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Chapter 1 Solutions

Chapter 1 Problem Subject Areas

1.1-1.2 Applications of thermodynamics
1.3-1.14 Closed and open systems
1.14-1.31 Key concepts and definitions
1.32—-1-55 Dimensions and units

1.56—1.69 Mathematics review



Problem 1.1 Conceptual Problem.
Definition of Thermodynamics:

Thermodynamics is the science that deals with the relationship of heat and mechanical
energy and conversion of one into the other.

There are many everyday thermodynamics applications. Some examples are included in Chapter
1. Other examples include:

Coaster brake on a bicycle converts mechanical energy of the moving wheel to frictional heating.
Refrigerator requires work input to transfers energy from the cold to the hot region.

The human body converts the energy from food to body heat and movement.

Problem 1.2 Conceptual Problem.

Device Form of Energy Input Form of Energy Output

Toaster Electrical energy Heat transfer from the hot
metal strips

Air conditioner Electrical energy Heat transfer from cold to hot
regions

Light bulb Electrical energy Heating of bulb by electrical
resistance of the filament

Clothes iron Electrical energy Heat transfer

Refrigerator Electrical energy Heat transfer to kitchen

Problem 1.3 Conceptual Problem.

A closed and open system can have:
e achange of internal energy within the system
e heat transfer in or out of the system at the system boundary
e work transfer at the system boundary
e achange in the volume of the system
Only an open system will have mass entering or leaving the system.



Problem 1.4 Conceptual Problem.
Hand pump inflating a bicycle tire.
Closed Systems

e rubber tire (not including air)
e spokes of tire
e handle of pump

Open Systems

e open system around the tire the includes air entering
the tire.

e Open system around pump that includes air entering
and exiting the pump as the handle is pumped.

e QOpen system around the hose that include air flow
in and out

Problem 1.5 Conceptual Problem.
Using Figure 1.22,

An open system can be drawn to include only the air in the
balloon and not the rubber balloon. As the balloon deflates,
air will leave the new open system.

A closed system can be defined as the rubber balloon only
without air.

A closed system can be defined as a fixed mass of air that
moves from the inside to the outside of the balloon and can
also change in volume.




Problem 1.6 Conceptual Problem.

A closed system (shown as the solid red box) that includes the flow water would need to follow
the defined mass of water as it falls into the glass.

An open system would be stationary and water
would enter and leave the open system.

!
0



Problem 1.7 Conceptual Problem. m

water out

m

water in

a. Ifwater is being drawn for a shower, there will -
be a water flow in and out of the hot water
heater. The gas-fired heater will also be
operating and there will be gas and air into the
heat and combustion gases out of the heater.

If the shower is running continuously and the
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gas-fired heater is running continuously, these I
terms can be written as mass flow rates, . :
I
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exhaust out

b. After the shower, no water is being drawn from the hot
water heater but the water in the hot water heater will need
to be heated so the gas-fired heater will be operating and
there will be will be gas and air into the heat and
combustion gases out of the heater.
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I [ c¢.  When there is no demand for hot water and the water in
I | the hot water heater has been heated, there will be no
I [ mass flow entering or leaving the hot water heater. This
] J will now be a closed system.
e o= — = 4



Problem 1.8 Conceptual Problem.

Yes, energy crosses the boundary of a thermodynamic system.

For a closed system, the energy transfer is in the form of heat or work (PV work, shaft work, or

electrical work).

For an open system, the energy transfer can occur in the form of heat or work as occurs in the
closed system. In addition, mass can enter and leave an open system and carry energy across the

system boundary.

Problem 1.9 Conceptual Problem.

Clothes iron. Electrical work in, heat out.
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Problem 1.10 Conceptual Problem.

Compressor in an air conditioner
Refrigerant in and out. Shaft work in.

Refrigerator. Electrical work in, heat out.
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Heat exchanger (evaporator) in an air
conditioner. Refrigerant in and out.
Air in and out.
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Problem 1.11

SYSTEM

ROUNDARY SURFACE

THE SYSTEM INCLUOES THE ENTIRE TOASTER, ENERGY cOMES IN THRouGH THE
POWER CORD AND ULEAVES RY HEAT TRANSFER ACROSS THE SYSTEM BOUNDARY.

