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Waes <0:done on the system  +\ Wi =0: no work is done =\
Wiz <0:done on the system ¥ Wi.g > 0: done by the system +\
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A pure substance is one that has a homogenous and fixed chemical composition throughout. 42

Water-oil mixture: No (different chemical composmo;s. Sat lig-vap mixture: yecs (same chemical oomposilio;))

\
&ﬁM.&MAp}MA_JMCAJYVﬂI@M‘_ﬂLM (A2 5 Aad Jusl) 4 E__;-‘_l
Aaghidlspaa o ba LaglS S Gl 41551005 ) gen (3 BED ) pony T il
oA -\

£ 581 0 n B 9 #ling BV GBall (e g Jaiall 8 sl 100°C oY) SO°C 00 J2oe 2 Oefrana UK G35 @
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Assuming no KE & PE effects, for a fixed mass (closed system) undergoing an isobaric process, @ = AH. Since
the substance is an ideal gas, h =’ _t;(‘_l') only. Therefore, Q=mcpdT is tlr zame for both cases i

S TS 5555 1S5 162 K 45,05 &9 3,03 MPa Abica Gk Lyl Jils spemae sl 6 (10
Table A-1: For Oz, M = 32.00 kg/kmol, p. = 50.5bar & Te. = 154 K, +3 +
It is clear that Tewen > Te. Therefore, the oxygen is in the gas phase. Thus, Rox = 8.314/32 = 0.2598 kJ/kg.K
r\px=30.3/50.5=0.6 & Tx = 162/154=1.05"% Using the generalized compressibility chart D.1,z=0.8 + 2
pv=ZRorT— p = p/ ZRoaT = 3.03 x 10°kPa/ (0.8 x 0.2598 kJ/kg.K x 162 K) =90 kg/m’ +9_
Py 3 Tor ladia o o5 £ guin gy — g (g b O oy laa S i el saa ol o 7

60 bar 5 40°C 2= R22 = m=2kg sV=02m’ 3= ola.l
0.03 m*/kg s 10 bar 3= R134a «5 -33.6°C 3 | bar 3 Uiy -2
m=2kgaVv= 0.2m3 2 s 60 bar 3 40°C 3= R22 +S']

The sta{c cannot be fixed. One more | (Pyiwn = 60 bar) > (Puargeoc = 15.341 bar) +2-

interdependent intensive property is nceded. The state is located in the compressed liquid
-33.6°C 3 1 bar 3 Yisd | region.

Teiven=Tsar @ 10 (-33.6°C) @ 0.03 m*/kgs 10 bar 3= R134a <

Since T & p are dependent in the two-phase region, | (Vemen = 0.03 m¥/kg) > (ve@100er = 0.0202 m¥/kg)

the state cannot also be determined. Onc more | The state is located in th?z,. superheated liquid

interdependent intensive property such as v or X is | region. *
needed to located the state along the saturation

line.
NOT TO SCALE
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Aall A3 m? paay 100 K 55'0a 35 43 2 bar Jainis 2ic (monatomic or noble gas) 7,3 .;Mgu.,kmua.,m.wm
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.pv“=C:4uLJwJJm'mmme'dl&m=4bar...1.'ki—'-“d-;qhiqkhl‘c»’--1:2-lgl-_u' \
P31 = 2 bar ) e phuiall daisa aiddl s ppall gl xie 355 33,2 4l
ALY Al e Mq,)k,.wu.t.‘.!la,ﬁm»snviuam:lsﬂ'
A1 e cand ¢ Al DN ) L e cuain gl 3800 (T 2

PV Bhia e e Wl piay I3

il e md Ko prddee S U idanay Jlli ) da nal 2

k)i wilee S 5y a3
K hﬁ%h&dﬁ&ﬂli)‘)dlu%‘ 4
-(thermal efTiciency) 3558 2y ) 5aJ 5eUiS) ot 25 e e cpads Sidal SIS 0 153285 593 S8l slela b 5 &
Hint: for monatomic gases, ¢, = 2.5K.
Engineering Model: A 4 pY 2003 400x6
(O the gas is a closed system undergoing quasi- (277): = (7)2 et 400 T;
equilibrium processes.. T, =400K 42
(@ the gas is modeled as ideal gas with constant | Process 2-3, V= constant
properties. Vi=V,=6m} +*
() there is no change in KE & PE v v 400x6 200x6
Analysis: (??)2 = (B‘r—)3 T30 .
Process 1-2: polytropic process with n = -1 or simply T, =200K +2-
lincar relation p=CV Work done for each process
Process 2-3: isochoric process, V=constant P2V — PV
Process 3-1: isobaric process, p=cons Wiz = :ool—-sn——zoo :
X6— X _Ptp:
(kga) Not to scale Wi = Tt =900k] = - Av 43
‘Vz-:’:IpdV:o 43
400 1
Wses = [ pav = p(v = v3)
3
Ws_y =200(3 —6) = —600k] +3
200 ) 1 Heat transfer during each process
| ! Q—-W = AU + AKE + APE
' ! Q-2 — Wiz = m(u; —uy)
! ' For an ideal gas with constant specific heats,
6 :z —uy =6(Tz = Th) -
or a monatomic gas, ¢p = 2.
1 i €, =¢c;—R=25R—R=15R +Z
Process 1’2, Lk Ql._z . wl_z = mc,,(Tz - T!) = l'st(TZ -Tl)

