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If A Tank Holds 6000 Gallons Of Water, Which Drains From The Bottom Of The
Tank In 50 Minutes, Then Torricelli's theorem provides a fundamental
principle in fluid dynamics that explains the flow of liquids under gravity
through an opening. Understanding this concept is essential for engineers,
physicists, and students studying fluid behavior in various applications,
from designing water tanks to understanding natural phenomena. This article
explores the practical implications of Torricelli's law, calculations
involved, and real-world applications, especially focusing on a scenario
where a tank of 6000 gallons drains through an outlet at the bottom in 50
minutes.

Understanding the Basics: What Is Torricelli's
Law?

Definition of Torricelli's Law

Torricelli's law states that the speed (v) of efflux of a fluid under gravity
from an opening is proportional to the square root of the height (h) of the
fluid column above the opening. Mathematically, it is expressed as:

\[ v = \sgrt{2gh} \]

where:

- v = velocity of the fluid exiting the opening

- g = acceleration due to gravity (~9.81 m/s?)

— h = height of the fluid column above the opening

This principle, derived from Bernoulli's theorem, implies that the flow rate
is directly related to the height of the water column and gravity.

Historical Background

The law is named after Evangelista Torricelli, an Italian physicist and
mathematician, who formulated it in the 17th century. Torricelli's work laid
the foundation for understanding fluid flow, influencing the development of
hydrodynamics.

Applying Torricelli's Law to a Water Tank



Scenario

Scenario Overview

Suppose you have a water tank with a capacity of 6000 gallons. The tank
drains from a hole at its bottom and completes drainage in 50 minutes. To
analyze this situation, we need to convert gallons to a standard volume unit,
understand the flow rate, and apply Torricelli's law to find relevant
parameters.

Converting Gallons to Cubic Feet

Since fluid dynamics calculations often use SI units, converting gallons to
cubic feet is essential:

— 1 US gallon = 0.133681 cubic feet
— Total volume in cubic feet:

\[ 6000 \text{ gallons} \times 0.133681 \text{ ft}"3/\text{gallon} \approx
802.09 \text{ ft}"*3 \]

Calculating the Average Flow Rate

Flow rate (Q) is the volume of water passing through the outlet per unit
time.

— Total drainage time = 50 minutes = 3000 seconds
— Average flow rate:

N[ O = \frac{\text{Total volume}}{\text{Time}} = \frac{802.09 \text{
ft}~3}{3000 \text{ s}} \approx 0.267 \text{ ft}"3/\text{s} \]

Determining the Outlet and Water Height

Assumptions for Simplification

— The cross-sectional area of the outlet is known or can be estimated.
— The water level drops uniformly over time.
— Frictional losses are minimal, and the flow obeys ideal conditions.

Estimating the Height of Water (h)

Using Torricelli's law, the velocity of water at the outlet is:
\[ v = \sgrt{2gh} \]

The flow rate through the opening is:



\[ Q = A \times v \]

where

- A = cross—-sectional area of the outlet opening
- v = velocity of water at the outlet
Rearranged:

\[ Q = A \times \sqgrt{2gh} \]

If the outlet's area is known, we can solve for h.

Calculating the Outlet Area and Flow Rate in
Detail

Step 1: Establish Relationship Between Flow Rate and
Water Height

Given the total volume drained over 50 minutes, the average flow rate is
approximately 0.267 ft®/sec, as calculated earlier.

Step 2: Assuming a Known Outlet Area

Suppose the outlet has a cross—-sectional area of 1 square foot (this is a
common size for large drainage outlets).

Applying the flow rate:

N[ 0.267 \text{ ft}"3/\text{s} = 1 \text{ ft}"2 \times \sqgrt{2g h} \]
Solve for h:

\[ \sgrt{2g h} = 0.267 \]

\[ 2g h = (0.267)"2 \]
\

[ h = \frac{(0.267)"2}{2g} \]

Plugging in g = 32.2 ft/s? (standard acceleration due to gravity in imperial
units) :

N[ h = \frac{0.0713}{2 \times 32.2} \approx \frac{0.0713}{64.4} \approx
0.0011 \text{ ft} \]

This height is unrealistically small, indicating that either the outlet area
is larger, or the assumptions need adjustment.

