@
@

3 —
R = 831y fR-m® _ g 3 T KT Sque for all gases,
Kot - K 1 mole= | ' 1
COKV\‘C%‘- *‘U 30 }-0 mmaJlls ‘Iher“"lful d“-a‘ﬂtll lﬁr
Enbliah 1.9%¢ Biv eacly gy,
|bmole~ ‘R Afl‘ O, 2 8? BRI chw /4‘/
“e,’ Kﬁq”
Have we {olkocl abot  lspmoles Lepore? <0789 R‘;TJ;
| mola = 6.023%/0™3 parhicles
| ol = 103 mols,
¥
Have ballbom = D=10m
= S523.6 m3
Find difforene in mass between if ballson
- containy  aiy~ vs. halivm,
! M |[Pv=nrT] |Pv= mRT |
Yo v PV
P[—]- RT > m=
M= T
= 100 5Py |S23.6m3| <O Z%_ 607, K
[ I%—3+er~msl3oo:1] gir
037 Nust  be absoluke 7)"
He: Calevlation is o same, exeepts MW= Y K/ Kok, °K.
I<y.
00 KPa| S23.6m3] Hmoe-k | | GO R
| l%-—BH)qu-M[soozfl i 9
2.0165
= Diflerewe can be uvied o
vt
: Balloon orisinqll\a
@ZE Next: TalWe Helivm Balloon 1o 40,000 §t = pP-= ZS KRy 10 n?  diarele
T =-60°C P00 kipe,
T=23%=300K
How large will balleon be 1§ il not uenﬁeclr-?
Sima meassa Constand:
I3-¢0 =21
P»Vl _ Psz < 3 CO SH
T —
[00KPy 213K
= Tz 7 —'| = 149180 m> -
ol ez
= D= IMlbm3
— Q Up Lé alrot )(3/
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.
A

A liHle {Lou:)kor _uample Two parthy-filled Hy cylinom ~ comnact, open.

O =i Morafiey ~ (ST
Open Valve PWhat s B 2
- A“Dw heat 1o )eq.,e = 7:F = S 9C
— Find P

fe

Can ang\:odé outline Qlofrooc)'a T

@ Findk mass in each tank vig idecl g law,
® Afler mix;‘ng ¢ ccoh‘na_; freat assembly @ ona tfank,
@ Ohb unknown W in i&Lna‘ SQJ law will LQ P.

Q.42
P =mRT_  0.305K4]| KP-m3| 288 I |
Y [ e | [&1oma]

Kg,
P=265.2 KP, J

Where can we viz voloal 3&3 1

Qualn‘kod.‘velsg o= When J‘efth'on Le{ween moleculrs s IQ’Q'(’-
~ When  KE is high enovgh we Chish T) 50
that collision @< elastic ==  Avoid " sdrcky” resing
in QHYoc{iom well,

on P-u a“lgmm% F

ot~
J,
A Kules:
% 6Q>' O Usa Jurerlmd tablos for Props if
TW""% ’ t\nvb are rrum‘d&d = Llovign'#
Fvi- tlowm ‘l:oscﬂor unlexs prog
wee  hon-joleal.

Use. ideal @y af /n'ah?
d D

K .
- _ PV _ cooxmf0.5m3 $mde - K | | & = O. 146l
ank D m = g7 = / |83 wpe-m?| 20°c7 | iRl '
e WP AY
233+20° = 293
o5 m3| dodr-n | |
. 150 KRy |0.5m3| Hmvia- K ‘%7___= 0.059 K
Tk @ m | [ &5 KR-m3| Sos i | 16 ¢
yNYAS j
273 +30
mT—- m, tm, = 0.305 iy,
Ve = VL #Vg = ] m3 233415

U — Lows P, = Wil dell you i3 secoud

2) ey o o} .1 €
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For ideal ges P«r=RT or i-= ;_%r

e behavior s han-;‘alaq) (e-a._, Srleom) {"wh %_7[?91_

CQU this ratio the comf:yes’ilaih"la— Z

B /‘143 have. an,
=z = E}T_f_’ If 2=1 = Iolea/scu, ® What does thy
Reprewsut 2
o Whana do we C‘N:‘H>

How to find Z for any mater-al and any conclition.

