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8 M A Camepait G0 bl ligud wd & cwrenler Prpe:

Eimp:  for each dirpiwuhen, plot VSV vs. r'f"ide:rqv-:t B B SO g
for dbha  maats flow rate; dvored e Lflae veln e’ ty, and speefre Kinale
cnerqy . Detriwht Flo perient errer if rla Tpecahe (Cima e E%

B eveluat®d fn +:rm1 nwrsr vth:..*i-a_ Tiscuss,

ScHimane Eaiveie DATA:

I T A AT ETTTETET 'b-" = = ’
3 4
R - vav, [1-(r/r} ] S v -5
1 — = }
T sy TE T A aTE 'ﬂﬂ—?ﬂ—iﬁ—r‘
dd = zrdr
LAMINAE TURBULENT

Al fumpPTivpl: Tha |_..‘1-u|'ll s vesdyled ag ;a:nmiﬂ-{tl:rale

| = .
Ae Ao Tiil (&) . 1J

g 05 - N g 05 |

| A
D L I_I—I—I*'A
f Lo ) o s
i R
Lt ay” Terbu lewt

("3 U:.il.n? E?_ 4.5 , T s Frow rabe fom [fnainars o o
Y = N dA
S,

R’
“fogﬁll{‘-&ﬂzﬂrdr
4
TeVorm [T Lr- R Tdr
P ) Y rag
¢ Vo 2T [_r;_ - 1]

= enen £ 8]

2 r=e
=eVoe &
WLHj E?.-ﬁ-.il a, +la I.Mf‘ﬂ-&d Mg’i\.t L,:I.

" - ™ - gVaTt R72
- ¢ (TTR)

A
= Ve
Z



@

PROBLEM 4.8 ( Cactd. )
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FROGLEM 4.1

Known: A enters a buildiing 'f‘hr'ﬂudh crack s arouncd deors and wivdows
and due Jo door epenings.” The imternal volume of the buildiig
I5 known,

EIND: Estimate the number of air changes within the bui!’phﬁj per hour,
Scetemanc & GIVEN DaTa:

Tz0®F  fwfildratiow

88 A min ._%
tafLil ratiow Hirowgh

) door spenings = 100 £ maw.
ASSUMPTLONS: (1) The control volume is at- steady state .c2) The air behaws
as aum ideal gas. (3) The imside and sulkside air pEsiUrES are Hea.r'n‘.:_j Eoiml.

ANALYSIS : At steadsy stafe, the mass balance reduces +o

™

outflows = eracks T "'"'3.5..,-;

5 (av) dbutflowe = £, L (",’r]:.rwlzs + (AV) dmri-l

where . amd g, are +he Tmside awnd sutside Jemﬁ-ferj m\pe;{-t}niﬁ.
Msumma Kdea] gos belhavier
fo _ RIR T
€ FURT, L
Thus _
[A—"U_ }mf-f-lnm = ('-';':'JLMU-JCFM.E: * fﬁr)duor;,l

[nserting values
Chv}m&ﬁh” =[—;i%—1%\}£ 88 i + 100 #¥nin] = UT L3/ 0y

. 7
2 £ | Comin) 13020 £4 AR

e

Air d»ﬂ.wjts = .!3;12-"3’ H3h
fﬂ‘ hﬂw 20,000 -F;I'l/'{a,(:r d}_ﬂksg
= 0bS aw I:j.ll'-'lu.ﬂti la - m'ra{uh?a:
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FRO&LEM .13

KNOwa:  Befr Egmut 1aflows ﬂtmmjh a refrigerafiomn condenser. Dafa are
knoton at +he inlet and exit. The mass Hlow af Hee inlet is Fiven,

Einp:  Determine (a) the mlet veim:‘&yjlb) the diameterof Hie exif pipe.

SCHEMATIC & GI\WEN DATA: —é,t_ i
= 1
ASSUMPTIONS: (1) The control R bar T
volume is at steady state. T,z 50" r | -
(2) The flow is anen?:hiﬂen.rranﬂ.l' d,=2.5cm 1 B1a | R q bar
at the tmlet and exit. s e b kalmi I | T=3% ‘c
o= Jmm: I, V= 2.5 mfs
!
BNALYSLS : () Selviig Eq. 4.1k for V7
P B . Y/ S L. TS
' A (T45) Td®
4
Fh:m Tﬂbfe_ A-ll:_ v; = 002472, m:‘(kﬂ_ m
N (%) (b kg/min) (0.02472 w¥/ka) | 1 min]| 10" cm™
T (e sl
= 5.04 m|s< Va

(b) To fiind +he diameter of +he exit pipe, begin with mass raje balauce

L=
dmes® . . <
%aml-m____ > MEm,
Thus , with vh, = AV /o,

A = Paly
s \J_z

From Table A- (| , To< Toat @ q bar + THUS, the refrigevant is o Sub-cooled
”1 wed . From Table A-[0,

;=
jﬂmrhﬁj values

fe (i Y (08417 o 3w ks ) 1 maiia -5
AL = k& (:5 mis ) %ﬂ_hﬂs ‘ =337 X m=

Fually,with A= TdY 4

]
z
d7_= %) = (L00ES v =065 ermg d=

Ve 30 = OB4IT x0T ¥/ by
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PROGLEM 4.14

gnown: Data are ﬂxum for steam flowih g through a furbiine with one
ialet and hoo exits.

