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MET 330 Fluid Mechanics
Dr. Orlando Ayala

Fall 2022

Test 3

Take home - Due Tuesday November 2274 2022 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 points, while learning at the same time. HINT:
THINK BEFORE TRYING TO USE/FIND EQUATIONS (OR EVEN FIND SIMILAR PROBLEMS)

2. The total points on this test are one hundred (100). Ten (10) points are from your HW assignments,
the other eighty (90) points will come from the problem solutions. I will not grade neither give you
points for the technical writing, if you still want to present your test following the technical writing,
you can follow the attached rubric. Remember that if you are not in the project group, the HW
assignments will not be considered on the grading.

3. There are 2 problems, but you are supposed to solve only one. It is your choice. If you solve both, I
will grade only one and give you extra 10 points towards the 274 test for the second problem you
solve (if correctly solved). You need to tell me which problem you want me to grade towards this
third test. The problem you pick to be graded is worth all 90 points.

4. What you turn in should be only your own work. You cannot discuss the exam with anyone, except
me. Call me, skype me, text me, email me, come to my office, if you have any question.

5. Ido notread 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 is a
mistake and show the way to correct the problem.

6. You have to turn in your test ON TIME and ONLY through BLACKBOARD. You must submit your
solution as a pdf file and the excel spreadsheet. For the ePortfolio (which is optional) you are
supposed to upload this artifact to your Google drive.

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

8. Cheating is completely wrong. The ODU Student Honor Pledge reads: "I pledge to support the honor
system of Old Dominion University. I will refrain from any form of academic dishonesty or
deception, such as cheating or plagiarism.” By attending Old Dominion University you have accepted
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:

IX. PROHIBITED CONDUCT
A. Academic Integrity violations, including:

1. Cheating: Using unauthorized assistance, materials, study aids, or other information in any academic exercise (Examples of
cheating include, but are not limited to, the following: using unapproved resources or assistance to complete an assignment,
paper, project, quiz or exam; collaborating in violation of a faculty member’s instructions; and submitting the same, or
substantially the same, paper to more than one course for academic credit without first obtaining the approval of faculty).

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



1) The system sketched in the figure is an automatic sprinfler system for a narrow plot of lawn. Water is
supply by a main that guarantees a constant pressure of 400 kPa (gauge). The sprinkler pipeline is
made of schedule-40 steel pipe. For a wide-open ball valve, determine the flow rate delivered to each
sprinkler head. Do not neglect minor losses. The characteristic of the system is as follows:

From point where pressure is 400 kPa to the T-joint: 1 % inches nominal pipe of 6.5 m.
From T_joint to 1st sprinkler head: 1 inch nominal pipe of 0.3 m.

From T_joint to 2nd sprinkler head: 1 inch nominal pipe of 8.3 m.

K of the sprinkler head is 50.

po o

G TWIS  PaBlesm
Fol The AT 4/

=400 <% ()

Are the flows through each sprinkler the same? If not, what would you do to make them the same?

How does the fluid velocity compare to the critical velocity (3 m/s)? If it is too far off, what would you
do?

2) A horizontally laid 2 inches standard steel tubing is 1500 ft long and has water passing through it at
a 65 gpm flow rate. Determine the corresponding pressure drop
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The pipe is modified by adding a loop made of 1 %; inches standard steel tubing that is only 900 ft
long. What is the expected increase in flow rate through the system for the same pressure as in the
original pipe (the one you calculated)? Consider all minor losses.
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MET330 Test 3: Problem 1

Specific Weight= 9.81[KN/m"3
Kinematic Viscosity=| 1.15E-06|m"2/s
Pressure 1= 400(|kPa
Zo= 0.3|m
Pipe length = L= 8.3|m
Pipe length = Lia= 0.3|m
Pipe length = Li= 6.5|m
Dus= 0.0266|m
Dua= 0.0266|m
Di= 0.0409|m
Wall Roughness=| 4.60E-05[m
K valve= 150|fT
K elbow= 30(fT
K sprinkler= 50
K contraction= 0.044|fT
Le/D tee 1, 2= 60 20
Dus/e= 578.26
Duale= 578.26
Di/e= 889.13
g= 9.81|m/s"2

ITERATION 1

fus= 0.01
fua= 0.01
fi=0.01

Sub-Iteration . Qi (m3/s)
1 0.010000

2 0.003901

3 0.004253

4 0.004242

5 0.004242

V1B (m/s) Viia (m/s)
3.76213 3.87143

NSWATTE NEW fua
0.02485 0.02480

ITERATION 2
fus= 0.02485
fiia= 0.02480

fi= 0.02250

|

Qi (m3/s)
0.001937432
0.002095667
0.002090507
0.002090682
0.002090676

Vi (m/s)
3.22882

NEW fi
0.02250

QuA (m3/s)

0.001963844
0.002157482
0.002151213
0.002151426
0.002151419

Rens
8.70E+04

%diff fus
-148.48%

Qi (m3/s)
0.003901276
0.004253149
0.004241721
0.004242108
0.004242095

Rena
8.95E+04

%diff fua
-147.95%

%diff Qi
-60.99%
9.02%
-0.27%
0.01%
0.00%

Rel
1.15E+05

%diff fi
-125.01%

Sub-Iteration Qi (m3/s)

