Chapter 9 : Some Power and Refrigeration Cycles
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910 Tds = dh — vdP uae iy isentropic process (s, =s,)

uam‘i’nﬂumm”lﬁa"lﬁquﬁa (incompressible Fluid): v= constant
sy h-h, = [ vdP=v['dP =v(P,—P)
w, = v (P,—P) = 0.00101kg/m’ (2000~ 10)kPa = 2.0 ki/kg

iz 11fuveanaiduiaf 10 kPa 110M319 A4 b= 191.8 ki/kg

ez h, = h +w, = 191.8 kitkg +20 kikg = 1938 ki/kg

" q, : ﬁ1ﬁuﬂﬂ‘§mmﬂmqmwﬁﬂaﬁ1

ngon 1 q+h, = wth,

w=0 tazaneh 313u leduda 71 2.0 MPa
NNANTN A4 b, =2,799.5 k/kg U

qy = q= h;—h,= (2,799.5-193.8 ) kJ/kg =2,605.7 kl/kg

M ow, : MHUAUSINAINIVYNTOUNITY

ngdef 1 q+h, = w+h,

w,=w= h,-h,

S .
3-411lu isentropic process: S; = S
9 9 1 ' A A < [ dy
151921 h, 14 Tagderia x neuttiesninan1izgi 4 1iluveswdan Al
S, = ST X, S,
X, = (8,789 /s,

uazanzdi 315 ledudhii 2.0 MPa anmsn A4 s, = 6.3409 kJ/kgK

sazanzi 4 1uveswaledudi 10 kPa 21nensie A4
he= kJkg, hg= klkg
si= kJIKOK, s¢ = kJKkg

s, = = 8.1502 — (1 -x,) 7.5009
(1-x,) = 02412
h, = 2585.7-0.2412(2392.8) = 2007.5

w, = 2799.5-2007.5 = 792.0 kl/kg

t

W, —W, _ 792.0-20
an 2605 .7

Ay N = =30.3%
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9.2 WAVBININAUNAZYUNHNADIHINIUTIAY

(Effect of Pressure and Temperature on the Rankine Cycle)
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9.3 ﬁ]f‘;fﬂﬁgﬂ (The Reheat Cycle)
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h, = 3213.6; s,=6.7690 — (1-x,) 5.1193
(1-x,) = 0.0248
h

2738.6 — 0.0248 (2133.8) =2685.7

4

h

3273.4;s,="7.8985

5

s,= s, = 7.8985 = 8.1502 - (1 —x,) 7.5009
(1-x)) =0.0336

h, = 2584.7-0.0336 (2392.8) =2504.4

6

W, = (hy—h)+ (h,—h)

t

(3213.6 —2685.7) +(3273.4-2504.4)

1296.9 kJ/kg
ﬁmu@ﬂ?mmmuamauﬁu
ngiefl 1 © W —h,h,
ﬂ;]ﬁls.llﬁ]ﬁ 2 1 s, =5
iWe9In s, =s, ;h,—h, flz vdP = v(P, — P,)
Fa1iu W =v(P,~P) = 0.00101 (4000 10) =4.0 klkg
= 191.8+4.0 = 195.8 kl/kg
ﬁWi‘Llﬂﬂ?ui@iﬂ%UﬂMSGUﬂﬂﬁlﬁyi

qy = (hyj—h)+ (hy—h,)

= (3213.6 —195.8) + (3273.4 —2685.7) = 3605.5 kl/kg

W = W,—w, = 12969 - 4.0 =1292.9 kl/kg

_ Wi _ 12929 _ acgg
Nt = qy 36055 T %

net
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9.4 ANMDEAVUYBITHINIDI9N Tl UIUAIMS

(Deviation of Actual Cycle from Ideal Cycle)
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3. ﬂ]ﬁqty!ﬁﬂﬁlu!ﬂﬁﬂ\‘iﬂjﬂlluu 1]1/!@ﬂll@]‘ﬂﬁ]ﬂﬂ]ﬂ@ﬂ”ﬁﬁaﬂlﬂuiflﬂlﬂuIlﬂV]TGquJ@Qllﬁa
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Gllﬁlf)f]ﬂlﬂusllf]ﬂlﬁa'lvlilﬂimj G]N“V]’]cl,ﬁﬁ@ﬂiﬁﬂ?1uﬁ@u1uﬂu@u1ﬂ1ﬂﬂlu

M Y (24
daeenail 94 Tsednslonidagy Tlszansamvesiafuiu 86 % uazilszdniamueil

E4
80 % wrsz@ninmiFianuiouvesingingi

a

A o 09’
M ‘UTﬂGﬂiW\illﬂu"l

h, 1759 ,h; = 171.8

h, = 3231.6, s, = 6.7690
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hy = 3169.1, s, = 6.7235

MmualsnasaIugusaUnIiu

=Dh.

ngien 1 : W, =P,-P,
y =
ANUON 2 : s, = s
we _ hs—he

T] =
Y hs_hg  hs—hg

s, =, = 67235 = 81502 — (1 —x,) 7.5009
(1-x,) = 0.1902

h,, = 25847 -0.1902 (2393.8) = 2129.6

W, =T, (h;—h,) = 0.86 (31691 —2129.6) = 894.0 kl/kg

54
mmuasmnasaugusouily

=Dh.

agien 1 : w, =h,—h,
ngden 2 - "
n, = has—hy _ hys—hy
P Wy hy—hy
tioamn S =8 8 =83 h—h =v(P,-P)
v h, —h - . 5000 —
AU w, = 2s—hy _ v(P;—Py) 0.001009 (5000 10)=6.3 kl/ke
Tp M 0.80
W =W W, = 894.0-6.3 = 887.7 kl/kg

Aqu w9 A o (o 9 o v
LiJf]olG]fﬂJ;]"U@(ﬂ 1 ﬂﬂﬂﬁil”miﬂ'lﬂﬂlﬁﬂﬂﬁNﬂu”l%ZUlﬂ
qy = h,—h; = 3213.6 - 171.8 = 3041.8 kl/kg