P <— Aclval Fregsuwe

HQJM«:J Pressure [% =

P
P+ kel P
= TR R
Redue el Temremfuve Tg = __[. “— Actoal T (k) ,
Te <— Critial T o
© ;T«ﬁ A-1) {1s)
1 k- — -5 —_——— - F73 Al"AB (3 FQV*S)
Z
— Lin P
Conl;iq:'} T,
s
4 L expensive
Exnm‘ph\ Meed 4o cmAcr\é)oaem‘c “l:hml“ina
_"[_____\_—" velve {or /Vzu:) at lho 15, FObar
= % Fngirar in rext cubide geb job. FaD KR
To corrccH‘-a site tl valve, you have to Mnow UT Foou
Fasey way ; ideal 3“:‘2‘765-
U= RT. —83iitPa-m3 | 190 k| | Bwte 5.5 157
P - = 5,
ﬁgu s | [ 7000 Ief | 285,

ne'ghbor
= Order valve , i} doesn't work, ey across way goe to Fargo ofh:

You 3#.-} tle \ob:
2z = 'E_T_J" U= ZRT

a6

RT P

Actval Value Cretieal Vqlue E{J“J VGL\L

o (A1) -
T 150 K 126 1 Tr= 7~ l.] 2= O.41
P 30 -bar 323.9 bar P.- E = 2.06

00D KR 3390 I P TR
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lFi
A

0 68’
-m3 -
U= o.4l| 8= iiPe-m3| 140 K] = 24307303

| iimh X [ [’}ooom&,[% ) oy

O
(s.auxs073)
= 0ld valve was sived LIay) tou
b
Summq g ' 2-l>/‘*1¢:; seem Wl q JOke., bud
Twe sem tha h ¢
How do I decicle what approach to vie ¢ Someloody a {-o:LCef? #CM

= In two phaie regian, or sser—supe Surerl-«{ = Ui tablay

= 10
- R-12 As lone as yov are on tle tablos, you
- R-I34a Shoold vse Ham.

=% Iclahl gas: I
- Air
— N, Oy, COz, CO,, most gayes that are well abwe
ther koilina Poin+$. (non craogcm‘r_ qf,:h'mfx'oo”).

If gOU want Lo Know -C;f—" sve _  calevlale Z&E -rrom Tka PR

\_] Hew, Yov are not ideal, Just Crosim i
Somg -Qam ore npn.;J“(
<flct 4o Qnotlar.

.
b3 o you are down here (E“l) /FC

tan vlaal qas  Aelds. .
= rf Z# and Jou don't have 'Lab@) use I—P’U—Z ?RTJ.

Fn—enere  For R0, coulol 30.1' WL and h from Tabls, Meed to v
anotler Kind of -bu.( Qpprouch for i aal Seoes,

In Sufquc\"l v apor ‘l:abl.n> Y = U.(T)P) dSPMJ.I on koth,
For L.Olbﬁl aaﬂ'e) LL Q(T) Qﬂlb w no Ql-elbﬁﬂQ‘“LQ\
LL .
De-ﬁm"\bbn\ heot CQfa:s‘Jé C (T) (aﬁ = —T—— ‘F“" ‘Jé‘t/

SQ).
SH) _ dh g o
CF (T) ( )}D T For iclaal ga.




-
g
&
g
=
h,z(

For ideal goses, the advqn'}aae Is:

du = CwdT Ugz-U, = S
dh = CPdT = h’-'hl -
// "
CP /—/ Air
He, Ar, eic

== Loa“3 = Idual gQJ tables:

T

—_—
—a
—_—

o CPJ Cv vowa with T
e Eacept Sor inert qases

®* Within reasonably sSmall ":thvfﬂn‘w\
infervels C'PJ Cq can be
}reakecd o conrfauis

T
® Ow = CqaT
Ah = CPL\T
== Most tabls give Cp: Can ged Cqpp for vceal
ga.\ ;\rom
C'U" = CP - R

2— Ga comtant,

dh = CpdT
F T
hiT) = Hre? ! S CFdT =2 Lt Tret =0 K
Treg hre? = 0O n/kb'
N ¥ ¥s5
h(T) = SCP"‘T =P Tably with Yorm (A-14 —’A-’Z.Z)
o T = Tceal Gaey

e Accovuis for
varvaiisn 0 f

Cp, Cy— with T,

H]D—-

lnlg

;
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First Law - Formal Definition:

