PROGLEM 4.14

kNows : Daka are 9wm for steam -f-lowmg *H\row)k a furbine with one
inlet and hoo exits.

EIND: Determiue the diameter of eacly e.x.u!-ducf*

SCHEMATIC & GIVEN DATA:
P‘ =
T, = 520°
@Av), = Heo P330.0b bar
ASSUMPTIONS: (1) The wv{iml X;3= 0.8b2
Volume is at steadsy state =5
2\ The -Flow at the Inlet and l V; o0 mis

P, = 1o bayr

nal,
eaclh ex{+ is one-dimensiona T, 2 220% \
220w
V3 s20wm]s p /\‘

ANALYSLS . The muss flow rate at the inlet is X 120 bar

_Aav),
v v Jo bar
From Table A-'-}) U, = 0.0278) m3/kg. Thas /
. ("'{60 m /m\\.&\ ‘ 1 min 0,00 bar .
\ag} = { 3 \
' (o 0218) m/kq)| 6 275.77 kgls

and  vh,=0.22wW =2 60.65 kg(s
Aﬂo\j\‘v\j e wass rake balamce
d c_vo

A S W mway g = mi-wy, = 3150 el

Now, with wa = AV/2, amd from Table -4 5 U, = 021675 m/lg

- W, U, _(b0.635 kgls)(0-21615 Mm3/ksq)
As v ° (2o m[s) = 0.657 m*

N°+M Haat A=TTd 74

d, = / = 0.915 m ¢ d2

From Table A-3, at p,=0.06 bar omd X,=0.862

U= Wt R (V357 )

= 10064 X107 %+ (.862) (23.739 - 1.006Yx1073) = 20.463 My

Thus -
- 3'U' @15.1)(20.463) _
A = NS = 00 = 8.803 m*
d, = ’ =3.35 m ¢ d3
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PROBLEM H. 40

Kapuy:  Waber Hows Havough & hydraullic turbine with known conditions at fhe

injet amd exit. The power output is Jf@c(f"w(_
END:  Determine the macs How rake,

ScHeMAnC § GIVEA DATA! ¥

-(1) The Control volume is
at steady Kfuée.(Z)HeafmsRﬁs .y
ligible.(3) Chamges in refure 23
:?Ag siu from inlet fo ﬁzf- are
neqligible.(4] Kinetic energy con be
nedlecied ot the inlet. (5) The acceler-
aiﬂu}u of gravily is tonstant ; g =98t mis™

4=9.8 mist

VZ=10om/s

ANALYSLS: To find the mass flow rafe, beg:‘n with S'fwdﬂ shife mass and
energy rafe bolances

on:"”“:.:‘? Y;N‘“;‘xa';‘\ 0
. . (>4 2
- o =,9;/:; We, + M [(b./{w..)—fﬁv-’!—g—r*)+g (z,-22))
where +he euthalpy term is cancelled because of assumption (3). Solving
Wey

™m =
-*'_z.z'.;- gle-2a)
2

Imcrh'ng values

(500 ww |5 ]

=[(-'Lg.‘)asm;+u.s.g,\<zo,ﬂl L

Ry
10°N-m

1 )..5.”{‘ 2

W, = 500kW

10,400 kgls ¢

[ nSCH'n'ns values

From (x)

or

| KJ/s .
I - (41,900 kW) lﬁ‘éj—l + (14,25 keg/s)( 32309-2325.9) g

(18l2p0 = 232s5.8) &I
g

23.077 kYs =11,079 kg9/lg ™,

Wiy W -wg = 14,25 ‘%ﬁ 3(,'03\5 - 11,079 “_:
= 40,121 kqrh o ™3
(b) To find dy, be?\‘u with E% aub

0w o= MV
M1 —’\E-_

- MaVe (3077 Xo.40 3,
A= WaVe | k5{s)(0.4045 w3/ iq) - z

R C 20 mis) 0.06223m

wheve +he value of r, is £rom Tuble A-4. F\f/«auﬁ with A= TTd/g

- %Az [(9)(0.0223 w?
dz‘/ﬂ‘ ‘j T W\)=o.24'aw\_4_~ dq

PROBLEM 4, 98

Known: A well-tasulated tonle containing R-ads connected 4o o
supply line . As vebrigevant is allowed Yo Flow mio +he tauk
o Hexible bladder u Hhetuuk expauds to maiutsin the
retrigeront in the tuuwke ab constant fressure.

