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1.1 The force, F, of the wind blowing against a building is given by
F = CppV?*A/2, where V is the wind speed, p the density of the air,
A the cross-sectional area of the building, and Cpis a constant termed
the drag coefficient, Determine the dimensions of the drag coefficient.

Fz=CoViAr
or

bp = ZF/P VA , where F =ML Y
oML

-1

VLT

Thys, AL
Co 2MLT™2)/LMENLT U] =ML°T

Hence , Cy is dimensionless.
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1.2 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. :

: _ \ _.I
() mass x velocty = (M)(LT ) = MLT

Since F=MLT™? . e |
mass x velocity = (FL™'T )KLT}: £r

. 3
(6) force x volume = FL

e e—

(poeT2)(13) = MLt ™2

Il

) Kinetic enersgy - =l " L_/
2 Fed L& — =P

Lz
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1.3 Vetify the dimensions, in both the FLT and MLT systems,
of the following quantities which appear in Table 1.1: (a) vol-
ume, (b) acceleration, (¢) mass, (d) moment of inertia (area),
and (e) work.

3
(ﬂ) I/a/ume & L

(b) acceleration = time rale of change oF velocity

ly-

L_T—I_—_'- LT
T =

() mass = M
or with F=mMLT ?

mass 2 EL™! 7“2

(A) moment oF 1nertia (Area) = S€cond tnoment oF Arex

= *)r) 2 LY

(e) work = toree x distance
< EL
or Wwith F=MLT™?
work s M LT F
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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
(¢) momentum divided by volume.

(a) force x acceleration = (F)(LT™2) = FLT?
Since F=NML 7"‘-2J
- - ; 2_.~¥
7‘0?‘(6 X aCce/emfjgn = mLT ){LT 2)__.: MLT

(b) Force x velocity (F)[LZT_I) = FL7'T™!
a Féa L

e
. ™ B

It-

Vs

) mamcm‘am - Mass X Ve/aa'i‘y
Vo/#mﬁ vo lume.

5 (F,—z-f)/;r;') 5 pyo




1.5  Verify the dimensions, in both the FLT
and MLT systems, of the following quantities which
appear in Table 1.1: (a) angular velocity, (b) en-
ergy, (c) moment of inertia (area), (d) power,
and (e) pressure. ‘

. iy | )
‘el a”f“/‘?" Ve/o(i:‘y: anguler displacement . - y

—

+ime =

(5) €nerqy ~ capatity of body fo do work
Since work = force x distante ’
Cnergy = FL
or with pFopgpTT%

epersy = //VM_T"Z)fL) = MLAT T2
(€) moment of inertalavea) = second memeat of arca
(L*)(r*) = L*

(d) PRarE = bate of do/ng work = _F_L & Bf 7=
| 7 | ==

= TN 5 mLAT

If»

. -2
(€) pressure = % = ‘Aﬁz = FL

S (MLTTI(LR) E ML

-5



[.6

1.6 Verify the dimensions. in both the FLT
system and the MLT system, of the following
quantities whick-appear in Table 1.1: (a) fre-

quency, (b) stress, (¢) strain, (d) torque, and (e)

work. '
cycles . -/
a = =
(&) Freguency ;T T
_ fome = £ o g1

(b) stress = e 7z

S/}?CC F‘:"MLT-Q.)

L omLTT =2
Jvz‘}*es.s-'—‘ 7z = ML L

() strain = SHAMe In [eng?h - _1{:.. = é_f /;/;mg,,j,b,,/fﬁ>

/eng 14

(d) forque = force x distance = FL
= (T L) = MLT

¢) work = force x distanmce = _ﬁ___{—_
= (LT L) = et T
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1.7 If uis a velocity, x a length, and ¢ a time,
what are the dimensions (in the MLT system) of
(a) du/at, (b) d%u/dxat, and (c) [ (du/dt) dx?

@) 24 = LT = [T7*
2 = A
) Q= LT . -2
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[,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, (¢) moment of a force, (d) vol-
ume, and (e) work.

(@) accelevation = Velf""'*” = L /772
+ime 7‘2 —_—
(L) Stress = force £ 2 g2
area L

Since F=MLT )}
-2
stress = “‘“"LL;T = MLYTT®

) ement of & érrcz f:ﬂrfex distance = FL

LTIl = MO2TT?

() velume = (/mgﬁ;) s L5

(€) work = force x dhstince = EL
(MLTDL = K127 ?

