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Year & Semester: Il Year Il Semester
Lecture Hours Tutorial Hours Practice Hours Credits
3 0 0 3

Course Objectives:

1. To impart the knowledge of basic laws of conduction, convection, radiation heat transfer and their
applications.

To familiarize the concepts of convective heat transfer.

To gain insight of the phase change processes.

To conversant about heat transfer in various heat exchangers.

To provide fundamental knowledge about the principles of radiation heat transfer and mass transfer.
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Course Outcomes:

At the end of the course, the student will be able to

Solve the problems of conduction heat transfer.

Solve the problems of convection heat transfer.

Solve the problems of heat transfer during change of phase.

Analyze the performance of heat exchangers.

Analyze the radiative heat exchange and diffusive transport in engineering systems.
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Unit 1 Conduction 18
Basic modes of heat transfer- rate equations- generalized heat conduction equation-various forms - steady
state heat conduction solution for plane and composite slabs - cylinders - critical thickness of insulation-
heat conduction through fins of uniform cross section- fin effectiveness and efficiency.

Unsteady State Heat Transfer Conduction- Transient heat conduction- lumped system analysis and use of
Heisler charts.

Unit 2 Convection 12
Convection: Basic concepts of convection—heat transfer coefficients - types of convection —forced
convection and free convection.

Free Convection: development of hydrodynamic and thermal boundary layer along a vertical plate — use of
empirical relations for convective heat transfer on plates and cylinders in horizontal and vertical
orientation.

Forced convection: In external flow—concepts of hydrodynamic and thermal boundary layer- use of
empirical correlations for flow over plates and cylinders. Fluid friction — heat transfer analogy, approximate
solution to laminar boundary layer equation for external flow. Internal flow — Use of empirical relations for
convective heat transfer in horizontal pipe flow-problems.

Unit 3 Boiling and Condensation 06
Different regimes of boiling- nucleate, transition and film boiling — condensation — film wise and drop wise
condensation-problems.

Unit 4 Heat Exchangers 08
Types of heat exchangers- parallel flow- counter flow- cross flow heat exchangers- overall heat transfer
coefficient- LMTD and NTU methods- fouling in heat exchangers-problems.



Unit 5 Radiation & Mass Transfer 16
Radiation heat transfer — Thermal radiation — laws of radiation - Black and Gray bodies — shape factor-
radiation exchange between surfaces - Radiation shields - Greenhouse effect- simple problems.

Mass Transfer: Conservation laws and constitutive equations - Fick's law of diffusion, isothermal equi-mass
- Equimolal diffusion- - diffusion of gases and liquids- mass transfer coefficient.

Prescribed Textbooks:
1. Fundamentals of Engineering Heat & Mass transfer, R.C.Sachdeva- New Age International Publishers-
2017- ISBN-13: 9386070968-978 .

2. Heat Transfer, J.P.Holman,- - 9/e- Tata McGraw-Hill, 2001- ISBN-13 : 0072406559-978

Reference Books:

1. Heat Transfer- A Practical Approach, Cengel. A.Yunus- 4/e- Tata McGraw-Hill, 2007- ISBN-13: 978-
007312930.

2. Heat Transfer, P.K. Nag- 3/e-Tata McGraw-Hill- 2011- ISBN-13: .0070702530-978

3. A Text book of Heat Transfer, S.P. Sukhatme- Universities Press, 4/e- 2005.- ISBN-13: 8173715440-978

4. A Text book of Heat & Mass Transfer, Er.R.K.Rajput- S.Chand publishers-7/e,2018 -ISBN-13: -978
9352533848

Online Learning Resources:

e https://ocw.mit.edu/courses/mechanical-engineering/2-051-introduction-to-heat-transfer-fall- 2015/
e https://www.youtube.com/watch?v=qa-PQOjS3zA&list=PL5F4F46C1983C6785

e https://www.youtube.com/watch?v=sKnE5qvzOfc&list=PLbRMhDVUMngeygd uWilLga3fzA2h7vdRx
e https://www.youtube.com/watch?v=4bh4efqyzpo&list=PL3zvA WajfGCwYlesmh4UAI8KtsxXVQYn

e https://www.youtube.com/watch?v=Yc2eSffzhBI&list=PLwdnzIV3ogoVX S 8DyKa7RudEazDLOo

e https://www.coursera.org/lecture/thermodynamics-intro/02-04-heat-transfer-gyDf)

CO-PO Mapping:

% S 2w -
° © € o £ Yl o Ee] g S o0
s 2|2 |835|8|5 |5z § | 8 |t £
e o s 2| 52 | Z |3 >|€E w |8 5] w 2 © - ~
Course < S |25| 22| |log|c| 8 |sx| 2 |2c| O 3 o
a0 g5l 25| 2|Ec|EE| € |58| S |eE| w | & a
Outcomes £ § 82| E2 | c|®g|sw| & |52 2 |5 € a -4
& 5 |23 gl a|o” 2% = E |ge| 2
b} °© = S e] o S 2 S S o © )
o (%] = .
£ & |2 2o | 2 £ S ° O |¢o 5
o0 @ S = = < =
c [ (o] o
w [a O
23A0361T.1 3 3 1 2 - - - - - - 2 2 2
23A0361T.2 3 3 1 2 - - - - - - - 2 2 2
23A0361T.3 3 3 1 2 - - - - - - - 2 2 2
23A0361T.4 3 3 1 3 - - - - - - - 2 3 3
23A0361T.5 3 3 1 3 - - - - - - - 2 2 2



https://ocw.mit.edu/courses/mechanical-engineering/2-051-introduction-to-heat-transfer-fall-%202015/
https://www.youtube.com/watch?v=qa-PQOjS3zA&list=PL5F4F46C1983C6785
https://www.youtube.com/watch?v=sKnE5qvz0fc&list=PLbRMhDVUMngeygd_uWiLqa3fzA2h7vdRx
https://www.youtube.com/watch?v=4bh4efqyzpo&list=PL3zvA_WajfGCwYlesmh4UAl8KtsxXVQYn
https://www.youtube.com/watch?v=Yc2eSffzhBI&list=PLwdnzlV3ogoVX_S_8DyKa7RudEazDL0o
https://www.coursera.org/lecture/thermodynamics-intro/02-04-heat-transfer-gyDfJ

U 'T_'-}

'J'E__;;rfrocéa_if’fon‘ i—o 1’_1._2_{& ‘Hansten

¥ Heat ’TFmsfeﬂ Can be. dofined ay the. trangmy
‘—"nggoﬂ ﬁ& Lm%:.d‘—ﬁwm one ’Te,fdfof) f‘o ,CU')O'HLM
rzrca;‘m dee 4o lempentive o Mecn o

Medes of Heak TTransten

o Cond et 00

- Convection

¢ Radd atieon

—’;?.sz.’r Condection S a mechani<a EJ o
Jvangten fsom a 'W—‘a?o"’ “7— h}’ah hmpcﬁia@n

to o fre_C&‘?On_ DJ tow ‘[loﬂ[ae%ofww. Qﬁ#i?n o
fﬁd?mm.ﬂgol:d ,pfc,urd & 'émm,q' oy bt
Silteunce medfam o disiect phyceal Coclack

= T (Concltteri00 £negy onehanges Takes
ploce oy the  Kinemil?e motios or olfneck
":tjmp'&d ﬂ} moleicedeit. . Pt Co-ndméﬁonff
_foind” oukitoColid<-



gunti
Stamp



—_— —
—

@Coanckfgﬂ * Convection fs a pwsoceys % H@@ﬁ'

Avansfen thak MB%M arcept b{w a <oltdl curface
and ac  flufd medfam u‘ﬂmux 'Huwd ar  al
diffecat— fempealoney.

= Convection s poktble - 87')[17 3 the presence o;
'ﬂufd m,qdu,un

= 1940“’“5?9: he  Heab tvanster Hoa ome EDCQLU
-ljo ! 1:30537 "'}'f\DU-d_ a_/u7 ﬁaﬂ,grﬂeﬂp&?
medfam f¢  epown ax M”‘L&‘OO |
f

1
=S It ¢ an elec...fmmaﬁnc?ﬁ ‘e wWaie phmomma

Ezajg?c é_iuﬂ Heed" ’_’?M_g-&l

- F"rs{" .L:w: BJ "lf)u\moci%ami’og I+ g{ af;e 1~ thal
téhen Sejctem me{cxc et a afif’a_ Pavcek | nek
Heal -lvansfer é?aafo nak 0Bk tyan efes

Plaige o
¥ Secord donr. 83‘ Thesmoduramfc

ktlu ne Plaﬂk S‘Pa:h:;mnf It ic tmposible 4o | ‘
 Constraed an enﬂnm udm/f-fﬂ? on | an C?fo_(r"c_Pewcm
Whan Convedle  all the heak enisgy Sapplied +p 3

o an 4 cwbvalenr amocnt E/’d cc/ifl}icﬁ wéilk,



. whae

C__’lﬁiﬂt& ' Stolmint oo g%;técﬂ" Hha b
o e Ser bedsy o Cold by
porthowd~ aﬂfﬂ akenad aid , bl heaP Casl b
be How Fom Cold bod% o hot 5047 |

vrthoul— L'LﬂLJ é‘xid&naj ald .

7 f’] zggnsa_uaﬁon' 52 ' Ma
N “hes _ law' fc ind o detesatne’ dhe Pariame
- ~tevs 9’) *“Ou.g e o U

.f:oul'a’s LY l o api> BJ E :_élcpmr-hfng ..

= Lale Bd heak  conducetion e Pfiopofu{-fonai

o dhe aneq, meosiied Novmal 001 i

forectton B hedl flote” and Yo the tempetioe

aE o i‘;f’} P ¢ K
A= — kA £ T
A . &
Q = 1A L3
- ; ;

kzw Candiae/bu"‘tq W/Mk
= bq—r‘&a—-—m

T . ’ YT ey
o *runpcx_c:ﬁz% qm&,fnﬁ ",.Qy/m.d




-

“The. . n,u-aa—ipt.uz _5‘1’?'0’) tnd? calles ot Hha. heodFHow
N a dr%é’_chon a.ﬂo? p&h"ch Hune. e a @La_wacu&& i)

Nﬂfﬁ a‘t c@gl?.\? or Canwc:hon
= Heal “vansten Fvom "H’LLmDUt'\?:' flutd 1o o
eol8d cadace Fe fﬁf«un b«j a ecfcml'%oo
A =bh A CTeufacL - Tcm’mmdaqj

e A L s

Whos, ho local Keak transtes coeffcient— W [miy

Racllation
= Mantmum ~ale C’] 'faLdoa,E—?of)_WCrm be, m'!”ccd
blﬂ ~the. (utface.

Otz —As TF

Olait.o= £ o AS'-TSAFI
Eiadionr: = & . As C—rs Tgw)
wherne _
= Ctephen @olrmen cms’r*anlt_ S,Q?XIDTS_ _N/_rr_x""k‘r -

T = quaface Fempnaluve

e = %«.Lmu\dw? bem >

E'= Q“ﬂ FéMfs?u.ffj)



(T

3‘ 3 w |M-Qn d_ﬁﬂ\ 5
ﬁ= 6x3 —48"*«-”

L= 0-a8m

v = 5-08

T.=%C

Ta= 15C

+ima = 10 hws
Armounl"*:—'g' 0.03/#: vl .

"9 e = -—‘Kﬂ_dl
A

= __m' "r[.::ll :

i ———t

.

. _eosx4+8x (4=18) . ]
= '|0128. 46 N

; 0-28
= [0.FR3 red.
| Ba. - axtine
\
| L 10128 O
— 101-28 lceoh

Codly = Bmvuwt* K&k :

| o o :
- p.03%x'071.23 rodh
} r$8o58
I
— Euan data




‘@eo\ Grwn datx 55t e OCH

: Cm=0:0lm
= i RN '03’._

& = héA CTM"T*’)
A = VxI = gox|.& =90

A= TDL = Tx0003%xQ =00I385

210 = h x0.01335 xLIS“a—-lQ)

- A - ¥

_ ..b".,?.n.‘l—\'.ﬂ Wlm2 k.

;\ éﬁ’uzﬂ date
= : 0
) =23
Wintev ’TSUL'O’ =10Ci42-73 é.FI e

-

‘gf,o.mmm T = 2C+3%3 =

%

298 g ©

A = £ Pe C'&*—_—&wa{)

Ac = L.dm™
Te = 20¢ +2+3 =303k o

gmm?s&?{—?v?@ Eﬁ a pdm S = 0:9¢
O =5.61%10° wWim-k

1 Tl Bl = =

&wd, Gmoeh = O-Q§x§-61m§\’x|.¢x(3mﬁ 2437)



| > 40:9W

Buyod | winket = 0-9E X561 x10°8 :
Bed y winte 0:AEX5:61x10 8 x 1+ 4 (2022329

= 1San.
,g_’;‘:_f—__;mw'g‘fl f!-—_wéd: ‘C—DQMOQ Equakion ia CZ:J'I-aa_,)
X : : il
Coavel tnates L 7 &Ud‘*d”)H Ty fb"f“’
1 -
C— — T
sl Wi
St | dmpQiy iyt X
! mcvy_m_l) / P
i & ! v' ¥
T _T~"¢ Ie
1€ j’)( af E\

;' Jected G.«Mm a&rﬁlllrreic"fana;ﬁaai eleacal-
$ mafete LAkl gt gfeled duidy ,dn qushosn Iy
The 2NARGf- balance. tﬁ ~thic 'ra’z,cl&()ﬁaﬂan‘ element—
fs obtaimd from fiyel- M? ’ﬁwlmboﬂfjrtamf’c/s-

: ‘Ne't th’

- ek
conducted ot . Heats y
20 ko eloaent R o $toed .
= [
Lom all The <+ S m -H’ua,
COOV’dt'f\OLE elemenls :

Tae chons - ARy J

G) .




) Heal ﬂfnmaji’cﬂ with 0 *H«u_. QLMN\J—
© B4 drdy du =@,
:’)f‘jréau‘L stéed Fnthe é&.nu:nj'—@ -—._-_—)
Mg > !
-#LL& } ?pcc::ch M Cics
S B0 A A R }
, +

V'fhd_emm

=¥ denslly x wlume

= [xeclx dydz xcyy AT
| [ PY

=Ar . daduole widT
p- ol z X ‘
e a0

)Na.lf Hw/f“ Conaﬂad’zd f’mLO ‘H’“’—‘ Mﬁ/"’ d'ﬂe;ﬁoﬂ ,

Lot 9, be -the "RuaitHlun ?amdawfcﬁmq%&f,}
B A',QB. C;) D anop__ -aﬂ'x;fd'bt bf_ ~the w'ﬂm

tctelfaection’ g face  EFEIH.

—The s1ate & heat flows fnto the. eleaent ?m)(-af’?ajrecHOr)
-—’w\owf’h e fuce PARED. e e

@9(‘? ﬂﬁd'ﬂ GQZ‘

jﬁb sqte % h_mFﬂow ok 9/ the elencent~ T o —Aec Heon



—‘H"\rmusdh M{m 6‘1"6‘1{‘"
|
@’)L'f‘dl 2 @1 axc&.n)dl iy @
Net bheal :-C.o'ndua'fcﬂl ‘i’rvhs e eleaent~ in - clizec o,
6 — @1+47t o Q‘ -[@7{4— ‘3; Cdl)apl}

e i(' <n G7 iy dz )l

i ax k,tcﬁadtddz,

= Ky dx dly fcz'fi
milesle : ]
O~y = Myl I
6 B - g ch g b -i’;

Cﬁn.gsc&ﬁ‘?n? ~the ma]?bl"af re rsopr?c

K= ky=ky=ka
Net heat condeebed Sato Lol fmm all
dhe Coordindle clizeckiont

(d?"[ _a_;_;,é’) T>ktﬁ%&°{ld1 _____’>©
OhLY “d




(S5 ) : ﬂw*&»

T ety dr-l»’u,ﬁu“rgj
.!CP

 Caxe @) 1 No Heeth <ource
3%‘ 4_33‘ i'th
811 &d oy S « ot

C‘”ﬂ(’f Sfiwﬁxj Q[E«‘fe C,mcf?‘hong

\‘-w:ic'-:-‘ £ (“'{ L l >

Cag&@[?_f)'. She A?m.mi?{)nd | gwg olate Heal

Condece tion.
by I
____I, + i =0
axl K

Cakﬁv) LLngkadq 5mafzinmuuwmaﬂ&ﬁMmbk‘;EE@A
Heea szruzmhon oali e W

- ‘-——“—_.

x> % At



Heak, &“d“d' ceal) in L ﬂdh
éruw-ﬂ 3 O;ﬁ fog?al inaled :

‘r'lruz, %mwzﬂ heetd- coﬂfﬂd—ﬂ%o 0 Caﬂfe)&wu)
coovdinale  desfueel fn the prevtoces cectton. s
be-ﬁ[ —FC?I SOL?C{S. Wﬁ‘.’h ‘WCT_M?LJJM bowcﬂaﬁ?q/g
L?K& S?We » Cu.b_e. ) SLab ete. BLLJ" &J"@HM

coovdinale ?stdﬂﬁm' e nok a2ppleabe. —ﬁéh , <olel,

C‘d[ar\dlbu lOoNes: ,sp}w\,u ele.
/} &r‘-z,.*d‘;

s;,;f,

l (/ons.?o[eﬁ a soall a,/[mdrﬁc,a.p elonen 8 ctles

da, dp, and dz as shown 2 1’71‘0
= The quwwdv m@pavmlz,

S ol e aseme Ak -W Cﬂﬂ&uﬁ’ (k)

g])e,(‘:ﬁc }\QG‘J}’(CP and &Qﬂuix (f)w"’lé Cﬂﬂs-bf)]’

= the " eneqy  balance gl cqbndbm 33
ok paww 9 r’*‘rhe)smwfcjna,mfa.’
Mot Rk conde kel tatp e lencndfeomallihe

coordtncte disectione @)WJ‘W P T Hhe o lo sent—
= teal~ shed 4a-the elonenk.




o Heak Ceneaed within Hue eleacent
Q- G (veg dv dz) 48 |
o Heal” stded $nthe elenedd - -
| fx fzd@’ dropz} XCP. _@lde
= Ne-+t hea}*wncﬂuzbtuj frto é&mm}v rfmm aLL*Hu |
coovcl§ ace aﬁ?:ﬂechon - ' - :
¥ Heer,nU:fem\ci ?(pr R eded B f "H’Lwdcﬂ) ol

planc in  2me .

o e Y (~d¢p - d*) 27  dp
: 2%

*  Heak le_au?rug From the | elemen *fhﬂ,o.uﬁ/) T P
plant  fn tae de

2
@zd'.dm = v@z“F 5_3:(@"") d=

= Net head— Conducled tato the. eleqank W gt
e p plane in Hme o
- N S
P
E'J_Z\: C&zD C{”b
= 2 i adp ) C—;’—)d] e

}< ('r cﬂﬁ dfdz) d9
J(.\



sim‘.‘taxlrd )

= Q—{ e @7-!-&" .
. e o7
= do. K(dv. %9 dz’)< oo Y "é'?)
g‘}m?wt‘a)

“\_1 : *\ 6)9+ A8
A - |
,{Aa O \ . ', i PR
!.' : ‘:"p > ! .
B S 3 ‘.fﬂ\( ",¢ /5)
K *\/\ _ |
| A o e
. AN i 4t d
{. ANy g
)

"5@@?.:;1& o Small “elemenls) -%me—gha,u?n.ci Tha_
Co-ovd Padtes 8,0 .
D Thi volwm.u 8&'11\.2, w oh/ atwd@ T-‘un&cﬁ?.




ok s conndes Qs ceme. fhak “thetmal CﬂMﬂmﬂuf@
K ) f! 8, CP -:C@(\.S_T:dﬁl" -

= The enuge .
# .e_ uﬁ f baﬂgnc,t Oi Thic Lpest CacL dﬁ!‘“‘“}“ 12 2hCud
Yory firgd .(mou Bi ’rkumwﬁb}n«mf'u e

Net heak S S
o the | ﬂol‘“ Hean’_ :
al CO—OfGP?nch L E/Q _
M
d? =10 ctons . elemeny L .
® ® w @

= HLa,?* Etenviated oS ia b W..
g (d - ade . wstnd ¢ ) A
fn the denenk —@

mast x &p-heak X TTemp ‘Rice.