ELND: Determine Hhe amouwt of macs admitted fo +he Hunk beluxen
the intial hime aud Hhe instant whenatll the liguid in +le

ule 1s vaporized.
SCHEMATIC & GwWER) DATA: T
tﬂ_o"m'cf pressure.

Flexible bladcer

Ig;t{allg X,z 0.8
™ =25 kg
Luwatlly x,=t10

ASSUMPTIoNS (1) The control volume is Shown with Gey = 0. @) Conditions
" the supply Wne remada constaut, (3) The precsure rematus constont in +hc
omle . (4) Kiinehic amd potewtial energy effects are negligible.

ANMNS1S Y The wmucs rate balance takes +he formy dmey /dt = w. With
the asgumptions listed | e enermgy rate balaunce is

dUu . 7% S b
M-:/va-wu+m;hg

The specitic enthalpy h; is constaut by assumption (2). Thus, Combiningthe
Tass and energy vate bala(v:fes omd fuk.jra:h;*\j

AUCv = _WLV + _j; Mi L‘l‘ dt

Since W; s constant

€y
AU, = -Wey + by [, Widt = Wey 4 b bny-m) W
To evaluate +he work, note that the presiure fn the fank is constaut.
W, ,(‘t, &V = pV,-V,) = p(maUn-mv,) (2)

‘ , Cbmbu’m\kg () and (2),aud notiirg Hiat AU, = MU, -Mmyu,

Malka-MUh, 2 = plWM, U - MmUY 4+ L‘ié“z’m‘)
”’“zg Uy +py) - W] = WH{(U\.*?\Y.) -]
wolh ki3 =mlh-W] /

o

golv;a, ‘{of- M,

hy-h
N v
-

Using dadn froe Tulls A-tl ot Bbar: k{= $0.55, k3= avEee «lixg

b= Go.ss) + C0.8) [av7-51 - S0vS] = 208 3¢ ©J/kg
he = V% T ed/ry

Frrm Todla A-'2, N2 35,.52 £OfKy - Tume

20808 ~ 35C.52
™My = A (T Ay = 33D

RV\A“»’ )

Az My — Wy
= 3¥.03 -5 = q~0?KJ

A
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PROBLEM 549

KNOWN: Opcrah’v\j data are prov-‘d.qd -{-er- a. :),;fen, under o,‘n,
cycle whale receiving and dis charging enersy by heat trantfer
witlh  two thermal reserverry at Speu‘fl‘od -kmpcra*fulel.

LN POW!"

Find ! For each of Hhree sets of data, determine if any princrples of
thermo dymanwe  are violated.

SCHEMATIC £ G&IVEN DATA:
Q
1000K. L)
i 3 /
A 4 1]
/:I Encrgy balance :
H WCycl{
|

Weyele = Qu- Q¢
Vefinikvon
/'&: 400K, é;-l \ "= Weyele

H

—— —

ASSUMPTION: The System shown n the accon pany ing freure underJoe_: «

power cyele.
ANA\-YS|$'.
(a) Ry b00xI , Weyge = 200K ) Q=400 kT,

Y eneryy Valawnce., ond %Av'&
- Weyale = 2o00&7 . 0.33 (33%
Y\ - St 6oo T /)

Thaca volues gab's {-\a

Tha wagimow +herwmat !H-\‘c:ewy Lo awy powar cycle. onder H+a stuted
conditons B‘M L} E%‘ S.8:
Te 400&
R = - = 4 - 2% =~ . o
MAY. ™ = o 0.6 (60%)
Thas ta second Law~ U alto sabic fred. Tkluu'u-oappw violatroy
.-g-\'\u. £t avd econd lawsg

W) @y = 400&:"} Weycle s 240 €3 Qe 160 T . Tlate vibasy !Ah\{—}m
energy Atewer, and Fve
= 25 o 86 (6o%)
“40oce)
As Y\‘“MM«, +lds powar cydda vt e w Haa u no
o p erst V‘°‘~Hew3m st ol facend Lows,

(c) Qu = 400k, \Mc.‘d_.: 2t0e, Rz 1B9T  (uitl tlane volicag

%vr RN o RN Al Mh Ny R gran TM
\N«‘db.:. (D\J.——@C: 400 - |80: 'Lwn‘-J
whactn dote wot c\r,,* witth a«w veliag . Ac“"d‘.“x?/ +

Conserva h v ug q.u.«-aAU principle ¢ wot s.\Hsf-.'g(L Thare w »o
need v Contider the €cemd Law vndy— Jucha crcometances




PROBLEM 5.6

KNOWN: 0.5 k3 of water execules a Carnel cycle for wiich property data
are provided.

