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1. ABSTRACT

Continental AG is planning to build a new manufacturing facility in Dayton, Ohio. The
manufacturing plant will consist of an automated machining line with five machines. Each
machine is to be designed to have its coolant supplied from a single reservoir tank. The project
will cover the design of the entire coolant system, starting with the receival of new coolant by
railcar all the way to the disposal of used and waste coolant by trucks.
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5. REPORT

I. Job Site Location

The manufacturing facility for Continental AG will be built in Dayton, Ohio. The machine coolant
will be delivered by railroad that is positioned 600 feet from the machining area. The used and
waste coolant will be stored in a separate tank and will be unloaded by trucks who enter the site
via highway located 200 feet from the building.

Il. Specifications and Design Philosophy

The coolant supply system will be designed to be financially beneficial with the system’s
efficiency taking part. The manufacturing plant will be in operation for 2 shift per day, 7 days per
week. New coolant will be delivered in 15,000-gallon tanker cars. The new coolant is to be stored
in a 15,500-gallon clean reservoir tank. The clean coolant storage tank will be fed to a 1,100-
gallon tank that will feed the machine room and all five machines. Under normal operating
conditions, the 1,100-gallon tank is emptied once per week. However, if an emergency situation
may arise, the plant has the option to dump the tank to a used/waste coolant tank with a 5,000-
gallon capacity. The 5,000-gallon tank will be emptied once per month by way of trucks.

lll. Sources

Milbury, Matt. “Flange - Blind, ANSI Class 150, B16.5, RF (in).” Piping Designer,
https://www.piping-designer.com/index.php/datasheets/flange-datasheets/194-blind-
flange-datasheet/1178-flange-blind-ansi-class-150-asme-b16-5-1-16-raised-face-in.

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

Spotts, M. F., Shoup, T. E., & Hornberger, L. E. (2004). Design of Machine Elements (8th ed.).
Pearson Education Inc.

S, Werner. “Pressure Classes of Flanges.” Explore the World of Piping,
https://www.wermac.org/flanges/flanges_pressure-temperature-
ratings_astm_asme.html#:~:text=For%20example%2C%20a%20Class%20150,at%20appr
oximately%20800%C2%BOF.

“Vertical Storage Tanks.” Norwesco, https://norwesco.com/products/above-ground-
tanks/vertical-storage.

IV. Materials and Specifications

The entire piping system will be constructed from SCH 40 steel pipe. The selection of the pipe is
based on typical industry standard availability. All tanks will be sourced from Norwesco, an
industrial tank manufacturer located in Saint Bonifacius, Minnesota. The tanks are to be
manufactured from high-density polyethylene resin.
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The coolant used in the plant will be a solution of water and soluble oil with a specific gravity of
0.94. The coolant has a freezing point of 0°F. The coolant’s corrosiveness is approximately the
same as that of water.

V. Preliminary Drawings and Sketches
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Figure V-1: Preliminary Plot Plan

Bivelh NPS Sch40 Steel Pipe 0.D.#35in |.D.=3.068In A=0.05132Ft%

( T
| > 45O ————— o

ﬁ“’T&" ﬂ‘ +
Y FLow Zr A N B
g@ ? O 3
30N s & 3 ¥ 94+ foft
g N N g{ §y 3 s g, 155 kgal
. ) :;\ Q ?‘g: TANK.
{ 7 0 / / =L g
0 -
77 Z - 7J
Y ILGGULTH O 7IINGLGR Vo777,
/ / 7 ek ,/ /
& [ 77—
PIPING SYsTEM # 1L i/l

Figure V-2: System 1 Elevation

Page 6 of 86



1
|
PLANT ROOF AREA s ,_'0:59:
4
e 1004 e FANG TO MACHIAING SySTEM
] ¥ ) i
(s
I
MACHINING
g 3ineh NS .Sch%o | : prEn
= Steel Pipe :(
¥
Flow {
¥ & N & :'
E 3 IV § :
lks;l- % § § §, § §, :: w&'ﬁ"&?ﬁﬁ:m
X Ly =
a2l B £l | oot koaw
- [ G from bottom of +ank.
> = l
S
/// / //////////// LA
PIPIMGS

Figure V-3: System 2 Elevation

Zinch NPS Scht0D Steel Pipe

‘—'ﬁ, _ FlLow
FROM TANK
24 y v y v Rmal?aai&mm
3
S.ﬁkga[ W \3} ? ;’ $? g %fo.oq K=0.24
TANK NI

G
__,.)

PIPING SYSTEM #3

Figure V-4: System 3 Elevation

Page 7 of 86



Biuch NPS &Gh4O
Steel Pipe

PLANT ROOF AREA

FROM TANK
ROUNDED INLET
rfp,20.04 K=0.24

—

GARAGE [ OFF-L0AD
- ARER

PIPING sSYsSTEM #44

Figure V-5: System 4 Elevation

VI. Design Calculations

Tank specifications

Tank Size and Location
Purpose:

To specify the size and location of all storage tanks.

Drawings and Diagrams:

Figure VI-1: Tank Locations
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Sources:

Milbury, Matt. “Flange - Blind, ANSI Class 150, B16.5, RF (in).” Piping Designer,
https://www.piping-designer.com/index.php/datasheets/flange-datasheets/194-blind-
flange-datasheet/1178-flange-blind-ansi-class-150-asme-b16-5-1-16-raised-face-in.

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

“Vertical Storage Tanks.” Norwesco, https://norwesco.com/products/above-ground-
tanks/vertical-storage.

Design Considerations:

Norwesco was decided upon as the supplier due to their large selection of prefabricated tanks.
The catalog link, https://norwesco.com/products/above-ground-tanks/vertical-storage, was
used for the selection of tanks. The reduction of pump usage was paramount.

Data and Variables:

Tank Specifications
Diagram . Capacity Diameter Height
L
Use Color ocation (gallons) (inches) (inches)
Ground level
Storage Blue bfw driveway | ¢ o, 141 244
& machining
area
Supply to Roof above
Machining Pink machining 1,100 87 53
Area area
Waste Orange Roof above 5,000 102 152
Storage garage

Table 1: Tank Size and Location

Procedure:

The capacity of each tank was determined based upon the design parameters. An online supplier
was chosen and a tank that met each capacity requirement was selected for each location. The
dimensions of the tank were provided by the supplier. The location of each tank was determined
based upon the numerous factors which will be outlined in the summary below.

Calculations:
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Volume of Storage Tank:

V =mnr?h

V=mu (14“'")2 (244 in) = 3809938.216 in ( Lgal )

2 231in3

[V =16493.24 gall

Volume of Supply Tank to Machining Area:

V =mnr?h

V=mn (8””)2 (53 in) = 315067.97 in? ( Lgal )

2 231in3

[V '=1363.9306 gal]

Volume of Waste Storage Tank:

V =nr?h

V=mn (1°2i")2 (152 in) = 1242034.939 in? ( Lgal )

2 231in3

[V =5376.775 gall

Summary:

The calculated volumes differ from the manufacturer supplied volumes due to the fact that the
calculations account for the tanks to be filled 100%. In a real-world application, this will never
exist. Below, a table shows the calculated volumes versus the manufacturer specified volumes.

Vertical Storage Tank Volumes

Tank Use Manufacturer Listed Capacity Calculated Capacity
(gallons) (gallons)
Storage 15,500 16,493.24
Supply to Machining Area 1,100 1,363.93
Waste Storage 5,000 5,376.78

Table 2: Vertical Storage Tank Volumes
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The location of each tank was decided upon based on reducing the usage of pumps. The pumps
selected will only need to be used when filling and emptying the tanks, not during regular
operations. The system from the supply tank to the machining area and the system from the
waste storage to the trucks will be gravity fed.

The size of each tank was determined based on the provided specifications. The storage tank will
allow for a full train car to be emptied when a delivery is needed. The 1,100-gallon supply tank
will allow for a full week of operation. The 5,000-gallon waste tank allows for a normal month's
worth of usage with the ability to handle an emergency dump of 1,000 gallons.

Materials:

Three tanks were used: 15,500-gallon vertical storage tank (item # 43943), a 5,000-gallon vertical
storage tank (item # 40166), and a 1,100-gallon vertical storage tank (item # 40081).

Analysis:

Tank size was determined based upon the requirements of Continental AG and the capacity of
the rail car for coolant deliveries. The 15,500-gallon capacity tank can fully empty the rail tank
car and will provide more than enough coolant to last until the next delivery. The 1,100-gallon
capacity tank will provide enough coolant for a full week of operation. The 5,000-gallon capacity
tank will provide storage for four weeks of dirty coolant as well as capacity for any emergency
dumping that will be needed.

Tank Material and Thickness (task 2)
Purpose:

To determine the tank material and wall thickness for each tank in the system.

Drawings and Diagrams:
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Figure VI-6: 15,500-Gallon, 5,000-Gallon, and 1,100-Gallon Storage Tanks
Sources:

Milbury, Matt. “Flange - Blind, ANSI Class 150, B16.5, RF (in).” Piping Designer,
https://www.piping-designer.com/index.php/datasheets/flange-datasheets/194-blind-
flange-datasheet/1178-flange-blind-ansi-class-150-asme-b16-5-1-16-raised-face-in.

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

Spotts, M. F., Shoup, T. E., & Hornberger, L. E. (2004). Design of Machine Elements (8th ed.).
Pearson Education Inc.

