PRoBLEM  3-
OWER: An  equiwalac mixhue of G and M, of Tzhook , Pz/ab
Fiob: The mixhuse dev\sf{y and  molar concentradion
Assumpnions©  loleal gas hehavior

APPROACH - De&mme H@ M\X)Lu;g MW and  then Use ﬁe /O‘eaJ qas
€7Mai'fav\ O’F S‘ILa"'e fo o‘eﬂ‘*emme the Mixfur a(ens{ﬁ/ and el cov\cen{'mit\'m
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PRoBLEM 32
GvEn: An equimolar mixtue of O, and N, af T:400K and P/ b
FNd® The O, and Ny  mass fmachons
Assuupnons: el qess A&(’\&V?Or

AbiRoreH s Caleulate the mmctwe MW , Xoy and X, and  Flew relate
y{ o Yz

mnchee MW 2 MW T K, (M) + X (Midy,)
N, 1 L
7(07_: Mm: ra Y XUZ:' /_XO,_: 2

MWy = 0.5(31) +O.S(28.ozz> = 30.0072

O, and Ny mass frackans

MW, ) Mi,
0o Koy ro 1, X, o
32 32
Ydl'(o’g) 30.007 mz: 0.5 30.007
%z : 0,533 Yo, ® 0.9

ZY. =0

COMMENTS : /Uo{*e. 7L1\a,+ 2){"’/~O as expem(eal and ‘H\OCF m:xﬁwe
X; and. Y, awre Mlepemlen‘}‘ of T and P for @ Fixed compasi how.



PRoRLEM 3-3
GIvED: n‘oc_"‘ame A ot Tﬂfoo K av\o( ID’ 3.8 OJ'M

Fiup = & The bMau‘y A Husivity ,@/ u#/izmj the value given in Appeml\'x D.
L> (aMpc\re ﬁ\a Cl\cu\ e M okrrus{vf& A quj 'F“UV\ 7L}\€, reﬂéma
cond i Figns [ Appendix D% o 7Yoo K, P=3.5 ot A Hhe ckowie M fﬂ@

Assumpnans:  Jheal g behavior , /DMNY A i on
APPRoACH : USMi E<i7th 3./3@ av\a{ ﬂe )’d‘&J ja_v EOoS.  we ﬁe‘f ,@o( 7"3/2/0_.'
Given /@cﬂ the referencs  condr Nans (732731(/ P=]q,)Lh) and T and P ot

The cuent condiboms we can Fnd 9, &M.‘/ar/y , we fond  that
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commeEuTs = Mole Fhat Fhe 70«%1{4}, (o,@ c/\anes much fess  tHan the
Ax'rﬁtsfvf”)', @/ amog 7‘/\“% 7LI~€ CAamﬂe NN @ rMay /’»o\ve Aeev\ even

rmoe deashe [ the pressuse  weve et Sreou(er- thon the referemce
pressuce. For constont P =laka :
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nereases M T oand P af&c‘f The d/n’iﬂrusfvf& M 0/3/365"‘[3 Manners .



PRoBLEM  3-Y

GIVEN * ETM;HM 3.)?@/ which was a!en ASSURMMN that /4 dma( R ase
appmxmldy the Same  Size and Mass and. Fhe f;//ow rQ)o.{w‘cms
whfc[« perw\{'f 57'/7\ 3% a /D Le 3&\@@\'1’%%‘. 7La /'/me case wAm M, f-mk
and O; % Og °

= MaMe A

%(MA{.mB) g = 2(0;4 +G{3 )
Find The oo difRaivily of O, m A, o 273K for (5,7 396 A
ond. Gy = 3793 A . Does This estimale aqree with the published  value
O'F @ = /,?x/O—K MVS s 5004 ajmemem'-j @7}@:{"@7‘ P L(.)k)/ ar wky ho‘f'f’

