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The power requirement W of a centrifugal pump is known to depend on:

- Volumetric discharge rate, Q

Fluid density, p
- Angular speed of the impeller «
- Impeller diameter, D and

Fluid viscosity, p.

a) Use the Buckingham = theorem to determine the relationship between W, Q, p, o,
D and p.

b) A centrifugal pump with a 25cm impeller rotating at 1800 rpm is to discharge
water at a rate of 30 L/min. Explain using calculations how you would estimate the
power requirements of this pump using a 1:10 scale pump.
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Perhaps you recognize the neighbouring Rideau Canal locks alongside the
Chéteau Laurier in the picture below. Note that the 1* lock we see is made up of
two doors in a “V” formation in the closed position, retaining the water of the ca-
nal. The schematic on the next page gives some dimensions for the sake of this
exercise. Calculate the force needed to crack open the gate(s) by pulling a chain
attached to points A and A’ on the schematic.

Vit 1
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Pl 0 TR
< 45 >

Width 10m
Side view

A

Depth 2m
v
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Your choice of a) or b) (extra points if you do both):
a) Find the minimum allowable diameter D, that avoids cavitation in the water
piping system below.
Elevation 20m 20°C V
— 20cm D=2 20cm v Elevation 5m

L ) v 7
R

30m 20m 10m

Note that the pipes are made of cast iron and that the ground provides a
cooling rate of 1 W/m length of pipe.

What does the flow profile look like in the smallest pipe section?
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NOTE TO 2011 students (we did not cover this material in b) you could do
b-iv) and -v) if I gave vou the velocity profile)

b) The viscosity of a fluid can be measured in the following device:

96 = w(rad /time)
at

is measured, and is related to the fluid viscosity.

b-i) In cylindrical coordinates, continuity is given by:
9p LalprV,) 1d(pVy) L9V _ 0
ar r or r 06 0z
Show that for steady, incompressible fluid, that the flow is fully developed.
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b-ii) The Navier — Stokes equation for Newtonian laminar flow in the 8 direction

