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PROBLEM 2.1
Mass enters when s exits uhen exhasst
ntake valve is OWW valve is open
\x\\zgrso.(ﬁgaﬁib\ iljj'on exerts {oree on qas
sureounding s g coprresswvx as
3 exerts force on \5&@“
d-fuf\\ﬂj ex‘)av\ LOW
hot surfuces tevact
with suvrowv\&mss Air i
shaft torgue
avves W

sholt torque

~__transmits fovce



https://ebookyab.ir/solution-manual-thermal-systems-engineering-moran-shapiro/

https://ebookyab.ir/solution-manual-thermal-systems-engineering-moran-shapiro/
Email: ebookyab.ir@gmail.com, Phone:+989359542944 (Telegram, WhatsApp, Eitaa)

PROGLEM 2.2

Motor as system: _
electric currenit flows

/-

. SPeeol of ro’cwhbn of
armoure Cawn dncmje.

. ‘\‘eMpem,k,me of
o'l'Or Za\r\'s Cav

wavrm surface of
wolor inrevacts 8
with su,wouw\dmﬂa R

En’largeo\ system:

|- m——————m === - chemical changes ocur
' within He battery

, Hown of
s%ﬁfe&iﬁfm nge

‘tem ve of m0+0r

I
|
|
|
| -
I and baite
|
|
I
I
I
|

c)/\ow\ae.
3 - ass 15 varsed within
warm surfuces intevact SUSR’M

with swrround |‘M33

— - > ww -

CoMMENT : The shalt torgue omd cuvveut How intevackions beome nternad
1o e enlax &X scaéfem.
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PROBLEM 22

A control volume encloses the solav
collectoy

» Cool waker enters Hhe cdlector at @,
ond hot water exils at®.

. solar cadiation imq\‘m%cs on the
Lront ot the collechor.

* Warm suvfoces of Hhe collector
mteroct with the suvoundings.
. some of the \‘vxwm(vxs vodaakion

1S reflected qway, and some is
absorbed 1w Yo c%heo(or surfaoe.

A control volume encloses twe sdlav wllec(og
the tank, ond the inter connected oi ping

- Cold wader enters Hhe tamle ,
ownd ‘l/‘\)o’r wwl-gr ex'ts aﬂt&).w ©

- Warm suwrfaces of Yhe collechor,
stovage tanle, omd \nterconnecked
e @ ("hﬂ wrerack Wit the swrround-

-~

ngs’
. 3olar vodiation wpmaes on the
front e%r e cmuec)m\;ﬁme 0‘2
cellecked amd Some ‘i alasorbed.
e Th ok at
Ki«t@m&zgxm Shmeain
wme . -



https://ebookyab.ir/solution-manual-thermal-systems-engineering-moran-shapiro/

https://ebookyab.ir/solution-manual-thermal-systems-engineering-moran-shapiro/
Email: ebookyab.ir@gmail.com, Phone:+989359542944 (Telegram, WhatsApp, Eitaa)

PRoBLEM 2.4

{ —, A coentrol volvme encleses the valve
valve_ . .
L.: ® C and +turbine
| l s Steawmr enterg ai-CD and ex/'ts at @ .
n‘\h\’l

' sko}:s e A -\-°r1uc is ‘ransmaiHed +\~nu3k 1l
—————————— -+ Mﬁhnj s\

@ o Warm su.rf-.cgs of,‘-l-urbme, rmitract
wthh the surroundy
Bithin tha control volvme , sttam flows acress the valve aa“w..,ka.. drbine blades.

\N‘Aev.\ fra_gqeverstor s (hnclvdad wi the Contvol Volunme
o Sieawn euters at @ and exk ot @ .

. Worm surfaces of Fhe turbine aud Ha Jenevater
indovaet  withe Hha Suvroonds

e @leehw e curvent flown £5 o Aaa 3-ener¢+or,

Noje that Haa traniwtiad ‘briue does ﬁ"f Cross tha bound&vtj 06
tla w\wg'cd comtrol voluma o

PROBLEM 2.5
Aiv

A coandrol volowme encl.os.es +ha ensfne-
driven pump. '

v Weter enders a¥ @ and exits o @

o Aw for Combushon of +ha  on-board fuel
eniers, and cowsburhw\ gases exite.

