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Understanding the forces exerted by fluids on submerged surfaces is fundamental in fluid mechanics,
engineering design, and safety assessments. When a vertical plate is submerged in water, the fluid
exerts a pressure that varies with depth, resulting in a net force acting on the plate. Accurately
calculating this fluid force is essential for designing dams, sluice gates, ships, and various hydraulic
structures. This article explores the methodology to find the fluid force on a vertical plate submerged
in water, considering dimensions provided in meters, and discusses relevant concepts, formulas, and
practical considerations.

Introduction to Fluid Forces on Submerged Surfaces

When a solid surface is immersed in a fluid, it experiences a pressure distribution due to the fluid’s
weight and its hydrostatic pressure gradient. The pressure at any depth in a static fluid is given by the
hydrostatic pressure formula:

\[ p=\rhogh\]

where:

-\( p\) is the pressure at depth \( h\),
-\(\rho) is the density of the fluid,

-\( g) is the acceleration due to gravity,
-\( h\) is the depth below the free surface.

For water, with a typical density of approximately 1000 kg/m3, and \( g \approx 9.81\, \text{m/s}"2),
the pressure increases linearly with depth.

The total force exerted by the fluid on a submerged vertical plane depends on the pressure
distribution along the surface. Since pressure increases with depth, the resultant force acts
somewhere below the centroid of the submerged surface, and its magnitude and point of application
are crucial for structural analysis.



Fundamental Concepts and Assumptions

Before diving into calculations, it's essential to clarify the fundamental assumptions typically adopted
in such analyses:

- The fluid (water) is incompressible and at rest.

- The flow is static; hence, dynamic effects like velocity pressure are neglected.
- The surface is vertical and flat.

- The dimensions of the plate are given in meters, ensuring Sl units are used.

- Surface roughness and other secondary effects are ignored unless specified.

These assumptions simplify the problem to a hydrostatic pressure distribution, allowing us to focus on
the core principles.

Step-by-Step Methodology to Calculate Fluid Force

Calculating the fluid force on a vertical submerged plate involves several steps:

1. Identify the dimensions of the plate:
- Height of the plate: \( H\) meters
- Width of the plate: \( W) meters

2. Determine the position of the water surface:

- Usually, the water surface is at the top of the plate or at a specified reference level.
- The depth of the top of the plate from the water surface: \( h_1)

- The depth of the bottom of the plate from the water surface: \( h_2)

3. Calculate the pressure distribution:
- At any depth \( h\), the pressure is\(p =\rhog h)

4. Compute the total force:

- The differential force on a small strip of the plate at depth \( h\) with thickness \( dh\):
\[ dF = p \times \text{area of strip} = \rho g h \times W\, dh \]

- Integrate over the entire height of the submerged surface:

\[ F=\int {h_ 1}"~{h 2} \rhogh W\, dh\]

5. Calculate the point of action (center of pressure):
- The point where the total force acts, typically below the centroid, considering the pressure
distribution.



Detailed Calculation Process

1. Define Parameters

Suppose the following dimensions are given (all in meters):

- Height of the plate, \( H = 4\, \text{m}\)

- Width of the plate, \( W = 2\, \text{m}\)

- The top of the plate is at a depth of \( h_1 = 1\, \text{m} \) from the water surface
- The bottom of the plate is at \( h_2 = 5\, \text{m} \) from the water surface

Given water density:

\[ \rho = 1000\, \text{kg/m}~3\]

And gravitational acceleration:

\[ g = 9.81\, \text{m/s} "2 \]

2. Calculate the Hydrostatic Force

The pressure at the top of the plate:

\[ p_{top} =\rhogh 1 =1000 \times 9.81 \times 1 = 9,810\, \text{Pa} \]

The pressure at the bottom:

\[ p_{bottom} = \rho g h_2 = 1000 \times 9.81 \times 5 = 49,050\, \text{Pa} \]
Since pressure varies linearly with depth, the average pressure over the height is:
\[ p_{avg} = \frac{p_{top} + p_{bottom}}{2} = \frac{9,810 + 49,050} {2} = 29,430\, \text{Pa} \]
The total force acting on the plate is:

\[ F = p_{avg} \times \text{Area} \]

where:

\[ \text{Area} = W \times H = 2 \times 4 = 8\, \text{m}~2\]