EiND:  Determpme the diameter of eack exit duct.
SCHEMATIC § G\VeN DAm: , ==

T, =480 ¢
@), =300 m3

AssumpTions: (1) The cowivol
Velume is af steadsy state . vin, = 08 m,

(2) The flow at the inlet and Ps S bar.
eaclh exit (s one-dimensional. ;,ﬁll[(} o
V2aswm(s
AnaLysis: The muacs flow rate at the inlet is
(AV),

! e
From Table A-4, 1; = 0084 m3/kg. Thas
_ (200m ¥uin) |,m
' 7 (0.01842 ™ig)! 6o
and vy = 0.8 wa, = (30.3 kgls

Aﬁﬂ\jmj He wanss vate boalomce
o
/dﬂl% T mWiamway vy 2 W -y, =ST56 ks

Now, with wa = AV /2r, amd from Table x-4 ; U, = 0.46UG m3/ley

=723.9 kg/s

A = DU (303 kgls )(0HGYL m¥/ky)
* v, (2S m|s)

S

Mni-m Hat A= Trd’?'a.

d,= { 156 m < ds

From Table A-3, at p =000 bar amd X, = 0.9Y

Vg =V, t zlﬁ"i:"tq‘*]

= Lo0k4 0™ %+ (0.4 ) (23.739 = 1.006¥x1073) = 22,315 M kg

Thus - vﬁzllg, (SBWQA3Y_ o
) ) (Yo0)

d i = 4Y m L ds

= dHx| m=




PRoOBLEM 4. 19

7Y t A pump operahng at steady stake provides water through Hwo
e g-,;.'.?i- Pfgﬂfehhg are known at %E et and each e:?ﬁ

Filp: Determine the woater velociby ik eocl exit pipe.
SCHEMATIC § GAVEN DATA:

(3] Ly
Dy 4 Vi pipe D=3 . r'.f.g
Az umpnons : (11 The contrel Ty 2 T2°F s 12°F
volume is at steady state. [ | Thea i lbls
@) The waker s Mampressible T, 2 mpeF \
ﬂ.'A.A. v NU‘LT}. {h‘rh'—‘lrr?j Hl.l"rn.ﬂln (l) —.-"
D = b n. pipe

Aralysis: For tha ure,f::-::ul-j- w Hae 2 W Fl'p-c juse 51 “1lb

Yaalh Mg U

Va o Aw - 71'I1f

From Table A-2E af 12°F; U, = v = c.0lkoe ¥/ 1b. Thass

M {4 lbls) (0.0le06 /o
Vo = (#1bl5) (O.0160¢ #3710} || 309 s Vi
T (320 H2 -

To find He velodihy in +he 4w, pige, use Hthe wass vate balauce
jo delermiue fue wanss How vate. Thak (s

d = & - w
- S A e
H Fle ;m‘nl'i' .
o= AN ama k) | i
., (e.cteos ft¥lb) lbos

\
wheve >, s cbtained from Tuble A-28. FHinally,

‘-"L'I.,E-z- ﬁw‘-ﬁxt = Bol-4%:= 4.0l 1k /s

‘. 8.0] Ibfs

aud 4 vng 1Ty R o1 Wols)( 0.01606 §¥ L)

3 7 Py 7T (42 HE
= 6138 &HS_‘ Va




FrRoBLEM 4.2
known: Deta are kvow for inlet and exit streams of an air conditioner
cooling Jower operating at steady sfude.
EiNp: Determine Hhe mass Flow rate of +he makeuwp Water
SeHEMATIC 1 TA 3 Hurmid aibr

miy m 14 000 Tl
#
+ !; _l|; - : [ Fc:-s1|ing B s
i WL =
: Fun 'q.'q.-:;_rm waler tnlil i JI-l.|r|_ '|rj|1|r WEAE wnit
ASSUMPTIONS (1) The comhrol | = A o
volume is at steady sfale. ! i ix\ﬁr}h;ﬁ | BT o ‘
@) The dry air strean at | —_—
locations belwves as an 4. | f Ty=10°F |
ideal qas. ' ¥ py=1atm
a 'Ph "-~-._.--+ W /ﬁ l'.'\"-'_.l—:‘ll')iﬂ drmin
' I |
I 17 Rewrmn -.n er FE'—LT |
i
: b I
'\-1 |k-.up wiier
ANMYS|s. The mass rate balance for -H«e control reduces as follows:
A . . . ’ S
‘Hf“' = F My 4 Mg = My = Wy
S WAy s Wag-Wa, + W - Mg

