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CHEE 314: Fluid Mechanics

Dear U2s,

This course pack contains past midterms, quizzes and final exams to help you study for CHEE 314:
Fluid Mechanics. As amazing as it sounds, you should ONLY come to this course pack for additional
practice problems. You have a great instructor and an easy-to-read textbook, which should be your first
points of reference. Make sure you attend all of the lectures because CHEE 314 is a very math-

intensive class and Professor Maric provides you with tons of examples to understand the concepts.

Engineering isn’t easy, but you wouldn’t be here if it was. Very few people become high
achieving students overnight. Work hard and you will get your desired outcome at the end.

Some caveats about this course pack:

e Instructors for CHEE 314 have changed throughout the years so ALL the questions in this
course pack are not from Professor Maric. Therefore, please do not come to him with any
concerns about the course pack. He has made it very clear that he will not endorse and
bear any responsibility for this course pack.

e The ChESS council is not responsible for the correctness of the solutions and they may
not be complete. If this is the case, compare with your classmates. Also keep in mind that
at times, there may be more than one way to find the correct solution.

Some tips to success:

e Do not cram before your exams! Instead, try to keep up with the class and spread out your
studying.

e Sit down and do all of the assigned problems (preferably by yourself first then compare
with your friends). Make sure you understand every problem.

e For the midterm and quizzes, try to do as many problems as you can from the book
exercises. They are great practice.

e Follow the units, sometimes they can give you great hints about problems.

e What's open to atmosphere is atmospheric pressure (if this doesn't make any sense to you
now, don't worry)

Keep an eye out for ChESS activities throughout the year such as (possibly) Apartment Crawl,
Banquets, Ski Trip, Blues Pub, etc. These events are a great way to take a break and meet
students in different years. As always, if you have any questions, please email me at
chess.vpacademic@mcgilleus.ca.

Good luck!

Cheers,
Thinh Bui
ChESS VP Academic 2021-2022



Centroids of Common Shapes of Areas and Lines

Shape X ] Area
Triangular ¢ h bh
riangular area 3 B
Quarter-circular 4r 4r m?
area 37 37 4
Semicircular area 0 #L ar?

37 2

Semiparabolic 3a 3h 2ah
area 8 5 3

Parabolic area 0 3h Sl

5 3
—

Parabolic span- 3a 3h ah
drel 4 10 3
L . 2r sin o 2

Circular sector Sy vone 0 ar

Quarter-circular 2r 2r ar
arc T 7 2

Semicircular arc 0 %:: 7

I
Arc of circle Ls—iaﬂ—oi 0 2ar

Taken from Mechanics of Materials
Beer & Johnson McGraw-Hill 1989




Moments of Inertia of Common Geometric Shapes

:x' = f;bh?
= =b3h
Rectangle I, = ibh?
I, = ib%h
Jo = &bh(b? + h?)
; I, = 4bh3
Triangle L& Abh3
. T, = Tv = i‘?ﬁ“r
Circle T Ty
2 g I = I, = jart
Semicircle o
: I, = I = fgmr*
Quarter circle e AT
z, = }mab3
Ellipse I, = }ma’b
Jo = Ymab(a? 4 b?)

Taken from Mechanics of Materials
Beer & Johnson McGraw-Hill 1989




Department of Chemical Engineering
McGill University

CHEE 314 Fluid Dynamics

Quiz 1 Fall 2013

1. (5marks) In the figure below, both the tank and tube are open to the atmosphere. If L=2.13 m,
what is the angle of tilt of the tube (0)?

—_—

Oil
SG=08

Syem

e

Water

e 8G=1.0

2. (10 marks) Find the force P needed to hold close the base of the tank if it is pinned 2 m from the
bottom of the tank as shown in the figure. Assume the water is at 20°C. You may neglect the
weight of the gate.
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Department of Chemical Engineering
McGill University

CHEE 314 Fluid Dynamics

Quiz 1 Fall 2012

1. (5marks) The velocity distribution for laminar flow between parallel plates is given by:

241 2
_u__=1_(_y)
Umax

h

where h is the distance between the plates and the origin is is the middle of the two plates.
Consider a flow of water at 15°C with a upa=0.15 m/s and h=0.2 mm. Calculate the shear stress
on the upper plate created by the water. Draw the fluid shear stress profile throughout the
channel.

2. (10 marks) Two square gates close two openings in a conduit connected to an open tank of water
shown in the figure. When the water depth, h, reaches 5 m it is desired that both gates open at
the same time. Determine the weight of the homogeneous horizontal gate and the horizontal
force R acting on the vertical gate that is required to keep the gates closed until the depth h=5 m.
The weight of the vertical gate can be neglected and both gates are hinged at one end as shown in
the figure.

Vertical gate,
4m x 4m
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Department of Chemical Engineering
McGill University

CHEE 314 Fluid Dynamics

Quiz 1 Fall 2011

T4

1. (5marks) Determine the pressure
difference between the water
pipe and oil pipe shown in the
figure.

SG=0.68

Sy O

o> e

R

e

15cml

i AW

e

2. (10 marks) A reservoir of water is held back by a circular arc gate. The reservoir, filled with water
at 10°C, has a depth of 10m and width of 10m. Calculate the force P needed to hold the gate in
place if the gate is pinned at point A. You can assume the gate is massless.
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" Department of Chemical Engineering

McGill University

CHEE 314 Fluid Dynamics

Quiz 1

Fall 2010

1. (10marks) A triangular gate is hinged at point A
and weighs 1500 N. What horizontal force P
needs to be applied at B to hold the gate
closed?

) - EE e T~ B P o F oy L M Ty o

g

2. (5marks) A 200 kg weight is placed on a
circular opening (AB) which has a diameter
of 80 cm. Assume the water is at 20°C. At
what height h will the weight be dislodged?
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S e _MeG‘ull University

- GHEE 314 Fluid namnes ] -
Guizt o | Fall 2007

Fixed wall

@al tbmugh an oil bath.
Ifﬁ=»4m and the :

2. (5marks) What force P is needed to hold the 4 m wide gate
closed‘? Assume the water temperature is 20°C.
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Quiz 1

Department of Chemical Engineering
McGill University

CHEE 314 Fluid Dynamics

. given by

vV
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-— e e W o W W -

Fall 2006

(5 marks) The velocity distribution for laminar flow in a pipe is

_R'ar| (rY
u(r)—4ﬂdx[l (R”

Where R is the radius of the pipe, dP/dx and p are constant. What is the

shear stress on the wall
of the pipe? Sketch the variation of shear stress across the pipe.

(5 marks) A. 1-ft diameter, 2-ft long cylinder floats in po=0.1 pai
an open tank containing a liquid having .a specific .
weight of y. A U-tube manometer is connected to
the tank as shown. The pressure in pipe A is below
atmospheric pressure (-0.1 psi). Using the various
fluid levels determine a) the specific weight of the
liquid b) the weight of the cylinder. '

Gage fiuid $G= 1.5

. (5marks) The gate shown is hinged at H. The gate is 2 m

wide and 2 m long. Calculate the force F needed at point
A to hold the gate closed.