887.7

= —— 29.29
3041.8 &

M

9.5 5’;}%’ﬂi"l®ﬁ1m1wﬁu (Vapor Refrigeration Cycle)

d'dy ' v @ o < @ . . .
Glmnmzﬂanm‘wwamﬂsmmmmmmuaﬂ% (Vapor Compression Refrigeration

A Ao o a [ A A v o A o A v o ' Y
Cycle) %Qujgﬂﬂiiuﬂuﬁuwﬂwiﬂﬁgﬂﬂ 9.6 A ININT 1-2-3-4-1 1@@M@3Wﬂ31MQUﬁT WU Y

Q

d’ [ d! v 9 1Y (SR J Y A
Lﬂﬁ@\?ﬂﬂklﬂ (Compressor) BV YNOARNIY ﬂi$‘U'Juﬂ?‘iﬂﬂulllﬁ\‘mﬁlﬂ’lmi@uﬂuﬁmW 1-2,
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& ) o = ) <
nnumeanuiouTasanuauaan  2-3 lunesadou (condenser) tazoonutiuveuad
v k4 v
aum , MINTuAuNIZIUMIsIeNNaY 3—4 Taghiimsmemanudou | szinelasanuau
A I3 Y < [ v o
AN luneedldy (evaporator) ABULIUMS 4— 1 1Hudunasuiging
4 A wow W % ] 1 S
enfSeuiounuigingms lu 1" -2 —3-4" 1" szmmuamuuanaei 1t
v o % o S 1 A wad o d
muigsnims ulumsoale 17-2" szilu T hildiaelumelfiane: saveewaulfiihu'le
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@Nﬁ?TﬂﬂﬁﬂﬁﬁﬂﬂﬁﬂTuz@giuﬁMﬂaﬂu ﬁ'J‘L!ﬂ”Iiaﬂﬂ'ﬂiJﬂuglj’JfJ NI VIUNIT 374'uuﬂfu$qqmﬂ

ANATEUIUMNS FIONNAINNNAY?
On T
Condenser
Expansion
Talve Compressor '
T
Evaporator '
i
d‘ v o o <3 % a
ETJ‘VI 9.8 'JQEl]ﬂ‘i‘l/]'lﬂ'ﬂﬂlﬂuuﬂﬂ@ﬂulﬁ]ﬂluﬂuG]lﬂfﬂ'ii
1% Y ~ Y v o o < v 9 o a
ﬂ\illﬂﬂﬁYﬂu‘U‘VWl 6 1IN ﬁiﬁﬁﬂu851]@\1'Jai]ﬂi‘VﬂﬂTl‘JJLfJ‘LlLﬁ??ﬂﬂ?ﬂﬁﬂﬂﬁgﬁ“l’l‘ﬁsllﬂxi

A
quUITDUL AD

a

LY 1 ~ v W o < a Y (A <3| o < =
AIVEYINN 9.5 jaﬂﬂiﬂ1ﬂ31ﬂlﬂuﬂlu%uﬁu1ﬂ1§ Gl“b’“l/\l'if)f)u -12 Lﬂuﬁ']iﬂ']ﬂj'lﬂlﬂuj:@ﬂﬂqmﬁﬂﬂ

U

I3 I ° = [ ° @ o <3
Glu‘ﬂ’ﬂf]alﬂulﬂu -20 C uazqmwgﬂuﬂaﬂﬁ%}@mﬂu 40 C ﬂ@lﬁ'lﬂ'liulﬂa"llﬂ\i’ﬁ'li‘Vﬂﬂ'J'lllLfJu
[ | o a a [ o
Gluamm&ﬂu 0.03 kg/s ﬁNW']fﬁJ‘l]igﬁﬂ‘ﬁﬂl@ﬂﬁuﬁﬁﬂugﬂlﬂﬁjaﬁ]ﬂi HAZANNEINTD UM
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ANUYUUBDINU

a

A o [ ! A A
FM NMUUATNNICAN 9 muaugﬂ‘n 9.8
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ngden 1 : we =h,—h,
Y A
nguen 2 S = S
<3| A o a a ° =
an1e 1Lﬂu"laamm1nqmm;]u -20°C NAMINHTooU-12
h, = 178.610, s, =0.7082 .
a1 2 s, = s = 0.7082

P,= P # 40°C = 09607 MPa . ienpeod

0w Wi s, = 06820 ; s, >s, waasiuilleas
w1 h, ldTaaieunnasaleasvesrleon -12
Jowe = 211.38 -178.61=32.77 kl/kg
ﬁmuﬂﬂ§u1mﬁﬂauQniau§uaﬂmmﬁu wazngdeft 1 1¢h
h, = h, =7453

o a2 <
ﬂ"l‘l’iuﬂﬂiuiﬁﬁﬂﬂmﬂﬂi@ﬂﬂ@ﬂﬁwu

9

=Dh.

Aguen 1 @ q, =h,—h, = 178.61 —74.53 kl/kg
Y q.  104.08
Ay B="-= =3.18
w.  32.77
anwennsalumahanudu = m,q; = (0.03 kg/s) (104.08 kJ/kg)
=312 kW

9.6 IUNIAUMAININGGIUOINA (The Air Standard Power Cycle)
| o v a o . . { o 1
TuipTessuadumaranesialdvedlvariay (working fluid) Miuufia
A s - A o A do o @ A ¢ 1A a
IATDIIUALNA 1¥AU 1ATDIBUAAYA HazIATRIEUANIH LN T1ATodsuaiartived laina
A 1 = dy a I = =& 1
manfasuutlasamszneumanl nemevazienas lihily lode Favmneanun vea
o v o 1 I a Q{ o 1 a 3
Tnashaluiginglulailu esuSeand  (pure substance) shldennunmsdingzd dnnaves
nm 9o a v W o a J Yo A 4 o v W
Tnaluladuiiuluasuigsnsmames Tulauriiad widunTosoudz i liasuiginims
[ 3 a o o a\ 1 dy d’ < o = YA o Y I Y
na Aty lumsauasizwiganatlamiartl easessuadumilaielu) 391535910 lmiluigins
Pl lndiReasz vuasaunu dginsdenaruieonh  “IdnsmasgIueImea ” (Air— Standard