ASSUMPTIONS = MOIQCLA'QS axe P)’ifj av\i ngy\-od"‘}'raw{\

-\’\j ) Ib[@a/ ﬂaS Ael\ctvfo(“ y
Kmette Hseocy hold s

APPROACH * /inowmﬁ the MW of Ty and My , determme My and Mg
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3.8a. |
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M= s 49w <0 K
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o= :2"(602+ O’pz) = %(3_‘/675 + 2.793 Ao) = 3633 x/O.)Zm
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l@; 930 w15¢ M

=5 =3
commenTs: Compared with the Pu.A/FSl\eq' value of = L3x10 MA/ the

\/o‘due a/culqéeA Ot]DGVe s Maccum"e J)\A* Cév\sia\erm 'HWC\’ ‘H\e va(ue Calc,u)ovl%[

aboe ic haed o a rigid sphere todel the resulke am not bad.
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FRoBLEM T-57

SWVEN: Pty = 8.2005" tgfs
D=0 mm

—

= .05 -
A = 20 ¢n = O.20mM
F@é/ﬂgd 0. 48>

—¢ -
%4/# -air = g&O’/O /7) /S\
L s %
A INID /?’1((9[_‘/7‘/

SoLoTIN /979/041 Lorton foon of~
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7% 4, ' \ -8
= I hp i 8 2 +(o ke !
et = Lmes = 22T Fos
iosee. 7"/ N-Co) 74
1 = -5 /Sfmz-
Tory = T TR

B AN s Bulb flow s Gty

SoLu77o]) ¢ Appl detFn o +or binary (€, 4y—air)
rost-ture. [z%?/b 3.3a) s
Bulk ﬂda) = >/

Cothi, ¢ wihere  rh = 1y, For
571,97@,,‘, /Droé@m,
' - .
= 64»/0“?0, 782L = 3959«/0(6?/5 J
C. FIND 2 C lHu d r#fus sonal +7n x.

SocwTlond ¢ ﬁ/ap/g, deloriFon +or 0/74/2,2? mxdure (7/?, 3.34):

Drffasi = Nt Tete! 8.0 ¢
Dffesionad Fluy, = —/359»&7:3;#,, y A/‘Wéﬁ Frek's /uu(ffﬂz 5.1)
A Gdy o
/ﬁ“g&& Pt

4 it

¢ 7"’6544# )/%t@i = (/*éﬁéga) mé,/éqgé
- r _

= (/- o#82)-4/76:07° = 2,103/ {é;/s-m"—




PROBLEM 3-6

GIVED 1 [Wate~ N o 28-pwm- diameter  fest tube chl?com-\-w ;‘w’o o[ry PYCPT
6ne (ﬁw\os,b}\ec&. T‘\(’. a(is’m\ua 'g'ow\ 7LA€ stoL“'e»- Qi inéergxc_e 7Ln f’l\e {dp J
He fube s L=lScm . The mass frachon of the water Vapor ot the
waker-aic miecface  0.0235 and  the LM«—}/ J,’FF&;:\/;’{X for  watec

Vapor w o /s 236 x/o'5 m2/5 )

Fiod:  a) +the mass evo\fcmkm\ rde of the aler~
B the walec vapor mass fmchon of  x= Y2
() 7‘Lg fmckm o; 'H\e L\)aler Moss ‘F/mum{'& a/ue 76 bu/k 'F/aw
and the Feachon due b AFFusion of X"(/z
) port ¢ a X0 and xol . Geph Hhe il of part
c and d . Discuss

ASSUUPNIONS ¢ /;’7w‘o{ /evﬁl N Me i< mh&b Qv s :V\So/u“e n Wadt&r'/ deal Focs

APPRoAcH 3 ’ﬂ,,‘s i 'H\e S)lefa,\ P’O“@‘“ i wL.-J\ wo:!’el‘ vapor s
‘/'f"ﬂmsparfec\ +L\mu,jk N Sfaﬁn%‘f‘ /“}/Cf o aiv in the co/u,wm,
Ejuakm 3.40 s aFPkeA with appropriate [)ow\o{o,‘ry condiFons.

