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From Sy erhoat ‘i’dblﬂ-\' = /OOIqu ‘-Tn/-e olate =
F hy = 31337 T l Fa = 3234 OC;I

An alternate (Lm* not recommeno&o}) tay i anla'i.-t this is @ ¢
clo)fcl Sgskmf
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Problem—is  Can evalosle LB divectly (Wi, U7 fany sleam fabla)

Uy , Ug are unknown = must o THerale
< < =» Gues Ty — fnd U, Uge—> Flug in :'
€ 2 ¥ tloy work,

L\JIH’\ 1‘1) ‘tl_g_ PV 'i:eru Is aluo.b«[ “_' &bu can -pura-oi- QLN’J' i+,

No 2zles and Diffusers:

A/O}z_)_g“ Deviee 'rar acceunrah'na -F)ow (D

D:{foser: Device Hir .S)own'nca) Llow @

First law for steady sjake  Condrel Velu
T GG Gl Rt Note +hat
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In words, you are exc.hana;‘u& enH\olF'a Yor uelad')a,

Examrle: You want to use @ steam nozzle in a shtffﬁg operatién:.
?~‘-——--~_‘~‘
: \ \
3053’?“3 i \
260 KPa -7
Yoo /
s R-eleawd 1o Omh’en-/: 604‘)
: P=100\Pq Want V= 2z00M/s
TMw = r,:‘ = ) Kﬂ/min'
Question: How clore does
360°C this nozzle coma to "
@ Fivsy  Law: givina thes Ferfnrmdnu- .
Ve -Vi?
- e i
O = heg-h, + >

@ Draw control velume

@ S\imrli‘b fint law: In thes caan , tha KE contribubion of V: will be
vtk Jow = dssuma Vg =0 for purpora> of st
law calela Bon,

300
. P= oo 5Py
(- = h; = 32150 W/,
% er= Hov °C ‘ L

{/ooth 2 he = 3)95.9 Kr/‘rg

T=360"C
//Z - b
Ve = -Z(he-lu) = '2/395‘.‘1-3215‘”)55‘}100“;//11 = 393"
r 0 9 ox0
NMext question s m

%‘ vA - VA A= 1rd* < (0.015m) "= LFI307Im>

m=CVA < F T
"U; = 2.9% m/l‘tg Lrow steam tablo)

at euf

m = 39‘13m|l.?’4i/o“'m7| C) |€0s - : '
s | ]Z?ﬁm” min 145 /ﬁ/h‘m
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®* Main Arf»h’coh‘an of diffusers is in d‘ef enJines:
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Di{fuser

Goal of th iflfwer s 4o

Exampl.e for Jget aireraft. Outsicle canditions are

Treat enaiu @ SH!’OM-&'.

Stort with 1.3 Law, includin KE term,

o ¢ .
G-f= m(ne-h;) + r;a["‘_;,vf

!

Velou‘ié to Fw.kd £ Dressmia ge).

Heat Joss Hrom obiffism

= Find VQ

recover i‘he yncamiay

V‘.= So00 m,oh = 2140y,
T“z Z3°¢
ms= Z.S “5/_;

A3

18 ixw.
»TC@ ers ‘12°C

- 18 g'—" = (2.5 ?)(315'. 2% -300, lq) + (z‘s :!;_9)[

e HW- #3§ 9ave Froblnms.

® Quir: Tdad| qas pPart C‘h.3,) Selection of Toper

Vet = (224 m/5) [ KT )
T2 [ 1oco™%2
VQ = 1.9 m/’

int law §i .
Regitation: Somt €X0mpln on arew fint ave hroviy

P/

that Jave trovky
Frs. Mo cless,
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o
[
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H4-13 Hint~ ¥ D't |T i
via fint jaw! UhdhdoLy u::}:r‘:ln"\)t:# 5‘::}

ComPVGS.SOrS_, PUMPJJ ”f\ﬁ), Heat Excy

Tortbie:  FExdrad woeh frema h‘a‘\‘rvﬂwq. ¢l°w"‘a Flosd.

GSJ-Mle\or I\ skm( (stationan )
& [Flow Mmovi
1 Roter (movivg) L ( (
= \-—_5\114_
-——’j/r’;/:ﬂ

Jwo major orrkta’n'cn; of Luorbines:
@® Sdeam turbiw in
hish T, P in boslar.

