2103_463 Heat Transfer

Comments from Program Committee

- Cover Page, Section 3.2 (Do & Check): Please commenits here on the students’ opinion in the CUCAS

about the exam.

Ans / _{a\v‘ }'\Q

Doc 1 (Syllabus): The PO specification {tablte in p. 5) should be corrected in the next semester.
Ans

\(((Nﬂ?ﬂ'i’fﬂ‘ yvf\;-ru\-vpc"‘z

Doc 3 (Post Course Meeting): There were no meeting. It was sugeested that the comments should be
recorded immediate after the semester so that the iterms would still be fresh.
Ans
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- Doc 4 (Course Evaluation): The mapping of exam item to the objective and PO (Table 4.1) should be
further split, i.e. the midterm exam into the midterm questions, etc. This is an important item for the

/S
next portfolio.

Ang /
- Doc 5 (Qutcome Evaluation): Thera were no details. . This is an important itermn for the next portfolio.
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1.5 Alienment: B obj X Assessment,
2.1  Alignment: Chbj Assessment,
23 Alignment; Obj Assessment,
24  Alignment: Obj Assessment,
25  Alignment: Obj Assessment,

Pian Do Check
Upstream feedback

All passed: X ME, [1 as, ® na
All passed: B ME, [J A, BXI NA
All passed: Xl ME, [J AE, NA
All passed: X ME, OJ AE, NA
All passed: X ME, O AE, NA

B Act

[ ne upstream course

Downstream feedback [] No downstream course

L agunssiiueu
11 nsdeu

12 szuvesulay

2. RANISANYN

21 LR

eivussens Gewruiilureudsufelsefaauwdaiiomiuauazase vihldnng

damafsunmsaeudamuminaueg

Courseville LMS, Dropbox

2 ar < «
Table 1 nan1sfinyisnuvanans (ME 3adna, AE B1usus, NA (30)

Prograrm
ltem All

ME | AE NA
No. of Students 86 75 - 7
Class GPA 252262 - 1135
No. of Students: Grade A-C 73 | 69 - 4
No. of Students: Grade D+, D 8 8 - 0
No. of Students: Grade F 5 2 - 3
No. of Students: Withdraw nfa | nfa | - n/a
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- Conservation of Energy
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- Applied Calculus
Uszgndldasdrmifugumadmnssumans

- Fluid Statics, Differential Volumes
Uszgndltesdarufiaowenifdmnssumans

- Fluid Dynamics, Thermodynamics

- Calculation of heat rate and temperature distribution
- Identification of heat transfer modes
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- Modelling three modas of heat transfer
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Pass Students (%)
Program
Main Concept Program
Cutcormne All
ME | AE NA
21 | Applied calculus 941 | 975 - | 57.1
2.3 |Conservation of 941|975 - |57.1
energy
1.5,2.4,2.5 Modelling 041 | 975| - | 571

AR
3.1 wavnamsiaenseuiing (Plan)

- LﬁuLﬁawﬂuﬁguwméﬁaEl'miaaqﬂnsamasmsﬂizqnﬂﬂuqmmmﬁu ey

wiun sl
3.2 mavmuuaztlgyvvdn (Do & Check)

- nsmTRdeunsiRuiannsaililudnmiiseu uinaasviouazosnsily
nedviidiu downstream aehelsfia wutdiFeulinmeniladna: o
snfeeitlugramnsaitunussens

3.3 Lumwnauudssudnlusounii (Act)

- deswnseuiidemiimnmens mssiumsnigldeuesenseunari
viléfde snmsUssgndldasanlidunmduafinem deliiunsiy
wosdefitidadou

3.4 Mg widedy

A1 Upstream

- 2103241 Thermodynamics | {uifiafuUivn Heat Transfer mssndagaei
Tnagwudiilugaamnssy annsofgarruaulessdidouldidusged

. 2103351 Fluid Mechanics I wuiriianiifuginrefieiflidesiiin siiidedy
renlunameudinuuaeSudusitug vl wderadutuliBndnd iy
g Goudwedhidiunmrssnsdilyifoy

1 Downstream

- 2103361 En Therm Design |: TUsarTmeuAuAmunsirmiiiaeine
Boanshasatingmais wazTeeunduisIiAnn U e e

JuBuq (i)

- AemeUiRansdug eostimnudeidesiuddildBauliSusses

3.5 miudug i)

LONENSIUY . Usginaseien

X X

2. msuszquaede (aeuvaeauySufinsefin (aeueuidyy) teullania
n13AN
O 3 msussgumnedn @aeuvmea/duiinssie (reuneudie) Aumea
n1sfnw (dnmsussunsulinmanisine Wuvanmsaguigwiisnun
wazuuINIA 1Y)
4. MITANA ATLLULAEMIARLATR



wingmsirmnssuaanidudin evrimnssuaiona 255971

KX X

X

O

9.

A15UTEiuRTY Program Outcome

lenesnIsEeu

anitflan s Ussneude fetmaruifnetiay 1 4n Ao
homework FIUAUBA8. ..o

. Nuensdszifiuma Usenausag Tuau wyamen1snsi wassiegasuesiian

athaay 6 9 Ao Yagay d1uau.10.9a..
T I0 CU-CAS

10, e 1sUsTiiueesiidanin Courseville (@i

11. Bue) (520)



Poc 4

1) IRRITY 2103463
2) UIuni8ia 3 (3-0-9)
o & ' o
3} BOTIHITT MIONYNANUTEU (Heat Transfer)

a = a i
4) Ak mnTinmaas mMAITI ImnTsueTanag

5) meansanm ﬁ@ml Use / qmau

6) Un13sfinw 2559

7) Fa szﬂ OU  7.1) HaaT.aNNE vgﬂﬁ’?fgﬂ%ﬁ’nﬁrSPT Off: 406 Hans (Wanin31)
7.2) sa.anwedEs sfwannsal PCK  Off: 309 Hans

A A
g} Jaulusudm

8.1)  Amideaduurien 2103351
8.2)  Julwusn o
8.3)  Smaw 1aid

9) FDTUMWYBITI81T

1’]‘5’]U\1ﬂu /__AmuRan VIVRNFNT IAMNTIUATOTUINTS FITITIIANTIUATEING

s ae

Apniaal / 3[ Judan VaIRANFaT TenTsumaasindie s dTiisansamunnd

Frsan /ﬁﬁmﬁan Yeswdngas ImanTrumanTiudia surisrimnimade

A o . CYI Y
10} Hawa ngas WINTINARATUUNG
1) 3115500 UTnantiudia
12) Fwrusa lusfrawaanw 3 zalus

13) Wemsainn

Modes of heat transfer; heat conduction equation; steady, one-dimensional heat conduction; steady, two-
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transfer; velocity and thermal boundary Jayer; forced convection aleng external surfaces; forced convection inside
tubes; free convection; introduction tothermal radiation;blackbody radiation; real surface emission; surface
absorption, reflection and transmission; view factor; radiation exchanger between blackbody; radiation exchanger

between real surface.

Flwupvasmsdsinanyiaw sumsnnhe o maharufounidaluniladd mmhenuteu
A luaeadd mabhemadenlinimlunilidd nswenutawiaseu fmaumwaammL%ﬁt;ﬁ:fuﬂaULmﬂ
PREDRITEH] mamaudoukuulisugmismslnauuiuiameusn  mswamueuuinieudminisine
luva mswmanasauuuudasensunsidnniowiaadn oI ReMuTauresiagen TR sTaFnaeiuin
39 MIganiu niseviau uas TR uSiEusaRuin susznaunsuadLiu msl.mm,ﬂauwsaﬁﬂﬂu‘:au
szwiadage mauani8ousidanufausninefindiage

-1~ Yiuilyeargn:03/06/60



14) szaraniTiSeus1e3a7

141} dandszasdvesnein

ar

TanyszaediBong AnTIn
A o = o ©aed ) L +*
1. wsldmusnabungdnemzuazinsiomanaiowle
A wv a i o ' [ w
vielimmnsofeneilgmlasdsnmmmsiiamanuiould
A 2 s pe . W
walimansadwinwpungiluiagld

Eal

A v ° ' 1 ' >
WaldaunTodiul ru.aammuqﬂnsnﬁmmwmqm’auamqam‘lm

TR T U R
mqﬂ's:ﬁaﬂ‘m‘lﬂwﬂuqom:Lﬁmamaumma'l.mﬁqmanmm:mﬂa‘lﬂu
1. ﬁ'mmsﬂm‘sn'lum‘:ﬂs:qnm‘lﬁ'ﬂﬂﬁﬁfﬁﬂﬂﬂtﬁﬂﬂﬁﬁﬂ% Snenmaad uasiainTiuenaas

2. farusunsalunissy Anuasduuy uazud (dentify, formulate, and solve) gyninns

. et luanuiuRateumedmdnussausTiy

q
3
o o A A o

4. fanumuisalunisReasas il sz ansus
5. m:ﬂﬁfnﬁafmu%"1Lﬂmm:ﬁmwm’m’rsnlun’m‘%‘ﬂufmam%ﬁm

wd o ' a
8. ﬁmwzmmnuﬂmﬁmwwu

v - ¥ . . .

7. §ﬂ11ummsn‘lumsﬂszqnm"l.-ﬁﬂmmmﬁmf-ﬁuqa nAToUARIUARGATRALAILLT Wz

& E
aunun

A‘ =y q &'l
WiamiTgdsaaga iy

: ‘some degree of self-study
2 i uilyea1ga:03/06/60




14.2)  Id9amIBoumsasu

v mTuTIsne 395lan
V' maussnodafiveg _4tlue
V' misseumwes uszasaAdnansdidnm _ 24lue

=] e a - Y o g A
W lgInnTiaTed uaznmuitfam majtlssudnry
W3O UINRYBIMITAL S NI BrAYa s U IdTUN BRI
L]
<=y
14.3) @49n17dau

NSTETUeLAZToa R \Y4 el lreazunuiy

A =] = =
iﬁaaaﬁﬂmaunﬁ 1A lsdenmsdseneumiaeutu Dropbox (dropbox.com)

14.4) AITUDURNIBGU

14.5.1) TafvuaITTIaLRNIEN LATEINY

-3- U5 g9a1ga:03/06/60



1 = L4 *» a A - =
yaunanskasfInuluiaadouuazwitdasanansy ussruiedidnnsofing
s “ wad . a [

14.5.2) s:uuamm‘iﬂ'ﬁﬁﬂugﬂ'lf courseville uaz https:/www.dropbox.com dmiuenaislsznaums
teuuazMINeUMgLve IR IEa a9 a4 perfecpitch. ya@email.com oz IduFadiug s
dropbox

Gt =
14.5) MTIARNINITIIOU

14.6.1) madszdlueumednms (Mmireudes) SouRs _40/50
' . Ay o \ . v
14.6.2) msdszilunanwi lduaumang @su nsim T fouas 10

158) e BeniiRaauliznay

15.1) wWHIFaUIAL

infroduction to Heat Transfer, Incropera and DeWitt (3™ed or later edition}
15.2) wuIRa g uRNLAY

LanENTUsEnoUMIRen waze T2 1UIdAn Heat Transfer
15.3) UnaNITLANANTTIANT -

A a = a ¢ A o e A W
15.4) Hadlannsaund wie Vulodnihadas

MIT Course ware %38 web sites %9 ﬁmmsﬁﬂgﬁam:LLuzﬂ'ﬁuﬁaqL?uu

16) 17U wNANITHA Y
161 sduuumisdsndunisasu MIFBULUULTILNY
o P -

16.2 n1susudynuanitdsziiunisre waTaniiIuaN

gl

& =1 o &l o [ s o 2 4§ a =
163 mvandswiemsieTeiisTuaivaaansacnilssasn saainda atu
Uszmasasamaansaiuwniing s o sddygiuazisims dnssuasidn
AMTTIN UWRTFIAN)
. A e a A [ o o o2 & o o ]
‘l'ﬁﬁ“’il@]ﬂ’l?ﬁﬂ%ﬂﬁiﬁaﬂﬂLﬁ?NﬁﬁﬂﬂmﬂﬂﬂmzﬂWﬂﬂ?zﬁdﬂ'ﬂﬂdﬂm‘ﬂﬁﬂﬂﬂﬂ?ﬂ_‘l‘l’ﬂu

¥ oo

ar el a - o A a v
Torfmuevesmdngas lanmadalomaldiimseAunalwisadon vlewsduadsenumansnlunis
fasumdnay nreaiadiinuezanaivAasevluindn Snsintdfifenevdinnulmds
r-3 A F=y o a] W L L IJ a
Aenzilszduad iRasduasuanaldiiscmsduaFuamasy

& a

WE.AT. 8NN wnTignTand

9 9

wWIriN 31

-4 Fuil39a19n:03/06/60



09/90/€0:BBLUME(TIEN

reanLfian Erp N LT €L

Rﬁvapcmrnunz.rﬂﬁ_u:._.zw_.ah_.:ru L
vm._z_uao.w._;rvr__.—ph_.:ru 'L

R_n..rz._w._
HLELIRELURENREIFLLY

AEMALALILELY 4|

im.seGEM:._»Emrc2waW~%=rocvmcﬁ$nws €Ll
oa.:.:uan..wam::m_whm:_.u TEl

PRI BERREILLUIL] M[LLENLLULBURLKELY TET
Ptk [l our

,?m,.smﬁsm:.mm.ﬁ_.c el

_u,ﬁhq#_.u&:;.ﬁn:.nizw_vcsg\mﬁ BT ﬂmvmwc_z.wn £9
:ﬁc:.wruﬂ__zuurzzﬁmcs;\ms LB Dmvowc_mﬁﬂmcﬂum—_. 9

RITRAUZWITRZLNHIL CULRIL S LU UI GlERAEWILGERT e

R

mmv_uwcﬁ.wwrc 9

mwsﬂ_..ﬁmmht_v@:@ﬂeo:.m._._r@w—.cvngm_:rPchr:W_aawwzra el

msurtwmmt_vﬁ_#ﬁﬁrvz_ﬂ—r.&mrcvm_.rvam._ﬂ_.ﬁcvﬁc::.nhs T'El
b ] > e &

niteeciy

nﬁw._va.m.._n_.ncmrcsapm_.c s

?wﬁsnrxoﬂ_snmhrw_.urwﬁv% s
RLPARRSLLURNEINZRNUALIVIL €5
_._-_._zﬁhrﬁ_.cuaﬁ_.ﬁnwc nwﬁﬁm\ﬁmbeﬂhshrcnm;w@ s

RABLEAGLLUPLRCHIN MOULLLBELURLIZEURMIELL [

v.ﬂnmpwa._w:.m:w

MARLLEBELY 'S

rrpangsRLSALEUBBRHLNIET 1T
rgsprenaLeenln T
MERLLIEL AL BLELILUN] MOk BT AEIUNAZEY ']

bAMIGMOUEAL L

281 HEMAMLLY NAZBLING [T
Ll [ =

MORBLIHEONUUULKRNSLUR LGS by
RUBL RTINS LARMLMIILBUL KBUNELURIIUGE £

e

u
nEAAReLTLREIMLUILIBEUNSLUR UGS 2
LR unELULRIUGE T')
= &

& b

RYBRR[LIILEME

LHefuEL LR M

AUITIUEALLU ¥

MLLALR0N LLULALRLULMEETLRASERIE £°01
] < "
Leciasesie ARLIE Z°01

LR

Em‘__w.m_s%ew REMARI MELRLML [01

fLEEAnEn ‘01

wpinfipumewmg e
Bl nepnsuLnfifiae e

ch

wnn—:wc_erC £

AL Bug L U LSLLRHE BNAKBYMESUIUNAALS 6]

MESEAML RN RAWNLYIELELUBKMIGRUNTEZBIUNIRELS €6
MRS AR BELELABHLIENELALUSHEGMELBNTERLIUNK LS TG
RYBRUILILCUEEHLILATRELURHPARBRURTLRIUANALE ['6

Rcvmuﬁ.:ncn.tw K]

ms.ﬁrt_ﬁmm:ﬁtw—,_.:._.én_.m.:ﬁ:_.r.mt.wrc_.rrw_.n_.ﬂc.WWmm;chnm? T

LUBLURELUCHLAUILMBIETLLBULL BURSL[T T
MEE.E,Rzncwvrszrmzw_,m:encwgm‘rs%u% £7]
LBBLBLAULHELLUAL) Buliatl 7T
LHpLLEDEtLUERLL B S LuREEL 1T

CERLBHEIITRY
n_w.:\mﬁ_p_at—.a:vm
LusLELIY
tLutnicuure

AL WURRE[LALU T

mauE:mEEwZ:nEE:E:.w.mzrnm\w_% sl

B[y SaWoanp bu

CER

EURLBMELULAL
senunesutituninpnesura 17
. a BRLLLAUL
MURRMUELIBROLLILA £ mEZsz:w.szchm._ snpusLLLBUL
i N . LBELBBIY
HELLLLUBPOMULLBGRULLILL T'8 puggsteninpbreyme 71 £ =
FLELWEIBUIY LLIQRULLINLE 'S SLeapabuBELY g swelusmurnrEnpincugre 11| PLUERLLULNG T
> = & Ed
Sjoiol-J-J-J-JojejJoj-[-J-J-JoJojojoj-|-jo]-JojJol-[-I-[-To]-T-Tojleje|eJeje|-|le|ele]-|e |0 £9vE0LE
egvjesijrer et [Letfentjrrn i f<or Jeorjroigve fee Jee [1e Jea Jes Jve S el V2 feo Jeod o fvs Je6 |es JrS|vr fer |cP vy |celtelozlre oz 22 A E B ER

gb (T ol . g ] L -9 g ¥ £ (4 L LELERE

. R e—— saoang buntean e T I
MSRVETLLIL sawoono Juswsiddng o sswoono apdisund @




| amaaﬂsmumqmmaa
ﬂi“’u’sﬁ‘iﬂﬂ?‘!ﬂ (Course SyLLabus)