S M, —8 A [- )71’5,0(3
E?udx'am 340 Myo ° —= = ‘ﬁ—LM )Y\[ - :,

Ange 1- \ﬁ-ILcl ¢

M L()M ,x
MWy o

1_0 eva{bta'['@ (.Z’ : a‘]" ,‘n#ﬁrga'ce XHZO= \/HZO
Mt = Wy g MWy + (1=K ) MWaie

Mo Yo (Mw“ir/"'“)@)
] - Yl—lzo u Y#{,_o {Mwafrmw,szo)

©.0235 (28,‘55/8.014)
Xy =

= 0.03
2 7 ]~0.0035 + 0.0235(23:35/17.01¢) ©.0571

MO = 0.037 (18.016) + (1= 0.037)(28.95) = 28.60 Yol

P I3 3.31S
- Tr? T RT heve  R= o 28.¢0 - O-2997

101.325 K
= [.]7 a‘ym3 at  the in‘lLQx‘gon

C o229 (299
(cov\-x"rmeol,)




PROBLEM 36 (cor\"'muecn
ot the ‘hP 0’]‘, 'H\Q ‘{"AEQ: Y”LO?.O ) \;mxfwe.” i< av\/y i
£ 3 3315
f= RT R* fao,. = 2%.3s ~ O.23
101.325 i K
P bmdmy P
g 2(1mtug) = 117 s
solving  for  mass  {lux ;
C »»9 Vg | (19 Ggx6) ) 12O ]
Myo = [, YuLoL - oS | — 0.0238
.l = 443 x 10 "%3-5
A
) ) /0025} 9 K
Myo® My Anee - :(4343)(/0 “yr = 23800 %

= 21.3% x/O'7 K%

mifzo

b) water Vapar  mass froction of x= % 0.078 m
USm E?'l"h 3361
-
B9 = = (1 Vo) e 22
Yoo (0079) = [-(i- 00233) e)cP[ G38.00)(0:09) < o,0n3
Z (1178) (7.4x15™)
Yie(0.075) = 0.0n3 ’
C) Fravm Ei'fn. 3.35 =
My YA";‘A ’QAB 0;341 = CowsT
BuLk flow D iFFUSIO
uLK N 0% Ny
for  conse~vakion of mass ‘(0’9/48 dx = / ALY
‘F:'WC#OV\ o‘r wculex- Mass ﬂON"“-“?« Jue 710 Au/k ﬂcw
AN
gm,g N —A;A_fj/— (CGT\"'I'V‘U.@O[)



pProfem  3-6 (contmued)

gmd‘icv\ O'F wakr Mmass —F/owm‘k’, o‘me 7‘0 alfg;(gim

F =(————I‘Y‘§)MAN SN A

)FF mﬂ"

The ]Caﬁowhﬁ ‘)'aUe COY\‘J’O.MS 'H‘le resuHs -ﬁr PaﬂLS C Gmci A

____% CMS Y& FéuLK F;n—’F Xz Offs‘faﬂge oL]JOve
o 0.023S 0.6235 O.9%S water -aic interface
0.07§ Q.01 6.0 B.9%¥82
0.8 ~O ~ 0 [
A
.o JE
o9l
0.9% | Fle"F
097 3
0.% 4
049s 4
A
A
0.07 .
0.06 |
0.05
O.04
.03 |
Q.01 ¢ FGULK
Q.01
o ! 1 > X
bh=6.015 L=0.I5

compmEwTs AOB DiScussion © From the above amph we can See that Fhis
PmL}@M 171 c/ea.r/\/ a{}f%?m JOMM'I'GJ OLM( ‘Hm."‘ He ch#oh 01C Mmaoss ﬂo‘k)l‘ajle
due fo O(f%sfovs increases in a lmear manmer oS X Mceeases and

that the fanchion of mass Flow due fo tHe bl Flow decreases m o

Sfmi!«r Mmanne .



