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i 2 hat plate Thie pliton initially restson the stops. With tae onacs ﬂ.[ hesing. e g l-:-u.aJ =
mcteases AL what presaure, 10 bar, dodt the pritnn yiat riagT | lie pixtnn Mo wraeifly 1o
the cylinder and ¢ = 901 nva! Mt ] dawe = TN KEa
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Quiz 1 SOLUTLON

(uestion 1 Doenbe the fotlown

(o) @ syatem Acthemodynamic tyslem, o sitnply systetn, o defined s & quantity of nuatter or a
reganm e wpace chasen for shady Y

(b} an apen systers: Al apen svslenn, o coninol wolume, hith mazs oy well oy enitgy crossing the
bouslary, czlivd 3 gontrol wwrface Figure |- Piaton-cylinader on hot plaic

[c)an molated syxiem An solated syitem w2 general vy e of Mxed masy wiere no beat o
work may cross thir haundaries

() & choved system A closed sywem consets of & fixed amour of mass and Ho mass ey cross Umeslion Z Salutioe:
thez ayrlzn babhdary. Thechord snilem nachnry may ove |

k)
k|
! . In oeder for plaios 10 start moving, the pecssure inubde the cylinder sholld e equal o piesiurs
[ F (c)a poapenty of & system Any charscienstic bf & sywem In cquibildiam = called a propeny scting om the pivion
i PMopertie e independan of the path 1sed o 3mive st the 1ystem condition '
i t P g
Flewse st fan the follpwimgs 2 propenies (Y) or not propenees (V] (tn the bepcclels), For the : ‘ ‘ ‘ ' ‘ :
! ‘ pes yims have ated 2 propesuss, stale thal whether thess properiies are stensive (1) o extnsave L —4
: 2 (EY e g X (Y. EJ, for the rxteive propurty X I
! L
; ‘ Preswiied Y, 1 ) emperatare (Y, ! hnmmss{ Y. E) volumel Y. E ) demaby €Y. 1), intal | et |
'I' enspv Y. E ) Hincticenergy{ Y, E ) poteniial engipy (Y, E ), hedt tranaler (2); wark [N)
=
T ‘ Peas -y
F P IHiston in mechanicsd equilibrims,
l’- Paasdp = Faps- Ay + W whese W =m. g = (50kg), (R01m/5%) = 490 5.5
I
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Fias = Fagw # =
L
Subntituly B tenrred sikun
L INRY 1 gt
foa = (10900 Wormt o)
Peer = 149 bar

Critpntiiem J; Qg pon (D) pee within o pristiieeCy linder asembly undergoe un expaiy o from 3
olime 35 #0002 valeme Fr= 000 m* The selatimitin between piosure and volume
dureip the process @ =40 o B where A0 085 ot m® 2ad D=3 0 bay For the 0, detersine

A0 the ot orud ieal presaieen; each o bar
(M) hee wiail el b

Ciaiestian 3 Slution:

(A eyt = ———— +J;u-r-1h1-

& i B =t
-u-ﬁ.a--m1

Fres Ay s A= r 20T = Siwr

i wte (VR e (PR ) ) m (00N T 0H "ﬁﬂﬂ'{lﬁ.ﬁ}* I, =)

substiae the waiues of ¥, 3nd

" =nnn|hr--'|{1u%]t (L0RarI0 03 - 0 p1)(m") = OGS Lkar m’) + 0 Dibar ="

Wm0 1258 burom® = 32 594

Nute Tharl the wnfl fomesys i dna b, :
HERC T
{bern ! E—lﬁ.—,.il

Mint Nym? = Pa oand N'= Bg wia® and Joule(f] = Nm

I
sdliitin Esat 'Veehwbenl Unbiereity Michanica) Engineering Departmand

SEE 200 Thermudymatieles = 1

Quiz 2 SOLUTION

Gty 15 A gt b8 eveaimed im 8 veetiodd puzton-cylinder semtily by = pision weighing 4420
X il Baving o face ares of 75 o’ The sunpaphers exerts & peessnre of 100 3 kiR om the e o
e ploon An thestrissl resadon tranelon ehbergy 1o the g in the amra mf 5 1] o e
eleynoon of the pistin inzseaars fry 0 & m The sidon and oyl icder a2 pee Hurrread Soeadortn
e fjsation can be neglecial Dcizrmine the chitize in jintnrmal eixgy of e g n kI, stiming
i b the onty ssgmdican etemal oergs of afy componest prrsen. Cluly sieis the tratess
umivywng all peceszany infidmabion [demify whether e syuiam B o0 Of R Si08ed SYREM (1 8
pemared vitlene o gortral mass )

SCHLLTION

Ppy = TR
= Piviai) weighd = J350M

| Thﬁwmuh:umuﬂuhemmmmﬂm“hmmM}
1 Voo the gas, APTi= 0, AKE= 0
} Frkﬂmhﬂvmpinﬁmi:ﬂh:hmh:pum]

1™ Law For e yusicm
(), = § ~W
T wogeke done it the tap of the piton:in doglacng the susmaundsng atnospher

|
W= j (P peonon Jite = (Fas Apionsa J {7y = 34

Fiaton weight W000Fmy &ASON (104w’
o a4 e ™ W (S e S ) = 9 s

W= (694 6lkMa) (Taem” "“—]{l:l am) =3 126k
Sabadifuste the vbtben nma 1Y Law
Ed”}l-n = L1314} = 3130k} == l-'?"ailf
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Quevtion 31 Fypee | shows two poer Shelas, A and B, operating o, with the encrgy
i fee by heal isle eyele Y equal jn magnitude to e enengy tramder by heat Som cyele A Al
erdtgy tremdien are poarlive oy the difectiony of the amows Thefetenine anoxprossion Tor the
hermal afliczency of an avesnll eyele comisting ol eyetes A and I togethet m terms af ther

e eyl thermal efficlencies

T
i
f Wi
i
: oy
' o
Frpre 1. (0] Adsnd Hinserkes - [B) Owerall cyxle
SR
Efficienicy of any ¢yele :::—TM%E and fora power oyl .= %
Wolz Ut for o cydle AE =0, so AQ=AW fons 1™ Law
Efleseney ol cycle A
1 o .
e e i el R P17 )
Simnilarly
Wa Q=0 @ ¢
E — T — ] —— = e
i Q: Q: = ':'::?i:'[l"h} (2)
By eyasdtaiag (1) & ()
A-m)ls = s = 2o (1 - )3~ ) (3)
Y el 7, 21 |
Eiliciency for oveeall evcle:
Wa+Wy =i (s
rall = B —— (%)
el & Gh 2y

Subtitdbe (31w [4)
Reverutt = (1 = 0001 <'5x)
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Quiz 3 SOLUTION

Cuesthon: 12 Aw contuioed in 8 paton—cylmder sscembly, mitially at 2 bar, 200 K, and 4 volume
of | L undiergies o procewy to a final state wisere the pressire m 8 bur jexd the valuang i 2 |
[hesing the process, the pressute-volume relatralip o lipesr. Assuming the ileal gas modcl fof
the ﬂ&.

Eﬂ“ﬂﬂﬂﬂ'&“ﬂﬁhﬁ‘fﬁﬁkﬁﬂﬁﬁﬁﬁw .Effvmﬂ: Paeat wileee =t WOOK )
(b1 By sssuming vanble spocific el
(¢} Comment on the tvo retults, which one i3 mone accurasg?

Skeich the systam clearly (Note that Faw = 257 058 Mg K anid [har = 100kly)
SOLLITION

i
E.-.:"'E_—_. .:.—m_ ’
By e T
T = 22K I —— - § Ti=? ‘
I Yi=1L u Y= 2L
100k Py [ 100 i It
y,  k2bar) (S | ypEr ) (1)
EIl-l'lli'. = mH'..],-TJ, =m =Hi%-= _{__E_[__TJJ__I:__@EI_I = 0. 003480 ky
e (287,088 2 ) C2008)
| N
Nute that | = Nmand Pa = —
Ao,
100kPay F10%Pa im!
Py, (Bbar) === pner] (24
-F;F,-;:m.ﬂ'mr;:r_,;#n_{_._._ }{ g [m:iﬂiﬁﬂ'ﬂﬂ
r (287.058 L0 ) (0.00328kg)




F [dart The wes under the -V pimph proes us the wiek

. / W =28+ 2k — 1 () (e

1. TH
W= 0 5k

i 5 L1l

IFlaw Q@ -W =4l
lin}
Assumeng comitghl gpecific hesty | A7 = me (T —Ti)
Fiom Tabse &0 for air G300 K o =0 T1E klke K

All = (0.00348 kg) [Mm%]mnn — 200K = 3502k

G=W-+ath=03%+5502"=4 002k/

(b Assuntirig varishie specific hests | @ U = m(iigs, — tigr,)
Fro Table 4.2
ugscer = 298.30k] kg

Upgeew = BAZIGE[[kp
U= (000348 kg)(1290.30 = 142.56)k] kg = 4.0224]
0'=W+A0 =05 + 4022 = 4.522k/

(£} Assiimiitg vanably specafic beatt gives inpee accutite result beeduie specific beaty are
ot pessiure deperslent

a3

Ouestion 3: For the follaaing yitears wiie (he s halzhee sxpuali=n and csipmnne

everylhing mied

(h] | | /m-""

LY il

Adr ity w0 F23Rgr

Adrmiy = 1M

. ! -dl'ﬂi-.:-;
Fhe control vidueie bn o2 sicody state = —==10

SHRTDXS

ol 4y = ndy = = iy = 2y = o BEkg

S R

(b) & e tank minally consama 1409 kg af Hgud water That taeix o (e anlh bwe =lei e
ang delnvenng hot wakes ul @ man Jow e of 04 kg amd ether delivzreng oojd wasay 4l s
mwmarurup-.. Waker exrly theisitph & dingle plpe @ 8 s Dens el ol 1| Zips Dessrmibe
i mnrnd of weatar i The tak, & A, aftor nes hour: Clearty sketch the probdem amd denmly the
alom

Mieped = OGN G/ 1 r iy = 04k s
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Jr ey I UF iy + ML = Mg, Yl
R N

MerlE) = (0 = Taniy + il =ty ) !
=+ Mg lth= m (0) + (4 miy, =i )¢

sibs thm b ow TAeF om F 00D e
Sulnziturg e Kl valiey
_ K
K} = VA00KY + (064 DA — 13} (=) (36004) = (1400 = 720)kg
iy () e GO Ky

[eF Aa sy i Rgure heloow mois air gesn imo the deyer and in he devor some-of the waior vapar u
remmveal. Fimsd e diy wir =] water vapor mact low mate, in kgl st autdots 2 and 3

Waler vapor sulel vidy m, =?

