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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=CoViAra
or

C,=2F/eV*A , where F=MLT* =
Ve lT™!
Thys, A=L*
CD -"-"(ML T?Z)/[(MZ__"’)(L T"")z (Lz)] o MOLD To

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




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?

@) 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



HLA8

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




.29

1.29 A tank contains 500 k
gofa hqmd whose specific gra
2, Determme the volume of the liquid in the tankp e

V= m/(S6 By =5001~:9/((2)(¢?‘??£% )

= 0.250m3

.30

130 Clouds can weigh thousands of pounds due to their
1 liquid water content. Often this content is measured in grams =
" per cubic meter (g/m*). Assume that a cumulus cloud occupies e

a volume of one cubic kilometer, and its liquid water content ! n
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? i

mmf/ume- J &ém) = _/

3 - |
' ____1 ance /*/m AN T _ﬁ.ﬁ | | ' _
, _ 3 |
<M—Vﬁmm4 thmj)[}2$IM1). iﬁ' |

“q“:fi_mf-‘mg_ﬂ“‘ T
( 747 a(/D‘N‘)(,z 243 xw —N‘L’- ---;#_:f"f'_/ix}—ﬂs'“v

B hEs --fm X

I-2.6




/31 1.3/ A tank of oil has a mass of 25 slugs.
(a) Determine its weight in pounds and in new-
tons at the earth’s surface. (b) What would be its
“ mass (in slugs) and its weight (in pounds) if lo-
- cated on the moon’s surface where the gravita- -
tional attraction is approximately one-sixth that
at the earth’s surface?
ca) wezgﬁi‘ Z pwass x j
- (25‘ S/ugs) (32,2 "3'5')_ Sos 4
- .57 54 ) (7,91 2)= 35800
(25 5/{.4?5)(457 Slaj Sz
()  omass = 25 slugs  (rmass does not depend on
gra vitational attraction )
weight = (27 slugs ) ( 222 8 ) = Jay b
b
/e 32 N .
1.32 A certain object weighs 300 N at the earth’s surface.

Determine the mass of the object (in kilograms) and its weight
(in newtons) when located on a planet with an acceleration of
gravity equal to 4.0 ft/s?.

weight
Mmass = g

300 N = 306 4&}
7.8 £ T

/-;}, j: %0 fz‘él

we/ght- = (30@45;)(40 ) (0.3048 )
:2}5/\/

|-27




1,33

1.32  The density of a certain type of jet fuel
is 775 kg/m’. Determine its specific gravity and
specific weight.

%2

= _ "™ - 0,775
E23 ===
m3

L

s 3

y=pq = (775 24 ) (9.8 )= 7.0

I-28
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1.2% A hydrometer is used to measure the specific gravity of lig-
- uids. (See Video V2.8.) For a certain liquid a hydrometer read-

ing indicates a specific gravity of 1.15. What is the liquid’s den-
sity and specific weight? Express your answer in SI units.




1,35

1.35 The specific weight of a certain liquid is
843 Ib/ft’. Determine its density and specific

gravity.
gs3 L /
o= ¥ o 8P e o 205
¢ 2.2 2 ___ft

¢ 205 28
SG= e = y : = L37

@ slugs

Y ¥ ¥ 4o 2L

=30
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.36  An open, rigid-walled, cylindrical tank contains 4 ft>
of water at 40 °F. Over a 24-hour period of time the water
temperature varies from 40 °F to 90 °F. Make use of the data
in Appendix B to determine how much the volume of water will
change. For a tank diameter of 2 ft, would the corresponding
change in water depth be very noticeable? Explain.

Mass o; WA,'E\:’V = —&7‘”/0
Wheve V- 15 Tre volume and P The density. Jince The
Mmass must vewarn constant as The demperature changes

%f/;o* i —%'K/;a° h
| = 5/ =
F7om ITable B. éag%.F /. 94p __H‘f,_l;
/ﬁ‘zo @ oop ak %Zg:ﬁ;
7716/’614}’6 Lo £ g. (/) .
D (%
b’ 193] 2%,

T/;m/ The rncveese 1 volume 15

3
Y prgl — 4 o00= & o) 9L FE

The change 17 liter depth, 44, 4o {jm | o
e AV | o o018l A7

w3 ‘
area m; = 5.92xI0+£=0.0710in
L{.

This small change 15 dleph would not be very
Notrceable. No.

Vode ! A shahtly dttereat value for AL Wil be obfanen
1f specfic weignt of water Is used refher Thanm density .
This 15 due +o The fack Thot There is seme ancerfaity
In The fourth Significani Figyre of These Fwo values, and
Fhe solution 15 sensitive 4 Tnis Uncertainty . ~

I -3l
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1.28 A mountain climber’s oxygen tank contains 1 1b of oxygen
when he begins his trip at sea level where the acceleration of grav-
ity is 32.174 fus®. What is the weight of the oxygen in the tank
when he reaches to top of Mt. Everest where the acceleration of
gravity is 32.082 ft/s®? Assume that no oxygen has been removed
from the tank; it will be used on the descent portion of the climb.

W=mg

é;f (), denote sea level and ¢ Ve denotethe top of Mi. Frerest
Vs,
W, = 16 =m, 95 andl

Wote = Mg Gmie

/‘/UWEVW M =)TIW£ 50 '1‘/747’ since M = %g j

m - ;M-./EL = m - Mé
sl %l mig ?}Hff
or

_ Gme 32,082 t/s2
Woie = Wi g = 11 smmars =497 b

I-31



, v

*.51

| /.29

(.29  The information on a can of pop indicates that the can

. contains 355 mL. The mass of a full can of pop is 0.369 kg

while an empty can weighs 0.153 N. Determine the specific
weight, density, and specific gravity of the pop and compare
your results with the corresponding values for water at 20 °C.
Express your results in SI units. ‘

Wei gkt T £luel (r)
W lume of lvzftfz'c/

totul weight = massx g = /ﬁ.%fa@g)(ﬁ/ﬁ) T Fb2N

weght o can= 6 /53N
-3 -3 /)‘ﬂ3) _ -£ K1
Volyume of Fluid = (355 x 10 L)f/o =)= FEEXID M

- -/ 5N ‘ /U

g = T55 X m“‘;n?_ B
N
/0: ?%: = 67730 > _ 996 Jr;jz=cf% ;}6_;33
7.8) 27 =1
'52-
42
5‘67: _ﬁ. = 776 m3 - 0 q‘?é

/ﬁ;o@ﬁ"C /000 ﬁ—é

Fﬁ}" Wﬂ-{ﬂ" duf Zo’f (er T;J/g B Z In 4[)/‘)?;4%,( B)
| - 778 "{1"} ! = %é f =
5y ) 70 A, 82 L Sk =992
/'.rL 6&’/)7/04//554 4/ 7265( Values 7§r /azl—py WwiTh Those
for The pop Shows That The zpecitic We 1947,

dtnS::iLy/ Gud Specitac ‘7%49/9’7 of The pop are a//
J/!j/ﬁ‘/g Jowey Than The Corresponding Valyes For water.

21 b]
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*1.40 The variation in the density of water, p, with tem-
perature, 7, in the range 20 °C = T = 50 °C, is given in the
following table,

Density (kg/m?) | 998.2 | 997.1 | 995.7 | 994.1 | 992.2 | 990.2 | 988.1
_ | 9957 | | 5902 |

Temperature(“C)' 20 ! 25 \ 30 |'35 l 40 ! 45 1 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?

Fi-+ The data Lo a secomu order pelynomiel
USIng & Standgrd Curve-£ Higs Pregram  such
@s Sund I1n EXCEL, THus,

P = [20/ — 0.0535T ~ 0.00% T* (1)

As  Shown 1n  The Luble bc/ow/ P (predected )
from 5‘5'_[1) 15 18 Qood dgreement with /a (91en ) .

T.°C p, kg/m*3  p, Predicted

20 998.2 998.3

25 997.1 997.1

30 995.7 995.7

35 994 1 994.1

40 992.2 992.3

45 980.2 990.3

50 988.1 988.1

A4 T = %21 °C
(421+c)= 7915 2%
L p= tool ~ 00533 (42)%c) - o.0041 (421°¢) = 9915 =5
=34

23 b,
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1.4/ If 1 cup of cream having a density of 1005 kg/m® is turned
into 3 cups of whipped cream, determine the specific gravity
and specific weight of the whipped cream.

' g
Mass o f cream , m = (/ 005",;%)“ (_17;;: )
wheve ¥ ~ volume .

= ;
Since MCY'eam Whipped
Cvream

M w hpped g
ﬁhlpfnd = "-"'gftfm _ (’ 005 — )%twp.

créam
_‘ﬂﬁ—é CU.PS -\Vd‘g cU-PS
Y
o
= | &5 m3 _ 335 ié—&-
3 m3
F&)leped ’k
SG’] = Cy'earm - 335 _/Y—n&-‘i__ - O, 335
. R ¢
[, @ ¥ 000 24

| 4o
X""‘EPP“" = B“PP‘"‘ X g = (335 ﬁ)(@?l;—t)

2.8 be

tream eveam
N
= 329D —
m
|-35
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1. 42. A liquid when poured into a graduated
cylinder is found to weigh @ N when occupying a
volume of 500 ml (milliliters). Determine its spe-
cific weight, density, and specific gravity.

weight gN - oo RV
volume (0.5000) (107 2m°) il
2
16 x 1 L
. Loz <O _ e it 28
777 ZE .
, 3fég
L& x40 W =3
56 = Y S — = ™2 _ )63
Hy O “m 3

|-36
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1.44 Determine the mass of air in a 2 m* tank if the air is at room
temperature, 20 °C, and the absolute pressure within the tank is
200 kPa (abs).

m=0V where V=2m® and
e=p/RT with T= 20° = (20+273) K= 293 K
and = 200kPq = 200)([03,!;_‘/-2
Thus, |
Q = (200x 103%)/[(2.35“/0‘%)(2@3 K) ]
=238 5
m
Hence,
=¥ =2.382% (2m) - 4 6 kg
m ""P T m3 = a7

|~-37
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[.#$
145 Nitrogen is compressed to a density of
4 kg/m® under an absolute pressure of 400 kPa.
Determine the temperature in degrees Celsius.
7N
N Yoo x 10 =2
7= 797€ ) Yy #2 7N 337 K
= ) (296. &
T. = T, -d73 = 337K-a73 = é4°C
| 46

1,46 The temperature and pressure at the surface of Mars
during a Martian spring day were determined to be —50 °Cand
900 Pa, respectively. (a) Determine the density of the Martian
atmosphere for these conditions if the gas constant for the
Martian atmosphere is assumed to be equivalent to that of
carbon dioxide. (b) Compare the answer from part () with the
density of the earth's atmosphere during a spring day when the
temperature is 18 °C and the pressure 101.6 kPa (abs).

(a) ﬁ . i _ ‘foo-f—;.:.
Mar‘s RT (Iggq-k-gg_{f) [(—5’D°C+ZT3)a

=(0.0214 jﬂ—a—%

RN I SR [ LTs - S PPY.
. 7 gl
earth  RT (13"-‘7&&1) [( I8'¢ +273)K] on?
Thus,
+ 4 '
Lwars = 0028 58 s = )05
/aear"hd .22 '%:3

/=38



L.47 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.

weight _ 2 30 4
2 x volume (3’22.{'2)(2 £3)
5

-3
= S/m;.s‘
“ob X 1D -

Q(ﬂ}'/'vzy o/ g4s I/n tank /:

Since /0: w1 7Th p= (121-/';‘:7)‘;55/22,

RT
(a'f—‘n«za.s/o/veni: joressure  assumed o be % /%7p;/b)
and witm T = [(FOF+4#bs)R 2 Allows thit

b i
- (24.7 ;—n,_)(/wﬁ,_) _ 702 shigs (/)
2 (540°R) - 2

Frem Table 1.7 R:/ff#xmj for oxygen
Gucd L= /.24‘2)(/09 b s Ae/mm,

Slug « °R
Thus, From Eg.(1) £ the Gas s oxygen
= 7./2 .5/&{ o - 6&5‘(?)(/9-35/”%
# /554403 43 £ 3

ana Aer  Helium S s
7 /2 = XD
L = 578 e

Pz 1,242 X))

A Compansor  of These talues with The actual densty
0f  She gas 1n The kank Indicates That Tre

QaS  rAust be OKygen.