2103463 L
HEAT TRANSFER - o
ASEUWANTaY
%ammmﬂqw HEAT TRANSFER®:
4. wuaefn 3(3-0-9)
5894
5.1.Ang/mureauiivumi AMEIAINTINAERS
5.2.01A7%7 madimnisundesna
53897
6.35msnKa Letter Grade (AB+BC+ CD+DF)
FRIEEE TRty Semester Course
8.nansanenfidingey 30 NAc
9 UnsAnuildaseou 2559

10. N5A9NNSEDY

L2559 84 23-12-2550

100020115 5. as. wadas a3qyans | 1g11

110017724 wri. . s wwidlavisdnd ST 40112559 fe 234122559

11.Faulsre 3

- 12udngasitinednid
25490011105697 : rnsiulis (rev.2000)
25490011105653 : Imnsiuiriosna (rev.2000)
25490011105653 : Jmnssuiedoana (rev.0)
25490011105697 : ImnsTuie (rev.0)
13.38AUNSANE USeyeydinudia
14.a0wil3ou weanenunsyiulilEafdwmsluieadau
15.4femsedon
JUkuUTsssiamaTdey; aunsnsthenuieu nisthanufeuasiilunilen
mahrudounsintuaedi nmaheudeuliesitlundeid memenudeundediu furauwnuss
ﬂ'nasl,%'al,taa%’wauwm%aqmmnﬁ n jWﬁﬂqm%auuuuﬁ’aﬁué’m%‘un'ﬁlﬁauuﬁuﬁamauan NSWIAIL.
"s’auuuuﬁqé’ue?'m%‘umslwa'luﬁa WInIuSeuL LBy ﬂ'ml,ws@am’msaumaamu mmmqﬁm'm )
Souresingd m'sLansqamaawummﬁ NIgANAY MTaviou ey m'saamuﬁa‘umwum 91’J‘U‘i nov
_ miummu nmmmﬁaauﬁammsausvmanﬂam mmanLﬂaaus\'aﬁmmsauivmwwumasa
= " Modes of heat transfer; thermal conductlwty surface heat transfer coeffi cient;
Pt -thermal boundary layer; heat conduction equation; steady- one -dimensional heat conduction;
g eady twa-dimensicnal heat conduction, unsteady one- d|men31onal heat conduction;
““ emission and absorption characteristics; black bodies; shape factor; black surface separated
nonabsorbing medium; gray enclosures; introduction to convection external flow, internal flow,

free convection; heat exchangers.

This document is generated from CUCAS. 173



, 16.Jszutan5158us e 3
: 16.1. 3wz Banghinssu

1 1. weldaunsoedunednvusiariEnsdamadould
uanEeud - L

FWNsEIARUN : « ATTUTTENY

Wnrsdsziiu : »nsasudedivu

2 2. diel¥aansm Wil uerdanmmsamedeld
uan1sSeud - 33 Minrlunshnuitgw

“|A8nsauaian : « nisussans - aseivsg
| 88mavssdiu : » myaeudediou - msdananginss

3. iolamnsednumgungiiuiagld
wamsiFeuy : Ldrug
FBnsaew/dane : - nsuTses
Amwdsadiu ¢ - msgoudadoy

4 4. iigliannsodnameenuuugunseithemamfeuethsield
wamadoug - Lilewg

FBmsgou/Mann : « msusTEng

FEmsdsadly : - mvdeudedeu

16.2.WsunisaeustgdUuand

1 Introduction te Heat transfer
deiou : » auwand

2 Heat diffusion equation Homework
daou : « wades -

3 Steady state 1-D _c‘c;hdl.ictlion
R Heou': < Hadas

Steady state 2-D conduction g “*{ Homework
dean ;- wedss '

Unsteady state conduction : " = Quiz
HeAou : « o3 '

7 Introduction to Convection
famu : « auwad

89 Heat convection in external flow Agdu
5 deau ; « aunwed
10-11 Heat convection for flow in pipes At

Heau : « aumed

12 Introduction to free convection
deou 1 - auwd

13-14 Radiation heat transfer Astu

gany : - auwadt

16.3. #omsaou (Media) .~

Y feunseamy

4 ?’{aﬁuai’eﬂﬁgﬂimu Powerpoint media

164 mshnsedessiuiBainussuuietate

-_1:6‘.f4.1.§ULLUULLaﬁ%'n'1ﬂ%’mu: v Bd/Email

7 _Q‘{iSA.Z.ﬁBUU%’ﬂmimiﬁﬂuj}f (LMS) 7l v Courseville N
165 dmnuiiliillddinwuntan 20 $luwieduansi -

This document is generated from CUCAS. 2/3







Lons st ig

LB AW

pudoansinnlianansdzasyn fa §
oilszrnamsdau anasdidadaiuasnnviuataarls udsnuldnaumdamanaiy anasinuasis
AuWnan waaslwldeldlusbu

b) dmunilumsizay donuaglaniiaehudulguimentdadasasdiug ialefifluuuame
Tumsuuginmaseuunddaluiunsn susunuarnsthauuninfifasss nuaeazlalsia diuiuiu

2. WIEEs

amuzinlumsiSeudviHeat Transfer

= A o o o

FUTU WBIUIUNT

L

o i = ) ,
(agtnnmsuuzii il o iy & Tawe. WU TUALTD.AUNIY)
A o A A = | ) Mo @
valrinGeunssaniosnmidowiiing uanadisiia
¥ 1 9! d'i VY dy c‘i‘! =1 a:ug = 1 @ 1
sruanniuie Masmuilom luguBeuRiudessrinlszndanm lummuniunewaeu
9/ = o o S A o Sl o A ar
ANFAL Heat Transfer Hanuddguasitluilss TorivangslugatuyuddudiGomdanuuas
r E L}
dunadey mawmsldndsnumngiluuuszddesinandsam Heglugtvesanydouane @Quannm
P19819)
as =y S o o
wadelsnouIniTen Intro to Heat Transfer UBNIIAMITMEINED 1992 Fn 111 Tned sznsuthe g
I3 9 4 o o 3 w - '3 o ' '
LANNIMITIU 38 Yemey bums lemmdingy Taamwizedads landmsihu aeudos uaz aovla
fof ar g P ' o
st umyIganguianue iisdss Temineusn U
. ]
mythuuazdeden dauluguminmidelsznovinilfuiludamiasfounisiiousd wwoudhed
3 =y 3 e -i’ Y | = . - o
valw lununiudmane iflufiuguuesin Heat transferiai o Tu'laufing Fluid Mechanics 11y

9 A o o oA A o d‘ a o 9/ a o 9 1 § ar
s eIt Imnaaiioan L‘D’BMTENFIH ﬂmfl1mmwﬂmmuyimmm}smiwwﬂmww A1)

Pl & A

FNeIBUNIT

L1}

o 3 &
szian Idatuuas duanw

Y g/} e 9 ar 24 3!; = o = 1
wslidnadnauan] Mauduaumaninevesmain fe fugumadasaasiesInnssumiy
=
an

1 & [ 1 =) ] 3 3/ r1es 3
msoramanuIountady o dauhe maianuieou nswinnudou uag msunTedanudous.

< a Vg
aunell eumaitanuion o neHTs deumnmanuiouuazunsidnudon

FUELS:

@ Fossil

@ Heat Transfer in the processes of energy transfer, conversion and uiilisation @

® Biomass Thermal — jiscuscooini Power '
@ elc N T Energy HEAT ENGINE 3 Mechanical P “+ Electrical END USERS W {Motor)
# Power Plants [ v SChanIca rower, Power | g 1dustry TS e
i i1 @ Int Comb Eng [ : . @ Building ey Lighting m
NUCLEAR Reservoir
& Gas Turbine # Household m
& efc N ) Sanad
SOLAR, b Heating @
GEOTHERMAL = Direct Use 4 i "
HEAT @ Fumaces_ ]_;é Direct Use . HEAT 2
Boilers St AT L] Aqtomoblle e HEAT
* HO : % w Ship 1-\.\_:\-;“‘
# Heater g
. ctc .;% . g t]:“ %%‘
‘% HEAT \%«, HEAT
rd



5 8¢ - .
o P - o¥ a
S | ey - &% +d
- TR LS - 08 > g ARG
N $1. | b9. - 97 0 K .
o — ne i brgeRueip Y] LBEHILHLE
3 bl - £+ - of q e e
Y T L T
i . TR o R EUTY LURHMENLE
sl 4 v L$-STLAUBLLUIL " "RLE[L " BLULBRE]L
greLey HHIIAURE R wews | T **Josuel] 189H £9¥E01T  LALHHMIZUELIIUGIELY

LLOMCL Y AL w1
L e

Y




wingasimnsauEdeiiuga a1 dmnsanaiena 2559/1

WPAFTTUUY 4. AITIANE ASHUHLRSNISARLASEA

1 Myiaka
11 whmsuszdiuwady swienisiau (10%) uesruiensuszidiueg 90%) Taefinsldmuionsussidiuna
ARSI 1
12 awfushegeemaiiensussidiuae 6 gn udalu
- wasndlAsfeglunguiivessudy (Percentite annndh 85) 2 4
- wmmﬁﬁﬂﬁaq’[,unfjuﬂ"lunmwamuﬁgu (Percentile 5¥ving 40-60) 2 9
- savwiidadieglunguutussnuty (Percentile < toendt 15) 2 gn
13 eudeulessevinisinnauavnadniingons
131 nguseasAsnedn
L. @wsesduednuasuasiinsanemaiould
2. awnsdwsreidymiesdnannsiewaruiould
3. ansasnnaguvgiliuingld
4. @useAnnaeenluugunsalitemauiouatteield
1.3.2 Program Qutcome (PO)
L esdaruivundiamant menmdns wayimnssuaans
15 swanudlawisnisimnssudians
2. msUssgndldesdnmuinnadnmant Ineenans uasimnssumans
21 Ussgndldesdrruimeadnemans
23 Usgndldosdaruifumundmnsamant
24 Ussgndldesdrnudlaniennadmnssuiens
25 sgndldesdmnuilumsadruudamidmnssumens







I ﬁ Doc b

Hewt Tranafer mnd Theemal Frergy

« What is heat transfer?

Heat T ran Sfer H Heat transfer is thennal energy in transit due to a temperature

Physical Origins difference.
and
Rate Equations + What is thermal energy?

Thermal energy is associated with the translation, rotation,
vibration arid elecironic states of the atoms and molecules
that comyprise matter, It represents the curnulative effect of

Chapter One microscopic activities and is directly linked to the temperature
Sections 1.1 and 1.2 of matier. o

THERMODYNAMICS AND HEAT TRANSFER

Internal Energy of Species

Heat: The form of energy that can be transferred from one system
to another as a result of femperature difference,

ﬁnm’m Thermodynamics is concerned with the amount of heat transfer as
O a system undergoes a process from one equilibrium state to
N another.
(a} Monatoclc apecies

Heat Transfer deals with the determination of the rates of such
energy transfers as well as variation of temperature.

The transfer of energy as hicat is always from the higher-
Tranaletion T Rotstion temperature medivm to the lower-temperature one.

/ Heat transfer stops when the two mediums reach the same

Omm‘o'o temperature.

% Vibruticn. Heat can be transferred in three different modes:

-

.

condirction, convection, radiation.
(b} Diatomic 3pecles

Application Areas of Heat Transfer

Thermps
olsle

Tnstiation

T Dugpeiny sy
{2 Vel |51t s

Air cund: 2 wysems. Fleating s¥steins
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analyrir alome, derrraging tamperanie,

Pewer ploms

1 Elervoyth squipaneat

v
L
|
|




Hoal Trarsfer nnd Therat Ercrgy {cent )

DO NOT confuse or interchange the meanings of Thermal Energy, Temperature
and Heat Transfer

Quantity Meaning Symbol Uriils

Thermal Energy” Encrgy associsted with microscapic
behavior of malter

Temperatare Amcuas of indireetly assessing the
atnaunt af thermal encrgy stored in natter

Heat Transfer Thermal engrgy taansport duc to
temperature gradicnts

Heal Amount of thermaal crergy transierred
everatime interval & 130

et Rate Thermal enemy transfer per unit time
Heat Flux Therihal etiergy transter per unit lme: and
surlzee area

Modes of Tioat Transfer

Mocff:s of Heat Transfer

4 sut Hal pxdtion hes! eschangs
v agoliseany s %3 st takd sz
i o Sutaca, Iy

\:\; Sutaes Ty
q.;f\\u/ :

Cenduction: Hesl transfer in a salid or  stationary Nuid (gas or liquidydue to
1l yandam motion of its canstituent atoms, melscules and /or
electrans.

Conveetionw, Heat taansfer duc to the combined influetwe of bulk and
random mation for fluid flow over s surface.

Radiation:  Encrgy that is emilted by matier dus 1o changes in the clectron
ions of its atoms or molecules and is das
cleciramagnelic viaves (or plistons).

» Conduction amd ion requirs the p L lcmg varialions in & niaterisl
nedivm,

+ Althwugh rediation originaes from mattcr, its ransport does kot requirs 4 sterisl
wediem and ocours most slisieatly in s vacusie,

Modes of Heat Transfer

Modes of Heat Transfer

» Conduction: Heat transfer occurs across the medium

» Convection: Heat transfer occurs between a surface
and a moving fluid (different T)

» Radiation : Surfaces emit energy in the form of
electromagnetic waves (does not need a

Conduction

Conduction: The transfer of energy from the more energeic particles of &
substance to the adjacent less encrgelic ones as a result ol interections
between the particles.

medium)
metevulor activity.,
Thcat Transfer Rates: Conduction Heat Transter Rates: Conveelion
Heat Transfer Rates Heat Transfer Rates
Conduction Convection
General (veclor) form of Fourier’s Law: Relation of convection to flow over a surface and development
- i of velecity and thermal boundary layers:
ot

Heal fux  Yhermal conductivity  Tempemture gradient

Application to one-dimensional, stady conduction across a
plane wall of consiant thermal conductivity:

Qn

o=y

Heat rate (W):

L] velotily
|- oo distribitioR
7

Temperature
distribution
Tyt

Heated

et 13}
surface

Newdon's law of cooling:

(.39

Convection heat transfer coefficient




Convection

& Forced Convection
Flow is caused by external means
& Natural or Free Convection
Flow is induced by buoyancy forces
Regardless of the particular nature of the convection, heat

transfer from a surface is calculated from Newton’s law of
cooling

h =k (T, P, v, geometry, fluid properties, ...}

Convection

The cooling of a boiled egg by forced

and natural convection.

Convection

Busyaticy-driven
Tlow .

e compaiants
an print:
lecult Sostds

Vapar:
biibbios Waler

Hot plate
&) . )

Ergras 15 Conveetion hem sansfer pmtasses, () Farenrt noveation, (6} Nzl
sonvenstien. k) Bunlbing, () Gomudosaation,

Heat Transfer Coefficient

Tastt 1.1 Typieal vahees of the
convection heal trapsfer cocfficient

Process h
(Wim® « K)
Free convection
Clases 2-25
Ligquids 501000
Forced conyection
Cases 5-250
Licuids 100-20,008.