is given by:
Wy y Vo, Va0V, AN lap 9 1arV,) 1%, 29V 02V
~~~~~ +V - —— Yo ()=t =
p(az o Ty a9 r ) r a6 “{ar(r ar) 206 a0 az}ng

Neglecting gravity and assuming steady incompressible fluid, simplify this
equation.

(Hint: you will need to make an argument that 9P _ Simply stating

“symmetry” is not sufficient. Make a physical argument.)

b-iii) Write down the boundary conditions for this problem.
(Hint: the inner cylinder is held fixed.)

b-iv) Calculate the shear stress which acts on the larger cylinder’s inner surface.

b-v) What is the torque required to rotate the outer cylinder at an angular velocity
of o (rad/time)?
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Below is a photo of a fellow field engineer testing firehoses at a plant. Calculate
the force needed to hold the hose. Estimate the parameters from what you see in
the photo. Clearly state your assumptions and parameter values at the start.
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Fundamentals
A) What is a Reynolds Number?
B) What is Laminar Flow?
C) What is Turbulent Flow?
D) How are Reynolds Numbers, Laminar Flow and Turbulent Flow related?
E) Suppose a velocity field is given by u= (2y+{(x)), v=t.
E-i) For incompressible flow, what is f(x)?
E-ii) What if the flow were compressible?
Now assume {(x) = 0 and that f is incompressible.
E-iii) Determine the equation of the streamline through (0,0).
E-iv) Determine the pathline of a particle passing through (1,2) at a time t =2.

E-v) How do streamlines and pathlines differ under steady flow? Explain your answer
- using a physical argument and/or a simple sketch.

E-vi) Determine the stream function corresponding to your answer in c).

o¥ 4 . .
Recall: ——=-v, LA u for incompressible flow.

ox ay
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F) A pitot tube (shown in the picture below) is a device which measures the speed
of an aircraft. Using the Bernoulli equation, explain how such a device can be
used to calculate fluid velocity.

Total (including a 10% bonus) 110%
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Grometric Altitude Tempersture Pipsa P,
i} K fonm ] fannt
- &%} 1.4 113 104G
0 IRK 2 Fiiia L e
500 849 B84 39524
| £5X) 2817 G.REM H90OTS
1,500 %4 05343 (15618
230Ky X822 . 7846 X
1.4 e G732 4.7812
3000 68T 0.6420 HTATY
3500 2054 {6492 3. 7048
4500 %22 {16055 158689
4,500 2589 G.5700 (14343
2000 %57 333 G603
6,000 2492 Q4000 (5389
TN 137 04087 (4817
5.000 2362 3519 34292
G000 17 3.3040 3 3R13
0,000 1231 §.161% (33746
FLi0O b3T.% G X 11978
IS LY 267 3193 1} 2844
P34000 2167 8 165 12576
14,000 2167 3.1399 1. 1860
15000 26?7 {L119% {1, 1596
16 000 2187 482 {1,135¢%
£ 7800 2167 GkT34 0.1162
18,000 2167 Q046 3000301
19,000 hal. GO6383 noRage
X000 2187 005457 (107158
210 2186 IS Q05266
24,060 06 082933 (103832
26000 s HO21660 002797
25000 345 D.0155% G0AK7
o0 3688 1013181 Q43503
3000 504 GI02834 G003282
20000 Y7 GAXNITETS O0GRIN3
£431,500 2558 3O2EY ERE ) £l L]
TNy e R £ LR Y ] KK 146
B MK {807 GOGIGEY G062
90000 P87 O LO0NHAE DO SR

“pa = LDIIIS ¥ WP Nimd fabe oo 14666 peisi.
g = 11380 hgtetim GOO2ITT slugttr

778, av. King-Edward 770 King Edward Ave.
Ottawa (Ontario) KIN 6N3 Canada Ottawa, Ontario KIN 6NS Canada

(613) 562-5800 (6274) » Téléc./Fax (613) 562-5177



Université d’Ottawa - University of Ottawa

Faculté de génie Faculty of EnEgineering
Génie mécanique Mechanical Engineering

h ; :
R : H : L L
: \ X ‘ FAE 3 an
H i i N, ! -

4 + ¥ - %
3 : i ; ] X ¥ :
i H . ) - :
. k : UMoosowt w 020 ot oS ;
- b B N
M H H i H i
: i *
: AN s i
: ‘ \ - i ;
5L memaine FE. . o ; : !
Lo O, TR, 0 N e, ;
¥ ; i i -
. ! i
+ i ! : .
b H Cavtor o : o
