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1-a) i) Thixotropic fluids: for which the dynamic viscosity decreases with the time for which shearing forces are
applied. e.g. thixotropic jelly paints.

Rheopectic fluids: Dynamic viscosity increases with the time for which shearing forces are applied. e.g. gypsum
suspension in water.
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ii) Surface tension is a phenomena that makes the interface between two fluids or between liquid and water behaves as
elastic membrane.

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/) Potential flow: Flow whose vorticity equal zero or Curl V=0

vi) Fully developed fluid: at certain distance from the entrance of the pipe, when the boundary layer reaces the center of
the pipe the flow is called fully developed.

vii) Boundary layer : narrow region adjacent to the surface where the effect of the solid surface appears.

viii) Entry length: distance from the entrance of the pipe to the first section at which the flow becomes fully developed.
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b) We find first the viscous torque (T) required: {:._g ~0
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T =0.1822N.m
power =T.Q =1.4577watt

c) Capillary rise or depression is given by the equation h = 4 ¢ cos(0)/( p gd)
h=-3.935 mm

depression

2-a)
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Figure 2
From figure 2 above we have

P, =14.5psi = lbar =10’ Pa

PA + pBenzeneg(O'z) - pHgg(OOS) - pkeroseneg(0‘32) + pwg(026) = PB

2Py =10"+881x9.81x0.2-13600x9.81x 0.08 — 0.804x9810 x 0.32 + 9810x0.26
- Py =91082Pa = 0.91082bar

- Py =13.20688 psi
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Water at 20°C

_—String

The weight of the rod is acting at the middle of the rod (C.G).

The up thrust R is acting upward at the middle of the immersed portion of the rod. Assume the tension T in the string.

From the equilibrium of forces R=W s + T >W_ 4 = 0,04V 04 9> R = Pyater X0.8V 4 9 . Assume that the rod is
making an angle 0 with the horizontal and taking the moment about the lower end of the rod we get

Lred__ .64

water

—>W, 4 X2.5c0s0=Rx2¢c0s0 = — 2.50,,4V0d 9 = 20ater X0.8V,y J —

The tension in the string T = R- Word = %(0.08)2 x4x1000%9.81— %(0.08)2 X5%X640%9.81 = 39.448N



3-a) i-

V =10x’i — 20xyj+ 100tk
V =ui+ vj+ wk >— u=10x>,v = —20xy,w =100tk

At the point (1,2,5) and time t=0.1sec, the velocity is;

V =10i —40j +10k

the accelerationa =a i+a j+ak

a, = @+u@+ v@+ Wa_u ——a_=0+(10x")(20x) +—-20xy(0)+100t(0) = 200x’
ot ox oy oz

a,= %-‘FU?-F V%eréﬂ —>—a, =0+ (10x%)(-20y) + —20xy(-20x) + 100t(0) =
X z
—200x*y +400x*y = +200yx>

a =W O e 100+ (10x7)(0)+—20xy(0)+100t(0) = 100

ot OX oy 0z
At the point (1,2,5) and time t=0.1sec, the acceleration is;

a, =200,a, =400,a, =100 — a = 200i + 400+ 100k

At time t=0

V =ui+vj+wk 5> u=10x%,v=-20xy,w =0
dy _v_ 1= _ x
dx u —-20xy 2y
2ydy + xdx =0 — y? +ﬁc m = 45

ov Ou
iii) The vorticity is given by : — —— = —20y - 0 = -40S™

ox Oy
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The maximum height H,,,, is given from the relation;

Hypex = H sin’0 = 6.0x0.25 = 1.5 m;
The range R is given by the equation: R = 2Hsin260 — R = 2% 6 xsin60°

R =6+/3 =10.392m
i) The time to empty the tank is calculated as follows:

-AT%:CdAO 2gh —>dt=—

A, dh
CAJz_x/ﬂ

I 2A\/_
CA\/_g CA\/_

— t=737.34sec

T
L g,

Applying Bernoulli equation between point a and the exit section 2

2

V, =./2gh; and from the continuity equation V, = (% , = %1/2gh
1

And applying Bernoulli equation between point 1 and 2

2 2
P, +V—2+Z2 :&+#+Z1
A 29 A9 29
101325 Fha0= 2340

+7.1111111h +0
9810 0

h=1.65113m
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Applying Bernoulli equation between 1 and 2
2 2
P +—+z +h, = by +—+z
pg  2g pg 2g
hp _ P, — P +V22 _V12
A 29
The changes in z is negligible; i.e z, =z,
V, = Q =2.4888m/sec,

A

o,

V, = Q =22.4m/sec
A

[

Assume the x-direction is normal to the plate and opposite to F, and the y-direction is parallel to the
plate and in the direction of Q;.



There is no force acting on the plate in the y-direction; the only force is normal to the plate as shown
in the above figure.

V, = Q =2.4888m/sec,
Al
Q

V, =—=22.4m/sec
AZ

h =28.5423+25.25725=153.8m

p

Pump power = 8356.4 Watt
=11.356 HP

90° elbow

Sluice valve-.

Figure 7
1
The speed of flow inside the pipe is given by v = % = ?)012 =2.122m/sec
2
4

The total length of the pipe is L = 10 + 20 + 100v2=171.14m

2

The losses at the pipe outlet is ;—
g

Assume z; at pump outlet is 0, so z; is 110 m
Applying the energy equation h =z,—z +h +h , where h;is the friction losses given by:
2

2
h, = EV— and h_ is the local losses given by: h = (k, +kg, +k, +1) x
D 2g 2g
2 2
h, ==Y 982 m,and h_ = (k, +ky+k, +1)x" = 0.6334m
D 2g 2g

h =z,-z +h,+h_=110+9.82+0.6334 =120.453m

p
Pump horse power = 19.694 kW
Brake horse power = 24.61767 kW

b) We have m = 7 physical parameters : deflection , 0 , wire length |, speed of fluid ,v , diameter of wire ,d,
fluid density ,p , fluid viscosity ,u, and modulus of elasticity ,E.

We have n=3 (three basic dimensions L, M, and T).

Dimensions of the physical parameters:



J: lL L

1:[L]

viLT]

p: [ML’3]

MLt

d:[L]

E:[MLT?]
We have m-n=3 = groups =n,,n,,n,7,,1.e ®(n,n,,n,,7,)=0
Choose p,l1,v as repeating variables ,
(m, = p 1" v, 1, =dp®1°ve my = up®17 v, z, = Ep1Pv®)

For m, =" 1"ve —ML°T® =[L]mL [ [L] LT [

ForM »0=a, »> a, =0
ForL -0=1-3a;+ b, +¢,=1+b, +cC,

ForT 0=0-¢;-— ¢, =0 >, :?

“For m, =Qp“N"D* - M°L'T’ = [T [ML>[* [T ]*[L}
ForM -0=0+a,—> a, =0
ForL -0=3-3a: ¢, > ¢, =3
Q
DN’
“For m, = ghp"N"D> — M°L°T° = [>T ML [* [T ]*
ForM -0=0+a;—> a; =0
ForL -0=2-3a3:¢;—> ¢, =-2

ForT -50=-1-b;j-—> b, =-1 -, =

ForT -50=-2-b;-—> b, =-2 »n,= Ngz—}];z so we have three non-dimensional grouping:
P Q gh



