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ProgLem V.|

THE THREE DISCIPUINES THAT (OMPRISE THE THERMAL-FLUID SCIENCES ARE:

I. THERMODYNAMICS @ THIS SUBYECT DEALS W ITH HEAT AND MECHANICAL ENERGY
AND CONVERSIONS BETWEEN THE Two. IT 15 OFren
(ONSI1PERED SIMPLY THE STUPY OF INTERACTIONS BeTwWEeN
ALL THE VARIOUS FORMS OF ENERGY.

IL. Heat TransFreR:  THIS SURJECT ESSENTIALLY COVERS THE VARIOLS WAYS IN

WHICH ENERGY CAN BE TRANSFERED DUE 70 A DPIFFERENCE
IN TEMPpPERATURE.

ID. FLuip Dynamics:  THIS SuglecT IS coNCERNES WITH THE MOTON ©F FLubs.
IT HAS STRONG CONNECTIONS w Th THE OTHeR AREAS | SINCE
FLUIDS (ARRY ENERGY FROM ONE \oCATON TO ANOTHER.

Progrem 1.2

Devices wroSe DESIGN DEPENDS ON THE APPUCATION OF THE THERMAL- FLUID SCIENCES:

{

INTERNAL COMBUSTION ENGINE
PoweR PLANT

=~ REFRIGERATOR

- ROCKET

- A coNOITONING

— CPU (OOLING SYSTEM

— TURBINE ENGINE

- HOMe INSUATION

— ENGINE COOLANT SYSTEM

{

ProBrem 1.3

PRODUCTS =—e— BOILER lw— FUEL + AIR * WATER PUMP : RAVSES WATER PRESSURE
TO CREATE FLOW THROUGH THE SYSTEM,
< BoWLER : USES HEAT From GBurNING FUEL
TO <REATE WATER VAPOR .
ELECTRIC |0 - TURBINE : CONVERTS THERMAL ENERGY
\;/V'::ER GENERATOR-—’; OF STEAM IN®D MECHANICAL SHAFT

WORK,
* GENERATOR » (ONVERTS SHAFT Work TO

USABLE ELECTRICA( ENERGY.

‘ : + CONPENSER : USES (oo wATER TO
ONDE

COOLING +C NSER _—)-S;;‘;'ENG EXTRACT HEAT From working FLuibD
WATER R

,/:. ouT O (ONVERT 1T BACck T A UQuip
IN PREPARATION TO REIEAT THE
{rele.




ProgLem 1.4

ACTIVE SOLAR HEATING INVOLUES A (OMPLEX SYSTEM OF COMPONENTS |N ORDER

T HEAT WATER AND T HEAT THE HouSe. TN GENERAL, AN ACTIVE  SvsTem

INUVOLUES MOVING (’AILTS,\NH'LE A PASSIVE  SYSTEM |S SIMPLER , WITHouT
A

MOVING PARTS OR C(ONTROLS. THE USE OF ONE TYPE OF SYSTEM OVER THE

OTHER 1S A MATTER OFf THE HEATING DEMANDS OF THE USgR.

Progiem 1.5

INTAKE COMPRESSION EXPANSION EXHAULST

- INTAKE : THE |NTAKE VAWVE[S)1S OPENE™ NEAR Top PEAD CENTER AND THE
PISToN MoOVES DoWN, DRAWING N FRESH AR AND FUEL.

COMPRESSION: WITH RALL VALVES CLOSEP, THE CRANKSHATT CONTINUES To

ROTATE, FORCING THE PISTON BACK UP AND OMPRESSING TRE
FUEL- AIR. MIXTURE .

-EXPANSION: NEAR Top peap center (USUALY SUGHTCY [3EFore ), THE  SPARK

PLUG 1S FIRED , CAUSING TRE FVEL AND AR o Burn. ThE

PRESSURE IN TRE CYUINDER RPISES DR,AMAT)CALL"/, ForcinG  TRE
PISTBN  BACK Down, THIS 1S THE ONLY STRGKE WHERE POWER 1S

PRODUCED By THE ENGINE, SO IT IS ALS6 KNOWN AS THE POWER
STROKE .

