AMEE 202
Introduction to Fluid Mechanics

Instructor: Marios M. Fyrillas
Email: m.fyrillas@fit.ac.cy

Homework Assignment on
Basic Units and Viscosity

1. Complete the following table

Definition in
Property/ Greek Symbol Units/ Equation
Quantity (optional) definition
distance améoTaon X m
) dimensionless arc length
angle ywvid 0 —_—
radius
imet . P rectangle = 2(a + b)
perimeter TTEPIMETPO m
> circle =27R =7nD
rectangle = a x b
area Eupadd A 2 2
P m circle = 7R? = 7 —
4
cube = a*
rectangular prism = / xw x h
Volume OYKOG 1~ m? cylinder = 7R%h
sphere= é7ZR3
3
mass Mala m kg NA
: . kg m
densit oTnTa P — —
ity TTUKVOTNT o~ v
: . s dx
velocity TaxUTNTO V,u m/s Tt
Angular Fwviakn o 1s do
velocity TaxuTnTa dt
: i m oU
acceleration | emTdyuvon a 2 St



mailto:m.fyrillas@fit.ac.cy

Force duvaung F kg x m/s? F=ma
Torque poTN T N-m F-s
. . . ki
viscosity 1IEWOEG H m_gs
I:shear
4 N A H
Shear stress Alo_(lfggnm T — du
d m yd— (for Newtonian fluids)
y
N F
Pressure Micon p F:Pa K“
Pressure p
h=-"
Head horH m 9
Energy Evépyeia W E _ 1
Work Epyo ) J F -s, mgh, 5 mu
Power loxug P wW W/t, F-u, T-w
Reynolds Ap1BudS Re dimensionless pub _ub
number Reynolds Y7 14
V- = uA where
A = x-sectional area,
component of velocity
Volumetric | OyKOMETPIKA - . u= normal to the
; - or
Flow Rate TTapPOXr Q m-/s x-sectional area
Assumptions:
1. Uniform Flow
2. Constant Density
m = p¥- where
Mass Flow Mapoxn . ka/s _ it
Rate pagag m g {'0 = density
- = see above




The Reynolds number (Re) is defined as:

Re=2YP
y7]

where p is the density, V is the velocity, D is length and x is the

viscosity.

a. Determine its units

b. Express it in terms of the dynamic viscosity (v).

c. A Newtonian fluid having a viscosity of x=038N-s/m* and
p=910kg/m® flows through a pipe with diameter D =25mm and velocity
of 2.6 m/s. Determine the value of the Reynolds number.

kg m
AND mg™ o
a. Re= = kg = unitless, Reynolds number has no units, i.e dimensionless
H ™
m-$

b.v=£= U=Vp

Substitude in expression for Reynolds number Re = VD = vb
vp v
c Rec pVD _910-2.6-0.025 _156

L 0.38



3. The Figure shows a small element of surface area of an airfoil.

Arbitrary
surface
oF,
Write the expression for the normal stress. SA
oF, _ OF,
Write the expression for the shear stress. SA Y SA
oF,
Write the expression for the pressure acting on the surface. SA
Only normal
What kind of stresses do you expect to observe in a static | stresses
fluid?
_du
Write the expression for the shear stress in a Newtonian fluid. | *~ ”@




4. Let two layers of fluid be dragged along by the motion of an upper plate as
shown in the Figure. The bottom plate is stationary. The top fluid puts a
shear stress on the upper plate, and the lower fluid puts a shear stress on
the bottom plate. Determine the ratio of these two shear stresses.

l=— 3 m/s —=
L."
Fluid 1 0.02m iy =0.4N-s/m?
Fluid 2 0.02m Uy =0.2N-s/m?
|
=2 m/s—~]
Two layers of fluid in a rectangular channel
du 2-0
= —==02——=20
Y 0.02
du, ., 3-2 R
0.4 =20

1=y =000



5. Consider two parallel plates filled with oil with viscosity x# =0.5N-s/m* and

moving with the velocities indicated. Assume the velocity distribution in the
gap to be linear. Find the shear stress.

