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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.

F = CD_ Y V2/4,/2

or

C,=2F/eV*A , where F=MLT* =
P= LSS o
VelT™
Thys, A=L*

Co 2(MLT™2)/LMENLT U] =M LT

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. :

d -1 . -/
(a) mass x veloaty = (M)(LT™) = MLT
Since F=MLT? :
. - 2 =l o -
mass x velocty = (FL™'T )/LT) = FT

) 3
(6) 'ﬁorce X Volume = Fi
= (peT2)13) = mL¥T72

) Kinetic enerqgy - =l _ FL._/
area b =

= (MLTZ)L - ﬂr'z

Lz

/-2
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1.3 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, (¢) mass, (d) moment of inertia (area),
and (e) work.

3
(a) volume = L
(b) acceleration = time rale of change oF velocity
&= LT7. 7? |
= =
(¢) mass = M

or with F=M LT

mass & L™ T2

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

= (L2)r) & LY

(e) work = toree x distance
< EL
or With 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 T"-z)
- - ; 2_.~¥
7£0r‘(€ X a:cce/emﬁgn = mLT ){LT 2)_.: MLT

(L) Force x velocty . (F)[LZT_’) = gyl
a réa L

/MLT')(LT‘I)i MT 3
. ™ ___"

1

Vs

) Mamc?Afam - Mass X Ve/aa'i‘y
volume vo lume.

(Friy) L'T”_’) = FLUT

|-
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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. ‘

anguler displacemeat .

(a) angular velpcity = e .
— s

U
\l

(5) enerqgy ~ capacity of body to 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
<)) 2 L

(d) PRarE = bate of do/ng work = _F"_L & Bf 7=

-
= LT N2 LT

(€) pressure = f;;: = '/_Ez = FL

2

= (MLTRL?) = MR



https://ebookyab.ir/solution-manual-fluid-mechanics-munson-young/

https://ebookyab.ir/solution-manual-fluid-mechanics-munson-young/
Email: ebookyab.ir@gmail.com, Phone:+989359542944 (Telegram, WhatsApp, Eitaa)

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.
/ , -
(&) #(rega(ncg = ;;;;s = 7
. B -
6) shoss = e o £ o F

S/hag F—"—"MLT—Z)
. ML i . e 5D
dvz‘}'es.s = 7z = ML T

(c) S %}‘t?/'/? = C/mmfd’ “ /ﬂ’-? 7% = —é = [_o / c/imenﬂbn/fﬁ.s)
/enq7h L -

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

¢) work = force x distanmce = f_‘___{—_
= (ML) = T
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1.7

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?
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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.

(@) a S velocty = L . -2
) acceleration — = T
(L) Stress = force . £ 2 FL®

= 2
area L

Since F=MLT )}

-2
shress = HMET = mL7ITT®
L?.
cec) rnement oA @ Fforce = Hforce x distance = FL

LTIl = MO2TT?

() velume = (/c’ngﬁ;) T L5

I

force x dhstnce = EL
(MLT YL = ML >

(e) work

lI-

/-8


https://ebookyab.ir/solution-manual-fluid-mechanics-munson-young/

https://ebookyab.ir/solution-manual-fluid-mechanics-munson-young/
Email: ebookyab.ir@gmail.com, Phone:+989359542944 (Telegram, WhatsApp, Eitaa)
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1.9  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*?

-l =2 2 -2
(@) 2 =2 T = LU°T
P ATL”

o . g2 s
(b) pVp= @L“’TTZ)(LT“’)(MN)“: ML T

-l _.~2
¢) —f— = ML T I o A (c//mens/m/ﬂss)
777 = (T
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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?

2) 2 £ = pL?
dx L

[ e—

by 9L - F = (73

dx? L3 ===

(C)ff)c/xﬁ £L

/~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) Vv, (b) V£/v, (c) V¥,
@ v/ér?

(a) VAV = (L T‘)[[_)[ﬁ"r") = [¥7-2 ,/mf a&)nens/‘on/ess)

) YA o (L77)(L) = /°T°
7/ (L‘?-T"f) }

[ dimension /ess)

(C) \/27/ = /LT“’) //,27'-.'):-‘- [.97"_3 /ﬁm‘ dfmfnﬂbn/ess)

vV . Tt L -
() /@—7/_ = [LL)I(LZT"’) = [_l (f?mL d/im’nybn/ess)

|-1]
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1.121If Vis a velocity, determine the dimensions of Z, @, and G,
which appear in the dimensionally homogeneous equation

V=2Za-1)+G

V = 2 (x-1) + &
[t [2][x-1] + [5]

Since. cach term i The egm,,_ém}, muyst  have
the same a’/r}oe’nsxéﬂ_f/ 1t follows that

Z= L77"

oL = FoLoTO (dimensionless simce Combined
with a number)

6 = LT~
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J,\fﬁ The volume rate of flow, 0, through a pipe containing a
slowly moving liguid is given by the equation

_ wR'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

[ g o]

The Constant ’“'/8 ls d{menswn\ess) And

e eﬁua;‘-r'on 13 a 3eneml homogeneo us

e‘gua;}‘fbn That s valid 1n awvy  Consistent
Uni'+ 5':)5:’-€m. \/35_

=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
g the acceleration of gravity. Do you think this equation is valid
in any system of units? Explain.