PROBLEM 3~

GIVER: Watee in o 25 -mm- o\{qme+er 7LCS+ ')Lufse €Vq,)\>orc\:\'f“ /‘n'lLo

arry Qe ac(’ ' a‘{"m. Tlne o\;S“;'ow\ce '('\f‘ow ﬂ'\e oJa,+€r - cuft fv3'@r-€ac.a +O
#\e +°P O'F the tfest 'hAEQ is L=0ISm. The bz‘v\ary 04"7(12&5}'\/(7& of
Waker vapor jn Gir S 2.4 x/O-g MZ, The water 7L6Mpe,rzx+mf'€ is 21°¢C
oand The free Steeamn  air iS o y,

FIOD: The water mass €va/sam+‘f0/\ m‘l’@

ASSUMPTORS & pader-aivn intecface [ stationa aiv is insoluble ja wouﬁerl
/'o{ea.‘ aqs bekavfoh/ eja,'/iérmw\ exists at /‘Mzet“\[;vce (/%20 [‘X’O) =@a+)

APProacH: ({se S‘ILm\alaral 7L Aermo 5“)L€m»\ 7L¢«Ue: 710 a/@zerl\m‘ne ’Dch( .
Based an )’o(ea( jas CLSSMMP‘HW\ Xf/zo ;= /,?;Lo / P and 5_775'\- <40
can be GPP,\'QA. 7

frow\ Vom /er\ ‘iﬁ So\rm ’}’cx ?mna(mmer\)La(s of C/CtSSl'C@( T}SCPMOOQ namies ;
b o1 Y
F/?lzo: PS“+ = 2505 KPQ t‘/\‘f 7/-: ZIOC
Xy ® Pio / P =(2.505 K@/{/o/zzs KRy = 0.0247 > Yo = 0016

Mw’“"‘ - XHI.O (MLOHLO) + Xie (Mu)c\;r-)
ﬁ iv\%eg-g,\ce: MW = 0.024) (l?.on;) + (/_ 0.0Z‘-f?)[Z&?g) . 29,53 /C%m/e

n free streamt MWz 0 (18019 + 1 (29.95) = 2898 “Ypile
P rw P
O™ RT RT

ot im"er‘Fakce : .:fZ?.SS) (/0/“325) - %S K /4
b (339 (29) HES G- 300 460) =109 W

" 2 steeam ° =Q”3‘?S>(/OI'ZZS> = /. KBp2
TesTen & (3.315) (294) 1% /n

E7+h 3.40
M = Auge ri\:, 6 = nd” _,?__'/9 In [_/—ﬂ"ﬁl . mlac (1A)(2L x/O.S)/ [ |- ]
¥ T I-Yag, i y 0.5 1) -001%

oz L5Txi6 T %

coMmenTs ¢ See ProHem 37



PeoBLEmM 3-8

GIVEN: b\.)cc}er n o 28 mm-diameter 7L€57L ‘ILULQ €Va'bom+ﬂf\3 fn"‘o aivr
(,)."H\ o re,[a"\'ve humfc\\"b/ o‘F 5074 77\6 ol:'S‘*ance \G‘om the wccl-cr QU
intecface To the fop of the fest fube 75 [20.14S m. The bmacy ol fusivily
O'F wa‘[’er Vapor M aic S Zéx,/O-g Mz, TAC ch-er '}'CMPercL‘lLqu s 21°C

Fiob - The wc&e‘- Mmass QVaPoro\.Hov\ ro:}e, ond ‘H-sc o a:(‘ﬁ oqc }\eo;{ ‘h“an:-rer

Fﬁiuifeéx ﬁMaM‘}oia 1"16 /[7(,4{5{ lA)a;Lﬁr OCIL 21 °c

ASSUMPTIAS < wk‘}'@‘air W\7L6F‘E1ce /s S7Lo‘\+ ;'onou\// , i s inso(bxue /n coaFer

fa(eal (3(15 ,)@Laviof) eiu;lfﬁarfww\ @C)'S'{'S a,+ h\kmcm.e [&10: PSoqL @ 7C=O>

APPBoRCH: Use steam Tahles 4 defermmne foud  andl Xppo ; * B“+/>,

USM‘ﬁ mass fracNone o‘r /'ZZO \/O\f)or at Mkr‘Foyce avto( " U\ML\"QN“ O\N“'/ colewlate
The  wass ﬂowm‘e. Then Using & Q‘n‘f' Jawo O«nalysfs evafuale the
heat temnsfer reguired fo mambain @ wakee fempemboe of 2%