Warun surfaces of B Poumo Mteraet
with ths surrouvadings.

within tha pump , & piston s kept W wrohion witn a c?«hnd-w owing
Yo combushon of tha on-lecard Jue/. The Piston wuehion v Narressed
4 pump Hea  Suquid, The amouut of fuel withiu the syskem decreases with hwme.

WMA the Lose and o33le 602 Lncludad, a Lush—s,unot wa-lﬂv-_
jek exits the sxteaded < bvl Lpluna ab Te Mozyle exi
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PROBLEM 2.0
S\js¥em loou.Vsd.arcj

- two Plnases are Presem‘_ (/n'suid and 3a§),

« mot o pure substance because composition
is diffevent i each Phase,

system bowndury
- three phaces are present (solid, li%uid‘am ﬂas),

“ not @ pure subtunce because composition of
gas Pl’wﬁ'es ks b erent Haam -H\ai o({) .{—S\ief g:)\h'd

and \iiuu\d P\/\ases.

The system s & pure substane.
Although +he \ig_uu’wt is Vaporized
the system vemaius fixed in chem-
ical composition and is clnemwallg
l/\DmOﬁ@v\eeu.S.

system boundary

PROBLEM 2.8

. The sysiem is o pure subsstance. Although
+ bhe phases change , the system remains of $ixed
¢ chemical composition and s chemically

homogeneous.
R A i dung the process gimce the Com-

R4 g v osition of the aas phas ’

: Pd\:fah,frf %.S water evapg’r‘a-l—ﬁe’.s mioci—bb\\gncs;fﬁ.
' Once ol of the water evaporates,
i the gas phase comes o equilibrium
! and “the composition becomes
4 homa%ev\o.au,& At this poinfl',-ﬂﬁ,
phase can be freated. os o. pure su

|
= |

o e ey, — —— —— -
’
-
-~
.
—

® - e e e Sy S S G v

nee.
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PROBLEM 2.10

Forow = m
grov> g (okgar | U |
=195 N oy
\ g =30.0 His?
( - w = Fgav (10 lbf ) 32.2 ‘b-“’flszl
' Y 3 |00 fs* Lbf |
a
’ = 10.73 b ¢ m
Wik Eq. 2.7
lslvg v
Fgray = 10 bf m= 107310 |5 17-4-0110} 033353 <
PROBLEM 212 |
' _ Faray _[A5N ]! kg /s
¢ ® Yoeal * ~m '( lij) Y
= 9.5wm/s% Qtocal
(b} Ywassis unchanged. o m
> o 9.8\
Fyrav =95 N Forar = W q = (10 19)(2-81 M \kﬁw\lsl
- q,a-l ’\I< Fgmv
PRobBLEMA 2.13 ,
F 32.2 lb-#s
] ; _ Fgav (a0 up,c)
2ol ) g s = ‘< oW | (bF
= 309 fHs™ Siocal
(b) wmass s u.ndtanjea(.f m
. A | 1bt
Fgrav = M3 = (10 le)(32.2 33 )Jaz.z Ib-fHs*
= Jo Ibf, Faguv
usins Eq. 2.7
m=10lb | slvg

32. 1140 Ib}:‘ o0.>»1slug
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PROBLEM 3.14

3
V=25
’F} Tn 3¢n¢ra.l} F;nw: m g . So/
ez Fary )
1
3 S'llof Since Hha. waass s +he Came Ot MaAars as ow
= > +ha Waoonn
Guoon= 5:47 f/s™ r—') -
L = sy
Praaws = 12.86 (/f/-l"‘ (?)um-s ( % )mon
Acur&'waly
Q':;mv} wavs = %_wl.‘lf. ) (F‘)Nv)m»n

5.47 Hc*

Tha dentity w0 P- m [~ A pplging 69, (%) with data on Wars

wm= (823 lbf) 3226 Rh*l 2001 b
"~ iz se st | Vof :
Then
\f) = 2______0“'?{: = 0.%24 -Lgs P S
s
PROBLEM 2.5

Eq-240 is tsed on both parts: nz w[M, Where M i fron Tables 7-1.