Conveetion with phase change:
Boiling-or condensation

2500-100,080

Example 1.1

7y= LAOD K

Find Rate of heat loss through a wall
Assumptions

I. Steady-state conditions

2. 1D conduction

3, Constant &

Example 1.1

From Fourier’s Law

(1400-1150)K

q" = i hh)o W,
' L m-K 0.15m
q:=2833ﬂz
1
4, = g5 -A=q% (HxW)
=2333—Vi2-(0.5><12)m1
m
=700 W ANS




Meat Teanalor Ratos: Radistion

Heat Transfer Rates

Radiation Heat transfer at a gas/surface mierlace involves radiation
emission rom the surface and may also involve the
absorption of radiation incident from (he surroundings
(irradiation, ), as well as conveclion

Energy culflow due to emission:

.8
Emissive power
¥ emissivity

blackbody

it Trarafer Rates Radistion {Conl}

Heat Transfer Rates

Ircadiation: $pecial case of surface exposed lo large
surroundings of unilorm lemperature,

Suatary of awlsslvity
¥ une, ares A, ad

femparatuse T, ranperaLre 1,
{ul ]
Energy absorpiion due to irradiation: nel radiation heat Mux
Absorbed radiation
absorptivity [+h)]
Imadiation
Llent Trnmfir Rates: Radiation (CoaL)
Heat Transfer Rates Emissivi
missivit Y
Allematively, Emigsiviltes of some matetials
" at 300 K
Material Emissivity
a8 Abminum foll 0.07
Radiation heat transfer coefficient Anodized aluminum  0.82
Polished copper 0.03
0.9 Palished gold 0.03
) Potished silver Q.02
Polished stainless steel  0.17
Black paint 0.98
While paint 0.90
. o - <11 White papet 0.92-0.97
For combined conveclien and radiation, Asghalt pavement 085093
Red brick 0.93-0.95
Hurnan skin 095
Wood 0.82-0.92
Sail 0.93-0.95
Water 0.96
Vegotation 0.92-0.98
Example 1.2 Summary
Find Pipe heat loss per unit
!ength Tavks L3 Swmpeary ofhear teagslor processes
. Trampert
Assumptions Fquailon Proiy ar
1 Steady-state CDI‘lditiOl’lS Rl Mechailsiins) Tl Eqmatled Numhwr Couliiciit
Condnstion Diftusion of casrgy due GOy = —kizﬁ ’ RE] 20Wane K
o it malsvudar
THekion
G = oo T Fraa Convection Diltiasion of cocrgy due AWy = AT, - 1) HER) B (W - K
= WeDLKT, ~ LY+ so (LT -T2 irieprpenii
wransfid 2ane 10 bulk
sl (adveetion N R
Rodisin’ Ewergy transfoe by W) = po (T = 1) [ER] w
g = % =15 ‘zNK (7 %0.07m)(200-25)C o n'b:::x_n’nn'az;uic waves W = 8,08, — Tod) {18 (Wi Ky
L mt-

+0.8x567x107"

2

WK‘ {7 =0.07m){473* —208*)K*
mr-

W

m

=577 an Y ogos VI
m m




Conservation of Energy

Chapter One
Section 1.3

Altemstive Formulations

CONSERVATION OF ENERGY
(FIRST LAW OF THERMODYNAMICS)

+ An important too! in heat transfer analysis, often
providing the basis for determining the temperature
of a system.

+ Alternative Formulations

Time Basis:

At an instant
or
Over a time interval

Type of System:

Control volume
Control surface

CV af an Instonl and over n Time Inlervol

APPLICATION TO A CONTROL VOLUME

»  Atan Instant of Time:

Note representation of system by a
comtrol surface (dashed line) at the boundarics.

Surface Pheromenn
<nergy Imester across the cantcol

surfzee
Yelumeteic Phenemnens

thormat energy gencration

energy stomge ik the systen,

Conservation of Energy
[(RL)Y

Each tennt has units of J/s ox W,
= Overa Time Interval

At
Each lerm has units of J.

THE SURFACE ENERGY BALANCE

Acspecisl case for which no volume or mass is encompassed by the conirol surface.
Conservation Energy (Instant in Time}:

i)

=+ Applies for sicady-state and transical

+ With no mass and volume, encrpy storage and genertion ure nol perinent 1o the crergy
balance, even if they occur in the medium bounded by the surface.

Consider sutface of wall with keal rinsier by conduction, convection and radiation.

METHODOLOGY OF FIRST LAW ANALYSIS

= On a schematic of the system, represent the control surface by
dashed linefs).

+ Choose the sppropriate fime basis.

+ Identify relevant energy transport, generation and/er slorage terms
by labeled arrows on the schemalic.

* Write the goveming form of the Conservation of Energy requirement.
+ Substitute appropriate expressions lor 18rms of the energy equation.

+ Solve for the unknown quantity.

Example 1.8

Covl  gumundings=—

Alr space
Plastic flask




Application of Heat Transfer

Peesg L1
A o veal-sinnk and fan assenbly
{tefi) 2ud snicrupracessor ight).

Application of Heat Transfer

ol X 0]
Fratap 116 1as turbine blarde, (o) Enternal view duwivg, hedec forinjection of tooting
et 8 Xovuy v wlening wbarnal conbivg grasagen. {hnages couttiny of ¥xiField
Tewhrebogy, Lek, Chiristfrch, Hew Lealaral}




Introduction to Convection:
Flow and Thermal
Considerations

Chapter Six, Appendices D and E
Sections 6.1 through 6.8,
D.1 through D.3 and E

Distinction between Local and
Average Heat Transfer Coefficients
Consider & surface exposed 1o a Nlowing fluid %g:‘i}f?“?_

Local heat flux

7 =h{L,-T.}
#1 - 1ocal heat iransfer coefficient

Since Now conditions vary from point 10 point,
and & may vary from point to point,

‘Total heat iransfer
g=], g4,
=, AT, ~ T, ),
={f-1.)], hdd, =BA (T, -T,,)

- 1 .
where & =7[ [ bled, - average heat transfer coefficient

For the casg o n flal plate - 7= %j:'hdx

Determination of 4, @, 7. 7 is called the convection
problem.

This is not simple since these quantities depend on
several fluid properties, surface geometry and flow
conditions.

Convection heat transfer requires analysis of boundary
layers that develop on the surface.

Example 6.1

Boundary layer
ety

ELx)

Find: 1. Ratio 7 /5, B
2. Variation of A, and k,
as a function of x

Integrating

Variation of %, and &, as a function of x

>
&

|




Bourhy Lapw labaes

Convection Boundary Layers

Velocity Bonndary Lnyer

3

.

is the boundary layer thickness
w(5}=0.99u,

Cp Local iriction caefficient

For external flows Fo L

, fplf2

T,= ,u-‘i-’il wo  Yor a Newtonion fluid
ﬂy .

+- depends on the velocily profile in the boundary layer

Doy ipw maran

Convection Boundary Layers

Thermal Boundary Layer

{s the thermal boundary layer thickness
=T ©.59 as=4,
L-T.
With increasing distance the effect of heat transfiec will penetrate further inte the fuid.
At the surface, there is no fluid motion, thus, the local heat flux on ke plate is given by
. T
gy == "Fy'l":"

=h(1,-T.}

Bourvsary Lryw Panbrm geond)

5tT as xT, and or

Thus q§¢ and A as xT.

Laminar and Turbulent Flow

Strearlion

Re, = £t
s

x, = location at which transilion 1o turbulence begins

depending on surface roughness, the critical Reynolds number varies from
10% 1o 3x 1< for air.

u_X,
Arvepresentative value Re, = Bt sx10°
e

pici < 4
Hlyadnm B

Al —

fanet
Laminar

Example 6.2

S o Assumptions:
Find: k 1. Steady state conditions
2. Re,, =5x10°




Finding where the transition accurs
At 300K,

BN GE

>
&

Al3S0K,

>
2

3000

000

400

hio B, O}

2000

¥{m}

Governing equations for convection flows

Congervation of mass or Continuity equation

%(pdxdyw) = p“lx W —pu| W

SR
“‘P"L. W - pvl}wy dxl¥

a
Pl = pu 4o o) s

1o = tariey

ol

a
Py s o)ty

—rps s Biprtdr

#

2,

3 3. oy
o (P (=0

[ncompressible flow — p = const.
L
ox  ay

Governing equations for convection flows

Conservation of Momentum
Applicatien of Newten’s 2" Law

D(pr?) i o

N
Dt = /._._ T T—

d "
- i + a {ipualdy
dy

— [t & 'F; {iprikis

x—momentum

8 -2 -2
o syl ) = ——{ g )dedy @(pvu)akdyw

ey
ay
2w + 2= g =
ox ax
8
+ 20 i+ X
dy

-g;(pu] +~§;(prm) +~§;(p\=u) = —-gfwggj“ +%5-

Cl

]

Governing equations for convection flows

- momentum

2 i & op 8o, or,
—({pv)+— —— )=~ — g —2 4 ¥
or (v} ax () &y {om) ay By &

O, @, ~ Normal siresses

LA Shear stresses

Constitutive Laws

[ :2,(1—2—2——%#(6-?)




Governing equations for convection flows

Governing equations for convection flows

Thus the momentum equations can be written as

X-- momentum

Governing equations for convection flows

Conservation of Energy

E, =§{p(e+‘ﬁ£2 /2)}dxd_‘y

Em‘, =pu(e +|I7r/2)dy
= pv(e +|I7|2/2)a‘x
: ar
bl =y
e, =—k%y£rbc

W = ( Xu)etedy +ai(a”' - pludsdy+ i(ry,u) dxaly

+{Yv)dxdy+a( )vcbcdy+a—( T, )drdy

Governing equations for convection flows
[ (e+|V| /2]]=—m[pu(e+|Vl /2)]
—-%[pv(e +|P';|2/2)]
2230
+( Xu +Yv)—%(pu)—%(pv]
2]
+_5;(J“u + r”,v)

+§;(a-)yv +ru)+g

Governing equations for convection flows

Afller much manipulation

& u93+ had a(kar}ui k2L
Pa *F Yo ek ) ol oy

rn: rur ST:nsc conveetion diflision
intemal anergy
o ov ;
—-pl=—+ -+ @ + g
& oy bt et
Ninoows

diskipation i
reversibie = gensmtion
prosstre wark

where

aw aY lreuy (oY
= ﬂ{[ﬁy BX} +2[[§J {5;)] , de=CdT

Governing equations for convection flows

In¢compressible fAow

Bu ou v v -0 Conscrvation of energy is a balance of
ax dy rate of stored encrgy, heal transfer by conveelion
and conduction & heat genertien.
= C,=C,

er or ar
oc, Py ~—+ g0 uE-—erc vay

d ar 7
'E(” ax] ay(kﬁjwmq

hw #{(g; Z:)u[ﬁ"] [g;] ]}

For mosl practical cases, HP =~ 0 and can be neglected.




‘Bauriary Laym Equatam
Boundary Layer Approximations
ary o PP Continuity
» Steady flow (lime-independent) # = momnw’m
« Const fluid properties (£, g, )
* Incompressible fuid
« Neglect body forces (X =¥=0) '
« No heat generalion
Furthermore, B.L. thickness is small compared io characieristic length scale of the flow.
Velocity Baun;l:u'y Layer:
wB v
Qi ou by v Fu Fu G b
ay  ox dy ix R - I : .
Thermal Bonndary Layer: Note that the velocity fields #(x,3), v(x,)) is uncoupled from the
ar ar - Er et thermal fluid T(x ). So the velocity B.L. may be solved independent
8y " A N of the thermal B.L,
Boundary Layer Similarity
Boundary Layer Similarity Transform equations to non-dimensional form { *)
B.L. Similarity Parameters LT
oy
a_X . o Lo + G
N=poy=7 AN S 16;:2
- - o v "  Re, 8y
+ M . v . - +
woa—, v =— 9T 8T 1 &7
u, ., —t+v = =
A dx 8" Re, Prdy
o I=L 3
s where
L1, Re, =Pl is the Reynolds number
. p it
Pk g
Pl Pr=— isthe Prandtl munber
&
Re, Pr= ol is sometimes called the
&
Peclet number (Pe, }
Boundary Layer Similarity
B.Cs Boundary Layer Similarity
N P ou i, o
u|x,0)=0, u (x,0}=1 T, = f— =
( ( } s B B w
v(x,O):, v{x,w):O - ., _i_ﬁ_u'_
T'(x',0)=8, T'(x' @)=l g %ﬂﬂi Re, &),
In function form . .
S v o/ .
o F I CE% ) VAL
L fl(x Y ,REL’EJ ¥'=0 . Fora given geomelry

Then
Note that p"(x") may be obtained from the solution of the far-field

problem (petential flow) which is only dependent on geometry. ¢, = 2 5 ( « ReL)
. e[.

R

i
|
|
A



Boundary Layer Similarity
Thermal B.L.

.. dp’
T =f1{x,y,ReL,Pr,ﬁ]

_ K (T-T)ar _+k_fai‘|
L(T— D | L
Thus /=/{< Re,,Pr} fora given geometry
L ar
k, o'

0
Then Nu :j:,(x‘,Ra_,_,Pr) .
Average Nusseit number over the surface

m:ﬁé:f,(ReL,Pr)
k;’

Tagtiz ol Thee bl sre Laver symatians and heie y-dioetion bamndury conditions in sonduneaxioal v
rbrt

Bandury Statarity
nger Comervation Lation Famneeri
ek

R

Thenal

Example 6.3
o™= 95 kWim?

1

T, 800G

@‘é@

V= 160w
T =1150°C
—
—_—
—

Coolant channel

L= 40mm

Original
conditions

Find: t. Heat flux to the blade Assumptions:
when is reduced. 1.  Steady state conditions
2. Heat flux to a larger blade > Constont properies
of the same shaps with
reduced V.

; i Thi 4
V: ﬁggg l i l 7, 1= 700°C T:'z:ﬁosaﬂfg H i T,= BOO°C

N, —_—
- L=mmiﬂs/ —
Case 1 Case 2

Casel: ¢ =#(I,-T)) = h:(Tq—T)

For the prescribed peometry,

Nu =hTL = f(x',ReL,Pr)

Since there is no change in x,Re,,Pr =  Nuisunchanged

=5 h remains the same

ped_____4
(r.~-1,) (7.-T)

(g7} 95,000 W/m*
= (T T} /= {l1s0-800) °C
=122,000 W/m? Ans

(1150-700) °C

CaseZ: L,=2L, /,=0.5V = Re has not changed

Vidy _VE_

Re, = =Re,

%" and Pr are unchanged

Nu, = Nu
=
4" =95,000 w/m=°°4“‘ = 47,500 W/m? Ans
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Significance of Dimensionless Parameters

Tak b7 Helecbed dianrnaboles goaps of b ivaefer

. Liteup Dufinliinn Interpretating
filor arantar £ Ratin e imaita Uatml rensioma: ofs walid
i t hts b dary fager cheanal resitesai i,
;m It — Rt o/ prasiaiienat ans #aefis
. i LIS S vt
Re. = Dtk oUE/L _ Inortia S S .
7 2 Y i e
i " nindary Jabry swilge Jli¥eteer.
j ; o b B oo
Low Re - Viscous effects dominate g T
H 3 i " vl G i phey
High Re — Inertia effects dominate [l Dhrsarslos e do Gt o
Sl A ieaniae of flie ratiu o nahy IR Y Rt W
{Gind s Kncoe
Pr= X _relative effectiveness of momentum Sttt DinuensfntTos b mastes sosfcdent
a Jabus aunchec hl;o[l;ﬂ!ﬂ'l‘f!&r;&"l‘:mlclﬁ bl
Lin) dning Topidevapcr phosss g,
transpost to thermal transport A tos st b e
o T
§ Relati hick f the th 1 locity B.L :l';"\k.tnm!ﬂ E\T;b:;‘{uﬁﬁda-mcwmmmﬁnth
— =P exative thickness o e thermal versus ve! OCIIy M r-;;'mmm i,'tux Rl of the prmcaliis i g Alffnedsie.
= ! H
' scaled to some power of Pr Reyusbdi besubar i, Bea o che biruin uad vivoues aicen
=) ¥
. N . I Mh Mitidnd
Quantities of interest in B.L. analysis e Ty -
. Wetorgantd oy Rt of iRavdu 3 roalive 1onsdo feeevs,
C; < wall shear stress, Nu « convective heat iransfer rates wa =
furpnokn Arwogy Roryrkn Arwto gy
The Reynolds Analogy i
Note that if, The Reynolds Analogy

i:ﬂ and Pr=l,
dx

then the equations goveming velocity and thermal B.L. equations
are identical. Then 7 and & must have the same functioral form.

Then
Re
Nu=C, —ck
u - 5
Replacing Nu by the Stanton number, St
St= i _ Nu
p¥c, RePr
The analogy takes the form
C
—L=gt
2

If a Prandtl number correction is added, the analogy may be
applied over a wide range of Pr

C
-§£=S1Pr=°=;,,, 0.6 <Pr<60

where j, is the Colburn f factor for heat transfer.

Tavlt 6,3  Functional relations pertinent to the Reynolds analogy
WRTRTEE

Fluid Flow Heat Transfer

b ,"(.t”‘ ¥, Ry, ?ﬁ—:) (6.27) =l (.t*, ¥ Rey, Pr. %) {8.30)

G f;;: - wm  mu=fhe +§;T;f- ém_ 631y

G = R—:L Si%, e 6.295 e (5%, Reg, Fr) {632)
Na = f(Rey, Pr} {6.33)

The Effects of Turbulence

Characterized by random fluctuations of fluid properties
(pressure, velocity, temperature etc.) at a point.

e T
F— Mean
P’ = Fluctuation about mean
Thus
P=P+F
w=u+u
= v=v+y




Puegrdas anste

The Effects of Turbulence

Governing equations must account for these fluctuations -

Total shear stress:

0w ==
T S M- — puy

dy

Total heat flux:

. ar R
I

Feyrukte Armbogy

The Effects of Turbulence

Eddy diffusivity for momentum transfer (g, )

s, o i
£ By

o
Tt = P(V+€nr )%

Eddy diffusivity for heat transfer

T = . o
sﬂa=—pvi‘" = q,,,,g—pcp(cxa-s,,)a—

Poeprebs Anateg,

The Effects of Turbulence

du au

ay =0, lam ay =0t

Turbulence enhances heat transfer.




