11/12/2024, 17:37 OneNote

Test 3

domingo, 8 de dezembro de 2024 13:40

Name: W_LMngmo

MET 330 Fluid Mechanics
Dr. Orlando Ayala

Fall 2024

Test3

Take home - Due Monday December 9, 2024, before midnight.

READ FIRST

1. RELAX!! DO NOT OVERTHINK THE PROBLEMS!! There is nothing hidden, The test was designed
for you to pass and get the maximum number of peints, while learning at the same time. HINT.
THINK BEFORE TRYING TO USE/FIND EQUATIONS (OR EVEN FIND SIMILAR PROBLEMS)

=]

. The total points on this test are one hundred (100). Ten (10} points are from your HW assignments.
The other ninety (90) points will come from the probigm solutions. For this test, there is no need to
present the test following the technical writing, but if you still like to do it, follow the attached
rubric.

w

. There are 3 main different parts. The first part is worth 90,2 points. Each of the other two parts are
‘worth 90,4 points.

=

. What you turn in should be only your own work. You cannet discuss the exam with anyone, except
me, Call me, text me, email me, come to my office, if you have any question,

@

. I donot read minds. You should be explicit and organized in your answers. Use drawings /figures. If
you make a mistake, do not erase it Rather use that opportunity to explain why you think it isa
mistake and show the way to correct the problem.

-3

. You have to turn in your test ON TIME and ONLY through CANVAS. You must submit the test
solution in only one file, and it has to be a pdf file, You must also submit the excel spreadshect. For
the ePortfolio [which is optional) vou are supposed to upload this artifact to your Google drive. [ will
provide more instructions later.

=)

. Do not start at the last minute so you can handle anything that could happen. Late tests will not he
accepted. Test submitted through email will not be accepted either.

o

. Cheating is completely wrong. The ODU Student Honor Pledge reads: "1 pledge to support the honor
system of Old Dominion University. | will refrain from any form of academic dishonesty or
deception, such as cheating or plaglarism.” By ding 01d Deminion you have pred
the responsibility to abide by this code. This is an institutional policy approved by the Board of
Visitors. It is important to remind you the following part of the Honor Code:

X PROHIBITED CONDUCT
A Academic Integrity violations, incladmg:

1. Cheating: Using unsutborized ssssstance, materials, study aids, or otber mformation m any scadesic cxercise (Exasples of

hscatinyg ielude, but are ot imited 1o, the following: tsing unapproved resousees or assistance 0 comphele an sssighment,

AT, project, quiz ar g i viodation o a focully member's i & the samme. o

substantially the same, papes 1o more than ane course for acadenis erodit without first obtaining the spproval of facalty),

With that said. you are NOT authorized to use any online source of any type, unless is 00U related.

The company that hired you to start the design of the system in the figure continues being happy with
your work (NOTE: THE FIGURE IS NOT TO SCALE). The want to hire you again to continue with the
design. Let us remember that the system was designed originally to deliver 60 °F water from the lower
open channel to the upper open channel at a rate of 3.387 it /<. They want you to complete the
following tasks:

a. Redesign the pumped pipeline system to deliver at least 50% more of the original flow rate.
Again, the total suction pipe length is 11 ft,
while the total discharge pipe length is 2500 ft. Before the redesign:
®  Please adjust your work from the 27 test to include the minor losses (adjust the
spreadsheet).

Now, for the redesign, you have two options:

» Replace the pump by a larger one while keeping the same diameter selected
previously (29 test). Determine the required new pump power (in HP) to accomplish
the increased flow rate. Assume again a pump efficiency of 80%. You may use the
adjusted spreadsheet.

»  Use the same pump power you determined before {2 test) and increasing the pipe
size, Determine the appropriate commercial steel pipe to accomplish the increase flow
rate. You must present the derived equation(s) you will use in excel for the iteration
process.

b. The original discharge pipe needs to be supported. Your civil engineer colleague requires to
know the relevant forces for the support design. Caleulate the total herizontal and vertical
forces in the WHOLE discharge pipe-elbows-valve system [IMPORTANT: this is from the
pump outlet to the elevated open channel inlet - not just the elbow or elbows). Note: you
might need the pump outlet pressure and the elevated channel inlet pressure for this tash.