Step 3: Adjusting the Outlet Area

To match the actual water height, we can solve for the necessary outlet area:

N[ A = \frac{Q}{\sgrt{2gh}} \]



Suppose the initial water height is around 10 ft (a reasonable estimate for a
typical tank):

[
[
[

= \frac{0.267}{\sgrt{2 \times 32.2 \times 10}} \]
= \frac{0.267}{\sqgrt{644}} \]
\frac{0.267}{25.37} \approx 0.0105 \text{ ft}"2 \]

o
=
[l

This indicates the outlet area should be roughly 0.0105 ft? (about 1.5 square
inches) for the water to drain at the observed rate when the water height is
10 ft.

Real-World Applications of Torricelli's Law

Designing Water Storage Tanks
Engineers use Torricelli's law to determine the size of outlets in water

tanks to ensure proper drainage rates. This helps in:

- Planning for controlled emptying
— Preventing overflow or underflow
- Ensuring safety during drainage operations

Hydraulic Engineering and Infrastructure
The law aids in designing:
— Sewer systems

- Fire hydrants
— Irrigation channels

Natural Phenomena and Environmental Studies

Understanding how water flows from natural reservoirs, such as lakes and
ponds, involves applying principles akin to Torricelli’s law, especially when
analyzing flow through natural openings or waterfalls.

Limitations and Considerations

Ideal Conditions Assumption

Torricelli's law assumes an ideal, frictionless flow, which isn't always
realistic. In practical scenarios:

- Frictional losses in the outlet pipe
— Turbulence
- Air resistance



— Variability in water height over time

affect the actual flow rate.

Correction Factors

To account for real-world deviations, engineers introduce a discharge
coefficient (C), modifying the formula:

\[ v = C \sgrt{2gh} \]

where C typically ranges between 0.6 and 0.9 depending on the outlet's shape
and surface roughness.

Conclusion: The Significance of Torricelli's
Law in Fluid Dynamics

Understanding the relationship between water height and flow velocity
provided by Torricelli's law is crucial for designing efficient water
management systems. In the scenario where a 6000-gallon tank drains in 50
minutes, applying fluid dynamics principles allows engineers to estimate
parameters like water height, outlet size, and flow rate. This knowledge
ensures safe, efficient, and predictable drainage systems across various
industries.

Whether for designing municipal water supplies, industrial tanks, or natural
water flow analysis, Torricelli’s law remains a foundational tool in the
field of fluid mechanics. Recognizing its assumptions, limitations, and
applications enhances our ability to manage water resources effectively and
innovate solutions for future challenges.
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Frequently Asked Questions

What is Torricelli's theorem and how does it relate
to the water flow from the tank?

Torricelli's theorem states that the speed of efflux of a fluid under gravity
from an opening is proportional to the square root of the height of the fluid
above the opening. It explains the flow rate of water draining from the tank
based on the height of water and gravitational acceleration.



How can we determine the velocity of water draining
from the tank using Torricelli's theorem?

The velocity v of water draining can be calculated using v = v (2gh), where g
is the acceleration due to gravity and h is the height of water above the
outlet, as per Torricelli's theorem.

Given the tank's volume and drainage time, how do we
find the flow rate of water through the outlet?

Flow rate Q can be calculated as total volume divided by time, so Q = 6000
gallons / 50 minutes, which helps analyze the outlet's effective cross-—
sectional area using principles from Torricelli's theorem.

What assumptions are necessary when applying
Torricelli's theorem to this drainage problem?

Assumptions include that the fluid is incompressible and non-viscous, the
flow is steady and laminar, the tank's cross-sectional area remains constant,
and atmospheric pressure is constant at the outlet.