From +he 5v‘.‘nf.nm..+1¢ we see +hat ciradd -H-Lruu.ala +he air Cownditioning
unit tsclosed. T ere-'?arf at steadsy state wa, = wa, . Thus

""“.5 = 'm,,’ """3 (%)
Te 394- '.riaa , use E‘% 4.1 b and the ideal g4s zthm
e Az p(AV)s
s "U" = T*!,
- (1 atwad { Booo ¥ min)

( 1545 -t \(530°R)

2E8T bR

(3480 lbllh
Finally, from (%)
Mg = 14000 ~13480 = 520 lb/hg " g

|hD IR,

o

ly .l e |!'-c|,*—l e
| L4 E

| afw
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FROBLEM .15

Knpwini:  Steam flows through a well- insulafed nozzie with known eonditiéns
at the inlet and exit.

FIND:  Determine the exittenperature. T
SCHEMANIC & GIVEN DATA:

P =300 lbfhi w B = Y0 et

T=E00°F 1y nozzle  ——> V7 =900 fHs
V=100 #s (1) 7T @)

’IJ
A5SUMPTIOMS CI) The confrol volume s aitﬂ}wdﬂ
Stode (2) There is no heat transfer, amel Wey=0O. e
(3) Potenhal energy effects are nea.! igible.

ANALY3IS . The pressure i known at the exit. The sfn-ie. M‘ fiked b
dﬂ*ﬂr‘mlnmﬂ hp":ism_g fhe &‘I’Eﬂ-d-lj stafe energy [oa lan J

0 Gl + v [ () f‘nw‘ﬁﬂ

where m, =y =, Solving for hy
r‘u*

h, = h, + (%)
From Table A-4€, h, = I3(4.5 8iw/lb. Thus
(00* = [gody I 1bg 1 6l
h:r. :( (3145 Beaurlb) + L Z } s [32.2 b f4/50 IT‘IE FYTA

= 1250.03 Bhu/lb
Interpolating in Table A-ue ak p,= Yo lbf i - by = 1250.03 Blu/lb g;ws
T, = (%G.b 8 Tz




PRoGLEM #.3]

KNown: Ay enders the diffuser at the inlet of a jet ewj;‘m awnd decel -
erates o zero velocidy before entering the jet ergine's compeessor.

Einp.  Defeymine +he temperakure of +he air enluring the compresior.

L'_’_‘_,...- Compresser
Q” diffuser

cn iz '\';:D

ASSUMPTIONS : (1) The control volume isat steady State . @) Heat
Hransfer is nzﬂri ible and W,, 20 ,(3) Potential enevgy effedds ave
@“L’ﬁ”ﬂlb&.(‘” The air behaves ag awn ldﬂmfjﬁb

A 2 Stce h=het) for an rdexl as , the exit temperature
cam pe %w ! 1 tate

wd by evaluating h, . Bequnning with the steady-<
ehergy Ealmél 9 " 4 ? 4

o o e
) :ﬂ;@::’-);'ﬁ: +m [(k,-h;]f@*jﬂi‘q'ﬁaﬂ

Wheve wa =m, 2 M1, and usiing assumptien(3)
© =lh-h,) + 40"
o 2
r ha = bt iV,

From Table A-12 5 h = 281.3 kTlkg, amd

[
V21000 Jem/ly
'ﬁ‘--’.‘.‘i.{p bav |
—-r; = Eﬂc- I

= 2 W i M kT
h_,l—.lﬂl-z giirlllnﬁ] ‘ﬁi =m151.H Ikﬁ'ﬂ['&" IU'N'M
= 319.9 kT/ksg
Titerpolating in Table A-22; T, = J19.6 K T

l. The applicability of the ideal gas model can be checked by
reference +o +he compressibility charf,



PROBLEM H.34

Knowwl: A expands Hirough a. Hurbine with known conditions af Hhe
inlet and exit. The power developed is known,

Eve:  Determine the mass Flow rafe and the exit area.
SCHEMATIC & GIVEN DATA :
air
F=lo bar
T, = 900K
Vi<V

—
—_——

A55UMPTIONS: (1) The contrel volume is ot steady state .(2) [+eat ﬁm—Fer is
megligible.(3) Pofential ene y efects and lainetic energy af the inlef can
neafcc- (%) The aur re.c as an ideal gas.