-
—

= fxde X vde x wsinédg X Cp X _gi;tl dt

= Na,’c‘ heaJ“ (,oncﬂu,cfuJ §ato e "*bm‘“}%@

¢t {J_En,utn}— 'Utw?h T 8P(a44_5,‘

Heak erdteing

¢ Atoecton _
' ol G o S
qu 2K e etd® 'fs.ancf 2@

)H“‘J— ‘MU\AK& ’)E"U'Y} the. Lﬂi!\«u—!‘\j"' b
@rp—ﬁ? QCP + rsm(9c9¢ C@‘O I{S'nedfﬁ —b.




Net head— condeclTd tn ¢ Aiseckion

(62@) s 3&’915

2 @q)ﬁ &g - ¥sia 6%’

C kv . ¥dO CABE ED%) vsin 0dg

‘fs;angﬁ Ygind -@95

H T
1’5’0 o

= kpoh jc.f@ . 13in8 dg

{&af‘ én‘fdnn?« 0 the. elentent -%hﬁou&ﬂh &g,, d P’lau—
I a-disec Hoo

‘@ =K ¥do. cstnddg 2 dt
Heak leaving

@ﬂf—rd"s = H@'ﬁ ‘587 (@) d7 |
et heak conduclid taf e el i
X .d&'r?@«.*@«md;. e
= @f" O é*C@r)df
5 ~—~(1< rrci@ n:s‘n@ow 3T d%)c’?’

Q]Q : R dlqr frcfE’Tcn&dz(ﬁ' dt—x -——“‘é)%; ’YL-C?—Z—)

_.-:5 HMF—WHA‘] ,"’ﬂh’: he elenent Qé‘( YP[CLAL $n
O Adfsiecton.




= Heak QJLJDL?;T’

Q- — dr. wsinod e

= H@F lw-wﬁ

Sordo = Qo va%égﬁ)' i

| = Neb head— :\(‘,Oﬂcﬂuii'ecﬂ
. d&‘s’ “ @,9— @C)er@

200 d dt ) vde
~(38 0 K e ¢ ¥o0 '

T 3% a7
an - kdr. vdo vsindd@ dt X 'r".s‘i‘nf; < Sngé_g)

Neb hoah conduclee) fate dhe dwq}-'}nm All o

co-ow@linedt  dfstec Hon .

-:kd'f' ~de. "5168 CJ¢ d'l' |




db\u/a]ﬂ 00 .
/H@gﬁz\:@,{&%?,\ —tﬁu,—e;@enunb—

P]a,n«(. N qf-dfmiﬁi’lon yarffma ‘U’UL- "("ma_. .d8.
Nes 3 =
_ Q :‘"' Krrd? d.z' oy d‘?»
= heal .ea/uem? o
. ’@wdr_ S, 8 —%(&,} el
2 Net Wkww
= &"" QY-{—;'Y :

<9 [ r.cﬂv
3 L%

= f_"@_ ( Krdq&,—dz md&) df

SRy d;i Az dﬁdf( CY W))

ey Z’T o]

Al

(k%

o ot i du AR 9%t O
k'f4’fr>-[.,aw_781]
'9{4@09' én"lﬂe/uﬂ '”h *H\L 95 Aimeckion -ﬂowug,i\

2 & disieclion n  Himz de.

@¢= _kdz. d"f. ‘(W CJ&

2 peak \eavlie
@Q*d? = 6?94 2 (Q,p) qu




_—:) NQ’E lq_a_c[jf" (Oﬁdww S - - - : *t.'-'.j:'-' !
G 306 S Y S NS 234 AR 2%

A%y B8Rt it (i
ci? 9’*’ (&p)"’d?’ : e
i ragp ( Kk d‘z_ d~ a; d&) 'fcfﬁ.
= k@z dv .- ddqﬁ) d&x Hod 2° 7 3’7,
, ; ’( 3¢L
/tr - ___:-.
o »T LT )*QKX‘M"’Z
e [EF g (o 5 vk 11 Y7 e

é ' <) *"\
| | sy A \ P Ak s
S . .L_b,z-,- ,’.,.L—¢ ———,g’;d'-'p bq__'v V& f—-‘-: 219
ﬂ_, + g ] _B'-\', B b b s b
\B"v 5
s
: FATatl g & y G



NI *H}L ‘h’_mpeﬁa_.fuj‘re %'CL bocf?:. deegny

_V LU% "fﬂﬂ)& P v" lS Saﬁ’d 'h: be. ?f] a
A .
g’awﬂcd stafe  and Pk *fqpt fﬁ Condlee Hody fo

knowon 4t ﬂlm@ﬁ_ slale  Condetelion
It the Tempetatane ﬁfq boa@CJ Vasey w":Hq
Bme> St catd to R 90 a ransieol 51‘;{1@
and +hak type 9 condition ic lkaown ax
-baﬂif;,nk' conditon o7 ctady gﬁiha_ COnJ‘;HO_}}

Tranclenr bheak condibon can be la[;’u;’cpﬂojl
$nto P. : :
D Pertodic |
&) Non Peﬁ‘l?oopfc Heat ' fowo-
3 Peﬁeoa!:c heab Hoco, *h%_o_"hmp Veostie s
on a fhﬁa,ﬁasn CESE ‘

:2_1 Qdafgtu 5] e oSt duﬁﬁ(?nﬁ a_pe};facﬂ 53
A4y e

Tn n Non- Pentodte  heak oo pthe. Tedip

ak any pofnl- WHH o Fhe Systemn  Vandes
Non L,%a,qh]] with Hme '

a0

o Coo.U’ncj D} 19



gunti
Stamp


gunti
Stamp



szt{

C)Oﬂcﬁaz;@fon ? fuac}‘ “Hflﬂ;ia S’(ﬁulo Ox P[au

(oasdclen aSLab g mn‘%ﬂélm Thetwnal Condeectts [’“

Lk) *‘thfcltne/sd G_) 4 ‘H') Prnes —Timpm'[_' ("T')'ﬂ»no!'

octesn +femp &a’f—m CT,;)

@ =-kadT
AT st 1
R.h - —km AT

:[an.TmiQMﬂ +he above ec},r‘)

L= & N

@_ }dx 5 -KF!JdTr

(8]

T
: T
@ [«] = -ka[T]
0 . 3 ‘\r) b

). L = -_-:"Kﬂ ETQ"T:)

L= kalT "T&]

@-: KQ LTI ._-t"rﬂ -
' L

—

RS

= _________,._‘ e]

Ké

. ——Mmql '.Ye,&“?stm(_e




Corctction, @ heak thwugh Sph Halleeo Colics

Conslden a hallow ::7[?“510, g tnes vecelfeer(a,
outen WA PR Tmpl ) , oubess temp (1,) a
'ThMaJ tondluclfulty (k). 2
= J\L’b s Conslden e small gfzmm‘ia) DA &}

Cckneys An. ;
= Fom fougter law g condeiction , we Enoew3

dphen Avea ~ 3oL
R- -ke 4T
chx

A= —Kama AT




- A=4TeT

aT
A

. ‘. > AT

B Lo o k4T T
YJ-




HW‘ 'l'Yc:LM’Fe)" chﬁdh a. Compo_g 1z voall

-’HQ .n_gi’da omd oa:ts“cﬂe Conv@f‘n’or)

-_—— —

4 -r t : \‘ .
R P
4 13 b \_ \2\0 : "=-._\
e ReTe AL




: | . €. B :
-—Ta-._Tb 4 & |/ l Ly ‘ LRL‘ s -
(5 ik S i
L T 39' b1 kbﬁ

& Ta-1h

Ra+Ry t R, + R +Ry H b3
@ - a7 5
R :
E ""Q:__L.::)
i, €7
6= Tadsp =
= [ = DT=Ta )
U —
A UAXAT
vy A




@ oy ci,_b'\l
& cfao O

—— ﬁm‘a% =

haight = £ o e
e |= 0-30 A= Lentthbheig
\ = - m
_}%‘CM = 6Xx9-
& i = R4
T, = 100c+ @13 = 333K ?
-—Ta:-_ 4-0'C__—}—Q‘_fﬁ"" 313k

K= 055 Wk

& B (-

e
R-— -]:._- s 0'3 ‘ = Oa O.Qa_l
Sy Nishs as:

- w(333-218 = raogs e
O 0aa] .

@ @ﬁmw'

__fg’} _ = L= 300Mm= =03
Tp = —asC 422 = 283 f's Lo s pig b

= as’c ¥372 — RAZE

4 ek = |
ke kytd brlck = a3 N/mK {%m A;;{;bwk
cogke R 0 O wlmk

hb: 55. 4 wlm”k _
s PR 0

ha= |7 wim=k e e
@ o1 _ ‘ P L baliply sl A
e, S [M ke By o Fg h‘JJ




@ L = QLoMmm = O.gg‘m

- K =l-0cwlmk.

| tasulabio. Ly = 012m, o .
e w S2dy Bt ’ &
s -- T4 R kT $
Qud britie | 3 = @oomm = 0:2m: Sy ’_‘va ka.% 'Hf
'l' .

|45 = 0:8€< Wl mk

T)-= RCO+2743 =122 jC
T# = 6<cr2Fy =338 K

Q 5 AT

Q v

/

: L L - & Fa ’

. o a K\ ko r—s b
g 00 :

,@/: Tadi = 616.46 whe—
o oy b L3

_@_,= Tieh o T:a."'T':’_;__ = Ta- 14
O Re Bk % | ‘LTZ
0% AT _avedk =T
H L*}h -\
BEae TS -@') ens@a:_“ia_»__—jﬁ
. *"%:‘s:;;‘ o




,,,,,,,,,,,,

= | 9.Som j on 1{’ ML
L6 wid ta |
“fuen data o L v e |
hax f ' |
X $40 /
= as‘- aml‘" 3 | ﬁf(h, CQP}"‘)Q’){
Ta®

-~
—

I v
RAL -
i
|
e [-‘-a—» ool =
ﬁ. “ [ K2

o-0¥_, 000 o poics

| 1 ;
= o €
a2 [ cto T AW 9EE ‘“"’)
i BN I
| ¥ o
A = 2T CSQ-_’:”%SB) L a9.2xi0 N
— = L e ' Sk
R |.¢H<vorq’ sl’__

' AT
(Da - on
LA =

U = —axo F< "’/

27
LT

Gops AL

88.3 x10 0.0018

k

¢ . Uik acE (s s 383)




K= 0:02489 (fmm s ¢, sblipous 7. +aEuck

83 x0F = 4845
,—,L
& D-0a93g -+ L

A

L..-h_ _3.}310'5(;? >

e | S G 2k 4 xi6 -
W= g [ caoxoq | FO 3 L 2%
Re @8%2 kW

W facasess —(1304293) °
LaH = & = (0. Txw03W

| ‘/‘¢e R 3?°8><I°F5"'--'.




Q = UAAT s [ 0=27
4 2 R
= J)x SN0L T, X&7 =Ta~Tb
_63_.' O % Bl T Te)
- s g
16 Ax10> = UXxalx (.'0'4)(“’2) x(4_73 ——@51—2?35}
S0 K__egudfmli :
i 1
’f, = QoM = 0 Oé’m
—“thickays = 10mMmmM = o0}
¢ tip _towl ‘ -
ruuua.a n K’:[ow”\l& ’"(3': I:T'§+IO:(’BS'.—
‘; Ta.«* ‘5‘001—.&“[3: 238 [_Q_
Tp= 50+a13=833F
P Compoﬁl',c’ QE’P""J"’E‘ with Convaﬂlq'oﬂ*%%:‘é—zf’

O ke 0 O1BRR 6 . b
@? Ta-Th _ 113 =333 ,___ agé:}g.:ag W-(‘y)ag.gxngw
s BoIsty



*C,‘.o-fﬂmj[ Radtuy g Iruulai%‘rm

Addition l In_gaf_aﬁ;a Mocﬁv(aﬂ on a Swh‘am
doesnot—~ Nedctee. ~thae curwwn,l" Cf /uwd" ‘{rar»s-)cc)'l
aate aluwaqs.

e - &?Hca,ﬂ clion | )
Te—-¥ = odtfed —thictaen




: f”(

Q“L OD(

Yt
) ijfrc]

Rl 00 E
) &
&_ TA"Tb
A O
50
Take L= ]
Tx% =293 ;
9—; & _ 24 Wen
Z QN R
2 oucken catbare. Temponatie
& Ta-To T-T 15:5 = o K
T R ﬂ, ‘ EL- R:'S
‘ r___f_;#,
o BT Re= &TP(L ;‘bXYC
L Ry
Nl
s
fows & oS -
1 3
QT &x0:12S

it

—

SXB-LJ-




--l = . \‘ - 5 0 "'-:‘ :' - .\" %4 ‘| -'j N\
I 53 g TERR AN T 9. . > I O B S 6 L S )
lsﬂg o .

©

-, " . 1 Gt 0
' ¢ 131 s (1 :

It rS POSS ble, ‘Hb ;QCW -#u.. h,o_aJ“ peossihy:
m'fz bv .naLauu«? %a.suueaw 9} Pma,t-tra.nszﬁ');

| ‘Th& Surfacea. wsecl £ 'mcra’e;ax?aci heak~ trandes

are. c:a.bleol exitended Swsfwcu are. Ca,llafJ ’?ﬁ’ﬂs
/“' )

wnf &lm S—hra.aahi'
"‘Fll“)

Hoouwlas fin



gunti
Stamp



Commonly Thegp ame Thee. befpes o fins
)':Inj&]”“h?"tﬂ Lonﬂ 'Z[’Irj

D Shot i (g, 3. ,agujz;M)
:") SI’)OT‘" —Fn ( end %0 Tnelt fncu offuﬁ)

T-memai&nc Afctys bwhof) af)d ho_a}* D‘.&S
9 Ffo

—

P@oo

F‘.’ﬂam a and h <houss the sﬁarﬂm irn or

,on?‘."fual?naj 50 4 rmcffanﬁajan Section and
Oscedast section 'Fupu{-‘fﬂeltd-

Pne end 9 dhe Fin fs .enclosed n a
Haaﬁ’na chamber  and he other end s exposed
fo  atmosphee.

Heak f¢ %Tansﬁwed acvoss the. ra’zc'fana
—lan wﬁ:etd and cioiculan mvc:9 bcﬂ condeetion.
Fyom the. Su.neaCL 2 'f“n.g, heat i< ﬁaﬂsfmd to
a bcd convection. |
Lja-b 73! Conx;cﬁen cLSmcd zfameﬁfa/
atea % *khlckrum lc:‘pl & M%lfd"l Sy adf&fﬂ@ c?

X from "H'LL base .




§ wa}“ bal::mm Q?_M_G-LOO —H‘( 'ﬂmJ—- elemm%‘ s
[3 -_Fo Lo ws.

conducled
into ~ffg |
- element-

~ By . '@q,+_601+ @““wbo

3 a7 - :
.Kﬂ 47 Gu+ 2@y )dx + hALT
+ BAL'T*T@)




-lhr °' W ‘——-(’&x)d)l‘f'hpdl CT-T )

C?/ /é” (@gdx+ h P.ch CT T)

S (ka 2D)ar oA (7-72)

d’T

= h PCT— Tpo)

8T _b.fi cT—T,,) -0
Ax* ka

ml_:,_h_'?-— '

“" ) e
o 6 2

&5

The abont acfum,l-ioo showe -that the i<

Senetion oF o g YWl a _iewr\cf oroﬂvv b’nwﬂ

, 0 2.
ifloancial  equation. A g

The '—izmpmaﬁmé dtststbation 3 wcp;"ﬁjfl)q
tion  depencls ypn the folloving  conelfhion.
Cape ) %= Tokin tﬁ qua £in
YIncatn s tafin ‘fﬂﬁ ﬁm?, the tomporaleone ak | tf
end_fs equally o ey Hs Swwhoudlfﬂ? qefwé@m\
‘ﬁ ak x=0 ,T Tb |




2

/
F i

and x = tofiolly

x:w )'TT_

4
/

[0 R

./

SUJbS’BtLu.t; A=0 T

s

“Then gubgﬁku.h A -
b T/’Z Al

O:Cf

Bl = 7; i RN
T | 2

el )

= @)
)

o T~ Cl‘.'_'l'ctl ‘““”’@

o0 g Too

m oo

.{_CQ.