€. For the pump of the original design (2= test) that includes the minor losses:
* Argue why you need a kinetic pump (instead of a positive displacement) is required
and prove that the radial pump is the type of kinetic pump you need.
*  Pre-select a SULZER pump that might satisfy the requirements and specify the overall
characteristics of that pump:
. Pump suction, discharge size, and max impeller size,
ii. Approximated required impeller diameter,
iii. Approximated power and efficiency [your electrical engineer colleagues will
need this info).
v, Actual pamp size and weight {your civil engineer colleagues will need this
info).
*  Was the assumed 60% efficiency, correct?

¥ IF
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Part A

OneNote

Purpose: the purpose of this part is to redesing the pipeline system design on test 2, this time
adding the minor losses to the system, after na increase of flow in it, and checking two different

options of redesing.

Source: Robert Mott & Joseph Untener. Applied Fluid Mechanics, 8th edition. Person

(all data provided and from the previous exam)

Design Considerations:

« Normal atmospheric conditions
Incompressible fluids
+ Isothermal conditions

Materials:

+ Water @60F
+ Air @ 60F
+ Steel pipe

Data and Variables:
+ Mass flow = 5.0805 ft3/s
+ L suction pipe= 11in
+ L discharge pipe = 2500 feet
+ Gama Water= 62.4 Ib/ft3
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OneNote
- Efficiency of pump = 60%

Procedures:

Calculate the minor losses in the system

Make the necessary changes to the excel spreadsheet make on the last test.

Calculate the power of a new pump required to maintain the new flow on the system.

Make interations, for the other option of redesign, finding the new pump diameter to maintain
the same pump existent before.

Calculations:

All previous calculations were made on excel with the formulas worked on test 2.
Only calculations made on this part were calculating minor losses:
The minor losses presented in this system were,

ontvamce loss — K= O.3%
exit logs —» W= 1.0

vale loss — W =8
ellow loss (8x) — W = 204T

minor lossen = hen+_ +h’-<|'+ s h et 3 W

=05 VI 1Vt 8t VP ge oVt
9 g ag 2y

z

)
fa; [o.?s +1 4 8st 1—3130.}.\‘:]

In this case we are assuming that the valve being used is agate valve.

After calcualting the minor losses and adding to the final value of h in the excel sheet, it
changes the final value for the pump power.

With the increase of flow and adding the minor losses it goes from 87.9HP to 236.993HP, as
presented in the excel sheet that was given with this PDF for the exam 3.

For the second part, the procedure for the iteration was the same of finding the pump power in
the first exam, but looking for the % difference of the pump power at the end with the pump
power required in the exam 2 (87.9 HP) and after the iteration we can see that the diameter that
fits based on Ayala's rule is the diameter of 0.9ft.

Iteration
Diameter |A \% Re D/e f fT Minor losses | hL ha P % diff
(ft)
0.6651 1 0.34743| 14.623 | 803793.0675 4434 | 0.0152 | 0.0141 | 5.412819413| 196.3175398 | 246.3175398 | 236.631438 | 169.20%
4
0.3355 | 0.08840| 57.469 | 1593450.877 | 2236.666667 | 0.0167 | 0.0163 | 89.34568872| 6506.526577 | 6556.526577 | 6298.70011 | 7065.73%
1.25 [1.22718| 4.140 | 427682.2153 | 8333.333333 | 0.0150 | 0.0124 | 0.411425912| 8.406031582 | 58.40603158 | 56.1092940| -36.17%
6 3
1.5 |1.76715| 2.875 | 356401.8461 10000 | 0.0151 | 0.0120 | 0.195644199| 3.436134683 | 53.43613468 | 51.3348315| -41.60%
5
1]0.78540| 6.469 | 534602.7692 | 6666.666667 | 0.0149 | 0.0130 |1.022645248 | 25.36780838 | 75.36780838 | 72.4040720| -17.63%
9
0.9 10.63617| 7.986 | 594003.0769 6000 | 0.0150 | 0.0132 | 1.572410579| 42.8953863 | 92.8953863 | 89.2424019 1.53%
1
Analysis:
After making the correct adjustments with the addition of the minor losses and the chnage of
flow, we were able to see how those two things affect the power required for the system, as well
as how we can change that requirement by@reasing the diameter of the pipe, and how to find
the-right-diameter-through iter:}t(it]ﬁgw-'-ft—_ =
Part B Waster £ pipe évsb
¥ [ )
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Purpose: Calculate the relevant forces in the system, i ) tant for theciyil engine\e% 0ooking =
lifonthe pregent horizon i ri& in the discharge pipe-elbowavalve systermt

— ﬂ \
L / I | . W ]

-lr\, hrw( cone, Y walwn aw (calwlakol on e excel sSheet from previous exq,m)
Py= - 83 3z N/
P, = MSI10, BS \b/ff‘

