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MET 330 Fluid Mechanics
Dr. Orlando Ayala

Spring 2024

Test 3

Take home - Due Friday April 12th, 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 points, 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 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.

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 27 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.

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.

[ do not 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 itis a
mistake and show the way to correct the problem.

You have to turn in your test ON TIME and ONLY through CANVAS. 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.

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.

Cheating is completely wrong. The ODU Student Honor Pledge reads: "I pledge to support the honor
system of Old Dominion University. [ 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

2)

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 %2 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.

a0 o

D400 % ()

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?

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

Q O G
o
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| 1500 ¢t ‘

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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Da= 4.09E-02 m

Db= 2.66E-02 m

Dc= 2.66E-02 m

e= 4.60E-05 m

D/e_a= 889.1304

D/e_b= 578.2609

D/e_c= 578.2609

nu= 8.94E-07 m2/s
ITERATION 1

Qa (m3/s) Va(m/s) Re_a fa

0.001 0.76113817  3.48E+04  0.025818

NEW

Qa (m3/s)

Qb+Qc (m3/s) %error-Qa

0.00420528 -320.53%
ITERATION 2

Qa (m3/s) Va(m/s) Re_a fa

0.00420528 3.20079751  1.46E+05  0.022095

NEW

Qa (m3/s)

Qb+Qc (m3/s) %error-Qa

0.00393671 6.39%
ITERATION 3

Qa (m3/s) Va(m/s) Re_a fa

0.00393671 2.99637956  1.37E+05  0.022198

NEW

Qa (m3/s)

Qb+Qc (m3/s) %error-Qa

0.00397265 -0.91%
ITERATION 4

Qa (m3/s) Va(m/s) Re_a fa

fb

fc

fb

fc

fb

fc

0.01
0.024353
0.024356
0.024356

0.01
0.024405
0.024467
0.024467

0.01
0.024459
0.024461
0.024461

0.01
0.024505
0.024570
0.024570

0.01
0.024444
0.024447
0.024447

0.01
0.024491
0.024555
0.024556

Qb (m3/s)

0.00218193
0.00217849
0.00217849
0.00217849

Qc (m3/s)

0.00210844
0.00202711
0.00202679
0.00202679

Qb (m3/s)

0.00203733
0.00203409
0.00203409
0.00203409

Qc (m3/s)
0.0019798
0.00190294
0.00190262
0.00190262

Qb (m3/s)

0.00205671
0.00205345
0.00205345
0.00205345

Qc (m3/s)

0.00199699
0.00191953
0.00191921
0.00191921

Qb (m3/s)

Vb

Ve

Vb

Ve

Vb

Vc

Vb

3.93E+00
3.92E+00
3.92E+00
3.92E+00

3.79E+00
3.65E+00
3.65E+00
3.65E+00

3.67E+00
3.66E+00
3.66E+00
3.66E+00

3.56E+00
3.42E+00
3.42E+00
3.42E+00

3.70E+00
3.70E+00
3.70E+00
3.70E+00

3.59E+00
3.45E+00
3.45E+00
3.45E+00

Re_b
1.17E+05
1.17E+05
1.17E+05
1.17E+05

Re_c
1.13E+05
1.09E+05
1.09E+05
1.09E+05

Re_b
1.09E+05
1.09E+05
1.09E+05
1.09E+05

Re_c
1.06E+05
1.02E+05
1.02E+05
1.02E+05

Re_b
1.10E+05
1.10E+05
1.10E+05
1.10E+05

Re_c
1.07E+05
1.03E+05
1.03E+05
1.03E+05

Re_b

fb

fc

fb

fc

fb

fc

fb

0.024353
0.024356
0.024356
0.024356

0.024405
0.024467
0.024467
0.024467

0.024459
0.024461
0.024461
0.024461

0.024505
0.024570
0.024570
0.024570

0.024444
0.024447
0.024447
0.024447

0.024491
0.024555
0.024556
0.024556

%error-fb
-143.53%
-0.01%
0.00%
0.00%

%error-fc
-144.05%
-0.25%
0.00%
0.00%

%error-fb
-144.59%
-0.01%
0.00%
0.00%

%error-fc
-145.05%
-0.26%
0.00%
0.00%

%error-fb
-144.44%
-0.01%
0.00%
0.00%

%error-fc
-144.91%
-0.26%
0.00%
0.00%

%error-fb



ITERATION

ITERATION

0.00397265 3.02373716 1.38E+05 0.022184
NEW
Qa (m3/s)
Qb+Qc (m3/s) %error-Qa
0.003968 0.12%
5
Qa (m3/s) Va(m/s) Re_a fa
0.003968 3.02019282 1.38E+05 0.022185
NEW
Qa (m3/s)
Qb+Qc (m3/s) %error-Qa
0.0039686 -0.02%
6
Qa (m3/s) Va(m/s) Re_a fa
0.0039686 3.02065403 1.38E+05 0.022185

