FROBLEM H.5

ENOWK ! Nater ewders at tue top of a tauk through a supply pipe at o
comstont mass Flow yade and exits 4o o pump Hurough & pipe i +he bottor
of the faulke, The veloaly of Hhe water exiting fo the pump varies with height
of the water surfner | Aun averflow Pipe stamels jm +he Fauke .

Finp: Plot (a1 the height of +he water surfaee, o) Hae rate mass exiis 4o
Hhe pump,(2) the rake wacs exit through the overtlow pipe, each versus hine,
Dehevmine +hue Fime whew +he waker reaches Hag top of Hie overflow pipe.

ScHEMETIC & GIWEN TATA: Water supply
e
18" g = 6.8 lhfs

ASSUMPTIONS (1) The condrol volume Overflow pipe —==_ 3 ®
encloses the water v the tawk . The i ;
cowtrel volume s at thmjl stute | i e
wihen Hhie water level reaclhes the
+op of the overflow pipe. (2) The
water is fncompressible , witha

8= Ve georr = 62.34 lo/ 842 (%)

ikl , Fie o is ewmphy e .
_ o) el

To pump

AMALYS|S: (o) Before +he wakter level veaches 2=z £+, ¥he mass rate
balomee s
dﬁ! = ""';'1." V{""'L *’f*mkﬁ% = ""‘-L"S‘Azﬂ

Evaluating +he avees :
Ay = ﬂf_z - Tz ) ‘{2‘“ . S.us4xo 4T

3 £
A"'ﬂ!i&. = TC I;-HH‘L = ﬂ{l'ahq:"t-}} = 1,767 -F+=

[ tHa
R (b2.34 Eﬂ[l."&h‘l H“) % = 6.8 E.l',? (234 gjiﬂqswn{'#‘}&ﬂ Z

2 ‘% = 0.0b113 - 6.02519 /% (Z i ot ins) ()

Equatrion (¥) s & won- linear o Heve whiced equeation. By &Csuhr‘l'l.:rﬂ-fﬂ,‘j"wﬂ
inital condition is 220 at t=D. The erpression cam be integrated wusing
the fnteqration feature of 1T, as follows:

IT Program

f=0.08173 - 0.02519 * 2"0.5
derizt) =f

Using the Explore button, sweep t from
0 to 60 s in steps of 0.1,

The Jﬂbinwhﬁ ﬂrnph o be obtatued from the re-s.uH-[nﬁ data u.al'u:g IT:



ProgLeM 4.5 (Contd.)
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st 'ii|- "-{--:J.:;-'..'|.|| I
o T TR
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tis) t=5525 « oveEr Flow
(222 5+)
(bl For <552 s, m, varies with z as follows:
m1=fﬁ;'hl";= s,q_'_[g,m a"h}
= (2.34)(5.454x073)(8.16 2'(*) = 2770y 27 .,

ot t= 552 5; 222/ ard m,= 39230 lbis
Fort »55.25; vh,=39236 lbls (¥ remavhs constuut of 2 )
(€) For t<552s5; my=0 (Fhow hasn't veached +he overklaw pipe inlet)
For £ 5525 ; .54\:9.:13 sfete. Thus
o

ci._-F = r‘;l._r:ﬂl--“:‘I =}? d"a:kﬁl'm'&
=68 Ibfs ~3323( lofs
=2.876 \bjs o ™y
(£7552)

The ﬁaﬂou;-ﬁ plet is conshructed us[uﬁ 1T

m {lbfs)




PROGLEM H. b

KNOWN; 4 water storage tank contaius a known vokume of water. The voliume
flow rafes i and out of +he fank are given.

Einp:  Determine how many days the tank will contain water.
SCHEMATIC £ GIVEN DATA:

(Av); = S000[exp (-t/20)]
(£ in dmjs'}

i"{i;w‘)! = Ig 000 gal /day

:C1) The control volume is a3 shown on the above sketch.(2) The
water is incompressible.