=34
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1. 48 A tire having a volume of 3 ft* contains
air at a gage pressure of 26 psi and a temperature
of 70 °F. Determine the density of the air and the
weight of the air contained in the tire.

Ao (2, + /%71\—?1) (/w%i)

2L : -3 4
= RT - = L4pxl0T TUE
(/7/4, ;‘%ﬁ% )-[(70‘;’1—44,0)’/?] 1

wel9ht = P4 x volume = (6.4’;‘ i’ %‘g‘) (322 _?';) (?—Ff)

= 0 ¢22 b

-H0




.49

1.49 A compressed air tank contains 5 kg of
air at a temperature of 80 °C. A gage on the tank
reads 300 kPa. Determine the volume of the tank.

coitimsa o DOAEH
/a 3
pu £ _ (Boo+101)510 S = 39 22
= RT F . b
(522?1..7;%-_!( )[ffohiva)k]
_ 5 43 3
volume = TR = LAbm
m3

l1.50

1.50 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 = - (€7.1.8)
'f'-by z rz}é/'a’ ¢losed Hank The @ty rmass anel
Vo/:.rma - avre L‘ans:‘:ﬁn'f Jo /0: C&ﬂsiani‘ 7711(5
A‘ﬁf" bg /& (wn‘?: /? constant)
. 7"" =5
S
w/'w'e‘ p= o psLa. éo F+%o = 5‘20"/6

and ‘7' 10 F-+17fbp 5'70/? Fl/p_m £y, )

EERS

()

i ﬁ\»

(ﬁ/osm) ‘?X ] psia

1=
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LG  Thedensity of oxygen contained in a tank is 2.0 kg/ m?
when the temperature is 25 °C. Determine the gage pressure of
the gas if the atmospheric pressure is 97 kPa.

pb:pRT = ﬂ? P~ )(.?51 § = é; 1< [(.25 cn??a)/]

= /55 AR (aébs)
P (ga9¢) = 7345 - P = /S54R -TT4P =

am

52 kB,

|-42.
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: 5 1.5% The helium-filled blimp shown in Fig, P1,52is used at var-

ious athletic events, Determine the number of pounds of helium
within it if its volume is 68,000 ft> and the temperature and pres-
sure are 80 °F and 14.2 psia, respectively.

MFIGURE Pi1.52

W=V where YV =68000f and ¥=0g=(p/RT)g

Ths,

Y = [/41 B (1 H,L)/((/,wz m"‘ji;,ﬁ)(gonl%o)’f?)] (32.28)
=9,82x/0 3%’!; ( 16/ (slvgft/s?)) = 9, 682 X10 —FL;E

Hence,

W = 9.62X/0 H,(éevooﬂ-‘*) = 668 /b

249 b0
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*. 53
i #1.53 Develop a computer program for calculating the density |
A _ of an ideal gas when the gas pressure in pascals (abs), the tem- |
perature in degrees Celsius, and the gas constant in J/kg - K are |
specified. Plot the density of helium as a function of temperature -
from 0 °C to 200 °C and pressures of 50, 100, 150, and 200 kPa j !
‘ (abs). _ " , f
R Fr':r 4n /den/ gﬂs 5 e R SRS TLE e ——
i (SR 1
5 i , 1 E T ‘
i 56,"7‘7}4}]"' //= I 7 '
R Eeatt e s | e
! UA”‘ 7" v ‘550/4"‘*2 /’ft'.f.rwe /? the gas ons I-;mt and T .
T rf/sﬁ—aégo/w-ﬁe -,‘em/zeraédré ‘Th us, nf The éempe ra bure ey
§ | 1
I \ /.s /h Rl 41 7775!_1 '_'___' ‘ L2 oo i |
: i | - - o ) rEr g o ] | i
4 ‘}___ ER— ( -+ 273 P R e e S —
»4 J,Dreaa’s/wei f EX(EL) })mjmm 74?‘ C’d/au/a,[-mj /0 #a//ows |
) oo  ‘ This program calcula‘tes‘the' density of an ideal gas | -
- |when the absolute pressure in Pascals, the temperature ‘ ’
- |in degrees C, and the gas constant in J/kg-K are specified.
- . |To use, replace current values with desired values of|
- |temperature, pressure, and gas constant.
|
| i A B c D
y Pressure, | Temperature,| Gas constant, | Density,
wowds .| _Pa (= Jkg-K kg/m®
. ! i | 1.01E+05 15 286.9 123 Row 10
g icn | Pl
- A Formula:
f =A10/((B10+273.15)*C10)
| | I |
...... E""”’P/"" [Ja/w lah‘-’ ﬂ Ar 75 4_0012 Fa. L‘rmfml-ure =
i ' fl o g
ot e B C' am{ /‘2 25'7 J/A@ K- R ol
A B < D | |
| Pressure, | Temperature,| Gas constant, | Density, ;
S Pa °C JkgK kg/m® i
2.00E+05 | 20 | 287 _ 238 | Row 10

-4
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(con't)

The dem‘fi'y Of hel:‘um /S p/o'lfeal .'hﬂ?e ﬁf‘ap/) bé‘/ﬂu/.

0.4 -

0.35

0.3

l<9/m‘°’ 0,58
0.2

0.15

0.1

0.05

Density of Helium
\\
Sl L
_______________ |
50 100 150
T.°C

200

= |50
= Joo

= 50

|- 45




36 4

/.55
1.55 For flowing water, what is the magnitude of the velocity gra-
dient needed to produce a shear stress of 1.0 N/m Ly
T o= e e = 112510 L5 apd 7 =10 L
M y re M =1 mE an =/0—
Thus,
N
d._u = T /.o ;5?" = 8 93 _L
dy /a' L 12 X 10’3 M:S S
/.56

1.54 Make use of the data in Appendix B to determine the
dynamic viscosity of glycerin at 85 °F. Express your answer in
both ST and BG units.

TC,: _?'5: (7}; "‘3.2): —%5-: /f:oF"B.Z) = 27.6“6-

From F;y B/l in A ppendix B :
/« (;-/,em;, it P5F (25400)) = 0.6 25 (ST anits)

m?.
(J of9 XID _fi;_-s:. )"‘*/.335/0 /b'S (Béan&)
Ms T
m?.
46

g2 by
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|1.57 Make use of the data in Appendix B to determine the
dynamic viscosity of mercury at 75 °F, Express your answer in
BG units.

= (7}: “32)= —?— /75‘_7—'—32) = 23,9°C

From Fig, 8.1 in Appendizx B :
/4( (mercwg o 15 °F (43, ‘?‘C)) ~ L5/
-2 [be3 s i
M S

m>

0”5

-47
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1.58  One type of capillary-tube viscometer is shown in

Yideo V1.5 and in Fig. P1.58. For this device the liquid to Glass
be tested is drawn into the tube to a level above the top s”egﬁt;‘:e“'”g

etched line. The time is then obtained for the liquid to drain
to the bottom etched line. The kinematic viscosity, », in m%s
is then obtained from the equation » = KR*t where K is a
constant, R is the radius of the capillary tube in mm, and ¢
is the drain time in seconds. When glycerin at 20°C is used
as a calibration fluid in a particular viscometer the drain time _
is 1,430 s. When a liquid having a density of 970 kg/m’ is Catp'g'afy
tested in the same viscometer the drain time is 900 s. What =
is the dynamic viscosity of this liquid? '

Etched lines

o KEI’L'Z‘

# FIGURE P1.58
For alycern @ 20°C U= /19410 m%,
o A1 e = (kR (1430 s)
L e*: 8.32x1077 am*/s®
For unXnown /zzw'd with = F00s
2= (5328 m*s2) (900 5)
749 x)0"F m*/s
o
- (970 ’éd’ﬂ/ﬁ3)(7.4?x/o"?””%)
.5

- p. 727 RBE = 0727 N3
m-J /m =

¥

Since /LL

[-4¢
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1.59  The viscosity of a soft drink was determined by using
a capillary tube viscometer similar to that shown in Fig. P1.47
and Video V1.5, For this device the kinematic viscosity, v, is
directly proportional to the time, ¢, that it takes for a given
amount of liquid to flow through a small capillary tube. That
is, v = Kr. The following data were obtained from regular pop
and diet pop. The corresponding measured specific gravities
are also given. Based on these data, by what percent is the
absolute viscosity, g, of regular pop greater than that of diet

pop?
Regular pop Diet pop
1(s) 377.8 300.3

SG 1.044 ]'003.
-_%_7;3433,4_”? /” e _/ d# x [0 = /M fhic ]

Smfe 'V"/‘//a 2= k'ﬁ and ps Cfé)/‘gywﬂq,c
/z" ﬁ//ows 7%1.‘7 3

ﬂ%x SG)Wj (%

% &t ( 5’0;_0-3_.5_-')_(1--005’) ‘

J=#4




1.60

1.60 Determine the ratio of the dynamic vis-

cosity of water to air at a temperature of 60 °C.
Compare this value with the corresponding ratio

of kinematic viscosities. Assume the air is at stan- -
dard atmospheric pressure.

From Table B2 in Appendie B : :
’ = =% p 4 = 3
(i‘or water at bo c) /u = 4665 510 757{) /=4 745x%]0 %n_

2

From Table B.% n Appendin B

- -5 2
(for am at Lo%c) = 19750025 V= sxio”
Thus,

-4
/‘fu,,p _ Hbb5xilo 23,7
Has (g7 k1077 =

-7
Vigo - HT#5X10 0 L g ooy 0m?

Yy 186 x107T

/=50
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- 1.6 The viscosity of a certain fluid is 5 X
' 10-* poise. Determine its viscosity in both SI and
: ..IG umts

b S

Fraqu'ppfmf/x, £, fo T /ﬁwsc Thus,

/c (5)4/0 “poise ). (167 L2 )

Pﬂ/ss

((‘ne/ Frany /aé/e /'9‘

/L (5,\¢ /O _‘.:/V-S ) (;7 o?fx/o .

= Lx/00% NS

/ma.

T--tos

= ) /0%‘/? ———-"th
T :

/-5
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.62  The kinematic viscosity and specific gravity of a liquid
are 3.5 X 107* m*/s and 0.79, respectively. What is the dy-
namic viscosity of the liquid in SI units?

iz

/0:(56){@&@5{%) |
‘ TR

/"/3-5»6/0'4‘—”—"-1) ("’-7‘?"'/53%)-"0’»277 ,Tfs'm”"’f

s oy

[-52
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1,63 A liquid has a specific weight of 59 Ib/fi* and a
dynamic viscosity of 2.75 lb-s/ft>. Determine its kinematic
viscosity.