d! =S a U 1 J
Cycle) aliauuagiuaae il
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v @ = I o (= Y A ay
1) meluipinsliomeiiuves nahan waz liimsgadmTomens
A I (2 4
uazdeeremaiiuunaauysel
2) nszumMsduamtunui lasmsaannudounaurasnnuseunieuen
o Y v @ 1 9 1A kY [ = =
3) Mlrasuigins Tasmsmemanuiougaunadennuisnizme lordeuaz g lod)
I
4) 9 9 nszuaumsiu nszuIumsauanIv
~ £ o A
5) 9IMANANVTOUIUNILAIN
v o VA A o W a A g9y o A g
pansmesgiuemavianiiiuiesiginsaua telwianlslundanmsiiiosnu wag
Ansandwlsiinadeaussous e q amuoiald wu dszanTamuasanuduimae
. qg/} 1 o A d A o A & P Ao dgl
(mean effective pressure) HUIZUANANNLIATOIOUAVIWNAANNALIRA T UM AT M UATY
) [ A 4 A
AMTVIATOBUAYNFUAD

NUADININT = anuaumde x Ysnesununveagngu 9.4)
9.7 ¥99n531035g11@1MANISIYU (The Air Standard Carnot Cycle)

U Q/ ‘;’ U
pInsiiuansagl 9.7

Q

5178y S,=85 s v

4 v @ o
i 9.7 Ipinsmnasgiueimenis lu

Qal

[

dszaninmFsnnudouvesining

QL T (S3—S4) Ty,
N Qx Ty (S2—S1) Ty

E4
Uszansnmileninsndonlugilvesdandmanudy  (Pressure Radio) W309AT1A0IUNITON

(compression Ratio) 1152#13194M589 110
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lentropic pressure ration,r = P (—

. . vy V3 T; 1/(1-k)
lentropic pressure ration, r,, = - = —*=(_*
2

o (1-k)/k 1-k

nth = 1-rps = 1_I’vs
9.8 ININININIFIUDINABOAIA (The Air Standard Otto Cycle)

v W dyd v W a A Y 2 o A d o a g
agﬁ]ﬂ’imﬂu’smﬂﬂuwmumﬁﬂﬂamﬂdﬂum‘imEJummmﬂﬂmGlUL!,iJiJi;mzLum’Jﬂ
Uszmelil (spark-ignition internal-combustion engine) ﬁﬂL!W‘uﬂ1WﬁL!ﬁﬂﬂu§,ﬂﬁ 9.8 %4

Y J o 1 da/
52 NOUAIY ATTVIMMIAN 9 e 1

AszuIumMs  1-2  msoauuy lesunsetln (isentropic compression)
Y Y = a0, . .
ASZTUIUMS  2-3  Mslaanusou lael5mnasaen  (isometric heat supplied)
AFEUIUMI  3-4  msveneduuy lesunsetln (isentropic expansion)
Y = s . .
AFTUIUMST 4—1  mMsmeanyieu laslsunasnen (isometric heat reject)

a A v W P dy
Uszansnmiginim laaail

_Qy—Qp _ QL _ mC, (T4=T;)
M, =t =g - g 2 Gt
Qn Qn mC 4 (T3-T,)
4 Ti(Ty/Ty-1)
T, (T3/T,-1)
k-1 k-1
} T \% A T
11199910 2 - (—1) = (—4) = (—3)
Ty Vo V3 Ty
AIUU 2=
T, Ty
& _ T1 _ 1-k _ 1
RTUU N =5~ 1—(ry) =1—-—=
2 I'y
4 (%3 1 4 V V
e r. = 9anaIUMIdn = V—1=—4
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Vo—V; vy, ) 5,75, §am s

3N 9.8 uaAHUAIN P-v uaz T-s veIININTMNATTIUOINMADDA 1A

< ' a a 3 v v ' [ 1 Y 1 Y
WHUNYszansam ﬁuﬂu@ﬂﬁﬁ?uﬂ"ﬁ@ﬂ@ﬂﬁlaﬂ? 5’1amwmumiaﬂqa

a A <] 1 4 a o 1 o a a o
Usgansainnunn l,m“lum?msluﬁm fﬁamwmumiaﬂqqmu'lﬂﬂzmﬂmﬂmu%u

. = @ dyd @ J A 4
(detonation) 44131ngMIdailitlusuaTIERBIATOIEUA

[y ! v o @ (] @ 1 A o o 1Y) I
ﬂ?ﬂEhQﬁ 9.6 agﬁ]ﬂimmgmmmﬂﬂﬂﬂh flﬂﬂﬁ']ﬁ'luﬂ'ﬁﬂﬂ 8 ﬂ’e)m'imwazaﬂmmwmﬂu
A ° i 1 " v W I
0.1 MPa uazquugil 15°C anwSouddwiulneimeadeiginnilu 1800 kI/Kg vose1me
NN
1 Y
1) mmﬁuuazqmﬁgﬁﬁﬁm%ﬁuqmmlmaz NITUIUNT
Aa A a 9
2) ﬂ’izﬁ‘n‘ﬁmmmmmmu
3) ANUAUIRGY

ad o

o A A
1 ﬂTﬁuﬂﬁﬂTJZ!ﬁN@uzﬂﬂ 9.8

P, =01 MPa T, =2882K

v, = Ry _ (0287K /kg)(288.2K) _ 0 gy m? /kg
P, 100 kPa
Wiodnn 1-2  Hunszuaums lou Insila
v k—1
Fiiu T= (%) =8 =23;T, =622 K
T, \p)
k
oz 2= (%) =8' =1838;P, = 1.838 MPa