7R
O ©

—1—“5_ Drvet e
Sdomil mit kg = 1530 kg | Hatkh of wiler vapor 16 doy
Ralios of mass flow raie of . = it 0.4
WIGE Vague 10 oy . Q02 =1
e, =7

d iy
L, A E-ﬂ. - En‘.l. The eotral potuime 2 ol sfendy afate = o i t

- ::_“"m,n Em*

Wi slwaild writy mass balande sxjsstinn separaicly fof dry sie wisd walce vapor

Lot div aip
Thaeph el 2, ondy walsT Yapar e, henfore
=My, (1)
[t BT Wags,
Mae @ Mopisas * Masaner (2)
Fol ez anlt {1

Wt wif diy @i W wates yapow

Slitmibibuie C1) im0 (D)
iy & 000 = 1S3k AN e oy = 1S00KE/H

o oy =10kg/ N

Fruien equabiim {1 )
My e = Ty ,-= 1500NF A

For the cakai (1)
m 4
TINE L 001 w00, = {0 (1500=] = 13hg/N
Fair

Fapum egiaadioh (3

m""'"F" lm;m _!Tl:llul..nﬂ.,-.' [H - lﬁ i:jh”] - I'j'iﬂllrh'
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Quiz 4 SOLUTION

Ehergy bhalancs

Ounstion It A niogen fine 2 700 K, 06 MPa, shownm the fpiere, (¥ comnpciod Bon b

Pt b b o hirsed, irtzally empty tank ol 30 m", The fuzbine opesates to 3 lask plesune of =0
16 M, ot which poii the trmperlure b 260 K. Astuming the entire process i adishatic, At KE mnil PIf aee nagligible, fyssam s sciufiafic so Uy

Jotoemant the tusbhine work Intezrzie hoth ades of the encty balunce Gquatom
W rrte thoower the g halance: aml enerpy batence equabiens Clearfy show your vystem

Nnas that the bahie foe NiAregen is gaven 2 the back page

F:" E: = l]'l|h| _“IIr

Sance the ki initially emply By = 0 and 1521 10 a3l (B fior the counbered conthid

% vitlume
Mg Wy = ||'|IJ'|_ = “-'J.
Wy = I Woe=anh; = u;)
Task From Table B &2
4' It = B0 kPa 'I_ N = 310,068 /K
SOLLITHES
Lliven E
A = 600 ki'a uy = IB3.6L ki
s ' |nlet propestier P D&M P =B M0 -
T = 300K Tr=ash. e = 0112308 =" Mg
e Inibinlly the lank m empty
»  Tank vohime 18 conitand and I = 50m’ Zi i
¢ Prepemet fof the final state of tha tene B =040 i v Jell .
T = 250K T T i m g e
(Mewte thar mutvecnpt £ dencaes dhe fina! vaule of the tank aned subsenpt ¢ dernies the inlet of the
T hetul) Sibstites the muneenedl el b finil wisek
Seieot cantiol volume us iehne & tenk ogether Wy = (4062K 30008 — L33E20k] /4a |
i ntice W, = SIIA% &) = S1.37 M)

i;-!;—'l- En-l,, - Em,

oo (S)a- (£

S me cobaidee 1 Tarkine and the el Sopeiber, |bere 14 e oxif e

12299888 q488%eaaaaaacaadaaeaaddnaad
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Cuiz 2

Alr Fipaing 1u B DOPVEREING PO foiling wuser, The cup ks onen 10 Wrraundibgs = 0T m te o w2 SEF

1) A gxs expands in 3 piton-oylinder piaemily irem B, = oy, Fy 13 gt Py
i s progess duting which the relaticn behiran progture and wedine o pr-— - T'T:'mr_:_
mass of tho ga i5 025 L. ¥ the cpectfie miermil energy of the gab (acreaies oY E """""'-"'
diiring the process, detemuine (e heat tranifur, in k], Kinstic and potential energy effects are
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L Name Semame 0E11.201%
Wed e sty
af Mertch The whnmatic Sagram af a pewer oyele, What i1 the Lheemnal efficnncy of e sygtomi i
H ME203 THERMODYNAMICS 1
Weyele FALL 2018, Sectinn 3
EJ’E i " Iw@dt g &) Qukz 3
T . a1} A chosed, sigid containgr of volume 0. &m? is pluced a6 a2 not plare. ipmady, H:: tﬁ:t:;:';
holds a2 {we-phose misture of l-lll..n'-'ttﬁﬁl:lul-ﬁ wratar and st atie walar sabar &t &
' Ewt with n quality of 03, Atter the lirst heating. the presiure in the zonthinar A £z EW':E':*:"
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SOLUTION TO HOMEWORK |

A chesedl evhinder iu divided disle e poonm iy 3 ctamiees paston heldd i place by &
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A, plissisi ey linader v divided unto bwo roonis by a ftictinbess pston hekd in plade by a
pin, o shown in Fig. PSR Room A b 10 L sk it 100 kiPa, 30C, aed room 1 has
3 L esiyrated woter vapot al 307C The pin by pulled. relensing the priston, amid boll

rooeis camie Yo equilsheien @ 30T amnd ax the water is compressed o hecnmes two-
plase, Comadening & contrel muss of the mr and waler, detetnune the work done by

the syitern mnd ibie heal transfor 1o the cylmder

Soklithiom:
V. A = I conte] mets of constant total voalyme.

Evictyy cquation: oy = up), * mglugs =ty ) Oy — Wy
Process equation’ ¥ =C = (W;=0
T=C = (m=uy)y=0 tideal gas)
The pressare on both Sides of the prsos manst De The same at smte 2.
Since twosphase: Py = Py jpap woinee = Pag ™ P = 4246 kP2
Adr LG P Vg =g R T = PaaVo = Ppyom e Vaz

+ Ve = T e w0 2355

boon the waler volure 't the test of the tal volume
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Where Qep =0, Wep =0t g v i; = 0 * 2,
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sorme af the stoam extyarted ot the el ol the sy fughene.

=S MPa, T, =600°C= &, = 36880041 kg

Fi=01MPa X3 =1~ hy = 26T S Kf ke,
Pom 10KPR Xy mOB5 = Wy = 22250 kJ kg
Etergy Eguatioin R Turkips |
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kg (ITALT=ZFI2510)
o — = G014 kW
L | L]

W oe B4 W = TTTR0 R

t‘l: e i I".:l —r.:l_l =

A 30 i thromhead By e Vb Tdmm B00 A'e And 25 ¢ 10220 "0 Caleulits the rezanie alwl kel
encagt Jlles evuatiui

Py = WM bPe Ty = 350 = ky =8434 K\/kp
oty Epoation:  mi, w oy =1

Ereriy Eoasivon

T . ¥ oy e

:I:"I.'i" +Em4-{h|;+ F -I:-g-El}=wnr+hlﬂ,l(h,+—i—'+g-=,J
W e Qlﬂ' =ﬂ.lﬁ’w=ﬂmg*:r=g#:,,

"|-|_=II'|_:
Ty ==20°C, by = B434 kf/kp

h==30C & =2l =353k = b < Ky <, sattirated hilxtire

LY ki
B4 34 — 2427
N = 0. 204

W=y + X 0 Uy & 24T6T + 02846 « 19067 = TRT2 b iy

8} The steam lurbine deoves both el comprrsior and & peagrator ae showm m ligere. The wieam low
rate 1 3% k' mnd ot 82 10 kKPeand o guality of%2% Theuer Moweata i3 10 K's. Caleulite he pawer
deilvioted 16 penésaton

B=135MPa.Ty=300"C—~ & =3M24Kk/kg

Po=10kPa x, =092+ hy=Z23925kf/kp

Fol the it

Ty = 2050 = hy =29517 &} kg

Ty =620 K = hy = 628N kI /Ay

Far e camptianie

W = TG * (B = hig) o 10« (ERETR = 29517 = 33320 Mg
Far the tusbihic

Wi = Misiaen 4 (Mg = k) = 25 « (33436 = 23025 = 257775 kST
W = Wi = Wae, = J5777.8 = 31921 = J04454 %1

6} Chiiicties coiibasting products ane discharzsl 10 B ot GOOK,. A wyserm ermsers o[ 8 beat enchasge:

iiul & wam b b apaliod i eddor b i (hiin st Fof poower poicesienn w8 xigmen m figf=s AT
. i

:||'.|:.!.|:|' O | [ Waly L THR L ] |;|-|1:1d||l.1': et hand exghanes of 30K gnid 10041's ‘Waicy entery it 00 L% end