‘V:/a Qned /)ﬂg )

Spree

2]
57 22

=
= /‘.}_f_ ” (.?,75 bs) (3225

/50

£
S

|-53
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1. 6%  The kinematic viscosity of oxygen at 20 °C
-.and a pressure of 150 kPa (abs) is 0.104 stokes.
~ Determine the dynamic viscosity of oxygen at this

temperature and pressure. “

0 = o /_f;axm A : e
e (95‘?5’_-—— )[@zacmﬁ)k__\ 9T 5
Lc 8. [0y shokes = 0.)o% -“—-;'_2
7 oo- %
= (0,004 227) (10 "_%:_;)(/M 2
= 0?05»4/0_5 AL = 05 xi5F NS
/s an =

} =5%




#1.65  Fluids for which the shearing stress, 7, is not linearly -
b related to the rate of shearing strain, y, are designated as non- |

i Newtonian fluids. Such fluids are commonplace and can exhibit
unusual behavior as shown in Video V1.6, Some experimental -

data obtained for a particular non-Newtonian fluid at 80 °F are ~
shown below.

r(b/f) | 0 | 201 | 782 | 185 | 317 | ,
7™ 1ol s | 10 [150 [200 I

Plot these data and fit a second-order polynomial to the data using
. a suitable graphing program. What is the apparent viscosity of
| this fluid when the rate of shearing strain is 70 s™'? Is this
apparent viscosity larger or smaller than that for water at the
same temperature?

Rate of  Shearing
shearing stress, ]

strain, 1/s Ib/sq ft £ 40 1=0.0008y* +0.00357
0 0 g [ |
0
50 2.1 % 20 /3|
100 7.82 2 20
150 18.5 ‘g 0
200 31.7 £ a4
g O;f/ |
=
o 0 50 100 150 200 250
Rate of shearing strain, 1/s |

‘T/‘:}am the 9,@1, 1- 00993&‘ < 00035 b’ where

oyl ol ‘j'ﬁfé 3hearing .Si'ress i /BT and ¥ 15 The ra.{-e
i .S/’H?ﬁr‘/ﬂj strain In s
|

s Lgges
/(,, prerea e it z)(a mg)k + 0.0035
..,4-1- Y= 705" |

' | -‘ ' -5“11.,
F)’m: /aUe 5/ M A'pp(ﬂd:xB /&A‘ @goa/— /7‘?/2(10 F

m:/epma’mi- a{ & 77141‘5 The ﬁmkﬂawn mm Newtonmn

_T;c_/ﬂfd hﬂS a maah /ﬁf‘??r‘ Vd /Hé A : i

HR b lbes -
o /(A/’Ptrmz‘ (2)(0.0008 4%:?-)(7“ )+ it
spaEc i O”c_’. 'Te*- 1

L

BEumw—y /7 “sice w:zée:f sTa /Vewi-onmn #luid 771:.‘: Value is
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- ments of the water velocity, u, parallel to the surface, at different

Water flows near a flat surface and some measure-

heights, y, above the surface are obtained. At the surface y = 0.
After an analysis of the data, the lab technician reports that the
velocity distribution in the range 0 < y < 0.1ft is given by

.1 the equation

u=081+92y+ 4.1 X 10%?

with u in ft/s when y is in ft. (a) Do you think that this equation
would be valid in any system of units? Explain. (b) Do you

.. think this equation is correct? Explain, You may want to look
1 at Video 14 to help you amve at your answer 1 i

A(fm; '6?/ X1

d’m !AJ

e;mm,. /74 ve c/xmens/ms
"i’mwe fff um7’:s

\'“\ u

o u= 03/”3757.:”1‘:::?7‘;.




|.67  Calculate the Reynolds numbers for the flow of water
and for air through a 4-mm-diameter tube, if the mean velocity
is 3 m/s and the temperature is 30 °C in both cases (see Example
1.4). Assume the air is at standard atmospheric pressure.

L For water at 30°C (%ram Table B,2 11 Appendix B)
| ﬁ: 265 7 ";éfa /“ = 7.975 x107 " L2

=

/?e = p v D = (?45:7 :7{23) (3 %ﬂ) (0‘0‘94 M)

= /5,000
Ve 7975 x 10" NS
_ ik
For acr at 3p'¢ ('r'/ram Table B4 in Appendix B):
- 4 4 - -5 Nos
prties o s dmen
. Aa N, ™
. AV SRS E) (i) Ly,
| P 186 x107" M5

g

|~57
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l{68 SAE 30 oil at 60 °F flows through a 2-in.-diameter
pipe with a mean velocity of 5 ft/s. Determine the value of the
Reynolds number (see Example 1.4).

= | i “:: =3 /b
/0.. /.77 3::;: /A £ 0x10 _.:Et{
fe = AV _ (L7 %;)(5%*)(%_;@_ .
/ g0 x 1673 loos = 2

g 22

|-58
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/. 69 1.69  For air at standard 'é"l(‘r;lro“sﬁpheric ptéésufe

the values of the constants that appear in the
Sutherland equation (Eq. 1.10) are C = 1.458 X

10-¢ kg/(m-s:K'?) and § = 110.4 K. Use these:
values to predict the viscosity of air at 10 °C and
90 °C and compare with values givenin Table B.4
in Appendix B. -

x’ - ;

- CT7T=% _ //.-‘;‘5'8’,(/0 é_*gL,_ ) -4
AT T sy K7
T + o4 K

For T=/0°C = [0°C+ 4735 = 283.15K,

el : 3/.1
(] uss xio ) (283,15 Kk -
2 ¥ ) = L765% (0"

X315 K + o,k

N+ s

e

m2

-

From lable 3.1:‘)/“=' l. 76 )610-5_:}-:::.

For T = 70°C = 90°C+ 27315 = 363./5K,

- %,
(1455 x167°)( 363 15k) %

= -5
/" = 2./3x00" M5

3463 15 Kk + 1104

m

et

/m 2

From Taé/e B. ‘-f/ /( e o?.-/‘;‘x/DHS' NS

1-59
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/.70 *

1.70*  Use the values of viscosity of air given
in Table B.4 at temperatures of 0, 20, 40, 60, 80,
and 100 °C to determine the constants C and §
which appear in the Sutherland equation (Eq.
1.10). Compare your results with the values given
in Problem 1,: = (Hint: Rewrite the equation in

the form
T (1 S
—=l=T+=
Iz (C) C

and plot T2/ versus T. From the slope and in-
tercept of this curve C and S can be obtained.)

Ezmém;. [ 10 can be wriften 11 The form

3.
T fiye, S
72"(C>“' c

(/)

gnd twlfh The a/»fa.‘ from 7§$/e BHK

¥ 34
T(c) T (k) W o) T% [ K /(&;/m.s)]
o A73.5 170 x00™% 2.640%p0%
A0 A93.15 [ 82 XIo':"- 2758 x /o;
% 313.15 18T XD &4k
60 333 /5 L97 Xh™ 3.087x10 ;
go 35315 .07 X /07" 2 206x10 .
/00 3735 2074107 3. 322 X0
A p/oﬁ of T% vs. T 15 shown below:
3.5%10° . , e
34 ol e E
7—% Joxp B ;
%"} H g ?
.'2.5‘)(/03 £ S 3525 | g
oLHo o oo
' " " | T(k)
(cont)

/=60




170 * (Con't)

Since The dita Plot as an approximate s/‘m:é/:i /m'e}

Eg,(u an be represented by an egaaﬁfalf of The

form
Y= bx +a

3
Where Y T% ) X~ T, £~’/C,dm¢ a~ S/C.

Fi't 7‘7’!6 dete +v a lhear égua)"féﬂ Using a.
Stgndard aarw-,@'ﬁ;h_j Program Such as Loun d
In EXCEL. Thus,

Y= 6.%69X10% + T. 4yl %18

and
Lab= ¢709xh0%
c "y %
so Tt C= 143 %10 Ayffm s K*)
ahd ~ T —
§ ~a = 7 44/ X 10
C
and Therefore

S= /07 K

77?£5e Ve/ﬂex 4r fam/ ‘S are In gaaé{ afreemmf
w)™  Values given in Problem ] 69 .
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®lo mcrea.se in V

Qnd ﬁrom E% CHQ(Z)

K//"m }Kloo 3 f&' —1 [ #l00
| Fl'f&m

) a.@d

V'Thus »From Ecgil-'ﬁ’l

L7 The vrscosny of a ﬂmd plays a vcry xmportam role in

determining how a fluid flows. (See Video V1.3) The value of
the viscosity depends not only on the specific fluid but also on
the fluid temperature. Some experiments show that when a
liquid, under the action of a constant driving pressure, is forced
with a low vclocny, V, through a small horizontal tube, the

v-?: velocity is given by the equation V = K/u. In this equation K

is a constant for a given tube and pressure, and u is the dynamxc
viscosity. For a particular liquid of interest, the viscosity is given
by Andrade’s equation (Eq. 1.11) with D = § X 10”7 Ib « s/ft?
and B = 4000 °R. By what percentage will the velocity increase
as the liquid temperature is increased from 40 °F to 100 °F?
Assume all other factors remain constant.

| K

\/‘ = e
.‘ /u‘fo"

K

p )Aléo’
vlob 7 V"I'O’-

x 100 =

'a/f’hmclfega‘se T

s
‘|Andmde.s ezuwﬁmn .'

By Sa
/Um

_Sx/o Tz

S‘aoo

/ mcreas»z in” V

5"1!10 e‘ﬁf
BN as

Hos®

—i  Yopo

(HoF+460)

_5')410 é? (oo FtHee)

]
"
|8

LS
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i ‘
ki
®
S
G

)

(2

@
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.72  Use the value of the viscosity of water

given in Table B.2 at temperatures of 0, 20, 40,
60, 80, and 100 °C to determine the constants D
and B which appear in Andrade’s equation (Eq.
1.11). Calculate the value of the viscosity at 50 °C
and compare with the value given in Table B.2.
(Hint: Rewrite the equation in the form

'ln,u=(B)-1?-_+lnD

and plot In u versus 1/7. From the slope and
intercept of this curve B and D can be obtained.
If a nonlinear curve fitting program is available
the constants can be obtained directly from Eq.
1.11 without rewriting the equation.)

Eguation 111 can be written /n The torm

//1/<- :-/B)T—f- /G /ﬁ_D

and with The debs em Table B2
T(¢c) T(k) 1/ T () y (N:Stm?) In A
o 293,15 3.0/ 210”° 1.787 x10" 33 -4 327
Lo 293 15 34/ x10™° /002410 —-¢.90¢
ko — 31375 q193x107° 529 xp™F - 733¢
60 33375 3 00z x> 4 sesAn* - 7. 470
20 353./5 A.8£32 xlo™3 3547 0" ~ 7. 944
~#
/00 373 48 2.686 xmﬁj Z.818 x 10 - 8.17%
A plot of /n vs. 1/T s shown below :
g /
~f0F
-8.0

/n/u

. ‘7'0

(1)
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(Con't )

Since The deta p/o'l' a4s an a.ppraxzmm’-e. _g«}-m,'?k.é
line  £g. (1) Can be Used +o represent These dita.
7o obtuin B ana D/~f:‘+ the data Eo an y
Q)c.;:oneno’-/éz/ 24 uation ef e Lorm fj:ﬂ@

Such as Bund 15 EXCEL.

Thus, ,

D=g = [767x10°~ AN.S/m*
and 3

B= 4= LETOXN K
Jo That ) @

//(: L7767 XKIb £
At 5p°C (323.5k),

. /370~ .
/¢= LT767 x5 - e R = 5.76x)0  Nsim?

F;‘am ﬁé/c 3_2) /[4 = 4 %d’)(/o—%/u_;/w?-.
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1.73 Fora certain liquid 4 = 7.1 x 10-3Ib-s/
ft? at 40 °F and ¢ = 1.9 x 1073 Ib-s/ft? at 150 °F.
Make use of these data to determine the constants
D and B which appear in Andrade’s ‘equation
(Eq. 1.11). What would be the viscosity at 80 °F?