0.827

v, = 0.1034 m3/kg

aszvums 2-3  Ideanudeulasdsmnasnad 1800 ki/ke
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9.9 I ININAIFIUOIMAAITA (The Air Standard Diesel Cycle)

v W < v W a A I £ o = 1 1 A J
’Jg]i]ﬂ’iﬁlugﬂ 9.9 Lﬂu’Jg‘]%ﬂ‘iﬁlui]uG]’LJWﬂﬁ"lJ’ENLﬂi’ﬂ\iﬂuG]ﬂ!“]fﬁclﬁL'iEJﬂE]ﬂE]EJN’N!ﬂiENfJuGI

T 1Hindnemson (compression-ignition engine)

r

5,=5, S5T8y

d‘ g =
ETJ‘VI 9.9 1NINTNIATTIUDINAALL R

< Y1 o 1 v W ] Y 9 1 us/l o v W
ﬁlzmu”lmmuLzmﬂmammmﬂsaaﬁimﬂwwiumqmﬂwmmsaummu 1M IV
@ dy Y 9 @ A o 1 1 Y 9 A A
%ﬂiuﬂgﬁlﬂﬂ’ﬂlﬁﬂujﬂﬂﬂ'ﬂimlmﬂ“ﬂ uuwmEjmmaflu':w‘ﬁJNmﬂwmmaaugﬂqumaauw
J 9 [ QSI' = Y] a = 4 1
NINYAFUINANNYUUAIY LLﬁ%‘Ha\ﬁﬂﬂ‘uu%Q“UEJ'IEJG]’JLHJTJVI,@L%H —maﬂﬂhlﬂﬂumgmamﬂmq
Y v o = d’dw 1 (Y] [ Y d' Q' Y A [ v W
ﬂ”l’J;]ﬂﬂiﬂﬂﬁimlﬁ%ﬂl“ﬁaﬂuﬂﬁiTﬁ’JuﬂﬁﬂﬂlﬂWﬂu UASNANNICLTUAULINUDUNY ’J;]i]ﬂi’e)’f)@'liﬁ
= a A 1 [ A wa A L&) Iy 1 [
i]$3Jﬂi$ﬁ1/Iﬁﬂ1Wf;Nﬂ’ﬂ gmium@ﬂgummmaummammmaammﬂwmmmaumiaﬂqq
' A J & ~ Y qs/' a a o 2R ' A J & A Aa a
mwmsawummﬁicﬁaunm muuﬂizﬁmmwmmuumqqmnmmﬂummaimaumﬂimm

NILUBNGUINY

feehafi 9.7 Spdnanaspueimedaadisandmmesa 16 Tugumslianudoulily
USnm 1800 kikg vesoimieseiginsanizisusnienmssainnudy 0.1 MPa uag
gUHNQN 15°C WM

1) qmwgﬁuagmmﬁuﬁqﬂdw 1 Tudging

2) dszd@ninmseanuiou

3) ANUAUIRAY

a o

<) o ' A
FM NI UATNNIICAN 9 muaugﬂ 9.9

P, =01 MPa T, =2882K

_0.287x288.2

| = = 0.827 m?3 /kg
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_ vy _ 0827 _ 3
=T T 0.0517 m°/kg

AITVIUMT 1-2 L‘ﬂul’l@!“]ﬂuﬂﬁﬂﬂﬂ

\4)

k-1
Tz — (V_l) = 16%* =3.031;T, = 8735 K

T \%

Pl VZ 1.4

Py _ (_1) =16'* =485 ;P, = 4.85 MPa
Py V2

S| v 9 Y A
ATEUIUMT 2-3 L‘]J‘L! ﬂﬁi‘l’iﬂ’ﬂiﬁﬂuiﬂﬂﬂ’ﬂhﬂuﬂﬂﬂ

2 @3 = C,(T,— T, = 1800
1800
1.0035 ,

Y o A 19 ~ PR
VINNHUDILUNATNYTMU LASINDANNAUAIN Ulﬂ’ﬂ

Yo =D = 207 3053 . v3 = 0.1375 m/ke
V2 Tz 8735

3-4 L“ﬂuﬂig UIU ﬂ1illfll,°liu‘1/]‘iﬁlﬂﬂ

Ty _ (V_4)k_1 - (M)M =194 ,T, = 1375 K

T,-T,= = 1794; T3 =2667 K

T, V3 0.1578

k 14
= (L) = (32)" =0.09836 ;P, =0.4771 MPa
Py vy 0.827

sz ansmmFaanudou
q = ., = C(T,—T,) = 0.716 (2882 — 1375) = -778.7 kl/kg

W = quy=q, = 1800-778.7 = 1021.3 kl/kg

Woer _ 10213 _ 56.7%
qy 1800 )
Wnet 1021 .3

(vi—vy)  (0.827-0.0517)

Nep =

mep = = 1317 kPa
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9.10 IHINIIVIAY (The Brayton Cycle) J

v o o [~ v W a 4 Jou %) 1 ]
'Jgﬂﬂiﬁ_ﬁﬂu3J’]C°']5:1§'lu@’]ﬂ’]ﬁlllu'Jgﬂﬂiiu%u%u’]ﬂ’]i‘uﬂﬂlﬂ?@ﬂﬂuﬁﬂﬂﬁuuﬂﬁ@ﬂ’lﬂﬁ’]ﬂ

Fauaauiuunuamluzlii 9.10

Combustion

Heai
Exchanger

mbustion Gases

High Pressure Ai

Comprassor

Exchanger

Conprressor Turbine
Cone
v Inrake Eé;'zf:_,”

4 Jou 23 -2
(n) !‘ﬂ?ﬂﬂﬂuﬁﬂ\‘]ﬁullﬂﬁ (v) NINTNIATFIUDINIALUT

Vs ViVs

(A) UHUNIW Pv uag Ts VBAIINTINATTIUDIMAIUITAY
st 9.10 dpinsmnasgiueImenusau
a A o Yo dy
1519 vlsyansa ey ldaail

Ny = 11— — 1_EM= 1 — T(Ta/Ty 1)

Qy Cp (T3-Tp) T (T3/T,=1)
v Y
1 I=y= P P
ualunil == 2
Py Py
k/k—1 k/k—1
P T P T
uay -2 = (—2) =3 = (—3)
Py Ty Py Ty
T T T T T T
uay S=2, A=t 3] = £
T, Ty T, T1 T, Ty
T 1
=1-‘1=1—- —
Nth T, (p_z)(k—l)/k