& T B = Ry = 2.805 P —> Xy = 0.0047 Vo= 0.015€
2
See P*‘ouem -4

M= Ko My + (1-X0) MW, =(0,020)(18.016) +(1-0.0297) (23.:3) = 28.5% y
oA intecface

Prllo
in Gombient air - Relative me{o\{%y ) ¢= Psd* = 0.5
using Pt @ 21°C P, = 0.5(2.505 k) = [.253 KPx
k s2 *
. o | 12 - S
Xiom “p " jolzzs T 0014 \(f/LO,oo = 0.0077%

Mwm‘x/b = (0.0124) (!i,olé) + (- o.onﬂ) (28.‘33} = 2%.22 Kj/gmk

at iv\-\e,c'ro.ce. : (_: M = [2%,58)(/0]',325) = LI3 %3 f——z 7.-'-(@ +€F)
' RT (3.3) (294) L P
g= 1135 53
(287 (o1 3s) 119 K73
(3.315) (234) - m

" aw\l)ren{— : K‘F

MHIO = Ange MHZO - r{fclz . _é@ I [_/i_);’zif_] - n[;zs) (1139) (2:6x15%) h [ l~o,oo77i]

1= Yo, ¢ 015 1-0.0%

’ - 2
My = 798l Y
H,0

(COh'l"f V\uecl)




PRoRLEM  3-B (cont if\\AQo\)

D Heac{‘ '}'T‘ans@f‘ r‘€7uif€o\ o MO\M%CLI'V\ a)oJ‘ér at 2)°c

. Q
Ciest law : ’;_‘MLO(\F)
Q.}Z:f‘;\(kom—_h?ﬂ) ______I-‘Z.'C_-/
}ﬂ+€f¥ﬁ,€€ —

& o(ho i) T

mHzo(-Q)
@SSumMj \/apor O\V\J /7701{0[ /7[20 arse T
at T=21°c means 7Ll\a.,+
_ _ _ K, AP er\o(ix A
thd(v)y Lsza(,Q) N L\\Ca 7 hﬁj - L%DI—’ /kﬁ "

0,

——

Q=m k;% < (79816 %) (4o W) = 35,1 x15° V5
1 [ B

Q= 0.00/95 W j

as Qa Pom‘\' o-F‘ Comparison | H\e Aeo\‘{‘ Hransfer r‘e«7u{reok if the
aW\))\'er\‘\' o s O{r\/ ([Droblem 3'65 /s

. - v -6
Q15767 %) (stan ) = 20x16° K = 0.0059 W

COMMENTS ©  Compare  the mass flowankes  colculated proklems
3-6 am?( 3-7. Mo‘{e Iv\ow +he Presence of wc\{-er- Vaper N
The O\Mb’ v\“‘ ait MLWL)"’"S +he mass F/awrmf'e,. /}/so Nete how the
awbrent  Loaten Vapor offects the heat Fronsfer re7w‘rea\ 4o Maintoin
the wa.(-er ot o comstanT ﬁmper«‘)ure,



PRoBLEM  3-9

GIUEN: Ligud n-hexane i o S0- Aiameer 3mlm+ea\ cylnder ok
ar B?awm3 acss the  top, The distance frow  the /.‘714.‘4—0\,} interface
+o the Cy}mdler ‘I‘DP is 20 cm a-d the hexane is ot & 'l'eMPﬁch’wﬁ cnc 25°¢
77& A:Qas:v:%, of  hexane in ait s 33 ><IO'6 Mz/s

Fiubs the e\/acpsmlﬁo“ rate of n- lf\o«me

ASsumbTIoNS }wexavxe o’ ;‘Ajfﬁf‘gauz s S‘I'“%{G"‘“P?'/ ar~ 18 :‘nSo!uUe n ;\Exowle
7

