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Chapter 1
INTRODUCTION AND BASIC CONCEPTS
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Thermodynamics

1-1C On a downhill road thepotential energy of the bicyclist is being converted tokinetic energy, and thus the bicyclist

picksup speed. Thereis no creation of energy, and thus no violation of the conservation of energy principle.

1-2C A car going uphill without the engine running would increase theenergy of the car, and thus it would be a violation of
the first law of thermodynamics. Therefore, this cannothappen. Using a level meter (a device with an airbubblebetween
two marks of a horizontal water tube) it can shown thatthe road that looks uphill tothe eyeis actually downhill.

1-3CThere is no truth to his claim. It violates the second law of thermodynamics.

1-4C Classical thermodynamics is based on experimental observations whereas statistical thermodynamics is based onthe

average behavioroflarge groups of particles.
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Mass, Force, and Units

1-5C In this unit, the word light refers to thespeed of light. The light-year unit is then the product of a velocity and time.

Hence, this product forms a distance dimension and unit.

1-6CPound-mass Ibm s themass unitin English system whereas pound-force Ibfis the force unit. One pound-force is the

force required toaccelerate a mass of32.1741bmby 1 ft/s”. In other words, the weight of a 1-bm mass at sea level is 1 1bf.

1-7CThere is no acceleration, thus the net forceis zero in both cases.

1-8 The mass ofan objectis given. Its weight is to be determined.

Analysis Applying Newton's second law, the weight is determined tobe

W = mg = (200 kg)(9.6 m/s*) =1920 N

1-9E The mass of an object is given. Its weightis to be determined.

Analysis Applying Newton's second law, the weight is determined tobe

1 1bf

W = mg = (10 1bm)(32.0 ft/s’*)| —————
g=( X )[32.174 1bm - ft/s’

] =9.951bf

1-10 The accelerationof an aircraft is givenin g’s. The netupward force acting ona man in the aircraft is to be determined.

Analysis From the Newton's second law, the force applied is

IN
F =ma=m(6 g) = (90 kg)(6x9.81 m/s*)| ————|=5297N
(6 2) =90 kg)( )[1kg_m/52]
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1-4
1-11 Gravitational acceleration g and thus the weight of bodies decreases withincreasing elevation. The percentreductionin
the weight of an airplane cruising at 13,000 mis to be determined.

Properties The gravitational acceleration g is givento be 9.807 m/s’ at sealevel and9.767 m/s’ at an altitude of 13,000 m.

Analysis Weight is proportional to the gravitational acceleration g, and thus the percentreduction
in weight is equivalent to the percent reductionin the gravitational acceleration, whichis

determined from

%Reduction in weight = %Reduction in g

:%Xloo :Mxmo = 0.41%
2 9.807

Therefore, the airplane and the peoplein it will weight 0.41%less at 13,000 m altitude.

Discussion Note that the weightloss at cruising altitudes is negligible.

1-12 A plastic tank is filled with water. The weight of the combined system is to be determined.
Assumptions The density of water is constant throughout.

Properties The density of wateris givento be p = 1000 kg/m’.

Analysis Themass of the waterin the tank and the total mass are Menc = 3 kg
m, = pV = (1000 kg/m’)(0.2m’) = 200 kg v=02m® ¥
m,,=m,+m, =200+3=203kg H,0

Thus,

IN
W = mg = (203 kg)(9.81 m/s*)| ———— | =1991 N
g=( 2)( )[1kg'm/82]

1-13 Arock is thrown upward with a specified force. The acceleration of the rock is to be determined.

Analysis Theweight of the rock is

$J—19.58N

W =mg = (2 kg)(9.79 m/s?
0 = (2 kg)( )1kg-m/52

Then the net forcethatacts onthe rockis

Foet = Fup — Fiown = 200 —19.58 =180.4 N

Stone
Fromthe Newton's second law, the acceleration of the rock becomes .
2
:E: 180.4 N |1 kg-mi/s _902m/ <
m 2kg 1IN
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numerical results with proper units.

Analysis Theproblemis solved using EES, and the solutionis givenbelow.

m=2 [kg]

F_up=200[N]
g=9.79 [m/s"2]

W=m*g

F_net=F_up-F_down

F_down=W
F_net=m*a

SOLUTION
a=90.21[m/s"2]

F_down=19.58 [N]
F_net=180.4[N]
F_up=200[N]
£=9.79 [m/s"2]

m=2 [kg]

W=19.58 [N]

m [kg]

a [m/s’]

O 0 9 N Lt AW N~

—_
o

190.2
90.21
56.88
40.21
30.21
23.54
18.78
15.21
12.43
10.21
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=1 Problem 1-13 isreconsidered. The entire solution by appropriate software is to be printed out, including the




1-6

1-15 Aresistance heateris used to heat water to desired temperature. The amount of electricenergy usedin kWh and kJ are

to be determined.

Analysis Theresistance heater consumes electric energy at arate of 4 kW or4 kJ/s. Then thetotal amountof electric energy

used in 3 hours becomes
Total energy = (Energy perunittime)(Timeinterval)
=(@4kW)3h)
=12kWh
Noting that 1 kWh = (1 kJ/s)(3600s) =3600kJ,
Total energy = (12 kWh)(3600 kJ/kWh)
=43,200kJ

Discussion Note kW is a unit for power whereas k Whis a unit forenergy.

1-16E An astronauttook his scales withhim to space. It is to be determined how muchhe will weigh onthe spring and beam
scalesin space.

Analysis (a) A spring scalemeasures weight, which is the local gravitational force applied on a body:

1 Ibf
32.2 Ibm - ft/s>

(b) A beam scale compares masses and thus is not affected by the variations in gravitational acceleration. The beam scale will

W = mg = (150 1bm)(5.48 ft/sz)[ ] = 25.51bf

read what it reads on earth,
W =150 1bf

1-17 Agastankisbeingfilled with gasoline at a specified flow rate. Based onunit considerations alone, arelationis to be
obtained for the filling time.
Assumptions Gasoline is an incompressible substance and the flow rate is constant.

Analysis Thefilling time depends on the volume of the tank and thedischargerate of gasoline. Also, we know thatthe unit
of time s ‘seconds’. Therefore, the independent quantities should be arranged such that we end up with the unitof seconds.

Putting the given information into perspective, we have
tls] < VIL] and V [L/s}

It isobvious that theonly way toend up with the unit“s” fortime is to divide the tank volume by the discharge rate.

Therefore, the desiredrelationis

t:—.
\%

Discussion Note that this approach may not work for cases thatinvolve dimensionless (and thus unitless) quantities.
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Systems, Properties, State, and Processes

1-18C Carbondioxide is generated by the combustion of fuel in the engine. Any system selected for this analysis must
include thefuel andair whileit is undergoing combustion. The volume that contains thisair-fuel mix ture within piston-
cylinderdevice canbe used for this purpose. One canalso place the entire engine ina control boundary and trace the

system-surroundings interactions to determine the rate at which theengine generates carbon dioxide.

1-19C The radiator should be analyzed as an open system since mass is crossing the boundaries of the system.

1-20C A can of soft drink shouldbe analyzed as a closed system sinceno mass is crossing the boundaries of the system.

1-21C When analyzing the control volume selected, we must account for all forms of water entering and leaving the control
volume. Thisincludes all streams entering or leaving the lake, any rain falling on thelake, any water evaporated tothe air

above thelake, any seepageto the underground earth, and any springs that may be feeding waterto the lake.

1-22CIn orderto describe the state of the air, we need to know the valueof all its properties. Pressure, temperature, and
water content (i.e., relative humidity or dew point temperature) are commonly cited by weather forecasters. But, other
properties like wind speed and chemical composition (i.e., pollen count and smogindex, for example} are also important
under certain circumstances.

Assuming that the air compositionand velocity do not change and thatno pressure front motion occurs during the

day, the warming process is one of constant pressure (i.e., isobaric).

1-23C Intensive properties do not depend on the size (extent) of the systembut extensive properties do.
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1-24CThe original specific weight is

4
Y= \7
If we were to divide thesystem into two halves, each half weighs W/2 and occupies a volume of V/2. The specific weight
of one of these halves s
w2
V= V72 N

which is the same as the original specific weight. Hence, specific weight is an intensive property.

1-25C The number of moles of a substancein a systemis directly proportional to the number of atomic particles contained
in the system. If we divide a systeminto smaller portions, each portion will contain fewer atomic particles than the original

system. The number of molesis therefore an extensive property.

1-26C Yes, because temperature and pressure are two independent properties and theairin an isolatedroomis a simple

compressible system.

1-27C A process during which a system remains almost in equilibrium at all times is called a quasi-equilibriumprocess.
Many engineering processes can be approximated as being quasi-equilibrium. The work output of a device is maximum and
the work input to a deviceis minimum when quasi-equilibrium processes are used instead of nonquasi-equilibrium

processes.

1-28C A process during which the temperatureremains constant is called isothermal; a process during which the pressure

remains constantis calledisobaric; and a process during which the volume remains constant is called isochoric.

1-29C The specificgravity, or relative density, and is defined as the ratio of the density of a substance to the density of some
standard substance at a specified temperature (usually water at 4°C, for which p,,,, = 1000 kg/m’). That is, SG = p/ py0-

When specific gravity is known, density is determined from p = SG X py,q.
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1-9

1-30 @ The variation of density of atmospheric air withelevationis given in tabular form. A relation forthe variation of
density with elevation is to be obtained, thedensity at 7 km elevationis to be calculated, and the mass of the atmosphere
using the correlationis to be estimated.

Assumptions 1 Atmosphericairbehaves as an ideal gas. 2 The earthis perfectly sphere witha radius of 6377 km, and the
thickness of the atmosphere is 25 km.
Properties Thedensity data are givenin tabular form as

r, km Yrm | pikemd [ ' ' ' '
6377 .o 1.225 ]
6378 IN 1.112 ]
6379 1 \ | 1.007 .
6380 3\ 0.9093 .

"E| 08T, 7
6381 ;su 4 Q8194
6382 %] gglS 0.734 ]
6383 6 0.6601\
6385 0418 0.5258
6387 10 0.4135

02
6392 15 0.1948
6397 0,%” L ﬁ;l_(\QQ(]l
6402 25 0.04008
z, km

Analysis Using EES, (1) Define a trivial function rtho = a+z in equation window, (2) select new parametrictable from
Tables, and typethe data in a two-column table, (3) select Plot and plot the data, and (4) select plotand click on “curve fit”
to get curve fit window. Then specify 2™ order polynomial and enter/edit equation. The results are:

p(z) =a+ bz+cz =1.20252-0.101674z+0.00223757 for the unitofkg/m’,
(or,p(z) = (1.20252 - 0.101674z + 0.00223757°)x 10” forthe unit ofkg/km")

where z is the vertical distance from the earth surface at sea level. At z = 7 km, the equation would give p =0.60 kg/m’.