P1



200

< ' a a 4? [ @ 1 @ . Y o 1 dydl
WIUMsZANTNMIZAUAD SAT1AUANUAY  (Pressure ratio , 1) D19ATIAIUHIIM
A A <3
mnlszansaImne g

v A

AnIn3asaanaenuinIng luduauims esnnauiadinyae anuluauanin

o

A [ [ Y dyf:s'd =l o A ] Y
MoluinTodauna (compressor) HazNIWY UonvINtinAoMIgdsANuALLD Inarkuie
duail (combustion) @n1zAN 9 veeiginseswaaslugl 9.11 UszAnininveuniesdn

4

[ v = Y o v a\ P dy
uneas NN U Wen Inauiusnu nse mum‘iulamumaﬂﬂ"lﬂmu

hys—hy

T.ICOI'[lp = hZ_hl (95)
h;-h
nturb = h33—h4t (9.6)
Actualcycle
Healcycle

.
>

H a a { o a a ° v o v o 2]
s 9.11 nswaiihldlszaninimaadluiginsnaiuuna

U v o Y ] P B
faee1e 98  luipinsnasgiueImausdu emamudIAouNIawesn 0.1 MPa, 15°C
[ J a v @ I °
ANuEUIBENNNRRMNIAFOIITY 0.5 MPa gungiigagaludginatly 900° C M
1) ANuAUIAz QU INgaa 9 Tudging
J v @ a A
2) NUVBIABMNTALHOT , AINU tazlszaNTAINURITLUY
ada o Y dy 39 Yaxt a A o a g A
351 Tumsudilgmitisaldisaunesmualzmasaugusouginsaiang 9 uazden
< @ A = Y o =
pmaiuunaduann tazianuioudumizadn
o a s
MU UARIAIUANITOUADIIN I ALEDS
ngdehn 1 “we = h,—h,
ngdeN 2 - S,= S,

Lﬁmmm‘ﬂu N3 TJ’JuﬂTihlE]!“]fuﬂﬂ
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L (2)®P 2 (9™ _ 1 5845,T, = 4566 K

= “-we = h,~h, = C, = (T,-T)

1.0035 (456.6 — 288.2) = 169.0 kl/kg

d‘ 1 Y J
Nuilaldneunsaes

~ 169.0 ki/ke
MU UARINIVANTOUNIF U
ﬂg]"lleﬁJﬁ 1 w, = h,-h,
Y A
nuen 2 S;= S,
L (k—1)/k
Fatiu (12—3) = 5" = 15845 ; T, = 7404 K
4
w = h-h,=C = (T,-T) = 1.0035 (1173.2 — 740.4)

= 434.8 kl/kg
W = W,—W, = 4344-169.0 = 2653 kl/kg

net

Co .
Idngden 1 AnszvinTowanilaouanuiou

= h,—-h, =C (T,-T
% o p(L-T) ; Heat ;
1.0035(1173.2 - 456.6) Exchanger

= 719.1 kl/kg
qy
_ Wye _ 2653 _ 0
Ny = = o1 36.9%

o oA A A dou @ XA ! ] I P
A08197 9.9  NNTUUATOIUANIHUUNT FIUDIMANDULUIADMNIT DT N1uldaniig
1 v T o a Y I °
[UASINAIBEN 9.8 LAZVIOBNNANNAY 0.5 MPa gangigagaludginailu 900°C
a A < v @ o '

ES{TIJEWﬁﬂﬁﬂWWﬂJﬂQﬂ@mWiﬁlcﬁ@iﬂu 80 % VINNHU 85 % HAZANUAUAAAITEHIN

oy v W 4 v a a @
ADUWITLHYDINUMNHU 15 kPa iNmmuiummwsm«msmummﬂwuuazﬂizﬁmmwmmaa

e

N7

a o

= o 1 = o o A A Aax o 1 ~ k4
jif 1ﬂ1ﬁuﬂﬁﬂ1’)%t“ﬁumt’l’)ﬂﬂ§,ﬂ 9.13 uazmmummua‘ﬁﬁlumammum

o ) J
ﬂTVi‘LlﬂﬂiiJW]‘iﬂ’J“Llﬁ]lli@llﬂ@MWiﬁlcﬁﬂ‘i

=h.

ngien 1 we = h,—h,

=Dh.

ngdehn 2 S,.= S,
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Ne = hps—hy _ Cp(Tos—T1)
¢ hy —h, Cp(T2—-Tq)

(k—1)/k
(llz_z) — Dz _ 5™ _ 15845, T, = 456.6K
1

_ Tos =Ty _ 45662882 _ (y g

Nc T,-T T, =T,
456.6 - 288.2

ToTi= T g 21055 T, = 487K

-we = h,—h, = C (T,-T) = 1.0035 (498.7 —288.2)
-w. = 211.2 kJ/kg

MU UARIAIVANTOUNIN U

ngden 1 : W, = h,—h,
Y A
nguen 2 S; =S,
Ne = h; —h, _ Cp(T3_T4)
c= =
h3 - h4s Cp (T3 - T4s)
P, =P, - ANUAUAA = 0.5 —0.019 = 0.485 MPa
(k=1)/k
(P—3) - D _485"" = 15708; T,=7469K
Py Tas *
Ty —T,
= 0.85
e T3—Tys
T,—-T, = 0.85(117322-7469) =3624;T, = 8100 K
w,= h-h,=C = (T,-T) = 1.0035 (11732 - 810.8)
w, = 363.7 kl/kg
W, = W, —w.=3637-2111= 152.5 kJ/kg
o =Y 9 [
Mrualsmasaiuguseuieadumil (;) oo (% )
ﬂg%}aﬁ L % ~h,—h, = Cp(Tsz) Exchanger
= 1.0035(1173.2 - 498.7) qy
— 676.9 kl/kg
o Wae _ 1525
e = e o760 22.5%
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9.11 IANTNAIFIUIMANINIIATEWUAIN (The Air Standard Cycle for Jet Propulsion)
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9.12 IHINIMANMEUMNAIFIUOINA (The Air Standard Refrigeration Cycle)
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(k=1)/k
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Exercises : HULANYAT8UNT 9

Source: Cengel, YA., and Boles, M.A., THERMODYNAMICS :An Engineering Approach, 5" Edition in SI

unit, McGraw-Hill, 2006. Prepared by: Assoc.Prof.Sommai Priprem,PhD.