30" it & nass Thaw rate #F 10 kp's At the exil of the torbine, the prosssrs s 10 kP ul M sstgroiesl

vaper Heat exchamges and Lilitiat &= insaksled The comblonion prodeets can be modszlod s an

i) Fonf the power. dovcfeped by e mirtnne,
b Calewlabs the gk coldl EEapCssioT

bty & s

My = My Ty = my =Ty
ﬂlé‘, + nhy # 0l ih'-; =W Mz =hy +m, fig
Where Qe = 0,
Wer =ity = (Mg — lty) + iy = (B = hg)
For the mr
Ty =600 K = hyw= 60732 &1 kp
Te=d440K = h, =441.93 & kg
For waksr
P,o=100kPa. Ty = 30°C— &, = 12577 kl/kg
Pewmi0kPa,sym 1= hy= 3584750 ky
Wee =200 [BUT32 ~431.83) + 10« (13577 = 2504.7) m =2 R 201 &0V
Camtrel volistne foe the heal exchanger,
m;*{h!-h';]-m;-{ﬁ. —h-;}—-!-ﬁ-[ﬁ-ﬂ-?EI-MLH}-1I'.I-Lrt..-—125.7‘.|'}—-|':|.. =565
P = 100 kPR by = 566K Jkg— T,=230"C
Addead 0}
F=5MPa,T; =400°C— h; =31954 k) kg
Py =350kPh,a;=085= h; =25306 k//kg
Py=S50kFa, xy = 0= fy =3405 &f /kg
A =3MPE Ty m B2 0 Ny= 3444 &) ko

o W:uﬂ_"wﬂmnm'F‘h"'ht;n"‘l'-"l:h-;—-'l:] Mty —Ap— Ry

q - I mray T — e el —
Pin Gin e (A = hy) = '-.'I!:.""'-i".-ﬂ. -WE Y.
If =33 3%
Energy equaiion b heal exchanges
ti s (= A = 0tk * (et = B ) = my o (5 @ (Tour = Tim)) =, = om » _35213;;; -E;I;:IIE
n; =S4 m
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Homework 3
Wik wlas 1=¢ IAlE=3Li% ‘1}
Qo =0 — Wi ot ® 1HLT =23 = 2707 MW 9
1) Refrifrrant-] >4a entery ihe comierser of & retidensiad heat pump ot 00 LPa and 35°C a1 & mke ol S Py ¢ Wi GttsdE M an @ dny ﬂ
i _ A N uied 1o mairain 8 b o 2170 by ouieachin hical Ervome (he dralieio _ g
D02 r.::rﬂ.l.'llllﬂ'l:ﬂ ut BOO KPw i & saturaterd Tupaid. 17 the compresior comimes 10 AW of power. “'!mn '['i': ‘E‘J:::};:Erm;m“nt e T e Wi Tt o -:|T4.-|1_EE]-:|‘I b, @
8) the COP af the heat purmp pmd and the hest pump conuics 5 W of ekatne power when nmneeg. T this hear pjamg powerty -
(b) the rate of hest sbeamption feen the outnide s etinegh 00 da the pobi? ﬁ.-l
L::-;-r 1 ﬁ.'l
B LIy r,,.-r"" — |
e [ L1
=
L8
.-”,,,.; e .:1
R ﬁ.l'
—_ L
L
W = = : = : = 12.29
W= T I=(TL=TH) 1= Z71285)
Ju 0000,/ 3600
Wasrimmin = e A 1L = &.03 kW
i X COPy» 1229
@ =m « Oy = g = (0,022 + (17878 Ej - 1515 kW Thuy heat pump in powerful enough SEw > 2.03 kKW
£ -%:.:"5 e 1315
D, Qy=WslilS=1=2815&W 4} :"Lll.l!-!ll}l-lhiltp Wil @ O of 24 1y veed 10 heat 8 houss  When futtieng the beit pamp sonremes 7
T-:L ol eiectne W?tr:: 1lflilr= house is leaing hent bo the outssde af an wverage e of 42,000 L sl
. ) . he iemparntiae of 1he it (8 470 when the heat pmp is tureed on detecttrne how long o will take
i Eﬂﬁmﬂ A G iy o T;n'qfi':' e acL Tt o fo the lesperatuss I he house 10 i 1 21°C. Assiethe howse is well seaed (.., o air eai) wd
HSTCE SR TR F FI:ﬂ-'-lE'l' BRI almT " FICIH | e -entine uss w“hlﬂm 1'|l.'| 4 - 1" mard | il qTe . L L
(N} ik neiusl thermal eMicicncy, R e e i
(1) the maximum possible thermal clliciency, and Catstamt velume syiesific Beat of sir 41 room tempetnmore &0 718 kg K

() the mcriesd exle of heat rejeetian frnen thn power plant

: = 1167 k¥
hln*:r = {l?ﬁli?j.'lhr-ﬁ'j qlu“: r

P = COP e o W = [(24) « (TEW) = ;
Boma = 10483 ¥ 0 i e Wi = (24) + [T 2W) = 168 kW

E-.H - Ell-ll ™ 'ﬂ'EJ:I.'I.-I 'S LI I:Elﬂ = {l-;luhl = G = s ':"-l-;l' a IJ|_.|

Fos ™ M Mipurey = Rinig ) = 2967 HW
{.?:n _'ﬁ'm.l:' = Jf = Fy = {'..*IZF: = T,]
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0T
o (L= 4 =t = 4759

Mowill take § 3 W Fov the dxmmpecaluie 0 the hause b e 1)+

(I60= 13670« A8 = 20000y »

1 Cornider a Camint hesi-pomp cyche ovecubed 1m n weaady-Tow sysbem i e satuatcl bupnd -y apis
mmakkirs frjton mmg mings - P3a Bewang o g ate ol 03 kg sy the workimg Muld 1 is kaow)
Ve it (v imniiate abeidutr deenperriang im the oyiele ju 124 tismes the minimus shioluee lemspTatE,
anil ihy et vt shiput 10 dhe evale o & AW, 17 the refripsiaet changes frosn wanindad vapor 1o

shiEm e kgl Junag the best refechom pdedass, dairmune e raika of The sdxintusm bo puodsam
prensiges i1 cyxle '

T 1
" CTIP e == z
To #1.25T; il ke :l.—[TL-I-}'H]
T |— N =5
=1} —13)
Ti Oy = COP, e e W = (5] ¢ (6] =30 kW
. — e m ¥ |
Qi J0AW kj

qHI;IH-—Tr—-F‘rrE .II:IE.‘;_P.'“I,"H |

ance the enthalpy of vabanzates 1Wg a0 oviest T o P seproents the sewost of heal oansfer per. un
st w8 rubiciaes 1 comarsed I sanmaind igund 1o shiuraod vispor at thar T e . Theeselare, TH
it Ehe trenpemaiure [Ret comsipandy 0 152 b viloe &f 100 KV Ry, sl i deiermatied fra the R-1143a
enbiles 1o b

= BLBC = ISENA

P.-._u: -"FII.'II w T APE

' = i64-5F N = L1 6ATC

e
135

Pas = Frarwipan= 457 kfa
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ME 203
Fall 2019

Sections 04 - 05
HOMEWDRK &1

Asnigned: 16.10.2019
Dug: 23.10.2019

Guidtlines for homawork submission

1. Use pn A-4 siped, white papor. Staple popara when neceasary

1 Trovide groper units for all dimensional quantties, Omigsion or incorrett wiage of miks Wil
e penaliped,

1 Your dolution shiouid be meatdable, Nsatnass iy alfect grading.

& Cite wil the references yor dsod for thi solutan of the problems, sesh 25 tables, Hguses
athar Doake, Infempr, #1c.

5 I you wank, You may wirk 38 0 group at mos: 2. peopie (from e Rame SeC0TEn) and
subnut ond Solyutkba, B0 Mot foeget Lo whte the Aamed of the gicap MBMEES On your
soluticn if you wark as & graup.

l. TR VAR ST . FT o4 4 risplisgsir a CHEEF IEF A RYL] [ i L e e RN ] = e SRS E

7. Late homewors will Aot ba i coepted,

Q1) Dsterming the phage, guality » [ applicabie), and the unihncwn preperdes af P, T,

&nd ¥ for the !oflowing pure substances at the spegified siates
E;?JQT;QT::EETS:&?ET& E::E it wiiddle East Techmal Untverin
(€) Water at T=350°C, vw(.2 mka Pepanment of Mechanical Engincerin
(A1R-134a &t v=0.005 mfky, 2=0.5 32}

Q2) A pistonfeylinder system containing 0.005 ko of &l |«

toaded with & linedr Spiing &S shown in the fgers, nitialy s
the pismon (having a dinmeter of 0.1 m) is:sliting on & st of
Shops locted msede the cylinder. At this pasitian, the eviindar ‘j

valume s 1 L. Now the valve 1§ ocpened and air prdsrs the

eylinder from the supply line. The piston starts to move up »
whon the Cylinger pressure reaches 1.5 bar, The valve i
Closed witen the cylinder volume becomes 1.5 L. Ar thig | |
iestant, the emperatire in the gyiinder s BO*C, Calrulats tha i
amaunt of air that entérs the cylindar during this process. It

5 gnown that the spring has 8 constant of BD kN/m

Q3) A closed righa 'tank contains R-22 gas at 20°C, What ic the: |nikal pressure in the

t;EESL small lkquid droplets stoet to form on the walls when the Jid |nesife (5 conled b