Sum of all ene Clows crossin — Chanae in ener of
LMnol.ar :qb Sgs-lem g B ¢ 33

Syste
Diwcla into Q ano W Do }{\ZHS mi':‘.”}
What s loaycal sign on Q7 °

. = AE
Q@ th = Pos — will feudl fo_increme sys enevyy %93
Q - GJ = AU+AHE+APE]

Y . 5
W ovt = pos — Wil tewd o lacrome Y3 enory
= Moke that tl .sw;jns on @ f‘ wJ are a direct comeﬁw;«e. of
Qour Qrbi{-m choyce o-(-\ Si‘a’n couventros

= Must Le consistent olwaa.r.

A couf:lee-r examrbS!

.5"m/5 Assure well l'h.wlqﬁanl)
Sm/s, ro chame in T, £id
Weleet Sor | Ky H20.
— Draw CV.
Which aw

o =4 o
2ero ?
/®/~w=}w{+}émm :

a— Z,-7,

-0 = mg (21—2_.) ov &~

Vi
Vg

= ) ui\‘i.mml—é —40m

= =392M4 7T

3? ,
W= O.392 KT
1' /sznOJ

O.25 K4

joo W =  JooT | KsWO
S /39280

Mow  replace turbve with o b'ig 3r\'cl to retricd Mo o

(o]

’ o o)
)d{- Qu +}a(£' FAPE =2 AU= 0,397 K%a

2
Pressove in q balloon is P~&YV

| Blev
5 °m>

Im'h‘alha you have g balloon v

“n

n i

g
ook, Fied
Know that ingide balloon,
[=IVAVAS

150 KFa|

h0.

I¢ - adol 0.6 KI of haat to )oqlloon_) 300 -Qm:[
t(Q VOLU“—Q ha.s dOUL(Di = F;'ncl Inoarceis . == 1)
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Back o fint law,, what s sign on w7 Fuidve Sina weark 5
done on  environmant ﬂ S’yka.

0.6 -0.35 =avu = 0.25 KT

Other formg of the firt law:

Q [Z¥)
L/ QAF =
Prezut ro\n‘. —_— é 52) @P-WJ = au +QKE+ APE

Tira.

Malte chquae small :

Difkrentin] Form: FSQ - oW = O‘Ej
What do we maan Ln SQ, Sw. ?

How 4o do it+7? o e o
@ - W = au + o oPF
A /@
= .6 K3
Have Q, but what is correct sign T Its In, so iis PorhvR,
K(Is w=0)7
How about . Gas EXIOQYIJJJ 56 it dbe work on balleon material.
Va2
W= S PdV but P varie with, so canmt d.‘recHD inkey rq e
!
PoV: » P _usi- R
\/‘7—
B 2
,.“ v'z _Vz
g Mow subshidutes W= Sf_- 2y = R [V3_V5J
vz el RGN
% " SN (e )
— 1S0 KP"‘I ‘ |<—2)¢)D M) - {IxiD M) = O.35 KF‘(""S
= —3 .
I3 | (1073m) ] |
= 0.35 K3

2
» Gory Bom 1m2,  axfuc- 6ef
2
B W= SS\‘J !
‘ .
L——L—_—'—‘P haed 1o Know Pa‘}hwqé to inkgrak,
&
In our P’fqmlpl-o. jealeroley: .
[m3 Zm3
O e ape o by 100 1ify SN~ ¢
Padio, but Ly # W, 25% e

Su) s called tnesact Adidloven i/
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(2%

Fivst @ﬂ—enol Bng\yjsh unefy ¢ Biu= Driton Thormal Unet
= Heat naeclel to rawe ! lbm of H:0
bb |1°F, = U= a _neryy) unuk
Lor work f haet.

- Note Hut i1 st clerved Farom b, {4, sec,  so will
need conuersion  tackor,  lalew

=Fvt~ Dyaw QV. ’fo\-"b\"f.