- EXHAUST : NEAR BsTTomM DEAD CENTER , THE €xnaust VAWE(S) ofen, AND AS
THE CRANKSHAFET CONTINUES To ROTATE, THE PISTON MoOVES uP,
FORCING THE PRODPUCTS INTO THE EXHAUST SYSTEM AND PREPARING
THE CYUNDER FoR THE NEXT (ycLE,

Progiem 1.6

IN A TUrBOJET ENGINE, ALl OF THE THRUST comeS Frong THE (OMBUSTION
PRODUCTS PASSING THROUGH AN EXMAUST NozzLE, TN A TURBGFAN, A BIPASS
AIR €T C(REATED BY7 A FAN NEAR THE FRONT OF THe ENGINE PRODUCES A

SIGNIFICANT PorTion OF THE THRUST. TURDBOFANS ARE MORE POPULAR FOR
COMMERCIAL  FLIGHTS.



ProgLem 1.7

A SYSTEM IS MERELY A SPECIFICALLY IDENTIFIED MASS TRAT |S DIFFERENTIATED
FROM I1TS SURROUNDINGS. A (ONTROL VoluME 15 A SPECIFIC REGION WHICH AN
HAVE MASS ENTER OR LEAVE THROUGH A C(ONTROL SUREACE. THE (ONTRolL VOLUME

(AN MOVE OR CHANGE SIZE, AS (AN A SYSTEM,

ProgLem 1.8

L CONTROL
BOLNDARY SURFACE

THE SYSTEM INCLUDES THE ENTIRE TOASTER, ENERGY COMES IN THRouGH THE
POWER C(ORDP AND ULEAVES RY HEAT TRANSFER ACROSS THE SysSTEM BOUNDARY,

THE CONTROL VOLUME (ONSISTS OF THE AIR INSIDE T™E TOASTER, ENERGY
ENTE!ZS AND EXVTS THE FIixED C(oNTROUL UORUME RBY HEAT TRANSFER ACRoSS THE
ConTROL SURFACE. PIR ENTERS AT BRSE STEXIS KT -TOP . CARRY/ING MOISTUYE TRoM
CrShD.

Progrem 1.9

THE SYSTEM MUST RE DEFINEOD SucH THAT NO MASS (ROSSES THE SISTEM  BoU~NIARY
Twis CouLp BE DoNE B9 DEFINING THE SysTEm AS ONLY  THE (oFFEE) O ONLwv
THE  Mug, Ok TIE MUG AND (OFFEE TOGETHER, Bur EXCluoiNGg  DIE MoLing
WATEN. VAPOR HOVERING OVEr THE COFFEE.

ProrLEm 11O

)i ZEFRIGERANT ENTERS AND LEAVES TRE MoOuSE

Z: AR ENTERS AND LEAVES THRougH OPEN OR LEAKING WINTDWS AND  DOORS
2:AIR ENTERS AND LEAVES THROUGH VENTS




Propltem .1\

THIS 15 A (ONTRoUL JoLumE, MASS ENTERS THROVGHR
THEC AL INTAKE BERIND THE GRIWLE AND EXITS
THROUGH THE TAILPIPE, AS WELL AS THROUGH TRE
CABIN VENTILATNION SYSTEM. THUS RBouNDARM CAN
BE CHANGEDL TO A sSysTeM RBOUNPARY F THIS
AIRFLowW IS NEGLECTED. AD0IMONALLY, MANY
OTHERL SYSTEMS CAN BE (ONSIDERED, Fon NSTANCE:
- A SLug OF Alr MoviNG THRousH THE ENGINE

—~ THE FLid IN THE (OLING SYSTEM

- THE prive S7cTEm (TRANMSMISSIBN, AXLES, TIRES, ETC.)

