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Purpose

We were tasked with designing a full pipeline system for a
manufacturing plant named Continental Ag. in Dayton, Ohio.

This involved developing several main sub-systems: one to supply
the plant’s machines with coolant, one to transfer coolant to a
storage facility, and one transfer the coolant to a truck for
transporting and processing.

This was a semester-long project that demonstrates the concepts
learned in class and in our assignments.

The full pipeline system was designed from scratch based on set
constraints provided by the instructor.

Note: Slides 4 through 14 demonstrate some of the hand calculations |
completed for this project.



Project Tasks

There were 21 required tasks that we had to complete that
pertained to the following:

sStorage tanks (size, location, thickness, wind load, and weight)
sEnergy losses in systems

=\Valves, elbows, fittings in systems and piping

"Pumps and their requirements (Mechanical/Electrical)
"Instrumentation for measuring flow

=A Bill of Materials

sFormatting and following a writing rubric for final report



Tank Specifications

e
Storage Tanks BRI

Dimensions & Capacities

Our team decided to use Norwesco brand tanks that are -
made of High-Density Polyethylene (HDPE). The
information for three tanks that were used can be seen in '

the tables to the right.

This type of tank was chosen for the following reasons:

= Cost effective Vertical Storage Tank Volumes

_
Tank Use
. . ; . (gallons) (galbons)
16,493 24
. nghtwelght yet Strong __

The tanks come in a multitude of shapes and sizes and
are all vented to atmospheric pressure.

= | ongevity




Weight and Wind Loads for Storage Tanks
Vertical Storage Tank W!igh:::;;:::i“‘"“‘ Wind LUT:::; 12mph
(1bs)

St O r a e I ank S 15,500-gallon 124,934 116.221

g 5,000-gallon 40,079 52.374
Wind Load and Weight 1100 galn 8501 15576

Tabie 5: Weight and Wind Loods for Storoge Tanks
We were required to state the wind load and weight of our e
tanks. P S W
For the wind load, | used the density of air at -20F (Coldest -
temp. in Dayton, Ohio), and a wind velocity of 12mph (which
was found on Accuweather for the day | did the calculation). i 5,000 Gallon
- 4 @ ~

For the weight, | considered all tanks to be at maximum

capacity. | decided to do this because my weight calculation is
for the civil engineers’ use foundations and supports. Under . ) ——
normal operating load, the tanks will not be at max capacity, 1 - ; . | P
however, if one were to be overfilled, | would want the "1
structure to be able to support the load of a max-filled tank.

Figure V1-9: Tank Dimensions for Wind Load Calculations



Tord (Top View, Apgpicabie to i 1)

15.5k Tank: D = 1417, H = 244°

Air @ -20F, V=12mph (D) 1.1k Tank: D= 87", H = 53°

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

Storage Tanks
Wind Load Calculation

For the wind load calculations, | used the formula for drag
force. But before | could do this, | had to determine the
drag coefficient for the shape of the tank, the projected
area of the tank, and the density of the air at -20F which
required interpolation because it wasn'’t in the Appendices
of the textbook.

An example of my work on calculating the wind load on the
storage tanks can be found to the right, where | found the
wind load on the 15,500-gal storage tank to be 116.221
Ibs. for a 12mph wind at a temperature of -20F.

Wind load on 15,500-gallon tank:

Cp = 112 for semitubular cylinders

V. =12 h(szauﬂ)( 1h )( 1m )—5364
am = 12mph (0 N 36005/ 3281 o) = 2364 ™/s
A=BH»H=244i (—m)(—lm )—519?

sen A= et \m/ 3z ) T
B =141 —lft) _m_ )—353123

- m(um (3.231& - m

#A=6197m x 3.58123 m = 22194 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) (a) = —28.8889°C

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

x = —28.8889°C ¥ = pur @ — 2B.8889°C

xy = —30°C y; = 1452 kg/m?
Xz = —20°C yz = 1.394 kg /m?

