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QUESTION 1 [40]

a) Differentiate between the following: (10)

i.  Fluids and solids
ii.  Mass density and weight density
iii.  Gage pressure and absolute pressure
iv.  Dynamic viscosity and kinematic viscosity
v.  Fluid dynamics and fluid kinematics

b) State the Pascal’s laws, )

c) Define the following: (10)

1. Compressibility
ii.  Rheology
iii.  Metacenter
iv.  Viscosity index
v.  Metacentric height

d) State the condition of stability for i) submerged bodies, and ii) floating bodies 4)
e) Describe the principle of operation of the following devices: (12)
1.  Barometer

QUESTION 2 [10] ?

ii.  Standard Calibrated Glass Capillary Viscometer
iii.  Turbine flowmeter

iv.  Ultrasonic flowmeter

v.  Pilot tube

vi.  Hot-wire anemometer

PO = 30 RPB

a)

b)

The pressure of water flowing through a Bl Bl e i G
pipe is measured by the arrangement
shown in Fig. 1. For the values given, ™ Gage fluid
calculate the pressure in the pipe. (5) SG=24
Fig. 1: Questions 2

A circular plate 3.0 m diameter is immersed in water in such a way that its greatest and
least depth below the free surface are 4 m and 1.5 m respectively. Determine the
magnitude of the resultant force on one face of the plate and position of the center of
pressure. (5)
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QUESTION 3 [15]

The speed of propagation C of a capillary wave in deep water is known to be a function only
of density p, wavelength /, and surface tension o¢. Determine the functional relationship
between the propagation speed, and the independent variables using a) the first principle, and
b) the Buckingham n Theorem. c) For a given density and wavelength, how does the
propagation speed change (in percentage) if the surface tension is doubled?

QUESTION 4 [15]

Assuming frictionless, incompressible, one-dimensional flow of water through the horizontal
tee connection sketched in Fig. 2, estimate values of the x and y components of the force
exerted by the tee on the water. Each pipe has an inside diameter of 1 m.

Section (3) Sect;on (2)

Fig. 2: Question 4

QUESTION 5 [20]

Refer to Fig. 3. Water at 80°C (y = 9.53 x 10%, p = 971, and u = 3.5 x 10™*) is being pumped
from the tank at the rate of 475 L/min. Compute the pressure at the inlet of the pump. For DN
65 Schedule 40 steel pipe, inside diameter = 62.7 mm and flow area = 3.09 x 103 m2.

<t 115m
= i [ . - £‘| [ -.:. ?lep
Globe valve
A fully open
l Flow
P |
?’_’ ; DN 65 Schedule 40 stecl pipe C2h- m)
l 140m
G75m
=) _
H"” Standard elbows {2)
e )

Fig. 3. Question 5
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Friction factor in zone of complete turbulence for new,

Pipe Roughness — design values:
Material Roughness £ (m)

Glass smooth

Plastic 3.0x 107
Drawn tubing; copper, brass, steel | 1.5 x 10°
Steel, commercial or welded 4.6 x 10°
Galvanized iron 1.5x 107
Cast iron — coated 1.2x 107
Cast iron — uncoated 24x 107
Concrete, well made 1.2x 107
Riveted steel 1.8x 107

Resistance in valves and fittings expressed as equivalent
length in pipe diameter :

Equivalent Length
in Pipe Diameters
(LJ/D)

Globe valve — fully open

Angle valve — fully open 150
Gate valve — fully open 8
Gate valve — ¥open 35
Gate valve — Yopen 160
Gate valve — Yopen 900
Check valve — swing type 100
Check valve — ball type 150
Buttertly valve — tully open (2 — 8 n) 45
Butterfly valve — fully open (10 - 14 in) 35
Butterfly valve — fully open (16 - 24 in) 25
Foot valve — poppet disc type 420
Foot valve — hinged disc type 75
90° standard elbow 30
90° Jong radius elbow 20
90° street elbow 50
45" standard elbow 16
45° street elbow 26
Close return bend 50
Standard tee — flow through run 20
Standard tee — flow through branch 60

“Source: Cane Valves, Signal Hill, CA

Sudden Enlargement:

Nominal
pipe size
tin)

clean, commercial steel pi

Friction Nominal Friction
factor f; pipe size factor f;

(in)