ANALYSIS: Begin with a steady - state energy balance

0= -Qf Nw""‘“[{"‘ -2y +RL‘\ ﬂ"-){“‘i-:';]

where w, =ni, = via . Solving for v
W,

(h-Wa) -

=
From Takle A-22.; h, = 93243 kT/leg amd h, = 50302 k3/kg . Thus
( 3200 kw) ' K15/} by

(432.93 - ﬁoznﬂkﬁfl-fj (J.m_“{.sﬂ - m,,h!

™ a LT
107 b

The exit area is
Vs R Ta
A= =
Vo PV

8.314 )
('"iﬂ_‘l*".' > 1:.\(590}-:']( 7.53 ksls)

{1 bar)( 100 Mmjs

| bar
105 ”I’w"

'Ln5N+m
| =T

= 0108 m"‘ Az

l. The applicability of fhe ideal gas model can be clecked Enj
refevence 10 the compressibility chart



PROSBLEM 4.43

known: Air is compressed at steady state from a given (witial sState oo
3[\3-&1& fraal Pressure. The MAass -Fl.m..u is lemown , amd eacls wnit of wiass
wudevgoes o ‘ecified procecs ih going from ivlet Jo exit.

FiND: Déjevmine Yhe compressor power.

ScHEMaTIc & €nve)) PaTA:

? 2

F‘l.rl'il tonst

T=300k | avr Rzbbar

F=t bevr ___:*mwﬂﬂor

I'I:"i =4 hjfls I-‘“--*-Jl | o
Wey= 7 Qurfin = = 46AS 13/leg 300K

L2
KSSUMPTLONS: (1) The comtrol volume is ot steady shade . (2) Bacl uit of v

@ wass undergoes o processdescribed by pv" 7 2constaut.(2) The air can
be modeled as am ideafgas.(4) kinetic and potential energy effects are
neﬂh'ﬂdde.

SIS: To determine the power, begiu with mass and energy rafe bulanes

at steady state A5 .
O= Gey-Wey t M [(h,-h:}ﬂﬁéhﬂ}aﬁz;}]

where ™, =My =M amd the iicated forms are delefed by assump-
fion 4. Eea.rms«ﬂiuj amd Soh-fmjr-Fﬁr Wey

W, = m [(Quim) +Ch-h] (%)
Now, 5;:-9:# % eh%ulpj h, 15 read from Table A-22. of 300k b, = 300,117 %
Toﬁe-f-'.ri , tue use Eng 56 with =1, 27

T . (BR Pa) o - [6
F 4 = =
Z-(3)"> ==B) "= (¥
Inﬂrppll'a-.ﬁ.‘uf th Table A-22: h = 440.7 T/kg. Tuserting values i ()

= 1) | e
oy = [:,4 %-j [{(‘45.‘?5 t—;hram. 19 - 440_1) %] |__|:'J-'E'

i,
[ ]
T

1,27~

.7

{(2ook) = 9439.1 I

I. The applicability of the ideal gos model can be checked by reference 4o
the 3eumif-ud cou«fpf;ﬁ;ib”]{-g c&a#‘{; tracfer b .

z. The neqatiwve Sign er denofes eune s work it +he
cau-h*afgwimw, ?a.s wpePcof-:Ud . t -



PeoBLEM 4.51

Krjowig: Rt.-irijlruf 1B44is (owmpressed iu o water- jacketed cowmpressor betweew
two kuowwn shates. The ulet volumetrvic How rate | (upud power,
ovwd, mo\ﬁq woker temperafure ris€ are grven.

Fuap: Detevrmive the mass flow rate of the f.:rolui-\j wast e
SCHEMATC é EVEN TTA @

Coml n'f\j wate~
A
Enarh_-.ua_-.-lf,.» c.mdm'| voluwme hw“&qﬂd

I
[ 2
ﬂhmiw 4 \’J

Febrigeraut 134
P|. :l-?. | b‘b' !
T,=e%C . |

ﬁ!‘ﬂ- = 0.‘53&“ - ol

We, 2 =2.0 kW

Q=0

|

' |

Pp=12 bar = lilﬁ
Ty= So® Te-Ty24% ,  pymp,

Ass UMPTIONS : (1) The Cowrel volume Shoun s ot - stote (23 There 15
nie neot raws e wikly Mimﬁﬂuud-fsz. (3) Kineric awd g whial :Mq‘%tﬂmh
ke

%mgoj j?%:!\e:.h.k.(‘*] The cooliing water is intompressible with, ¢ = 4y ,r’qt,j.vg From

ANANSIS:  The energy vate balance applied 4o the overall Cowpressor aud
waker jacket af ii'uu;h.l sHate redirtes o

