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2. Abstract

Continental AG is planning for a new manufacturing facility. As part of the new plant, there will be an
automated machining line in which five machines will be supplied with coolant from the same reservoir.
TRDoubleD Engineering has put together the following plan to supply the system with coolant. The system
includes a 47,000 gallon main reservoir for storing the coolant, a 1,057 gallon feed tank to supply the
machining area, and a 4,362 gallon tank to contain the fluid after use. The system is partially gravity feed
and only requires three pumps and electric motors.
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5. Report Body

a. Job site location
Dayton, Ohio, United States

b. Specifications and design philosophy

New coolant is delivered to the plant by railroad tank cars carrying 15,000 gal each. It
has been decided that 3 tanker cars will be requester per delivery, totaling 45,000 gals.
A holding tank for new coolant must be specified.

The reservoir for the automated machining system must have a capacity of 1000 gal.
The 1000-gal tank is normally emptied once per week. Emergency dumps are possible if
the coolant becomes overly contaminated prior to the scheduled emptying.

The dirty fluid is picked up by truck only once per month.

A holding tank for the dirty fluid must be specified.

The plant is being designed to operate two shifts per day, 7 days a week.

Maintenance is normally performed during the third shift.

The building is one-story high with a concrete floor.

The floor level is at the same elevation as the railroad track.

No storage tank can be inside the plant or under the floor except the 1000-gal reservoir
that supplies the machining system.

The roof top is 32 ft from the floor level and the roof can be designed to support a
storage

tank.

The building is to be located in Dayton, Ohio, where the outside temperature may range
from -20°F to +105 °F.

The frost line is 30 in below the surface.

You are not asked to design the system to supply the machines.

The basic coolant storage and delivery system is to have the functional design sketched
in the block diagram in Figure 2.

If pumps are required, only SULZER pumps have to be selected.
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d. Materials and Specifications

i. Establish the pipe and tank material use
e Schedule 40 carbon steel pipes will be used (ASTM A106).
e Tanks will also be carbon steel (ASTM A106).
e Seams are electric resistance welded.

ii. Fluid characteristics
e The coolant is a solution of water and soluble oil with a specific gravity of
0.94 and a freezing point of 0 °F. Its corrosiveness is approximately the
same as that of water.
e Viscosity and vapor pressure of the coolant are 1.50 times that of water at
any temperature.



e. Preliminary drawings and sketches

i. Plot Plan
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Figure 1: Plot Plan View of System Layout



ii. Elevations
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Figure 2: Elevations View of System Layout




1.

f. Design Calculations

i. Tank Specifications
Specify the size and location of all storage tanks.

Purpose:

Layout the piping system and determine the tank sizes.

Sources:

e Mott, R, Untener, J.A, “Applied Fluid Mechanics”, 7t edition, Pearson Education, Inc
(2015)
® Project Document

Design Considerations:

1.

w

©®No e

11.
12.

13.
14,

New coolant is delivered to the plant by railroad tank cars carrying 15,000 gal each. A holding
tank for new coolant must be specified.

The reservoir for the automated machining system must have a capacity of 1000 gal.

The 1000-gal tank is normally emptied once per week. Emergency dumps are possible if the
coolant becomes overly contaminated prior to the scheduled emptying.

The dirty fluid is picked up by truck only once per month.

A holding tank for the dirty fluid must be specified.

The plant is being designed to operate two shifts per day, 7 days a week.

Maintenance is normally performed during the third shift.

The building is one-story high with a concrete floor.

The floor level is at the same elevation as the railroad track.

. No storage tank can be inside the plant or under the floor except the 1000-gal reservoir that

supplies the machining system.

The roof top is 32 ft from the floor level and the roof can be designed to support a storage tank.
The building is to be located in Dayton, Ohio, where the outside temperature may range from -
20°F to +105°F.

The frost line is 30 in below the surface.

You are not asked to design the system to supply the machines.
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Drawings and Diagrams

30ft

Figure 3: System Diagram

Legend
Check valve: |

Gate Valve: N

Pump: »
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Materials:

e Coolant

e 3 Tanks: Carbon Steel ASTM A106, Electric Resistance Welded
o 47000 Gal
o 2115 Gal
o 1057 Gal

Data and Variables:
e Distances in figure
e y=58.656 |b/ft}

Procedure:

1. Aninitial delivery of 45000 gallons of coolant was decided on.

2. Adiameter of 20 ft was chosen for the large holding tank and the height was calculated based
on the volume and diameter.

3. The same process to determine the size of the tanks was used for the two smaller tanks, with
the addition of a 45° cone bottom to aid with emptying.

4. The tanks were laid out in a way to take advantage of gravity and minimize pump usage.

5. Dimensions were added based on given dimensions, tank diameters, and approximate location

Calculations:

12



Dirty Tank:

Summary:
The large tank must be 20 ft in diameter with a height of 20 ft. Rounding from the calculated height

of 19.148 ft to 20 ft allows the piping to fill the tank from above the surface of the fluid when
nearing the full 45000 gallons.

The dirty tank must be 9 ft in diameter with a height of 12 ft. Rounding from the calculated height of
11.74 ft to 12 ft allows the piping to fill the tank from above the surface of the fluid when nearing
the full 4000 gallons.

The coolant reservoir tank must be 6 ft in diameter with a height of 7 ft. Rounding from the
calculated height of 6.73 ft to 7 ft allows the piping to fill the tank from above the surface of the
fluid when nearing the full 1000 gallons.

Analysis:
Rounding the tank heights to allow for room above the fluid results in tank volumes of 47000

gallons, 4362 gallons, and 1057 gallons. Due to the arrangement of the tanks, only 3 pumps will be
required in the entire system.
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2. Select tank material and specify wall thickness of storage tanks.

Purpose:
Chose the material the tanks will be made of and determine the required thickness of the tanks.
Sources:

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

Design Considerations:

The reservoir for the automated machining system must have a capacity of 1000 gal.
Constant Properties

Incompressible Fluids

Assuming pressure is highest at the bottom of the tank

Drawings and Diagrams:

| u
1 y

Figure 4: Determining Pressure at Bottom of a Tank
Data and Variables:
Distances in figure
y = 58.656 Ib/ft3
S= 20000 psi
E=0.85
Y=0.4

Materials:
e Coolant
e 3 Tanks: Carbon Steel ASTM A106, Electric Resistance Welded
o 47000 Gal
o 2115 Gal
o 1057 Gal

14



Procedure:

1. Gamma height equation was used to determine the pressure at the bottom of each tank.

2. The pressure was then plugged into equation 11.9 from the textbook to determine the wall
thickness of the tank.

Calculations:
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Summary:

The nominal thickness for the large tank is 0.154 in
The nominal thickness for the dirty tank is 0.103 in
The nominal thickness for the large tank is 0.098 in

Analysis:
Applying a 2.5 factor of safety, the large tank thickness becomes 0.385 in. The dirty tank thickness
becomes 0.258 in. The reservoir becomes 0.245 in.
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3. Provide a future additional connection to drain ONE OF THE TANKS. Design the blind flange required
to hold the pressure for such connection (size, thickness, etc.). This should include the number of
bolts and nuts and the size of them.

Purpose: Design a tank to allow for a future connection by designing a blind flange, include bolt
calculations.
Sources:

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

® Pipe Flange: Carbon Steel, blind flange, 5 in pipe size, raised face blind flange. Grainger.
(n.d.). Retrieved November 21, 2021, from
https://www.grainger.com/product/GRAINGER-APPROVED-Pipe-Flange-Carbon-Steel-
30WHO3.

® Project Document

o Wrought steel pipe - bursting pressures. Engineering ToolBox. (n.d.). Retrieved
November 21, 2021, from https://www.engineeringtoolbox.com/wrought-steel-pipe-
bursting-pressure-d_1123.html.

Design Considerations:

® Pressure is equal to pressure at bottom of the tank
e Bolt holes designed for 34"
Drawings and Diagrams:

i

W |I
520 i {

Figure 5: Future Connection
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Data and Variables:
Distances in figure
y = 58.656 Ib/ft3
S= 20000 psi
E=0.85
e Y=04
Materials:
e Coolant
e 1 Tank: Carbon Steel ASTM A106, Electric Resistance Welded
o 4362 Gal
Procedure:
1. Use pressure determined in task 2 to find the thickness of the blind flange using
equation 11.9 from the textbook.
2. Calculate amount of bolts and their sizes.
Calculations:
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Summary:
The thickness of the blind flange is calculated as 0.092 in.

Analysis:
Applying the 2.5 factor of safety, the thickness becomes 0.25 in.
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Specify wind load and weight of storage tanks for our civil engineer colleagues.

Purpose: Find the wind load and weight of the tanks to help design the required supports
Sources:

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

(2015)
e https://www.journal-news.com/news/local/wind-gusts-mph-gust-recorded-high-winds-
move-through-area/6WwUMeWK2GmirlzqgRcCULJ/

® https://www.omnicalculator.com/physics/wind-load
® Project Document

Design Considerations:

e Wind load pressure using max wind recorded for each tank
e Weight pressure for each tank, assuming full liquid volume

Drawings and Diagrams:

Machining area

> Highway

Legend
Check valve: |

Gate Valve: N

Pump: ’

Figure 3: System Diagram
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Data and Variables:

e Max recorded wind speed in location: Approx. 70 mph = 102.7 ft/s
® Average Air Pressure = 14.18 psi = 2041.92psf
e large tank, v=45.000 gal
e medium tank, v= 4,000 gal
e small tank, v=1,000 gal
e s5g=094
e density of steel =480.709 |b/ft"3
e density of water = 1.94 slug/ft*3
e kinematic velocity of air @ 60 F v= 1.58E-4 ft*2/s
Materials:
e Coolant
e Tank: Carbon Steel ASTM A106, Electric Resistance Welded
o 45000 Gal
o 4000 Gal
o 1000 Gal
Procedure:
1. Find area of tank
2. Multiply area of tank by thickness of steel for tank wall to find total surface area of tank
3. Use surface area and density to find weight of empty tank
4. Find mass of fluid
5. Find interior volume of tank
6. Use data from 4 and 5 to find weight of fluid
7. Combine weight of tank with weight of fluid for total weight
8. Find area of tank
9. Multiply area of tank by thickness of steel for tank wall to find total surface area of tank
10. Use surface area and density to find weight of empty tank
11. Find mass of fluid
12. Find interior volume of tank
13. Use data from 11 and 12 to find weight of fluid
14. Combine weight of tank with weight of fluid for total weight
15. Find area of tank
16. Multiply area of tank by thickness of steel for tank wall to find total surface area of tank
17. Use surface area and density to find weight of empty tank
18. Find mass of fluid
19. Find interior volume of tank
20. Use data from 18 and 19 to find weight of fluid
21. Combine weight of tank with weight of fluid for total weight
22. Find Reynold’s Number for local air at maximum recorded wind speed
23. Find Coefficient of Drag from table in figure 17.6 in textbook
24. Calculate wind load for tank
25. Find Reynold’s Number for local air at maximum recorded wind speed
26. Find Coefficient of Drag from table in figure 17.6 in textbook
27. Calculate wind load for tank
28. Find Reynold’s Number for local air at maximum recorded wind speed
29. Find Coefficient of Drag from table in figure 17.6 in textbook
30. Calculate wind load for tank

20



Calculations:
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Summary:

The weight of the 45,000 gal tank is 385,966 Ib
The wind load on said tank is 3,181,780 |bf

The weight of the 4,000 gal tank is 46,077.68 Ib
The wind load on said tank is 859,000 |bf

The weight of the 1,000 gal tank is 11,563 |b
The wind load on said tank is 334,084 |bf

Analysis:
The data for wind load and weight for each tank is listed above for proper support computation by
the civil engineers on this project.
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5. Consider that one of your storage tanks could fail. To repair it the company decided to drain it using
a pumped system with same flow rate you estimated but this time the fluid will go into an open
channel that will take the fluid to a location far from the plant (you have to select such location).