THE CONTROL VOLUME C(ONSISTS OF THE AIR INSIDE TME TOARSTER, ENERGY
ENTERS AND EX1TS TRE FIXED COoNTROL UOLUME Ry HEAT TRANSFER ACRoSS THE
CONTROL SURFACE. PIR ENTERS AT BASE STRUIS AT —TOP  CARRYING MOISTUYE FRoM

BRERD,
Problem 1.12

THE sYSTEM MUST BE DEFINED SucH THAT NO MASS CROSSES THE SYSTEM BoUNDARY
Twis Couly RE povgE B9 DEFINING THE SysTEM AS ONLY  THE (oFFEE , OR ONLY
THE  MUG, OB THE MUG AND (OFFEE TOGETHER, BUT EXCwoIiNG DIE  Moulng
WATENL UVAPOR. HOVERING OVER THE COFEEE.

Problem 1.13

L— HEAT PumPp

Vi REFRIGERANT ENTERS AND LEAVES THE NMOUSE
2: AR ENTERS AND LEAVES THROUGH OPEN OR LEAKING WINDOWS AND  DOORS

21AIN ENTERS AND LEAVES THROUGH VENTS




Problem 1.14

THIS S A (ONTROL VOLUME, MASS ENTERS THROUGA
THE ARIL INTAKE BEAIND THE GRILLE AND EAITS

THROVGH THE TAILPIPE, AS WELL AS THRgugh The
CABIN VENTLANON SYSTEM.

THIS BoUNDARY CAN
BE CHANGEO TO A SYSTEM  BoUNDARY IF THIS

AIRFLow IS MEGLECTED.  ADDIMONALLYT, MANY
OTHER SYSTEMS CAN BE C(ONSIDERED, Fon NSTANCE:
- A SLug OF AR Movidg THRouGR THE ENGINE

= THE FwiId Iy THE COOLING SYSTEM

= THE peivE S7sTEm (TRANSMISSIBN, AXLES, TIRES, ETC.)

Problem 1.15

PROPERTY: A QUANTIFIABLE MACROSOPIC CHARACTERISTIC OF A SYSTEM,

STATE : DEFINED By THE VAWVES OF ALL THE PROPERTIES OF THME SYSTEM.
PRocess: WHEN A SYSTEM MOVES FROM ONe STATE T0 ANOTHER.

EACH OF THESE THREE TeRMS pBUILPS ON THE PREviouS TERM. STATES ArE
DEFINED B PROPERMES, AND PROXESSCS ARE DEFINEp 8Y STATES.

Problem 1.16

Wworking Fruip

Device

- AR CONDITIONER

* REFRIGERANT
* INTERNAL (OMBUSTION ENGINE

AR (AfresximATION. N REALITY THIS
1S NOT A CYelE SINCE T™E AR NEVER

RETURNS O 1ITS ORIGINAL STATE)
* RERIGERATOR * REFRIGERANT

* STEAM PoWER PLANT * WATER



Problem 1.17

QUANTITY Mass Precision  STANDARP  SuBsTANDARSD VAL
Uniyrs Kq = ® # kq
INFLOW 520 o) o] o O
Provucen o} 3ooo 5000 2000 30
Qurecow FARY 1500 20060 2000 13.5
STorep 128 1506 2060 0 16.5
e stroven 0 0O o 0o (@]




Problem 1.18

PRODUCTSS 80)LER <" FUEL+AIR © WATER PUMP : RAVSES WATER PRESSURE

TO CREATE FLOW THROUGH THE SYSTEM,

-BOILER ¢ USES MHEAT From BurANING FUEL
TO CReEATE WATEM VAPOR .

~ *TURBINE : CONVERTS THERMAL ENERGY
OF STEAM INB®D MECHANICAL SHAFT
WOoRK,

* GENERATOR = CONVERTS SRAFT Work TO
USABLE ELECTRICAL ENERGY.

* CONDENSER = USES (ool waATER O
EXTRACT HEAT From wooricinlg FLuio

WATE . TURBINE
Pum P

coourng—>— CONDENSER (= .coouNC\

WATER WATER
N ouT © (ONVERT 1T BACK T A UIQuip
IN PREPARATION TO REJEAT THE
CYelE.