Therefore,

\[ F =29,430 \times 8 = 235,440\, \text{N} \]



Alternatively, more precise calculation involves integrating the pressure distribution:

\[
F =\int_{h_1}~{h_2} \rho g h W, dh = \rho g W\int_{h_1}~{h_2} h\, dh
\]

\[

F =\rho g W\left[ \frac{h~2}{2} \right] {h_1}~{h 2} =\rho g W\left( \frac{h_ 272 -h 172}{2}
\right)

\]

Plugging in the numbers:

\[

F = 1000 \times 9.81 \times 2 \times \frac{(5)"2 - (1)~2}{2} = 1000 \times 9.81 \times 2 \times
\frac{25 - 1}{2}

\]

\[

F = 1000 \times 9.81 \times 2 \times 12 = 1000 \times 9.81 \times 24
\]

\[

F = 1000 \times 235.44 = 235,440\, \text{N}

\]

This confirms the earlier estimate.

3. Determine the Center of Pressure

The point of application of the resultant hydrostatic force, known as the center of pressure, is located
below the centroid of the submerged surface.

The depth \( h_{cp} \) of the center of pressure from the water surface is given by:

\[
h_{cp} = \frac{\int_{h_1}"~{h 2} p h\, dh}{\int_{h_1}"~{h 2} p\, dh}
\]

Using the pressure distribution:

\[
h {cp} = \frac{\int_ {h_1}~{h 2} \rho g h"2\, dh}{\int {h 1}~{h 2} \rhog h\, dh}
\]

Calculating numerator:



\[
\int_{h_1}~{h_2} h~2\, dh = \frac{h~3}{3} \Big|_{h_1}~{h 2}
\]

and denominator:

\[
\int_{h_1}~{h_2} h\, dh = \frac{h~2}{2} \Big|_{h_1}"~{h_2}
\]

Plugging in:

\[

h_{cp} = \frac{\rho g \times \frac{h_2"3 - h_173}{3}}{\rho g \times \frac{h 272 -h 172}{2}} =
\frac{\frac{h_273 - h_173}{3}}{\frac{h_ 272 -h_172}{2}} = \frac{2} {3} \times \frac{h_2"3 -

h 173}{h 272-h 172}

\]

Calculating:

\[

h {cp} =\frac{2}{3} \times \frac{125 - 1}{25 - 1} = \frac{2}{3} \times \frac{124} {24} \approx
\frac{2}{3} \times 5.1667 = 3.4445\, \text{m}

\]

This depth is measured from the water surface, indicating the force acts approximately 3.44 meters
below the surface, which is below the centroid (located at the midpoint of the submerged surface, i.e.,
at 3 meters from the water surface in

Frequently Asked Questions

How do | calculate the fluid force exerted on a vertical
submerged plate in water?

To calculate the fluid force, integrate the pressure distribution over the surface of the plate,
considering the water density and depth. The pressure at a depth y is given by p = pgh, so the total
force is the integral of pressure times the area element over the submerged surface.

What is the significance of the dimensions given in meters
when finding the fluid force?

Dimensions in meters ensure consistency with Sl units, allowing accurate calculation of pressure (Pa)
and force (N). Using meters simplifies the integration process and maintains unit consistency
throughout the calculation.



How does the depth of the plate affect the fluid force acting
on it?

The deeper parts of the plate experience higher pressure due to increased water column height,
resulting in a greater total force. The force increases with the depth because pressure increases
linearly with depth in water.

Can | assume hydrostatic pressure distribution when
calculating the fluid force on a vertical plate?

Yes, in static water conditions, the pressure distribution is hydrostatic, varying linearly with depth.
This assumption simplifies the calculation of the force by allowing the use of p = pgh.

What are the typical steps to find the fluid force on a
submerged vertical plate with known dimensions?