T4 g™ -———5@

Sptbﬂ“?tftft G=0 %n ec’@, ;,\JL:jeF

| To=Ta = €
SubiH lale ¢ g ® T =
TR B, Fm”-—&o' | {."m: L';
. b X - . 3N =
f __—'.‘ x E -_.
T:l._ T:. & - o - _—,@T‘"T&’ X o (Tb' )
| b—Too 3 _HM s s obtained
doat- fsa Pajjon -thﬂaow-ah P
Cmmchm ovvrﬂg

A hﬂ mEfJ'f‘d'ﬂ?

entise. fa swiface

, we lc.nmw 'Hf\aJ"




= HAe.c!Jr-‘" ',ﬁo$'l"* b‘i Covection
T =ihe (T2 TS)
e hp.on(7-Te)

=-(Z e e (Tb-T%)dd

(]

. CTb’T“’).J et
; -~ —
= hP (Tb-—r‘b) ' E (ﬁ' ]D
L= hp(.—Tb"Tq,) X -—_-?%[LDP e_m]
= hP( Tb‘Tm) X -:",—lﬁ (.-_‘_:') A

. 5 -
= hP"' L'Tb._"l;b % i

hP (,Tb T,,o> X __‘_‘)_37
5 P T (b) J‘T;;;
,U\P)/‘Z—UXJ—;

- 7?

By ﬁ o x (T Too>




Case G) * fin wth tnscleded 2nd CSbWE 76“9 )
The fin has a fonfle ﬁu\?-ﬁu and :‘*M-JEPP ‘? fin is
nsatated, ab A=0 g T=Tp —2> &)

TN @

(17— e o
Ry o 8 e
lo % o '
@-c!é d7
@ e e >+c&e"" (o), @
APPly @ condition in @)
8¢ ¢ Mg ~m £ CQGMLX Mt 9
:?Ac& g™ -2 ! o o ML
: AR, ; o o ML
0 = S
[ C e ____> O :_‘ i e’rnt.
)} mL_
ﬁpp‘”‘d@ condlt tons 1O ey
; A\ SR B :C‘lm“
—rb-—ToO:c,e«{_ C&g ._ﬁQ..)
e | e
Substftate €, o eq Gi? s e
te )

; 2mL
'Tb "'TOO ::-CQ@ __r_Ca

' e
= ;
a2ml ; T L Y e 2
[:a +l] oo | “am sz --D.m/_\
™ € xe
Apply @ n(@d)
|
& = Ton To i ami i e

3 Ml I R

¢+




Tb - Tb

C. = -
EX i

wag,{—‘.'taﬁ Cp g Cq ™ @;0)

- ol N o To-Te 5 e-;rmt '—'L:Tw 5 L
-3mL + a2mL.
i € 2 <+ )

2 mX
T L aa
= Tp lg|——ro + ————

R Tid,

S -ma mL Sy Lok
“ ) V) i (2 k3 w €
= e i ]+ezm1__ e-mL
-TE)‘__'-, Y amL e
0
e (L) e i)
s e a

CA@?&CA/E’IOM 7

Themain appli caliont G fos
'—ﬁCov(‘Mfa fﬂ é,(Qc.{'mnch. componeats

=) 1 motar cearc-le' ! é‘ﬂ??m
e Kl Small Ca,pa,c,[g ccmp'a'wsé’ls
=D | " e '{Yﬂﬂ&‘ﬁ&mg

.

= wolmcl BJ mcLaJim gf qymfndmottom éle.

[




in  offfcien
~Avecnsfen 5 £n —tow’;\abmum POS’S'b k% hmlf f?amtq

g e Fio
VL‘ = Q—Fi’n : "@’

s

@rn""{ﬁo
f& tasudalcd H- e—ﬁﬂn‘c}mg_ﬁ“: _‘Ea_:h%r:)

Fla, effecttvenciss 7 1o feginid a3 the sati o
heal- tvansfer with fin to heat transfer withou-

e P ,
Bt i ' [ *empla =€

P il i g
@N?'i'hou.f ‘pfr)

@, Ef wen dala
- diamed d = 3 me = 003 m.
bawtemp o sc qapk
I-(= 150 W[k 1

h = 300 nI/ m K

_roo =oc - 283k

.HmF roasdec bg fin 62 fha T, 'b) CBPM)

= P= PotPmeten = (wd)« Tixo.003 =0.0014

of 1ot fs e sttt o aclecd beak



'y

A= me,a_ T/@Xd _’q:XCoDBJ =3 ‘7_06’,(,0"6 ;
. e : b.y

Q= (‘%]3“&?-3)_3(300 x 0094 X 150X 1.95;;;{9
s SN | '

@) Jia. d=Sterme 0.0Cm-
P Tps 1s = 423k s ey
e b ‘ : ha?

T =80C = 393k . I
J5RE k=200 Wimk
s Qocm.= 0Xxi0 m -

-'idm«mob‘a:te Temp T=6oc =333k

h?P »
| el
G IR G mu ' ' TNx 0.05 = 0.5
- BEER 5 = e oy
_rb‘-— las i ‘ ﬁ-:'ICpl
. g ; e &
333 — 243 e"mx a0 %10 —gxo D_gl—
s LA
433 —a9> iy 1 x| = dvPaxm e
m = 5:20'

s R LB

= der B
5.3 = P\x 015+
| 200X |-26x162

h= 86-5 wlm b




@ Fin c{.m@nsmnf o S'mma”

QD\ ‘ 7 D_S‘Xlosm
ﬁﬂf\ﬁa L= Vamm . 12 ¥ 10 3 m.

Tb-TSOC = BaR

@A = 35%x5° W

K= 16g Wlmr
h= 4o wlmi
—[;o——-..&&’ = 295 k

A0 @ p-bxt - gxemia€ s 2,550 o

Pesttmneten p = R b4t)
i =a(o-ora_—.|—05'>°‘°)
| P= gx53 m@@@)aroasm)

-

-
~

= ne- 5& ~F ns me?umtop(h): heakcrzmahcﬂ
: heat tansfer pe 4’,0

<3808 H0 (gl insulited) @ - (hpt;;)""{m;) fark (e

o % = 282 !
. : r; .
= [ = 0:0RS pe“"” :
3 %10 2 '
e .59




'y

,' m:de'f'i 4ome - &.014 , s e
+='5"mm =000 m. ‘ :

Ciolie dE REEOM™ = a0y

- Jin bare Hmp T =10 = 443k

To 725°C < 243k

K= gao Wimi
b= 8o Wim>l

Le=L+tE  _p.opdy QO
| A

= 0:1425™M
D.2485m. '
4

LRy = Tt ke B ‘
| o.!).fqu&?f'xl_gn}-

= A = am ) =am (. 5 = 0-206<m

. v&h, YA
‘;L-—mug &= Lt : ( ]‘_‘qu)

= 1‘6 »
g & _
Cuave = 2L - Q-fl—q—a——’ = .425
T] : '
V[;"—IBC'/o




Trancieanl— hm}‘ can_d}h"on O¢eeas n (éoL?“? ?

—

$C encimu Automobile encifne/s Lo e ‘Tabu,
ma{"’“ﬂ? CooL?Aﬁi 9] mdtal pi f el eﬂ(l’.@f"‘ OOJ.ZJQ

dQC'bﬁ C idton éLTc

Transtent heat “Condion | can Be dbviced ot
)Pe—in:__cic:f;c hia_;H 0 3 ﬂmpm Vasies on a
L ‘:(Q?Cllﬂ?l baxfs. : '
{2‘ Cfdl?nc{m aq an IJe e,ncﬂ":’m a

&:)52190 — potiodic  heat” Hlows 'Tunpmcww& ok 2o
point- woith 2n tha 57' Stem vm?e_/s"‘ﬂon (‘}naazbﬁ
with +me. |
ex‘- Coolrﬂa 2 loa;zs ‘wfth= M"”C’IPMC .+‘”P""d;ﬂ-

G!fou‘ld Inzaa'fe

BuOZb ﬂu,l"ﬂbw' "“he mai;? % Jn‘tmﬂaﬂ COﬂOlCl

-~ Ction gelfstance -+ “the Sau}acuz_ cOﬂvechor)

weasclanes . ik jag Pﬂ.
Bt = _hi
Ks

Q?’n QEl(a-«ﬂCﬂ :
T T _____"
- tLLur‘ped pasame et g(dslkl <0.| —_L>6'gp

.B?-: tnfie 'hd C_me{ q”ﬁ,o,{rj .(-D

~|




——

%jn«fsnﬁe Seltd. 0.1 & 8¢ < 100

RESHE e
‘Chanac basibic fﬂ“ﬂ“’" )
e e \ L. V : :
e A

V = anmeas x thitkaud 83 tae Sleack

Pf = &yaﬂéa; 3

* ﬁ/)(-fhudcnﬂ &
v aXﬁ/ '
e
_:fi" C’-xﬂt‘.’ndeﬂ
Toe YL —V{E'u/ e _g_:RacﬂFws@]cvfimfw
3 e?ﬁ”ﬂ,ﬂ’
L& Sphene

- Fohed 2
e

Se?m-ﬁ"canc@ gi -F:oun‘:m Numbu: 4——9-’&&1"?

The Ratio ejﬂ Chahag:{q?gﬁg bocﬂcd dimensio n
o the Tem pe)'tcr:hum WcLve - pe,rw_-t"raffoﬂ OiipHn
ln ":Hﬁ&. ) ()

.Lu_‘mpgd HLGI)” 'Aﬂtljl»d 'S'CNQ? ?b]f_ ‘Iﬂzﬁﬂa/ @

QSIS

'Thaprocm in M%U-Ch”*‘ﬂ “B‘mﬂtr futa[auu x ”iﬁtﬁalbk

N Cmp.«hfa? eotth $h CQuidace Qufatm& in st Nu.chmOuf\




hga-Hr\ca oY cOol‘-’r\‘? pao e &
TIn a newltens Nukonan hmj?m? cﬁj_fao/f
Cpavcert  Hae *h_mpwajui—f" 8 consfelerel -b.»bcy
unfdm  ak o Qfwen time. Such . thak q’\‘(ﬂ&ig
s called asx  Lwmped peciamelen q"“j{f"‘"-
Lebt cen c&n_s‘,"cﬁ_w I g,le;A Whage_. I’n:_"_}v'a,/
‘{Lm[)ehajuha e 4T incl “Shts pitogedd
Suhdole;—;(ﬂ ‘n ambienl e tempenatus, g
The twanclenl— acponce g the. 5047 .
detereninoed/ 67 'ﬂl[a:H’n?_ k. aates 9 chcm7¢ 7
¢ atesnal 211!)1311. with Coﬂ‘.VLC-HMLT:"'exc/-f.\éLﬂa Fhir
the Sanfoce Ot “’m{‘“\;f:f g
| e (7Tl *'{wfff?'?b“ ‘)'

{epv @7 Tpteenzd
ol

4 Yests l'arcg{;'
N e
: ' i T '
Coovectne _ Rate cheng ofet QD
Heat tvandeyy 53 ve? T
4 'é‘neﬁtw.
-hBCT-R). o= Ix CpxV x dT
7 = ik
dT ‘ B EL et R il
e oo R hA s dt
, fepv v 2
J__Ql_ﬂ: ol =hé | 4t ;




APty bomdauf CO/\d?Ho
At T< T, 1 t=0

%t 24 woesep
Lo [T;,~TQ,,] = 0+ ¢, |
e Inf 5, -
Substitale ¢, $n eﬂ';‘@
A R By
: fepv

. dn [T-T.,,] -ﬁn[%hl] c-}h"" o N
, CPV

,an['r—-"h}, } Tl e

J

—TE)'—"T@ jcPv .
hﬂt)

l j}ﬂ '-ls‘bxfo car™ aleminium  slab ?i theknet

G s al 4-00°c ?n?b"aleﬂ and 8- s
5:_:_Jd£nl7 f(fnm.bﬁii.cf n watn. Se th ‘S”’Ju,fcﬁ.:lzgh'.
femp t<  Lowened fgsv’c - pleferming the time

ﬁeq,uf.‘muﬂ 451 the Slab to aeach 186c¢
Take k= 100 Nim*E.
ol

e 6’?“, ne dﬂ"

Dimensioh = 50X 50cm-

= 5x50x o +Fm

L =6 3 E
MM=Ex)52m




g, S 400C = 673K

T, = ®Bpc.- = 333%

T = e v 28047k
Rigt numben R - hl_ £ 6‘;?‘3‘

—_—

L= signfﬁf,qafn}- Length ,Lf -’fh?c;me_g _6x63
2. ¢ - e A chis = o )3 &

' ' il B
%u —f-vom ciﬂ"t book CPawa odlmﬂ n P’wpd%k,;)—ﬁ Pyt
= at104 lem ;
¢ Al iy et e c
K = 304 3 wlmh T

| i o S
8= Bk o looxgxi -1 46xi0>

ke Ao4-3

4 BI04 5 0 81 5., dacmped pasameles Sytlen
i ot ‘ . A »T.: _
S[ab s T g 2 &"PL Jn@rs ‘t] e

.

TGSl Cer’

H

-U'; “?—‘[KC



j) ) ‘nﬁhixkﬂbg Sphm}*f?-lfﬁvn diec Ss P&uujJ
N be cooled by an A et
Convectine.  heal -{;ra/uqr'eh CoeHicfent fs HDNL?#
Calewlste e —{oilavo'-’f“d- G) Te. ma}umx_d 10 Cool
fﬁ.L&pM J00 - 1S0'c =i 4
(3 Tnstan tencows  hoak tradsden vate ab g

(1t totzl enuw transfen wph) e
TaKe mflau’halfc- F3C0 IiﬂlmS. 5 cP_-_-+':++ '3‘[175:
and themal concluetiofty Kk = 43 wimk, "
&< 0.04% > hy

/;5.9_] Goppn T d= J59mn = 0-015 M.

o ”Toé = hoc = 243k
h = 1o wlm2k
To = F00C = q43k

TelSoe —Hask

STAE : o —8
A=0-04% — @ |.9ax 10 m”lftc
GoxX60
.-.5 - >
B e UOX Q-SX (0 =e‘-5’01><103«.

Ke 43

b= ghatR AW g 53 m
3 3

B4 01, fuumpec e




then i]'-ag-—aﬁlz 5 up[" o *6<6366 Xt

A= 4TIRE

-
—

L ARBsaas .
L= 139 gec.

Tnstantaneois i I A

0-0%0¢’ -
O = has(T-Tw) = hox $ 520 (a3 — aaaQ

= 1036-8 Kn
R BT
::QTTXQ-S’XJD"U B B
&-3p-m>=—
0.0706

—
—

PR

depV é“ﬁT]
= FBOX 21q. 0138 S (tms -’01?39

=.—36. ¢ W

—The rx?a[.-’,’uﬂ_ j??n--‘glf)nﬁ;f that The f\iad'-&-

Crming oul g thae Sphone

47_4—X&.§xm'3 )(?Ss—{l



Tot+inale S;Dl“d v

A <olid vohuch enleacds g self | ﬂ#ma’TeLﬂ ?a. all
c;]fc_n.u’oon g space s a infinite. solid.

e heak transfen coefflelent bl the
& e g -the plate and %hm_-ﬂui’d
o0n both aides s aumed s be
Constanl: The cuiten eﬂ the plecle

'S gelected - dA_'lhe. Oﬁ’??n.

= “The ﬁovmnfn? éﬂf#wqc,fal 470

i s R
Efﬂo’d'x"o

r=FL , kh o)T _h,g(—T Tw)
To—Tx

'*’F --—-=) ;O({'
T Tp e

0] A Alumidum slab

9 5cm +thiek ‘i’n‘H«‘qlLJ

ak Jcempmaﬁwz 0& 4@0(:, It IS Smcﬂcbmbj

imeted n a waten afcfoc Caleedot e

dPla”& tempenalng  atten Leotn  caloclsds -}~
insfde e plate ol a drctance

lOmm ﬁﬁrom


gunti
Stamp



{"h (Y\lJCL N
e P[aﬂﬂ_' lake. }-, ‘ nJ 2
- = 18300 / K

=
‘ths
Cleness L= B5¢cm = ‘SXIOF?;
Te= g
8 400c. +373 = 693 Kk
w = q0C +8%3 - 363k
+ = mmuréoxt'.
A = _7
X lomay = 10% 163
. = 1800 Wlm?k
B i 2 |
Tout) —Te
—H) - 3 Tv
cavve = X - |
Sige B SR - AL L
o OL')LfS & O'Oag ' 4_
:% o, o o
s K=0-Q g
= I_O_XlD’Sx'lSoD : | Q
0.2
e = gL g
Yoonls -0-98
h f . {
,—fl _ 1800 x SRR e o
| o'qg - g |?‘3€
S . AN
(x/0) ~ e
To- Te
e 0-2] . . ‘
(OCM‘)FSGBI AR

—363



Unit-II Convection



Eu(fng@& Nambeh.(dQ,;)f
Tt is defired ou the' vakip o inentiafdlce. to Vidcous

g Re _ " Tnetia foee ,@ B J'UL
U tViSeous fatde £ UL
Re s UL | U= veloctfy ,mk
4 L - mea—fh )m,
V-? = Kin€matic Vis;od’lg;m?[g

P«randﬂ Nembett ( py)

:EI: 'S -H\e, 'Ia:ho q -fhe mOrrwthm d.)ﬂfi,_,_& u’t‘
| ity o
'thg, *l:h.ﬂhmai d"FFU—A\U;tﬂ.
py 2 IMOnEBl il 4G &
o FUEEECTY ‘\-;{" :

'Tthma,ﬂ, d‘f!m\wbj ‘ k‘

:., k.nuna:hc VrSCDS:tg , 0 [3

% =Skl ey ol

l Nmt’ nwmben (N
Tt s do_vhnwl axrthe. vatip 9] +Hhe heaurv Haw b‘d
convection procem undenr an umb %wnpma:lwn, ojmd,m}_

Nu.=_h_L

Newtanion fon No,w&’onmn ,Laﬂuna}@ TﬂbM

Bo&f\cﬂo-ua ta:*Fm C.L“%P}’

Ty ﬂ'ﬁmm .