If the water level in the tank decreases over time,
how does this affect the flow rate according to
Torricelli's theorem?

As the water level drops, the height h decreases, leading to a reduction in
the efflux velocity v, and consequently, the flow rate decreases over time.

How does the diameter of the outlet opening influence
the drainage time in the context of Torricelli's
theorem?

A larger outlet diameter increases the cross-sectional area, allowing more
water to flow out simultaneously, which reduces the drainage time, consistent
with the relationship between velocity, area, and flow rate described by
Torricelli's theorem.

Additional Resources

Understanding the Dynamics of Water Drainage and Torricelli’s Law: An
Analytical Perspective

In the realm of fluid mechanics, the behavior of liquids flowing from
containers is an area rich with practical applications and theoretical
significance. One intriguing scenario involves a tank holding 6,000 gallons
of water that drains from its bottom in a specified time frame—in this case,
50 minutes. Such a problem not only challenges our understanding of fluid
flow principles but also invites us to explore the foundational concepts of
Torricelli’s Law, a pivotal principle in fluid dynamics. This article aims to
dissect this scenario comprehensively, elucidate the underlying physics, and
analyze how Torricelli's Law governs the flow rate and drainage time,
providing insights valuable to engineers, students, and enthusiasts alike.



Setting the Scene: The Water Tank and Drainage
Parameters

Before delving into the physics, it is essential to understand the parameters
of the problem and what they imply about the system.

Tank Specifications and Drainage Time
- Tank Capacity: 6,000 gallons

— Drain Time: 50 minutes

— Flow Type: Outflow from the bottom via an opening or orifice

This scenario sets a real-world context—imagine a storage tank used in
industrial, agricultural, or municipal settings. The key question is: What

does the drainage duration tell us about the flow rate and the physics
involved?

Converting Units and Understanding the Scale

To analyze the problem thoroughly, we need to work in consistent units:

- Gallons to Cubic Feet: Since 1 gallon ~ 0.133681 cubic feet
- Gallons to Cubic Meters: Alternatively, 1 gallon » 0.00378541 cubic meters

Calculating the total volume in cubic feet:

\[ 6,000 \text{ gallons} \times 0.133681 \text{ ft}"3/\text{gallon} \approx
802.086 \text{ ft}"3 \]

In cubic meters:
N[ 6,000 \times 0.00378541 \approx 22.712 \text{ m}"3 \]

The flow rate can then be expressed in cubic feet per minute or cubic meters
per second, facilitating the application of fluid mechanics formulas.

Basic Principles Governing Water Drainage

Flow from a tank’s outlet is influenced by several factors, including the
tank’s geometry, the size of the outlet, the height of the water column, and
the physical properties of the fluid.



Hydrostatic Pressure and Its Role

Hydrostatic pressure at the outlet is:

\[ P = \rho g h \]

where:

- \(\rho\) = density of water (~1000 kg/m?)

- \(g\) = acceleration due to gravity (~9.81 m/s?)
- \(h\) = height of water column above the outlet

This pressure drives the flow; as water drains, \(h\) decreases, impacting
the flow rate over time.

Flow Rate and Volumetric Discharge

The volume of water discharged per unit time is related to the cross-
sectional area of the outlet and the velocity of the water:

N[ Q =A v \]

where:

- \(Q\) = volumetric flow rate

- \(A\) = cross-sectional area of the outlet

- \(v\) = velocity of water exiting the orifice

Applying Torricelli’s Law: The Theoretical
Foundation

At the heart of this analysis lies Torricelli’s Law, a principle derived from
Bernoulli’s theorem, which states:

\[ v = \sgrt{2 g h} \]
This relation indicates that the velocity of water exiting an orifice under

gravity is proportional to the square root of the height of the water column
above it.

Deriving the Flow Rate Using Torricelli’s Law

Given the velocity:
\[ Q = A \sgrt{2 g h} \]
As the water drains, the height \ (h\) decreases, so the flow rate is not

constant but varies with \(h\). To find total drainage time, we must consider
how \ (h\) diminishes over time.