(b) The mass of atmosphere canbe evaluated by integrationto be

h
(a+bz +cz)rg +21yz +2°)dz
0

h
m:f PdV:f (a+bz +cz2)47r(r0+z)2dz:47rf
z=0 z

v

= 47r[ar02h + 1, Qa+bry)h* 12+ (a+2bry +crg Y0 134 (b +2cr)h* 14 +ch® 15

where r,= 6377kmis theradius of theearth, 7 =25 km is the thicknessof the atmosphere, and a = 1.20252,b = -0.101674,
and ¢ = 0.0022375 are the constants in the density function. Substituting and multiplying by the factor 10’ for the density
unity kg/km’, the mass of the atmosphereis determined to be

m=5.092x10" kg
Performing theanalysis with excel would yield exactly the same results.

EES Solution:

"Using linear regression feature of EES based on the data on parametric table, w e obtain”
rho=1.20251659E+00-1.01669722E-01*2+2.23747073 E-03*2"2

z=7 [km]

"The mass of the atmosphere is obtained by integration to be"

m=4*pi*(a*r0"2*h +r0*(2*a+b*r0)*h2/2 +(a+2*b *rO+c*r0"2)*h~3/3 +(b+2*c*r0)*h~4/4+c*h"5/5)*1 E9
a=1.20252

b=-0.101670

€=0.0022375
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r0=6377 [k
h=25 [k
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Temperature

1-31C They are Celsius (°C) and kelvin (K) in the SI, and fahrenheit (°F) and rankine (R) in the English system.

1-32C Probably, but not necessarily. The operation of these two thermometers is based on the thermal expansion of a fluid.
If the thermal expansion coefficients of both fluids vary linearly with temperature, then both fluids will expand at the same

rate with temperature, and both thermometers will always give identical readings. Otherwise, the tworeadings may deviate.

1-33C Two systems having different temperatures and energy contents are brought in contact. The direction of heat transfer

isto be determined.

Analysis Heat transfer occurs from warmerto cooler objects. Therefore, heat will be transferred from system B to system A
until both systems reach the same temperature.

1-34E Atemperatureis given in °C.Itisto be expressed in °F, K, and R.

Analysis Using the conversionrelations between the various temperature scales,
TK]=T(°C)+ 273 =18°C+273=291K
T(°F] = 1.8T(°C)+ 32 =(1.8)(18)+ 32 =64.4°F
TR]=T(°F) +460=64.4 +460=524.4R

1-35E The temperature of steam givenin Kunitis to be converted to °F unit.

Analysis Usingtheconversionrelations between the various temperaturescales,
T(°C) =T (K)—-273=300-273=27°C
T(°F)=1.8T(°C) +32 =(1.8)(27) +32 =80.6°F

1-36 Atemperature change is givenin °C.Itis to be expressed in K.
Analysis This problem deals with temperature changes, which are identical in Kelvin and Celsius scales. Thus,

AT(K] = ATCC)=130K
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1-37E A temperature change is givenin °F.Itis to be expressed in °C, K, and R.

Analysis This problem deals with temperature changes, which are identical in Rankineand Fahrenheitscales. Thus,
ATR)= AT(°F)=45R

The temperature changes in Celsius and Kelvin scales are also identical, and are related to the changes in Fahrenheit and

Rankine scales by
AT(K) = AT(R)/1.8=45/1.8=25K
and AT(°C)= AT(K) =25°C

1-38E The temperature of oil given in °Funit is to be converted to °C unit.

Analysis Usingtheconversionrelation between the temperature scales,
T(°F)—32 150-32
1.8 18

T(°C)= =65.6°C

1-39E The temperature of air given in °C unitis to be converted to °Funit.
Analysis Usingtheconversionrelation between the temperature scales,

T(°F) = 1.8T(°C) + 32 = (1.8)(150) + 32 = 302°F
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Pressure, Manometer, and Barometer

1-40C The pressurerelative to the atmospheric pressure is called the gage pressure, and the pressure relative to an absolute
vacuumis called absolute pressure.

1-41C The atmospheric pressure, which is the external pressure exerted on the skin, decreases with increasing elevation.
Therefore, the pressure is lower at higherelevations. As a result, the difference between the blood pressure in the veins and
the air pressure outside increases. This pressure imbalance may cause some thin-walled veins such as the ones in thenose to
burst, causing bleeding. The shortness of breathis caused by the lower air density at higher elevations, and thus lower amount

of oxygenperunitvolume.

1-42CThe blood vessels are more restricted when thearm is parallel to the body than when the armis perpendicular to the
body. Foraconstantvolume of bloodto be discharged by the heart, the blood pressure must increase to overcome the

increasedresistance to flow.

1-43CNo, the absolute pressure ina liquid of constant density does not double when the depth is doubled. It is the gage
pressure that doubles when the depth is doubled.

1-44CThe density of airat sealevel is higher than the density of air on top of a high mountain. Therefore, the volume flow

rates of the two fans running at identical speeds will be the same, butthe mass flow rate of the fan at sea level will be higher.

1-45E The pressure given inkPa unit is to be converted to psia.
Analysis UsingthekPato psiaunits conversion factor,

1 psia

P = (200 kPa)| ————
6.895 kPa

] = 29.0 psia
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1-46E A manometer measures a pressure difference as inches of water. This is to be expressedin psia unit.
Properties The density of wateris takento be 62.4 1bm/ft’ (Table A-3E).
Analysis Applying the hydrostaticequation,

AP = pgh

2
— (62.4 Ibm/ft*)(32.174 ft/s*)(40/12 fo) Lif ) 1t
32.174 Ibm-fus )| 144 in

= 1.44 Ibf/in® = 1.44 psia

1-47 The pressure in a vacuum chamber is measured by a vacuum gage. The absolute pressure in the chamber is to be

determined.
Analysis Theabsolute pressure in thechamberis determined from o 35 kPa
ab
Pabs:Patmipvac:92*35:57kPa S
Paim =92 kPa

1-48E The maximum pressure of a tire is givenin Englishunits. It is to be converted to ST units.

Assumptions The listed pressure is gage pressure.

Analysis Noting that 1 atm = 101.3 kPa = 14.7 psi, the listed maximum pressurecan be expressedin Sl units as

101.3 kPa
14.7 psi

P, =35psi=(35 psi)[ ]: 241 kPa

Discussion We could also solve this problem by using the conversion factor 1 psi =6.895kPa.

1-49E A pressure gage connected to a tankreads50 psi. The absolute pressure in thetankis to be determined.

Properties Thedensity of mercury is givento be p = 848.41bm/ft’.

Analysis The atmospheric (or barometric) pressure canbe expressed as

L®

2
1 Ibf M 1 ft ] b 50 psi

= (848.4 Tbm/ft’)(32.2 ft/s*)(29.1/12 ft)
=14.29 psia

Pow =p8h
{32.2 Ibm-ft/s* || 144 in®

Then the absolute pressure in the tank is

P =P, +P

abs gage atm

=50+14.29 = 64.3 psia
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1-50 A pressure gage connected to a tank reads 500kPa. The absolute pressure in thetank s to be determined.

Analysis The absolute pressure in thetank is determined from :®

P, =P_ +P, =500+94 =594 kPa 500 kPa

abs gage

P, =94kPa

atm

1-51E The weight and the foot imprint area of a personare given. The pressures this man exerts on the ground when he
stands on one and on both feet are to be determined.

Assumptions The weight of the personis distributed uniformly onfootimprintarea. "“.
Analysis The weight of the man is givento be 2001bf. Noting that pressure is force per unit

area, the pressure this man exerts on the ground is

(a) Onboth feet: P = E = &lbfz =2.78 Ibf/in®> =2.78 psi
24  2x36in
(b) On one foot: p=V_ 200.1bzf =5.56 Ibf/in®> = 5.56 psi
A 36 in

Discussion Note that the pressure exerted on the ground (and on the feet) is reduced by half
when the person stands on both feet.

1-52 The gagepressure in a liquid at a certaindepth is given. The gage pressure in the sameliquid at a different depth is to

be determined.
Assumptions The variation of the density of theliquid withdepthis negligible.
Analysis The gage pressure at two differentdepths ofaliquid can be expressed as

P =pgh,  and P, =pgh,

Taking theirratio,
P _pgh _h A
P, h h =
1 pEMY 1 1 s
Solvingfor P, and substituting gives Y
h 2
P ="2p = 9M 42 kPa) — 126 kPa
h 3m

1

Discussion Note that the gage pressure ina given fluid is proportional to depth.
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1-16
1-53 The absolute pressure in water at a specified depth is given. The local atmospheric pressure and the absolute pressure
at the same depthin a different liquid are to be determined.

Assumptions The liquid and water are incompressible.

Properties The specific gravity of the fluid is givento be SG=0.85. We take the density of water to be 1000kg/m’. Then
density of the liquidis obtained by multiplying its specific gravity by the density of water,

p=SG X py , = (0.85)(1000 kg/m*) =850 kg/m’

Analysis (a) Knowing the absolute pressure, the atmospheric pressure canbe P
determined from T
Patm =P— pgh
3 ) 1 kPa
= (185 kPa) — (1000 kg/m~)(9.81 m/s*)(9 m)| ———— h
— 967 kPa 1000 N/m =
(b) The absolute pressure at adepth of 5 min the otherliquid is
P =P +pgh
3 2 1 kPa
=(96.7 kPa) + (850 kg/m”)(9.81 m/s")(9 m)| —————
—171.8 kPa 1000 N/m

Discussion Note that at a givendepth, the pressure in the lighter fluidis lower, as expected.

1-54 A man is standing in water vertically while being completely submerged. The difference between the pressures acting
on the head and on the toes is to be determined.

Assumptions Wateris an incompressible substance, and thus thedensity does not

change with depth.

Properties We takethe density of waterto be p =1000kg/m’. Nhead

Analysis Thepressures at the head and toes of the person can be expressed as

Phead = Patm + pghhead and Ptoe = I:)atm + pghtoe
where h is the vertical distance ofthe locationin water from the free

surface. The pressure differencebetween the toes and theheadis

determined by subtracting the first relation above from the second, htoe
Proe = Phead = pghtoe _pghhead = pg(htoe - hhead)
Substituting,
IN 1 kPa

P, —P_ =(1000 kg/m*)(9.81 m/s>)(1.75 m - 0)

toe

=17.2kPa

1 kg-m/s* || 1000 N/m’

Discussion This problem canalsobe solved by noting that the atmospheric pressure (1 atm = 101.325 kPa)is equivalentto

10.3-m of water height, and finding the pressure thatcorresponds to a water height of 1.75m.
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1-17

1-55 A mountain hiker records the barometric reading before and aftera hiking trip. The vertical distance climbed is to be
determined.

Assumptions The variation of air density and the gravitational 650 mbar

acceleration with altitudeis negligible.
Properties Thedensity of airis givento be p=1.20 kg/m’.

Analysis Takingan air column between the top and the bottom of the

mountain and writing a force balance per unitbase area, we obtain
Wi /A:Pboltom —F

air top

750 mbar

(pgh)air = Pbmtom - Ptop

IN 1 bar
1 kg-m/s* (100,000 N/m?

(1.20 kg/m?)(9.81 m/sz)(h)[ ] = (0.750 — 0.650) bar

It yields
h=3850m

which is also the distance climbed.