B EEREEREREEEREEEEREN N E NN N N N N B N B N A

75

-




Mickile Easl Technical Llnivemoy
Oopartment of Modkemund Engineering _
ME 203

Fall 20018
:i-r_ﬂh'nm 4-0s

Solutions to Homework Assignment #1

Q1)
dalug A L4
) G0 ————

Since T= 170 ——3 Supeshouted vapol
Table AlS Ghan ITH —2 v (2554 m ke

(b R-12 4 2% 3 har
Tikls b ¥

) — =140
To 24 —————3 Uomnprenad Lapud
awe AT
v —l LT
(6] Waler @330 | o= kg
|aw 43
TAGD i fig

LT
=2 e Spgrhiented Vapar
Frote Table A &350 *C, v 03 m* kg ——>F
(i B-Iada fhve Q008 SRp a=03
St o anturoted LoV mixiuee
vy xlyy =y )—a0mes=  S(e )

0005 = 05y 05y —— =001 kg

VODROIIvdessooNUUIOVIVUVOUVBUUWRY U U

Tubiz & 10 [ S0C——> 00123 Jhp
G W t—> " =000ve [k

¢o'T ki betwren 6l and W) ——> | L
bderpolstson
I o 20 & bar [Lenes Inkerpeintian |

02} The P-V sfagiam for the ptocesd

Between | and 2 - The pressiane iy the exvlindes inereases & conslant volume
AUP=1 5 hat, pistod starts 10 mave

Belween 3 and 3 Dhye 1 lmear spring, I changss Linesrly wath ¥
Berween 2 and 3. 1=

- =(0 nt)

¥ vk
{8 AL am)

B St 2 150 kP = (1296008 AN/ m K0 001 m™)

= | 2ohiiE kN m

fi St 3 (129590540.0015)— 1146 %)= 795 45 kPa

[
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ME 203
Fall 2019 -
" Sections 04 - 05
QAN The T-v a8 pven below HOMEWORK =22

Assigned: 11.11.2019
Oue: 18.11.2019

Giddelines for homework submisslan:

L. Use an A-4'sized, white paper. Stople paners when nacessany

Z: Provide proper.umits for all dimensipnat quantities. Omissian or incarrect usage of umits will
be penalized.

3. Your selution shawld i readable. Meatnsss may, alfect grading.

4. Citer-all the references you used for the solution of ths problamd, such as tables, figuren,
other books, Internet, ate '

3. if you want, you may work as 3 group at most 2 people [from the same section) and
submit gne soluttan. Do not fofget to wnbte the names of the group Mmambars on your
zolution If you work a< o group.

E'I- e I T EAE N J1ILE r - FALLLE R B = '|-"LI e s Tl = "gd A *AFLTEA

7. Labe h[!l'ﬂ_!*r'i'l:l:!"li: weill I'.'I-I: b acrentad,

==

Q1) A pistan-cylinder device containg refmigerant R-22 at 13 bar, S0 AT thic state. the
Biston Is resting against a set of stons. Mow, the refrigerant Is cooled to-a final stata af

=. Find the specific heat transfer during the

Righl tank —— Y= conman 10°C with a valume of ¥ of the initial velum
FTOQess,

Clozed mymtom ———3 m = canstant
Then, the process i cormstent specific volume process
IF=mnall liguid dropiets form & state 2. state 2 miuss be safirstsd vapor !

Tuble AT

A0 — vy =1, = 0.0926 M7 kg

AT Q2) Argon gas is contained in a prston-cyiiodar 4 ! | " W~ 9
R332 .] fﬁ;:ﬂ-"’ﬂ: ——alile *H J'I.J'-l'ﬂ vizxlume af 100 L. |"-|I:l'-'-'.. tha As i% l:':"-'rli:lmf-itﬂ' b3 E';;;:EFSLF;}:.I:: '?hu__alfl E:E_[I:!E ::.JIIEI_..;-!:J :
h‘ﬂat- ml'l-'El"E.l-' 'EI'I.'“H-‘E I:hﬂ nm:‘.'E:E.'j- ". '“"I:E' prﬂ:fjﬂ |5 pnrvlmnizh S - Ly

-

- ———2 Blate i superheated vapor

From Table A9 @ Ty amd ——3 P is between 2.5 and 3 har

Lindut Interpolotion gives

.
ju |

Lo -
— = —
LK & fefiy Sl 3 P55
B feris —s P
- ezl e

SR BBgageeep b e £
YAVEY AVAVEYRVEYRUBEN 0 WO WO WY WY §

e




l
l
i Lolutions to Homework #2 ' !J}Ej - -".-—"j 1
i g 5770 e S =
; Wi b - o b
! '{51.' » -I-JI.Irlh = b ,;ilj 'I‘Jrj:,:_jﬂ_ ap | e 2 19 .__ij-f_ - Pl - |
! -H”j [E:_{___'I]_ i) = < | Ay .'5. an eleal  rosilsenz 417 — I _, "":':
i b I A SR 1 e Bt pE Ty () (odd) . am
"3' ¥ Z)>0): Conslont (a5t | Pr ¥o= fE 12 o e T R 2
paGesS | V= .058L o
;4.-,::4,;?;{1 ::rﬂ[iiki:ﬁ;; BY = h¥" — 0= *‘fﬂ_ff;j”.rfi}_— =54
F£= ;‘_"1&#' :{i..r:-;i;q.-"l', il : . jllh FJ“’%*:I : Fr o 2l
- Sy v, - . -l-.lllﬁ'rl'_: ¥, F‘I." ﬁ_"tﬂ’L . r:"r;_ﬂ-#:'”,zlﬁl;l-,g-_'-'_:-.: -_:h [f-' L :
Setes 7 Eﬂﬁmrﬂ_-mm‘”ﬁmu} e e P T
5= 8¢ (s G = 43338 gLeh |
3= ﬁ%*&sfﬂﬁ ) - up 4 % (ty- ) = 053 Tl - P e B __E:Egi-ﬁajw- —OIE

' IIFI'..-.- .*.'II.,':: | '||__,..—'-.-"=—-"._..I o)
LA, ) = -.__‘:'—': = F'I ‘I(‘J:"'*;-;\E_f{'_i:ﬂ i'jlrﬂ.ﬁ' { |:‘.-u.:'1';_.{_.:-':._-=_#”j| s f.-’:'."' #_J J'“r'l]'l -’;.-Li.ll!.
R o - (89) = (0TI
—=. -—,:;LE."-r.: 12‘_,"1 {’_4 -n,rf] E],.;,g_:- .-:'_’-:H- kj Ly
— 7 ey by Sl . - — = ask JFE |
hig =W '“ o fou Taple AL Co= E'Ei‘; gﬁ;ﬁzmuﬂr&fﬂ!m
— L.Ijs-'LJJ!. __ sos _-.d'g = |2 gl
"":|'15L:'I-r = IRH35E i — 24P LS ?_v_-ﬁ "‘EHL _::. - — 'ﬁ:,ﬂ'mm. = Grﬂit%’__h:-_.:l‘:
s [-bAB[lg)= 4678 ET - Co - -
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ME 203

ME 203

HWz#1

HW3#1 Solution

Q1)
QIJ A closed H-ﬂ'ld tank contains 4 |.|'_g- af calurated mixture of Il-'ﬂ,'.“d"i"ﬂ poF - 2
water at 100 kPa. Water ts now heated to a pressure of 30 MPa. It ks o = a0 rAl el
observed thatl water passes through ite eritical paint during this heating
process. Find:

(=)

L3 the minal auality of water,

(b) the volume of the tank,
ic} the fimal temperature of water,

gl - -L"l:_

(4} the pressure when the tank containg all saturated waler vapar during the

heating process. Clsed yriaid “oal — o e rioah ; [ I Tt
o T ot )
(e} Show the process.on T-v ang P-v diagrams. aat s -
Takle AT = For e ber 3 = BUT-E
= 22,42 rifa
e = ..'_j_.{];]._',':l'r}' - |II_J
Q) Ammonla vapuar is compressed inoa piston-cylinder assembly from fﬁ'j slele d:  Sedyraded (figdee of Lupid J .42 U oo’
= g e ber g TR M= QAOCHE
soturated vapor at Ti=-20°C to a final = <
L state of Py=300 kPa and Ty=8ReC, Pir = doo ¥Ca _‘1 LIEI = . LaPab
During the process the pressure and specific volume are related by B = U =orrndd T
Mt=panstant. Determin | 2
e the work in k) given that there sre 2kg of Yiz ML—WE _ 0,06747 - aDodolS o nausey
TR G cylinder U,  —  d.eame :
{h-'j l:lr'l'n,[_ = M 'j;'. -— |'"-I'..|.":_1II. 2. A0l = |Ii .:J Yy =7
1”::- ttate £t Pao Tonla -.:,:I B-4.3:
Ly B2 =10 =000 Tk \:' It erpialation b busm 400 and
. L2CH™ o ies

(-I:‘-} _T.'ﬂt_ E'-""HE I..‘.I.'H'IFHEJI-.II""E Ei'lr: '|.-..-I_"||-I-"rf:| ':I":: WiT o™ 1I|||r_ll'-'||:l- ¥ -;h,." 'i\
atlt dhe critteal powmt. Paevrare a4 4ho [V F

