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1.1 Toe force, F, of the wind blowing against a building is given by
F= C,p\/A/2, where Vis the wind speed, p the density of theair,
A the cross-sectional area of the building, and Cois a constant termed
the drag coefficient. Detennine the dimensions of the drag coefficient.

or

C,=2F/0VA, where F=ML/T
@=1_°
V-LT*"

ThUSJ A>L -

0, =(LT"/Z[(L?2ILr=0O] -Mt" T

Hence IS dimensionless.

FzCeVAs
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1.Z  Determine the dimensions, in both the FLT system and
the MLT system, for (a) the product of mass times velocity,
(b) the product of force times volume, and (c) kinetic energy

divided by area.

Qr’)

V4 assx VelOI’# =
(&) - =
Inc F ML77?

=ass X ®laif (="r)LTH= Ir

w Fx wle = F°

— MLT"

—_—
_—

- TEO@) - M2

Knetid ener9©

(c) re¢ = EL -
a -
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[.3 Verify the dimensions, in both the FLT and MLT systems,
of the following quantities which appear in Table 1.1: (a) vol
ume, (b) acceleration, (c) mass, (d) moment of inertia (area),
and (e) work.

(a2) Volume = 0

_—
_

(6) acceleration = lime rle of chang o+ wloci+
= L7 1z
ot
(¢) mass = M

or WC FiTI\/IL_I_?
onAs3+ EL_ ™72

(d) moment uf tiers™ (rec) = segond moment of arcC
= (O) — W=,
(e¢) work = Foree x distance

—

M

er Wwith M—: LT?
Wor k5 e ey
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1.4 Determine the dimensions, in both the
FLT system and the MLT system, for (a) the
product of force times acceleration, (b) the prod-

uct of force times velocity divided by area. and
(c) momentum divided by volume,

(a) Force < acceleraho = (F)LT3) = FLT -
Since F:‘M[_T‘l)
force x accelerahon = @ K (tr)- s =

(5) are ‘elocity (F)(LT™) ot - .

L4
—
—_—

I

Il

are0 S 4
= (L/IBlurmt =
L e —
cc) Momentum - mass x eloci,
volume volume
=) —')
(ol kg
LO




1.5 Verify the dimensions, in both the FLT
and MLTsystems, of the il lowing quantities which
appcar in Table 1.1: (a) angular velocity, (b) ene
ergy, (c) moment of inertia (area), (d) power,
and (e) pressure.

-/

o T
(@) angular velocity = anguies ffitoinsed - w

—_—
R ——

(b) ener <> Capacih of body he do work
S7ce oOvVKk = Fore< dis#ante,

cnery, - FL
er Bt pP- ML 7?
cncnm = ML7:C(t) = Lr?

cc) mmen+ el inert(are) = second memen# e# ara

= /L4e)— LI

(d) power - ate o,I g/ workk — FL & FLTF
+ e e —
. 06Lr (/1')- gr3
Ce) pressure _ Fforce - ||_:Z 2 g2
area e —

= (MLT—Z)/L-Z) = mML'r 2




6 Verify the dimensions. in both the FLT
system and the MLT system, of the following
quantities which-appear in Table 1.1: (a) free

quenay, (b) stress, (c) st (d) trcque, and (€)

work.
O %rcgamcg = %\%S 2
F =77

4ore _ -
6) shress - PF° - 17 =

Smc¢ FXL_T2
y Al > =
FFess = L Er7=

‘ - 0
cc) strain  ChAnne in lenth kt (acrate)

/endth

o

/ d) -;lor?ae - -Farcc x distance =
I = N
= (/‘7[7’9/[) =ML 7 4

-

= QUr)/L)= ¥gr?

&) erk = forces dishane
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K I is a velocity,x a length, and ta time,
what are the dimensions (in the MLTsystem) of
(a) au/at, (b) aulaxat, and (c) T (Oult) dx?

@ ~ - E-_r- . LT -2

—
—_—

2+ T

o LU . lr' . 7>

21 2£ @)
—_—dX =
«C) — < a

=4 7
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1.8 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, (c) moment of a force, (d) vole
ume, and (e) work.

i |
() acceleration ¢ VYeloch ¢ J.rr?
+Im€ 72 —_—

5) bess = foree _ = _ FL7?
) are - L -

Since F=MLT )}
-2
stress = _.MLL’_T = MLNT™

c) 7m of a V(8 = soyce x dshnee = EL
=(Lr?)Ls L_K7?