Fvs} Law: o -

5 o
G = 9Y. d (¥ J(P Whatts  2erw 7
N e
W > &

Q -
\ . ¢ 3 [N
@ T W ~Wge =° = = Wilat F Wy

| ~_  aE &J Q ./
Since  —@—td—mat @P-w =AE Pqihw o,
PQM B *e. ¢ LP%
i
DE s
= For all paths lQ-Od ‘-‘cau'i‘j
=7Ke3 Fo'wi. You jusi olon't im'l-mll:) K wheher wWhaf
gue o Qus W.
One last Form of tle finst lawe
Rake of Enfv-a — Rate of Chaw&e
Crdsjl'na Bounnlog of E‘neraa "y
System
[ : ) E - o
® e _ dE 13 €nevy A
‘ Q - W _ d—_l_- So vate of
§ g ‘ €hergy chaoe )
»g(
Example of fint low in  thy Jorm: Rale o hich
Xample o b To =80°F Q': ")A (TL,-T0> - l’\:u‘l' lpaves
v Q —r mo |ev.
0 L‘lu Zp s
hr'oﬁ waa
- Qb PrupwJ-M‘
Tovz)\pe =12.3 {4 “’g ds AT
SF—“RCJ = S00 RPM =7 Drvwen b
ar
ina T,
Electric 3 B
Power -
| Bl




=1

=3

§

3

S

3
»g(

- ' { Biv o
@ Weet = s g ? - B*ZS.
-} Biu/s
UJAQ‘“ = +Z=3- f*’tt{ TOV%\J'Q % qn:"\,lqr veluc.ﬂ)
B md(‘du)/,.
= 1z F-lsp|500 Rev|Z 1 Rad] min | _ g702

[ min] fRevu IQOS[W{—_
Lels stop and look at this for @ second: W= Fd = P-lbg

L = Pwer = 1‘*;“’;
So now we natol 1o convert work fo Biu.

6%0.2 H-lbg|  Bio ' Btu
s [3%8 Fhlyg

It

S
o0
<

Sian on this? = “3»
Is s 9 N

9= -1 B 4 0.9 Ble = —o.3a Bi%

Sign 1> =P 30 Q s leauing —

Q=hA(To-To) = T -1 + 2
b > b ) ;\A

T, - 80°F + ©.139 Biv| hr - 9§ |36005 _

o~ — OO
s |10 Bfu[ hr J30°F

T have done two {'.n‘ckj 'Hu‘ny her<
@ I c‘nqnsea‘ Sigh on @
i
* Rale at whith heot lave mokert = hA(T,-7; )

P Dor 1¥ law @ wa ta rafe at which haaF onleed
tle muter CI'U\»!- enoled up with @ %-% s;jg,n),

Calevlated e ADR on riant sida., Hew can T qet awe
® with  tha? 9 o J o

OF ;é-og (OOF: (_1600;'{>

But A°F = b°R O°F = 32°F > a°F
= H60°R — ¥92°R = A°R

n n

32 | arn e Sawe
,!?;VE‘CDO 15 ak

SRS I PP

32( ley te claguas




Examrle: Place 1 Kca air inside a clowd condainer

Hows much heat s naded 1o take
‘ 9 it Homn 300 i — ¢00K?

o
First Law: Q-)J: AV
® From Tabe A-N = U ot 300K = 21407 %9,
It W at 600K = L434IE 8
AUu=zQ = 220H KJ

@ Assume comtant Cp C-~ between 300 —>600K. [Pick valve ot 4sOK
?row\ Tablﬂ A‘?‘(:]

AU = mCyaT = () %y)(0.33 $h>(?>oon) = 2199 "%
'“SCvdrA

/Vexf_, et ye be 1n a /J.i*oﬂ/CJll'nJlf 55J'km im‘roa.”a at 1 atm.

e

P=lwirm P=l uin
T = 300}% T=6001

Two orrmacb::
Q-W =AY = Q==m» Uy + W

Q=MUy-W) + P(V,-V,)

Vo= mRT | Kg|8.314 KP-m3| 600K | Kmole  _ 33,3
P | K~k | 100 I5Pa| 289 Ko
v, = 1|83m|300n | - 080 3
! |/ I)Dolch.}28.°1 -gom
3 Ky,
From Table A-)6 €00 K —= Uq,= 43438 "y
300 K U, =214.0% "k,
@= |ha|4393-214.0FKT | 100IR, |1 T3ER ~ O-36m3

0

[@- 3073 53 |




| This sa bt of @ pain:  Comtout P Fink lawt  Q-wsau
where all tews ave aciyve.