~“Problem 1.19

ACTIVE SOLAR HEATING INVOLVES A COMPLEX SYSTEM OF C(OMPONENTS IN ORPER
™ HEAT WATER AND T HEAT THE HOUSE. TN GENERAL, ARl ACTVE  S1sTEM
INVOLVES MOUING PARTS | WHIE A PASSIVE  SYSTEM IS SimPLER , WiTHouT
MOVING PARTS OR CONTROLS. THE USE oF ONE TYpE OF SYSTEmM OVER THE
OTHER 1S A MATFER OF -THE HEATING DEMANDS OF THE USER.

Problem 1.20

THERMAL EGUILIRRIUM @ * UNIFORM TEMPERATURE
¢+ SAME TEMPERATURE AS SURROUNDINGS
MECHANICAL EQUILIBRIUM ¢« UNIFORM PRESSURE
+ NO UNBALANCED FORCES
PHASE EQUILIBRIUM: + AMOUNTS OF SUBSTANCES IN EACH PHASE REMAIN
CONSTANT WITH TivE.




Problem 1.21 Conceptual Problem.

False. Thermodynamics equilibrium is defined as conditions when a system has a uniform
temperature and is at the same temperature as its surroundings. Since a mixture of liquid and
vapor state can occur at a uniform temperature, it can be in equilibrium.

Problem 1.22 Conceptual Problem.

True. A thermodynamic cycle is a series of processes that returns the working fluid to its
original state so that the entire cycle of processes can repeat. Therefore, the temperature at the
beginning and end of the cycle will be the same.

Problem 1.23 Conceptual Problem.

False. A thermodynamic cycle is a series of processes that returns the working fluid to its
original state so that the entire cycle of processes can repeat. Therefore, all properties of the
fluid must be the same at the beginning and end of the cycle.

Problem 1.24 Conceptual Problem.

True. If a closed system is in thermodynamics equilibrium with the surroundings, there is no
mechanism for driving a change in the system properties.

Problem 1.25 Conceptual Problem.

False. Thermodynamics equilibrium is defined as conditions when a system has a uniform
temperature and is at the same temperature as its surroundings. If there are hot and cold regions
within the system, heat transfer will occur from the hot to cold region and cause a change in
temperature with time and the system would not be in equilibrium.

Problem 1.26 Conceptual Problem.

False. In a quasi-equilibrium process, there are changes in the system properties (including
possible changes in temperature and pressure) with time. These changes occur sufficiently
slowly so that we can assume that the entire system is at a uniform temperature and pressure at
any given time.



Problem 1.27 Conceptual Problem.

True. In a quasi-equilibrium process, there can be changes and the changes can be large. The
quasi-equilibrium approximation only specifies that the changes occur sufficiently slowly so that
we can assume that the entire system is at a uniform temperature and pressure at any given time.

Problem 1.28 Conceptual Problem.

True. In a quasi-equilibrium process, the changes occur sufficiently slowly so that we can
assume that the entire system is at a uniform temperature and pressure at any given time. We
can think of these changes as occurring as occurring in small differential (infinitesimal)
increments from thermodynamic equilibrium. Added together (integrated) these differential
changes can result in a large change in pressure or temperature during the entire process.

Problem 1.29 Conceptual Problem.

In a rapid expansion of a gas, there will be significant
differences in the pressure and temperature at different
locations in the system. For example, see the figure in
Example 7.5 showing the composition of the fuel air mixture
in an internal combustion engine. At this instant in the air
intake stroke, the composition is no uniform across the
engine.

During the intake stroke of a real spark-ignition
engine, fresh fuel and air enter the cylinder and
mix with the residual gases. Image courtesy of
Eugene Kung and Daniel Haworth.

Problem 1.30 Conceptual Problem.

No, the system is not in equilibrium since the temperature is not uniform across the system,
including the system boundary. The process is also not quasi-equilibrium since the process
needs to occur slow enough so that the temperature across the system is (nearly) uniform with
only a small differential change in temperature causing the slow process to occur.

Problem 1.31 Conceptual Problem.

Yes, ice and liquid water can occur as a mixture at a uniform temperature. If heat transfer occurs
slowing into the system, the ice can slowly melt at constant temperature and undergo a quasi-
equilibrium process.



