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1.1 If p is a pressure, V a velocity, and p a fluid density,
what are the dimensions (in the MLT system) of (a) p/p,
(b) pVp, and (c) p/pV*?

i ML 7-- 27-'—2_
(@) P AL=S =

+ . MmO
PY:  (mL=)(LT)*

= M°L°T° ( dimensionlpss )

/=1




l.2  Verify the dimensions, in both the FLT system and the
MLT system, of the following quantities which appear in Table
1.1: (a) acceleration, (b) stress. (¢) moment of a force, (d) vol-
ume, and (e) work.

(a’) aCCe/E}’a,‘éI‘Dﬂ = VC/&GI:“b = _L_ — LT—P_

-{-)'me 72 —_—

(L) Stress =

—

area

-[,OI"CQ - __LIL_:: = FL"’Z

Since F=MLT}
-2
Stress = ___MLL:_T = MLTITTE

(C) tnoment of @ force = Force x distance = FL

LTIl = MOATT?

() volume = (/3/757“/7) = [.3

(e) work

1l

7[0/*(.: X Ghstance = FL

= (MLT DL = yr*7 2
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1.3  If Pis a force and x a length, what are
the dimensions (in the FLT system) of (a) dP/
dx. (b) &P/dx*, and (c) [P dx?

() 9L 2 £ = gy72
dx L —

(b) L - FE = g;73
dx? L3 E—
(c) / Pdx = L
/-4 1.4  Dimensionless combinations of quan-

tities (commonly called dimensionless parame-
ters) play an important role in fluid mechanics.
Make up five possible dimensionless parameters
by using combinations of some of the quantities
listed in Table 1.1.

Some possible examples :
aC(e/ermLmn x Fime , (L 7--2)/7;2

velocity (L T)

Muencg x Fime = (7“/)[7') =

[ Ve/oc /'v‘y ) :

\

7—0

e

length x acceleration  (L)( L 7%

force x Fime (F71) =

o ——0

N
— ' y —s

(F)(T) s pooT°

e entam . M LT (FTADUTTY)

density « velocity x lerth ()T L) = Ag°LeT
dynamic ://'scos/‘%j L= T
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1.5 A formula for estimating the volume rate of flow, ~Wwhere C'is a constant, g the acceleration of gravity, B the
spillway width, H the depth of water passing over the spill-

0, over the spillway of a dam is . ‘
2m N30 way, and V the velocity of water just upstream of the dam.
Q= C\/2_g B(H + V*I2g) Would this equation be valid in any system of un.s? Explain. |

2 3/
@=CVig B8 (H+ )"

I 12 T2 4
[1377]% [¢][va] ad “[L]([Lyf[;}.-,; -:Jj
(7)< [ [ ] (T (2D
{PT"T_)-;-[CVT][BT"J

Since each term in The eguation must have the
Same climensions The Constan? C VI tmust be
dumension less. Thus, The eguation 1s a General
homogeneous €fwation Thet would be vald 1h
any censistent set of units. Yes .

[.&

1.6 The pressure difference, Ap, across a partial block-  where V is the blood velocity, u the blood viscosity (FL™%7), i
age in an artery (called a stenosis) is approximated by the p the blood density (ML), D the artery diameter, Ag the

equation area of the unobstructed artery, and A, the area of the steno-
wv A ) sis. Determine the dimensions of the constants K, and K,
= 0 Would this equation be valid in any system of units?
Ap=K,—+ K,|— -1 pV? q y sy ’
P ) u( A, >P

Ap=ky/%l/+ /(“[%_1]2/0\/21 Al A2
(e = [k, ) (DN L)) L[ - 2] ]
re = )[R+ [k [Fe)

Since each term must have the same a//'mens/bns)

K, and K, are dimensionless. Thus, the equation
/5 « 7enem/ haﬂwfeﬂeous €@um/-ian That would be
valid ‘1 any Consistent system of units. Yes.

-4
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l'-) According to information found in an old hydraulics
book, the energy loss per unit weight of fluid flowing through
a nozzle connected to a hose can be estimated by the formula

h = (0.04 to 0.09)(D/d)*V>/2g

where h is the energy loss per unit weight, D the hose diameter,
d the nozzle tip diameter, V the fluid velocity in the hose, and
g the acceleration of gravity. Do you think this equation is valid
in any system of units? Explain.