You are now also in charge of the design of such open channel system to dump the fluid to that
location. The design should include the path of the channel and its cross section.

Purpose:
To design an open channel that can take the fluid to a storage area should the holding tank fail

Sources:

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

® Project Document

Design Considerations:

Shape of channel
Depth of channel
Length of channel
Width of channel
Slope of channel

Drawings and Diagrams:

Figure 6: Open Channel
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Data and Variables:

e Rectangular Channel
1% Slope
Hydraulic Radius = 1.5
Wetted Perimeter = 12
roughness, n =0.017
Flow Rate = 9.6 ft/s
Depth,y =3 ft
Width, b =6 ft
Area, A =18 ft"2

Materials:
e Coolant
e Cement
e Concrete

Procedure:
1. Choose location for storage tank
Choose shape for channel
Choose slope for channel flow
Design channel based on fluid characteristics and required flow
Choose depth and width
Calculate flow rate and velocity to verify that it meets needs

o vk wnN

Calculations:
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Summary:
The channel is rectangular, with a flow velocity of 36 ft per second.

Analysis:
The channel is more than capable of handling the flow rate of 9.6 ft/s that the pipe design calls for.
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ii. Flow rate

4. Estimate the time required to fill and empty all tanks (you are supposed to fix them).
Specify the desired flow rate to fill and empty all tanks.

Purpose: Use the chosen fill times to determine the flow rates and the time to fill and empty each tank.
Sources:

® Endmemo. EndMemo. (n.d.). Retrieved November 22, 2021, from
http://www.endmemo.com/sconvert/galus_minft3_s.php.

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

Design Considerations:

Constant Properties
Incompressible Fluids
8-hour work shifts
Critical velocity of 9.6 ft/s

Drawings and Diagrams:

N/A
Materials:
e Coolant
e 3 Tanks: Carbon Steel ASTM A106, Electric Resistance Welded
o 47000 Gal
o 4362 Gal
o 1057 Gal

Data and Variables:

e large tankis 47 Kgal
e Reservoiris 1.057 Kgal
e Dirty tank is 4.362 Kgal

Procedure:

1. Use the chosen fill times and the tank volumes to determine the flow rate for each tank.
2. Use the flow rate and desired times to calculate time to empty and fill the tanks.
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Calculations:
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Summary:
Table 1: Fill Times
. Desired Fill Calculated Fill Desired Calculated
Tank Sizes . .
Times Flow Rate Empty Times | Empty Flow Rate

47 Kgal | 180 | Mins | 261.11 | GPM 20 Mins | 52.85 GPM
1.057 | Kgal 60 | Mins 17.61 GPM 20 Mins | 52.85 GPM
4362 | Kgal | 124 | Mins 35.17 GPM 31 Mins 141 GPM

It will take 180 mins to fill the large tank with 45000 gallons of coolant and 52.85 minutes to empty 1000
gallons into the reservoir tank.

It will take 124 minutes to fill the dirty tank with 4000 gallons of coolant. It will take 52.85 mins to empty
it.
It will take 60 minutes to drain the reservoir of 1000 gallons of coolant.

Analysis

All the tanks are equipped with gate valves so their flow rates can be altered depending on need. The
flow rates are assumed the gate valve is 100% open.
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iii. Piping Size
5. Specify the layout of the piping system, the material type and sizes of all pipes, and the lengths
required. Please note that if choosing to have a system driven by gravity, the pipe calculations are
different to the case of pumped systems. Please also remember that for a pumped system, the pipe size
is chosen with the critical velocity criteria and the desired flow rate.

Purpose:
Determine pipe length, size, and types for the system.
Sources:

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

Design Considerations:

e Constant Properties
® Incompressible Fluids
e Critical velocity of 9.6 ft/s

Drawings and Diagrams:

30ft
-—

cone bottom: 45°
slope
7 ft above
General manuf; d
Fal Machining arca
lemi e with 16
: 45" Sa
slope
g
251 ft above T Ao
; und | BES L
e T ( = s ;
=" >\ 1004t
- TvCway 200 200 ft
Railroud siding \
s < > Highway ¢
i

Legend
Check valve:

Gate Valve: N

Pump: .

Figure 3: System Diagram
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Data and Variables:

e large tank: 261.11 GPM to fill 52.85 GPM to empty
e Dirty tank: 35.17 GPM to fill and 141 GPM to empty
e Feedtank:17.61 GPM to fill and 52.85 GPM to empty

Materials:

e Coolant

e 3 Tanks: Carbon Steel ASTM A106, Electric Resistance Welded
o 47000 Gal
o 4362 Gal
o 1057 Gal

Procedure:

1. Use chosen flow rate and critical velocity to determine the flow area of the pipes in each
section using the Q= AV equation.
2. Find nearest pipe flow area on Appendix F of textbook (round up).

Calculations:
@ANTS i i
(2 o
QLN G pm X O.0na7%

1.0 H]s
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Summary:

Table 2: Pipe Size

. . Nominal Pipe
System Flow rate Velocity Pipe Area Size from App. F
Train to Large Tank (Discharge) | 261.11 GPM 9.6 ft/s 0.0606 ftr2 3.5 in
Large tar'lk to Feed Tank 5785 GPM 9.6 ft/s 0.012266 ftAD 1.5 in
(Discharge)
Feed tank to Machlne Area 57 85 GPM 9.6 | ft/s | 0.012266 ftA2 1.5 in
(Suction)
Machine Pump to Dirty Tank | 55 70 | Gpm | 9.6 | fiys | 0.024531 | ftn2 | 2 in
(Discharge)
Feed tank to Dirty Tank 52.85 | GPM | 9.6 | ft/s | 0.012266 | ftA2 1.5 in
(Discharge)
Dirty Tank to Trucks 141 | GPM | 9.6 | ft/s | 0.032724 | ftr2 | 25 in
(Discharge)

e The length of pipe from the railroad up to the large tank will be a horizontal length of 10 ft
and vertical length of 52 feet. The pipe will be 3 % in nominal diameter.

® The length of pipe from the large tank to the reservoir will be 524 ft horizontally with no
vertical distance. This pipe will have a 1.5 in nominal diameter.

® The pipe length from the reservoir to the machining area will be 4 ft vertically. This pipe will
have a 1.5 in nominal diameter.

® The pipe length from the reservoir to the emergency dirty tank dump will be 6 ft. This pipe
will have a 1.5 in nominal diameter.

e The pipe from the machining area pump to the dirty reservoir will have a height of 16 ft and
a horizontal length of 469 ft. This pipe will have a 2 in nominal diameter.

e The pipe from the dirty tank to the pump that feeds the trucks will be 3 ft long and have a
2.5 in nominal diameter.

Analysis:
These dimensions assume an industry standard critical velocity of 9.6 ft/s. Carbon Steel ASTM
A106 will be used for the pipe to aid in welding of similar metals.
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6. Specify the number, types, material, and size of all valves, elbows, and fittings. Please note that
if choosing to have a system driven by gravity, the pipe calculations are different to the case of
pumped systems. Please also remember that for a pumped system, the pipe size is chosen with
the critical velocity criteria and the desired flow rate. (to final report section 5.f.iii)

Purpose: Create a parts list of required valves, elbows, and fittings.

Sources:

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

(2015)

® Project Document

Design Considerations:

e Constant Properties
® Incompressible Fluids
e C(ritical velocity of 9.6 ft/s

Drawings and Diagrams:

e
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Check valve:

Gate Valve: N

Pump: .

Figure 3: System Diagram

34



Data and Variables:

e N/A
Materials:
e Coolant

e Carbon Steel ASTM A106

Procedure:

1. Use piping layout from diagram to list required parts.

Calculations:
Sizes are based on pipe sizes calculated in task 5.

Summary:
e Train car to large tank

o 2 Gate valves for 3.5 in pipe
o 1checkvale for 3.5 in pipe
o 4 Short Radius Elbows for 3 % in pipe
o 20fthose3.5in
e Large tank to feed tank
o 1 Gate valve for 1.5 in pipe
e Feed tank to machine area
o 1 Standard Tee for 1.5 in pipe
o 2 Short Radius Elbows for 1.5 in pipe
o 1 Gate valve for 1.5 in pipe
e Feed tank to dirty tank

o 1 Standard Tee for 1.5 in pipe (same tee used in previous system)

o 1 Short Radius Elbow for 1.5 in pipe
o 2 Gate valve for 1.5 in pipe
o 1Expander (1.5into 2 in)
o 1standard tee for 2 in pipe
e Machine pump to dirty tank
o 4 Short Radius Elbows for 2 in pipe
o 2 Gate valves for 2 in pipe
o 1 checkvalve for 2 in pipe

o 1standard tee for 2 in pipe (same tee used in previous system)

e Dirty tank to Trucks
o 1 Standard Tee for 2.5 in pipe
o 2 Gate valves for 2.5 in pipe
o 1 checkvalve for 2.5 in pipe
o 20fthose2.5in

Analysis:

All material will match material of piping indicated in task 5.
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9. Specify pipe wall thickness (schedule). You need for this the maximum operating pressure
of the system. In a pumped system this pressure is typically at the exit of the pump.

Purpose:
Determine pumps required to run the system

Sources:

e https://www.gbrx.com/media/1466/tank29000.pdf
e Mott, R, Untener, J.A, “Applied Fluid Mechanics”, 7™ edition, Pearson Education, Inc (2015)
e Project Document

Design Considerations:

e Refer to task 1 design considerations.
e Velocity in the pipes is 9.6 ft/s (industry standard for flow rate of 100 GPM)
e Tanks are at atmospheric pressure

Drawings and Diagrams:

} l_l;'f;‘/?_— - .

i e

Figure 7: Pump from machinery area to dirty tank
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Figure 8: Pressure for pump in train to large tank exit

Data and Variables:

*  y=58.656 Ib/ft:

p=1.8236 slug/ft:

Length of 3 % in pipe= 84 ft
Length of 2 in pipe= 485 ft
S= 20000 psi

E=0.85

Y=0.4

Materials:
e Coolant
e Carbon Steel ASTM A106

Procedure:
1. Determine maximum operating pressure.
2. Plug pressure in to equation 11.9 from the textbook to solve for thickness, minimum thickness,
and nominal thickness
3. Use the tables in the appendix for steel pipe dimensions to determine which schedule lines up
with the nominal wall thickness
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Calculations:

Pressure in machinery area pump exit:

ST A ey
(S”V.be‘Q)WQ(’WTQG(OﬁV‘ A 7%"}%{»/%(
SUEORS

Pressure for pump in train to large tank exit:

58.656 ~ (42ft + 6.77ft + 58.31 f©)

ft3
Fo= 144

= 43.619 psi

Pipe thickness example calculation:

o ¢ D = (L} 5 le 25 ) & iay

—

'a'j:- ™ 4 1 \ - e
A2 F /} -;,,{(,%‘r_su“tal(sr vO. 75 #H3.01u(0,\ )]
L= 0.06512 ix
_tl"""-'uvt = ‘(i 4+ 0,657 = (G s S RILE ol o.og 1
turkin Z-OOFE iy

~Ewal vy ) dglg"\
‘t“"“ﬂ = O 0.7

’{’"bm g 01 Df"?'t"\

38



Thickness of pipes in each system:

Thickness of pipe
from big tank to 1kg

Thickness of pipe from
train to big tank

E 0.00512633860|
tmin 0.085126386|
tnom 0.0972587299
p 43.61900558)
D 4
5 20000
E 0.85
¥ 0.4

Thickness of pipe from
machine pump to dirty

t 0.0002599
tmin 0.0802599
tnom 0.0917256
P 4. 6520833
D 19
5 20000
E 0.85
Y 0.4
Thickness of pipe
from feed tank to
machine area
t 0.0001532
tmin 0.0801532
tnom 0.0916036
P 2.7413533
D 19
5 20000
E 0.85
ki 0.4

tank
t 0.010131872
tmin 0.090131872
tnom 0.102007854
P 145.5424617
D 2.375
5 20000
E 0.85
¥ 0.4

Thickness of pipe
from feed tank to

Thickness of pipe from
dirty tank to trucks

dirty tank
t 0.0001532
tmin 0.0801532
tnom 0.0916036
p 2.7413533
D 19
5 20000
E 0.85
X 0.4

¢ 0.000394887
tmin 0.080394887
tnom 0.09187/9871
p 4670484028
D 2.875
5 20000
E 0.85
Y 0.4
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Summary:
The maximum operating pressure in the piping from the train to the large tank is 43.62 psi.