Design Considerations:

All tanks will be made of high-density polyethylene resin. The tanks will be UV stabilized to
withstand outdoor conditions.

E is assumed to be 0.80
Y is assumed to be 0.40

Data and Variables:

D1s500 gal = 141" hyss500 gal = 244"
Ds000 gal = 102" hsg00 gal = 152"
D1100 gal — 87" hy100 gal = 53"
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TABLE 15-2  PROPERTIES OF COMMON PLASTIC MATERIALS!

Common Trade Tensile Yield  Tensile Modulus cf Izod Impact ~ Glass Transition Melt
Names Strength MPa Elasticity GPa Strength J/m Temperature °C  Temperature °C
THERMOPLASTICS
Amorphous’
ABS Cyclolac, Lustran 34-50 2.1-28 164-524 162-115
(Acrylonitrile Butadizne Styrene)
PMMA (acrylic) Lucite, Plexiglas 53-69 22-324 11-2 85-105
(Polymetaylmethalcrylate)
Polycarbonate Lexan, Makrolon 62 24 655-982* 150
Polystyrene 33-90*+ 23-33 19-25 74-105 -
Semi-crystalline'
Acetal (Homopolymer)  Delrin, Celcon 66-83 24-34 60-126 172-184
High Density Polyethylene Alathon 26-33 0.9-1.1 22-218 130-137
Low Density Polyethylene 9-14 0.1-03 no break -25 98-115
Polyamide (Nylon 6/6)  Zytel, Nylon 55-83+ 23-3.8+ 30-55 255-265
Polypropylene 31-37 1.14-1.6 22-76 -20 160-175
Polyethylene Tetraflluoride Teflon <7 0.4-0.55 160 327
THERMOSETS
High cross-link density
Epoxy (Casting Resin) Epon 28-90** 24 11-55 -
Polyester (Cast) 4-90°* 2.1-28 11-2 -
Phenolic (Cotton filled)  Bakelite, Durez 45-52¢* 7.6-9.7 15.4-103
Low cross-link density
Natural Rubber Latex 24* e No break -68
Polychloroprene Neoprene, Bayprene = 22%* e No break -45 -
Silicone (Casting Resin) Silastic 2-7 se No break -127

'Properties of unfilled injection molding grades from Kaplan. Properties are averages of severa’ grades. Consult manufacturers for spacific design data.

“Below 4mm in thickness
“'Ultimate Strength
***Material is not licearly elastic

"Properties listed are for comparison purposes only. For desigr data, consult the manufacturer of the material.

Procedure:

Figure VI-7: Properties of Tank Material

The material of the tank was given by the manufacturer as is stated to be high-density
polyethylene resin. The thickness of the tank was calculated using the equation for thickness of
a pipe as an approximation. The design pressure was determined to be the pressure due to the
weight of the coolant inside the tank. The outside diameter was supplied by the manufacturer.
The yield strength of the high-density polyethylene resin was found in Figure F-7 and a safety
factor of four was used. The longitudinal joint quality factor and correction factor were assumed.

Calculations:

Wall Thickness Equation: t

15,500-Gallon Capacity Vertical Storage Tank:

pD

YhD

¢ = Yhis500D15500
2(SE + yhyss00Y)

T 2(SE+pY)  2(SE+yhY)

(0.0361 Ib/in3)(244 in)(141 in)

<3770.98 psi
2 7}

(0.8) + (0.94)(0.0361 Ib/in3) (244 in)(0.40))
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5,000-Gallon Capacity Vertical Storage Tank:

¢ = Yhs000Ds000
2(SE + yhsgeoY)

(0.0361 1b/in®)(152 in)(102 in)

(3770.98 psi
2 7}

(0.8) + (0.94)(0.0361 Ib/in3)(152 in)(0.40)>

1,100-Gallon Capacity Vertical Storage Tank:

¢ = Yh1100D1100
2(SE +yhy100Y)

(0.0361 Ib/in®)(53 in)(87 in)

(3770.98 psi
2 7}

(0.8) + (0.94)(0.0361 1b/in3)(53 in)(0.40))

Summary:

The equation for pipe thickness was used to approximate the wall thickness of the storage tanks.
The allowable stress in tension was determined from the tensile yield divided by a safety factory
of four based on the recommendation of the Design of Machine Elements text. The values for
longitudinal joint quality factor and correction factor based on the type of material and
temperature were assumed to be as low as possible to ensure the tank will be thick enough to
contain the full volume of coolant. The value for the longitudinal stress joint quality is based upon
welds and most likely could have been assumed to be 1.0 since the tanks are of cast resin
construction. However, a factor of 0.8 was used in an overabundance of caution. A table of the

calculated thicknesses can be seen below.

Vertical Storage Tank Wall Thickness

Vertical Storage Tank

Tank Wall Thickness

(in)
15,500-gallon 0.82
5,000-gallon 0.37
1,100-gallon 0.11
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Table 3: Storage Tank Wall Thickness

Materials:

Three tanks were used: 15,500-gallon vertical storage tank (item # 43943), a 5,000-gallon vertical
storage tank (item # 40166), and a 1,100-gallon vertical storage tank (item # 40081).

Analysis:

The material that was chosen, high-density polyethylene resin, is relatively elastic and does not
require an extremely thick wall to hold the fluid. Per the manufacturer of the selected tanks, the
wall thickness does not vary across the vertical change of the tanks.

Future Drain Connection — Blind Flange (task 3)

Purpose:

To design a blind flange connection to the 1,100-gallon storage tank in preparation for possible
future connections.

Drawings and Diagrams:

Figure VI-8: Blind Flange Class 150

Flange Specifications

Outside

Pipe Size . Diameter of B | Thickness, C Number of Diameter
) Diameter, A . . .
(in) . (in) (in) Bolts (in)
(in)
3 7.5 5 0.9375 4 0.75

Table 4: Flange Specifications

Sources:

Milbury, Matt. “Flange - Blind, ANSI Class 150, B16.5, RF (in).” Piping Designer,

https://www.piping-designer.com/index.php/datasheets/flange-datasheets/194-blind-
flange-datasheet/1178-flange-blind-ansi-class-150-asme-b16-5-1-16-raised-face-in.
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Mott, R., Untener, J., “Applied Fluid Mechanics,” 7™ Edition. Pearson Education, Inc., (2015)

S, Werner. “Pressure Classes of Flanges.” Explore the World of Piping,
https://www.wermac.org/flanges/flanges_pressure-temperature-
ratings_astm_asme.html#:~:text=For%20example%2C%20a%20Class%20150,at%20appr
oximately%20800%C2%BOF.

“Vertical Storage Tanks.” Norwesco, https://norwesco.com/products/above-ground-
tanks/vertical-storage.

Design Considerations:

Per ASME B16.5, class 150 blind flanges have a pressure rating of 270 psig at ambient
temperature. The tank is assumed to be at full capacity.

Data and Variables:
1,100-gallon capacity
87” diameter

53” height
Procedure:

The highest pressure in the tank we be experienced at the bottom. It was found using the
“gamma-h” equation. A flange was selected based upon ASME requirements that can withstand
the calculated pressure.

Calculations:

P = Yeooranth = 62.4 1b/ft3(0.94)(4.42 ft) = 259.26 Ib/ft>

P—25926lb>< Lft
- T fe2 T \144 in?

Summary:

The pressure in the storage tank was fairly low at 1.8 psi. The lowest class of blind flange available
was 150 per B16.5. These flanges are rated for 270 psig; therefore, this became the selected
flange.

Materials:
1,100-gallon capacity vertical storage tank

4, % inch diameter bolts
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Class 150 flange with aforementioned specifications
Analysis:

Wind Load and Weight (task 11)
Purpose:

To determine the weight of each of the coolant storage tanks and their associated wind load
conditions for the civil engineer’s calculations.

Drawings and Diagrams:
15,500 Gallon

5,000 Gallon

] [ ="

- 1,100 Gallon

bt
=

bl

Figure VI-9: Tank Dimensions for Wind Load Calculations

A Tank (Top View, Applicable to all 3)

A J

15.5k Tank: D = 141", H = 244"

Y

(D) 1.1k Tank: D = 87", H=53"

A

Air @ -20F, V=12mph

Sk Tank: D = 102", H = 152"

Y

Y

Figure VI-10: Wind Load Diagram

Sources:
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Mott, R., Untener, J., “Applied Fluid Mechanics,” 7™ Edition. Pearson Education, Inc., (2015)

“15500 Gallon NORWESCO Plastic Potable Water Storage Tank.” Plastic, https://www.plastic-
mart.com/product/15816/15500-gallon-plastic-water-tank-norwesco-44814-44816.

“5000 Gallon Norwesco Plastic Potable Water Storage Tank.” 40870 41375 40641,

https://m.plastic-mart.com/product/124/5000-gallon-plastic-water-storage-tank-40641.

“1100 Gallon NORWESCO Plastic Potable Water Storage Tank.” Plastic, https://m.plastic-

mart.com/product/2726/1100-gallon-plastic-water-storage-tank-40704.

Design Considerations:

All tanks are assumed to be at maximum capacity

High-density polyethylene resin tanks

Incompressible fluids

Tanks are vented to atmospheric pressure

Air is denser at colder temperatures

Projected area of cylindrical tank would be a rectangle (base x height)
Data and Variables:

Gravity, g =9.81 m/s?