®

= DeT (Eq, 1.11)

5

" | -5 /b5
At T= (JoFr 45967) = 499.01°R  p= T/x10° )

and I
2t T =(150%F r454967)= 607.67°R p= 19510 ZE

Take +he /ajaw’f’hm of beth sides of Eg. L1l to yield

tn = BIF) +Lnbd (1)
Substitute above values of S and T info Eg.l) 4> give

Ln (71 2107F) = B@;—é—m) + AnD (2)

I (/.41/0'5) = 5/60;.a7)+'€nb (3)

and solve Egs2)ans3) simultaneously +or Band D.
Subﬁgm‘ EZ, (3) From E‘g. (2) 4o qive

=5 / /
7./ xlo . S

jﬂ //.4,(/0*9") o 8/‘1‘??.&7 404.47)
gnel o B = 3650 . 5#657‘/%«!& This value ok B ink
Ez, (2) fo greld

/

In (71x1167%) = Fb50 (,Mﬁm) + L4 D

and . D= ‘%77-’(/0—3. ThMS)

B= 3650 and .D=4‘.77x/0“8

At T = SOF + 45967 = 539.67°R
3650 -

/:%77»%/0'3@ 53907 = 4)3 x0° Jb 5,

2
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1.74% For a parallel plate arrangement of the
type shown in Fig. 1.5it is found that when the
distance between plates is 2 mm, a shearing stress
of 150 Pa develops at the upper plate when it is
pulled at a velocity of 1 m/s. Determine the vis-
cosity of the fluid between the plates. Express
your answer in SI units. ‘

Tyl B8
du - U_
dy b
7 _ IS0 3
e (£) (L2

O, 002.m
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1,475 Two flat plates are oriented parallel above a fixed lower plate
as shown in Fig. P1,75 The top plate, located a distance b above
the fixed plate, is pulled along with speed V. The other thin plate T
is located a distance cb, where 0 < ¢ < 1, above the fixed plate.
This plate moves with speed V|, which is determined by the vis-
cous shear forces imposed on it by the fluids on its top and bot-
tom. The fluid on the top is twice as viscous as that on the bot-
tom. Plot the ratio V\/V as a function of e for 0 < ¢ < 1,

i
BFIGURE PlL7g

For constant speed, Vi, of the middle plafe, the net force
on the plate is 0. Hence, F,, = Fyoptom, where F=TA.

Thus, the shear siress on the fop and bottom of the plafe
must be egual,

d !
?1:0]0 ) ?I)aﬁam where ?"4/1‘ 7% !
For the bottom floid 4 = - while for the fop f/yugfszv:g

Hence, from Eqn. (),

(v-v) _, .V . . :
(24) TIED =)=, Which can be written as

2¢cV - 2eV =V, -cl
or . /
L ..ff—l-— Y, os |

4 c vV /
Wolot o, Beo o6

| |
Ifc:%}%.:% o ! /

Ifc=l,%-=

1-67
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1.76 There are many fluids that exhibit non-Newtonian behavior
(see, for example, Video V1.6). For a given fluid the distinction
between Newtonian and non-Newtonian behavior is usually based
on measurements of shear stress and rate of shearing strain. As-
sume that the viscosity of blood is to be determined by measure-
ments of shear stress, 7, and rate of shearing strain, du/dy, ob-
tained from a small blood sample tested in a-suitable viscometer.
Based on the data given below determine if the blood is a New-
tonian or non-Newtonian fluid. Explain how you arrived at your
answer,

r(N/m?) | 0.04]0.06]0.12 |0.18] 030 052|112 | 2.10
dwdy 6™ | 2251450 112512251450 [ 90.0 [ 225 [ 450

For a Newtonan Fluid 7The ratio of T 1 a’“/dg s a
Constant. Foy The data 9/‘)“4. y

?.

(’V'J/m‘) 0.0178 | 0.0133 |0. 0107 | 0.0080| 0.0067 | 0.0058 |0.0050 | 0.00%]

JM/(g

The ratio 13 not g Constent but decreases as the rate of shearng

Strain increases. Thus This Flud (bleed) 15 @ pon-Newboman *1u1d.
A plot of e data & Shown below. For a Newbonien +luid The
Curve would be a strasnt Jine witn & slpe of [ fo /.

10 T ‘ T
e
1 /’M
Z 7
T Nim* o 7
P T
%
| /’ /
0.1 Stape—=7dal4or Newtonian flyid
-
0.01 - -
1 10 100 1000

du o
7y s

Note T=/L(%§;—)a , Where a =l for a Mewlonian flvid.
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1.77 The sled shown in Fig. P1,77 slides along on a thin
horizontal layer of water between the ice and the runners. The
horizontal force that the water puts on the runners is equal to
1.2 Ib when the sled’s speed is 50 ft/s. The total area of both
runners in contact with the water is 0.08 ft2, ‘and the viscosity
of the water is 3.5 X 107 Ib s/ft>. Determine the thickness of

the water layer under the runners. Assume a linear velocity
distribution in the water layer. :

BFIGURE P1.77

fZ’- d..v = .\_/. Wheve o = thideness ok waker laysy
) /M dy d

hus,
Fe ¥ A
and
et (1505l )5 )
) T 2 1b

= N 7xip Lt
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1.78 A 25-mm-diameter shaft is pulled through
a cylindrical bearing as shown in Fig. P1,78 The
lubricant that filis the 0.3-mm gap between the
shaft and bearing is an oil having a kinematic
viscosity of 8.0 x 107¢ m?*/s and a specific gravity
of 0.91. Determine the force P required to pull
the shaft at a velocity of 3 m/s. Assume the ve-
locity distribution in the gap is linear.

} 0.5 m -

Thus
©op=TA
where A=mD /5hﬂ1[f /Bﬂj?‘h ”n bfar/hg) = TFD,Q
and (velocity of shatt) Vv
T:/ ( Gap widfn) -/ I—.
So fhdi

p= (# £ )ros)
Sinee. pe=Vp = W IEHL o4 )

/0: (8 ﬂx;a“"%”z)/a?/ <10 ;‘f}f V(32 )m)(0.025m)(0.50m)

(O.0003m )

= a8t N
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1.7 4 A piston having a diameter of 5.48 in. and a length of
9 50 in. slides downward with a velocity V through a vertical
pipe. The downward motion is resisted by an oil film between
the piston and the pipe wall. The film thickness is 0.002 in., and
the cylinder welghs 0.5 Ib. Estimate V if the oil viscosity is
0.016 Ib- s/ft Assume the velocity distribution in the gap is

linear.
F\:erh'ul = © TA OLU b
Thus, y [ b
CA 4
wkerc A = 'TI_D,Q A
{

a
nd T (veloaty ) _k_\g_f, D —

C $ilm Thickness)

that
(/* )(rp A )

I—i' Lollows ‘Th.:): wg ) (D 5“;) (0 002#)

sy T

= 0.00u457 £

r‘%—*l
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1.80 A 10-kg block slides down a smooth in-
clined surface as shown in Fig. P1.8¢. Determine
the terminal velocity of the block if the 0.1-mm
gap between the block and the surface contains
SAE 30 oil at 60 °F. Assume the velocity distri-
bution in the gap is linear, and the area of the
block in contact with the oil is 0.1 m’.

FIGURE P1.80

4

Z.F;LZO ' Kv \/s
Thaes, | ,kﬁﬂffA
Ve

W sin 20°= TA

SInCe
T= /u _\g ywhere b s £ilm fja:cknes;,

W51'n20°=/u%,4

TAHSJ (g/hﬁ, W:mg)
b w Sin 2_0_’ _ (0. aoolm)(fo"‘;)/fu?/ sﬁ,,)é:}, zo")

. (0.38 23 Yol m*)

V =

= mm
= 0.0883 =<

|~-72




/. 8/

1.8/ A layer of water flows down an inclined
fixed surface with the velocity profile shown in
Fig. P1.8!.Determine the magnitude and direc-
tion of the shearing stress that the water exerts
on the fixed surface for U = 2 m/s and h =
0.1 m.

d
'Z'-/t c—,g FIGURE P1.8)

2 _ 4%
% 2 U(; 5 )
Thus) at the +ixed .sumfmlre (y=a)

du. Y

dy )g:o B A
So That -
T (8 )< lran s )(3) 2 E)

= Y 4g x /0_:;../:2 acting in direction of Flow

I-73
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1,82 A thin layer of glycerin flows down an inclined, wide '
plate with the velocity distribution shown in Fig. P1.82. For h
= 0.3 in. and a = 20°, determinpe the surface velocity, U. Note
that for equilibrium, the component of weight acting parallel to
the plate surface must be balanced by the shearing force devel-
oped along the plate surface. In your analysis assume a unit
plate width.

ZF =0
T hus,
W sinz2o®= T, L0)
and witm 9 = Y Lh0)
¥Lh(Yysmzoo= T, L0)

er

¥h sinz° = 1T, (1)

A"I‘.‘ ’f’he pla'l:e.

P = du

| lr /u dy )5=o

Since du _ 2U _ 2UY

dy = h h*

(duy = 2T

dy Y=o h
Thus} From Eq. (1)

Yhsinio® = //‘ 5;?

and )125' L

= X Zln

' Ik 0.3 = . »
= (78’.61;_5 —,—';,—Ft) sin 2.0

=2 |e
z (313507 125)

= O.2L3
; S

|-T%
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*.83  Standard air flows past a flat surface and (a) Assume the velocity distribution is of the form
velocity measurements near the surface indicate _ 3
u=Cy+ Cy

the following distribution:

y (ft) |0.005]0.01 |0.020.04 | 0.06| 0.08 and use a standard curve-fitting technique to de-
. termine the constants C, and C,. (b) Make use

u(ft/s) 1 074 11.5113.0316.37 110211 14.43 of the results of part (a) to detormine the mag.
- The cuordinate y is measured normal to the sur- nitude of the shearing stress at the wall (y = 0)
face and u is the velocity parallel to the surface. ~and at y = 0.05 ft.

(a) Use nenlinear regressioen progrim
to obtarn Coetficients C, and Co. The program produces
[east Squares  estimates of The parametetrs of a nonlinear
model. For The data gjven,

& -2 _

c= /53 s " s (, = 4350 Lt s /
(4) Since, A1z
T=p 3,

it tollows That
2*;-/{ ((} + 3(2_32)
Thus, ot The wall (y=o)

’Z.-_._/[l -~ /3’.71;)(/0"7 %{ )//5331') - 5:71)(/0-5’;/_5:

At Y= 0.05 # / .
fr(i T# x/aﬁq%f) [/55:} * 3/#35%?5)(9.%#) }
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1.4 A new computer drive is proposed to have a disc, as shown
in Fig. P1.84: The disc is to rotate at 10,000 rpm, and the reader
head is to be positioned 0,0005 in, above the surface of the disc.
Estimate the shearing force on the reader head as result of the air
between the disc and the head.

Stationary reader head 0.55in.dia.

/I\ 'y
— —{ 14
3 @{] L0005 in.