8-10C What is the difference between the clearance volume and the displacement volume
of reciprocating engines?

8-11C Define the compression ratio for reciprocating engines.

8-12C How is the mean effective pressure for reciprocating engines defined?

8-13C Can the mean effective pressure of an automobile engine in operation be less than
the atmospheric pressure?

8-14C As a car gets older, will its compression ratio change? How about the mean
effective pressure?

8-15C What is the difference between spark-ignition and compression-ignition engines?
8-16C Define the following terms related to reciprocating engines: stroke, bore, top dead
center, and clearance volume.

Otto Cycle

8-27C What four processes make the ideal OTTO cycle?

8-29C How is the rpm (revolutions per minute) of an actual four-stroke. gasoline engine
related to the number of thermodynamic cycles? What would your answer be for a two-
stroke engine?

8-30C Are the processes which make up the Otto cycle analyzed as closed-system or
steady- flow processes? Why?

8-31C How does the thermal efficiency of an ideal Otto cycle change with the
compression ratio of the engine and the specific heat ratio of the working fluid?

8-32C Why are high compression ratios not used in spark- ignition engines?

8-33C An ideal Otto cycle with a specified compression ratio is executed using (a) air, (b)
argon, and (c) ethane as the working fluid. For which case will the thermal efficiency be
the highest? Why?

8-34C What is the difference between fuel-injected gasoline engines and diesel engines?
8-35 An ideal Otto cycle has a compression ratio of 8. At the beginning of the
compression process, air is at 25 kPa and 27°C, and 750 kJ /kg of heat is transferred
to air during the constant-volume heat addition process. Taking into account the variation
of specific heats with temperature, determine (a) the pressure and temperature at the end
of the heat addition process, (b) the net work output, (c) the thermal efficiency, and (d)
the mean effective pressure for the cycle. Answers: (a) 3898 kPa, 1539 K; (b) 392.4 kJ
/kg; (c) 52.3 percent; (d) 495 kPa

8-36 Repeat Prob. 8-35 using constant specific heats at room temperature.

8-37 The compression ratio of an air-standard Otto cycle is 9.5. Prior to the isentropic
compression process, the air is at 100 kPa, 17°C, and 600 cm®. The temperature at the end
of the isentropic expansion process is 800 K. Using specific heat values at room
temperature, determine (a) the highest temperature and pressure in the cycle, (b) the
amount of heat transferred, in kJ, (c) the thermal efficiency, and (d) the mean effective
pressure. Answers: (a) 1969 K, 6449 kPa; (b) 0.65 kJ; (c) 59.4 percent; (d) 719 kPa
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Diesel Cycle

7-39C How does a diesel engine differ froma gasoline engine?

7-40C How does the ideal Diesel cycle differ from the ideal auo cycle?

7-41C For a specified compression ratio, is a diesel or gasoline engine more efficient?
7-42C Do diesel or gasoline engines operate at higher compression ratios? Why?

7-43C What is the cutoff ratio? How does it affect the thermal efficiency of a Diesel
cycle?

7-44 An air-standard Diesel cycle has a compression ratio of 16 and a cutoff ratio of 2. At
the beginning of the compression process, air is at 95 kPa and 27°C. Using constant
specific heats at room temperature, determine (a) the temperature after the heat addition
process, (b) the thermal efficiency, and (c) the mean effective pressure.

Answers: (a) 1819K, (b) 61.4 percent, (c) 660.5kPa

7-45 An air-standard Diesel cycle has a compression ratio of 18.2. Air is at 27°C and 0.1
MPa at the beginning of the compression process and at 2000 K at the end of the heat
addition process. Using constant specific heats at room temperature, determine (a) the
cutoff ratio, (b) the heat rejection per unit mass, and (c) the thermal efficiency.

7-46 An ideal diesel engine has a compression ratio of 20 and uses air as 'the working
fluid. The state of air at the beginning of the compression process is 95 kPa and 20°C. If
the maximum temperature in the cycle is not to exceed 2200 K, determine (a) the thermal
efficiency and (b) the mean effective pressure. Assume constant specific heats for air at
room temperature. Answers: (a) 63.5 percent, (b) 933 kPa

7-47 Repeat Prob. 7-46, but replace the is en tropic expansion process by [polytropic
expansion process with the polytropic exponent n= 1.35.

7-48 A four-cylinder 4.5-L diesel engine that operates on an ideal Diesel Cycle has a
compression ratio of 17 and a cutoff ratio of 2.2. Air is at 27°C and 97 kPa at the
beginning of the compression process. Using the cold-air-standard assumptions,
determine how much power the engine will deliver at 1500 rpm.

7-49 Repeat Prob. 7-48 using nitrogen as the working fluid.

7-50 The compression ratio of an ideal dual cycle is 14. Air is at 100 kPa and 300 K at the
beginning of the compression process and at 2200 K at the end of the heat addition
process. Heat transfer to air takes place partly at constant volume and partly at constant
pressure, and it amounts to 1520.4 kJ/kg. Assuming variable specific heats for air,
determine (a) the fraction of heat transferred at constant volume and (b) the thermal
efficiency of the cycle.

Gas-Turbine (Brayton) Cycle

7-51C Why are the back work ratios relatively high in gas-turbine engines?

7-52C What four processes make up the simple ideal Bray ton cycle?

7-53C For fixed maximum and minimum temperatures, what is the effect of the pressure
ratio on (a) the thermal efficiency and (b) the net work output of a simple ideal Bray ton
cycle?

7-54C Why are gas turbines operated at very high air-fuel mass ratios?

