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CE100 Fall 2017 Exam 2 

1 Consider the following pipe system:

 

x Water flows steadily within the pipe at constant density r=1000 kg/m3. 

x The straight pipe segment has L=11.3 cm, diameter D=1.13 cm, and is the end of a 5 m pipe run. 
x The straight pipe segment has smooth walls. 
x Velocities are approximately uniform over A1, A2 and A3. 

x P1=1000 Pa;  A1 = 1x10‐4 m2;  1V = 1 m/s 

x P2=?    A2 = 1x10‐4 m2;  2V = 1 m/s 

x Information given here are only relevant for this question, not the other questions in this exam. 
A) Calculate P2. 

   

z 

x 
g 

A1 

A3 

·P1 

P3 · 

·P2

Straight pipe segment  

·C 

→ this  is  at 5°C ( see  chart  on  exam  cover )
use  v  and ✓ at 5°C

Energy equation from I to 2
.

Check : steady How -

given ,
constant - density -

given ,
streamline from Ito 2 - assume .

P¥tV÷gK2+z ,  
- Zz - h - h

,  + hp = 0 ⇒ R =P
,

- the
- -

T 0 no pump or

Z ,=Zz turbine  between
c) V.  =P land  2

2) Vz==Vz
3) VTAFTIAZ
4) A

,
= Az

1,2,

?4⇒V,=Vz

find he from  straight . pipe (major) loss Formula : he ¥¥f (Re
, ⇒ KD(Re

, ⇒

Re=DjI= ¢1340 'm)( 1ns )
1.  519×10-6  mg

= 7439

§ = 0 ( smooth ) - use  smooth curve  on Moody chart

f (7-439,0)=0.034from Moody chart

KD ~~ I because development occurs  in the 5m before

location 1
.

 Observe : Kd ( t.5.li  m) - KD ( L= 5.00420 .

k=tfgIH÷yD(ooxD= 00am

Pz= 1000Pa - &807µm})( 0.0hm ) = 833Pa
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B) At location C, state whether the following are >0, <0, =0, or not possible to evaluate: 
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- given

↳fJintao#
a

Z¢E§he
0

L I d d t

> O
As  ×  increases ( moving rightwards)

,
U goes from  negative ( left  stencil ) to  zero ( near  c) to positive ( right  stencil ) .

U  increases  as  X  increases
.

= O
As  ×  increases ( moving rightwards)

,

w goes from  negative ( left  stencil ) to the  same  negative  value ( right  stencil ) .

W doesn't  change  as X  increases
.

= O
As Z increases ( moving upwards )

,
U goes from zero ( bottom  stencil ) to zero ( top stencil ) .

U doesn't  change  as Z increases
.

As Z increases ( moving upwards )
,

w goes from weakly negative ( bottom stencil ) to  strongly negative ( top stencil ) .

< 0
W decreases as Z increases

.
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2 Calculate the anchoring force acting on this control volume:

 

x Water flows steadily within the pipe at constant density r=1000 kg/m3. 

x Air outside the pipe contributes negligible pressure, shear, and weight to this analysis. 
x Mass within the control volume = 200 g of metal and 500 g of water. 
x Velocities are approximately uniform over A1, A2 and A3. 

x P1=12  kPa;  A1 = 1x10‐4 m2;  1V = 1 m/s.   

x P3=15  kPa;  A3 = 2x10‐4 m2;  3V = 0.5 m/s.   

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

z 

x 
g 

A1 

A3 

·P1 

P3 · 

·P2
CV 

Use force balance ( Momentum conservation  with steady flow  and non . deforming non - accelerating of )

E+ Ep+ Is+ Ea+ E= 0 where Ft = thrust - momentum Howrate integral = . ffa( a.  a) DA

All terms  are  Vectors

to =  mg t E) = - ( 0.7kg )(9.8%2) = -6.86 N E

- pressure  acts  into of even though flow  is  coming out
.

Ep = RA, fix) t BA, ( + E) +  negligible pressure  on the  other parts  of the  control surface (given)

= (2Hy÷fmD(
Kwitm ' ) I + ( 15×103 Mmzk 2×104m2)E  

= 1.2N I  + 3 NE

Es = O At inlet & outlet
,

no  evident gradient in flow  components parallel to A
,  or A 3 .

 At  other parts  of  control surface
,

no  Shear  is given .

Fa = ?

E.= - {nskt #

DEF)dA - !*kF3f⇒)( e) at - Sgusloko) at =p VTA
, # + Frias E)

- - - - -

vector  a @.  2) Vector  I ten ) thrust  pushes thrust pushes
Is  Tf and is  Fg and at  contents CF  Contents

is  in  tx is  in  iz rightward like upward  like

direction direction a  " pocket
"

a  " rocket ' '

E
,

= ( 1000 Kym})( INDY 1×154ni ) I  t ( 1000 Kym})( 0.5ms )2( 2×104 MDE  = 0 .
 I Nk  + 0.05 N E

Summing all components  in the force balance :

- 6.86 N E + 1.2 N I  +3 N E +0 + Ea  + 0 .  I  N k  + 0.05  N E  
=  0

Solvefor Fa ( 1.2N  I  + 0.1 N I ) + ( -6.86 N E  + 3 N E  + 0.05N E) = - Fa

1.3N I - 3.81  N E  
= - EA

, resisting weight  is  its  biggest job .