Problem 1.32 Open-Ended Problem.

There are many possible examples for this question. One can search the internet for “disaster
due to units conversions” to see lists. One example is the failed attempt to land on Mars in 1999
due to an error in the units conversion. Other examples are the wrong axle size in rollercoaster at
Tokyo Disneyland in 2003 and an airplane running out of fuel in 1983.

Now add things



Problem 1.33
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Problem 1.34

MASSES Do NoT CHANGE WITH GRAVITATIONAL Figvp,

4.97 swug = 726 kg = 160 lbm

SO 1T 15 sSTiLy

F = wma
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Problem 1.36, cont.
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Problem 1.37
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Problem 1.38
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~_Problem 1.39
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Problem 1.40

pi = 3.14159
Location Latitude (deg) Altitude(m) g (m/s®) Mass (kg) Weight (N) Weight (b))
Kilimanjaro 3.07 5895 9.76231 54 527.2 118.51
Aconcagua 32 6962 9.77335 54 527.8 118.65
Denali 63 6194 9.80227 54 529.3 119.00
Sea level 45 0 9.80616 54 529.5 119.04

Comment: Note that the latitude must be expressed in radians to evaluate sin(theta).
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Problem 1.41
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Problem 1.42
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Problem 1.43
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Problem 1.44
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Problem 1.44, cont.
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Problem 1.45

. Fz=wma, or in Mg case W= mg
W
For NuMeRicaLly EQUAL weiGnT (N) Ano mass (kg) , 75 = |
y - S < ‘ M/Sz
w)
ProgLem 1.42
- : fe - —
Fzwma 3 2000 = m(507¢4) > wm= 4 auvs =[129 lbm

ProBLem 1.43

F=mag > 1000N=m(5 "42) 2> m = |66.7 kg

ProeLem 1.44

S0 bt ( 4~4‘t§;2” ): 222.4 N

Fema > 222.4 N=(S0kg)a 3 |a= 445"/

ProBLEM .45

F<wma =(92.99 k91676 mls1) = |F= 156 N

Prorem |.46

20 1
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0.155¢4

®: (0.1554)(30)‘*20_ -la = 159 is-. Dow N

0.155¢4



llp1
Text Box
Problem 1.45


Problem 1.46
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Problem 1.47

Conversion factors: 1 calorie =4184 J given in problem
1J=9.478x10"* Btu listed in textbook inside front cover
39.370in=1m, 1 m’=1000 liters

A. Soft drink. Note that fluid ounces are given in this problem

energy density

1 kg

:( 120 caloriesj 4184 j 9.478¢™ Btu ( 1 floz. j(39.370 in T Im' ) 1liter
12 fl oz. 1 calorie 1J 1.805 in’ Il m 1000 liters ){ 1.1 kg

= 552.8 Btu/lbm

B. Bagel. Note that ounces of weight are given in this problem.

. (290 calories [ 41847 \( 9.478¢™* Btu (16 ozj
energy density= :
3.8 oz. 1 calorie 1] 1 Ibm

=4840.9 Btu/lbm

C. Honey

. ( 64 calories]( 4184 ] j 9.478¢™ Btu |( 1000 g ( 1kg j
energy density= -
213 ¢ 1 calorie 1J 1 kg 2.2046 Ibm

=5404.8 Btu/Ilbm

Gasoline has an €nergy density=20,000 Btu/lbm

All of these foods have a lower energy density than gasoline. The soft drink has the lowest
energy density that is only 1/36 of the energy density of gasoline.

|

2.2046 Ibm

)



Problem 1.48

Conversion factors: 1 calorie =4184 J given in problem

1 J=9.478x10* Btu listed in textbook inside front cover

39.370in=1m, 1 m’=1000 liters

A. Bread. Note that ounces of weight are given in this problem.

. ( 140 caloriesj[ 4184 ] J 9.478¢™ Btu (16 ozj
energy density= -
2 oz. calorie 1] 1 Ibm

=4441.5 Btu/lbm

B. Hostess Twinkie. Note that ounces of weight are given in this problem.

. 290 calories \( 4184 J \( 9.478¢™* Btu (16 oz
energy density= .
1.5 oz. 1 calorie 1J 1 Ibm

