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CE100 Fall 2017 Exam 1 

 
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.  

 

A) Calculate the force due to water on the panel.   

  

c = 20 cm

d = 60 cm

e = 50 cm

(a) 

 z 

x 

y 

origin 

panel 
.base  = 70cm

Ka→ add this in because it wasn't given

Centro id of triangle is 3- down from the top ( see  info  on  cover page)

y
- location  of Centro  id is yc

= C + Ed = 20 am  + 3- ( Go an ) = 60 on
.

X - location of Centro  id is Xc = A ( which you  need to define  in the problem because  it  wasn't given ) .

Force on panel HERH = PA  = average pressure  * panel area

F =P I
⇐ya ,

= pressure  at  centvid = Paint 8y< working in gage ,
Pain =0

, F=8yc

HERH = Yyc A  = (9,789%3)( 0.6 m )( I * 0.6 m  *

0.74=1,233.4

N

Force acts from  water  onto the panel ,
which is the - z direction

Fn = 1,233.4 N in - Z direction  er Er = ( 0,0 ,
-1233.4 ) N
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B) Calculate the torque about point (a) due to water on the triangular panel.   

  Resultant Force Er acts  at  center  of pressure ( xr
, yr)

yr= yet 5¥ = Go an  +
3+64046042

3 's  cm  = 0.633 m

( 60cm )(+2*709*602)
= 60 an  +

Xr=Xc +5¥ = at Fa =  a

Mmmmwith respect to (a) goes from ( a
, 0,0 ) to  Kr, yr ,

o ) ✓

[

[ = ( 0
, 0.633,0 ) M

Force at  Center  of pressure  was found in part A

t.fr = ( 0,0,
-1233.4 ) N

Torque =  I × Er = to
s

.

K
= ( -780.75

,
0

,
0 ) Nim

0.633 0

0 0 - 1233.4

I = 780.75 Nm  in - × direction
,

or ( -780.75
,

0
,

o ) Nm



CE100 Fall 2017 Exam 1 

 
2) Calculate the force due to oil and water on wall 1. The oil is static and constant-density  
with ro = 800 kg/m3.  The water is static and constant-density with rw = 1000 kg/m3.  Use any method.   

 

  

c = 30 cm

d = 90 cm

 z 
x 

y 

oil 

b = 60 cm 

water 

origin 

wall 1 

pressure prism decomposition express  many infinitesimal forces  as 3 resultant forces :

forces on Wall 1 :

⇒
=) FR

,

= £ Kc ( b  c) = tz(8004,3×9.8%2)(0.3mW.6m)( 0.3  m ) =  

212N
in - Z direction

=) acts  at  Xn=  30cm yR=  20  am Zr=O
⇒

⇒ • P= KC

=) =)
=) FR

,

= Voc ( b d) = (8004,3×9.8%2)(0.3mW.6m)( 0.94=1270 N in - z  direction

=) -
acts  at  XR = 30cm yR=  75cm Zr=0

⇒

=) -→•P=Kc  + Kd

f) Frg = I Jwd ( b d) = 'z( 1000µm})( 9.8%2 )(0.9mKO.com )(0.94=2381 N in - 2- direction

acts  at  XR=  30cm yR=  90  an  ZR=O

FR
,

= FR
,

+ Frz  
+ Frs = 212+1270+2381 = 3863 N in - z direction
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  Direct integration  method : dF= Pdt p={%T for ysc

%CtK(y - c) for y >  c

F-

fdIItiIaahiiixaefnomEoaPaxdr-fnoafjaoaPaxdrtfwafwgoPnaxdrfSTjioaHDdxdrtflomfjifrytrwb-aDaxdr120cmFt60amHoz5h30I@oayf.KcytkzI.r
. #of (60 an )(800kg)(980%4 'z(3042 + (604800kg)( 9809 , a) (304420cm- 30cm )

( 604400k¥)( 98044 a)

tzffkoamffsocn
) 2)- (6044000kg)( 9809 , a) (

304420cm
- 30cm )

= 3.863×10
"

CM4mk¥g = 3863 k8sM- = 3863N in the - Z direction
.
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3) During Lab 1 we filled the “pressurized inflow box.”  This question explains why.  Consider:  

 

x a = 2.0m; b = 0.2m; c = 0.1m 
x head loss between 1 and 2 is hL12 = 0.01m; head loss between 3 and 4 is hL34 = 0.3m 
x surface area of constant-head tank AL = 1m2; surface area of water in box AM = 0.16m2 
x cross-sectional area under sluice gate AS = 0.0014m2 
x uniform velocity over areas AL, AM, and AS.   
x constant-density water with γw=9800 N/m3 and constant-density air with γa = 10 N/m3   
x the constant head tanks are refilled at the necessary Qin to achieve steady state 

Given the above information, calculate the water velocities V2 and V4. 