Proolem .17

THE INTEGRAL (ONTROL Volumg 15 USEND WHEN THE PETALLS YWITHIN The VOLUME ARE
NOT  IMPORTANT AND CAN GENerAWY BE MOPELen AS UNIForm. T ConTRAST , THE

DitperENTIAL SYSTEM ALlowS PLROIERATIES O BE DESCRIBED AT EgVERy POINT 1IN SPACE
ANp TInME.

I"'TEC,ML SYSTEMS ARE GENERALLY SIMPLER. MATHEMANCALLY  ANp (AN Be SoLveED
USING ALGEBRAIL EGUATONS. DIFFERENTIAL SYSTEMS REQUILE € rMier ORDINARY OR
PARTIAL DIFFERENTIAL EGuUATONS T Be SoLveop,

Progem 113

THE (ONSERVATION OF ENERG FPRINCIPLE STATES THAT FOR A GIVveN TIME INTERVAL,

THE AMOUNT OF ENERGY STOpeo IN THE SYSTEM EGUALS TuE AMounT OF ENERgy
APPED humuS THE AMOUNT LosT PLUS THE AMOUNT GeNgrATEL WITHn  TRE
SYSTEM.

ProgLem L. 14

For. AN INSTANT IN TimMeg, THE RATE AT WHIcH ENERGY )5 BEING STORED IN
THE SYSTEM 1S EQUAL To THE RATe AT WHIcH ENErgy 15 Onming T TRE
SYSTEM  MiNys THE RATE AT Wwaiicw 1T 1S LEAVING Puus THE RATE AT WHICH
ENERGY 15 RBEING GENERATED WITHIN THE SYSTEM,




ProgrLem 1.15

FOR A FINITE TIME INTERVAL, THE AMoUNT OF MASS STORED IN THE SYSTEM IS
EQRUAL T THE AMOUNT OF MASS THAT ENTERS THE SYSTEM  MINvg THE AMOUNT
THAT [EAVES THE SYSTEM PRUS THE AMOGUNT OF MASS GeNgRATED WITHIN THE SYSTEM,

AT A PARTICULAR INSYANT, THE RATE AT WMICH ™MASs 1S BEING STorgD N TRE
SYSTEM |5 EQUAL To THE RRATE AT Wiuic MAGS ENTERS THE SYSTEM MIngs THE
RATE AT WHMICH 1T LEAVES PLus THE RATE AT Wnied MASS 1S BEING GENERATED
WIiTHIN  THE 3SYSTE M.

NoTE THAT IN MoST SYSTEMS, MASS 15 MNOT GENERATED, so THE Xcewenares R
XGENEMT\ED TEAM 15 FREGUENTLY 2ERO.

Pro pLem L 16

QUuANTITY Mass PerpecT DAMAGED VALue
UNITS lbm * = kS
INFLrow 200 100 (o 300
PrRooucep o) (o) o] o
OuTFLow 16 3 O 74
STored 184 78 14 248
DE sTRovED o o (6] (0]

ProgLem .17

QUANTITY Mass Prectsion STANDARD  SURSTANDARD VAL
Univs k4 " 23 n x3
)NFLOW 520 O 0 O O
ProvuCED o) 3000 5000 2000 30
Ovutetow 298 1500 2000 2000 13.5
SToreD 25 1500 2000 le) 16.5
De stroveo O 0O o o) @]




ProgLem 1.18

QuanTtity | Corncops  Oot Huwes  FFL VALwe Monegy
UniTs b/ e 1bm /he b/ We 3/ne 8/n
INFLow Jelete 200 o) 140 150
PRobucED & o 450 225 o)
OutFLOow 25 75 350 250 1 40
Stonep 550 -100 YOO 85 1o
Destroveo | 225 225 O 7.5 @)
FFL
CORNCOBS
— > PLANT
—
RESIDVE
INITTIAL  VALLE ¢ \ bm cornCo8S = 310- 1o
OUT PUTS 0.5 bm FFL = J0.25
0.5 Ilbm resiove = § 0.125
Proglem .19
QUANTITY MASs  OmraNGeS  Jvice P&P Money
UniTs \bm [he #/hy cans/hy  1bmlhe 3/
Inelow 500 1000 (o] O 160
Probuceo O O 140 0 O
CuTELOW 350 o I1SO So pAYe)
Storeo 150 306 -0 20 - 90
DestroveD (o] 700 o) O o)
B. NO. THE PUNT |5 RUNNING OUT OF JUICE CANS, COLLECTING MASs, ANP
LOSING MONEY. EVENTUALLY THE PLANT WILL STOP FUNCTIONING.
C. NO, Becavse THE PP Ano JuicE