L . z .
0 = AW+ baGrgn) v, (' o)
2 N
‘t“""nﬁ“n*“:&, +9 ) = Thglhgt Ti1+§ g
where Qe o 'bj assumpion(2)aund the vnderliaed fepms drep out oy
as iuup‘r‘.nm{b). Swce the woeker avd, vtﬁ-flcje.mh‘r shreawms are sapavate
Y 2vag 3 Wag
'\:\‘\ﬁ '-‘EI‘\.EE "l:-‘\w
Thuas . i
© = =We + vy (-l +vng (ha-We)
Applying Eq.320 b Hfor +he waler siremw
L=
L\k".ﬁg = ﬂ-(Tﬁ-Tg‘fl + (P Pﬂ]

Inserbiing Hhis result amd Solwing for wa,

WMy = ey ¢ g (h,- bs) (¥
c C'Ts"“l;1
From Table A-12; b =248.84 kT/kg, v; =0.08574 w*/kg and W =27552 i::‘FﬂJ‘
E\ia-ilu&h'l-aﬂ wWip

o2 BV, (0.38 w2 min) | Vwia
k== (0.0 6574 mdllg) | bo 3
Fiaally, lnseyhing values T (%)

= (20 kW) ] +(0.073 kgls)(248.84 - 275.52)

Wy =
(41793 kg i) (4 °C)

‘ = 6.0739 kgls

T
5 k3 n
200378 3 — w




PROGLEM 4. 58%

KnDwd: Rebrigerast Ba awdcooling wafer pass in separafe sfreams throwgh a
condenser (heat exchanger). The volumetric fow mte of tooling
wafer and ofher dafa ave qiven at fhe inlets and exits,

Determine (8) The mass flowrate of R-134 oo and (b) the vute of
energy transfer from the {pniﬂnsrhj 21 1Y a_+to the cmhhﬁ water
SCHEMATIC £ G\VEN DATA Ret3Yon
P = @ IbfIna™
T, = 140°F
i ccoling water
I (__ 1— © @) = 35 galfmin

EinD:

Condénser

q B
=

8= @) AT, = 19°F=I3%
Ap. =D
@ Po= O Ibdiiu> Puo
saf. “fu.id.

ASSUMeTioNS: (1) The contral volume is at S'}Ea.r.(-j sfate . (2) Heat transfer from
the outside of the wwdm::zr is negli

ible. (3) Kinetic and pofential energy changes
m inlet Joexi+ are neq .:i’“ﬂ ) “J%e cooliing Water is modeled ac an 7
mc.am.Prrs'-‘!Hz hﬁuld L-.u-!'in. congtant xSpeaFir_ heat.

AMNMNSIE © ) Siiace Hhe R34 a0 aad c.uahwj wefer are separafe straams
Rth‘\ ]ﬂn = m‘_ mﬁ‘

Waler : "“4 = g =

I
I
I
I
L

The mass fFlow rate n’? RA3Y oo s -{rovuml drom the S}MA-j -stete ene gy berlamce

O = By x4 (1 jn-u"l-i-(}-A-}i-‘i(?,h‘j‘rm o ‘jﬁ(é':u)ﬂ/g{z;l

. _ vwulh ro—ha)
Ma T (h-ha)

Or

For the water, using B 3.20b
h&' by = ¢ (Tg-Ta) v 7 96‘:?51
N g,w}, .

h.‘ﬁ

e,

From Table A-19e; a2 | &hu/lb. R, amd U=V = 00061 L4737k,
For the R340 l», = 29, s;&w#lb from Table 4 -2 & ovd
b

L= 2724 Bhusle -Fn‘rm Table A- L1 E.

0.13348 H7 .
1\‘“& r{‘agﬂﬁlfh-l-lh} ‘gll I ](I ﬁ.m![hﬂg]([i E]

"\ {o.01b1 f* 1) f' { 129,53 _;1,24}%.‘%

Inserting values
0 M
Ik

= 306%.3 b /e e,




PROBLEM Y. 58 ((ont'd)
(bY For aconbrol volume enclosing only +he R-13Y4 oo
. . e at [#]

O = GR-*)’(; + Mﬂ[fh.‘hz}f@] +ﬂﬂ;/:i3;_|
Lohere cia denotes +he heat frunsfer rafe for +he RA3Yo. ﬂhlb, Thas

Q= Mg (hy-h,)

= (30683 th ) (27,24~ 22,53 )
Qq

@ = - 3,140 xi0” Bht h o .

I. The negative value for cin, denotes energy fransfer heat frem,
Fhe R-13Y o -]ue-iﬁa. cool| uj waler, a5 exFecf«ed‘..




PROBLEM 464

pnsownr  Rebrgerant 139 s Llowg Flrpugh o Lﬁ.-ﬂ‘rbn‘t‘h-l- prpe at gieady Ghtd-
for wilaicw cperahg date. are provded.