1-56 A barometerisusedto measure the height of a building by recording reading at the bottom and at the top of the
building. Theheight of the building is to be determined.

Assumptions The variationofairdensity with altitudeis negligible.
Properties Thedensity of airis givento be p = 1.18 kg/m’. The density of mercuryis
13,600 kg/m’.
Analysis Atmospheric pressures at the top and at the bottom of the building are
Pop = (081 op

= (13,600 kg/m”)(9.81 m/s*)(0.675 m)[l kl Ijv ? ][méok;? 2 ]
= 90.06 kPa = ;

675 mmHg

Pbottom = (pgh)botlom
= (13,600 kg/m*)(9.81 m/s*)(0.695 m)

=92.72 kPa
Taking anair columnbetween the top and thebottom of the building and writing a force balance perunitbase area, we
obtain

1000 N/m?

IN [ 1 kPa ]
1 kg - m/s’

W, /A=FH P,

air bottom ~ ¥ top
(pgh)air = Pbottom - Ptop

IN [ 1 kPa
1 kg-m/s* J{ 1000 N/m?

(1.18 kg/m*)(9.81 m/sz)(h)[ ] = (92.72 — 90.06) kPa

It yields
h=231m

which is also the heightofthe building.
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=1 Problem 1-56 is reconsidered. The entire software solutionis to be printed out, including the numerical results
with properunits.

Analysis Theproblemis solvedusing EES, and the solutionis givenbelow.

P_bottom=695 [mmHg]

P_top=675 [mmHq]

0=9.81[m/s"2]

rho=1.18 [kg/m"3]

DELTAP_abs=(P_bottom-P_top)*CONVERT(mmHg, kPa) "Delta P reading from the barometers, converted from
mmHg to kPa"

DELTAP_h=rho*g*h*Convert(Pa, kPa) "Delta P due to the air fluid column height, h, between the top and bottom
of the building”

DELTAP_abs=DELTAP_h

SOLUTION
DELTAP._abs=2.666 [kPa]

DELTAP_h=2.666 [kPa]
£=9.81 [m/s"2]
h=230.3[m]
P_bottom=695 [mmHg]
P_top=675 [mmHg]
rho=1.18 [kg/m"3]

1-58 A gascontained in a vertical piston-cylinder device is pressurized by a spring and by the weight of the piston. The
pressure of the gasis to be determined.

Analysis Drawing the free body diagram of the piston and balancing the

F

spring

vertical forces yield

PA =P, A+W +F,

atm spring

Thus,

mg+F_.
p—p 4 M8 Topring
A

— Tatm
(3.2 kg)(9.81 m/s*)+150 N [ 1 kPa }
35%x10 *m? 1000 N/m?

= (95 kPa) +

=147 kPa
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=1 Problem 1-58 is reconsidered. The effectof the spring force inthe range of 0 to 500 N on the pressure inside the

cylinderisto be investigated. The pressure against the spring forceis to be plotted, and results are to be discussed.

Analysis Theproblemis solvedusing EES, and the solutionis givenbelow.

P_atm= 95 [kPa]

m_piston=3.2 [kq]

F_spring=150 [N]

A=35*CONVERT(cm"2, m"2)

0=9.81[m/s”2]

W_ piston=m_ piston*g

F_atm=P_atm*A*CONVERT(kPa, N/m”2)

"From the free body diagram of the piston, the balancing vertical forces yield"
F_gas= F_atm+F_spring+W_piston

P_gas=F_gas/A*CONVERT(N/n"2, kPa)

260 T T T T T T T T T T T
spring Pgﬂs
[N] [kPa] 240
0 104 220
50 118.3
100 132.5 _ 200
150 146.8 g
= 180
200 161.1 n-ﬁ,
250 1754 160
300 189.7 140
350 204 |
400 218.3 120
450 232'5 100 Lo Lo Lo ]
500 246.8 100 200 300 400 500
Fspring [N]
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1-60 A gasis containedin a vertical cylinder with a heavy piston. The pressure inside the cylinder and the effectof volume
change onpressure are to be determined.
Assumptions Friction between the piston and thecylinderis negligible.

Analysis (a) The gas pressure in the piston—cylinder device depends on the atmospheric pressure and the weight of the

piston. Drawing the free-body diagram of the piston and balancing the vertical forces yield

PA=P,,A+W
Thus, l
mg l
P=P,, +—
atm A |
2
—0.97 bar + (60 kg)(9.812m/s Y 1IN : [ i bar 2] p
0.04m 1 kg-m/s® J{110° N/m W =mg
=1.12 bar

(b) The volume change will have noeffect on the free-body diagram drawnin part (a), and therefore the pressure inside the
cylinder will remain the same.
Discussion If the gas behaves as an ideal gas, the absolute temperature doubles when the volumeis doubled at constant

pressure.

1-61 Botha gage and a manometer are attached to a gas to measure its pressure. For a specifiedreading of gage
pressure, the difference betweenthefluidlevels of the two arms of the manometeris to be determined for mercury and

water.

F,=80kPa

Properties Thedensities of water and mercury are givento be
P = 1000 kg/m’andbe p, = 13,600 kg/m’.

Analysis The gage pressure is related tothe vertical distance 2 between the
two fluid levels by

P
Pgage:pgh—>h:_

(a) For mercury,

P 2 2
o g 80 1§Pa : 1 kKN/m” |/ 1000 kg/m -s” | 0.60 m
Pre8 (13,600 kg/m”)(9.81 m/s™)| 1kPa 1 kN
(b) For water,
P, 2 2
h— g 803kPa i 1 kN/m"~ || 1000 kg/m -s™ | 816 m
Pu,08 (1000 kg/m”)(9.81 m/s”)| 1kPa 1 kN
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#1 Problem 1-61 isreconsidered. The effectof the manometer fluid density in the range of 800to 13,000 kg/m’ on

the differential fluid heightof the manometeris to be investigated. Differential fluid height againstthe densityis to be
plotted, and the results are to be discussed.

Analysis Theproblemis solvedusing EES, and the solutionis givenbelow.

"Let's modify this problem to also calculate the absolute pressure in the tank by supplying the atmospheric
pressure."

Function fluid_density(Fluid$)

"This function is needed since if-then-else logic can only be used in functions or procedures.

The underscore displays whatever follows as subscripts in the Formatted Equations Window."
If fluid$="Mercury' then fluid_density=13600 else fluid_density=1000

end

Fluid$="Mercury'

P_atm = 101.325 [kPa]

DELTAP=80 [kPa] "Note how DELTAP is displayed on the Formatted Equations Window."

0=9.807 [m/s”2] "local acceleration of gravity at sea level"

rho=Fluid_density(Fluid$) "Getthe fluid density, either Hg or H20O, from the function”

DELTAP = RHO*g*h/1000 "Instead of dividiing by 1000 Pa/kPa we could have multiplied by the EES function,
CONVERT(Pa,kPa)"

h_mm=h*convert(m, mm) "The fluid height in mm is found using the built-in CONVERT function."
P_abs=P_atm+ DELTAP

Manometer Fluid Height vs Manometer Fluid Density

p h 11000 —T—T——— T T
[kg/m’] (mm] L .
800 10197 8800 i
2156 3784 - .
3511 2323 ‘T 6600 -
4867 1676 EE i |
6222 1311 £ as00| 4
7578 1076 L i
8933 913.1 2200 - i
10289 792.8 L i
11644 700.5 0 P T T R R T B
13000 6275 o 2000 4000 6000 8000 10000 12000 14000

p [kg/m*3]
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1-63 The air pressure in a tank is measured by an oil manometer. For a given oil-level difference between the two columns,

the absolute pressure in thetank is to be determined.

Properties Thedensity of oil is givento be p =850 kg/m’.

Analysis The absolute pressure in thetank is determined from
P=PF, +pgh | kPa . 0.80jm
= (98 kPa) + (850 kg/m’)(9.81 m/s”)(0.80 m)[—Z] Air
—104.7 kPa 1000 N/m
P, =98kPa

atm

1-64E The pressure in a tank is measured with a manometer by measuring the differential height of the manometer fluid. The
absolute pressure in the tank is to be determined for the cases of the manometer arm with the higher and lower fluid level
being attached to the tank.

Assumptions The fluidin the manometeris incompressible.

Properties The specific gravity of the fluid is given to be SG= 1.25. The density of waterat 32°Fis 62.4 Ibm/ft’ (Table A-
3E)

Air
28]in
SG=1.25

P, =12.Tpsia

Analysis Thedensity of the fluidis obtained by multiplying its specific gravity by the density of water,
p=SGx py o = (1.25)(62.4 Ibnv/ft*) = 78.0 Ibm/ft’

The pressure difference corresponding to a differential heightof28 in between the two arms of the manometeris

1 Ibf ][ 1 ft2

AP = pgh = (78 Ibm/ft*)(32.174 ft/s>)(28/12 ft
pgh=( X X 32172 1om 105 )| 142 in2

]: 1.26 psia

Then the absolute pressures in the tank for the two cases become:

(a) The fluid levelin the arm attached to thetankis higher (vacuum):
P, =Py, — P, =12.7—1.26 =11.44 psia

(b) The fluid levelin the arm attached to thetankis lower:

Py = Pygge + P =12.7+1.26 =13.96 psia

Discussion Note that we can determine whether the pressure in a tank is above or below atmospheric pressure by simply

observing the side of the manometer arm with the higher fluidlevel.
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1-65 The air pressure in a duct is measured by a mercury manometer. Fora given
mercury-level difference between the two columns, the absolute pressure in the

ductisto be determined.

Properties Thedensity of mercury is givento be p=13,600kg/m’.

Analysis (a) The pressure in the duct is above atmospheric pressure since the

fluid columnon theduct sideis at alowerlevel.

(b) The absolute pressure in theduct is determined from

P=PFm+ pgh
3 2 1N 1 kPa
= (100 kPa) + (13,600 kg/m~)(9.81 m/s“)(0.030 m) 5 5
1 kg-m/s“ J11000 N/m
=104 kPa

|

Air

1-23

1-66 The air pressure in a duct is measured by a mercury manometer. For a given mercury-level difference between the two

columns, the absolute pressure inthe ductis to be determined.
Properties Thedensity of mercury is givento be p=13,600kg/m’.

Analysis (a) The pressure in theduct is aboveatmospheric pressure sincethe fluid

column onthe ductside is at alowerlevel.

(b) The absolute pressure in theduct is determined from

P =Py + pgh
— (100 kPa) + (13,600 kg/m®)(9.81 m/s2)(0.045 m)| — [ LkPa
1 kg-m/s” {1000 N/m
— 106 kPa

|

45

m
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1-67E The pressure in a natural gas pipeline is measured by a double U-tube manometer with one of the arms open to the
atmosphere. The absolute pressure in the pipeline is to be determined.

Assumptions 1 All the liquids are incompressible. 2 The effect of air column on pressure is negligible. 3 The pressure
throughout thenatural gas (including the tube) is uniform sinceits density is low.

Properties We take the density of waterto be p, = 62.41bm/ft’. The specific gravity of mercuryis given to be 13.6, and thus
its densityis p,, = 13.6 x 62.4 =848.61bm/ft’.