External Flow:
The Flat Plate in Parallel Flow

Chapter 7

Prpsrans

Empirical Correlation

Phue to complexity of the equations, experimental data is usually relied upon
o provide solutions to the convective B.L. problem,

Nu, =f1(x',Rex,Pr)
N—Ly._=j"2(ReL,Pr)

Consider the following experiment:

FE=g=hAN,-TY g=IR

Section 7.1 through 7.3 i q
'L g o
L A, (11 - !,n)
Nu, =—~—
F——
Empirical Correlation
Laminar flow:  Blasius solution
Steady, incompressible, const. properties.
= ) Continnity LI
Log iy LW*(W) Ao dy
Momentum: -, 00 . uu
ar By pay
Bnemy o2l Elo AT
ox gy o
Nu, =CRej Pr" Nu, =CRe} Introduce stream function ¢
3 Prt
Change Pr by changing the fluid u =%’i’ VZ_.‘?‘_V’ - satisfies continuity implicitly
This is termed as an empirical correlation. C, m, # are ndependent of the nature Y m =
of fluid but depend on the surface geometry, type of flow. Define y\(—: « similarity parameter
Fluid properties are evaluated at the {ilm temperature. v
g __ ¥
T, :."Lt{i 1) u,,,:;‘vx/u,‘
2
quation;
oy dwdn . dar Momentum equation
e~ 2 2 2 3
o dpdy Ty wiL] ta, 0,1 (&[,,fiﬁ_ f) e df i d S
| 2% dy 2¥ x [ dy vx dy v dy
oty 1 ['&[,,i_f
d 2V x an lifd’f A){iﬁ
- : 2 £ af T AEdy
Bu__w @S
- T 3 2
e 2xdy or Zd—{+fd{=0
e, fods i
i dn’ w{x,0}=v{r,0)=0 and w{x,20) =1,
Pu_uh dF or E'Ll =f[0}=ﬂand£ -1
& vxdy WMo ity
Solution by numerical integration or series expansion.
Solution r(z)
L. j—f a function of 7 alone
u, dy
1 =5.0, £=0.99 — thickness of B.L.
dn b, 5x
L O50=6]= o ==




Tanee 7.1 Tlat plate Jaminav bovodary
tayor functions {3]

i, o _ 4
=\ i Fel s
0 o 0 0332
24 npr 0,133 0.331
0.8 w106 0.265 037
12 0.2 030 037
18 0420 o517 0297
20 0.630 0630 0.267
24 0922 2729 6.228
28 1231 agiz 154
22 1569 6876 B.139
3 L930 8923 0.098
40 2306 0.956 S
34 2692 6974 0039
48 : 3085 0.938 [l
52 3442 0994 o8l
58 3.850 0.997 0003
6.0 4280 949 o2
64 ©adm 100 00
68 5479 Lo o000

Sirdapty Sotton <ont]

By
= A

ay

N LA
,FMWJ; d'fL:u

= O.JJZ,IUJ,,J:‘:

=0

v

0.664Re"

focal iriction cocflicient

Temperalure solution:
.11 .
T B
mor T
4T Pl
dt 27 dn
T'=0 at =0

=1 a =

with B.C.

Srduts Sauton Gare

7|
2]
24 [§12] NS

Nu, —T :mx

B (g4 [

&y -E'; v
.
Nu,:J“—“dT =0.332P17 Rel?
vy dn o

& . . : N .
7= Pr"*  _ratio of velocity to thermal B.L. thickness is & function of

t the Prandi] number

FRTEp—
Averape properties:

= 1l
— = r,__,:;_[o'r‘dx

Cr,=1328Re"

v,
Fhede= 0.332[ k] P:"’[-’fr'#) f

W
e

X X

=2k,

Nu, _%= 0.664Re¥* P, (Pr20.6)

Small Prandtl number =» & >>4. Reasonable to assume u=u,
throughout the thermal B.L. e.g. liquid melals.

Senbrty Soharn Lo

Can be solved with numerical integration for various Pr, {note that fis known
as a [unction of 7.

for Prz0.6, di‘ =0.332PV
an e

Nu, = 0.565Pe!? (Pr=0.05)

where  Pe_=Re,Pr

Turbulent flow:
From experiments —

C,.=00592Re ¥ (le()j <Re, <10}

' +15%accuracy
§=037xRe}

# for turbulent Nlow

& varies as X’
in contrast with x¥* for laminar low

Heat Transfer = Nu, =0.0206Re¥*Pr? (0.6 Pr=6e)

by Ack o lewrty

Mixed Boundary Layer conditions:
1 0.95 si‘-s] flowy is laminar through the entire region

1f iL“- <095 conditions may be calculated by both laminar and turbulent
1
By = (0 P+ I )

Re,, =510, N, =(0.037 Re}*~&71)Pr"
= _0074 1142

/4 " RelS T Re,

For L3 x,(Re, 3 Re, ),
Nui = 0037 Rej* P17
C,, =007 Re;”




Example 7.1

T,, = 3000 =—s
w, = 10 ms —>
p,, =6 KNmE—

Find: Cooling rate per unit width Assumptions:

’ i Steady state conditions
of the platc, ¢ (W/ m) 2. Negligible radiation effects

Properties:

=163.5°C= 437K

. 300427
2

Table A4, air (I} =437K, p=latm):
v=3084x10°° m*fs, k=36.4x10" W/m-K, Pr=0.687
. P
from ides! pas law, p=-——
IOm LCeal pas law, o =T
= wB=wh o v,=wi/R

1,0133x10° Pa

=521x107 m'fs
6x10" Pa " t

= 1¥=30.84x107 m}fsx

Analysis:
g=h(.-T)

u Ll 10mfsx0.5m
Re, === my!

e S 9597
v 521107 mifs

Hence, the flow is laminar over the entire plate,

Mu, =0.664Ref* P = 0.664({9597)"" (0.687)" = 57.4

= Wk 574x00364 Wim K

k =4.18 Wim® K
I 0.5

o =RL{T,~T,) = 4.18 W/m? K x 0.5 m{300--27)°C
=570 W/m

o
=1




Ay Clain BB

Circular Cylinder in Cross Flow

favourable pressure gradient adverse pressure gradient

External Flow: dpids <0 dp x>0
Flow over Bluff Objects
{Cylinders, Spheres and Tube Bank)

stagnation peint Separafion point
Bourdary leyer
. l"'z' +£ = corst. in the free stream
Chapter 7 2"
. 4 du,, i
Sections 7.4 th_rough 7.6 -d%d) = ¥>0 and vice versa
Reynolds number Rep = £¥p =V—‘D
: u v,

i Cecan Flow sarly

TR B S
i
[

Flow near the boundary lacks sufficient momentum to overcome the adverse
pressure gradient. Hence (low reverses.

Laminer " eminar . Tansition
baundary o

o
; Rey= EP
Reg e 108 VIGERE T8 Drog coeflicients for a suwnth eimuba slindor in erass ko and for 5 sphees {25
Sepnatiza. ‘Separstizn + Bemalary Exveey semmtion auples are for a oybisder. Adapled with permission.
il Re,52x10°, 6, =80° il Re,>2x10°, 4, =140° Cylinder: ¢, =

[T —
Circular Cylinder in Cross Flow
Re, =1x10° Hilpert's cormrelations:
Nu, 4 for @ <80° along the laminar B.L. R
! 8 Wap =12 - CReg e
Nu, T for & >80 due o effect of mixing &

in the wake Extension 1o non-circular geometrics € and m as a function of Re,,
Rep =1.4x10° (Table 7.3) {Table 7.2)

Rep =2.19x10°
Nu, 4 for @ <80° in the faminar B.L.

Ptz 1

Tarey 7.2 Constouts of Equutien

. 7.44 lor 1he eiveulor eviinder in
Nu, T sharply during the transition region st o e eross fow [11. 12]

benween 80° —100° o ot o, Ren [ n
Nug+ again in the hurbulent B.L. exwading Ol - (J.:m-&m :;:!ﬁ g:::;l

" " 195 ot Lt Lz = L .34
1007~ 140 Au-4000 0633 0,466

pratity [Et1) 0o3k (e
Mu, T for & >140° mixing in the wake 4::;2 :?);?‘(I:JX) zé’;: :’){”5
0 g 00— 4iX 027 505
regton e § R RO v e

All Properties evaluated at 77




G Ciaks Fioa ot}

Circular Cylinder in Cross Flow

Zhukauskas suggested —

R = C Rl P (PrfPr, )
0.7 < Pr<500
whre ] Allat 7.,
L<Re, <10 except Proat T
For C, m - Table 7.24

I Pr<io, #=037

Pr>10, n=036 Tantki 7.4 Constants of
Eguntion 7,15 for the cir
ylinder in cross flow {16]

Reep
Pt}
401000}
102 106° 026 06
2 % 10%10% 0076 o7

i tn e G eark)

Circular Cylinder in Cross Flow

Churchill and Bemstein:

. ars
oo _03 QGZREEPC |'+[ Re,, ]"“}

[l +(o.4/pr)" ]m |_l 282,000

Properties evaluated @) T = ﬂ;_i-ﬂ

- covers the entirs range of Re,, and wide rangs of Pr

Recommended for all Reg Pr>02 t

Example 7.2

T,=26.2'C T, = 128.4°C;

Find: 1.7 Assumptions:

2. comparing the result with 1. Steady state conditions
& calculated from an 2. Uniform surface temperature

appropriate correlation

Properiies: Table A4, air [T°=26.2”C 23001(}:
p=1580x107° mifs, &=26.3x10" Wim-K, Pr=0.707

Table A4, air {7, =350K):
v =2092107° mYfs, & =30x107 W/m-K, Pr=07

Table A4, bir (7, =128.4°C= 401 K):

Pr=0.6%
Analysis:
— q _
R =0.85P, A=xDM
A7) !
- i 0.85% 46 W 12 W/m'-K  Ans

700127 m= 0,094 m(128.4-262)°C

Zhukauskas correlation
All praperties evaluated ai T,

T M Ph Vi
Nup =CRej Pr"(PifPr,) except PL at 7,

VI, 10mfsx0.0127 m = 7000

T T T 5a9k10” mis

From Table 7.4, C= 026 and m = 0.6, Pr< 10 = n=037

—_ 0,707
Mup =0.26(7992)"° (0.707 "”('—) =505
v (7992 (0707 S 5o

k 0.0263 W/m-K

B =Nup==505 =105 Wim® K ¥
D 00127 m

Churchi}l correlation  All properties evaluated al T,

0.62Re!2 PV [14{ Re, )”']
144

[1+(n.4lpr)”"] [ \282000

VL _10mjsx0.0127m
v 2092x10° m¥fs

0‘61(6071)"1 (0.7}|/3 I’l +[ 6071 )m :Ius a0s

15

Nup =0.34

Re, = =6071

Henee, Nup =63

|:l+(0‘41,0.7)m}“‘ |_ 282,000
. — & 0BOWm K g .

h =Nup—=40.6
D 0.0127 m

Hilpert correlation Al properties evaluated al T,
Rg, =607}, Pr=07

Rup =2 = C Rey et
From Table 7.2, C =0.193 and e = G618
Hence, s =0.393(6071)"* (0.1)"" =37.3

ﬁ=?\fﬁn£=37_3w:gg wim K
D 0127 m




Apnarvs ared Puched face
Sphere
Similar 1o a eylinder where transilion and separation play an important role,
Whitaker;

14

Nuo=2+{0.4Rel+0.06 Rl P (17 1)

0.71<Pr<330
3.5 <Re, <7.6%10

€0 x All props evaluated at T,
lo<f <32 excepl £,

L

Heat transport from a free falling liquid drop (Ranz and Marshalt):

Nup =24 0.6Re}? pr?

==—, Re,<3

Example 7.3

Coppef sphere
D=10 mm

Tp= 75°C, T() = 35°C

P B Assumptions:
Find: Time ¢ required to cool {rom I Negligible thermal resistarce
T=75"Cto T(t} =35°C and capacitance for the plastic film
2. Spatially isothermal sphere
3. Negligible radiation effects

Propertics:  Table A.1, copper (7'%328K]:
p=18933kg/m’, k=390 W/m K, c =387}k K
Table A4, air (7., =296K);
#=1816x107 N-s/m®, »=1536x10"° nfs, k=0.0258 W/m- K,
Pr=0.709
Table A4, air (T, = 328K}
#=197.82107 N.g/m?
. Analysis;

Whitaker correlation:

tra

Nup =2+({0.4Rely + 0.06Re] | P™ 2/ 1,)

= Nap=2+[0a(6510)" +0.06(6510F* ){0.705)"

x[lm.ﬁxm” N-sfm ]'”

197.8x107 N-s/nt°

= ch# in(j' “"ax)
. {(P=T) F=Nantoqrg RS Wm K _ ) w/m K
D a0Tm
8933 kgfm’ x387 J/kg-Kx0.01m (75-23}
£ =69.2
6x122W/m* K (@5-23) Any
——
Flow Across Tube Banks

Verily the validity of LC method:

A(n/3) 122W/m Kx0.005 m/3

gt Ao
PR 39 W/jm-K
Bi=3.1x10™ <0.1 crilerion salisfied

5 10 15 0 25
vimy

Production rate could be increased by substituling helium for air.

Acommon geometry for .
two-fluid heat exchangers. Aligned and Swaggeted Arrays:

.
i .
L _—
e -t

G- -%

- i o

Flow conditions in a tube banks are delermined
By boundary layer separation and wake interaction,

Generally we wish lo know the average heat transfer coefficient of the entire tube bundle.

For air flow ¥; =10, (Grimison correlation)
N, 210

WNeap=C R 2000 < Rey, . <40,000
€, and m - Tabla 7.5 Pr=07
Tor aligned and staggered configuration.




Tame 7.5 Constants of Equations 7.50 and 7.52 for airflew over a
tuhe bank.of T or more rows [ 19]

s
1,25 13 %0 e
5,40 < Hr [ " [+ w o, -
Alignod
1.23 D38 0S92 0275 00608 000 0704 0063 G752
.50 0367 0586 0.230 Q820 0 0.702 0.06738 0.744
2,00 0418 9570 0299 9602 029 063 Q.98 0648
.00 0,280 D60 0,337 £.584 0374 0581 1.286 0608
Swggered
D600 — —_ — -_ — R 213 0.636
4.900 e — —_— —_ D446 0571 [ )] 1581
Lo — - 0497 0.5 — - = —
1125 — — — — 0478 G365 0518 Q560

1250 0.518  0.5% 03505 055 0519 0556 03522 10.552
LS00 0451 0568 0460 0562 D45 OS6E 0488 0.568
2,400 G 0572 0416 0568 0482 0356 04N 0.570
000G 0310 0592 033 658G 0440 0562 0428 0374

Flow Across Tube Banks

" 5
Rep, e =Pl Aligned: Vlmx=§;{—DV (¥ OcCURE LA

s .
Staggersd V= 5 el 2Sp-DYe{Sp=D) (¥ woesrs mt)

or, V,,m:ﬁav it 3{Sp-D)2($y=0) [Fpay oceorsatds)

Extend to other Nuids:

Wup =1.13C, Rej Pr¥ [er=0.7)
All properties evaluated at [ilm temperalure.

e ]

Faprk 7.6 Correction fxilor G of Equation 7.53 lor N, < 10120}

Ne, £ 2 3 E B [ 7 5 )

Aligned 064 080 087 090 0.2 0.4 006 098 089
Staggored. 048 073 0BF 089 n.y2 0.95 097 098 089

If N, <10, acorrection facter is applied.

s =, Nup
v ? i 210]

C, —+ Table 7.6

Zhukauskas correlation

Nup =CRejj ., P *{PifFs, Y* Al properiies are evaluated al {7,+1,)/ 2

except for Pr,.

N, z20

" C.m— Table?.7
1000 <Rep, < 2x10
0.7 <Pr«500
Tamk 7.7 Ussestanes of Bauation 7,36 for tha tube bank

i erose it [15]

Canligurution Retian < o
Algned Lon1¥ o8 )
Staggcr 1=t LK D40
Abgnad weiet | Approximate axa Mngls
Stagyaed e | Tisulateds oylinder
Aligned w2 [+ [
L8345, B 0T
Staggered 02 2 5 [EETEAS nso
16008, 21
Seggered -2 1 040 o4
ST, T
Allgneil 2z x 10 s o8
Staggroul 2w IR WP nna2 [E1)

Fox % < U7, el Uarosbet i incriieiont s alipuod tubes £iald ok be net-

‘anLE T Correction fuctor C; of Equation 7.57
far Ny < 20 (Reg e = 10°15]

N, 1 2 kS 1 5 7 U R 1

Aligped 0,70 a0 86  GI0 093 035 097 0.9% 0.9
Suaggered 064 076 OGR4 OB .92 095 0Y7 .98 0.99

If N <20 a correction factar is applicd.

Nup '=C2En

i <20) v, 230)

C, - Table 7.8

Tuoa Brke

Flow Across Tube Banks




Flow Across Tube Banks

« 1t [or the [irst row of tubes is smaller than that for the inner rows.
The first row aets as a wrbulence grid.

Compuling leat transfer using AT =7, —T, may significantly over-predict
the heat transfer since the fluid will Loose heat.