- +[(1_11) ] = 145220 | (2288889 — (300} ) 294 _ 1452
yEntHo T vz =y)| =y =1452—7 20— (<30) (1.394 — 1.452)

kg
y= 1.4455;
kg
Pair = 1.4456;@ — 28.8889°C (or — 20°F)

Using the drag force equation, plug in all variables

1.4455% (5_354 %}2
2

parV*
F, = ED% A - (1.12) (22.194 m?)

F —515951N( 1t )
o 1448 N

[Fp =116.221 1hg]
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Storage Tanks

Weight Calculation

b

L.
o LT .
For the weight calculations, | used the dry weight of the - “”T|M““"|
tanks provided by the manufacturer and added this to the —

weight of the coolant if it were at maximum capacity.

Toerr1 or s

Figure V1-3: 5,000 Gallon Vertical Storage Tank

Weight of 5,000-gallon tank:

To find the weight of the coolant, | simply used the formula ~ fromtomweso tankspess, Iz, = 84 fbs
for volume of a cylinder, found the density of the coolant, Ve = 5000 gal [264?;“
and solved for the weight of the coolant using the mass

equation (Mass = Density x Volume).

) = 189251 m?

k
Pe = Sgc % py — 0.94 (IDDEI m—'i} = pe = 940 kg/m’

e = pele = 940%[19.9251 mi) = me = 17789.6 kg
To the right is an example of my weight calculations. This -

one is for the 5000-gal dirty coolant storage tank. We=me-g > 177096 kg (901 5) ~ We = 114516

11bf
W, = 174516 N [m} ~ W, = 39234.7 Ib

Wrorar = Wra + We = W = 844 [b + 39234.7 [b = 40078.7 1b

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




Instrumentation = ¥

7,

Flow Nozzle & Mercury Manometer ]

=+ | -5 l

|
For one task, the requirement was to pick an instrument to | B ‘ L cosanr (3= 2.47)
measure the flow of the pressure differential type then specify - EJ R
its dimensions, type of pressure gauge, and the range of |
pressures to measure. 2 —
For this, | chose a flow nozzle with a monometer and placed it — || a4 “If - ——Jj
in System 2, that way flow rate could be measured in the | ” )
piping that supplies the 1100 gal. coolant storage tank above LL:Q__LT R
the machines. For all of out systems, the pipe chosen was 3” I

Flow, G= (2. Sqpm

Schedule 40 Steel piping.

Figure V1-39: Flow Nozzle with Manometer



Instrumentation

Flow Nozzle & Mercury Manometer

| first solved for the pressure drop across the flow nozzle by
finding Reynold’s number and then manipulating the equation
for a flow meter. Then, | plugged in my known values and
determined the pressure drop to be 0.7342psi.

To determine the length of the manometer and deflection of
gage fluid, | applied the manometric equation to Figure VI-39
and determined that the LHS of the manometer should be
minimum if 0.3131 ft in length for the calculated pressure
drop. The RHS of the manometer would have to be 6.3131 ft.

ve  (z71z3 5? (02255667 [i)
— =

R, =

=R, =573106
20(5)

Equation for Flow Meter, § = C4; |——

V&) -
~ AP = () & oo

g

P 121x10°%

2
Since d/D = 0.5, j—’ = {E} - the flow nozzle diameter will be half of the inside diameter of pipe

o N2SRAAT [
Therefore, d = = QassesT e

A _ [5}2 _ [:o.zﬁﬁﬁs? ;:}1 —4
Az wdd  Npagreaagfed
Solving for pressure drop across the flow nozzle,

3
u.uawa% s — 1156 L2
oo7soostEz e | 147 - ]( ' ﬁ?)

2 [32.2 g—f.}

= 0127833 ft

2

AP =

172
= 105.731 Ibjft?
/r (144 mz)

Manometer deflection and length:
Pe—Ye X —¥uc ¥ +ycly+x+6t) =P,
=Py = Pg=—¥uc ¥+t ¥c ¥ty 6ft (Fue = SGug * Yw)

= AP = (¥p — S0y Yw)¥ + ¥ -6 I

th i
L aP-veen _105.?31F—(53.555Fx5n}
Ve = (56ug "Yw) 58.656%—(13.54x62.4%}

y=03131ft+6 ft

= 6.3131 [



Piping Supports '

System 1: Forces & Deflection | | —

! Storage Tank

For this task, we were required to provide the types of supports,
distance between supports, and the forces on the supports for
one of our systems.