\:b o : : WlD(TH L

\aglﬂ'co“u-ﬁcfﬁuc{, [_f"/da on —fak__ Cltl =



T4per T Boandary hayer

4. Htﬂddo&ﬂﬂam?c bouwiclary. [ N

' ) Ld- wd
Veloctty bom&axea, lmdu

D) Thenmal _bOuncﬂaAt‘T- [asde:n

@o Hfdclxod(ﬂaam?c eoundalﬁd. La—rdd?

e .hnddod:ﬂhamﬁc bo_uzrwla&?‘ Lacdd‘l, veloc:?l:g q-lha
flatd ts dew Hhat dads g fre. steam velocily.
—thasmall bo&ncta'yﬂ L&fdtﬁ

=L Hhemal bOLULdiaﬁLd- LaLJa}J, {zm Peﬁ;a/-fme

6& the. flutd Us M “H.\an A9 %o g(] —fn,_,L slyeam

—{LmPUtaﬂd.b
Tgpes ¢ Convection .

) Free Coovection  a)Fovad coovection

Free (or) Na:’rcmod Convection

T he Alutd wotion T prodeced s 0
ohange 3n dms?fg mm,LH’r\? tom tempenatwre
c?c{adu“m‘ts , \he. mode QI heat Jrantfen 2 catd 1o
be —tvee B ﬂcﬁfuﬂ&o Corvec kDo,

T4 the Aflaid modion s - gqatifrcs ‘1[[?* crealsd
b‘t meany g an ed@m&i t3 [ $ke a blowes

-0'1’ 'Fan thal- “f‘dp(,a& heal- 4,
any v ‘
s 'pg](_&d Convection. &}I - kﬁo 0




D 5 . . ——x{'m‘\]'ﬂow-—ill
) jw at o)OQC',' at a szreasuﬁe. f? _Lbah
0wt
’Lﬁa Oven a -F{a,lﬂ Ela‘re af‘ a \-/eJOC‘_:}"
% 3mlxc, I]L‘H')L Plcﬁé $E - fnam'faun adr—

80c Calc late —he h&al“ ‘brangfzm PU’U»“'F
- wtdth & “the ptajfe_ -ﬂ%um:n? '—WUL ﬂgjﬁ?

"‘tﬁLPlaﬁl aﬂon?mﬂawﬁ}a, T< Am.

% - = &Ooc
P 2ibost, b :
e ‘B'Iﬂlﬁéc '—T]E T
g7 = 6::—;—; " S
' 20 :4-—0-6

/rmm d"i’ bo K P'mpeufu,g Cﬁ é[ou& QV“PW’?C‘J%)

1

SHEY kcd
K= 0027¢5¢ wfmtg.
Pvr= 0.644

Vo 166106 iy

| Re - Vi, j}_&_ _E35% xwg:gx.wg
| T enes e R O

ki Lenthan  5X0° < 3x005

e g L&m‘?na% flovo



Nomtel b nunbesy, Ny = ho

——

K

—

05 L 0333
Nu= 0-33aRe, P

i

: ok o 4
0:33ax @xmg)o = XKO»s-ﬁzq)O

156.5¢%

i

e ’ .02 <6 '
=2 RoL K. ’f:iff__o__————— =Q.1SF
L SgEe %

= A= bhA (TH-_Too>

= 138.5a W X3

= 3 4'_5--‘ 05 W

j Alr ab a0c abF abmospheric presuns flow
oven apla‘b, ak a Ve,loculj g 30mlsec. I the
p\a’i’e ¢ Am y\gfdg_ and sp'c . Caigz_ﬂa‘h.
"POILOW‘?Q% o o = 2p0mm =
D huddrod:fnam‘n’c; bow\dcu:»j [anOl N clness.

WY Thiseal bou.ncﬂaﬂj, 'Loujeh_ thickness.
wWo Locel frclion coefficienl-

W) o, frcton cothhi-

V) Locdd)  heal~ randen coedficent-

vi) G- heal~ trunsfor cwePlefenl
vi)  dleal- tvanclen.




Gl nen data

T = dec

W= 3dmbe

W = 1M

Tw =8¢ _ y
A= 0:3M: -‘—‘LemﬂHd.

T—P;

TwtTe _ 201380

aQ o

_U)_ htddwdw\amfg bow\dé!f—j Lﬂ—':fdx *Hn‘c.t,nm‘

\Y)) ¢

—taks ' .
a lmca Valees otrvm d = book: at 50C (deh'Q’_\

g = |09 3 bﬂ[ml
= s =G
\% r:} Qg X1o m"[,&((_

Pr= 0-648
k: OL'D')/Z)—(; V‘J[mt

g

-—

-_—
—

52 QC-;L(O'E/

- =7
6xo‘3xt5>uoq)

6k X10™= (O

hie

Bicr 0¥
B bl oo aax G
¥ 1F.4¢ w106

ef i Lamiaen How -

p—

4-




43 ﬁmmﬂ bOUL"\CQ‘“'d '[mJeﬂl ~thickney

~ —0:333
AT.]_ = Al')’l 3 P-{ :
; 53 By D33
— GHRIOD X (0-643)

= 4-56}(10-3“)

WD [ocad —rickon coeffi el

—0.5
Con = 0:66%4 Re,
: —0-S

= 2-96 %10 >

Ava - Fickon Coedfictenl

() Aun - hicklon coutitie
L T 1,318 Ry
2201

— o322 X Cs’xm'q')

= S.G’[Klo—?’

@ L—Mﬁj Lol transten Coé:ﬂfdm]f

Ny = 2

NG = 0°332X Re X I

= 586

ho=' 686X 0 0132%= &+ Q 'Hfm;’—k,
' 003 :




@ r‘-‘rwa- heod— transfen  coe fffcient— (h)
h=2Xhx = 12:-4 wlm2k
VLo eogkas = jaa  mimtk

@ Heat tansfer (@).

- W =222-2RmW

i

‘a4 X 0-3(90’—&0)

@ My ab 35¢ _tlows oven @ Hat plate ar

a VGL[OCH‘? OJ" 4-mlec. "TBL plate. i< nasntan
at aoc . he plate dimension 90x30 con’~
calealal Wy heak: fappaidion £3% Jolloroty
Cend ! HoON. -

Cf>fr‘m% hatf~ half- e plate

i fald  plate |

U) Next half half 4he P[ﬂi

Eo) T
e rToa --80C

T = ”I(SC
- 4-mlgc.

Plate = Aoxaocm®

:_0001 XD;g ml"
L W ;

-_Yf = Tb‘o"}'Tm = 30+ D’O 120 £ 600C
o a 6




- 060 l&-afm—"

Kk = 0:02346 Wlmk
V= 18.9% X166 mafge.

@ A= =00

09 _ 0.4 m.
e

RQ: ‘L&'_;: 4.)(0"{ O'QXIOS”
| 18-47x/5¢

. o.g 0:333
Nw = 0-33aXx R, PR

,_

- 0-333
= 0-33ax (0 %x;of) x(o 6‘!6)

= 4. |3
hL_-
.N 73
. o8 : TR ot
- on el A g g R PR
| O+ 45
‘h=&xs8 . =118 umek

H:O-WKU’K
Q; = be CTw -T“‘Q - Sod &l e 5 A
o AP A G o.fg_q‘( 40~go)

Q':: A8 013 W '




(1) it Plate

| = 09 ,

Re_,= (_,QL_': 4-.)(0"1 I': (-39 Xlog
14 l?a"l 1XIO-—€
- 0. 6.333
Nw = 0332 x Re KP'{ . - 1

| . Ve o 00333
o e LS 15 (‘.30‘7(105)0 b (0:6‘]{)

—"‘aNLL: h
K ; b :
b Nk - 1% 0S5 X 040229€ _ 4.1
T, o b
h = 4ilxg = 229 Wl k.
6‘& = hA LTN"‘T’O) gz 0::’\><0-3‘_..

= 2-28ax0-271 (40*3'0)

Q, =133.16 W

_ N = Q:."QI
123.16 — ”‘_,_5'0“3

-—
—_—

Q= 28.45 M

X037 m—



Flow.s 0_“}_”;, oc_C_nd- Lendest & Slrww_

——

The flow flelel can be Afotded osts Two

crua °em.8. ﬂ#uuﬂ asle |
) Bo““‘dm‘d ﬁﬂ-‘ﬂv‘l ﬂtﬂwa n_eanf’[fuzqgw‘fau

() Towviscid ﬂow auuzud —Fvwg\ 1,!,\ﬁ:m5u"ﬂaw'

- \=
frp & ~< s,r?.(%f‘ i pera

\}‘5 S e nes
e e s | i s
"’T = an Deis - i =

§wﬂm*"°” poink

' a l2ow
O AN ab 30, o0.amlwe —?‘Fows acm

dheiic ball ‘ak 130¢ —fond heals —Hranden &
q)w yrNg Gﬂ,ua h ConvLcHOO. I

ob due b Convech
Qe —"1‘0mm :
i

75 —flewr teemp -2
| W,an_?fj O = Q‘Qm[,}cc
}\W—I./\LU’ULa @l — |20
Soﬁ}aux— Twp M= [20c
dia - B-=30 wm = 0.0 1.




5 B )
PopesL 63 i
§ =" 000 b‘gylmg
¥ - &i.o4q S(}la:rG m"[(ec ‘
K= 00241 wmk

Py = 0.692

B - ud _ p-axo.0T

v m_éil-oai X1o ® : 5_6-——%—-%3—‘
’7‘»%0@ 40.0 — 4000 al-
C = 0.682
mn = O-4Gé>x
WL - M .
Nug= C+'Rep - Ui _ 2% a5
— 0:633 X @63.-32)- ; ) & (06012—)
0
=Ny = 037 R, . |
| | 0:6 e
=0:3%X (g63-8) . A= 4TTr
-
= 12.85 o e e ol
= 0-0I53
Np= D | , |
71
b ggois Q%0 W

. = H.94
0:07 '

Q= F+24% 0.01<3x% Ci30'3‘a |

[©,= 21an |



‘Gf) /? heat Lost dow b Convection,

& 6)2 x 100
' I
18. 14 :
= - Xloo = 0.
20 o 10-]) : :

Mo ar 46¢  flowe ox}qﬁ Ptk 13, R
velocity 9. 30 ml scc “‘#m*kubc surfacd 'i‘emp
s 1ao% . . Lakedateithe - henk transfen

Coefficient £31 the ~Followm? 'ca,gq.

) techbe < CDILS:CQ_D:JLA +o0 be s.c;umlo_ CJ S,Je@‘”
G.l)'t(&bﬁ ?.S (’_,i’(CLLLa)‘[ C‘U[-'QOIQJ'I C? O,?am.f._w

Gcm.
’5@_) 21 eliTTasum 40
et --‘ ! »
SPagh- Tw=laoc
S T RIS "liﬂ-"ﬁa 3 40 +120 Lol 280
&7 o, 2
A= 5
[ = 1.000 Eglm’
V = &1-09 x l(.)—é ml’[&c O \ Jot = 133,23
L4 T
K= 0:023047 wWlmy he83(127,¢0)
=0 98 ; i
' ' NUF 21942
G) h-:.- ? R0 y ’(1:“5\ : !r*.__ [ 'g
L: 6 cm = O-Dérﬁ FQ'U':J:;*’UT

Re = UL _ 20X 0iog
2 £ 2
1% RVog e SSXJO




o 0. 67 ¢
> NEC R md P20 85I )

= |AST 3
ik 023 0.:323
= l't\% f}'( :L\lx(o'é’o‘)—)
=B = NUk =145 5%
ko
Q?) Flow OM%miU‘I CLlO—‘W‘D 5:0'0)_.64;
b= CR > R 0208 =M

= 0:0266 x(E35xnF M x toan 21

= a1a-2

Nu = % =113 w_lmllt,'

Flows oven Banké Bd Teebes

O Tn a Sudace condengn, wateh flows
~thsouegh srltoe  Tisbes. wihfile thesTalr fe
szwd T0 CfO&;; HOJLOFO\_/_(:_}-( ~te +u“b_€f§, 'TfLﬁ'rEmaD

s, g <y o |
~The_ Loﬂ?f[’ad‘?aa’ and Transfen phich axre
23 M and 20 MM 'Jféspc;‘{-imﬂ'j. “The Tube

he Seudact

outiide Arametes e (8mmg “Tu
.—f—h/nfj f_c QDGC.
e
%) % piYa
el rbfﬂlk’t
S 43 29mm=0'0‘2_&ff)
g =
-2
S.r DO 20 X0 ).
Ol V3an = 0013 M.

(Yw = ﬂ] OJC»






jnfeﬁ-'aay F:[Ow: Flow —%h% al Mw
@ IU—bT?Ca,'P.'?ha O?I a_f a “[’Q’rpﬂaﬂ)u. ? 6Ooc
sotesie Ve diamdn Tbe sotth a veloctly
% 313')‘[;(,c, The +uwbe - Scd’[“"c%f-(_. _ma‘.n-%a;n i
4dc. Ohsumieg thak the ot hay m_%tw:ﬂa
Maﬂe P peslies, cal el ale e tube [;ma—uq
"l‘iujmd to C.oal %«L CO‘*’J at’ 450C g
=0 140 N{ﬂ')k ' 7

f =365 kglet® K

QP o ke SR lf-?'l {Lﬁ ‘o ‘
I8 X 10" lea"c o

@) “Tm: =60c

/‘ :le:O'D’m ' L_-_—_?

bl 3 ml¢ce
=F0' = 43¢
L 4 G

- Qe bhAaaT \

‘z:> @ :(ﬁCp NF

> Nu= 366 ‘Bb—g_

R W ek .



A= TIxdxL —z5,

Q@j_ﬁ)-ﬁp “
e e #},

Q= Mcp (TM"TT‘:) |
5-6.@)( 312 & (co-2v)

= L‘!GOKK“’QN

-_—
‘ —_—

O R e

A= T OL




F’r@- COHVzc:Ee on

due to "f’mp Jrffw& oiv\/!‘ c.fr\cuﬁfof

fn the Jlatd: .«_How-

® A M o cmgm. {‘)e_garﬁ')lr‘ s al- ,%C |

Gmd s QLPO&Ld +0 Oum ak &‘te,mp Cﬂ }OSc
af\d _'Lajmmp’u,uc pffmubl—- &Mﬂ

GO an hoal~ 4y andFerr coetcienl
4) date & leal hontlen  Pen Munfh=iold

%) |L-o.¥5m =%

=
Tw = l':H;C—
T = (os’c
gy R
FE

| = 0-35¢ lglm?
V = Q1:30X 1g° n>lsec

‘DY = Q_63q’
K= p-0243g wlmk:




_Gwl Py = 8.3 x10° xp.634

;v PY = 5‘—1 Xng
GY. 9F 25 \}
(9 Y- £ { enine Howo.
‘ 0-8¢
L QRS i gher
= 0. 59 (5.‘4){109 valtees -
= .\6
= Nu-= hL
I
ko e g Ry
= ALlen S~ ik
D TS
— 4 as .PJJ""'I" 3
% @A: h A ('I’w':‘rao) A = WAL
-Fl'sco-;—lfd
o v FO0—= 108 53
-~ §-234X%0 7{(1 0 ) e
= a06-+ W
f’cje,

. A thn  Jpoem ﬂohcf- aﬂd toen W ‘
e A MobS it P
P e | . o ‘
uﬁ?qﬁ&.n ’requexa‘_fﬂ/m ? €OC 7 W Al e
:ﬂ‘aflk aa walten at FCC . Eitmdie
*"(od'aél hewl 1o be Supplied. 4y the platc
medntafn  conatanl— plol—e- ka ax  head T<

?ﬂ?paj}g’ ——!;"E'H\w‘.gi’dg BJ pla“?.




gl Clwen chater { e W voh°la¢%
i g - €
L: 100 cen = 1(]’)
N = 1o = -Q.leh = Hov?%ofﬂ: l PUS.?('T'U(L
o= lsoc
Ty = #EC
2 1125
LY e
—-[_--F 5 TN;TQ. & IS-O;'} ,&2/’5_ ~ 14V C-
at 100 C
[ =a6] bﬂ!m

v = 0.@43X%i0 ° msec
.P{ b= \-'4-4'0
e=0-680¢ wWlak

E’ :,__‘_. o -"’L—"J 22
(y+as» Um«sw?a) ‘
: ] 3 AT
A i__B_i_l__—— =
Gy ¥t

"’L,-——L-"- onlod +5 %n&'“‘ﬁ

Ea= .67 x107

Q.S Xlo

s

- g
q.81x a.sxtis_@gx('zsﬂ
L . ’ pa

(0- 213 x17 6\

. Vat,(DU?- =2 .par

Cor Pr = R.6T%100 X &= 140

ek NS



— Na=0.15 C&v?v)o'g‘%

— Q416
-

=N = D
D & -

= RAT 63 X 0680 F
o 0.0S

Sh= 3269.6 W [ ke

5.2
=) NL[ = 087 .X Cé.lrpf) *

-
=

= 9p.3]
- ha“: 30:31 X 0.680% o e N[m’“k-
00
& hf}ﬂﬂ‘o b 1 h,;,hvﬂ\z

- = 2429.9
:343%-‘1X0"X(’1§> ; |

B = gsFaa.as W \ﬁ;"-““

:O'\m

2




Unit-I11

Hzai’ fhrafL,S-oCU) wWth Phase c[haﬂac_
80? ?ﬂfo » ﬁ}g?ufoz ha VCL]DOU:?T
_CondQﬂJ?ng s Vapoust — L?ci,u?’c,

Poo] ba‘ft?n? heat tvansfen thom_ | ¢
Boltng ¢c  a convection process ‘;’nvojvfn?
a chan%le_ ad Pha,éc ~+om l?ziu?d ‘1o \/apouh

S'l;affe.. ‘
- ‘AC.COra?*ﬂ to Conmc{*'lon deeeo

A- hA (AT)

AT = s %Uﬂpmm = Tw= leak

= i r R e
T (W23 3 RER
R L) - A 35
s 3 ! - -~ y "
b S ¢
X vp I ~ =



gunti
Stamp


gunti
Stamp


gunti
Unit-III


(Y d"

p O / \ELJ\

| ﬁ \ 1 6\\}}/\03‘\%1 ' rjfﬂmboa Irf‘?
10 JJ< 74_- A N e R L T S =2l
0 T | * |

i e T S 3 o R [ AR AR ol B

i e
1) | B \T\-\ | €|
o | T e |
‘ rol‘ \m‘;) A / | : | | r '- /
?P% ATe 5¢C (AT = goc) | ‘f
ocpes | | | | o M
e | \ = Sl i - e Tl - SRS

(O il G752 <o rIOO : T}EO

'Zﬂ',j Pool o3 LS nca- Cavve. P natesn
) free wnv'a.dnoo ; '

o‘l) bubble condlensed. ,niap@huiw' Lc}c,u
3 bubble gfee to Sm{-ﬁa;g :

%) unstable £l

) Stable £l

6) Radiai‘f’on C,Om‘?f‘@a ’nto PLcu’M_

QU“& C'o'zn@La;Foo

@ Waten fs o ke ldled ab atmosphuic: presu. |

N a Po M C,@Ppe)l Pcu’l bcd means %cm elect5e
hedden. ‘The, ala/ujﬁh QI—H“LPM % 0.38m and _f
Kept ab 1% . Wm%lwmnﬁ. '

i) Powen mx?cuamd 10 b Mw‘&):
W) rale g eva poration.