-1 1 _p; 400 =6m? ¥Z | mpv v v k]
= v i ® 600 12\ _(B8) (30 <= 43
Using the ideal-gas equation of state, p¥= mRT, QT - 90(;1' + 21 .5(6)(480 ~100) = 43600k} >0 +5
Since the mass is fixed, % Q;:: — Wz = mc, (T3 — T2) = 1.5mR(T3 - T2)

(.”T_"')1 = (%,Y-)z = (5), =m Ors = 0+ 1.5(6)(200 - 400) = ~1800k <0 +3
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vhah v acschicopavess 10, ) = Q.

W, =9t -oM s 4004 >0 + 35
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hwapmmeracke 1 0 4y
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| RN

Ve
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Quastion (1 cont'd
e 1y~ 1,

T W,

[0 Wiy = sres under the pah 4.8 (¢ +4.3.0)

- arca under the path 4.7 (0 =3-7-b)

- ".)

Alternatively, same results can be obtained based on

3 mlir haws,
p¥= ufiT
L where, fi- BJ‘IJUkmulkv
pY ad P
- —_— 7217 I
A (H) ir/; (Hr). = 01T ke
Qa2 = “’y y=nluy - 1) =nE(T - T;)

Q,-t — “".3‘.' "(l.SR)(T‘ = Tl) - .3600 *l

Wi« = area under the path 4-5 (c-4-5-d)
\\'¢q =0
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a2 15 (Conceptual Questions) pAtd & : 411 J13)
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(Assumplions) Ciot 5 Aalt

(1) Incompressible substance (liquid or solid) (2) isothermal process A = cAT=0 Ah = vAP %

T eal gos (2) quasi-equilibrium process (3) isobaric process W = mRAT f1,S
(1) closed system (2) isobaric process (3) quasi-cquilibrium process () no KE& PE [ @ = AH @
efleets (5) boundary work only ~

0L 1 gl ! Rl oo gV . SRE Y oS L,k 158 GB0 100°C o S0'C e e Fo Do 2aa A8 i 3y .2 Ej

4t OO paa SN () Im O paa JSE(1) Y ) e 4

Sinee the ideal gas undergoes an isochoric process during cach case, both cases require the same amount of energy
transfer by heat, Neglecting the KE & PE effects and assuming constant specific heats, the heat transfer required

for both cases is Q = W = AU = Qy2 = m(up — u,) = mc, AT
3y el il 2 5238 Kelvin-Planck Gshie p W 3 | S

It Is Impossible for any system to operate in a cycle and produce Waceoue While receiving HEAT from a single
reservoir without loss,
o0 IR 18 Jeay ESNI 0D 3 127°C 0.1 MPa 3 ol a e 0.2 m’ 4asa {ta G o siag 140 53 45) 200 Jigaalt
S 3AN Jaa 1 SRy o) sl ey st placad 23 i 50 e 600 K 5 1 MPa G s G 3y adaids ¢l iy 39 55 Jady plas 31 o
18N s 35 sl pSaly placall i 5 e a3 ey a5 e S00 K 9 5 bar B alatayallda sy daidall sy s

Oy [ WA Ry PP

Dyl b 5500 o 540 i Aud Latad (sources of irveversibilities) -t o ae al e 1 (1]

ke i) po 3 FDI B 55550 g R0 gm0 B F Ly S st i i e b2 1]

KJ 53n s Golaad T RGN 5l BgaS ciad 3 E

300 K 451> &a 0 Juse ae (thermal equilibrium) ¢ Ao $32 Qa (3 ey F G0 as 5550 plecall Jif 2y 4 @
X 8as 9 138D O 535500 5 ) 30 @aaS (w3) char S2ap 330 Jals R Sl (1) 1ol

I. The possible sources of irreversibilities associated with filling the tank are fﬁinjandihm icg‘nsfe}due

-2

fo temperature difference.
2. [sit reasonable to model air as an ideal gas throughout the process?