The maximum operating pressure in the piping from the large tank to the feed tank is 4.65 psi.
The maximum operating pressure in the piping from the feed tank to the machine area is 2.74 psi.

The maximum operating pressure in the piping from the machine area to the dirty tank is 145.54 psi.

The maximum operating pressure in the piping from the feed tank to the dirty tank is 2.74 psi.
The maximum operating pressure in the piping from the dirty tanks to the trucks is 4.67 psi.
The nominal wall thickness for the piping from the train to the large tank is 0.0973 in.

The nominal wall thickness for the piping from the large tank to the feed tank is 0.0917 in.
The nominal wall thickness for the piping from the feed tank to the machine area 0.0916 in.
The nominal wall thickness for the piping from the machine area to the dirty tank is 0.103 in.
The nominal wall thickness for the piping from the feed tank to the dirty tank is 0.0916 in.
The nominal wall thickness for the piping from the dirty tanks to the trucks is 0.0918 in.

Analysis:

Because all wall thicknesses are well below the listed wall thicknesses for the respective pipe sizes in the

schedule 40 table, schedule 40 pipe will be used for the entire system.
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10. Check your design for water hammer problems. Check if the pipe you selected can hold such over-

pressure, if not, propose the use of a water-hammer arrestor by specifying the pressure that it will
handle.

Purpose:
To find if the pipes in the design can withstand the effects of water hammer

Sources:

e https://www.engineeringtoolbox.com/wrought-steel-pipe-bursting-pressure-d_1123.html
e Mott, R, Untener, J.A, “Applied Fluid Mechanics”, 7" edition, Pearson Education, Inc (2015)
e Project Document

Design Considerations:

e Refer to step 9 pipe design information

Data and Variables:

e Longest pipe: 524 ft
e Schedule 40 steel pipe
Materials:

e 2in steel pipe
e 3% in steel pipe

Procedure:

1. Determine a speed for valve closing
2. Find pressure caused by said valve closing speed in longest pipe

Calculations:

Find pressure change in pipe due to sudden valve closure

V\fgg—: 2 H s mmzt

No= 020 Av /At Long st Pipe 524 ge

4

+ e e P 2yE .
1030 <94 ‘\‘*’\) C Sl“ﬂfif}z” = 352, 2% pie L(!:]}‘-;‘;Af} Eime Of{/g

%)
£
Y
¥
™
-
b
R
\_3\‘
by
=
N
-
¢,
N
=
A
(e 3
=
C
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Summary:
The maximum pressure in the pipes from the water hammer phenomenon is 3521 psi.

The burst pressure in the smaller 2 in pipe is 5185 psi, while the burst pressure in the larger 3 % in pipe
is 5610 psi.

Analysis:

Using a sudden closure speed of 0.1 seconds, the water hammer phenomenon reached a value of 3521

psi, well below the bursting pressures of either pipe being used for this design, therefore, no arrestor is
required.
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iv. Provide pipeline support info
13. For one particular pipe system, decide the type of supports and determine the force acting
upon each support. Your work here includes the distance between supports so the pipe does
bend much. Our civil engineer colleagues need this.

Purpose:

Determine the amount of hanger required to support one stretch of pipe. Also determine the
type of hanger and distance the hangers are apart.

Sources:

® Hanger support spacing - rod sizes horizontal pipes. Engineering ToolBox. (n.d.).
Retrieved November 29, 2021, from https://www.engineeringtoolbox.com/piping-
support-d_362.html.

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

® Project Document

Design Considerations:

e Refer to task 1 design considerations.
e Velocity in the pipes is 9.6 ft/s
e Tanks are at atmospheric pressure

Drawings and Diagrams:

Figure 9: Piping Support FBD

Figure 10: Piping Simply Supported Reaction Forces FBD



Data & Variables:

p=1.8236 slug/ft:

Length of 1 % in pipe= 564 ft
V =9.6 ft/s

Q=52.85 GPM

P.=1122.66 psf
A=0.012266 ft?

y=58.656 Ib/ft3

Materials:

e Coolant
e Carbon Steel ASTM A106 piping

Procedure:

1. Determine reaction forces in the X and Y directions

2. Use pressure in bottom of large tank found in task 9

3. Use Bernoulli’s to solve for pressure at inlet of the feed tank.

4. Use chart found in sources to determine the spacing for 1.5 in schedule 40 steel pipe
5. Divide Ry by number of hangers

Calculations:

[SrsE =y, S

L \‘"\"

| é}’x’ = {u (_IJ_D W ﬁ(/}

Vax = Vg
2P =D
PoBy =R faRg = O
R =( P P )4

Pr= 112255 At
Pz - 0BLbAps ¢

Bx = (112255100 3Y 5L plase s ™
TRy =170 14 |

i

44



| N
‘Pf 41’2'(3 =€ &@6’ fyg)

(Z’U ity 22 % -
w:73:ﬁ' A= A vl
= 0ot £E xSGU

. HLO:%F@#B
W > 58,650 sfild x 631545 = OF T /45

J K\G?L{'Uﬁ"?ﬂ!’{ ) : =

L

Ly x(st LhD = L{O‘f.?‘iﬁfﬁp(?‘ilf'{)

E s A 02 .?‘IUJ{-

M e (501 =405 751 (2524)

Q,; A Ma.faf;_/ﬁ

! _' il[m 5.’{"{ -
| r{ﬁaﬁ.,.l ‘5’F ) EWB, 4H"__z H/qﬁ" 6,} | C{,?,i,}‘__j
STL4H = §.95 A opet 2%
/foﬂm-?w

| 14'{‘5{, On_ (ach W;
— HOSIGS gy e1Shs pr R

45



Summary:

Per the hanger support spacing chart noted in the sources, the pipe needs a support every 9
feet. With this distance there is not a whole number of hangers. The calculated 62.67 hangers
were rounded up to 63 hangers. This number of hangers required the hangers to be placed
about 8.95 ft apart from each other. Each hanger has 6.44 |bf acting on it from the pipe.

Analysis:

Rounding up to 63 hangers is safer than rounding down to 62 hangers because it provides extra
support. The chart in the sources recommends 3/8” steel rods to be used to support the pipe.
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v. Energy Losses

7. Develop the hydraulic analysis of all parts of the system; this includes energy losses due to

friction and minor losses. You should list the energy losses per section(s) of each of the coolant
sub-systems. For this task, you are allowed to use software but one of the coolant sub-systems
MUST be calculated by hand and compare against the software results.

Purpose:
Calculate all the minor losses in system.

Sources:
e Mott, R., Untener, J.A, “Applied Fluid Mechanics”, 7th edition, Pearson Education, Inc

(2015)
® Project Document

Drawings and Diagrams:
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& 2 : .45.: \
ft above —— 4_69 it
i pipe run
- >\ 100 fi \
veway R 200 fi

\§ 3

>  Highway (=

Legend
Check Valve:

Gate Valve: "

Pump: »

Figure 3: System Diagram
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Figure 11: Large Tank to Reservoir Tank

Figure 12: Reservoir Tank to Equipment
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Figure 13: Reservoir Tank to Dirty Tank

Data and Variables:

y=58.656 Ib/ft3

V1=V2=0 ft/s

Vp=9.6 ft/s

g=32.2 ft/s2

Di of 2 in pipe=0.1723 ft
p=1.8236 slug/ft3

Length of 3 % in pipe= 84 ft
Length of 2 in pipe= 485 ft

Materials:

e Coolant
® Carbon Steel ASTM A106
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Procedure:

Large Tank to Reservoir Tank:

PwnNE

Set points at the surface of each tank to assume zero velocity.

Solve Bernoulli’s for pump head
Solve for entrance loss, exit loss, elbow loss, and pipe loss.
Add together total losses

Reservoir Tank to Equipment:

PO NE

Set points at the surface of each tank to assume zero velocity.

Solve Bernoulli’s for pump head
Solve for entrance loss, exit loss, elbow loss, and pipe loss.
Add together total losses

Reservoir Tank to Dirty Tank:

PwnNE

Set points at the surface of each tank to assume zero velocity.

Solve Bernoulli’s for pump head
Solve for entrance loss, exit loss, elbow loss, and pipe loss.
Add together total losses

Total loss minus losses in pump sections (8):

1.

Add together total losses
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Calculations:

el ¥ W
(1 _ky

s b
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Table 3: Energy Losses

System

Nr

D/e

Pump

hl_tees hi_pipes | hi_exit | hi_ent | hl_cv | hi_t Head Pressure

f ft hi_elb | hi_gv | hl_exp (branch flow) | poy (psi)

Train to
Large Tank
(Discharge)

1185185

23333.33

0.0123 | 0.0103 1.17 0.12 0 0.00 4.17 1.43 0.00 1.47 8.36 52.86 42.05

Train to
Large Tank
(suction)

1185185

23333.33

0.0123 | 0.0103 1.17 0.12 0 0.00 1.21 0.00 0.00 0.00 2.50

Large tank to
Feed Tank
(Discharge)

507936.5

10000.00

0.0144 | 0.0120 0.00 0.14 0 0.00 93.74 1.43 0.72 0.00 | 96.03

Feed tank to
Machine
Area
(Suction)

507936.5

10000.00

0.0144 | 0.0120 | 0.69 0.14 0 1.03 0.66 0.00 0.00 0.00 2,51

Machine
Pump to
Dirty Tank
(Suction)

677248.7

13333.33

0.0137 | 0.0114 0.32 0.13 0 0.00 0.35 0.00 0.00 0.00 0.81

Machine
Pump to
Dirty Tank
(Discharge)

677248.7

13333.33

0.0137 | 0.0114 0.97 0.39 0 0.32 56.89 1.43 0.00 1.62 | 61.63 | 79.87 64.15

Feed tank to
Dirty Tank
(Discharge)

507936.5

10000.00

0.0144 | 0.0120 | 0.34 0.27 0.544 2.06 30.59 1.43 0.00 0.00 | 35.24

Dirty Tank to
Trucks
(Discharge)

846560.8

16666.67

0.0131 | 0.0109 | 0.00 0.12 0 0.00 1.80 0.00 0.00 1.56 3.48 14.81 13.97

Dirty Tank to
Trucks
(Suction)

846560.8

16666.67

0.0131 | 0.0109 0.00 0.12 0 0.94 0.27 0.00 0.00 0.00

Summary:

The system loses the most energy in sections with long stretches of pipe. Due to this the system losses
96,026 ft between the large tank and the feed tank, 59.75 ft between the machine pump and the dirty
tank, and 35.24 ft between the feed tank and the dirty tank. The other losses are very minimal.

Analysis:
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Most losses are from Friction in the pipes but that also being said with complexity of this system these
losses are negatable.

vi. Pump Selection

8. How many pumps do you need? What are the requirements (this is, you have to provide pump head
and flow rate) of each pump? For this task, you are allowed to use software but one of the coolant sub-
systems MUST be calculated by hand and compare against the software results.