CANNOGT BE FORMED BACK INTo AN
ORANGE, JuST AS ONE CANNOT UNCoOK A STEAK OR UNSCRAMBLE AN EGG.

Avarve = §o.275



PropLem 1.20

B: QuanTITY Disks WasHers  CenTERS MASS
UNITS o £=3 ® 39
InFLow 1000 o o 2000
Prooucep o 800 goo o
OuUTFLOW o) [els]e "0 1500
SToren 100 -200 800 500
Destrover | 80O o) o] O
A (ONTROL SULRFACE
Disks | MACHINE | wAsHERS
g SHop | ?
| e e -
CLOSED I ——————
C: sysrem MACHINE ) T
INTTIAL
I SHop
., - I _~(osep sysTEM
D | MACHINE i Temac
| SHop
- 1
E: QuanTITY Disks  WAsnegrs  CenTERS  Mass
UNITS & = k3 3
INFlow ! o O ya
Propuce p o 0.8 .8 0
OuTFLow o) | O 1.5
Storep O -0.2 1 0.2
Destroveo | o ) o
ProgLem .21
QuanTITY MAss APPLESS SAue
Units 1ban $°3 b
InFLow 4¢c0 100 @)
Prooucep O o 23
OuTFLOow 419 18 O
StoreD 41 26 23
Destrover | © 46 o




ProgLem 1.2

PROPERTY: A  GUANTIFIABLE MACROSCOPIC CHARACTERISTIC OF A SYSTEM,

STATE : DEFINED BY THE VALUES OF ALL THE PROPERTIES OF THE SYSTEM,

PROCESS: WHEN A SYSTEM MoOVES FRom ONe STATE TO ANOTHER.

EACH OF THESE THREE TERMS BuiLpS ON THE PREviouS TERM,

STATES ARE
DEFINED Bt PROPERTES, AND PROCESSCS ARE DEFINED B8y STATES.

Prosem 1.23

Device worxing Fuuip

* AR CONDITIONER

* REFRIGERANT
* INTERNAL (OMBUSTION ENGINE

AR (AfPROGXTMATION . N REALITY THE
1S NOT A CYelE SINCE T™E AR NEVER

RETURNS T ITS ORIGINAL STATE)
* RERIGERATOR * REFRIGERANT

« STEAM POWER PLANT * WATER

Proplem .24

In A SYSTEM  PROCESS,

THE CONTROL VOLUME CHANGES IN SUuB A WAY THAT
ITS ENTIRE CONTENTS

CHANGES ™ A New STATE., IN A Flow PROCESS, MASS

1S ENTERING THE (ONTROL VOLUME AT ONE STtaTE AND LEAVING THE (ONTROL
VOLUME AT A DIFFERENT STATE,

Proerem 1,25

THERMAL EQUILIRRIUM : * UNIFORM TEMPERATURE

¢ SAME TEMPERATURE AS SURROUNDINGS
MECHANICAL EQUILIBRIUM ¢ <+ UNIFORM PRESSURE

» NO UNBALANCED FORCES
¢ AMOUNTS OF SUBSTANCES IN EACH
CONSTANT WITH TIVME.