T A
101iq Water
h,
R He
Natural ‘]-
gas 4 v
Mercury

Analysis Starting with the pressure at point 1 in the natural gas pipeline, and moving along the tube by adding (as we go
down) or subtracting (as we go up)the pgh terms until we reach the free surface of oil where the oil tube is exposed to the
atmosphere, and setting the result equal to P, gives

B — pug8hug — Pwater8Mwaier = Funm
Solvingfor P,

P = Py + Prg8hng + P8
Substituting,

. ) 3 3 1 Ibf 1t
P=142 p51.a +(32.2 ft/s7)[(848.6 Ibm/ft”)(6/12 ft) 4 (62.4 1bm/ft”)(27/12 ft)][ 322 o U2 ][144 " ]
=18.1 psia
Discussion Note thatjumping horizontally from one tube tothenext and realizing that pressure remains the same in the same
fluid simplifies the analysis greatly. Also, it can be shown that the 15-in high air column with a density of 0.075 1bnvit’
corresponds to a pressure difference of 0.00065 psi. Therefore, its effect on the pressure difference between the two pipes is

negligible.
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1-68E The pressure in a natural gas pipeline is measured by a double U-tube manometer with one of the arms open to the
atmosphere. The absolute pressure in the pipeline is to be determined.

Assumptions 1 All the liquids are incompressible. 2 The pressure throughout the natural gas (including the tube) is uniform
sinceits densityislow.

Properties We take the density of water to be p, = 62.41bm/ft’. The specific gravity of mercury is givento be 13.6, and thus
its density is p,, = 13.6x62.4 = 848.6 Ibm/ft". The specific gravity of oil is given to be 0.69, and thus its density is p, =
0.69x62.4 =43.11bm/ft".

Water

Natural
N\, gas 4

Mercury

Analysis Starting with the pressure at point 1 in the natural gas pipeline, and moving along the tube by adding (as we go
down) or subtracting (as we go up)the pgh terms until we reach the free surface of oil where the oil tube is exposed to the
atmosphere, and setting the result equal to P,

o Z1ves

Pl - pHgthg + poilghoil - pwaterghwater = Patm
Solvingfor P,

Pl = Patm + pHgthg + pwalerghl - poilghoil
Substituting,

P =14.2 psia + (32.2 ft/s*)[(848.6 Ibm/ft>)(6/12 ft) + (62.4 Ibm/ft’)(27/12 ft)
1 ft?

144 in®

— (43.1 Ibm/ft®)(15/12 ft)][ 1 Ibf ]
32.2 Ibm - ft/s?

=17.7 psia

Discussion Notethatjumping horizontally from onetube to the next and realizing that pressure remains the same in the same
fluid simplifies the analysis greatly.
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1-69E The systolicand diastolic pressures of a healthy person are givenin mmHg. These pressures are to be expressedin
kPa, psi, and meter water column.

Assumptions Both mercury and water are incompressible substances.
Properties We take the densities of water and mercury to be 1000 kg/m’ and 13,600k g/m’, respectively.

Analysis Using therelation P = pgh for gage pressure, thehigh and low pressures are expressed as

] =16.0 kPa

Pyign = P8Mign = (13,600 kg/m?)(9.81 m/s?)(0.12 m)[ - ][ N

1 kg-m/s* J{1000 N/m?

IN ][ 1 kPa

5 2 2
1 kg-m/s” J{1000 N/m

low

= pghy,, = (13,600 kg/m?)(9.81 m/s*)(0.08 m)[ ]: 10.7 kPa

Noting that 1 psi =6.895 kPa,

1 psi

P.. =(16.0 Pa)| —
high = ( )[6.895 kPa

] =2.32 psi

and

1 psi
6.895 kPa

Fora given pressure, therelation P = pgh canbe expressed for mercury and

P, =107 Pa)[ ] =1.55 psi

| T T O I O I e O |
=

wateras P = pyer8Myaer A0 P = ppercury @Mimercury - Settingthesetwo relations
equal to each otherand solving for water height gives \I

pmercury
P= Pwater8 hwater =0 mercuryg hmercury - hwater = hmercury
Pwater

/

Therefore,

Prmercury 13,600 kg/m’

—hmercury high =~ 3
Pwater ’ 1000 kg/ m

pmercury 1 3, 600 kg/l’l’l3
h = hmercury low — 3 mmt 3
Pwater ’ 1000 kg/ m

h (0.12 m)=1.63m

water, high =

(0.08 m)=1.09 m

water, low

Discussion Note that measuring blood pressure with a “water” monometer would involvedifferential fluid heights higher
than the person, and thus it isimpractical. This problem shows why mercury is a suitable fluid for blood pressure

measurement devices.
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1-70 A vertical tube open to the atmosphere is connected to the veinin thearm of a person. The height that the blood will

rise in the tube is to be determined.

Assumptions 1 The density of blood is constant. 2 The gage pressureofblood is 120 mmHg.

Properties Thedensity of blood is givento be p=1050kg/m’.

Analysis For a given gage pressure, the relation P = pgh can be expressed
for mercury andbloodas P = Phlood ghblood and P = pmercuryghmercury Blood h
Setting thesetwo relations equal toeach other we get B‘

pP= Polood 8 hblood =P mercury 8 hmercury
Solving forblood height and substituting gives

Prmercur 13 600 kg/m
h = N 0.12 m)=1.55m
blood Poiood mercury 1050 k /m ( )

Discussion Note that the blood canrise aboutoneand a half meters in a tubeconnected to the vein. This explains why IV

tubes must be placed highto force a fluidinto the vein of a patient.

1-71 Wateris poured into the U-tube from onearm and oil from the other arm. The water column heightin onearm and the

ratio of the heights of the two fluids in the other arm are given. The height of each fluidin that arm s to be determined.

Assumptions Both water and oil are incompressible substances.

Properties Thedensity of oil is givento be p =790 kg/m’. We take Water 0il

the density of waterto be p=1000kg/m’. _
Analysis Theheight of water column in the left arm of the monometer t
isgiventobe i, =0.70 m. We let the height of waterand oilin the
Noting that h v

both arms are open to the atmosphere, the pressure at thebottom of h.,

rightarmto be & ,and £, respectively. Then, h, =4h,,.

the U-tube can be expressed as

Pbottom atm + pwghwl and Pbottom atm + pwghWZ + pagh
Setting them equal to each other and simplifying,

pwghwl = pwghWZ + pagha - pwhwl = pwhw2 +paha - hwl = hw2 +(pa /pw)ha
Noting that s, =4h_,, the water and oil column heights in the second arm are determined to be
0.7m=h , +(790/1000) 4h, , — h,, =0.168m
0.7 m = 0.168 m +(790/1000)h, — h, =0.673m

Discussion Note that the fluid heightin thearm that contains oil is higher. This is expected since oilis lighter than water.
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1-72 A double-fluid manometer attached to an air pipe is considered. The specific gravity of one fluid is known, and the
specific gravity of theother fluidis to be determined.
Assumptions 1 Densities of liquids are constant. 2 The air pressure in the tank is uniform (i.e., its variation with elevation is
negligible dueto its low density), and thus the pressure at theair-waterinterfaceis the same as the indicated gage pressure.

Properties The specific gravity of one fluidis given to be 13.55. We take the standard density of water to be 1000 kg/m’.

Air
P =69kPa
40lcm
Fluid 2
28|cm SG,
Fluid 1
SG,

Analysis Starting with the pressure of airin the tank, and moving along thetube by adding (as we go down) or subtracting (as
we goup)the pgh termsuntil we reachthefree surface where the oil tube is exposed to the atmosphere, and setting the result

equalto P, give
Pair +plghl —nghz :Patm - Pair _Patm :SG2pwgh2 _SGlpwghl
Rearranging andsolving for SG,,

56, —5G, M 4 Pair ~Pam _ 1355028 69 —100 kPa

N 1000 kg-m/s?
h,  p,ah "~ 0.40m | (1000 kg/m®)(9.81 m/s?)(0.40 m)

=1.59
1 kPa-m?

Discussion Note that the right fluid columnis higher than the left, and this would imply above atmospheric pressure in the

pipe fora single-fluid manometer.
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1-73 The pressureindicated by a manometeris to be determined.

Properties The specific weights of fluid A and fluid B are
given to be 10kN/m’and 8 kN/m’, respectively.

Analysis The absolutepressure P, is determined from

R =P, +(pgh), + (pgh)y
= Pym +7aha + 750
0.1333 kPa
I mm Hg ]
+ (10 kN/m?)(0.05 m) + (8 kKN/m*)(0.15 m)
=102.7 kPa
Note that 1 kPa=1kN/m’.

= (758 mm Hg)[

1-74 The pressureindicated by a manometeris to be determined.

Properties The specific weights of fluid A and fluid B

are given to be 100kN/m’and 8 kN/m’, respectively.

Analysis The absolute pressure P, is determined from
B =P +(pgh)4 +(pgh)y

= Py 7l 750

=90 kPa + (100 kN/m’)(0.05 m) -+ (8 kN/m*)(0.15 m)

=96.2 kPa

Note that 1 kPa=1kN/m’.

1-29

ATMOSPHERIC
PRESSURE
PJ .
r ;II// _\\\. \I
12 em Yl 15em = h,
1
ho= em Fluid B
- = 8 KNm®
\ )/ 30em
Fluid A | ]

10 KN/m?® “\\\_ _//*

ATMOSPHERIC
PRESSURE
Py
.-JII/ '\\II \ll
- 5
12cm ‘ 15 cm =h,
— 5S¢
hy= 3¢m Fluid B
- 7 8 kN/m®
L /' 30¢cm
Fluid A" o |
100 kN/m’ % ﬂ

PROPRIETARY MATERIAL © 2019 McGraw-Hill Education. Limited distribution permitted only to teachers and educators for course preparation

If you are a student using this Manual, you are using it without permission.



1-75 The pressureindicated by a manometeris to be determined.

Properties The specific weights of fluid A and fluid B are
given to be 10kN/m’ and 20 kN/m’, respectively.

Analysis The absolutepressure P, is determined from

1-30

ATMOSPHERIC
FRESSURE

R =Fn +(08h) 4 +(pgh) 12¢m
= Py T Vala + 7555 l
T
= (720 mm Hg) 01333 kPa hy= 3 v
I mm Hg -
+ (10 kKN/m>)(0.05 m) + (20 kN/m*)(0.15 m) \
=99.5kPa Fluid A
10 kN/m?

Note that 1 kPa =1 kN/m’.

Fluid B
" 20 kN/m’

LY

1-76 The hydraulic lift in a carrepair shop is to lift cars. The fluid gage pressure that must be maintained in the reservoir is

to be determined.
Assumptions The weight of the piston of the liftis negligible.

Analysis Pressure is force perunit area, and thus the gage pressure required
is simply the ratio of the weightofthe carto the area of the lift,

W mg

A 7D’/4
(2500 kg)(9.81 m/s?)
~ 7(030m)%/4

Pgage -

1 kN
1000 kg - m/s?