The appropriate A7 is the log mean temperature difference AT,
(detalls are described in topic of Heal Exchangers)

ary, )T

n L-%
=%

* Fluid Oullet Temperature (7,) :
T,-T, e "ONI
| PPN, S,

T,
N=N. XN,

i

+ Telal Heal Rate:
g =hAAT,,
A, =N(sDL)
¢ =N(F=DAT,,)

* Pressure Drop;
Voo )
Ap=~g[—” ;“]f
X, f— Figures 7.13and 7.14

ta 3 3 G o
Frtum,

HEAtA T30 Fivviva e f sl s i 3 for Lgraius 2401, L
armmrgeasa |15 sk uith prem s,

Reak

1A ta s ev ot o o K AL B g nde
SrsDaneaen A ol s

Example 7.4

Wrater lube
Sp= 35 mm = 164 mm
T, =70°C
T,=T_=15¢C
V=g
—_—
—
—
—_—
—
—

Assumptions:

Steady-state conditions
Negligible radiation effects

2. Pressure drop 3. Nealigible effect of change ir: air
temperature across tube bank

on air properties

Find: 1. Air-side convection !
coefficient and heat rate )

Properiies: Table A4, air (’[; =15 "C):
p=l2iTkg/m’, k=00253Wfm K, c,=1007/ke K,
v =14.82x10°m?fs, Pr=0.710

Table A, air {7, ="10"C):
Pr=0.701

Table A4, air (7, =43°C):
v=17.4%100mifs, £=0.0274 W/m-K, Pr=0705

Analysis:
hukausk rrelati
Nup =CRel . Pr(peos )

Sy =

52 +(s,/z)‘]m =37.7mm>(8, + D)/2=25.35mm

[

= Wy Occursatd

Sy ., 31.3mm

LA e IV
M g -0 (313-16.4)mm wfs wis

Ve _126m/5x00164m

Re, . = =13943
Coan = T T g2 10 e
Sr 3L.3mm
[ A= L L LY
and 5, 343mm
Frem Table 7.7 and 7.8

s
C=D.35[3‘T~J =034, m=06, md C,=095
1,

h 34
Nus = 0.95%0.34(13943)"“ (0.71)"* (%%?—] =579

g 00253 W/m-K .
FeNuo s g7 2023 WIME a0 sw/mt k
o Gam o Ans
Lot | ik
7ot BYN,5,c,

£(0.0164 m)356(135.6 W/m®-K)
7,-1,={55°CJexp .
1.217 kg/m* {6 m/s)8(0.0313 m)1007 Jjkg K

=445°C




o an

_[n-1)-{r-7)_(55-445)°C
e

¢ = N(ETDAT,, }= 567 x135.6 W/m* K x0.0164 m=49.6 °C

=49.6°C

g =194 kW/m Ans
pr
AP=NL1[—-—'"&'02 ]f
Re,,.. =13943, /1 :(S,.I'D)=1.9l, (Pr/.",_):(},‘)l, N, =

FromFigure 7.14 y=104, f=035

1217 kg/m’ (12.6 mfs)’
)

Ap=7x].04{ 0.35

Ap = 246 Nfm?® = 2.46% 107 bar Ans

Grimison correlation:

With properties evaluated at 7,
Rep e =11876, §;/D=2, §,/D=2
From Table 7.5 and 7.6
C=0482, m=053%, and C,=097

= Nup=86.7 and F =144.8 W/m* - X

i
]
i
1
i
|




Internal Flow:
General Considerations

Chapter 8
Sections 8.1 through 8.3

Eelmace Contioms

Hydrodynamic Considerations

- Wil e 12glon
e s

+ Bavidery reyer region

Reg L
H
Rep,. = 2300 - critical Re for onset of turbulence
For laminar flow: (%747 D)= 0.05Re,,
For {urbulent Flow: lD<(xﬂ_,, / D) <60
Agsume fully developed turbulent flow  ¥srs fDz10
The mean velocity:  #1=pu, 4,
or,

m=], pul(r.x)dd,

Ere G

Hydrodynamic Considerations

For a circular tube,
Re, = oD Am
F x Dy
. ch pu(r,x)dd,
i

For incompressible flow in a circular wbe ol radius r,,

u, =-%-J—;" ulr,x)r dr

)

The [uliy developed Now:

o]

[

Hydrodynamic Considerations

7 (2mrdx) - {r, [27rdr) +%[r, (Zﬂrdx}}dr}
+ pl2ardry- {p(ern:[r) +%[ﬂ(2;rrdr)]dr} =0

or ...a.'.(,-r’) wp an
dr dx

with =r=r, I, =
y=h P ST

Letewcr Cewlimr

Hydrodynamic Considerations

ndf, s o
rdry dr) dx

1{dp\ ¥’
=% _ichr+C
u(r) ,u[dx)4+ \Inr+C,

2]
=0, & =¢
Bc #(r)=0, = »
1 {4 3
i r
C =0, L /AT P
! ulr) 4;r£dx)r”[ [ru] }
rdp
m——— - 1
# s mean veloity

it Comdtion

Thermal considerations

Surfare eondtion

The thermal entry length: {xﬁ,‘, / D] =0.05Re, Pr

I Pr> 1, the hydrodynamic B.L. develops faster. [xﬁ,,‘ <x‘,,-u)
If Pr<1, the inverse is true.

For turbulent Mow (x,w/‘D] =10 (independent of Pr)
Forimemal flow = h(;l; ~T )

T, is the mean temperature.




ey Cobene

Thermal Considerations

The mean temperature of the fiuid at a given cross section can be defined
in terms of the thermal energy transported with the bulk motion of the fluid.

E= [4. puc,Tdd, w7,
For incompressible flow in a circular tube:

fo==Lo [} )7 (), 7=T()
”mrn

e b

Pressure Gradient and Friction Factor

Jf - friction faclor

(dpfdx)D .
—~———"— - measure of pressure drop in the tube
puiiz
Laminar flow: LR
Re, o =L
For turbulent flow; e
f=o 315Re5“‘, Re, <2x10° i
[=0184Re”*, Re,=2x10° 5 Y
or allematively, pu’ p‘ o /2
F={0790In Re,~1.64)", 3000< Rey, <5%10° _ gumu i6p
. . D
4P is a constant in the fully developed region. F”“ o, Pl
S 16
r={ap)¥v  V=rifp "Re,
ou,
Ap=p —p, =" (x ~
p=p-p=l52%"x)

Moody Diagram

o

ie2
G

Frietio factce, £

JLet Ry
B 2 1aGeBI0Y 3 3 AsE 8 7 3 Ass A 2 ussna" @ &ns«.ucﬂ

£ mosng - wom00n0s
sunoias res, &g e St
£}

Fully Developed Conditions

For fluids problem; %: 0 = [ully developed.
x

For thermal problem: o *0 and dar, =0
o dx
" - r.-T(r)
e =

when this quantity is not a function of x, fully developed conditions are achieved

i[ﬁ(r)—?"(f»x)] 0
&x iy

T{x)-T.(x)

Either lor constant temperature or constant heat flux at the surface:

8 T-T _-ETIorL“
er{'r‘—rm)m” T, = 11(x)

Fully Developed Conditions

q;:_,,él| 2
oy s ar

and g =hi{f,~7,)

e}

A
== f(x
or o F(x)
" his a constani in the fully develeped region.

I

o Kas

Fuily Developed Conditions

gy =const
o
dely, @, '-\_1 _‘ (T 7) dr| | (T.-T) 4t
ary _dL| e @5l (T- dxlﬂ, (7, -7,) dr g,
23 P x| |fies

[ndependent of the radial location
T, =const

x|, dx .

Brepends on the radial coordinate

-7




Example 8.1

wlri =€,

LI
i f Velocily
profile

B

¥ .
"p_: J‘ Temperature
" profile

T - T,= Gl - B2

Find: Nusselt number at the Assumptions:

prescribed location 1. Incompressible flow
2. Constant properties

o
PR | .
(r-7)

’ 2
2 % 20, 1% ¥
T P dr=2 0 e e i 2 &
T , r:L u{x,r)[(x,r)r. i u,,,rnzj.o l,+ bl: ['},) ]]r '

o

-
Energy Balance
g aaept| —ck
O ooy, 7o brar, T
Hence,
ot Z2C(En) ak o
@-1) -Gz g e bt |
Ikt § Dutlet, o
S /3 .
4 3 & Ans R A I A P
| A+ 10| 10+ || | 67, + 7 |t T 42~ |de (=0
r r r P
A oy = 111 [cT +£]
r2
For an ideal gas:  ¢,7,, +s 7;.,[-:‘.‘ +_p_)
P A,
ARy
=eT,
Energy Balance Energy Balance
For an incompressible liquid, ¢, = , and the pressure work is usually negligible. Two sgecial cases”
Teen dr, e = 1, (T =T )
A, = I, Constant beat fux
& jflx Independent of surface thermal
P =.vi¢c,—;r-'—"- or tube Now condilicns G =05(P-L}
X
P=zD i -
di PP . 70 for circular tube ﬂ=£{£:wn“
& e, e, T g
» P ¥
It 7,>7,, healis transferred [rom the wall 1o the flnid. T,=T,,+ il .
?:,, T as .\‘T ’;‘ S

If the heat flux is not constani but is a known funetion of x, the total heat transfer rate
can stilt be obtained via

G = 1 47 () Pelx




Example 8.2

10% wim?

&, = 40 mm

— ;= 20 mm
0.1 kgh

T s 2 20°C

Inlet, §

Find: 1. L needed to achieved  Assumptions:

the desired T, , 1. Stefxdy~slate conditions
2 p " 2. Uniform heat ﬂu?(
t e 3. Constant properties
4. Adiabatic outer tube surface
5. Negligible potential energy, kinetic

energy, and the flow work changes

Properties:  Table A.6, water [f—,.. =313 K)i 0, =41791/kg K
Analysis:
Adiabatic outer surface

= Ii‘s =
E, :q%{nﬁ ~DF)L
iZ{pi-ni) b=, (1= T,)

or

I3

L= e (T
={DF-D')g "

_Tm‘i)

=

Lo 4x01kg/exd179)/kg K P

= 60-20)"C=17.7m Ans
(0047 —0.02 ) < 10F W/m™ " )

o
b= (7..-T..}

gt 8
oAbl 4

oj-o
D,

Energy Balance

Constant lemperature
let AT=T, -7,
d,  d@7)_ P

hAT
2 {0.04* -0.02°}m? o & ey
? .047 -0.027 ym” r
;- 1o W 15010 W AR (T
4 0.02m C AT - T
1.5x10° W/m® N AT,  PL~
p =2 ” W _yspow K pon 1Ry
°" (70-60)°C fro Aus a1, e,
AT,
AT,
[ S—
» Special Case: Uniform Exrernal Fluid Temperature
Energy Balance
The tola! heal wransfer rate:
B =06, [ (L= T}~ (T~ To )]
=1, ]AT, AT, ]
PLE
=T _[AT, - AT,
In(mz/mz)[ -aT]
G =BAAT,, - form of Newton's law of cooling (4, = PL)
where
AT, -AT )
Log mean temperature dillerence

AT, =
™7 In{AT,/A%)

AT, — Eq. (3) with T, replaced by T_..

Note: Replacement of 7, by 7, , il outer surface temperature is wmiform,




Example 8.3

Da B0mm

T, =57C

Find; Average convection heat
transfer coefficient /2

[

w

Assumptions:

Negligible outer surface convection
resistance and tube wall conduction
resistance

Negligible potential energy, kinaetic
energy, and the flow work changes
Constant properties

Properties:  Table A.6, water (TL:3GWC’*3°9K): _C.v=4”8]l'kg'](

Analysis:
P e )|
=DL AT,

A e

)

(100-57)—(100~15)
10(100~57)/(100-15)

from AT, =

AT, = =61.6°C

Hence

5028 kg/sx4178 J/kg - K (57~-15)°C
£x0.05mx6m 61.6°C

h=156W/m' K

Laminar Flow in Circular Tubes

Eulty developed region:

Assume beth velocily & thermal B.L. are fully developed.

v=0

a

u 0} fully developed velocity

%[_Tx_'f_] =g fully developed thermal

=T

conservation of energy:

(pc 1 zrm'r —MMA e, uT 2ardrdx

= .J-—- H{]F—%—— —fl_—

ar 1a ar
or ———{ =
i r'i.l'( )

:rrdi']dx

Laminar Flow in Circular Tubes

2
Laminar flow:  u= 2;,_{1 _[_’_] ]
Te

Const heat flux; 47

Bt —const. (in fully developed region)
T,-T,

ar, 4h,
dx  de

(@ -T}=(5,-T,)r(r)

Laminar Flow in Circular Tubes

(7.-7)=(1,-T.) 1 (¥)

e O
& i

dr &r

=0

o _ar,_dr,

& dx odx =
IS Sz, (¥,
ror\ ér a ¥, dx
Integratevmr
T(r.x)= p dr[ —T]+Clnr+c

r=r, T= G
B.C.-
=0, (1—',: = G

ér| _ar|

- for constant flttx
-4 243

il

it

=0

=T.(x)-

2w, { dT, Y3
a | dy J16

Laminar Flow in Circular Tubes

4 2
R o | I W 1 r
T{rx)=7 - — | = — — | ~=|—
{rx)=1, ar“(dxj[16+16(rn] 4[/‘,,]}
But
[ pue.red,
7, (x) = B
mpe,

v

= pum(trr:), A =are® dd, = 2nrdr

RER

2
= 7= ZZI:uTrdr and “*2"».[!‘[ JJ

m'a

After integration,




Laminar Flow in Circular Tubes
an, &P g, 2

Also, o
% i HiG, UG, PO M)

Y

48 k
ALES
no

Nu= 111-1% =436  for g} =const.

Laminar Flow in Circular Tubes

Const. Temp:
Lattr)

ar

ox

dr,.

dx
LT,

s 1T, dx

fJJ
11[,?1 _zwarf (VDT
Crav ) e o r ) T =T,

Solve for T numerically following procedure as above, Nu = 3.66.

ki b E .
ey xample 8.4

4= 2000 Wm?

il

— D=60mm

h=0.01 kefs ¢
Tyy= 2000~ o —

—=1

. . N Assumptions:
Find: 1. Lto achieverequired {  Steady-state conditions

Properiics: Table A.6, water (7—; =50"C=323 K]5 ¢, =4181)fkg-K
Table A.G, water (7:..,.: =80°C=~333 K):

a=352%10° N-sgfm®, k=067T0W/m-K, Pr=22

Analysis:
For censtant heat flux

e, (an.o - Tw.l)

A, =nlL= =
9

LY.
1=, -1,

Hence

heating 2. Incempressible flow L= DO kefsxd18L)/kg K KI (89—20) *C=6.65m Ang
2. 7(L) 3. Constant properties 70,060 mx 2000 W/m
* 4. Negligible potential and kinetic
energy, and flow work changes
5. Tully developed conditions at tube
outlet
4.
r,=dr
3.0 k + e
L 4% 0.01 kg/s —603

Re, =
2" aDy  mx0060mx352x 107 N-sfm®

Hence, the [ow is laminar

Nuy, :f’-]?= 436

IRPPE PP PLILL L L PR A
D 0.067m
2
DL/ PR

-
=

487 Wm K




Internal Flow:
Heat Transfer Correlations

Chapter :8
Sections 8.4 through 8.7

- Effect of the Entry Region

» The manner in which the Nusselt decays fron: intet Lo {ully developed conditions
for laminar flow depends on the nature of thermal and velocity boundary layer
devetopment in the entry region, as well as the surface thermal condilion,

Laminar flewina
circalar tube. « TFhermal Entry Length:

Velocity profile is fully developed at the inlet, and boundary
layer development in the entry region is restricled to
thermal effects. Such a condition may also be assumed (o be
a good approximation for a uniform inlet velocity profile if
Prex>1.

«+ Combined Entry Lengih:

Thermal and velocity boundary layers develop concurrently
from uniform profiles at the inlet.

Heat Transfer Correlations

Laminar Flows:

Thermal entey lenaib - const. surface temp.

(Thermal conditions develop in entrance in the
presence of a fully-developed velocity profile}

o =664 0.0GGS(DI!.)RepPrw
1+0.04{(D/ L)Re, Pr]
where
mﬂ ='JLI£2

Heat Transfer Correlations

Combined entry leneth: More comect

Whitaker:
I 0.1+
Nus :135[&1&) i
LiD H,
T, =constanl
.48 < Pr<l6,700
A

C.0044 < —<9.73

s 094
(M) A »2  Otherwise, use fully developed solution.
LiD .

For both eniry lengihs, ail properties, except u,, are evaluated at T ‘=(Tm.1 + Tm.o} 2

Similar correlations exist for conslant heat flux.

Heat Transfer Correlations
Turbulent Flows:

Fully-developed turbutent flews - both for T, = const. & ¢ = const,

Ditigs-Boelter Relation:
Nuy, =0.023Rs pr

n=04 for 7,>7, heating
=03 for T, <, cooling

0.7 £Pr16o
Re, > 10,000

-rléz 10
I3
Valid for small-moderate (T, -7,,)

all properties evaluated at 7,

Heat Transfer Correlations

Turbulent Flows:

Sieder and Tme: - Flows with large properly variations

0,14
Nup =0.027Re* P [ﬁ)
.
0.7 <Pr<16700
Re, 210,000

£21()
D

all properties, excepl 4, are evalvaled at T,

Errors as large as 25%

Errors may be reduced 10 < 10% by using other correlations - see book for details.




Heat Transfer Correlations
Turbulent flows — entry lengths are typically very shori.