@ G turkbiws Combw ton of  fuel
tle sovree of 1 wom.‘? 'pl\n‘cl.

power flan ts:

Whet doey  Eint law losls likt arovnd a furbra?

55

@-wW DNLMehe - Smh; +

by flow:  Does

Steam is brovght to

una‘nr fr—e.uvu. £

it pas tle 5719/23)10{‘ te ?

* Insick vanes are
Stra'pht becang
corveol yana haue
Frotlm-u wiiny
(’en‘ht%‘ml fowce,

ﬂl‘"‘“"a KE 1;-‘
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G- = T rng(het KEet PE) = Sm;(hi +KE+PE) + S (mu),,
S'Ifqdn Flow: Does it pass tle anfuhaf test rP

Will werls 3 examples: Most witl Fall info ane of three cafegorves:
—» Mon-rcleal Floids (e.j, sleam),
—r Tcdeal Gas: Variable CP‘ Car
—» Tdeal Gas: Contawt Cfa‘ C-v~,

| c‘v'w?g- Plaas

Commerci

R-1Z O.%F MPy

F0°C - E*?a.w! comp- ret. 4o 3;“'
m=0.15 MY colo\ T.
W=7
Turkise Exit Volometric Flow Rafe,
\
Sai. Vafbor
=2Zu°c

Fivst Skr'. Fivst Lauw? p{w = ng_ ("u "yg:*ﬁgf) = Z":}(h( *}{fo";gig,

— = m(he-hi)

inet:  0.34Py LA-9 hy = 2201 Ve,
30°C S‘urﬁ(&‘v’“

—hg
K73,
euit: Sat UQer h¢_ e | 398,34 /KQ.
mzotc VS <z = O./0885 M
e <y = O 4

—U= O,25Ke|IF8FY-220I KT L\;J = 17.6 §w ]
s | W

\/olumdn‘c Flow Bate = I'V‘I_U','c = O.ZSKQ|O./088§m3
S T 11:3

0.0292 ™

Il

Previous vxamrle was $or- non-:‘Jaul Py -le‘cl-

= Mow iceal aas:

= Finst Sl-eP in aQ9a torbing Sgskm 5 to compress ambient air
Air:’ 259C ~ W= negligible.

Y6 R

W =300 KW

[ mpy
3239%

Heat loss 120 m/qg
to Swrau.\d;,’, /

=~ I1S500 K%"m

? F.l.'ld n;Q;n
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S -u= z;;.e(;,emsg)- Lmi(hi+ KE})
6-G = mlhehi) + T[% ]

Q= 1500 k5| min = -25"%  (sign?)
min |60 soc
. L}y
W= =300 "7 (siqn?)
on/ g y
Too Ay h ()
¢ 298 —> 29%.2
e 60D —  €601.02

r\“%
. 120ms )2 [ K3/
- g !S_;- - (-300 ng) = m[(goloz—z‘zs.z) + ( 2/5> Ilwotr'l:;:s']

m= 0,91 "%

Comrvessor for He.lv'um!

I— He 100 K7y
300
— - L:.\ - ?
500 IPg
; 400 s
208 M= 80 %8/min
Rect Losy
Fint Law @z mlhe-hs)
3= “80 ks | min|20
Q= B0 ks min | 20 I5¥ i - a ¥
Min IéO.S] Ka 2663 755
AMs He tebles
Uha? e
M (he-hy) = m Cpdl = m Cp (Te-T;) = 5.20 k5 |400-300K| 80Ky | i
ol Y 3 KoK | | min |60
‘ C . _ ‘
Mo haliam toblo ot = 6929 ey

= Tabla A-15: 9l’=2.s for all monatomic (inart
ﬁ "k, AY‘, h’l‘ )

Cp _ K3
= 520 Ky-1q

C,-2.5R = 2.5]8-314KT| Kml
P T k5

We O-mlhe-hi) = -206%F Icqm% _ l-3as uw}
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Anpther Steady Flow Exampy

walar
mixima Chamber. ZO-E“S/S
logua Water Swimmna Pool Heater
O Rd I & 80°%C Wwith" live steam
Miver. — 100 avaylq bla.

S"!hm __@_.’ R.

IOOIS?; How much do gou

Is0op. ch do y

=T Warol

(8]

A il gl Syl g 1 3],

How mauy  Knowns

ms.ks = Y:\glw t le‘\ _Hou_mné._MW-?

