CE100 Fall 2017 Exam 2

Name:

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
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

Reference information(Moody, minor loss, and drag charts included as a separate packet)

H TABLE B.2
Physical Properties of Water (SI Units)®

Specific Dynamic Kinematic Surface Vapor
Density, Weight", Viscosity, Viscosity, Tension®, Pressure,
Temperature p Y I v o Pu

°C) (kg/m’ (kKN/m’ (N-s/m?) (m*/s) (N/m) [N/m*(abs)]

0 9999 9.806 1787 E-3 1787 E—6 756 E—2 6105 E+2

5 1000.0 9.807 1.519 E—3 1519 E—6 749 E-2 8722 E+2

10 999.7 9.804 11307 'E = 3 1307 E—6 742 E-—-2 1228 E+3

20 998.2 9.789 1:0020E = 3 1004 E—6 728 E—2 2338 E+3

30 995.7 9.765 7975 'E—4 8009 E—-7 712 E—2 4243 E+3

40 992.2 9.731 6529 E—4 6580 E—7 696 E—2 1:376: BE+3

B TABLE B.4

Physical Properties of Air at Standard Atmospheric Pressure (SI Units)®
_

Specific Speed

Specific Dynamic Kinematic Heat of
Density, Weight", Viscosity, Viscosity, Ratio, Sound,

Temperature P v 7 v k c

°C) (kg/m®) (N/m?) (N-s/m?) (m?/s) (—) (m/s)
—40 1.514 14.85 157" B:=5 1.04 E-5 1.401 306.2
—-20 1.395 13.68 1%63 ‘Bi=5 117 | E=5 1.401 319.1
0 1.292 12.67 Il B—5 1.32: | B—5 1.401 3314

5 1.269 12.45 1573 E=—35 1533610 E=5 1.401 3344

10 1.247 12.23 15767 “E-—5 141. E—5 1.401 3374
15 1.225 12.01 180 E—5 FA7NE =15 1.401 3404
20 1.204 11.81 182 E—5 1.5 E—:5 1.401 3433
25 1.184 11.61 18 E-—5 156 E—:5 1.401 346.3
30 1.165 11.43 186 E—5 1.60; E—:5 1.400 349.1
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1 Consider the following pipe system:

Ay

|

»

Straight pipe segment

L. 4

o Water flows steadily within the pipe at constant density p=1000 kg/m? H’H“

s is ar 5¢ (51& Aharton exam Co\r(r)
Use V ok Y ot 5%

e The straight pipe segment has L=11.3 cm, diameter D=1.13 cm, and is the end of a 5 m pipe run.

e The straight pipe segment has smooth walls.

e Velocities are approximately uniform over A, A, and As.

e P;=1000Pa; A;=1x10%m% V,=1m/s

o P,=? Ar=1x10%m% V,=1m/s

e Information given here are only relevant for this question, not the other questions in this exam.

A) Calculate P,.

5’}6{‘&3 Q/Z(Aod_iof) ‘Fﬂ)m [t02. Check: 5’}'&0‘\4’\3 Flow —jl\{m/ CmS{’M‘['—o{MSi‘b,—éivm/ Stceamline from [+7 - &sswme.
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Tl s
© 222 furbine behuen
)V ‘/; ' = lh(né
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NVAVA,
YA =A.
l:771141>_\/|':—\/;_

.F(vw\ "]L Lrom S‘{'rﬂém' Pre Lnk\lor) loss -Rmnla\ h'_ 23 D (KQ, ’D) KD@&,D)
Re- DYV (Lraxi0” MXM/S} = 7439

Y |.514 %076 MY
=0 (SMOO‘H)> - Wse Smesth curve on /‘I\oocla chast

(3437, 0)m 0034 Fran pranky chart

KD R’z| because Aﬂ—\f“-["l"'\ud_ occurs 0 the Sm _lg<\:ur-¢
locadtion [. Observe: KJ(L=5 I n}—- KD(L: 5‘_00,-3,":', 0.

L\_ LH/S) ( 3"“ o.ouB = 0.0F m
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7,= 1000 Fu - (1807 oo 0+ = B33 P,
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B) At location C, state whether the following are >0, <0, =0, or not possible to evaluate:

ou SO As % (ncreases (Mov. r.(j\d-umis) W goes From negative (lL’F+ shencil) 4o aero(nm—c)«h, positive (r‘a‘«f stencs l)
A W increases as A (ncreases,

ox

ow _ As % increases (rv\o-/./\ maH‘uxraLS) W goes From negative (lg’H’ stencil) 4o the same neqachive w\lu(r.abd“ stencil).