— Effects of enlry and surface therma! conditions are less pronounced for
turbulent flow and can be neglected.
- Forlong lubes(L/ D> 60) :

Nup =Nu, 4

— Torshert Iubes(L o <60}, Nup will exceed WNup s from correlations.
Nup =1+ (o)
Mug, o (L/DY"
wheze € and s are constants, which depend ot the nature of the inlel, entry repion
aswell as Prand Re.

All properties evaluated at 7w = (T, 47,,,)/2

Correlations do not apply to Jiquid metals ~ see book for details.

Example 8.5

Duct, D=0.15m
T =770

—_
=005 kgs

Tyo=103C

Loy

Find: 1. heat loss from the duet  Assumptions:

1. Steady-state conditions
over the length L, g (W) 2. Conslint properties

2. heat flux and surface 3. Ideal gas behavior
temperature atx =L 4. Negligible potential and kinetic
energy changes
5. Negligible duct wal thermal
resistance
6. Uniform A at outer surface of duct

Properties: Teble Ad, air (T, =00°C=363K): ¢, =1010J/kg-K
Table A6, it (7, =77°C=~350K);:

Nup, = *(;')"‘ = 0.023ReY® b = 0.023(20,404) 7 (0.70) =579

_ -7 2 - ) _ K .
p=208x107 N-gfm®, & =0030 W/m-K, Pr=070 hx(L)=NuD_k_:5_',‘go,030w,fm !‘=11A6w/m-~l<
. D 0.15m
Analysis:
From the energy balance Hence
o g 77-0)°C 5
g=ue |\t =T, (L ( 3045 W/im”
Al 7(L) [/ L8)+(6.0) | m™ K /W /
=0.05kg/sx1010 kg -K(77-103) "C=-1313W Ans
i Bfs ke ( ] Relerring back to the resistance circuit
From the resistance circuit T T
q':{.’..): L ol
Vi, (L)
T.-T,
LlL)m e 4(L) 304.5W/m? .
[ 15 T =T~ —=77"C— =507°C An;
[Vale)+1fa,] L=t =570 TLeW/m K s
Re,,=4—m 4x0.05kg,"sr 30,404
D ax0.15m=208x107 N-5fm’
Hence, ihe flow is turbulent
Non-circular Tubes Non-circular Tubes
Table 2.1

Bffective diameter D, is used instead of 0 in the circalar tube correlations for
furbulent flow.
D, = % - hydraulic diameter

For laminar Mo, this is less accurate particularly with geomelries involving
sharp comers. See Table 8.1.
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= 5 0
10 o 2o Y
L4 i 1 =
I a1z 2 «
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P 13 e =,
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R
g
a1l 24 a
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¢ b

Al The Concentric Tube Annulus

« Fluid flow throuph
region formed by
coticeniric (ubes.

+ Convection heat iransfer
may be [rom or 1o inner
surface of outer tube and
outer surface of inner tube.

« Surface therma? conditions may be charactetized by
uniform tempernture (7.7, } or uniform heat fux(g)40).

+ Canvection coefficients are associated with each surface, where

Annalus (et
One surface insulated, the other @ const. temp., see Table 8.2
Nu, and Nu,, as functions of D,/

PABLE #.2  Nawselt numbwr for fully devefoped laming

How i a viverdar tube womilis with one sneface insalated,
gl the other ot condtant tengperabure

g, N, N, Conunents
L} — A See Fajuation 8.55
0.0s 17.46 408 .
0.10 11.56 LN
0.258 .37 423
0.50 574 343
o= AH) 486 486 Sew Fable 8.1, fir— «

Usisd:with permission from W, M, Kuye and H. €. Perkins, in W. M, Rohsenaw amd J, P. Hasuen, Eds.,
Hurelfrook of Heat Trassfer, Clup.. 7, MeGraw-Hill, New York, 1972,

o
#=h(r-T.) L N, = h,,;),,
0=k, (7,,~1,} s
44, _A{x/d)(D}-D7)
Dy=ritme " _Map .p
F aD +aD,
Auule (gonr)
I uniform heat flux on both surfaces, see Table 8.3 civcicar e
Fandriens
Nu [
Ny = —* 2 Ko, g e
-(4/a)e] Ko o sy g s
Nu, :% Ly N
L4/ 5 )0, -
Tavik 8.3 Lufleciee conflicients for fully developel s e T R e
Judnang How 3o o0 ciecslar tndie soanubus with =himbe Teabt oy e ped R e
. . - o - = Fovimrbn s Tolly o
simiferm heid finx neaio tained ot botlt suelhees I oSty B 26
3= A - L SIE Tembin g ek A7 A 5 €
DI, N v o e e i Tata ol e s 2
oy 60 3 4 = e Ty
o — » 1] . eelam030eT, 57,
00F 17.51 218 0.0294 Feg= na::x:;'m"l}:)m QRET Torbaded, Gl dorvhopell 17 25 4 15700,
040 1191 1083 v362 fomarnimen
G 4% 0905 14 R R T
G40 6,583 0.600% 01423 A = 4T+ SO i B6A Uiewd wenads tarbshaok ¥y doavbopal v e
0.00. 59012 0473 0.2455 el e i
P 152 ot 4299 oum A P O e e e
(Xt 5385 5085 0346 0345

Vel with pennission frizn W. M. Kays ind 2 O Parking, ih W M. Retsemrs ind
L.V Hartnad |, Bds., Hondbaok of Heat Traasfen, Chap. 7, MeGraw-Hill Naw York, 1972,
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Gerteral Covidcratian

ill eoal (E.F, =T, 5
i+ Even though 7, > T,
bsorb fadiation rmm 1

ut et heat lra.nsfer Vi

Roaiafion frorth
somtamgings i

* Radxalmn may be considered:as asurface
wnhm Ihe bulk is neglected :

Z ~wav cicng1h
»— speed of‘llght
- frcquency

Ty 1021.'
L spie uhmuolel, all \'lszhle llghl alt 1nfra.red

The M Spécinir

com ed of several \\'aveleng1.hs

mposed ufcunlmuous nonunlform -
tribution of monachibiiatic (§|||gle-
wavelengih) components.- <n

[
dan

Monechroriatic redialion
emissian

Wavelength

Ali arg funcllqns of-leimiperature an
fthe emmmg sueface i

Difegiional Coniiderstian (sont)

Radiation Intensity

—

[}

Enlued
fedtatlen

Pz 12,5 Malhen
18 Sodie) wiggde £ K

Tefititiesir. ta Pt gl
kst ko Froni a differmfal wea
siebod In o4, 3t 2 pouion 43,
Frivin;

: e d—41—sm6d9d¢ :

- d.'A = s1n8d9d¢,
dA wired normal ta!he (6 ¢) direcnon

(zemth anmuth

Gizanity lised to specify the radiant heat T {W,’ )wilhin
preseribed direction’ (Wlm srllmd within a unit -
i vivele gth(w s - .um)

wavelength :nlenal abcul a pm




f.4)=

__“’L___
Mcosﬂdmdl

(2.8, ddecsodn

gt flux:

Y (04)eostdn.

- 45 s defined ﬁs:l_he rafe:

: 'toin._l eimissi

VS'ger_:iaIc‘as; ; 414..(/1 '9 (‘i) I, r(i]
EZ[Z} l,,‘g jccsSSlnﬁ'dea‘,ﬁ

S=mal, j sml&’a‘ﬂ'

u:r.’

=xf,

. Intensify -of emission ift gach of the threz directiori
Solid angles subtended by; the three surfaces ‘
_Rate at whlch radlatlon is mtercepted by the three surfaces:

1, = 00 WimSa VAL
# =45 4 ‘
oy rl J\::/ AT
.,\'/'
AL

A= agmdy=dy = 107 ad

Diffuse errﬁt:er' L




Diréstional Cots doritions {eont)

s Radlatmn
~from other surfaces.

 Theincident rad

7 Caniderations (ccat) - -

&rellection.
Difise refecior & emitter:

H Emission
Irradiation

Iirestionn Conidertion) frond

B]ackbody Rad]atlonr

) Tdeal surface havmg the following propemcs

1. Absorbs all incident radlanon re_g,ardless of A

2. Fora fixed Tand }i 1io strface can emzt MOre enetgy. than a b]ackhody.

: 3, A b]ackbody is'a d1ffuse emltter but radiation may bea functmn ofTand i

vl be absorbed.

U1 e wrice, 7
i » ]

tie Spectral (Planck) Dlstnbutlon

ckhcdy emlssxon .

" The spéctral distribition of the blackbody emis
*theoretically 'and oonﬁrmed expu:n'mema]ly) is

Ab('{ T) ’”u("' T)—ITW

_xrsl'radla\lon constant: ;= 22he; ‘3742X1UBW <o’ J'm
.. Second radiation constant: .C,'= o,

Planck Distribution

Spzelrl aivils cower.

LER LI 2 46 10 20 40CD 1500
Wearelength, A R

L Wien’s Displacement

By seititig
e g Cio
dAdA .Jlf{exp(C:/iL?‘]m]]
Lo A =

Third radiation constant: £, = 2898 ym-K




“Stefun-Bolzmmon Lw -

 Stefan-Boltzmann Law - -

W : -
] e L
Crrydew(e san) 1]

;= First ragiation. const, o
RS oas From Planck’s:Dis
I anes Secqng mdimf:mcons_l. -
Performing the integration
=gl . L
o= 5670% 107 Wim¥ K -y the Stefan-Bollzmann constant- .

. ‘Since blackbody s dilfuse: - -

+ Sictua-Beliziaam Lé

" - Numerical resulis are g

- Blackbody rhdigjig_ 1 fanction

1T 102 Ky

“Bhwd Emision

Table'12.1
Tnes 121 Blicklely Railiatian Fabcliang
AT Btk Tyerr?
QK Py (oan < o5l
e 000K 0TS 207
Ll QARNNE. AR5 X W
0D DAORI0S . IR X A0
00 05016 IS
100 [ELTEEY RIS X 30+
1200 o2l a L2 X 07
1,400 LIRS 134411 2 107
1,600 G0leHs 0249730
18 PYEER G.A75563
2440 [ +30M3
2 LAY 1SE4E X 107
24 0140236 (R
2400 PAIEIE] OHAD
2300 122707 02023 BKTIZY
frostabioata i e R
5030 T £.720254 30 1 07143
3,000 LIS a9TII
2 VIGITIS Q651544 0920855
Rean 043607 PELI 0900479
2580 0447382 0815228 x 10t 0.831737
440 0290877 0.5THIS 0.800351

G ED
T —Small
obiject

Enclasure,
T=2000K

: Find: 1, Emissivi power of a small aperture o
: 2. Wavelengths bélow which and above
concertrated. e I
3. Spectral emissive
emission. .
4. Irfadia
Assumptions:
Areas of aperture and obje

power-and wivelength associated wirith migotimum:.

')d










Surface Radlatwe Propertles

Chapter 12
Sectlons 12 4 through 12

7

Surface Em ; s1v1ty
of re.'.l] sur[ac -

o § grface emiission:

! Emnsswny ratio ¢

mn emmed by the surface 4 lhe radlatmn cmmed
. a'blackbody at the :

| et artae
~hGEDE

| Btichboly, by

Emissivity

Surface Emlsswity

Deﬁne a speclral directmna] emjsswny ’

-, Radisity
r \\
o

7

P

.
#  Refiected
i partion of
" ircacliation

Y s
A

$urface Emissivit)i

L EAT)
at T B GiT)
L (A4 T)cosﬂsm&‘dﬁd¢

BRI G, T)sosBsingdd

ok J:' I"”e o (4,88, T)cusﬁ‘smﬁ'dﬂdgﬁ

Assume su lsmdependem of ¢{:.rue rmost su:faoes}

T}

Ertivaibity

Emisgiviiv;. ’

'I'he dlreclxonal emlssmly
) “of o diffuse maller s
Bidegt i a constant;; -

.6{<40f’ 1<,£<i.i

e

8y =const:

“Canductors:

. 6<‘?0° 095<E <10
L E, -

. ¢ Representative spectral variations

el L,

presentative temperaturo variations:

Tow, el bl €

Favprdmn




Erisavily (cont).

0.4 .8
Total, nomal amissiiity, 2,

ity.of polished meta.ls and mcrea.smg emlssmly for unpcllshed
and exidized surfages:
Cumpumlwelv lurge emissivitics ofnancﬂnductors.

Example 12.6

4} 30 £0 80 B0
Bideg)

Find: 1

48in'd i "9.
2 e

097-015) ]

s

£ (L) = 036

i 'ForﬁT ZOOOFmK, (l,‘&/o‘?") 14 3x1()‘4(,um Ksr)

', _0493xm'“(,um K- sr)‘ xsmxlo* w,’m K {mnm(}

s _sgsxlo‘w/m s

J_,,(l;lm, ZUUUK)“ TLasl

(1 2000 K)= :rsrxs 555 10° W/ < s
: =2.8)x10 W,"m T

>
&

- pm;

Emissivity <

Absorption,’ Rc_ﬂ'ect_ién and Transmission

Ardiatiah
=G,

7, 7 G + Gt * o

G =G +

1fthe medium is opaaque;
a surface phenomena




Falivity

Absorptlon Reﬂecnon andT: ransmiss'i'oﬁ ' : ‘:AB$orption; yti and Transmission-

: Engmeenng calculntwn

i Spectral hemlsph u:al absorpnwty
G" “h(l) JZ# jlrlz
Gu) ‘-H,J"'-rJ'!.’

- lflnmdenlrudmuunls dlffuse

Ixi.m[ (4 J

X &4[_ Pl 9:!9_)—“’

“Emluvity

Absorptmn, Reﬂectaon and Transmlssmn '"

Transmlssn’lt\’

Gy, (W}

[¢]
46 B101214186 0246810121416
Al Mgy

‘1. Spe::tra] dlsmbutmn of reﬂectwlty Assumptlons

: Total, hemispherical absorptivity 1, Opague surface

‘Natureof swface tempemtme 2. Negligible surface convecthn effects
: 3. Back surface is insulated:

{02( ]smw/m -ann (6= ");:m

TR s g +$DnW/'m _ﬂm[u2(8 6],un|+[l 02][ )[8 ﬂ)ym]

: +[1x500W,’m ,um(l2 B),um

7 £ & 8 o7 ¢ 16
J

3800 w,fm
5000 W/m®

l.;gm,




g =aG

g7, =0.16(

Cgr =3800-- 25

Singe Joe * 9 the

75 107 Wt KA (500)

ill inereasé with time, - ;

* Kirchhofl's Law

Kirchhoff’s:

. Théenclosure surface ¢
properties.

aled as a Iqiackquy irrespe_:c

o oo gL
Under steady slater: " T, = T =..i=T]

KirelbatTs Lave- -

- under restrictive conditions

Q= E Then thé above is true if:

?tf(ﬁ,gﬁ) - stirface |s_d.1 lise .

-conducting materials)

e

The surfa.ce s-pray

3, Absorptmty of 1he waltta 1rradlat10n from thc coals.

Assﬁmplmns
- rick 'wall is:opaque and chffuse

emission from-a blackbody at 2000 K.

ermal enclosure ccn!ammg

pectral distribution of rradiation at the bric wall apprummates that due to




(A)7, (/l‘.' )dﬂ.

E

Fumace "E
encloswre. 7 ¢k, Sphare of mass, M,

area, A, temperature, T,,
and specific heat, <,

Adpmy

Fmd 1 Total, hermsp
. initial condition;
L2 Va]ucs af .'za.nd zafter sphere has bccn in fu.rnace fora lorlg time.

bsorpuwty and ernlssmty of sphere coatlng for the

Assumptmns -
15 Coating is opaqué and daﬂ'use :
2; Since fumace sinface is much iarger than that of sphcre irradi
rom a blackbcdy at

G (A)dA

(A6, (447

o E(AI200K)aE T 1

(1200K)

jo SA(Z)EJA (B1 A
ALY

Smcelhesurfacetsdlffuse Sy =y

(r)

I EJ,‘,(}.,:mDK)dZ*_u J" 1:“,(,1 300 K)dﬁ.
(300 K) o M B (300K)

: s‘.':‘az‘,
or .
E= “'M"‘(nam*""“[z Fw—»m]

From Table 121

1,1‘,:5,!:n1_x300K=1500yin-Kr Figoy =0.014

‘Hence

HxOﬂl4+0|(]ﬂOU]4) 011’

Because the speclml characteristics oF th. coating-and Tf temain fixed
a-isnot changed withi mcreasmg time,

However, as 7. increases wn.h nme & will change

Thus; affer a sufficiently-lonig time -

T= il E = a (= 062) L S Ane







Radiation Exchange Between Surfaces:
Enclosures with Nonparticipating Media

Chapter 13
Sections 13.1 through 13.3

View Fuster Intogral

The View Factor (also Configuration or Shape Factor)

« The view faclor, isa ical quantity correspondi
ta the fraction of 1he radiation leaving surface / thal is intercepted by
surface f.
Fo= is
v 4J

= The view factor integral provides a general expression for ~ Consider exchange
between gfferential areas dd,and dA} .

cosB cosé,

dy, ., =1 cosBddo, = J g 4 daa,

_1 cosd, cosd
5, L, [, i,

View Faclor Relsliony
View Factor Relations
* Reciprocily Refalion. With
cosé, cosd,
7, ‘_L, [, — A,

AT, = 4,5,

+ Summation Rule for Enclesures.