17
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Department of Chemical Engineering
McGill University

CHEE 314 Fluid Dynamics

Midterm Fall 2013

1. }(8 marks) The velocity components in a cylindrical coordinate system are given by:
40 40\ '
U, = (10 - ﬁ) cos@ , Ug = — (10 + r_Z) sin@, u,=0

a. Prove this equation satisfies continuity
b. Calculate the acceleration of a fluid particle at point (=4, 8 =180°)

¢. Develop an equation for the fluid shear stress 1.9
ASSWUWIWE AWt veio iy

2. (10 marks) Find the force P on the parabolic gate shown in the figure y
given that H=2 m and the gate is 2 m wide. You can assume the gate : e
. o 1
has no mass and the water is at 20° C. ‘T 419, D3N

3. (10 marks) The figure shows the spray head in a carwash. The
spray head is attached to a 4-in diameter pipe (D=4 in) with an
internal pressure of 45 psig. Two circular jets of 1-in diameter are
directed towards the cars (d= 1 in). The velocity of each jet is 80
ft/s. If the jet head assembly, when full of water, has a mass of 0.2
lbm, what force is required at the flange to hold the spray head in
place? Assume the water is at 80°F.

4. (8 marks) The cart in the figure has a mass (M) of 10

kg and is moved up an incline at a constant velocity by
a jet of water (Vj=10 m/s) with a flow rate of 0.1 m*/s.
Assume the water has a density of 1000 kg/m> and that
there is no frictional resistance to the cart. You may
neglect the effect of gravity on the water and assume
the mass of the water is much less than the mass of the
cart. What is the angle (8) of the incline if the velocity
of the cart is constant at 2 m/s?

20
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Department of Chemical Engineering
McGill University

CHEE 314 Fluid Dynamics

Midterm Fall 2012
1. (8 marks) The velocity profile in the pipe is fully develop _
laminar flow in a straight pipe is given by the following = S ey '4!1'@“
equation. The fluid in the pipe is water at 5°C. e 3¢ IR
o 4 T

1 dpP
u(r) = (2~ RY)

a. Prove this is a possible velocity equation. e :

b. What is the flow rate? ke i = 3000 kg

c. What is the average velocity of water in the e A
pipe?

d. What is the wall shear stress in the pipe?

2. (10 marks) The gate in the figure is Sm wide (into the
page) and weighs 400 N with a center of mass 0.9 m to
the left of the hinge. Estimate the force P needed to
open the gate.

3. (10 marks) A large tank contains a layer of oil floating on
water as shown in the figure. The flow can be assumed
steady and inviscid.

a. Determine the height h the water will reach.

b. What is the velocity of the water in the 0.2 m
diameter pipe?

c. What is the velocity of the water leaving the
pipe? .

4. (12 marks) A vehicle with a mass of 5000 kg is
traveling at 900 km/h. It is decelerated by
lowering a 20cm wide scoop into water a depth
of 6cm. If the water is deflected 180°, what
distance must the vehicle travel to reduce its
speed to 100 km/h.

L
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Department of Chemical Engineering
McGill University

CHEE 314 Fluid Dynamics

5 bl
Midterm _OWMC

Fall 2011

1. (5 marks) A layer of glycerin at 60°C flows down an
inclined fixed surface with the velocity profile s
in the figure. What is the shear stress that thé wat
exerts on the fixed surface if U=3 m/s and h=0.1 m?
What is the shear stress at the surface of the glycerin?

2. (8 marks) The rigid gate OAB, is hinged at O and rests
against a rigid support at B. What horizontal force P
needs to be applied to hold the gate closed if the gate is
3m wide? Neglect the weight of the gate. The back of
the gate is open to atmosphere and the water is at 10°C.

3. (10 marks) A vane on a moving cart deflects a
10-cm water jet as shown. The jet has a velocity

of 20 m/s and the cart moves at a constant speed
of 3 m/s. If the vane splits the jet equally so half
goes one way and the other have the other, what
force is exerted on the vane by the jet? Assume
the jet of water is at 10°C and the cart is

frictionless.

4. (12 marks) A vertical jet of water (10°C) leaves a nozzle with a
velocity of 10 n/s and a diameter of 20 mm. It is noticed that the jet
diameter increases with height. A plate having a mass of 1.5 kg is
placed on the jet and is suspended (i.e. does not move). A) What is
the vertical distance h from the jet exit to the bottom of the plate? B)
What is the diameter of the jet just below the plate? Do not assume
gravity has no effect on the jet, but you may assume the mass of the
water is negligible. HINT: first find an expression for the change in
velocity with height.
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Department of Chemical Engineering
McGill University
CHEE 314 Fluid Dynamics
Midterm Fall 201

L 1. (10 marks) A curved gate,20ft long, is used to
S€parate a reservoir o Water and é;:rinﬁn If V4
B

the gate is hinged at point A what ntal
force would be fequired at the tqp of the ate

(liquid surface) to hold the gate in place? You Water
can assume the liquids are af 68°F,

=60 N\ - Glycerin

2. (15 marks) A hypodermic needle contains a liquid
serum (SG=1.05, 4 = 2.0 x 10-3 p . s/m). The .=
serum is injected steadily at 6 cc per second
(cm’s). e 8::

a. How fast does the plunger advance? il

b.  Assuming there are no losses, use
Bemoulli’s equation to estimate the .
pressure inside the chamber (D} if the serum is injected to the atmosphere?

C. ) Using the conservation of momentum, estimate the force needed to move the plunger,
You may need to make some additional assumptions and simplifications. Compare your
answer to the force you would estimate by Bernoulli’s €quation. Do they agree, if not

3. (8 marks) A steady jet of water with a velocity of 25
m/s (V) is deflected by a wedge (50°) that is moving

steadily at 13 m/s towards the jet. The diameterg
the jet is 10 cm. Determine the external L@’
force needed to move the cone. You may negleef the

effect of gravity and assume the water is at 4°C.
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Department of Chemical Engineering
McGill University
CHEE 314 Fluid Dynamics
Midterm £

Fall 2007

1. (8 marks) The velocity distribution for flow between
two parallel walls is u=100y(0.1-y) ft/s, where yis
measured in ft and the distance between the walls is

B=0.1 ft. The velocity distribution is constant across
the width (W) of the channel.
a. What is the flow rate?

What is the average velocity? R
c./ What is the shear stress at the wall if the fluid is water at 68°F?
. Show this is a possible incompressible flow distribution.

-2. (6 marks) A tank is filled with water at 20°C from a pipe as l 0.01 m¥:

shown in the figure. '

a. Derive an expression for the water-level change
dh/dt in terms of the flows (Q1, Q2 and Q3) and the
diameter of the tank d.

b. Ifthe water level h is constant, determine the exit
velocity V; if the average velocity V=3 m/s.

. 3. (10 marks) A 3-m-long curved gate is located in the side
of a reservoir containing water (20°C). The curved gate is
pinned at the bottom of the reservoir. What force (F)

needs to be applied at the side of the gate to keep it
closed.