AVHNSIS: The mass yofe balance reduces to

kv . .
AT e

Wikh wa,, > eV, amd via; = g (AT); andk Wig = ¢ (AV),
/gr WL g(AV); g (AV)e
= a ° Av) — (AVL) = 5ee0 [ﬂ:p (- t{20)] - (5 pon
In.-}-ﬂjrk’i'l;‘.j {"ro'M t=o 4o t= ‘Ef
iy
V,-V, = _f ( Seoo [exp (-t/20)] -Jam)oft

(iﬁ% exp (- t/25) ~ lo,e0 '-‘:)

0} =Fles,000 exp (- ti/20) - 1] - m,unn't_; ()
Wika V, = log,000 gal awd fer Vo =0
O = Zoo oeo - (09,000 €xp (- {“-ﬁ"aa}hgq poo -f:;_



FPROBLEM 4.18

KNOWN: Ammonis Hows Hirough o condrol volume at steady state. The
control volume has aue M'lt-‘i' ond two ekit, and date. are lenown

at each flow bow
FiND: Defermine (a) the minimum inlet diameter 00 Hhe ammoma
velocity does not exceed 20 mfs.(b) the volumetric flow rofe of
the second exit shream.

S I(2y B=4bar
gaf. vapor
F =14 bor control ) "
T, :28% velume 1 {hr} 1.036 m*{min
M =oSkgls | P,=4 bar
| ? SRS | & Snf f:qund

: (1) The control volume is at steady stafe .(2) The flow at the
inlet js one- d'-tmmimud
ANALNSIS: (0) To relafe Fe.foci{-g mdpl]pe diameterat the inlet, use Eg.#.nL

L m
."'Il_ A‘ [_Eiz]

Thus, velocity varies tversely uuHA diameter. The minimum dhamater
wrrcspond,s-l;um =20 ms.

ﬁa.‘l"u‘ note trom Table A- 14 that T, = 28% s less Hhan Tgoy at 19bar
Hente, from Table A-13, 1 = 1; F@zae™ ! BT X(0"% m¥/ kg, amd

@) . = j‘+ m, U, (0.5 legls) (e xt 0™ m¥/lg)
iy N TT (20 mfs)

@']mh

i

0.00729 m = 0.729c¢m¢
(b To fiind V), , beﬁm with the mags rafe balauce

7V£ h"I mt.-.m ﬁbm -m M‘L

Wit via = AV )/ ar
AV, = 13 [ W, = V) /]
?T’&m Table A-14 at 4bar ; 1, = 0.30%¢ W/ kq omd 15215597 x0™*wlly,
£

A'J" 5547k "ﬂ } g kay 605y _ (1.036 w?/enin)
( L ED }{ [ mu.n] (\ﬂ+30‘|"l H:flﬁj

= 0.041b 'rn’fmm B AV )s




PROBLEM 4.35%

kKupwn: A v ex ponds throvgh a tuvbine withh knoww condit tovs at the
inlet and exit. The inlet wass  Llow vate and the power
deuelnFad ave given,

EwD Detevmine +the exit 'l'empe rok wre .
SCUHEMATC & Ge\WEN DATA:

Alr r \;.l'“ = 1550 hF
Fl:lhﬂ |'P¥ffu:' (|] fu"'hlhe
T, = (560 °R
A =10.5 b/s 7, Bos W8 LG

ASSUMPTIONS : (1) The contre| volume is at

isnegligible, (3) Kinetic ond potential energy effects are negligible,
{D(‘i“j gﬂ.ir'hthaws at aw id'{ml gas. 93 0

ANMANSIS: Svwce haher) foran ideal 5:54 the ext tempevatve can be
found by evaluating h, . Beguaming with “the steady-state enevgy balawce

-0 . T_,-1
0 =2l Wey + ™ [hoha) + 5% 1 gz, -20)]
where wi = 2™, and with asswmption (3)
O = -Wey +'¥:H{‘nl-bf‘|,_\]

L\_Lz"'w(.v/‘."ﬂ +in,‘ 1)

Us'-ﬁs dota Lroewn Tokhle A-22E& £or I.\l awth ivaarfi-g
valuey inke (1

chate. @) Heat hanster

ox

(2550 ke) |_Ih || 2545 Bk
1T T (0.5 Ibds)|3600 s || U ke |+3‘35.0?

