CONCORDIA UNIVERSITY- FACULTY OF ENGINEERING AND COMPUTER SCIENCE
DEPARTMENT OF MECHANICAL AND INDUSTRIAL ENGINEERING

COURSE NUMBER SECTION
FLUID MECHANICS 1 ENGR 361 T
EXAMINATION DATE TIME Rooms
XAM 1
EXAM February 4, 2014 11:45- 13:00 H-507
PROFESSOR

M. Paraschivoiu

SPECIAL INSTRUCTIONS:

Duration: 75 minutes

Instructions:  Calculators are permitted. Closed book, no notes or textbook permitted.
Answer all three questions.  Each question is worth 10 marks.
You MUST show all your steps in solving all problems!

Fluid properties:

Water:

p = 1000 kg/m’, y = 9800 N/m’, p = 0.001 N-s/m’

p = 1.94 slugs/ft’, y = 62.4 Ib/ft>, 1 =2.34x107 1b-s/ft>

Question 1 (10 points):

A 25 mm diameter shaft is pulled through a cylindrical bearing as shown in figure 1. The lubricant that fills the
0.3 mm gap between the shaft and the bearing is oil having a viscosity of 0.5 N-s/m?. Determine the velocity of
the shaft if the force P to pull the shaft is 280 N. Assume the velocity distribution in the gap is linear.

Bearing Lubricant

05 m——f

© John Wiley & Sons, inc. Al rights reserved.

Figure 1.
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Question 2 (10 points):

A suction cup is used to support a plate of weight /¥ as shown in Figure 2. For the conditions shown, determine
w.
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Figure 2

Question 3 (10 points):

The closed vessel of Figure 3 contains water with an air pressure of 10 psi (gage pressure) at the water surface.
One side of the vessel contains a spout that is closed by a 6 in diameter circular gate that is hinged along one
side as illustrated. The horizontal axis of the hinge is located 10 ft below the water surface. Determine the

minimum torque that must be applied at the hinge to hold the gate shut. Neglect the weight of the gate and
friction at the hinge.

10 psi

Air

6-in.-diameter

\ gate
3™\

4

Figure P2.67 (p. 88)

Fundamentals of Fluid Mechanics, 5/E by Bruce Munson, Donald Young, and Theodore Okiishi
Copyright ® 2005 by John Wiley & Sons, Inc. All rights reserved.

Figure 3
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2.76

2.76  The closed vessel of Fig. P2.76 contains
water with an air pressure of 10 psi at the water
surface, One side of the vessel contains & spout
that is closed by a &-in.-diameter circular gate that
is hinged along one side as illustrated. The hor-
zontal axiz of the hinge i locared 10 ft below the
water surfuce. Determine the minimum torque
that must be apphied at the hinge to hold the gate
shut. Neglect the weight of the gate and friction
at the hinge.
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CONCORDIA UNIVERSITY- FACULTY OF ENGINEERING AND COMPUTER SCIENCE
DEPARTMENT OF MECHANICAL AND INDUSTRIAL ENGINEERING

COURSE NUMBER SECTION
FLUID MECHANICS 1 ENGR 361 T
EXAMINATION DATE TIME Rooms
XAM 1
EXAM February 4, 2014 11:45- 13:00 H-507
PROFESSOR

M. Paraschivoiu

SPECIAL INSTRUCTIONS:

Duration: 75 minutes

Instructions:  Calculators are permitted. Closed book, no notes or textbook permitted.
Answer all three questions.  Each question is worth 10 marks.
You MUST show all your steps in solving all problems!

Fluid properties:

Water:

p = 1000 kg/m’, y = 9800 N/m’, p = 0.001 N-s/m’

p = 1.94 slugs/ft’, y = 62.4 Ib/ft>, 1 =2.34x107 1b-s/ft>

Question 1 (10 points):

A 25 mm diameter shaft is pulled through a cylindrical bearing as shown in figure 1. The lubricant that fills the
0.3 mm gap between the shaft and the bearing is oil having a viscosity of 0.5 N-s/m?. Determine the velocity of
the shaft if the force P to pull the shaft is 280 N. Assume the velocity distribution in the gap is linear.