=1
0

View Pactoe Refulions

View Factor Relations

F R

o W Only [80 - -N(N 2] =M -2
F F:Zz For view factors need be determined directly.
Fn Fys Fiow

N=2, N{N-L}/2=1

Fy=1

fy+F=l = Fy=0

iy Fg=] = FH:I—[]A-L]

Viesy Factor Relotions

View Factor Relations

+ Two-Dimensional Geometries {Table 13.1)  For example,

An Infinite Plane and a {%’3 @ @E} % @;"3 %

Row of Cylinders

e e

Eumer 10 View Koorars for P Do Sroetches 11

pr— Maiucbin

Toardl1 e m iy MBebare
Comarstrd by Frriednlatet

T

Wm L W= lL

£erml2}

T

L qador 14
e S

£

e




Famr B3 L Ewsioed

Geraariry

Relstin

Purull) gl

BtiFerran Ror]

LAl Yo
g3

e E(ﬁﬂ‘

BET LT

Tiline Pt s Hoce 1l CvHnders

sesedis LT ..

3

Yiew Frcdor Rolakipns {cont)
+ Three-Dimensional Geometries (Table 13.2). For example,

Couaxial Paraticl Disks o 1

ket o T}

LAk 1.2 View Faetors for T Diawasional Gearreies 14
Tenonelry Rehion

Al Porsiie) Foxpt F it

Reshuigles

o Purallel Didka
Figuné 1351
"
i
3

Perpendinslyr Hesinngles
witb u Conanare Biye
WFiguce 146y

R »Tran"}’:-?mr':’]

R, By ol

Fm 4= 157 = Mrin

H B, ¥

o

Fpm =t ["n

(et Lo uner L
i "p# Huaw

P
01+ WiKE 4 N
{ T+ W 7
LR R il s
wermE e |7

1

x

‘¥igw Factor Refations

View Factor Relations

Additive nature of the view factor for a subdivided surface,

Example 13.1

Find: View factor of small surface
refative to large circular disk

Assumptions:
1. Diffuse surfaces
2 A4

3. Uniform radiosity on surface 4

1 cosé, casé,
F;’_ZI‘* I"J LT3 A,

6,,6; and R are independent of

<058, cos 8,
= ( i
ii"LJ e dA:

8 =8=8

Hence,

2
m o[ £05.8g4
-'".;»-LJ z Y

RP=r*+1!, cosO@=(LR), dd,=2rrdr

—apP__t - D
L= 2dr"(D"—+4E]

(r’+L2)




L=h
Y

Example 13.2

o ]

e8] {2) (2)

Find: View factors £, and 7,

Assumptions: Diffuse surfaces with uniform radiosity

L, Sphere within & cube:

By inspection, F, =1 Ans
AR =4,
i A 7D o .x
i I[},L]F‘“ T A Ang

2, Partilion with a square duct:

W
3R =1
=
R+ Fy+Fa=l
Fy=0
By symmetry, F =5,

= Fy=05 Ans
c
on surface Fy=|% }«‘uzﬂ[—‘x(]j:().'.'l Ans
L 7 L
Bilnckbody Enclosuno

3, Cireular wbe:
From Table 13.2 or Figure 13.5 with (n/L)=05and (L/7)=2, F,=0.172
oyt By + Ry =1
Fy=b
Eo=1-1y =082

2

B

2
£ = AR, =220 £ 0 828 = 0.207
Tol4) T xDL

Blackbody Radiation Exchange
+ For a blackbody,

+ Net radiative exchange between two
surfaces that can be approximated as
biackbodies —»net rale m which radiation  ~-
teaves surface  due lo ils
intgraczion with J

arnel rate al which surface
,f' Bains l?adiilll.on fiue wils Uy = oy =Yy
interaction with {

4y = AL E, = A,

4, = 4Fe{T T}

FJIEﬁ:

« Net radiation transler from surface i due to exchange with all (V)
surfaces of an enclosure:

4= gﬁ,.r-;a('r,‘—'rﬁ)

i

Example 13.4

D —+|

Side, T,

Heater wire

—— {nsulation
Bottom, T,

Find: Power required to maintain prescribed temperatures
Assumptions:

1. Interior surfaces behave as blackbodies.

2. Heat transfer by convection is negligible.

3, Outer surface of furnace is adiabatic.

4. Treat opening as a hypothetical black surface at

Ay Tym LESO'C

D e 0.076 M —fa—-]

Power needed, g, must balance the heat loss 10 maintain the prescribed temp.
q=d3+ Gy
or

g=4F0 (5 -1 )+ e (1 -1}




From Tabls 13.2 (ot Figure 13.5) with {r/L)=(r,/L}=(0.0375m/0.15m)=0.25,
§=18 = Fp=0056

Fyi=1-f,=1-0056= 0.944
From reciprocity,

I :[ﬁjpﬂ . _z(oersmy /4 %0944 =0,118

A ) 2{0.075m)(0.15m)
From symmetry,
Fy=ry
Hence,

g={7*0.075m>x0.15m)0.118x5.67x 107 Wfm? . K*
x[{ 1623K)" —( 3001()‘]+[%](o.c»‘.'m)2 %0.056
x5.67x10° Wm? K[ 1923K) - ( 300K)']
¢=1630W +191W =1830W Ans

Genera) Enclosiro Anelysis
General Radiation Analysis for Exchange between the N

Opaque, Diffuse, (?ray Surfaces of an Enclosure
=g =1-p)

+ Altsmative expressions for net radialive
transfer from surface £

4 =A(,~G)—> Fig. () ay

¢, = A{E,~aG)-> Fig.(c) (2)

E, -J .
=—*—t—— Fig, (d 3

G eyeg” FE@ @
Suggesis a surface radiative i !
resistance of the form: o

) 2 ]

Crmeral Enlesura Anshysia (oont)
x N J =
a=LARL-J)= 25
i =1 v( :) F‘(A,F-V)l {4)
4‘ Suggests a space or geometrical
resistance ef the form:

+ Equating Eqs. (3} and (4) corresponds to & radiation balance on surface 7:
_Eymd | §L"J{I 5
(-s)ed F[4r,)

which may be represented by a radiation network of the form

Genernl Enctosure Analysia {oant)
+ Methodology of an Enclosur¢ Analysis
% Apply Eq. (4) to each surface for which (he net radiation heat rate ¢, is known,

% Apply Eq. (5) 1o each of the remaining surfaces for which the femperature T
and hence E,, is known.

% Evaluate all of the view factors appearing in the resulting equations.
¥ Bolve the sysiem of & equatiens for the weknown radiosilies, JE AV SN %

¥ Use Eq. {3) 10 determine g, for each surfacs of known Tand 7, for
each surface ol known ;.

« Treaiment of the virtual surface corresponding to an opening (aperture} of area
through which the interior surfaces of an enclosure exchange radintion with large
surroundings al7,,, @

» Approximate the opening as blackbody of area, 4, lemperature, r=T,.
and properiies, .

Tue-Surface Enclosres
Two-Surface Enclosures
« Simplest enclosure for which radiation gxchange is exclusively between two

surfaces and a single expression for the rate of radiation transfer may be
inferred from a network representation of the exchange.

Tyvo-Sorface Enclosures feont}

« $pecial cases are presented in Table 13.3. For example,

> Large (Infinite} Paralle] Plates

Ay Te;
.1 i A=dmd Alg(:rla_?-;)
i WY T
i Ap Ta 8y Fa=1 ;I-w--;—l

¥ Note result for Small Convex Object in a Large Caviiy.




&

Kadintioa Shicld

Radiation Shields

» High reflectivity (lowa = £) surface(s) inserted between (wo surfaces for which
& reduction in radiation exchange is desired. .

» Consider use of a single shield in a livo-surface enclosure, such as 1has associated with
large parallel plates:

e p P Raddiation

shitt

A Tty AT C AnTnes

Note that, although rarely the case, emissivities may differ for opposite surfaces
of the shield.

Radiation Shizld (oant)

« Radiation Network:

B J o F Tz 5, £,
..... N IR BN G AP LA LA AP
B = U W = W . F A NI o)
€Ay APy By By Afm B
w-r
G2 =0 === il Ul
2=h == — — —
]-s+ 1 1 s,‘,+! ]A +} £
§4 AR, a4 &ty Al &

+ The foregoing result may be readily extended 10 account for multiple shields
and may be applied to long, concentric ¢ylinders and concentric spheres,
as well as large parallel plates,
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Fincl D Q) expression For Flow vc[o'ci'k{ over e
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i 11 %‘ « 35 N/m
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9) uniform wire ermpemfure

5 neqlect the radiahon
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hodme wie o damele D iy pedtoncd acmss apasnage b defermine flow veloci fy fom
heal transfer Chanclerishe 3. Cument _is pussed through the wire t heal it dnd e heal 15
c\{sv};a%ed To Hhe 'ﬂDwinj fluid 193 wveclion. The resistmce  of e wiee o defermingd  Fom

ele clrical measuce meal s, and the J(ema,?da'hdre is know Tfrom the  vesis Tancy
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@

fo, Tyst0’c 43 Wi De09 mm , Betatm  Te- 25T

Find ) Trpreenion for {‘{QW,,,,Wlu,Q{%\t‘ (V) over wire
(b)) Vo for_prescribed “‘5“0“_ Rons .

Assumphion 1. rf'@adﬂ_ shle

A Unifoem tempetature for wire

3. Nggiec,‘r raohalf\oh -
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Ve ASig xio m“1/5 ko, mbs week s 03

ot Ty K,ot atm 1 Pronagy '
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KAb) ¢ B () (T,-7 P ,
AEmeraeay ]

‘ _ 5
Assume 107 < Fe, Lexf , ‘Fr.nm 'bblﬁ %351 C=026, M=g.}

Vo= [ 55 W/m VE"'< 5.§ x10° @l/f_

0.0263 why.p *0.2(0. 1Y > % (40- za)oj 5xto % m

. %313 m/g_———w—# /
Soo Re, = yD . @ M_/J (5xi0 ‘m) z 3069, 62 =
b -6 2
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Assureplion (7} FUHH deve]op conpdition (@ heat transfer coefficient is the some {or both N
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- LA R
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dTm _ soax (T0) = S00% W/m (T<d.0m) = 19.6x K/m
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T . 3
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Tro,o = Tr,i = 15.6(3y — O
2 . .
. - o 90.2C
Tre . o + 702 C #
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ectrical resistance of 6x10* €/m (i.e., per meter of cable Carity (expla | 5 |

length). The cable is in an environment having a temperature ga“&*;;----)
" of 30°C and the total coefficient associated with convection diaegrar'ns,.... 3
and radiation between the cable surface and the environmnient is Relevant 3
approximately 25 W/m2-K. If the cable is bare, what is the equations '
cable surface temperature? | ! Rglsult?(accur 5
acy,...
N he# ,W Ll B ' Total score 10
OGRS VR {4 : .
-
| | L ’k“(rﬁ") = hiTs- )
-5 bak e >
Giumé - LAvesd ) 5 HA " . ok a )
v -’ t 1 e J\Ml"}l L] 1- { 7.(: - k[Tﬁ" TK)
i Eop qtent boper 4. : S 2 '
517 i . = )
w1 £ !.ﬁ.!z_)ﬂ(\f\ (al ) | T4 'j'p_h’tTd
_ . . _ | e
U3 ,.oaT A
e { D -
o ( ;1’ ’) i ?" °0 ! e "
| ; 2 bwio 7
T G C670 )y a7 v
| : : " 1 (2.009)°
<4 (127 ) = -9 ! Z g
N g 1
3 R W 3 194,60 ¢
—5{(\3_?) : o~ 90 2 (75
24 i : } A
| gl
? . 5
'j: i_?.f-\ +4 {
o 2K '
Teoy ‘sl |
&) T gy LT
4K 1

dT ' ’\

o L] . !

;}T {:e \? < I - o ;

e suvdye o ndviad o) \

3(0&10{ Y eeny

X _3,71 - \\LTj - T.,<) - ' J
. Qv!vvz '




snaneRENRE

EH}L:N(_%C% I‘lee;t "l"rmi er (% I 1D & First Name: ._{’um} LLSMeNsA

3. Two long copper rods of dxameter D=10mm ( ~ For instructor only:
360 W/m-K) are soldered together end to end, with solder Items Weight | Score _
having a melting point of 600°C. The rods are in air at 25°C Clarity (expla 5 S
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5. A iong pyroceram rod (p 2600 kg/m C 1100
Ikg-K, k= 3.13 W/m-K) of diameter 20 mm is clad witha
very thin metallic tube (with negligible thermal resistance) for
mechanical protection. The bonding between the tod and the
tube has a thermal contact resistance of 0.0075 m*-K/W.

If the rod is initially at a uniform temperature of 900 K
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1. The stcady-state temperature dlstrlbuuon in a semi-
transparent material of thermal conductivity k and thickness L
exposed to laser irradiation is of the form

| -
Tx) - L e iperc
ka*
where 4, g, B, and C are known constants. For this

 situation, radiation absorption in the material is mam%estcd bya

- distributed heat generation term, (). Obtain expressions for
the conduction heat fluxes at the front and rear surfaces.
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2. An electrical current of 700 A flows through a
nless steel cable having a diameter of S mm and an

ctrical resistance of 6x10™ Q/m (i.e., per meter of cable
efigth). The cable is in an environment having a temperature
of 30°C and the total coefficient associated with convection

- and radiation between the cable surface and the environment is

approximately 25 W/m*-K. If the cable is bare, what is the
cable surface temperature?
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l. An innovative method for air-conditioning a residence building takes
advantage of the earth as a heat sink. Deep ground temperatures in most
regions are considerably lower than summertime ambient air temperatures.
Warm air from the building flows through a long metal conduit buried in the
ground transferring thermal energy to the ground. The diameter of the conduit
pipe is 40 cm and the pipe is buried at a depth where the soil maintains the
pipe surface temperature at a constant value of 15 °C. The volumetric air flow
through the pipe is V =0.03456.m°/s. The indoor air is maintained at 23 °C and
the cooling air is desired at 18 °C> 1 w¥/4

Ground -

Conduit

_ N _ _ ; ;
b s i G207
a) Calculate the heat transfer in the air conditioning system? -
b) Estimate the length of the conduit pipe needed for air conditioning system.
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1. (continued)
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2. One hundred electrical components, each dissipating 25 W, are attached to one
surface of a square (0.2 m x 0.2 m) copper plate, and all the dissipated energy
is transferred to water in parallel flow over the opposite surface (see Figure).
The copper plate is assumed to be isothermal. The water velocity and
temperature are Uy, =2 m/s and T, = 17 °C, and the water’s thermophysical
properties may be approximated as v = 0.96x10® m%/s, k = 0.620 W/m.K, and
Pr=5.2. What is the temperature of the copper plate?

Water o Copper plate, T,
MHeor T, — 9 contv Contact area, A_
s T e T and

W SN

resistance, R =

T Component, 7, -

'.H;gm____fl___‘o._gm —
(10 points)
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3. a) Experimental results for heat transfer over a flat plate with an extremely rough q J
surface were found to be correlated by an expression of the form

Nu, = 0.04Re>® pr¥?

where Nu, is the local value of the Nusselt number at a position x measured from
the leading edge of the plate. Obtain an expression for the ratio of the average heat

transfer coefficient 4, to the local coefficient 4.
(5 points)

b) An enclosure has an inside area of 100 m?, and its inside surface is black and is
maintained at a constant temperature. A small opening in the enclosure has an area
of 0.02 m®. The radiant power emitted from this opening is 70 W. What is the
temperature of the interior enclosure wall? If the interior surface is maintained at
this temperature, but is now polished, what will be the value of the radiant power
emitted from the opening? " |

(S points)
0\') N .9 ;1/3
by 0.04 Re., ™ Pr
¢
(\Jux.z .\‘)j?( \’\’X = .04 Ry rql "3
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4. A circular pipe flow is said to be “thermally fully developed” when the
following condition is stated:

Q[T;(x)#(nx)} -

x| T,(x)-T,(»)

where T, is the tube surface temperature, T is the local fluid temperature, and
T,x 1s the mean temperature of the fluid over the cross section of the tube. If the
surface heat flux of the tube, 4. , is constant,

a) Employing the above equation, show that

- or

or| _dI,
Ox

g dx

i
(3 points)

b) Using energy balance for the control volume shown in the figure (P is the
surface perimeter), obtain the expression of 7, as a function of x for the pipe
flow with the mass flow rate, 7z , and specific heat, C,

R

- o d

I L Ty T, +dT, =
p——
}—-.1' |“H'l""|
¢} L
Intet, Cutlet, o

(3 points)

c) Sketch the variation of the mean temperature, 7, and the surface
temperature, T, along the length of the pipe (in the same plot). Indicate the
entrance and fully developed regions clearly in your plot, and briefly discuss-
the variation. The distribution of the local heat transfer coefficient, &, is as
shown in the following figure. o |

_ (4 points)
i
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2103-463 HEAT TRANSFER
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1. An innovative method for air-conditioning a residence building takes
advantage of the earth as a heat sink. Deep ground temperatures in most
regions are considerably lower than summertime ambient air temperatures.
Warm air from the building flows through a long metal conduit buried in the
ground transferring thermal energy to the ground. The diameter of the conduit
pipe is 40 ¢cm and the pipe is buried at a depth where the soil maintains the
pipe surface temperature at a constant value of 15 °C. The volumetric air flow
through the pipe is V O)D34‘56'm3/s The indoor air is maintained at 23 °C and
the cooling air is desired at 18 °C. 1ofg

" Ground

Conduit
a) Calculate the heat transfer j i itioni ?
te b) Estimate the length of the conduit pipe needed for air conditioning system.
D= dacm . Cantrot voluve :
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1. (continued)
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1. (continued)
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2. One hundred electrical components, each dissipating 25 W, are attached to one ﬁ ¥
surface of a square (0.2 m x 0.2 m) copper plate, and all the dissipated energy
is transferred to water in parallel flow over the opposite surface (see Figure).
The copper plate is assumed to be isothermal. The water velocity and
temperature are U, =2 mv's and T, = 17 °C, and the water’s thermophysical
properties may be approximated as v = 0.96x10° m%s, k& = 0.620 W/m.K, and
Pr= 5“_3 Whalt is the temperature of the copper plate?