4= (0.04 4 0.09) /5)"2_53

[-EF-L-]= [0,04 o o,oﬂ[_gg[_;_] l’f‘j [_Z_-z]
[L ] = [0.04 L 0,07][1_]

Since eac) +erm in The ezaa,z%h must have The
Same a’/}nensmh_s/ The Constant Fevm (0.04 4 0. 09) must
be dimensionless. 77114.5/ The L’Z/m,zf/&'ﬂ /5 & Geneval

hemo genesus efuation That is Valid 1 any systerm
47£ units, Y-is_

/-5
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19 Make use of Table 1.2 to express the
following quantities in SI units: (a) 10.2 in./min,
(b) 4.81 slugs, (¢) 3.021b, (d) 73.1ft/s?, (e) 0.0234

1b-s/ft2.
. . -2
(@) /v 2 ﬁ—f,’—,’,, =,(/«9.2 —’,—,%’,,)/2.59@)(/0 ,—f,—’-')(;;”_;”)
= 432 x/07° 2 = 432

(b) 481 .s/u?s:- (%:?/ S/ujs)/lé‘d'?)‘/a ;_f;'%): 70, 2 4413_
(¢) 302 16 = (302l )( %wse )= 1344

) 7302 < (120 5) (Govexn 52 )2 223 2

5 = ?
v s+
/b.s [bes M3
) 7‘2‘1 ( ,Ci- )( Bs
W -
— .S
= /2 X3
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1.10 Make use of Table 1.3 to express the

following quantities in BG units: (a) 14.2 km,
(b) 8.14 N/m?, (¢) 1.61 kg/m?, (d) 0.0320 N-m/s,
(e) 5.67 mm/hr.

£t

(a) /42 4m = //642,(/034”) (zzy/;): 446 110" F1

) S 2 = (804 1) [4,.34,4x/o'3_£-i3_)=

—MB

43 _ '3 -3 Sluss
CORAY =L = (Aé/ Zf’a ) (/ 940 X /0 Zz?)=

o5

Noom /

(d) 0.0320 == = (0.0320 2 ) (13706000

= Z23Lx10" ’C7:/5

(€) 57 12-?-: (5:&7;00-3 —:—2-;)(228/%)

N

-6
= 5,/7 x/0 ——-Jf

-2 /é
0 —
5./8x10 " 25

-3
320 Slgs
32

£#-bb )
s

Mt

s

/| hr >
3bo0 5

=7
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1.11 Clouds can weigh thousands of pounds due to their
liquid water content. Often this content is measured in grams
per cubic meter (g/m’). Assume that a cumulus cloud occupies
a volume of one cubic kilometer, and its liquid water content
is 0.2 g/m (a) What is the volume of this cloud in cubic miles?
(b) How much does the water in the cloud weigh in pounds?

(@) Vo Jume = | lhwm)’ = 10T m?
Since /}m _—_'328I Lf
Vs lume. =  /0"m 3)/!2&/,,,,)
(5 280 %103 Ae>

= 0.240 rmc>

——

(55 W = ¥ x ‘Va/u/;wc
y=pg= (027 [/o"f—’)/%/ 2 )= %zm Pl
”}) (%z)(/o (/0%3) l‘f&z xm N

:(/.ﬂz X [0 N)/z,zsc;x,/o | ) 4‘f1x10 “a
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1.1Z  An important dimensionless parameter
in certain types of fluid flow problems is the Froude
 number defined as V/\/g—ﬂ, where V is a velocity,
g the acceleration of gravity, and (a length. De-
termine the value of the Froude number for V =
10 ft/s, g = 32.2 ft/s?, and [ = 2 ft. Recalculate

[n a6 4/4/‘7‘5/

the Froude number using SI units for V, g, and
{. Explain the significance of the results of these
calculations.

£
l#2 G 224
Ln 31 units:
V= (1o £ )(0.3049%% 3.06 &
- 98 &
L= (.‘2 H—)[c.aouz ﬁ): O.bl10O m
Thus, o
vV o_ 3,05 5 ) 25

ls2

owr = oy

The value of a dimensionless /Damme'éer /S

/ndependent of The

unit

sy stem.
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1.13 The specific weight of a certain liquid is 85.3 Ib/ft’.
Determine its density and specific gravity.

%
§53 s - 2.65 _____—5/“7;‘

_ 5
r° # 322 #

S/ugs
Y 2.5 24
ézo @ ¥ /Gy Slugs
o 3
/1% 1.14 A hydrometer is used to measure the specific grav-

ity of liquids. (See Video V2.6.) For a certain liquid a hy-
drometer reading indicates a specific gravity of 1.15. What
is the liquid’s density and specific weight? Express your an-
swer in SI units.

SG =
(o @4
(5= L
/oop RE
m3

p= (1.15)(1000 %ﬁ) = [150 %‘-‘3

bfz/Og = (“50 :—%)(131 ;—m;_>:' “,3%

/-0
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1.16 When poured into a graduated cylinder, a liquid is
found to weigh 6 N when occupying a volume of 500 ml
(milliliters). Determine its specific weight, density, and spe-

cific gra_vity.
N
/2.0 £/

weight

volume (o 5 10”3 m? -
( oal}( /Q)

3 N
/2.0 % [0 73 _/sz/os-;ég

- D’ -
= — - 3
f 2 -
3 4
e 22 x10° =&
P o 1 T L
4y 0 o

I-1]
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*1.17 The variation in the density of water, p, with tem-
perature, 7, in the range of 20°C = T = 60°C, is given in
the following table.

