laa dlolas o,

=2

9 J‘J._\f.a‘ _)e.o‘ /

EAY a1 o kg Jla | O (8550 w0 525

EP VWP solfid Oyl Colud Aol 8 9,y

S0 Wl pw
8 pa0 (5340 <) gasel yaal

ASe;lS.A L;a.u..\:\.@.a Qil.;:\ sw.u..ﬂ.@.a K] u_’\."q b..\s.:&::‘d (e C_\:s:s‘)] b&i:t‘.}

LS

calid 1Al ) ol yan gub)y oISEL Lo Glel gelsdia ol a culaa e¥ulae Ja
EQ‘JJJQ—A—M‘CA;LAA“}.;:L;)L.“:)L@.ST:)‘QJM‘Q)JPJQYJMQ\;;:\‘J)?JSJJ‘JA
S psd B L Olsiee wlse A o9 Wl 5 oSla (550 Ll g L s b
oo o Alie ol 5o s suliiel (55l sli culan dolas sla 4 (5 sapen ulua dolas
oo bulid 4 as b soaw 5 solslia oola culia dobee slplsa Al Sea
éJ‘ﬁ@@b&ﬂ)JQLﬁU&@cﬁuﬁﬁth@u‘bm&b#h
3 ams Lol iass wialsd Sulaie olS alslas gu ol slgmlsn il alliad o 0,8 o )53
Soloa culua dolas slplsa 50 Yk Loy e cuddS Hlaa da wsls 18 Sla s
Goob Ol GBlbl luas b s hacs (385 0k dial 20 | Sas SIS culas 5 g5l 5l0a
L s adly clan 31 S0 s phee g BB oI 81 aliige oolba Jols (b
dolae 5 sn B b poa mas glos il S5 i ps pha Cla oyl

ol oo Gruts &l a SIS

&LJ} 5&9‘3 ‘C)‘)[)A ((5\91‘5.‘& ‘C—E‘J—A :‘54:\-‘5 ‘5&03‘3




deudio
9958 o0 oo sule Ko Lo Les LIS dacal p 4 S el (3500 B e 63 ol claa
S Sl cnlia SIS (55688 a0 eSS (Jlge b el Guliat cullad 1) 0T (o508 501K
Soge € Los SIS L Lafians |5 (Sola HLs i (oo ol )58 culaa o 86 Glgie € of 5 12
s oS slaswy B Sy ol paulid snany 5 9B S )58 G LS Sl o b se SlA
>aie culgin ce y b ol lase 5o ola 58 Jae line o0 S o loAT il wd sl aralie
503 PUSL Giay (B ol 53 50 1 (23l et S5 S 488 nlaa Jae 4SSl b ule o e
[V e res55 (Suid 59 (ouige slas I8 SIS (5l el (53 Hlacs o8 Lol (351a
GLALAJ BE) LA‘; dt&l’:l (S%JS G.‘:L& ‘s:sl.n:) (5‘.&5:)‘_.: B ‘JK QJ‘)& Jl:ql':l 4._&23.1.7.‘ CSJJ‘J"’ L U}S‘j Uf‘
Ol 5] SaS4 ulgo Gunn g5 w158 50 (Sl S slas LIS wiile Blhae S Koy Gl LA
o9 aoloa JES 5 333, lakaas 5o 0kl £ b aola JES AL oad b peabliae s 58I slga 5o
Jae 6,850l ol ol el o Gl 1y (Ao BLE e @l o508 slayl s (ola il
S Jas VA0A Jlw Lo TS50 5t sBBIS V] sl e el a3l K58 b a8 cslaa
S olal el sule (Rea e HBALL o) i) opla L) cie yw o g sgaas o 45 aialy
@l oY ool Sl 8l e al cpl s S e Los Ll 5 LoyS HLls o asly 5o ea s
mod & ol S 5la 5al ol (b e wal sole s AL al G o 5loa ol sl 3580 Gaul
© gy € 0l 1B e 5o e tan Galal [Y] wau e Bl WS e Ol 458 T L 1 usa
4 ol sl oSl 53l ool 5 458 S Ja o0 e 88 AT 4 g (le S Syl