Bearing Lubricant

05 m——f

© John Wiley & Sons, inc. Al rights reserved.

Figure 1.
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Question 2 (10 points):

A suction cup is used to support a plate of weight /¥ as shown in Figure 2. For the conditions shown, determine
w.
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Figure 2

Question 3 (10 points):

The closed vessel of Figure 3 contains water with an air pressure of 10 psi (gage pressure) at the water surface.
One side of the vessel contains a spout that is closed by a 6 in diameter circular gate that is hinged along one
side as illustrated. The horizontal axis of the hinge is located 10 ft below the water surface. Determine the

minimum torque that must be applied at the hinge to hold the gate shut. Neglect the weight of the gate and
friction at the hinge.
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6-in.-diameter

\ gate
3™\

4

Figure P2.67 (p. 88)

Fundamentals of Fluid Mechanics, 5/E by Bruce Munson, Donald Young, and Theodore Okiishi
Copyright ® 2005 by John Wiley & Sons, Inc. All rights reserved.

Figure 3
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2.76

2.76  The closed vessel of Fig. P2.76 contains
water with an air pressure of 10 psi at the water
surface, One side of the vessel contains & spout
that is closed by a &-in.-diameter circular gate that
is hinged along one side as illustrated. The hor-
zontal axiz of the hinge i locared 10 ft below the
water surfuce. Determine the minimum torque
that must be apphied at the hinge to hold the gate
shut. Neglect the weight of the gate and friction
at the hinge.
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CONCORDIA UNIVERSITY- FACULTY OF ENGINEERING AND COMPUTER SCIENCE

DEPARTMENT OF MECHANICAL AND INDUSTRIAL ENGINEERING

COURSE NUMBER SECTION
FLUID MECHANICS 1 ENGR 361 AA

EXAMINATION DATE TIME Rooms

EXAM2 June 12, 2014 14:45-16:00 H-531 & H-535

PROFESSOR

M. Paraschivoiu

SPECIAL INSTRUCTIONS:

Duration: 75 minutes
Instructions:  Calculators are permitted. Closed book, no notes or textbook permitted.

Answer all three questions.

You MUST show all your steps in solving all problems!

Each question is worth 10 marks.

Last name:

First name:

Signature:

I.D.:

Fluid properties:

Water:

Question 1
Question2 | |
Question3 |
Total [

p =999 kg/m’, y = 9800 N/m’, i = 0.001 N-s/m*
p = 1.94 slugs/ft’, y = 62.4 Ib/ft’, p =2.34x107 1b-s/ft>

Gravity:
g=9.81 m/s®
g =32.2 ft/sec’

l|Page
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Question 1 (10 points):

The pressure drop in a venturi meter (Figure 1) varies only with the fluid density, pipe approach velocity, and
diameter ratio of the meter. A model venturi meter tested in water shows a SkPa pressure drop when the flow
velocity is 4 m/s. If the flow rate is 9 m*/min what is the pipe diameter at the constriction (location 2)?

Note: P, =13600 kg /m’

Answer:

G\s
D

- 5.1

2|Page
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Question 2 (10 points):

Oil (SG=0.88) flows in an inclined pipe at a rate of
8.5 m*/min as shown in Figure 2. If the differential
reading in the water manometer is 0.9 m, calculate
the power (in kW) that the pump supplies to the oil

if viscous losses are negligible.
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Question 3 (10 points):

Water flows through a horizontal, 180° pipe bend as Z

illustrated in Figure 3. The flow cross-sectional area

is constant at a value of 9000 mm®. The flow

velocity everywhere in the bend is 15 m/s. The

pressures at the entrance and exit of the bend are

210 and 165 kPa, respectively. Calculate the

horizontal (x and y) components of the anchoring

force needed to hold the bend in place.