0.01000

2 0.00298

3 0.00412

4 0.00403

5 0.00404

6 0.00404
V1B (m/s) VA (m/s)

3.51125 3.76020
NEW fus NEW fua

0.02498 0.02485

ITERATION 3
fue= 0.02498
fua= 0.02485

fi= 0.02259

Qi (m3/s)
0.001482114
0.001987742
0.001947973
0.00195155
0.001951231
0.00195126

Vi (m/s)
3.07561

NEW fi
0.02259

Qua (m3/s)
0.001495017

0.002134621
0.002085545
0.002089965
0.002089572
0.002089607

Rels
8.12E+04

%diff flis
-0.53%

Qi (m3/s)
0.002977132
0.004122363
0.004033518
0.004041515
0.004040803
0.004040867

Rena
8.70E+04

%diff fua
-0.22%

%diff Q1
-70.23%
38.47%
-2.16%
0.20%
-0.02%
0.00%

Rel
1.09E+05

%diff fi
-0.40%

Sub-Iteration Q1 (m3/s)
0.01000
2 0.00297

3 0.00412

QuB (m3/s)

Qua (m3/s)

Qi (m3/s)

0.001478541 0.001491125 0.002969666
0.001987003 0.002134634 0.004121636
0.001946872 0.002085097 0.004031969

%diff Qi
-70.30%
38.79%
-2.18%



4 0.00403 0.001950498 0.002089578 0.004040076 0.20%

5 0.00404 0.001950173 0.002089177 0.004039351 -0.02%
6 0.00404 0.001950202 0.002089213 0.004039416 0.00%
| | | | | | |
3.50935 3.75950 3.07455 8.12E+04 8.70E+04  1.09E+05
| | | | | | |
0.02498 0.02485 0.02259 0.00% 0.00% 0.00%
In Upstream Piping: Qi = 64.0247 gpm fi = 0.02259 Vi=  3.07455 m/s
At 1st Sprinkler Head: Qua= 33.114 gpm fia = 0.02485 Via=  3.75950 m/s
At 2nd Sprinkler Head: Que = 30.9107 gpm fius = 0.02498 Vis= 350935 m/s

Therefore, the volume flow rate delivered to the first sprinkler head is Qua = 33.114 gpm and the volume flow rate delivered to the second sprinkler
head is Qus = 30.9107 gpm. The volume flow rate in the upstream piping is Q1 = 64.0247 gpm.

When looking at the flow rates at each sprinkler, it is worth noting that they are not the equal. To make the flow rates the same, | would recommend
either increasing the energy losses in pipe 1A or reducing the energy losses in pipe 11B. Reducing energy losses in pipe 11B could be achieved by
increasing the pipe diameter. However; we would have to choose from commercially available pipe sizes so there is a low probablility that we would
be able to make the flow rate of 1A and 11B exactly the same using this method. The solution with a better chance of producing the desired result
would be to increase energy losses for pipe I1A by adding a mechanical component, such as a valve, that could restrict the flow and adjust energy
loss to equal the energy loss in 11B. (See hand calculations for determining K value of proposed valve in branch 11A)

When comparing the fluid velocities for each pipe to critical velocity (3 m/s), all three of the fluid velocities for this system are above critical velocity
with pipe | velocity being the closest. To prevent fluid velocities from being higher than critical velocity, | would recommend increasing the pipe
sizes. However; it is worth noting that if this is done and the pressure at P1 remains constant at 400kPa, then the flow rates will increase for each
piping section due to less frictional energy losses.
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Specific Weight= 62.4 Ib/ft3
Kinematic Viscosity=[ 1.21E-05 |ft2/s
DeltaP= 12095.9 Ib/ft2
Pipe length = Lin= 900 ft
Pipe length = Li= 900 ft
Pipe length = Li= 600 ft
D= 0.1142 ft
Di=| 0.1558 |ft
Di=| 01558 |ft
Wall Roughness=[ 5.00E-06 |ft
K elbow= 30 fT
Le/D tee 1, 2= 60fT 20fT
Dlll/e=| 22840.00
Dll/e=[ 31160.00
Dl/e=| 31160.00
0= 32.2 ft/s2
Density, p = 1.94 slugs/ft3
Area, Al = 0.01907 |ft2

New Total Flow Rate, Qi= 87.9767 gpm

Expected Increase,

Delta Q = 22.9767 gpm

fii=0.018
fu= 0.018
fi= 0.018
(NEW)
I I | | | | |
1 7.591300 7.72934876 9.028139328 13.17856773 73.60%
2 10.384934  5.933026148 6.930099707 10.11595676 -2.59%
3 10.250445 6.046242669 7.062331248 10.30898217 0.57%
4 10.279714  6.021909801 7.033911591  10.2674965 -0.12%
5 10.273605 6.027002169 7.039859239 10.27617859 0.03%
6 10.274892 6.025930108 7.038607122 10.27435081 -0.01%
7 10.274621 6.026155524 7.038870397 10.27473513 0.00%
I | | | | | |
0.02036 0.01842 0.01709 5.69E+04 9.06E+04 1.32E+05

Based on my calculations, the new total flow rate for the modified system design would be

87.9767 gpm. This means that the expected increase in total system flow rate after adding the
parallel branch would be roughly 22.9767 gpm, given that pressure remains constant from the
previous design.