TROMNCAL SINCS

LR S SRR

To do this, | separated the system into sections, solved for the
sum of the relevant reaction forces (vertical & horizontal), and the
weight of the piping itself, then determined deflection in the
piping using the formula for deflection of a simply supported
beam under a uniform distributed load. The goal was to ensure
the maximum deflection during normal operating conditions
would be less than 1% of the overall pipe diameter (3.57).

hapsystem.com

Figure VI-26: Pipeline Support Diogrom



Piping Supports

System 1: Forces

The main reason for splitting the system into
sections was to make my calculation simpler
because | was getting confused by the number
of forces and was making mistakes.

Also, there is a pump in the system which is
mounted to a foundation on the ground.
Therefore, the system must be treated as
independent sections for hanger supports.

The forces in Section 4 were the greatest due to
the length of the piping being much greater than
the others.

}‘lar‘r,a.mﬂb’-—*

P.A.—ra_g;xr[ — v_é_y?\! %
e YT L !

g
(e=3%cfz) I.x:g:-' e F:F:l_
k=300 T

Figure VI-27: System 1 Pipe Support
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Flgure VI-28: System 2 Pipe Support
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Figure W-30: Systam 4 Pipe Support

Figure \WI-29: System 3 Fipe Support



Piping Supports

System 1: Forces System &
PiA), — R, = pQ(V; — Vy)

Here is an example of how the forces were Py, =il ¥ 0.034839 m
¥e 02g 2g 28

calculated for one of the sections.

137153 m+1.21914 m
0.0779m

= (0.018) [ ){D.DS#EE‘I m) + (30 x 0.018)(0.034839 m)

P, = 113271 m x 9221.4 N/m’

P, = 10445.2 N fm?

R, = PyA, +pQV, = (1044522 x 0.004768 m? ) + (940 22 x 0.003942 ™ x
0.8267627)

E=118851H

Ry = w— pQV; = (9221.4- x 0.004768 m? x 138372 m) — (94022 x 0.003942 % x
¥ m- md 5

0.826762 ﬂ)
L

[k, = 1367.00 If




“ToTat Foll s ef Secmonis (Wit < l?v.g.r)

- : ) , 7, b
kk) = 2H.4dL lpy | WEBHT oF Pile, Wp = /(,fq-(?SJf,;- = 75. ¢ Ibs

\,./'_ = [vl~1’9 We 2. 9% oy + TS plby = 105.2491 b,

Piping Supports

P Mu ) Wt Ak, by - w,, AN ,,wﬂ‘

(1% # ¢.000s #1300 144

System 1: Detflection A

We = bi«f t Wer = 148092 16 o 393. 7 (bs = 5390. ¢2 lbe
) . Dergetiod oF Pidng
To calculate deflection, the section forces were »

. SEOMIIIN. . D =t bl = ol ARFUED Pt Ur T LearigTd
totaled and added to the total weight of the . ~Mu
section piping (3” SCH 40 Steel). - ——— B HCIE RO

RNNERAR S oy = ""/l."r_...",f‘ (25 Bock S o rasd

Then, the Deflection formula was applied to TSRSt

each section based on weight per length, total i i et s o e, Vb i @R i ms Sy
length, Young’s modulus of material, and the ’_f |
Moment of Inertia. D L R N e R

: : f LP’T\’L L d T T J o Dt o o (o101
The maximum deflection at 12ft between qu"*” I _‘ —

hangers was less o

VoST TNS Ao

- - 3STANCE “Vernvcen . :

1 £ T Hap R - 2 > 7 S,

RIS Fo@d  my VS TR p 2 =R STy IS L T,
’ e Cfr= 22 1053491 0,

Py / 110 -

Beorode Tile

RIaHT BEFere THE Poup’ .