PHASE EQUILIBRIUM : PHASE REMAIN




ProgLem 1.26

A QUASI- STATIC OR QUAS| EQUILIBRUWM PROCESS IS ONE THAT OCCURS
SLoWL? ENOUGH THAT AT ANY MOMENT 1T 1S VERY CLOSE T THERMODYNAMIC
EQUILIBRIVV), C(LOSE ENOUGIH THAT THE DIFFERENCE FROM EQUILIBRIUM CAN
Be NEGLECTED. AN EXAMPLE MIGHT BE A POT OF WATER HEATING ON A
STOVE. AN EXAMPLE OF A NON-QUASI-EGUILIBRILM PROCESS WOLLD RBE THME

(OMBUSTION PROCESS 1IN AN AUTOMOBILE ENGINE.

Progrem 1.27

LOCAL EQUILIBRIUM REFERS T A SMALL VOLUME dV wHICH 1S SMALL ENOUGH
THAT VARIATIONS IN PROPERTIES WITHIN IT ARE SMALL, BUT IS (ARSE
ENOUGH To HAVE A LARGE NUMBER OF MOLECULES WHICH INTERACT WiTH AN
IMAGINARY SENSOR WITHIN dV MoRE RAFIDLY TIHAN MACRosCopI ¢ (HANGES COCCUR.
THis 15 (MPRTANT BECAUSE IT ALLOWS SYSTEMS WHOSE PROPERYIES VARY 1IN
SPACE AND TIME TO Be ANALYZED USING THE DEFINITIONS OF THERMODYNAMIC
PROIERTIES AND PROPERTY RELATIONSHIPS,

ProprLem .28

Trne A LamINAR Flow, THE UVELOCITY AT A GIVEN POINT 1S PREOICTAGBLE
AND 135 CONSTANT IN A STEADY Flow. I N A TURBULENT FLow, THE VELOC!HYY
AT A GIVEN POINT EXPERIENCES RANDOM FLVETUATIONS, THis creATES
EODIES, WHICH ARE THE MoSY PROMINENT CHARACTERISTIC OF TURBULENT
FlLows,

Proglem 1,29

WEIGHT IN NEWTONS = WEIGHT N POUNDS X 4.44322 N)
1 1bf
166 b = 166 b ______—4""4:;1 N) = 712'N

MASs IN 1bm 1S NUMERICALLT EQUAL TO welgHT IN \b¥ Assuming THE

ACCELERATION DUE TO GRAWTY IS 13. 160 1bm
w 160 1bwm
W = W o = = 4.97 swo
mq 3 Mo R G
S?.
T2 N y
m T = 72,6 9
ky  q.8 = _



ProBLem |.30

MASSES Do NoT CHANGE WITH GRAWITATIONAL FieEwp, S0 1T 1S ST

4.97 swq = 7.6 kg = 160 1bm

Fowa  Fo=(2.6k)(3.71740) = 264 N

Fipe = (4.97 s06)(3.71 /52 )(3. 28084 /) = 6o.5 Ibe

Prosrem 1.3)

BTo \[ 63.825 kI ) hr
8¢,000 = o )( ) =RS.2 kw

3600s

000G W ] BULB

(25.2 kw) (o) () = (252 suees]
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PROBLEM 1.3

pi = 3.14159
Location Latitude (deg) Altitude(m) g (m/s?)  Mass (kg) Weight (N) Weight (Ib,)
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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Known Locact i g, (n(s*)
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Prosrem 1.4)

F= maq, ©OR IN T™IS ¢cAse W= "”j

W
Fon momerically EQUAL weiGnT (N) Ano mass (kg) , 5 = |
Wo_az= | Mk
ey |
ProeLem 1.42
Fzwma 3 200 Wbt = M(SOP“/S) H wm= 4 svs =129 Ibm
ProsLem 1.4
E=ma > 000N = »m (15 "st) D m o= |66.7 kg
Proziem |.44
o wi (2448228 1+ 227 .4 N
173
Fema 3 222.4 N=(50kq)a » |a= 445 742
ProgLem 1.45
F=wma =(92.99 kg) 1676 m/s2) ¥ [F= 156 N
PromLem 1.46
20
| d 0 bt 5 lbm = 0.1554 sLug
® ® EF=wmq 2 %)f:q = mg T ot g
| %)
o ™ @:(0.155)(30) “20 .| a = 98,7 % ue
0.155%
®: (ouss4)|30)+20 _|gq = 159 f;: Dow N
0.1554 ® 3