Specific Gravity (coolant), sg = 0.94

Density of Water, p = 1,000 kg /m3

Weight of 15,500-gal Tank (empty), W1 = 3,307 lbs

Weight of 5,000-gal Tank (empty), W2 = 844 lbs

Weight of 1,100-gal Tank (empty), W3 = 169 lbs

Density of Air @ -20F, p = 1.4456 kg/m3 (calculated below)

Drag Coefficient of a Cylinder, C, = 1.12

Velocity of Air, V=12 mph  (see wind gust value from Accuweather below)
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Figure VI-11: Jobsite Weather Information

Procedure:

Start by computing the weight of the coolant for each tank when at maximum capacity and add
this to the weight supplied by the manufacturer of the empty tank. This will be given to the civil

engineers to use for their designs.

For wind load, the equation for calculating drag force will be used. The drag coefficient for each
tank, the density of air at the given temperature, velocity of air, and projected area of tank that
will experience the wind load must be determined. After all variables are determined, they can

be substituted into the drag force equation to find the resultant wind load.

Calculations:

Weight of 15,500-gallon tank:

From Norwesco tank specs, Wy = 3,307 lbs

3

m
VC = 15500 gal <m

) = 58.6677 m3
kg

Pc = Sgc X pw — 0.94 (1000 ﬁ) - pc =940 kg/m3

k
me = pcVe = 940m—g3(58.6677 m3) > m, = 55147.6 kg
m
W, =me- g — 55147.6 kg (9.815—2) - W, = 540998 N

11bf
W, = 540998 N (

Page 21 of 86



Therefore, the total weight of the 15,500-gallon storage tank at maximum capacity is 124,934
Ibs.

Weight of 5,000-gallon tank:

From Norwesco tank specs, Wy, = 844 lbs

3

Ve = 5000 gal (W

> = 18.9251 m3

kg

Pc = Sgc X pw — 0.94 (1000 ﬁ) - pc =940 kg /m3

k
me = pcVe » 940m—g3(18.9251 m3) > mg = 17789.6 kg
m
W, =mg-g— 17789.6 kg (9.815—2) — W, = 174516 N

W, = 174516 N( 1ibf
¢ 4.448 N

) - We =39234.7 b

Therefore, the total weight of the 5,000-gallon storage tank at maximum capacity is 40,078.7 Ibs.

Weight of 1,100-gallon tank:

From Norwesco tank specs, Wy3 = 169 lbs

3

Ve = 1100 gal | ————
¢ e (264.2gal

> = 4.1635m?3

kg

Pc = Sgc X pw — 0.94 (1000 W) - pc =940 kg /m3

k
me = peVe - 940m—‘i(4.1635 m3) > me = 3913.69 kg
m
W, =me-g - 3913.69 (9.815—2) — W, = 383933 N

w, —383933N( 1ibf
¢~ ' 4.448 N

) — W, = 8631.59 Ib

Therefore, the total weight of the 1,100-gallon storage tank at maximum capacity is 8,800.59 Ibs.
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Wind load on 15,500-gallon tank:

Cp = 1.12 for semitubular cylinders

5280 ft\ / 1h 1m

Tmile /\36005s/\3.281 ft
A=BH - H=244i (1ft)( Lm ) 6.197
= e d = = .
" \12in) \3281f¢ m
B =141i <1ft)( Lm )—358123
M\ 12/ \3281f) T m

~A=6.197m x 3.58123 m = 22.194 m?

Since there is not a given density value for air at -20F, interpolation methods are used to get an
accurate value.

5
—20°F - °C = (=20 — 32) (5) = —28.8889°C

Using table E.1, values above and below the temperature,

x = —28.8889°C Y = par @ — 28.8889°C
x, = —30°C y1 = 1.452 kg /m3
x, = —20°C y, = 1.394 kg /m?3
X —x, kg [/—28.8889 — (—30)
y=y+ [(Xz — x1) (v, — yl)] ->y= 1.452W < 20— (=30) > (1.394 — 1.452)]
y = 1.4456%
kg

PAIR = 1.4456$@ — 28.8889°C (or — 20°F)
Using the drag force equation, plug in all variables

1.4456%(5.364 %)2
2

VZ
Fp = CDPA%-A > (1.12)

(22.194 m?)

F —516951N( 1b )
b= ' 4.448 N

[Fp = 116.221 Ibs]

Wind load on 5,000-gallon tank:
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Cp =112

m
VAIR = 5364?

A=BH->H=1521i (1ft)( tm ) 3.86061
= - = = .
""\12in/) \3281f¢ m
B=102i (1ft)( Lm )—259067
— MM\ 12im) 3281m) T & m

~ A= 259067 m x 3.86061 m = 10.0016 m?
pAIR = 14‘456 kg/m3

1.4456 % (5.364 %)2
2

PaIr V2

> (10.0016 m?)

Fp=Cp

‘A - (1.12)

F, —232961N( 1b )
b= ' 4.448 N

[F, =52.3743 b4

Wind load on 1,100-gallon tank:

Cp = 1.12

m
VAIR = 5364?

o 1ft 1m
A=BH—>H=53m( )( )=1.34613m

12in) \3281f¢
B =87i (1ft>( tm )—220969
=% MM\ 12m) \3281m) T~ m

#A=220969 m x 1.34613 m = 2.97453 m?
pair = 1.4456 kg/m?3

1.4456 % (5.364 %)2
2

Pair &

A > (1.12)

F, —692839N( 1b )
b= 4.448 N

[F, = 15.5764 Ibs]

Summary:
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The weights of the tanks were calculated using the assumption that they are at maximum
capacity. The wind loads were calculated using the current wind speeds as shown by
Accuweather. The results can be seen in the table below.

Weight and Wind Loads for Storage Tanks

Weight at Maximum

Wind Load at 12 mph

Vertical Storage Tank Capacity
(lbs)
(Ibs)
15,500-gallon 124,934 116.221
5,000-gallon 40,079 52.374
1,100-gallon 8,801 15.576

Table 5: Weight and Wind Loads for Storage Tanks

Materials:

High-density polyethylene resin tanks

Coolant (-20F to +105F)

Air @ -20F (coldest temperature in Dayton, Ohio)

Analysis:

When calculating the weight of the tanks, they are assumed to be at maximum capacity to yield
worst-case-scenario results. While these will not usually be normal operating conditions, if the
maximum weight values were not used, the foundations of the tanks may not be designed to
adequately support the full load of the tank and coolant. Even though the civil engineers will use
their own set of safety factors, the weight at maximum capacity should still be used when

determining the weight of the tanks.

Open Channel for Drainage (task 12)

Purpose:

The purpose of this is to determine the minimum dimensions required for an open channel used
to drain the clean coolant tank in case of an emergency.

Drawings and Diagrams:
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Figure VI-12: Open Channel Cross-Section Sketch
Sources:
Mott, R., Untener, J., “Applied Fluid Mechanics,” 7™ Edition. Pearson Education, Inc., (2015)
Design Considerations:
Steady state flow
Flow rate will be the same as it is in the system
Trapezoidal profile for the open channel
Concrete is assumed to be the channel material due to cost and availability
Channel is designed for maximum efficiency
Data and Variables:
Manning’s Constant, n = 0.013
Slope = 0.001
Dimensions shown in sketch
Procedure:

Manning’s equation is used to calculate the depth of the trapezoidal channel designed for
maximum efficiency. The breadth, slope, wet perimeter, and hydraulic radius will be substituted
into the equation and the iterative process is used to solve for the depth.

Calculations:

Manning’s equation states:
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Using excel and the iterative process to calculate depth, the following is calculated:

Q=| 625 gpm o.13925| ft*/s |

n=| 0.013

S=| 0.10% ft/ft
A=| 0.89366
R=| 0.35915
W=| 0.82942
T=| 1.65884

WP=| 2.48826

:PI.U

=

DY) | Qft/s)| % diff
0.7183 0.1393 | 0.0112%
0.7183
D(in) | Q(gpm)
8.6196 | 62.507

Summary:

Iterative Calculations

Iteration|Guess D (C11)|Calculated Q [ftafs) Converted Q (gpm) | % diff
1 1.00 0.5231453 234.8039001 275.69%
2 0.9 0.3432356 154.0548388 146.5%
3 0.80 0.2142803 96.17567747 53.88%
4 0.75 0.1655264 74.2934215 18.87%
5 0.72 0.1405893 63.10086199 0.96%
6 0.719 0.1398099 62.7510313 0.40%
7 0.7185 0.1394214 62.57666244 0.12%
8 0.7183 0.1392662 62.50701675 0.0%

The following results show the construction of the trapezoidal channel

Trapezoidal Channel Data

Variables Value
Flow Rate, Q 62.5 gpm

Slope, S 01 %
Area, A 0.89366 ft

Wet Perimeter, WP 2.48826 ft
Hydraulic Radius, R 0.35915 ft
Width, B 0.82942 ft
Taper, Z 0.35915 ft
Depth, D 0.7183 ft

Table 6: Open Channel Data
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Materials:
Concrete channel
Coolant
Analysis:

For the open channel design, the calculation indicate that channel should have a width of 0.82942
feet, taper of 0.35915 feet, and a depth of 0.7183 feet. The actual design could constitute for a
deeper depth or larger size, these calculations just determine the bare minimum requirements.
If a catastrophic spill were to occur, the minimum open channel designs may not be able to
withstand the drastic increase in fluid it is trying to contain.

Flow Rate

Tank Fill/Empty Times and Flow Rate (task 4)
Purpose:

Flow rate is needed to determine the fill and empty times of each vertical storage tank. The
volumetric flow rate is essential for many subsequent calculations for the systems in the design.