- 2 - Unlthows, ) epp.
Whet o oo 7

Conservation of mass: '—g‘h?—“—;-% 0, suqd.\a State,

T - Tme =

t
# W‘\“' r;“ﬁ "“3
Substilute into aboue! (rﬁ‘q-r‘hz)lq; = ";'l"h + h:l,_l,.,.
Find {evns: o
@ Sleam I00KP | Seperiant h, = 274 "y

150°C

. s 250
@ Wake- 25% _-Ic(lh-:'[;leJHJ . Sat. stu d@ Ck.r
toonr.,J Liguie D h,= /04.8% /“3.

® Uater 80°c | Comp. Lu?vcl hs = 334 96 k%:),
JDOM"’_\

[Ceassem boler
(o5 + my)(334.86 )= (o.sgf)(wa.sagb’)xu pag (27364 Eg)

——
My = 0.04%] 8%

Heat E“‘"“":)"" Examp'e! Avts  Radiator.

o)

. ~——— oc. R
dir @ FH——> % Fid air flow (fn size)
220 () =
@ur)___ | [} =7 (3voy)

‘ vV — '
T U= e Water: 2008R,

== 0.09hy/5 Ligvot
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GE = T (he +}£.’:/P{§ - & i (i +/th:75)0%6

Be'rore we sSlart worksa on t‘ewoJ we 'uno/ ‘:o :'o‘-nnh'r

a CV.
— Coice less clav hae, = Tima skw[a? Afkr eher car
=Mt

ha) UlruJ o,a,
- W7
- q) (rewm[nq QH’ka.,aA ik Q
hf.q"’ evc[‘nvw_
ho heat crosses L,Jﬂ
this s al] gov cowe ob..-f)

f";‘che =~ I mchi
Lets number ds‘agraw-

mohy * h.d,,’h,_‘ = m,h, +h:\_.,}13

Loak ab s = Mz, oy
- 3 ] - .
7 T 3 hz~ .
h;"-ll'l'-]‘ )’V':l'ls = mh "'"7_‘11 o [
" ) air =
Mg (hu-h :> = Mgy (hi-ha ) = Ay~ h;

,\_}1}-\_’—’ Used offen enovgh im Talle =7 Liskect
l-“ = h_p + X(hs,h;> @ZOO“H‘.‘ = §04,30 + o.] (zzo’.q) -

e
hy £ ‘1; @ so0°C (comp. In'bwcl) - 334.9/
hy = Awr @ 2955 3 2957
hy = Air @ 3405 340.42

_#24. 39- 334.9) o s
O.l “5 = | 0.86 12
34092~ 29S5.% 5

= Mote thal we could hduef;‘htl;j Te

this 1h two halves =

Grm ¢ = = ssbrialon
Purnfu on Incomrressibk Fluids: .’;Jl‘ _][I colank 04
! I Arn
Waler Pomp 20°c ° F'or lnromrnessubq
20 @p °C 1000 KPy biggid !
IOO KPC T" = Te
10 Hs/s W

(e, PUL pressua on
ll’bun‘do po chawa iy

First Law: T).

-w = m (he -h;)
=h:'(ue+Pe'U'e -u.;-F?u-;)

Since T =Te = W =Ue, Vi =Ue = U @ 20%.




!
i
&

. e

-3
g
g
=
[~
§
3
a.z(

] {
= For .‘n(amrrﬁbﬂbl{ IJT)U\CIS b} l - L.\/ £ rr3 —(f,p- (Fé -R.> /

~w = |0 He| 0.0010018 m3|/000-100 kP > t;,.- Q,02 KN_]
s Ky |

U'\shadsé Flow Problems:

= These are problems that {fail the “an/p shot test,,, some Fro,urho
changes  with  bime,

=7 Wer mosﬂv with tla formn of tla 'pir.\f Jaw that describes fixecd
endsta b

Q-w= Zmg (he + KEe + PE) = & m (hi+KEi 4 PE) + (Mo, - miw,),,

3\a5)
Exqmlpln: In lab we haye on 1l lidery tank we uva For mqhing calibratioy
3@85 3°°H
’ ".., 100 13pg
Valve — (®] Eerw}ion

)

'

}
: (® Draw 1 vacvum

’\ } @ OFCY) valve Qnd recv'” wWth reom oin,

’ \ (-t- a small amevat of cal. gas that you
) want to el-ilu"e),

|

t
Ve == = -

What will {an-r-r;lﬁ;'n! be afler g")i“‘ef)?

