Group 1: Dave Buonconsiglio, Richard Harrell, Devon Moore, Traveon Williams,
MET 330

Dr. Ayala

September 24, 2021

HW #1.4

Devon Moore: Looking at the exams from previous semesters | learned how the formatting of
the questions should look and the level of detail that is expected for the summary and analysis.
These exams also involve static analysis aspects from previous courses that were not touched
on in this class. Buoyancy force was used in both test and can be solved for by knowing the
specific weight of the fluid and the volume displaced by the object. The problems covered in
the Minor Losses lecture explain how to find and use Reynold’s Number in more detail. The
slides also show how to account for the minor losses of multiple bends in the same pipe. The
importance of placing your points in the right locations is also emphasized by the slides showing

how terms of Bernoulli’s Equation can be easily canceled out with the correct points.

David Buonconsiglio: | had heard of Bernoulli’s law and how it pertains to fluid flowing through
a restricted volume, but | had no idea how important and useful the equation is. The terms and
the applications are new to me, in that while | understood the basics of choosing pipes in a
residential construction, and replacing equipment in commercial HVAC, | never saw or knew the
calculations behind the data. | was just the wrench monkey doing the work, not the engineer
designing the systems. As a maintainer, | almost always hated the engineers who designed the
systems | was working on, as it was always difficult to work in the confined spaces, or there are

other systems that need to be removed to repair the broken system. As | am learning more



about fluids, which includes air, | am understanding the reasons for such system designs, and

have developed a new respect for the engineers designing these systems.

Bernoulli’s equation has been a challenge for me, but the more | use it, the more |
understand it and how to set it up. The difficult part really is the set-up. Once the set up isin
place, it is just algebraic cancellations and plug and chug to find the answer. | don’t feel truly

confident in proper set-up yet, but | am improving, and will get there.

Traveon Williams: These exams taught me the basic layouts of the exams. The exams are
usually between 2-4 questions. When taking the exam we must follow the rubric to receive all
points necessary. The Max points from the test is 80 with 10 coming form technical writing and
another 10 coming from the homework. During the test you should include plenty of drawings

and should have plenty of words to explain out each step.

Richard Harrell: Bernoulli’s equation formula is very important when working with pressure
and its energies that associate with in when concerning with pipes or something that restricts
the flow of a liquid or gas. The formals base for is easy to flow until you start trying to fill in the
variables then it gets confusing. Once you get it set up correctly (hard part) it just a bunch of
cancellations and algebra. Before the class | had heard of Bernoulli’s equation but never really
used it, this has given me a high level of approbation to pipe fitters and engineers how work

with piping.
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Given: |Q 840 L/min 0.24 m*fmin 0.014 m'/s

crude oil 0.85 sg v 83385
hy 4.3 N*m/N 5.6 N*m/I total
o 1.4 N*m/N
Az (2:-2,) 145 m
DM &5 Sch 40 730D 2.7 1D mnm
3.090*10 m flow area
P 825 kPa B, 101.25 kPa
2z 3'm
Data: S 1000{ke/m’
| |
e 981 m/s’
Formulae: L SGeil
Stwatar
power = yh,Q
B vi 2 vi
—+31+E+h.a hg—hy =—=+1z, +2—
_ 9
N
i SO L. Y vi +h
=t t— =4I+ —— -
y ATy Ty Rt T
Pz
hy=—"+:z,+h
et
Nm
— W
5
Pa= —}’(E"’ Z3 + Bfegear)
Solve:  p, gs0 keg/m’
Vs 453074 |m/fs
P2y 98.9387
hy, 117 639
power 137332137 kw|
W 205276 /(9.81*2) 0.0140793