@) Cattien]  heak Heor



5!)‘ éf’wﬁﬂ data

e ] : ok g a
: | ‘P___ 1. 03 13491_="f;al,_-;[ooc
: ,dfh-;d L opi 220
| "rN: “_Cdc

AT ‘T’w —Tsocl"

gl P RCE SO

— t§”c

Nu,c,lﬂ_d:hh Poo] bOl '”ca : e

%w%[a _g_;_z] [C’:ﬁ;
,, e

T

=>Roopentyy  vales ¢ waﬁw ok 100¢

Jy- a9 Lugfm
Nis o.‘a‘ismo " liec
Py ks 340

-L{:fXV ;qg\xo 3_4(37((06

2L = 281533 %0 3 NS/

Stsom  Steam %able/s

ey = 2366 1 ealig
\/dd‘,._. 2 ) mlllcﬁ
[ SR 054
VTV hé g%
o.0588 N ——




N =1 {5 waten | othey F91 03 |
C 4ale Tlregk = 4'5?16.1‘—7_1",‘?"',-

<

F-QUEXIS

—g - 381x0 T x2366.4 x| 981 x C‘letf—ﬂ-f“‘o R T
| 00538 y

' -390 |

“2 =4 F6x105  Wm> j

SR = +IEx10°« if};d"

54 Txlo* o\, 7%

i

= @: f{\X;\_Fa
hﬁ) —TJleqk

= 0-029% lﬂj][&ec

= cxitical 1 meod iy heatSes. kS8 x 108, ~

W] 2 ' : Oi3¢

& - : - |
0.185,% £, [ i UI_ fo?

-ﬁ—:
Jv*

=018 X



@ A Nickle wlote c.cmud?fxﬁ oledtste cesAoad—
[+& ¢
MM (;Qa;mpjen and 5pom bna Fs “amglei 1
lﬂ ac Iz\ﬂaﬁﬁl bcL_H’) VOhrch b Opgn +r akm wﬁ
e osphaen’ic
qud ¢. Colewddle e A t&ﬂﬂ LR mp
po:ﬂt’) ?'F 9 thfs PDJGEF +Hhe w j o Od}_
ossent éﬂ 00 amPe)u_bs % gl

€ m) Efwen oLoftc\
E
d = L Spmmei 5 %16 >
0 = 50cm = 4= 50K 10 ™M
T - aooh
L
; @ = VX’J: -,
IDDC- i

-A.S%uz,mﬂ. Mk r_Ea,;-
—F¥om P'B'Db len @) Q=-@?EfC¢I heal~ Hewor.
. F

= |-saxio € Wlm*

) . ?
mwh‘:‘-’p’tlj £ Atvide ~HD ‘A S0 :
, : i 5 XL
€ _ vx=Z \od 2
A ""‘»Fa . &l 2 X110 w oV
; i fq :}le
6 v X 200 LV P
@ lafamo = _,____x i \ ;Do
..ﬂ—-cﬂl ; _T«Y".'bl
i \"\‘"T'g\( 1 —
: )= T2

Y = 199 voliz




_—

@ A heat? elemon)— 7
9 | clavdad with a met)

s &m ¢
m dfameten and - half gmmf’s?_u?g 9o

0-94. The 'efemm!r— de I’?m‘n‘:)_on‘fz“g{ ?mma;gc{)
Sn a Wa‘l“e?l bath. “The _gu},ﬂqﬂp_ {-MP ? T

l'ﬂ_h"\{ls
& .&Goc m%gkhbonﬁ@d:

0
ns. @Mﬂﬁd&powm Joﬂlpéhﬂ‘loo _pen
unf b M?% q-fha heato,

21 d=8mm =gxX10>m
£ = 043 g
—rw= 360°C =
A= ha AT P”’"AEJL
e ?
AT Thuw Tesk
= &60"‘100 | ;
= 160°c ' S e ]
"Fl[m b § ?Ea ' : \
| }\c= 06q[k,f Cf fv)‘ﬂ(hf‘ﬂjoégc?vAT)
e BT
I% 4 | g _ s |
d} 8 w '-T,Catq- ]
| . T = eakr = d
h‘: hc-—l- O*qd')y

h - 436.02 N/mik



@ = ha ot
A= | -TpL. 8T
& | o AT
% R RN e |
= 436.02xTX8x10>X |gp

S 15253 ¢ wlm

Conoﬂms ats 'DO

cl’lcux@ma ﬂ Pl’)d-éﬁ "ﬂfom \/dioou_n’h l?uld

F:af"; V\hse @jnceeﬁscxkfoo
'ﬂne_ L?a%’ Coacﬂeflﬁaifi wels - —the So(cpﬁurﬁaa
‘;Wead.i ok and f&mc a-ﬂ.[m Oves -{he,

en-%"re Sunfece -

- Felen Condencation occceve when a V”"P"M
- —free fvom ?mPUﬁ*E'M

pr wice (Condentation

e

“The_ V'a,pocv? Condenses fnto Cmall Yoy 'ﬁ?w
Cifmp'(e,'tx ‘7 Vaiout aor. which ~fall down the

euface tn a vendea Fraetion

= Dw Pw‘r’s¢ COﬂMaHOf) heat~ -tran < fes
ate fe ]O“&lfflé‘.( h!gfu’)' “how jcf[rn i se
@ﬂcﬂjtxlal”rt?ﬂ




Nusselt's  Thedy 491 ftlm . Gondensation

The follow®« 4 %/Jﬁwmpbom& are made

AR VW“ bt cidaa, TN A
) The plate \°£ mainlain ab- ~the um-ﬁ&fh _f?mpdj;fm
D Flud pwpeties . constanls
3) the shean stvess & -the. Ligeeid vapoun intednes
fe neqligtble
4) The heal~ trantfen acvosk the  condencats
K‘“ﬂ‘b‘l '*ngwm Canvechoa E, The ‘temp Afe¢
—‘hpbwhon e lnean

5) -—rlne, condQQSsﬂfa- Vapoun S en’nfrel‘a cl&m
and ey E ks cdaw_,; ety ~and apn - conden

“Siﬂﬁ ' 1mpg,v11t|e_4.

.

@ D’"ﬂd SanaM SJcea,m al a PTMMJU—- % 35001
Condlenses q o wofoce, G o vorttcal fube
g }uughk 1m. The dube Swnface temp Fs keph-

ak HOC. caleodade Thicknass 56’“\-!-— Cana[e_n_mt

% Ltlen. ) local haa[#'-fmmcm Cna.Ffiugnk ak 4

dfsPancLBa 0.2 Cm

i
e ——

So) P=3ban :
heXa' | |
g 110°C CSMMUL)

ak 3 ban from seamn Tables



T= T,=133.5%

hig =at63.2 kTl = g1e3.5 xp3 'a'lkﬁ.

T - (Tv +T) _ j23.c4 110
@ &

= 13].9¢ ¢

' 3
den;sH"z]- f = 014”5' '“J"“
v =0-a87x15¢ mle
kK= 0-680 Wlmk
At%:s':ha’ =
= 44CX D 241x0 ¢

BLRLB % D T

N-S |m>

¥ 025
e £

9 heg - 0™

AX 8:3Xlo q‘x 0 - 635—0’40 a{ng—“i)

D= s
| ~ L AIX 31682 X -aafs“x:o

cﬁf-‘fc,kﬂw ADL‘{

N = D'asfﬂﬂ S

i
L]

| — ¢
= 13X 19. m
| 1) JLocal heak Aranstercae i den Q’)?r )

ke K. . ogssl,

; i A R 08 | K
13 X10 ;

Ay



—

O A ‘ Veg({fca,ﬁ —&ufbe«' @] 5 mm. odﬁf&e a/,‘;a
- me:teﬂﬁaﬁd | 5‘m ﬁoa:ﬁ‘.’s fﬁpfww‘ fOSfé?m
ak  akmosphente pretune . —the  Odden Suesface
G the tube ts mafntained ab a Tempenatuis
¢ so bL” ctaculatin _‘ Col_ég'”‘_}ﬂ:t@‘ thnoeg b
the tuebe. Calewdate -the followtng b

¢) the vate §  heal —fransfen  to tha coolanl
i) ~The 'm_'fo_? Condlen.c ation c% cteam.
Ui Whech tgpe. g flow o fc {
_£_§,E_’ Efuwan data -
| d = 65 mm = 6§x:o"'f)°mi

Lo= |+5m
L arkmb\spmm' 'Pr}éjnwu j@'T:.J"_".:moF
—rg-, = GO-C— - |

Tpe () (100t60) /gt |

2 2 = f

PfabPL'N‘HC/S O;J" Wc ;TI‘FOM §{éaﬂ '{Tﬂbu'- | l
| = axp® Th

by, - ag56-9 ETlFg _—.'Msfé s

[

at BC —> v - 636X m e b (i /

ot S e i o

k= 0663F plme. , .F



~ , ~¢ 2
A= = 934X 0269 (¢ g =

. | fe fo
Q= hA(Ty-Ts) |

S O-”I‘FS[ k%fa_% h‘q 0:-28
)

| 'k LT\, -Ts

'Tg'\eJ factdr 0.-943 mwﬂ be -:re.PLaao«l b7 1,13 4
e accate vesult a4 s:_,ggcz,_oﬂuj bt? Me  Adaimg

S X Y T
e 0.6637° x OF4 x4G.21% 125C.ax0

3:54X0 " X .5 Ow_ 60)

k-: 4-685.34 w/m-'Lle

.;=> A= 'T[bfL :T['X5§x_ro'-5x[.5’ = 0.3063 m

-___.—.=> a: hé CTV"’TS}
ll‘.‘ ¥ 46352 X 6-3063 6100-60)
f@ = 53410 42 W]
&\ (1) The vate 7 Condensakion & CTeam
l\: -@: f‘;\hxhr.td

!
|

| 57410 = MX 2356 Axn>

{
|

"1\ [m = 0.0as [u?lggq




it Thyec g flows -

R, - _4m R UORE
& oo " T,x@,osr) x 2.54x15
P ' ‘ _
2 . “d [&—n— 1333.35

\:T_‘l."is Lo than Re < 1.86"0 ’ [_am‘fnaﬂ 'ﬂovd.

@ Steam al- 0-0¢ b4_j\ %8 a,ﬂmnae;d to Conden
il oven o see Squavie Vesttfeal 'Plafe‘
The Sunfotee tempenakuns  fe - medntaiacd ak
ao"c', wujﬂh ~the. -Foﬂow'nc? '

() F\m thickness a}a dis l‘aﬂ@_fy dme’)arom
(& =1he +DP Pl.cLE_ 5 e . ‘ '—

Lt focad ORTa trandon ok ‘
distanc o acem from: the top G Hhe
plate. | |

(D) ﬁwﬂ heat —Em/u,qge)a cm,,qﬂ,aml_ |

(v) —Total hLan -JcraM'{le})? \@\ ; ;!

W) Thtal cteam pondankaldon  adle \Q ,f

vo What Would be B heak Sraftten .:/
Co-effictent, F i plate Yo fncltacd o };
With h&1%2onta| plane. <

|



Unit-1V

: Hw.i‘ exenanrgehs
e " LR eou,hamqu te anf ax an e;?wpm.m#—-
" hich {fa_nsﬁas e’ hedl frpen o ol Fluid t
a oold Hluwid. S SUEER i
Clanticakion q heat oxchangos

thoe ave senval Bypes g beak ar,dmmaws ek
mag be cLaM#.ed 0N AL boals c‘? |
1. Namf@ q beak ¢ u}ta-n?e o ci
Rl e isiecHON  of fluid ‘motion

5.0 Destgn Yy Conctaucttonsld Heativmes

4 physteal  ciate g flut

:L- Naﬁme 9& hea,l*-‘ wﬂ\a.ruﬁw; P’TOCQ/}«S'
on - ~’du_ ba_Als. 9& —the nafme 03 han" @%Lhanae_

;‘pssE)CMS:hzaJ:' p(_cjxa;maeﬁ ase CM“&(G’ ki
. vanedr COnTacP hmj—— zmcham?w Cmﬁ

&8 Open heal exﬂ/hamau)s

_Tn disect Conlack hzcur euﬁanjm the. hecu-
exchanqe akes place by disiect- r‘rfxm?-% hok €
GDLd (H’C.UC.{S 'Th‘l’.S heal- "{ZTCL’L?“FUT Cc LL/}rCLa.lL?-

Aclcompined by mas drancles.

éa . COOLAC& tounys , Disteck corlack fee d }\J
— | fp von— wndu_ulbto_caas

:_: —_'(_ ] "_} H‘Of Nw{m



gunti
Stamp


gunti
Unit-IV


/ TIndiswel conlack foal Wl_ﬁm' ‘
Tn this tqpe ¢ healt exchangess, the trangfen
9} heai‘ b[w two - 'Hufc'.i Co‘r.d.d b& Cahqud Ou}‘

b(ﬂ {mmm:gs.or) 'fh'fowﬂh a, Na/ﬂ,s mhch sapa;;uﬁ;d
the two cefels . ‘

Tk may bhe elanttiecl ay -
d ) Quie,ﬂum,‘fots -

Ul) QLCU.PUmiOYg Cgr) Surj‘-’a.q h(a):* cuhaﬂams. :
) IQL? emactors “

i

In this ‘t‘dpc_ qt hwfr e_xd)a.ncaws hot . & Cold
Hubfds flows aﬁfur\a,ﬂ*zlli ‘l'h‘wuﬂb the ,Samc, Space

étd B en?mu, ?M W‘o.nq J55393 oty i
(1) Sunface bheat- :Q@M?UM:* | N
L his s dbe most  cpmmon typr G heak
éxchangen i which the,. hot & cold - feaidk > doopt

fomne into diveck Coﬁtad' yorH’) é,aC/h a%hm hd——
one  Sepanated - b'ﬂ 2 +u,b@_ wa.ll 5 a Swrfctu_

63 ﬂu:tomuble_ rmalfafms -y économ.sms ety
AclVa.n‘['_jbs # | ,

) éa,sﬂ constinetion |

Q) Mdle  economicad .t mnm pd BI0TGE
3) More surfaca anea. —fdﬁ hea,t— ﬁaﬂgﬁm
D!S a_clv’a,nfla ey | .