— e
P ————

lI-

/-8
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1.9 Ifpis 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*?

oomLUir® -
(@) % = M/_-TS LR

() pVp= G 7-2) (L) (A1) = M T

- ‘ ﬂ?Lﬁlez >
(¢) -Z-I-/—z = (ML"-?) ([ = ; = MeleT (c//men.nm/ﬂss)
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1.10 If Pis a force and x a length, what are
the dimensions (in the FLT system) of (a) dP/
dx, (b) &*Pldx*, and (c) [P dx?

(a) L2 £ = pL?
= - L T ==

by 9L - F = (73

dx? L3 ===

(c) yjhf’d& = £FL

/~10
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1.4 If Vis a velocity, € a length, and » a fluid property (the Kine-
matic viscosity) having dimensions of L2T~!, which of the fol-
lowing combinations are dimensionless: (a) V€, (b) V€/v, (c) Vi,
d) V/€v?

fa) VAV = (LT‘)[/_)[[?—T"’ = [97"'1 ,/m:‘ a&)nens/'an/ess)

) YA o (L77)(L) = /°T°
7/ (L‘?-T"f) }

[ dimension /ess)

() viy = (7 //,27'-." A pEpd (/701‘ dfmfnﬂbn/ess)

gy Y. 7). -
@ LY T Ww(rT) L™ {nef diomines)

|-1]
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1.121f V is a velocity, determine the dimensions of Z, «, and G,
which appear in the dimensionally homogeneous equation

V=2a-1)+G

V = #Z2 (X-1) + &
[o7] 2 [2][<~1] + [&]

SH.’MC. Cach tevrm i The €g¢(@£¢p}y /?75{525 /741/6.
the same a’/fhensxéﬂ_sj 1t follows that
Z= LT

ol = FPLOT® ((/ /fé(ﬂsz?ﬂ/es.s JmEe Combined
e — i
with a number)

& = LT~
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1,\'13 The volume rate of flow, @, through a pipe containing a
slowly moving liguid is given by the equation

_ 7mR'Ap
8uf

where R is the pipe radius, Ap the pressure drop along the pipe,
w a fluid property called viscosity (FL™*T), and € the length of
pipe. What are the dimensions of the constant 77/8? Would you
classify this equation as a general homogeneous equation?
Explain.

7 (1

] =) o7

The Constant “'T/g ls dimenswn\es:) And

'f'lﬂe eﬁua}ibn s oo 3eneral homogeneo us
ezud:bn That s valid 1n awvy  Consistent
Un'y syskem. Ves.

=13
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l.14 According to information found in an old hydrauiics
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 4 is the energy loss per unit weight, D the hose diameter,
d the nozzle tip diameter, V the fluid ‘velocity in the hose, and
& the acceleration of gravity. Do you think this equation is valid
in any system of units? Explain.

4= (o.04 4 0.09) /—5)"‘2_.‘;&

[%]’—‘ [o.olf f» o.oq] [_g"][—li] &.—j[{‘z]
[L]= [o.oq & 0‘07.] []

Since ecach term 1n The egua,{/o'n must have The
Same  dimensions, The Constant Ferm (0.0% 4 0.09) must
be i mensionless. 777!4.5/ The f’gaaéxé;f /5 & Geneval

homogeneous efuatiwy That is Valid s any system
f’yﬁ units, }_/e_s

/18

, 1.15 -The pressdré dii‘ference, Ap, across a -

" partial blockage in an artery (called a stenosis) is

cosity (FL-'T), p the blood density (ML), D'

the artery diameter, A, the area of the unob- |
structed artery, and A, the area of the stenosis.

approximated by the equation -

% Aa- _ 2“’.
Ap = K, — — -1 V2
p=Rprh (Al ) ;

e
sp- b AL k[ R] PV

e T, O] Do) s )
D:L"‘] & [\4” e+ [ko) [FL?]

Since each +erm must have The same dimensions,

K, and K, are dimensionless. Thus, the eguation
/S a 76/79%4/ homojeneoas fgual—z'm That would be
valicd ‘1h any Consistent system of units. Yes.