I¥] a5l go Baboie Los Lol S @lmas b1 0 sd s 5 SLSE L 4k
LsS S5l sdia culaa pasha bl dale
Juuqu@u‘uf‘;:\l:\:\éJLAJJQ)“)AJm‘CA.C‘)_A.HUJJ_jCA_‘\LQ;\Ls_\uéJJ‘l_J‘)}SJJ_AJJ
os Lol S slasl paae &0 s ke )l wsay (Sled 5al G Saua Las pLulS 5 (Solha
I aoloa Llam) ey S LS (s sl slia culua Juo .0 oo Kialaa T L1, apa 5 Syla L
sl asas Al Solha Sl s Les (LIS G S u5ls s 5o 1y clida ol WS s s 8 dsias
ol sl JEBI T S0 b 4 aia Sk S 5 ala B adS e Jsb Sl mae 5K oslie
I¥] ctisi 65800 5 53isn 1 Las ool S 5 s3olom 5L O
a(x,t+7) =-kVT(x,t) (V)
1 - Cattaneo
2 - Vernotet

3 -Thermal disturbance

faa adolas o,

s

e 5 Slpanel seel [

-6

VPN cuidgana 1 o [ it o] OF b (65 51 w0 25



laa dlolas o,

=2

9 J‘J._\f.a‘ _)e.o‘ /

EAY a1 o kg Jla | O (8550 w0 525

64@@;4\\,‘&&343‘)}&\3&;397A\yiwu*ol;éjﬁumbldl_o;d\y_:aésfd

:HJLJ “s:gLu
qixt) + r% — kYT (x 1) )
2 555 dalas L (Y) dalas S 5 )
oT (x,1)
P o -Va(x,t) ()

1v] a0 s sl slan culaa dolae 4

2
o -gg’t) LT aV T (x,t) )

48 e olEide dalae Gl Gk g0 o oS cuinl o s po G (5 ol 108 culus dulas (ol 4 Sl il

a S ol y = (1)045 dgane @e i b oplha HLaisl saiiSoly dolas (ol .ol sk Halls Los a g0
T

t
Jseo8 cSoRIE jum 2 53 ol 51 Ol 4ok 4 0l Ko oS LA (Gloaloya T smalie S5 ool
107" osgune 4o T Loolie Ko gu slanals 5 38 (alla olauls wils (Kaa ol ge gl el
Yo g o3 ol oielyT oley « NGHCO3 5 o aile jiSas e alse Lo il o 456 1072 s
el olale el € @ab) ol © Sea nd ahsla 5o (5ol Gielyl Gle) ol 4l
[\] JJ‘J;:J—H:IC’A—Z(SLA“;\‘J‘)Q .In.A.quo‘L} ‘)L.\;.AQ:J L}«i‘)ém@u‘@‘\j



SHHIA Culaa dlalae O g JSubi g cuals

odslia ua Janl i o¥olas ol o sl olSwss 5 (g5 slia ol a clas dlolas
] i 535 K asd 4 aVolas g cpl wa Koo (sandio
oW . ow , 0°W

0 k—-=a o~ + bW + D (x,1) )
S5 i€ Lo g seie dobie s D(X 1) =0 b< 0. k>0 :a¥olas 3w ol 5o L=
E(x t)=iH(at—\X\)exp(—ﬁ)l - br1e-C (v)
" 2a 27°° a2 4
1 kt x? 15
E(x,t) =—H(at-|X)exp(-—)J, (c,[t* = =) b+k“<0 A
(x,t) 2a( X)) exp( 2)0(\/ 612) 4 ()

salls [¥]asl o sad ool Juw 0l 15(2) 5 Jows 06 Jo(2) ot Faaly oy s H(2) <

Slem L0 e A8 dpa S L Sl S alasl ) alas dolae gl ol sll s Ho dy 6 Gud

09 a3 St s el 835 Guleal 1) @sloa acn alad 5 5ia oS 8BS slgile) sl ool ol ol
DS o s Los wlad (sl Jaie