=347 kN/m? = 347 kPa

W=mg

atm

P

Discussion Note that the pressure levelin the reservoir can bereduced by using a piston with a larger area.
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1-77 The fluidlevels in a multi-fluid U-tube manometer change as a result of a pressure dropin the trapped air space. Fora
given pressure drop and brine level change, the area ratiois to be determined.

Assumptions 1 All the liquids are incompressible. 2 Pressure in the brine pipe remains constant. 3 The variation of pressure
in the trapped air space is negligible.

Properties The specific gravities are given to be 13.56 formercury and 1.1 forbrine. We take the standard density of water
tobe p,=1000 kg/m’.

A
Air
Area, A
" Water
\\
Mercury
SG=13.56 1
A
\ Area, A,

Analysis It is clear from the problem statement and the figure thatthe brine pressure is much higher than the air pressure, and
when the air pressure drops by 0.7 kPa, the pressuredifference between the brineand the air spaceincreases alsoby the same

amount.

Starting with the air pressure (point A) and moving along the tube by adding (as we go down) or subtracting (as we go up)
the pgh termsuntil we reach the brinepipe (point B), and setting the result equal to P, before and after the pressure change
of airgive

Before: P, +p,gh, + Prg&Mg 1 — Por&Mie 1 = P

After:— Pyy + py8hy + Prig8hug 2 — Por8hi s = Py

Subtracting,

P, —P
—AL—A2 — §Gy, Ahy, — SG, Ahy, =0 1)
Pw8

where Ahy, and Ah,, arethechanges inthedifferential mercury and brine column heights, respectively, dueto the dropin

Py — Py + pHggAhHg — P &AMy, =0

air pressure. Both of these are positive quantities since as the mercury-brine interface drops, the differential fluid heights for

both mercury and brineincrease. Noting also thatthe volume of mercury is constant, we have A Ay = A, Ahy and

g left g, right
P,, — P,, = —0.7 kPa = —700 N/m* = —700 kg/m -s*
Ah,, =0.005 m
Ahyy = Ahyy o + Dhyg e = Dby + Ay AyIA; = Ah, (1+A,/A)

Substituting,

700 kg/m - s>
(1000 kg/m*)(9.81 m/s?)

It gives AJA,=0.134

=[13.56x0.005(1+A,/A,)—(1.1x0.005)] m
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1-78 The gagepressure of airin a pressurized water tank is measured simultaneously by both a pressure gage and a
manometer. The differential height 4 of the mercury column is to be determined.

Assumptions The air pressure in the tank is uniform (i.e., its variation withelevationis negligible due to its low density),
and thus the pressure at the air-water interface is the same as the indicated gage pressure.

Properties We take the density of water to be p, =1000kg/m’. The specific gravities of oil and mercury are givento be 0.72
and 13.6, respectively.

0il
B0 kPa + 56 =072

Mercury
SG=136

Analysis Starting with the pressure of airin the tank (point 1), and moving along thetube by adding (as we go down) or
subtracting (as we go up)the pgh terms until we reach the free surface of oil where the oiltube is exposedto the
atmosphere, and setting the result equal to P, gives

Pl *+ Pw ghw ~PHg thg _poilghoil = Patm
Rearranging

Pl - Patm = Poil ghoil + Phg thg —Pw ghw

or,
Mzse ithoit +SG gy —h
ud oil 'oi 9" "Hg w
Substituting,
2
803kPa _| 2000 kg m2/5 = 0.72x(0.75m) +13.6xhyy ~0.3m
(1000 kg/m~)(9.81m/s“) 1kPa.-m

Solvingforh,, gives
h,,=0.582m
Therefore, the differential height of the mercury columnmust be 58.2 cm.

Discussion Doubleinstrumentation like this allows one to verify the measurement of one of the instruments by the

measurement of another instrument.
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1-79 The gagepressure of airin a pressurized water tank is measured simultaneously by both a pressure gage and a
manometer. The differential height 4 of the mercury column is to be determined.

Assumptions The air pressure in the tank is uniform (i.e., its variation withelevationis negligible due to its low density),
and thus the pressure at the air-water interface is the same as the indicated gage pressure.

Properties We take the density of waterto be p . =1000kg/m’". The specific gravities of oil and mercury are given to be
0.72 and 13.6, respectively.

Analysis Starting with the pressure of airin the tank (point 1), and moving along thetube by adding (as we go down) or
subtracting (as we go up)the pgh terms until we reach the free surface of oil where the oiltube is exposedto the

atmosphere, and setting the result equal to P, gives

P+ py ahy, ~ PHg thg = Poit Ioit = Pam 40kPa
Rearranging ®

Pl - Patm = Poil ghoil + PHg thg —Pw ghw Alr

Pl,gage
OI’, :SG 0i|h0i| +SG thHg _hW

PwY
Substituting, h,

2
403kpa _ 1000 kg m2/5 = 0.72%(0.75M) +13.6x hyy ~0.3m
(1000 kg/m=)(9.81m/s“) 1kPa.-m

Solvingforh,, gives
h,,=0.282m
Therefore, the differential height of the mercury column must be 28.2 cm.

Discussion Doubleinstrumentation like this allows one to verify the measurement of one of the instruments by the

measurement of another instrument.
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Solving Engineering Problems and Equation Solvers

1-80C Despitethe convenience and capability the engineering software packages offer, they are still justtools, and they will
not replacethe traditional engineering courses. They will simply cause a shift inemphasis in the course material from
mathematics to physics. They are of great value in engineering practice, however, as engineers today rely on software

packages forsolving large and complex problems in a shorttime, and perform optimization studies efficiently.

1-81 @ Determine a positivereal root of the following equation using appropriate software:
2x*—10x™-3x=-3
Solution by EES Software (Copy the following lineand pasteon a blank EES screen to verify solution):

2*x"3-10*x"0.5-3*x = -3
Answer: x =2.063 (usingan initial guess of x =2)

1-82 @ Solve the following system of 2 equations with 2 unknowns using appropriate software:
x’—y’=59
3xy+y=3.5

Solution by EES Software (Copy the following lines and paste on a blank EES screen to verify solution):
x"3—y*2=5.9
3¥x*y+y=3.5

Answerx=1.836 y=0.5378

1-83 @ Solve the following system of 3 equations with 3 unknowns using appropriate software:
2Xx—-y+z=7
3X?+2y=z+3
Xy+2z=4

Solution by EES Software (Copy the following lines and paste on a blank EES screen to verify solution):
2*X-y+z=7
3XN2+2*y=2+3
X*y+2*z=4

Answer x=1.609, y=—0.9872, z=2.794
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1-84 = Solve the following system of 3 equations with 3 unknowns using appropriate software:
Xy—-z=1
X—-3y*®+xz=-2
X+y—-z=2

Solution by EES Software (Copy the following lines and paste on a blank EES screen to verify solution):
X"2*y-z=1
X-3*y"N0.5+x*z= -2
X+y-2=2

Answer x=1, y=1, z=0
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Review Problems

1-85E The thrust developed by the jet engine of a Boeing 7771s given to be 85,000 pounds. This thrustis to be expressed in

N and kgf.
Analysis Noting that 1 Ibf=4.448 Nand 1 kgf=9.81 N, the thrustdeveloped canbe

expressedin two otherunits as

3.78x10° N

Thrustin N: Thrust = (85,000 1bf) [w]

Thrustin kgf:  Thrust = (37.8x10° N)[ 1;1ng] 3.85x 10" kgf

1-86 The gravitational acceleration changes with altitude. Accounting for this variation, the weights of a body at different
locations are to be determined.

Analysis The weight of an 80-kg man at various locations is obtained by substituting the altitude z (values in m)intothe

relation
W =mg = (80 kg)(9.807 —3.32x10"zm/s") | ——
1 kg-m/s
Sealevel: (z=0m): W=_80x(9.807-3.32x10°x0)=80x9.807=784.6 N
Denver: (z=1610m): W=80x(9.807-3.32x10°x 1610)=80x9.802=784.2N
Mt.Ev.: (z=28848 m): W=280x(9.807-3.32x10°x 8848) =80x9.778 =782.2N

1-87E A man isconsideringbuyinga 12-ozsteak for $5.50,ora 300-g steak for $5.20. The steak that is a betterbuy isto
be determined.

Assumptions The steaks are of identical quality.
Analysis To make a comparison possible, we need to express the cost of each steak on a common basis. Let us choose 1 kg

as the basis for comparison. Using proper conversion factors, the unitcost of each steak is determined to be

12 ounce steak:

$5.50] [1602] [ 1 1bm

=$16.17/kg
120z) \11bm) {0.45359 kg

Unit Cost = [

. 0 R 0 T )
R S SS SRR S

300 gram steak:

] —$17.33/kg

Unit Cost — [$5.20] [1000g

300 g 1 kg

Therefore, the steak at thetraditional market is a better buy.
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1-88E The mass ofa substance is given. Its weightis to be determinedin various units.

Analysis Applying Newton's second law, the weight is determined in various units to be

IN
W =mg = (1 kg)(9.81 m/s*)| —————|=9.81N
mg = (1 kg)( S)[lkgm/sz]

W =mg = (1 kg)(9.81 m/s*) &2 =0.00981kN
1000 kg - m/s
W =mg = (1 kg)(9.81 m/s*) = 1kg-m/s?
IN 1 kgf

W = mg = (1 kg)(9.81 m/s* = 1kgf

mg = (L ke )[lkg-m/sz][9.81N] J
W =mg = (1 kg)[@] (32.2 ft/s*) = 71lbm- ft/s?

2.205 Ibm ) 1 Ibf

W =mg = (1 kg)| ==———|(32.2 ft/s*)| ——— | = 2.21Ibf

e = g)[ k ]( )[32.21bm-ft/szJ

1-89E The pressure in a steam boileris givenin kgf/cm’. It is to be expressedin psi, kPa, atm, and bars.

1-37

Analysis We note that 1 atm = 1.03323 kgf/cm’, 1 atm = 14.696 psi, 1 atm=101.325kPa,and 1 atm = 1.01325bar (inner

coverpage oftext). Thenthe desired conversions become:

1 atm
In atm: P = (92 kgf/cm® )| ————— | = 89.04 atm
103323 kef/cm
, | atm 14.696 psi
In psi: P = (92 kgf/cm?) . =1309 psi
1.03323 kgf/cm 1 atm
1 atm 101.325 kPa
In kPa: P = (92 kgf/cm®) - =9022kPa
1.03323 kgt/cm 1 atm
1 atm 1.01325 bar
In bars: P = (92 kgf/cm?) =90.22 bar
1.03323 kgf/em’ 1 atm

Discussion Note that the units atm, kgf/cm’, and bar are almostidentical toeach other.
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1-90 A hydraulic lift is used to lifta weight. The diameter of the piston on which the weightto be placed isto be

determined.

Assumptions 1 The cylinders of the lift are vertical. 2 There are no leaks. 3 Atmospheric pressureact on bothsides, and

thusit can be disregarded.