) leys  head 'LTMR-FM’ co- a:ﬁfrc,.ml;

Q lews f]emw@-m?_ Cmpac;fﬁ




. Relakive  disection g fluid motion,

This type G heat éxokamaens ase. clapitied
as Aollows:

(@) Panallel -Hflow heat eukan?m
(b) Counten Hlow heat exchancam
(¢) cawss flow beat eu/hauxjw_
Paﬂand How  heat elc,hanvw

To -Hms 'twp( ,ho{: £ Cold Feeicls move 7o
-{;he, Same. d,mhon |
WLk

: [ — ._.>‘|

» . hav- -’ -~ ____; ._\‘ 1.3 ¥ ?! )

-—Hujd 1;1_; —_ D
1 cold Hludd.
fig: Panallel  flow beat éxph&ﬂﬁeﬁs

g @ COW"h’? flow 'hcak e,xd\af\vm
TIn 4his -bdpu ot & *ebld” ‘-Fluucis o 10
Pasalel bul" 0 PPOSHC— A md—:onx

b35S .
‘ |‘

-Pr‘OV
fHu‘d ‘

—F?cd' Cownten 'How hcg,,—__ Q-LC_J‘\_;C_Lrﬂcag;l.
© cwoss * ffow: heat  exchan changn: |
s j s | %(‘IPC’ -l»h_bob* & COLO’ “‘H(‘.Lml! oove

i
e

ad’ qﬁ%hb‘ aﬂﬂlu {-o eaph O'Hu)'l




L 3t ‘i/ CCTd'::{_[HV'C‘{
= | . {

ch C’:so&ﬁ flows ,h{"d’ f"‘.?haﬁ?@}_l--;-
@ D 30 q, cgns{:-vclvltma:ﬂ -fuiu-rq

on;’rha baafs Q‘ ﬁn & (',oa.ﬂ:’zuchon

}l

featties ,the Heal achcmcdms a.am c[a.‘sds-ﬁu?aa
follows 3

@) Concertic twbes L-dﬂwb[é: pio<)

b) 2Shel 5 Atebes i wull Folf apen vt

() paltiple shell, g tube, PM?OS
(@) compact -heat . exchanger

(a) Co;ﬂ_gg_cx tabes: 21929990

In 'H'\;S {%Pe— 23 % ‘C,_OnCLﬂ'lleoC, p?p(,g ' -Cd.(’/h
Camma'-f‘ta 0ne at-lhc fleelds ane-u&(d a4,_ al'ua}'
e,'xc,ha.ncdus. The diiection: tﬂ ~flow rncuj_ "be
panalld 61 Cowrrten

@&’hﬂl § Tu.ba'-.. S e i
Ta this {'zﬂ"* C&‘ heal tuﬁaﬂgws o &) the |
Aeiels  rnove. - tha uqh o b«.mdle, g tubes t{’fl@sed |

by @ ¢hell - 'ﬁ')ﬂ._‘O'H'LU] —ﬁurd ’5 "J(Ch(-'-d %w“ﬁh

e shell @  and ¢ aoves DVU: "H‘)Q “oukside
Sunface. G the tubes. '



ol

In a M hea}-. effxiltﬂ--'laﬂ?l: hok fluid

with a  cpecific heﬁlré} a3007}l“ﬂ‘§ entecs
ak 320°c and Jeaves al- 3o06c. op4 Ll
entevs at  @5’c cand. ;Ieg[,u al~. a¢cr Calewl T
the Heal- exc}u@g&n area rrg?ufmwl.—fﬁ
M rfqu. and whal~=: would B-’L'Uu.. pesicen
i {wa& tneqease n osea, Tt tha flaid flowen
panallel . -And Afind ma.»:rs ~How s1cife 1 wéfen.

Take Ovesiall Mfmﬂswcaﬁmd‘wl“ ic
150 Wlm* 1 and ma flow wcile & ho -

fluid <, ‘U“ﬂl"“‘ CPc =4136 ’thﬁ,k,@:ls%}m

a .k

¥ SO\ é{ uen GQGJ""
s
Con = 2300 ﬂl”—gk —
5T w0t 380 (GG =
& 300 c S
BE et ()
\ -t' &&wcc "
. g
# tf by ) ('J“ )

Counter Jlow- CAT)M

F=tORpe B
T -t
a3}

< 1N %

(350~ a10) — (300~ &’5)

i SUTLREER SR T 4
=\ - ,_E?__e?_J =218-3
Eromsgtd



gunti
Stamp



b L
ffw @ - Qﬂ (AT).Lm .

WML #9085 2 DB P Pt 15

" § R - "
0 . 1. - n | ' - D g Y
S 4 ¢ ) t-. ). = &Y Ji ;s
A == a -
» . i

o A -
Ty ey M3 AN AN
) { J

lswx 103 :
450

=QUE3A: bio

b

Aot wite el T oY e
A= A. = . 13axw0 _
RS ht T A LNy TR T LS i P Lo s
) s : ey \ 3
. "

a[gcg X‘:'-SD A . STy

1 s 2 ! 1 '
.. ;_-‘- ‘..,‘ < v ;,‘;‘I ' r,-al\ __||.. -
LS
ol e E =. \-lam - ¢
| ack W F SOt 850 bar 1 S e g
1 i

Il

U Protalle] Howm (Ale 3o

l ]

- 0
-

(330 ——-Qg) (500 -'"ato)

=

ﬁ,,[ sso—-ozs'J
“300 - 216

AN ;_.‘," f ;: ,qg.l

=  |8dx10%= 50X AX 193]

£.816= [ﬁ;::. \.a#m j-_,




(i Poenlage 8 rea. = l-ar-lp

1.2
= ne s
caliid
@ = oM CR (ty-+) .=
(34X18> = m, x 4136 (auo —Qag_)

A o .-"md = 0-23%F \cq[s

m’ﬂ*”\eﬁ\“""’ el Lo Ha,
@ gaiﬂf\a:ﬂld Sﬁam at - 12g% - is w
on -the ouwtenr tabe. sunface. B; a S?male. pans
beat eu,ffwuuaah —The heal- p/xpha.mam healt
1 050 L@[M 03 walen ~me adc =95°c | The

overall  heat- —tmm#m COefhumlrfs lsoo Wlat k.
Caleulate o —fottow?*q

3) Avea BJ he ak- adax\cam _ Ra,
QU .Lo,mT]:h q "ﬁ)e, be.qJ— xafu:-ntae}]
(0D Rae g cpn.d’mgabon 67 Steam.

Take. hq = Wsd tc'a‘[#z , 8- 04m Dy-07¢H,

‘J \ _~_..




\ = A v b L ¥ YO L o~ e,
=_£-—Cl': é‘ﬁ’wbﬁ dﬂI;\ : ‘h.{:gsook(,.
h=Th = 1367

M, = jpSp | l,!')’l_’- B,
L] by & 0-39 l@g(mg\

+| = aOnC
ta =9¢ % x5!
Ta> t'wl 5 Hhan - Ts P‘mﬂet jﬁfdr&..
U= 1800 melk ¥R . o % fix
hg =a13 ealg  [epq aaler
| i P FERO = Tafgl
D’ = 0:% m. K??
P2 = 0.9 m |
Q = PR (Ta-To) ';.“f’c,.CPQ.-CJC?“JC’)_ £
Q- 022 x 4196 x( 45=2ae)"
IR E 210465 N (@i 2l x et

= 0= -IUH LATJM)

5 i

. L'T; = l.:i){'rz -{’:1)

(4T, Pasallel -Flow:.; i[ H)J
Oaé—-ab) (110«45)' i

i ':& fae-ag ] |
s - Q. eves ‘,(J,ac—rfls"“

U]

AT) = £l #%
qu. el



_5 qix10> = 1800X A X6

o adertedion ?— gteam.

Lt N
@: mhxzu‘?d

I — ) .‘ ; .
e T i il SN g 1
h"uﬂ 218S X0 Yo

@ To oo (Caoss flow heak Wﬂw both fluid
e I, p)akrﬂuud with a Lpectic hea,f-*7
2300 'a*haak enters at 330Cc and leaies ak

gooc, Cold waten enters al= g% an'd leaves
at aidc. Colewlate the (vegufsed cusface
oo 6 heal- ewhanger. Tlake. U=%p otk
maw dlow aate & hol— fluid ¢ 4 leglec.

<o dala . el

e = wa a S - Ttl..._-_—ag('- :
Ch—- 22300 T“(? k
T = 330C

8 U»—.:'-—‘fS-O N’m,’k
’f&g; 200 C

= 1 kg laee




Gaatern Jlowr  (aT) D2 (‘T~—n)-— (Ta=t1)

,Ln[_,_h]

C330’“aw) (300-—&5)
Bge 330—&;0
300-—&5’

KAT) = &IB 30 °c

—r

]

F - cowon How eoth fluidt awe Uknm?au_cﬂ—

¥

gl o &lo—ag

a=PpP = "ty = 0D-%52
T8 V1 '_330— RS
C’('(Ym:— Q = : pe e acl
'T; '-.-'T.L - L

it L 2R FOQES o Rg

e PERERCTCE vl el

A R J
= 4X 4""6(520-'300) = i

5
8 - MO—H/@M:FN N>

= grzfa,aﬁcob AM’?@M;Q K
AL |18 2

T




@ A patallel flow heal mdm,mieﬁ heas
hot- and cold waim Stream nmnf’:t? “Huou?")

‘k The CHDW""Z& e - “’ & A< hﬂlm;n uspo_ch.-ﬁ?
_Tele b *l’empequAH ant =T5c & &;’c on hol'-ﬁf

_——————

cold <§dex. The anul* —hmpm—rm aiiste
hot <tde S”)ouiﬁ/ nol Z?f.cu—f) e, Phume

h""h -——GDOVJ,mL @iﬂdﬂzmm&aj

heak em;,hau\-ﬂw w.squ otfecttnenca 61 NTU
appwo ach | o s
So‘ ér?wz,n d&'ﬁ

mp, = 10 F‘-%[m’nn =" P3G I“ﬂ[&tt

m. = a5 kﬂl“ﬁ” = b

-—r] = _q_‘gﬂc Wialla §o ke
s EERESRE T

f[&;dso"c

Ch: thh = 6.6,4‘#81 Tlhﬂk :Cm?n
0.616 xa136 =174 le;cw

i = Tl _'Li]
Cmin __rl“H

= . 0.5 % egofs



—
i

U= 200 W

NTU-=

A=

Ul
Cmin

NTOX e,

:—II-Q‘}.

e
L
pe
b )
i~

il

'
. ]
:
i
) i
b
0 1
]
L]
N
]
i
A
|
¢ ¢
6
L ]
N
' \
<
3
i
1 [
Ve
!
' |
]
- X %
4~ AL
|
|
o [
|
I
-

e



Yy o
TR T P _

¢) Multiple shell & dube pawes

TIn oxden +to mc'rccu,a -thc ovénall | heﬂl" fung
_fer maltiple Shell & dube pastes ane waed. TIn this,
tgpe, the Aleni’ds -tdavevse ~the, zawfwmﬂea m81e
than one Hme. his dype ] mchancim ;5 prmfmd
Aue to Mo low cout UJ. rrMc,eJ—adLme E, @_M.T’iz

Sepaia-
@) Compdcf lnéal- au‘han-—ums-

—rhmo, cte ma.n?» szc.aﬁ pu.npo.ce }-)eaf excha
_,naw w,lled Compa.d‘ heat éxdﬁcmﬁws —T;M?
aoe. cﬂwﬂlaﬂcjﬂ o plo«?wl when Convective heai

{vantden ¢o- Lficienl- O;Mocraﬁd’ rofth Qaeﬁﬂu

flaids s owuch cmallen than —that asoc atie
with  tbe othen fpid.

(V) Physical state o _Alaichs

p -_—

Baxd on the P’?ﬂ.ﬁ"CaJ state & Aoty
tngcle. the cxchanﬂm, he - 6Lc}Lch?¢}.g ane
clagifled ars

@) Condensens

(b) evaporalsls : j




(@ Condensom; ."‘4;11 4
Tn a ¢tondensen | the |

concleast it fluid 'tema:ns, o
at constant temp
‘lh"wu?hocdr the exChanﬁo,
Whele  dhe -hmP € ~the

CoLd.U’l flesd Cﬁfﬂlduaﬂy "J(fj {mj) d S‘f"&lbLLf‘“IDO
i ncra’ea}‘td fom o lot o ~tnd (O I

O‘Jfr(’,f" o ‘ e

@ éva,POffa:l'OYS'-
Tn a e,vapo«aivfs ‘H‘i Cold ’Hulcf "l’tﬁlmﬂ,_g

at consh:ml' 'hmpma:twu. while the ’ﬁmpmql{]ﬂ(
% hot' rFludd chra.dual[fa dwuam "me urﬂd-

X2, wﬂ*’ﬂr\

; I‘ ') L 3 ™~ h 4 3 ~
» \ ¢ : b . .
% g
- ." - - . N
. 3 At '
LA 4 {31 { 31 1)  SaR 1 1] 1
A 14
o ikl &
. .‘L',‘ i L]
*
3
>
< ‘

-

e



= Locdaxi'ﬂ;__\rmfp amean 'tin__P cﬂ_?#ﬂnﬁa-CLMTD)
The. kemp At bl 44 hot ¢ coldd Herids

tn the heat' - exchangen vasites foom paint 1o
point - In caddition  Vodtiows modes 9 healr
Yranste e involved- Thinetdie , based on the
conupt G appwpsiale mean femp  diffence
aso called LtTp ,the total | heat tvansfen
sale 10 -thc hqu{ aoccﬁa_nﬁm fe e.xp'rwed?m

a = UA (AT)M

L - A
4 \l‘..’:"'

U = ovoall hea,l: ‘l:TCULS‘FU'l ‘Co— ef-f:c.‘enl*, Nlm"k.

A = Aved, e

CAT),, = LMTD.

Agsumptions :

) flow s S{'wdj | H
..... 9 he oveor all heat +taansfen c¢o- (;-H}‘c_ianl_- is
" Constant ! ) | '
3) The gpecific | Heat ¢ both Pertds ' s conel
4) The mas How adte 0& both flide a7
constant- Ty b , V)
9 Axial wﬁwck"fﬂﬂ"mng the. my_ ic -mjl,-ﬂrue_

- gj “|’h; dw,nfae_ N Kinetic & .Pvﬁo%?(bo‘eﬂuﬁl'q




L;E-" mh_—_ S Maud vﬂﬁow vate 01 ."10"*‘;;[&1‘0( “
e = el o e OJ cold Hei
: CPb 7 S’Pe,effrc head~ 8{ ol Llasd -1
IGPE = M oty - toblehs b

T MHE éznt\’?- Teop; E& hot flurd
okt M tavsen sk Gean

Ty =t Exft 'ﬂmp 7 hol— 'Hr.ucj

S . B TR CoLd

(_l) LMTD 437 Pamajlel -Flom

e, g -——:a-—-—a R
S gie f fdd T8
— —_— —_— — i
g

i =
i ,,i cold f/u.cz F s

e ESEE——

Le:k ws Cauudlm an c,hmurtb.| ma.dp;

—tm haal" exahaft?m m heat, flow rraié_

S8 TR, 1590 2000 (Fek) @

NJK T - A € A -1 . T g SRS S RSO

A - —my, CPh aT ~—>.. Ry

S g epe dt #5seeg

M CPh

AT s bed@ > @
h |

\.



Ta

AR ‘
=t __“;@

-.", CC ——mCXCPC _\ i

.5 ‘
, dT- dt = —d® _ da
‘Ch CC

de- -de o a]'{ﬂ

* de = dT._dL—\

Q?@ rn QC}@

de - ~uan (0L + 2] |

l’
Subeti ‘t‘lﬁhna. an valcte 'Fh)ﬁ') g B
’l .

&= Tot)
d0 = —vdhn 8[_L.+ 1 E
CI-\ CC{

%Q?—Udca[r Py
' h _cc]t

) ﬂFU@va Hng

8-t me

[En 3] *“U[ZR-FCL] A
£ 5 iﬂ@l*—uﬂ[____,‘_} L_]
Lo (91) , muﬁ[a+ ]___#?@




I

W R.T
@ = My Cph (T. "TQ) =m, CPc (.fg- {':)

8- ¢ (1,-Ta) = cc (13- h —> @
A - Ch(T,rTQ) é:mx‘cP
T B TR 4 B=c (t.-4) 3
: —— oF BN =1
Ch & S T

"‘"I—' = 'ta—":l t“,_h_
el e B . L
BL) Tr.—ﬁ | Aa-t | .
T e (I | 5
& .5 [ LSS

=t [T-Ta + g+ Jf]

<08 [T"‘B»‘f J‘a:-‘n] S




-

[(T’ Jc‘) CB fa)]
dof 1"2;) '

‘&= vAa (,AT)m‘

(@ LMTD 48 Counter Flow.

“— - /
e d ']/ Z"ffd e
VVVVVVV Cs i AT i
i Sl Hot fluid =5
S ey o 7_»_~____P__: Ve T

e cold -.{'fd-'d‘ S <—

. Lai‘ LA '~eo”;7d¢, on ilmn‘b.l aﬁma_ q_m' 3

+the hea+ efmhau\cdm ' :
the bheat Hlow .""dlfe' _t.s' fﬂv\/u{ 'b? A
dQ =vde (T-¢) o

Wek. T

'

d@_ e ] CPh CdT) - --mc CPC Cd{_)_‘__:s@
da - — My eph AT

Mn £Ph i
RO My X Coh
Ch @ T




dt = —de g
¢ ePe %
' Ce = e CPe
gt - o @ :
e \
AT-dt - ol s 9]2 |
Ch . _,:t‘lc, 3 k) Y-
' L
o —de [ E;--— Cc)
' d@ = dT-—cH*
: ; _
d9 = — O‘@ Ch = Tf:] ‘@

Su,brb-{uimj d@ valve —ﬂfom e’ﬁf @ 0 ec}o

~d~8 * = Udﬂ (_T- 'l') [ ""‘—C—C-'] ; S

=~ ol o e ] 1 Yovsl

Ch S e
-. A @\z, _r_ lA J
o sl
-..9‘__@.? = A U dﬂ Ch. ": CC,]



..%_‘ e ._‘_. -—-'— : ol 2
7 “”[q, . .“‘3‘@'
A = ™, CPh & —TQ) - mc_ CPe Ua )

6 - ¢ T ) e C‘la $5 Sed S hE)

1 e mxcp _
Q= Ch (T-Ta)
TR ,
@--—‘.c:cfﬂ\,*a'y"h)ﬂ .-‘_’; —c‘f: "J%;“‘ "-‘9 0}
5¢b$ﬁ+“h‘cig‘fr ~'C:- vaiw "m"“l@ -
an% i ,L%HL CTIQ?TQ) -Ga@h)].i
i v e
| '=":%?”i | (h-12) -—!(Ta,-h)i)l ;

@: uR [;LTa- El) L Tr= Jfa)]
g 1 Ln( l’ﬂ)

@ = va CAT)”)_




&= Ta-h "_'_r ' i R ok
- &, *T:*'ti

A= 2PLET-t Uﬁ[tﬂ*ia) C—C'e h)]

Ll *a) £

2 -Fowﬁ.‘n7_ factors I,_:DM[— R+ _é:,m\. | \
The Susfacey: q e hiak E’Ld')af\ﬁens
donot “agemain clean after # has been
‘n e wﬂé\ .s'arm_--Hme ‘ﬂu&ufﬁlm “become
—fouled with ScaJ.n.Z 0¥ clzPosk 'Thce,#ed—
9 these "depost me&chn? the value gt
ovesall | hu:bt— bansfen eo- efficient (u) s
eftcet s take cane 7 bfﬂ .n%rodch? o

ddttional -th.thma.,Q Tegistance. called the |
|

-——fod,ﬂnT qu.g{-ana, U?_F) Nhlch s Pves bv oA

~followerns, .
1

uUH—-

Uou,{a

unnm =

Tt e i) @ )& &R |

... . , |
5 :



e L
G#LL‘HWM l’)‘-{ Lb!fﬂ?- gbw % —IT(G_M
_,—4301 Unt? LNTU)

A‘ heat exc}u.nram can be de)s:‘?ned lo7
-the LMTp when fnlet & outlet condtbion

ane SPQ_L,‘F;QA e‘tﬂ'&'—"&hﬁ‘}_‘ﬁ‘l&#&r@e&k‘-&b‘
condition—aie(pectffed . gt When the

’ Pro-o blem 7< +0 Cfe:['wrn-ne. -Hf)g_ in Ie,{- LOY)
et -{amp % heat e.aLc}\aﬂ-Cié)? A @'Ffu, HW
meth OOl f& LMrLC’ : |

“he. bead~ e«wlaﬂjen ellirbianet e
Adefice as the aotio ¢ abtcial: Seat
tvandfen +to the meo. posSible beal

Avansfen.
ﬁdu.a.l beal- ban«s;u;

EffecBvwaneys + =
omna. pos—s-bk, heal~ tyansten

L%
B eroon..