FIND: Sketen the cycie ow p-v coordinates, evalvote the heat and worr for
eachh process, and evalvate the therual Q{{—“g’gy\(y.

SCHEMATIC AND QIVEN DATA:

(]
Svmwmaar 1+

198.3°C

A Prcees s oL w
'+ ne28% T ; e .3 3.5

P) :- water 2-3 (] zo'.?
ot - -51.3 -433
V—\Q} < 4“038'_‘__3: 4’! O _ﬁlqv

- ™ Kj
99.63°C

ASSUMPTION: The sysiem shewn /n +he Fqure undergoes a Carnot cycle.

*
Frocess V-2 \*_.I";‘!- « pdvz Pa-v) . An enargy balance gives 9%‘1. 2 Up-u, + W Thus
[ »m

@, (-t )+ PLY-V)
Laa)
= h‘_-b\‘
With dade drom Table A-3. v,z0.PIBrfkg; hys 2792.2kTny , upe 2594 F x3/xy

Mim Ve ax (VgeviY e LI53gRISY 4 0.25(0 1318 ~ 11539 x/o3) =33, g %o wm3Kg

M e wChg-he)r B4 T4+ 02T(19¥7.3) = 1331, 67 x 3y,
Q.
With dhere vValues, @ =(0.5§)(2792.2 - 133167) e3 (kg = 7303 £J , and

=3 m? I Wi
WIl {0-5‘")(!5‘ bﬁf\)(lo';’_’gi\5'.‘— 33.?lf')x'0 %](;&%n) ~ 73-5- &J

Procss 2-3: @a3=0 ,Was/im - 403.8 kT/Kkg . Thus Wi3= 2009k T, = @3, Was

u‘fV\J on Qn&r‘\a © sl aa et b tu ‘&M'TM A -3, M3: 2i190.:7k3 [KS,
3\'“»:5 X3 = 0.849.

Process 3-4. As for process 1-2, Wiay/n = pliy-Vy) ) @ia/m 2(ha-hy). Alse, sinee the
tySiem, undergoes o reversible eycle while Comwmumcatng with reservorrs at Ty
=47/ K, Te= 373K, Eq.6.b s applicable.

Rz 471
Thas, Wy T hy-nSetb = (47464 0. mq(23s8)) ~n1tL.6 = 1197.9 KT/ ng . Uting 4i's value,
%42 @709~ 47.46)/2258 = 0337, Then, vy= 103320634 0,337011A4 - /.04320/73] = 0.5716 M3/Ky
Ua: 4136+ 0.337 (25001 417.36 )7 12127 Tk, Ao, vy= /» 438 m3]Kg.
Fromaats qu_: -57¢.3 kI, W34 = —¢3.3 «J, -

[Gaal _ 373 2 hy-hg= !zz_ﬁ.(m‘o.n):usc.g %

: R34, W3e
Process 417 R =0 . Wdai/fy = ug-u, = L121.27 ~ (R42.1b +O.1$‘(l7g,_3+)) = 15973 KTy .
So, W4y =-79.9 k7. -
Q41 Wy
Tharmet Effvciancy. 5.5 W
. 201.9 - - f
Metned ®1:  w= M eyele rretd 1 = 0.208 (20.8%)
Rin 230.3
Meted W20 Etvabim S'f @g.cs+man) 31278 6 a0% (20.3%)
= \—- & = V= T 471-47
. ERY
e ™ (1283 21319

=63



PrRoBLEM 6.2/

KNOWN: A ﬂuqv\'ln'“y of air underaoes o. 'thrmodanahu‘c cycle c_on;,';'h‘ns of
¥hree processes .

FInvD Ev.\oode the change in entropy for each process and tkedch +he
eyele ow p-v cosrdinates.