Purpose:
Determine pumps required to run the system

Sources:

e https://www.gbrx.com/media/1466/tank29000.pdf
e Mott, R, Untener, J.A, “Applied Fluid Mechanics”, 7™ edition, Pearson Education, Inc (2015)
® Project Document

Design Considerations:

Constant Properties

Incompressible Fluids

Standard tanker car is 8 ft in diameter and will be approximately 2 feet above the ground.
Standard tanker cars are vented to atmosphere during unloading

Assume atmospheric pressure at machinery outlet

Standard critical velocity of 9.6 ft/s assumed at machinery outlet

Drawings and Diagrams:

]

Figure 14: Pump from Train to Large Tank
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Figure 15: Pump from Machinery Area to Dirty Tank

Figure 16: Pump from Dirty Tank to Trucks
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Data and Variables:

e y=58.656 Ib/ft3
o Vi=V,=0 ft/S
o V,=9.6ft/s
o g=32.2ft/s?
e D;of 3% in pipe=0.2975 ft
e Diof 2in pipe=0.1723 ft
e p=1.8236 slug/ft3
e Length of 3% in pipe= 84 ft
e Length of 2 in pipe= 485 ft
Materials:
° Coolant
° Carbon Steel ASTM A106
Procedure:

Pump from train to large tank:

1. Set points at the surface of each tank to assume zero velocity.

2. Solve Bernoulli’s for pump head

3. Solve for entrance loss, exit loss, elbow loss, and pipe loss.

4. Add together total losses and plug in to Bernoulli’s to solve for pump head.

Pump from machining area to dirty tank:

Set points at the outlet of machining area and surface of dirty tank
Solve Bernoulli’s for pump head
Solve for exit loss, elbow loss, tee loss, and pipe loss.

PN RE

Add together total losses and plug in to Bernoulli’s to solve for pump head.
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Calculations:
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Summary:

Flow rate for the pump from train to large tank was determined to be 261.11 GPM and a pump head of
52.86 ft was calculated. Flow rate for the pump from the machinery area to the dirty tank was
determined to be 105.7 GPM and a pump head of 79.87 ft was calculated. Flow rate from the dirty tank
to the trucks was determined to be 141 GPM and a pump head of 14.81ft was calculated.

Analysis:

The pump from the machining area to the dirty tank requires more power because it has a significantly
longer distance for the fluid to travel.
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15. Specify the number of pumps, their types, flow capacities, head requirements, and power required.
Why did you choose the pump you chose? Argue why you need a kinetic pump (instead of a positive
displacement) and prove that the radial-pump is the type of kinetic pump you need.

Purpose: Outline the number of pumps and their types, flow capacity, head requirement, and power
required. Include an explanation for the specified pumps.

Sources:

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

e Sulzer catalog

Design Considerations:

Constant Properties

Incompressible Fluids

Standard tanker car is 8 ft in diameter and will be approximately 2 feet above the ground.
Standard tanker cars are vented to atmosphere during unloading

Assume atmospheric pressure at machinery outlet

Standard critical velocity of 9.6 ft/s assumed at machinery outlet

Drawings & Diagrams:
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Figure 17: Pump Selection for Pump 1
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Figure 18: Pump Selection for Pump 2

Data & Variables:

Q (pump 1): 261.11 GPM
Q (pump 2): 105.70 GPM
Q (pump 3): 141 GPM
Head (pump 1): 52.86 ft
Head (pump 2): 79.87 ft
Head (pump 3):14.81 ft

Materials:
e Coolant
e Carbon Steel ASTM A106
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Procedure:

1. Use pump head and flow rate to find the desired pump in the Sulzer catalog

2. The smallest pump that included the flow rate needed was chosen for the 3rd pump because it

did not align with any pumps in the pump selection graph in the catalog.
3. Use affinity laws to read charts made for higher speed pumps.
4. Use the name of the pump to determine the other specifications of the pump listed in the

catalog

5. Use the pump speed from the Sulzer catalog in combination with the flow rate and pump head

to determine the specific speed.

6. Use chart provided in lecture notes to verify specific speed is under 4000 rpm.

Calculations:
_Q
h.. = haz
H
}
n
Vuw -
\ 16
" )
5 __/_ Y] i
{ o, =2 ==
) f D o 1 ( ']) / .I'.“Jrf‘ /

The pump head was calculated in task 8 and the flow rate was calculated in step 5. No further

calculations.
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Summary:

The table below outlines the pump head, flow, type, and number of pumps. The kinetic pump is chosen
because it is cheaper and smaller than the positive displacement pumps and allows for better control
over the flow rate. Additionally, the viscosity of the fluid is close to that of water, so the positive
displacement pump is not necessary. The pumps were chosen from the provided Sulzer catalog based
on the calculated flow rates and pump heads from tasks 5 and 8. The pumps are radial because their
specific speed is under 4000 rpm, this was verified on the specific speed chart in Appendix B.

Table 4: Pumps

Pump I.D | Pump Location Pump Type Flow (GPM) | Pump Head (ft) [ Pump Power (HP)

Train to Large Kinetric Pump, Double

1 . 261.11 52.86 47
Tank Impreller, Radial
Machine Pump to | Kinetric Pump, Single

2 , _ 105.7 79.06 55
Dirty Tank Impreller, Radial
Dirty Tank to Kinetric Pump, Single

3 . 141 14.54 18
Trucks Impreller, Radial

Analysis:

Pump 3 is the smallest pump because it has the shortest distance to travel and encounters few losses.
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16. Specify the characteristics of the chosen pumps, point of operation, and actual pump size and
weight. Some of the information is for our civil engineer colleagues. VERY IMPORTANT: Include pump
curves with the system curve, and point of operation. For this task, please print out the pages in the
catalog where you got the information.

Purpose:
Outline the pump characteristics, point of operation, and actual pump size and weight.
Sources:

e Mott, R, Untener, J.A, “Applied Fluid Mechanics”, 7" edition, Pearson Education, Inc (2015)
® Project Document

® Sulzer catalog

Design Considerations:

Constant Properties

Incompressible Fluids

Standard tanker car is 8 ft in diameter and will be approximately 2 feet above the ground.
Standard tanker cars are vented to atmosphere during unloading

Assume atmospheric pressure at machinery outlet

Standard critical velocity of 9.6 ft/s assumed at machinery outlet
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Drawings & Diagrams:
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Figure 19: Pump 1 Performance Curve



1.5x3x11.5-1 OHH SULZER
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Figure 20: Pump 2 Performance Curve
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Figure 21: Pump 3 Performance Curve
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Calculations:

Q;
ha2
h.. = %
al 4
Summary:
Table 5: Pump Characteristics
Pump I.D Pump Location | Pump Size Impeller size (in) | Weight (lbs) | Speed (RPM) | Efficiency
Train to Large
1 3X4X8B 7.81 370 1775 74%
Tank
Machine Pump
2 . 1.5X3X11.5-1 10.31 522 1775 51%
to Dirty Tank
Dirty Tank to
3 2X3X7.5B-1 6.75 331 1775 51%

Trucks

The point of operation for each pump is indicated in blue in its respective figure.

Analysis:

The pump 1 is the most efficient pump because it has the highest flow rate. Additionally, each pump will
was chosen to use the larger impeller and use a valve to throttle down to the previously calculated flow

rates.
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17. Specify electrical motor requirement for our pump for our electrical engineering colleagues. Recall
that we specify the power of the electrical motor as about 1.10 times the power required by the pump.

Purpose: Determine electrical power needed for each pump

Sources:

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

® Project Document
e Sulzer catalog

Design Considerations:

e Constant Properties
® Incompressible Fluids

e Electrical power is 1.10 times the pump power.

Drawings & Diagrams:

N/A

Data & Variables:

e Pump 1 power=47 HP
e Pump 2 power =55HP
® Pump 3 power =18 HP

Materials:
e Coolant
e Carbon Steel ASTM A106

e Sulzer Pumps: 3X4X8B, 1.5X3X11.5-1, 2X3X7.5B-1

Procedure:
Multiply each pump power from task 15 by 1.10
Calculations:

Pump Power X 1.10 = Electrical Power Requirement

Pump 1 power

47HP X 1.10
Pump 2 power

55HP X 1.10
Pump 3 power

18 HP X 1.10

Summary:

51.7 HP

60.5 HP

19.8 HP

The motor for pump 1 will need to be a minimum of 51.7 HP. The motor for pump 2 will need to be a
minimum of 60.5 HP. The motor for pump 3 will need to be a minimum of 19.8 HP.

Analysis:

The electrical motor size varies proportionally to the pump size. The electrical motor powers will more
than likely not be sold to the exact calculations, the numbers presented in the calculations are the

minimum requirements to power the pumps.
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18. Evaluate the NPSH available for your design, and demonstrate that your pump has an acceptable

NPSH required. Specify the installation requirements for the pumps, including the complete suction line

system.

Purpose:
Determine NPSH required to ensure the available NPSH is higher

Sources:

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

® Project Document

Design Considerations:

e Pump Head
® Pipe and valve losses

Drawings & Diagrams:

N/A

Data & Variables:

e h suction pump

e hs

o hf

e hvacuum pump
Procedure:

1. Solve for NPSH available
2. Compare to NPSH required
3. If available is greater than required, the pumps are valid
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Calculations:
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Summary:

The data calculated shows that for each pump, the NPSH available is greater than the NPSH required (
found in the above pump data sheets) for each pump. Each pump would require valves both before and
after in order to isolate the pump for repair. All three pumps would also require swing gate check
valves to stop reverse flow of the fluid. Pump one would have to be mounted above the tank car top
height, thus putting it above the reservoir it is pumping from, with a flexible suction line in order to
pump the fluid from the tanker cars up to the storage tank. Pump two and pump three would both be
under the reservoir tank, with gravity fed suction lines in order to pump the fluid to the next reservoir in
the system as required.

Analysis:

Since all three pumps have a NPSH available greater than the required value, all three pumps are
tenable for this project.
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vii. Instrumentation Selection
14. Just for one of your pipeline systems, select the required instruments. This is, pick an instrument to
measure the flow of the pressure differential type (specify its dimensions) and pressure gauges (specify
range of pressures to measure).

Purpose:
Determine measuring device for one part of system

Sources:

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

Design Considerations:

Constant Properties
Incompressible Fluids
Pressure Variations

e Flow Rate

Drawings & Diagrams:

Figure 22: Flow Nozzle

Data & Variables:

e Diameter of main pipe: Schedule 40 1.5 in steel pipe, ID = 1.610 in
® Low Pressure value: O psi
e High Pressure value (at Water Hammer): 5610 psi

Materials:
e Coolant
e Carbon Steel ASTM A106
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Procedure:

4. Use D diameter to find distance from flow nozzle entrance to manometer pipe exits
5. Use the formula for B to calculate d diameter

Calculations:

5 - 7 . ,
H 1%})1%-5{{#)'}\-.{‘ =3690-0 = 3l0aps,

D’) {76‘@ L.]»"\

Dinz .§05 i

/ﬂ: ””/eD

df'ium-ﬁﬁ:,g\O

S50=df Léw
.40 1, z‘,ég\)), :/";j

A g05 (n
.‘ - 5%
ez U %75, os5Le _
< - = g LS T
L3 &~ )
I
e Vw,ﬁﬂ'g{@diiﬂ.i\) SdQLES LS 75 . b P
M T, i P
L= 0,9 65 3. B,
0. M35 £.53 {Tf; - = W3O
AWR e

Summary:

The data calculated shows that a flow nozzle placed in the long pipe from the large tank to the medium
tank would need to have an inner diameter (d) of 0.805 in, with the manometer pipes being 1.61 inches
in front of the nozzle entrance, and 0.805 inches beyond the nozzle entrance. This would allow the
manometer to give pressure readings on the flow in the pipe. This pressure difference is 0-3600 psi,
allowing for zero flow at the low value, and water hammer phenomena at the high value.