Modeling the Drainage Process

To comprehensively understand the drainage, we set up a differential
equation:

\[ \frac{dvi{dt} = -0 \]

where:
- \(V(t)\) = volume of water remaining at time \ (t\)
- \(QO\) = flow rate at time \ (t\)

Given the relation:

\[ V = \text{Area of tank} \times h \]

we can rewrite the differential equation:

\[ \text{Area} \times \frac{dh}{dt} = —-A \sqgrt{2 g h} \]
which simplifies to:

\[ \frac{dh}{dt} = - \frac{A}{\text{Area}} \sgrt{2 g h} \]

This is a separable differential equation, enabling us to integrate over the
initial and final heights.

Calculating the Drainage Time: Analytical
Approach

Assuming the tank has a uniform cross-sectional area (say, \(A_{tank}\)) and
the orifice has area \(A_{orifice}\), initial height \ (h_0\), and final
height \ (h_£f\) (which could be zero if fully drained), the time \(T\) to
drain the tank is:

N[ T = \frac{\text{Area of tank}}{A} \times \frac{2}{3} \times \frac{\sqrt{2
gr}t{A_{orifice}} \left( h_07{3/2} - h_£f~{3/2} \right) \]

In the specific case where the tank is drained from full (initial height
\(h_0\)) to empty (\(h_£f=0\)), the total time becomes:

N[ T = \frac{2}{A_{orifice}} \times \text{Area of tank} \times \frac{\sqrt{2
gt {3} \times h_07{3/2} \]

This formula reveals how the initial water height influences drainage time,
emphasizing the non-linear relationship due to the square root dependence in
velocity.



Estimating the Outlet Area and Flow Rate

Given the total volume and drainage time, we can reverse-—engineer the size of
the outlet or the flow rate.

- Total volume in cubic meters: approximately 22.712 m’
- Total drainage time: 50 minutes = 3000 seconds

Average flow rate:

N[ Q_{avg} = \frac{\text{Total volume}}{\text{Total time}} = \frac{22.712
\text{ m}*3}{3000 \text{ s}} \approx 0.00757 \text{ m}"3/\text{s} \]

or roughly 7.57 liters per second.

To relate this to the orifice size, assuming the flow follows Torricelli’s
Law at the initial stage:

N[ Q_{initial} = A_{orifice} \times v = A_{orifice} \times \sqrt{2 g h_0} \]

Knowing \ (Q_{avg}\), we can estimate the initial water height \ (h_0\) if the
orifice area \(A_{orifice}\) 1is known, or vice versa.

Implications and Real-World Considerations

While the theoretical model provides a foundational understanding, real-world
applications involve complexities such as:

- Varying flow rates: due to decreasing water height

— Friction and turbulence: affecting flow velocity

— Orifice shape and size: influencing discharge coefficient

— Tank shape and internal features: impacting water distribution and flow
paths

Engineers often incorporate a discharge coefficient (\(C_d\)) to account for
these factors, modifying the idealized Torricelli’s Law:

\[ v = C_d \sgrt{2 g h} \]

where \(C_d\) typically ranges from 0.6 to 0.9.

Conclusion: The Interplay of Physics and
Engineering

The problem of a 6,000-gallon water tank draining in 50 minutes exemplifies
the elegant connection between fundamental physics and practical engineering.
Torricelli’s Law offers a powerful tool to predict flow velocities based on
water height, enabling engineers to design efficient drainage systems and
predict drainage times accurately. However, real-world conditions necessitate



adjustments for factors like flow coefficients, turbulence, and tank
geometry.

Understanding the physics behind water drainage not only aids in designing
more effective water management systems but also enriches our appreciation of
the natural laws governing fluid behavior. As demonstrated through this
analysis, even a seemingly straightforward problem reveals layers of
complexity and insight, reinforcing the importance of theoretical principles
in solving practical challenges.
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