CHAPTER 1: PROPERTIES OF FLUIDS

SPECIFIC WEIGHT
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Specific volume= :
mass density
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Problem: 1

Iff56 ofodfwiighigkts, 860880 Nalcalats dtetfalfolioging:
1) Whittwesight

2) Dansity

3) SREsHicgR1tY



Solution:

1) Wmit weigiht: 27 PBesisity:
... 8357.14
K = CResisyy -
Yovr=BR57. 1 Ni/m3 DR8] BBERke
3) Spedifiic gyeantiyy .
. 852
Sp. Grmﬂmy-looo

$p. Gravity=1s85



Problem: 2

Tiee walumee aff & tettieachlondie haviimg) a mass of 1200 kg is 0.952
26 o the tiod dallioging:

1) Ntkass demsidy
) Seasficwsight
P SR&siicgRntly



Solution:

Weight= 1200 (9.81)
Weight= 11772 N
Weight= 11.77 kN

1) Mass dessiyy:
=m
p_ v
= 1200
0952
0= 1,260.5 kg/

0= 1.260.5 kg/m?

2)) Specific wesghit:

. 11.77

0.952

Y=12.36 kN>



3) Spechlcxpavifip=giailty2/ glycerine

unit wt.of H,0

fi _
Specific gr é) %Slltlc_gl_rﬁmy

Specific gravity= 1.26
Specific gravity=1.26



Problem 3:

Canttoam | ettesati ke wwitln 2 mzss of 500 kg is placed in container
witth@BZ5 in“vislwokime.

1) Cataykateitts diamsity

B) Calayateits speghic weight

F) DRSNS S0 its Weight



Solution:

11) DPesisity: 2) Specific weigfht:

DBesisjty =" Spesific weight= 1% 33B(8891)
o Specific weight= 1EABMm”

DRRESjE 5 583 ka SPECHic Weight= 1% h kblim

3) weight=15.1 (0.325)

Weight= 4.9 kN



Problem 4:

Aateeim ligpuid trees za wmiit weigiht of 56 KN/m>.
1) Computte e meass density

2) Compuieits spesific velume

P EOMRUESIHS SHecHtc gravity



Solution:

1) Mass dkrssyy:

_ 56000

P= et
R= 5,708 k@in3

22)35@@%004@&@@@%
RSty
Specific volume= 0.000175m

3) Specifiic qreantyy .
Sp. gravity=—"
Sp. gravity=5711

&Cific vé’l’&"r%%%0001754<kg
g



Problem 5:

A altjpatt e & Spedifiic weight of 2.23 kN/m3.
Crommoutte thines fiad | owrimgy:

1)  Nekass gamsity
2) \essiifihe vellumeis 0.691 m®
P Spestiicvaliime



Solution:

1) Mass derssiyy: 2) M= p Vol.
M= mass sy M= 227.32 (0.001)
M= 0.23 kg
— 2230
B= Set0
= 337 .32 k>
3$B§@aﬁia‘ﬂcmqm@m;:
SRR VeRmEe—1
PECIT

cific volume22®@044!kg
Specific volume= 0.0044 m~/kg



Problem 6:

A quart of water weights 4.08 Ib. Compute the following:
1) Mass in slugs
2) Massin kg

3) Volume in cu.ft



Solution:

1) Mass in slugs: 2) Mass imKgg:
W= mg = 0.1267 (32.2)
4.08= m(32.2) #2

m= 0.1267 slugs = 1.85 kg

3) Volume imaocurftt:

W= Y Vel.
4.08= 624N
VoI= B8.88% /1’



Problem 7:

Tihres winittwieigihtt @ff wieidter ait 50 9F theoo Wiprg of tiieevesikehthaf tentassel
wade conBabG water is 3.50 ft3.

10) \WkHrsettwaill | e thine ctieangie i thiis vollume when it is heated to 160°F Unit
Wisit nedg inbwaterlip Erlapafce, 160°F).

) Coammutie the percentage change of volume:

ﬁ)\m#ﬁ@tm@hﬁ & waler myst be remeved te maintain the eriginal
VOIHAE -



Solution:

, - 3,5803.50)

1) Weight off wette=YYXWV ) SHama@a in walpe: < 3.20 0

¥'$0 V50= Y160 Vieo SRS N ¥RiMRe D 9933
SHEMIRE N YRlinRee 38, (eiease)

62.4 (8.8)= @M Vieo
V1305598803 ft°
3) wt. of water that must be removed

= (3.5803 - 3.5) (61)
=4.90 Ib.



Problem 8:

AT m. diizm.. Cylindrical tank has a heigiht off % rm. aartlaaftullob wabde raht
2D {Arfitviteigig loff ofateters. 2SBRNN iFitheifthtewatehaatbdatea to a

temperEture of 50 W liniteighudfolateter 9 GBS KNJm3 ).

