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 Model Answer of the Final Corrective Exam 
Date of the Exam Dec/30/2018                                            Time: 180 min
    Elaborated by: Dr. Mohamed Elsharnoby 
1-a) i) vapor pressure     ii) surface tension    iii) Newtonian fluid give example  iv) Viscoelastic fluid and give example  v) streak line and time lines 

b) Eight kilometers below the surface of the ocean the pressure is 81.7 MPa. Determine the density of seawater at this depth if the density at the surface is 1025 kg/m3 and the average bulk modulus of elasticity is 2.34 GPa. The atmospheric pressure at the surface may be taken as 1 bar. What is the specific gravity at this depth?
c) A hydrogen-filled balloon expands to a sphere of 20 m diameter at a height of 30 km, where the absolute pressure is 1100 Pa and the temperature is -40oC. What is the volume of the balloon at ground level, where the absolute pressure is 101.3 kPa and the temperature is 15oC? (Note that the volume of a sphere = (4/3)π r3.) 
2-a) A solid cylinder of diameter D, length L, density ρs falls due to gravity inside a tube of diameter Do. The clearance, (Do-D) <<D, is filled with a film of viscous fluid (ρ, µ). Derive a formula for terminal fall velocity and apply to SAE 30 oil at 20°C for a steel cylinder with D = 2 cm, Do = 2.04 cm, and L = 15 cm. Neglect the effect of any air in the tube. Given :  µ  for oil = 2.9 Poise,  S.G for steel is 7.85

b) For the compound manometer shown in Fig.1 , find the pressure at B  in psi and in mmHg if the pressure at A is 1bar. Given ρ (Kerosine) = 804 kg/ m3 and ρ (Benzene) = 881 kg/ m3 .

c) Find the force P needed to hold the 10 m long cylindrical object in position as shown in Fig.2.

3-a) The tank of water  in Fig.3 is moving with constant acceleration up a 30º inclined plane.  Compute (i) the acceleration a ,(ii) whether the acceleration is up or down, and ( the maximum pressure in the tank.

b)Define center of buoyancy, metacenter, metacentric height, metacentric radius and explain the stability of floating bodies.

 c) Consider the two-dimensional incompressible velocity potential (xy x2 – y2.

(i) Is it true that (2(0, and, if so, what does this mean? (ii) If it exists, find the stream function Ψ(x, y) of this flow. (iii) Find the equation of the streamline which passes through (x, y) (2, 1).
4-a) An idealized velocity field is given by the formula V=4txi-2t2y+4xzk
Is this flow field steady or unsteady? Is it two- or three-dimensional? At the point (x, y, z) (–1, 1, 0), compute (a) the acceleration vector and (b) any unit vector normal to the acceleration.
b) A water is flowing from two orifices at the side of a large tank. The orifice (A) is  at depth of 10 m and the orifice B is exactly  above A and at a depth of 6 m. The water jets are horizontally flowing from both orifices as shown in Fig.4. Assume the origin is at orifice A, find the location of intersection (C) of the two jets.
5-a) One hundred liters per second of water are flowing as shown in Fig.5 . Calculate the pump power  assuming no losses

b ) Deduce an expression for the discharge of water over a right-angled sharp edged V-notch, given that the coefficient of discharge is 0.61.
A rectangular tank 16m by 6m has the same notch in one of its short vertical sides, Fig.6. Determine the time taken for the head, measured from the bottom of the notch, to fall from 15cm to 7.5cm.
* * *  G O O D    L U C K  * * *
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                               Figure 3                                            Figure 4
[image: image5.png]


         [image: image6.png]6m

l6m





                      Figure 5                                                                   Figure 6
1-a) i) Vapor pressure is pressure at which liquid boils, or pressure of vapor above liquid at equilibrium state.
ii) Surface tension is a phenomena that makes the interface between two fluids or between liquid and water behaves as elastic membrane.

iii) Fluids which obey the Newton's law of viscosity are called as Newtonian fluids. Newton's law of viscosity is given by

