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Engineering Department
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Term Exam 1

March 11"/2018, 6:00-8:00pm

Duration 2 hours
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Student ID: ------------mmm e

Instructions:

1. Must do questions 1 - 3
2. You are allowed only a basic calculator (not a programmable one)



3. Clearly state all your knowns, unknowns, assumptions, and include a basic
diagram representing your system.

Problem 1 (20 marks)

A container with two circular vertical tubes of diameters d; = 39.5mm and d, =12.7mm is

partially filled with mercury. The equilibrium level of the liquid is shown in the left diagram. A

cylindrical object made from solid brass is placed in the larger tube (as shown) so that it floats, as

shown in the right diagram. The object is D = 37.5mm in diameter and H = 76.2mm high.

Calculate the pressure at the lower surface needed to float the object. Determine the new
kg

equilibrium level, h, of the mercury with the brass cylinder place. ( pwa ter ={ 1000 —3

m
g=9.81m/s?.
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Problem 2 (20 marks)

At steady state conditions, a pump draws water from a reservoir through a 150-mm diameter
suction pipe and delivers it to a 75-mm diameter discharge pipe, as shown on the diagram below.
The end of the suction pipe is 2 m below the free surface of the reservoir. The pressure gage on
the discharge pipe (2 m above the reservoir face) reads 170 kPa. The average speed in the
discharge pipe is 3 m/s. If the pump efficiency is 75 percent, determine the power required to
drive it. Effects of pressure, motion and gravity in the reservoir (point 1), as well as Shear and

& kg

other work in the entire system are considered negligible. p water — ¢ 999 ) and g =
I8 m
9.81 m/s?)

Wy ~q— === @ V= 3mis
B, = 70 icFa (gage)
| & = 75 e
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Problem 3 (20 marks)

A reducer in a piping system is shown. The internal volume of the reducer is 0.2m’ and
its mass is 25kg. Evaluate the total force that must be provided by the surrounding pipes
to support the reducer. The fluid flowing through the reducer is gasoline with specific

. [0] =/ kg
gravity of 0.72. water 1000 —3 and g = 9.81 m/s?, Pym = 101 kPa)
6 m

D=0.4m— Reducer

— ‘\/_’ —d=02m
V=3 mis = 5—»?2=12 m/s

f‘\/ \/‘\
@b 2)
py = 58.7 kPa (gage) p> = 109 kPa (abs)






Useful Equations

Definition of specific gravity: 5G =L 23) | page 23
FRO
Drefimition of specific weight: y - %_. = pg 24y | Page 23
Definition of streamlines (20: dy _ vl ¥ (28) | Page 27
de fismamiine  u(x, ¥)
Definition of pathlines (2D de - e,y 1) dy . 29) | Page 27
d;lﬂ‘.‘l:l: u'tl.vl l'.!"lﬂ‘.‘l:l: ':I.FI
Definition of il'l‘.'ﬁ]ﬂ.l:l“ﬁﬁ-{zn:l.' Lymakline [II]:I - 'I[II 'Iﬂl.Fula:l N lime [II]:I - ."'-[Il 'Il:ll."'-l:lli]:l {LI“. PBS)E 2
MWewton s law of viscosity (1D alii (E15) | Page 33
flow): T Ny
Ehear stress for a mon-Mewt ondan i e i (21T | Page 35
fluid (1D fow): Ed b vt B il
Hydmstatic pressure vanation dp 3.6) Page 59
r I
Hydmstatic pressure vanation (incompressible fheid): p=po= Ap = sk 3.7 Page &1
Hydmstatic pressure vanation (several incompressble N 3.8 Page 65
fuids): Ap :-':1:‘,,.4&
Hydmstatic foroe on submerged plane (integral form): Fr = ‘{P-'J'-‘! 3. M) | Page 70
A
Hydmstatic force on submerged plane: Fr = pA 30 | Page 70
Hormontal and vertical hydrostatic fomes on cuved 315 Page 77
submerged surface: Fr = peA and Fy = ¥
Buoyancy force on submerged object: Rusyuy = pt¥ i(3.16) Page 8i)