From Table A-1, M,ir = 28.97 kmvkmol, @a &VYe=133K
) 1
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State (1): Ty = 7.| ’Tc 2400“33_ @>2}————) Z) =1, Therefore, 1G model is applicablc.G l)

»= Pl F.= 51317 =013 2
Fa: O? Figwre DA Z, =1, Therefore, |G model is also applimblc;'/o\-\ ‘

te (2
Swte @) o 17, =500/133=3.76> 2| ()

—Leee DLy Z, = 1. Therefore, 1G model is valid too.{ -\

State (i): "
® To =TT, =600/133=4.5>2
Y
Engineering Model: (1) air behaves as an ideal gas (2) USUF process (3) no KE & PE cffects

Mass Balance (USUF): [m, -~ m)], = 2 m- Z m=>m =n, =
3

=\
L la -
0.287 kPa.m’/kgKxS00K

_BK _\_ 100kPax02m’ o
RT, (0.28AkPam’ /kgKx400K '@g’ 2=RT,

m;=m, —m =0.697-0.174=0.523 kg

Energy Balance (1® Law):
,’2 2 )
Qo +0.m, (h + —5-+g:, )= Wy +3m, (h + &) “ara \;F{u‘}\zm
‘ « 1000-¢ £/ /Ag Y

[
+ 1000 - &S 11
vy Ld
+ | m, (u,+—+g:3)-m, (o, + +g3,)

2 2
« 1000-» &/ /g

B . e
«1000-e LS 1 1g

————

-———

Q. +mh =muy —muy = O, =mliy, =ity = mhy S——
63

'
|
( Using Table A-22,
O.= 0697x35949 0.174%286.16—- 05"3x6070"--1167k1
e T “+\ w1 R_J
3. The heat loss from the tank aﬁcr the valve enclosure
P, = m,RT, O697l.gx0"87}.Pa.m /kg.Kx300K | 00 kPa
) 02m’ @
P¥  PF T 300K
Alternatively, —=— = —=—= P, = P, =2 =500 kPax 300kPa
cmanvely. 1_2 1.3 3 315 SOOK
= 0.697 kPa x(214.07 - 286.16) kJ/kg = 50.25kJ
. o

210y = V3 =my(uy =) = 3 @y = my (uy, =uir,) :
s '\w‘\;"“t“ @ “\ z

\
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P
Isochoric Process §3-2 lasllg 58 o Lo i
Pe+ — -F-200C Isobaric Process $4-3 4laall g 1 g8 Lo -0
Cycle anall daiidl Slleall il u-l" Gl -

—
[v]
| () @ m,é}@,,fbmmxp6M|wu -
o

(pue = 13.6 g/em?®) Go M A 33 mmHg

@ Pé = Psat @ 200'c = 15.54 bar (Table A-2)

L e ) * \
f 15.54x105

Saturated vapor line

| . Yo = T36x103%08 =~ 1106 ™1Y
3
vImka] P, ~ 11,660 mmHg
2Li (38 5l Toy daki o ol 7 g g3 (1-2-3-4-1) Sblaadl b Ji 20§
T [°C] Not to scale ®
Pc=2209bar
200 15.54 bar '@
1.5 bar
. 1 bar
® e
v [m°/kg]

b e 8 (8 Jlad (W) @S Oy Al uuaald aniy YT €IS () $3 (3) Ul (quality) <iliall St s -z

Ll skl dalaie i led ina ¥y 0 < x < 1 Lefiay anlill jlaally Jiludl s Jakidd el Gilindl JuS 9V Y|
1

Scanned with CamScanner


https://v3.camscanner.com/user/download

ME210 I 4,/ sl Sealinal - dulall Ll i hdads

A d jlee jee jlec el 2017 &5 dﬂ! Gala¥) sdadeall Aday)  Lcliall y ALK Auig and
........................... pndll Aol il Ay s A s bstes. A
I gt ais

CC s e yall o3 Canaal g 63yl a da y lei Laie Al ass () 5(3) «(2) (1) JSEIL Baasdl Lay VT W e 20
(4;'3_1)'2)?5:&&.4_,“.1& :\.;l.ddlul.\;.s3 74.:1.:.‘|qu)1=:.“.| Tzu..\a_))ﬂ@a)baﬁJJqu!

3 Table A-4
State (3): T z(l)ol)c%r]

v = 2.172 m3/kg

400°C - 2.067 m*/kg
T, °C = 2.172 m®/kg
440°C - 2.191 m3 /kg

(4) Wl b e LD A0 a1 Bl anl -3
L}Jhﬂ‘hﬂam‘@ml‘,(zj)dhjldhs_, ‘(’0’1 _/0'4)‘3.33.“ Ol die La.nl 5 ]1-4 wlasdl u!.).s.lc)).m.lajna..ujl il
MMAQI&'A]|Z§LH|M(4) d\;ﬂu‘.ﬂl‘)nsduauj“ Y_,‘ CL:\Q |AJJ c—\ul-“ J&.I.“J

Table A-4
State (1): T 210%2?}

linear interplation

» T, = 434°C,

P,= 15 Dbar }Table/l-d.