Q Vvolime = (/fﬂjﬁt) "o o7

=

force x dshancc = _EL
(MLT YL = mr272

(e) work

li-




Witht are!f{)' Pressure, Y a velocity, and p a fluid densiyy,
1sa
B B on
+V0, aka @j[*";"* = Gn he MLT sysem) Of «) pa. ()

2

il M

(a)

0 mLr”
P - AML—3

) %= %'r)(tr) (H= ﬂ:ﬁ;
PR s

C gus > CCor2: = MUT (dimersionless)
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1.10 If Pis a force and x a length, what are
the dimensions (in the FLT system) of (a) dPI
dx. (O PPIdr, and (c) [P dx?

dP . -
(a) ; = E - FL7?
aX. = d= 5=

PEpp—




1.14 If Vis avelocity, € a length, andv a fluid property (the kines
matic viscosity) having dimensions of E'T", which of the fole

lowing combinations are dimensionless: (a) VE, (b) V&/v, (¢) VY,
(d) V/6v?

(@) V{;_ (r_/))(cr- z Lyl (not diensii Bess)

/

—_—

6) V8 _ (Lr L

———
—_—

LO7O

(dimensionless)
SN /i .
@© -_ —Q@Qr) L'7-3 (hok _dimensionless)
d) V : fr") , -2

gV @(cer-) - L (Nnf deosjonless)
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1.121f Vis a velocity, determine the dimensions of Z, a, and G,
which appear in the dimensionally homogeneous equation

Z@a =1) +G

r— 7 @-1) + G
[ 1N<-)+ (6J
Shce cwch ~err » The <4a|ieh mus# have
the 5ame dimensions, it Fllos the!
Z Z L=

6 = p?[97° (dimensionless amce Obied
uoih  « number) '

G = LT~

=12




1N
(8]

J,[3The volumerate of flow, Q, through a pipe containing a
slowly moving liquid is given by the equation

i

0-

where R is the pipe radius, Ap the pressure drop along the pipe,
a fluid property. called viscosity (FL_T), and & the length of

pipe. What are the dimensions of the constant 7/8? Would you

classify this equation as a general homogeneous equation?
Explain.

e+ )l

7] (2 [ 7]

7/ Constant 7/% s dimension IeSS.I o d

s e 04ale» 3 « enéral Nomo9eneo 5
$pb» at s va'd | ©  consiShet

4' 5+m Yes -
+ 3

—
—_——

——
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[.IA 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 10 0.09)ID/4\V//2

where h is the energy loss per unit weight, D the hose diameter,
i 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.

%=Cov %e2+)(g) Z,Y;

- ¥+ -1350/7}
Q- Do+l

mnce eac} +er t The ega#Nn mus+x hawe The

sam¢ dimensions, The Cons#rl +em (@0.ow hO0) mush
_ - Tutd

b. dimensionkss. Thus The ea&tl» is « 9renal

home eneeus €K B , #hal is valid r any S55#m
of units. Yes.

L

l.1s |

—— ——— e i

. 1.5  The pressure difference, Ap, across a cosity (FLLT), p the blood density (ML), D,
partial blockage in an artery (called a stenosis) is the artery diameter, A the area of the unobe

approximated by the equation structed artery, and A, the area of the stenosis.
Determine the dimensions of the constants K,
aw=K. e; K, =3 -0V and K,. Would this equation be valid in any syss

its?

where V is the blood ve.oZE, o the Blopd vige | o Of Uni:

Ap = Ky /%"Vv‘ ka[%"]z/ovz .

s L) L)

(e 2 [ ] Dred « () [Fe]

Since &uch term mas# have fhe same dimensions,
. Ond K, are =Wresiomess, Thus, the egd#ion

is a eneral homogeneous €4a+io Th+ wold he
va/icl 1N dN consis#et sys#em €I uni#s. ¥es.
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l. 16 Assume that the speed of sound, ¢, in a fluid depends
on an elastic modulus, E,, with dimensions FL_2, and the fluid
density, p, in the form ¢ = (E,)(p). If this is to be a dimene
sionally homogeneous equation, what are the values for a and
b? Is your result consistent with the standard formula for the
speed of sound? (See Eq. 1.19.)