Continuity (mass V.dA=0 (4.13a) | Page 90
conservation), incompressible cs -
fluid:
Continuity (mass o 2 (4.13b) | Page 90
conservation), incompressible ZCSV A=0
fluid, uniform flow:
Continuity (mass - (4.15a) | Page 90
conservation), steady flow: /CS pV-dA=0
Continuity (mass oo (4.15b) | Page 90
conservation), steady flow, ZCS’O V-4=0
uniform flow:
Momentum (Newton’s - - o 0 . - o o (4.17a) | Page 95
. F=Fs+Fg=— [ Vpd¥+ | VpV-dA
second law): ot Joy s
Momentum (Newton’s - o o d - oo o (4.17b) | Page 95
second law), uniform flow: F=Fs+Fp= E/CVV'D dv+ ch VoV-A
Momentum (Newton’s 0 . (4.18a) | Page 96
second law), scalar Fy=Fs +Fp = o cvupd‘#-i-/cs upV-da
components: 0 o7 (4.18b)
Fy=F5y+FBy=E Cvupa’V+ CSUpV-dA .
0 L
Fz:FSz‘FFBz:E wpdV+/ wpV-dA (4.18¢c)
cv cs
Momentum (Newton’s second ) _ (4.18d) | Page 96
law), uniform flow, scalar Fx=Fs +Fp = or cvup d¥ + ch upV-A
components: 0 oo
Fy=Fs +Fy=— | vpd¥+)  opV-A (4.18e)
cv
F) o
FZ=FSZ+FBZ=5/ wpdV+ZCSpr-A (4.18f)
v
Bernoulli equation (steady, p 2 (4.24) | Page 107
incompressible, frictionless, ; + 5 + gz=constant
flow along a streamline):
Momentum (Newton’s second . i) - . . - 4.26) Page 109
law), inertial control volume F=Fs+Fp= ot Joy Ve p d¥ + s Ve p Vi dA
(stationary or constant speed):
Momentum (Newton’s second P A F o di = d — d ~ Vo dA 4.33) Page 112
law), rectilinear acceleration of s+~ Cva’f pd¥ = ot CVnyz,O ¥ CSVXYZP Ve
control volume:
Angular-momentum principle: | _ - ~ . - 0 o = . = = - | (446 Page 118
& P P r><Fs+/ rxgpdV+Tshaft=a—/ rprdV+/ rxVpV-dA ( ) &
cv L Jcv cs
First law of thermodynamics: O — W, — Wnear — Wother (4.56) | Page 124
0 V2 S
=—/ epdV-{—/ u+pv+-—-+gz|pV-dA
ot Jev cs 2
Second law of (4.58) Page 127

thermodynamics:

i) oo 1, .
— S/)dV+/ spV-dAZ/ —(0A)dA
ot Jev cs cs T




Conversion Factors

Mass and Density
1 kg = 22046 b

1 glem® = 107 kg/m®

1 glem® = 62478 IWi?

11h = (14336 kg

1 Ii? = 0016018 glem®
1IWEE = 16018 kglm®

Length

1 em = 03937 in.
1m =232808 fi
lim. =25cm

it =0348m

Velocity
1 km'h = (LA2137 mileth
I mile’h = L6083 km'h

Volume

1 em® = 00A1004 in?
1m* =33315 0@

1L =10 m?

1L =00353 6

1in? = 16387 em?

1R} = 0028317 m®

1 gal = 013368 iF

1pal = 37854 % 107° m?

Force

1IN =1kg-mi
1N = 022481 Ibf
11bf =32.174 b - fus®
1Ibf = 44482 N

Pressure
1 Pa =1Nm®
= 14504 = 107 Ibfin2
1 bar = 1{F N/m®
1 atm = 101325 bar

11bffin? = 6894.8 Pa
11bfin® = 144 Ibif®
latm = 14696 Ibffin.}

EﬂEI‘gj’ and Specific Energy

I N - m = 073756 ft - Ibf

1 Ll = THI56 fi - Ibf
1kl = (19478 Bru

1 klkg = 042992 Buib
1it-1bf = 135582171

1 Biu = TIRAT ft - 1bf
1 Btu = L0551 kJ

1 Biw/lb = 2326 klikg

1 kcal = 41868 kI

Energy Transfer Rate
1w =1 lis = 3413 Biw'h
1EW =131hp

1 Biw'h = 0293 W

1 hp = 2545 Biw'h
1 hp = 550 it - Ibfis
1 hp = (L7457 EW

Specific Heat

1Elke - K = 0138846 Buwlb - R
1 kcalkg - K =1 Bu/flb - "R
1 Biw'h - "R = 41868 kllkg - K

Others

1 ton of refrigeration = 200 Btw/'min = 211 kl/'min
1 volt = 1 walt per ampere

Universal Gas Constant

E314 kVkmaol - K
K= 4 1545 ft - Ibfllbmol - "R
1.986 Biu/lbmol - "R

Standard Acceleration of Gravity

_ [ 9.80665 mis*
E= 12174 s

Standard Atmospheric Pressure

101325 bar
1 atm = 4 14.696 Ibffin*

760 mm Hg = 29.92 in. Hg

Temperature Relations
T°R) = L8 T(K)

T°C) = T(K) — 273.15

TI°F) = T{"R) — 459.67



