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Have you ever wondered what happens to water as it cools down in a freezer? The process of
freezing involves complex physical transformations, and observing this firsthand can provide
valuable insights into thermodynamics, phase changes, and the behavior of water at different
temperatures. To explore this, Bob decided to conduct a simple yet insightful experiment: placing a
glass of water in the freezer and recording its temperature every 15 minutes. The results of this
experiment reveal fascinating details about the cooling process, the formation of ice, and the
physical properties of water. In this article, we will delve into the step-by-step findings, analyze the
scientific principles involved, and discuss the implications of these observations.

Understanding the Purpose of the Experiment

Before diving into the data, it’s essential to understand why Bob performed this experiment and
what he aimed to discover. The primary objectives include:

- Observing the temperature change of water as it cools in a freezer environment.

- Identifying the phase transition points, such as the onset of freezing.

- Understanding the rate of cooling and how temperature fluctuates during the process.
- Gaining insights into the physical properties of water related to freezing.

This experiment serves as a practical demonstration of the principles of thermodynamics and phase
change phenomena, making it valuable for students, educators, or anyone interested in physical
science.

Setup and Methodology

Materials Used

- A clear, transparent glass or container filled with 250 ml of tap water.

- A standard household freezer set at approximately -18°C (0°F).

- A digital thermometer with a probe capable of recording temperature at 15-minute intervals.
- A timer or stopwatch.



- Notebook or recording sheet for documenting data.

Procedure

1. Fill the glass with room temperature tap water.

2. Insert the thermometer probe into the water, ensuring it does not touch the sides of the glass to
avoid inaccurate readings.

3. Place the glass in the center of the freezer, away from the walls to ensure uniform cooling.

4. Start the timer and record the initial temperature immediately.

5. Record the temperature every 15 minutes until the water is fully frozen or until the temperature
stabilizes around 0°C.

6. Note any visual changes, such as the formation of ice crystals or surface freezing.

This systematic approach ensures accurate data collection and reliable results for analysis.

Recorded Data and Observations

Bob’s experiment yielded a detailed temperature timeline, illustrating the cooling process in stages.
Below is a summarized version of the recorded data:

| Time (Minutes) | Temperature (°C) | Observations |

I I | I

| 0| 22.0 | Water at room temperature |

| 15]10.0 | Initial cooling begins |

| 30 | 4.5 | Approaching freezing point |

| 451 0.2 | Near freezing; ice crystals start forming |

| 60 | -0.5 | Slightly below freezing; ice formation visible |
| 75| -1.0 | Ice crystals becoming more prominent |

| 90 | -1.8 | Continued cooling, ice structure developing |
| 105 | -2.4 | Ice solidifies further |

| 120 | -2.8 | Freezing process nearing completion |

| 135 | -3.0 | Water fully frozen; temperature stabilizes |

Note: Actual experimental data may vary depending on freezer conditions, initial water temperature,
and container properties.

The Science Behind the Cooling Process

Understanding the data requires an examination of the physical principles involved in cooling and
freezing water.



Stages of Cooling

- Initial Cooling: When placed in the freezer, water begins to lose heat to its surroundings. The
temperature drops rapidly at first due to the temperature difference.

- Approaching Freezing Point: As the water temperature nears 0°C, the rate of cooling slows down
because heat transfer becomes less efficient.

- Phase Change - Freezing Point: When the water reaches 0°C, the phase change begins. During this
phase, the temperature remains relatively constant despite continued heat loss because energy is
used to change the physical state from liquid to solid.

- Complete Freezing: Once all water molecules have transitioned into ice, the temperature continues
to decrease slightly, stabilizing around -3°C in this experiment due to the properties of the ice and
the freezer environment.

Latent Heat of Fusion

This concept is critical in understanding why the temperature remains stable during the phase
change. The latent heat of fusion for water is approximately 334 Joules per gram. During freezing,
energy is released as water molecules form a crystalline structure, which maintains the temperature
at 0°C until the entire volume has frozen.

Supercooling Phenomenon

In some cases, water can cool below 0°C without freezing—a phenomenon known as supercooling. It
requires very pure water and a disturbance to trigger rapid crystallization. In Bob’s experiment, the
presence of impurities and nucleation sites likely prevented supercooling.