SHHIA Oyl ya Culaa ddoles Ja slgddigy
hlad oo woas 5 (poad Sose ©oaa b)) LS gl opla culaa dolas Ja 6l
@l was sgane JISE bus S ela g sodae Yooy Jle Lo ol su alasl Ll ol o
£ ol Sl 4 s bcnl sols S Guilaials slge o glaosd e culaa dobae a5 s
S ol 5o 4l 5 (el S5 alge Gol 53 T )l ol (Kan juk olge 5o i @l culaa
S 555 B Bl (o 45 ool JSehe s slae (ol LLIa3 i 13 i s 38 a3 5o
o0 o JISAN 51 (A 50 gaae Ja Lol ol sl a8 dolae Gl sdae o sledigs
SLles sl Low lad Lo w5l Sieusuls )l wsms iliws g5 ool sose o 5o S K
W8 S e Gl ss Hlas ad 4 b S sl (Sou3s o gaae glada wlse Gl Ho il wl gl 8BS
Opl s €] w Gl s lslia cola culaa dalas gose o gl mas Ghs S VAAY Jla o
ol da K Ghs s Gl Slas L S sl ($o3s 5o ssel s Yo oS el (B,
AW S ley 4 cuad LY bas glo,sd e ool colaa dolas S awl o € el o5
suel s s (Jsare Jaedlpinn dalas Gures s e G ) dolas Sl (Siewly SIS Cpl sl o
Wl 5 288 usSae O sl sy sleolsm 51 b Sl 5 il o Ja ose Bk 5l 1y

4 - Heaviside unit step function
5 - Duhamel

faa adolas o,

s

e 5 Slpanel seel [

O

VPN cuidgana 1 o [ it o] OF b (65 51 w0 25



laa dlolas o,

=2

9 J‘J._\f.a‘ _)e.o‘ /

EAY cupaaa 19 o ek [pitia Jlaa | 011 (6550 @ 5

o dalae sl 5 dLY bas sael crwns ol yins dolas o gl ! ciws 4 Les Lol
oSe Sose JAS ana Jsb Lo SIS @l Lo wsdige @oSUISE! [X g0 X g0] dlals
J_AJ';lJ)A\JLA.J4:\LA;.A;:\T\45c_\.‘.ule.\:‘\)JJlS4:&3‘41.;;3Lo\.AJlA\AJ_\M‘aeaali_\:uSguﬁj)@l
aa.oiau.u.;.su.lwJe...ull).&:udal.a_a6ml@lylwloh.&ﬁﬁ)agnheﬁgdﬂ&‘;};
ol 25 @ose 4 S alls 5o (Y fias )
3292 _ a0 -0 ¢ (i smsmy) (%)

s 4 pare Jacdl 5 Lol ook 3 @ SILSEI b ol SINh a5 & dolae ol Slsa oS
s & a4 o les (JHES ana 54 50 Lea les UK ol 51 saliial 5 GdlY Jsass 5 sael
oS oY Lalsa 51wl 0Lk o s S o TD.MA (35, b € 05t o (s5b8 4w dolas
09 S LT 5l ol gase GusSae (Y wia3ls 5 et Ll laig aa LIS (A ol Al s <
ol asdi oo Ja (goae i, o dolae Guaw 5 0o S oo soliil LY Jsas B Il (i e, o
culaa dalae gaae Ja slos GBos oo 0SB LKAl col € o (S35 Ghys b woua (i)
2 e g0 byd 5o ugane gose sl g Bia 5 e e K il su g sl slia o)

L] ool o s (a2 b (ba

Sl i by b s elglia culua
o0 bl cad culg e e dadia S o 1 sslslia coba culaa VA4 L 5o SET
el 25 018 @ 5300 bl 5 aSIa dolas [o] el suls LI s asse 2l
TaZT or o

>+ =0 (\+)
ot ot OX
T(x,0) =T, (\Y)
aT(x0) _ 0 oY)
OX
T(o0,t) =T, (\Y)
q(0,t) =h[T,_ —T(0,1)] (\¢)

6 - Finite Volume
7 - Antaki



0.15

012

0.0g

DIMENSIONLESS TEMPERL TURE

S lala (5558 bk b (5 90 9 (5518 Culaa ) Jsud

Sadla 50 bydi b s gag 9 S 919138 Oyl culas B¥ules gl g (il Sea Y IS

we [

—

T—

—

FOURIER

I HYFERBOLIC

""----.._,_‘__‘_‘_‘_h|

WAVE FRONT

DIMENSIONLESE SURFACE TEMFERL TURE

=
b

0.0l 0.0z

0.3

o.04

DIMESIONLESE LOCATION

HYPERBOLIC %’