_I-.:__ i_ li{_ ':-.f':."!'l',.-.p.'l-l' -."'...;-_1.-";1-1' .-li-_...-',.._.:l_“-ﬂ. . '__.:_' _._:"_:_-:F-' F-"i.Fﬂl
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Q1)
Fer Sodurokd vaper s "[1:-11:"1: I:i'in'-.r-'.ur-'-.n‘} SE oa ead T el

as 18261 kPa =vor lTobkle H.3.10 pnd alio '13 ‘% .Et{-:l'.'.!i-‘ﬂ.! Hlfli_.r }

R =
3

P -G T w iy

{P, . 182.21kPa

for Linol thete [P cScoifa, Ty o827 ), when vt lok ot Toble B2

L -
Lir T-E8EC se Sea dad [ B P, %o v undarslend +hat ammonin

ab S faal thede Tt ot zuserlisaded vager stece

Freen Toble 8372 °

P - FE=-E "!n.":-- C. 1p5A0C
iE —
F [ ak fockPa | 8% ) D e _+-——-~—-mm_mﬁﬂ

i E - 3
& Wlpd fockla, 81 = ©.211336 ~ /iy

*_—_—I
-__—_

ti- 89 oy e 1%
——
== ¢l1318a-Qlb230

b (ot locobPe, $87e) o

=1 "ol 0ok P, Ti%e) = C.163130 "'"":i;"ﬂ

____——-'

AT The = ™
o 20l Tk ool ¥ i3

Il L h
== M{ul.ﬂ.ﬁhﬂﬁ_ﬂ'ﬂ} = 85090 %R &ﬁT\i 'I'.i-l_l
I

d a2 =

' S T R R R R .
A A R R R I r"mnr
v ¢
| ¢
=
; :
: 1 3
t A
' | ::,
kB
: | B
: e
. 1 & |o
L o |
1 28
e
%
F
T
t
il
P
£

Te #:-ﬁ& -}-'J_-‘ i r".-p_.g_.d' - -IF:-.-L::l_ i
F,. " M " ) . L
Ve WV (19820 %a) (202334 oy | = (Bookta) (a1ssaste'ly)

A
;J 210836 = 1;-*?{5

v -"{"g 7318
"hj 1.29%6

‘ n= {104 J

E-,"i-",_- [ W {5 oo E?.E."ﬁ":mi'ﬂ 156 mlta) = {Efﬂ EFEP{J:‘-EEHH -*IJ'LJ

l=n | = Lﬂni,t
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ME 203

Q1) An insuipted vertica! cylinder is fitted with a fricteniess piston, The
cylinger

ireakly contains ale at 300 K, 150 kPs with & volume of 100 L
There 15 @ small capsule Inthe cylinder with a volume of 5 L The

capsule mitinlly contains air at 300 K, 300 kPa; Now the capsule
Ailr wApTiE
broaks and the two gases mix togather, Assume thatthe
présgune i the oylinder stays constant at 150 kPa during the
process, Theat air as an idezl gas ang use constant specific heat approach [ your
solution. Calcutate the:
(3} final tmmperature in the cylinder,

(b) work done during the process in k),

Q2) Two rigid tanks (A and B) are connected by an Initlally :In_E:E':I valve, Tank A
has @ volume of 300 L and containg water 3t 1.4 MPa, J00°C Tank & has a volume
of 150 L and containg water at 200 kPa; 200°C. Now the valve is cpened and the
waler |n both w@nks come to @ uniform final state, which 5 in thermat eguilibrium
with the surrdundings st Twe = 25°C. Calculate thoe heat transfer during Uhis

proCess.
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HW#2 Solution
Q1)
.. -L-'-—-"_Zﬂ" E ind el F i ; - *
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HW#3

dily eperate an R-1330 centrilugal

Q1) Steam turbine IS used to sted
wrbine are 7 = 10 MPa;, T = 53075, %

The Inlet and exit states of the
= 0.96 and P, = 10 kPa @nd the-mass flow rate of the steam 10 kgls. The inlet arvd
axit gtates of UhE cOMAressor are X« = 1, B = 120 kP2 and P = BUQ kPa, Ty =

40.06°C. Assuming bath Ihe turblne and compressar ars adiabatic gevices,
calculate the power supplied Dy the turbine and the mass fiow rate of refrigerant

that can be provided by the COMpPressar

compressor.

Q2) water flows In 2 pipe 20 & sressure of 3.5 MPa and at 3

temperalure 150°C. Attached to the pipe s an evacuated entlosure separlzd Oy &
valve; as shown in the accompanying figura. An impeliar Iz used to theroudhly mik
the contents of the enclgsure. The valve s opened and 10 kg of steam 15 aflgwed o
erter the enclosure. At the end of the process the pressure inside the Enclosurs 15
found to be 3.5 MPz and during the process 700K] of impelier work s required 1o
mix the contants. The enciosure has- a valume of 0,15 m'. DeEtermine final

temperature {if c;uperh:zrl:eﬁ'_i or quality (If saturated) of the steam Insige NG
snclesure, Also, calculate the keat transfer from the enclosure dunng the procoss,
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METU Department of Mechanical Enginecring
ME 203 Thermodynamics | = Section 4 —Fall 2014 ~“Homowork 1
DUE: B:40am, Octeber 21", 2015

READ the Instructions under the huﬁlnu "Homowork Palley™ In the course
outline, bafore you start solving the homowork.

1. Dreseribae the fol lerwingg terms i vowe own wonds

Ay Swilcm B Closed Svstom

€1 Criveri Syutem L) Froperty

G inemiive T'roperty F1 Extensive Propeny
(i) Thermodynamic Equilibnwn H} Process

1) Thermsbsmame Cycle I} Phate

L. Diraw passible boundaries for the following wystems (show inlet and outlet mass, heat, aml
woch, if there 18 any):

A} A bloyele tee infliing 1A kettle of waler boiling
C) A refrigerator B} A jet engpine
E) A gns fremace in opemtion F) A mcket launching

3. Fingd the power sequarod Tor 3 fixed palicy Lilting o S00kg masx o 5O meters above the groumnd
m 10 mmuiss,

4. In ordeer 10 ohtain the pressure of & tank, 8 manometer and a gage areatiached to it 18 the gage
indicatir shows 50 kP, detenmiine tha dstince between the twe Mid levels of the manometer.
(The eperating foid du (a) mereury and (b)) wates).

Pl = 3,000 kprmd, pw =1000 kgl

A%

B3

&, I the fijgatre below, determiie the uhalube pressure of the point A, B, ©and I} inside the
tank (1 =0 2m, h2=0.3m, KXot puy = 13,0600 kg'md, pw =100 kgimd, poy * A0 kprml,

I o | DOK PR

N

. A pikion in a ¢ylinder with a dinmgier of 100 mumn s loaded with a bnedr spring (K= SkNim)
and the oulside stmospheric presure is 100 kPa. For the state vhown, the sprmg exens po lomse
ot the paston and the pressune e 200 kPa. The Vilve s opencd 1o let soma 831 b, cadiing the
piston to rise 5 cm. Find the new pressure
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ME 203

HW#1

Q1) A clnsed, rigit tank containg 4 kg of saturated mixturg of liquid -
vapor water 3t 100 kPa. Watef i now heated to o pressure of 30 MPa. It

s ohserved that water passes through Its critical point during this heating
process. Fing:

Gl the mital quality of water,

(B) thavolume of the tank,

e} the final tomperaturs af watsr,

)  the pressure when the tank containg all saturatod walér vapor
during the heating process.

(el Showthe process on T-v and P-v diagrams.

Q1) Refrigerant-134a |5 contained In a rigid cylinder
that is fitted with a frictionless piston. The mass of the
piston i 2 kg and 15 attached to a lingar spring. The
spring consmant is k = 10 kN/m. The giameter of the l
pistan 15 £00 mm and the atmeospheric pressurg Pam is [ | ®
110 kPa. At the initial state, R-134a oocoples 3 valume R-1342
ef 0.2 L ang has a tr:mp:mtut: of S0°C. The spring |
touches the piston but does nol exert any force on the &
piston, The R-1343 |g heated untll s volume doubles. Datermine:

(&) thenital pressure of R-134a,

(B} the mass of B=-134a in the cylinder,

{ci the limal pressure af R-134a, and

(d) Show the process on P-v amd Tev diagrams with rospect (o

saturakion curve.
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HW#2

Guidalines for hamawork subrmission

1. Use on A4 sitgd, white paper, Staple papers when sessggary

2. Provide proper units for abl dimengionsl guantitkes. Cmisspn of MOarrecT Ysags of
unsts will Ba ponalized.

3. Your solutien should be meadable. Noatness may affect graing.

4. Cits al the relorencss you wped for the solutian of the probleme, duch o, tables,

ligures, aponndices, other backs, Internel. sic
5. Theloflpwing informabion mast be provided on the Submitted hemawnres Some, Ui
nieme, 10 number

Q1) Diatomic nitrogen, Nz, exists at P = 2.9 MPa and T = 180 K. Estimate
its gpecific volume with three differant methods:

(a) anidepl gas assumption,

(b). the thermodynamic tablos;

(€} the generzlited compressibility chart.

Q2) Two separate tanks ¢ontain the sama amaunt of oxygen. Tha pressure,
emperature, and volume of the first tank are 400 kBa, Z05C, and Lim?
respectivaly. The pressure and temperature of the second tank are 200 kPa
aned 40°C respectively. Dotermine the volume of the secand tank.