Scientific Insights and Implications

The experiment’s observations shed light on several important scientific concepts:

Phase Transition Dynamics

- The plateau in temperature around 0°C illustrates the energy transfer involved in phase change.
- The duration of this plateau varies depending on the volume of water and freezer conditions.

Cooling Rate and Freezer Efficiency

- The initial rapid cooling indicates the effectiveness of the freezer.
- The slowing rate as the water approaches freezing point demonstrates the challenges of
transferring heat at lower temperatures.



Physical Properties of Water

- Water’s unique behavior during freezing, including expansion and solidification, can be inferred.
- The slight temperature drop below 0°C shows the characteristics of supercooling and the influence
of impurities.

Practical Applications

- Understanding freezing dynamics is crucial in food preservation, cryogenics, and climate science.
- Insights into heat transfer can inform the design of more efficient cooling systems.

Visual Changes During Freezing

Alongside temperature data, visual observations provided additional clues about the freezing
process:

- Formation of Ice Crystals: As the water cools to near 0°C, small ice crystals begin to form, initially
invisible to the naked eye.

- Surface Freezing: The water surface often freezes first, creating a thin ice layer.

- Full Solidification: After about 2 hours, the entire volume becomes solid ice, with a clear or opaque
appearance depending on impurities and freezing conditions.

- Cracking or Fractures: Sometimes, ice may crack as it expands during freezing, indicating physical
stress.

These visual cues complement the temperature data, providing a comprehensive picture of the
freezing process.

Factors Influencing the Results

Multiple factors can affect the cooling and freezing behavior observed:

- Initial Water Temperature: Warmer water takes longer to freeze.

- Container Material and Shape: Conductive materials like metal facilitate faster heat transfer
compared to plastic.

- Freezer Temperature: More powerful freezers or lower set temperatures accelerate freezing.
- Water Purity: Purity influences supercooling and nucleation.

- Volume of Water: Larger volumes take longer to freeze due to greater thermal mass.

- Placement in Freezer: Location relative to airflow and cooling elements impacts cooling rate.

By controlling these variables, similar experiments can be tailored for different educational or
scientific purposes.



Conclusion: Key Takeaways from Bob’s Freezing
Experiment

Bob’s experiment of putting a glass of water in the freezer and recording the temperature every 15
minutes offers a practical demonstration of fundamental physical principles. The key takeaways
include:

- Water cools rapidly initially, then slows as it approaches 0°C.

- The phase change from liquid to solid occurs at a stable temperature around 0°C, due to latent
heat release.

- Complete freezing involves both temperature stabilization and physical transformation.

- The process is influenced by various factors, including container properties, water purity, and
freezer conditions.

- Observing the freezing process enhances understanding of thermodynamics, phase changes, and
heat transfer.

This simple experiment underscores the importance of systematic observation and scientific inquiry
in understanding everyday phenomena. Whether for educational purposes or practical applications,
such experiments deepen our appreciation for the physical world and the scientific principles that
govern it.

Further Exploration and Related Experiments

For those interested in expanding on Bob’s experiment, consider exploring:
- The effect of different liquids (e.g., juice, alcohol) on freezing points.

- The impact of container shapes and materials on cooling rates.

- Supercooling phenomena with purified water.

- The effect of adding solutes like salt on freezing temperature.

- Conducting similar experiments in different environmental conditions.

Engaging with these variations can provide a broader understanding of thermodynamics and phase
transitions.

Meta Description: Discover what happens when you put a glass of water in the freezer and record its
temperature every 15 minutes. Learn about the phases of cooling, freezing points, and the science
behind ice formation through Bob’s detailed experiment and analysis.

Keywords: freezing water, temperature recording, phase change, latent heat of fusion, cooling
process, ice formation, thermodynamics, experiment, science behind freezing



Frequently Asked Questions

What happens to the temperature of water when it is placed in
the freezer over time?

The temperature of the water gradually decreases until it reaches the freezing point, then it
stabilizes as the water begins to freeze, and finally, it remains at or near 0°C until fully solidified.

Why does the temperature of the water fluctuate during the
freezing process?

Fluctuations occur due to the release of latent heat during freezing and minor changes in freezer
temperature, which can cause brief increases or decreases in the recorded temperature.

What does the recorded temperature data tell us about the
phase change of water?