Common seme 3Says 30015, but ir ain'f so.
>

Find Lawt ”?3\“"' KE, PE . Mgy )
- L4

Meb n..u-a, ° ® o my l'n

bt " of' 8= Lpwhe - Tk - (mzu,-y((,):v

- Draw CV s0 that @® Frof&\'feb are  combamt crossing bovnda

@ % Vs low 3o can ')'uakfa Msbd 3 KE.

m”\\ T MU, = Wwhat QLyw} m:, m, =P m; = My
= CQV\ 3("' '\’hl'} y”'OM Co»‘"yat},'a,
QC mo3, Oor commm 3NN,

3
h = U, ot 300K, Ak, h; = 300.)° ""/,(o
A~w-‘l

If Wy =300.19 T,= Y9300

= 146°C.
In reality, tha heat tramfem oflect is Si;nmcn‘tan {') s gou
don't saa  this much T-rise, but you See soma,, Wil awe
yov an  errer i§ gov dos't realize  this hqlnfens,




W Examrlﬁ Reckqvnina an air conditioner,
o.l 100 ® If tank is insulaled, then tank
02l m3 (1 Qilery) would cosl as  ligquid bovls off.
Ve ort-m? =2 Fveni-oclla s yov wovld ged
P= 800KHF noihima more jalp yovor Af.
e Tf you waut 1o charge vapor, you
Vol = 200 of tokal, pvt Yovr can of R-1Z in
wavm waker  to ks T4 P up
=2 Find heat nasced 1o kuf Vapor  Pressu-e Comfpant +o tle f’°i"+ whee
t ot drar of K-12 l»'b\u‘ol has evaforak'o/.
= Dvraw CV so that you know tha Frarerh'a cro.ssn'na bounolara are
. conytant, f f:o.ssibl-e. B
o -
;§ Q—}z):‘ Z@"e"z :hl‘ +<mzqz-mnu\>cv
bg( mc“e + (mzu"l - m'“')cv
v Z5.634 3656
Terms: m,= Mg f-M: = X, \1_ ] 0.0Zm3 % Q.08 m3
UE US 0.000?3@2’%9 0.02188 m’/hb
= 29.729 Ka.
- s 3.65
*p = IYT—?-):\ = 6 Iy 0.,0125
£ 1My 29.29 Ky
W, = Ug » Xfhg-y )~ 66.68 + o.xzs[las.rs— 6’6‘68]= 81.24 Yy,
m,_ = & = O.\l_ = "151- 1\‘0
Vy 0.0z2i8% ™7k
Me = M-My = 29.2a- 4.57 = 2432 Kq
b = = 200,63 s
e l“a 9’
i )
=¥ Q= (2472 Ky)(200.63 5{{0) + (4.5%%y)(18303 /fb)-
| (29.29 53)( 8.2y r%b>
[@= 3617 KT |
Queskions IF I tun tle can ursic‘l down 1o drain tle HB\»"@‘ otf 'Ih)"?‘w‘
Somneng of Tt vapor, wovldd My Quwer Chnu.o-e <
hv w. L-Jhg bou
Iheacdy Siale v, Q= Me l’!Q * (mzu‘l - m'u')cv do it thr
Mon-~ 5teakl . /‘ ’I- _ O KY D s ¥
Rlow vs. 5V end | P—— 6.3 )S:/HA Q = 12], 5 Udm‘ﬁ.
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Cha’kr St Heat 5"3!"\”‘ = Thermo C:’:ICS.

fhwghi' Exfedmm#. Have 3¢o-ﬂ-orm| Fuld A~ 2009 sleaw Go inko
Also have Piver ~ SOC watler. power ’rM
o T ) bus fros s,
Add ' & ®
Cin ih
@ § @ ‘ ks 2@::«. & 1 %
| 3
A Compreas b Expand . 3;; i
Zm3 =y y >
5 | m3 I m3 Ad 150 kg,
(360 1> B ’";,,iq; 299 3den 4SO K Heat
160 KPy \ 200 Kh 300 1554 \,
) Wt Enlracs
ovh. ’*'*
Q. ad ot
vi ], L. zoo ~1386  -138-€
e ) e 3