Q3) Ammonls vapor is compressed In a priton -cylinder assembly from
salurated vapor ot Ty=-20°C to a final state of P;=000 kP3 and T:=88:C
During the process the pressure and gpecific volime are relatsd by
Pvieconstant, Determire the wark in I given that thers are kg o
ammaoania in the Cylinder.
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ME 203
Q2) A cylinger ficted with & frictioniess pistan contains ™ w11
0.1 kg of A-134a at 200 kPa, SO (stste 1) An extemal -
W3 force on the picton 1§ such that the pressure inside the
eyiinder |5 related 1o the volume by the foffowing " -]

expreagion: B = G 10 wnere © 14 a constant. There s

5 g5t of stops In the cylinder at & volume of 14 of the initial volume [(Le, Ve =
0.25V4). Conalder the fallawing Dwo Drocesies. )

o Use an A-& wed, White paper. Staple popom when nocessary. Precess 11 Compression process until the plston hits the Eops (#ole 2. Lo
Ffﬂﬂl'-'!]li!*;-ﬂ-ﬂ IJI'III-lIILI';:u' al dimgniionn! quantities. Omiesion or Incorrect usago of Broceds 20 With, the resting agarst the stops, the R-1340 oois 1@ sl
URILE WG L DAL : gelsian

G, il the referances you usad for € Y g e Efﬁgjfum the total work and tptal heat transfer.

Guidelines for homework submission:

A8 s :'-.ll

4

Q1)

Cite @il the reterences you used far the solutibn of the probloms, such as, tables,
fgures. appendices, other books, Intemel, eic,

The folirsing informahon muost be provided an the subimitied homewdrk! Noma, Last
rname, 10 number,

An Imsulated, [frictianless

(b) Draw the P-V 'and T\ disgrams with respect o the spiuralion Curve. ingicate all
the states.

plstan separates a righd cylindrical

tank inte two volumes, sach NAVING | j. rualated
I kg of alr, The initial pressure ang  shrface
temiperature In each side are equal,

2 Bar &hd 300 K, respactively, The
tank: 1§ mnsulaled excepd the lefl
wall, An amount of 100 k) of hest
i transferred to the alr in slge A
through the un-insutated left Wwall of the (Enk. AS & fesult of this heat transfer, the
tamparature In $ide A becomes 400 K. Assume alr ls an |Ozal gas and use the
vanatie specific heat approach.
(8) How much work |s-dang on thealr i side B2

(6) What is the final temperatune and pressure of the air in side B?

0 =100/

Intzuilated PLstoan
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HWa#21

Q1) In a vertical piston-cylinder arrangement, the internal cross—secional
area of the cylinder 14 0,0981 m®, and the total mass of thee piston a:'::l:l thi
load it carries & 1000 ka, Atmospheric pressure is 1 bar, The eylinder
contalns 0.05 kg of water, initially at a temperature of 200 *C. A heat
transfer takes place from the water to the surroundings: In 8 quasi-
equilibrium process, during which the piston descends until the valume of
the cylinder contents reaches Vi=0.03102 m’, |

(a} Find the final temperature of watar,

(b} Caleulate the work,

Q2) A closed system containg 0,15 kg of saturated water vapar inltially at
205°C. The water undergoes the following stquence of ﬂuaﬂﬂmnhgum
processes, The water I5 first cooled at constant volume until the temperature
reaches 150%C. Then the water is further cobled at constant temperature
uhtll the volume is reduced to ane-haif of the initial volume.

(2] Show the processss on P-v and T-¢ disgrams with respect to
saturalion curve.

(b} Find the final pressure of the water.
(e}  Find the total work for the twi processos.
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ME 203
HW22

Two linkar springs with the same tpang canEant ane insaing
El:'i]mﬂihﬂi piaton/eylingder with the outside mir at 100 Pa. If the
pisten i ot tha Bottem, Bath shrngs are I'-I:l_lul:l.. angd [he
SECONd SoHng Lomes In contact with the piston at'v = 3.m’. The
eylinger contalns ammeals inlpally &t -5'C, 2 = 0,13, V' = 1 m,
which Is thisn heasted until the presuire Anally seaches 1100 kPa.

Canutate
(a)tne Nnal temparature of tha ammania,
(ejtotal work done by ammaia,
(<) tetal heat transfer duting the process.

Q2) A nged f2nk i conneciec

e
to @ cyfinder By an ity . Bphing Cylindes Iy
closed vhive. Tank A imialhy Lo Wem
containg air ot 300 kPa, 30°C e

Peetun

with -8 volume of 001 m
Cylinder B initislly zontalss
saturated water vapor ab 30°C
with a volume af 0.60% m'. There (& 3 frictibnieis and massless piston With ored A,
e 0.01 m" in cylinder B, which 5 initlaly &t the battom al the cylinger, A jngar
sprng with & spring conatant af k, = 10 KN/m = altached o Ihe pesgn, Sgnng
force t=:raro when Dhe gston |$ a5 [he Dotiom of the cylinder. Now the valve
ppenad stowly-and air pushes the piston up, Alr and walsr i atways at 30°C qunng
the process Oud o Sontingous heat transfor. It B known hit as She -ptitr =
compresfad It becemes two-phase mikture. The air can be sssumed to b= el gas
wilh constant spadific heals, Calclists the:

(a)hnal pressure of the alr,
[B)work done By ale and Work d8ne on wilker,
(e} heat transfer far jir and water.
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ME 203

HW#3

QLY An dir conditioning Systam oherates at steady sRate A5 whown In fhe figurs.

M-

1348 i used |n the cytle. Thers hre no pressuré drops |n the condorser
ard

evaporitor. The camipressar i adlabatic. The valumetrie fow rate of alr at tna nles

af :l.n'mrt_tm' I3 18 mYmimate. Assume plr i3 2n losal gas with coratant dpecfic

heats. Using the properties given an the figure, chiculats:
(@) the power Input 10 the compressar in KW,
{bine coefficient of performance of the alr conditigrer,
(¢} the tamperature 3t state 4,
(d)Pies the P-v and T-v diagrams of the cyels with respecs to the saturstan
eurve, Indicate oll the states.

Cakl Aar o

. hoise :
L=iFc Pi= 100 kP4
]"l---1ﬂl.'H¢|"-l ﬁ.llhﬂ'lhm:lﬂ

Q2) An industrial oporation requires A supply of mrgen gat ot @ constant
temperature of S3IC. Te =allafy this requirement, @ large supply tank Aaving a
volume of 1.2 m' containing mrmon 2t 25°C and 2 MPa i Foated wnth the
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iemperature of the angon reaches 93°C. Then, & walve oh the tank & opensd and HW232
argan gas ot $3C & supplied for the industrial process. While the valve is open, the Solution

heating of the argon gét COntINLES 80 that the temperature of the argan in the tank
ramaing coestant ot F3MC When the valve & clased, the mass of the argon in the
Lt b bees reduces by B0M. Assuming nqﬁ 5 an dedl gas with constant
specific hppte, calrulpte:

(&) the Nad pressure of Brgcn it the tank,

(b} ine botal heat ransler mguindd far the oversll process,

T

S5l j'. 'F]';' !':l-'.ll.il.rl-lll_:ll N A Eipa
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ME 203

HW#4

The power putput of a hesl Enging s wsed (o oemve IHe cRmpressar of
& refrigerater. The fest i3 suphlied to the Heat engine from & redigrecir gl T, =
200°C.
The rejected neat |8 used e heal armmanid A hoat exchanger. WSING
thi
¢,

praperies given on the Agure:

{a) cakeulate the thermal effidlency of the heat enging.

(b)1s this-a reversidle, irrevarsihle, or impassible heat englno?

T||: = 0w .
Py 600 kiPa | [ﬂ
'Ell Fa= 100MC
. I*r
- ey P g LTED
AMmoni X
sem (101 Kgh
Py = 291 ks
Saburalid Lapiand w1 K
F 2 'hl:l:m:uﬂ "r*:;-::{

-
e
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‘SttNceentnsessscenne
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HW#4 1
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TWO CTFS QUESTIONS

0. Delcrming the nvemge power ol
#{1) = | = cos{nt)= Jaifar) o goal )
ndng the Parszyvul s relation, Al compute e secomdd and thind hammonic powers ima(l).

Aniwier P =4, the second harmonre power 15 0, the thind harmome power is 12,

I, 0=1<]
=1 1ered

Q2. Letone period of a rectimgular puiie traan afr) be defined 2 x(r) -

1) Fend the FS coellicienn of alik

0. for A cven

ool g, '{:.- Jiz, Tor ko

- |
) Shiow hat # = B

[mff Luding the Parseval s rolution foe thi signal défined above:
W -

¢} Show that x(1) = A E -l—mﬂi.m‘j- Thas exprcssind 16 not valid at points of discontinuily.
"‘tl-'-. d T

The surm on the right converges o midpoint (0) of the twp vatues { 21] st discontinuty points.

d) Let y{t) =als= 1y, Tl the FS coclficiints of s{rt and obaln an expresvion for it similar to the

q
CprELRos I A e

i

0. forkcven

Pode e T8 w g™ T A0k, for k= T-L L5903 L.
-IF&-‘.I‘. ﬁ'.l' b - l-li-_-ﬁll-'lll -l‘l -"- ]I---r

dawer D= o

Hence,
vii} -EE.:-I'. Caat” - lzr”"]—:; e
1 =i B il
2 ._“* 2 - o : 'F.||. l Jll"_ : l“. ._._I_..rju_
i "I.r't-JL-r' "I.i'{*n:r* 4 T Hism

4 ] 4 4 o= [=1)
- - i | — | =y W W ‘-l“j
~ cos{ 5} = ——c0u ) o cousa) = > e

Suinmary for a rectangolar pulse teain with an srbitrary period Ty

L, Ver T, 12 i = a4 | 2n
- : i : - — w=gmld =17 .
I a0 {-I. T ideteT, (an oded function), s FS expangion s 15 7] ﬂ'..u_Eu...- I I
L =LMererid o _. 1.2 % {_',’_j:!;m”ﬂ”
lf.'l-'lfﬂ'[ 0. .‘F.',-'In-:'.l:r;.-'.:l{m pven function), iz FS expanaion ia ) :*"4--.2-.-.. - -
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ME 203

Section 01

HW3#1
Assigned:

Q1) Air iz contained In b piston/eylinder assembly at 0.5 m’, 150'kPa, and
300 K. [t s then eompressad by 8 polytrophic process (P aconstant] fo &
pressure of 600 kP2 and a temperature of 400 K, Find the foallowings:

a) the final valume of the air,

b) the poiytropic expanent i,

¢) the work done during the process in i,

d} show the process on P-V and T-V diggrams.