The steps include: 1) Define the coordinate system and dimensions; 2) Express pressure as a function
of depth; 3) Set up the integral of pressure over the surface area; 4) Perform the integration to find
the total force; 5) If needed, find the point of action (center of pressure).

How do water density and gravity influence the calculation of
fluid force on the plate?

Water density (p) and gravitational acceleration (g) determine the pressure at a given depth through
p = pgh. They directly affect the magnitude of the hydrostatic pressure distribution, thus influencing
the total fluid force exerted on the submerged plate.

Additional Resources
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Meters

Understanding the calculation of fluid force exerted on submerged surfaces is fundamental in fluid
mechanics, especially when designing hydraulic structures, ship hulls, dams, and various engineering
components. When considering a vertical plate submerged in water, determining the fluid force
involves integrating the pressure distribution over the surface of the plate. This process not only
offers insights into the behavior of fluids interacting with solid boundaries but also underscores the
importance of precise measurements and assumptions in engineering applications.

In this comprehensive review, we delve into the principles, methodologies, and practical
considerations involved in calculating the fluid force on a vertical submerged plate with given
dimensions in meters. From fundamental concepts to detailed calculation steps, this article aims to
serve as a valuable resource for students, engineers, and professionals engaged in fluid mechanics
and related fields.



Understanding the Problem: Vertical Plate Submerged
in Water

Before jumping into calculations, it's essential to understand the basic scenario:

- A vertical plate, which can be considered as a flat surface, is submerged vertically in water.
- The dimensions of the plate—height and width—are given in meters.
- The goal is to determine the total fluid force exerted by water on the submerged surface.

This problem encapsulates several core concepts:

- Hydrostatic pressure distribution

- Integration of pressure over a surface

- Consideration of the depth-dependent nature of pressure

Fundamental Principles of Fluid Force on a Submerged
Surface

Hydrostatic Pressure Distribution

The pressure exerted by a static fluid at a certain depth is given by:
\[p=\rhogh}\]

where:

-\( p\) is the pressure at depth \( h\),

-\(\rho) is the density of water (approximately 1000 kg/m3 for fresh water),

-\( g\) is the acceleration due to gravity (~9.81 m/s?),
-\( h\) is the depth from the free surface.

This linear variation of pressure with depth is a fundamental assumption in hydrostatics, forming the
basis for calculating the force.

Hydrostatic Force on a Vertical Surface

The total fluid force on a submerged vertical surface is obtained by integrating the pressure over the
entire surface area:

\[F =\int_{A} p\, dA\]

Given the pressure distribution varies with depth, the calculation involves integrating over the height
of the plate.



Step-by-Step Calculation Methodology

Step 1: Define Dimensions and Coordinate System

Assuming:

- The vertical plate has a height \( H \) meters.

- The width \( W \) meters.

- The top of the plate is at the water surface (depth 0), and the bottom is at depth \( H ).
A coordinate system is set with:

-\(y = 0)) at the water surface,
-\(y\) increasing downward, up to\(y = H\).

Step 2: Express Pressure as a Function of Depth

At any depth \( y \):

\[ p(y) =\rho g y\]

since the pressure increases linearly from zero at the water surface.

Step 3: Calculate Differential Force Element

An infinitesimal horizontal strip at depth \( y \) with thickness \( dy \):
\[dA =W\, dy\]
The differential force on this strip:

\[ dF = p(y) \times dA = \rho g y \times W\, dy \]

Step 4: Integrate Over the Entire Surface

Total force:
\[ F =\int {0}"~{H}\rhogy W\, dy =\rho g W\int {0}~{H} y\, dy\]

\[ F =\rho g W \left[ \frac{y”~2}{2} \right] 0~ {H} = \frac{1}{2} \rhog W H"2]



This formula provides the magnitude of the total hydrostatic force acting on the vertical plate.