10,000 rpm

r
( - .\
¥

Rotating disc

B Figure P1.84

F'= shear force on head =TA | where, if the velocity profile
in the gap between the Aisc and head ic lintir and onitorm
across the head  then

du- U
T2fdy =M%, where
- FBV min)/ 27 rad
V=as R = 19000750 ( R0 2200E) (2 ) = 75
T/w.c

T =(3.7%x10 /"’“) S /&7

I3
so that
_F#?‘/?=(’-57$ I .‘.’:.3-,0,() = 3,43x/0 b
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Fixed
outer
.~  cylinder
g

Liquid
1.85 The space between two 6-in.-long concentric cylinders is :
filled with glycerin (viscosity = 8.5 X 107 1b . s/ft?). The inner
cylinder has a radius of 3 in. and the gap width between cylinders
is 0.1 in. Determine the torque and the power required to rotate
the inner cylinder at 180 rev/min. The outer cylinder is fixed. As-
sume the velocity distribution in the gap to be linear.

|

Rotating
inner &
cylinder [

TR SN
~

NN \\Q\\\\\“_\_\\\M
™

T L

)

Torguf", d?; due +o shearins stress
on Inner Cy/mc/er 153 €jz/4/ #o
dT = R Tk
tobere £//4=ﬂ(.’;_- d8) L. Thus,
dT = R4 T de
and fnrjye ré’gm}*ec/ to rotate

fnner cy/:m/fr is

21 '
TN R P
g (A~ cylinder /fngﬁ'l )

For a linear velocity distribution 1n +he gap

. R v
i : 7
T /L( ,(-?o _2(; Je 424
o ‘277;3‘.3/@/4&)
/?a_ /E(_'
) /——-——--"l
and wity = (180 L% )ar vad ) (L2 )< g vad
the e s i )
o7 ar () /751‘*)/.3'5"/0 e iR 0,944 #-Ib
2 f2)

Since power = Txw ct Lllows Tnat

power = (0.994 f1-1s) (67 222) = 178 T4

S
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1.86 A pivot bearing used on the shaft of an electrical instrument
is shown in Fig, PL8&.An oil with a viscosity of & = 0.010 1b- s/ft*
fills the 0.001-in. gap between the rotating shaft and the station-
ary base. Determine the frictional torque on the shaft when it ro-
tates at 5,000 rpm.

Let dT = torgue on area element dA),
where dA = 2mrdf = 277/‘0/1‘/91179

s

3“‘_ 7\60'0?}3)(52"‘ .s‘)

0.2 in.

0.001 in. u=0.010 b s/ftZ

CQow

>

R

(1)

9 = 30dez and

Thus
sofbm’

A7 = r‘(,u &5 (27rdr /sin6)

. _2Tuw 2
b sin@

Hence, r=R

—_ b 27 w 3 B 77‘,“4&/
v -fdtf " bsin® ff' dr ““W
Now,

lbs

R=0.lin., b=0001in., p=00I0F5

w = 5000 L8 (SR ,,":g;’) =5zf,c’_”gi
Thus, from Eq. (1),

( ""H) = 2.53x10” " 1-1b

2( %5084 sin30’

|-78
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8 1.97 The viscosity of liquids can be measured through the use of a Fixed
rotating cylinder viscometer of the type illustrated in Fig. P1,87 In outer

this device the outer cylinder is fixed and the inner cylinder is rotated Apinder

with an angular velocity, w. The torque T required to develop w is

measured and the viscosity is calculated from these twomeasurements.

(a) Develop an equation relating u, w, 7, €, R,, and R, Neglect

end effects and assume the velocity distribution in the gap is lin- -F

ear, (b) The following torque-angular velocity data were obtained

with a rotating cylinder viscometer of the type discussed in part (a).

Torque(ft-1b) | 13.1 | 26.0 | 39.5 | 527 | 649 | 78.6

Angular
velocity (rad/s)

L)

1.0 | 2.0 ‘ 3.0 ‘ 4.0‘ 5.0’ 6.0

For this viscometer R, = 2.50in,, R; = 2.451n,, and £ = 5,00 in,
Make use of these data and a standard curve-fitting program to de-
termine the viscosity of the liquid contained in the viscometer.

(G)Torzm’/ d 7: due +o shearing shress
on snner cylinder 13 egual +
dT= R Toa4
where 4’,4=ﬂ?£_-c/¢9)f, Thus,
dT = R4 T do
and farf;m regm'rea/ to rotate
‘nner cq/mdt’r Is '

2
T- R Z'/""” = arR AT bop view
' o (/f"‘ C’g/ma’ﬂr /t’ngﬁi )

Fovr a linear velocity distvibution in the qap
2o

T""/‘- /?:—/QL° Je 7%42{'

. — | [ S

o ar R pw
) 2, - R,

(1)

(b Th “s, dor 4 Frxed glometry
and a  Guen w's.ms_h‘gl Eg . l1) is of The torm

y=bx ((Y~T and x~e)
Wwheve b 1Is a4 Constant .Zgzm/ 4o

(con't)
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3,
b= 2TETAM
, /Qo - /eg.

e ; - ‘
z Oi‘i:«::%b fr.é The da.'.l-o.. 4o a linear .Q?uu‘mh
! i _(j:_é,x Using & stan daved Curve~£i+Hin
P 09rdm Such a5 Sound s EXCEL. s

" Th us lram EZ,‘ZJ

(2

RO (B-F:)
2 /8‘-3/?
and with The odute gwen, b= 13 08 701‘-”:-5/ So Tt

(13,08 Fithes )(2:50= 245 )
= +Z '
= 245 L3

2 /—1-152___5_‘ 5} (822 ) F2

/2

|~80
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1.88 One type of rotating cylinder viscometer, called a
Stormer viscometer, uses a falling weight, ‘W, to cause the cyl-
inder to rotate with an angular velocity, e, as illustrated in Fig.
P1.88.For this device the viscosity, u, of the liquid is related
to W and w through the equation ‘W = Kuw, where K is a
constant that depends only on the geometry (including the liquid
depth) of the viscometer. The value of K is usually determined
by using a calibration liquid (a liquid of known viscosity).

(a) Some data for a particular Stormer viscometer, obtained 7 %
using glycerin at 20 °C as a calibration liquid, are given ﬁ 7
below. Plot values of the weight as ordinates and values ? 2
of the angular velocity as abscissae. Draw the best curve % .
through the plotted points and determine K for the vis- o é 7 'T?ddfi:ﬂef
cometer. Liquid ? 2 Syos
9 1
W (Ib) 0.22 0.66 1.10 1.54 2.20 7 2
I I ’ l l /’IIIIIIIIIIII .

w(ev/s) | 053 | 159 | 279 | 383 | 549

(b) A liquid of unknown viscosity is placed in the same
viscometer used in part (a), and the data given below
are obtained. Determine the viscosity of this liquid,

way | 004 | o1 | 022 | 033 | 04
wiev/s) | 072 | 189 | 373 | 544 | 742

B FIGURE P1.gs8

(R) JSipee W:K/ﬂa) The .s/ofe of The Wu&-' L etarve

- W)
Slepe = k/( T W (rer)
ootk ) 0

K= 5
A

v The glycern dota ( see plet on next page) The slope
(based on a4 Jeast Squares Fit of The deda) 4
Slepe (Glycerin ) = 0378 Lf,’—t%
-2
Jince /A' (slycenss) = 313X 10 -%t-:;i: Then
Jb.
0.398 23

2

/2.7 “:%/

F73xp7% lbes
7

K=

( _1)) /1:9;» the unknown Aurd deta [,See plt on next dec) The
J/ope (bgse‘{ on a /east sgmm-s 1t 01( The afn.ﬁv_) /5

lb:s

Slepe Camtmown Fluy) = 0.060/ ‘23

( Con f".‘.)

/-8l
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Thus, frem Eg.(1)
J_/a,oe

/[( Amiﬂma f/m’d) % K

s
O o6/ “rev

-3 4.
= $73xi0 =
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' 1.89 A 12-in.-diameter circular plate is placed over a fixed

... bottom plate with a 0.1-in. gap between the two plates filled

| - with glycerin as shown in Fig. P1,94,Determine the torque

| required to rotate the circular plate slowly at 2 rpm. Assume
‘that the velocity distribution in the gap is linear and that the

" * shear stress on the edge of the rotating plate is negligible.

B # FIGURE P1.89

i Torque

| Torque, T | due v shearing stresses
~on plate 5 egual )

ad%T=+r LdA

21 v dr, Thus,

Where dA4 =
o d 0 T 2rrdr
—~  qna R
i GZJ:Z]}' },.2.2;‘ J}"
[s]

- u
Jince T=/’" Z—% ) And for & Tg W
/N.M-’A-P' Vé’/ac:;"y ﬂ(lsff; buv‘m'n (S"e-ﬁjwa) s 74—’_’
T=prd du 5 v
/‘T dy §

77114.5 - R y
4 2Tped [ L3y, - TAL(F
ajd:' I; , pdr = _% ["f )

and with the dite 9";‘”’

Lt )/ L #)
g oy, 27 (6635 ks )2 rer e =) %")/73 #é)

f.i.z_’ ££) (%)

1

0.0772 £t/

Rotating plate

.....

0.1 in. gap

Ve [DE:I"{'B distribution




1.9/ Some measurements on a blood sample at 37 °C (98.6 °F)
indicate a shearing stress of 0.52 N/m? for a corresponding rate
of shearing strain of 200 s™', Determine the apparent viscosity
of the blood and compare it with the viscosity of water at the
same temperature.

“ ’Z‘ — 0'5-2'-_-N-1. -4
Jia = T 5 ST Y s
Zoo + m

From Table B.2 14 Appendi’y. B :

g = =4 N-s
@ 3o /M”LD 7,475 x107 2

. - =¥\
@ 4Yo'C My o? 6529 Xlo N3

-

Thus, wi'th linenr mberpolation | /q# (37°¢) = .96 x m-&-&:
zZo0

and § m
Metoos . 260 x15 S
: L S
/“u,_a b.ql X1p* N:s
| m*>

|- g4
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1.43 A sound wave is observed to travel through a liquid with a
speed of 1500 m/s. The specific gravity of the liquid is 1.5. De-
termine the bulk modulus for this fluid.

ce{%’; , where @ =$60,, and SG=1.5
Thos, |
E,<Cp=¢ 560,

=(15002)(1.6) (999 24

= 3.37x /0 KL,

or
9N
E/U" -3437x10 mﬂ

-85
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1.9% A rigid-walled cubical container is completely filled

with water at 40 °F and sealed. The water is' then heated

to 100 °F. Determine the pressure that develops in the container

when the water reaches this higher temperiture. Assume that . -
the voliime of the container remains constant'and the value of

the bulk modulus of the water remains constant and equal to

300,000 psi.

5/ﬂ(e The water mass remasns taﬂs;‘m‘ﬁ

/ﬁo"f/ :ﬂ f'l?“f'd‘bt‘)

/o ®
Wheve V15 volume and AV is Change 1n volume 1F water
weve Uncenstrained during hedhing, Thus,

Ay - [ — |
+ é,ab.

. - - 94 o g 3
From Table B.l 1o Appendix B, ﬂ%o- /. 940 %—gj i /fi; /‘727?';?

So 7‘7197“ 55_/;_;_@5
4% L7% Fe3 -/ = &-00w675

lugs
e /.?27%3

From E7./.12 s
E,7 T 4v

34
/7 74//“/; it ¥ 2 A4¥  anad Ap = P That The ﬁl}tﬂllfe
/n pressure }’egm}ed -fb C&mpres.s The tuo,-,éey ,b.uk i i’):f

origing Volume 15 |
Apw = @ad,owpu' )ﬂ 0.00675)

— 2.03 Xlﬂg psc

|~ 86



1.95 In a test to determine the bulk modulus
of a liquid it was found that as the absolute pres-
sure was changed from 15 to 3000 psi the volume
decreased from 10.240 to 10.138 in.* Determine
the bulk modulus for this liquid.

- _ df
£y d#/¥
Smce
O/P ~ AP oy
and
gy 2 4 =

ib
I GEE Ty

( &, 102 107 )
(0. R0 [n2

L0.2%0 - [0,/38 =

-
—

(E‘g. hid)

3000 — 15 = 2985 psc

o /)04 /‘n.‘?