yd
/ FOURIER

/

g

o

002 004

nng nng

DIMENSIONLESS TIME

ol

1o

0.ns

BYB1LS

coloa dolas o

e 5 Slpanel seel [

>

PAY cudgusa 1 oladh | gkt Jaa | O ol (63 31 @ 3



laa dlolas o,

=2

9 J‘J._\f.a‘ _)e.o‘ /

EAY a1 o kg Jla | O (8550 w0 525

ol 3 e Ja lad oy gem 4 1y dlis 0al 0 GusSae 5 Y Joass By 5 suliiad L ST

.(mamw,&iﬁguu,j,@ &)y Ll gas cpl )l saal (V) 5 (V) sl o =
Slhat 5o 958 L8 Soba bl (asme 53 HLSL daiin S 816 sl 51 (Sl Lasls g
2o Jae 50 0l @l Gle) @i b Lol cual & slite Yol WS Lo sty 4,58 45T L Low ol il
lales clla ol o u s oo sasa Loy Gy K dads Hye o gl olial 5 w8 S e Gabis aa
alla o) WS oo Gwgin W S cnl @i O Sidw sslslia culua Gaob B sad iy
;,,b;;,b:nuﬂ,“;qsgs‘.x&uimm\@m;\.(mnC_Pm%mu;,ﬂ\ws;u:euﬂ
S 550 oo Lo gpads 08 S 5l Hu T lussd e oola colaa SI8 Wb lusl pus @8l

o]l cuaal s dls cnl 5 glae Ll abAS Glone 5 G @8l o T 358 5 L5

ol 50 by b s 51513 Cuslaa

S A GG g0 bt b 55l slia osloa culan cssm 4180 Jla 5o TSy 5 Sl
To sles ool 5068 0 < X < o0 culgd (2 ot adin S sl | 55l slia culua S8 5o ool [1]
saSe Jlael X =0pbw g5, F(1) ola sl dllie cpl 5o miols 5153 a o a5 aslo LIS
crss @l LTl osla Jols Gl Gk 51 T, slea b asns b wil 50 X =0 mlaws
soae Jo wlB L) mow g9 il oI5 sl yen 4 s olglia colua dulas goae Ja 31 sunl
;m,uvf:% oS ol sual (V) U 50 L8 g0 ol LIS il wilen sad dewslie (s gagen 4l
Cla s Al skie cwule 8 (BAy cups O 5 obe) Tl luss 50 ole S e ,lasl
oo cns 4 55 Jgesd 3 Nl plasilss il (s O 5 pas

L

nZO'Tsr (\O)
T - fvr ()
B= % ()

N = qconduction (\/\)
qradiation

8 - Temperature Jump
9- Ozisik
10- Vick



dolas S5 olos il Ji 68 culua & cud (20 ol an 58 4 0 i co swsn (V) splad (K& 5o
o b i sud Al sles e 4 A ce s b S o Sty 4abd s 51 sl 5laa
S osel s slou slelid s cud s mlai (555 ORB SI3 GBS sual &) o Wb
30 phe oo pdeds ol GINI L s ol Sud aa 4 LA e 5 solslia culaa
s aal i oslite (SuSs 5 MelS L iaie and ehacs da e st 3!
e 40lse 9 8 5 el culaa Bl S8 A mhis 55 0B Sl A S gaolse L9l
S 2sn B b el slgle) @i 5l am ans i glos ol 0b) LA as mla Cia

A=htheorptionfacter § 1T
1.5 -

HO FADIATION

5 10 A=ii
S R
ol e -
=] = e
& A=10 T
B R
0.5 o — -
= —
- —— .\-\-‘-\_\-‘_.
A=10.0 T —
o 0.z 0.4 g
FOSITION

(5919138 Sulad 53 Ghl 5350 o il 31 JSi

faa adolas o,

s

e 5 Slpanel seel [

—
.