Water

”-:\'.-' T

Copper plate, T,

— Contact area, A,
and

L] CTTTTT T Lﬂ resistance, R;”

"— Component, 7,.

.“i*“"“‘“‘“——L:OQm >
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3 a) Experimental results for heat transfer over a flat plate with an extremely rough
surface were found to be correlated by an expression of the form

Nu, =0.04 Re” pr”*

where Nu, is the local value of the Nusselt number at a position x measured from
the leading edge of the plate. Obtain an expression for the ratio of the average heat

transfer coefficient h to the local coefficient 4.
(5 points)

b} An enclosure has an inside area of 100 m?, and its inside surface is black and is
mamtamed at a constant temperature. A smalI openlng in the enclosure has an area
. 0f 0.02 m®. The radiant power emitted from this opening is 70 W. What is the
temperature of the interior enclosure wall? If the interior surface is maintained at
this temperature, bmwlsb_d what w111 be the valug of the radla_nt power

emxtted from the openin g‘7

(5 points)
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3. (continued)
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4. A circular pipe flow is said to be “thermally fully developed” when the
following condition is stated:

Q[Ts(x)—T(m‘)} _o

x| T, (x)-1,(x)

where 7 is the tube surface temperature, T is the local fluid temperature, and
T’ is the mean temperature of the fluid over the cross section of the tube. If the
surface heat flux of the tube, ¢”, is constant,

ymploying the above equation, show that
aT

ory _di,
Ox

fit f‘x

Jd.t

(3 points}

Using energy balance for the control volume shown in the figure (P is the
surface perimeter), obtain the expression of 7,, as a function of x for the pipe
flow with the mass flow rate, #1, and specific heat, ¢ o

Aefpony = o Py

1' i
I
— R Tl | T+ dl,  |——
i 1
Leed
I—-.\' !""tj\"'§
0 L

Infet, / Qutlet, o

(3 points)

Sketch the variation of the mean temperature, 7)., and the surface
temperature, 7§, along the length of the pipe (in the same plot). Indicate the
entrance and fully developed regions clearly in your plot, and briefly discuss
the variation, The distribution of the local heat transfer coefficient, 4, is as
shown in the following figure.

(4 points)
i
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5. The spectral, directional emissivity of a diffuse material at 2000 K has the
following distribution:

1.0 715
T,20% | .
o
8\: o,'l )
_ o | |
S o2 1.5 Z.q
A (1tm}

Deté_rmine the total, hemispherical emissivity at 2000 K. Determine the emissive
power over the spectral range 0.8 to 2.0 um and for the directions 0 < 6 < 30°,

: (10 points)
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l. An innovative method for air-conditioning a residence building takes @

advantage of the earth as a heat sink. Deep ground temperatures in most
regions are considerably lower than summertime ambient air temperatures.
Warm air from the building flows through a long metal conduit buried in the
ground transferring thermal energy to the ground. The diameter of the conduit
pipe is 40 c¢m and the pipe is buried at a depth where the soil maintains the
pipe surface temperature at a constant value of 15 °C. The vglumetric ai} flow
through the pipe is ¥ =0798436'm’/s. The indoc@ maintaine °C and
the cooling air is desired at 18 °C.l
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R L C Te25¢
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Conduit

D:gocm

a) Calculate the heat transfer in the air conditioning system? G- _
\ b{ Estimate the length of the conduit pipe needed for air conditioning system. | - 2
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2. One hundred electrical components, each dissipating 25 W, are attached to one 3 )
surface of a square (0.2 m x 0.2 m) copper plate, and all the dissipated energy
is transferred to water in parallet flow over the opposite surface (see Figure).
The copper plate is assumed to be isothermal. The water velocity and
temperature are g, = and T, =17 °C, and the water’s thermophysical

P

Pr=5.2. What is the temperature of the copper plate?

W N3¢

Water / Copper plate, T,

u—.-.f V = A
hssumghr 4, neslede Vool T — ﬂQ—ZSW i:o‘v\wmd —— Contact area, 4,
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3. a) Experimental results for heat transfer over a flat plate with an extremely rough
surface were found to be correlated by an expression of the form

Nu, = 0.04Re%’ Pr"? \acad

where Nu, is the local value of the Nusselt number at a position x measured from
the leading edge of the plate. Obtain an expression for the ratio of the average heat

transfer coefficient #_ to the local coefficient .
(5 points)

b) An enclosure has an inside area of 100 m?, and its inside surface is black and is
mamtamed at-a constant temperature. A small opening in the enclosure has an area

. 0of 0.02 m?. The radiant power emitted from this opemn@ 5770 @>What is the

~ temperature of the interior enclosure wall? If the inferior surface is maintained at

this temperature, but is now pollshed what will be the value of the rad1ant power
em1tted from the opening? 4

" Kogumme 4, @q\mﬂ WSuargy points)

- X - - 1 -
03 Wuye T 0.0tked e 3 lagudu X

Ny ~Qs@\xﬁe°°‘pv /(.\oéd-\ﬂ
! 3004\(@*) (’N;)

mv‘ JV\ -,‘X\(\u)/ x . o ! 0.h

00
—0 1 = Q.0tkV §V* & ‘
= OO‘WV P‘fs “8 érx T * . 0‘0.___‘0“ 4

T e et o
; = :
p, ookl 4
¢ xoy 09X . T oa / Axs
* % hw g.otkRel ‘pv% | g
St |
. \ ¢ fa
N )
R . ou Pssvvpbion A, Qv\c\oswt U wvvmwwunu 8 a0
\U"J P A=logw Avad \“\ﬁu Q& g\dﬂpmav]
f( Tyt

P ._TS {
e 77 Ao

L ELLTY = LA 2500 Y/l

. 0.0
+
NN Q.-\'c‘fvm-“u\?,w\h“ low Ep-0T 4

-1 T
%500 = %.5‘}&\0 gll'kq’

T 403,45 K./// c
‘tﬁgs%\f\ polishd Wa Wf\ml@mm % LOR Qg\o\dk\go)u} Q.(, Wi 09 §1 1 0u ot \ose .

;ﬁ i\m&ym 3 uim \mmuh ) {@nnﬂmﬂ,u;\u Wa an puwtvggnmw\n@\h }‘



---------------------------------------------------------

4. A circular pipe ﬂow is said to be “thermally fully developed” When the
following condition is stated:

e,

where 7 is the tube surface temperature, T is the local fluid temperature, and
T 1s the mean temperature of the fluid over the cross section of the tube. If the
surface heat flux of the tube, g”, is constant,

a} Employing the above equation, show that
or|  dT.

fd - dx

ox

Kt
(3 points)

b) Using energy balance for the control volume shown in the figure (2 is the
surface perimeter), obtain the expression of T, as a function of x for the pipe
flow with the mass flow rate, 7 , and specific heat, ¢ -

Arony = P dx Tf’\ [ ‘ﬁ,)
P
— h T : : To+dl, L

. : |
l_." iyt

¥ L

fniet. ’ Qutlet, o
(3 points)

¢) Sketch the variation of the mean temperature, 7, and the surface
temperature, T, along the length of the pipe (in the same plot). Indicate the
entrance and fully developed regions clearly in your plot, and briefly discuss
the variation. The distribution of the local heat transfer coefficient, A, is as
shown in the following figure.

?b\\% }qm,\opg\ ¥es, ton (4 points)
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I. An innovative method for air-conditioning a residence building takes
advantage of the earth as a heat sink. Deep ground temperatures in most
regions are considerably lower than summertime ambient air temperatures.
Warm air from the building flows through a long metal conduit buried in the
ground transferring thermal energy to the ground. The diameter of the conduit
pipe is 40 cm and the pipe is buried at a-de where the soil maintains the

pipe surfagq temperature at a constant valuye 6f 1§: E-CZ._TTle volumetric air flow
through the pipe is ¥ =0. m"/s. The indoor air is maintained at 23 °C and
the cooling air is desired at 18 °C.

Ground -

Assume
O wrsbnt peperty R o
(§ Gtewdy Sate . | . '  Conduit -
(% g\ﬁleque Pediontion v

a) Calculate the heat transfer in the air conditioning system?
b) Estimate the length of the conduit pipe needed for air conditioning system. y
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2. One hundred electrical components, edch dissipating 25 W, are attached to one
surface of a square (0.2 m x 0.2 m) copper plate, and all the dissipated energy
is transferred to water in parallel flow over the opposite surface (see Figure).

The copper plate is assumed to be_isothermal. The water velocity and
temperature are U, =2 m/sand T, = 17.° d the water’s thermophysical

propestieSynay be approximated as v@ m?/s, k m.K, and
Prat is the temperature of the copper plate?

Water - _ ' . Copper plate, T,
@Q —_— — Contact area, A,
fssume omje NE ' N and
. p\opeﬂf\) e T ",.;j: T T IT T L& resistance, R, . |
Mgk slate 7% _ ‘ =T Component, 7,
reqlecyible Ragiahon P A R A
e L=02m —
N> o0 o ) | | " (10 points)
%;@EM*@ s QGO0 \W :
%o w %04'
Az 0.2Wx0.29v v viov v/
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3. a) Experimental results for heat transfer over a flat plate with an extremely rough
surface were found to be correlated by an expression of the form
Nu, =0.04 Re!’ pr'*
where Nu, is the local value of the Nusselt number at a position x measured from

the leading edge of the plate. Obtain an expression for the ratio of the average heat
transfer coefficient 4, to the local coefficient 4.

(5 points)

b) An enclosure has an inside area of 100 m?, and its inside surface is black and is
mamtamed at a constant temperature. A small opemng in the enclosure has an area
of 0.02 m’. The radiant power egnitted.from this opening is 70 W. What is the
temperature of the interior e m ? If the interior surface is maintained at
this temperature, but is om@ , what will be the value of the radiant power
emitted from the opening? ' ' '
e,

(5 points)
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4. A circular pipe flow is said to be “thermally fully developed” when the

following condition is stated:. -

' i[ﬂ (x)-T(r,x)L =

ox| T, (x)— T, (x)
where 75 is the tube surface temperature, 7 is the local fluid temperature, and

T, is the mean temperature of the fluid over the cross section of the tube. If the
surface heat flux of the tube, g7, is constant,

a) Employing the above equation, show that

-

or

- dT,
Ox :

fdu Ex_

e

(3 points)

b) Using energy balance for the control volume shown in the figure (P is the
surface perimeter), obtain the expression o s a function of x for the pipe
flow with the mass flow rate,@and specificheat, c,.

defeony, = o P d

[PPSR |

i It —— T, T+ T, ~
|——‘\' T
0 ) L
Inlet, ¢ Outlet, o

(3 points)

c) Sketch the variation of the mean temperature, 7, and the surface
temperature, 7, along the length of the pipe (in the same plot). Indicate the
entrance and fully developed regions clearly in your pﬁot, and briefly discuss
the variation. The distribution of the local heat transfer coefficient, 4, is as
shown in the following figure. S

(4 points)
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5. The spectral, directional emlssw1ty of a diffuse material at 2000 K has the
following dlStI‘lbuthl’l

1.0
| 9
on
e 0 | 1.5 - eyl
S A (1em) 77

Determine the total, hemispherical emissivity at 2000 K. Determine the emissive
power over the spectral range 0.8 to 2.0 ym and for the directions 0 < 8 < 30°.

_ .,.Jﬂl» )
s ¢ ' ol g " (10 points)
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1. An innovative method for air-conditioning a residence building takes
advantage of the earth as a heat sink. Deep ground temperatures in most
regions are considerably lower than summertime ambient air temperatures.
Warm air from the building flows through a long metal conduit buried in the
ground transferring thermal energy to the ground. The diameter of the conduit
pipe is 40 cm and the pipe is buried at a depth where the soil maintains the

pipe surface temperature at a constant value of 15 °C. The volumetric air flow
' L3

through the pipe is ¥ %g /s. The indoor air is maintained @ and

the cooling air is desired

“Ground Warm

air

D: Hoer. T wns‘}ﬂml M
&, 4 .

Conduit

éb’ rot
a) Calculate the heat transfer in the air conditioning system?
b) Estimate the length of the conduit pipe needed for air conditioning system.
L
- ASGUM leh : C,J(m&;},s-}q-}e ; ’1_'.3 oowshn} ” a" props. are Uni(vm (10 points)
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5
3. a) Experimental results for heat transfer over a flat plate with an extremely rough 0
surface were found to be correlated by an expression of the form ™

Nu, = 0.04Re?® pr¥?

where Nu, is the local vatue of the Nusselt number at a position x measured from
the leading edge of the plate. Obtain an expression for the ratio of the average heat

transfer cocfficient /_ to the local coefficient /.
(5 points)

b) An enclosure has an inside area of 100 m? , and its inside surface is black and is
malnta.med at a constant temperature. A small opemng in the enclosure has an area
of 0.02 m?. The radiant power emitted from this opening is 70 W. What is the
temperature of the interior enclosure wall? If the interior surface is maintained at
- this temperature, but is now polished, what will be the value of the radiant power
~ emitted from the opening?
Re, = v ' (5 points)
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4. A circular pipe flow is said to be “thermally fully developed” when the Z_zbf
following condition is stated:

i[f:m—r(r,x)L 0

&x| T,(x)-T,(x)

where 7 is the tube surface temperature, 7 is the local fluid temperature, and
Ty is the mean temperature @Mid over the cross section of the tube. If the

surface heat flux of the tubq, ¢”, is tonstant, ¥
: :)_( #0
a) Employing the above equation, show that
or JTM
——— = /‘
x|y, * N, dX

(3 points)

b) Using energy balance for the control volume shown in the figure (P is the
surface perimeter), obtain the expression of 7, as a function of x for the pipe
flow with the mass flow rate, 7, and specific heat, ¢ .

Bef s = 5P dx
=1="
A
— HI e Tw : T, +4dT, e e
1
] .

bnd

Fﬂ ‘ Fa=civ»d

0 ‘ L

Inlet, : Qutlet, o

(3 points)

¢) Skeich the variation of the mean temperature, 7, and the surface
temperature, Ty, along the length of the pipe (in the same plot). Indicate the
entrance and fully developed regions clearly in your plot, and briefly discuss
the variation. The distribution of the local heat transfer coefficient, 4, is as
shown in the following figure. ' |
' - (4 points)
I
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4. (continued)
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. ' 2103-463 HEAT TRANSFER
Year 3, First Semester, Final Examination, December 2, 2016, Time 8.30-11.30
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An innovative method for air-conditioning a residence building takes
advantage of the earth as a heat sink. Deep ground temperatures in most

\regions are considerably lower than summertime ambient air temperatures.

aé‘rn air from the building flows through a long metal conduit buried in the

D-0am
Te 15

Conduit

a) Calculate the heat transfer in the air conditioning system? |
b) Estimate the length of t 3 conduit 1pe needed forair condltlomng system.
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2. One hundred electrlcal components, each diSSlpatm@m attached to one

surface of a square (0. 2 m x 0.2 m) coppe ,.‘1 te, and all the d1531pated energy

temperature are \ d the water

propertles may-b m?/s, k 0.620 W/m.K, and

v ‘ I : _ M,ﬁwﬂ”’ Rﬁ :';;—- o ST
Water > T Copper plate, T
oo T I o Contact area, A,
' and =

resistance, R/,

v B3
1 Component, T,

(10 points)
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3. a),nEgﬁiimental results for heat transfer over a flat plate with @
(surfacewere found to be correlated by an expression of the form : )
Re =z UGG L z I ')V
Nu, = 0.04Re}’ Pr"* —— e
x x 4/ a
where Nu, is the local value of the Nusselt number at a position x measured from

the leading edge of the plate. Obtain an expression for the ratio of the average heat
 transfer coefficienf & the local coefficienf 4. =

(S points)

of{0.02 m23The rad i Odm this openir

eniperatiice of the iﬁtW? If the interior 3t fs mair}:@ged at

this temperature, but is now polished, what will be The value of the{radiant power~

eritted fi ning? " -
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5. The spectral, Llrectlonal emissivity of a diffuse - material atas the @
W

tollowing distribution
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Determine the total hem1sphe ssw1ty at(2000 K, Determine thc_em&ve
power over the sp spectral rang to forthe directions 0 < 6 < 300
(10 pomts)
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