X ﬁ

L \'\!,'3 5 Vi ST o
. ¥

") b 3‘}‘_'

=~ ¢ L3
SR & TR S

Fy3iks riepn ks
T L, . S
N v T 9 3 6‘1',‘"13‘. 34

. B e _

3 1205

XK h"x : _3(&{-%.( -

2k, ,"‘,'“ ¥dns ) Vst ve

l.— e

Canle

g
a0 v, R

SO

A

S B li“’}‘l‘;_-gﬁy\_fl A.r_g.._J
i 7. Yoerf u‘.._‘-' Y s*g}}\‘ Q_l},'

i 5

P‘h I_I_,_} ¥ “: i \"}') l

\‘\
.

.
-

¢ oesid ery
g v

i f“ £

}. }a).;‘-]fl'{ 3 -}“;‘lg i

v
)




s0) P=o0-08beli= . @T=4.54¢c =T,

A= 50x50 = 3s00cm™= a0 ¥ (j02)*

Te =~ aoc

S hl—? = aﬂfO-&-Q }CZI‘Z %'&‘?-OB;D_X!'DS 7/&7

1

= "!; = CTV;!-Ts} 41:S4¢+ g0
-T = L= 2 =c30.FF

= = 29F lglem* .
= v= 0.g84 x15° ma/EqL
= K = 0:6]230 wWlmk .

- o =fv
LT 198 x 0.6 'XU;_G‘:: &f&x—rvﬁj N.(Jm"
[ 4= 831x10 En [

0:a<

,jt’m'l'mtw
) Ay = 4L kX CT‘,——TA)'
‘ﬂ'hfa'fL'

D2y

45( gaixuw © x 0 612.% LEZS‘X(Sl)C‘H-S"L—aO)

=D Rex Ry o PEOE e g ‘.\’Km"k
. e xiot 2 '




Q’!‘”) '7'4"\] h,Lz:J—‘ ‘(‘?ansjl-esjk Coaﬂ]‘c,"m:;-_

L ‘o~a§”

ln=0-‘1+3£ K179 g
L(LLTV"T_Q)

: 0,25—

3 3
L2 0-612" x 014} ><4 8]X5{403 2.X10
= M

237%16 ¢ x 50x0 (4\-§ 4 —20)

QW) Total bheal” -\:rcutéieh %
St

- 55993

= 30129°F Wiy w9 .

tv') -Qwrﬂ condennetion

@frﬂhﬁ

m =

\ “w“a
@‘)k % . '7 P

hov ¥ .mf'f’c 8“—30 :

3 2
o oas L (G-t x cocds by
< D CTV’ —Ts>

[fL o398 | O 61" xa.81 o 20Y) X R403-2x ml] =32 drBON[mLI’\
22 1X16 °x Sox 16> (al.c4 - 2v)

0.0125 Kqlscc




- ' S
Radl takfon Unit-V

e ——t

The heat ancfer fom one body to
quno-then body ~thowl~ éncd -hafl.fm?'&fn?,
medfam T<  known ay an[afnon ,_
ot Tt ¢ an Mma.amlnc e Plumomm
¥ L MMM, als classtfeed tntenans: 8{7

Wave Length and coe propoqdled akthe

spaat'éz ' ﬁf'ﬁ'Br Wy 8X10% mlee T
Emmision 'ﬁopﬂu:

9&) The #dle 0 emfssion Da aad?abion btd o
bod.v Aepends wepon ~the —fo!wm?ncj Paclone
) The Wamiwﬂd’h 6?10‘10_61%&0 4] wadlalisen
B The Teap 2 dhe <wrface

0 The patww 8 Hhe  Suriface

@?M ‘P_gm_w“[:gaf:w‘ m*

—the emigSve powdh §s  deffaed ar the
total  amocn~ o} vadiction emitted by a
bodﬂ pert wn’ I H’fm_ & ek anea.

Mono’ chao atkic  em?l ue PO [Eb}:]
"The, enengy - em “tred by ~the Sunface aka

‘fj""“‘ lﬁf\cd-th pot wnfl Hme pet anfl atea

inall  ol%siectons .



gunti
Stamp


gunti
Stamp


gunti
Unit-V


Obsoption, Reflectfon g ”angm.gs,om ] d

Q = Ra+t B+

‘—Q—=&a+®+@

abswpt'nﬁtﬂ of ) %?G\HQQ ‘abgombcé‘_
: Tncideol aadiation

Refleetivity ¢ . Radickion: medlected
e S O
jnc\'a[’gf\{-_-_ ~vad! abon

'Fransmf&%‘a - - Radiation "l?mm‘.’md"
LESS ©Tnetdonkr Radiokion

= Thee ane - ~two ‘deQA_ E% ,q’e.—f'lecjc‘a’o;”): P"\Rﬂom-bm

'H\.ud ovle * A0 gﬁgﬂf’f

a) QPLCLLLCU' Qe'Flecbor) G- oaf ;1«6// ngm .

b) DHfused Re'Fle,cHoga\] 1k v

'**!{Ldl\n

C,’ii‘f@f‘j ‘Black Body

Black bod? can teal ™ <iifhice hav"ﬁ
the. fo[lo m?nﬂ pwpetties.. _

= A bla}c‘k booﬁ7 obcosbs  all 7nc‘r’a?enb—
'md:ahon, qeqamum % awimﬂ—mgf

1 mec'b o



= For a preseribed teapealun & Nawﬂanﬂﬁ-,
NO  Qusfacs can emitt ML e/uxﬂ‘j oo
black boclud Cogy et ity

A% Po,r‘ﬂ" no 5{,. \
/ﬁw ":f’}w/w . bo}é

&\o\aﬁk wodeq coabiouoctd 1o oot —md?al:roo
ovwn whan fi- 1< 0 -fhuma,l U;u- Cihyesices er» ol

PI&QCK‘S D'S't’flbu,{joan gl ] -’g-ueffmunds‘nﬁ&\

——

‘T]'\,t_, 'a"Q,la:H o{\_c'h‘}P be [’wa DA thoes moﬂDG"WUﬂtadfc

emi gy ne poweh !?a b{w:k boc:@% € NMJMU:H-,
9} a'mcﬁrabon ak a pem'hazlm ﬁfﬂpe)aaﬁm

et v
b =T
P
.-;5’
CI = 0'-579—)(10 N -
0y = 144 %10 mlsc

- Wien U’ < DlSplawmnﬁ[ﬁw

—The welatioachip be,twan ‘the. ‘h_rﬂpd’latb\a

and Namﬁamo-ﬂs Co¥ves
el 85 we. PO sk B black booﬂuj

; (-
X"W’L'T < a.ﬁ.xlo mk [:-«,a 10“50;]

Por\ce?n'? to The mend a?um

MrCTD

Aoin 20835 2UmK




Stefen golzman &Lw
The emfstue. Po®eL o a  biact body s

Propoationad to +the ~+8th powch ? absolwle

"te,mp@aiuxe. :
Ky « e
Fp= g1t

Wheste T= 5.69%1072 Nf’m‘*‘_k* Sy

Mﬁmcom

Emigiue powen

—_—

74_ combination ¥ | plancke Law and
Wienls drsplacementy daw tdfetd's Fhe Condlign
£ e monc. monochsomatic eriigsion powen

fa a  black bodcj.

: i
(E b,:) = C4 &
moy,

Ca = 1"30T XioS i
whone 4 L (Radiolion  condaok)
é’mls&-,u:tg: fabio % ek 'bodﬁ,’ ; {—0 e
black bodci g] (mfﬂim-bﬁwm.
TR kg



é’l'ﬂz bodﬂ .

iwehodf le ‘e"_ﬁ"_aj gaclfalion

&l

P -

&= abmvbulby,
ey :

S

’.

5? =

_'&

:E”l't'eﬂ_i tn:.! 5(') *afotdi’ai—ron

T f’f—
.In"' 10 g “FT

() A black bodild ol 3008k emiks aadfation

calerlale the folwm'n?
() Mﬂnoc/hfmrna—f g{?u.L powes aJ" 1 4m

0 wanelength b ,,ohf’dj © it fs oo
(1) Mao emm? gine powd1
() —paal  emanfdur ot

W talcodode the total em &amﬁmfm"“”m
o SRR SR a,ysu,m_‘_d AN A ffuJ cesfaces
haﬂ?"ﬂ (,m‘.’g»g‘f’u‘}ti aq‘cﬂil 0} 0,3-(. |

- SO} gu_[}—o_u_- ﬁmp —Tt‘i’)DObk

_-,..-'-'—"'

a_LtM'ﬁ') Sy sk W8 5 &L G

X - leo gm




I
W
N

I

3 15 S
= 0:374 %10 XFQMO”‘) s

—_—

0-014 832

e 1% 0% xgoon] =]

Rox = 3.11 %0 wlm?>

(B3 e e 7T =" 389¢ X10° mK
-¢
Yoo, 5 - 22930
3000
= @-6‘>(10“::‘L '
CI'H) e + t+

: { 3
LEW) maL Caipt ¥
.-.-."_l":'go-'.' x[o—gxfrs'-

5 ey
=130 w1~ X 3000

(Bokdp= 31920



?.

1

) R = T

s gb o 4“5’4-)&10" S, s

(v '7—0{"1‘ o i xS ua oL
(' e-o0i3¢)

6
. . SAXID
6
ng) = = 3.9 x10 ] P

@ A Black badf{i % I&ODQL e i< f‘[af!f’a Yo

ol 1000K . caleudate T fo[ww?a.?

G) Total rfa’fe,sa encrgy e ignion
(51) :nM?g %r SN & gadfation

() wave \U\ﬂthJ max. Monethrpma lic
enmigive. powen,
(i) Efm;?ﬁ, 7l radiation pdon? a dinecbon
ak 60 +to the onoymal.
So Cfwa  dats

R =

=(aco x 10™)

T = Joook.




) Total vate 83 £l EanEsiD0.
Eb e q—)( F) | _
5.61x10 % x 1|‘Oooq‘x Gaoo'xéo"l)zﬂ

= G304 W

I

(D Tateastly g obaalt vadtation

j'_—n='Eb k. J’T*
T T

5. 67 x5 8 x 1woo ¥
=T

)

= 18048 Wl

Um waAﬁLfﬂ?% 0‘] Mm.mofwoﬂ\éomh'c &nm?onpmq

K moa. T =123 43, 4Nk

— 18.09438 Wlm*



@ v&&S(Lm‘Mea Sun o be black b”-‘ﬂﬂ Uﬂ?‘tti’r\g

aadfatfon al~ eoobk a,h'a mean distanc
4 12x0Cm 8 the cosith. the dicmelon

GJ Sun 13 1.5x109m. and Mr%memﬁ
fo 18.3 x pb e cabegddile the Follovalng.
6 Total envgy emi tted- by e S
(37 1he  emmistipn geced ned P m juat odthioh
Ghe eanth atmosphore |
i) The  totel  enugy et bvﬁkh&ﬂﬁh
- O gadtation i< blo'cked by the eeotth
abmosphine
@V‘) “The Q/na)tcB«d 'ﬂéﬂf
collecks  Whose ndmal_ f<
4o e ten. The NI loss thaocegh the
autmosphas i sp’le  ond the d i Heer
kakion ft o By Arectl detliation

we ol b‘ﬂ' % ax2 @ Colan
QAL’.I?AQ_G{ al- 4‘59

Zo) érm Aalle
S
T= 6000k

TR jax 10" m
Daun = LEXO ™

Dan S 138 %16 .

i 5, =2t A
U gl = llenT 3alA

S Gt
e 56—1)([0 X éoooq-x AT L‘DKXTO"D o
a .

—

= =) 24
S lAx o N




"9 %(A_.wha&@ - -%——-
5

1

=" HalAxpRe

4 % L‘—?EKIU"O)L

o
i1

Eb lénﬂ-H\aLtﬂ-)) XA

= 2868.10%x I (a?)
= R863:10 X 14—(‘3"”“06)}
= 3. %axi0'’T W

W) Eneqy low hsough atmec phoeis 5o,
il

g = 37-%2868

£, = 1434 Wl

The Asdfeercd aadiaVion fc: '&o.'/v qF‘P?mCBYQA"d'M

20
| Ea‘ = 1434 % =
= R96-8 Wl

Tota audiabion rfmac/hmj “Ahe Cvnect-iﬁe

Ve 22618 03 ¢

E = 19g0:3 Nt



érwu” e ived by tha.. colan panel

[ ﬁx co,:9

PR R I [ LS | + o

420 X AX 2. X Cos @{)

i
-:17‘\.‘

= 48648-“ Y

@ 800 w!m 5} qodianl~ enagyq s Inc,.aﬁmlr—
u,por) a .Qu}eum q Duk? wWhich gpo Wlm™
- sﬁ absombcd; too Rl fe rafe;Fle_cild) § the
e,m;undlm ' ’I?wum ded. Caloglale the
ffzollouﬁ“a 0> ﬁbmphu.kq R Her 184 :
L\?) 'T}afusm,huo’t?j- | a4

<o) @ @.(Jr@*'f o

_‘f 800~ 300+ 100 "'@'c
s &c' oo almt
() -AbSD’TP{:'?U?q = %‘ = R 3;:0 =0:3%5
Sz ant A O SN 7 :
n) Mﬂ_cb\v ¥ .= % + .‘ ,,‘g.%-; .‘Q.[zs

af

kN : ) . 2 2 0 \ ;
' o (e ‘ ' M U =




® R‘Mla};“m @Mﬂ’iﬂé;’élw Susfaces
Radiant e,ru:hcd(ﬂ (,mohaﬁae be'fwcar) Suslacy . .
depencs not on[rd on ﬁmem.mon, abwplion
and  vellectton. Wﬂlﬂ/lfcﬂ'yt}u &]*thx,sws'ﬂuq
bt~ aho on “theser ﬁwmeirmaﬁ arran?unum
* "ﬁvs Heal— exd\a/\ae_ Wl“ be sffesh ~Fr,wHw,
dleee v the pyestnce.  postially UthrLj &
0bsoiping  audicm beluten the Gdaces.

» To ac Ol thes ‘Y“A"’d’w“ Q’M

- Al ~the Culiases ona a;mma to be
efthen black 81 €|q¢7 5

= Radiakion and aeflection procem M~MWJ l
o diffeerion - e
> he absorpuily g e s =t equals
ot catdtufty g padepirdint )
—empenadene: o) <the Souce g the Tncid
aadialsion
Raditatkion émhmgt Between two_blact
éuuPacus SQPMM bﬂo‘ NORe 2hiie

it 2

8
m&O’.r wa ﬁ\w\ R b\
| &



Lok et congfden +wo
lack bodres tepanaled
‘ buﬂ an NoN »a,bso-x'b?a?
anedfuan '
—'—j-'ﬁk: problem ‘s 4p
dq{v*lmmt the, Nolb-
Xadfalion {m“?‘
Ia!:twuﬂ ~thae m,
= Cans,aﬁm AHea
elenents  Ap, & dAs ‘
& the dwo L ufaws
e dfetance bl them P a
s('n‘\L cu-Ule notmals “wo asnea M make
m.'Ha the I-n( Jomma them oo R, g 31‘1_

= The Wa,‘fc? qadfa,l,-,m, ﬁ/uhw d@ Luma
A Hal- Shtker dA, ¢ Ciqm 97

0@4 - dp, Ib _COSC}Q’ Aw,
- Wheste.  olid ax\?ie_ _
d—h’-l-ﬁ - Wl

e
dQLCOS ¢)_
[ o >

1]

OlW;a

o, =df, Tb a8¢, dA, Cocpy

°“.