  

water 
air 

water 
air 

free jet 

bleed valve  
is open to 
atmosphere 

water 
air 

(2) 

(1) 
b 

 a 

water

air

bleed valve is closed, 
box is full of water

water 
air 

(4)

(3) 

surface area = AL 

surface area = AM          cross-sectional area under sluice = AS

z

Box is not Full, flow is in steady state Box is full, flow is in steady state 

Constant 
head tank 

Constant 
head tank 

Pressurized 
inflow box 

Pressurized 
inflow box 

c 
sluice sluice

Assume Steady flow  along a Streamline from 1 to 2
. Constant  water density is given ,

so  we  can  use  energy equation

K¥ + Y2zj# + z
,

. zz - h - he + hp = 0

mass
conservation with constant density from 1 inlet to 1 othtgnes VI An = Tb As} Tf An = Vz As  o , v. =

-k¥mGiven uniform  velocity Over An and As
,

V
,

= VI and Vzivs
Observe : R =Patmospheric =O ( ingage pressure)
Extended Pascal 's Principle from  river surface  across straight parallel streamlines to location (2) gives Pz = Vw C

Z ,
has higher  elevation than Zz

,
so z

,

- zz = ( b + c) > 0

Combining all equations No pump or turbine between 142
-

Off + Eg2f¥nf . tfytb + c - huz - htthp = O

e- ¥ht¥H the . huio ⇒ ¥2 =

(Eyman ⇒ re #?hefty¥1
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  to= 2g (b -

hudy =
49.81%240 .2m - 0.014

= 1. qzmb
-

0.0014 M2

( I - (Ask) I ¥22

Assume Steady flow  along a Streamline from 3 to

4.
Constant  water density is given ,

so  we  can  use  energy equation

Bye
+

TIES
+

zs
.

za
- h - htthp =0

mass
conservation with constant density from liiettlothtgnes

E
A  = # As

}TfAL=#
As  ←

gg=of #
Given uniform  velocity OverALand As

,V3=VTand Vz=Fs L

Observe :

Btpatnosphoic
=O (ingage pressure)

Extended Pascal 's Principle from  river surface  across straight parallel streamlines to location (2) givesPy=VwCZ3has higher  elevation thanZia,
so z - z  = ( btc ) > 0

Combining all equations,

3  4
at

No pump or turbine between344-

Ojtwknttfjtfsffitfftatbtc
-h↳a- htthp =0

- C -

¥g(
1-

f¥I)+atb+c-h↳y=0←÷
✓ = 2g ( atbtzhyx

)
=

49.81 %D( 2.  omtozm - o
. }m)

4 -

0.0014mL
= 6.11%

( 1- (Ask ) I #
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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:

 

x a = 0.40m; b = 0.20m; c = 0.05m 
x head loss between 1 and 2 is hL12 = 0.01m 
x constant-density water with γw = 9800 N/m3; constant-density air with γa = 10 N/m3  

Given the above information, calculate the air velocity V1. 

  

 
 

 

b 

c

(2)

pitot tube

static 
tube 

(1) 
stagnation streamline

streamline 

streamline 
a 

water 

air 

pipe wall z

x

Constant - density air (given ) Is an  important consideration
,

because  it allows  us to  use extended Pascal 's Principle  and

also the  energy equation .

extended Pascal 's Principle and regular Pascal 's Principle together give : P
,

that Jab + Ywc = Pz + Jaa + Kb + Jac

⇒ P
,

. Pz = th- 8D c

assuming that the  streamline from (1) to (2) is  steady ,  energy equation  can  be  used :

RYI + V.ly#+z..zz - he - h
,

+ hp = 0

pz=O because  stagnation streamline stops  at the Pitottube } ⇒ pjz +

zigvz
. h=o

Z
,

=  Zz ( no  elevation  change from 1 to 2)yah,-=O and hp =O ( no pump or turbine )

Combining , V.
2

= he - ( ya . Kfc ⇒ Tf = 2g ( he  + ywc - c ) = ¢ * q.com/saKo.amt90Yo0nYmg3-(oo5m)-o.o5m)
-2g Ta Ja

V
,

= 30.98%
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5) In this laminar flow, the velocity profile has a parabolic shape at cross-sections 1 and 2. 

 

x P1 = 2 kPa; V1 = 2 m/s;  
x A1 = 0.09m2; A2 = 0.03m2 
x head loss between 1 and 2 is hL12 = 0.10m 
x constant-density water with γw = 9800 N/m3 
 

A) Calculate P2 

  

V1 V2 

water 

Pipe wall 

A1 A2 
(1) (2) 

z 

x 

gravity 

given
:  corresponding velocity pattern  at A  & Az ,

thus ¥÷=Vg÷
flow from  one  inlet ( A) to  one  inlet ( Az) with constant density (given) and flow perpendicular to  inlet  ¢ outlet

,
thus FA ,

=  TEAZ
combining these

, TFA ,  =  Th Az

assume Steady flow  on  streamline  from I to 2
,

thus we  can  use energy equation : RJI + Yzj#otfnytnggfygjnk
 j€hp = °

no  turbine

combining all equations : Bg = Pg + ¥ . H¥¥D .
h

. ITEM ¢z

Pz =P ,
+ ¥441 - HEH - the

R= ZKPA  +

ftp.ky#mjD2(lfoI9Id2
) - too KYMDH . Iom )

Pz = 2 kpa + ZKPA ( l - 9) - 0.98 KN

Pz = - 15.02 KPA
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B) Is P2 greater or less than atmospheric pressure?   

  
Engineering Convention  is to  work  in gage pressure ,

and this question doesn't  seen to be  an  exception ( no  mention  of  absolute
,

ideal gas ,

or  vapor pressure) .

In
gage , negative pressures  are  allowed ( In  absolute they are  not ) and they Indicate pressures

less than  atmospheric .
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