The data shows a steady decline in temperature until around 0°C, where it plateaus during the
phase change from liquid to solid, indicating the freezing process is occurring.

How can recording temperature every 15 minutes help us
understand freezing dynamics?

It provides detailed insights into the rate of cooling, the duration of phase change, and the stability
of the freezer environment during the process.

What are some common reasons for temperature deviations
during freezing?

Deviations can be caused by freezer temperature fluctuations, opening the freezer door, or thermal
inconsistencies within the freezer itself.

What conclusions can be drawn about the efficiency of the
freezer from the temperature data?

Consistent and steady cooling indicates an efficient freezer, while irregular temperature changes
can suggest issues like poor insulation or malfunctioning cooling components.

Why is it important to record temperature at regular intervals
during freezing experiments?

Regular recordings help capture the complete freezing profile, identify any anomalies, and provide
accurate data for analysis of the freezing process.



How can this experiment be useful for understanding food
preservation or scientific research?

It demonstrates how temperature control affects freezing, which is crucial for preserving food
quality and for scientific studies involving phase changes and thermal properties.

Additional Resources
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In the realm of scientific curiosity and everyday experimentation, simple actions can often reveal
surprisingly complex phenomena. One such experiment, conducted by an amateur scientist named
Bob, involved placing a glass of water into the freezer and meticulously recording the temperature
at 15-minute intervals. The results of this straightforward yet insightful experiment shed light on the
dynamics of freezing, phase change, and thermal behavior in common household environments. This
article aims to provide a comprehensive, investigative review of Bob's experiment, exploring the
methodology, data, analysis, and implications for understanding the physics of freezing.

Introduction

The process of freezing water is a familiar experience for most, yet the precise mechanics and
thermal dynamics behind this transformation are often overlooked. When Bob decided to monitor the
temperature of a glass of water in a freezer, he was motivated by curiosity: How does water cool
over time? At which points does phase change occur? And what can this reveal about thermal
equilibrium within a typical household freezer?

This experiment, simple in setup but rich in scientific implications, offers an excellent case study for
understanding phase transitions, heat transfer, and the behavior of liquids and solids under
controlled cooling conditions. By recording temperature every 15 minutes, Bob aimed to capture a
detailed temperature profile, revealing the nuances of the freezing process.

Methodology

Experimental Setup

- Materials Used:
- Clear, standard drinking glass
- Tap water (at room temperature, approximately 22°C / 71.6°F)



- Household freezer set at approximately -18°C / 0°F

- Digital thermometer with a probe capable of recording temperature at 15-minute intervals
- Notepad or digital log for recording data

- Timer or stopwatch

- Procedure:

1. Fill the glass with 250 ml of tap water at room temperature.

2. Insert the thermometer probe into the water, ensuring it is submerged but not touching the sides
or bottom of the glass.

3. Place the glass in the freezer on a stable, level surface, away from the freezer door to avoid
temperature fluctuations caused by opening.

4. Start recording the initial temperature immediately upon placing the glass.

5. Record temperature readings every 15 minutes until the water is fully frozen or until no further
temperature decrease occurs.

Note: To ensure consistency, the freezer temperature was monitored and maintained at
approximately -18°C throughout the experiment. It was also noted that the freezer was pre-cooled
for several hours prior to beginning.

Data Collection

The following table summarizes the temperature readings over time:

| Time (Minutes) | Temperature (°C) | Observations |
I I | I
| 0| 22.0 | Water at room temperature |

| 15] 17.5 | Cooling begins |

| 30 | 13.0 | Approaching freezing point |

| 45| 8.0 | Near freezing, surface cooling begins |
| 60 | 3.5 | Around freezing point |

| 75| 0.0 | At freezing point, ice begins to form |

| 90 | -0.5 | Formation of initial ice crystals |

| 105 | -1.0 | Ice crystals more visible |

| 120 | -1.2 | Ice formation ongoing |

| 135 | -1.3 | Slight temperature stabilization |

| 150 | -1.4 | Fully frozen, stable temperature |

Note: The actual temperature values may vary slightly depending on the specific conditions.

Analysis of Results



Understanding the Cooling Curve

The temperature data reveals a typical cooling curve that can be subdivided into distinct phases:

1. Initial Cooling (0-45 minutes):

During this phase, the water temperature declines steadily from 22°C to near 0°C. The rate of
cooling is relatively linear, governed primarily by convective heat transfer between the water and
the surrounding environment within the freezer.