4. (8 marks) The pipe restriction shown in the
figure his held together by a flange. The
diameter at entrance is D;=8 c¢m and at the exit
Dy=5 cm. The pressure at the exit can be _
assumed to be atmospheric (Po=Pa). All fluids
are at 20°C. If V= 5m/s and the manometer

reading is h=58 cm, estimate the total force on
the flange.
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Department of Chemical Engineering
McGill University

CHEE 314 Fluid Dynamics

Midterm Fall 2006

1) Determine the gage pressure in psi at point a, if fiquid A has a SG=0.80 and liquid B has
8G=1.10. The liquid at point a is water and the tank is open to the atmosphere. You
can assume the temperature is 4°C.

2) What is the magnitude, direction and location of Fy; and Fy on the hemispherical dome
window in the large tank shown in the figure. The dome is 2.0m in diameter and starts
1.0m below the surface of the water. Assume the temperature of the water is 10°C.
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Midterm CHEE 314, Fall 2006

3) Water is being added to a storage tank at the rate of 500 gal/min. Water also flows out
of the bottom through a 2.0 in (inside diameter) pipe with an average velocity of 60
ft/sec. The inside diameter of the storage tank is 10.0 ft. Find the rate at which the
water level is rising or falling.

4) Water is used to accelerate a cart as shown. The flow rate of the jetis 0.1 m*s and the
- velocity is 10 m/s. When the water hits the cart it is deflected 180°. The mass of the
cartis 10 kg and the density of the water 1000 kg/m®. The mass of water in the jetis

much less than the cart. Calculate the acceleration of the cart when the velocity is 5
m/s.
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Department of Chemical Engineering
McGill University

CHEE 314 Fluid Dynamics

Quiz 2 Fall 2013

1. (15 marks) A pump is used in a large reservoir to create a fountain. There is a 150 ft of
commercial steel pipe of diameter 1-in and 5 standard 90° elbows. A filter (K=2.8) and two
open gate valves are placed around the pump. Assume the water is at 68°F and the nozzle is a
sudden contraction. What head (ft) needs to be added to the system to create a 10 ft high water

- 5,‘:41-‘3_ 10 ft 1| Fountain
o
_ ’nt‘.MF | Nozzle
D ==in.
~ 0
_lurje pwor/ Ha.
Open gate Standard 90
valves elbow (1 of 5)
: e — 1
S(I / | =
V ;,,
Commercial steel pipe Filter
L=150ft,D=1in. (K=128)
feature?
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Department of Chemical Engineering
McGill University

CHEE 314 Fluid Dynamics

Quiz 2 Fall 2012
1. (8 marks) A sphere of diameter D and density p, falls through a liquid of density p and viscosity .
If the Reynolds number is smali (Re<0.4) show that the viscosity (1) of the liquid can be

calculated knowing the terminal viscosity of the ball (U), diameter (D) and density of the liquid
and ball (ie. derive an equation).

- (12marks) In the piping system shown, all pipes are made of cast iron and there are 125 ft of 2-in
pipe, 75 ft of 6-in pipe and 150 ft of 3-in pipe. There are 2 standard 90°
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Department of Chemical Engineering
McGill University

CHEE 314 Fluid Dynamics

Quiz 2 Fall 2011

1. (10 marks) The wall shear stress 1, in a boundary layer is assumed to be a function of the upstream
velocity (U), boundary layer thickness (3), local turbulence velocity (u’), density (p) and local
pressure gradient (dp/dx). Find a set of dimensionless parameters to reduce the number of
variables. Use p, U and § as the repeating variables.

2. (12marks) Your friend asks you to help size a pump for their cottage. The cottage is 120 ft above
the surface of the lake. The water (68°F) will need to travel through 2000 ft of 6 in diameter cast
iron pipe and exit to atmosphere. A flow rate of 3 ft*/s is needed at the exit. You may neglect
minor losses (DO NOT neglect major losses).

a. Assume the pump is 75% efficient, what horsepower pump is needed?
b. The temperature of the lake drops to 40°F in the winter. Do you think the pump will still
be able to achieve the required flow rate? Justify your answer.
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Department of Chemical Engineering
McGill University

CHEE 314 Fluid Dynamics

Quiz 2

€ a&a

Fall 2010

(& ‘
1. (10marks) Water flows at a rate of 2.0
ft’/s in an old rusty 6-in diameter pipe
which has a relative surface roughness

(e/D) of 0.010. It is suggested that by
inserting a smooth plastic liner (e/D=0
or smooth) with a diameter of 5-in into
the old pipe, the pressure drop per mile
| ke, (5280 ft) can be reduced. Can the lined
5-in diameter pipe carry 2.0 ft*/s of
water at a reduced pressure drop?
Support your answer with appropriate
calculations and make all necessary assumptions.

2. (1omarks) A thin flat plate containing a series of holes is to be placed in a pipe to filter out any
particles in the liquid. There is some concern that a large pressure drop may develop across the
plate and it is proposed tg study this problem with a geometrically similar

X

as_been

determined that the pressure dro i neti

problem, >

%\0

Model
d d=? O
§ D=10 mm

| p=1000 kg/m’
E V=?107?

Q a. Use dimensional analysis to develop a suitable set of dimensionless parameters for this

1. Determine the appropriate model hole diameter (d) and velocities (V).
1S _What will be the ratio of pressure drop in the model to prototype (APm/AP)? pvag.

| 1 =0.002 N-s/m?

the variables given in the table.
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Quiz 2 2010
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Quiz 2

N T

Department of Chemical Engineering

McGill University

CHEE 314 Fluid Dynamics

Fall 2007

1. (Smarks) A 1/12 scale model of an airplane is to be tested at 20°C in a pressurized wind tannel.
The prototype is to fly at 240 m/s at 10 km standard altitude.- What should be the wind tunnel
pressure (in atm) to scale both the Mach number and Reynolds number accurately? Use the data
in the table in your calculations. The speed of sound in air at 20°C is 340 m/s. (HINT...

Re=(pVL)/u, Ma=V/c, you may assume air is an ideal

only dependent on temperature).

gas and viscosity and speed of sound are

Elevation | Air Speed of Pressure (kPa) Density (kg/m”) | Viscosity
Sound c (m/s) (kg/(ms))
10 km 299 26.5 0.4125 1.47E-5

2. (10 marks) The piping system shown in the fi
pipe. If the elevation at point 1 is 400m,
0.005 m*/s of water at 20°C into the rese

gure consists of 1200 m of 5 cm diameter cast iron
what gage pressure is required at point 1 to deliver
rvoir? Account for all losses in the system.

Elevation
500 m
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ABepar'tmen't' of Chemical Engineering

MeGill University

CHEE 314 Fluid Dynamics

Quiz 2

Fall 2006

1. F!ow is created ln a horizontal pipe by pulling a rod through the center at a constant velocity Uo
Figure 1. a_) Derive an expression for the fully developed laminar flow between the pipe and the,
rod. What is the shear stress that acts on b) the pipe wall and c) rod? ===

2. The tank system shown in the figure is used to deliver at least 11 m*/hr of water at 20°C to the

reservoir through a 3 cm diameter pipe. If the pipe is 4 m long, estimate what the maximum
roughness (e) can be to achieve the desired flow rate? Suggest a pipe material.
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CHEE 314: Fluld Mechanics; Fall 2012 Final 2/3

1a. [5 Marks] Short Answer:
(a) Name one model of a non-Newtonian fluid.

