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AutoTherm Fluid Mechanics – Validation and Tutorials 
 

FM01-Hydrostatic Pressure – Force on a Plane Surface 

FM02-Exact Solution – Parallel Plate Channel 

FM03-Control Volume Formulation – Linear Momentum 

FM04–Energy Equation  

FM05-Internal Flows – Pipe System 

FM06-Forces Acting on a Moving Vehicle 

FM07-Trajectory of a Solid Object 
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FM01-Hydrostatic Pressure – Force on a Plane Surface 

Example – Resultant Force on a Submerged Gate 

The rectangular gate shown below has dimensions 3 m × 2 m and is pin-connected at B. Calculate  

a) the resultant force on the gate (FR), and  

b) the center of pressure (yR), measured along the gate from the free surface. 
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FM02-Exact Solution – Parallel Plate Channel 

Example – Laminar Flow Between Parallel Plates 
A lubrication system requires SAE 30 oil (𝜌 = 918 kg/m3, 𝜇 = 0.440 Pa · s) at 20 °C to flow at 1.5 L/s between 10 
m × 2 m parallel plates spaced 5 mm apart, as shown below.  

• What is the required pressure difference between 
the inflow and the outflow sections?  

• What force must be used to keep each plate from 
moving?  

• What is the maximum velocity between the plates?  
 

Open the “Flow through Channel” tool in Fluid Mechanics/Exact Solution to Navier-Stokes Equation. 

1. Choose the “Flow between Stationary Plates” option. 

2. Click the Enter Properties option and enter the given values for the density and viscosity.  

3. Enter 5 mm for the channel height and 2 m for the channel width. 

4. Click the “Flow, Q” (volumetric) option and enter 1.5 L/s. 

5. Click Update to solve. 

 

 

• Re = 1.56 confirms our laminar flow assumption is correct. 
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• To get the pressure difference, we need to multiply the pressure gradient -31.68 kPa/m by the channel 

length. 

 
• The force to keep the plate from moving is the shear stress times the surface area of the plate: 

 
• The maximum velocity is at the center (y/h=0).  This value is given in the form in the Local Velocity panel as 

V(y/h=0) = 0.225 m/s 
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FM03-Control Volume Formulation – Linear Momentum 

Example - Conservation of Momentum – Reducer-Bend 

Consider the 120 ° reducer-bend shown below. The bend entrance has a diameter of 200 mm, and the exit has a 

diameter of 87.5 mm. When water at 20 °C flows at 100 L/s through the bend, the measured entrance pressure is 

350 kPa. The bend is in the horizontal plane. What is the magnitude and direction of the force the water exerts on 

the bend? 

Open the “Linear Momentum” tool in Fluid Mechanics/Integral Solution 

for Control Volumes. 

6. Enter 200 and 37.5 for D1 and D2, and change the unit to mm.  

7. In the Flow panel, enter 100 L/s for VDot. 

8. Enter 350 kPa for P1. 

9. Uncheck P2 to solve for it using Bernoulli’s equation. 

10. Enter 120 ° for 𝜃2. 

11. Click Update to solve. 

 

The resistance force components at -12.8 kN and 2.57 kN for the x and y directions, respectively. 
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FM04 – Energy Equation  
 

Example – Hydraulic Turbine 

Water is supplied to a hydraulic turbine at a flow rate of 150 ft3/s through a pipe with an inside diameter of 3.0 

ft2.  The pressure at section (1) is 60 psig.  The discharge diameter is 4.0 ft2.  The pressure at 10 ft below the 

turbine inlet at section (2) is 10 in. Hg vacuum.  The head loss from section (1) to (2) is measured to be 17.7 ft, 

and the turbine has an overall efficiency of 85%.  Calculate the power output that is supplied to the generator in 

horsepower. 
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The turbine power is calculated to be 2,124.2 horsepower. 
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FM05-Internal Flows – Pipe System 

 

This provides an automated environment for the analysis of pipe systems: 

 