=12,267 Btu/lbm

C. Steak. Note that ounces of weight are given in this problem.

) (414 calories)( 4184 ] j 9.478¢™ Btu (16 ozj
energy density= -
8 oz. 1 calorie 1J 1 1bm

=3283.5 Btu/lbm

D. Green Beans. Note that ounces of weight are given in this problem.

: ( 44 caloriesj( 41847 j 9.478¢™* Btu (16 ozj
energy density= -
4.4 oz. 1 calorie 1J 1 Ibm

=634.5 Btu/Ilbm

Gasoline has an energy density=20,000 Btu/lbm

All of these foods have a lower energy density than gasoline. The green beans has the lowest

energy density that is only 1/31 of the energy density of gasoline.



Problem 1.49

Conversion factors: 1 calorie =4184 J given in problem

1 J=9.478x10* Btu listed in textbook inside front cover

39.370in=1m, 1 m’=1000 liters

A. Ice Cream. Note that ounces of weight are given in this problem.

. ( 273 calories)[ 4184 ] j(9.47864 BtuJ(16 ozj
energy density=

4.7 oz. 1 calorie 1] 1 Ibm

=3685.5 Btu/lbm

B. Pear. Note that ounces of weight are given in this problem.

: (133 caloriesj( 41847 J 9.478¢™* Btu (16 ozj
energy density= -
8.1 oz. 1 calorie 1J 1 Ibm

=1041.8 Btu/lbm

C. Cottage Cheese. Note that ounces of weight are given in this problem.

. (26 caloriesj( 41847 j(9.478e'4 Btuj(m ozj
energy density=

1 oz. 1 calorie 1] 1 1bm

=1649.7 Btu/lbm

A. Cranberry Juice. Note that fluid ounces are given in this problem

energy density
_( 45 calories |( 418417 9.478¢™* Btu )( 1floz. }(39.370inY 1m’ 1 liter 1 kg
8 fl oz. 1 calorie 1] 1.805 in’ I m 1000 liters )\ 1.1 kg )\ 2.2046 lbm

=325.8 Btu/lbm

Gasoline has an energy density=20,000 Btu/lbm

All of these foods have a lower energy density than gasoline. The jiuce has the lowest energy

density that is only 1/61 of the energy density of gasoline.

J



Problem 1.50

Conversions. Energy rate: 1ton=3.517 kW

cost = (1 ton) 3517 kW (2 hours) 12.2¢ W[ 85.8¢
1 ton 1 kW-hr

Problem 1.51
Conversions. Energy rate: 1J=9.478x10* Btu listed in textbook inside front cover
This can also be written as: 1 kJ =0.9478 Btu

# tons kW-hr }( 3600 s \{ 1 month \[ 0.9478 Btu 1 Ibm 1 1 ton
=(50,000 homes)| 750
week month 1 hr 4 weeks 1kJ 13000 Btu /\ 0.32 /{ 2000 1bm

= 3845 tons

If one dump truck carries 25 tons, there must be 154 trucks to deliver this coal!

Problem 1.52

Conversions. Energy rate: 1 food calorie =4184 J given in problem

energy rate= =697.3 W

60 s

1 calorie

energy _ 10 calories( 41847 (1 min
time 1 minute

This power will light almosf| 7 light bulbs.

Problem 1.53

Conversions. Energy rate: 1 food calorie =4184 J given in problem

energy .. 11 calories
energy=————x time=———

time 1 minute

1308.6 Btu

. 41847 \[9.478x10™* Btu
(30 minutes)

1J

1 calorie

weight of gas = (1308.6 Btu) 1 1bm (16 OZJ - 1.047 oz.
20,000 Btu J\ 1 Ibm




Problem 1.54

Conversions. Energy rate: 1 food calorie = 4184 J given in problem

energy rate= =1395W

energy _ 120 calories( 41841 j(l min

time 60 minute \ 1 calorie J\ 60 s

This power will lighf 1.3 light bulbs.

Problem 1.55
Conversions. Energy rate: 1 food calorie =4184 J given in problem

41847
1 calorie

energy=(428 calories)( j =1790.8 kJ

_energy 1790.8 kJ |
power 500 W

time - 59.69 minutes

The rate of energy used to play tennis is nearly the same as to operate the blow dryer.