Weight
1 = 1900 kg
25kg F, T
€ \; /10 cm «— D> —>

Analysis Noting that pressureis force per unitarea, the pressure on the smaller pistonis determined from

P = =31.23 kN/m?> =31.23 kPa

1

K omg  (25kg)9.81 m/s®) 1 kN
A 7D} /4 7(0.10 m)* /4 | 1000 kg - m/s

From Pascal’s principle, the pressure onthe greater pistonis equal to that in the smaller piston. Then, the needed diameter is

determined from
2
=P =2 M0 g gm0 KDO8MS)] KN D, —0.872m
A, 7D, /4 mD," 14 1000 kg - m/s

Discussion Note that large weights canbe raised by little effort in hydraulic lift by making use of Pascal’s principle.

1-91 The average atmospheric pressure is givenas P, =101.325(1 —0.02256z)*® where zis the altitude in km. The

atmosphericpressures at various locations are to be determined.

Analysis The atmospheric pressures at various locations are obtained by substituting the altitude z values in kminto the
relation

P, =101.325(1—0.02256z)>*°

Atlanta: (z=0.306km): P, =101.325(1-0.02256%0.306)"** =97.7 kPa
Denver: (z=1.610km): P, =101.325(1-0.02256%1.610)"*" = 83.4 kPa
M. City: (z=2.309km): P, =101.325(1-0.02256%2.309)"** =76.5 kPa
Mt.Ev. (z=8.848km): P, =101.325(1-0.02256x8.848)"*"=31.4 kPa
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1-92E Hyperthermia of 5°C is considered fatal. This fatal level temperature change of body temperature is to be expressed
in °F, K, and R.
Analysis Themagnitudes of 1 Kand 1°C are identical, so are the magnitudes of 1 R and 1°F. Also,achange of 1 Kor1°C

in temperature corresponds to a changeof 1.8 R or 1.8°F. Therefore, the fatal level of hypothermia is

(@ SK
(b) 5x1.8=9°F
(c) 5x1.8=9R

1-93E The boiling temperature of water decreases by 3°C foreach 1000 mrise in altitude. This decreasein temperature is
to be expressedin °F, K, and R.

Analysis Themagnitudes of 1 Kand 1°C are identical, so are the magnitudes of 1 R and 1°F. Also, achange of 1 Kor1°C
in temperature corresponds to a changeof 1.8 R or 1.8°F. Therefore, thedecrease inthe boiling temperature is

(a) 3K foreach 1000mrise in altitude, and
(b), (¢) 3x1.8=5.4°F =5.4 Rforeach 1000 mrise in altitude.

1-94E Ahouseislosingheat at arate of 1800kJ/h per °C temperature difference between the indoor and the outdoor
temperatures. Therate of heat lossis to be expressed per °F, K, and R of temperature difference between theindoor and the
outdoor temperatures.

Analysis Themagnitudes of 1 Kand 1°C are identical, so are the magnitudes of 1 R and 1°F. Also,achange of 1 Kor1°C

in temperature corresponds to a changeof 1.8 R or 1.8°F. Therefore, therate of heat loss from the houseis

(a) 1800 kJ/hperKdifference in temperature, and
(D), () 1800/1.8=1000kJ/hperR or °Frise in temperature.

1-95E The average body temperature of a person rises by about 2°C during strenuous exercise. This increase in temperature

isto be expressed in °F, K, and R.
Analysis The magnitudes of 1 K and 1°C are identical, so are the magnitudes of 1 R and 1°F. Also,a change of 1 K or 1°C
in temperature corresponds toa change of 1.8 R or 1.8°F. Therefore, the risein the body temperature during strenuous exercise
is

(@) 2K

(b) 2x1.8=3.6°F

(c) 2x1.8=3.6R
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1-96 The average temperature of theatmosphere is expressedas 7, = 288.15— 6.5z where z isaltitude in km. The

atm

temperature outside an airplane cruising at 12,000 mis to be determined.
Analysis Using therelation given, the average temperature of the atmosphere at an altitude of 12,000 mis determined to be

T, =288.15—6.5z2
=288.15—6.5x12
=210.15K=— 63°C

Discussion This is the “average” temperature. The actual temperature at differenttimes canbe different.

1-97 The pressureof a gas contained in a vertical piston-cylinder device is measured to be 180kPa. The mass of the piston

isto be determined.
Assumptions There is no friction between the piston and the cylinder. P
Analysis Drawing the free body diagram of the piston and balancing the
vertical forces yield I
W=PA—-P, A
mg=(P— P, )A X P W= mg
(m)(9.81 m/s*) = (180 — 100 kPa)(25 x10~*m* )[M]
1 kPa
It yields
m=20.4kg
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1-98 A vertical piston-cylinder device contains a gas. Some weights are to be placed on thepistonto increase the gas
pressure. The local atmospheric pressure and the mass of the weights that will double the pressure of the gas are to be

determined.

Assumptions Frictionbetween the piston and thecylinderis negligible. Weights

Analysis The gas pressure in the piston-cylinder device initially depends on the local ‘

atmosphericpressure and the weight of the piston. Balancing the vertical forces yield

m. 2

Patm _p_ plstong —100 kPa — (10 kg)(9812m/s ) 1 kN . Gas
A m(0.12 m")/4 |1000 kg-m/s
=93.63 kN/m* 2 93.6 kPa
The force balance when the weights are placedis used to determine the mass of the weights
(Mpiston + Muyeighis )9
P— Patm + piston A weights
10 Kg + M, giqns )(9.81 m/s?
200 kPa = 93.63 kPa + 10kg We'g'“s)z( ) LkN . Myeighis = 157 Kg
7(0.12 m)/4 1000 kg - m/s

A large massis neededto doublethe pressure.

1-99 The deflection of the spring of the two-piston cylinder with a spring shown in the figure is to be determined.
Analysis Summing the forces actingon the pistonin the vertical direction gives

F
FA+FA+F=F 1

kx + P,A, + P,(A — A,)) = PA
F Fs
which when solved forthe deflection of the springand substituting A= zD? /4 gives : l l
X :1[101)2 _PD*—P(D*—D?)
4k 11 272 3 1 2
=7 [5000 % 0.08> —10,000 x 0.03* —1000(0.08* —0.03’ )]
4 %800
=0.0172 m -
=1.72 cm '

We expressed the spring constantk in kN/m, the pressures in kPa(i.e., kN/m’) and the diameters in m units.

PROPRIETARY MATERIAL © 2019 McGraw-Hill Education. Limited distribution permitted only to teachers and educators for course preparation.

If you are a student using this Manual, you are using it without permission.



1-42

1-100 One section of the ductof an air-conditioning system is laid underwater. The upward force the water will exert on the

ductisto be determined.

Assumptions 1 The diameter given is the outer diameter of the duct (or, the thickness of the duct materialis negligible).

2 The weight of the duct and theairin is negligible.
Properties The density of airis givento be p=1.30kg/m’. We take the density of water to be 1000 kg/m’.

7 N
? —_— vD=150m (g

L=35m
F,

Analysis Noting that the weightofthe duct and theairin itis negligible, the netupward force acting on theduct is the

buoyancy force exerted by water. The volume of the underground section of the ductis
V =AL=(xD*/4)L =[r(0.15 m)*/4](35 m) = 0.6185 m’
Then the buoyancy force becomes

1 kN

F, = = (1000 kg/m>)(9.81 m/s*)(0.6185 m*)| —————
3 = p&V =( g/m”)( X )IOOOkg-m/52

]:6.07kN

Discussion The upward forceexerted by water on the ductis 6.07 kN, whichis equivalent to the weightofa mass of 619
kg. Therefore, this force must be treated seriously.
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1-101 A helium balloontied to the ground carries 2 people. The acceleration of the balloon when it is first released is to be
determined.

Assumptions The weight of the cage and theropes of the balloonisnegligible.

Properties Thedensity of airis givento be p = 1.16 kg/m’. The density of helium gasis 1/7" of this.

Analysis Thebuoyancy force acting onthe balloonis

Vyitioon = 411°/3 = 476 m)*/3 =904.8 m’
Fy = Pair &Viatioon N HELIUM
= (1.16 kg/m*)(9.81 m/s”)(904.8 m3)[—2] =10,296 N D=12m
1 kg-m/s FHe =7 Mair
The total massis
1.16 3 3
Mye = Py = - kg/m” [(904.8 m”)=149.9 kg
My = Myge + Mpeopie = 149.9 +2x85=319.9 kg
The total weight is
W=m, —(3199k)(981m/s2)1—N =3138N
totalg . g . 1 kg . m/82
Thus the net force acting on theballoonis
F. =F; —W=10,296 -—3138 =7157 N e
Then the acceleration becomes m=170kg
F -m/s’
_ bRe 7157 N | 1kg-m/s —24m/s
me. 3199 kg IN
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=1 Problem 1-101 isreconsidered. Theeffect of the number of people carried in theballoon onaccelerationis to

be investigated. Acceleration is to be plotted againstthe number of people, and the results are to be discussed.

Analysis Theproblemis solved using EES, and the solutionis givenbelow.

"Given"

D=12[m]
N_person=2
m_person=85 [kg]
rho_air=1.16 [kg/m~3]
rho_He=rho_air/7

"Analysis"

g=9.81 [m/s"2]
V_ballon=pi*D"3/6
F_B=rho_air*g*V_ballon
m_He=rho_He*V_ballon
m_people=N_person*m_person
m_total=m_He+m_people

W=m_total*g
F_net=F_B-W
a=F_net/m_total 35 — - . . . . . . .
30
person a B |
[m/s7] 25
1 34 I o 1
2 22.36 & 20
n
3 15.61 E I -
4 112 = 15 '\
5 8.096 o .\
6 5.79 I ! ]
7 401 5 \.\
.\
8 2595 I —, 1
9 1.443 0 — : : : : : : —
1 2 3 4 5 6 7 8 9 10
10 0.4865 Nperson
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1-103 Aballoonis filled with helium gas. The maximum amountofloadthe balloon can carry is to be determined.

Assumptions The weight of the cage and theropes of the balloonisnegligible.

Properties Thedensity of airis givento be p=1.16 kg/m’. The density of
helium gasis 1/7thofthis.

Analysis Thebuoyancy force acting onthe balloonis

Vyitioon = 411°/3 = 47(6 m)*/3 =904.8 m’
FB = pairgvballoon
= (1.16 kg/m*)(9.81 m/s*)(904.8 m*) 1—N2 =10,296 N
1 kg-m/s
The mass ofheliumis

Mmye = pHeV =

[# kg/m3](904.8 m’)=149.9 kg

In the limiting case, the netforce acting onthe balloon will be zero. That is,

the buoyancy force and the weight will balance each other:
W=mg=Fy

Fy, 10296N

mo =t —1050 k
oal =TT 9 81 mis? &

Thus,
Myeople = Mgl — Myge = 1050 —149.9 = 900Kkg

\

HELIUM
D=12m
FHe = 77 Maiir

1-45
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1-104 A 6-mhigh cylindrical containeris filled with equal volumes of water and oil. The pressure difference between the

top and the bottom of the containeris to be determined.

Properties Thedensity of wateris givento be p = 1000 kg/m’. The specific gravity of oil is givento be 0.85.