3

o Lso . t2918 O [ joomm
Fa-'? 6[7—_3 = 200 bR 3—0(3 = 3004/, »
2

8“" o oy ‘nq‘

Py = Pa[uvi_]= 3oozm[%.] =|Lgeiiffe el 15 Stake C?D

Cucle Complate,
300]. |00 WPa. =258 © 9 f
5] Fs: ﬁ,[';_:_z : tsom[.w] 100 [1iFa

HNENE

Mow 3¢+ work and heat valves,

=2 TINE P.V.ln:-:—z = (jo0 KR )(Zm>) ln[o'srl =
i

@ = m(us-uy) = 2.32 k:,[BZZ-‘Z - 21M.0%] =
Q= = [V ln[‘eﬂﬂ [Wk&][{m’]in[-?] = + 203,95

- 138.6 K3

+ 251 8K

»
3
W

w
13
H

£
t
Vh

Q= m(us-u.‘) = 2.31 KDIZH-DTI -322-62] = = 25L8 BY
Geotiem Field

l Rnz 459 K5 ¢ Yoo dvaw CV avowuc)
0N e .

eyele :
o
Cyla  [—> W,,, ~69.3 HF Q-uJ =2 3‘;‘;“;:4
ancl eundl
J_ Qovy = 3904 KT : at Saqua f‘“"‘
Kiver
Conveution for eyctes Rin = Povy + Whet @
Whet you waet Wne b N LY Z) = ~£9:."’a |t
Effeienyt M= i g ™ Din R
Note! Tho 5 jwt ene %m. of cycle o

@ Can ¥ ba ]00Zs ? Mo,

Laﬂ;‘m) Questions @©® Lan—we Now can we 39')' be Her 7? —» Mexd w0 C’mf;

Qo

@in
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200 SHEETS EYE-EASE®
100 RECYCLED WHITE
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This leads 4o basic form oF haat engine t

High=T Body
Qn

Head

&Q‘-

Low=T Body |

( GCesilovmel Freld)

+ Law?
Engtia = Wy Firs s
cgde

Obseruation is thel onpl

Qﬂ = Q+W

can be convenbed indo @

Fovmalized o Kelvin- Planck Statemeut of 2 o) o,

Can»* "tau H

! Hiah‘T

cml{m@_’—a W.

Po)*“‘ah Ty
Frovobh.

a fw* of Qpn
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Thints

ot how ":b/je/ﬁ&/&u e"?pl-g"gnctj. = S
What y4ou ant _ ]
8 /-7

’Z = What y80 must faa Cor

”fgh ~T 20
B

J
e et
|

=4
Eo;:‘é- roog /Vum‘"“‘”é @Pin+ ey = Qout-

cofr

what Yov waut — Q‘.”

E .C'I‘.'c.ienna -

What You mvsd Wn RPow ~Pin

loua_

Grcml /g= b4 -[;r 3000' home unct. Heat lenknga thrv ;‘nwlo.'l'l'bn 'S 200 h’.S‘/:

fynd  elechse power raccled.

Cacle ¢: hee t Y‘PJ:&&J Lro
200 ts/.g Couls, coils on back.
Cod cH—=
200W 250w,
w COPR:.- Q—“ # w) Fy = 9_'.: = zoolff/}
1) Wiat e -

= SO WJ.

Quut = Qnt W= 250 W,
A COUF‘Q of Poin-l;:
=> Refrigerator is aQ e clowed eycla: Refigerasd moyes in
q cyele  so it alway ends at sama condition as it
$+ar"€°l- = AU =0.

= T)‘Iinh O'F re-“n'sera{of Qs Q JI-GQJ fuﬁf.
=>> Use work to pump heat aaqim‘i a feM/frqlu-.q

vilerene He sane wa o vk a pomp 1O
Fush oo for ufht'“. g \éo F /3

= Q"" = //é = coem'cl'ed of

Perpu rMAnCR

v
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Fint Law:

=  For 2™ law, tlk
te on‘gi»a\ c‘af-l—&

Revernibla Process

Orv‘t‘)inal

@-Ws mUa-u,)y; by

Q= (Jky )( 82145 -

Qovy = 3064 ™ 200089 =

So our heat enaive loslas )i

= Of coure, this isa 3000‘ review of

= SIDect ;.‘cq,llg

(oml‘aa* P: Q < M(h-)_“)'h)

00.98) = 420.9% KY
= (lms)'(zss-u,- $92.3) = ~3C6CINKS
= 200.59 Ky

= (I %y )(286. 1~ 1925 143.6 iy

4.5 KY

SOL-S3 KT

LL Qﬂ* la.wJ Lo*.
kan Foinl- s thad 't wa l'mfou.'l-
cond . ¥ wilheot etffadina haa