{-ir{—, we o h ?’iM M ?u.ewre (%3 -p,',* @ (?5) , fO\' MN’\ we assuve HA’ m
distnce  belumw Ve by of W Jomid omd e inled s 25 inchey

P %’“ vz, = % +£-, 2¢ +hy,
e v 4-5

Ps" _Pi 124 —23- —)VLq,r

0

)

M’L;‘.s- = Lvﬁ'phE "Bk‘slhd 3 )“vd\r-

Wsod on the excsl calwlabiong dome ow pumt A, omd witk those wlwe-  bevng

W pie rcch, = 190,068
3 Welpow = 3 x ©7233 < 3.1

'\/ynlvc = ©.1929

h’"«—s = 0.06% + | 4406 +©.1929 = 19|.308

ho - dpplyive. twe bluey do ¥ formula

Ps = 144%6-3% 40 +2.0x -19). 70
624

63.4

Ps = o090y lb/;:- of  0.0003 psj

how we oowv bbo¥ ot the foreor Pregmt  iw  t  ubltn pMw
(riah&, drawine  present o.\oove)

now colcolabing. e forcer of e dischaige pipe

2r :/&(\IS‘—\/,"‘)

Pady ~PsAs -Ry =/Q (v x —\I‘Iz)

‘Rx = (?‘i 'FS)" A

EN .. \
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Ky =\44%6.83 0.0404 ) x ©, 374

Rx=5033.105 lby or 222884 U/D

ir% 'K&(V s ‘Ila,q)

~W - Ry =/@(%/34)

Ra_=-ld
whew W =mo = pvg-=,0ALa..

W =634 xD.3474 x 2500 = 3217
W=1343433 %5

Ry =~ 1743433.851b or -375s1%0-13 M/’l/

Analysis: After proceding with this part, you could see how the forces work in the system, and
how to procede to calcualte those, since those are important to the civil engineering point of
view of any project and that information can be required when working in projects.

Part C

Purpose: the purpose of this part is to explain why the need of a kinetic, more specificaly a
radial pump is required to this project in specific. And preselect the pump required in the
SULZER catalog given to us using the correct tables and giving the right measurements of that
specific pump.

At the end of the semester we talked about the different type of pumps.

In this scenarion being discussed in this exam, the best type of pump is the kinetic pump.
This is because kinetic pumps are cheaper and smaller than positive displacement pumps
Also, positive displacement pumps are more used for more viscous fluids, which is not our
case since the fluid being used is water, and the same with fluids that go through different
phases in the system, which is also not the case for our system, as we have the water in liquid
form in the entire process. The kinetic pump also let us have a better control of Flow in the
system, which is perfect having in mind that on part A of this exam we changed the flow of the
system, and with a kinetic pump we don't have to worry about needing a different pump and
having to replace it.

Now, the more specific case for this scenario is the type of kinetic pump we need is a radial

RAmp- T ‘at'i b.ecau%hey are %OOW m,;g and hjgh essures as well, they can

accomodate w@‘diﬁerent flows and have a easier maintenance ahd operation of it.
we oolcudoltt & Wit he formule

P -4Gh,

now, pldtting e nuwnbery we hove

49193.586 = ©.9 = 3.3%3 <h,

Wy = 232,358

USing the SULZER adalog given 0 U¢ Jo  mkot e pump:

SULZER
B = TYRE D
Rarve of Porfommarcen - 60 Hertz 3880 rpm
8 g MY g, =
| i 1 1 f s
b=
=2 = T T o
= a2
mif=
=
=1 a2 E
=
=g -8
=
f—y Z
. (L]
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Analysis: after this part i was able to work with the information that was given to me and
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pmp oy

mﬁg,\, of 9% .S inchay

SIZE wt Ibs
x8:1 asn | 6 | 4 [125) 36 | 591 3248 | 70 [ 743 [3206 |5 (35 (143T-306T) (284 TS-385TS)
ix6x5-2 as0 | 6 | 4 [125] 36 | 501 3248 20 | 718 [3p0u 5 [P0 GEAT-STI{A0STS-44TTS)
xEx 91 L] [ 6 | 0 |36 [622|a560] 22 | 713 367 |7
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611,52 oz | 6 | 4 11 [3s]sm [3eplz2] 793 o037
SULZER Page Daled: 22 Warch 2002

OneNote

preselect the pump required for the system we been working on this entire semester throughout
all three exams. Giving all the information about the pump selected and how did | work to show
what pump would be the best fit for this scenario.
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