Analysis:

A manometer connected to a flow nozzle would provide the required data on flow rate through the pipe
running from the large tank to the medium tank.
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6. Final Drawings
a. Plot Plan

Figure 1: Plot Plan View of System Layout
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b. Elevations View
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Figure 2: Elevations View of System Layout
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c. Isometrics

30ft

Legend
Check valve: Y

Gate Valve: |y
Pump: »

Figure 3: Isometric View of System Layout
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7. Bill of Materials and Equipment List

Bill of Materials

Item Item Description Qty.

1 Pump 3X4X8B Kinetic Pump, Double Impeller, Radial 1
2 Pump 1.5X3X11.5-1 | Kinetic Pump, Single Impeller, Radial 1
3 Pump 2X3X7.5B-1 Kinetic Pump, Single Impeller, Radial 1
4 Electric Motor Minimum power requirement of 51.7 HP 1
5 Electric Motor Minimum power requirement of 37.4 HP 1
6 Electric Motor Minimum power requirement of 19.8 HP 1
7 Revisor Tank 20 ft X 20ft hemi dome tank Carbon Steel ASTM A106, Electric Resistance Welded 1
8 Feed Tank 6 ft X 7 ft hemi dome tank w/ 45-degree cone bottom Carbon Steel ASTM A106, Electric Resistance Welded 1
9 Dirty tank 6 ft X 12 ft hemi dome tank w/ 45-degree cone bottom Carbon Steel ASTM A106, Electric Resistance Welded 1
10 Gate Valve Gate valve for 3.5 in pipe 2
11 Gate Valve Gate valve for 2.5 in pipe 2
12 Gate Valve Gate valve for 2 in pipe 3
13 Gate Valve Gate valve for 1.5 in pipe 4
14 Check Valve Check valve for 3.5 in pipe 1
15 Check Valve Check valve for 2.5 in pipe 1
16 Check Valve Check valve for 2 in pipe 1
17 Steel Pipe Schedule 40 3.5 in 69 ft
18 Steel Pipe Schedule 40 2.5 in 3ft
19 Steel Pipe Schedule 40 2 in 488 ft
20 Steel Pipe Schedule 40 1.5 in 756 ft
21 Hose 3.5in 20 ft
22 Hose 2.5in 20 ft
23 Elbow 90-degree elbow Schedule 40 3.5 in 8
24 Elbow 90-degree elbow Schedule 40 2 in 4
25 Elbow 90-degree elbow Schedule 40 1.5 in 3
26 Tee Schedule 40 1.5 in 2
27 Tee Schedule 40 2.5 in 1
28 Blind Flange 0.25 in thick Carbon Steel ASTM A106 1
29 Bolts 3/4 in Carbon Steel ASTM A106 4
30 Nuts 3/4 in Carbon Steel ASTM A107 4
31 Flow Nozzle 0.805in ID 1
32 Manometer Pipe N/A 2
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8. Final Remarks

The system is designed to hold 45,000 gallons of coolant in the main reservoir which is enough to supply
the machine area for 11 months. The main reservoir then feeds the feed tank which directly distributes
the coolant to the machine area. Once the fluid is used, it is pumped out of the machine area into a holding
tank for dirty fluid that is positioned next to the driveway. The positioning of the dirty fluid holding tank
allows for quick pickup when the fluid is carried off in tanker trucks. The feed tank also has an emergency
dump line that flows directly to the dirty holding tank in case the fluid in the feed tank gets contaminated.
The dirty hold tank has a blind flange which can be used for future expansion if needed. The system is cost
effective because it uses very direct paths for the pipelines and is partially gravity fed. With the help of
gravity, the system only requires three pumps and electric motors. Additionally, because the main
reservoir is so large, it will save money on shipping fees because the fluid will not have to be delivered at
such a high frequency.
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9. Appendix

Appendix A Sulzer Catalog Charts

Pump 1:

sULz ER Senes 2.00 Page
TECHNICAL DATA - TYPE OHH i )
Mechanical Dimensions & Ratings — US Standard Units e
- - = - .
¢ 3 $ g | 8 | 3 ¢
&5 & 3 e 3 & =
OHH TECHNICAL DATA Us - & & & & = -
Ma/Min Impeller Dia_ (in) 82165 8265 B265 B265 8265 974 9374
Walute Construction Single Single Single DCiouble Ciouiie Single Single
Max Operating Pressure (Psig) 740 740 740 740 740 740 740
Hydrostatic Test Pressure (Psig) 6 1110 1110 1110 1110 1110 1110 1110
Max Operating Temperature (°F) Refer to series B11-B16 for max pump operating temperatures for each matenial dass
Size of Casing Drain Construction NPT 075 0.75 075 075 075 0.75 075
Bearng Housing No. 3 3 3 3 3 3 3
Shaft Dia. between bearings {in) 256 256 256 2.56 256 256 256
Span between bearings (in) 74 7.34 7.4 734 734 734 74
Span CL Rad Brg to CL Imp (in} 10.51 10.67 10.55 10.75 10.75 10.16 10.20
Shaft Dia. at Seal Chamber (in) 188 185 1589 188 185 1588 163
Shaft Dia. at coupling (in) 1.26 126 126 126 126 126 126
Typical AP| Baseplaie # 7| 1.5 15 156 20 20 15 15
Rarfial Bearing Nurmber 6310 6310 6310 6310 6310 6310 6310
Thrust Bearing Number 7311 7311 73N 7311 7311 7N 73N
Pump Weight (Ib) 336 336 361 370 370 320 334
Typical AP| Baseplate weight {1b) 7 802 802 802 932 032 802 802
Minimum Case Thickness (in) Refer to series B40-B41
Max. Dia. Spherical Sokds (in) 3] 028 0.37 037 043 043 020 020
Wear Ring Diameter - Eye (in) 413 453 453 531 53 413 453
Wear Ring Diameter - Hub {in) 413 453 4453 5.31 h31 413 453
Clearance Below 500°F - Bye {in) 1 0015 0.016 0.016 0.017 0.017 0.015 0.016
Clearance Beiow S00°F - Hub (in) 1] 0015 (8) | 0016 (8) | 0.016 (8) | 0.017 (8) | O.017 (8) | 0.015 (8) | 0.016 (8)
Mass Moment of Inertia (I-t2) WR2 5 063 .69 0.69 0.84 0.84 .89 0.91
Shaft Stiffness Factor L34 4 91 73] @ 97 o7 82 83
Critical Speed (Dry) (cpm) OREh o035 9208 8251 8251 9806 (R
Temperature Limits (°F) Refer to series B42 for recommended pump

and bearing features reguired for elevated temperatures

1)  Above 280°C {500°F) API reguires that clearances are increased by 0.005 in. Pump efficiency must be reduced to
compensate for increasad internal leakage. Also be sure to comect the power and efficiency for dual 2eals and high
suction pressures.,

2}  ANSI class 300 RF, EN1092-1 PNe4, PN40Q fianges are available. Pump operating conditions are not to exceed flange
design working pressure andlor temperature.  Mote: On C-6 and A-B pumps, the use of higher rated flanges for auxiliary
casing connections may be necessary to equal the casing MAWP

3)  Maximum spherical diameter is 0.12 in. less than narrowest intermnal passage.

4) See page B44 for additional information and intended application regarding L3/D4 shaft stiffness evaluation

5} The values shown are for "Wet" WR2 (includes the pumpage contained in the impelier). The coupling WR2 value (to be
supplied by coupling manufacturer) should ke added to the impeller.

§)  Auxiliary process piping shall be tested to the pressure of the casing. (Tubing or threaded piping |= Mot hydrotested).

7}  Typical Baseplate size and weights are an average provided to speed quoting activity and eatimating. For an exact size
and weight for the basepiate, use mofor frame and pump information fo pick a basepiate from pages D01 to D24.

8) Thess pumps are fumished without hub wear rings and throat bushing to pressurize the seal chamber above vapor
pressurs and extend zeal life.

EULZER Supersedes Page Dated: 15 February 2002

81



5 U LZE R Saries 2,00 Fage
TECHNICAL DATA - TYPE OHH Teema et |
Moise Calculations — US Customary Units RSN S
The following tabulation shows estimated noize level data for Type The Table lists values for 2ach OHH pump size using:
OHH pumps and is presented in either " Full diameter impallers.
a) "Sound Pressure Level" (dB) wersus "Cctave Center " Running at best efficency capacity.
Frequency” (Hz). . Adeguate MPSHa
b} "Weighted Sound Pressure Level” {dBA). . Rated BHP at best efficiency with 1.0 SpGr.
Measurements were taken
= Atthree feet or one meter from pump or piping surfaces.
* At 80 Her=z design speed with the appropriate performance curve.
Power SPL Octave Band Center Frequency in Hertz
Basis OHH HP dBA | 31.5 63 125 250 500 | 1000 | 2000 [ 4000 | 8000
1x2x7.5-1 8 801 72 76 it 77 75 T2 69 £5
237541 15 B22 | 721 | 781 | 781 | 811 [ 791 [ 771 | 741 | 711 | 671
2% 3%7.5B8-1 18 B25 | 724 | T84 | 784 | 814 [ 794 [ 774 | 744 | 714 8.5
3x4x7.5-1 29 822 | 741 | 781 | B0 | 811 [ 791 [ 771 | 741 | 711 | 671
4x6x7.5B-1 3T B15 [ 734 | 774 | 794 | B804 | 784 | 764 | 734 [ 704 | 664
4x6x7.5A-1 54 832 | 751 | 791 | B11 | 821 [ 801 [ 781 | 751 | 721 | 681
GRExT.5-1 74 86 692 | 782 | 752 | 782 | 812 | 812 | 792 | 762 | 732
1.5%3x8-1 12 803 | 722 | 762 | 782 | 792 [ 772 [ 752 | 722 | 692 | 652
2% 3% 8-1 30 824 (743|783 | 803 [ 813 | 793 | 773 | 743 [ 713 [ 673
3 4xBA-1 3 816 | 735 | 775 | 795 | 805 [ 785 [ 765 | 735 | 705 | 665
3x4x8B-1 47 858 | 706 | 796 | 766 | 796 [ 826 [ B06 | VBE | 756 | 726
3x4x8B-2 47 858 (706 | 796 | 766 | 796 | 826 | BDG | 786 [ 756 [ 726
1x2dx9-1 17 B18 | 736 | 776 | 796 | 806 | 786 [ 766 | 736 | 706 | 666
1.5 3%9-1 19 B29 | 728 | 788 | 788 | 818 [ Vo8 [ V78 | 748 | 718 | 67.8
2% 3x9A-1 25 832 | 733 | 793 | /93 | 823 [ 803 [ 782 | 752 | 723 | 683
2% 3x9B-1 34 838 | 737 [ 797 | 797 | 827 | BOY | TBTY | 757 [ 727 | 687
2491 42 32 | 751 | 791 | 811 | 821 | 801 | 781 [ 7561 [ 721 | 681
[ 3x4x10-1 83 B57 | 758 | 798 | 818 | 828 [ 828 [ 808 | 778 | 748 | 708
3x4x10-2 a3 857 | 758 [ 798 | 818 | 828 | 828 | 808 | 778 [ 748 [ 708
3 4x9-1 7 84 f58 | 798 | 818 | 828 | 808 | 788 [ 758 [ 728 | 68.8
Ix4x9-2 7 843 | 762 | BO2 | 822 | 832 [ 8412 [ 792 | 762 | 732 | 69.2
[ 3x6x9-1 g2 842 | 761 | 801 | 821 | 831 [ 811 [ 791 [ 731 [ 731 | 691
3k 6x9-2 a2 B45 | 764 [ 804 | 824 | B34 | B14 | 794 | 764 [ 734 | 6094
4% 5x9-1 109 854 | 755 | 705 | B15 | 825 | 825 | 805 | 775 | 745 | 705
4xGx9-2 109 B854 | 755 | 795 | 815 | 825 | 825 [ 805 | 775 | 745 | 705
Gx 6 x9-1 104 859 76 80 83 83 81 78 75 71
GxBx9-1 188 874 | 70T [ 797 | 767 | 797 | B27 | 827 | 8O | VTT | v47
BxBx10-1 330 885 |76 | B0O8 | 778 | 808 [ 838 (838 | 818 | 78BE | 758
Bx8x10-2 330 885 | 718 | 808 | 778 | 808 [ 838 [ 838 | 818 | 788 | 758
1%3x11.5-1 32 g2 738 | 7/9 | 799 | 809 (789 | 760 | 736 [ 709 | 66.9
1.5003x13-1 68 855 | 774 | 814 | 834 | 844 [ 824 [ 804 | 774 | 744 | 704
1.503%11.5-1 a5 852 | 751 | 811 | 811 | 841 | 821 [ 801 [ 771 [ 741 | 701
[254%11.5-1 [ B48 | 766 | B06 | 826 | 836 | 816 | 796 | 766 | 736 | 696
[2x4x13-1 106 859 | 7r7 [ 817 | 837 | 847 | B27 | TOT | 7T [ 4T [ 707
Fxdx11.5-1 a0 B6 759 | 819 | 819 | 849 | 829 | 809 | 779 | 749 | V049
Jxdx11.5-2 a0 g5 76459 | 809 | 829 | 839 | 819 | 799 | 768 [ 739 | 6948
Jx4x13-1 153 72 | fr3 | 813 |'833 | 843 [ 843 [ 823 | 792 | 763 | 723
Ixdx13-2 153 874 | ¥7r3 | B33 | 833 863 [ 843 [ 823 | 793 | 763 | 723
Jx6x11.58-1 124 BE5 | 764 | B24 | 824 | 854 [ 834 [ 814 | 78B4 | 754 | 714
Jx6x11.58-2 124 B55 | 774 | 814 | 834 | 844 [ 824 [ 804 | 774 | 744 | 704
Jx6x11.5A1 149 842 | V61 [ 801 [ 821 | 831 | 811 | 791 | 761 | 731 | 691
Ju6x11.5A-2 149 B58 | 777 | B17 | 837 | 847 [ 827 [ 807 | V77 | AT | 70X
4x6x11.5-1 187 871 7 83 86 84 g2 79 76 72
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u LZER Seres 2,00 Page
DIMENSIONAL DATA - TYPE OHH DIMENSIONS i
General Arrangement Dimensions — End Suction — US Customary Units Cictober - 02 Dot
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Certified by : APl | Base | B | B2 | BU L L2 L3 R | GK | HH | GH
Date: Certified for Mozzie & Mo. | wtlbs