0.027 3%4 [0.017

¥ | 0.025 510016

1] 0.023 6| 0.015

1% | 0.022 §-10 | 0.014

1% | 0.021 12-16 | 0.013

2 1 0.019 18-24 | 0.012
243 1 0.018

Eriction factor in zone of complete turbulence for new,

clean, commercial cast iron pipes: fy = 0,014

Sphere: 2
D> Cylinder: V' = L]
V=
6 y=H/2
y=D/2
Cube: V = H’® : _HBG
S H/2 Pyramld.V—--—3—
y=H/4
Rectangular 2
prism: Cone: V = i
V =HBG ~ 12
y=HI2 y=blid
Square: Circle: I =zD*/64
I.=H 412
Rectangle: Semicircle:
IC:BH3/12 I, =(6.86x10")D*
Triangle: Trapezoid:
I,=BH'/36 ; (G’ +4GB+B)
¢ 36(G + B)

Velocity v,
1.2 m/s 3 mfs 4.5 m/s 9 m/s 12 mfs

1.2 0.11 0.10 0.09 0.09 0.09 0.09 0.08
1.4 0.26 0.25 0.23 0.22 0.22 0.21 0.20
1.6 0.40 0.38 0.35 0.34 0.33 0.32 0.32
1.8 0.51 0.48 0.45 0.43 0.42 0.41 0.40
2.0 0.60 0.56 0.52 0.51 0.50 0.48 0.47
2.5 0.74 070 0.65 0.63 0.62 0.60 0.58
3.0 0.83 0.78 0.73 0.70 0.69 0.67 0.65
4.0 0.92 0.87 0.80 0.78 0.76 0.74 0.72
5.0 0.96 0.91 0.84 0.82 0.80 0.77 0.75
10.0 1.00 0.96 0.89 0.86 0.84 0.82 0.80

o 1.00 0.98 0.91 0.88 0.86 0.83 0.81

Entrance loss:

/D, K
0 0.50
0.02 0.28
0.04 0.24
0.06 0.15
0.10 0.09
=0.15 0.04

(well rounded)
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QUESTION 1 [40]

a) Define the following phrases: 8)

i.  Steady uniform flow

ii.  Steady non-uniform flow
iii.  Unsteady uniform flow
iv.  Unsteady non-uniform flow

b) Write the following equations: (10)

i.  Continuity equation

il.  Bernoulli’s equation

1. General energy equation

iv.  Impulse-Momentum equation
v.  Force equation

¢) Name and describe three common types of velocity probes. (6)

d) Describe the basic principle on which variable-head meters are based, and give
four examples of such meters. (6)

e) State the application of the follow flowmeters. (10)

1.  Rotameter
ii.  Turbine flowmeter
fii.  Ultrasonic flowmeter
iv.  Positive-displacement meter
v.  Magnetic flowmeter

QUESTION 2 [10]

Fig. 1 shows a gate hinged at its bottom and held by a simple support at its top. The gate
separates two fluids. Compute the net force and locate the center of pressure on the gate due
to the fluid on each side. Then compute the force on the hinge and on the support.

| T T |
Support
A u i ~ ]
S ~<—— Gate, 0.60 m wide
Pt ey
{ L S
| | T Tk g
‘ I
280m
r 250m |
% 20m
[ Oil
{ Water I 5 =090
| \
Hinge

Fig. 1. Question 2
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QUESTION 3 [20]

Refer to Fig. 2. All the surfaces are copper and the duct is horizontal.
Both 150 mm squarc outside

i

300 mm

Ry

<SES
%

et r

450 mm ———3

Fig. 2: Question 3

a) If each of the square tubes shown carries 0.75 m’/s of water at 90°C (y = 9.47x10%, p =
965, and u = 3.11x10*) and the thickness of the walls of the tubes is 2.77 mm. Compute:

i.  The Reynolds number of the flow of water,
ii.  The pressure drop over the length of 22.6 m.

b) Suppose glycerine at 40°C (sg = 1.26, and g = 3.0 ¥ 10" flows in the portion of the duct
outside the square tubes as shown in the figure. Compute

i.  The Reynolds number for a flow rate of 0.10 m%/s,
ii.  The pressure drop over the length of 22.6 m.

QUESTION 4 [10]

A venture tube shown in Fig. 3 is being used to measure the volume flow rate at 5°C (specific
weight = 9.81 x 10°, density = 1000, & dynamic viscosity = 1.52 x 10). The flow enter from
the left in a 120 mm diameter steel pipe. The throat diameter is 60 mm. The venture is rough
cast. The manometer fluid is mercury (sg = 13.54) and the deflection is 180 mm. Compute:

a) The velocity,
b) The volume flow rate,
¢) The mass flow rate in the pipe.

Hint: Use Fig. 4 to estimate the discharge coefficient.