State 2): 4, =2 172 m® /kg

3
vy = l.44—4':—g= vy

Stafe (4) 1  bar } Table A-3 Xy3=(1rq — vy) [(vg — vy)

_1 444 m3 [kg Us= up + x4(ug — 1)
x, = (1444 — 1.0432x1073) /(1.694 — 1.0432x1073) = 0.8523
u, = 417.36 + 0.8523x(2506.1 — 417.36) = 2197.6 k] /kg

U, =mu, = 2kgx2197.6 k] /kg = 4395.2 K]
Ul E 1l 8 elibbas G Qeyele 131 mll oS Jilia g dilee JS MR Jpdaddl Jalll -

Process 1-2 P=C W2 = Pom(v, —v,)
= 150%2(2.172 — 1.444) = +218.4K]
Process 2-3 = 2W3=0 K]
Process 3-4 P=C Wy = Pam(vy, — v3)
= 100x2(1.444 - 2.172) = —145.6K]
Process 4-1 Y=C aWi =0 K]
Energy Analysis for the Cycle Ocycle= Weyele =2184 +0-145.6 + 0=+72.8 kJ
s g il (A ila] ey S(power cycle) 83855538 530l 0 S5 L s -]
Weyele > 0 ¢p2d
2
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Ware AT |
Boundary ,:EZ;:){;: _ [- Piston agally «(system) Lplidl e 3S P02 JSAN e may ]
N 3 .(surroundings) Jaxsll y «(boundary)
i' Surroundings: Dar 83523, alt4a yy il el i ol Al ANl 2
Q'\/V\i—» System &“’I S A
E e blaally elital szl $laadl Gl Gy Js 3
: Al 51yl a5y o el baiuall Caual 4
---------- J/kg 52 5 Fgbeall Bk 233015y A casal 5
5cm - Llcm— i ’
o P-v 3 T-v Ghhia o dlall S Jie 6

Given: Initial state: x; = 20% & final state: saturated vapor

Find: (1) Initial 7 & P (2) Final T & P (3) Q/m

Assumptions: (1) Water is chosed as a closed system. (2) AKE & APE ~ 0 (3) A fiictionless pistion-cylinder
assymbley is assumed. (4) All processes are assumed to be quasi-equilibrium.

Analysis:

2. Initial Pressure & Temperature

Mechanical Equilibrium: ' F=0 = RA, =F,,,A,

Piston

= Pl = Palm =1bar (abs) = Pl.y = Nabs — Parm =0 bar (gage)

—’ ‘_

A=1 bar
State (1): ' > saturated lig- vap mixture —
PlAp o PannA_p

Using Table A-2, T, =T, @ 1 rar =99.63°C :: -
3. Check for the possibility of reaching the stops :: < |

4]

V< Vstops = P =P i
stops 1 o let us check if Ustops E""g@ 1bar

V=Vstops = P2P
There is no information provided about the water mass trapped inside the cylinder or the cross-sectional area of
the pistion in order to determine the volume at stops. However, the mass of the water is constant througout the

process. This yields
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v v A, Aty L.,
m= (—) =(—) 5>m= PP so”savsw},s:v‘l—-som
v/, v stops L6 "-’stops ‘81

Pi=1 bar} Table A-3 vy =vf + X1 (15 — vy)

X1=20 % W =u +x,(uy — up)

v1=1.0432%1073 + 0.2%(1.694 — 1.0432%1073)=0.3396 m?

= 417.36 + 0.2%(2506.1 — 417.36) =835.11 KkJ/kg
Lstops 0.05m+0.011m

Utoys S0 =g IR0 m? X o ~ 0.414 m*/kg

Itis obvious that ¥gops < 5 @ 1 bar- Therefore, the piston hits the stops at P =1 bar & T'= 99.63°C and more

energy trasfer by heat must be added to the system at a constant-volume process until the cylinder is entirley
filled with saturated vapor water at a pressure which is greater than 1 bar.

4. Final Pressure & Temperature

Sat lig-vap mix @ | isobaricprocess1-2 | Gat lig-vap mix @ | isochoricprocess2-3 | Saturated vapor @

?

P11 & x1=20% P=C P=P & x> v=C P & T3
State (1) State (2) State (3)

Piston 1* reaches stops

v3=0.414 m3/kg Table A-3
State (3): : —>5 P =P, _ 3ne = 4.5bar & T; = 147.9°C
( ) X3= 100 % 3 @vg=0.414m”/kg 3
== Properties of Saturated Water (Liquid-Vapor): Pressure Table
&rs! R
p';::‘::“:::h Specific Volume Internal Energy Enthalpy Entropy
Sat. Sat. Sat. Sat. Sat. Sat, Sat Sal.
Press. Temp. Liquid Vapor Liquid Vapor Liquid Evap. Vapor Liquid Vapor Press.,
bar ‘C vy ¥ 10 o o g, L h, s 5, bar
4.00 | 143.6 1.0836 0.4625 604.31 | 2553.6 604.74 | 2133.8 | 2738.6 | 1.7766 | 6.8959 4.00
4.50 | 1479 10882 0.4140 22.25 | 25%7.6 623.25 | 2120.7 | 27439 | 1.8207 | 6.856% 4.50
5.00 | 1519 10926 0.3749 639.68 | 25612 640.23 | 21085 | 27487 | 1.8607 | 6.8212 5.00

5. Heat added to the system in kJ/kg
Q13— Wiz = (U3 = Ul) + (KE; — KE,) + (PE; — PE,)
Wiz = Wi, + Wo3 = Py(V, = V,) + 0

3 k
% = P,(v, — vy) + (3 — 1;) = 100 kPax (0.414 — 0.3396) 1T_g+ (2557.6 — 835.11)1(—;