= (g, )“(ﬁ)b

Since €= LT spLr p=FLTE

[£]:[£ [_—z«][ ]

Foy . hwensionall, homogeneous <(U«tiC each +erm
th The efuato must ha, The sane dime»sons. Tub
/he right hand side of Eg.) MUS huve Tne driers~ts
of L7t There I
C +b =0 (4 eliminate F)
2)=—1 (le sa#sT, COJ"]O‘ >>Th
Za+ib=—| <« khstF, ded® en L)

r_4 A//au/.s ﬂaz‘ a -1 e b:—!2
7}14,1'{ ‘_72
S0 & =
|

Temoeslt s ConsislerI!wt']h 7he sh»dad lotmla S» he
peed e£ sound. YES.
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1.17 A formula to estimate the volume rate
of flow, Q, flowing over a dam of length, B, s
given by the equation

Q= 3.09BH
2
where H is the depth of the water above the top

30 663/;

[er)= O

of the dam (called the head). This formula gives
Q in ft/s when B and H are in feet. Is the cone
stant, 3.09, dimensionless? Would this equation
be valid if units other than feet and seconds were
used?

Cler
[ri=[elD"™

@nce each erm in the equation mus# huve the same

dimensions the

tonstant 3O mus} he dimensions

of /'7. and is thcrewve not dimensionless NO.
mce The cstar# hus dimensions i#S valle till Channe

th a change

in Nnis. 1o,

_

|-%
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1.18  Theforce, P, that is exerted on a sphere
ical particle moving slowly through a liquid is
given by the equation

P=3DV
where p is a fluid property (viscosity) having die
mensions of FL_T, D is the particle diameter,

and V is the particle velocity. What are the di
mensions of the constant, 3n? Would you classify

this equation as a general homogeneous equas
tion?

P= rnMADY

[r] + Br(=e —@4r?

e- [»[r

r  37r s dimensionless, gnd the €gua#on
is a general homogeneous eguation. \_(_e_s

=17
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4_20_,[ 1.20 Make use of Table 1.3 to express the

following quantities in Sl units: (a) 10.2 in./min,
(b) 4.81 slugs, (e) 3.02 Ib, (d) 73.1 ft/s? (e) 0.0234
Ib-s/ft.

@ al,- lez)(sodD ((z)

- a32 =p7° C*_s_" = 432 [3E

e) 31 shr= (s s )(tsres ft)- Ta#g
te) 3021 - (e2) Cnus {I= la y

(p() 73./_13‘;1_. (73/}[_{) (3,oyrx/a-'_‘”§‘_z_)= 22 3 %

]

u - _5—2-
e) 0023 'S, (8 o03u TI) (72880

—_—

447 £t

43|

- t12 RS

de 2
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| 421 1.21 Make use of Table 1.4 to express the
following quantities in BG units: (a) 14.2 km,
(b) 8.14 N/n’, (c) 1.61 kg/m', (d) 0.0320 Nm/s,
(e) 5.67 mm/hr.

@ /42 % = (ZW>»>) (Z5+)e a4 ' 4t

At

® &rs ™, (e+)zce'#) ;;&»LL
) &/ j—j- . (res % 74 ) (19402107 g £ )- |

RE wl. ot
>
o 4?3

. Yy
(0.0320 2 ) (7, 376.x10”" - )
-0 ¥ Nt
(1) -0320 = '
-2 L lb

= Z3bx)0 = o

S

”—;—; (5&7;00 -;-’-”)(5" 8/"{") oy >

Bboo s

e) 5,%7

; - ’ O_%

-1
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1.22 Express the following quantities in Sl units; (a) 160 acre,
(b) 15 gallons (U.S.). (e) 240 miles, (d) 79.1 hp, (e) 60.3 F.

2‘ -
(ay 160 acre = (160 acre)(4 350 xw“% )(q.aeo X1 ’-ﬂ"—z)

&2
= (.47 x105m?

(b) 15 gallons = (15 gallons )(3. T35 ’L"‘)(m S pm? >= 56,8 XID a3

<y 2% -=e 2)(Sf;)(VWi"[): 50 S»

(0L) _hp El, ' S
and [g - \W ss hat
79.1 hp = 5.90. IO W

- T-?(%3r-3) =1s.7°C
- 5. 7C +273 = 28 <