A= (v.04 4 0.09) /—-5)2_.‘;&

[%]’—‘ [o.olf s o.oq] [_E‘J[—li] E_—j[{‘z]
[L]= [o.oq & 0;07._7 []

Since eaclh Ferm 1w The egua,{/o'n must have The
Same a’/}nensza}u/ The Constant Fevym (0.0% 4 0 09) must
be i mensionless. 777!4.5/ The f’jd«tilé;f /5 & Geneval

homogeneous efuatiwy That is Valid s any system
of units. Yes.

/18

" 115  The pressﬁré diﬁerence, Ap, across a - -”Eonsitj’-(FL'zT), p the blood density (ML~?), D |

" partial blockage in an artery (called a stenosis) is the artery diameter, A, the area of the unob- |
approximated by the equation - - structed artery, and A, the area of the stenosis.
' % A, .\ ' Determine the dimensions of the constants K,
Ap = K, D + K, (A_1 = 1) pV? and K,. Would this equation be valid in any sys-

. v ) tem of units?
where V is the blood velocity, u the blood vis-

4p = Ky %‘/"L /(“[%ﬁlf/ovzz 2 (o[ | )%
(e = [, LN L) [ ) [ £
(e = [ic] [ Fe) « [k [FL?]

Since each +erm must have The same J/}wenszmsJ

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

|- 14
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/16 l.16 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 ¢ and
b? 1s your result consistent with the standard formula for the
speed of sound? (See Eg. 1.19.) ‘

¢ =.(£y)°'(,o)b

- : - il
Sice c¢= LT E,SFLTY P FL

, “ b
[£1: [£] [ 22" &

For a dimensionally homogeneous Jezacuém'n 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)
2h == (2o satisFy Condition on 7

Za+4b=-1 (% 547457[5' eonditon on L)
I‘Z’ A//aw.s That g_;../.i and b:_,_i

So  That C:t/f:"_,

L
This result I's consistent wwith The standard Formula For The
Speed of sound. Yes.

—_—
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1,17

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

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

0 = 3.09BH™ ; be valid if units other than feet and seconds were
used?
where # is the depth of the water above the top

@= 309 BH™ y
[t>7] = Bogl[L][LT"
v 5/
(L3777 = [304][L] ™
Since each term in the 'egam’-/an must have The same
dimenstons The constant 304 rrust have dimensions
of /_I/ZTHI and is Thevefore not dimensionless _Af_g.

Sinte The constant bas dimensions its value will chonge
with & change i(n 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, 37?7 Would you classify
this equation as a general homogeneous equa-
tion?

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

i ST s afx'men.s‘/aﬂ/:ss, gnd The égamébn-

(s a 76nera/ hamogeneaus €gum€f’an. )’es.

[~17
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(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
Ib-s/ft2. )

. P “2 N S f |
(@) /0,2 7 = (/QZ-;—,%',?)/Z{;‘WX/O ,—,,—_)(é;”_g”)

- -3 m A
= 432 X/0° & = % 32 227

(6) 48] slugs= (695’/ 5/ugs ) [Mﬁ‘xm Sﬁijj): 706, 2 é%

¢) 3.02 /b = (502/5)(944{44? %): /34N

| .o
(0{) 73./-?*;—"';;: (7.?/-?,5_) (3’.0‘1‘5’)5/0 lcil. ):.. 22 3 %’71
52—
lbs /b s . . )
€) O 0X3¥% = & (0 O3 4% -F-i"‘> (‘%7:?5))(/0 A:c
#7 s
F43-
- N-s
= [./2 =

|-18
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/.21 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?, (c) 1.61 kg/m?, (d) 0.0320 N-m/s,
(e) 5.67 mm/hr. ‘

(0) 142 o = (2000°m) (3200 £ )= 444 210" H

Ve

/b
() S./4 .;.,,4’\-/-3 % (é’.iet/;f'\é ) (é..%éx/o ? zNi-s)._. 5;,“/,92?%3
¥a B

-3 Sluss L
c) /&) gs - (res f—fg ) (/ 740X /07 7 ) 502x0" shss

———

2 3
/m?’
L , -1 ft
() 00320 - (0. 0320 /-‘-’-—”—”) (’7, 3bxl0 TS )
S S -
i
-2 , S
= Z3Lx10 "C_Z_/.'L’

€) 57 '-G-Z-”;"= (Slﬁxlo-a%’? ,(Zzg/%) | hr )