1) Compute the weight of water.

2) Winatis he fingl velume when healted e a temp. BrElic

P) Deienmine the volume ef waler thak Wil il i threastefeb g 2akK .



Solution:

1) Weight affwedder:

7, 9{50102)(5 )
¥,3939200 m3

w1= v, Dq
W393907(® (88289)
W 388844414

2z voblumesnivae rhbatde ch detam pfd©a

= V,D,
3%4‘4%&-":(@%@@?)
123886785 m*

33 Vyoimaefotatater
AV = 396.75 — 392.70
AV = 4.05m3



BULK MODULUS

BULK MODULUS OF WATER

=22 EE-bblkmodaukis
AV
7 APEIghAeeiNPERSIE
AV T 1RARGEaN bRiRE

COEFFICIENT OF COMPRESSIBILITY

1
Bulk Modulus

p =

IIO

Tﬂcg _reSS|b|I|ty
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Problem 9:

A liquid which is compressed in a cycle if it has a volume of 1000 cu. cm
(1 liter) at 2MPa and a volume of 990 cu. cm at 2.5 Mpa.

1) Compute the bulk modulus of elasticity.

2) Compute the percentage of volume decreased.

3) Compute the coefficient of compressibility.



Solution:

1) Bulk modullus affedésmtiviyy 2) Percentage of vallume
dEressed
AP
= 10
= v % = ——x 100
£,106¢6.5) % = 1%
7 29M80%0.5)
Ey,=50MPa
3) Coefficient of conyress#iibyy

O ™
ol

sl e
o
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Problem 10:

A volume of one cu. Meter of water is subjected to a pressure increase
of 14 MPa.

1) Compute the change in its volume if it has a bulk modulus of
elasticity of 2200 MPa.

2) Compute the percentage of volume decreased.

3) Compute the coefficient of compressibility.



Solution:

1) Change in its volume if it has a builk modiullus off ettty of f2200NWza.

_ —AP

22005
200064z

AV =-0.0064 m3

2)) Pencemtege off vallume decreased.
PhGBEU0064 X 100
tpoaz 0.64 %

) Coefficient of compe=sdilikyy:
1

B = 2200

#-24K54x 10~*



Problem 10A :

Anigycll contiziner is partly filled with a liquid at 1520 kPa. T wallume of f
three liopctl is 1.232 litters. At a pressure of 3039 kiPa, ttine wallumne afftties
ligpudtlis 11.231 liters.

1) Compute the average bulk modulus of elastiicity of te | liaiid.
) Compuie the coefficient of eompressibility

3 Ifihe liguig has a density of 1593 kg/munwhat isdhgeeaast aberidns in
S MEGiHm -



Solution:

1) Bulk modullus aff et assibityy :

IK:___(PZ_Pl)

V-V
K= Vi
3 0)

K= 1.87@Pa
K=1.87x 10°kPa
K= 1.87GPa

3) Velocity off smunaid:

= 1083

= fi A
\(/_ 1593

V=1083 m/s




Problem 10-B :

Atea dizpith aff 7 kam iim e oceain, the pressure is 71.6 Mpa. Assume a
speciifcweigiht st e surface of 10.05 N/aridad anerageabalbuhodulus
ohelhgtisityf @l 2s84i1@ ph 2084Happriesthet pragsure range.

1) Computie tthe change im specific volume between the surface and 7 =
.
) Commute the shpesiic volume at 7 =m.

) EoRie dhe spesiic weight at 7-m.



Solution -

a

Vv :_1_
>

N

£
_100
£~ 981

£ = 1024 46 kg/m?

1

V, =—

= p

*1 102446

V,' =0.0009761 m*kg

K=-2_
AV,
Ve,

- 6—
2.34x 109 = 71.6x 10°-0

@ Change in specific volum
surface and 7 kin. depth:

AV,
0.0009761

A V;=- 0.0000299 m’/kg

e between the



Problem 11

Allgpudis commessed iim & cylimdier having a volunne of 1 liter at one MN/
ail/an‘odunche oD89Beaif DA/ at 2 MN/m~?.

1) Computte the change im volumes.
2) Camputie the ahange in pressure.
) Eammute dhe ik mesiulys of sizstisity.