Drawings and Diagrams:

Railroad Storage 1000-gallon Storage
tank tank — clean > reservoir near tank — dirty
car coolant machines coolant
A
Y T
Machining Trucks to
system reclaim
Figure VI-13: Diagram of Coolant System
Sources:

Mott, R., Untener, J., “Applied Fluid Mechanics,” 7t" Edition. Pearson Education, Inc., (2015)

Design Considerations:

Incompressible fluid

Steady state
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Data and Variables:

VMain Reservoir = 15500 gallons
Viwaste = 5000 gallons
Vmachine = 1100 gallons
Procedure:

In order to determine the fill and empty times for the reservoirs, a fixed flow rate needs to be
defined. The flow rate is found by dividing the volume of the tank by the time to fill and empty
said volume. Once the flow rate is determined, it can be used to calculate the fill/empty times
for each tank.

Calculations:

We decided upon and arbitrary flow rate of 62.5 GPM as it is pretty industry standard for cost
efficient pumped systems.

Therefore, the time to fill and empty the 15,500-gallon tank can be determined using:

. 15500 gal
~ 62.5GPM

[t = 248 minutes]

5,000-gallon tank fill/empty time:

t__5000gal
"~ 62.5 GPM

[t = 80 minutes|

1,100-gallon tank fill/empty time:

. 1100 gal
"~ 62.5 GPM

[t = 17.6 minutes|

Summary:

The fill and empty times along with flow rate can be seen in the table below.

Storage Tank Fill/Empty Times and Flow Rate
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Tank Capacity Time to Fill/Empty Flow Rate
(gallons) (minutes) (GPM)
15,500 248 62.5
5,000 80 62.5
1,100 17.6 62.5

Table 7: Storage Tank Fill/Empty Times and Flow Rate
Materials:

Coolant

15,500-gallon storage tank

5,000-gallon storage tank

1,100-gallon storage tank

Analysis:

When determining the fill and empty times, it was assumed that the tanks were using their
manufacturer-specified maximum capacity. These times determined do not pose any issue to
the operation of the facility. The 17.6-minute time for the machine supply tank is reasonable
when taking into consideration the need for emergency emptying of the tank. If a problem
arises and the tank needs to be emptied, it is paramount that it be done in a rapid manner to
ensure any debris or particulates that are the cause for the emergency dumping do not have
time to make their way throughout the entire system.

Pipe Sizing
Piping Layout, Diameters, and Lengths (task 5)
Purpose:

To specify the layout, sizing, and material of the piping systems for the manufacturing facility.

Drawings and Diagrams:

Page 30 of 86



Binch NPS Seh40 Steel Pipe 0D.=3.5in  |.D.=3.068In A=0.05132 %
lL 560 £+ >
fe— 5ot >|e— 450 £+ —
.ﬁ 49(' / TR
§ o e Z Z e
s Low ’_
§§ Y g $
\g \ N ot % o g04¢
;59 RN \§\ s*i g{' N y % Is§kgal
K N R > 9
/'0 /M /M IM \:J D‘Q Thirs
. 0 it 3
T7775777 /—;/ 'W/ : 2 01/ /7,
/ ’ R4 P X £ 7
// /' // / / r/ / /// ///\_
- PIPING sysTEM # L

Figure VI-14: Piping System #1

~—

;Ew ).t kgal
PLANT ROOF ARERA i B TANK
[« JoOk€ k N PPING TO MACHINING SycEM
p |I } ___Jl_
{
1
ACHINING
2inch NIS Sch“0 | M
) steel Pipe ;‘( (AR
¥
__Flow il
¥ N !
Y &
5.5 i N 3 Ny e 3 l: FROM. TANK
kol 3 § ‘§ § :g s i ROUNDED sueTIoN INLET
9 & £ 3‘ g Q‘\ ' ! %’_= 000"’ K‘O.Z‘/
TAK [ & W M mnoom L [
— |, 6" from bottom of tank
)
u "

%_q )
ﬂ(ﬁsm*z /7 /////7 SIS

Figure VI-15: Piping System #2
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Figure VI-16: Piping System #3
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Figure VI-17: Piping System #4
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Sources:
Mott, R., Untener, J., “Applied Fluid Mechanics,” 7™ Edition. Pearson Education, Inc., (2015)
Design Considerations:

The piping systems will be outside, exposed to the elements. The fluid coolant flowing through
the system has a freezing point higher than the lowest temperatures experienced at the facility’s
location. The piping system supplying the machines is gravity fed.

Data and Variables:
Drawings and dimensions shown above
Procedure:

The flow rate equation is used to determine the inside diameter of piping needed for the system.
The layout drawings are used to calculate the lengths of pipe needed.

Calculations:

Length of Pipe Needed:

L; =50 ft+ 21 ft+450 ft

L, =521 ft

L, =100 ft + 29ft + 45 ft

L, =1335ft

L; =500 ft+12.5 ft

L; = 5125 ft

Ly, =29 ft

Leotar = 521 ft +133.5 ft + 512.5 ft + 29 ft

ILf'nfnl = 1196 ftl

Summary:

For the complete facility piping system, 1,196 feet of 3-inch NPS Schedule 40 pipe is to be used.
The inside diameter of this pipe is 3.068 inches.

Materials:
Schedule 40 Steel Pipe

Analysis:
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The inside diameter of the pipe came from the table once 3-inch NPS Schedule 40 steel pipe was
selected. The selected pipe size will be adequate to deliver the desired flow rate for the system.

Pipe Thickness (task 9)
Purpose:

To determine the appropriate wall thickness of the pipes in each system to ensure the pipes will
withstand the pressures resulting from the operational process.

Drawings and Diagrams:

Nominal Size

</l

Schedule

4= J9)oWelq apiIsiNQ =

Figure 18: Pipe Thickness
Sources:
Mott, R., Untener, J., “Applied Fluid Mechanics,” 7 Edition. Pearson Education, Inc., (2015)
Design Considerations:
Incompressible fluid
Steady state
Data and Variables:
Inside Diameter = 2.9 inches
Outside Diameter = 3.5 inches
Procedure:

An equation can be used to determine wall thickness, but the project design asks for readily
available materials to be used. Therefore, the table from the book (located in the appendix) will
be used to determine the wall thickness of the pipe.

Calculations:
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There are no calculations for this task.

Summary:

The specified wall thickness for 3-inch Schedule 40 Steel Pipe is stated to be 0.3 inches.

Materials:
3-inch Schedule 40 Steel Pipe

Analysis:

The wall thickness chosen was taken from the textbook’s supplied chart for schedule 40 steel pipe.

Fittings (task 6)
Purpose:

To determine the total type and quantity of fittings needed for the complete system.

Drawings and Diagrams:

Binch NPS Sch40 Steel Pipe 0D.#3.5in 1.D.=3.068in A=0.05132¢t%
l4 57,0 # e
l;__ 5ot ————————>|e— 450 £+ —
£ 4k / T
§§ FLow / e
[
y ¥
¥ 3 N $
‘g $ N § ¥ 3 e ¥ s g0
NI y § N 2§ IsSkgal [
I G Ta TANK
[ 2 Il ™ | 3
: _f_f <
- 9
L

PPING sysTEM # L

Figure VI-19: Piping System #1 with Fittings
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Figure VI-20: Piping System #2 with Fittings
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Figure VI-21: Piping System #3 with Fittings
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Figure VI-22: Piping System #4 with Fittings
Sources:
Mott, R., Untener, J., “Applied Fluid Mechanics,” 7t" Edition. Pearson Education, Inc., (2015)
Design Considerations:

Pipe sizes and locations are unchangeable. Fittings should be ordered to adhere to the design
parameters.

Data and Variables:
Reference drawings above.
Procedure:

Using the aforementioned diagrams, valves and other pipe fittings were positioned to account
for routine maintenance on each system as well as proper jointing of the pipes.

Calculations:
Calculations are not needed for this design task.
Summary:

A table of all necessary fittings can be seen below.
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System Fitting Selection
Type Quantit Material G
yp v (inches)
Hose Connection 2 Steel 3
Globe Valve 8 Steel 3
Check Valve, Swing 5 Steel 3
Type

90° Elbow 16 Steel 3
Rounded Inlet 3 Steel 3

Table 8: Fitting Selection

Materials:

3-inch NPS Schedule 40 Steel Pipe
Analysis:

After designing the final layout of the piping system, elbows, valves, inlets, and hose
connections were needing to allow the system to be functional. At each tank, an inlet is needed
to connect the pipe. Hose connectors are needed for the train to offload coolant as well as for
the trucks to haul coolant away. Elbows are needed wherever the pipes make a turn. Globe
valves are needed for throttling and isolation purposes. Check valves are need to ensure the
coolant can only flow through the system in the desired direction.

Water Hammer (task 10)
Purpose:

To determine if the system could suffer from issues due to water hammer.

Drawings and Diagrams:
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Figure VI-23: System 1 Layout for Water Hammer Calculations
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32ft

Figure VI-24: System 2 Layout for Water Hammer Calculations
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P

500ft

\
{ 3ft
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Figure VI-25: System 3 Layout for Water Hammer Calculations

Sources:

Mott, R., Untener, J., “Applied Fluid Mechanics,” 7t" Edition. Pearson Education, Inc., (2015)

Design Considerations:

All piped systems have the same flow rate and area; therefore, the velocity will be the same

throughout.