= 213,39 Riu ™
Ih*trpb{.n.lrlnnl] in Table A-22€

Ba
b

T,=8R8.3°R <~ L

(- The opplh cabiliby of bne ideal gas wodel can he

checked ‘m.,a rebereace o tve f_n-—-..prr..sslhit'\l.-\r
Chort.



PROBLEM 4.4

KNown): Steam passes through am extraction furbine operntihg af steady sinte
with lenow inlgt and exit conditions. The power outpud is speciticd.

EIND: Determine @) the inket mass How rafe (b) the diameter of He exiractiondud.
SCHEMATIC £ GIVEN DATA:

o, 1 __ wﬂ; ‘I‘Fiﬂﬂwf-l.

1600 Ibflin™

R, 21600 lotlin"

T, = 1908°F T :
U rEY i TP -
T waawm, AN &,
Pazleo Nefliin "“3 =0,85 %
T.= ¥s0°F V; =ISofHs 1 3
3
\ 2 1o s o
AssurmpTiorats I+ A contral  veluwe fﬂh‘-ﬂh":j +is farbie g at §

State. 2. For 49 Control volwme,  |feat fransfo- aund [-‘-an'h‘f-L {'_‘3_3'
efdech ore nfa,l.b.bttl
ANALTSIE 8) To find Way ,  apply heass rate balance | =g £hng,
Thaw, Simt Wan i, = 0.2L, we bveas ¥zl 0-FE. Mant, “ppty A
ennmm belawnes: .
T
. . . . . H *ﬁ

D';,va‘wcv*‘-hlthl"fg]”wlLH:'fE]-wTE. T ;_J

lwhare Pl r:.pknh-t fﬂﬂrh Jrwy ore owalind ua & ttum phom 2. E‘nfw

Wey

W, = .

B "H't ..-."'." .u.‘l. _ *_U,.l
T 1= R0 $1- B0 47

kL: [FA'YNE Rb e, w.th;hle.A-?E'll-i‘H

Fowe Telils A=%E, kW= [¢t5F EBhn/ (b
" . : a3 B/l . Thus

h!‘: hn’ * Wy Lh'ﬂi'hf}} = &5 4 0.8Y (toze)=

(q. x1° Bh/h ) -
e 2440 | LibE 18k PN T -
i.N B?% * —L_.:“_ﬂlnq. ""'H#"H T'H-E"}Nj_] _.n,u.[l.z'iﬁf (=l |78l
- s US)T
0-78[ a3 =D 3__.“]'} .
= 141 %0 16/ - iy

() Using vy = 3,228 from Table A-4E
wa Vs _ (22)041%10% ke /h) (3228 ¥ 6)| 1 h

A = =
b Vo (1o s 3b60 &

I =37.6884>

Sihce Ay = Tode 4

i a z
4, = j%" = jf‘————”ﬁf“ ) . 6934 da




FROBLEM Y. 68

KNOWN:  Twe ducts carrytirg air fu a vewH latiou syslem merge i one. exit
cuct, Patoare bnown af Hie tnlets awnd exit.

END:  Defermine the exit femperature aund the diameter of Hie exvtduct.
SCHEMAT(C & GLVEN PATH:

D=4 1
Rr::qm s,

T,= 8C°F

@) = 2000 F3fwin
U"*bm £ vk -
To= HOPF =

&S5UMPTIONS : (1) The control ualx.:.m: is at steady state {A}Heﬂ-msﬁ:r
with the surroundiings is ney 1,5? ible ,and Wey -n {3] Po#eui-u!ehe?ﬁ effedds
cam be neglected . () air behaves as an ideal gas with constunt peciic heats,

ANAMNSIS. To Find T3, beqiu witlhy Steady-stafe mass and energy balamces

- p=latm = 149 Nef/in®

O ,Q’:,/w)l + W, fh+i+ﬂ‘-]+m1fhﬁ Hn‘i'ﬁ-.]‘ 'afi".:fuf"‘fai)
amd.