Anchor Bolt locations only when signed above 1.5 BOD |30| 27 | 6 725 6 | 3025 | 1 (475 3 4
Ref No. : 2.0 830 |30 | 27 | B B45 | 6 | 2416 | 1 |475| 4 4
Project Mame :
Project ltem Mo.:

HH — Number of Base Hold Down Holes

each side, equally spaced.

L2 — Distance betwesan holes.
GH - # of Grout Holes

Dimension K is derived from MEMA standards or motor supplier catalogue.  The motation is counterciockwise —H. L. locking from Dirive End.
All dimensions are in nominal inches and for guidance only. Certified Drawings will be issued for actual construction.

When Available 'TS" frame should be used to minimize coupling size, there is no price difference on drivers. WP-_XXX
PUMP PUMP [DNs |[DNd| © | B | e | P [m | i | H |y |BASEREFERENCE
SIZE wt lbs in (Electric Driver - NEMA Frame)

15 (1437-286T) (284T15-2B0715)
20 (224T-405T) (Z24TS-4D5TS)

1x2x7.5-1 311
2xIxT.5A-1 332
2x3x7.58-1 331
Ixdx7.5-1 252
4x6x7.58-1 308
4xGx7.5A-1 398

30 | 492 | 31.08 [ 18 | 563 | 27.08
30 | 482 [ 31.18 | 18 | 5.38 | Z7.06
30 | 482 [ 31.18 | 18 | 538 | Z7.06
3126 | 18 | 536 | 27.08
3220 | 18 5 28.04
3220 | 18 5 28.04
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GuGxT.5-1 522 3587 [ 18 | 563 | 30.8D 2.0 (2B4T-385T) (2B4T3-305TS)

[UTN PR T [N I S N P U I O e O e O U R T
n

o

0

o

0

i) 5

1] 5.

1 8
1.5x3x%8-1 335 i o 30 [ 551 (3201 | 18 | 565 | 2706 | 5 (15 (1437-288T) (2B4TS-288TS)
2x3x8-1 338 2 0 30 | 501 | 3266 | 18 | 6563 | 2708 | 5 |-0 (F24TH05T) (324TSA06TS)
InduBA-1 360 3 o 30 [B30 | 3283 | 18 [ 538 [2745 [ 5
IxdnBB-1 370 3 0 30 [B30 | 3303 | 18 [ 563 [2745 [ 5
IxdxdB-2 370 3 o0 |30 |ma0| 3303 18563 2745 5
121 220 1 0 | =0 |58 | 3165 ]| 15[ 563 |o7oa| s
1.5x3%9-1 334 15 0 |30 |58 | 3160 15[ 563 |27oa s
2nIn9A-1 338 2 0 |30 |56 |3173| 18| 65 [2745( 5
2xIngB-1 334 3 2 o0 |30 551|318 | 18 [563 2745 5
2x4x9-1 360 4 2 0 30 [551 | 5177 | 18 [ 538 [2amm [ 5
IxdxnD-1 374 4 3 o 30 [ 551 | 3185 | o0 [ 738 [3043 [ 5
Indxg-2 374 4 3 0 30 [551 | 3185 | 20 [ 7as [ 3043 [ 5
Jnhxs-1 408 ] 3 05 | 30 | 591 [3232 (20 | 725 3102 | 5
JubxD-2 409 i 3 a0 |58 | 3232 |20 | 725 (3102 5

5U|-ZER Supersedes Page Dated: 22 March 2002




Pump 2:

:,:'
SULZ ER Series 2.00 3:&

TECHNICAL DATA - TYPE OHH TR

Mechanical Dimensions & Ratings — US Standard Units ele ik
- ) - - o
o e - é - o >
3 & & = g E 3
OHH TECHNICAL DATA Us a5 @ = R =5 & -3
Ma/Min Impeller Dia. (in) 102481 | 10281 | 11491 | 1M1592 | 11592 | 11592 | 11592
Yolute Construction Double Double Single Single Single Single Single
Max Operating Pressure (Psig) 740 740 740 740 740 740 740
Hydrostalic Test Pressure (Psig) 6] 1110 1110 1110 1110 1110 1110 1110
Max Operating Temperature {°F) Refer to series B11-B16 for max pump operating temperatures for each matesial class
Size of Casing Drain Construction NPT 07k 0. (1] [N 07 07 075
Bearing Housing Mo. 41 41 41 41 41 4.1 41
Shaft Dia. between bearings (in) 307 307 307 307 307 307 307
Span between bearings (in) 835 8.35 8.35 8.35 B8.35 8.35 8.35
Span CL Rad Brg to CL Imp (in) 12.83 1283 10.71 10.75 10.83 10.87 1087
Shaft Dia. at Seal Chamber (in) 228 228 228 228 228 228 228
Shaft Dia. at coupling (in) 165 165 165 165 165 1.65 165
Typical APl Baseplate # T 40 40 35 35 a5 1A 35
Radial Bearing Mumber 6214 6214 6214 6214 6214 6214 6214
Thiust Bearing Mumber 7313 313 3 313 7313 13 7313
Pump Wizight () TUB To8 A14 523 o] 49 ]
Typical APl Baseplate weight {Ih) 7| 1182 1192 1102 1102 1102 1102 1102
Miinimum Case Thickness (in} Refer to series B40-B41
Max. Dia. Spherical Solids (in) 3 12 12 012 024 0.39 051 051
Wear Ring Diameter - Eye (in) 200 215 453 453 512 55 6.10
Wear Ring Diameter - Hub {in) 165 165 453 453 512 55 610
Clearance Below 500°F - Eye (in) 1 050 050 006 0016 0m7 0.7 0018
Clearance Below 500°F - Hub (in) 1 045 045 0016 006 ooy oy 0018
Mass Moment of Inertia (Ib-t2) WR2 ] 365 365 228 228 263 246 246
Shaift Stifiness Factor L34 4 7B 78 45 45 A7 47 47
Critical Speed (Dry) (cpm) H7n3 5o 116597 11163 10376 10605 10605
Temperature Limits (°F) Refer to series B4Z for recommended pump

1

3)
4)
2}

6)
7)

8)

and bearing features required for elevated temperatures

Ahove 260°C {500°F) API requires that clearances are increased by 0.005 in. Pump efficiency must be reduced to
compensate for increased intemal leakage. Also be sure o comect the power and efficiency for dual seals and high
suction pressures.

AMNS| class 300 RF, EN1092-1 PNB4, PN40 flanges are available. Pump operating conditions are not to exceed flange
design working pressure and/or temperature.  Note: On C-6 and A-8 pumps, the use of higher rated flanges for auxiliary
casing connections may be necessary to equal the casing MAWP

Maximum spherical diameter iz 0.12 in. less than namowest intemnal passage.

See page B44 for additional information and intended application regarding L3/D4 shaft stiffiness evaluation

The values shown are for "Wet" WR2 ({includes the pumpage contained in the impelier). The coupling WR2 value (to be
supplied by coupling manufacturer) should be added to the impeller.

Auxiliary process piping shall be tested to the pressure of the casing. (Tubing or threaded piping 1z Mot hydrotested).
Typical Baseplate size and weights are an average provided to spesd guoting activity and estimating. For an exact size
and weight for the baseplate, use motor frame and pump information to pick a baseplate from pages D01 to D24.
These pumps are furmished without hub wear rings and throat bushing to pressurize the seal chamber above vapor
pressure and extend seal life.
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SULZER T
e

TECHNICAL DATA - TYPE OHH :T,EP:ICALPDEIA BE?T
Moise Calculations — US Customary Units i

The following tabulation shows estimated noise level data for Type The Takle lists walues for 2ach OHH pump siz= using:
OHH pumps and is presented in either L] Full diameter impellers.
a) "Sound Pressure Level" (dB) versus "Octave Canter . Rumning at best efficiency capacity.
Freguency” (Hz). * Adeguate MPSHa
b) "Weighted Sound Pressure Lavel” (dBA). ] Rated BHP at best efficiency with 1.0 SpGr.

Maasurements wers taken

- At three fest or one meter from pump or piping surfaces.

* At 60 Herz design spead with the appropriate performance curve.