Oil
SG=0.85

Water

Analysis Thedensity of the oil is obtained by multiplying its specific gravity by thedensity of water,
p=SG X py o = (0.85)(1000 kg/m*) = 850 kg/m’

The pressure difference between thetop and the bottom of thecylinderis the sum of the pressure differences across the two
fluids,

APtotal = APoil + APwaler = (pgh)oil + (pgh)water

= [(850 kg/m?)(9.81 m/s*)(3 m) + (1000 kg/m*)(9.81 m/s*)(3 m)] [

1 kPa ]
=544 kPa

1000 N/m?

1-105 The gage pressurein a pressure cooker is maintained constant at 100 kPa by a petcock. The mass of the petcock is to
be determined.

Assumptions There is no blockage of the pressure release valve.

Analysis Atmospheric pressureis actingon all surfaces of the petcock, which balances itself out. Therefore, it can be

disregardedin calculations if we use the gage pressure as the cooker pressure. A force balance onthe petcock (XF,=0)
yields

W=P,.A
- PageA (100 kPa)(4 x10~°m?) 1000 kg/m -s*
g 9.81 m/s* 1 kPa
= 0.0408 kg
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1-106 An airplane is flying overa city. The local atmospheric pressure inthatcityis to be determined.

Assumptions The gravitational acceleration does not change with altitude.

Properties Thedensities of airand mercury are givento be 1.15kg/m’and 13,600 kg/m’.

Analysis Thelocal atmospheric pressure is determined from

F, :Pplane +pgh

atm

= 45 kPa +(0.828 kg/m’)(9.81 m/s*)(6400 m) &2 =97.0kPa
1000 kg-m/s
The atmospheric pressure may be expressed inmmHg as
P
p = Lam 97.02kPa : 1000 Pa] 1000 mm | 727 mmHg
° pg (13,600 kg/m”)(9.81 m/s*) | 1kPa Im

1-107 A glass tubeopen tothe atmosphere is attached to a water pipe, and the pressureat the bottom of thetube is

measured. It is to be determined how high the water willrise in the tube.

Properties Thedensity of wateris givento be p= 1000 kg/m’.

Analysis Thepressure at the bottom of the tube can be expressed as

pP= P:nm + (pgh)tube

Solvingforh,
h_ PP »
ryg
_ (107 —99) kPa 1 kg-m/s? |[1000 N/m?
(1000 kg/m®)(9.81 m/s?)| 1N 1 kPa
=0.82m

atm

1-47
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1-108E Equal volumes of water and oil are poured into a U-tube from differentarms, and theoil side is pressurized until the
contactsurfaceof the two fluids moves tothe bottomand the liquidlevels inboth arms become the same. The excess
pressure applied onthe oil sideis to be determined.

Assumptions 1Bothwaterandoil are incompressible substances. 2 Oil does not mix with water. 3 The cross-sectional area

of the U-tube is constant.

Properties Thedensity of oil is givento be p , =49.3 Ibm/ft’. We take thedensity of waterto be p, = 62.4 1bm/ft’.

Oil="T| Water—T| 30 in

A |

Analysis Noting that the pressure of both the water and the oil is the same at the contactsurface, the pressure at this surface

can be expressed as
Pcontact = Pblow + pagha = Patm + pwghw
Noting that 4, = h, and rearranging,
Pgage,blow = Pblow - Patm = (pw ~ Poil )gh

2
=(62.4-49.3 Ibm/ft? )(32.2 ft/s? )(30/12 ft)[ L Ibf 2] ! ft. 5
32.2 Ibm-ft/s” }){ 144 in

=0.227 psi
Discussion When the person stops blowing, the oil will rise and some water will flow into the right arm. It can be shown
that when the curvature effects of the tube are disregarded, the differential heightof water will be 23.7 in to balance 30-in of
oil.
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1-109E A water pipeis connected to a double-U manometer whose free arm is open to the atmosphere. The absolute
pressure at the center of the pipe is to be determined.

Assumptions 1 All the liquids are incompressible. 2 The solubility of the liquids in each otheris negligible.

Properties The specific gravitiesof mercury and oil are givento be 13.6 and 0.80, respectively. We take thedensity of water
tobe p,=62.41bm/ft.

Oil 5G = 0.80
Oil 5G=0.50
—H—+ U
20 in ]
|, Water &l n - 30in
pipe 1l
1 25in
Mercury
S5G=136

Analysis Starting with the pressure at the center of the water pipe, and moving along the tubeby adding (as we go down) or
subtracting (as we goup)the pgh terms until we reach the free surface of oil where the oil tube is exposed to the atmosphere,

and setting the result equalto P,

atm

gives
Pwater pipe pwaterghwater + poilghoil - pl—lgghl-lg - poilghoil = Patm
Solvingfor Py, pives
Pwaler pipe = Patm + pwaterg(hwaler - SGoilhoil + SGthHg + SGoilhm’I)
Substituting,

=14.2 psia + (62.4 Ibm/ft*)(32.2 ft/s)[(20/12 ft) — 0.8(60/12 ft) +13.6(25/12 ft)

2
+0.8(30/12 ft)]x[ L Ibf 2] Lt .

. 32.2 Ibm-ft/s” ){ 144 in
=26.4psia

P

water pipe

Therefore, the absolute pressurein the water pipeis 26.4 psia.

Discussion Note that jumping horizontally from one tubeto the nextandrealizing that pressure remains the same in the

same fluid simplifies the analysis greatly.
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1-110 A gasoline line is connected to a pressure gage through a double-U manometer. For a given reading of the pressure
gage, the gage pressure of the gasolinelineis to be determined.

Assumptions 1 All the liquids are incompressible. 2 The effect of air column on pressure is negligible.

Properties The specific gravities of oil, mercury, and gasoline are givento be 0.79, 13.6,and 0.70, respectively. We take the
density of waterto be p,=1000kg/m’.

P, . =370kPa

gage

~

45|cm

50cm

Water AN N R

Analysis Starting with the pressure indicated by the pressure gage and moving along the tube by adding (as we go down) or

subtracting (as we go up)the pgh terms until we reach the gasoline pipe, and setting the resultequal to P, gives
Pgage - pwghw + poilghoil - pHgthg - pgasolineghgasoline = Pgasoline
Rearranging,

P

gasoline

= Pgage - pwg(hw -SG hoil + SGthHg + SGgasoline hgasoline)

oil
Substituting,

P =370 kPa — (1000 kg/m>)(9.81 m/s>)[(0.45 m) — 0.79(0.5 m) +13.6(0.1 m) + 0.70(0.22 m)]

gasoline

X[ 1 kN ][ 1 kPa ]
1000 kg - m/s* J|1 kN/m?
=354.6 kPa
Therefore, the pressure in the gasoline pipeis 15.4 kPalower than the pressure reading of the pressure gage.
Discussion Note that sometimes theuse of specific gravity offers greatconvenience in the solution of problems that involve

several fluids.
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1-111 A gasoline line is connected to a pressure gage through a double-U manometer. For a given reading of the pressure
gage, the gage pressure of the gasolinelineis to be determined.
Assumptions 1 All the liquids are incompressible. 2 The effect of air column on pressure is negligible.

Properties The specific gravities of oil, mercury, and gasolineare given tobe 0.79, 13.6,and 0.70, respectively. We take the
density of waterto be p, = 1000kg/m’.

P, =180kPa

gage

~

_ ﬁ 0il

43 cm

50cm

Water ¥ | v

Analysis Starting with the pressure indicated by the pressure gageand movingalong the tubeby adding (as we go down) or

subtracting (as we go up) the pgh terms until we reach the gasoline pipe, and setting the result equal to P gives

gasoline

Pgage - pwghw + poilghoil - pHgthg - pgasolineghgasoline = Pgasoline

Rearranging,
Pgasoline = Pgage - pwg(hw - SGoilhoil + SGthHg + SGgasolinehgasoline)
Substituting,
Pysoiine = 180 kPa — (1000 kg/m?)(9.807 m/s>)[(0.45 m) — 0.79(0.5 m) +13.6(0.1 m) +0.70(0.22 m)]

X[ 1 kN ][ 1 kPa ]
1000 kg - m/s* J\1 kN/m?
=164.6 kPa
Therefore, the pressure in the gasoline pipeis 15.4 kPa lower than the pressure reading of the pressure gage.
Discussion Note that sometimes theuse of specific gravity offers greatconvenience in the solution of problems that involve

several fluids.
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1-112 The air pressure in a ductis measured by an inclined manometer. Fora given vertical level difference, the gage

pressure in the duct and thelength of the differential fluid column are to be determined.
Assumptions The manometer fluid is an incompressible substance.

Properties Thedensity of the liquidis givento be p=0.81 kg/L=810kg/m’.

Adr
Dt "
<} 'Il.l/)\ '|'
\( 12 cm
!

_/f 450

Analysis The gage pressure in theduct is determined from
Pgage = Paps = Pam = pgh

= (810 kg/m®)(9.81 m/s?)(0.12 m) 1N 5 L PaQ
1kg-m/s® \ 1 N/m
=954 Pa

The length of the differential fluid columnis
L=h/sind=(12cm)/sin45°=17.0 cm

1-52

Discussion Note that the length of the differential fluid columnis extended considerably by inclining the manometer arm

for betterreadability.

PROPRIETARY MATERIAL © 2019 McGraw-Hill Education. Limited distribution permitted only to teachers and educators for course preparation.

If you are a student using this Manual, you are using it without permission.



1-53

1-113 @ A pressure transducers is used to measure pressure by generating analogue signals, andit is to be calibrated by
measuring both the pressure and theelectric current simultaneously for various settings, and theresults are tabulated. A

calibration curvein the form of P=al + b is to be obtained, and the pressure corresponding to a signal of 10 mAisto be
calculated.

Assumptions Mercury is an incompressible liquid.
Properties The specific gravity of mercuryis given to be 13.56, and thus its density is 13,560k g/m’.
Analysis For a givendifferential height, the pressure can be calculated from
P = pgAh
ForAh =28.0 mm=0.0280 m, forexample,

P = 13.56(1000 kg/m®)(9.81m/s?)(0.0280 m)| — <N ( LkPa_ j —3.75kPa
1000 kg-m/s“ N\ 1kN/m

Repeating thecalculations and tabulating, we have

Ah(mm) | 28.0 | 181.5 | 297.8 | 413.1 | 7659 | 1027 | 1149 1362 1458 1536
P(kPa) | 3.73 | 24.14 | 39.61 | 5495 | 1019 | 136.6 | 152.8 | 181.2 | 1939 | 2043
I (mA) 421 5.78 6.97 8.15 11.76 | 1443 | 1568 | 17.86 | 18.84 | 19.64

A plotof Pversus /is given below. It is clear that the pressure varies linearly with the current, and using EES, the best
curve fitis obtained to be
P=13.00I-51.00 (kPa) for 4.21<1<19.64.
For/ =10 mA, for example, we would get
P=79.0kPa
EES Code:
"h=28 [mm]"
g=9.807 [m/s"2]
rho=13600 [kg/m”3]
P=rho*g*h*Convert(mm, m)*Convert(Pa, kPa)
=10 [mA]
P=-5.11386856E+01+1.30352275E+01*| "Obtained by Linear Regression under Tables menu"
"The plot of P versus | is obtained using this linear equation”

25 — . . . . . . .

