
A Tank Contains 2880 L Of Pure Water.
Solution That Contains 0.03 Kg Of Sugar Per
Liter Enters The Tank
A Tank Contains 2880 L Of Pure Water. Solution That Contains 0.03 Kg Of Sugar Per Liter
Enters The Tank

When a tank initially holds 2880 liters of pure water and a solution containing 0.03 kg of sugar per
liter begins to enter, it creates an interesting scenario involving mixture calculations, concentration
changes, and overall volume adjustments. Understanding how the sugar concentration evolves over
time, as well as the total amount of sugar in the tank at different stages, is essential for various
industrial, environmental, and scientific applications. This article explores the step-by-step process of
analyzing such a problem, including relevant formulas, calculations, and practical implications.

---

Understanding the Basic Concepts

Before delving into calculations, it is important to clarify some foundational concepts related to
mixtures, concentration, and flow:

1. Volume of the Tank
- Initial volume: 2880 liters of pure water.
- Additional solution enters the tank over time, increasing the total volume unless there is an outlet.

2. Composition of the Incoming Solution
- Contains 0.03 kg of sugar per liter.
- The flow rate of the incoming solution can vary; for simplicity, we often assume a constant rate.

3. Mixture Concentration
- As the solution enters, the concentration of sugar in the tank changes.
- The goal is to determine the concentration at various times and the total amount of sugar.

4. Assumptions for Simplification
- No sugar is removed from the tank unless specified.
- The solution flows in at a constant rate.
- The tank is well-mixed at all times, ensuring uniform concentration.



---

Formulating the Problem

The problem involves calculating how the concentration of sugar in the tank evolves as the solution
flows in. Key variables include:

- V(t): Volume of the mixture in the tank at time t.
- Q_in: Rate of inflow (liters per minute or second).
- C_in: Concentration of sugar in the incoming solution (0.03 kg/l).
- C(t): Concentration of sugar in the tank at time t.
- S(t): Total amount of sugar in the tank at time t.

---

Mathematical Modeling of the Solution

To analyze this system, we set up differential equations that describe the change in the amount of
sugar over time.

1. Volume Change Equation
Assuming the inflow rate is Q_in and no outflow:
\[
V(t) = V_0 + Q_{in} \times t
\]
where \(V_0 = 2880\, \text{L}\).

If there is no outflow, the volume increases linearly over time; if outflow exists, the model becomes
more complex.

2. Sugar Content Equation
The rate of change of sugar in the tank:
\[
\frac{dS}{dt} = \text{Inflow of sugar} - \text{Outflow of sugar}
\]

Assuming no outflow:
\[
\frac{dS}{dt} = Q_{in} \times C_{in}
\]

If the tank is only being filled (no withdrawal), then:
\[



S(t) = S_0 + Q_{in} \times C_{in} \times t
\]
where \(S_0\) is initial sugar amount, which is zero since the water is pure.

---

Calculating the Total Sugar in the Tank Over Time

Given the initial conditions:

- Initial sugar \(S_0 = 0\) kg (pure water).
- Inflow rate \(Q_{in}\) (assumed constant).

The total sugar after time \(t\):
\[
S(t) = 0 + Q_{in} \times C_{in} \times t
\]

Total volume at time \(t\):
\[
V(t) = 2880\, \text{L} + Q_{in} \times t
\]

The concentration at time \(t\):
\[
C(t) = \frac{S(t)}{V(t)} = \frac{Q_{in} \times C_{in} \times t}{2880 + Q_{in} \times t}
\]

---

Example Calculation: Concentration After a Certain
Time

Suppose the inflow rate is 10 liters per minute. Then:

- \(Q_{in} = 10\, \text{L/min}\)
- \(C_{in} = 0.03\, \text{kg/L}\)

Calculate the sugar concentration after 60 minutes:

Step 1: Total sugar added:
\[
S(60) = 10 \times 0.03 \times 60 = 10 \times 1.8 = 18\, \text{kg}
\]

Step 2: Total volume after 60 minutes:



\[
V(60) = 2880 + 10 \times 60 = 2880 + 600 = 3480\, \text{L}
\]

Step 3: Concentration:
\[
C(60) = \frac{18}{3480} \approx 0.00517\, \text{kg/L}
\]

This indicates that after an hour, the sugar concentration in the tank is approximately 0.00517 kg per
liter, or about 5.17 grams per liter.

---

Implications and Practical Applications

Understanding how the sugar concentration changes over time is crucial in various fields, such as:

1. Food and Beverage Industry
- Controlling sugar levels during liquid mixing processes.
- Ensuring consistent flavor and sweetness.

2. Environmental Engineering
- Predicting pollutant dilution in water bodies.
- Designing treatment systems for contaminated water.

3. Chemical Processing
- Managing concentrations during batch and continuous processes.
- Optimizing reaction conditions based on concentration profiles.

