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Purpose:

Asked to finish designing a water system started by another company. It flows to open-
channel that is trapezoidal, where you’ll need to calculate the depth of the channel. Calculate
the forces acting within the 300ft pipe length (through to the elbow) so the normal force of
supports just has to exceed these forces. Determine the volume of a hickory log capable of
floating in the open channel, as the channel will be used to transport them. If a flow nozzle is
installed to measure flow in the pipe, find the pressure drop across the nozzle. Check that is the
valve in the pipe is closed abruptly, the pipe can withstand the water hammer effect with
standard wall thickness. Along with, ensure cavitation will not occur. Check that if a log half the
size of the max carryable log became stuck to the bottom, the drag force it experienced would
not be too great. Lastly, calculate the force on the blind flange on the tank and determine the
location of the force.

Drawings and Diagrams:

300 ft

Y

|
-
™
~
N




A=WD+ XD
WP=W+2L
(c) Trapezoidal
channel

Figure 14.2 from Text

Table 14.3 from Text



Table 8.2 Pipe roughness—design values

Material Roughness £ (m) | Roughness ¢ (ft)
Glass Smooth Smooth
Plastic 3.0 x10% 1.0 %107
Drawn tubing; copper, brass, steel | 1.5 x 107° 5.0x10™
Steel, commercial or welded 4.6 x107° 1.65%10
Table 8.2 from Text
Shape of body Orientation Cp
al/b
~, ¢ it
Rectangular plate \..l _L ]28 5 :2
. : b 25 1.57
el st N e 0

Table 17.1 from Text




Sources:
Applied Fluid Mechanics, 7t edition by Robert L. Mott and Joseph A. Untener
Design Considerations:

Water is an incompressible fluid. The system is undergoing an isothermal process.
Entrance to the pipe from the reservoir is a square-entrance. Standard atmospheric pressure of
14.7psia, Opsig. Length of the hickory long proven to not be a relevant factor in size calculation.

Data and Variables:
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min S
L =300ft

D,,.=1.610in=0.134167ft
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Mh20@60F

VHZO@GOF

pipe

Esteel

Ib
=200GPa= 4177109440ft_2

kg b *s?
Pes =830 =1.6108—

=0.017

nunfinishedconcrete
B=0.5

Diiange = Dype = 0.134167ft



Procedure:

Use equation 14-11 to determine Quischarge, Which is the volume flow rate of the open-
channel. Use equation 14-12 and substitute in the values for A and R from table 14.3 that are
functions of y, then solve the equation for y which is the height of the channel. Setting the
buoyant force equal to the weight of the log (because it is floating), obtain the ratio between
the displacement volume and volume of the log. Using table 14.3 ratios of the trapezoidal
open-channel, determine the width of the bottom of the channel. Use y and b as the maximum
boundaries for the log to determine the maximum Area allowed in the volume of the log (listed
as a square face, so width and height are 1:1). For the determined log size, calculate the center
of gravity (centroid of the log), the center of buoyancy (centroid of the submerged area), and
the distance to the metacenter (used an arbitrary length of 20ft for the log) to determine if the
metacenter is above the center of buoyancy. Using Qpipe and the area, determine the velocity of
the fluid in the pipe. Determine Reynold’s number for the pipe system, and use the given d/D,
solve equation 15-7 for C. Solve equation 15-5 for P1-P2, which is the pressure drop across the
flow nozzle. Take a log % the size of the one calculated in part C (now, size wasn’t specified — %
height and width, or % area? | chose % area). Using Quischarge and the area of the open-flow
channel (from table 14.3), calculated the velocity of the open-channel. Use Table 17.1 to
determine the discharge coefficient of the log face, and use equation 17-1 to solve for drag
force. Draw a free-body diagram of the tank-to-elbow system. Calculate all losses (entrance,
friction, valve, elbow). Then use Bernoulli’s equation to determine P1, which will be the
pressure of the air in the tank. Reference table 1.3 to obtain the bulk modulus of water. Solve
the equation on page 17 of my work to determine this C, which will be relevant to water
hammer concerns. Calculate deltap, which will be the change in pressure due to the sudden
change due to the valve closing. The pressure at the entrance to the pipe (so Pairtgamma®*h) will
be the highest operating pressure in the system, so add deltap to Ppipe-entrance (top of page 21 on
my work). Use equation 11-9 to solve for wall thickness needed at Ppipe-entrance and ensure the
standard wall thickness for a 1 ¥ schedule 40 steel pipe exceeds this needed pressure,
indicating it can withstand the water hammer. Draw a free-body diagram of the pipe (from
entrance to elbow) and calculate forces, remembering that A1=A; and V1=V,. Solve for the
reactionary forces in both the X and Y directions. Lastly, draw a diagram of the blind flange
located opposite the pipe in the tank. Calculate the reactionary force (using F=P*A). Using the
height of the pressure distribution triangle as the height (diameter) of the flange, determine the
centroid of the triangle (H/3), which is the location of the force.
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Summary:

The channel is 3.536 ft deep. The length of the hickory log proved irrelevant. The log is
proven to be stable. The pressure drop across the flow nozzle is 14.5336psi. The pressure
increase due to water hammer is 728.114 psi. The drag force of a log % the area of the first is
154.055lb. The air in the tank is pressurized to 53.77psi. The highest pressure experienced in
the system is at the pipe entrance. The thickness of standard 1 % in schedule 40 steel piping is
more than sufficient for the water hammer experienced in this system. There is nothing in the
system drawing suction (such as a pump) or creating any negative pressure, so there is no risk
of cavitation in standard operation. The reactionary force is 115.95Ib in the right-direction, and
285.71b in the up-direction. Force felt by the flange should be 112.12lb, located 3.089ft from
the water surface.

Materials:
300ft of 1 % inch schedule 40 steel pipe
1 water tank
1 blind flange
1 globe valve

1 pipe elbow



Analysis:

| remain unsure on the force location for the blind flange. | worry that the pressure
distribution triangle starts at the water’s height instead of the flange itself, which would put the
centroid of said triangle 2ft into the water instead of 2/3 down the flange face.

Did not have to lean on thermal tables for cavitation pressure after thinking it out as
class email suggested. No reason for a suction/vacuum effect to drop the pressure that
dramatically and create cavitation. Circumstance would change with the inclusion of a pump
and Bernoulli’s would have to verify that pressure does not drop too low.

Water hammer creates an enormous amount of pressure (around 700psi here), but
stainless steel is also exceptionally durable (can withstand and influx of pressure nearly triple
what the system should experience). That said, the strength of the steel pipe can withstand up
to 3x the pressure created in this valve-slamming scenario at standard thickness.

Came to finally understand that the location of the resultant force on a surface is placed
at the centroid of a pressure distribution triangle. Had been intensely confused on that topic
prior to this application.

Contact with Dr. Ayala during the exam helped me clarify that | could determine the
weight of the water in the pipe system, and that while P1A; cancelled out in our example
problem during class with P»A;, this was not a guaranteed trend and was simply a coincidence
on that problem. Eliminating that misconception helped clear up issues with forces.