3.00 x 10° ps¢
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.96  Estimate the increase in pressure (in psi)
required to decrease a unit volume of merciiry

by 0.1%.
E,= - df |
v vy (£g.1.02)
Thus,

dp = _ £, 4 _
y) 27 = (% 1% x 1p* ,éf;)/— 6, 001)

Ap = 4182107 ps/

37

1:97 A 1-m’ volume of water is contained in
a rigid container. Estimate the change in the vol-
ume of the water when a piston applies a pressure

of 35 MPa.
5 = = Eq |12
Thus -
o = . w35 ™2 = 0.0/63m°
% 215 x 1p7 M
2
or

decrease in volume 2 O, 063 m?3

|- 88
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.98 Determine the speed of sound at 20 °C
in (a) air, (b) helium, and (¢) natural gas. Express

your answer in m/s.

c=JRRT | (£g. 120)

Wytm T = Jo°C +273 = 293K :

(4 : ’ = < ‘
) For alr, € V//-‘fo) .23’4,1%)6‘,43“) = 343%

(b) Fop Ae/l.ﬂml e =1/(/. éé)(.?o?‘léfk)fzﬁ k) = Jolo =

c¢) For natuml qas o s oy
Jas, ¢ W?H(.ﬁ/&?éé()f:ﬁik) = 4yp 22

] =8%
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1.99 Calculate the speed of sound in m/s for
(a) gasoline, (b) mercury, and (c) seawater.

c=\l Ev | (Eg./.l‘?)
/0

(@) For gasoline: ¢ = L3xi0? X, .
7 = /.38 =X

680 %22

g D

a 1
2.85¢10"° %,

(b) Fop mercdry | C = /.45 Ao

y %x/p"

A il
) For seawater: - 2,34 x 07 2., - 5 Bom
/,osx/ﬂ_za s
~7

[-90
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/1 100

1.100 Air is enclosed by a rigid cylinder con-

taining a piston. A pressure gage attached to the
cylinder indicates an initial reading of 25 psi. De-
termine the reading on the gage when the piston
has compressed the air to one-third its original
volume. Assume the compression process to be
isothermal and the local atmospheric pressure to
be 14.7 psi.

For  isolhermal compression, %:wnsfmﬂ‘ S0 That

-:/D_‘:' = ﬁ' @)/zeré L~ Initial state dnAd
/o /F F~ Final state .
Thus, b= £
F /‘“a: 2
5/')166 /a z mass /fc - /}7/'1‘/4'/ //&/&/Iﬂe
volume /-‘T‘ ) Fnal volume

z 9 [for consint rmass)

and Theretore
ﬁ = [3)[@51‘- /5‘-7) Pstléésﬂr Y| -,"DSL' (abs )

or

? /}4;6) =ﬁ/?_ /1,(7)F:L' = [0Y Psc (3a5¢)
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1.104 Repeat Problem 1,iDgif the compression
process takes place without friction and without
heat transfer (isentropic process).

For 13en Fropre compression, /0_'7; = constant so Thal
e 'é'-' 4 ' s oy
— 2% where (~ ipitial state and
£ *~ £ Final state.

Thus,

£

-

4o(3) %

Sinee = MASS /% 5 yrrval velume _
/0 volume 7 ;9:” fonal volume f {é" f%‘i‘;’: )

ancl There fore
/¥0
ﬁ = [3) [PJ5+“:‘.7)PSL'/4AS)] = /é4 s P3E (abs)

er :
7;/;456)—* /84.8- 147 = /70 psi /f:fe)

/=92
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1102 Carbon dioxide at 30 °C and 300 kPa absolute pressure

cxpands isothermally to an absolute pressure of 165 kPa. Deter-
mine the final density of the gas.

For rsothermal ex/oansim 3 /%ﬁ- = constant

’/’qﬂc

s That

2 a)/ﬁere L nitia] state and
‘e /& F~ Linal state.
Thus,
A
REL
¢
Als X
’ .z + 3aoxw£ - s £3
’ A //83 ‘7 )[_/5’0‘(1*.?73)@ an
Se That .
ﬁc ; 2p0 éPa. > dial

=43
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1.]03 Oxygen at 30 °C and 300 kPa absolute pressure ex-
pands isothermally to an absolute pressure of 1Z0 kPa. Deter-
mine the final density of the gas.

For rsothermal expansion /_’? = constant  so That

ﬁ' = +¥ wWhere Lt~ initig] state and

GG F~ Linal state.
Thus
) . 4
fc - ?;’ /{.'
Alse
’ /.o . P . 3Boox /psgz 29 4,
- o = 3
o7 (359 {;Z-‘x )[éo'c'f.?va)/i] ”*
Ja That

/120 4R _é& = /52 é&_
AN )/3.2/ 2z 3

| =9%
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/oY

1.10#Natural gas at 70 °F and standard atmospheric pressure
of 14.7 psi (abs) is compressed isentropically to a new absolute
pressure of 70 psi. Determine the final density and temperature
of the gas.

Foy /'sewéro/.)zc Campress/b/), 4-—; = Constant so That

~. | S
;E‘:Q = {—:—; where L~ nibal state and
L # Fr Fing/ state
/,
/1&{5 ﬁﬁ _ ff /0'/2
* 7
/
or 2
e (Z)A
Aso A U i) 3
/L -_7-:- = o = /29 x 1o Slugs
/3’, 27710 5/: [/79 % 40) @7 fes
se 7hat LT,
‘ 1,31
/i = 70 psi'lass) (/2‘?)(/0 S_/A'fs) = 425 4 s/us
1477 psi luks) 23 R
Ghd
—772 = -éf: = /70/ )(ﬂ’“* )
(7 R / J
425 %0 5“‘ o e
/ 2 )[50?%( o Sluj or
s 7wUE R
o
_7;,.-.- TSR -~ Yppp = 305 o

J=95
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1.Jo5 Cbmpare the isentropic bulk modulus of
air at 101 kPa (abs) with that of water at the same
pressure. -

For air  (£g,117),
gy = /;.,75 = //,yo)//o/x/ﬁ/i) = L4/ x/a;&

For water (Table 42)

E, = o?.lé‘x/o’/%

Thus.
" E o) 7
y (water) 2.5 x /0" f 2 /09'
= = d ~<
E, (aw) 140X 105 =

=96




N

o ¥

*/106

*1.106 ﬁmeve—l'c-)ﬁ;h a com'pixter prograrﬁ for cal-

culating the final gage pressure of gas when the

initial gage pressure, initial and final volumes,

atmospheric pressure, and the type of process :

(isothermal or isentropic) are specified. Use BG

units. Check your program against the results ob- ,
tained for Problem 1.100, : |=7 0

[or compression or expansion,

il
— c Constunt

where %=/ for ssoThermal process, and # = specific heat vatn
oF /senfrope process. Thus,

A . B2
A

where 'n initial S/‘ﬂ.écJ F o Fngl .sﬁz.‘e) So That

2
Lel2)7%

(1)
SI’JC& _ Mmass
/0_‘ Volume
Then &S Ve
A 7

W here V‘-j V., are  The mitial end niel volurnes vespectively.
Thus, trem Eg 1)

%
A
?ég ¥ ézi'm N _V_'f ) /fj’“ fzfrm) €2)

Wheve The subscrpt g rebers 4o 9age pressure Ezumfwiﬂz)
Can be wyitten as

L ‘A
%y - (i;,?) /fi;g*ﬁé,m) ~ b )

A Jpread.s‘épei‘ (EX(E'L) Program 74/*' (’a/a"a/ml-/;?j
The -/‘m'a/ gdya Pressure ﬂa//ak/&',

[, _Ces_n_fz ) |

[~97




*.106 ( tont)

This program calculates the final gage pressure of an ideal gas when the
initial gage pressure in psi, the initial volume, the final volume, the

atmospheric pressure in psia, and the type of process (isothermal or
isentropic) is specified. To use, replace current values and let k = 1 for isothermal

process or k = specific heat for isentropic process.
A B C D E F
nitial gage| Initial Final | Atmospheric Final gage
pressure | volume | volume. pressure pressure
Pig(Psi) Vi Ve Patm(psia) k Prg(Psi)
25 1 0.3333 14.7 1 104.4 Row 10
A
Formula:
=((B10/C10)*E10)*(A10+D10)-D10
1 1 |

Da,'l:a A‘om Q"oéjfm /./00 apre neleded ) 7h e
above table, G1ving 4 Friral gaye pressyre of [04. Y pSi .

[-98
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1,107 Often the assumption is made that the flow of a certain
fluid can be considered as incompressible flow if the derisity of
the fluid changes by less than 2%. If air is flowing through a
tube such that the air pressure at one section is 9.0 psi and at a
downstream section it is 8.6 psi at the same temperature, do you
think that this flow could be considered an imcompressible
flow? Support your answer with the necessary calculations. As-
sume standard atmospheric pressure.

For 130thermal change 1n density

. A
G
So 77l¢'£ é _ 452_

—

o f
The percent change th aiF  clensitres between sechions €1) gcz)

‘%dmnm = -/—'F:f’ X (b0

1

-‘-’(/- (—f—‘)’”bo 2 (l—%‘)x/aa

]

TAHS/ ) (3.44*/*7)}?5_{‘1
%%m' /- (9.0 +1%1) psia

X |66

= [.b9%

/3

Since 141% < Z ° The Flow Could be consideved /P;@MPV!-‘;SJUe.

Jes

1-99
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1.J08 An important dimensionless parameter concerned
with very high speed flow is the Mach number, defined as Vic,
where V is the Speed of the object such as an airplane or
projectile, and ¢ is the speed of sound in the fluid surrounclmg
the object. For a projectile traveling at 800 mph through air at
50 °F and standard atmospheric pressure, what is the value of
the Mach number"

g i SSonEes e

ﬂm;, number Z

f"rpm 72 J 5 3 In A-ppend:x B
i
=

Rt Ru e nt e uoa _

TR 1 :
st oo w80 ) ()

| ; Mach nam bew | :
ih T o aieb = ]
: | | T /
; o e o 1 - |
i SSiime | ]
| ! - i | 1
! ¢ o i | ‘
o 5 S o M W )
i s o b 1 S |
el % T i AR
L. o i | -
i | A e s
I . T |
R BT i i | o o vis
o 1 1 ';
el | ,i g

] =100
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1,104 Jet airliners typically fly at altitudes between approx-
imately 0 to 40,000 ft. Make use of the data in Appendix C to
show on a graph how the speed of sound varies over this range.

€= Z/ékT ‘, /Eg, /zo)

By 4=l%0 aua R=17/4 1

S/ug-‘/e
¢= #9.0 |71

Frem 7adle C | 14 A ppendix C  at an altitude of O £
/= %00+ 4o = 5/9°R So Thet

Cs 490 )579% = ///¢ _f._'-L

Similav calculetions o be prade +or sHher altitudes
and The resulting graph is shown  below.

Aftitude, i Temp.° Temp.°R__ ¢, fUs

0 59 519 1116

5000 4117 501.17 1097

10000 23.36 483.36 1077

15000 5.55 465.55 1057

20000 -12.26 447.74 1037

25000 -30.05 429,95 1016

30000 -47.83 41217 995

35000 -65.61 394.39 973

40000 -69.7 390.3 968
1120 :
wlNL L T T T T ]
i | \’J\) LT
-81050 N‘ ‘ ’ ( )
=
1040 | I ‘
5 | N ]
51020 - {
S ‘
21000 - ‘ ' J \N J
| RN
T b l\\
" T

0 5000 10000 15000 20000 25000 30000 35000 40000

Altitude, ft

/- 19}
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1.10 (See Fluids in the News article titled “This water jet is a
blast”" Section 1.7.1) By what percent is the volume of water de-
creased if its pressure,is increased to an equivalent to 3000 at-

mospheres (44,100 psi)?

ldlo ~ - Ap (E%, LA )

A¥-_ _ Ap _ . 4y 100 psta - 14T pSL‘&:—O.\LI-]
.a Ey 3.2 x10%5 psia

°/a decreasfg v Vo\ume = Iy ] a/o

1011

L.H} During a mountain climbing trip it is observed that the wa-
ter used to cook a meal boils at 90 °C rather than the standard 100
°C at sea level. At what altitude are the climbers preparing their
meal? (See Tables B.2 and C.2 for data needed to solve this prob-

lem.)

