CE100 Fall 2017 Exam 1

Name: SOI U\Jﬁoﬂ

Hints for success:

e Do your own work
o If your work is not your own, your entire exam will be given zero credit and you will be

referred to Student Judicial Affairs

e Express all components of vector quantities
o You can do this by giving 3 components or by giving resultant magnitude and direction.
e Keep units throughout your solution
e Make assumptions when needed, and state them clearly.
e Explain your work clearly enough that a student who took CE100 two years ago could easily
understand what you are doing.

e Breathe
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Physical Properties of Water (SI Units)*

Specific Dynamic Kinematic Surface Vapor Speed of
Density, \\'eight". Viscosity, Viscosity, Tension®, Pressure, Sound?,
Temperature p Y 7 v o Pe c
CC) (kg/m*)  (KN/m’) (N-s/m%) (m*/s) (N/m) [N/m’(abs))] (m/s)
0 999.9 9.806 1787 E-3 1787 E—-6 756 E—2 6.105 E+2 1403
5 1000.0 9.807 1519 ‘E:—'3 1519 E—6 749 E-—2 8722 E+2 1427
10 999.7 9.804 1307 E-3 1307 E—6 742 E-—2 1228 E+3 1447
20 9982 9.789 1002 E-3 1004 E—6 728 E—2 2338 E+3 1481
30 995.7 9.765 7915 E =4 8009 E—-7 702 E=2 4243 E+3 1507
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1) There is a panel shaped like an equilateral triangle (base b =70 cm, height d = 60 cm) in a tank wall.
The tank is full of static and constant-density freshwater at 20 Celsius.
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A) Calculate the force due to water on the panel.
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B) Calculate the torque about point (a) due to water on the triangular panel.
R&S U\LJ('OA‘IL J:Or’(_e, _ﬁ cets b center of presrore (XR, []rJ

S Goereoe)’
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C=(0,0630)mn

Forca & certfer of pressure. was found in part A

B
L}

_F&=<o)o)~1zss_4>[\1

= (-78075, 0, 0) Nim

T = 28075 Wm i -x direction, o (-78075, 0, ©) Nim
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2) Calculate the force due to oil and water on wall 1. The oil is static and constant-density

with p, = 800 kg/m®. The water is static and constant-density with p,, = 1000 kg/m’. Use any method.

origin

walll V. v
b =60 cm
Prassu\rL \orism olQCOW\POSi’}‘.'on express muy infinfesimal forces as B reco fradt Forces

’che.s on Wall L:

F,\ - Z')’.,C-(EJC) = Z(goo E}IM’)@'B ﬂ/fz)(o:; mXoAsm)(o.’s m) = 212N in-2 direction

acts at Xq=30m Ygz20anm 24=0

fro=ToC 09‘@ = (900 518 %) (03 m(0.6m)0.4m)= (270 N in -2 direchen

acts ot Xg=30em Jr225cm ZRTO

>P=Yc +T,d

Fiy = % % (bd)= 4{1000 (18 %) (09 m(06m)0.4m)= 238U N in-2 direchion

acts aF xq=30cn 4, 290am 2420

Feo® FotFro~Fry = 212 + 1270+ 2381 =[26863 N in-2 direchon
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3) During Lab 1 we filled the “pressurized inflow box.” This question explains why. Consider:

Box is not Full, flow is in steady state Box is full, flow is in steady state
. _-surface area = A, air
air S ©)]
water
Constant Constant water
head tank head tank
N \l/ A N \1/ A
bleed valve
Pressurized / is open to a bleed valve is closed,
inﬂow box atmosphere box is full of water
Pressurized
free jet inflow box
|
sluice . A
_ Var
4 water
{ o4 —

urface area = Ay "=~ cross-sectional area under sluice = Ag

2}

e a=2.0m;b=0.2m;c=0.Im

e head loss between 1 and 2 is hy 1, =0.01m; head loss between 3 and 4 is h;3,=0.3m

e surface area of constant-head tank A; = lm?; surface area of water in box Ay =0.16m’
e cross-sectional area under sluice gate Ag=0.0014m’

e uniform velocity over areas A, Ay, and Asg.