'C‘)> m = MY\— , n= 20 Kkmol ¢ _ |
Art = (2897 Ke/kmel )20 kmo 1)z 5794 K9

et m: (R0l wafknel) (20 kel )= 240.2 K9
Hho:  m = (1802 K§/emel) (20 Knel) : .’o;;a:-:_g
Cop: ™7 @40l h}ﬂtnt)(?-o Enel ) = 9
) wn=wm/M,m=sole; |
Hy: n= G’O/b)/(z.ou. 1b/lomet) = 24.302 lone
[. 78S (bnnl

; s (6vib)/ (2501 16/ lonel) *
e 7 ¢ / 2.Q36 lbnel

‘ﬁ ( ) -
Cb . - Gb 44 4 MO
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PROBLEM 9.1b

> n For o linear spring , E‘-P""\S"‘ K(AX) where
_:f AX w» the sprny extension. JTince EP""j =
™ %mv=M% ) we have. K(AX>=W\j- Since
i m and K are a'v\clcp-endtn't of J—°C&+"Ov,)
Fgrav +ha Locad aclcelerahon of aravity %)
P\-O(IDrHDHOJ\ Gt +he Ql?-;/UC'h‘IIM. TAL(S
waars '
Fwmars _ (A )mars . Q-G 11oin =7 Yma C-lllo Xu_,.”'.g’_:
%. b (4x ) earth o- Z‘HM 291 S
arth = 12 gzsi"_‘-<———
woon - 3“.00,\ s (A%)mom ___7 CAY;)MOH“ QWOh)(A}g)Qaﬁl\
A earth (ax) earth
= <S’4F”Xo 290w )= 0. O4‘“h
32.17%
PROBLEM 2.1F

From Table =1E : KA = 18.02 1b/Ibmoel
FCJ =mg = nwilg
1 tbf
=(0.5 lbmol )(18.02 ‘bml\(zo S,_), —

2. $s?
= 8.534 bt 32.2 Vo Hs
- 1305 87 )(18.02) g rav
grav =305 H{s . M (0.5)(18.02) ,
Swe” V (0.145) = b2t Ib/f5  Save
With Eq 2.7, o . '
k Lave = 62-14%?_3 E‘ﬁ%ml = .93 §‘_F_§ <
PROGLEM 2.18
Fs?&Cc =T W 359&(&% FSPMC. Feav,“k
: £ L xm ]
' earth Feartn 9 Spoce Aeart
- : 3 X
St N et P (5202 - 2 ()
= bwm|s? Fspace
weight Jspuce ) F
Peayy 381 mls* 268.67 N< ks
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PROBLEM 219

-

r=30H

- 3
) S 02 lb/$¥
/4 6:32.l Hls"

 Fyra
= The mass of wakev is W = ¢V, wheve V is the
volume of the sphevieal tanle, Thus
V= ime?- 3 (30 4% = 1131 x10 SH3
ond the mass is
= o\ = (- 3
w= gV = (624 ) 1i3ixo%) B

= 7.06 x10° lb ¢ m

The weight is e
l
32.2 lb-Hs*

= 7.04 X10° Ibt Fgrar

Frvay = ™9 =(1.06%(0°1b)(32.1 g) l

PROGLEM 2.20

d= 108 v na® TGN

v =153 #¥Ylb e b

9=31.04[s* VvV s23.64°
U

1]

= 5236 &4

™ =

5. g/l - OH68 b

I

I
mgq =(3‘l'.bB lb)(sl.o-sﬂ,_') 32.2 |I::|-l$2’

33.39 lbf __ Fan

Fﬁ mny
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PrROBLEM 2.2}

N = 20m*
i h et mass 1 My = 25 kg
‘F“"‘H peas t Mo = 30&3
Using v= V. ) we 9et
3 3
= 20m 3 3
V| < = 0.8m V, 2 28k w1
ZS'F-? T‘?j' Y] 2 3o‘<j - 0(0?— Q____