Bboo s

1]
0
N
*®
S
I
-~
N
~Ne

"
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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 acre =(/190 dl(re)(’z'.:?ﬂa ;(1’0"c ﬂ: )(q 2490 X1 _g_:_:)
= L4 x10°m?

lon

(b) 15 gallons = (5 gallons )(3. 785 £ 4"""")([ ): 56,8 X103

Leter

() 240 mi = (240 m)(fzso = ) (5048015 ﬁ‘) 3.36 X165 m

£ J Y J
(0{—) 9. hp:(7‘:f.,hp)(55'0 ____5___ )(\ 35bﬂ:u) 5.9y 10 <
andl%z\w so'hmd:

9.1 hp= 5.90 I0° W
ce) T.= ~—ff (bo.3'F -32) =15.7°C

=157°C +273 = 284K

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

x) | fER: (1 fﬁ‘)[/czhese)lfnl]: 0. 09290 m™
-zf'?’

771”5/ m&f/%;"ﬂ{y 'Ff’z by ?, 290 E—Z ‘ILD Cﬂﬂl/t’)’#

fo /m =
{_-_/j) .S/ug = 5/“5 . & ﬁ /ff‘j
/ £¢32 (/ £43 ) (/“ ¥ Sluj) (@.306’5’)3/}%3
*4
= 5/5.4 3

Thusj my//‘[p/tj S/L{gj/-lcfj ég 5.'/5-4‘ E"'Z 'i(a Com/(rzl
i‘o 7%} //m3

cc) |/ éﬁ‘._— (/ 7%)(0.30%97—/‘5)_- Q;aygffsﬁ

771‘&!5) mu/ﬁ;p/_g fz‘/s ég 3 0%8 E-| + convert

'LLO /m/S
L[ 1t w\T 1 £24° _}
[d) / _;;3 = (/ ;t;)(é‘.#%?.z E)[(ﬂ,j‘dlff)'?m‘j
= /57./;%/‘_;, |
Tfms) m:,(/'/‘fp/j /é/iffa ég [57/ £t 7&0 f’on:/{v‘rz‘
to N/m3, |

- 21
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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.

// )(32303 ’Cf)_ 3 2901 *£

s

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

(b) ﬁ_g_. = [ 'é}.. ) 0.06%52) slugs '/ms ]
/ 3 ( m?3 }( | ?ﬁ- ) (32909)37%3

= [ Qyp xp7> Slugs
&3

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

’ b | m*
) ?:(l_)(azztm ){m

y -2 L
2,089 £LIp T

T/ws mul ’j N/ma by 2,089 E=1 +to ctonyert
o /L;/#tz‘,

(d) | 22 - (] _@5)[[&2308)3_@3]____ P %3

/)543

T})us) mu/éila/g /}%3/5 by 3531 E+| 4o conyert
+o  FHUs,

|- 22
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/.25
1.25 | Water flows from a large drainage pipe at a 1rate of
1200 gal/min. What is this volume rate of flow in (a) m*/s, (b)
liters/min, and (c) ft*/s? '
(a) 3
wmn
- a -5 ==
£/owrate = (/200 9——/ ) (6,5’0%(/0 s )
. nin
al
min

= 757 %102 _Q;_j

(b) Since | liter = /0‘3,,,43

J
. ' ~2 /m3>(/03//‘1£er5 (pas)
-[/owm!e— (75'7 x /0 — e ) e
[/ Fers
= #8540 min

= £t3
() Llowrate = (7.57x!o -@Ta)(iﬁfxw s )
| =
£ K]
T 247 5
1-23
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[.26

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:
acce/em-/wn x Fime 5 /[_ 7"2)/7') . Lg.?_,,

velocity T L) T

(T-)T) = T°

1.

fre?uencg X Fme

z 2
(Vf/oci—/g) F] (LT—I) - _:: La 7——0
/g’ﬂfﬂ; X acceleration w)(L 7%
Lorce x Fime (FXT) (F)(T) 2 pY°re

1770/ €n fum - (/V]LT"’)d /FTZZ'Q/ZT-Q-‘

densiy < velocity « lenth . ()L™ NL)
dynamic viscosity ML T

MoLOTo

/-2
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RV
S 27
127 An important dimensionless parameter - the Froude number using SI units for V, g, and
in certain types of fluid flow problems is the Froude {. Explain the significance of the results of these

~number defined as V/ \/g_li where V is a velocity, ' calculations.
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

) -
- ——

W ng. 2 ‘3;51) (244) e

If‘) J.Z_ Uﬂi')is ¥
Mg L ] 4
V= (10 £5 ) (0. 504¢ 2)- 508 %

g: Cr,g/ /?}ﬂ'i
p= (Q .H_-)-(o.‘ao%’ %".t)-_- C.bl0 m
Thus, m
3 T —
*———-v = L. W = J 25

T/qe. l/a/t{é.‘ a:[ G C//hﬂeﬂsian/ess /Damrn‘efer /S
/ndependent of The unit system.
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