(b) Why does the overall drag reduce on a sphere when the flow becomes turbulent?
(c) What is the Magnus effect?
(d) When does separation in a flow field occur?

(e) True of False (and provide a brief explanation): In open channel flow, the pressure across
straight streamlines is constant.

1b. [S marks] Cavitation can limit the ability to siphon a fluid from a tank by causing gas bubbles to
form when the pressure is reduced below the vapor pressure of the fluid. Given the setup in the
figure, what is the maximum height H the siphon hose can reach without cavitation occurring.
You may assume the water is at 60°F and the exit is to atmosphere (14.7 psia). You may neglect
head losses in the system and assume the reservoir is large.

-—r————;z
2. [6 marks] A 2-m radius hemispherical dome weights 30 kN and is filled with water, It is

anchored to the floor by 6 equally spaced bolts. What is the force on each bolt required to hold
down the dome?

3. [10 marks] In a pipe manifold, fluid is removed from a porous wall section of the pipe (5D
long). Assume the flow is incompressible and neglect viscous losses. If the velocity of the fluid
leaving at the start of the porous section is Vw and zero at the end (ie. Linear reduction along the

porous section), find A) an expression for the velocity leaving the pipe (V2) and B) an expression
for the pressure at the exit (P2).

Vi l ) sD | v
oy P2
it l Porous section
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4. [10 marks] A fluid flows through a horizontal curved pipe with a velocity V. The pressure drop,
AP, between the entrance and the exit of the bend is thought to be a function of the velocity (V),
the bend radius (R), pipe diameter (D) and fluid density (p). A) Perform dimensional analysis to
come up with a set of ngn-dimensional terms. The data shown were collected in the laboratory
for a fluid with a density of p=2.0 slugs/ft’, R=0.5 ft and D=0.1 ft. B) Use this data to test your

set of non-dimensional terms. Were the variables used correct?

V(ft/s) | 2.1]3.0 [39]5.1
AP 12| 1.8 [ 6065

5. [8 marks] A rotary mixer consists of two 1-m-long half-tubes rotating around a central arm as
shown in the figure. If the fluid is water at 20°C and the maximum driving power available is 20

kW, what is the maximum rotation speed?

6. [12 marks] A viscous incompressible fluid flows upward
between two parallel plates. An applied constant pressure
gradient is used to overcome the effect of gravity. Use the
axis given (origin in the center of the channel) and solve for
A) the velocity profile between the plates and B) the average
velocity. You may assume the plates are infinitely wide into
the page (ie. Z direction) and the flow is laminar.

Direction of flow




CHEE 314: Fiuld Mechanics: Fall 2010 Final 2/7
1a. [S Marks] Short Answer: :el 4 /
(a) Give an example of a Bingham Plastic Fluid. — 7¢ ottrp J k ¢ V

(b) What causes a meniscus to form? — §u et Arngiom—

(c) When does flow through a pipe become fully turbulent? jZe = 420 ©

(d) How can a perfect sphere create lit? 4§ v

(e) What determines the length of the entrance length (Le) in laminar flow? /Zg

<

1b. [§ marks] An inverted test tube that is partially filled with air floats in
a plastic water-filled pop bottle as shown in the figure. The amount of
air is adjusted so that it just floats. The cap is then placed on the
bottle. If the bottle is squeezed, the test tube will sink to the bottom.
Explain this phenomenon. .
‘ater

— /ﬂggwt. /N Creca—iZ

—  Compresses o/ (
- /gayamby Wﬁd
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CHEE 314: Fluld Mechanics; Fall 2010 Final 3/7

2. [10 marks] A 2-in-diameter cork sphere (specific weight 13 1b/ft’) is attached to the bottom of a river
with a thin cable. If the sphere has a drag coefficient of Cd=0.5, determine the river velocity U when

the cable angle is 60° (see figure). You may assume the drag on the cable and the weight of the cable
are negligible. Assume the river has a temperature of 60°F.

e

F6D AE |
e

A= L4/37!'(1/073

= OlOO?/—( 7[:{3

Fo = Tes30'+ mg 2
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CHEE 314: Fluld Mechanics: Fall 2010 Final o (aAeY,
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|
3. Mmarks] Alr enters the centrifugal air-pump of a leaf blower iy the center (shaded area). The air
flows out though a 10-cm diameter smooth tube of length 120 cm. le, with an exit area of 30-
cm’, is attached to produce an exit velocity of 240 km/hr.
P

a. What is the flow rate produced by the pump?
C. What herzental-force must be ag:'ied to the handle located 30 cm above the nozzle? 'ﬂ,..(

b. Ifthe pump is 65% efficient, what is the required horsepower of the pump?

M’W A 1/ AL -t/ﬂ'(’(/c{ 2 ~
Handle
' Tube [%7
D=10em Pair = 1.2 kg/m? '
L=120¢ b[Mf
Nozzle

Aot =30 cm?
o~

A A A da d A A 4 4 & & A N N N N B N N Y

1/‘]'2,: gd em?| m%

L3>
0
k3
o

{06 cr*

= (003 &
\f, . Zt0km | (Ar
x
h l{oxéo

(6> /S
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CHEE 314: Fluld Mechanics: Fall 2010 Final 5/7

4. [X0 marks] A large flat plate oscillates beneath a liquid as shown in the figure,

a. Prove the velocity u cannot be a function of x if
the flow is only parallel to the plate.

b. Derive a differential equation that describes the
motion of the fluid if the flow is only parallel to
the plate. DO NOT try to solve the equation.

¢. What boundary conditions would you use if you
did solve the equation?

s — X
UWBH ={Usinot

Raicay

- M%anyl/\
— I‘AwW‘#ﬂ

— J0 S{‘Jﬂ - =
— /a,/v\,m&/ V/LA)
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¢ g’

5. [10' marks] As a water (20°C) passes ;zl/ a hump on the bottom of a river a dip (Ah) in the water level
can be observed and can serve as a measurement of flow (Q). If Ah= {0-cm when the bump is 30-

cm high, what is the volume flow Q. You may assume there are no losses and the width of the river,
width=b, is large. Leave your answer in terms of b.

6/7

;\%}
D T \$
e
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CHEE 314: Fluld Mechanics: Fall 2010 Final
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6. [lﬁ{ marks] Water M is circulated from a large tank, through a filter and back to the tank as shown
in the figure. The power added to the water by the pump is 200 ft-1b/s. Determine the flow rate
through the filter. The total length of pipe is 200-ft with a diameter of 0. 1-ft. The relative roughness

&/D =0.01. Assume all the elbows have a loss coefficient K;=1.5. The valve has a loss coefficient
K1=6.0 and the filter K;=12.0. Account for all minor losses.