Figure 3

Answer:

4|Page
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£.40

5.0 Water flows through a horizontal, 180° pipe bend as is il-

lustrated in Fig. P5.40. The flow cross section area is constant at s z
a value of 9000 mm?. The tlow velocity everywhere in the bend is

15 m/s. The pressures at the entrance and exit of the bend are 210

and 165 kPa, respectively. Calculate the horizontal (xand y) com-
ponents of the anchoring force needed to hold the bend in place. Az
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CONCORDIA UNIVERSITY- FACULTY OF ENGINEERING AND COMPUTER SCIENCE
DEPARTMENT OF MECHANICAL AND INDUSTRIAL ENGINEERING

COURSE NUMBER SECTION
FLUID MECHANICS I ENGR 361 AA

EXAMINATION DATE TIME Rooms

FINAL EXAM

L July 2,2014 9:00- 12:00 H-429 & H-435

PROFESSOR

M. Paraschivoiu

SPECIAL INSTRUCTIONS:

Duration: 180 minutes

Instructions:  Calculators are permitted. Closed book, no notes or textbook permitted.
Answer all five questions. Each question is worth 20 marks.

You MUST show all your steps in solving all problems!

Last name:

First name:

Signature:

I.D.:

Questo 1

Queson 2

Question3 | |
Question 4

QuestionS |
Total |

Fluid properties:

Water:

p =999 kg/m’, vy = 9800 N/m’, = 0.001 N-s/m*
p=1.94 slugs/ft’, y = 62.4 Ib/ft’, p =2.34x107 1b-s/ft*

Gravity:
g=9.81 m/s’
g =32.2 ft/sec’
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Question 1 (5 points each correct answer): Write the letter of the corresponding correct answer in the answer
box. Only one letter in the box is accepted.

In order to produce the greatest increase in the flow rate of water through a cylindrical pipe that connects two

large reservoirs located at different elevations:
A) the length of the pipe must be increased
B) the radius of the pipe must be increased
C) the roughness of the pipe must be increased
D) the friction factor of the pipe must be increased

E) a turbine must be added

ANSWER: B

The outlet of a large reservoir of water is changed from a depth h to a depth 4h from the surface of the water.
What is the effect of this change on the velocity of the water leaving the reservoir?

A) has no effect on velocity

B) increases the velocity by 2

C) increases the velocity by 4

D) increases the velocity by 8

E) increases the velocity by 16

ANSWER: P)

ENGR361: Sample - Final Exam



Water flows through a venturi meter placed in a pipe. The entrance is identified as location 1 and the
constriction is location 2. Assume friction losses to be negligible.
Which of the following statements is incorrect?

A) The pressure at 1 is higher than the pressure at 2.

B) The flow rate depends on the diameter at the constriction (location 2).

C) The pressure difference between 1 and 2 depends on the flow rate.

D) The pressure difference between 1 and 2 depends on the velocity at 1.

E) The pressure difference between 1 and 2 depends on the ratio of diameters of the pipe and constriction.

ANSWER: |

Water flows downwards into the atmosphere as a free jet of diameter d. Due to surface tension the pressure

inside the jet will be slightly higher than the surrounding atmospheric pressure. Determine the difference in
pressure as a function of surface tension ¢ and jet diameter d.

A) The pressure difference is o/d.

B) The pressure difference is 2c/d.

C) The pressure difference is 4o/d.

D) The pressure difference is 0.5¢/d.

E) None of the above.

ANSWER:|

Page 3 of 10
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Question 2 (20 points):

The right angle gate is hinged at C and holds water
as shown in Figure 1. Calculate the force P needed
to hold the gate such that point B is located at 5 m
from the bottom and the surface of water is at 10 m
from the bottom. The width of the gate is 2 m (into
the page). Neglect the weight of the gate.

Note: I, = 1—12—ba3 for a rectangular plate.