Power SPL Octave Band Center Frequency in Hertz

|Basis OHH HP dBA | 31.5 G3 125 250 200 | 1000 | 2000 | 4000 [ 8000
1x2%7.5-1 B 801 72 76 78 79 [ [ 72 G9 65
[2x3%7.5A1 15 g22 | 721 | 781 | 781 | 811 [ 791 [ 771 | 741 | 11 | 671
2x3x7.58-1 18 B25 | 724 | 784 | 784 | 814 [ 794 [ 774 | 744 | 14 8.5
xdx7.5-1 29 g22 | 741 | 781 | 801 | 811 [ 791 [ 771 | 741 | 711 | 671
[4xG5x7.5B-1 37 815 [ 734 | 774 | 794 [ 804 [ 784 | 764 [ 734 | TO4 | 664
[ Auind. 5A1 54 832 | 751 | 791 | 811 | 821 [ 801 [ 781 | 751 | 721 | 681
Gxhxi.5-1 74 86 9.2 | 782 | 752 | 782 | 812 [ 812 [ 792 | 762 | 732
1.5%3x8-1 12 803 | 722 | V6.2 | 782 | V792 | V72 | 752 | 722 | 692 | 652
2% 3x8-1 30 824 (742 | 783 [ 803 (813 [ 793 [ 773 [ M43 [ M3 [ 672
Jxdx8A1 37 816 | 735 | 775 | 795 [ B05 | 785 | 765 | 735 | 705 | 665
Jx4x8B-1 47 g8 | 706 | 796 | 766 | 706 [ B26 | 806 | VBG | 756 | 726
Jx4x8B-2 47 g58 | 706 | 796 | 766 | 796 [ B26 | 806 | VBG | 756 | 726
1x2x9-1 17 B18 | 736 | 776 | 796 | BD6 [ 786 | 766 | 736 | 706 | 666
1.5%3%x9-1 19 g29 (728 | 788 [ 788 [ @818 | vo9B | 778 | 748 | 718 | 678
2x3x9A 1 25 833 | 733 | 793 | 793 | 823 [ 803 | ¥B3 | 753 | 723 | 6GB3
2x3x9B-1 34 838 | 737 | 797 | 797 | 827 | 807 | BT | 757 | 727 | 687
2% 4%9-1 42 832 | 751 | 791 | 811 | 821 [ 801 [ 781 | 751 | 721 | 681
Jn4x10-1 83 B57 [ 758 | 798 (818 (828 (828 (808 [ 778 [ 748 [ TOB
Jxdx10-2 83 B57 | 758 | 798 | 818 (828 [ 828 | 808 | 778 | 748 | 708
Jxdx9-1 71 B4 758 | 798 | 8148 | 828 | 808 [ V88 [ V58 | 728 | 688
Jxdx9-2 71 843 | 762 | 802 | 822 | 832 [ 812 | 79.2 | 762 | 732 | 692
Jx6x9-1 82 g42 | 761 | 801 | 821 | 831 [ 811 [ 791 | 731 | 731 | 691
JnGxo-2 82 B45 | 764 | BD4 [ 824 [ B34 [ B14 [ 794 | 764 | T34 | 694
436101 109 Bb4 [ 755 | 795 | 815 | B25 | B25 [ BOSG | 775 | 745 | 705
4x6x0-2 109 B54 [ 755 | 795 | 815 | B25 | B25 [ BOSG [ 775 | 745 | 705
Gx 6 x9-1 104 B85.9 76 80 g2 83 B3 81 78 75 71
Gx8x9-1 188 874 | 70T | 797 [ 76T | 79T | 827 [ B27 | BOT | TFT7 | TAT
Bx8x10-1 330 B85 (718 | 808 | 778 | BO8 | 838 (838 [B18 | 7B | 758
Bx8x10-2 330 B85 (716 | 808 | 778 | B08 | B3B8 [B28 [B18 | 7BE | 758
1x3x11.51 32 g2 39 | 779 | 799 | 809 | 789 [ 769 [ V390 | 709 | 669
1.5%3%13-1 68 B55 [ 774 | 814 | 834 | 844 | 824 [ 804 [ 774 | 744 | 704
1.5%3x11.5-1 55 B52 | 751 (811 [ 811 [ 841 [ 821 [ 801 [ 771 [ 741 [ 7O
2% 4%11.51 7 B48 | 766 | 806 | 826 | B36 [ B16 | 7O6 | 766 | 736 | 696
2% 4x13-1 106 B59 | 777 | 817 | B37 | 847 | B27 | FOT | 77T | 74T | 7O
3x4%11.541 90 86 759 | 819 | 819 | 849 | 829 [ 809 [ 779 | 749 | 709
x4x11.5-2 a0 85 7609 | 809 [ 829 [ 839 (810 | 799 [ 769 [ 739 | 699
Gxdx13-1 153 72 | 773 | 813 | 833 [ 843 [ 843 | 823 | 793 | 763 | 723
Jxdx13-2 153 B74 | 773 | 832 | 833 (863 [ 843 | 823 | 793 | 763 | 723
Jx6x11.5B-1 124 B65 | 764 | 824 | 824 | 854 [ 834 | 814 | 78B4 | 754 | T14
Jx6x11.5B-2 124 B55 | 774 | 814 | 834 | 844 [ 824 | 804 | 774 | 744 | 704
Su6x11.54A-1 149 842 [ 761 | 801 [ 821 [ 831 [ 811 [ 791 [ 761 | 731 | 691
Jx6x11.5A-2 149 B58 | 777 | 817 | 837 [ 847 [ 827 | 8OF | 777 | 747 | 7O
4x6x11.5-1 187 g7 [ 33 83 a6 B4 g2 79 76 72

SULZER Supersedes Page Dated: New




ULZER w200 | P
DIMENSIONAL DATA - TYPE OHH ERENSICNS us
General Arrangement Dimensions — End Suction — US Customary Units October - 02 Doz
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L | : n\— @ B FOR AMCHOR BOLTS
L2 L3
L 1
Certified by : APl | Base B | B2 | BU L L2 L3 R | GK | HH | GH
Date: Certified for Mozzle & No. | wtlbs
Anchor Balt locations only when signed abowve 1.5 800 o 27 g 725 g 30.25 1 | 475 a 4
RefMo. : 2.0 830 30| 27 il B4.5 B 24.18 1 | 475 | 4 4
Project Mame : 15 1100 |38 | 33 ] B4.5 B 2418 11475 | 4 4
Project Hem Mo.: 4.0 1180 368 | 23 g 96.8 B 28.18 1 | 475 E 4
HH — Mumber of Bass Hold Down Holes 13 | Mon AP Baseplate. Used when the standard AP baseplates ars too small
each side, equally spaced. to accommodate the required driver
L3 — Distance between holes. GH - # of Grout
Haoles
Dimension K is derved from NEMA standards or a motor supplier catalogue. The motation is counterciockwise — H.L. looking WP-XXX

from Drrive End . All dimensions are nominal inches and for guidance only. Cerified Drawings will be issued for aciual
construction. When Available 'TS" frame should be used to minimize coupling size, there is no price difference on drivers.

PUMP PumMP |[DNs|DNd| 0 | B | e | P |[m]| i | H |y |BASE REFERENCE

SIZE wt Ibs in (Electric Driver - NEMA Frame)
An6n-1 450 i 4 |125| 358 [ 501 |3248| 20 | 742 |3200( 5 |35 (143T-324T) (284 TS-385T5)
46192 450 | 8 | 4 |125| 38 | 501 [3248| 20 | 743 [320e| 5 [P0 SHT-MINHOSTSUITS)
|6 =6 x 31 20 g § 0 | 38 | g2z [3mea] 22| 743 |3ea7] 7
GxBx9-1 768 8 6 |126| 38 | 807 [3s03| 22 | 743 |3ses| 7
1.5x3x10-1 354 3 15 | 0 | 30 | 501 |3pq7 18| 7 |27.84|5 |15 (143T-286T) (2B4T5-28ETS)
Txdx10-1 4 | 4 3 | o | 30 | 850 |32985| 20 | 7.38 [30.24[ 5 |20 324T405T) (324TSA09TS)
Jxdx10-2 384 4 3 o | 20 | as0 3265 20| 738 |3024[ 5
|axEx10-1 797 ] B |125] 36 [ 921 [3041| 22| 743 | 3735|1040 (364T) (105TS445T3)
BxBx10-2 a7 8 8 |125] 38 | @21 |3041] 20 | 743 |a5as[1g)!® (#47TSNonNEMA Frame Sies)
1x3nt1.5-1 514 3 1 |125] 38 | 591 |3302| 20 | 738 |3043| 5 |35 (143T-328T) (2B4TS-365TS)
H5kaxinsd | 522 | 2 | 15 | 0 | 38 | 581 |3a02]| 20 | 743 |3102] 5 | M0 (BO4T-4TT) (405TSA4ETS)
2x4x11.5-1 541 4 2 o | 28 | 591 [3400] 20| 725 |3142(5s
3xdx11.5-1 548 4 3 o0 | 26 | 591 (3413 20| 725 31425
Tdud1.5-2 540 4 3 0 | 28 | 591 [3413]| 20| 725 |3142] 5
Jabx11.54-1 582 A 3 0 | 36 | 591 [3421]| 20| 725 |33s8(5
Ixbx11.54-2 582 B 3 o | 38 | 501 |3421]| 20| 725 |33se| s
3x6x11.5B-1 526 g 3 o0 | 28 | 581 [3413] 20| 725 |33ss|s
3x6x11.58-2 556 g 3 o | 28 | 581 |3413]| 20| 725 |3358] 5
Ax6x11.5-1 B28 [i] 4 1 36 | 581 (3430 22 | 743 |3B37 |5
4x6n11.5-2 A28 B 4 1 | 38 | 581 |3420)| 22 | 713 [3837] 5
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Pump 3:

SULZ ER Senes 2.00 ije

TECHNICAL DATA - TYPE OHH il [
Mechanical Dimensions & Ratings — US Standard Units il

T < o - < o =

s i o ! i n o

= T~ r~ = == [ =

& & & 5 & & &
OHH TECHNICAL DATA Us & & & & = = )
Ma/Min Impeller Dia (in} ThHA5 7H4R TH45 7Thi45 7555 7050 THREE
Yalute Construction Single Single Single Sngle Single Single Double
Max Operating Pressure (Psig) 740 740 740 740 740 740 740
Hydrostatic Test Pressure (Psig) 6 1110 1110 1110 1110 1110 1110 1110
Max Operating Temperature (°F) Refer to series B11-B16 for max pump operating temperatures for each matenal class
Size of Casing Drain Construction NPT 0.75 075 075 0.75 0.75 075 075
Bearing Housing No. 3 3 3 3 3 3 3
Shaft Dia befween bearings (in) 256 256 256 256 256 256 256
Span betwean bearings (in) 734 7.3 7.34 7.34 734 7.3 7.4
Span CL Rad Brg to CL Imp (in) 10.16 10.23 1028 10.35 10.71 10.71 1161
Shaft Dia. at Seal Chamber (in) 1.89 189 1849 1.89 189 160 169
Shaft Dia. at coupling (in) 126 126 126 1.26 126 126 126
Typical AP| Baseplate # 7 15 15 15 15 20 15 20
Radial Bearing Nurmber 6310 6310 6310 6310 6310 6310 6310
Thrust Bearing Number 73 T311 7 731 7311 731 7311
Pump Wieight {Ib) 32 332 332 352 389 EIY] 522
Typical APl Baseplate weight (1b) 7 BOZ B2 802 802 a3z 802 932
Minimum Case Thickness (in) Refer to series B40-B41
Max. Dia. Sphencal Solids (in) 3 0.2 0.75 0.43 0.51 0.54 043 0.31
Wear Ring Diameter - Eye (in) 413 453 453 512 6.10 6.10 B6.50
‘Wear Fing Diameter - Hub {in) 413 453 453 512 512 512 512
Clearance Below 500°F - Bye (in) 1 0015 0.016 0016 0.017 0.8 0.018 0.018
Clearance Below 500°F - Hub (in) 1] 0,015 (8) [ 0.016 (8} | 0.016 (8) | 0.017 (8) | 0.017 {8) [ 0.017 (B} | .07 (8)
Mass Moment of Ineria (I-2) WRS 5 048 0.52 0.53 [.64 083 0f7 122
Shaft Stifiness Factor L3D4 4 g2 g5 85 a7 S 5 123
Crifical Speed (Dry) (cpm) 1111 10567 10647 5710 B458 8511 5860
Temperature Limits (°F) Refer to series B42 for recommended pump

1)

3)
3)

&)
T)

8)

and bearing featuras required for elevated temperatures

Above 260°C {500°F) API requires that clearances are increased by 0.005 in. Pump efficiency must be reduced fo
compensate for increased intemal leakage. Also be sure to correct the power and efficiency for dual seals and high
suction pressures.

