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a) Solid filled between plates B} Fluid filled between plates
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British Sl (Systeme International)
- Foot (ft) - Meter (m)
- Second (s) - Second (s)

- Pound (Ib,,)) - Kilogram (kg)

- Degree Rankine (°R) - Degree Kelvin (°K)
related to Fahrenheit related to Celsius
(°F+459.67) (°C+273.15)
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Metric mishap caused loss of NASA orbiter

September 30, 1992 Share || @ Mixx | I Twitter | Email

e Recommend B3 6 people recommend this.

GNN NASA lost a 125 million Mars orbiter because a Lockheed Martin engineering team used English
units of measurement while the agencys team used the more conventional metric system for a key
spacecraft operation, according to a review finding released Thursday.

The units mismatch prevented navigation information from transferring between the Mars Climate
Orbiter spacecraft team in at Lockheed Martin in Denver and the flight team at NASAs Jet Propulsion
Laboratory in Pasadena, California.
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P1 — Ps = (p1 — p2) + (P2 — P3)
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A mixture of crude oil (SG = 0.87) and water is pumped into a
settling tank that is 10 m high and vented at the top .After a period of
time, it is found that a layer of crude oil 2 m deep has accumulated on
top of 7.5 m of water. What is the average density of the liquid
column? What is the pressure at the bottom of the tank?

| L

2
v PA

Oil hgyy =2m

Water

h =75m

water

el e

o

a) To determine the average density:

l H l - Rypatar + Roir
0= — dz = — water & oil &
0 HL p(z)dz H[(£ Puwat Z)+(.[hm ,012)]

— 1 Pwater Poil
— Lwa erhwa er -+ Poi hoi —= hwa er -+ hoi
2 i [Owat t Poilfloil] H |: It ( 1

Pater
998 kg/m>
5= — 5 [7.5m+ (0.87)(2 m)] = 971 keg/m®
95m
b) The pressure at the bottom of the tank: P =pas+ pgH

1 (N-s?)

ps = 1.013 x 10° N/m? 4 (971 kg/m*)(9.81 m/s?)(9.5m) ———
1 (kg-m)

= 1.92 x 10° N/m®

Also rag:H = Pwater8 hwatf:r S ﬁﬂil—ghoﬂ
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As shown below, the hot water tank is 50 °F hotter at the top than at
the bottom. If the thermostat maintains the water at the bottom of
the tank at 140 °F, and the tank is 5 ft tall and vented at the top, find
the pressure distribution in the tank as a function of height. How
much is the pressure at the bottom of the tank? Assume 3 = 2.3 x

107*°F 1,

Venl
Assumption: linear T distribution in Ie lt_
the Tank. v —TeE —
Tr = 190°F and Ty = 140°E Tank 5 ft
4 T = 140°F

-
©

oP
= =—pg = p@) — po= [, —p(2)gdz

With a linear temperature distribution:

Tz)=a+wz=> 1(z)=Tg + (Ty — Tp)(z/H)

Also, thermal expansion defines as below:

g L (a_p) = p(T) = pall — B(T — Ts)]

p \ 0T
Finally,
5 z '3 i
P(@) = pa = fH —ps [ = B(Tr — To)— | gz = psg [—z+ S B(Tr — TB)] )

H+z
= p{z) = pa + ppg(H —2) [1— ¥ ﬁ(TT—TB)]

©




Ulio

A vertical gate of width W controls the water level in the intake
reservoir of a power plant. What is the force of the water on the
gate? What is the net hydrostatic force on the gate?

Zh Air
_ %
Nateh ; Width W
H A Air
¥
X
©
Air
% -
Water ] . . Width W Lb
i F, FAA]r Fw:(pA+pc)'A
/ ¥ pc - YW'hc
h, = =Dp, = =F =
And net F:
Fnet = Fw _FA =

(&)




Ulio

An inclined gate of length I. = 3 m and width W = 1.5 m holds back
water in an irrigation channel. What is the force of the water on the
gate when the channel is filled to height of H = 1 m? What is the net
force on the gater

Solution ?2?7?