E-??v‘cicw»a ngk

to redum to

Formal Definction: TYou can vndo ﬂg Froces;, and vhere auif
be no chansu on .surromal.'qg,,

bota Q and W il be récuva in leir
"i‘l‘o‘es
?)vavt .
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0no Qxamrh oc '\’\1\'} l'} Q sll‘dll%b +Hw§‘l‘:

If I F\.uk it in S,Owla) tle waker

L i ] s devel  rises  uniformly evergwlae.
s

//P Z 7

F

IT¢ I vreverse s)owln, Y|
Qowes back Qlovo sanR /
IV ez, => Get all work back,

If T th Fa.d_, what }')affPiu?
=> Water " Piles vp"  Sine s cln-er-r,
we aﬁ-q Smkr
/(l ; ore¢R .

-
-ﬂ-‘.-a-—"

{
A7 7 ]

BE=" If T abo undo" futs wil 9et  lower Forca:

= Met resvlt s that T Pv" more work in thaw I took out

= Whoe did energy 3o Tni inkernal energy of MO

= I( I want 1o relom Ha0 to original T,  must exiract Q,

= Mot revenible, becaund whkon T rajvrmecd 4o on’a.‘.ql slate
Some W — Q.

== Friction does Same *Ehi-a Q— W // K?Pn‘»e aLWf’; L"’*?
Q

=7 Move imroriad) but less clar is  heat +rans fer. ool 9as
e -
< 1 N )
¢ v 100°C ew D4fh.. ‘nllvml ﬁf)ervaf‘
gy Heserve Body thats o biy yov con Jake
wﬂ‘é% ‘1@ & hee from i} ch-ov‘l Chansyin
« 1q « T: e.g‘ -390“\;"\(:] Fred. Can v.a
; Bocl3 f = Ppiver Constau
‘\ $0°%c | ¢ Irreveru'b‘{ - Q"'MW'PLOVQ 5;':::2;'

N - ’ Capnpt maly @ go bac kwards  wi thout
QFPL\,\'B_ wor ks 9.3. heat FUNf

?/{ RPSQrVoir 7 100°C Alpast  Reversiblo Onl;) Qa Vcr:) smal)
T T | amoont of W s ~nadel 1o

w : cebvrnn  tlo  leat flow .

9w’ ]

99.939°C
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Reservoir  100% Reversible: Ao AT, no work nadec
to reverre heat $low,
@
Bodé This is an s‘rlaah‘zq-h‘on’ A hmet case,
ioo°c

= Like all reversible processes, you
cannot rad- aill Ha way tore In
real life

= Bui tle closer Yov ae“ the Mmoaa reversible
i+ is,

=> In real lile, <.q. power plant gov sometimas go to great lengins
o redue tle AT assou‘akJ with heat tran tor proceses,

Ghﬂoall: “")'é-" Irnveni-s‘h‘lé tends 1o fuvan Wk —» Heed

(9-3. Pv-u-h‘on>
But geal of heat engi: @~ W.

= So  the g rewaiblé gou ) 'H'u‘ops_, tla moe @ Yov
3-9.4.

This leads 1o a keb foin'f => The most work Yoo can exdract from a
3ivm Q will occur i yov do-«oerg\- evna*hina in the cycle rfue.u'b[v.

—Let's define a R\}é reveisible cycle and see what }mfrm.\,
— Befue we do. have one moe concept o olrive hame,

— Slow isvikermal evpansion,

CQDnu"‘ revevl LCQQV.ML
1006° @ won't 90 -rron
foo® | TQ 100% —= Z006°%C
KOJHVOUP
100°C
= But if reswour 3 MNow can rtveny becang
ak 100 heat Flow can 9o

from Jou% —> 100X

Carnot C\écl{ : Best kwown {o{-alla reversible dee'

w p W /‘”
‘~ / . Fxpaved | | jo00e | — Comprey
200°C 1Q 200°C Q=0 20°C 5 Q 20°%C l@-—o
L
H Z

O i Reservoor ‘ e.3. Beotloma) Kesarvoi :
“200°% -~

= 20+00°c [/, q

203¢
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This cycle is  {otall reversiblg
@® Becava sped is slow ensuyh that Jos inside b{-ads oni fore
® /Veahzc:f {frechion, leaks, heat lb@s
® AU heat tramfer is isotlermal.

m=y  Thinh aboot our cyda like this: T Zos®c } Fint Law

O @y = Ot
Yo G-
= 8" - |-2 o (B
Pw = N
i 20°¢C ]
Two obseructiont
irrevers, ble Same
'O) Ath heat engina o ah‘wb between fhee/“fwo *Lern/aero-)u.g Iymets
will have lower ("“’u less dorly 004) than g ‘rFevenibly enai-e.