Lol sy
CETTMR L 92 50 = GBIy 1D
D= it AN

- YL b, 4
3y = TS

e - STl et R,
< vy g e e - P)
3€4(29, see, an |7 a7 4)

/. DefLeeon ~ G.C0C L9 A _
2.5 i'n = S0 x )00 = a.02 /. Defteenian
THSREFNE , Tie  SufPedT becArone ARE ADEQuaTE .



Piping Supports

System 1: Deflection FoL THE O fCTons Daserthn of e fmp, T WML QoIS T

SPfolTe Te B 1L Feer AMmtr [(ExcdlT Fok NEAR ComdondnTT A ErBaas).

/L Fr = /V""'7) :‘;(‘3/‘:3_»“,: = ,.8T122 67 l}:‘ X 14Y4 = 125.01 lbe
For all pipe sections, support hangers will be — I I . —- —]
installed within 1 ft of flanged connections and | ) T - JSJ J .
. T -
pipe elbows, as well as every 12 ft between these | 1 =) )
. . . ‘ . (o
sections where applicable by mounting to the | | e |27
. . . . . . . . \ L o) |
exterior walls of the building. This will limit pipe RN
: 0 P ——— ] =1
deflection between support hangers to <1% o
under normal system operating conditions. us oy,
3NET - -5i‘€‘£“’;;‘;,1‘-.\'."‘7‘?.}u;[.') 3. 01097
fo BEVUNT o —H;'f"‘?ﬁq"" = 0.00317S X oo = ©.71Y /. Max¢ &f{l'{ﬁ;"\.
- ReET e HaAvge s
THE SAPelT Hawed leatatiass Can B SR 12 A APALT CTwed
TH A LT MNELTIOE  AND ELRwS AND  witl Apcaua TéCH
COPPORT ME Saorem folLes



T
~ SULZE el :
Pump Selection DR [ H%]Eﬁ}' Z ... OHH SULZER
Range of Performances - 50 Hertz e s
al 1 i f h k Curve No OHH 52-1-1403 Hss 11000 (213 BT
Calculations rom other tas. S were = - [w]lH - - Efficiency Basis AP Sid. clearances | NS 847 (189 3520
used to determine the required & = 3 & < o Max Solid 79 (20 mav Rotaion —— COW viowed o couping
1 | | 1 | | ooy [die]
pumps for the system. Our system _§ S 14 5 B R T UK EEEMESD NN MENL LM
o . - 1 I ponlwowo oo o ww ol o lnoms brnna dmn Doom by swad el mon.
is designed so that the same pump el & xc —
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} 2o (-T.50 in £+ |
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[~ | armaee G 1L P =
§~4 : '.'.:'- ' R 208 75 i 11T immamiimam: SRR STset i Fe
Based on the charts from the Sulzer s 10 Q o CHEEE BN E
pump manual and our g1 FH | g SESIESISaESESSIaSEsls HHE_§
. — | - EEmE " 5 - 4 Tt m o £
predetermined system B 8 eSS EmssamamNSSSsmssans e E
2 - & by Tl bbb e T AT T 1 = »
requirements, we decided on three & =a= Ssooo : :

. . <4 B0 irrpt——r L B = 4 E o
2x3x7.5 pumps with a 6-inch 8 8 R r -
impeller. - E

S E . - R R R R RS R R R E .
The motor required to power the < -3 N i 2E: HEHEH I EHH §
selected pumps was determined T B 2 . ,.r""
using the manual, a 2-HP Motor o g = | . SSissicssisssssciastssssssicll
with a NEMA Frame Size of 324T- o] & O ¢ t SSE222s ‘ ol
405T - et .
o __8 &
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- I 4{ .L
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Figure 38: Pump impelier Design Figure 37- Sulzer 1x2x75 Pumgp




This presentation does not capture the design project in its
entirety, or all calculations performed. For more information
regarding the design, important figures and sketches, system
energy losses, the emergency tank drainage system, materials
used, and much more, please see the full report below.
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