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1. CLOSED BOOK TEST - only permitted aids allowed. Permitted aids are: non-
communicating electronic calculator and writing instruments (i.e. pens and pencils).

2. Prohibited items include: Course textbooks, additional formula sheets, class notes,
cellphones and other wireless devices, laptop computers, radios/video/music players, etc.
These must be switched off and left in your backpack or bag.

3. Leave all bags and backpacks under your seat in the test room. Getting items from your
bag or backpack while the test is in progress is not permitted.

4. Students may not borrow or lend any materials while the test is in progress.
5. Answer all questions. Marks are indicated beside each question.

6. Answer questions in the space provided. You may use the back of the page if required.
Do not attach or insert any answers on scrap sheets of paper—these will not be marked.

7. Students must layout their work clearly and legibly at all times; otherwise, marks may be
lost. Illegible answers will not be graded.

8. Full marks will be awarded for correct answers using the correct method. You must
clearly show the method, formulas, and numbers used to solve the problem. Marks will
be deducted for incorrect units.

9. Use engineering judgment when answering questions. If you feel that there is a genuine
error or omission in any question, then make an assumption and draw this to the attention
of the examiner right on the test paper and continue with the solution.

10. Do not detach any sheets from the test paper.

11. A basic formula sheet with a table of centroids and second moments of area is included
with this exam paper.

N Question Marks
ame:
(Please PRINT your name here) A1-A5 /1 O
Student ID: i
(Write your student I.D. number) Ql. / 1 O
80 | 81
Section: Naylor Q2. /10
(Circle your section number please)

Q3. /10
Total / 40




PART A - MULTIPLE CHOICE QUESTIONS

Each of the questions below is followed by several suggested answers. On the exam paper, circle the
ONE that is best. Questions A1 to A5 are worth 2 marks each for a total of 710 marks.

Al. Using the {MLT} system, what are the basic dimensions the shear stress, T ?
(a) {(M'L'T?}
(b) {M'L?T"}
(c) {(M'L'T"}
(d) {M'L'T?}

A2. A compressed air tank contains 3 kg of air at a temperature of 70°C. A gauge on the tank reads
50 kPa. The volume of the tank is approximately:

(a) 0.51 m?
(b) 2.0 m*
(c) 5.9m’
(d) 1.5m’

A3. What is the buoyancy force on a square submerged in oil (S.G.=0.91), as shown in the figure below?
The square has a depth of 1 m into the page.

(a) 17,8 kN == $ 0.6m

(b) 35.7kN

(c) 39.1kN O1l
(d) 46.4 kN SG=0.91

=—2m —=

Ad. Referring to the diagram below, a liquid with specific weight (y) is contained in a tank with a
quarter-circular section A-B with radius R. What is the magnitude of horizontal force of the liquid on
the curved wall A-B per unit depth (into the page)?

Y — < |
®) Fy =y (h+3)R Liquid, y

© Fu=vy(h=3)R h R A
@ Fy =y (h-5)==

B

AS5. A Bourdon gauge on an air tank reads 20.7 Ib/in? when the local atmospheric pressure is 14.8 Ib/in?.
Changes in the weather cause the local atmospheric pressure to decrease to 14.4 1b/in’. If there has been
no air discharge and the tank temperature is unchanged, what will the Bourdon gauge read?

(a) 14.4 Ib/in?
(b) 21.1 Ib/in?
(c) 20.3 Ib/in>
(d) 20.7 Ib/in?
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Q1. (a) Consider the manometer shown below. For the manometer dimensions (hi, h2, L) and angle (B),
obtain an expression of the pressure difference p, — pg , in terms of the three fluid densities (p1, p2, p3)
and the gravitational acceleration (g). (6 marks)

(b) An inverted manometer is connected to an air duct as shown below. Calculate the gauge pressure in
the duct. (4 marks)

air
Pa + )
Duct — 5
h,=40 cm
Puim=100 kPa -
h,=65 cm
water
p=998 kg/m’
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Q2. A shaft with a diameter of Ds =2.10 cm is pulled axially through a stationary journal bearing with
length L=18 cm. The journal bearing has a diameter of Dg=2.14 cm. The uniform radial clearance
between the shaft and the bearing is filled with SAE50W oil that has a dynamic viscosity of

u=0.86 kg/(ms). Assuming a linear velocity profile in the oil that fills the gap, calculate the force (F)
needed to pull the shaft axially at a steady speed of 3.5 m/s. (10 marks)

Stationary Bearing

% oil film
S 01
—~ 0 - Shaft 3 _D+_S =2.10 cm

f L=18 cm |
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Q3. A circular gate with radius R=1.1 m is hinged at point A. The water has a density of 998 kg/m">.
Draw a fully labelled free body diagram of the gate. Calculate the required force (P) applied at point B

to hold the gate in place. (10 marks)

_V_
2.1m Head-on View
L of Gate
water BH-w—P
’;.‘_...... -.«.A,..‘.-.‘ R:1 . 1 m
Aps 7

—_—— I.1m
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FORMULA SHEET

Gravitational Acceleration: g=9.81 m/s?
Standard Atmospheric Pressure at Sea Level: p.m=101. 3 kPa
Celsius to Kelvin Temperature Conversion: K =°C+273.15

Ideal gas equation of state: p = pRT For air: R=0.287 kJ/(kg K)

- - _ p _ P
Specific Gravity: SG = o e 1000 kg/m3
. dp
Hydrostatic Pressure: S ="Y=-—prg
. . F du . . . . u
Fluid (viscous) Shear Stress: 1 = 1= Mg Kinematic viscosity: v = 5
. Ly Sin6
Hydrostatic Forces on Plane Surfaces: F = y h ;A Yep == T
CcG
Buoyancy Force: Fg =¥V aispiaced
Reynolds Number: Re = #
Volume of a Sphere: Vsphere= gm‘3 Area of a Sphere: Agppere = 4mrr?
. C g e . 2Y cos ()
Surface Tension: Liquid rise in a round capillary tube: 4h = R

Pressure in a spherical liquid droplet: Ap = %

Areas, centroids and second moments of area of common shapes

L
y 7 A =bL A = 1R~
bL? R*
4#”‘ - L= F L= ﬂ-T
L
: ? I'Y-‘A =0 IA\‘A\' =0
|
|
|

7

_ nR?
N1 475
[ A _bL

’/ % 2 | I, = 0.10976R*
5 :
{ 1= Lﬁ 1.\'_\‘ =0
é»x Y 736 "
I L b(b-2s)L? i 4R
/ 3 I,\y = R R 3n
/ y 72 |

2
_TR
4

1.=0.05488 R’

A
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