τ = μ du/dy,       where τ = shear stress and  μ = viscosity of fluid

du/dy = shear rate, rate of strain or velocity gradient

All gases and most liquids which have simpler molecular formula and low molecular weight such as water, benzene, ethyl alcohol, CCl4, hexane and most solutions of simple molecules are Newtonian fluids.
iii) Streakline is a line passing through fluid particles originated from a given point ( have earlier passed through a certain point in the flow field, Timelines are lines connecting specified particles at different time instants.

iv) Visco-elastic fluids: Some fluids have elastic properties, which allow them to spring back when a shear force is released. e.g. egg white.

v) Streakline is a line passing through fluid particles originated from a given point ( have earlier passed through a certain point in the flow field, Timelines are lines connecting specified particles at different time instants.

1-b) Bulk modulus 
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at the depth of eight kilometers = 1025+35.74 = 1060.74 kg/m3.

Specific gravity S.G = 
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1-c) 2-a) 
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[image: image15.png]2-2) At terminal velocity. the cylinder weight should equal the viscous drag:

x v
3 w =-pg— 7 DL.
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For the particular numerical case given, P = 7850 kg/m’. For SAE 30 oil at 20°C,
14=0.29 kg/m:s from Table 1.4. Then the formula predicts

V. _ peD(D, = D) _ (7850 kg/m*)9.81 m/s*)(0.02 m)(0.0204 - 0.02 m)
feomiaat Su 8(0.29 kg/m s)
0265 m/s Ans.
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Figure 1
From figure 2 above we have:
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2-b) 

2-c)
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Figure 2

[image: image19.png]Solution: The horizontal component of the force acting on the gate
Fyy = 7hcgA = (9790 N/m*)(I m)[(2 myiom) 1= 195800N

This force acts 2/3 of the way down or 1.333 m down from the surface (0.667 m
up from C). The vertical force is the weight of the quarter-circle of water above
gate BC:



[image: image20.png]Fy = 7(Vol)yyer = (9790 N/m*)[(7/4)(2 m)(10m) | = 307567N

F, acts down at (4R/37) = 0.849 m to the left of C. Sum moments clockwise about
point C:

> M =0=(2.8m) P -(195800N)(0.667m)-(307567N)(0.849m) =2.8P- 39772N
Solve for P = 139901N=139.901 kN



[image: image21.png]The resultant force passes through the center of the gate, so the vertical
component has no moment about C. The total moment about C is equal to
the moment of the horizontal component acting at the center.

0=(2.8m)P-(195780N)(2m) Solve for P .P:

9.9kN




3-a)
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The angle of the free surface with the horizontal is ( = 30o-tan-10.13=

The angle is positive so the acceleration is down.

tan(=dz/dx=-ax/(g+az), ax = a cos 30o, az =a sin30o
Maximum pressure is at A 
Draw a vertical line passing through A that intersect the surface at O

The pressure at A = ρgh, where h is the distance OA

OA/sin(60o+()=0.28/sin(90o-()

OA=

PA= 
3-b) There are two cases
[image: image23.png]< { (f /// /; Ay




Figure 3-a

Case 1: Stable equilibrium , when the floating body is tilted to the right, a couple is created due to the deviation between the lines of actions of weight and buoyant force. This moment restore the body to its original position when the metacenter, M, is above the center of gravity, G.(figure 3-a)

[image: image24.png]| (L) -M ’:) IL

eﬁ/z/ ) aa WA
¥ ' . ; -



[image: image25.png](: Vf v }L { \,"ﬂ ff) ¢
AT IS T /





Figure 3-b

Case 2: Unstable equilibrium , when the floating body is tilted to the right, a couple is created due to the deviation between the lines of actions of weight and buoyant force. This moment turn the body over to when the metacenter, M, is below the center of gravity, G.