[d[é’a,) ijs ‘Jeka\/{or/ Claus;iug C/q/)eyrow/\ e?mal“im\ app/res

APPROACH 1 /5e C/aws\'ms-c/apeyrfm ejmxtiov\ fo a/&)lerm,he the }\mene nw]e
“Ffackow ot 'H'\?- [f7u1{0t‘a'|“ 1'A+€J"£;ce, T}\QV\ use e?wsc['iavx 3-90 4 A@Lerm»'ne

7L1'\€ l’\@)@u\e, MAsS F/U\X

Clausius - Clapeyeon * reference Shabe © T g2 392K Poo = [atm
hy, = 33 2NNISES g el

Pt - h ! | -338 ( 1 [ )]
= e ____F_g_____(___,__/_) Toup |l [ — - = 0.223
R P (fufrme) \ Tt T P (g,g/%é',ﬂ} 29% 342
6.17)
Foug = 0223 o Koy SO Yoy = X e LN 0233(:/@3 =082
b 7 01 CHy ) CeHe T T ‘ '

- . - &
MOy = Xt MWQHM +{ /-XQHW)MLOM— 0.723(%.m) +(am) (23:35) = 41.¢3 Y,

in ambient :
MW, = MWg;e = 28.35, >€tsHlLI,on i

- |
at inberface® ff : ~————---—___.P‘Mw"<‘" . 01328 (LH'Q) < [-70 k%3 ( ) 7.((95 +€a\
R T (2.318) (223)
= |4y Ki’)/m3

 awbied t o= PMWar (101.325) (29.35) 113 19/
A G (3.215) (199) o

” - - - - B
M= Abde M = nd 4\219 In I- Yo ) TT(O-OS)Z (/.44)(8.&10 6 , [-© . 5,[‘33](/0‘?/(%
4 L I-Y; o 0.2 |- o482 | |

CoMMENTS /‘F /,‘?LA{A werR {:@A mh +he C)/’Mote;- ‘/‘D KCLP +l\e [;7(,{;3\ SW—F«& _F)X&?‘

‘frl\en\ ]’% WOW(O\ ‘{Z\‘(& /2_2 L\(‘S 7,73 e\/apora\‘-e, ]cc a']c }\@xh,\e 5;"" +L,’g evc«’)hra\(\‘w\

MLQVV - - I ¢SGx 10 _
m=€\/= éSCf()xlo C)*’éf‘fx/oél(ﬂ —> ’f= e = m = FOS3 sec



PRoBLEM  3-{0

GIVEN: A |-mm-diameter (ocder o\m’c(e,‘{’ e\/aPof-oﬁv\a nto o(ry air ot Socok
and | atm

Fiol: The Q\/opom‘{‘\'m m’re c,o*nS‘f’m’\‘}'

ASSUMPTIONS ¢ Quasi-s-}ezdw Uni form Jmp(e+ fempe\'oﬁafe) Cons'lLom'{'
T Lemopkysimi pmper'%es/ 5Pl\3ﬁ'¢a.“y 5Ywme{-rrc ) jdeal g b@hav-‘or/ air s
insoluble in water droplet Fempecature =75%C (see problem 3-10)

APPROACH ¢ This is  siwply the Stefan pobles, i spheaical coomdinates , 7he coader
Vapor mole omd mass frackms ot the [iguid-air jaterface con  be determined
'FWDW\ ‘H\e S]Lc’oxwx th«h[es avxa\ the +kemop‘w75fm[ PTDPQ(-HQS Can be
evaluated ot an averaae femp eratue . The Q\/apora.ﬁav\ constant /<
Aefined i Ecﬁn 2.5%

Weder Vaposr ot inf-er%ce : T =75°¢ @d = 38.58 kfa

Peat 38.58 B}
hoi Th T arme TO.3% Tao s = ©.278

.
MW = Xy My +(] -tzc) ML, = 0.381(1%.018) + 0.619(23.35) = 24.72 Jmdle

) = MW P 2492 (101328) < 5,9« Ky 2
R.T 9318 (34%K)

in ambient air : (23.35)(101.325)

Kﬁ/ 3
- = = 0.70
M) = MWuir #2838 —— 4/ RO 0.703 " 7/m

—
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