@) Al revewible engles Wil hove same 4,

Fina) Point: Note that the ebclf c‘oe_m‘-} J-offhd on Qna‘l’hina'amh'ng
with the reservons, ew.-el?{- toir -lemlaem-)ures,

wp  Carnot eﬂ?s‘m‘evma_ onlg cl-ef-enJ-t on redervour 'lew,:.

From derivation in  Section 5.5 (wm.+ Fb">

(9_» = L
QH revenib\ TH

=> For Camot ¢ all revenible ayclos j H= |- = ]

A cour‘e of ex/olom'}or: examplu‘.

Com bus Hren
Furmu{
(2o0001)

Qu
Carnet Geb W= 100 Mw

Qu

Environmen b . h=1- .1'1;\:'-‘ |- 3% - g8s=
(Rivor'~300&> | H <000

-

P Qq = hgMW

QL= 18 MwJ
2> And this is Y best You can do.

-'-?01() thys ddoesn't look 400 bad; bod ;
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Em\ Spring SO = § 323K |

W = 100 MW

Tu 300 W)
< |- = =|- == 0.0 e =
q = Ty | 33 #ha Ql‘n

River - 300K Qy = 1404 AW

Q= 304 MW

Carnot Reﬁ;ﬂerah‘tm
(twow cyce n reerie) [T = z5% < Za8K

Qu
w
Qu
ﬁ,_ - 0% = 21@
: W _ T
> Qu B I -F: What You want |
CO?\\ [ o
Q‘- = Q = @ -
Bt coefliciend of Ferformqmq = /B= % ” cﬁ,_ HQLI— (%‘

What yo mut pay  for,
|

To

® This means for evevD KW of work You /:ui' n'n) dau move 10.92 KW Froq
cdd space

° Also nole that av T =7, B 02 = As the two reservoves
et clowar togetlar in T  Hu heat 'l-mura-# beteon tem geds more

reversibl L-ecdvof less worlK js reB\u'v-eo‘ Jo mewve heet. & Also wbl ho uf
! ' . va’o crap)
SUmmuv«g of Main Poinis of Ch, S. Three main Fo:»l> ovt.

4, 2 nel Law de five» allowable directtons G rocesses
= A heat Flow cannot be couverted 100% to work. bt
= Heat camot Qlow From cold = hot wi thout aid of works,

2. Reversibo:lit

~ Can vundo Q process and recover your oriﬁim) valies of @, w.
= Trrevenibley On re#umm& to on‘an‘nql Stale, recover less W, moe
Q. feg—i—
@) Fricon W& Q.
(b) Heat Trawie~ acress finile aT = Moed w 4o retven haat.

3. Carnet Enaim !; Prim.u'f‘fs,
— Al skeps in cucle are revenible. ;
= Moagimvm fwssilvb. i belwaan two Fived- T reservouss,
o os Mosd' W for  haat engjng
—- Mot Lot W Sor kat pymp
- AR Rllg reversible  cycles have same 1,
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Frrsth Eh‘h-oFa

S-bar-hna Pot'n+=

I's no%mcv) to Sear Just q,m-u,ur"s ke w h U
=4 Looh up.

—

T

R

Cth-ier‘ G- En-l‘ropb,

Clauwsiy Inequa M% !

Look at cyele

I8 we “nkara.k our way arowg) tle cycke,
kaap »'n;) brach of loeal T, thy Wil
a.l\a.\mas be s O,

(Jhat does lHu‘; mean? Go 4o Carnst Cycle.

P ‘Qw / Q" Heet Tram e~  osccum onla o I=~Z, 3%Y
\\\ 1 1 ﬁ
Y an‘ 200°C, ?:9 %" 3 S\S_(O_I.
T
JQ\— Loo®c } TL
Y, | 3
Bot for Carnet eycle, T;h T. are coms hauts "E PoP out of 1l inkeyral
z i
8. Lg . Q4 &
§ T TH XSQ“ TL.S SQL TH _L.