Combining and incorps ratiig assumption G)

0= M, [fh.-h;‘lﬂ,ég-.] + mz[“n -hy) 102 1"'7’3]
Referring 4o Table A-20E, cp = 0.24 Blu/lb-"R for the fempernture
range iw Huig problem. Usiug Ah = AT

O=m [crix T;]] fmz[cpth-'r,

The mass How rotes are evaluated u.smg %.‘P-‘f& omd He jdeal god
eiu.u.m of stale

. A ERn, (F25) (o0 Himin) 147 el |1y

v RT, h \SHS £+ 1bf ® Ry
(:aa.‘n' le- ‘Eliﬂqu R)

=369.5 lblmin
‘.,;_.1'__ ()’*\22{1 - (Eﬂ:ﬂ] (i 7) | 1|
*E_B'i_%)(sn::]
Relurning 4o (%)
WG T, g [anzi-{E'%r;}-]

M Mg -my =0 =S iy 2w,

Z

(%)

= |58, 8 blmin

Ta. =

(‘h:\‘ Tﬁﬁl\CP



PROBLEM 4.8 (Contd)

Evalmhlaa He laietic energy Jerm

Vaivi ) (woz- 400™) 442 |1 min® | Vbf | Bha
2 Z v 3bso s*|[ 32.2 Ih-H 5| 778 b5

= 0,001 B/l
Tnser-l-nhﬂ values

0

. Hu
T; - (3&?.5 ‘Lf-«u.."]{-ztt %ﬁ‘(ﬁqﬂ'ﬁ‘} & [’153,5\1 I[.;qj{sgh] - I:O.Mlllﬂ
(361.5 + 158.8)(.2%)
= 528 % = (8°F ¢

73

To get Dy, note that

"ﬁ:i:_‘-'- h';,i-h;.:_ = 528.3 lnun
Thus

. . 5
A = M3 | RTzma _ &&%)(nm{sz&a) . s an
3 Vi P V3 (4.7 14y | (400) '

omd- 4 A

Dy= | =473 fhe D;

I Note Hiat if kinetic energy is neglected there is virtually
no eflect on +he temperahire at +he exit



PROGLEM 418

Enptoa @ Siam-ﬂ.aus-!'ﬁraujha well- jusulated valve from srtc?f;'e.cgf et
conditions 0 & kaown ewit pressure.

EIND: @) Determine the exit velociiy and en{-J-dmpmium for a given vafis

of fulet-+o-2xit If:_pe diameters | &, sy, (b) Plot fla exit velocity, tewpera-
Hure , aunsl specific -?.H;ﬁaJlfj w:rsu,s L‘jfﬂ'z Vauging from 0.135 fo 4,

SCHEMATIC § GIVEA) DATA: T B =Seo &
1
SHewna _"{{—"f (bF & T, = Ep0°F
S0 bt py=200 = .
i W —] oy e T
T;= 500°F T4 aws H$9
dl= ‘4"“_19.‘:.3333# "r.r'-l" M:D.HJH;

&5 SUMPTIONS : (1) The control volume s at .S:fta_::l'ﬂ stafe.
(2) For tha tendrol velume, &, =0 aud Wy, =
13) Potewtia emergy effects ave neglgible. v

ANALYSIS ¢ (a) To deiermmt. +ha exit Udmi-q, J‘)-éﬁ{k. wiH, Hhe mass balamce
ME’-FHL M, = kg E A, ame

"J'T _ AV ALV
S S A R =($) 5 v
Now, Vi/ar, = ¥ /A = 4M/d *. Tusevting value
VT - (4) v Welsh

= 2007

Thus

vl

d z
20.17 (ai)-vf-r,_,f,) (n
amd | Witk V, = 0.992 #3371l from Tuble s-4E

U‘-C:.o 7 )(e.992) = 20.01 s

From (1) we see Hhat # s hecessary do Lix stufe 2 4o evaluate VT . Ancther
relotion s ob-lwmwl {rnm Hue energy balauce af steadsy shate .

o= ,Q, )’(,, + [(h L*-;}f-r ﬂ-";-}—g‘-‘l;/‘iﬂi] . (z)