Q) In & frictionless pistonfeylinder systom loadéd with a linear spring, the
cross-sactional arsa of the piston s 0.05 m®.  The cylinder cohtalns
ammoniz [nitially at #, = 1MPa, Ty = 60°C with Vi = 1 m', The spring
canstant Is 150 kNm. Now the system cools by transferring heat to the
surrcunding. During this process, 6.25 k) of work has besn done on the
ammnnia.

a) Find the final temperpture of the ammonia,

b) Show tha process on P-v and T+v diagrams with respect to saturation

lines.
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ME 203

Section m.r

HwWw#2

Q1) One kilogram of 2lr undirgoes & cycle (n b piston/cylinder device conslsting of
ihe follawlog throg processes:

Drocess 1-20 exgnntian at constmnt gretsure from an initial stale of QOO kita,
300 K

Process 2-3: expangion af constant temparalure to a pressure of 100 ki,

Pracess 3-1: & process which can be represented by a straight line on the P-¥
disgerm, ASEUME BiF a5 an wWeal gog, Use constant speciis heat approagh.

(2} Sketch the cyche on o pressure- speaflc vahime (f-w) dingram,

(B)Fing Ty if the heat transfers in processes 1-2 and 2-3 bre equal,

(€] Find the hrat transfer in process 3-1.

Q2) A frictioniess plston-cyiinder initielly containg wator at 100 kPa mnd with o
guality of O.8 and volume of B L (state: 1), An external force now siowly
compressis thi water In @ polytrople process of PV Y = Constant untll the
histon teoches @ set of stops (siate 2). At the stops, the cylindor velume = 1 L
Aftar the piston reaches the sieps, the waler |s conled to the ambilent tempermturn,
20°C (state 3}, Fing the work and the heat transfer for the owveral| procese,
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HW#3
Assigned:
Duns

Q1) Alr enters a compressor ab 30 kP, 280 K and with a veleoty of 30 mifs. The

inlet diametsr of the campreasor i3 50 cm. The alr Is compresscd o A60 -KPa, 5[!'E
K. The compreased air then enters a constant-pressure feal -=:|:hulnq.|,r.-r whare 950
Kfkg of energy is trongferred to the air, The hot compressod air T!"II':I'I_E'H-'IJ.lI'I"."i-
through & turblne. The exit state of the turbine is ¥0 kPa, 850 K. Lking keal gas

table for air:
a) Show the 3 processes on a Fv diagram.
b) Find the compressor power in k.
Find the maximum Emaerature of the air during Lhe 2 prociesses,
d} Find the turbing powdr in KW,

Q2) A cylinder is divided Into two regions by an adiababic piston that is free to
mave. Region A i3 uninsulatad ond has swticient heal transier with surmoundings 3a
that s contents are always o 25°C,. Region O i3 Ingulated such that it may be
conudered adiabatic. Bath regions mitially contain air at 25°%C, 150 kPa with valume
Vi =V = 0.1 m) Avalve connecting A to o supply ing a7 P = 1000 kifa is
opened and alr i3 allowed 10 enbter untll the ale in B reocheas Ty = 650, Py = 150
kPa. During the process 100 kY -of heat i5 transferred freim A o [he surroundinga.
Find the temporabture of the supply né. Assumd ar i3 an Eaal gas with varabia
spacific hants,

o Utissilsied | maulntad
' Y i1
|
I 8
‘F
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HW# 3 Solution
Q1)

Uz e Wy~ )
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HW#4
Aszigned:
Duwe:

Q1) A heat englhe with a thermal efficiency of 35% employs a rigid inspmmn
tank as its high-temperature reservolr and rejects heat to the surroundings
at 30°C. The air in the tank Is Jnlt}nll_lrat S007C, 300 kPa and It is cooled 1o
30°C. The volume of the tank 15 5 m®. The wark praduced from the heat
enaine e used o drive an air conditioner. The air conditioner is used (o Keap

the air in a houss at 227C while rejecting ensrgy to the 5urr|:|un!;_11'ng.5 it
IO°C. What is the maximum cooling (Qh. ;) that can ba accomplishad by the
air conditioner?

.Il:;ni';.I'.n"'.-"' o

b 5
=1
oz
'ﬁ g
=5
WA,

162




ME 203
ME 203

Section 03
HW#1

Q1) '‘Water B contdined in o closed pidon/cylinder
Q1) assembly. There Is ne [friction between the pistes and Pam

cylinder walls. The piston has a mass of 1040 kg and the DS |
croas-soctional area of the: piston j8 D4 'm® The '
atmosphenc pressurs g 100 kPa,. The nilial tEmMperature Vet -

and volume of tha water are 50°C and 2 m®. The watar is
hﬂ[ﬁd Lrgﬁlé E‘lﬁ'ﬁi"a“n‘ﬂﬂ#'hﬁﬁf Elzgsuﬂ: ol ¢ EIE'-'E-II-;EEE:
{B} the mass of the water,
() 'theinternal energy change of the water during the process; and
(d) show the process on PV and T-v dipgrama with reggact to
saturation carve ,

Qug= a-T2 =mCol T-T) w= BY - Lok Q2) Refrigerant-13da is contalned In o rigio cylinder §=

HW#4 Solution

SE A AN R EEE Y

that is filted with a fnctionlass piston, The mass of the
L ! - fh‘-i' ﬁﬁl:l piston i 2 kg and |3 attached to a finear spring. The
= By @?F,!' i'rﬂ&l?":',t (19-Sw}= 278 1) spring constant ls k = 10 WN/m, The dlameter of the  p—
piston i 200 mm and the atmoaspheric pressure Pem 15

= B.. - fpas\e)- 747347 110 kPa. At the initial stote, R-134a occuples 2 valime oizan | 4
" E"H'M EH?‘ - {EE}{‘ } i af 0.2 L and has a temparature of S50°C. The spring |

o tuches the piston but dogs not exert any foree an the  ——

h:r* = Hs - ;ﬁ.—_ -4‘-) ?r.,,}, 1 _EE-E: o5 piston, The R-134a is heated until its volumi doubles, Determineg:

L % H.E. 5 | (a) the Initfal pressure of R-134a,
W Ti-% &3~ 135
i Eh':; Ll:J: mess of R-134a in the cylinder,
: : ¢ final prigsure of R-134a, and
S Bus o W= (365%) (105) - 284000 (d) Show the process an Puw and T-v diagrams wWith respect te
_!rr.l'

saturaticn furde,

ik
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fi. "1F s F.rrlh'r*ﬂ + M4

e Wiates
; N4 otols) (a5 WD 3= Ssobhe
Fi fﬁ.ﬁ ‘]I [gh;if’)fm )-PLW

Shep almasphedfe pirgSare  and F{:rhm h-tall"?‘ ?mﬂhﬁ tidial and
-['hﬁ'\ P StE s ﬁf NatE A rensfand |-'L-=ﬂ:]"'r"'""|-"' ha I"-"-I."f'fh‘-'l'-'lj_-rr'nl

len:-'-l-h‘l'-r "-—"-h:’ ¥ :?;_.:EE.J'FH

{IJ me YL ab dSokp A3V T dHAC DT
By 2 whﬁfc___ 0. M-ﬂ il . stule 4 % ||:‘-'::;r-"mqrﬂ-‘-J |
= 437%
>" Samaly =T 823 iy

I"Il.n-.l‘:.:l #1!’[:" = i -['.'!l'.--f*ﬂ.!.'nl |1'I[I-i'.r.-l e H;“,_- HZFETI:_EE!"E

I state 2+ T1: doe X 'E}Thfﬂﬁarﬁ —n ot T EH'-T#:'H
ivcsin .l Merans H'.L.-ELE'E' 3l

0= mfuwﬁ) firbts) (452 I = (235 234 KT
T ey 1#"""“
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ME 203

Section D3 HwWg2

Q1) A plstonfcylinder armangement ontalng twie sets of stops, bebween Which
the pistan is free to move. The mass af the piston |8 such that @ pressune af 200
kPa ks reguired to displace It, and whan [he piston 5 réating an the lower siops,
thie valume containgd in the cylinder is 0.4 me. The cylinder is initially filles with

watar at 100°C with a quafity of 0.25. Heat is slawly ataed unth afl af the lquid
water hos Just vaporized. At this congition the pressure m the oylinder & J00

kPa.
[2)Skétch the process an a P-v diggram with rmspect o saturaticn lines

(labeling each state and showing procedas paths and divections), &ng

calculaba:
(B)the mass of water in Cylinder,
(c) the temperatura whien the platan first moves,
(d) the valume at the Anal state,
(e)the work dong during the process,
(] the heot tranafer during the procns,

Q2) A cylinder fitted with a frictionless pliton that 15 restrained by & linear 33009
containe refrigerant R-22 at 20°C, guality 60 %% with a volume of' B UEigrs, The
plston cross-sectional area i 0.04 m* and the spring constant 12 500 EN/m,
During a process, 2,76 kI of work s dane by A-2Z2. Find;

(a) l]:ﬂ: final pressurs and temparatuee in the eylinger,

(B)the heat transfer during the process,
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ME 203

HW#3

Q1) A rigld tank, which contains 0.5 m" of pir 2t 600 kPa and 35°C, | connected

by a valve to an initlally empty pisten-cyllnder covice. The mass of the piston
and the atmasphenic pressure ate such thal a pressure of 300 LPa s requlred to

ralse this piston, The valve is now opened siowly and alr ks aliowed to flow in the

cyllndar untl the pressure in the tank drops e 300 kPa, During this pracess heat
15 exchanged with the surroundlng such that thE enting alr remaing ot 35°C &t all
times, Delerming the heat trangfer for this process, Assume ar 5 an ideal gas
with warylng specific haats.