Density (kg/m®) | 998.2]997.1]995.7|994.1 | 992.2]990.2 | 998.1
Temperature °C) | 20 | 25 | 30 [ 35 | 40 [ 45 | 50

Use these data to determine an empirical equation of the form
p = ¢; + ¢,T + ¢;T%, which can be used to predict the density
over the range indicated. Compare the predicted values with
the data given. What is the density of water at 42.1 °C?

F/'_f' The dd«f& -éo a Second ovder /Od/ynam,'ql
USI1ng G sStandqrd Corve- £ #1475 Pregram such
as pund I1n EXCEL, Thus,

/0 = JoO/ — 0.0537 T ~ 0.00%) "% (/)

As  Shown 1,  The Lale bc/ow/ & (predicted )
From £g.(D 1s 10 geod dAgreement with A (g1%n) .

T,°C p, kg/m*3  p, Predicted

20 998.2 998.3
25 997.1 9971
30 995.7 995.7
35 9941 994 1
40 992.2 992.3
45 990.2 990.3
50 988.1 988.1

A4 7 = %2.] eC

43

m3

2
p= (o0l - 0.0533 (42.)°) - o004l (42/°c)= F9/5

/-2
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1.19 Some experimems are being conducted in a labo-
ratory in which the air temperature is 27 °C and the atmo-
spherlc pressure is 14.3 psm Determine the densny of the
air. Express your answers in slugs/ft’ and in kg/m’.

ﬁ:pRT
27°C = [/2[27)+3’2 ] °F = $0.L °F

-

Temperature =

b (435 (194 & )
o ( 1706 - ’C"L 5 )[(80 LFr S0)R ]

slugs
= 0.00222
ft3

2 &3 y
(0 00222 s’“”)(_ff /54 X10° ;Zs, ) = [ ]y =2
A

/=/3
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1.L20 A closed tank having a volume of 2 ft* is filled with
0.30 Ib of a gas. A pressure gage attached to the tank reads 12
psi when the gas temperature is 80 °F. There is some question
as to whether the gas in the tank is oxygen or helium. Which
do you think it is? Explain how you arrived at your answer.

L _ weght _ 2304
Density of qas in tank P = 2 x volume [322’6—# >(2_ £3)
Sa-

-3
= Slugs
A 7)( /0 -

S/nce /0: k—é_ wi17h P: (/21-/';‘77)f5/é,

(a-fma_s/hmé pressure  assumed o be % /%7/:/22)
anck witn T = [(POF +4b0)°R it Allous Tht

Ib in
o= (247 /‘—"1.’-)('#"‘%;): 702 she ()
L (540°R) £ f3

From Table /6 2:/5'5‘#)(/93 For okygen
dncoA = J242xXI0* -4 Sor  beliam

5/‘/9.0/2
Thus, From Eg. (1) £ The gas is OXygen
. 7/2 slugs _ oy /0'3 sluas
~ /554%xh3 /3 ££3
and Aor  Pelium ¥ shugs
# ti2yzxip #z

Y C&mlwnxﬂ of These Ualues wiTh The actual dens/hy
of  the 945 14 The dkank /ndicetes Tnat Tre

9aS rAust  be OKXyg9en.

- 1%
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1.22 A rigid tank contains air at a pressure of 90 psia
and a temperature of 60 °F. By how much will the pressure
increase as the temperature is increased to 110 °F?

P= PRT (£g.1.7)

Por @ rigid closed 4ank The air rmass and
Volwurne ave Constant o p= Constant. Thus,

#rm £g. 17 (witn R w,,,mz‘)

- (N
T 7

uhe/e -R: ?Dpsza,) 7" < 607’-/-17%0 = 5’20",6)
and T = UO°F+460 = STOR. From £g.00)

570°R

2= _7% p = ﬂo./e)(ﬂlosz.a) 75’7,9.51.4.
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1.23  Determine the ratio of the dynamic viscosity of water
to air at a temperature of 70 °C. Compare this value with the
corresponding ratio of kinematic viscosities. Assume the air is
at standard atmospheric pressure.

From Table B.2 in Appendie B
P - ) —‘f 1 - "7 2
(For wa%er_az‘ 70 C) /a = You2 xio 4’/;;-_): /= 4 134%]0 3/’_".

From Table B4 mn Appendix B
- -5
(14;» a at 7o °C) /¢ = 2.03 X/D gi/;l:i v Y= [97 X]0

J
Thus)

n[3

-

/"Hw - “Yoy2 )‘-/0_ = /9.9
/{ﬂ/;‘ ’?'93 X /D‘b 3
' -7
7///:.0 = Yz xlo 2/0x)0"%
Varr L7 21077