: : H
i : H
t
i
;

S T A

MR . ] A
- P ¢ ; : "
: 4 H : i :
_ t f
x

w

TRV T

Abroiuke wmooaby, i (N - 5l
-
o “ + -

SAL 10w 30 ay
: :

ey

&

i P
SAE LM o :
[ A

(2%

« 14

>

i

!
H
!
i

SR

i

-

"l

& rige
S
i
i
O T
.k
e
& b :
! .
i H L
c e
: ’ Vi
T 7
P g H
PR sl ok
8 * ¥
5 i R Y :

R T P

Fig. A.2 Dynamic (absohate) wacogity of common Huxds 82 a furctos of mpuesiee.
{08t trom [1, 6. andt 101} -

770, av. King-Edward 770 King Edward Ave.
Ottawa (Ontaric) KIN 6NJ3 Canada Ottawa, Ontario KIN 6NS Canada

(613) 562-5800 (6274) « Téléc./Fax (613) 562-5177



ty of Ottawa

*

IVErISI

*

d’Ottawa « Un

té

-

IVEISl

*

Un

of EnEgineenng
| Engineering

Facuity
Mechanica

Faculté de génie
Génie mécanique

TABLE A% Th :
§%»aﬁz§éx$§émwwW%san§3§§mEaagmﬁx:@:i

T L ot e Mt ot s iy

£ hrmcad
L™ LI ]
Ay
£t Sy (S9N
£ ankus 0 ke iy
Fedusim e
Hidpropre "
Wyt iH,
Netprapen *
AR RPRT "
A
Ny . e

o HIRH WAR A g} Fre it
m, oKL R - X1set kg« B,
W s qen bt g g whoad gas witn

I 4

(.
A K

R Al s R A Y

)

;o
{4 v
ke K
Xy
L3
34136
RI2A
P im
Tha
ey
WP 4
it O

LA LORT™ e
SRS s g
A

SR T N

B e T

gty
)
’s‘n....
TEE 4
B3 §
AR

bt ¥
L u
RN ]

i1 Baig

P

[Ea]

14

4

¥

X
143
¥y
Y
1 A1

~ § W

Frd

g Edward Ave.

770 Kin

-Edward

Ontario KIN 6N5 Canada

’

Ottawa

Canada

(613) 562-5800 (6274) « Téléc./Fax (613) 562-5177

770, av. Kin

Ottawa (Ontario) KIN 6N



Université d’Ottawa - University of Ottawa

Faculté de génie Faculty of Engineering
Génie mécanique Mechanical Engineering

TABLE A.B Properties of Water (S1 Units}

Dynamic Kinematic  Surface Vapor Bulk
Tempersture,  Density, Viscosity, Viscosity,  Tension, Pressure, Medulus,

700 plkg/m)  wiN-gm’  von's oINfm) g (kPa)  E(GPay
o 000 1L76E-03  L76ED6  0.8757 0.661 201
3 LK PSIE-D3  LSIEG6 00749 G872

io 1000 LIE03  130E06 00742 1,23

15 999 LI4E-03  LI4ED6 00735 1.71

20 998 LOIEQ3  LOIE06 00727 2.4 221
25 997 $03EL44  B96E07 00T 317

30 996 $O0E-04  BO3E-07 00712 125

5 994 721E-04  TISEOT 00704 5.63

30 992 653E-04  659E0T  0.0696 738

15 990 SUSE-04  6.02E-0T 00688 9.59

50 988 S4sE-04  S.S2E-07 00679 124 119
33 986 SOPE-04 SORET 00671 158

80 983 $64E-04  4TEDT 00802 199

5% 480 43E-08  44DEQT 00654 250

70 978 A0IE-D4  410BO7 00645 32

75 975 175E-04  3RSE-OT 0063 386

30 972 ISE04 IEZE07 0DA2T 474

85 969 13E04 34IEDT 00618 57R

9% 455 IEN4 L2IENT O 00608 70U 212
5 962 295E-04  IOGE.0T 00599 846
$H) 958 1IEG4 2.92B-07 00589 101

TABLE A.10 Properties of Air at Atrmospheric Pressure (St Units}

Dynamic Kinematic
Temperature, Demity, Viscosity, Viscosity,
e phg/m’y HAN . /m’y vim'fa)
O 1.29 |ITEOS 1.138-05
5 127 1.74E-08 {1 37TE-05
1 128 1. 76E-08 131608
18 123 1 79E-05 14SE-05
0 1.21 1 R1E-08 {.50E-05
25 L] HES IR 1 SSE-08
0 17 } &6E-08 1.59E-0%
35 1.1s 1 RRE-05 | G4E-03
K P33 I HIE-08 1 6VE-08
48 1.4 {93608 1.74E-08
S0 Loy 1 9SEO8 LIGER
5% 108 1 .98E U5 | §3E08
of} 106 200E-03 1 89E-08-
68 104 2 02E-05 1 QEDS
0 .03 2O4E-05 1 98E-08
75 101 2OGE-05 204E-05
R0 {3 2 U9E-0% 2.09E-05
§5 0.9%7 2 HE-US 2. 14E-09
%) 0.971 2 13E08 2 19E-08
45 0960 1ISE08 1 24ED5
16} 0947 2 IEG5 2. 29608
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Equations of Motion in
Cylindrical Coordinates
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TABLE 8.1 Roughness for Pipes of Common Engineenng Materials (Data from [8]) .
—

Roughness, e
Pipe Feet .\lillirm“.;‘
Riveted steel 10.003-0.03 099
Concrete 0.001-0.01 0.3.3
Wood stave 0.0006-0.002 209
Cast iron 3.00085 (.26
Galvanized iron 0.000S 0.15
Asphalted cast iron 0.0004 0.12.
Commercial stee! or wrought iron 0.00015 0.045°
Drawn tubing 0.000005 0.0015
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