=744 9 +1722.49 Kl _ 1729938
~ " kg kg~ ““kg
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T [°C]
Pc= 2209 bar
NOT to scale
3
v [m'/kg]
P [bar]
NOT to scale
1479°C
45
1 99.63°C
3
v [m'/kg]
5
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Liyed yace jlac dlac) 2015 <iyd ¢ J¥ suel clasa¥t 4ls) Lo liall g 48018 0l duutighl and
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Al LI Slaadall |31 jdaga cilliadle

coebdll alas g :LvL’aS.: z.ﬂl.\a.“ [SCN—) S el adle Y g S e\.l&':.ul..: . Y -1
_fu.n;!“, ci.:}a;.«!\} Rl ‘;5)3 c(qu| LK e xt -4 .5y shaiall sl <YW :U}a;.n!\ il pgdl Hhaas 13
(*013) (Conceptual Questions) aatiall AL : J5¥ Jisud

.dida] g fintensive s extensive L daghiia )35 Jiiaa Ja g Sintensive property 3 extensive property o Gl W -1

Intensive Property: Independent of the mass or size of a system. Extensive property: mass dependent, f(m).

The weight of a system, W= mg, changes as the mass varies; therefore, it is an extensive property.
AN ALY el sl p-V dahaia e L) Alal giall cibleall (e Alules ) A3lie 4o pliie JAI gamns e auindy -2

| Isochoric Process| $3-2 4leali ¢ 53 g8 Lo -
| Isobaric Process|1-3 ddeali g 5 58 Lo -

[Cycieiusa dtat st et Al e 3l -

3

A

(k::) 3 d:.a 2-1 Jbudll caddaludl &
a
gl : $ (3) Aall o ll paall (i 2 kg SN AS il o) -
1 [ | |v=V/m=5m%2kg =2.5 mYkg|
— | | - .
|l : : [ i ?mmHg Sh}gL@‘\J&barZ.b}g(z)dLﬂllnL.b}ALa -z
% 1 2 3 1 s (prig = 13.6 glem?) G5 0 AL ;Aliasta dlils) i
V(md)
p, = 3kPa X |1 bar/100 kPa| = 0.03 bar
= B % 10- = 0.0225mHg = 22.5 H
= Tai6 RII° RBEL  — g = aas Bl
&t\“ E‘)ﬁh @ Al o -Wnez.cycle ,\HSS\ Jdadl eLA" @Lr_ s d_g;wh Jadl Cuaal -z
Process 1-2 p=a+ bV Wa=(p1+p2)(Va—V)2=(5+3)5- 1)2=16KkJ
Process 2-3 V=€ W3 =0
Process 3-1 p=C sWi =p3(Vi—V3)=5(1-5)=-20KkJ
CYCIC Wnct.cycle =16+0-20=-4KkJ

b e JB 3 lila) s g $(power cycle) 333 5938 sl eda (S5 i L e -2
Waet, cyele < 0. Therefore, it is NOT a power cycle |
I Wncll cycle = - 4 k._]l 4...53‘“:-’ Qnel.cycle Al 3,)‘,)5]‘ a—.“‘s qﬁ‘*" -3

ashaiadl Y Jals) il shaiall e o )AL B ) jadl AuaS  Alia olad) : HLERY) casn SH 5 Aasmall LaY) 1) -

IQnet.cycle <0

r
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State (1)

1) gl

‘;,‘i;:lﬂi..i..,hs. tiJJM‘ “S‘Sh| Y uanll,Z:.t,L.Nl L_.}S_)'Su.j
RN B Aoz palt Ll A 3 (organic fluid) g seae aile (=
$ly. Vi =02 m3 Lipha¥i Jah ) gasall SV alal pas iy
Cidae (M dapliiall Gl (33 el pn M B AT Ldlia] i glea

:Odilaal yie

> (polytropic: pV" = C) Jbue ddaie Jaliuiail didec ;21 dalanl
V2=0.08 m® M axally p2 =4 bar ) ksl Juay

Ar =98 cm?
g e easws Y Guny 2.1 Addanll ot i jlassey (puSall il ;32 dalant)

phayy ilall (i Ldae a3 322 Alaall JN3 5 aall 48 jay 33ULYI

[<lau1 3]

93 =7 bar ) Adanlt g3 3 il a3

KPa 5as g3 alall (aliall g (3thal) il Conalt JS3N 8 Ll LotV AN ]

[l 4] Adas JS 38 Jghuall Jodll cunnt 3 [Ch] p-Vhbhia o gidelt Uds ey 2
JalS I3 Al 5,1 Wl LeaS ol Uz — Uy = 149 kJ a1l LUl B il o Cuale 13) cauia gl g 4S all 5L 30 JLaly 4

[=l2013]

Odidaalt

Given: State (1): Vi =0.2 m3, State (2): p2 =4 bar & V2 =0.08 m> and State (3): p3 =7 bar & Vs = 0.08 m?