@ = P(Va~Wy) = VmUy 3§ @= Up-U, t P(V,-V)

= Ul ¢ Pz\}z _(ul*Plvr) ((AH‘“\ Uﬂo‘#r;,d.,d;'}
that P,*:P‘)
Bot AV, are prapertio jut ke U = Dofire a hew
comb freel rurﬂt’a, enthalpy

FQEU+PV , or lqsq-errJ

=2 For corsbont P | @= Hy-Hy = M(he- "It)
Aldernate Qﬂwoadﬂ‘- First  Law {or comsfant P {‘15"9'"5:
Q = m(hz-h,) 30018 —> |, = 300.19 m-/ura

BOOK —¥}, = 6O0HOZ ",

Q= (j kﬁ)(go—h()z ~300, 9 K‘Y/\f:b = | 306.3> K-S—_—)

Same Mo, euffl
-rur RN&J:\O.

% "\”'19 l‘s ‘H]P_\ Qi l‘h‘almh "chm cun‘. VOIUM CQI-O?
—> Ge+ Notlﬁ. OU“‘ I‘h Qdol;.“lfa,’ £O Tfﬂ("e@q_

"-Enkar'Eh'l’\wlr ho) otler veos
* Thiak abset ¥ Ah c.)\a-:f. in W+ weork {rvolved iy

ahahv‘-a volum-e,

e Cappst Sma D= m (h,"‘u) if P #comtant Beceur LQS#'PAV
We \ Pdv

e Do spriwy evample E
¢ Do oulytvopic example

’CP




B

Wallt 'Hwouah a few more evapyplos.

V. dd L & Break Parktion
acuum S % = F, =~ /0 KFa.
- f 7 Parditioy
Frnd  V,
b osu V +ann 5 Tz,
aaa

0 o
Looks ot Fwt Llow /@’_/J.—: ay

—® Fint drow C.S.

= U, =U, or, sihe m s'}eas comtant 3 W, =W,

QO >
4, = % )o eookp, *
has almost no inFluene on ¢ H~ libm‘c[z:,

bl s l[zan ] = 123

L, = mUp o

National “Brand 423

W, : Camrreueal ‘L\‘ﬁuiJ: Use safurated “Zuu'ol‘ofproxfmmll‘ow'

$ GOOC b‘emul{ ressore

,
>

U, < 2SL) X3,
=> What do we Know abset Stale 2? z /Kb

P2 =10 KPq.
=>Go to salvrabed labls@ 10 57 wp = 191,32 Wi
Uq = 2437 Wk,

= We are between tlese —r So we have a two- fkm-a mixtuee,
= Immdcqldg, table tells us Ty = Typ = 4S.8/°C

U - Uy 25 .01- 19l
Ly -4y 2433.59- 191.82
Vo, = mU;, = [w + x('U' :w)] (osus)[ooo:oum [7961‘1~

o- oom_)

VZ = on‘?"lms )

OM more egam’,

_Vz

= Fingl wor




Viz3m?
= = VSN’F’ = 2m3
Air
f‘: = 200 iR E-Nm = J0O KPq,
] T, = €00 K.
900
* lUhen piston reacles siops, springy dust olisengager from puton.
. Sior; seal Flow.
35

Find how much kaat mut be extracted to c'rof Pio &0 lim

5?"""3 s livear

Fe W= \ Pdv P= 200 a+ V= 3 - -2) + J00
b b lat v b2 [T F7 100(V-2) +/
Vi = JooV —I0O
Vz ] -
= S[luov—mu]olv PZNL S i
v tool- - - - —
i ¥z 35 k--—---..--.,/
T ‘_O_Q\/”"~1DOVI » » -
= v, 2 ' Z 2 _,l
y Vv
= | 4 - A4 3
g’ 50[2 3_] /ob(z-s) = = }SO KPa-m;
KI

115 s
E How 1o anj sl ? Just nepq‘ 7;‘, 72 for veloel gas =

: Qoo
BVi  PaVa 3 -rz‘r[‘i‘] Val. seor| 2 || 2[4 225k
‘Ta ) ;'z v T LR LV 2006 [| 3