Mg 103 g Cladper Gap DO

: = —— Tigten
ﬁ_ e . LI

Ay=m LT,
oo o, = M D57 508

M nCoastel = ™, =My

'Ft-_—. Tao 1;;-_:_, ?t.'lnl"q_!-r"n E"TL

T,=26E =20tk 360 ¥, = (33339 (0,287) (308 ;r.-:j

Wy =7 II'.'F'I;= {2 (ol soabm! l..n:lLu.—r.;;'

| . Pl 4 (P,
- Fa §en fal w Lk
whm:%. W R It [N 64 N
| 'I"""t- LOD == {
= 1"' ] Fl'l ey

v=F(%-¥) | %m0 [T '3._-_'|-n-
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ME Z03

HWN4

Q1) Canpider the hollowing piatonfiyinder that js conmectad o An intulated,
rigicd Tardc by & walve. Tank L hat 3 walume af 0 md, The pisten has a crosg-
sectinral ares of 1 mt, Mear e top of the cylinder thore Is an apaning, which ks
leeated 3 m fram the betsam of the sylinger. The excoss Mnd i discharged frem
the cylinger when the pigton restiwes T coenmg [(in this way, the picion canmok

ris= abewe they heighil). .
nitlalle, tank A cantnine saturated wates mintune at 20 MPa, with the liguid

volurme # af thir tank volersa. Plston B indtially 100 mm abavie the Battom of tha
cylinder, Initel preasure in the eylindar i 200 kP Thare is 2 Nrear spring Wwith

canssart af k = 00 Lhifm ot sfowin In e figure.
) Mow (e vabver i openod tiowly, The Now confinues until the sinte in the ink

seromes T, = J00°C quslity x, . = Qa6 Then the valv s coged. Duning ihe
=eporss thore i wfficent hrat fransler frem (he oyfindar such that 2 cootents
#ry abwiyy n theemal ecuilibrgm with the surreimdings st T = 207C. Fing:

&) the s k321 thwough the Suring this proces,
&) the work done Iy watsr duriag this prodess,
¢} the Mest traivifer during this process,

Q2) Air enters 2 tormpressar st 90 kPp, 260 K and with & veleity of 33 m/s.

The ket tiameter of the compresses s 50 cm, The air i3 compressed (o 360
Wiy, 550 K. The compressed alr then sntert @ constant-pressyre heal exchanger
whpen 950 wifkg af anergy s ansfocred to tha alt, The hot compressed Air
than expands through & tutsire. The oot fixte of the twrblne v %0 &', 950 K
Widng kiool gas table for alr: _

l! f_l_hﬂ-i'l the J Modeties 90 & F""Ill'l!"l'll'l-l'l'l-

171

b)Y Find the conepretadr power in KW,
¢} Fiad tha mamimam termprraiyes 6f the glr duning e 1 proceseel.
d} Flnd (he brrtsdna parvesr [ WA
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W Solution
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ME 203
HWES
A6 =
Q1) A NEst erging wilh 3 thermal pifhe o
' NI Wiy 3 i ' ! 35%,
Lrite am N3 Wbl Lemiperatire tesefToi ::ﬂ:lhﬂ_'l hmmam £ls
:hE:LTh: IR S T h.|m;|ﬂ“"wf__m WP and B b coocled te I0°C H.IIJ: i L
0 wirhene af the tank 5 5 a7, The work ; ergline
1|:|_l'|::l 0 drwe 5h Bir cobeRklefinr. The :ﬁmﬂﬁm ;Tﬁﬁhh‘:uhmp I:I1-|'.-|I|rﬂr| L Ltnl.f @‘?‘ “:l
Moise ot 22°C while rejecting energy o the surms At 10T, VA e _ e :!:Hﬂ’-
murkimim. cooling (0, ;) that can be scoomipliched By the air st abemar? . — =
] ﬂij: = =T =mCu {Ti "T‘] we LY _-_E]rfi e 2 ﬁ.ﬁ'-ij
BT (nam)on)
= 3 Bz (63) (046) (10-50)= ~22A D)
Ax - - i
o~ W= Ly, fw = (035)(22m0)- Fo08 4
Ohere $fﬁll-|:'. = IHL'L = L ..':} ,gl‘m-i - __-'-_-PES_.E; % et
W L NE- 3345

D bz fous W= (@0.5%) (08) = 2340010

Q) Condider 3 Casmet heal engine cpile execubed in & cloved pyatem [plitan-

cyiinder) uvging 0,103 g of stosm ot the workdnd NMuild. §t i Enewn that the
maxirtium nbeodote inmpacatune in the OS¢ K Teaie the mininum stmahits

LEmpErdture, Sod the net work autput of the oycie'ls 24640 ), [f the piaom
changet Mo Sabirated vapor 0 saturated hguld during hest tejaction,
determine the tempsrature Of thie cheam fhring ihie hest refection procese. Alto
shiw the oycle on & F-v dipgram with respect in saluration [k
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Section 01
HWi#d

1) Alr enters & cormpreator at 50 WPa, 280 K and with a wekocty of 230 mfa The &t
Emﬂﬂmﬁﬂhsﬂmm&“mmmhh-mﬁ-m
aomereisad lr than enters & constant-presture heat mechanger where 550 /g of enongy
i trandemed o the ak. The hot compeested air then expands through & Durbine. The e
ssate of the hrbine i 30 kP, 950 K. Uting ldeal gas tabie for alr:

B8] Show the J procesiss ory & Py disgram.

h) Find the compresdar powetr In kY.
Find the msshmem empernture oF the 8l durfng the 1 procestes,

=) Gi= Whehond _ bbb .{,53.52@ d) Find the turbioe powear I kKW,
0.5 C.5
Q) Conzidar the folltrming piaton/oylinder atl 12 conraced to an inpulaiesd, agid nk by 2
B = H'H"mﬂhm*}: 2leb- L ﬂ@ valve. Tank A het & yoldume of 8 m?. The platon Ras 4 cross-teciond) ares of L. Nesr the
mdﬁﬂﬁ%hmmﬂﬁﬂ;hﬂi&ﬁﬁ%dr
i a1 i o finder. The excrss Mad 13 diacia Ewiired pEt reaches 1
Inlitally, tank A contslns saturated wabtr moxture 88 20 MPa, with the iqukd volume
Wity = F{"W""&) v of the tank volume. Picton |2 irstlally 100 mm sbowe the bottom of the oylinder. [nkial
= ﬂ] -—P[:r‘nl- '}" T T presaure in bhe Cylinder i 200 kPa. Thers is a Enear siwing with o corstsod of o= 00 Lim
=) Gt w=¥z) = By~ Us &3 thewn In the figure.

Now Ut viive & optied titily, Tha fidw contimues widll the tiste in the tank
=) Bau = Hu-thy D A= 580 = behs becomes Ta = 00, qualiby xu = D468 Then the walve i3 closed During the mrocess
‘} ‘ .:3. e there It safficlent hest transfer from the oylinder such thet s contents &re abwavs In
S 'h,}r 1’:5 11_& HmmtﬂthﬁmnntﬁmuT_-mtﬁm:

- — — = a Tt hrough opening during this process,
; h}ﬂthﬂrﬁdﬂtwwmdnpuﬁm
Bus UL . -2we olh €0 T DA o iy e grecen
g' h-.; B : T g b e T e e e
i
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ME 203

Section D1
HW&3

Q1) A heat engine with a thermal efficiency of 35% employs a rgad Ensulated tank

n!_r s high-lemmperature reselvoir and relects foat' ko the surmoundingt at I0C.-The
air in the tank s inltially at S00°C, 300 kPo and It is cooled to 30°C. The violume af

the tank te.5 m". The work produced from the heat englne s used to drive an air

conditinrger. The sir conditionsr s pead o k thee air In & ha ayEg _ - _ 5 -.
rejecting energy to the surroundings at HII*EE?}-'MI:! T‘h‘t;num;lr:u::l w1$§£,ﬂ HM <SS mli (TE -ﬁ} M'EEL'%! 131%5’% ) &%h

that can be accomplished by Uhwe alr eonditiones?

= Buy= {E'-?i,] fﬁrﬁﬁ‘] {ia-Eu}: 2798 1)
W= Wy, iy = (035)(2200)- 737305

Yoot = B - T B et = v
ML C ) i 25 - oS
Th=T £ Bg-2a%

=) ez Fous W= .@"E.Eﬁ} é&m} = Zdhoa

) oo boo 13
Q) Consiter » Carnot heat engine cycie exetuted in 8 cinsed sysiam (piston-
eylinder]) uslng 0.103 kg of steam as the worklng Muld, [t is knawn that the
masknum ghiclute temperature in e cyole Iy twite the manimum abalute
tempirature, and (he net work outpul of the cycle'is 296.46 k1. If the siaam
changel from saturaled vapor o saturated figuid during heat rejectien, Qelarming
the temnpleratuce of the stonm dusing the heat rejection procel. Also ahow the cycle
4y O T EL T i [ FLETHAR wilh retpeCct to saturaiman Termed.
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