O =0 W doesnt LL\MJ< as X (ncreases

ou - As 2 creases ("'\ov. wpwards ) W goes From 2ero (bottom 5+<"Q'l> o zero ('h’f’ S**"c)
g =0 u doesnt dmnjc as Z ncreases,
aW As 2 increases ("’\’-""i’j npards )’ w goes From uml(b nsa\—\—;VL (LWH—OIW S‘l’:v\uo'\-c S‘(-ro':JIJ nsx\'n\/c_ (""-"r’ S+m<t|>.

62 <D W decreases  as Z (ncreases
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2 Calculate the anchoring force acting on this control volume:

z

LX"gl"""""'"""""""""" — s

e Water flows steadily within the pipe at constant density p=1000 kg/m?>.

e Air outside the pipe contributes negligible pressure, shear, and weight to this analysis.
e Mass within the control volume = 200 g of metal and 500 g of water.
e Velocities are approximately uniform over Ay, A, and As.

e P=12 kPa;  A;=1x10"m?% V,=1m/s.
o Pi=15 kPa;  As=2x10"m?% V,=0.5m/s.

e Information given here are only relevant for this question, not the other questions in this exam.
Use Foree balae - (mommmm Conservation with s-fmkj Hlow and- ncv\-oufvmené ﬂon-acuhrvc\‘ma OF)

EAR+B+B+E =0 thee Fatheste -vometin e eyl <—(pu (s R)aa
Al 4erms ave Vectors ce

Ee= mg(8) = -(0= kY187 = ~6.86 N &
- presture. acts N OF aven «(1\»«&1\ Flow & Coming ot

E[; = EA‘ (*.)’}3 + EA} (f%\ + ngcl]l\'ail:lL pressure on the other parts of the contro surface gNu\)

= @%{lxw“"m")ﬁ + (15%16* M2 xnb"mq% = 2N §+ 3N2
Kfa

Es =0 M oinlet ¢ outlet) no evideat eru\f in Houws components parallel 4 Ao Ay . At otherr parts of Contrd Sarface, no shear i Jven.

Fo=7
/A — 5 A\ — == A 2z 5
F.= -gpcmov.m (PG —C LEGMA = pT AB)+ pV™A; ()
N s o ot~ S Sids ~—
vectory (AN Vectr u  (an) Arust pashes st pushes
1SV, and S Uz gn O Contents C¥ Contents
5 in +R s i'\)~i rightverd ik vpward (ke

Awecton Ry A pocatt e Srocat”
Fo = (o M/mle"‘/sY((xlO“* ml>§ + (o0 Ka/ms)(os "‘/s>z(2><lo"‘ml>"a =0 NR +0054 2
Surwming all components in Ahe Foree balance :
“686NZ+[2NL +3NE2+0+F, +0INR+ 0050 2 =0
Sdve for B (l2R +01N8) +(-686 N5 +3) 5 +0.054 i) =-F

(>N % - 3.8l ”2 :—EA _ /r‘{s(S‘HI\J uugh* is its h{jjzr‘f‘ “)a'o.
5 = —[2Ng+38Iv 2 (mdaar pushes [eft onk Mf)
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3 Consider the following pipe system:

— z

pP1 P>

| ——

|‘ . . Vl X
Straight pipe segment

e Water flows steadily within the pipe at constant density p=1000 kg/m?>.

>
\
&

e The straight pipe segment has L=11.3 cm, diameter D=1.13 cm, and is the end of a 5 m pipe run.

e The only information given about the velocity profiles is that the velocity profile at A; is the
same as the velocity profile at A,.

e P;=2000Pa; A;=1x10"m?% V,=1m/s
o P,=1200Pa; Ay=1x10"m?% V,=1m/s

Information given here are only relevant for this question, not the other questions in this exam.

A) Calculate the shear stress on the wall of the straight pipe section.
“C L’ﬁ/\-+ Shu\v- Stress T , bot VL(oc’.‘I:j hare‘Fﬁlg 19 Ul\k'\uul\/ So e comsl use I\lhf}bﬂ'f chesr (“O‘L‘L“Txru ‘=/‘"l[%u

e Cowl vun nogy egasten, bt Le wodld need Il:jm ot how b va-l—rl—ghv.,l\_—) rdated + T,

? o/
Forcabalae- Fs, '%,F(‘,K;F:r Allows us 4o solve for Fs, ond Mo definttion o stress gues T= s _

A
Forcebalance is vectr equation, s e only need b Solve the xcdirection becauge T is enly i x (b ob:crv"\‘l‘ior\).
WNse.  Cxf [ebelad on picture Justins ido Aha pipe wialls.
="