1. Select Analysis Type. Solving for the flow rate will engage the iterative solver. 

2. Enter material properties either by selecting fluid or entering density and dynamic viscosity. 

3. Enter the flow rate, either volumetric or mass flow rate. 
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Example – Internal Flows: Pipe system with Pump 

Water at 20 °C is to be pumped through 600 m of pipe from reservoir (1) to (2) at a flow rate of 0.1 m3/s. Assuming 

a smooth pipe (𝜀/𝐷 = 0) of diameter 15 cm and a pump efficiency of 75 percent:  

a) Calculate the head loss (ℎ𝑙𝑜𝑠𝑠) for this system. 

b) Estimate the electrical power required by the pump in kW.  

Assume all minor (local) losses are negligible. 
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• Click Update.  The finished form is shown below. 

 

  

 

The required pump power is 147.6 kW. 
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Example – Internal Flows: Pipe system with Pump 

Water at 60 °F flows from the basement to the second floor through a 0.75-inch-diameter copper pipe (drawn 

tubing) at a rate of Q = 12.0 gal/min and exits through a 0.5-inch-diameter faucet, as shown in the figure. 

Determine the pressure at point (1) if:  

(a) Viscous effects are neglected,  

(b) The only losses included are major losses, or  

(c) All losses are included. 
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FM06-Forces Acting on a Moving Vehicle 
This tool provides an environment for modeling a moving vehicle (e.g., a car, truck, or train) on a track to 

determine the forces involved and the power required to maintain constant velocity. The tool allows the user to 

consider the effects of 1) headwind (positive toward the vehicle, negative from behind), 2) road grade, 3) rolling 

resistance, and 4) aerodynamic drag force. 
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Example – External Flows: Tractor-Trailor Driving Uphill (Source: Chen – Problem 10.46) 

The fully loaded tractor-trailer shown below drives up a 3% incline at a steady speed of 71 km/h. The tractor-

trailer has a frontal area of 2.60 m wide by 4.10 m high and is powered by a 373-kW engine. The total mass of 

the tractor-trailer and its payload is approximately equal to the legal limit of 36,750 kg. It is estimated that the 

rolling resistance coefficient is 0.008 and the drag coefficient is 0.50. What power must be supplied by the 

engine to overcome the resistance to motion caused by the weight, rolling resistance, and aerodynamic drag?  

1. What percentage of the rated engine power is required to overcome these effects?  

2. What is the maximum velocity on a 6% incline? 

Assume standard air. 

 

  

Click Update to solve.   
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Reducing the speed to 55 kg/h will reduce the power requirement to just below 350 kW.  



 

 

ETR, LLC. Proprietary and Confidential. All rights reserved. 

 

FM07-Trajectory of a Solid Object 
This tool provides an environment for modeling the trajectory of an object under three scenarios: 1) no air 

resistance (drag force) or simple Newtonian trajectory, 2) including air resistance and an opposing drag force 

changing proportional to the square of the object's instantaneous velocity, and 3)  including additional 

aerodynamic force due to headwind or backwind.  
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Example: A baseball player throws a ball at a speed of 102 miles/hour with a trajectory angle of 30 degrees, 

released from his shoulder height of 5 ft, in a flat field.  Determine the distance (in feet) and the time (in 

seconds) the ball will travel until it hits the ground for the following conditions: 

1. No air resistance 

2. Still air 

3. Head wind of 10 miles/hour. 

Assume a baseball has a diameter of 2.9 inches and weighs 5 ounces, with a drag coefficient of 0.3. 
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• The distance traveled to hit the ground (y=0) is 610.7 ft. 

• The ball is predicted to be in the air for 4.7 sec. 

• The plot shows a symmetric flight path with no air resistance. 
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• The distance traveled to hit the ground (y=0) is 373.1 ft. 

• The ball is predicted to be in the air for 4.1 sec. 

• The plot shows a nonsymmetric flight path with air resistance. 
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• The distance traveled to hit the ground (y=0) is 309.8 ft. 

• The ball is predicted to be in the air for 4.02 sec. 

• The plot shows a nonsymmetric flight path with air resistance. 
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