e constant-density water with y,=9800 N/m’ and constant-density air with y, = 10 N/m’
e the constant head tanks are refilled at the necessary Q;, to achieve steady state

Given the above information, calculate the water velocities V, and V.
Ag;uyvlg_ 5—{—2_@5 Hou a[inj N S+r<amlma from [+ 2. Constent wiafer o@u\s;b 'ISJiVM/ So Ue can usSe Ny gzu\+iol)
A VR ]
le/TL 4 (ZJ\[z +2-2, —“,“L—L\T-Fl/]f =0

Ma&ss Conservativg with co/\ﬁn&l’dw;g Lrom | inlet Ao | °"+u_cj“’<5 '\—/,:,\A,,\ = \75 AS _
\ZAA:%AS or V: \/l

(

£
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4) During class, we saw a demonstration of a pitot-static tube that measured air velocity. A simplified
version of this setup is as follows:

air streamline >
pitot tube
_ stagnation streamline -
(D (2)
a
streamline
static
tube

e a=0.40m; b=0.20m; ¢c=0.05m
e head loss between 1 and 2 is hy;,=0.01m
e constant-density water with y,,=9800 N/m”’; constant-density air with y,=10 N/m’

Given the above information, calculate the air velocity V.

C_O(\SA{KOI\‘P‘JLGGSIB AN @\Ve_ro (S an \\l"J\POF’{'Wd_ (,m_s(&cfo:!’[or)/ becaunse T allous ws 4o uee exteaded Tascal's Frinn,‘rlL ol

olso the energy egum‘*’ion

extended Taseal's Frinciple ond re:julmf Tascal's Frinciple fogether ave = Payqt Nabtdc =0+ Ya+hb+ hac
> Pop = (- H)c
assuming that the shecamline fram () 4o (2) is steady, ener gy {Zux‘l’iﬂn Con be wsed: PI_Fi + ‘\iil\]Lz +2,-2, -h.—h, +h
'\é =0 because .swmc{’;on Streanline Stops ot the pifet-tube = *

2,52, (no elevat on CL’W‘JA_F{M | Jr_,z) = P;/Pz + TB‘VZ" hL
hT='O and [’]F:O (00 PUMf’nr ‘]’urbj/;e) N

p =0

0
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V, = 309815
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5) In this laminar flow, the velocity profile has a parabolic shape at cross-sections 1 and 2.

s Pipe wall
z _
water
I—»
X —_
0 Vv, *2 v,

lgravity e
- /

=2kPa; Vi =2 m/s;

e A;=0.09m% A,=0.03m’

e head loss between 1 and 2 is hy1,=0.10m

e constant-density water with y,,=9800 N/m’

A) Calculate P,
\en. Correspeadin \Jdac.tj atfern o A, iA,_ Anus ,l_ -
S () f ) 7 o
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Combim'rlj %e_ﬁ, -WAu: WAL

- P )
asfume_ 5—}'eméj Llow on Streanline From \+az Hhus We can use- @nef 13 elu.dian: E_;/E + V- \}, +2 -lq — s +hy, =O
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Combining all efuctions: Fo - R Vl A' © ?E"J‘ °" ump
n { 5 = ¥t - ;) L1 w | $2

F=F+ zjvn (J—&Q)—Xh
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sx[é

B =2 ke + ZkRe(1-9) - 098 kn

T, =-15.02 kTx
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B) Is P, greater or less than atmospheric pressure?

Enaineering convention isFo weck in_qa9e prssure, dnd\ Ahis Zuu‘l’{on doesn't Seem 4o be an excaption (no mentron OP absolte, ideal ges,
or Yaper r’rerJer).

—T’”j‘\}‘/ n(Jv\‘}’iVL pressures are allowed (in absohte ﬂLa are n&) anh ey inkicete pressures les than atmospharic. |
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1A 1B 2 3 4 S5A 5B Total (28)