3

2 7Z 7 77 £ 4

. SO Lebs cale.

Cl’-._,

Mow back 1o Carmot Enafne!

for Carnet s saq

,J Wlowe we end vp,
Ta= 200°C~ 433 = |- T _ _ 333
W
W= 10 K3 = =< 0 _
0 L T - T on - TR374
TL = IDO C = 375&
Alss Q= Qu-w = Y43-33~/0= 3339 KT
Plus Int __9 Q Q'- - 41.39 8T ¥ ("31"30[ KI) - @)
T 774 T 4731 393K
Thts means: 8Q . %Q 29
9o gee pre
Reversible Trreversible, Tmpossab @ (z'L‘Y Law
Engine Cycle (Re) o

s @

()

Z

15

vislatery, Perpetml moliny
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Retvrn to Carmet exampiet

P LA f Py A
2 If w tart at 4, gnd we ge to
\\\ . 2ani 2 on a reversl ath
3= Joeec § $Q _ (SQ (5@
T rev,

Deﬁm ecach of Ytuwe @ g Froftrg of 1he Plufd viad 'y
Tl Carnu+ C\{)de)

1X¢) S is eniropy, and iis q
§ —F = m[ASl—Z 4 QS,—H} P""F""‘s °£b 'HQ UJO'Kl% Clu{d

2

Cap.
T versih
T Lollow ary reversch @

start at stale lym:l end at siake Z’ tlo

Doﬁnl"'\‘bv\, AS = g
l}

KCJ FO‘:\“ " Si‘uﬂ i p I
bt EZ<£@> will alvegs 9ive ta Sme Velse
T /rev

= Thy is \)Jhé we 3&' b +Mu+ S QU qFrafPr4 ' L-eaq,u.ul
- ' AS La-}wn two oints 5 hot

Q-mm——vc ath, owl of ?hnd Stalas lv.?
) P 9 =?Don'+ worr

then be n {0 thiuw QLOvL
Whet .+ weaw,

W learn 4o vse F1,
Examrbt Throtlle  Tdlaal Gas

100 KPR,

2006 Kk O] @
300K 'Dq T=7 (3004)

Me TemF, ckam‘,a, adiebetic ,, Wil tlwa be gq as’?

Z
= & (SQ) —'}1"3“' think PAS X becwa ©=0O
T ; — But is Q@ throllle revenible 7
T‘fvﬂ-\L\Q - NQ " md wari& ‘)‘0 N*vrr\ Fu»‘f,‘nﬂ,

= Mwt constrwet a prevemible Pai’h thet commads | =2,

Ong Fo»vL\L Fa“‘l! 200 Ky
30015
100 kP
[Heaker " 300,
T<300M t
aS,., = S 29 @
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i Ke‘; Poin-}s of what we have gust olone...
ys
® Definad enhof; as AS-‘S (‘,—-Q>Nvm.-l.u.

@ To -C;nd AS between an
of soing S?rom @-’"

(¢ @=0)
Fa%h conmd»‘.a tly two enc]fmin-ls,,, this invelved @.

S) Using this Q, 3e+ Aas =>Frou;‘olos conu/a#ua( Erapovaorlt  dor
e\)QlUd‘hDa eydrolua,

for 2
@ Al reversible paths between @ and @ S(%__(_D)ﬂu © same

]
=> AS between O and @ is inclepenclont of Faf‘h
= |Iis q fropeﬂé becavag it doie_n{:‘vonv endpoints |

l/"iaglol

Thnerease in En*mfa\o Principlﬂ.

Slavt withh  Clausius inobuah'lg_ %(‘.S_Q.) < O
T /Ive

! B reveusible

4 Q Conrtruel o cyele that  siarts and ends at |
A,

Trveversibly < Lea A irrevenibQ
X
% ( T ),"' =

Leg B  revenibly

two Pal'n'JS.. yov moust construet a reversible means

(<] = Throllle valve was irreversible, so we had to comiruct a revesble

51(%9)/4 - S? ?)

Cycle,
9.3‘ 2 |
(S_Q) + (é@) <
T A T /g
l 2
— )
This is just olefiy
of S,-Sz
2
s,*Sz + S (%Sg) <O revense sign
2 A
Z
I = S;‘S, Ed -S(S?Q)A >0 But in terms of surrovnol"nJ,s—

Surrwnds'a;

viion