When fhe water boils,
Froil "'ﬂv* . where from Table B.2, at T=90"

4, = 7.01x10" %, (abs)
Also, from Table C.2, for a standard atmosphere
P = 7"’”/0“,3% (abs) af an altitude of 3000 m

-t02.

LS bi
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1.412 When a fluid flows through a sharp bend, low pres-
sures may develop in localized regions of the bend. Estimate
the minimum absolute pressure (in psi) that can develop without *
causing cavitation if the fluid is water at 160 °F.

U N - SR - R S ot Y

Cavitation mgq‘:' pccur  wWhen ,z‘/;el_ local pressure egmr/.s z%_e
vapor pressare. [op water at 160 °F (om Table B it prudicB)
761',.*"' _‘.95'7‘7‘"\)0.5_&"'(%55)"' | iy i
TR b e % 1 An L)

-

[-103
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1113 A partially filled closed tank contains ethyl
alcohol at 68 °F. If the air above the alcohol is
evacuated what is the minimum absolute pressure
that develops in the evacuated space?

/%hjmam préssare = vapor preéssure = 0,55 ps:.'[aés)

| -104
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1.11%. Estimate the minimum absolute pressure (in pascals) -
that can be developed at the inlet of a pump to avoid cavitation
if the fluid is carbon tetrachloride at 20 °C. -

Cavitation may pecur  when The suction pressuve
at The pump inlet E’guﬂ/s 7he vapor pressurve.
For carbon tetwchlmde at  70°C H= 13 BE (25:)

Thas,  minimum /Dﬂ’s_‘)‘éfra = /3 kPR (abs)

[-105
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1115 When water at 70 °C flows through a converging section of
pipe, the pressure decreases in the direction of flow. Estimate the
minimum absolute pressure that can develop without causing cav-
itation. Express your answer in both BG and SI units.

Cavitation 4y occar 1h The converging section of pipe hen
The pressure eguals The vapy pressure. From Table B2 1, Appendi B
for water at 70°C 'f;:’ 3.2 AR (abs5). Thus,

2001 umm pressuve = 31,2 RR (abs) ,, sI Units.

Ln BE units

3 ~¢ Pt
!Ninimum pPressare = / 3.2 1) —/gz ){/ 450 X 10 a )
m!-
= 452 psta
/.16,

1.116 At what atmospheric pressure will water
boil at 35 °C? Express your answer in both SI and

BG units.

The vapor pressdre of weter af 35°C Is
5191 AR (ads) //ran Table B.d in Afﬂn/ll B
USihg [inear interpolation ). Thus, i water boils
ol This femperatyre The atmospheric pressure must
be éfaa/ fo 5 8/ 'é/DQ [q‘s) n 3L wunits. Ln B4 ‘l’?i‘lt.s)
3 - L :
[-575’/)410 n_n-‘) LH¥EOX 1O > ) = 0.f¥l£54@£sJ

&
In*

]-106
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1.1/13 When a 2-mm-diameter tube is inserted into a liquid in an
open tank, the liquid is observed to rise 10 mm above the free sur-
face of the liquid. the contact angle between the liquid and the tube
is zero, and the specific weight of the liguid is 1.2 X 10* N/m®.
Determine the value of the surface tension for this liquid.

”
b = ZH,RCUSQ . where §=0

Thw’ - 4 N -3 -3
YhR — 1.2%10 73 (10X107m) (2210 m /2)
2 cos@ 2 cos 0
_ N

J~107
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1.119 Anopen2-mm-diameter tube is inserted
into a pan of ethyl alcohol and a similar 4-mm-
diameter tube is inserted into a pan of water. In
which tube will the height of the rise of the fluid
column due to capillary action be the greatest?
Assume the angle of contact is the same for 'both
tubes.

S A0 COs & ‘ (E ‘/'2?_]
A YR g

Thus,

'ﬁ (alcohol ) _ U_Ka/wh/) 3/@4&»-) (‘/nnm )
'A (W¢f?f} h O (water) F (alesho!) ' R mm

(228215 % )(20010° 2, ) (4 am)
(7.34x 16> 2 ) (774 x0°2,) (2ommm )

= 0.787

Height of rise of water column is 5rea%esi.

]-108




1.12D Small droplets of carbon tetrachloride at
68 °F are formed with a spray nozzle. If the av-
erage diameter of the droplets is 200 ym what is
the difference in pressure between the inside and

outside of the droplets?

. Q0"
p= = (_L_'Z L21)
Since 07 269x10 X at é.?‘F(:».?a’c)}
2 (2692007 %)

= 538 fa

P= L
lee xXlo m

/-109



f«12.1 A 12-mm diameter jet of water discharges vertically
into the atmosphere. Due to surface tension the pressure inside
the jet will be slightly higher than the surrounding atmospheric

pressure. Determine this difference in pressure.

5!’ eg‘sz//)ér/'l{m Ksre 7[1}1#1’ )J

?/Z.ﬁcrf)= oz 81)

So That

. o
4 R
-2
- 734 X ,—,;.N

-gx/b-'!zm

12.2 R

s
=
i i s i T
fewd A I ; !
| | =1 G |
! N I | -
I l H [
| B i Lo
| ] 4
vl kool J
I ‘ \ P i
L L o=
| L i ‘
_‘.‘ ”E“I | s %
| = =
| il fsa, =
= | - i -
i1 i 5 ] |
P MR N R a5
f i i !
! |
‘ i)
i i
! L |
| e
I WA i
) i
! | '
ol | [
1 i
5 [ \
i | i
— 70 _
i i 1 L |
| il | ]
‘ } L B
! E | =
i : I
N 5 R
| 2
|

A

” \Sﬂ
SO N
LN
,\‘\\
NS0

N7 P 2R}
N & P excess presure

Surdace Htusion fore= T 2.54

|
|-
|
. i
| |
| |
| |
=) |
i |
|
|
|
|




[.122 |

1.122 Estimate the excess pressure inside a rain drop having
a diameter of 3 mm. :

5 . (£g 1.2:)
75—319_ | g 1.2
R
-2 N
:"?(7'34){/0”"):?7,7&

J=11l
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1.123 What is the difference between the pres-
sure inside a soap bubble and atmospheric pres-
sure for a 3-in.-diameter bubble? Assume the sur-
face tension of the soap film to be 70% of .that

of water at 70 °F./ ‘
| 27RG-
Loy efm'/}én'ﬂm, : ZTRC
N ‘
A (amrRa ) = b TR :f—'PrTRZ
I
I
er -/‘b-'-" Lo . |y R~ radius
—E Pr Ercess
Pressure

ﬂl/a%e . There are +wo )

Surfaces for bu bble,

O (weder of '719"}7) = 497« /0-3 ;{'ﬁ_ (ﬁé/g B.] i Appendix)
Thus " |
’ o H(0.7)(497 PR -D, /b

ﬁ = = 0.1/l o

a3
7z *

|- HL
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1,124 As shown in Video V1.9, surface tension forces can be strong
enough to allow a double-edge steel razor blade to “float” on wa-
ter, but a single-edge blade will sink, Assume that the surface ten--
sion forces act at an angle 8 relative to the water surface as shown
in Fig. P124 (a) The mass of the double-edge blade is
0.64 X 10~ kg, and the total length of its sides is 206 mm. De-
termine the value of # required td maintain equilibrium between
the blade weight and the resultant surface tension force. (b) The SRR S
mass of the single-edge blade is 2.61 X 107 kg, and the total B FIGURE P1.12%
length of its sides is 154 mm. Explain why this blade sinks. Sup-

port your answer with the necessary calculations.

(a) Z F;Ie\"[‘lc::l =& ’ \ ===\j/ ﬁ
W = Tsinb w

UJLTQYG % = "M X 3 Gnd T‘: T x leng'fh of sides
blade )

Surface tension
force

(O.M- x|0‘3,h3) (9.9 m%;): ﬁ_ﬂ )()52%>((9. 20Lm> sinb
Sin g = 0,45
=245°

(b) For single-edge blade
2= i ™ F

"

(2.61 x1073 bg) (.3 ““/:&)
0.0256 N

Il

nd
) T sineg = /O_‘x lengt of élaJe) Sin &

(7-5’4x/o'2 f%,,)(ﬁ./s‘#m) sin B
= 0.0113 sinp _
Th ovrder for blade 4o "Lloat’® 90 < Tsmmo.

Sihce maximum Value Hfovr sne s \, T+ follows
“nat W >Tsime and 5in5/¢—6dge blade will sink.

J~113




1125 To measure the water depth in a large open tank with

- atrue water depth in the tank of 3 ft, make use of Eq. 1.22 (with 5 : - : ' _Q * l
6 =0°) to'determine the percent error due to capillarity as the - -| . N —
- diameter of the glass tube is changed. Assume a water ~— = |

. (b) If you want the error to be less than 1%, what is the smallest
' j" tube dxamcter allowed?

- ff“ ’Fonows ocrom Ecz [2.) 'fha{-

opaque walls, an open vertical glass tube is attached to the side

~_ of the tank. The height of the water column in the tube is then

used as a measure of the depth of water in the tank. (a) For

temperature of 80 °F. Show your results on a graph of percent
error versus tube diameter, D, in the range 0.1 in. < D < 1.01n.

i -
P = I

Thc wexcess /7815/1“

,'Zf;f/’,,l’) "l(.'du.sed ée 774e .furﬁz(c ‘LLC’HSMH I.f

Hiapr T e =
| [_ el i ‘773 T i i
: s3gzme o

me J,/e B / I A-Ppg,,d,x 3 7%, waéev a’{ x
= ’7“?/ x’/o"'g/b/,ff a;_y‘f 3"- 62 Sy u/ﬁ-"
Thus me Eg v P umann e ;.-

h(ﬁf_) 4= (44 mzo |
12 In. /H: | - | |

((9 2 1,___;:‘ s .
h ‘:F‘EJ Lu:'h Tre +rue dep'rh
=34 L

|‘
S'mceu
X :oo

/ ﬂfror

=k !
Mxmo

e _!3___D(m):
T : JCAEY o
e

A’ PJ}mL' 01C /0 erwr‘ I/{}'Sl«{s fl.{ée’ C/tamei'er /,s § ———
Shown on 7‘71: nfx.i /.94 ye |

|
‘ ! : s i
(. . i salf -l Wl |




Magter T

!(' /i' 1)\1 L i

02 01 1}"3x'-': HEe

4125 | (ton2>

Diameter % Error
of tube, in.

0.1 1.26
0.15 0.84 ! 1.50

0.2 0.63 \ j

_ ' 0.3 0.42 1.00
A N\

% Error

0.4 0.32 .
0.50 +-
0.5 0.25 N

L J

L 4

T 06 0.21 ’
07 0.18 Rl
i 0.8 0.16 0 0.2 04 0.6 0.8

0.9 0.14 Tube diameter, in.
1 013

B

Values obtained
from Eq. (3)

| ‘ :
s ! camuey
| § : //9 frmr 74‘om Eg f3)
et | .r';..: "A,,V;,,ED(_,_,,,;_‘

: ¥ i .‘ : 1 T =
| ik o BEEENES
i ] il | |
| R Fny
| 5 il 2 1o L |
i i \ j
0 | S W S S i o |
| ; . | et e
e | | | naN
i | | ; - -
! R | i
{ - A < . L sl |
| 1 { | g N
| | ! ‘ ]
! ; f
il |
12, |
= frort= f
S =t s
s b 1 =
£y AN
! H
T T
[ § f=m
A a8 i
Fr=y
| | | !
= ‘ - .“ ‘ ‘ % = ,‘I
e s - ik | o
1_._ I sl ‘ ; |
! |
1| ‘ = s |
b Ll
|
o
= i ‘ }
-] L4
E. [ 4 ik
- . ot M
1 | i :
i i




-~ Assume that the surface tension forces act vertically upward. - it .