Determine the dimensions of the constants K,
and K,. Would this equation be valid in any sys-
tem of units?

|- 14
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lLi6 Assume that the speed of sound, ¢, in a fluid depends
on an elastic modulus, £, with dimensions FL ~2, and the fluid
density, p, in the form ¢ = (E,)%p)”. If this is to be a dimen-
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 Eg. 1.19.) ‘

C = .(Ey)a‘qo)b

- - -2
Since ¢= LT E,FFL* p=FL'T

; “ b
14 [ 7] [557]

For a dimensionally homogeneous -ezadjftbn each +erm
in The eguation must have The same dimensions. Thus,
the vight hand side of £ (1) must have The dimensions
of LT~ Therefore,
a+b=0 (4 elimnate F)
2b=-1 (2o sahsFy Comchition onT)

Zﬂ‘-“#b e —l ((7—4" 547457[5' C&n;/;'fvo'n on [_)
I‘Z‘ —é//aw.s That a;../.i and b:__,_i/_

So  That C:l/_—_g_r_,

L.
This resul+ s Consistent with The stundad 76)’/71:(/4 for The
Speed of sound. Yes.

—_—




1.|7 A formula to estimate the volume rate
of flow, Q, flowing over a dam of length, B, is
given by the equation

Q = 3.09BH?

where H is the depth of the water above the top

@= 309 BH™

(1377 = [504][L]™

. of the dam (called the head). This formula gives

‘@ in ft*/s when B and H are in feet. Is the con-
stant, 3.09, dimensionless? Would this equation

be valid if units other than feet and seconds were
used?

Z

[°7] = Bosl[] [T

Since each +erm in the 'egam’-/an must have The same

dimensions The constant 309 rrust have dimensions
)

oFf _/_/27‘“’ and is Theredore not dimensionless . No.

Since The copstant has dimensions its value will chonge
with a change iIn units, No.

[-16
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1. 18 The force, P, that is exerted on a spher-
ical particle moving slowly through a liquid is
given by the equation
P = 3auDV

where y is a fluid property (viscosity) having di-
mensions of FL-*T, D is the particle diameter,
and V is the particle velocity. What are the di-
mensions of the constant, 372 Would you classify
this equation as a general homogeneous equa-
tion?

P = 3maDV
(F] = [Brlfre=L T

[F]= [3m] [F]

i ST s a‘moen.vbn/:ss, gnd The -égﬂmébn-

(s a 76nerﬂ/ hamoﬁeneaus fguavL/bﬂ. )’es.

[~17




(20 1.20 Make use of Table 1.3 to express the

following quantities in SI units: (a) 10.2 in./min,
(b) 4.81 slugs, (¢) 3.021b, (d) 73.1 ft/s?, (e) 0.0234
1b-s/ft2.

(@) [p,2 % = (/0 Z s )._/25"‘“’0 ) ;f.;n)

-3
= Mgz x/oT = 432 27

(6) 48] s/uys:- (6?5’/ .s/uys.-) [Aéf.ﬁ’xm j_%)-_- 70, 2 _»é%

(¢) 302 /b = (502/5 (#444? )_ /34N

() 73/ (75’/‘”) (3 o4px1™' 5% j&ﬁ ): 22,3 2
\ 23 |
Ib.s M3
) ooz3s LS < (00230 B2 (#8950 = )
Ft* ( 'F )( 163
N =
_ £
= /2 =

|-18
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1.21 Make use of Table 1.4 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.

() 142 dm = (2x00%m) (3281 £5)= 444 210" 4

/b

) Sty < (804 5 )fé%éxm B )= 58510 F,
N

/m?:

4 4 -3 Sluss o
) L&/ ;f's s (/W ;f; )(/ 740X 10 7*-“—’): 512 %10 slgs

2 3
/?M-b
/V'M ' -1 ;7“&
(c) 00320 — = (0. 0320 A—’;”—”) (’7, 37bxlo  ~s_ )
M
_ s
= Z3LxX1D é ".C.l:'_/.'t’
571 L= (5'4,7)</o = A 3/ o s
= 5,/7 x/b h "Cf

||l

"
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1.2.2.Express the following quantities in SI units: (a) 160 acre,
(b) 15 gallons (U.S.), (¢) 240 miles, (d) 79.1 hp, (e) 60.3 °F

(ay 160 acpe =(/190 dl(re)(’z'.:?s‘(a ;(1’0"c ﬂ: )(q 2490 X1 _g_&“_:)
= L4 x10°m?

