.9𝑐𝑚 ∗ 9.8𝑐𝑚 = 87.42𝑐𝑚# 
 

𝐴& = 𝐴% = 87.42𝑐𝑚# 
  

Surface area of side of spatula head: 
 
𝐴' = 2𝑤𝑡 + 2𝑙𝑡 = 2 ∗ 8.9𝑐𝑚 ∗ 0.2𝑐𝑚 + 2 ∗ 9.8𝑐𝑚 ∗ 0.2𝑐𝑚 = 7.48𝑐𝑚# 

 
 Area of one hole: 
 

𝐴( = 𝜋𝑟# = 𝜋0.35# = 0.385𝑐𝑚# 
 
 Surface area of inner edge of one hole 
 

𝐴) = 2𝜋𝑟𝑡 = 2 ∗ 𝜋 ∗ 0.35𝑐𝑚 ∗ 0.2𝑐𝑚 = 0.44𝑐𝑚# 
 
 
 Total surface area of spatula head: 

𝐴'*+, = [𝐴% − 16𝐴(\ + (𝐴& − 16𝐴() + 𝐴- + 16𝐴) = 177.04𝑐𝑚# 
 
 
Surface area of Ladle: 
 
 Dimensions of head: 
  Depth(D) = 5.9cm 
  Left to right radius(𝑟+) = 5.05cm 
  Front to back radius (𝑟,) = 	5.2𝑐𝑚 
 
 Outer surface area of ladle head: 
 

𝐴- = 	2𝜋(
(𝑟+ × 𝑟,)..0123 + (𝑟+ × 𝐷)..0123	 + (𝑟, × 𝐷)..0123

3
)

.
..0123 = 181.90𝑐𝑚' 

 
Inner surface area of ladle head: 
 

𝐴! = 	2𝜋(
((𝑟" − 0.2) × (𝑟#−0.2))$.&'() + ((𝑟" − 0.2) × (𝐷 − 0.2))$.&'()	 + ((𝑟# − 0.2) × (𝐷 − 0.2))$.&'()

3 )
$

$.&'() = 168.62𝑐𝑚+ 

  
Surface area of side of ladle: 

 
𝐴+ = 𝛱𝜋𝑟, − 𝜋(𝑟+ − 0.2)(𝑟, − 0.2) 	= 	6.31𝑐𝑚' 

  
Total surface area of ladle head: 
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𝐴,GH = 𝐴- + 𝐴I + 𝐴J 	= 	356.83𝑐𝑚' 

 
 
Volume of spatula head: 
  

Volume of spatula head, not accounting for holes: 
 𝑉./$, = 	𝑤𝑙𝑡	 = 	8.9𝑐𝑚	 × 9.8𝑐𝑚 × 0.2𝑐𝑚	 = 	17.44𝑐𝑚0 

 
Volume of one cylindrical hole: 

𝑉(12/ = 	𝜋𝑟#𝑡	 = 𝜋 × (0.35𝑐𝑚)# × 0.2𝑐𝑚	 = 	0.08𝑐𝑚0	 
  
Total volume of spatula head: 

𝑉'*+, =	𝑉./$, − 16𝑉(12/ = 	16.16𝑐𝑚0 
 
 
Volume of ladle head: 
 
 Volume of a semi ellipsoid: 

𝑉%322 =	
4
3𝜋𝑟'𝑟2𝐷	 =

4
3𝜋 × 5.05𝑐𝑚 × 5.2𝑐𝑚 × 5.9𝑐𝑚	 = 	648.99𝑐𝑚0	 

 
 Volume of inner semi ellipsoid: 

𝑉455/. =	
4
3𝜋(𝑟' − 𝑡)(𝑟2 − 𝑡)(𝐷 − 𝑡) 	=

4
3𝜋 × 4.85𝑐𝑚 × 5𝑐𝑚 × 5.7𝑐𝑚	

= 	579.00𝑐𝑚0 
  
 Total volume of ladle head: 

𝑉2+6 = 𝑉%322 − 𝑉455/. = 69.99𝑐𝑚0 
 
Volume specific surface area of spatula head: 

 𝜔'*+, =
7?@AB
8?@AB

= 9::.<=$>C

9?.9?$>D = 10.96𝑐𝑚@9 

 
 
Volume specific surface area of ladle head: 

𝜔2+6 =
𝐴2+6
𝑉2+6

=
177.04𝑐𝑚#

69.99𝑐𝑚0 = 5.10𝑐𝑚@9 

 
 
Heat Flux calculation for ladle                 
 

𝒒 =	
𝒌𝒙𝑨𝒙(∆𝑻)

𝑳𝒙
 

𝐾,GH 	= 0.32W/m∙k, 𝐴,GH = 	𝜋(H
'
)' = 	𝜋(1.1'3

'
)' = 4.91 × 10KL𝑚', 𝐿,GH = 0.227𝑚 

 

𝒒 =	
0.32 ∗ 4.91 × 10−4(∆𝑻)

0.227  
𝑞FGH = 0.015𝑊 
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Heat flux calculation for spatula 
𝒒 =	

𝒌𝒙𝑨𝒙(∆𝑻)
𝑳𝒙

 

𝐾+NGO	= 0.26W/m∙k, 𝐴+NGO = 	𝜋(1.1'P
'
)' = 6.16 × 10KL𝑚', 	𝐿+NGO = 0.273𝑚 

 

𝒒 =	
0.26 ∗ 6.16 × 10−4(∆𝑻)