Data and Variables:

Ey = 316000 psi

D, = 3.068 in

Peootant = 0.94 (62.455) = 68.656 % = 0.0339 %
E = 30000000 psi

6 =0.2161in

Procedure:
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The pressure change due to possible water hammer/cavitation is calculated. The highest pressure
in each system was calculated using Bernoulli’s. The pressure change was added to the highest
pressure, including the atmospheric pressure. This, along with the boiling point at that pressure
was taken into consideration to determine the risk for water hammer and/or cavitation.

Calculations:
316000 psi
/& 0.339% .
p in in
C = = = 2847.528—

\/1 + Bl (316000 psid (3.068 in)
(30000000 psi)(0.216 in)

C= 237.294%

1b ft ft
AP = pV(C = (68.656—) (2.7134—) (237.294—) — 44205.782
ft3 s S ft-s?
44205.782 2
AP = ft5%) _ 137085 _ 9834 psi
T 322ft)s2 e Fe T O0RPS

System 1, Highest Pressure Calculation:

Py VE P,  V#
-+ 24z =24+24 2,40y
14 29 14 29

2
Z]_:P_2+V_2+hL

Y 29
L V# Vi _ VE(,L 0.544’%2 10 ft
h, = ( Bﬁ) +3403% = i(fg + 340) = @(0.0180_25” + 340) = 1.564 ft

ft?

_ )= b _ o
P,=7y (z1 - h,) = 0.94 (62.4ft3> (12 ft = 5o — 1564 ft>

P, = 0.7204 psi|

System 2, Highest Pressure Calculation:

Py V{ P, | V§
4+ 2+zi=2+242,4+hy
14 29 14 29

P. V2
Al =_2+_2+hL
Yy 29
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2
L2

hy=(fx VZ) +340 % + 1002 v (f% +340 +100) = 2('22.25_;) (0.0180_235’:ﬂ +340 +
100) = 2.02 ft

2
P=v(m - —h)=094(624-%) (17f oy = 2.02 ft)

P, = 6.11 psi

System 3, Highest Pressure Calculation:

P VE P 14
—+ 24z =24+24+2,+h
Y 29 Y 29

h
y+ 4 h,

h, = 340 +100

(340 + 100) = 2.0196 ft

2(32.25—5)
0544/

P, = ( ———h)—094(624l—b) 3 ft ———s 20196 ft
2=V \%4 3 L) =% T fes ft 2(32.2 ft/s? f

Summary:

Based on the yielded results, system 2 experiences the highest possible system pressure at 6.11
psi. With the additional pressure caused by rapidly closing a valve, 9.534 psi, in addition to
atmospheric pressure, the highest possible pressure in the system would be 30.56 psia. At 30.56
psi, water has a boiling point of 250F, therefore, there is no risk of water hammer in this system.
The highest pressures for each system can be seen in the table below.

Highest Possible System Pressure for Water Hammer Calculations

Highest Pressure
System .
(psi)
1 0.7204
2 6.11
3 0.4

Table 9: Highest Possible System Pressures for Water Hammer Calculations

Materials:
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All materials in the system. (See Bill of Materials)

Analysis:

When determining if a system has an issue with water hammer or cavitation, it is paramount to
use the proper units when solving equations. A slight slip of a decimal on the wrong unit
measurement can yield the results entirely inaccurate.

Provide pipeline support info

Type of Supports, Distance Between Supports, and Forces on Supports (task 13)

Purpose:

To determine the horizontal and vertical forces in piping system #1, the forces and deflection of

pipe between supports, and the type of supports to be used by the civil engineers.

Drawings and Diagrams:

Section 1
Section 2
Section 3

Section 4

S0ft 450ft

24t

7\

M— il

4 b

aft

{vented to atmosphere)

15,500 Gallon
Storage Tank

TECHNICAL SPECS

—vstem TYPE
system

MODEL NUMBER | PL-1111-V30
[ 1

SURFACE MOUNTED

PIPE HANGER

PIPE SIZE (in.) 3

TUBE SIZE (in.) 3

KEEP OUT OF REACH OF CHILDREN.

FITS 3"
Common Applicat:
HAP Sys e ets ¢ FITS 3"

MATERIAL
or applications not
above LENGTH (in.)

WIDTH (in.)

HEIGHT (in.)

“Rock Your Work"

hapsystem.com
FINISH

Figure VI-26: Pipeline Support Diagram

Cl, STAINLESS STEEL
PVC, COPPER

10G STEEL

MAX. LOAD (Ib.) | 300

10-3/4
3

7-1/4

METAL DETECT. YES

POWDER COATED
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Figure VI-27: System 1 Pipe Support
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Figure VI-29: System 3 Pipe Support
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Figure VI-30: System 4 Pipe Support

Sources:

Mott, R., Untener, J., “Applied Fluid Mechanics,” 7t" Edition. Pearson Education, Inc., (2015)
“3’ Lockable Hap Pipe Hanger.” GETPVF, https://getpvf.com/3-lockable-hap-pipe-hanger/.

Edge, Engineers. “Schedule 40 Steel Pipe Sizes & Dimensions Ansi.” Engineers Edge -
Engineering, Design and Manufacturing Solutions,
https://www.engineersedge.com/fluid_flow/steel-pipe-schedule-40.htm.

Design Considerations:
Steady State
Drawings and dimensions above

Data and Variables:
ft3 m3
Flow Rate, Q = 62.5 GPM = 0'139198T = 0.003942T

Velocity, V = 2.71235 % = 0.826762%

Flow Area, A = 0.05132 ft? = 0.004768 m?

Inside Pipe Diameter, D = 3.068 in = 0.0779 m

Outside Pipe Diameter, Dy, = 3.5 in

Pipe Friction Factor, f = 0.018 (from energy loss calculations)
Specific Weight (coolant), y. = 9221.4 N/m3

Density (coolant), pc = 940 kg/m?3

Young’s Modulus (SCH 40 Steel), E = 29500000 psi
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Procedure:

The forces for each section must be calculated first. The system was separated into three sections
to make the calculations simpler, and they must be evaluated separately for deflection. This is
due to the fact that there are various lengths of piping and different components for each which
will require different support spacing.

To calculate the deflection in the piping, the total weight of each piping leg must be found by
obtaining the sum of the vertical reaction forces and the weight of the piping itself. The empty
weight per foot of 3” NPS SCH 40 Steel Pipe is 7.58 Ibs. The formula for maximum deflection of a
simply supported beam under uniform loading conditions is used. To determine the percentage
of deflection relative to the overall pipe diameter of 3.5 inches with the goal of being less than
1% overall deflection between support hangers.

Calculations:
System 1:

LF =pQ(V, = V1)
PiAy — Ry = pQ(V, — V1)

2
P _ _ gLV vz _ 3.04785m [ et 0.8267622%
%= by = f -+ Ky = (0018) (350 ) < ey )+ (340 % 0.018) (o

B 0.237748 m

Yc

P, = 0.237748 m (y,) = 0.237748 m (9221.4 %)
P, = 2192.37 N/m?

2
Ry = PLA1pQV; = (219237 X 0.004768 m? ) + (940 2% x 0.003942 ™ x 0.826762 %)

1lb
4.448N

R, = 13.5468 N X
R, =3.041b
Ry = w —pQV; =y AL — pQV,

3
Ry = (9221.4- x 0.004768 m? x 3.04785 m ) — (940 -2 x 0.003942 ™~ x 0.826762 )
m m S S

R, = 130.943 N X ——
4.448N

IR, = 29.44 Ib|

System 2:
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PiA; — R, = pQ(V, — Vy)

Py Lv? V2 V2
—=h ,=f-——+K.,—+K,,—+ K, —
Ye L1-2 fDZg cvzg qug

2 0.8267622m
— = +m = 0.034839m
2g 2(9.815—2)

12.1914m

Oomm) (0.034839 m) + (100 x 0.018)(0.034839 m) + (340 x
0.018)(0.034839 m) + (30 x 0.018)(0.034839 m)

%= (0.018)(

hy,_, = 1.27615m x 9221.4%
N
P, =11767.9--

3
Ry = PyAy +pQVy = (11767.9-7 x 0.004768 m?) + (940 % x 0.003942 ™ x

0.826762 m)
S
R. =133 1b
R, = w — pQV, = (9221.4% % 0.004768 m2 x 12.1914 m) — (940 x 0.003942 X
0.826762)

R, =119.8211b

System 3:
R, — PA; = PQ(Vz -V)

P, LV?
==hp :f5£+Ke

2 V2
+ 2z, — =0.034839m
Yc 2g

14
29

6.4m
0.0779m

= (0.018) ( ) (0.034839 m) + (30 x 0.018)(0.034839 m) + (6.4 m)
hui_, = 647033 m
P, = 9221.4—~ x 6.47033 m
m
P, = 59665.5 N /m?
Ry = PyAy + pQ(V2) = (59665.5- x 0.004768 m?) + (9405 x 0 003942 ™ x
x 24 T pELV2 D3 . 3 : B
0.8267627)
S

R, = 64.6468 b |
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R, = PiA; — w — pQV, = (59665.5% X 0.004768 mz) - (9221.4% X 0.004768 m? x

3
6.4m) — (94022 x 0.003942 ™ x 0.826762 )
m N N

IR, = 0.0065 [b]

System 4:
PiA; — R, = pQ(V, — V1)

Pr_ LV eV v _
=l =it e 55 = 0.034839 m

137.153 m+1.21914m
0.0779m

= (0.018) ( ) (0.034839 m) + (30 x 0.018)(0.034839 m)

P, =1.13271m x 9221.4 N/m?3

P, = 10445.2 N/m?