Factors Affecting the Mixture Dynamics

While the above calculations assume ideal conditions, real-world scenarios involve additional factors:

1. Outflow or Drainage
- If the mixture is drained or flows out at a rate \(Q_{out}\), the differential equations become:

\[
\frac{dS}{dt} = Q_{in} \times C_{in} - Q_{out} \times C(t)



\]

- Total volume:
\[
V(t) = V_0 + (Q_{in} - Q_{out}) \times t
\]

2. Variable Flow Rates
- Changes in inflow or outflow over time alter the concentration evolution.

3. Non-ideal Mixing
- Incomplete mixing can cause concentration gradients within the tank.

Designing an Efficient Mixing System

To ensure uniform concentration and avoid stratification, proper mixing mechanisms are essential:

- Agitators or mixers to promote homogeneity.
- Flow design to prevent dead zones.
- Monitoring sensors to measure concentration in real-time.

---

Conclusion

Analyzing the scenario where a tank contains 2880 liters of pure water and receives a solution with
0.03 kg of sugar per liter involves understanding the principles of mixture dynamics, flow rates, and
concentration calculations. By modeling the inflow and assuming perfect mixing, one can determine
how the sugar concentration evolves over time, aiding in process control and optimization. Whether
for industrial applications, environmental management, or scientific research, mastering these
calculations enables effective management of liquid mixtures and ensures desired outcomes in
various processes.

---

Summary of Key Formulas
- Total sugar after time \(t\):
\[
S(t) = Q_{in} \times C_{in} \times t
\]



- Total volume after time \(t\):
\[
V(t) = V_0 + Q_{in} \times t
\]
- Concentration at time \(t\):
\[
C(t) = \frac{S(t)}{V(t)} = \frac{Q_{in} \times C_{in} \times t}{V_0 + Q_{in} \times t}
\]

Understanding these fundamental relationships allows for precise control and prediction of mixture
compositions in various fluid handling systems.

Frequently Asked Questions

What is the initial amount of sugar in the tank before the
solution starts entering?
The initial amount of sugar is 0 kg since the tank contains pure water with no sugar initially.

How much sugar is added to the tank per liter of solution
entering?
The solution contains 0.03 kg of sugar per liter.

If the inflow continues, how do we calculate the total amount
of sugar in the tank after a certain time?
You multiply the rate of sugar per liter (0.03 kg) by the total volume of solution that has entered up to
that time, assuming the tank is initially empty or considering the mixing process if not empty initially.

What is the rate of change of sugar in the tank as the solution
enters and mixes?
The rate of change depends on the inflow rate of solution and the concentration of sugar in the
incoming solution, leading to an increase in the total sugar amount over time.

How do you determine the concentration of sugar in the tank
after a specific period?
The concentration is calculated by dividing the total amount of sugar in the tank by the total volume
of water in the tank at that time.

What are the key steps to model the sugar concentration in



the tank over time?
Set up a differential equation representing the rate of change of sugar considering inflow and outflow
(if any), then solve for the concentration as a function of time.

Additional Resources
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Tank

Understanding the dynamics of dissolving substances into water, especially in large-scale scenarios
such as tanks or reservoirs, is crucial in various fields including chemical engineering, environmental
science, and industrial processes. The scenario where a tank containing 2880 liters of pure water
receives a solution with a specific sugar concentration per liter presents an interesting case study in
mixture calculations, rate processes, and concentration management. This article offers a
comprehensive review of this situation, examining the fundamental principles, potential implications,
and practical applications.

---

Overview of the Scenario

The core of this scenario involves a large storage tank with a fixed volume of pure water—specifically,
2880 liters. The tank is being continuously or intermittently fed with a solution that contains 0.03 kg
of sugar per liter. Understanding this setup requires analyzing several key factors:

- The initial state of the tank (pure water)
- The concentration and volume of the incoming solution
- The rate at which the solution is added
- The mixing process within the tank
- The resulting concentration of sugar over time

This setup can be modeled mathematically to determine how the sugar concentration evolves, how
long it takes to reach equilibrium, and what implications this has for processes like water treatment,
food industry applications, or chemical manufacturing.

---

Key Concepts and Principles

Mixture and Dilution Principles

When a solution with a known concentration of solute (here, sugar) is added to pure water, the



resulting mixture's concentration depends on the volumes involved and the rate of addition. The
fundamental principle is conservation of mass: the total amount of sugar in the tank at any time
equals the initial amount plus the amount added over time.

The concentration at any point can be modeled with the following basic formula:

\[
C(t) = \frac{\text{Total sugar in tank at time } t}{\text{Total volume of solution in tank at time } t}
\]

where:

- \( C(t) \) is the concentration at time \( t \),
- The total sugar in the tank is the sum of initial sugar (zero in pure water) and the sugar added,
- The total volume changes based on addition rates.