U_;:_ = szh;—h?_}-i- 'l.."l_2
With h, from Tuble A-4E

o

¢ 1 Ibf g |8k 2 3)
Ve j Liasr-s - e, mi] R o 322 W aissfe AT @00 Fe) {

E1_nd-wv.s (1) s (3) com be solvesd ,;ﬁnu.{i-q:unuslj i_'.u;; data from Table
A-4E awd an H-e-m-!we process. The reculbls ave “for d;f:iz:a 15

= 4346 "F
V;_'= 3.040 fis g




PRoOBLEM  icD

Ernowin:  Awell-thaswlated .Fl.'l.l-u-.-\.- Ltlluhd.q,v' -ur.w-h‘ul W tennected &
valve fo an aur supply. " The uzw crnditions awd Yha Swinad
siade of air insde o uillhud.tlﬂ v ig adwaitted E-'-.nmhj ~::J:\|..|.».5in3
Jfltl Ft&!-d-n o Grmpress o Jrn’u-ﬁ."lh:'mi.ﬁa.\ aud el valbunas
within fe wlivder ave lewsun.

FinD :  Plod +he finel pusiure and fined temperafure wifluin
the colinder  verius fpring coarfaat k vargmg from~
650 4o Psvlbf /1.

ScHemane § GWEN DATA

Tnitiaily + P, =19.7 teflad
T, = Bo?F
v, = 0. 4%

Fiaally: Va -

F=lkx

......

B

'“-le =

R Ean e TR e
*"ﬁﬂ"-i‘ﬁ:l_ 0 14.7 Ibtin.2

uMPTiows: (1) The conhol velume is Shown on +he e Companying dtiﬂmu,
with Rey =0, (2) Condeticns [u the aw § ,'.u remaim conshudt, (3) Kinedle
ard potential evergy eHects are viegligible (4) The air behaves 63 awn
idiod ‘@as (5) There is modnichio between Hha pishon aud wyliuder wall.
ANarys)s 1 The hihal presswre i found by applying Newton's Law
Ho the piston. Swce aw i3 edmitted slowly ;2R =o . Thus

P Apisr = Fatw Bpicr + kX

With V=V, = X Agist , the pressure Ls

P = o+ E(Y=VAY  (a)
Aeisr
At v m W

Po=ttr B4 4 (ke i) (04-0,)f3) 1 B2 )
' (oza™) HY 14y T

-_[I.-t-..'j" + o.o43k leflin® en

_The mass vate bolawe takes the borm; dmefdb = Wi Witk assumphions
Wred | rhe erergy vete balawce is

dU.. - AD % .
el *,Q/:u- =Wey + Mk

The specific enthalpy by is Comstant by assumption (3). Thus , combring
mass and tnf.:gﬁ vude ‘oalowces :E;.-JL I:H"rf.:m*'fnj ™

A0, = -W,, - Jlthi dme, > MUy - myu, 2 =W, +hitmem) (2)
Sihee Fhe process ocouns slowly , W, = i) PAV . Wit B (a) above
Va,
W, = - XV V)
ev Jﬂ [6&'-*1-1 _"'L“ﬁ“ Yt -};;11 AV

= - k"n h tuli.,.‘ ULE}
(rﬂ'hu m\){vr-ur Yo+ 1_-"‘??:?'_



PRoBLEM 4100 ( Conte. )

Y Wew s Pt [V -v-]_t_ = V;
C"‘pﬂ:ﬂ

-V.' ('ﬁfvl*]]

= f’-bmtv]_‘m} b

v, -
1(“;-115" L ]

[~ s
wh L 2oL i?)*

= Losie+ QHE‘XN':"]M] B~ (3)

Algo, teadfia, Al ot Aag Y | !1UL-ﬁM -""F tate

" = gV (474 1oFlg2)(o. 149 _ 335w b
T -
L Cilﬂ?- Te- _‘r}(m ®)

myz PV where P 91/9n by E4.01) @)
®To
Trnee T2 To= S¥0oR (WoF) , w, = Ulsvo) , h's= h(s¥o%R ),

P'-cf-ﬂrd.i.-\f-u“ Te  Ctemba ‘.{.'J-l-‘mr:.li hn-i uru.n'j Eﬁ--{ﬂj fogether i Hia
Eqi-L1),02),8] and KAounm valbes ef ViU, agt By