K/

PROBLEM 2.22
m=272 kg
N\ Py’ const,

plbar v, =0.5 m¥/kg

From the pressure- Speci@ic;vohxme relation
]

= 14524 m¥ kg

"o = b .5 m3/ka)
U, -(m) (0.5 m°/kgq

P2=0.25 bar Vlzvzm 22905 m3, Vp
12
" |
08
g 06 -
04
02 | 2
O_I L L B T T
0 0.5 .o 1.5
v, M/Kj
PRDBLEM 2.23
From te pressure - - volume re,lah on
.L
Py ,
Var (2)'V, =(22) tosr
N=at; Vpo=2 F£i3
p = ole/m V-lOH nel 2y Ve 2,015 FP v
p, = loo Ty n=1.3 Ve=29008° [
narg, Vaz3.168 H°
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PROBLEM 2.23 (Continued)

100

80 -

3333
Wi nu
—aaaa
HWNO

60

p - Ibflin?

40

20

0 1 2 3 4 5 6 7 8 9 10 11
V-
PRoBLEM 2.24
e ' P =20 Ibf/in*
A le— V. =15
N P, = 100 lbf/
V, = 0.5 #°

The pressure - volume celation is linear cluring the process. Thus

P: PI +(P>P,)(V-V,)

Or, using gli/en data
g  (100-20) lbflin*

= 20 = V-1 3
F 20 +(0.5—I,5)l—4—3 ( =) #

14D - 8oy

n

When v=12 £43
p =140 - B8o(l.2) = HY Ibfhin®g P

On P -V coordinafes

4 2
-~ 100 + e.
‘:\i 80 1 )
S ovof P = 140-8%0V
QU 40t
20 !
15"

s 1.0
V (£2)
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PROBLEM 2.25

—TTT=A R= | bar

| ]
gas : : ' W: I L
! B= 4bar

(a) The process is described by pV= constant. The constant can be
evaloated asing data at state |
Pv= constant
= p, Vi
=Cear)(I L) = | bar.L
So, for every State during +he procass, we hrn~ 4he relatron
pV e [hare L

When P = Bhar')

- lbar. L . o33 L -
Vo= 3 bar
" = 1 bar. L - .
When p= 4bary  ~p el - 0.2S L

'P(oH\‘nj the relabhon on prorssure ~volume wordinates wWe wse

- | bar. L
\ ~
+o obtarn
4 L pA
3 | -
P Linear prrs:ure-valvmg
Coar) 2 L relahionship of part(b)
PV=_CQMM“t
reloaonep.. . °
| |= o part @) 1

625 05 075 I-o

() For comparison, the liwear rvucrure-vo)ow\o. relahonthip is Shown
on tha plot above . The Yalumc. corusr.oud.‘n to p= 3bf-r‘
o Ve obh+teined smsplul using +ha Slol)e "‘P +He SW\SM Ane
between | and 2!

\slope]-: (4 - Dber _ .(_3___11_. -y V= oSl -

0-0.25) L (.o-Vv)

This velue also con he read from tha plot.
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PROBLEM 2.26

Thermo damwc cycle:

P R = ==

T
] |
: 9as [ e F= lbar, V= lm3, Vo= o..7.m3
i

-2 P'V'= constant

— e e e 2-3 pP= con.r'h.n‘hl v >V‘z (e*pans{ou

31 ~ congtaat

, WhatsApp, Eitaa)

>) 'V:;:l-O\m3

Fr process -2 ) pV= constant. The constant can be evalva ted

using  data at statey :

pV= constanl
= Py Vv,
- (Lb”_)(ma),_ | bar-m

Accordmolop on & pressure - Volume -plot paocess I-2
describhed bc}

3

P= lb“-mz

~

Te parkwalar, when V2= 0-2wd3 , p= Sbar,

The therwodyhnanu'c cyecle +akes +he -porw\_

!

Pp=Sbhar = constant
5 (_\V-';:O.st / > @
4 |-
P
(bar) 3
l-—
' O
0 —4—1 ] 1 l ! | | | ]
0.2 03 04 05 o066 07 o008 09 IO
V (m3)

I's

%:56”‘
V=l m?