Figure 1

A= A800x2.S x2 02x2
- 244 KV

M
\
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Y¢ KW

Pxio _F (2.35) —F(>.535) —Fy (2,354 )
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Question 3 (20 points):

Air flows into the atmosphere from a nozzle
and strikes a vertical plat as shown in Figure
2. A horizontal force of 12 N is required to
hold the plate in place. Assume the flow to be
incompressible with p = 1.2 kg/m’ and
frictionless.

a. Calculate the reading on the pressure

gage. Area = 0.01 m? il
b. Calculate the horizontal force on the l
nozzle due to the flow of air. Figure 2.
6 y‘éf~/ux7¥(\m
1 / [ —
[ - $7.9
C\\ ?:SV?‘A Y V.(i ~ l/\z_ 4 ’h«/{)
ea .2 x0602
C@m““m"\"‘?/ A
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A 0.0\
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Y pV
?\?i?v\ ‘:f)?_i'&fz
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L) . (572.9%- /23 )
'. V. —-V ) N N :
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?} - [820 o
©) o~ F = gV tA, 49V, A
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F . (k20(0o0l) + 1 2x123Ex00] | 21xST9.A%x0

~
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Question 4 (20 points):

The capillary rise (h) of a liquid in a tube is dependent on surface tension (o), the fluid density (p), the tube

- diameter (d), gravity (g) and the contact angle (0).

a) Determine a set of dimensionless groups for this problem.

b) If the capillary rise /; is known for a given experiment, what will /4, be in a similar case if the diameter d
and surface tension o are reduced by half of the original value, the density p is doubled and the contact

angle contact angle 6 remains the same? Note: show that the two cases are similar and then derive a

relation between A and A;.

s

( )] .
O olee JT{ A

Page 7 of 10
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Question 5 (20 points):

Water flows in the pipe shown in figure 3. The pipe
is smooth and the specific gravity of Mercury is
13.6.

Calculate the volumetric flow rate in this pipe.

Recall that the major head loss in pipe flow is given
in term of friction factor as:

LV?
h, = f=
Lmajor szg
i Mercury
. Figure 3 ‘ U2 (.}v
[}Wkgmo e
O L PR S
Dox3i 2 2 x3, oSk My 4 g
4 > b

W’M"’M’] .
Voo |2y ¥5 ve 47 SH Jocc
Voo « L
v 4
Re ~ VO _ .92 10
s~ | )|
: — ¢ etomrenged
’f: =~ 0. 0| \/,\ ;L\(,,Gl S R&’ = QC 0 M & .
0.0\
o T )2 Page 8 of 10
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Moody Diagram
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CONCORDIA UNIVERSITY- FACULTY OF ENGINEERING AND COMPUTER SCIENCE
DEPARTMENT OF MECHANICAL AND INDUSTRIAL ENGINEERING

COURSE NUMBER SECTION
FLUID MECHANICS | ENGR 361 EAto EG

EXAMINATION DATE TIME Rooms

EXAM1 October 3, 2015 13:00- 14:15 H-535 & H-937

PROFESSOR

M. Paraschivoiu

SPECIAL INSTRUCTIONS:

Duration: 75 minutes

Instructions:  Calculators are permitted. Closed book, no notes or textbook permitted.
Answer all three questions.  Each question is worth 10 marks.
You MUST show all your steps in solving all problems!

Last name:

First name:

Signature:

1.D.:

Tutorial Section:

Question 1

Question2 | |

Question3 | |
Jotal |

Fluid properties:

Water:

p =999 kg/m?, y = 9800 N/m?, = 0.001 N-s/m?

p = 1.94 slugs/ft’, y = 62.4 Ib/ft>, p =2.34x107 Ib-s/ft*

Gravity:
g = 9.81 m/s*
g = 32.2 ft/sec®

Atmospheric pressure:
Pam = 14.7 psi or 2120 psf




Question 1 (10 points):

The space between two 6 in.-long
concentric cylinders is filled with
glycerin (viscosity = 8.5 x107 Ib-s/ft?).
The inner cylinder has a radius of 3 in.
and the gap width between cylinders is
0.1 in. Determine the torque and the
power required to rotate the inner
cylinder at 180 rev/min (6x rad/s). The
outer cylinder is fixed. Assume the
velocity distribution in the gap to be
linear.