I . unfold a paper clip and see if you can get it to float on water. ] 7 -
=== Do the results of this experiment support your analysis? et Sl s

1.i126  Underthe right conditions, it is possible, due to surface -

| tension, to have metal objects float on water. (See Video V1.9.)

— Consider placing a short length of a small diameter steel (sp. ~— | S *
wt. = 490 Ib/ft’) rod on a surface of watér. What is the .. : - ‘ .20
. maximum diameter that the rod can have before it will sink?

Note: A standard paper clip has a diameter of 0.036 in. Partially i g
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1.127  Anopen, clean glass tube, having a diameter of 3 mm,
is inserted vertically into a dish of mercury at 20 °C. How far
will the column of mercury in the tube be depressed?

/&: 20 Coso
r R

For 5"-/30:
4 = 2 (4‘.64;(/0'/—/,4,{) Cos /30°
//33’(/03%,)(&.0'&/5‘/;")

T/?HSJ Column will be deforesseaf

(Eg./.zz)

=¥
= — 300 x]D m

3.00 mnm

——_"—-—'_——____————_

1,128

1.128An open, clean glass tube (6 = 0°) is inserted vertically
into a pan of water. What tube diameter is needed if the water

level in the tube is to rise one tube diameter (due to surface
tension)?

/f«,- 20 Cos 6

TR
Fr 4=2R and 6=0°
2R = 20 (1)
¥R
dnd p?s & = 503x107° "-1;
s b2, 4 ﬁs

R= 9.9¢ x10 > Lt
.80 x1 " £t

cliameter = 2R

(‘E-‘z, I.zz)

J=117
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1,129 Determine the height water at 60 °F will
rise due to capillary action in a clean. i-in.-di-
ameter tube. What will be the height if the di-
ameter is reduced to 0.01 in.? g

4 - 20 cosb | (Eg. 1.22)
FR
For weter at 60°F (From Table B.] i Appendiz B ),
o= 5034007 £ and  ¥= 6237 .. Thas with 6=0,
( for xeza./25'm.) i 2 (803508 %_)(” P
it -
CEENICT
er i , .
4 = (1.55x #)(%&@-J = 0, 18b m.
Similarly
J

( for B=0.005m)

_ . o, 125 In. ) .
4 = (0./_5’1; M-) T ) = 465 n
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1.130  Two vertical, parallel, clean, glass plates
are spaced a distance of 2 mm apart. If the plates
arc placed in water how high will the water rise
between the plates due to capillary action?

For egu”:'bw'um in The vertieal divectiou o4 \

W= 2 (04 cose)

Sinece

" W= Yhbl
¥hbl= 204 cose

or

20 Cos®
+. = ¥ b

ThUS) (1Ct>r' 9=O) ‘
g 2(13v0* X))

( 9. 80 m""—ﬁ”"-’3 )(0 002 m )

Q—-:I s
W

| |2

w i1

b

(,Q ~width of Plafcs)

-3
= THeXI0 m = T.49 mimm
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1.13} (See Fluids in the News article titled “Walking on water,”
Section 1.9.) (a) The water strider bug shown in Fig. P1.)34/is
supported on the surface of a pond by surface tension acting along
the interface between the water and the bug’s legs. Determine the
minimum length of this interface needed to support the bug. As-
sume the bug weighs 10™* N and the surface tension force acts

vertically upwards. (b) Repeat part (a) if surface tension were to
support a person weighing 750 N,

BFIGURE P13

A
For €1Mll;5rlﬁm 4
W =g
. /3]
(o) _ 9w _ 7N .
L= - mmart N W ~ weight
m T~ Sm—(acc J’?ns:én
- |.3{,>(ID~3(W1 { ~ length of inberface

(.30 X167 ) (loa%ﬂ) 5 T8 s

e ———y
——————————

b) |
( 2 - 50N = 102 Xi0'm (L.vimn., I
T34 x1p"* M —

3
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1.4 P Fluid Characterization by Use of a Stormer Viscometer

Objective: As discussed in Section 1.6, some fluids can be classified as Newtonian flu-
ids; others are non-Newtonian. The purpose of this experiment is to determine the shearing
stress versus rate of strain characteristics of various liquids and, thus, to classify them as
Newtonian or non-Newtonian fluids.

Equipment: = Stormer viscometer containing a stationary outer cylinder and a rotating,

concentric inner cylinder (see Fig. P1L ILP); stop watch; drive weights for the viscometer; three

different liquids (silicone oil, Latex paint, and corn syrup).
Experimental Procedure: Fill the gap between the inner and outer cylinders with one of
the three fluids to be tested. Select an appropriate drive weight (of mass m) and attach it to the
end of the cord that wraps around the drum to which the inner cylinder is fastened. Release
the brake mechanism to allow the inner cylinder to start to rotate. (The outer cylinder remains
stationary.) After the cylinder has reached its steady-state angular velocity, measure the amount
of time, 7, that it takes the inner cylinder to rotate N revolutions. Repeat the measurements us-
ing various drive weights. Repeat the entire procedure for the other fluids to be tested.

Calculations:  For each of the three fluids tested, convert the mass, m, of the drive weight
to its weight, W = mg, where g is the acceleration of gravity. Also determine the angular ve-
locity of the inner cylinder, w = N/1.

Graph:  For each fluid tested, plot the drive weight, W, as ordinates and angular velocity,
w, as abscissas. Draw a best fit curve through the data.

Results: Note that for the flow geometry of this experiment, the weight, W, is propor-
tional to the shearing stress, 7, on the inner cylinder. This is true because with constant an-
gular velocity, the torque produced by the viscous shear stress on the cylinder is equal to the
torque produced by the weight (weight times the appropriate moment arm). Also, the angu-
lar velocity, w, is proportional to the rate of strain, du/dy. This is true because the velocity
gradient in the fluid is proportional to the inner cylinder surface speed (which is proportional
to its angular velocity) divided by the width of the gap between the cylinders. Based on your
graphs, classify each of the three fluids as to whether they are Newtonian, shear thickening,
or shear thinning (see Fig. 1,7).

Data: To proceed, print this page for reference when you work the problem and elick here
to bring up an EXCEL page with the data for this problem.

Rotating inner cylinder

Quter cylinder

Drive welght
Fluid

W FIGURE P1,LP

(Coﬂ%)
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Solution for Problem 1.ILP Fluid Characterization by Use of a Stormer Viscometer

m, kg N, revs t s o, revls

Silicone Qil Data

0.02 4 59.3 0.07
0.05 12 66.0 0.18
0.10 24 64.2 0.37
018 20 356.0 0.57
0.20 24 31.7 0.76
0.25 30 31.0 0.97
0.30 20 17.4 1.15
0.35 25 18.8 1.38
0.40 40 26.0 1.54
Corn Syrup Data

0.05 1 282 0.04

0.10 2 27.5 0.07

0.20 4 272 0.15

0.40 8 25.7 0.31

Latex Paint Data

0.02 2 32.7 0.06
0.03 2 20.2 0.10
0.04 5 32.2 0.16
0.05 10 47.3 0.21
0.06 10 37.2 0.27
0.07 10 29.8 0.34
0.08 10 246 0.41
0.09 10 20.1 0.50
0.10 20 34.0 0.59

(Codgf)

W, N

0.20
0.49
0.98
1.47
1.96
2.45
2.94
3.43
3.92

0.49
0.98
1.96
3.92

0.20
0.29
0.39
0.49
0.59
0.69
0.78
0.88
0.98

From the graphs:

Silicone oil is Newtonian
Corn Syrup is Newtonian
Latex paint is shear thinning

o= N/t

W =mg

=123
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LIEP Con )
Problem 1.|LP Problem 1,/LP
Weight, W, vs Angular Velocity, & Weight, W, vs Angular Velocity, o
for for }
Silicone 0il Corn Syrup {
4.50 T 4,50 :
4,00 » 4.00 2
3.50 3.60 /
3.00 3.00 //
z 2.50 ‘ z 250
= 2.6 W=2.56 o = %68 7/
1.50 1.50 4 W=1280w
1.00 / 1.00 o
0.50 / } 0.50 /
0.00 T 0.00
0.00 0.50 1.00 1.50 2.00 0.00 0.10 0.20 0.30 0.40
w, revls ®, revis
[
Problem 1,1LP
Weight, W, vs Angular Velocity, o
for
Latex Paint
1.20
1.00 /
0.80
=
~ 0.60
z /
0.40 / =—
| W= 1.466/ 0"
0.20 & 5
0.00 : 1
0.00 0.20 0.40 0.60 0.80 |
o revls

/=123
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L2LP  Capillary Tube Viscometer

Objective: The flowrate of a viscous fluid through a small diameter (capillary) tube is a

function of the viscosity of the fluid, For the flow geometry shown in Fig, P1.2LPthe kine-
matic viscosity, v, is inversely proportional to the flowrate, Q. Thatis, v = K/Q, where K is

the calibration constant for the particular device. The purpose of this experiment is to deter-

mine the value of K and to use it to determine the kinematic viscosity of water as a function

of temperature.

Equipment: Constant temperature water tank, capillary tube, thermometer, stop watch,
graduated cylinder.

Experimental Procedure; Adjust the water temperature to 15.6°C and determine the
flowrate through the capillary tube by measuring the time, ¢, it takes to collect a volume, V,
of water in a small graduated cylinder. Repeat the measurements for various water temper-
atures, T. Be sure that the water depth, A, in the tank is the same for each trial. Since the
flowrate is a function of the depth (as well as viscosity), the value of K obtained will be valid
for only that value of A.

Calculations:  For each temperature tested, determine the flowrate, Q = V/. Use the data
for the 15.6°C water to determine the calibration constant, K, for this device. That is, K = vQ,
where the kinematic viscosity for 15.6°C water is given in Table 1.5 and Q is the measured
flowrate at this temperature. Use this value of X and your other data to determine the vis-
cosity of water as a function of temperature.

Graph: Plot the experimentally determined kinematic viscosity, v, as ordinates and tem-
perature, T, as abscissas.

Results:  On the same graph, plot the standard viscosity-temperature data obtained from
Table B.2.

Data: To proceed, print this page for reference when you work the problem and ¢lick here
to bring up an EXCEL page with the data for this problem.

Water

Capillary tube

Graduated eylinder

# FIGURE pP1,2LP

(boné,)
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Solution for Problem 1,2.LP Capillary Tube Viscometer

V.m ts T,degC

9.2 19.8 15.6
97 15.8 26.3
92 16.8 21.3
9.1 21.3 12.3
92 131 34.3
94 101 504
9.1 8.9 58.1
v =K/Q K, m"2 ml/s”2
5.21E-07

Q, mi/s

0.465
0614
0.548
0.427
0.702
0.931
1.022

v (at 15.6 deg C), mA2/s

v, m"2/s

1.12E-06
8.49E-07
9.51E-07
1.22E-06
7.42E-07
5.60E-07
5.10E-07

1.12E-08

K=vQ=112E-6 m"2/s * 0.465 ml/s = 5.21E-7 m"2 ml/s"2

From Table B.2

T,degC

10
20
30
40
50
60

v, m*2/s

1.31E-06
1.00E-06
8.01E-07
6.58E-07
5.53E-07
4.75E-07

1.6E-06

1.0E-08

v, m*2/s

5.0E-07

0.0E+00

Viscosity, v, vs Temperature, T

Problem 1.2.P

20

40
T,deg C

60

80

¢ Experimental
- From Table B.2
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