Solutan

1)) Chreamages iim wadlumes
AV =995 — 1000

AV =5 liters

2)) Clirsamgee i pressure
AP =2-1
AP =1 MPa

3) Bk sl s off elasticity

__ —AP

AV
E= 7
21
= 200 Wha
1000

E=200 MPa




SPECIFIC WEIGHT OF AIR AND GASSES

Specific weight of air and gases

: _P
Sp. Weight Y_E

HR=aisolute pressure

T=alrsolute temperature in kelvin or
reaiime

= °C + 273 in kelvin

7= 4B 0HA68rikimankine

= g8S Constant



Problem 12

Ages heviimg a voluinne of 1 liters has a prressuree aff 0 224 NWHR2eah 2200f | f
ttree gres comstant R is equal to 212 N/kg .k comypuiee

1) Density of the gas
2) \kess of the gas
P) Wesighit of gas




P= 0.24 (10)"3
2)1)'—) f._812kg(297)

p= 3.81 kg/m?3
2) m=pV
R:B3R0.04)
=@ B892084)
m=0.152 kg

3) W= M
\/'&Z/):VMiﬁgm.m
WEDAPR(9-81)
W=1.49 N



Problem 13

Alggassisindeepiresser efcl 21865 Braakabst At040.
11)CoompptadhbemesgeraikkePa

2 \Conaptadnd @ 2eg Oeesidere.

33 CeptnpiadhpggnsantiR i it Rama dnihwsieh el 5636/ /iy



Slition

1) Messure im kKPa
=21, B8 (1Q0)
=286 B kPa albs

?3)@@@@1%%“@

Pyps= gage+ Patm
%é + 101+3101 3
Prage= %‘Ef?% kPa
1}) % ge constant
age constant
-"319868 X kPa
P=21.868 x 10°kPa
Note

Node= kPa = 100 kPa
36Rare019PkPa = 100 kPa

RABQLEE X 10° ¢ o)

R(40+273)

R= 189.3m3/ft




Problem 14

1) What is the difference in pressure between the inside and
outside of a bubble having a diameter of 0.003 in ifitis
equivalent to an airwater interface having a surface tension of
0.005 Ib/ft.

2) Compute the pressure in kPa

3) Compute the force due to surface tension.



Soluttion

1)) Differsraeinm pressure
I%’ﬂTdL ndo

P(0.003)
=5 4(12)
f =P§gsgﬁfre in kPa

Igll§ %%9]58 in kPa

80 1 ( 48 N))(S 28 ft)

39=F8r86 KPee to surface tension
F=)0.005

B} Bd¥8exdue to surface tension
F= m(=-)0.005

F=393X 10°




Problem 15

Tirree el s @ff thhee ttulhee 25 Sihown iim tihe: figure is 1 mm. the surface
tersion aff watier at 2096 egeqltd (b Q/@B28/Mnirdf ar watetagtssisterface
interface 8 = 0°

1) Compute the capillary rise in the tube in mm
1) Compute the capillary rise in the tube in mm

2) Compute the total force due to surface tension
2) Compute the total force due to surface tension

3) Compute the weight of water above the surface due to surface
3) teergvte the weight of water above the surface due to surface

tension



Solttwn

1)) Capl by niise iim tthe tuie mmm
h'|_= 20Cos 6

h= P97
_2(0.0728) cos0°

HE= (9.81)(0.01)
h=14.8 mm
2) Total force due to surface tension

[Z5 Total force due to surface tension
F=QR429869
F=DD728($m)(0.001)cosb

F=457 x 10* N

3) Weight of water
\B/Fyinésitsh D6 Water00(0.0148)

WA= \As=x981 0 7w (0.001)%(0.0148)
W=456x 10"* N




Problem 16

1)) FHimdi e dieypression h of the mercury in the glass capillary tube
treaviimyp diizmeter off 2 mm if the surface tension is 0.514 N/m for
0 = 40°.

2) Compute the force caused by surface tension.

2) Compute the force caused by surface tension.

3&? Determine the density of mercury.
) Determine the density of mercury.



Iluttiwn

— 20Cos 6
— T
P prg

—_13.6(9810)
= 13605 Ko/

p= 13600 kg/m?3

1) Depression h

1) Depression h

h=5.9 mm

h=5.9 mm

2) Force caused by surface tension
2 Force caused by surface tension
F=W1B40s 6

F=24H4% N (0.002) cos 40°

F=2.47 x 1073N

3) Density of mercury

3) Density of mercury

P= 13600 kg/
P= 13600 kg/m3




Problem 17

1)) Detemmine tihe Surfzce tension in a tube with 0.2 m radius and wetting
any e andl capillEmy rise of 5 mim..

) Dier@imiiine the syrface tension in I/t
) IFnsing angle 256 EeterBinsths sHEassspsion.



Soluttion

1)) Sunfteree teamsiam im a tuibe

Ih_= 20Cos 6

0.0059™%" 55cos0°

(st Cestannsion)

o = 4.91 N/m (surface tension)
2) Surface tension in Ib/ft

(30) Surface tension in |b/ft

=0 39 Iof—2—)(—2

m'3.28 ft’ \4.448 N)

0=0.34 Ib/ft
3) Surface tension

3P Face tension
G &% 252433 s0°

' "~ 98100(.2)
o= 28.25 N/m
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