Figure 1.

Fixed
outer
cylinder

Liquid T /
\ "

Rotating
inner ¢
cylinder
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Question 2 (10 points):

Water on the left side of a right-
angle gate keeps the gate close due
to a block as shown in Figure 2.
Neglect the mass of the gate. The
gate has a width of size 1 m.

a) Calculate the vertical force
on the hinge.

b) Calculate the horizontal
force on the hinge.

Figure 2







Question 3 (10 points):

Compartments A and B of the tank shown in Figure 3 are closed and filled with air
and a liquid with a specific gravity equal to 0.6. Determine the manometer reading,

h, if the atmospheric pressure is 14.7 psi and the pressure gage reads 0.5 psi.
Neglect the effect of the weight of the air. Figure 3

@ 0.5 psi

Open
e
pir T
h
1k [H| |
0.1ft
Water.] 11—
Liquid
A B (SG=0.6)

Mercury (SG = 13.6)



(a)

4R
3r

(c)

B FIGURE 2.18

(b)

_ab _bd
e d— =2 g -t

_ nR?
A 4

1, =1, =0.05488R*

1,.=-0.01647R*

(e)

Geometric properties of some common shapes.



CONCORDIA UNIVERSITY- FACULTY OF ENGINEERING AND COMPUTER SCIENCE
DEPARTMENT OF MECHANICAL AND INDUSTRIAL ENGINEERING

COURSE NUMBER SECTION
FLUID MECHANICS | ENGR 361 EA to EG

EXAMINATION DATE TIME Rooms

EXAM?2 November 14, 2015 13:00- 14:15 H-535 & H-937

PROFESSOR

M. Paraschivoiu

SPECIAL INSTRUCTIONS:

Duration: 75 minutes

Instructions: Calculators are permitted. Closed book, no notes or textbook permitted.
Answer all three questions.  Each question is worth 10 marks.
You MUST show all your steps in solving all problems!

Last name:

First name:

Signature: 1.D.:

Tutorial Section:

Question 1

Question2 | |

Question3 | |
Jotal | |

Fluid properties:

Water:

p = 1000 kg/m®, y = 9800 N/m®, pn = 0.001 N-s/m?

p = 1.94 slugs/ft®, y = 62.4 Ib/ft*, u =2.34%x10" Ib-s/ft?

Atmospheric pressure:
Pam = 14.7 psi or 2120 psf




Question 1 (10 points):

A 3-in-diameter horizontal jet of water strikes a flat plate as indicated in
Figure 1. _ T
a) Determine the jet velocity if a 10-1b horizontal force is required 3in.
to allow the plate to move at a constant speed of 10 ft/s to the

right.

F,=101b
-

b) Calculate the power (P) generated by the jet on the moving plate.

>
10 ft/s

Figure 1



Question 2 (10 points):

Water flows upwards as a free jet from a circular 6 inch diameter pipe as shown in Figure 2a. The exit speed is
16 ft/s and the jet reaches a height h from the exit plane. Assume that viscous effects are negligible and that the
flow is steady.

a) Determine the height h?

b) What is the value of z if the pipe is rotated by 10° as shown in figure 2b)?

\ V|= 16 ft/s

<ain. diameter

Figure 2a) Figure 2b)



Question 3 (10 points):

Water is to be pumped from the large tank shown in figure 3 with an exit velocity of 6 m/s. It was
determined that the original pump (pump 1) that supplies 1 kW of power to the water does not
produce the desired velocity. Hence, it is proposed that an additional pump (pump 2) be installed
as indicated to increase the flow rate to the desired value. How much power must pump 2 add to
the water? The head loss for this flow is h, = 250 Q% where h,_is in (m) and Q is in (m*/s).
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Figure 3.