I-ZX: (@) (Srw({:j S in Z>

E =—Sﬂyv"dA +§£vm =0 Fs +008W =0

Stme_{qnen) Shesr Lorte on condets oF OF (s & = -0.08N (U-Jl prashes Lluik ia -£)
Fa=0 (¥ dount crons uall) e{md ond oppos-‘[L foree— exerted on wal( Eu= 0.08 N (Huid pushes w=ll in +>’2)

F= BA -TA. = (2000 fa - (200 (x[07 m) = 008 N

Convert $rom sheaforea B A4 shea Sheess T using Yo area ove thidh Shea acths

This avea s ’H\L surface avea of Mhewiall jnside the P‘fi(/lw)

ALJ = C((WQ_* chJ—H\ =1t DL = Tr(l,rbx(D—L,;(“'} *[DA MB = 4 [(_’)":5 mE

_ Fu _ 008N _
o= Tt = oo = 20 %]
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B) Calculate the velocity gradient at the pipe wall, where u is the velocity in the x-direction

and r is the radial coordinate in a cylindrical coordinate system, with » = 0 at the pipe center.

Aot dear bt | Tl 3e] 50 e con v st from e A, [ Bl = —llr;"rl' - ot B
ML

&jov\ assume. o |inear vdoq-9 profile }’ Make swre that 7 s the average veloci , Net Hhe. maximum

N

This asfumption leads 4o an error of &bost 0.

ou
1-point bonus: state whether a— is positive, negative, or zero. No justification needed.
r

orijin T 5 W\ decresses ovtward from orijin Yn
,‘: % 37<O rlngkll-s;c-‘:uhut_utmlvcki‘i'
™ increases ovtivark from origin
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4 A person is riding a skateboard down an incline. They use an umbrella to control their speed. By
holding the umbrella behind them, they achieve a steady velocity of 2 m/s. Estimate the drag force
provided by the umbrella, and include a picture that helps to explain your assumptions.

{(m(«‘hw_ 't'i) ¥ inc.lwlulg person ond Mbnll&)
Vis="2% %

B =3P Vs & Cp(Re, geometry)
L > for hellow hemisphere. ot Re >0% Cp= 14 (reference packet p. R-14)

Re e Vas D = 2W%YIW | 04
v 15107 Mm% ’

Use ]Orojac-!uL e TP@-Y = 0.785m*
B = 2 (1 %om)2 %) (0385 m>)1.4) =[ZZ N]

in -x direction
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5 In the laboratory, you measure the oscillation period T for a full-basin wave in a square basin:

width =b
air
water I depth=h
time=0 time=T/2 time=T

Data Table h o] g T
Model 1 0.1m 1m 9.8 m/s’ 7s
Model 2 0.1m 0.1m 9.8 m/s’ 3s
Model 3 0.001 m 0.01m 9.8 m/s2 0.7s

Predict T for a basin that has b=100m and h=10m. You are told that T=f(h,b,g) for a basin with b=100m.
S Mm%, > =) reference dimeasions in MLT (ro ALT fo;n'LL)

jbuck;vghm'x Aheorem Sgcu:l; 4 ridlles -2 vFerence. dimensions = 7. nodimensiona| T[-terms.

C_L\cose_ Té‘ h &S nD'\‘rlPL‘\'H"a' \/Wil\bllsl [PJ\V\‘I\J, 1‘3 e( 5 XY \"E,PL’:"Q“&
ot ephos (123 &)

Constevet Tterms 1 24 [ "’/51]
| =2 = nondmensiona|
v [ (& %)
-[T'Z - _‘% Lﬂn'l= Nondimens ional (TYQ ’E‘>
oA More
. - -— z
B e Tl T t(

Model. L, model 3, ok Ahe pretitype. (%U-sau%mg) Al hee o= 3= 0.
The principle oF cimilitvde stetes thar they will all have the SamC valve for F(n;_) = FCO-‘\)

Because Tz F{Th)  Model 4 Mot 3wt Ahe prifetype el heve Ahe Same vialon Lo TT;

Model L was TT,= 480 ~ N 2
' out 9 o have = UM Tve T = or = =
Motk 3 g Tl = 480 — (muja“f‘(% Pr’hr\yc rust alio b \T\ 480 L} Similitede .1{—\;?— 4go T b,;BO 70 seconds

TE vie had wsed ather Tgrous 1 Lo heve: (T &) = (4800, 10)

v (1 D) 13,9

o (T(;;;I 5= (zw}o.Q
e,

e

1-point bonus: would T for the 100m-basin be smaller, larger, or the same on Mars, where g=3.7 m/s*?

F,r &ng L‘no{cb o‘" ’ﬂ_—‘hms, Lhen jl TT
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1A 1B 2 3A 3B 4 5 Total (28)