Main pipe Throat Main pipe
seetion section section
1 3 3

e e B A < = — e e
\ 0 %y d S " SSE 4 + In}
i PR g i e MRS o0 ¥ a0 prai sy - i ¥ |
== i"ﬁn‘_ - i R . o iy

i

o, =21
i s I 74 5 15
i

Fig. 3: Question 4
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100

0.99

0.9%

0.97

o
>

(.96 7*

Discharge coefficient, C

{} 98

0.94

1.5 5 6 8 1.5 2 3 4 5 6 8
1ot 10° 1t

Pipe Reynolds number, Np
Fig. 4: Question 4

L )
2%
e
A

QUESTION 5 [20]

Linseed oil with a specific gravity of 0.93 enters the reducing bend shown in Fig. 5 with a
velocity of 3 m/s and a pressure of 275 kPa. The bend is in a horizontal plane. Calculate the x
and y forces required to hold the bend in place. Also calculate the total resultant force and the
direction in which it acts. Neglect energy losses in the bend.

75-mm inside diameter

-
Flow ot #) .

150-mm inside diameter

—_ /
30° ™~ I Y

4

Flow 1n

P

/
|

Fig. 5: Question 5

--000000--
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Friction factor in zone of complete turbulence for new,
clean, commercial steel pipes:

Pipe Roughness — design values:
Material Roughness £ (m)

Glass smooth

Plastic 3.0x 10~
Drawn tubing; copper, brass, steel | 1.5x 10
Steel, commercial or welded 4.6x 107
Galvanized iron 1.5x% 107
Cast iron — coated 1.2x 107
Cast iron — uncoated 2.4 x 107
Concrete, well made 1.2x 10
Riveted steel 1.8x 107

Resistance in valves and fittings expressed as equivalent

oth in pipe diameter :

Equivalent Length
in Pipe Diameters

(L/D)

Neminal Friction Nominal Friction
pipe size factor f, pipe size factor [,
(in) (in)

0.027 0.017

Ya | 0.025 510.016

11]0.023 6 | 0.015

1% | 0.022 §-10 1| 0.014

1'a ] 0.021 12-16 | 0.013

2 10.019 18-24 | 0.012

2143 ] 0.018

Eriction factor in zone of complete turbulence for new,

clean, commercial cast iron pipes: f; = 0.014

Globe valve — fully open 340
Angle valve — fully open 150
Gate valve — fully open 8
Gate valve — Yopen 35
Gate valve — zopen 160
Gate valve — Yaopen 900
Check valve — swing type 100
Check valve — ball type 150
Buttertly valve — fully open (2 — 8 in) 45
Butterfly valve — fully open (10 - 14 in) 35
Butterfly valve — fully open (16 - 24 in) 25
Foot valve — poppet disc type 420
Foot valve — hinged disc type 75
90° standard elbow 30
90° long radius elbow 20
90° street elbow 50
45° standard elbow 16
45° street elbow 26
Close return bend 50
Standard tee — flow through run 20
Standard tee — flow through branch 60

*Source: Cane Valves. Signal Hill, CA

Sphere: 2
2D Cylinder: ¥ =722
V=
y=D/2
Cube: ¥ = H* ..., HBG
?:H,”Z Pyramxd.V—T
v=H/4
Rectangular 2
prism: Cone: V' = L)
V =HBG _ 12
y= H/2 Y= H/4
Square: Circle: I, = D" /64
I =H 712
Rectangle: Semicircle:
I =BH"/12 I, =(6.86x107)D*
Triangle: Trapezoid:
I, =BH"/36 ; (G’ +4GB+B)
‘ 36(G+ B)

Sudden Enlargement:
Velocity v,
D,/Dy 0.6 m/s 1.2 m/s Imss 4.5 m/s

1.2 0.11 0.10 0.09 0.09 0.09 0.09 0.08
1.4 0.26 0.25 0.23 0.22 0.22 0.21 0.20
1.6 0.40 0.38 0.35 0.34 0.33 0.32 0.32
1.8 0.51 0.48 0.45 0.43 0.42 0.41 0.40
2.0 0.60 0.56 0.52 0.51 0.50 0.48 0.47
2.5 0.74 070 0.65 0.63 0.62 0.60 0.58
3.0 0.83 0.78 0.73 0.70 0.69 0.67 0.65
4.0 0.92 0.87 0.80 0.78 0.76 0.74 0.72
5.0 0.96 0.91 0.84 0.82 0.80 0.77 0.75
10.0 1.00 0.96 0.89 0.86 0.84 0.82 0.80

0 1.00 0.98 0.91 0.88 0.86 0.83 0.81

Entrance loss:

r/D, K

0 0.50
0.02 0.28
0.04 0.24
0.06 0.15
0.10 0.09
>0.15 0.04

(well rounded)
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