[p- | -zes06.8[N/m” | -z6.8088[=-36.8 kPa
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Given:  sg, 0.9 p, 0.0324 Ibfin’

cyl ID 5 in 55.9872 Ib/ft’
155
20 in travel 1.333333 in/s

11000 Ibf

B 11.5 Ib-ft/in

— 35 Ib-ft/in

3/8 Sch 80 1.05 OD 0.742 ID

Az 15 ft

Formulae: @ = Av

P2
hgy=—+z+h
LA Y 2 L

2 2
P1 L1 Pz V3
Sz bt hy—hg—hy=—+2z, +

il Rkl i

v3
oy = +—+h
p2 = ¥(z2 2g L)

power = hy =y » @

Solve: A, 19.63495 in”
Q, 26.17994 in’/s
TETE 0.07854 infs

Quump | 0-000236in°/s

Pa=ps 64.16182| psi

5 17.21422|psi

h, 123.0001

power | 0.030236Ibf-in/s | 0.00252|Ib ft/s

1.04328
1802.788

0.003 flow A
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Given:  60°F v 62.4 Ib/ft
1000 gal/min = 2.227171 ft¥/s
Fq 37 hp 20350 Ib-ft/s
Az 165 ft
Data: 8 in Schedule 40 pipe
8.625 QD 7.981 ID 0.3472 flow Area ft*
Formulae: gal
449
.22
A
2 v?
vy P2 2
—+z 4t thy—hg—h=—+z+-=
Z1 29 hy R L » 2z 29
Py x 550
hﬂz R
re
2
v3
hy=(Az) — == —h
R COREE
-
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25<in Sehedule 40
3ein Schedule 40 2 1 / st pipe I

steel pipe

a
Adb e
T
1 aid | |
e T — rovin
Solve: vi 7.695621
(zp—=5=—h)
5B 0.93 ¥ 58.032 2g
Q 175 gal/min | 0.389755 ft'/s
P 28.4 hp 15620 lb-fi/s P2 446.5923 3.101137 psi
n 80 % 0.8
sz 2.8 hg, 28.5 ., 3.5 lb-ft/lb P, 12496 lb-ft/s
ha 552.4739 Ib-ft/lb
Data: P 0.05132 ft® 3.5 0D 3.068 ID
B 0.03326 ft° 2.375 OD 2.469 ID Py 7.695621
Vis 7.594603 ft/s 57.67793 /2g 0.895621 vty -79.6436 /64.4 -1.2367 ft/s
vy 11.71843 ft/s 137.3216
Ps 32435.99 225.2499 psi
F lae: P1 vi P2 vi 30782.08 213.7644 psi
ormulag: — 4zt —4hy—hg—h=—+z+— Py : d P!
4 2g ¥ 2g
Ps 145.08  1.0075 psi
2
k=
zZy—hy= = +z
¥ 2g hy 525.9328
2z
v3 11895.69(Ib-ft/s | 21.62852|h
pz=y(—z—3=—h) |Pn | | L | | -

2g

- J—
p = y(& + £

P2 =YV ?3— h)
ps = ¥{(zs — z5) + hy)

hg=—1 + (25 — z4)

(ps —pa)
¥

Pg = hgy@

Fa=n*p



7.42

Iy Distribution
P tank

=
X

N Flow
]

Bernoulli's

P1 0
¥X 62.4
Yy
Vinz
2g
riai |
ha
p2 4320
V2anz
2 220
hr
hl 15.5
D1
D2
Al 0.0513
A2 0.0333
Sgx
sgY
Q 0.089
n 1
h

Pump Power (HP)
ha 304.7308

P 3.08
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e 22 2 v}
—hy=—+z+-=
BTy Py