180

135

P [kPa]

F-Y
(=}
=}

10 12 14 16 18 20
I ImA]
Discussion Note that the calibration relationis valid in the specified range of currents or pressures.
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1-114 The flow ofair through a wind turbineis considered. Based onunit considerations, a proportionality relation is to be
obtained for the mass flow rate of air through the blades.

Assumptions Wind approaches the turbine blades with a uniform velocity.

Analysis Themass flow rate depends onthe air density, average wind velocity, and the cross-sectional area which depends
on hose diameter. Also, the unitof mass flowrate s iskg/s. Therefore, the independent quantities should be arranged such

that we end up with the proper unit. Putting the giveninformationinto perspective, we have
m [kg/s] isafunctionof p[kg/m’],D[m], and V [m/s}
It is obvious that theonly way toend up with the unit“kg/s” for mass flow rate is to multiply thequantities p and V with
the square of D. Therefore, the desired proportionality relation is
m is proportional to pD?*V
or
m =CpD*V
where the constant of proportionality is C = /4 so that 1 = p(7D*/4)V

Discussion Note that the dimensionless constants of proportionality cannot be determined with this approach.

1-115 Arelation forthe airdrag exerted ona caris to be obtained interms of on the drag coefficient, theair density, the car

velocity, and the frontal areaofthe car.
Analysis Thedrag force depends on a dimensionless drag coefficient, the air density, the car velocity, and the frontal area.
Also, the unit of force Fis newton N, which is equivalent to kg-m/s”. Therefore, the independentquantities should be
arranged such that we end up with the unit kg-n/s’ for the drag force. Putting the given information into perspective, we
have

F,[kg-m/s’] < C

[1,A,  [m’], p [kg/m’],and V [m/s]

drag front

It is obvious that theonly way toend up with the unit“kg.m/s”” for drag force is to multiply mass with the square of the
velocity and the fontal area, with the drag coefficient serving as the constant of proportionality. Therefore, the desired

relationis

FD = (:dragp14fromv2

Discussion Note that this approach is notsensitive to dimensionless quantities, and thus a strong reasoning is required.
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1-116E An expression for the equivalent wind chill temperature is given in English units. It is to be converted to Sl units.

Analysis Therequired conversionrelations are 1 mph = 1.609km/hand 7(°F) = 1.8 T(°C) + 32. The first thoughtthat
comes to mind is to replace T(°F) in the equation by its equivalent 1.87(°C) + 32, and Vin mph by 1.609 km/h, whichis the
“regular” way of converting units. However, the equation we haveis not a regular dimensionally homogeneous equation,
and thus the regularrules do notapply. The Vin the equationis a constant whose value is equal to the numerical value of
the velocity in mph. Therefore, if Vis given inkm/h, we shoulddivide it by 1.609 to convertit to the desired unitof mph.
Thatis,

T iy CF) = 91.4 —[91.4 — T, .00 CE)][0.475 — 0.0203(V /1.609) + 0.304+/V /1.609]

or

T,

equiv

(CF)=91.4 —[91.4 — T, 1;cn. CF)I[0.475 - 0.0126V + 0.240/V ]

where V isin km/h. Now the problemreduces to converting a temperature in °Fto a temperature in °C, using the proper

convectionrelation:

1.8T,,, (°C) +32=91.4—[91.4 — (18T, 1;.r (°C) 4 32)][0.475 — 0.0126V + 0.240/V ]

+O% equiv

which simplifies to

T oquiy °C) = 33.0 — (33.0 — T yien )(0.475 — 0.0126V +0.240\V)

where the ambientair temperature is in °C.

===1 Problem 1-116E isreconsidered. The equivalent wind-chill temperatures in °F as a function of wind velocity
in the range of 4 mph to 40 mph for the ambient temperatures of20, 40, and 60°F are to be plotted, and the results are to be

discussed.

Analysis Theproblemis solved using EES, and the solutionis givenbelow.

T_ambient=60 [F]
V=20 [mph]
T _equiv=91.4-(91.4-T_ambient)*(0.475 - 0.0203*V + 0.304*sqrt(V))

60 T N T T T T T T T

V Tequiv I \A‘.‘%‘u‘ |
[mph] [F] 50 _ \A\A\A Ta:nb = 60‘F |
4 59.94 40 n B B
8 54.59 sl \_ 1
12 51.07 T | \. |

= ~nm Tomp = 40°F
16 48.5 220 o ~a—_

|—° B .\. .
20 46.54 . . —
24 45.02 - N .
28 43.82 o '\. Toms = 20°F _

_ ~—
32 42.88 d S~ |
36 42.16 ol —— ]
40 41.61 . . . . . A . .
0 5 10 15 20 25 30 35 40
ThetableisforT =60°F V [mph]

ambient
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Fundamentals of Engineering (FE) Exam Problems

1-118 During a heating process, the temperature of an objectrises by 10°C. This temperaturerise is equivalentto a

temperature rise of

(a) 10°F (b) 42°F ©) 18K d) 18R (e)283K

Answer (d)18R
Solution Solved by EES Software. Solutions can be verified by copying-and-pasting the following lines on a blank EES
screen. (Similar problems and their solutions can be obtained easily by modifying numerical values).

T_inC=10[C]
T_inR=T_inC*1.8
T_inR_alt=T_inC*Convert(C, R) "using EES unit conversion function”

"Some Wrong Solutions with Common Mistakes:"
W1_TinF=T_inC "F, setting C and F equal to each other"
W2_TinF=T_inC*1.8+32 "F, conwertingto F "
W3_TinK=1.8*T_inC "K, wrong conversion from C to K"
W4_TinK=T_inC+273 "K, conwerting to K"

1-119 An apple loses 3.6 kJ of heatas it cools per °C drop in its temperature. The amount of heatloss from the apple
per °F drop in its temperature is

(@)0.5kJ (b) 1.8kJ (c)2.0kJ (d)3.6kJ (e)6.5k]

Answer (¢)2.0kJ
Solution Solved by EES Software. Solutions can be verified by copying-and-pasting the following lines on a blank EES

screen. (Similar problems and their solutions can be obtained easily by modifying numerical values).
Q_perC=3.6 [kJ/C]

Q_perF=Q_perC/1.8
Q_perF_alt=Q_perC*Conwert(kJ/C, kJ/F) "using EES unit conversion factor"

"Some Wrong Solutions with Common Mistakes:"
W1_Q=Q_perC*1.8 "multiplying instead of dividing"
W2_Q=Q_perC "setting them equal to each other"
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1-120 At sealevel, the weight of 1 kg massin STunitsis9.81 N. The weight of 1 Ibm massin English unitsis
(a) 11bf (b) 9.811bf (c)32.21bf (d)0.11bf () 0.031 Ibf

Answer (a) 1 Ibf
Solution Solved by EES Software. Solutions can be verified by copying-and-pasting the following lines on a blank EES

screen. (Similar problems and their solutions can be obtained easily by modifying numerical values).

m=1 [Ibm]
g=32.2 [ft/s"2]
W=m*g*Conwert(lbm-ft/s"2, lbf)

"Some Wrong Solutions with Common Mistakes:"
g_S1=9.81 [m/s"2]

W1_W=m*g_SI"Using wrong conversion"”
W2_W=m*g "Using wrong conversion"
W3_W=m/g_SI"Using wrong conversion"

W4 W= m/g "Using wrong conversion"

1-121 Consider a fish swimming 5 m below the free surface of water. The increasein the pressure exerted on the fish when

itdivesto adepthof25 mbelow the free surface is
(a) 196 Pa (b) 5400 Pa () 30,000 Pa (d) 196,000 Pa (e) 294,000 Pa

Answer (d) 196,000 Pa
Solution Solved by EES Software. Solutions can be verified by copying-and-pasting the following lines on a blank EES

screen. (Similar problems and their solutions can be obtained easily by modifying numerical values).

z1=5[m]

z2=25[m]

rho=1000 [kg/m"3]
0=9.81[m/s”2]
DELTAP=rho*g*(z2-z1)

"Some Wrong Solutions with Common Mistakes:"
W1_P=rho*g*(z2-z1)/1000 "dividing by 1000"
W2_P=rho*g*(z1+z2) "adding depts instead of subtracting"
W3_P=rho*(z1+z2) "not using g"

W4 _P=rho*g*(0+z2) "ignoring z1"
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1-122 The atmospheric pressures at thetop and the bottomofa building are read by a barometer to be 96.0 and 98.0 kPa. If
the density ofairis 1.0 kg/n?, the height of thebuildingis

@) 17m (b) 20m ) 170m (d)204m (€)252m

Answer (d)204 m
Solution Solved by EES Software. Solutions can be verified by copying-and-pasting the following lines on a blank EES

screen. (Similar problems and their solutions can be obtained easily by modifying numerical values).

P1=96.0 [kPa]

P2=98.0 [kPa]

rho=1.0 [kg/m"3]

0=9.81 [m/s”2]

DELTAP=P2-P1
DELTAP=rho*g*h*Convert(Pa,kPa)

"Some Wrong Solutions with Common Mistakes:"
DELTAP=rho*W1_h/1000 "not using g"
DELTAP=g*W2_h/1000 "not using rho"
P2=rho*g*W3_h/1000 "ignoring P1"
P1=rho*g*W4_h/1000 "ignoring P2"

1-123 Considera 2.5-m deep swimming pool. The pressure difference between thetop and bottom of the poolis

(a)2.5kPa (b) 12.0kPa (c) 19.6 kPa (d)24.5kPa (e) 250 kPa

Answer (d)24.5kPa
Solution Solved by EES Software. Solutions can be verified by copying-and-pasting the following lines on a blank EES

screen. (Similar problems and their solutions can be obtained easily by modifying numerical values).

z2=2.5[m]

z1=0[m]

rho=1000 [kg/m"3]

0=9.81 [m/s”2]
DELTAP=rho*g*(z2-z1)*Convert(Pa, kPa)

"Some Wrong Solutions with Common Mistakes:"
W1_P=rho*(z1+z2)/1000 "not using g"
W2_P=rho*g*(z2-z1)/2000 "taking half of z"
W3_P=rho*g*(z2-z1) "not dividing by 1000"

1-124, 1-125 Design and Essay Problems

PROPRIETARY MATERIAL © 2019 McGraw-Hill Education. Limited distribution permitted only to teachers and educators for course preparation.

If you are a student using this Manual, you are using it without permission.




	INTRODUCTION AND BASIC CONCEPTS
	PROPRIETARY AND CONFIDENTIAL
	Thermodynamics
	Mass, Force, and Units
	SOLUTION
	SOLUTION

	P
	P
	P
	Solving for
	Substituting,
	Solving for ,
	Substituting,
	Rearranging and solving for SG2,
	B
	A
	Rearranging,
	or,
	Substituting,
	Rearranging,
	or,
	Substituting,
	Substituting,
	1-121 Consider a fish swimming 5 m below the free surface of water. The increase in the pressure exerted on the fish when it dives to a depth of 25 m below the free surface is
	1-124, 1-125  Design and Essay Problems