VPN cuidgana 1 o [ it o] OF b (65 51 w0 25



Pl gs g0 by b s slslia oyl ya culaa
Cobes 5203k 5s slssd et culan SIS e @ lllie Hu T s Vi VAAA Jle Lo
00 LS culaa s 5l glia Jao 5l sulaiol b LT [a]wshaals p ol Koo s slea by cal a0 5108
L solslia culua dlie opl o dlos sad s goae Sog 0 1 GF a3k 5 Ly i (o S

h4|

F o BLK) Doubs 5 Lok o SSLLT S5 L o S oo S5 Gty 5l solita
- _ _ A

3% T,@) =T, +(T,—T,,)Acost) ; t>0 (V)

st (a5 el Gl sles SlyeiS LS8 @ 5 dels Al gles T el b sie slos Ty
ol S8 ) was e JEBI Ty coll los b baas 4 1) coba plaals Gk 51 LS o
e S Sola a5b 5 luoss e oola culaa SIS pas s ) (o) sad IS s
Sl da SIS cul sl crnns 4l (Gl Ssusass ol ulyd Ho sladla U sl yas s0 5108
o) b sles olymias LulSE Sole) Lol ol j3,8adn o1 LIS wlyl alaad ju s slslia culua

[V ]wle wialsa 3L @31 ol 50 ¥ ol @i i 5 s da ol

9 J‘J._\f.a‘ _)e.o‘ /

G pSaais

Sla glassing Fola culaa i€ e 5uiS SLEL Hb @ aa o (sH50 lulid 4 gulse Lo
suale uia 45 Ol 5 adl S5 T solie «S ol HRadin gl 58 ue culaa ol 3 Sl (ol cuaal
ollal 50w HI8 Fola platle (asme o UL aa mh S gu)lge 5ol (S
o) Y b slesle) wniS 3l an Lol winliie (KK 51 LIS (s pagan 5 s 5ls13a culaa slealsa )
pd s Sl 99 Ol el Sl s dlise (5550 b 4S Slla 5o 0 oo 108 ad s 4 Olg g9
i il e an Gola GhelyT ol b Kosad wlilss 3 ssse 81 Lo seadie o wial 525 Galais
Sl aalsa Sb s sint culas ol 58 (SY sk slgle) i€ ) aas

SIS S wlgo oy 4o Gl eans 5o SRl (38,5150 b s slslia culua SIS s 59
los il ol (ba as mhi Qda o md S50 5 all culaa 5 58 LA ma 555 o0
oloa culas SIS dalas laa 51 sa B L oS slple) wudldS Bl an ba pea phas
S O b e 1Sas ab S s (Ba Jue o ool slelss Sos ok 4wl s
colaa Hlsnel cuuas slos ladlal (ol aia mhas (555 OB S GBS small o) e o Ko
e Ol 50 5 s (55 s ol GBI L ol Su05 a4 LA s aag 5 s lsl0n
il o sline S 5 alS e iate it elacs 05 Gda

EAY a1 o kg Jla | O (8550 w0 525

11 - Yuen
12-Lee



Ladalis ‘53)&:

(s) oles (4/kg.K) 355 sole S izl CP
. 2

Se3ilss ol euls 0 W/MK) 3,la calas oo pus K
(mZ/S) Sl Uiy s 0 il o culaa o )lha Jlml cws N
.A:L::Ls::(sl.a.;:e w&a&l__;:\‘,...é:N

3 - 2, . .
(kg/m’) s o W/m?) o e Q
() Soloa oalyl ey i T (K) 3lae gloa:T

1- Jae-Yuh Lin, The nonfourier effect on the fin performance under periodic thermal conditions,
Applied mathematical modeling, 22, 629-640, 1998.

2- Joao N.N. Quaresma, Emanuel N. Macedo, Ntonio G. Barbosa Da Cruz Hybrid solution in
hyperbolic heat conduction, Proceeding of the 2ed International Conference on
Comgutational Heat and Mass Transfer federal university of Rio de Janerio Brazil, 22-26,
October 2002.

3- Andrei D.Polyanin, Handbook of linear partia differential equations for engineering and
scientists, Chapman & Hall, 2001.

4- Han-Taw Chen, Jae Yuh Lin, Numerical analysis for hyperbolic heat conduction, Int.J.Heat
and Mass Transfer, 36, 2891-2898, 1993.

5- Paul. J. Antaki, Analysis of hyperbolic heat conduction in a semi infinite slab with surface
convection, Int. J. Heat and Mass transfer, 40, 3247-3250, 1997.

6- D.E.Glass, M.N Ozisik, Hyperbolic heat conduction with surface radiation, Int .J. Heat and
Mass Transfer, 28, 1823-1830, 1985.

BYB1LS

coloa dolas o

e 5 Slpanel seel [

_
-

VPN cuidgana 1 o [ it o] OF b (65 51 w0 25



