Purpose

Purpose of part A, is to determine the correct specification for a pump that is to supply water movement throughout the
identified system for company “A”. With the pump efficiency at 70%, the power of the pump is to be calculated when
the identified gate valve is at the fully closed position. Also, a required minimal flowrate of 275 gpm must be met
through the heat exchanger. Purpose of part B, is to calculate the total flowrate at varying positions of the gate. The gate
valve is to be at 1/4 |1/2 |3/4 and fully open. This is to be determined by varying the “K” value of the valve flowrate of
275 gpm should also be met once again.
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Sources

Mott, R., Untener, J.A. “Applied Fluid Mechanics”, 7™ edition Pearson Education, Inc, (2015)

Design Considerations

-Series and parallel piping configurations

-Energy losses throughout the system= gate valve | Check Valve | Riser | Elbows | Suction line | Discharge line
-Heat Exchanger interaction with fluid / valves

-Pump flow rate= constant 275 gpm | Pump Efficiency 70%

-Piping lengths= Vertical 15ft | 2x Branch 8ft | Suction line 10ft | Bypass 30ft

-Piping diameters= 1-in | 3-in | 4-in

-Valve Positions= % turn | % turn | % turn | Fully opened

Data Variables:

-Calculated Energy Losses / Friction Factors

-Pipe Roughness, Steel, commercial or welded pg. 185= € 1.50x10*

-1-in schedule 40 pipe pg. 500= ID .0874ft | Flow Area .00600ft?

-3-in schedule 40 pipe pg. 500= ID .2557ft | Flow Area .05132ft?

-4-in schedule 40 pipe pg. 500= ID .3355ft | Flow Area .08840ft?

-Fluid, Water H,0 @ 160°f pg. 489 | y = 61 Ib/ft® | P = 1.90 slug/ft3| Dynamic Viscosity n = 8.30x10°® Pas

| Kinematic Viscosity = 4.38x10®

Procedure:

First, review provided sketch of system to determine system components. Part A, utilize to establish ha & h, of the
system. Then solve for energy losses within heat exchanger/pipe A section of the system. Then pump head would need
to be calculated along with energy losses, pipe friction factors throughout the system. After pump head is calculated,
using the giving pump efficiency, pump power will be determined. For part B, Bernoulli’s would have to be used
throughout to establish correct values for flowrates throughout the system and heat exchanger. Conservation of mass
would be established, reflecting branch 1 and 2. Utilize calculation results to establish correct the flow rate and “K”
values at the %, %, %, fully opened position.



Calculations:
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Summary:

For part A, the energy losses of the system were calculated from top of the tank water all through the end of the piping
of the system following the branch 1 “upper branch”. This included overall piping for the identified diameters, piping
elbow, joints and valves. Once energy the losses “h.“ were calculated, in order to find pump efficiency / power, the
pressure head of the system needed to be determined. It was found that in order to deliver the 275-gpm required, if the
pump was at 70% efficiency the power needed would be approximately 7hp. For part B, once again energy losses
needed to be established for upper branch 1 and also lower branch 2. Once energy losses were calculated, it was found
that branch 1 allowed for a flowrate of 284 gpm with branch 2 at the fully open position, allowing for a flowrate of 185
gpm. The narrower piping caused a slower flow through the system within branch two. Conservation of mass was
accounted for, setting overall Q1 & Q2 within the system again tabulated Q3. Unfortunately, | was not able to use the
iteration method to calculate difference in varying flow with the gate valve opened at different set positions.

Materials:

-1-in schedule 40 pipe
-3-in schedule 40 pipe
-4-in schedule 40 pipe
-Fluid, Water H,0 @ 160°f
-Pump

-Heat exchanger

Analysis:

-Part A, required pump power would be approximately 7hp, to account for all energy losses from tank water through
branch 1 “upper” exiting the system.

-Pump head needed to be accounted for along with various sources of energy losses.

-Part B, Pump head needed to be accounted for when calculating for variance in flow rate as gate valve was set at
varying positions.

-Was not able to determine correct flow at set position due to human errors while iterating.
-Conservation of mass, was established through the system and calculations

-Calculations determined as water flowed within branch 2 “lower” overall flowrate was “lower” due to the 1” narrower
pipe Energy loses / friction appeared to be more apparent.