---

Mathematical Modeling of the Process

Assuming the solution is added at a constant rate \( Q \) liters per minute, with a sugar concentration
\( C_{in} = 0.03 \text{ kg/L} \), and that the tank is perfectly mixed, the governing differential
equation becomes:

\[
\frac{dS}{dt} = Q \times C_{in} - Q \times \frac{S(t)}{V}
\]

where:

- \( S(t) \) is the amount of sugar in the tank at time \( t \),
- \( V \) is the volume of solution in the tank at time \( t \).

Since the volume is increasing as solution is added, it is:

\[
V(t) = V_0 + Q \times t
\]

with \( V_0 = 2880 \) liters.

The differential equation simplifies to:

\[
\frac{dS}{dt} = Q \times C_{in} - \frac{Q}{V(t)} \times S(t)
\]

This is a linear differential equation that can be solved to find the concentration as a function of time.



---

Implications of the Solution Entry

Concentration Growth Over Time

Given the initial pure water state, the sugar concentration in the tank will increase over time as the
solution is added. The key factors influencing this growth include:

- The rate of solution addition \( Q \)
- The concentration of sugar in the incoming solution \( C_{in} \)
- The volume of the tank \( V(t) \)

As time progresses, the concentration approaches a steady state, where the rate of sugar input
equals the rate at which sugar is diluted by the increasing volume.

Steady State Concentration:

At equilibrium, when the concentration stabilizes (\( \frac{dS}{dt} = 0 \)), the steady-state sugar
amount \( S_{ss} \) is:

\[
S_{ss} = C_{in} \times V(t)
\]

and the concentration \( C_{ss} \):

\[
C_{ss} = \frac{S_{ss}}{V(t)} = C_{in}
\]

However, because the volume increases over time, the concentration approaches \( C_{in} \)
asymptotically, assuming continuous addition.

---

Practical Considerations in Real-World Applications

- Mixing Efficiency: Perfect mixing ensures uniform concentration throughout the tank. In reality,
mixing may be imperfect, leading to concentration gradients.
- Addition Rate: A higher \( Q \) accelerates the increase in sugar content but also causes rapid
volume growth, which might be undesirable in certain settings.
- Monitoring and Control: Sensors and control systems are essential to maintain desired
concentrations, especially in food processing or chemical manufacturing.
- Environmental Impact: If the solution contains other contaminants, understanding the dilution



process is vital for environmental safety and compliance.

---

Potential Applications and Significance

The scenario outlined is common in multiple sectors, and understanding its dynamics offers valuable
insights.

1. Food Industry and Sugar Infusion Processes

In food manufacturing, precise sugar concentrations are critical for flavor, preservation, and texture.
This model helps in designing infusion processes where sugar solutions are added to water or other
liquids in controlled quantities to achieve target concentrations.

Features and Pros:

- Precise control of sugar content
- Ability to predict concentration over time
- Efficient mixing processes

Features and Cons:

- Requires accurate flow measurement
- Potential for uneven distribution if mixing is inadequate

2. Water Treatment and Purification

In water treatment plants, understanding how additives or chemicals dissolve and distribute within
large tanks informs process optimization and safety protocols.

Features and Pros:

- Ensures uniform distribution of chemicals
- Helps in designing dosing schedules

Features and Cons:

- Complex dynamics if multiple chemicals are involved
- Need for real-time monitoring

3. Chemical Reaction Engineering



Batch or continuous reactors often involve feeding reactants at specific rates. Modeling the
concentration change over time ensures optimal reaction conditions.

Features and Pros:

- Enhances yield and efficiency
- Facilitates process scaling

Features and Cons:

- Requires detailed modeling
- Sensitive to operational fluctuations

---

Advantages and Limitations of the Process

Advantages:

- Predictable Concentration Control: Mathematical modeling allows for precise planning.
- Scalability: The principles can be scaled to large or small systems.
- Process Optimization: Helps in determining optimal flow rates and concentrations.
- Quality Assurance: Ensures consistent product quality or environmental safety.

Limitations:

- Assumption of Perfect Mixing: Real systems may have imperfect mixing leading to concentration
gradients.
- Constant Addition Rate Assumption: In practice, flow rates may fluctuate.
- Neglecting Other Factors: Temperature, pressure, and chemical interactions can influence
dissolution and mixing.
- Volume Increase Management: Growing volume may require additional infrastructure or storage
considerations.

---

Conclusion

The scenario of a tank containing 2880 liters of pure water receiving a solution with 0.03 kg of sugar
per liter exemplifies fundamental principles of mixture dynamics, differential equations, and process
control. It illustrates how mathematical modeling provides insights into concentration evolution, which
is crucial for designing efficient and safe chemical or food processes. Whether in industrial
manufacturing, environmental management, or research, understanding the behavior of solutions
entering large volumes of water underpins effective process engineering. While the ideal assumptions
provide a solid foundation, real-world applications demand consideration of additional factors such as
mixing efficiency, flow variability, and environmental effects to optimize outcomes. This case study



not only highlights the importance of quantitative analysis but also emphasizes the need for
meticulous process design and monitoring to achieve desired results in diverse practical contexts.
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