Find: p1,abs, P1,gage, 1W2, 2W3 and 1Q3

Assumptions: (1) quasi-equilibrium processes (2) AKE & APE effects are neglected.

1- Initial pressure inside each cylinder, in kPa
Mechanical Equilibrium: 'F =0 = p; A, = pyuA, +m, 8

mpg

P1= patm+

=100 kPa +

P

atm

P
Y W=mg

S0kgx9.8m/s® | 1kN/m?  1kPa |_

150 kPa
98x10™ m*> [1000N/m? 1kN/m?|

pl,gage = pl.abs - patm = 150 —100 = 50 kPa

m:
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2- p-V diagram
p. bar
700+ — —3
gr==%
400 + — —

3- Work done during each process

Process 1-2: Polytropic Process pV" = C

Rt e R R E
P \V Pi Vv, P V, 150 0.08

pP.V> — PV _ 400 kPa x 0.08 m® — 150 kPa x 0.2 m?
1-n 1-1.07

=—28.6k

Process 2-3: V= C = ,W,; =0kJ
4- Heat transfer during the two processes

1Q = W3 +AU = W, + ,W; +(U; -U;)=-28.6kJ +149kJ =120.4 kJ
—— e H='0—4

Path Path
function function

/1 Solution of P02 using [T software

/1 State 01: Variable Value
P1 =150 // kPa 5 107
it gl Q12 1208
// State 02: o —
P2 =400 // kPa 3

V2 =10.08// m3 w13 -28.4
// State 03: w23 0
P3 =700 // kPa

V3 =V2// m3

//Process 1-2: Polytropic
P1*V1rn = P2*V24n

W12 = (P2*V2 - P1*V1)/(1-n) // kJ
// Process 2-3: Isochoric
w23=0

// Heat transfer

dU =149 // kJ

W13 =W12 + W23

Q12 =W13+dU // kJ

r
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( Conceptual Questions a:ataall A1) 1 354 O gl

OS5 Jed ¢ Uil al & e Apealss ol o sl o Lim e ¢ A80ali0 g ol palas iy W A gl o o g paddl e -]
s ~a g fextensive s intensive ol Lala
] sl 8y hallda ey (s o3l GAL SN A 3 ] bar 5 20°C e elg o (s i Gl s G158 22
L Of o 5631 0T 88,5 Js 250°C
s iy f8lonall o glaf 4181 48 5 yao y - A0 A8 - Js o Alaji -
OIS qum gl i die Ly pp = 1.250 g/em® & pa = 880 kg/m® LegiilS Guilise il B A (psieg)b slae| 4 -3
B sl )bl (o Ll 3 gee gl )1 Guanl o (KBS yia gyl Uagy Uakade syl 1 yie 11 A e g )bl Jilas 3 g gL
g =9.8m/s? e
: Py 3 T-y (ghbia e g aas 200°C 525 bars e el -4
181yl dn j i e 53N (A eldllaydaiia gfaie c0 daiall it ie il oLl fan syl dn 0 ol ie
t Py 3 T-v (abida o - ali g g g - lead o Gy ¢ QLN GV 30s -5
200°C 5300 bars e el -z 0.03 m’/kg 511 bars e (lsy- 15°C 50.2 MPa dic isel -
Ay dilal g Sallaill palilad 35 4yl (E5Y o G5) 200 G gyl e Gl — sl Ashia s By 5l Jidi el -6
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( Conceptual Questions asttiall 415uf) 1 3541 el

"intensive property” sed 13y (AN o aiay W G V] (Aealinn ga pli Bpald yiliay ¥ Aa il 0 O (e a2 ML -]

g,’ Z;//zz 'gg independent of the mass of the system
T r & . . ,
P —>| p i p = intensive properties
P P i P
color color ; color

(sl 4dala Bl pall Ax p cliay (s Al Gal ARSIV AN A | bar 3 20°C i elgs o gging @lia fouls gl 2
s Ol ¢l g6l 48U 28,45 s 250°C
s mua follandl ile glal US4 g yua p& - Aol a5 Ji - 212 3 -

Closed Tank — mass =C. Rigid Tank — Volume = Constant. p = m /4 = my/¥% = m/¥ = Constant

Air

20°C X 250°¢C

1 bar

m=C m=<C
State (1) State (2)

OMSE aua gl aih die Ly pp = 1.250 glem® & pa = 880 kg/m® Ll fuiliss il B, A (psieyob dlae| & -3
B el (A Jlall 3 gee Ui )] craal & | SIS yie gyl Unsay Uabada ana ) 155 [1 A e g )bl Jiles 3 5ee g li )
g2 =9.8 m/s? yie!
At the same location, Pm,a = Pamp — (pgh)a= (pgh)s — hg = ha (pa/ps)
hg = ha (pa/ps) = (11 m)x( 880 kg/m® /7 1.250 x 10 kg/m®) = 7.744 m
: P-v 3 T-v (hkia e Gmyaas 200°C 525 bars i ¢la -4
05l A 0 el die Haall L eldl g daia gf e~ abuzll paiidie Hall B el oy 5 )l s da y (gf aie