Ui=2m/s
—-

b g
(

U2=3 m/s

I




6. A piston with diameter D=50mm and length I=75mm long, moves
vertically in an open-ended lubricated cylinder with a radial clearance of
0.1 mm. When falling due to its own weight, the piston moves through 30 mm
in 4.2 s at a steady velocity. When a mass of 0.05kg is added to the piston,

it moves with steady velocity through the same distance in 2.4s. Calculate
the viscosity of the oil and the mass of the piston.

(L
AN

0.1 mm

a. If the piston is moving with velocity V, then the fluid
within the radial clearance will experience shearing stress.
The layer next to the piston will move with velocity V and

the layer next to the cylinder will not move.

ou_ vV-0_V

shearing stress 7 = du o4
Hay ™ sy T 0 T

b. The shear stress is also equal to 7 = % where F is the downwards

force and A the area of the curved surface of the cylinder:

T= mg_
2zrh
Hence _mg__ ,u\i
2zrh b
Casel
Cylinder moves due to its own weight
_ox_003_ 0.007143 m/s
ot 4.2

m-9.81 0.007143
_ M= 0.0858
£-0.05-0.075  “ 0.0001 = [m = 0.0858]



Case 2
Cylinder moves due to an additional weight
_ox _0.03

=—=—""=0.0125m/s
St 2.4

(m+0.05)-981 _ 00125 _ rmre 6541502,
0.0118 0.001

Combine the last two equations

00858+ 0.05 = 0.1502 = y2 = 0.777 ¥
ms



7. The velocity distribution for the flow of a Newtonian fluid between two wide,
parallel plates is given by the equation

{ )

d. Which point corresponds to the velocity V ?
e. What is the maximum velocity?
f. If the fluid is water determine the shear stress at the wall.

a. To find which point corresponds to velocity V
setu=V

2 2
v=> 1—(1j - (l) _1-22io Ly
2|7 n h 33 3

b. To find the maximum velocity differentiate au and set to zero

dy
g_u = —% =0= y =0 in agreement with the velocity profile.
y
S TR 7



8. The viscosity of liquids can be measured through the use of a rotating
cylinder viscometer of the type illustrated in the figure. In this device the
outer cylinder is fixed and the inner cylinder is rotated with an angular
velocity, o. The torque T required to develop @ is measured and the
viscosity is calculated from these two measurements. If the liquid under
testing is water determine the torque developed if
®=200rpm, /=15cm, R, =7cm, R, =6.5cm. Neglect end effects and assume

the velocity distribution in the gap is linear.

Fixed
outer
cylinder

Liquid T /
w

=

Rotating
inner ¢
cylinder

If the cylinder is rotating at constant speed it implies that there is a balance of
forces (torques). So, the torque acting on the shaft must balance the torque
due to the shear stress acting on the surface of the cylinder. This force

H dU 5“ Vinner cylinder _Vouter cylinder CORi - 0 COR
|sequalt01:yazy5:y , . :ﬂR—R :'UR—R

inner ~ "outer

The total force acting on the cylinder is equal to the shear stress multiplied by the
outer area of the cylinder
oR;

F=rA= 27R 4
TASHE R
The torque due to this the force (the moment arm in this case is R,) is
T=FR =u R, 27R./R, =0.00115 200-27 __ 0.065 27-0.065-0.15=0.0012 Nm
R, —R 60 0.07-0.065
20027

P=T xw=0.0012
60

10



9. Consider two concentric cylinders filled with oil with viscosity
1 =05N-s/m*. The inner cylinder has radius of R=7.6cm and the gap width

between cylinders is R -R=25mm. The outer cylinder is rotating with

o =18.85rad/s. If the inner cylinder is rotating in the opposite direction with
the same angular velocity determine:

a. The shear stress on the inner cylinder

b. The torque required.

c. The power required.

Assume the velocity distribution in the gap to be linear.

Ri
¥ ] 4 o =18.85 rad/sec
w RO
/=5cm
Similar to the previous exercise the shear stress
iS equal tO r= #d_u ~ ,Llﬂ — ﬂvinnercylinder _Vouter cylinder — a)Ri + G)Ro — /,l CO(RI + Ro)
or rinner - r-outer I:zi - Ro I:zi - Ro

The total force acting on the cylinder is equal to the shear stress multiplied by the
outer area of the cylinder

F:z’A:ﬂMZﬂ-Rif

The torque due to this the force (the moment arm in this case is R,) is

T=FR = uWwﬁwRi

11
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