Eipa b Detrrmarne e ewit femperatmre and Velo iy ’a.hli.ﬂu.

inletr velacity,

SCHEMATIC £ Civthd DA TAH:

Todem = 004 wa
O e Mgl Sl
Ri3da eV —
sabveper, = == F=—— S
-8 . =
. - T =
Vs VF ¥ faniin . Rey= 3.48W 2 =7
w
ASpurapTroslt | Tha Commbepl yolomes 4 bowwsn a tlg scboma e 75 at :,H.-..d)f
Shie. . Fr tes cmabenl Voluwes, Woey =0 and there o5 M-nr.'-ﬂu;,tu;
P,.l,g....lh...l emeryy o T et e Ew
LS|t Ab ste state, the wass rate balauce veduces fo wi, =ui, = v,
The 1nlet velow i fnm as &L{aws
K WA T, 4 v
= T &y WY o= —_—n e L
W, A, d®
with v, from Table 4-10
407 Vi) | £22] ( 0.0919 W)
\

220,72 wmis 4 A}
Te (v.odmi
Srﬁaiiar[j, L is feuud from v 2w, €5 Follows:

wa, m%/‘m_ )ﬁ-

SL= =T )
1
Tuthis expression, U MUTM lewsum. Howerer, U, = U (T, ,p,) is
wilewourn

Another velafiow is obtaiined u..n M-.a mey-jﬂ refe balauce
o= d’w“}/ + [“" L‘l','l-F-Lr U-":J+jf}/iz‘ij

= Qw‘l' i Leh-he) + E-——-.:- ‘BJ
| nsevhing leusww velies f..nr,luull.lug b, from Table A-10

0= GMW)!%I (2 L;‘;‘|[mzs4-h..,),_ﬂj

. ((m a2 mjs) - ) T ]
z I pomere | e (x¥)
where by = (T, py.

Egua.-l-lmﬁ Hl"} and (H%) combe Inlved Simul-!aueau.sl I"‘:l ﬁaﬂt’.rrij-!-é
Table’ A-12 4o U, amed b, ag fumctous of T, and B 1'1.&.1 Yocegs 15
itevatwe . Te aveld L‘l'ﬁ'\ru;ﬁ-t.m IT can be used eFl'-ﬂci-we{ﬂ ln fo llaws :




FROBLEM 4.lLb

kryowas ! Dats. are pr'oufd.l'll- fr & de :upq.-jut-i-w' Operafhineg af .H':Ai-? fete,
BB @B a speedfied temperaturt fo- dit o taing Lrqud, detervacne Hae

Bagued wais flow Aall IHPeat oo Liguid ments frew AiXs verrug e daguid
{wperature.

ScHImaATIC 4 Givin PA T

Py = 30 b
T, =320 T

ALsopPTIORE: |- A conbml velume Rnclesing . desvper paedig with walefs
ab 1 and T dud s dwit o8 T G oad .H-n-itl;i-i-t. z

and hieb ramthby Wil M turmeadie

. e e ceatrol VBluer, Wiey= O
Con bt iqbared. Eqnehr and poten hred
2uergy |+|0¢.h it bt ignored. f 3 ad pofen

AR BLTIIE  Tha weetr Aad baloney ot Sieady s hla Adads 'rl-'h;-I-I-;t;_:"":'_q_
Tha eriersy rete balance at Sl-tl-"f gledy Aadotes as .f“tm-o!'
0 - @, =yeie + w « Pgn ]+ i [ e W% 921 —&,Lh:*)‘;f;z’fs]
Gz Wiy Awy — (wria) by
Silviny fne LTS
-h
Bagn iy | TN 'J
Wy =hg
(61 From Table A-4; b = 30434 T/ks. From Table x-3; L = 2799.5 kﬂ'”'a,
Furdber, at T,=200°C , p,225bar ; Table 4-5 gives hy= 852.8 Tk, Thirs

. 27%9.5 - 3043 % )
vh,= (IS h‘?j 852.8 - 2194.5 ] = 188 tgls | (rw'"l{}

'y




PRoBLEM 47 r'ﬁ

kppwr ! Date are provided for a waterjackeled bousing filed wit-
elpehromad & Mﬂhfwfnfij ilbugte 3 &t = famd e si=te.
FrnD:  Deloraaing fla " AE mAuns Powier ‘tnpw‘l- e {a.%'-l'_s--ﬁy

o limid gn e te wepernture o Fhy e e E"""{"""‘j e enclosure.
SCHIMATIC & Givik DA TA!

@ |
1

Waber I... e

T T S e I
w210 kylmen |

' ! ===

AgsumpTions! |. The contrl volvea sheouwm o s Scbag waa h'e (5 at 5“!‘“"‘-,

shate, Z.