7-55C Should the processes that make up the Bray ton cycle be analyzed as closed-
systemor steady-flow processes? Why? :

7-56C What is the back work ratio? What are typical back work ratio values for gas-
turbine engines?

7-57C How can the irreversibilities in the turbine and compressor of gas-turbine engines
be properly accounted for?
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7-58C How do the inefficiencies of the turbine and the compressor affect (a) the back
work ratio and (b) the thermal efficiency of a gas-turbine engine?

7-59 A simple ideal Bray ton cycle with air as the working fluid has a pressure ratio of
10. The air enters the compressor at 300 K and the turbine at 1200 K. Using constant
specific heats at room temperature, determine (a) the air temperature at the compressor
exit, (b) the back work ratio, and (c) the thermal efficiency.

7-60 Air is used as the working fluid in a simple ideal Bray ton cycle that has a pressure
ratio of 12, a compressor inlet temperature of 300 K, and a turbine inlet temperature of
1000 K. Determine the required mass flow rate of air for a net power output of 30 MW,
assuming both the compressor and the turbine to be isenropic. Assume constant specific
heats at room temperature, answer 150.7 kg/s

8-78 A stationary gas-turbine power plant operates on a simple ideal Brayton cycle with
air as the working fluid. The air enters the compressor at 95 kPa and 290 K and the
turbine at 760 kPa and 1100 K. Heat is | transferred to air at a rate of 50,000 kJ/s.
Determine the power delivered by this plant, (a) assuming constant specific heats at room
temperature and (b) Accounting for the variation of specific heat with temperature

8-79 Air enters the compressor of a gas-turbine engine at 300 K and 100 kPa, where it is
compressed to 700 kPa and 580 K. Heat is transferred to air in the amount of 950 kJ /kg
before it enters the turbine.For a turbine efficiency of 86 percent, determine (a) the
fraction of the turbine work output used to drive the compressor and (b) the thermal
efficiency. Assume variation of specific heat for air.

8-81 A gas-turbine power plant operates on a simple Bray ton cycle with air as the
working fluid. The air enters the turbine at 1 MPa and 1000 K and leaves at 125 kPa and
600 K. Heat is rejected to the surroundings at a 1 rate of 7922 kJ / s, and air flows through
the cycle at a rate of 25 kg/s. Assuming a compressor efficiency of 80 percent, determine
the net power output of the plant. Account for the variation of specific heat with
temperature.

Jet-Propulsion Cycles

8-107C How does the ideal jet-propulsion cycle differ from the ideal Brayton cycle?
8-108C What is the function of the nozzle in turbojet engines? 8-109C What is propulsive
power? How is it related to thrust?

8-110C What is propulsive efficiency? How is it determined?

8-111C Is the effect of turbine and compressor irreversibilities of a turbojet engine to
reduce (a) the net work, (b) the thrust, or (c) the fuel consumption rate?

8-112 A turbojet aircraft is flying with a velocity 280 m/s at an altitude of 6100 m, where
the ambient conditions are 48 kPa and -13°C. The pressure ratio across the compressor is
13, and the temperature at the turbine inlet is 1300 K. Assuming ideal operation for all
components and constant specific heats for air at room temperature, determine (a) the
pressure at the turbine exit, (b) the velocity of the exhaust gases, and (c) the propulsive
efficiency. Answers: (a) 374.3 kPa, (b) 933.6 m/s, (¢) 26.9 percent

8-113 Repeat Prob. 8-112 accounting for the variation of specific heat with temperature.
8-114 A turbojet aircraft is flying with a velocity 320 m/s at an altitude of 9150 m, where
the ambient conditions are 32 kPa and - 32°C. The pressure ratio across the compressor is
12, and the temperature at the turbine inlet is 1400 K. Air enters the compressor at a rate
of 40 kg/s, and the jet fuel has a heating value of 42,700 kJ/kg. Assuming ideal operation
for all components and constant specific heats for air at room temperature, determine (a)
the velocity of the exhaust gases, (b) the propulsive power developed, and (c) the rate of
fuel consumption.
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Rankine Cycle

9-11C How do actual vapor power cycles differ from the idealized ones?

9-12C Compare the pressures at the inlet and the exit of the boiler for (a) actual and (b)
ideal cycles.

9-14C Is it possible to maintain a pressure of 10 kPa in a condenser which is being cooled
by river water entering at 20°C?

9-15 A steam power plant operates on a simple ideal Rankine cycle between the pressure
limits of 3 MPa and 50 kPa. The temperature of the steam at the turbine inlet is 400°C,
and the mass flow rate of steam through the cycle is 25 kg/so Show the cycle ona T-s
diagram with respect to saturation lines, and determine (a) the thermal efficiency of the
cycle and (b) the net power output of the power plant.

9-16 Consider a 300-MW steam power plant which operates on a simple ideal Rankine
cycle. Steam enters the turbine at 10 MPa and 500°C and is cooled in the condenser at a
pressure of 10 kPa. Show the cycle on a T-s diagram with respect to saturation lines, and
determine (a) the quality of the steam at the turbine exit, (b) the thermal efficiency of the
cycle, and (c) the mass flow rate of the steam.

Answers: (a) 0.793, (b)40.2 percent, (c) 235.4kg/s

9-18 A steam power plant operates on a simple ideal Rankine cycle.

between the pressure limits of 9 MPa and 10 kPa. The mass flow rate of steam through
the cycle is 60 kg/sec The moisture content of the steam at me turbine exit is not to
exceed 10 percent. Show the cycle on a T-s diagram with respect to saturation lines, and
determine (a) the minimum turbine inlet temperature, (b) the rate of heat input in the
boiler, and (c) the thermal efficiency of the cycle.

9-19 Repeat Prob. 9-18 assuming an adiabatic efficiency of 85 percent for both the
turbine and the pump.