SCHEMATIC £ GIVEN DATA:

=

===t.i L 4
P] 0. lMF‘- kc
T, 15°C
V‘:- 0.02m ‘
Ppz O0.42 MR !

v £
ASSUMPTIONS : (1) Asg sthown (n fhe accompanying ,Cn‘avrg) 1he Sysiem consisis of
4nhe qtunh"h‘ of artr ,  (2) The air behaves as an 1deal gasr with CP':IKJ'/xs.K_
ANALYSIS: Twe entropy thanges can be evalvaded vsing €9s. 6.26 and .27 Firs,

Some prl.th\-v\1 results are calculated, Using the rdeal 843 equap’on of
state

mz o . (o.xw u/...l)(o 02w )- ©.024 K3
RT. B4 )(ua K)
237

A\D , since VWV aV

AVamRT ‘S S e P'-T (°47‘)(?—88)" 1210 K
f-_VsMRTz, b

With Eq. 3.44
. J kT /kq. K
Co- R = 1 %3 _ 834 k& o 0.743 kg
Cv= <p 'K 2847 K$K
Process 1-2: With V3V, , Eq. 6,26 reduces so

‘3 ‘“ l?.lo
S,~5 T mcy In Tr’: @-0a4xg )03 \ 298 s
-5
2 0.0246 xT/K =
Process 2-3: With p n R, &9- 627 redwrces So
T
S'_S_'_- MCPM?’ = MCP"“*-‘%‘
b In 288
10X \n =2
= (o. onK,)( K YT . s
| £=0.0344 =T/K e
Process 2~1°  Siwee Ty T, Eq.6.27 Aaaduce:r SO
- - P
S‘—Sx- M—Rotmrsa-mlab\
- w" In 21
= (001‘9(. 1317) " o%2
S.-SJ

2 0.0099 KJ/k =

COMMENT. The cycle it also Sketched 6w T-5 coordrinates viing 4he result
o4 Preblem 6.234-.

-7



PROBLEM 6. F2

( KNOWN Date are provided o an isolated System un:.‘:-h‘n’ of an aluminu mn \N::R‘
) and dwo quanhher of Kquid water
EinD: Dedermine (o) 4he frual femperature whemtha tystewm has come o equils brive,
(b) the enbop\,cktn’e -for*f‘\( Al verre ! and each Of fthe liquid u:m‘/
(t) $he amound O‘f !A'hop-, Produted.
SCHEMATIC # GIVEN DATA: b puedy - _

NMAISSSEKSE
Q iy ligela E,‘/
|
N\ N
N

wader inidvally inik ‘"7
at §%C =
maga

AAMA LAY 7.

20 xg of 1iquid water initvally
et 20°C — mass 2.

1
1
_‘:/-“"”‘“"""-vuu! tmage20:t b at 8°C
|
1
1
!

o= = e = e = —— -

ASSUMPTIONS: () The SyStem Thows im dhe accompanyrng Higure is "Z:o'_.h—“—‘. «) The

aluninum vessal ond etk of yhwe \iquid masser can be modeled 4¢ ,‘“c"m’"’“-b,. ik
constant spee.fvc heat.

M: from Table A- ‘9' the epecfvc heat o4 alyminum g C= 0'9"3/?34( ond of
ligvid water Cw = 418 x3/xg-K.

(8) Widn assumphion 1 Q=w=a° .D“‘ an energy balance reduces &
AU = ,Q/—)F

Q@uU), « (av), + (AU )pper
Wiih assvmphion 2

W, Cw [T{‘Tl] +mw -] +me{y-T] =0

( Where ™, and T, are tha mate and tnckal 4!u—p¢m+uﬂ_ o{- l-'q;-_d wast ) My and Ty ar€
tne mast and ‘nrNal femperature of Liguid wasr2 , and % If tha mats of Fhe vessel.

Solving §or the final tewmperature, Tg

wtw T tmatw w me T

TF "\ Cw 4 WMy Cw t WAL

v,
OX 418X 278) + (20X 4.18)(243) +(0.1X0.9 X278) = 292.3 K (H‘c)-——’—
GX4-18) ¢ (2o¥X4.18) + (0.4X0.9)

(b)_Entropy changes. Using Eq. ¢-24(assumption2)

n 2003 .2 xJ
(AS)I T wmcw In ;:ﬁ, () 4.19) | 398 0. 20967 = 4s

» 2423 = —0.'19q‘ -E—I
(AS),L-. ™, Cy 1.._1.{: : (2o ¥4.18) ! L a

?'—_L’: O- °°+S\E
DS orger ® ™ & In T 2 109 A5 x

antropPy halange §iVee
(€) Since thare i1 W heat dvans fer 4o or from the sy siein an ntrefy 9
h

NS =/2@:’+q— = o (83),+(23), (A9 moniavma

0142 kI -t
o 4 s

o

C-71
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