3
Ry = PyAy +pQVy = (10445.2-7 % 0.004768 m?) + (940 % x 0.003942 ™ x
0.8267627)

R, = 11.885 b

_ _ N kg m3
Ry = w — pQVy = (9221.4-= x 0.004768 m? x 138.372 m) — (940 2% x 0.003942 " x

0.826762 T)
S

IR, = 1367.09 Ib|

For the total forces of the sections and pipe deflections, handwritten calculations are included

below.
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Summary:

The forces for sections 1 and 2 were calculated separately due to the pump being mounted to a
foundation on the ground. Total forces for sections 2, 3, and 4 were combined for the deflection
calculations due to only being supported by hangers other than at the pump discharge flange.

For all pipe sections, support hangers will be installed within 1 ft of flanged connections and pipe
elbows, as well as every 12 ft between these sections where applicable by mounting to the
exterior walls of the building. This will limit pipe deflection between support hangers to <1%
under normal system operating conditions.

Materials:

Coolant

3” SCH 40 Steel Pipe

10G Steel 3” HAP Pipe Hangers

Analysis:
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The section with the greatest force was section 4 due to the overall length being the greatest.
Given that the deflection was less than 1%, the distance of 12 ft between hangers was decided
upon. It could have been adjusted to reduce the deflection even more, but the deflection was
within tolerance and increasing the number of hangers would mean increasing costs for the
customer.

Energy losses (task 7) make a table of all energy losses and analyze them
Purpose:

To determine the losses in the system for evaluation towards pump requirements.

Drawings and Diagrams:

(b)

Figure VI-32: Check Valve, Swing Type
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K = 30f;
(a)y 90 elbow

Figure VI-33: 90 deg Elbow

Sources:

Mott, R., Untener, J., “Applied Fluid Mechanics,” 7t" Edition. Pearson Education, Inc., (2015)
Design Considerations:

Incompressible fluids

Isothermal process

All minor losses

Tave > 50F

Data and Variables:

K values given in above diagrams

Procedure:

Reynold’s number must be calculated for the system to determine the losses. The Reynold’s
number will be used to determine the friction factor for the system. The friction factor is used to
calculate the losses of each component, which will be added to the losses in the pipe to give the
total system losses.

Calculations:

Calculations for this are required to be done by hand.
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j — VIO

- SYSTEM 1
na= (b, + 2hugt B gt My # Ppet b )+ Zo- 2,

= o-v: _ 0.716
I = 30V — 0.063 44
i Zj %AZ-F | 76+
= [00.-y% _ 0.210Ft
Zj »
o T - 525 = 0.018.8625 _ 3.9/
P ff ’0'7'2'_5%4' 0.26%

ha =30.0634) + 2(0.716-4) + (621060 +B6))+ 170+

h

Veheek

ha = 65. 745 +t

— sYSTEM 2 \
hA2$ (hf'f"s+ 7keLbu+ Zh%ﬁ* 2hV3¢+ kpipe)"’ 21—2,

— 0.05| f+ ‘

h'cn‘i's——- O'Zq' 11—’
&

hetpow = 30-%&*-;0.00310—(— Az, = 39
9

N vee = 1oo._;za;:.= 0.2 10

Nvgpoe = F10- X2 = 0.716 £

i = ¢ = 01018' l& — o
hoie, = 'ﬂ% ek e

ha,= (0.051F)+ 7(G.0ca£6) +(0.210 €02 + 2(0.7/4,&)4%9_&?—& +

ha,= S2.33+
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- SYSTeM 3
by = (hentyt S byt Zhy, + Zh, + heipes) ¥ 22-2
same values as System (B2 except far hyiye B AZ,

hp, =(0-051)+ 5(0.06360)+ 2(0.2106)+ 2(0.7166)+ 30. 26t +
|2

hA3= 50. 48 £+

Summary:

A table summarizing the losses for all systems can be seen below.

Total System Losses

System Number TOta:fl;())sses
1 55.745
2 52.33
3 50.48

Table 10: System Energy Losses
Materials:

3-inch NPS Schedule 40 Steel Pipe
Gate Valves

Elbows

Check Valves

Coolant

Analysis:

When calculating the losses for each system, the fourth was neglected due to it being gravity
fed. The three calculated systems were shown to have very similar losses compared to each
other. The losses are going to be used when determining the selection of pumps.
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Pump selection

Pump Requirements (tasks 8 and 15)
Purpose:

To determine the least amount of required power the system needs to be able to transport the
coolant to all appropriate areas based on design criteria.

Drawings and Diagrams:

Figure 34: Sulzer Pump
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Pump System 1

Front View
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Isometric View

Figure 35: Pump System 1 Views
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Pump System 2

Front View

Top View

Isometric View

Figure 36: Pump System 2 Views
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Figure 37: Sulzer 1x2x7.5 Pump
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Sources:

Mott, R., Untener, J., “Applied Fluid Mechanics,” 7™ Edition. Pearson Education, Inc., (2015)
Design Considerations:

Isothermal process

Steady state

Data and Variables:

Drawings shown in the figures above.

Procedure:

Using the predetermined fluid characteristics, various tables and charts from the Sulzer manual
were used to adequately size the pumps.

Calculations:

Calculations from previous tasks were used to determine the Q and H values. The supplied Sulzer
manual was used to determine the pump information needed.

Summary:

Based on the charts from the Sulzer manual, we are using three, 2X3X7.5 pumps with a 6-inch
impeller on each. Once again, using the supplied manual, a 2 HP motor with a NEMA frame size
of 324T-405T is required to power the pumps.

Materials:
Sulzer Pumps
Coolant
Electric Motor
Analysis:

When calculating the pumps and motors, manuals can be of great assistance if they can be interpreted
correctly. While a 2 HP motor was sized for the pump, they may not be as readily available as say a 5 HP
motor which would certainly work for the application providing the frame size matches or adequate
adaptor rails are constructed to allow them to marry up.

Instrumentation Selection

Flow Nozzle with Manometer (task 14)
Purpose:
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To perform calculations for a flow nozzle with a manometer in piping system #2. The flow nozzle
will have a nozzle diameter to pipe diameter ratio of 0.5. The manometer will be used to measure
the pressure drop across the nozzle and the manometric fluid will be mercury. The device will be
installed near ground level on the vertical stretch of pipe that supplies the 1,100-gallon tank,
making it easy to read from the ground.

Drawings and Diagrams:

Fow
MeReuRy (59= 13.54)
—
T
i
e —E

- CO0LANT frJg = ﬂ.q'f)
lofr m &Eg%i —— Flew Nozzie .Di_'o.ﬁ

Lfas M )

3" " ScpeDores Ho STeeL Pife

flow , G= [o?-.srﬂfm

Figure VI-39: Flow Nozzle with Manometer

Sources:

Mott, R., Untener, J., “Applied Fluid Mechanics,” 7t" Edition. Pearson Education, Inc., (2015)
Design Considerations:
3” SCH 40 Steel Pipe

Incompressible fluids
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T = 60F

Data and Variables:

Gravity, g = 32.2 ft/s?

Specific Gravity (coolant), SGcooL = 0.94
Specific Gravity (Mercury), SGue = 13.54
Specific Weight (water), yy, = 62.4 lb/ft3
Flow Rate, Q = 62.5 GPM

Flow Area of Pipe, A; = 0.05132 ft?
Inside Pipe Diameter, D = 3.068 in
Kinematic Viscosity, v = 1.21 X 1075ft2/s
d/D=0.5

Procedure:

First, the change in pressure across the flow nozzle must be computed by rearranging the
equation for flow rate through a flow meter. To do this, the diameter for the flow nozzle needs
to be determined. Also, Reynold’s number for the larger pipe needs to be found. The Reynold’s
number will be used to find the discharge coefficient, C. Using this data along with other
variables, the pressure drop across the flow nozzle will be found. The calculated pressure drop
across the flow nozzle is used to determine the deflection range of the manometer as well as the
minimum length of the manometer. This is found by applying the manometric equation to the
proposed manometer.

Calculations:

Pressure drop across the flow nozzle:

re

3
Q = 62.5 GPM( s ) = 01391987~

449 GPM

A; = 0.05132 ft?

Dy = 3.068 in (=L-) = 0.255667 ft

12in

3
0.139198%

V — 2 -
A 0.05132 ft2

- 2.71235%

ve = (0.94) (62.4}%) = 58.656
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VD (2.712352)(0.2255667 £t)
R, =—— £
v 1.21x10~5

- R, = 57310.6

Equation for Flow Meter, Q = CA; >
() -

() (&) ~1]oo

- AP =

2
Since d/D =0.5, % = (g) — the flow nozzle diameter will be half of the inside diameter of pipe
2

D 0.255667 ft
Therefore, d = 71 = %

Ay (D)2 _ (0.255667ft)2 — 4
4,  \a/ ~ \oaz27833ft)

Solving for pressure drop across the flow nozzle,

= 0.127833 ft

2
£t
0.139198— b

09750005132 Fez | [(W° — 1 (58'656f_t3)

AP = = 105.731 lb/ft2< e )
2 (32.2 f—f) 144 in

AP = 0.7342 psi

Manometer deflection and length:

Py —=Ye x—Vug 'y +vc(y+x+6ft)="P,
> Py—Pg=—Yug'y+vc'y+tvc 6ft (Yue = SGug * Yw)
= AP = (yc — SGug " yw)y +vc- 6 ft

105.731 b (58.656% X 6ft>

Ny AP —y. -6 ft _ ftz
e = (SGhg ~ Yw) 58.656]% — (13.54 x 62.4/f—f3>

y = 03131 ft + 6 ft

y = 6.3131 f{

Summary:
a.n

The distance “x” was cancelled in the manometric equation. The deflection of the manometer
for the calculated pressure drop is 0.3131 feet. The vertical section on the left-hand side of the
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manometer should be at least 0.3131 feet long while the vertical section on the right-hand side
of the manometer should be at least 6.3131 feet long.