NEW

Qa (m3/s)
Qb+Qc (m3/s)
0.00396852

%error-Qa
0.00%

fc

fb

fc

fb

fc

0.01
0.024446
0.024448
0.024448

0.01
0.024493
0.024557
0.024557

0.01
0.024446
0.024448
0.024448

0.01
0.024492
0.024557
0.024557

0.01
0.024446
0.024448
0.024448

0.01
0.024492
0.024557
0.024557

0.0020542
0.00205094
0.00205094
0.00205094

Qc (m3/s)

0.00199476
0.00191738
0.00191706
0.00191706

Qb (m3/s)

0.00205452
0.00205127
0.00205127
0.00205127

Qc (m3/s)

0.00199505
0.00191766
0.00191734
0.00191734

Qb (m3/s)

0.00205448
0.00205122
0.00205122
0.00205122

Qc (m3/s)

0.00199501

0.00191763
0.0019173
0.0019173

3.70E+00
3.69E+00
3.69E+00
3.69E+00

Ve

3.59E+00
3.45E+00
3.45E+00
3.45E+00

Vb

3.70E+00
3.69E+00
3.69E+00
3.69E+00

Vc
3.59E+00
3.45E+00
3.45E+00
3.45E+00

Vb
3.70E+00
3.69E+00
3.69E+00
3.69E+00

Vc
3.59E+00
3.45E+00
3.45E+00
3.45E+00

1.10E+05
1.10E+05
1.10E+05
1.10E+05

Re_c
1.07E+05
1.03E+05
1.03E+05
1.03E+05

Re_b
1.10E+05
1.10E+05
1.10E+05
1.10E+05

Re_c
1.07E+05
1.03E+05
1.03E+05

1.03E+05

Re_b
1.10E+05
1.10E+05
1.10E+05
1.10E+05

Re_c
1.07E+05
1.03E+05
1.03E+05
1.03E+05

fc

fb

fc

fb

fc

0.024446
0.024448
0.024448
0.024448

0.024493
0.024557
0.024557
0.024557

0.024446
0.024448
0.024448
0.024448

0.024492
0.024557
0.024557
0.024557

0.024446
0.024448
0.024448
0.024448

0.024492
0.024557
0.024557
0.024557

-144.46%
-0.01%
0.00%
0.00%

%error-fc
-144.93%
-0.26%
0.00%
0.00%

%error-fb
-144.46%
-0.01%
0.00%
0.00%

%error-fc
-144.92%
-0.26%
0.00%
0.00%

%error-fb
-144.46%
-0.01%
0.00%
0.00%

%error-fc
-144.92%
-0.26%
0.00%
0.00%
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Da= 4.75E-02 m

Db= 4.75E-02 m

Dc= 3.48E-02 m

e= 4.60E-05 m

D/e_a= 1032.6087

D/e_b= 1032.6087

D/e_c= 756.5217

nu= 8.94E-07 m2/s

Qa (m3/s) Va(m/s) Re_a fa

0.0043297 2.44E+00 1.30E+05 0.021725
I manipulated this
value of Qa until
I saw a small %error-Qa

NEW

Qa (m3/s)

Qb+Qc (m3/s) %error-Qa
0.00432986 0.00%

fb

fc

Qb (m3/s)
0.01 0.00452354
0.021648 0.00307443
0.022410 0.00302176
0.022449 0.00301914
0.022451 0.00301900

Qc (m3/s)
0.01 0.00206022
0.023742 0.00134146
0.024803 0.00131259
0.024865 0.00131095
0.024869 0.00131086

Vb

Vc

2.55E+00
1.73E+00
1.71E+00
1.70E+00
1.70E+00

2.17E+00
1.41E+00
1.38E+00
1.38E+00
1.38E+00

Re_b
1.36E+05
9.22E+04
9.06E+04
9.05E+04
9.05E+04

Re_c
8.43E+04
5.49E+04
5.37E+04
5.37E+04
5.36E+04

fb

fc

0.021648
0.022410
0.022449
0.022451
0.022451

0.023742
0.024803
0.024865
0.024869
0.024869

%error-fb
-116.48%
-3.52%
-0.17%
-0.01%
0.00%

%error-fc
-137.42%
-4.47%
-0.25%
-0.01%
0.00%
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