Problem 1.56

Create an interpolation table as shown in Tutorial 1.

X y
0.1 5.81
0.14
0.2 2.96
(x—x) (0.14-0.1)
= - =5.81+(5.81-2.96)~——=F4.67
y y1+(y2 yl)(xz_xl) +( ) (02_01)

The interpolated property should be rounded to the same decimal place as the given values.



Problem 1.57

Create an interpolation table as shown in Tutorial 1.

T h
350 476.4
357
360 486.5
h=h+(h,—h) ((2 :7;1)) = 476.4+(486.5 —476.4)% £4835

The interpolated property should be rounded to the same decimal place as the tabulated values.

Problem 1.58

Create an interpolation table as shown in Tutorial 1.

P T
4.10 524.97
4.13
4.20 526.41
T=T,+(T,-T) ((2 __I;)) =524.97+(526.41 —524.97)% = 525.40

The interpolated property should be rounded to the same decimal place as the tabulated values.



Problem 1.59

Create an interpolation table as shown in Tutorial 1.

P v
0.50 0.3748
0.56
0.60 0.3156
v=v,+(v, —vl)% = 0.3748+(0.3156—0.3748)% +0.3393

The interpolated property should be rounded to the same decimal place as the tabulated values.

Problem 1.60

Create an interpolation table as shown in Tutorial 1.

T P
320 0.1524
333
340 0.1434
(T-T;) (333-320)
= —p)7———=0.1524+(0.1434-0.1524) ——— = #£ 0.1466
p 101+(p2 pl)(Tz—];) +( )(340_320)

The interpolated property should be rounded to the same decimal place as the tabulated values.



Problem 1.61

Create an interpolation table as shown in Tutorial 1.

u S
2461.2 7.8442
2462.0
2463.5 7.8167

(2462.0-2461.2)

7.8346
(2463.5-2461.2)

s=5+(5,-5) (u=m) _ 7.8442 +(7.8167—7.8442)

(e, —u,)

The interpolated property should be rounded to the same decimal place as the tabulated values.

Problem 1.62

d—y:i(a+bx+cx3) = b+ 3cx?

dx dx

Problem 1.63

d—P:i(alnT—i-bT’l) L aT ™ — T

dT  dT

Problem 1.64

dZ d 2 3 4 -1
—=—(—0.29T+26.3T ~10.61T° +1.56T* —0.16T —18.3)
dT  dT

=-0.29+26.3T -3(10.61)T* +4(1.56)T* +0.16T
=-0.29+2637 -31.837* +6.24T° +0.16T

The coefficients in this problem are for the enthalpy of methane. Taking the derivative with
respect to temperature will give the specific heat at constant pressure at this temperature.



Problem 1.65

ar _d
dP dP

=-0.5(32.4)P"° -0.5(12.8) P ¥ -16.2P™° —6.4P™*

(32 4p705 12.8P°'5)

Problem 1.66

j(19 86—597x %5 +7500x )dx 19.86x + 0957x +75001n x

=19.86x+1194x" +75001n x

Problem 1.67

Solve for the function of z(y) : z=4/y/11.6

05 1 1.5 1.5
= $0.1957
J = \/11 Iy NI >

Problem 1.68

Solve for the function P(V)=1000/V

jP av = jlooovld\? L1000 InV

This function of pressure and volume will be found for a polytropic process.



Problem 1.69

h(T)=[edl =[] 11.515-1727* +15307 " + 205 1 4000) | ar
1000

0.05(4000
:11.515T—£T°'5+15301nT+ 0.05 7> - ( )
0.5 2(1000) 1000

=1.515T7=344T" +1530 InT +2.5¢°T* - 0.2T




Chapter 2 Solutions

Chapter 2 Problem Subject Areas

2.1-2.48 State and calorific properties: definitions, units, and conversions

2.49-2.81 State and calorific properties: definitions, units, and conversions

2.82-2.91 Ideal gases: Process relationships

2.92-2.106  Real gases: tabulated properties, generalized compressibility, and van der
Waals equation of state

2.107-2.160 Pure substances with liquid and vapor phases

2.161-2.162 Solids