Materials:

Mercury (manometric fluid)
Coolant

3” SCH 40 Steel Pipe
Analysis:

The flow nozzle diameter will be half of the inside pipe diameter. This could potentially be
adjusted if the client would like the manometer to yield a larger deflection, or a different
manometric fluid could be used to produce the same outcome. For this application, Mercury was
chosen as the manometric fluid because it has a much higher specific gravity that other liquids.
In the calculation for the manometer deflection and length, the distance “x” was found to be
negligible by simplification of the manometric equation, meaning that it will not have any effect
on the deflection of the manometer for the given pressure difference. If the overall pressure
difference was large enough, paired with a different manometric fluid being used, a reassessment
would be required to ensure that the left side of the manometer would have enough length to
prevent the gage fluid from entering the downstream sensing line.
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6. FINAL DRAWINGS

Plot Plan (task 19)

H00S

H00S

Figure I-1: Plot Plan
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Il. Elevation View (task 19)

Il u + = 1 -
& & |
— p; ii
b2 ol
ﬂ——’ [+ g
]
% wsif
=
5 L
= v
L
.- -
J e T
S
S
[¥a]
. 5
E 1
i ~ L
i
CJl
L
T ] ¢ ) T

Figure lI-1: Elevation View
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lll. Isometrics (task 19)
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Figure Ill-1: Isometric View (A)
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7. BiLL OF MATERIALS AND EQUIPMENT LIST (TASK 20)

Bill of Materials
Item Quantity

3-in Schedule 40 Steel Pipe 1196 ft

3-in 90° Elbow; Steel 16 each
3-in Check Valve, Swing Type; Steel 5 each
3-in Globe Valve; Steel 8 each
3-in Hose Connections; Steel 2 each
3-in Rounded Inlet; Steel 2 each
Norwesco 15,500-gal Poly Resin Tank 1 each
Norwesco 5,000-gal Poly Resin Tank 1 each
Norwesco 1,100-gal Poly Resin Tank 1 each
Manometer 1 each
Flow Nozzle 1 each
2x3x7.5 Pump 3 each
2 HP Motor 3 each

Table 11: Bill of Materials

8. FINAL REMARKS (TASK 21)

This engineering design project is extremely detailed and contains nitty-gritty information.
Numerous inputs, calculations, iterations, and derivations were used to compute the piping,
fittings, fluid properties, and materials used for the design of the cooling system. The system is
designed to offload coolant from a railroad tanker car to a 15,500-gallon vertical storage tank.
From there, a pump and piping system is designed to deliver coolant to a 1,100-gallon tank that
will feed five machines inside the manufacturing facility’s machining area. A separate, 5,000-
gallon holding tank was designed to store any waste or used oil that will be picked up via truck.
All three tanks and the piping system were designed to be as economically efficient as reasonably
possible. In addition, a part of the design was to use a minimum amount of real estate when
designing the layout and taking into consideration the potential for additional projects down the
road. To reduce operational downtown, parts were selected from a pre-manufactured supplier
catalog where applicable. This will instill some sense of conformity throughout the plant and will
make things such as maintenance an easier task to handle, while maintaining a relatively low
cost. All pumps in the design were chose to provide the system with the designed flow rates and
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an added expansion factor was considered if there ever arose a need for additional tanks or
systems in the future.

9. APPENDIX

Reflections:
Giacomo’s Reflection:

This project came off as extremely intimidating at first. Albeit it was rather intimidating
throughout as well. That being said, this project was responsible for teaching me tremendously
more about the principles of fluid dynamics than | originally anticipated. This project came off as
a great deal of “busy work” but ended up having a great deal to do with the course, and MET
degree, and many future career paths for students. | found myself taking many key principles |
use in my professional career and applying them to the project. The material learned through
this course and through this project is definitely important to professional career development
in the sense that | already work as an engineer. The material and methodologies learned through
this course will most certainly be applied to my day-to-day life at the office. | think a strength of
mine that conveyed to the group was my particularness and my organization. On the flip side, |
believe this was also my weakness because | like to spend countless hours trying to perfect things
that only I will notice. In addition, | believe my time management sometimes negatively impacted
my group. We are a group comprised of all full-time adults with full-time professions. Sometimes
life gets in the way and it is very easy to fall behind in this course. | think our project is very strong
in a technical sense due to the fact that a majority of our group has real-world experience with
similar situations to the one of that proposed in this design project. On the other hand, | think
that played to our detriment in certain areas where we would get caught up in the weeds about
an issue that applies to a real-world scenario and not to this particular in-class assignment. If |
were to retake this course, | would certainly try to manage my time more efficiently, where
applicable, and attempt to get as far ahead as possible. | would also potentially take a lighter
courseload knowing the demand of this class and the struggle to balance it with others, working,
and a healthy lifestyle.

Austin’s Reflection:

Devin’s Reflection:

Erik’s Reflection:

To be completely honest, I'm collecting my military retirement pay and now I’'m almost a decade
into my second career and do not intend to ever change employers before finally retiring.
However, stuff happens, right? If | were to enter into a job interview this class would probably
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be at the bottom of my portfolio. | would describe the amount of teamwork involved and group
problem-solving that, | feel, was the most beneficial for the team while in this class. My strengths
would probably be team organization, advising the overall of the project, and the computer-aided
design portion. After all, this is my second go-around with the project and | was aware of the
final outcome. My weaknesses, as they were also in the Summer semester, would be clear
communication of expectations with Dr. Ayala, as well as the iterations of calculations - but I'm
much better with excel this time which made a definite difference. If | were starting this course
over again | would first make certain that | was not enrolled in any other courses as was my
problem last semester, as well as that | would have to do better with relying more on my wife to
handle some things around here. There simply was not enough time in my day to complete
everything to my usual standards and unfortunately my time set aside for college falls nearly to
the bottom of priorities in life..
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Useful Material from Text:

TABLE A.2 U.S. Customary System units (14.7 psia)

Temperature (°F) Specific Weight y (Ib/fth) Density p (slugsift) Dynamic Viscosity n (Ib-s/ft?) Kinematic Viscosity v (ft3is)
32 62.4 1.94 3.66 = 1077 1.89 x 107
40 62.4 1.94 323 = 10" 1.67 = 10
50 62.4 1.94 272 =10" 1.40 % 10
a0 G2.4 1.94 2,35 = 107" 1.21 = 107
70 §2.3 1.94 2.04 = 107" 1.05 = 10—
a0 62.2 1.93 1.77 = 107" 9.15 % 10°F
90 62.1 1.93 1.60 = 1077 829 % 10°
100 62.0 1.93 1.42 % 107" 73T =10
110 61.9 1.92 1.26 =10 6.55 = 10
120 81.7 1.92 1.14 = 107 594 x 10°F
130 G61.3 1.91 1.05 = 107" 5.49 = 107
140 G1.4 1.91 9.60 = 107" 5.03=10°
150 61.2 1.90 8.90 = 107 468 % 10
160 61.0 1.90 8.30 = 107 438 = 10
170 &80.58 1.89 T.T0 = 10°F 407 = 10°F
180 &80.6 1.88 T23= 10" 384x10°
190 G0.4 1.88 .80 = 107 362=x10°
200 G601 1.87 8.25 = 107° 3.35=10°
212 28.8 1.86 5.59 = 107 3T = 10°F

Figure 3: Properties of Water

Page 73 of 86



Table F.1 Schedule 40

Hominal Pipe Size Outside Diameter Wall Thickness Inside Diameter Flow Area

NF 5 (in) DM (mem) (im} (mm (im) {mm] (im) (ft) (mm) FE) ()

% i 0.405 10.3 0.068 1.73 0259 0.0224 6.8 0.000 234 3.880 x 10+
Y 3 0.540 137 0.088 224 0.364 0.0303 oz 0.00D 723 6717 x10%
# 10 0675 17.1 0.091 21 0.483 0.0411 12.5 0.001 33 1.235 =10+
% 15 0.340 M3 0.108 77 0g22 0.0518 15.8 n.ooz 1 1.960 =10+
4 20 1.050 w7 013 287 0.824 0.0587 208 0.002 70 3.437 ® 10+
1 25 1.315 134 0133 338 1.048 0.0874 25,6 0.005 00 5.574 210+
144 3z 1.660 422 0.140 .58 1.280 0.1150 351 0.010 38 9.853 =10+
1l 40 1.800 43.3 0.145 368 1410 0.1342 408 0.014 14 1.314 =10~
2 50 2375 80.3 0.154 XD 2087 01723 525 01022 33 2.188 =10~
s 65 2875 T3.0 0.203 515 2439 0.2058 627 0.032 2 3.080 =10
3 30 3.500 B3 0.216 5.48 3,008 0.2657 7e 0.051 32 4788 x 10~
3 a0 4.000 101.4 0.226 574 1.548 0.2857 801 0.058 58 6381 x10°
4 100 4.500 14.3 0237 .02 4,026 0.3355 1023 0.08% 40 3213 =10~
5 128 5.563 2413 0.258 6.55 5.047 0.4306 1282 01380 1.291 210+
i 150 6.825 168.3 0.230 7.1 6,005 0.5054 1841 0.200 6 1.864 = 10+
3 200 2.825 a1 fazz 8.18 7881 0.6551 2027 0347 2 3226 210°
10 250 10.750 EER 0.385 QET 10,020 0.8350 2545 05478 5.000 =10+
12 300 12.750 230 0.406 10.31 11.038 0.0248 303.2 07771 T2 10
14 350 14.000 1566 0.437 11.10 13.126 1.084 3134 09306 B.728 =210+
16 400 16.000 405.4 0.500 12.70 15.000 1.250 381.0 1.227 0.1140