EA =
- 1.3 N I + 3.81 N E ( anchor pushes left  and up )
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3 Consider the following pipe system:

 

x Water flows steadily within the pipe at constant density r=1000 kg/m3. 

x The straight pipe segment has L=11.3 cm, diameter D=1.13 cm, and is the end of a 5 m pipe run. 
x The only information given about the velocity profiles is that the velocity profile at A1 is the 

same as the velocity profile at A2. 

x P1=2000 Pa;  A1 = 1x10‐4 m2;  1V = 1 m/s 

x P2=1200 Pa;  A2 = 1x10‐4 m2;  2V = 1 m/s 

x 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. 

   

z 

x 
g

A1 

·P1  ·P2

Straight pipe segment  

A2-
ct

We  want  shear  stress  I
,

but  velocity profile is  unknown
,

so  we  cannot  use Newton 's  shear  model

#H=µ|¥rH
We  Could  run  energy equation,

but  we  would  need to figure  out  how he  is quantitatively related  to  e.

?
Force balance FS

,
¥

,
Ff

,
F¥

,
rpt allows  us to  solve for Fs

,

and the definition  of  stress gives  E  = ¥
.

Force balance is  vector  equation,
and  we  only need to  solve the X - direction because  2  is  only in  × ( by observation ) .

Use of labeled  on picture , just  inside the pipe  walls
.

E. = ?

E×=0 ( gravity is  in  E)

⇐
t.ME#yyynYEaoa ) Fgyteaoofooanono

. a. ,  of at . g = . oo . µ µµ↳µa , .⇒ ,

Fa -0 ( Cf  doesn't  cross  uau ) equal and opposite force  exerted on  wall Fsw = 0.08 N ( fluid pushes  wall  in  +  E)

Fp = RA ,  
- PzAz= ( 2000 Pa - 1200Pa)( 1×154 m 2) = 0.08 N

Convert from shear force E to shear Stress  T  using the area  over  which shear  acts
.

This area is the  surface  area  of  the wall inside the pipe (Aw)
.Aw

=  Circumference  * length  =  TDL  =  T( 1.13×1544.13×10'

M) =  4×10-3mL
new = FIT =0qj0o8→Im=20  Ymz
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B) Calculate the velocity gradient 
u
r
w
w

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 r = 0 at the pipe center. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1‐point bonus: state whether 
u
r
w
w

is positive, negative, or zero.  No justification needed. 

   

Newton 's shear  model #H=µH¥rH so  we  can  use  result from part A
,

H¥rH= Aged =

,}YqYoILµm*= 13,167  st

If you  assume  a linear  velocity profile
,

|# make  sure that TT is theaverage velocity,
not the  maximum

.

This  assumption leads to an  error  of  about 103
.

r

originof # u decreases  outward from  origin } 2£ < 0 regardless  of  where  we  evaluate  it
r

V increases outward 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. 

   

n ~ Ct

yz

§%¥gjo
T¥ ( rela.tye.tozc.ggincludingperson and umbrella )

←

#
FD = tzp # a CD ( Re , geometry)

↳ for hollow hemisphere at Re > 104 CD = 1.4 ( reference packet p .
13-14 )

Re = VtsD_ = ( 2ms )( lm )

15¥57
> 104 ✓(

use projected area it (E) 2=0.785 m2

FD = I ( l Kym})( 2 %)40.785 m 2)(1. 4) = 2.2 N

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

 

Data Table  h  b  g  T 
Model 1  0.1 m  1 m  9.8 m/s2  7 s 
Model 2  0.1 m  0.1 m  9.8 m/s2  3 s 
Model 3  0.001 m  0.01 m  9.8 m/s2  0.7 s 

 

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. 

 

 

 

 

 

 

 

 

 

 

 

 

 

1‐point bonus: would T for the 100m‐basin be smaller, larger, or the same on Mars, where g=3.7 m/s2? 

 
 
 
 

time = 0  time = T/2  time = T 

depth = h 

width = b 

air 
water 

S  M  M  %z →  KZ reference dimensions  in  MLT ( no FLT possible)

Buckingham 's theorem Suggests 4 variables -2 reference  dimensions  = 2 nondmers  ional IT - terms
.

choose  T & h as  non - repeating variables
, leaving b & g as  repeaters .

construct

.ms#EEe*lEItInaonainnnnafther*.fYaEEEhta)
More

Buckingham 's theorem IT = F ( II ) or It = F ( kb)

Model 1
,

model 3
,

and the prototype ( full - size thing) all have # = ¥ = 0.1

The principle of  similitude States that they will all have the same  rate for F ( II ) = F(o .
 1)

Because IT
,

= F( II )
,

Model 1
,

Model 3
,

and the prototype will have the same value for IT
,

Model L has IT
,

=  480

mum 3 has it = 480 tfaahaegkoshopnutsfPrototype  must  also have IT =  480 by similitude Tibet = 480 or  Tp=bfEg4e= 70 seconds

If  we had used other I. groups  we  would have : (TIN
,

F) = ( 4800,10)
or (Tftn

,
F) = ( 69.3 ,

10)

or (TFS
,
⇒ = ( a. a

, op
etc

.

Larger . For  any choice  of IT - terms
,

when gt T 9
.



CE100 Fall 2017 Exam 2 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1A 1B 2 3A 3B 4 5 Total (28) 
        

 