Ulio

A cylindrical instrument container of height H = 1 m and radius R =
0.25 m has been designed so that it is neutrally buoyant when partially
immersed to a depth H/2 in water. Find the weight of the cylinder
and its contents.

Solution ??7? //'/\

oz —
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fa + it Ll = Vo + i + h,
2g  pg 2¢g  pg

Energy per unit volume hefore = Energy per unit volume after

B+ ;pvf+ pgh, = P, + ;pv22+ pgh,

The often cited example of the
Bernoulli Equation or “Bernoulli

Effect” is the reduction in pressure
Flow velocity Flow velogity ) which accurs when the fiuid speed
vy Vo increases.

M A< A

B IR

P<Pl
P Increased fluid speed, frrmmmeees '
1 decreased internal pressure.
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Screwed Flanged
Type of fitting diameter = 2.5ecm 5in. |10cm S5cm [10cm |20 cm
Globe value (fully open) =t 8.2 6.9 5.7 8.5 6.0 5.8
(half open) 9 120 17 14 21 15 14
(one-quarter open) T 57 48 40 60 42 41
Angle valve (fully open) 4.7 2.0 1.0 2.4 2.0 2.0
Swing check valve (fully open) 2.9 2.1 2.0 2.0 2.0 2.0
Gate valve (fully open) 0.24 0.16 | 0.11 035 | 0.16 | 007
Return bend 1.5 0.95 0.64 0.35]| 030 | 0.25
Tee (branch) 1.8 1.4 1.1 0.80) 0.64 | 058
Tee (line) 0.9 0.9 0.9 0.19| 0.14 | 0.10
Standard elbow 1.5 0.95 0.64 039 030 | 0.26
Long sweep elbow 0.72 0.41 0.23 030 019 | Q.15
45° elbow 0.32 0.30 | 029
Square-edged entrance S
g 0.8
Reentrant entrance o
0.03
‘Well-rounded entrance
Pipe exit 1.0
©
1] & f
8l L s
Area ratio
Sudden contraction* 2:1 0.25
5:1 041
10:1 0.46
Arearatio A/A
1.5:1 0.85
21 34
4:1 29
=6:1 2
A
2.78| — =06
Al}
Sudden enlargement* I [ A ]1
=
A,
90° miter bend (without vanes) L1
02
(with vanes)
0.02
0.07

#Values for other geometries can be found in Technical Paper 410. The Crane Company, 1957,

"Based on exit velacity V,.
*Based on entrance velocity V,.
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T. Rex

Tyrannosaurus rex. (California Academy of Sciences)

Dimensional analysis, the main topic of this chapter,
is used in many scientific pursuits. It has even been
used by Professor Alexander McNeil, now at Heriot-Watt

1c3)¢0 axilian

University in Scotland, to try to determine the speed at
which dinosaurs such as Tyrannosaurus rex may have
been able to run. The only data available on these crea-
tures are in the fossil record —the most pertinent data
being the dinosaurs’ average leg length [ and stride s.
Could these data be used to extract the dinosaurs’
speed? Comparing data on [ and s and the speed V of
quadrupeds (e.g., horses, dogs) and bipeds (e.g.,
humans) does not indicate a pattern, unless dimensional
analysis is used to learn that all of the data should be
plotted in the following way: Plot the dimensionless
quantity V*/gl (where V is the measured speed of the
animal and g is the acceleration of gravity) against
the dimensionless ratio s/l. When this is done, “magi-
cally” the data for most animals fall approximately on
one curve! Hence, the running behavior of most animals
can be obtained from the graph: In this case, the dino-
saurs’value of s/l allows a corresponding value of Vgl to
be interpolated from the curve, leading to an estimate for
V of dinosaurs (because [ and g are known). Based on
this, in contrast to the jurassic Park movies, it seems

likely that humans could easily outrun T. rex!
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