¥




dﬂa = ol CO_Q¢Q olA C,pscf):
Ko Mo

Pace y both Ay ,dAs blaék Sunfacs;, AR, & d®
oo fullyy  absovbed by oy & ARz aespealinely
Thewutf8le | the netHeak transder Umw bt e, |
an, g dfy et ‘

og,, - df dhy (be-IbQ cospy €0s9)

o 4V I BINAD
A S Nl &Ex
dB.'; T, = €b _ =
_ d@,az €e) _ €ba (d{-‘)\ dﬁz_) CDS@L C‘”‘é
| TRV N L

%Mx@kﬂﬂ& b’:b‘g‘aj' A'F‘f ﬂ" %‘(
Obkoﬁm-d b-a lﬂ{&?qah&j -

C} T&% df day COSQ’ C05¢

Sf-m C _‘_,,1

Al A

gha_p& Fa,cw 9=

(> 200 Wiln? god? amk enongy f< :L’nooﬂml’ “PO"
OLSUJ)FaaL, ou,lf‘ad s which 3oowfm 7 <
Obcenved



® s sun fs a Sphmf’caj mcw&.q éif“’ﬂ'-ﬂﬁ‘]
kot‘ﬁacu wnt—?nuwaALv ﬁe,wuif’ma heal~ b;.d
~thanmo newclean furbon aeackion. Thic e,num
¢s  aqadfated from the cun in all dmechoqg
and a  cmall fraction OJ it qeachos the
oosrth. —the oprfentalkioa 9 sun and easvth fc
 lehown 4n #a- on.a clewn J_;UJ , the Solar
Fadlakion on -the. eanth har ben' found
to be 1350 Wlm Assuming Sun to be a
black body . es ks ma/{t -"l Temp et

|9t
lSl'pxo fh_}

Sol




Colle el i Shape actey 31 the  Confr
—ﬂmwﬁn Shou}ﬁ ?r\-'ﬂ\L—#f’?.' S

% > '
B w Bl =i ; \( _ﬂ>u\_\

I+ a

F | (»\ g

.\AI F__I—Q = A& a___l . | A e Kr 3

e



\

Qa_ifqﬂDﬂ chedlld: Sheeld '(44') &2

cons‘?olm ~two VUA? Lzu.?q, Pana“b.' ?rrqzi,
a witaces fa arecs A and Ax, at a small

Adfetance. apast, and d%éhonﬁrn?, T S T

as showsn 10 P.'a. :

, B
olene. ] 4 i _j*l‘: P‘-ar‘-gj,
| % / Jaﬁ ,C/)"" -+ :ﬁ\\ 2 Eg
SRt AN
_ _ %
sl 0.,%\/ E
GUjed Loy, K
; 2 S
y vl TN :
) 2, S
: Aay KuCi=ely) -
/ W k 2 )l
('// 6.2_
o i |
ll= “') Q'*z)él/i ;,,\“\-\,' | £¢
') L q/{) ‘-L("‘--‘ :‘. \\\7 '[_-i
S =

‘ﬁw& Tate. 9J -féapr‘aﬂlf‘Wfﬂlﬂ. [Wh? casdace 1.

Y ;

O =k *[dz((lf‘(;)E, = OZI(',—""{I)CI'-O(L}E|+

oy (,I— Ql)ll @ “-;(:_)% E] + - < s_J

=Ry & o L]~QL)E|_[-5+ Cl-{dl)Cl"d’-.)_}—
Ci-o(.)."ﬁ'l-"’@)z'f ‘*“‘]
= i - (l-—6&)5| [{4 P-—%PL_;._B{)




Whoe P = Cl“’(l) C"‘”&’))_

| gﬁ"’ﬂ(‘g, $y & o, Al Lo thao L84 ¥

I+ .P—I-P"'—F o :-— oA W}\Lﬂ exten M S ?AL,\"?@_

—

S

—et -

@'z By~ & C"— 031) EI X _p

b3 5] e o(l(["O(J..)E”A |

|—P -

cwbititate P valeee

@1 = Ki [1_’ ol C[-——D()_) ‘
/][mm Kivehodf < Law, é’mf&s?'uftj = obSorPHv‘fq
o =8) & dy—8y |
= Oin Bl ey (P88 \
| l"'" (s &) (1- 6:3)

i

.E‘ [ o (\‘Lé‘\j & é’g) --’éjﬁ(ff-éa) |
} = (I'*' €|) Cl féa)



g i, | TICRE o v, (l“éﬂ
I—C;.feq—ewéz &)

s e —

= .f [].— |+ €3+ €l — 'éléi“ €+ €& ]
=l téaté — G &

E] € :

B S
é| +é;)_ = été-‘i

& . o
| g, +ba—- 415

—fe nel yadialine heak— emhauﬁtfrmm <wdace |

e ﬂa?uﬂn b'ﬂ

o & — Q2
g3 ¢
:__,,_E_:_'__E_?;_———- = /_i,.i—;———
&l +E£,-416 _ S dEy— £1€3
Eléa'-‘ Ba &£

Q\Q = o e, SRR SR T

E + Ex5> E1EQ




Subrs‘berhb[‘cr €. & £, valeesa in ¢9,

O, - 5T = EgeRE
Erkgg — &£1€a.
o By Eavg Tepis 74
£ +éa— &1&a R
= B, '
b Xd”['TnGrﬁTaﬂ' ;

g] ")"&Q = (E]&Q

S : g.r [-T}q* Taqi)l

ﬁ; -

£. +£& o £‘|£2

DSvide. bﬂ €.
e £183
= g = £ Eq

2




Hea("‘ &xfhaﬂ?,(, betweea -l-uJO fpw\a”@] _C.,Jf‘
Qs 7‘;’1/1.0(1 bcﬁu CCC,,@,C{WAZ. Mm)

| el S

Bt § o) ]
Heat” em_{"a:iﬁ& between +wo two  Large
Conc@nh.c chl {ncless 81 ﬂrxrﬂy&(q@;

e

‘COf\.A'JOLUK twoo z&’ﬁé /74 2 (§ 7
I / i

A | T 73

Congentic ofineless. e A @ | / Es

| (0&5;’6@2&?&? the enteqy et fted by the- $ nnen
'C‘fﬂ [ et

.@mr»@}? C"(ﬂl"ﬂd% em:ﬁ‘ ‘H’M e_na,gﬁ(? [_:}

O—Ufe)x (‘Jo ‘rf\éﬂfﬁl absovbs e_nulca‘d.: &3 €
B




@ OL&U'I C'bd‘.?ndeh aeflects’ 611213% = .F Cl-__éa)

@® Tonen ctﬂundm absovbs enegy. .:=5|(_r"ég)§lc{

-,

'tE;(_I“-EQ) _A_la
€ f Ag &
[‘". F«m? % ) o£1=éD

:I"'”Ul Ctd(‘n’ﬂdw aeflecla enesgy
‘ FE S, E
= E: ( = 6;2) -—‘El C]-- ea) éi 'E;’

:::E‘ (,]"“é;l)[l_ é’ ﬁj_']

2.

@ g phscingd b WE gy ertne LA

Ceconch avefleclioo.

s L AL A3
::E,(l“é‘.ﬂ E | E[rm.ﬁéﬂh—-‘ |

g
o e-E Pl T . |
ol L Al &]'1“““.\
Ea(‘"éa))_&i o 1 Pz

o
= Ky [‘_ _’%L e, Cl- é;) {[+(l~£a)£t~ ;—;%,)

-+ () -é@lx Ll—* %’; E.:) “f-r"“}J-»



b/

Al '

Ay +£&— % €&,
The net sadfation heal- 4vansten between he
tonen g attten concentyic tcvl?ndens ’s ginen b.d

Q|a e al "Qa

Qiq = Fi €

— |

A | ar |
ﬁa£'+£&“':§1—a£{£a Aaég"f'éa— Téjg.a

(‘hns‘?dm?n? aneo Ay g Ag

A | AnE o AL
::> QI&— ‘_;IE| éa wil . o agi Aa

=8 AR - Ll e A

9@, = MFig -MRag

A
o R e




'f*mm gte-fan  go thman jﬁw‘,wa knpw -thak,
q' A g

Rp= £ 0T
Er LT

E& = QarT&+

Su/bg-Ht‘an?_ E, S{ E’Q o) Q;;

" = 4 C IR Vo
R = AH T G i Gir T B

AL = rlv ‘

=LAk [t ] e

% oa (%))

D‘it/fdi’ncg. b‘ﬂ £ gq

Ry = Lo ET,'q"—Tadr] '-
By v Sy e N
s Cahe (9%

; __l_ __}_5—_]_ _.__‘_.-—l) .
&+‘ﬁ(&_ :

Qe = < Al ‘rﬁ"ft"ﬂaﬂ' i



I

—l-‘.;-f_'- Il
& A2 ‘%a)'

-_—
£
-—

481 ccdlfqdeh ,Avyea A= aTiaL

£3 sphote A = 47"

| qu?a:lr_j_e_h shield ( CH%) |

m— - ' £3 ga_
| / ] N
-the net  heat éocbhamag /f 1 | E
between panallel nia 8 Q\ 2 \
, 'l | X
withocel— '-f&dfa.'th-ﬂ chielo j;l "'l i N
: : | RN |
. /| R T L e N R
' i LJ%\« 5
B o 5 4 / \\ N\
@|a & Ad‘(Tl *T&) & G f‘: 5
=5 - e gt —] : '{-:-?a'd’afd{fOﬁ
5 €2 i Shield.
Heat exchange between  1-3
e ~ 5e
NG SIS S
' Ej ; éa
1teak e,xd\a.m%& between 3-g°
@3 B Aa CTBq"__'E‘l-)
- | = E
\ o

L+ -—1—-' —1
‘C’3 éa




Pl RS
Tt Qs [ 27475
' Ad
¥ e L o _1_,__,]
é—rg = -Tl—4-‘* 13[8[ E 53 |
i =

Lnaen eﬁuf[fb‘ﬁ”um (:ond‘?-tfonl.- -

<, @13 s @33

Q3 —~+-——--—) ( + .' Ar(’[‘i

%Y



Ac (T, __7:;+)

' —>®
<——+-———t -+ ~—+————) - :

£z &3

@;5 =

Dhut ?ﬂﬂ- +the Qc’,ua,f;%’on © fn ef},@

b (e D
@ |
gt ) B g
(83 £p +<c€; = E3 I)
I+ € = f,a =€

&3 *
— = Q
€ig

3~ L+ Ry (o) By - %8

“Thus bxﬂ ?ﬂsmﬁﬂﬁ. one Shield bdwegn

"hUO PO'JTCL“QI SUL'()CCICQ/\ 'U')E_. d'?&]e_cl" "T(lc’("aﬁon
he al- {fan&FUl hetween thean fc ;ul\/ed.




® calewddde el radl‘:"anlr-“ ?m‘:end}m/ﬁa 1
squane meden, fa oo ‘lf.wdﬂ planes  ak o
~tempen alinne b 900k and 400k 'TquHMlﬂ-
Asswme <thal~ ~the em‘._’gsf_’u?g 6} ho + plane &

0.9 and ’Mcz] cold plane $s o

So) :
—— T{ — ﬁOOK 8" :0,5]
To= 4908 0\ ol iy
| ]
gy e = U-GQ'Q
- ; "3 | oAl .._‘—- —]
{ < e fagerr
- —) 0
& €3 04

gu—: 0-64ax 5 61x10° [Qoo ¢——*+00¢J

= &3.30 kWImL

&) Two ﬂ/ﬂlﬂ@- Pml[d plofes are. main tadnd |
aka tempenafine g qook & 500 K Mp«ﬂ?’m_/j 7?
Each plate has an OJKCJL? em*= (Compare the |
net heak eoudnaﬂae. betwern e plates 37
e following Ques. (i) both plale ats black
W) pllu g an emtuffly o} 0.5



50) 'T*[ = ook
a Tg = 500K

(i) both plalu o black
B o
Qia = € ¢ H'C”ﬂa’“’ﬁdf)
= Ix 5.6 %108 x 6x(qoo*_.‘ §ooﬂ

= 20194371 e N

(W) plabs g an emfitolly
81: &,&‘-"—O's’
B2 8 1 S AR
Etorg o iefenogiodge |
e, Tl

B .2 AT

0.33){ & BIRibe X LN (ﬁadaf-—* gooq)

—
-—

= 66641.09 H

@) Calleshale o heat  exchange by vadidin
ek ioaan e Sfass 8 -t Long cglindon
badng  wedit imomm & Gomm Tupeliy
e e gpetbe oplerden ane panallel to
54@1\ othen. The  Innen Oﬂlﬁnoﬁm% aSiladn aF




1509(1_ and m?%?u?tg DJ 0.6 . The. ouwken
Ci‘Lfn&M fs malataln ak 36¢7 and -e’_mf’s&fu?iE

83 0-5 _ in—oakb=2 Al
' - out_in = Ay

| £y = 60x10 3m

So,
—
Y2 = 180 X16°3m :
&,:O~6
T, = 403 K |
lq_._ é&:‘ 0:5'
Sy = 20h ¢
=, ' -Ll,:!f;Q =)
Vg g ‘
g bl e SR TSR R L ¥ pEee e )
o A) | o, o2 L L)
&) S8 5"0 06  p.353 [0‘5
= Qeq4d6le

A= D =T 1ROXI0 20 X | £ 0.3%6

: —3 "__ 353
A= TIpL = X aq_oxw X ) - 035

e 7 AT R

4 4
= 0.4616 X 5-61X168 X 0:37%6 (405 — 303%)

-

=196.6

3@ vokte Bd LVa_,PO‘r@hOﬁ 6& L?wcf O‘U'J?w {L
ft¢  rake Efd evaporation b} latenl” _h&df'

s ML&? |
_HQ: sl Rate g,mpomh‘ﬁn = &{0:}0 iwa 8 ‘04}7[ S ]
J\A-lml'w ﬁ |

F:ﬂ by




@ A P‘ipe, 5&» C)Ui‘é?’i d:"am-tm ¢ 30cm
hat r\ta €&l Ul tg 0:6 and al~ a f‘e,rﬁpe,\;fm:_
81 6O0kK auns cm‘bralha P a bafck ducl-

g 4o0em stole Squars. . Section hcwmﬁ 2Oy fj
0.8 and ol a  fempenatwor g 300k . Calewlate
—the follontngHear exchange pes mebe leagth
(i) Gakenlade™Convective oot~ trantfen
Co-efficient .u.ﬁu-l". _C.L,Lmu,mol‘?-&a g duek s

RO K. : — 7o
-2 g ( ! ’:‘{, | |
S Dy= 30x0 m B
— -
L1206 L Sy
T, = 600K

Stde - 40X(G" m
Ta= Svok
éa‘ — D'&

& 0942
£ * (08 )
(éa ) |
. OiEE
A= TOL="TIX30x0 x| - 0:-9ag
Ag= (0 AxaIx 1X] = |.g5m—

-ﬂla}_ £ J’xA\C”ﬁq«—T:) = 0.55 % 6:¢1x10 % 0.992 X(GD?-BDQ
A
= 35693 wWim




&H Conueeling };_gﬂ,k -bmrfek, Co-PHicleal—"" = \1
Q - }\A(. Tw“Ts)
366902 = hx| Qsoo—d—eSO)

o= 198 46 N/mlk-

3) gm‘.’ggﬁui‘hj ad o Laud-e, pm_”@[ plaley

maintadn al~ s06c , 30de o 0.3 § 0.5 'qud;wi(/
Foad the nNet radtanl™ beal~ e,xdwm?e__ P e
ch/uMQ_ meten ”FB_L thesce, p{a‘k’,‘! 7:1'(\0' "HfUL

percentige. weduction 1a hatl bransfor Wk o
polfehed Aleatnfem sadialion <hedd g}
emidity 0-06- Findh Tt placed between tham.
and alr Fend the Temp m*\‘uﬁ? A shield.

£ 03 £3-0:06

f/ggl Efuen E e T, = 1073 K
’ : Q’&""— aa‘ﬁ(:ﬂq-—-ﬂq) S b
o \‘ - ‘ “ = 0.23
'_.L.g—--f—-‘A . ‘6:,';) +ET3:3;‘ l

& Ea .

Qg = 083x 5.61x10° ( 1013 "~ (3002 ) 51‘3‘*)

- ]5!3EN/mL



] )
| ] 1
2, &g ' s F
i 2 £q &Q |
4

(10713 — 5 CTBQ'«-— £18

: 1 | - |

—_— g — -t "_‘_.—"'

02 006 006 _ 05

"Ta = ﬂ[l.S’k—.

Olen. = 50 CT.O"-TB‘P)- |

i = £ ¢ G 739)
‘____-—-“
Al ! 4
e Mo s‘.éﬂXID'_gQO'T.S T qn.cﬂ’)
- yo31.8¢ wWlm—
. - = .__]___, -1 0.065
gL S e ! =3 L —) :

e Ll
£ £3 : 0:3 006




?
I

Y p ec ﬂnTa,ﬁ e

=

—

e T M
1€830p

88 ¢/,


gunti
Stamp


gunti
Stamp



@DFtnd the Shape factdl  F, fa the ifﬁm
Shown beow. In the fﬁaum_ Jdhe aXeas A

and Ay ae Pmpmdr’cﬂd@ bul- dorol- shag,
-t Common Qdag,. '

, 771
S0 *’\az L.
L 2 Ag ‘ ”; .
| e
‘ K;__NJ\Q?
s, “, A ) ’E’( Of’fr)
= e
A
I8 5ok % <L
C -
- 3 CaMA  _he Sha]);&\ S /&%:K{}

"F(lCE"Bl f¢ &Uﬂfllaﬁ;ﬁ b%f ?n‘h’OOlLQC‘rJnca
hﬁfo’thf[f'cabp aea: Gothal- —the arangeneak
i"( pen pznd’:"cu,ﬂah LuA'Fw. haxr a Cémmm oJﬁe_,

Now A5 = _A],*f‘,A?)

As Feg=(A Fig + A3 Fag
:Qh F.hq.l"*' ol p"Q) ks Fs——é

A,

= e " A
L(Bj Fs- 475 'Fa,-'e»)'" A Fm]"’ afa¢
== A g =AsFs¢ As Fy_=Ps F5q *_As %—4

= A‘ F'Q = (ﬁ5F5_.G+ /‘}31?3_4).- (A5F5_+‘h A?; 6,9



am@ace, [ y/l
- e 4‘/3 - 4—/‘2 s
K MR, = | d/a::
AS# ¢ s =] 4/;1 5

* A 4/.&' 22 dfy =

(axé) rla SAA

‘Af C*”9F5g—i8xovmso;

AS = (&Ri) Fg— 4 e 40X O-'gpo 9

* 2

At

@ (ax2) x "11 (_4)0—') xoupy-

AL N - N (;pu) 7<o I+

i}

F\a == D'OS/

102 Pag
/7“-————- d_
chapefacts

o 14930
MO o

., 0411 643

O R Se 26

1)
w\

o]

L&xa)x 010019

(Jxa))m 15)