9-20 Consider a coal-fired steam power plant which produces 300 MW of electric power.
The power plant operates on a simple ideal Rankine cycle with turbine inlet cond itions of
5 MPa and 450°C and a condenser pressure of 25 kPa. The coal used has a heating value
(energy released when the fuel is burned) of 29,300 kJ/kg. Assuming that 75 percent of
this energy is transferred to the steam in the boiler and that the electric generator has an
efficiency of 96 percent, determine (a) the overall plant efficiency (the ratio of net electric
power output to the energy input as fuel and (b) the required rate of coal supply, in t/h [1
metric ton (t) = 1000 kg]. Answers: (a) 24.6 percent, (b) 150.1 t/h

9-21 Consider a solar-pond power plant which operates on a simple ideal Rankine cycle
with refrigerant-12 as the working fluid. The refrigerant enters the turbine as a saturated
vapor at 1.6 MPa and leaves at 0.7 MPa. The mass flow rate of the refrigerant is 6 kg/sec
Show the cycle on a T-s diagram with respect to saturation lines, and determine (a) the
rhermal efficiency of the cycle and (b) the power output of this plant.

The Reheat Rankine Cycle

9-26C Consider a simple Rankine cycle and an ideal Rankine cycle with three reheat
stages. Both cycles operate between the same pressure limits. The maximum temperature
is 700°C in the simple cycle and 500°C in the reheat cycle. Which cycle do you think will
have a higher thermal efficiency?

9-27 A steam power plant operates on the ideal reheat Rankine cycle. Steam enters the
high-pressure turbine at 8 MPa and 500°C and leaves at 3 MPa. Steam is then reheated at.
constant presspre to 500°C before it expands to 20 kPa in the low-pressure turbine.
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Determine the turbine work output, in kJ /kg, and the thermal efficiency of the cycle. Also
show jhe cycle ona T -s diagram with respect to saturation lines.

The Reverse Carnot Cycle

10-5 Refrigerant-12 enters the condenser of a steady-flow Carnot refrigerator as a
saturated vapor at 800 kPa and leaves with a quality of 0.05. The heat absorption from the
refrigerated space takes place at 140 kPa. Show the cycle ona T -s diagram relative to
saturation lines, and determine (a) the coefficient of performance, (b) the quality at the
beginning of the heat absorption process, and (c) the net work input.

Answers: (a) 4.59, (b) 0.317, (c) 22.7kJ/kg

Ideal and Actual Vapor-Compression Refrigeration Cycles

10-6C Does the ideal vapor-compression refrigeration cycle involve any
internal irreversibilities?

10-7C Why is the throttling valve not replaced by an isentropic turbine in the ideal vapor-
compression refrigeration cycle?

10-8C 1t is proposed to use water instead of refrigerant-12 as the working fluid in air
conditioning applications, where the minimum temperature never falls below the freezing
point. Would you support this proposal? Explain.

10-9C In a refrigeration system, would you recommend condensing the refrigerant-12 at a
pressure of 0.7 or 1.0 MPa if heat is to be rejected to a cooling medium at 15°C? Why?
10-10C Does the area enclosed by the cycle on a T-s diagram represent the net work input
for the reversed Carnot cycle? How about for the ideal vapor-compression refrigeration
cycle?

10-11C Consider two vapor-compression refrigeration cycles. The re-frigerant enters the
throttling valve as a saturated liquid at 30°C inone cycle and as sub cooled liquid at 30°C
in the other one. The evaporator pressure for both cycles is the same. Which cycle do you
think will have a higher COP?

10-12C The COP of vapor-compression refrigeration cycles improves when the
refrigerant is subcooled before it enters the throttling valve. Can the refrigerant be
subcooled indefinitely to maximize this effect, or is there a lower limit? Explain.

10-13 A refrigerator uses refrigerant-12 as the working fluid and operates on an ideal
vapor-compression refrigeration cycle between 0.12 and 0.7 MPa. The mass flow rate of
the refrigerant is 0.05 kg/sec Show the cycle on a T-s diagram with respect to saturation
lines. Determine (a) the rate of heat removal from the refrigerated space and the power
input to the compressor, (b) the rate of heat rejection to the environment and (c) the
coefficient of performance.

answer: (0) 5.68 kW, 1.55 kW; (b) 7.24 kW; (c) 3.67

10-14 If the throttling valve in Prob. 10-13 is replaced by an isentropic turbine. determine
the percentage increase in the COP and in the rate of heat removal from the refrigerated
space. answers:, 4.6 percent

10-15 Consider a 300 kJ/min refrigeration system which operates on an ideal vapor-
compression refrigeration cycle with refrigerant-12 as the working fluid. The refrigerant
enters the compressor as saturated vapor at 140 kPa and is compressed to 800 kPa.Show
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the cycle on a T-s diagram with respect to saturation lines, and determine (a) the quality
of the refrigerant at the end of the throttling process, (b) the coefficient of performance,
and (c) the power input to the compressor.

10-16 Repeat Prob. 10-15 assuming an adiabatic efficiency of 85 percent for the
compressor. Also determine the irreversibility rate associated with the compression
process in this case. Take To =298 K.

10-17 Refrigerant-12 enters the compressor of a refrigerator as super-eated vapor at 0.14
MPa and -20°C at a rate of 0.04 kg/s, and it leaves at 0.7 MPa and 50°C. The refrigerant
is cooled in the condenser to 24°C and 0.65 MPa, and it is throttled to 0.15 MPa.
Disregarding any heat transfer and pressure drops in the connecting lines between the
com~ponents. show the cycle on a T-s diagram with respect to saturation lines, and
determine (a) the rate of heat removal from the refrigerated space and the power input to
the compressor, (b) the adiabatic efficiency of the compressor. and (c) the COP of the
refrigerator.

Answer: (a) 4.81 kW, 1.44 kW (b) 79.4 percent; (c) 3.34

10-18 An ice-making machine operates on the ideal vapor-compression cycle using
refrigerant-12. The refrigerant enters the compressor as saturated vapor at 160 kPa and
leaves the condenser as saturated liquid at 700 kPa. Water enters the ice machine at 15°C
and leaves as ice at -5°C. For an ice production rate of 12 kg/h, determine the power input
to the ice maker (384 kJ of heat needs to be removed from each kilogram of water at
15°C to turn it into ice at -5°C). Answer: 0.284 kW
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