(b) 15 gallons = (15 gallons )(3. 185 £ 4‘]"’")(1 ): 56,8 X103

Leter

() 240 mi = (240 m)(fzso = ) (5048015 E’E) 3,96 X165 m

t. J Y J
(d-) 9. hp:(7qalhp)(550 5 )(\ 35(01%“,) 5.9y 10 <
and |

= \W Se 'rha.‘\: ;
79.1 hp= 5,90 x10 W

ce) T = *—ff (60.3°F -32) =15.7°C

wlty

=157°C +273 = 284K

1-20
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1.23  For Table 1.3 verify the conversion re-
latxonshlps for: (a) area, (b) density, (c) vclocuy
and (d) specific weight. Use the basic conversion
relationships: 1 ft = 0.3048 m; 11b = 4.4482 N;
and 1 slug = 14.594 kg.

= 009290 m™

2) [ FtT= (141 )[/0304:9) H*-]

771”5} m&f/%l’ﬁ@ 'ﬁfz by ?, 290 E_Z ‘/‘D Cﬂﬂl/t’)’#

%’0@2‘,

t6) | g < (] 5/"5 /4. 594 %9 | F£ ‘}
7 >( 5’“5) (0. 3048) "

43
= 5/5.4 3

T}?MSJ my/?t/p/fj 5/&{55/#&'3 éfj -5-:/5—4‘ E"'Z 1(0 CD/‘)V(!"ZJ
to 7%?//}?43

ce) | £ - (/ ’%)(ﬁ.wﬁg): 03048 2

—

771’:45, mu/vlz;p/g fz‘/s ég 3 048 E—ﬁfgﬁ convert
'LLO /m/S

3
/) /7%3 (/ ﬁa (M#ﬂ )[@%__}

= /57/

Thus, multiply /4/,4_13 by (571 E+2 o comvert
+o N /o 3.

- 21




fi2d —l 1.24  For Table 1.4 verify the conversion re-
lationships for: (a) acceleration, (b) density,
(¢) pressure, and (d) volume flowrate. Use the
basic conversion relationships: 1 m = 3.2808 ft;
I N = 0.22481 Ib; and 1 kg = 0.068521 slug.

(@) 1 B (18 ) (225w £ )= 5200 G

T/qws) mufv"ip/g m [s? foy 3.28] to  tonverl

to F£t/s% ,
by 4g slugs | o ® ]
&) | 2L - ([ =& }(o.ola,s'az./ En )({32909)376£3

_ ~3 slugs
= [ 940 x10 o

T/ﬂus) mu.”—i/:/g «»%j/rma by 9% E-3 to convert
to sluas/ft3.

) ]%1: (] %z)(d,zzwl L )[—i—"ﬁ——

N (3 2808)* F£*
= 2.080 £t 2,
T/ws) multiply N/m? by 2,089 E=1 to convert
Lo IL/FE*%
3 i [52398)3_@31: a5y &7
@ 22 (12| = s

T})us) mu/éila/g /7’}43/5 by 3. 53] E+| 4o c’aom/f'rg
+to  F1HYs,

|- 22
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8 ;_5 Water flows from a large drainage plpe at a rate of
1200 gal/rmn ‘What is this volume rate of ﬂon in (a) m/s, (b)

liters/min, and (c) ft*/s?

() :

/m3
flowrate = (/200 ga/ ) (é 309 £15° )
_@__/
min
= 757 )4/0.-2'%3
(E) S/hcé." / /lztfr = -'3 3
_ ; -2 m3 / 3/1£€
Flowrate = (757 g >(£;H—/3—C'S)(%p;_j)
/7 Fers
#8540 min
. £13
() Llowrate = (757x15° 27 ) (3531x10 5 _ )
£ o
= 447 F
1-23
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1.26 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.

Soeme possible examples:
Gcceleration x Fime n (L 7"‘2)/7')

pelocity (LT-1)

(T-)T)=T°

1.

:fre?uencg X Fime

Z
(Ve/oci—/g) f[_T"")L 00
/gﬂfy‘/; X acceleration w)(L T"L)

1]

force x +ime . (FXT) - _LFNT) __ . peoge
romentum . (M LT (FTAILTT)

density  velocity « lenth . ()i~ NL)
dqn.v/m‘c w'.scosi%j MLTT

MoLOTn

/-2
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127 An important dimensionless parameter
_ number defined as V/Vgl, 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

Ln BG units

in certain types of fluid flow problems is the Froude

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

£t
|r——\/ . 2w = L35
R (PPENET
Ln I units:
V=(to £5 )(0.3049%”2)= 3.06 &
g: %381 G
Q= (2 £+ ) (e.3048 %’i): O.blO m
Thus, A
305 5

125

V.
72

/ndependent of The

o 20wy

T/qe. Va/b{é o:[ G C//hﬂeﬂsian/fss /Dammefer /S

unit system.

|-25