7

Ty M e \ 200 ft. of 0-1'ﬁ-di4
Fiter ~ 0 FEEE O Pund pipe with &D=0,01
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CHEE 314: Fluid Mechanics: Fall 2006 Final 2/4

la. [5 Marks] Short Answer:

~ (a) What s the pressure gradient across strai ght streamlines?
(b) Give two assumptions used when estimating the velocity with a Pitot-static tube,
(¢) What is the shear stress at a free surface?

(d) Fully developed turbulent pipe flow causes greater wall shear stress than fully developed laminar
pipe flow (True or False).

(¢) Insmooth pipes, the friction factor can be reduced by working at high Reynolds numbers (True
or False).

1b. [S marks] The speed of propagation (C — units m/s) of a capillary wave is known to be only a
function of the density (p), wavelength (A — units m) and surface tension (Y — units N/m).

given density and wavelength, how does the propagation speed change if the surface tens
doubled?

For a
ion is

2. [10 marks] The gate ABC in the figure is a quarter circle or radius 4ft and is 8 ft wide into the page.
Compute the horizontal and vertical hydrostatic forces on the gate and the line of action of the
resultant force (angle and location). Assume the water is at 60°F.

3. [10 marks] A sudden change in depth (a hydraulic jump) can occur in a wide horizontal open channel
flow under some conditions. Consider a channel of width w with an incoming average velocity of 5

) my/s and depth of 0.6 m as shown in the figure. What is the depth and velocity (D2 and V) at the exit
\ of the channel? You may neglect friction losses.

' D1=O.6m
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4. [10 marks] A fluid powered cart is shown in the figure. Neglect viscosity and you may assume the
reservoir is large.

a. Use Bernoulli’s equation to derive an expression for the velocity (v) relative to the nozzle in
terms of the current height differential (h).

b. Derive an expression for the acceleration of the cart in terms of any or all the variables h, A

(area of the nozzle), F (the drag force), u (cart velocity), M (current mass of the cart), p (fluid
density) and any other physical constantsyou think are necessary.

(Relative
to nozzle)

-
F

S. [10 marks] A bypass line is used to recirculate fluid as shown in the figure. The bypass valve is
used to control the flow rate in the system. The head supplied by the pump is given by H,=100-
100Q, where H,, is in meters and Q is in m*/s. The bypass line is 10 cm in diameter. Assume the
only head loss is that due to the valve, which has a head-loss coefficient k=0.2. The discharge
leaving the system is 0.2 m*/s. Find the flow rate through the pump and the bypass line. (HINT, H,
can also be estimated by the pressure drop across the pump, Hy=AP/y)

93
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6. [10 marks] A viscous liquid of constant p and p is used to lubricate a shaft in a pipe casing. The
flow is fully developed and there is no applied pressure gradient. The inner shaft of radius R; rotates
at an angular rate of @;. The outer casing (a pipe) of radius R, also rotates at an angular rate of .

Derive an expression of the velocity profile and flow rate between the shaft and casing. The length of
each component into the page is b.
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CHEE 314: Fluid Mechanics

1. Find the difference in pressure between tanks A and B,
ifd;=2ft,d;=6in,d3=2ft,dy=2.4in,andds =4 in.

Water

Mercury
(SG = 13.6)

Quiz #1 (2014) 5\
N
/CIV\
[5 points]
(Figure not to scale)
.
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CHEE 314: Fluid Mechanics

Quiz #1 (2014)

2. A512-mL cube of solid oak (SG = 0.77) is held submerged by a tether as
shown. Calculate (a) the actual force of the water on the bottom surface of

[10 points]

the cube and (b) the tension in the tether.
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Department of Chemical Engineering
McGill University
CHEE 314 Fluid Dynamics
Midterm Fall 2014

STUDENT NAME:

STUDENT NUMBER:

Regular Instructions:

Time: 1 hour, 50 minutes (9:35 AM to 11:25 AM)
There are FIVE questions; each question is worth 10 points. (Total = 50 points)
Allowable aids: Calculator, dictionary, 10 pages of hand-written notes.

If you finish before 11:15 AM, you may leave.
If you finish after 11:15 AM, please remain seated out of consideration for your classmates.

-

REALLY IMPORTANT instructions:

Quickly scan through all the problems before starting.
Then: Read the problem carefully. Think about what it is asking.
Then think about it again.

If you don’t know where to start, go back to the problem solving framework:

1) draw & state assumptions; 2) define physics; 3) where? ; 4) solve;
If appropriate, 5) check units + assumptions

Finally:

Relax. Don’t panic. Breathe. You’ve got this.
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1. Atriangular access gate must be provided in the side of a container containing liquid

concrete, as shown. Calculate the force Fappiied at the top of the gate, required to
keep the gate closed.

- Tnowgpress: ble

Al

LR
/

Liquid
7 concrete
W = y b/& 5G =25

Ralonce momends l/

"'FfOW‘ n\"h(" R
y'Re= S}'P‘m

YRz fyCpapCiydy 44

dey b=ray

h "'Pcdm ow bok sides

= gb 'S(( 2 So 1t Concels r/
L3 | vy

¢ a-Y)
£3b gy =PI potetd be 23€

x@ﬂ/ hey"

Mg = Fapplied = @
Foop = sz (e[ £ [e][F] > 5 b

[Foge = ¢ 'DZ‘"FY
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2. The circular dish, whose cross section is shown, has an outside diameter of 0.20 m.
A water jet with speed of 35 m/s strikes the dish concentrically. The dish moves to
the left at 15 m/s. The jet diameter is 20 mm. The dish has a hole at its center that
allows a stream of water 10 mm in diameter to pass through without resistance. The
remainder of the jet is deflected and flows along the dish. Calculate the force

required to maintain the dish motion. \ _ Aleeady D“{(wéd

/ 9©40;wlwﬂx\ y

oty p= jocu o
F V=35m/s |
y — .
- - ==
Aseumphon>
- D =20mm ) Mcq:mpf"s*;-yl e
- Dgh moves ot U=1Swis  gst 2, Faet = O D Flud Speed rewons
(Dh%f&w#
' 3 wid pess N
- £ & b= 9M + [ 504 v b ZTH e teatected
V' [= 20wl
'FQ = fV P C!M +S Va_})vz dﬂ 4]"3)’/3 AMB 4) fﬂnore jfmv\'bl
V== vy = V' =Zowmf 2 )
+ . arownd _
. (Iﬂé,"' ﬂ% - where A'L 1 the qiv;ffz.‘rglﬂ R A _ TLQ—Z :3\'41““0
d"g:o V%, =VA, ¢ U'ﬂ} N 2 ¥
i hy= 147 —385Y e
Iqa = H- |
= 2. 3542x~o“ %
2hl Feose]
“Fo = -y ﬂy V,qz/%@}.;v ASJ’ veR( P
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3. A smuggler is carrying an illegal shipment of gold in his boat. In order to cross a dam
in the river, the boat floats in a large bucket, which is then picked up by heavy
machinery and carried across the dam. During the crossing, the smuggler realizes
the police have spotted him. Quickly, he dumps the gold out of his boat, into the
bucket. Does the level of water in the bucket go up or down? State any
assumptions, show your work. . — assam. no loss of water
- Mg mdudes wmass oF vl (