V= constaut

ﬁ:lbar'
W: [m3-
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PROBLEM 22T
Usting Ei 2.\F
T(°F) = .8 T(°) + 32
(a)y T(°)=21

TCF) =(.8)(21)+32 = (9.8
T(°R) = T(°F) + 459.67 = 529.47
(b) T(°¢)=-17.78

T (F) =(1-8)(-17.18)+ 32 = ©
T(°R)= 0+ 459.67 = 459.67

©) T(°%)=-5S0
T(°F) = (1.8)(-50)+32 =-58
T(°R) = -58 +45%.67 = 40l.67

tel) T(°¢) =300
T(°F) = (1.8)(3060)+32 =572
T(°R) = 5724+ 459.67 =1031.47

(e) T(°%c) =100
TC(°F) = (1.8)(100)+ 32 =2]2
T(°R) = 212+Y4Y59.67 =671 67

($) T(%€)=-273.5

T (°F) = (1.8)(-273.15) $32 =-459.67
T(°R) = ~459.67 + 459.67 = o
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PROBLEM 2.28

u::nj Eq.21%F

TCC) = T’(. °F)

- 32
-8
= T(F) _ 1 7%8
|-®
o) T(°F)=212
T(°¢)= *th-1378 = (0D

-8
T(K)= (o00+ 273.05= 373.15"

() T(°F) =68
T(°¢) = é: 1778 =20
I.

T(c)z —=2o0+4273IS =293./§8

«) ILF)=3%
i = z 7 =
mal C)- 73_5 17-#8= O
T() =~ O+ 273.15=2273§

W) T(°F)= O

° = L, . = =17.78
o)z 5 - 1778

« T(k) = =1778+233.15= 253.37

() T(°F)=-40

T(%)= - lf-; —17.38 = - 40

M Kk)= —40+23315= 2335

() T(°F)= —459.¢7

T(°%C)= ~45147 -1238= 27315
-8

T(K) = O
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PROBLEM 2.29

T, (°C)- T;(DC) = [E(OC-)')"Z}%S]-[T‘ (°C)-l- 2}3./,5] = T,(K) - T, (K)
T2( °F) - T, (°F) = [ T2( °F) +45%%7] - [Ti(°F) +159%C7] = To(°R) - T,(R)

PROBLEM 2.30

Us li/\g E%. 212

A

o

T(°F) =1.8 T(°¢) + 32, For T(°F) =Tlc)=F

T=18T+32
Solving _i\_ =40 °F ov °C o T
InK: ey s T(oc)+ 21315 = Yo $273.15 = 235.15¢ T (k)
TnR:  T(R)=T(F)+Y59.67 = -40+459.67 =419.074 79)
ProBLEM 2.3
(°s) From +he data., the relation can be expressed as
3ooi TEs) = ( -3'—2%-‘__’%) T(°c) + 150 €
(100,300) =1.5 T(°c)+(50
o °g) -
1504 © Ty - TEELZIZ0
) ) . .
€6,150) Using this relation
{/\,—; > (%) T =100°S = - 33,33 °C$ T{OC)
0 100 T=400% —> 166.67 °C g— %)
From Eg. 2.14-

T(°s) = .S [T(K)-273.15]+150
Thus, the ratio of +he size of the °S to the kelvin is

1.5 °S/ic g °S/k
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PROBLEM 2.372.

T'=68F T=20°F

T
€8°F

™

20°F

| S

*

Since the +¢w~p¢ra.+u.re variaton s /:'ueay-

T= mx +)

here wa v +la Slopg and b 15 i value
when X=0.

SloP.n_:

™m = [2.0°F— 68"FJ= -8 °F/in.
Gin,

Whan X=0, T = t&8°F
AC“""'"X‘&,“’“‘ tem perature

varda-hlon through tha wall Wy

T= -(8 °Ffin.) % + 68°F

Ckeck.{njh +¢u~per\al—ure at tla pipe: Xz 8in,

T= - (8°F/.'n.)(3f~-) + ¢8°F

= 44°F

There s no danger of ?[’963"‘13.

A
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