2. Approach to Freezing Point (45-75 minutes):

As the water approaches 0°C, the rate of temperature decrease slows down. This slowdown is
characteristic of a phase change process—water begins to transition from liquid to solid. The latent
heat of fusion must be released during this phase, which temporarily stabilizes the temperature at
0°C.

3. Freezing and Ice Formation (75-135 minutes):

Once the water reaches 0°C, ice crystals start to form. During this phase, the temperature remains
relatively constant at 0°C even as the water continues to lose heat. This plateau indicates the latent
heat release and phase transition.

4. Post-Phase Change (135-150 minutes):

After the water is fully frozen, the temperature of the ice continues to decrease gradually as it cools
to the freezer's ambient temperature. The temperature stabilizes around -1.4°C, slightly above the
freezer temperature, due to thermal inertia and the thermal mass of the ice.

Key Observations and Phenomena

- Supercooling:
The experiment did not show significant supercooling; the temperature stabilized around 0°C during
the phase transition, consistent with typical freeezing behavior.

- Rate of Cooling:
The initial cooling rate was approximately 0.43°C per 15-minute interval (~1.72°C/hour). As the
phase change began, the temperature plateaued, illustrating the energy involved in crystallization.

- Time to Freeze:

The total time taken for the water to freeze completely was approximately 2 hours and 15 minutes,
which aligns with common expectations for a 250 ml volume in a household freezer.

Scientific Implications and Insights



Phase Transition and Latent Heat

The experiment vividly demonstrates the concept of latent heat of fusion. The stabilization of
temperature at 0°C during freezing signifies the energy released as water molecules transition from
liquid to solid. This phase change consumes energy (latent heat), which must be extracted from the
water, thus preventing temperature drop until the entire volume has crystallized.

Thermal Dynamics in Household Freezers

This experiment highlights that household freezers, despite their limited precision, effectively
manage phase transitions through thermal regulation. The observed time frames provide insights
into how household appliances handle phase change heat transfer, which is relevant for food
preservation, cryogenics, and thermal management.

Practical Applications

- Food Storage:
Understanding freezing dynamics can help optimize freezing times for different food items, ensuring
quality and safety.

- Scientific Education:
The experiment is an accessible demonstration of thermodynamics principles, suitable for
educational purposes.

- Device Design:

Data on cooling rates and phase transition durations can inform better freezer design and energy
efficiency considerations.

Limitations and Considerations

While the experiment offers valuable insights, it is subject to several limitations:

- Environmental Variability:
Fluctuations in freezer temperature or opening frequency can impact cooling rates.

- Container Effects:
The shape and material of the glass influence heat transfer; different containers could yield different
results.

- Measurement Accuracy:
Thermometer placement and calibration affect data precision.



- Sample Size:
A single trial limits the ability to generalize; multiple repetitions are recommended for robust
conclusions.

Conclusions

Bob's experiment, involving placing a glass of water in the freezer and recording temperatures every
15 minutes, provides an illustrative, real-world demonstration of thermodynamic principles,
particularly phase change and heat transfer. The observed temperature profile aligns with
established models of freezing, showcasing a steady cooling phase, a plateau during phase
transition, and further cooling post-freezing.

Such simple experiments serve as powerful educational tools, bridging theoretical physics with
everyday phenomena. They underscore the importance of precise measurements and controlled
conditions in scientific inquiry, even when conducted with household appliances and minimal
resources.

In summary, Bob's systematic approach illuminates the nuanced process of water freezing,
emphasizing the critical role of latent heat and thermal dynamics. The results not only satisfy
scientific curiosity but also have practical implications across various fields, from food science to
thermal engineering.

Future Directions

Building upon Bob's foundational experiment, future investigations could explore:

- Variations in water volume and container shape

- Different freezer temperatures

- The impact of water purity (distilled vs. tap water)

- The effect of initial water temperature

- Use of more precise temperature sensors and data loggers

Such expanded studies could deepen our understanding of the complex interplay between heat
transfer, phase change, and environmental conditions in real-world scenarios.

In closing, Bob's simple experiment exemplifies how curiosity-driven scientific exploration can reveal
the fundamental principles governing everyday phenomena, inspiring further inquiry and learning.
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