Frtha bl valowe heat transdor witt, Burrm onddngs oo

kot iquarad ; as can et | pofenh'ad Lmargy affeall, 3. Rrthe weter
@ erdaring amd aiting e qu.un._;; HHI'LF{,T‘}L

ARALTIS! Ad Flewdy stabt, Wz 2w . An energy AT balance

reads
o:/@ﬁ_u}w.l_ d[{bi—‘h}* [%1} +af}l{{1}j
E-Tlv'i-n-l} .

wc-v = A ':‘L"‘-F.“"-)
= (b (T b (TR))

CGimce Ty &£ 26°C
W, Z w (e VO - Lr_lzu"f—))
[ T | | kW
2 (102 )(aa33-109.07) =

kgl bl s | kT /s
@ W, Z -279 kW <

L AH‘”“““’""": EF.[, 3,00 wibw T J— Tobie A=\ Cow be uuitﬂl-

2. By He usuel sign convenhion, W, represents power output. Hewce,
Hhe Conshoaant on fpower Lh?m‘t Coun, ee E-hp‘ﬁfﬂd ﬂl‘hﬂ#ﬂmﬁvﬂa inFerms
of the weousnik wde of W, w

oclw,|<279kw



Erowdd!  Date. are provcdad -an—#.‘i-kfl#hﬂj cal O et A Hacled To e
larg< pipe  carroung & tun - pluas Lig uid = VOPIn s iure . Opara Aen s «F Fleady
shte. The subslanece s a0
EirD De lrgae Aonge J“ﬂﬂlrﬂj L TR o i Ty ) +“W—].-!ift+1-ll""ﬂ.f
e wrladighe, T dovier  tun d £ b poas ea W?HJJ-HT Tea pon L e -[mquMk

T ﬁfotr\-mth rang e ’:II sfeans quality values,
Smallest x,

ScHEpMATIC EEIVIR TATA:
T larseet ¥, (%, =l.0)
4 brettling
Cnl o e
highest exut
T, rall T +£.m1-.t.
e

“r

AgsupbTropsg: | The con bl Velvme Fhewn fn +he figure iz ad Sirad
Shete. 2. Tha hflﬂi:’m -l-{hﬂn.-a‘l..\ir‘l-c. colovipe o ~dheresr fotba +hrettiing

prowess weodad: b, where Iy = hﬁ.'l'ﬁﬁ‘,:-h;.:‘]a
Bre bl W Attuspiing T
hh,p)= W+ ir[hgt-hi}-;:ﬂ <)

whtre 4 Sl ot fa onF Vs ficed by T, 6, And +{q....;~m».rf- ko Thaperianid
veper or ;i Alnur | satherstad veps . Al e quatcty ¥ w Anguirtd
4o bt fegs Huwnm o# ) e dba Livtad, g0l B 40O,

Rafarring to e Tov Lajramm; fto baglast ot hnf-rnhrt,_ﬁ_,
Can ke b 4o o sheww qualiby o f [0 That ot dahe froe Tl !--J‘J

El‘,.{l { sy

(T, p) = g (R)

=2778.1 &2y
‘In&wﬁfo.-h‘uj:..‘.. Todd, A-y wt  Ef M P gl T = (6] °c.
fed
Tre dowrit it J.tw.pq.wt_,ﬁ‘, tarvespaeds To Safara

W ‘ani Hing e ealopiweter,for wiv cn . I = 26755 kT [ieg and o= 49.6% .
Gy 1) G

X2 ha =Wl = 24,755~ 7ez-Fl = 0.949

hgi—her 2017.3

Lo Furbam gt =

9L €Re ¥ oL
0.4949 £ ¥, ¢ LD




FROBLEM H. %2

khown: Ar flows through two turbine stages and an iuter-connectiing
heat exchanger. A separafe hot air shream passes in counfer flow
'Harduﬂh +he heat exchanger. Data are known at various locations.

Dedermine the fensperature of +he maiu air sheam exiting the
lheat exclunger ane the power oufput of the second Hurbine.

SCHEMATIC £ GWEN DATH :

AS3UMPTIONS (1) The control
volumes are af steady state.
(21 Heat frons fer foHie Sur-
roundings con be ﬂ&ifethzd.
(3) Kinetic and potential

Gl

- ]
energy effects are viegligible. % -
(4) The air belaves as an J l M
ideal gas. (5) For the heat = ook AAAAAA 7= 980K
& = a 1 F
admmj“i Wey =0 g b heaf Erdhanger J»s Rl bar
4 Tloo k ai Te=1480K
£ =1 bar in B=135bar

g = 1200 kg.-’mm

AaLYsis: First, fad +he air flow rate at 1. Begin with steady-state
enevgy amd mass balamces for turbine t