I

’ a) 7"“" @25 bar = 224°C Critical p DPw25ber

(L

D g 20 = 15,54 ber

b) PS‘" @ 200°C = 15.54 bar COMPRESSED /

COMPRESSED

LIQUID pomm - f, A ;
- \ o - & _ b 4
REGION | bare REGION /f,e.-s:s'» BN\~
28 b ° / i
Vs A3
 § P
< /|3
y 200°C Sl
Is
3
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- P-y JT-\’;;LL.A-‘Q-E"EGCJ‘-.“J:" lead go o g ¢ B Y 2as -5
200°C 5300 bars e ¢l -z 0.03 m*/kg 5 11 bars ~= Jbyn-o  15°C 50.2 MPa i Lisel -
r T /\ 0.2 MPa
15C .
{ < For Ammonia at T = 15°C, P = 0.2 MPa
-18.86°C = 15°C > Tuat @ 2 bar (-18.86°C)
The state is located in the superheated vapor
region
v
11 bar
P T For Propane at P = 11 bar, v = 0.03 m%/kg,
@ P =11 bar, vy =0.002070 m3kg
) ve=0.04174 m®/kg
* 11 bar 4 V< V<V
b | 1 I The state is located in the two-phase liquid-
TH I : : vapor mixture
| X
! ] 4 msjkg . 1 1 m3!kg
o o = v o S o v
o
: S : S E
= = S =
> S
Perven 7 Per
Criucal point
; 220.9 bar
A 374.14°G{------
r &, T 15.54 bar
bar q”'"”ﬂi 5
HIEC 00ec| —4 , " "
15.54 - _ For Water at T = 200°C, P = 300 bar,
200°C T, =374.14°C _ P, = 220.9 bar
Pgr'wm >Pad Lﬂi\'sn < Tor
The state is located in the compressed
liquid region
v v
A Jilad aa Sallaill jaliliad 458 48 jad (&5 Y Jiu.&) umu_a,)mng‘;;i_;wms.u,)gmc e -6
¥=0.1m’ym=1kg -¢ %50 Cilia 3y anlia iy Jilu ol o0 T=250°C sP=1bar -i

State Principle: The state of a simple compressible system can be determined by the value of TWO

independent, intensive properties. z = f(x, y).

a) P=1bar & T =250°C: P and T are independent in a single-phase region — sufficient info to fix the state.
b) Saturated liquid-vapor mixture with a quality of 0.5 — insufficient info (one more property is needed)

c) ¥=0.1 m*&m=1 kg — insufficient info (one more property such as T or P is needed)
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Ly ¢ Ty = 27°C 5,0m 40 e (CO,) Ox 8 2T (F6 e e 0.12 kg o (s5in (Sl e GaSay Al ghuf Slea
.lm_ﬁ&ll!ﬁla.!!lhh.._,o.oz n]BUJ.‘?QA.“ (_l.a_,uias‘)l)a.‘|:1+_)3é}g:ﬁc- jLi]|J=§ia.¥|=0.04m3?+A_,sP| = 1 bar

;AL Slane PRT G A
P¥=mRT[ | + a/¥#]
kJ Glas g Zbaall a5 e el Jadll caal 22 m° = @ <l sl -]
R = 8.314 ol 5l eyt T—¥ hbin ke dlall pay -3
Given Date:
m=0.12kg

State (1): 7, =27°C =27 +273=300K, P, = 1 bar & ¥, =0.04 m°
T,K
State (2): To= Ty =27°C =27 +273 =300 K, 3% =0.02 m*

Find: @ and (W>

- 3007 @Qr—<—— @D
Assumptions: t

(1) The gas in the cylinder is a closed system

(2) States 1 and 2 are equilibrium states. v, m?
0.02 0.04

Analysis:

From Table A-1: Mco. = 44.01 kg/kmol.

Therefore, Rcp-= R / M. = [8.314 kJ/kmol.K]/[ 44.01 kg/kmol] = 0.189 kl/kg.K

P¥=mRT [ | + a/A] P¥/mRT =[ 1+ a/¥] P¥/mRT - | = a/¥
P 100 kPa X 0.04 m?
— { —1}x¥1= -1} x0.04m3 = —-0.016m3
mRT,

0.12 kg x 0.1897(%{- x 300K

Work done during the process, (W2 = f: Pa¥

o T . % ) 1, _1 ]
= | Pax= | mRT (=+ —) d¥ = mRT}l + s
L L mRT (g+ ) = m [“( I |+ aChy = )

k]
= 012 kg X 0.1897—

3
x 300 K {In (0-02 L ms) +(=0.016 m*( /g 041z — Yo.02 m3)} = —1.913k] mg,o
1]
(=W
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ME 210 - Spring 2016
Test #01 Time: 1% hr