Wezg - Ugoo  160.41 - 674,51
AW = Mypqe ey = —EHHSFE—HOTIET = -390 K%g.
PV _ 26015pq|3m3] Kg ~i1x |
m: — = -
R ] Jo.283 lsPa-m> | 200k €32 hy

al=mous (2.371\—3)()5;‘1.1? K,7/,.(3) =~1199. 36 kp

@= AU+ W = ~]i9Y,36 KT - 3550 =-1599.56 iy

<0 2> Qomg
oufl
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How wopvlel our handh‘us of +hes Frobiem 3fGr if we rerlqn-l T
Ne?
Q=+ AU+
Vz
M‘S Pdv => Same
v,
s [RAR1)v
Ty = Tl[ﬁ?]l‘\;‘: —> Same

AU =7 Mo Tableg

AW = CypAT = 3.5 85 |2257390K o -7Z03, ‘%A

Ko~k
(¢4} u;‘!l L-C. dl. c&vm“‘a 4 E_V = 200 qu‘.3m3‘ K5 _,x \ -
m= RT | [2.09¢9 Kpa-m? | 2005.

= 0.3Z{ Ky,
AU = maWw = (o0.32) Ky )(6=8=1 - 2103 “}’,%3 = ~gis,0 kT

@=LI+guU = -350 -6775 = ~/OI5 KY
(Q"r qu-IS‘i\t).

IS I rewvewe cucle : [Add Q, Gei Mou‘,‘] I get e Leaim‘na of @ power cycle.
He beMer thaw air Given Qamove T rise = moa P rise == poe

wovk,

Mot Soretimes uvwoch in puclear qay Fovbkie for thy rewosn,
Fm(.ktal) h 3

!

Air: Constant _% S'facfs\‘c heats ? Sawe a s He.

Vawab\e S‘Feciﬁc Reats: Cyc=a+rbl +CTL+T3 = Table A-7

Ay chdT e S[ml;r fCTz‘}olTsldT

7(c)
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ﬁ&F ) Qg
Nexy,

First Shp in estimatin horurower from avip enal'ne 3 o Find worly deliverl
U\‘\'V\GJ evpansion 3trol’™s = Alsp 9ot Lnal T

Glivent Compression Ratio = /0
V-8 S.0 liter cb‘x/’lotemewl:

E*fmm;‘an 3
So  fad~
-
Mo Hea §or
hee t tvansfer :
@P=0
@ = PV"“ = comst,
Befm Eufemfon. @
T, = 2000 K Biwad
B = #000 KPy | Foel
. Va
Comrvess;‘on Ratvo: = \7- =/0 =~ \/z_-.- (oY,
|

Displacernevd- VOIUM = Volume swelp* L:) all 8 Clel'nJ¢rJ!

S tvie = 8[Va-vi] 5= @)AY) o v, = 6.9%md
Vo = 6-24%/0" Im3

o
-wW=al
1.9 by i o
Va V, =2 P=
; W= \ PdV
* 1Y -0 -0,
wl v - R [y °"J
P.Vl VIS —?l_,- z
i LY 0.4 .
-S ' -0, -~
w= _ (#000iPa)(6.99%0"5m> 6.5 Imd) = (6.99%0 m3)
0.4
]w = 0.731 KT
Fend Tzt How o do it”? Sy
Fivst Law: ~W=ay 2 JAU= -0.73 17,
m= DY 3000 L<&]6.9‘1s/o'5m3, Hoolo-ly | | 289 Ky _
RT, I [3.314 W ~m3| 2oooﬂ ifmole

B.4yx/0" 1 s,




h Vn_ _P_svn
1} E 2
_val
I-n
mR (Tz-T))
I-h

R v' 1.4

=
Ve

W=

L.y
= ["-]-000«&][1%’] = <H8+ KP

(z333 1re)( 6.94x10" Tm®) = (4060 iR (6440

"’m’)

—
=

1 =1y

O .13 Kfa~-m> =

O3l K§




80

B8

AL =033 KT

- = = = - 8¢S, 5T/
e b m B4y /bRy 3 .
W, = W, - 86s.% = %293 k.

L @ 2000k, Wp = 16389 r%é' (Table A-1K)

Tnterpolate

F12,92 —2 To= £062.7 K
Tahe A-16 =

g’
=
N

1

[ g.94xp~S by
6.94% 0" -

Summarita Chqfkr‘. Hint: 3-35: Dor'+ necossan.% ussune 11s an Jdal yas,

* First Law (witheot KE§ PE) @-W = av = Alwoss hold> tor
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