- 2 o
'C::':,éﬁ:- Wt,"' ":"l [{hn_]ﬂz) J‘L%zﬁ*j(%zlﬂ

emd  papy i, > VR, =g
Salwhcj for m,
W, o
b (himha)
From Table A-22 4 h = 151592 kTlks amd h,= 1l6l.07 kTlkg . Thus

(10,000 kw) "t keJls

= =28.22 ks
™ (1515.42 - 1161.07) X7/kg, |kwl 28.22 kls

Turwi ne viext 4o the heat c.tchtut:}zr
T, =W, = WA, =Wy
%S“mk o
- - 4O . T o . z 0
O '—',Q{:,—)J:q + mtﬁtkfhﬂ Jr{%’zﬁz}wjt;é(tﬂf mghhsrl\ﬁ@ ) *'3(7;'3‘3
O = ﬁ"q_{hl"hs) T I"PIE (LIS ‘l"'lL\‘,l
o lﬂ-} = ln,“"' -@yf-i[hj-hLH

Agasiay from Table A-22 5 lhg = 1611719 kTlky amek h = 1277.79 le7 lkg . Thus



PROGLEM .82 (Cont'd)

hy = 116l (1260 kslmin ) ]
3 01 J[lan kgls) | 60 $/imia | (161,19 - 1277.79)

= 1397 % kT (kg
Iﬂ{grpala{-:'hj in Takle A-22

Ts =120, 5K ¢ T3
Now, writing the steads-stafe eneryy hafn:ce for +u:h£¢ 2
0= e W, t s [hymh) +5255 + 95 2]
Wy, = My Chy-hy)
From Table A-22; h, = 1023 25 kSlks, amd
L{ftjl':lBJZ k9/s)(139%.% ~1023.25) kﬂkg[

ar

llnbdl
| ledls

TI0,8F0 kWi Wea




PROBLEM .99

KnvownN: Airis admitted slowly 1mto an insulated ?leﬂn ey linder assermbly
W oa 5up[:Lj Uine wntll the volume uside 'the cr?rhuder has dwumt‘
EIND:  Plot +he fihal femperature and mass juside -Hre eylinder for oo
qiven range of supply temperatures. :

JCHEMATIC & GLUEN DATA:

A5SUMPTIONS 1 (1) For the contrel volume shewn, &, 70.
(2VKiitetic amd pofential euergy eFects cam be ne -

Ciamater = 0.3m

glected . (3) The wcwﬁ.f&f Hhe ptsfvn pmd friction . ‘"l'ﬂllr:i‘]:;m
between Hie piston awel cylinder wall can be Lk Py b
neglecfed.(4) The air beliaves as an jdeal gas. __‘L
ANALYS1S . The mass rafe balauce fakes +he
form dmey, /dt = W With the assumptions _
li 5‘;‘@5{ e 'EHE.Y'E? baiﬂ,u:e is E) : i ‘r‘-"aupﬂylln!:aui,

dUc.v -
,@/ ch+"" h; 3004 Tugphy < SO0

The ||H€ condiFions are mna{au.:f: L) L‘iL 1 constant. @v‘mhrmnj Hhe mass
and ehergy rate balances and mfegm-h hg
g, -m o, = =We, + hy (mpe-m,) (n

ﬁemfuafc the work , note Haat the pressure v the c:a.[mr:far is always
pheric sm.:e, the process is slow amd since asstumption(3) applies.

'[|.l.-i.|.£
We, = Jyﬂ PCV,-V,)

From +he given dafa
EST
(T AEM‘)L (M)(u.sm) =0.0353¢4 m3

4
amcl Vo = 0. ETOGB me
_ Iﬂs 2z | kT
Wey = Tbar| |10° N'm
= 3534 LT

From Table A-22,at 7,2 300k ; W, = 214.07 kT|kg. Also, h; = h (T,
I ufp'y
For Tyuook -aoor:. h; = 300,19 K.

Usiing the 1deal 9es mnd@l

AL (_Ihnr'j(ﬂ 0353%m>) [i1oSnw2]| LT
™ RT, T - 3 =0.04105 kg
8.3y, T L 300K Vear || W0 N-m
897 kg
and m, = RVe o til‘iiﬂo“mbmuam 214,618 (2)
RT B3Iy
- (-‘I-B‘!'I'j ) To

Tncorporating these results info() and rearrangrug



PROBLEM 4,949 (Cont'd)

“1.-1].{1— I1': EM-L"'M.] = MIML "'wf.v

24.628 W, _ b - [H.ms
Tz

T 1 = uiaqm.s] = 5.254 (3>

Equations(2) and (3) cam be solvec for giyen values of h; (Tyuppy)
bﬂ an iterabve procedire and data frem Table A-12. For Tsupply =300k,

T.= 3ook
™M, = 0.0821 kg
Plotting for +he range of Teupply Values
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