A gasdl il el a5 2 AEe Y1 Alad) YY1 5 el Jglandl 103l ey 1 Aage Clliadle

ol B o158 3
Lol Gl sed) 8 caal
(<2 10) AN il e cand (K20 3 Gl poy lalada nstiee ¢ 681 N gaad)
Saaiall ale 3 Clallias e 4y Lo Wi (L) 0adS) s JS Cla gy 1 Jgaall JuSH -
A al
P, bar
A
(58 05) Vel Giay N
(5) Zaal Aal 4
®) e gl 1
paeaa fis 5
e dalie 3
»(6)
i oW 2
1 >
v, m¥kg 003
Cullan zie 3,5 $6-5 Adaall & g3 A le -
BB ladape g Sl i v (il $7-3 3daall g 55 -
b Al sl o el 46.89 C 2A°C 323 g3 (6) AMall 5 ) jada -
Sadl lads Zia3 Llaall S 13 Iyt Jath Jidd 5-4 bl S daledl o
Ll Uad se ol paad i oY 0.004535 » mikg sy (3) Wall e o gl janll Hlha 7

we have; v3 = 0.004535 m3/kg, vi =0.00220; vg = 0.02790 m3/kg,

X = (v3 - vi)/(vg - Vi)

(3) Bl eyl Js A s vl

= (0.004535 - 0.00220)/(0.02790 - 0.00220)

= 0.091

1-x =0.909

JLNAC L zale

Table A-18 Superheated Propane

(T8 - 180)/(190 - 180)=(0.03 - 0.02918)/(0.0312 - 0.02918)

LCo3a g (B) all vie Glig,lls ) jnda praagl -2

T8=184.06 C

3 el An A5y haiall 303 D A il il Ll Gas 1Tpead USy (3 jainy ol 03a Jia i el Juay 130 laladlll 3330 ot el )

Rt

w1

P=C SYlad o3 Jie 8 Jytadl Jadl gl Udds 5 ) gall ds o gl die Lelad g Jaiall gl die Gle da it Jad on o8

§ sbemr SN 3 el Aa yn igd e L. W12 = p(V2-V1) Jall (558 Jaiall &g sind el jalh el S aladdly die il (S

: Lo S Il 1yt e ol Jus 3 L . W12=p 1V In(V2IVA)
v
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(ka2 10)
Ladall HAGNAlS e 2ot L [0 2o i i pe (pdad -]
Db 5 hiua die aula i Allay LS Gl aaa pe 355322
Q34=-9461.5kJ ga 3l pall A o iyl e 3,5 4-3
paall Gl aae (pds 144

L=

a5l (©)  Weyele 330 (o Jpdsall Jadll ilia ae (G) P-vy T-v hhie e 550l o i (1)
L<._);ll aal, Q\_)._u’t.’: Jaa) ,5),.\.1! i._:_)‘);“ 2eLaSH (sl (Cl) -Qin da ghaiall A Aditiall 541 yall Dlada
Lol ddla

Known; 10 kg water undergoes a 4-processes
theromodynamic cycle.

Find; Wcyc, Qin, and 1.

Assumptions; 1. The water is the closed system, 2.
Volume change is the only work made, 3. K.E. and
P.E. are negligible.

Analysis; the 1* law; m(Au)=Q-W ;

Qin = Q12 + Q41; Wcyc = W12+W23+W34+W41;
and n = Wcyc/Qin

L
[}

-+

v v
Process 1-2; P=10 bar; vl=vg=0.1944 m* kg x=(0.1944-0.0010926)/(0.3749 — 0.0010926)
ul =ug=2583.6 kl/kg =0.517
v2=v3=0.3749 m’/kg u4=639.68 +0.517(2561.2 — 639.68)
u3 =ug=2561.2 kl’kg =1633.1 klJ/kg
W34 = mp(v4-v3)
(u2 -3192.6)/(3296.8 — 3192.6) =10x100(0.1944 — 0.3749)
=(0.3749 - 0.3729)/(0.4011 — 0.3729) =_180.5kJ

u2 =3207.1 kl/kg
WI12=10x100x10 (0.3749-0.1944) = 1805 k] Or W34 = Q34 — m (ud-u3)

m(u2 —ul) =QI2 - W12 =-9461.5-10 (1633.1 - 2561.2)
Q12=10(3207.1 —2583.6) + 1805 = 8040 kJ = —180.5kJ
Process 2-3; W23 =0 Process 4-1; v3 =v4, hence, W41 =0
Q12 =m(u2 —ul) = 10(2561.2 — 3207.1) Q41 =m (ul-ud)
=-6459.0kJ =10 (2583.6 — 1633.1)
=0505kJ
Process 3-4; v2=v3, hence, W23 =0 Weye = W12+W23+W34+W41
Q12=m(u2 -ul)=10(2561.2 - 3207.1) =1805+0+(—180.5)+0
=—6459.0 kJ =1624.5k)
Qin=QI12 + Q41
vl =v4=0.1944 m3/kg = 8040 + 9505 =17,545 kJ
vg = 0.3749 m’/kg
vf=0.0010926 m*/kg n = Wcye/Qin
=1624.5/17,545=9.26 %
2016 «usta 28 Y Balal) 335Lual ¢ 3ad gy ASI LIS
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