Mg = mass %olcl = Po ¥s Cr.\m.nm\

Gwaﬂeod’
V [t%j\ : @ Mﬁ"’ moss BOO\:F :.Pﬁ VB \J _\/\
Bucket

tor ot Bast § Gold " / )r .
A lewel (;ho.ﬂ.ﬁe @ —

Gold
ﬁqiaﬂcﬁ’ OF FoFC€$ fvn}\‘&,“y @q‘unce oF Fvﬁres q‘“’ir
Fdr‘ Boot Y (M(Qta :\)Dwa 'VE
MB Cb: }/\? y - Me
- Mg P
¥ P D = Level Change = ¥, + ¥a
For Gold in Boatr )\f/z/
Ma3= Pwq ¥,
Yo Mo
P
D’Oll V{ t VlG-[
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4. Water drains out of the bottom of a barrel through a
filter, and exits to atmosphere, forming a jet of circular
cross-section. The jet tapers from a diameter of 20 mm
to a diameter of 10 mm over a vertical distance of 50
cm.

[Note: the jet of water is exposed to P, on all sides]

a) Find the flow rate, stating all relevant assumptions.

b) The barrel has a diameter of 1 m. If the barrel is filled with soda (mixture of CO,
gas and water; SG = 0.7), and the filter removes all the CO, gas, what is the rate of
change of liquid level in the barrel? [Hint: assume density inside barrel = constant].
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5. A wide moving belt passes through a container of a viscous liquid. The belt moves
vertically upward with a constant velocity Vo. Because of viscous forces, the belt

&1 picks up a film of fluid of thickness h. i b
- Gravity tends to make the fluid drain Y Jo=0
[N
/_M 10 down the belt. Assume that the flow is b}) o K

Derive an expression for the velocity
distribution in the fluid film, as it is
dragged up the belt.
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CHEE 314: Fluid Mechanics Quiz #2 (2014)

1. A‘super-soaker’ water gun is pumped to create a static pressure in the water
tank. When the trigger is pressed, water flows steadily through a 3 cm
diameter pipe, and discharges through a 0.3 ¢cm diameter nozzle, to
atmospheric pressure. The flow rate is 10 liters per minute. Calculate the
minimum static gage pressure required in the pipe to produce this flow rate.

|

State any assumptlons made.
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CHEE 314: Fluid Mechanics Quiz #2 (2014)

2. Athin plate of area A is located so that it is normal to a moving stream of fluid.
Assume that the drag, d (with dimensions MLT?) that the fluid exerts on the
plate is a function of A, the fluid viscosity y, fluid density p, and fluid velocity V
of the fluid approaching the plate.

[ 5 points ]

a) How many Pi groups can be found?

b) Determine the Pl groups that relate drag d with fluid velocity V
VApV
p2
kept the p and V parameters constant, but increased W by a factor of 10; how

would the area have to change to obtain similar drag forces between model

and prototype? [This relationship is NOT the correct Pi groups found in (b)]

c) _|_E the relationship was found to be: ﬁd = fen ( ), and our model system
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CHEE 314: Fluid Mechanics Quiz #3 (2014)

Ck?)

1. Your friend asks you to pick a pump, to deliver water from a lake to their
cottage. The cottage is 120 ft above the surface of the lake. The water will
need to travel through 2000 feet of 6-inch diameter cast iron pipe. A flow rate
of 3 ft’/s is needed at the exit. What head does the pump have to contribute?
You may neglect minor losses (DO NOT neglect major losses).

Info: roughness (&) of cast iron = 0.00085; v of water = 1.076 x 10 ft*/s

[5 points]

I [
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CHEE 314: Fluid Mechanics

Quiz #3 (2014)

2. Two connected cylinders, open to atmosphere at the tops, are connected by a
straight tube as shown. For the instant shown, estimate the rate of change of
water level in the left cylinder. Assume Kentrance = 0.5, Kewit = 1, and all surfaces

have negligible roughness.

Water
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CHEE 314: Fluid Mechanics Quiz #1 (2015)

STUDENT NAME: gouuwmx’ STUDENT #: -

Q1. Water, oil, and an unknown fluid are contained in the tubes shown.

Determine the density of the unknown fluid. [Drawing not to scale]
1-in. diam\e‘ter 2-in. diameter [ 5 points ]
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CHEE 314: Fluid Mechanics Quiz #1 (2015)

Q2. A 1-m diameter cylindrical mass, M, is connected to a 2-m wide rectangular
gate as shown in the figure. The gate is to open (clockwise) when the water level,
h, drops below 2.5 m. Determine the required value for M. Neglect friction at the
gate hinge and the pulley.

[5 points]
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CHEE 314: Fluid Mechanics Quiz #2 (2015)

STUDENT NAME. STUDENT #: __

Q1. The x-component of velocity in a steady, incompressible flow field in the x-y

plane is u = A/x, where A = 2 m?/s, and x is measured in meters. Find the
simplest y component of velocity for this flow field.

[ 3 points ]
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CHEE 314: Fluid Mechanics Quiz #2 (2015)

Q2. Aliquid is contained between two flat, fixed plates. A pressure gradient
applied along the x-axis drives laminar flow (i.e., P2 > P1). Assume that the

flow is fully-developed and steady. Derive an P, P,
expression for fluid velocity between the | :
plates. State any assumptions. y | i E
X I 1

[Tip: sketch an expected flow profile] [ 7 points |
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CHEE 314: Fluid Mechanics Quiz #3 (2015)

STUDENT NAME: STUDENT #:

Q1. When a cylindrical tank is filled with water, the bottom of the tank typically
deflects under the weight of the water inside. The deflection at the center of
the tank (8) is a function of the tank diameter D, the height of the water h, the
thickness of the tank bottom d, the specific weight of the water y, and the
modulus of elasticity of the tank material E£. Determine the functional
relationship among these parameters using dimensionless groups.

[ 6 points ]
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CHEE 314: Fluid Mechanics Quiz #3 (2015)

Q2. Afire nozzle is coupled to the end of a hose with inside diameter D = 4
inches. The nozzle is contoured smoothly and has an outlet diameter d = 0.5
inches. The design inlet pressure for the nozzle is 100 psi (gage). Evaluate the
maximum water flow rate the nozzle could deliver, assuming frictionless flow.
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Q1. Ajet of water is launched horizontally from a stationary nozzle, and enters a curved
pipe that deflects the water by 180 °. The jet area is 1000 mm? and its speed relative to
the stationary nozzle is 20 m/s. The curved pipe moves towards the nozzle at 10 m/s.
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Q3. You are enjoying a glass of chilled orange juice (SG = 1.1), on a hot summer day.
Several ice cubes (made from water) float on the liquid surface. Asthe ice cubes melt,
will the level of the liquid in the glass go UP, DOWN, or STAY THE SAME? Explain.