0.227  
 

𝑞FGH = 0.015𝑊 
 
 
 
Table 10: 60°C change in temperature over time at bottom of handle of stainless steel tongs 
Time ± 
5s 

Trial 1 / 
±𝟎. 𝟏℃ 

Trial 2 / 
±𝟎. 𝟏℃ 

Trial 3 / 
±𝟎. 𝟏℃ 

Trial 4 / 
±𝟎. 𝟏℃ 

Trial 5 / 
±𝟎. 𝟏℃ 

Average 
/ °C 

Error / 
± 

Standard 
deviation 

60 44.2 43.6 46.1 47.5 46.1 45.5 2 1.583 

120 49.3 48.1 50.1 49.5 49 49.2 1.1 0.735 

180 57.9 57.4 58.1 58.9 59.2 58.3 0.9 0.738 

240 54.7 56.2 56.8 58.6 57.2 56.7 2 1.425 

300 58.7 58.9 60.2 59.7 59.5 59.4 0.8 0.608 
 
 
Table 11: 60°C change in temperature over time at bottom of handle of insulated stainless steel tongs 
Time ± 
5s 

Trial 1 / 
±𝟎. 𝟏℃ 

Trial 2 / 
±𝟎. 𝟏℃ 

Trial 3 / 
±𝟎. 𝟏℃ 

Trial 4 / 
±𝟎. 𝟏℃ 

Trial 5 / 
±𝟎. 𝟏℃ 

Average / 
±𝟎. 𝟏℃ 

Error 
/ ± 

Standard 
deviation 

60 33 34.1 35.4 34.9 33.6 34.2 1.2 0.967 

120 36.1 35.8 37.2 36.9 36 36.4 0.8 0.612 

180 38.3 37.9 38.8 38.5 38 38.3 0.5 0.367 

240 40.4 40.4 40.1 39.8 39.3 40 0.7 0.464 

300 43.3 44.1 43.2 43.4 44.5 43.7 0.8 0.570 
 
 

Insulated stainless steel tongs heat conduction constant calculations: 

𝑚 = 𝜌-424$15/𝑉 = 𝜌-424$15/ × (𝐿 × 𝑤 × 𝑇() 	= 	1100
𝑘𝑔
𝑚0 × (0.02𝑚 × 0.029𝑚 × 0.006𝑚)

= 3.828 × 10@0𝑘𝑔 

𝑑𝑇
𝑑𝑡 =

𝑇A45+2 − 𝑇)54,4+2
𝑡 =

43.7°𝑪		 − 	𝟐𝟑°𝑪⬚

300𝑠 = 0.069
𝐾
𝑠  

𝑞 = 𝑚 × 𝑐*@' ×
𝑑𝑇
𝑑𝑡 = (3.828 × 10@0𝑘𝑔) × (1050

𝐽
𝑘𝑔 ⋅ 𝐾) × (0.069

𝐾
𝑠 ) = 0.2773

𝐽
𝑠 
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𝑑𝑇
𝑑𝑥 =

𝑇A45+2 − 𝑇)54,4+2
𝑑 =

43.7°𝑪	 − 	𝟐𝟑°𝑪

0.269𝑚 = 79.95
𝐾
𝑚 

𝑘 =
𝑞
𝐴 ×

𝑑𝑇
𝑑𝑥 =

0.2773 𝐽𝑠
0.006𝑚	 × 	0.029𝑚 ×

1

79.95 𝐾𝑚
= 19.93

𝑊
𝑚 ⋅ 𝐾 

Stainless steel tongs heat conduction constant calculations: 

𝑚 = 𝜌--𝑉 = 𝜌-- × (𝐿 × 𝑤 × 𝑇() 	= 	7930
𝑘𝑔
𝑚0 × (0.02𝑚 × 0.031𝑚 × 0.001𝑚)

= 4.9166 × 10@0𝑘𝑔 

𝑑𝑇
𝑑𝑡 =

𝑇A45+2 − 𝑇)54,4+2
𝑡 =

59.4°𝑪		 − 	𝟐𝟑°𝑪⬚

300𝑠 = 0.1213
𝐾
𝑠  

𝑞 = 𝑚 × 𝑐*@' ×
𝑑𝑇
𝑑𝑡 = (4.9166 × 10@0𝑘𝑔) × (490

𝐽
𝑘𝑔 ⋅ 𝐾) × (0.1213

𝐾
𝑠 ) = 0.292

𝐽
𝑠 

𝑑𝑇
𝑑𝑥 =

𝑇A45+2 − 𝑇)54,4+2
𝑑 =

59.4°𝑪	 − 	𝟐𝟑°𝑪

0.32𝑚 = 113.75
𝐾
𝑚 

𝑘 =
𝑞
𝐴 ×

𝑑𝑇
𝑑𝑥 =

0.292 𝐽𝑠
0.001𝑚	 × 	0.031𝑚 ×

1

113.75 𝐾𝑚
= 82.8

𝑊
𝑚 ⋅ 𝐾 

Stainless steel tongs heat conduction constant percent error calculation: 

𝑃𝐸 = j
82.8 𝑊

𝑚 ⋅ 𝐾 	− 	16.2
𝑊

𝑚 ⋅ 𝐾
16.2 𝑊

𝑚 ⋅ 𝐾
j × 100%	 = 	411.1%	𝑒𝑟𝑟𝑜𝑟 

 

SJIE 1(2) X-X (2025)                                                                                                                                              Krause et al



 