Step 5: Find the Point of Action of the Force (Center of
Pressure)

The hydrostatic force acts at the center of pressure, which is located below the water surface at a
depth:

\L h_{cp} =\frac{\int_{0}~{H} y\, p(y) \, dA}{\int_{0} "~ {H} p(y)\, dA} \]
Calculating:

\[ h_{cp} = \frac{\int_{0}~{H} y \times\rho gy W\, dy}{\int {0}~ {H} \rhogy W\, dy} = \frac{\rho
g W\int_{0}~{H} y~2\, dy}{\rho g W\int_{0}~{H} y\, dy} \]

\[ h_{cp} = \frac{\left[ \frac{y~3}{3} \right] 0~ {H}}{\left[ \frac{y"~2}{2} \right] 0~ {H}} =
\frac{\frac{H"3}{3}}{\frac{H"2}{2}} = \frac{2} {3} H\]

Thus, the point of action is located at two-thirds of the depth from the water surface.

Practical Example with Given Dimensions

Suppose:
- Height \( H = 2 \text{ meters}\)
- Width \( W = 1 \text{ meter}\)

Using the formulas:

\[ F =\frac{1}{2} \times 1000 \, \text{kg/m}~3 \times 9.81\, \text{m/s} "2 \times 1\, \text{m}
\times (2)"2\]

\[ F = 0.5 \times 1000 \times 9.81 \times 1 \times 4 \]

\[ F = 0.5 \times 1000 \times 9.81 \times 4 \]

\[ F = 0.5 \times 1000 \times 39.24 \]

\[ F = 0.5 \times 39240 \]

\[ F = 19620 \text{ N} \]

The hydrostatic force exerted on the plate is approximately 19,620 Newtons.

The center of pressure:



\[ h_{cp} = \frac{2}{3} \times 2 = \frac{4}{3} \approx 1.33 \text{ meters} \]

This means the resultant force acts at a point approximately 1.33 meters below the water surface.

Features, Pros, and Cons of The Methodology

Features:

- Based on fundamental hydrostatic principles.

- Uses straightforward integration for precise calculation.

- Easily adaptable to different dimensions and fluid properties.
- Allows determination of both magnitude and point of action.

Pros:

- Accurate for static, uniform water bodies.

- Provides insight into pressure distribution and resultant force.

- Applicable to various shapes and orientations with modifications.
- Essential in designing structures subjected to fluid forces.

Cons:

- Assumes hydrostatic conditions; not suitable for dynamic or flowing water.
- Neglects effects of surface tension or turbulence.

- Assumes the water is at rest, with no waves or motion.

- Requires precise measurements of dimensions.

Additional Considerations in Real-World Applications

While the theoretical approach provides a solid foundation, real-world scenarios often involve
complexities:

- Wave Effects: In ocean environments, waves induce dynamic pressures that differ from static
hydrostatic assumptions.

- Surface Conditions: Free surface disturbances can alter pressure distribution.

- Structural Interactions: The presence of other structures or fluid flow can modify the force
distribution.

- Material Strength: The structural response to calculated forces must consider material properties
and safety factors.

- Dynamic Loading: For moving structures or during transient events, additional forces such as inertial
and drag forces come into play.

Engineers often incorporate safety margins and perform computational simulations to account for
these factors.



Conclusion

Find The Fluid Force On The Vertical Plate Submerged In Water, Where The Dimensions Are Given In
Meters is a classical problem in fluid mechanics that demonstrates the practical application of
hydrostatic principles. By understanding the pressure distribution and integrating over the surface,
engineers can accurately determine the magnitude and point of action of the fluid force. This
knowledge is pivotal in designing safe and efficient hydraulic structures, marine vessels, and
submerged equipment.

The methodology outlined—defining dimensions, expressing pressure as a function of depth,
integrating to find total force, and locating the center of pressure—is robust and adaptable. While the
approach assumes static conditions and uniform water properties, it forms the foundation for more
complex analyses involving dynamic effects, turbulence, and real-world irregularities.

In summary, mastering these calculations enhances one's ability to analyze and design systems
interacting with fluids, ensuring safety, functionality, and efficiency in engineering projects involving
submerged surfaces.
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