[5 points]
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Q4. Avertical jet of water having a nozzle exit velocity of 15
ft/s with a diameter of 1 in. suspends a hollow metal —
hemisphere as shown in the figure. If the hemisphere is @ D

balanced at an elevation of 12 in., determine its’ mass. State l ! l ’
any assumptions made.
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Q5. Agate with ross section is held
closed by a lever wm-+ofig attached to a buoyant

cylinder. The cylinder is 25 cm in diameter and
weighs 200 N. The gate is attached by a rigid
connection to a horizontal shaft so it can pivot
about its center (as shown). The liquid is water,
at a density of 1000 kg/m?. You may assume the
chain and lever have negligible mass and
buoyancy. What length chain is needed to get
the gate to open when the water level is above
10 m?
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Q6. An ice skater glides on one skate at speed V = 6 m/s. Her weight is supported by a
thin film of liquid water melted from the ice by the pressure of the skate blade. Assume

the blade is L = 300 mm long and w = 3 mm wide, and that the water film is h = 0.001
mm thick. Estimate the deceleration of a skater who weighs @ a result of viscous
shear in the water film, if end effects on the skate are neglected” (L ware: = 1.76 X 10

2 ~
N.s/m?) o~ g .
G(“

o s 'dde, //’I -~ : [5 points]
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CHEE 314: Fluid Mechanics Quiz #1 (2017)

STUDENT NAME: STUDENT #:

Q1. Calculate the approximate viscosity of the oil. State assumptions, if any.

2ftx2ftx0.1ft square plate

W=25Ib 3

5 [4 points]

V=0.6
ft/s

0.05 in. oil film
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CHEE 314: Fluid Mechanics Quiz #1 (2017)

Q2. Calculate the minimum force P necessary to hole a uniform 12 ft square gate
weighing 500 Ib closed on a tank of water under a pressure of 10 psi. State assumptions
made, if any.

[6 points]
Air
at
Air Q) p= io =
at v
p=0
q/‘{& Hinge

N
P / Water

\45°
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CHEE 314: Fluid Mechanics Quiz #2 (2017)

STUDENT NAME: STUDENT #:

1. Water flows vertically downward
through a Venturi meter as shown. The
dimensions of the Venturi and the levels
in the mercury manometers are as shown i Pt
in the diagram. The inlets to the | /-
manometers are 2 feet apart. Estimate
the flow rate through the Venturi meter
in ft3/sec. The density of water is 62.4
Ibm/ft3 and the density of mercury is 13.6
times greater than that of water. Neglect
any frictional losses.

Mercury

[5 points]
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CHEE 314: Fluid Mechanics Quiz #2 (2017)

STUDENT NAME: STUDENT #:

Q2. Water (u= 1 mPa.s, p = 1000 kg/m?) flows between two large, horizontal
parallel plates, driven by a pressure gradient applied along the x-axis. The
plates are spaced 0.5 cm apart. A U-tube manometer filled with mercury (p =
13.6 SG) connects two points along the bottom, 15 cm apart, and shows a
height difference of 3mm. You may assume laminar flow.

a) Draw a diagram and indicate which arm of the manometer will have a
higher fluid level. [1 point]
b) Determine the flow profile and calculate the maximum velocity of the fluid
between the two plates. State any assumptions made.
[4 points]
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CHEE 314: Fluid Mechanics Quiz #3 (2017)

STUDENT NAME: STUDENT #:

Q1. Air at standard temperature and pressure flows through a horizontal, galvanized
iron pipe (e = 0.0005 ft) at a rate of 2.0 ft3/s. The pressure drop is to be no more than

0.005 psi/ft of pipe. Determine the minimum pipe diameter. Make assumptions as
needed.

Note: p = 0.00238 slugs/ft3, u=3.74 x 107 |b.s/ft? [5 points]
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CHEE 314: Fluid Mechanics Quiz #3 (2017)

STUDENT NAME: STUDENT #:

Q2. The aerodynamic behaviour of a flying insect is to be investigated in a wind tunnel
using a 10x larger robotic insect model with controllable flapping wings. If the real
insect flaps its wings 60 times per second when flying at 1.5 m/s, determine the wind
tunnel air speed and flapping rate of the robot required for model-prototype
similarity. Hint: consider viscosity v of air = 1.50 x 10° m?/s.

[5 points]
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Department of Chemical Engineering
McGill University
CHEE 314 Fluid Dynamics
Midterm Fall 2017

STUDENT NAME:

STUDENT NUMBER:

Regular Instructions:

Time: 1 hour, 50 minutes (11:35 AM to 13:25 PM)
There are SIX questions; the weight of which is indicated on the question. (Total = 30 points)

Allowable aids: Calculator, dictionary, translators, up to 20 pages of hand-written notes.

REALLY IMPORTANT instructions:

Quickly scan through all the problems before starting.
Then: Read the problem a second time carefully. Think about what it is asking.
Then think about it again.

If you don’t know where to start, go back to the problem solving framework:

1) draw & state assumptions; 2) define physics; 3) where? ; 4) solve;
If appropriate, 5) check units + assumptions

Finally:

Relax. Don’t panic. Breathe. You’ve got this.
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Do not write on this page — administrative use only.
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Q1 A. A fan has blades angled as shown. When it spins in the labelled direction, will the
fan blow air up or down?

UP [2 points]

ANSWER (CIRCLE THE RIGHT ONE):

=
o
S~
o
@)
=
2

| DOWN - -

Q1 B. A helicopter maintains stationary position 10 m above sea level. With all other
conditions being equal, would the blades need to spin FASTER, SLOWER, or AT THE
SAME RATE to maintain stationary position at 100 m above sea level?

[3 points]
L L i e e e Ll

Briefly explain your answer:
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Q2. A hydrodynamic accumulator is designed to reduce pressure pulsations in a
machine tool hydraulic system. For the instant shown, determine the rate at which the
accumulator gains or loses hydraulic oil.  (poi = 0.9 SG)

D=1.25in.

Q=5.75gpm =——> ——> V=435 fi/s

[5 points]
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Q3. A bucket floats, open side up, on the ocean (consider pyyo = 1000kg/m?). The
bucket is 20 cm in diameter and 10 cm tall. Starting from an initial empty state, the
bucket floats on the water surface at a depth of 5 cm. If the bucket starts to leak, and
takes on water at a rate of 10mL/min, how long will it take to sink to 8cm?

[5 points]
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Q4. Two large tanks containing water have small
smoothly contoured orifices of equal area. A jet of
liquid issues from the left tank. Assume the flow is
uniform and unaffected by friction. The jet
impinges on a vertical flat plate covering the
opening of the right tank. Determine the minimum
value for the height, h, required to keep the plate
in place over the opening of the right tank.

H = const.

Water

[5 points]
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Q5. Calculate the minimum force P necessary to hold a uniform 14 ft square gate
weighing 500 Ib closed on a tank of water under a pressure of 10 psi. State assumptions
made, if any. Show all work.

[5 point51

Kir
at

Air = 10 6

.