1-c) 
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2-a) The compressibility of the fluid is given by: 
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the isentropic compressibility 
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2-b) Solution: The total beam volume is 3(.1)2 0.03 m3, and therefore its weight is W (0.65)(9790)(0.03) 190.9 N, acting at the centroid, 1.5 m down from point A. Meanwhile, if the submerged length is H, the buoyancy is B (9790)(0.1)2H 97.9H Newton, acting at H/2 from the lower end. Sum moments about point A:

[image: image36.png]XM, =0=(97.9H)(3.0— H/2)cos 6—190.9(1.5cos ),
or H(3-H/2)=2.925, solvefor H=1225m

Geometry: 3 —H=1.775 m is out of the water, or: sinf= 1.0/1.775, or 6= 34.3°
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FIGURE 4

2-c

 [image: image38.png]Solution: Let H = (h = 1 meter) be the
depth down to the level AB. The forces on
AB and BC are shown in the freebody at
right. The moments of these forces about B
are equal when the gate opens:

3 My =0=7H(0.2)b(0.1)
=(Zen(3)

346 m Ans.

“This solution is independent of both the water
density and the gate widih b into the paper.
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Figure 5

3-a) Solution

Part i) The cup contains 7 cm of coffee. The remaining distance of 3 cm up to the lip must equal the distance h/2 in next figure.. Thus
[image: image40.emf]
Solving we obtain

[image: image41.emf]
To compute the pressure, it is convenient to put the origin of coordinates r and z at the bottom

of the free-surface depression, as shown in Fig.. The gage pressure here is po=0, and

point A is at (r, z)= (3 cm, _4 cm). We can then evaluate 
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Figure 6

3-b)Center of Bouncy is the point of action of the up thrust acting on the floating or immersed bodies..

 A vertical line drawn upward from B_ intersects the line of symmetry at a point M, called the metacenter.

Stability of floating bodies
There are two cases
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Figure 7-a

Case 1: Stable equilibrium , when the floating body is tilted to the right, a couple is created due to the deviation between the lines of actions of weight and buoyant force. This moment restore the body to its original position when the metacenter, M, is above the center of gravity, G.(figure 7-a)
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Figure 7-b

Case 2: Unstable equilibrium, when the floating body is tilted to the right, a couple is created due to the deviation between the lines of actions of weight and buoyant force. This moment turn the body over to when the metacenter, M, is below the center of gravity, Figure 7-b

3-c)

c) ) i-
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ii) The flow will represent a physical flow if 
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 EMBED Equation.3  [image: image51.wmf]0
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The flow is a physical flow.

iii) 
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iv) The vorticity is given by : 
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4-a)i)
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Figure 7
 The maximum height Hmax is given from the relation;
Hmax = H sin2θ = 6.0x0.25 = 1.5 m;
The range R is given by the equation: 
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ii) The time to empty the tank is calculated as follows:
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4-b)

[image: image64.png]Solution:  Let “I” be at the reservoir surface
and *2” be at the nozzle exit, as shown. We
need to know the exit velocity:




As shown in Figure 8
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Figure 8
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Now apply the steady flow energy equation from (1) to (2):

> >
DU TP S L

pg 2 pe 2

or: 0+0+0:0+(31.12)2/[2(9.8])]+2+57hp, solve for h, =56.4 m.

The pump power  P= pgQhy = (998)(9.81)(220/3600)(56.4)
=33700 W=33.7kW Ans.




5-a)
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Figure 9

From the question:
[image: image68.png]dy =0152m 4 =001814m
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p=800kgim®

¢, =097





Apply Bernoulli:
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By continuity:
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ii)
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5-b)
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From the question A = 60 000 m2, Q = 0.678 h 3/2 
Write the equation for the discharge in terms of the surface height change: 
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Integrating between h1 and h2, to give the time to change surface level 
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From the question T = 3600 sec and h1 = 0.6m 

[image: image79.png]3600 = 17699115k - 0677
By = 05815m





Total depth = 3.4 + 0.58 = 3.98m
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