2
. 17
Formulae: pl+21+ 1 +hy—
¥ 2g

2

E

h=-2+1
2g o
} ¥
=f*—k—
b =F D"2g
Q
v==<
A
VD
.E‘IIFH -
D
RR = E
Data: Vs 12.46261 ft/s
My 663011
Ry 3369.333
f = 0.0165
Vi 24n7s
2g
h, 43.30556|ft

h 45.71731(ft
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Formulae: vi v
R e 2
29 2 Solve:  p 1100 kg/m’
H —ffpz—p""“)'-;-f ”— ‘\+1g+h‘_ A 0.000451 m*
v (
) V==Y 3.22554 m/s
v
Pz =’ E+ 4 +ha‘7{ 3+ — ‘Inv
\\¥ / vl N, 44351.18 >2000, turbulent flow
P =54 * Pwater D/e 83333.33
nD? f .
A= 0.022 smooth plastic given
7
h, 39.665 m
) .
4 v 10,791 kNfm®
L hs 51.10941 m
7
L
Lo
ST IYp 3 oy 9.359652
P =hayQ vi2g | 0.530281
leftside  61.66906
Data:  f 0.022 Moody Diagram
Phiater 1000 kg/m* known value right side
Patm 101 kPa known value
2 3.0°107 |m Table 8.2 ps
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Given:

Data:

Q 0.5 ft'fs
n 4.0%10°  Ib¥s/f
g 1.026
31/2in5Sch40
4in oD
3.548 in D
0.2957 ft D
0.06868 ft* A
21/2in5Sch 40
2.875 in oD
2.469 in D
0.2058 ft ID
0.03326 ft* A
Pa=P1 -3.5 psig
Pe=P2 25 psig
Az 80 ft
f Calculated
€ 1.5*10° ft Table 8.2

Puater

Yiwzter

1.938 slug/ft’  known value
52.4 lo/ft’

Formulae:

2 2
P1 ¥ P2 v

+z+—+hy—hg—hy=—+z,+—
P i

Solve:

= v —vf
PO et S Sk S
¥
hy=f s
= fEe
: D'2g
0.25

o B—

1 574\,
[log (3-7(17/6) + Ngg)]
Y = 50 * Ywater

P = 54Pwater

_vsPeDa
n

D
roughness = =

P =hyQ

v 64.0224 Ib/ft*
vy 7.22014 ft/s
Vi 15.03307 ftfs
p 1.928388 slug/ft’
Ny 153792.2

f 0.016513
rough 1372 ft

hy 22.526 ft
Paafy 0.445157

v’ 225.9933

v’ 53.00044
(v.vd) | 172.9928 /2g
h, 105.6574 ft

P 3382.22|psi

2.686224
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Given: Q 4 ftfs Formulae:
Data Water @60°F 8 in Sch 40 pipe
" 62.4 Ib/ft® 8.625 in oD
p 1.84 slug/ft* 0.322in Thick
n 2.35%10° Ib*s/ft? 7.981 in D
v 1.12*10° [f/s 0.6651 ft D
0.3472 ft* A
7, o ft
7 210 ft
2500 ft I € 1.5*10% ft
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Given: Q 300 gal/min | 0.668151 /s Solve: A 13.019 ft/s
Data: € 1.5%*10° ft Table 8.2
sg 0.89 App. C Ngy 1548.391
v 2.15%*107 ft’fs App. C
v2 7.558 ftfs
3in Sch40 4in Sch 40
0.2557 ft D 0.3355 ft D Ngz 1179.442
0.05132 ft* Area 0.0884 ft* Area
75 ft Long 25 ft Long Q 0.668 ft*/s
Formulae; D/fe, 1704.667
D/e, 2236.667
3in 4in
f 0.041 0.054
/o 293.312 74.516
vii2g 2.632 0.887
h, 31.910 3.587 35.496
hy 39.015
v 55.536
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Volumetric Flow

fT D/E

inside LOG

0.028776| 3369.333
|

0.002889778

Q 24072
v 12
A 0.2006
Re
p 1.76
v 12
D 0.5054
n 0.00224
Re 4765.2
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Given: DN 125 Sch 80 DM 50 Sch 80 App F
Data: 0.1223 m [I] 0.049 m [I]
1.173*10% m* Area 1.905*10° m* Area
500 Lfmin K 0.39 Fig 10.8
Formulae: 0
v=—
A
. . Dy
diameter ratio,.guction = —
Dy
2
Vs
hy = K{—
L=KGD)
Solve: Q 500 Limin 0.008333 m*fs
Vs 4.374453 m/s
dr 2.495918