'\Q/ % iﬁ}l,'«? 5
R / )

136



Q6. Water, in a 4-in. diameter jet with speed of 100 ft/s to the right, is deflected by a
cone that moves to the left at 45 ft/s. Determine (a) the thickness of the jet sheet at a
radius of 9 in. and (b) the external horizontal force needed to move the cone.

Ao e
d A

[5 points]
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Q1 A. Two tanks filled with air are
connected by water-filled manometers
as shown. The water levels are as
shown. Choose the correct answer for
the gage pressure for Tank A.

Pa= +3” water

_\4 = +1” water

Pa= +0” water

® © © O

e

T d
___ Pa= -1"water ﬁ:Pg—lm/l
% B
___ Pa= -3"water P,= Paton

Atmosphere

[2 points]

o/ 3

Q1 B. A helicopter maintains a stationary position 10 m above sea level. If any
differences in air density are neglected, would the blades need to spin FASTER, SLOWER,

or AT THE SAME RATE to maintain stationary position at 100 m above sea level?

ANSWER: §---"""=""=-="~3#-~"W"

______________________

Briefly explain your answer:

Musk be Lalanud béj by

[2 points]
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Q2. A hydrodynamic accumulator is designed to reduce flow pulsations in a flow line.
For the instant shown, determine the rate at which the accumulator gains or loses
hydraulic oil.  (peji = 0.9 SG; accumulator is pressure regulated to be at 10 kPa gage) 2

\\N %" M 7 (L=|,9ﬂ9l:“
J};‘,’fﬂ ,»
0=5.75 gpm _—_)(‘ T —

vy 4
~ 10 M
— D =1.25in. = HS*

| ——V=435fys ~ | 3254 e

— ‘8‘0 L (S points]
5-76 SPm X (o.%xlo 3 ‘Da i

Qs Qour (CONSRNBHON ot mm@/ :
0 & Lpdvot [, puhds @

&= d-.s—zwasﬂom L)TT'R\/(/

fmou"} 4 ’ rt(\ﬁb’*S"lb Mj’(|3zsﬁ
0= d‘/ _ 3.2 D

{aL* 04936210 )

/=I000‘:§%
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o
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Q3. A copper wire is to be coated with paint for insulation by drawing it through a
circular tube of 2.0 mm diameter, and length of 10 cm. The wire diameter is 1.9mm and

is centered in the tube. The paint (1 =10 Pa.s

) completely fills the space between the

wire and the tube. The wire is drawn through the paint-filled tube at a speed of 50 m/s.

Determine the force required to pull the wire.

£ 0e3

= 1.4 W
R wen [ —

L0.05mn

L.=10 (v

V5ol

o e il
F= A-nu 3}
sufp_f
_;' i

- u ”“j

m s
= Tr(l_‘_) Lkim), (O Pus = i

o[ foo

—

_ 596 N o

[5 points]

V= 50 m|s
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Q4. Acart with wheels is being sprayed by two 0.05 m? jets that are being deflected off

J ¥ W‘*"w @’/g

—

the surface at speeds of V1=10 m/s and V,=30 m/s and at angles of 8;=55° and 6,=40°,
respectively. The cart has a mass of m=10kg and a coefficient of friction u=0.02 with the
ground beneath it. What is the terminal velocity and the direction of the cart?

Hint: Friction force can be calculated as F;= HF,. Consider F, carefully.

ok Vond B [5 points]
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Qf CD
Q5. When the supply valve is opened, a very viscous
Newtonian liquid flows into a very large cylindrical tank,
which overflows. Determine the velocity profile of the

liquid on the outside of the cylinder as it slowly spills down
the sides. State any assumptions made,

Assampe A dneloped,

5 ge‘”‘o“‘wi\ 3%—" R %mnukt«cw\
- T PR&‘?W “gD @-‘ . O [5 pOlntS]_
Mo RS o i
. .0 - no slip g
Vg= Vr=0 ¢ (o 3hP) o
@ r-g V%

z 2 S
( ¢ v o Y\OT’ \ ?’9 ZV{, D
seadd o0 WC 76 q* Bowndot Coaks
Qv R '
ra por 3" V‘%'E. o - e\
/ 3: A%( Y%‘{? CL;O
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Ll e ]
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aPag * = pyiR* In il
7
gt Il 2 <, 4Vl Inr
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" hinged at H.

~ Q6. The 18-ft-long lightweight gate shown in the figure is Q
Determine the horizontal force P, required to hold the gate in place. Neglect friction at

Ti4

the hinge and the weight of the gate. 7 o
Poen | So wt (un WY 3 Y Tﬁt o
I (5 points]
W= 18
o
=PV
e
V q’lT
= l‘ Z'N
:rv‘[J‘q 11g 8
7
4 mu-gz.z-}l-‘lT-(p 1%
g 2l O
| @
aCJrS‘ %£ 5(— q“—(_o‘ : 3‘64(0%
e e
D ®
g (20,3310 B, mis\,ﬂzs
163
P. 20 37 lb«c/ 9
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CHEE 314: Fluid Mechanics Quiz #1 (2018)

STUDENT NAME: STUDENT #: _

Q1. An aluminum cylinder (SG = 2.64, diameter 73mm, length 25cm) is inside a vertical
steel tube with an inner diameter of 7Smm. The inner wall of the tube is coated
with a thin film of motor oil (1 = 2 x 10" N-s/m?). The cylinder weighs 3 kg and is
attached to a support cable, which is used to pull the cylinder upwards at a
constant speed of 3 mm/s. What is the tension applied on the support cord? State

any assumptions made. obUne- No SUp

LN S =) /
p= &L N e pdd

[4 points]
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CHEE 314: Fluid Mechanics Quiz #1 (2018)
P
w= a v

essary to hold a uniform 12 ft@Gquare gat

Q2. Calculate the minimum force P nec
ure of 10 psi. Drawing not

weighing 200 b closed on a tank of water under a press

to scale, state any assumptions £
‘ ' >\
& [S points]

O=FplzA)+ M
(8 Y2
et

\.(ﬂ%‘bs\bf |

g O3 0 IbF

- b
o ) (4R | R

e < %
T ,-*9.3&‘“9\))&

(1 A0S ) B z;yn (@) (1 b e
' =

)

Y 6+ 4 do’ 16F

Page 2 of 2




	314 Final 2019- WIP.pdf
	Blank Page

	Binder1.pdf
	pic_2019-08-15_095702
	pic_2019-08-15_095717
	pic_2019-08-15_095731
	pic_2019-08-15_095742
	pic_2019-08-15_095754
	pic_2019-08-15_095805
	pic_2019-08-15_095822
	pic_2019-08-15_095835
	pic_2019-08-15_095911
	pic_2019-08-15_095929
	pic_2019-08-15_095939
	pic_2019-08-15_095956
	pic_2019-08-15_100008
	pic_2019-08-15_100019
	pic_2019-08-15_100034
	pic_2019-08-15_100055
	pic_2019-08-15_100105
	pic_2019-08-15_100116
	pic_2019-08-15_100127
	pic_2019-08-15_100140
	pic_2019-08-15_100157
	pic_2019-08-15_100220
	pic_2019-08-15_100234