18 450 18.000 457.2 0.562 1427 18.876 1.404 4387 1.553 0.1443

20 500 20.000 508.0 0.593 15.06 183314 1.568 4778 1.931 0.1784

4 60D 24.000 G084 0.8a7 17.45 22826 1.588 a747 2Tez 0.2324

Figure 4: Dimensions of Schedule 40 Pipe

Page 74 of 86



Table 10.4 Resistance in valves and fittings expressed as equivalent length in pipe diameters, LJ/D

Type Equivalent Length in Pipe Diameters LJD
Gilobe valve—fully open 340
Angle valve—fully open 150
(Gat= valve—fully coen ]
—3 open 5
— open 160
—% open B0
Check valve—swing type 100
Check valve—bsll type 150
Busterfly valve—fully cpen, 2-8 in 45
—1i0—14n 5
—15-24 M ]
Foot valve—poppet disc type 420
Foot valve—hinged disc type T8
90¢ standard elbow k1|
90F long radius elbow 20
00F strest eloow 50
45* standard efhow i
457 zarest eloow s
Close return bend 50
Standard tee—with flows through run 20
—uwith flow through branch i1}
(Reprinted with permission from “Flow of Fluids Through Wakees, Fittings and Fipe, Technical Paper 4107 2011, Crane Co. All Rights Ressned.)

Figure 5: Equivalent Length for Pipe Fittings
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Miscellaneous Hand Calculations:
Wind Load and Weight of Tanks:

WeEIGuT of StaRa6e TaNKs

w,, = 3301 Ibs

15,500 qa “TANK ! FRom NORWES o TANK SHECIFICATIONS !
J 3
Vo= 15,500 6a - (soiiin) = 58.CLTTw
L
?c = S‘Zn - Y,, — c.a4(100c ME}-) — ¢ =940 ;g

s Y 440%(5?&6775‘7) —m, = 55T G k‘i

3
1

w, = m‘_.z g 55;41,9%(4.3[%)—7 w, = 51999% N

i (L1 = 121627 lbs
we = 50T (1BE) —o W = 121

Wlem) = 0l + W, —= W = 337 lbs + 1216277 lbs = (249934 lbs

Tiegcrne The weewT OF THE 5,500 gal STokace TANK AT

Maximom  CAYACITY 1S 129934 (bs.

I,loa gac TANI: Feom Nowuesco TANK. SPec FIcATIONS : w’h: 169 lbs
3
= [ Am oy 7
Ve = 1,100 P (Z—H»ignj = 40675 m
P =940k
™
= 3T3.L1 Ky

Mo = Py, — TofH4.1u3502) — e =

We = M-."} — 373.(a Mc,(?,‘;l-’:—‘_—)—‘ W= BY33.3IN
=3¢ ay =

We = 3¥393.3N (ﬁu)——-wt = 531.59 lbs

W ToTA) = (W, + W, — 169 lbs + §631.59/bs = §F00 .59 /by

THERE Fore | THe WEIGHr OF THE /K0 gt STonres Tanle AT
MAKLIMOm apALITy (S §500.51 bbs,
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S, c00 gac Tank: Fiom NORwWEsSc o TaAnK. SPEQCIcATIONS . tdpy, = 8499 Jis

V.= 5 ooc G- W-—J—\"J.Cw) = 179251 a3
2,
T o= 4y
Mo = p oy, — 9z/a£?,c(,g_ﬂs,_‘zjﬂmc= (77F1- G kg

We =M. -q —» 17T7F9.¢ Ka(ﬁ.m%)_. w. = 179456 N

e = f'?'fs.'f.l\!_ﬂn"t)-—v LI = 3‘?7_3‘1',7 lég
494 ¥
LAJ(‘T‘Q‘WH,): (.Jra Fld —= ) = 99 Ibe +39234.7 /by = Y0078.7 los

’ﬁfe’l&'ﬁ'ai@', THe WEHHT oF THE 5,000 PR SToRAAE Tanle AT

MAK | mosn mw‘c_--rj 1S Y9C07&.7 lés .

WIND Load on  SToRAfeE TANKS

15,500 qac TANK: Cp = 112 Fek  SeauTvbviae Cqundess (Tave 17.0)
=12 (n.nrr ( = §.364-%
\/Am s o) Trne ) 3600 S {3 18I Fr A

— BHY —v H=244in- L_/ /“Mﬂ- = G.(a73m
B = (41 {:L-h)‘/au:ﬁ = 3.5¢n3 m
—r A= (3.5513)6.(977m) = 22199 n*

DiMcE THEY E 1S5S No  §IVEA  VALue For ‘Déﬂcrné OF A1
AT —20°F, T wiy UsE INTER PaLATIcR METHDN To &6&T AN

Alcowste Valve Fork &6:\)5!113.

—20°F — °C | (-20°F _32_>[_§_) = -2§5.5¥85P9°C
VSINGg TABLe €.1 VALLeS AQove AND I Mv) ’r‘ﬁl“\)’ém%/
X = -2¢.5659°% "b:ﬁ" -25.5567 'C
X, = —3o0°c A\ = (.45
X = mRene Y= 13y X
x—x. = _25.5%51 - (-32)
D= *'r( Y?n ‘1)] — 4= ‘457.3[(,_0 (—20) 1-314-1.9';7_):)
4= 149956 22 , S = (YIS F @ -2%.5659C (e —20°F)

Now arT T Have AL VARIABLES | T CAN  CALCOLATE
THE  DPRAG fores oN THE Tamnk

(RS VAR S YL ST RS

A =516.951 N ﬂlv/:: ) = lle.220 lbs

T woefone, The winD Lead onN THE /5, SOC gac STOLAEGL TanNK

. Gluen) comndimons 1S €AIIVALE~NT To e .22 lbe
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[,l00 gaL TanK: Cp = L1
\/Ant. = 5.3e48

A= gyl — H=53in {.",—:7';‘) 'i—:_rm— = [.3% 613 m

= . . r ) ) _
D=8Tcn (;L—__]_.lr\) (?ﬁ——t—-rr — 2.209L9 m

A= (?.1.0‘)6‘)»4)(1.34@:3 M) = 297953 s>

tg’AH{. = .44 5¢ h_f
%y

T’_; = C.D .?MLV-L.A, —_— (l.rl,)(ﬂw )/2.‘)7‘4§3M1')
.

= .2z . ——-—”bp = . (
= % .2839 N ‘l.‘H-%M) 15.5769 lbs

—ﬁ%l%ﬂe, THE  WInD Load om THE [, /00 g4 TANKL  far

Gl ConD IMons 1S ERulvatensi To (5 S76Y lbs

S,OOc 3#7;7;“142 Cpy = -
\/qw_: 5.3 N2
— ‘A fLFE fUm N m
A= — H=Is2in (HEY (L N - 2 gceC

B = lor ,(JPr

I m _
s 'ZJ._ﬂ'—t’lﬂr = 2.5906Tm

Az (2.590(.”7,‘)/3,,3‘;9@/,“) = (0.0 m*
Vow = 1. 4450 “y
2 M—'\'
R R o Y - C L TN

2
= - 1,6‘, =
» 232 .9¢i N é‘mm) T2.3743 I,

TREREFoRe, THE WinD LoAD O~ THE L7000 gan TANK o
Alven canDiTioos 15 EQuivatsNT To 2 .73747% l'bf_
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Pipeline Support Information:

Se&cTion |
f————10fr, 3007080 ———
m.d 1‘@
1 ek TR
e s
(K=3l)
ZF = Pa(vi-V,)
A — Ry = PRV
PI 2~ ¢ 3
—_— = =4 LV v
Yc k‘-l—L ) 2o += Kf"q
2 2
— (o o5 [2:C47 E5m) (0. 827625 (0-?7.(.701.,-?
(c.a %)(0_0.,7.,,‘ {—‘-1_(,,‘“%;)4-{3‘!010.5!1) 2{7,‘_’%))
= 0.23774d% m
b =h, Y = (e.237714 60)(9221 .42,
= 2192.378%
Rx = 94\+?av = (27027125 x0. 00705 0 )+(q%a_’;xo Crnsl ko srorens)
Ry =13.51gN - Lo - 3
x Sleg o il 3.09 I
Ry= w-PQY = faL-pav,
= (221,92 %0 00708 3. 047650)- ~(110540.0039472 ¢ . serer s)
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Energy Losses:
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Instrumentation Selection:
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