v,5f2g 0.975323

[n, | 0.380376|m
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Given: 3in Sch 40
Data: 0.2557 ft ID
0.05132 ft* Area
Water @ 50°F
y 62.4 Ib/ft°
p 1.94 slug/ft*
n 2.72%10" |Ib-s/ft’
v 1.40*10 ft¥/s
Q 0.4 ft*/s
L./D 20
£ 0.017

AppF

App A

Table 10.4

Table 10.5

Formulae: a
T
A

K = ficte/p)

2
v
hy = K(—
L=KG)

Solve: v 7.794232 ft/fs
v'/2g 0.943324
K 0.34

h, 0.32073|ft
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Given: Q 750 L/min Formulae: ) D, Curvec
Data Propyl Alcohol @ 25°C App B i (71 r 0.175
1-4 0.802
v 7.87 kN/m’ Q r/D 3.80435
p==
p 802 kg/m’ F
n 192¥107  pa*s L/D 14 |Fig 10.28
v 2.39%10°  m2/s , L
K =fa*efp) _ :
a 750 L/min 0.0125 m’/s
50 mm OD x 2mm Wall Copper Table G2
0.046 m D v v 7.52106 m/s
o b=y :
1.662*10" m A -4
vz 2.8831
copper € 15*10° m h :f‘E*_:
i D 2g D/e 30666.7
N, vl fr 0.0095 Moody Diagram
Ng=—
K 0.133
0.25
f=—
flo 1, 574 B |hl | 0,33345|m |Eurve |
E\3707e TNFT
L/D 13.0435
Solve: Curve b
r 0.775 Ny 144757 4000 turbulent
r/D 16.8478 partl 8.8E-06
L./D 42 Fig 10.28 part2 0.00013
a 750 L/min 0.0125 m]fs total 0.00014
v 7.52106 m/s f 0.0168
vfag 2.8831 [ | oss19]m g | 12s38]straient e
D/e 30666.7 |hm.,, | 1.64725|m |
fr 0.0095 Moody Diagram
K 0.399

|hL | ].]5035|m |
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Given: Q
Data:

6*10°  m/s

100 mm OD x 3.5 mm Steel
0.093 m 1D

6.793*10° m* A

water @ 50°C
9.69 kN/m’
988 kg/m’
5.41*10" Pa*s
5.48*107 m2/s

< = o =

Vieg 132.8 kN/m’

50 mm OD x 2Zmm Steel

0.046 m D
1.662*10° m* A
App A

Formulae: P1

App G

Solve:

2 2
5 (%
o T L U L |

¥ 2g ¥ 2g
hy W (zy —z',)+—v12 —vi
Y 3 2g
P1— P2 _ Yug(0.35) g Y (0.85)
¥ Fiw Yw
2
v
hy = Ki(—
L (2 g)
.
- 2.
L5
(E)
.
A
vy 3.610108 m/s
' 0.883262 m/s
viov,t | 12.25273 [2g 0.624502
Az 1.2 m

pressure difference parts
partl 4.796698
part2 0.85

(prp:2)fy  5.646693

[, | somfw |

[k [763s301
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Volumetric Flow

Q 0.001247216
v 9.556438764
A 0.0064
Re
p 1.76
v 9.556438764
D 0.09033
n 0.00224
Re 678.2545892
90 Pipe Bends

r 0.270833
Ri
DoJf2
Di 0.09033
r/D 2.998266
A 0.006409
Le/D 12.5
k 0.989074
hL 1.402604

vnz2 2g fL fT D/E inside LOG
91.32552 64.4 0.079126 602.2| 0.016691512
Flow Rate
Converter
Gal/Mm 27.5
Ftnifs 0.061247