AMNSI| class 300 RF, EN1092-1 PNE4, PN40 flanges are available. Pump operating conditions are not to exceed flange
design working pressure andior temperature. Note: On C-6 and A-8 pumps, the use of higher rated flanges for auxiliary
casing connections may be necessary to equal the casing MAWP

Maximum spherical diameter is D.12 in. less than narrowest intemal passage.

See page B44 for additional information and intended application regarding L3/D4 shaft stiffness evaluation

The values shown are for "Wet" WRZ (includes the pumpage contained in the impelier). The coupling WR2 value (to be
supplied by coupling manufacturer) should be added to the impefler.

Auxiliary process piping shall be tested to the pressure of the casing. (Tubing or threaded piping Is Mot hydrotested).
Typical Baseplate size and weights are an average provided to speed quoting activity and estimating. For an exact size
and weight for the baseplate, use motor frame and pump information to pick a baseplate from pages D01 to D24.
These pumps are furnished without hub wear rings and throat bushing to pressurize the seal chamber above vapor
pressure and extend seal life.

SULZER Supersedes Page Dated: 15 February 2002
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5 u LZE R Series 2,00 -:'BEE
TECHNICAL DATA - TYPE OHH b E:’;
Noise Calculations — US Customary Units ' L
The following tabulation shows estimated noise level data for Type The Table lists values for each OHH pump size using:
OHH pumps and is presented in either . Full diameter impellers.
3} "Sound Pressure Level" (dB) versus "Octave Canter . Running at bast efficiency capacity.
Frequency” (Hz) L Adeguate NPSHa
b} "Weighted Sound Pressure Level” [dBA). . Rated BHP at best eficiency with 1.0 SpGr.
Measurements were taken
* At thres feat or one mater from pump or piping surfaces.
*  ALGE Herz design speed with the appropriate performance curve.
Power SPL Octave Band Center Frequency in Hertz
Basis OHH HP dBA | 31.5 [iX] 125 250 500 [ 1000 | 2000 | 4000 | 8000
1x2x7.5-1 8 80.1 72 76 78 79 7 5 72 69 65
2 3x7.5A-1 15 822 | ¥21. | 781 | 781 [ 813 [ 791 | 771 | 741 | 711 | 674
2% 3x7.58-1 18 825 | 724 | 784 | 784 | 814 | 794 [ 774 | 744 | 714 8.5
Ix4x7.5-1 29 B22 | 741 [ 781 [ 801 [ 811 [ 791 [ 771 | 741 [ 711 | 671
4% 6x7.58-1 37 815 | 734 | 774 | 794 | 804 | 784 [ 764 | 734 | 704 | 664
%61 7541 54 832 | 751 [ 791 (811 [ 821 [ 801 [ 781 [ 751 [ 721 [ 681
GG 7.5-1 T4 86 602 | rfA2 | 752 | 782 | 812 | 812 | 792 | 762 | 732
1.5x3x8-1 12 803 | 722 | 762 [ 782 | 792 | 772 [ 72 | 722 | 692 | 652
2x3x8-1 30 B24 | 743 | 783 (803 [B13 | 793 [ 773 | 743 [ 713 | 673
S4x8A1 ar 816 | 735 | 775 | 795 | BOH | 785 [ 765 | 735 | 705 | 665
3x4x8B-1 47 B58 | 706 | 796 [ 766 [ 796 | B26 | B0G | 786 | 756 | 726
SxK4x8B-2 47 58 | 706 | 796 | 766 | 796 | B26 (B0D6 | 786 | 756 | T26
1x2x9-1 17 B18 | 736 | 776 [ 706 [ BD6 | 786 | 766 | 736 | 706 | 666
1.5%3x9-1 19 B29 | 728 | 788 (788 [B18 | 798 [ 778 | 748 | 118 | 678
23 3x0A 1 25 833 | 733 | 793 | 793 | B23 | BO3 [ 782 | 753 | 723 | 682
2x3x9B1 34 838 | 737 | 797 [ 797 [ 827 | BOY | 787 | 757 | 727 | 687
2% 4x9-1 42 832 | 751 | 791 | 811 | 821 | BO1 | 781 | 751 | 721 | 681
3x4x10-1 83 B57 | 758 | 798 (818 [ 828 | 828 [ B08 | 778 | 748 | 708
Ixdx10-2 83 857 | 758 | 798 | B18 | B28 | B28B [ BOB | 778 | /48 | 708
Jx4x0-1 k| g4 758 | 798 [ 818 (828 | B0B [ 788 | 758 728 | 688
Ix4x0-2 [k | 843 | 762 | 802 (822 (832 | 812 [ 792 | 762 [ 732 | 692
Ix6x0-1 82 842 | 761 | 801 | 821 [ 831 [ B11 [ 791 | 731 | 731 | 691
3% 6x0-2 82 B45 | 764 [ 804 [B24 | 834 | B14 | 794 | 764 | 734 | 694
x 6 0-1 109 B54 | 755 | 795 | 815 [ 825 [ B25 | BOS | 775 | 745 | TO5
4% 6x0-2 109 854 | 755 | 795 [ B15 | 825 | B25 | BOB | 775 | 745 | 705
Gx 6 x9-1 104 859 76 80 82 83 g3 81 78 75 71
GrEx0-1 188 B74 | 7OF | 797 | 76T | 7O | B2T7 | 827 | BOY | VI | TAT
Bx8x10-1 330 885 | 718 (808 [7/8 | 808 | B3B8 | B838 818 | 788 | 758
Bx8x10-2 330 B85 | 718 ) 808 | 778 (808 | B3B8 (B3B8 | B1B | 788 | 758
1x3x11.5-1 32 g2 739 | 779 (799 (809 | 789 (769 | 730 | 708 | 669
1.5%3%131 68 B55 | 774 | B14 | B34 [ 844 | B24 [ BOD4 | 774 | 744 | 704
1.5%3x11.5-1 55 852 | 751 [ 811 [ 811 | 841 | 821 | BO1 | 771 | 741 | 701
2x4x11.51 [} B45 | 766 | 806 [ B26 [ B36 | B16 | 796 | 766 | 736 | 696
2u4x13-1 106 859 | 77y | 817 | B3TY | BAT | B2T [ FOT | TIY7 | AT | TOV
Jxdx11.541 90 86 7589 ] 819 | 815 [ 849 | 820 [ B80S | 77O | 749 | 709
3x4x11.5-2 a0 85 769 | 809 | 829 | 839 | 819 | 7989 | 769 [ 739 | 699
Jxdx131 153 B72 | 773 [ 813 [ 833 [ 843 | 843 [ B23 | 793 [ 783 | 723
Ix4x13-2 153 874 | 773( 833 (833 (863 | 843 [ 823 | 793 [ 783 | 723
3x6x11.58-1 124 B65 | 764 | 824 1824 | Bh4 | B34 [B14 | 784 | 754 | 714
Jx6x11.58-2 124 B55 | 774 | 814 [ 834 [B44 | 824 | B804 | 774 [ 744 | 704
3xbx11.5A1 149 842 | 761 | 801 | 821 [ B3 [ 811 [ 791 | 761 | 731 | 691
Jx6x11.54A-2 149 B58 | 777 | 817 [ 837 [ 847 | 827 [ 807 | 777 | 747 | 707
dxGx11.5-1 187 B7.1 [i 83 83 86 84 g2 78 76 72
5 ULZER Supersedes Page Dated: Mew
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su LZER Series 2.00 Fage
DIMENSIONAL DATA - TYPE OHH DIMENSIONS o
General Arrangement Dimensions — End Suction — US Customary Units Oetober - 02 Dot
] B Y
) =]
7 o
Mg T 5
Siing :
=
2
suct{f_ @ T
_ —_ - Hd-
= o fre— | i E
B —
| BASE DRAIN =
- Z.007 NPT g
- N ; |
BASE I | * I\\_
| ) ‘ : @ R FOR ANCHOR BOLTS
[ 82 1 L2 L3
B
: - _ L -
Certified by : APl | Baze | B | B2 | BU L L2 L3 GK | HH | GH
Date: Certified for Nozzle & No. | wi lbs
Anchor Bolt lacations only when signed above 1.5 BOD |30(27 | 6 725 | 6 | 3025 475 3 4
Ref No. 2.0 530 30|27 | &6 845 6 24 16 475 4 4
Project Mamea :
Project ltem Mo.:
HH — Mumber of Base Hold Down Holes
each side, equally spaced.
L3 — Distance befween haoles,
GH — # of Grout Holes
Dimension K is derived from MEMA standards or motor supplier catslogue. The mitation is counterclockwise — H.1. looking from Drive End.
All dimensions are in nominal inches and for guidance only. Certified Drawings will be issued for actual construction.
When Awailable 'T3" frame should be used to minimize coupling size, there is no price difference on drivers. WEP-XXX
PUMP PUMP|DNs|DNd| © [ B | e | P |m ]| i | H |y |BASEREFERENCE
SIZE wt lbs in (Electric Driver - NEMA Frame)
1x2x7.5-1 an 2 1 0 | 30 |4p2 3108 | 12 | 563 | 27roe | 5 |15 (143T-286T) (2B4TS-2BETS)
2x3x7.5A-1 352 3 2 0 30 | 482 | 3118 | 18 | 538 | 2706 | 5 |0 (24T-408T) (324T5-405735)
23x7.58-1 | a3 2 2 0 |30 |482 (3198 | 18 | 538 | 27068 | &
Jxdxi.5-1 352 4 3 0 30 |402 | 3126 | 18 | 536 | 27068 | 5
4x6x7.58-1 | 388 ] 4 0 30 |51 | 3220 | 18| 5 | 2804 |5
4xfx7.5A-1 | 200 & 4 0 30 551 | 3220 | 18| 5 |2804 |5
Bx6x7.5-1 522 [ & 1 30 | 807 | 3567 | 18 | 563 | 3080 [ 7 |20 (284T-385T) (2B4TS-365TS)
1.5x3x8-1 335 3 1.5 0 | 30 |5651|32m (18 | 566 [2708 | 5 |15 (#43T-286T) (284TS-288TS)
FPSrCE] 38 | 2 | 2 D | 20 | 501 | 3256 | 18 | 563 | 2708 | 5 -0 (324TH05T) (324TS4D05TS)
IndxBA-1 360 4 3 0 | 30 |Ba3p|3283 |18 | 538 [2745 | 5
x4 x8B8-1 270 4 3 0 30 | 6230|3303 | 18 | 583 | 2745 | &
Ix4x8B8-2 370 4 3 0 30 | B30 | 3303 | 18 | 583 | 2745 | 5
1x2x9-1 320 2 1 0 30 | 551 | 3185 | 18 | 563 | 2706 | 5
1.5x3x9-1 334 3 1.5 0 30 | 551 | 3160 | 18 | 563 | 2706 | &
2x3x9A-1 338 3 2 0 30 |55t | 3173 | 18 | 55 | 2745 | 5
2x3x98-1 334 3 2 0 | 30 |581 318 [ 18 | 563 [2745 | 5
Zxdxd-1 360 4 2 0 30 | 551 | 3177 | 18 | 538 | 2804 | 5
Indx9-1 374 4 3 0 | 30 |551 (2185 |20 | 738 [ 3043 | 5
Ixdx9-2 a74 4 3 0 30 | 551 | 3185 | 20 | 738 | 3043 | 5
Jn6x9-1 408 i 3 05 | 30 | 501 | 3232 [ 20 | 725 [ 3102 s
IxBx9-2 408 B 3 05 | 30 | 581|323 | 20 | 725 | 3102 | 5
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Appendix B Specific Speed Graph
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