ProsLem 1. 47

DENSITY: |20 127 [ ©.45354 kg |{ | 47 - kg
€3 1om 0.02832m> ™3
THERM AL o BTV I & | fe 'V F ] I he Y
CONDUCTIVITY © hr-f¢-F 0\,4?9l7xlo‘°gw 0.309gm g/q K 005 [\V=/s -
- Y
=|12194 -K
(ONVECTIVE HEAT ) BTL Iy ) 4t 1 F || I hr | W
TRANSFE W— - —_— == =
(oep,:,(,gm,, W AE-F [4.97817 %10 ere | 0.0929 02 5/a ¥ ||3600s ||} %
= 1200 K
s BTu [ J/kg-K k3
EAT - 7.3886 %10 | pea+ E kq-K 3
-3 Po.
Viscostty : 20 CENTIPOISE I xlo AL tho’7~ Pa-s
CENTIPOVSE
ViscosITY i 77 bt s IN 10.763N £ )] | Pa -
1SCOSITY ¢ < 90 .5
£42 |0.22981 It || 1m? ) N/m* =L 2
KINEMATIC 2 ) m? ] 2
0 — = 0.279 —|—
VISCOSITY s Lo.n;qm} A
4
fOTEFAN“ 0.1713 |o'8 ETUL { 13 ) et l he || R | w
LTZMANN . x —_—ilr X — | =
CONSTANT : b R4 194780107 B10[|0.0929 7 ||3600s [|S/9Kk S ' s
- -8
S5.67 X }o gt

I m

3.66

-
-

AccELERATION: 12,6 TE4r
3,28084 {¢



PROBLEM 1.44%

B=8
S=7
lL/fa=34
CR= 175

Vdisp =

351.85808

cm
cm
dim'less
dim'less

cm®

Vic= 5413201231 cm’

Theta (rad) Theta (deg)

0
0.174532778
0.349065556
0.523598333
0.698131111
0.872663889
1.047196667
1.221729444
1.306262222

1.570795
1.745327778
1.919860556
2.094393333
2.268926111
2.443458889
2.617991667
2.792524444
2.967057222

3.14159
3.316122778
3.490655556
3.665188333
3.839721111
4.014253889
4.188786667
4.363319444
4.537852222

4.712385
4.886917778
5.061450556
5.235983333
5.410516111
5.585048889
5.759581667
5.934114444
6.108647222

6.28318

0
10
20
30
40
50
60
70
80
90

100
110
120
130
140
150
160
170
180
190
200
210
220
230
240
250
260
270
280
290
300
310
320
330
340
350
360

pi=

RPM =
revls =

V (theta) (cm®)  dV/dt (cm®/s)

54.13201231

57.5854071
67.77594368
84.20531783
106.0784231

132.355918
161.8256851
193.1888383
225.1524502
256.5178439

286.251938
313.5313377
337.7546518
368.5258426
375.6172522
388.9232581
398.4143052
404.0979237
405.9900923
404.0980388
398.4145358
388.9236048
3756177147
358.5264191
337.7553374
313.5321232
286.2528085
256.5187776
225.1534188
193.1898075
161.8266167

132.356772

106.079161
84.20590489
67.77635173
57.58561626
54.13201231

0
8254.005129
16102.98373
23167.43701
29118.7063
33703.11544
36762.66102
38248.51775
38222.95716
36846.4759
34350.43351
31000.20704
27057.3119
22748.97014
18250.22658
13679.06527
9101.528967
4542 694891
0.069017924
-4542.556574
-9101.390015
-13678.92596
-18250.08823
-22748.83549
-27057.18542
-31000.09489
-34350.34326
-36846.41572
-38222.93481
-38248.53937
-36762.73009
-33703.23219
-29118.86754

-23167.6364

-16103.2123
-8254.251972
-0.253065722

3.14159

2000
33.333333
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