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orf error function

Iy letent heat of metal

v Yolume of ths body

Xyy 8Ky AXyy X Fodal grid spacing in the casting/mold
AH, f:‘o:h of fusion of mstalolstent hest aprroxime~
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the output of thermocouples placed at these locations, and
by computer output 4im the form of grid node temperaturse &t
specified times for an aluminium essting.

The numerically sisulated and m&wxhn: obtained
texperaturs distridbutions during the solidifcation of aiue
minium castings bave Dean compared.
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CHAPTER =3 ' — -~ FORMULATION OF PROBLEM

3.1 Casting design includes arty expsrience and
srpirical Vrulu. Many timesy this involves costly and time
consumirg experimentation. Design of castings using the
digital computer, based on numerical simulation of solidi-
fication, vould eliminate experimentation and improve yleld,
reliability and sccuracy of the casting process. The
prediction of temperature distribution during solidificat-
ion 1s the starting stage for casting design by computer.

¥ost of the literaturs on computer simulation of
heat transfer models dgaling with solidification of castings
15 concerned with two dimensiomal problems because of the
conmplexity which thres dimengioval heat transfer computer
simulation would introducs. But in actuml practice, in
most of the cmsesy the shape of the casting is such that
the heat transfer is three dimensional and in such cages
the results cbtained on two dimensionsl model may not be
valid. In eny case a separate colguter Program is necess~
ary for three dimergiocpal heat transfer simulation.

In this light, s three-dimensional beat transfer model
is formulated and a computer programme usicvg & digital
eomputer 360/44 system to solve heat transfer eguations is
proposed.



3L

8 Shoco ofed exatdn koo beon goleeted for 440
poeoss obelly beonuso 40 Enp omfeoiad o 4ebopinl ¢eortavo
el clnea 020 AAgRopest typco 6f ouwscccns TRoao provifo
corpiondtics vhleh oro vIedlly poccasd 40 fsfastoial vnate
&eao 008 0oy 6 ekalicnze to CGho boat Gronafor ofovlations

Cezputon p2lrlen of celfdaglonticn vas boocd
coolledt Sl daPecrense nomoesiirntlen paihnd Go tho
cagaGians Cepepfbirg Chmes dfrotafiezall cexduation boat
Coomafer feen o enlled. DopBicdt GRedto QifPorenno
approniratien rothsd o b rocd beearso of 467 accimcey
ol nmmgsz,



=3P

- oexcn F’\"- TTTVEIRCAR,_ATIARS
, 9 T30 rya e

el TR SN TR

. S50 ciopicr 8o o opnlynls of tho proscro of £oliddfioo-
Gl fn €39 ennbins Suen $ho vicy podnt ef Loalt Sronalten.

00 020 Ao prfceelly Covolopsd $o oty O Asteo=nointileanhip
tetzeon ¢ Chormaphynfenk prepenties ¢f €0 eaotlns oaiopdoR
€2 colf paterlody (0 COlIAAGRentien £ate of Oho ecalingy

o3 (0 Cenporalino Alotrdbutien devalentd 40 o enatian

Qo eel2d2280008000

i rofiol dovolopcd Rep $his worly o ferticlod Bposf
o S Lolloving ooonilensd

3. 9o Jqudd ootol Do £833c8 Cha o34 eovlly Loatasls
cadorsly o2l 4o otonrnnt (st coving).

8, Elvpo 00 £ L0IEAR Corveativo eroresto pooacsh
an $ho Rcufd ootad (oo cooveotlvo oocn asd cooogy
Lomopzet Ao oo 34nudd phnco T8 eomndiened) .

3o LEL £30Cpfnlo o0 hemrgentors of cREbAS Losinopds
Ll poossedicoe

o Prcondly 63¢tzo o6 0 64320 Speat foo powo ool
{30 o0 02 clieyap €050 40 0 UORL Gefled



codfdvs 028 Raguddep SCoworalteRo Je
e sfronp Gooo 26% RosD Botuesn tho o0l £ enotinge

Lo dienn L0820 004 3 ovo w4 approaioaticzg bests
o 0f coloesady wopdd QAAr: ¢dron o el colfle
Lhention ¢Aros coteally ferd fn coeo ¢f £330 of Ui
nbo2dnio.

oorpiden b 4o o2lo o plopligy G focceler Srond
roveonst Ondgodos Doon o Boat Soomafor oCARipates vhrn on
alloy forto o SCuohy £eca? Arpdss colfdiffentleny 4G 4o
ALERhouls Co Sormmingo 30l £ars0 €20 30terd Bt 6f
fonfen £o largor fo soloonef of ¢ ealfdn] polst bul
sothoe 36 o pidvsn o ovor o Sreonins oo bBoecn (00
Aadden ool polffn SCporaduEs. i Intonld Dent o
froien koo beon cocomated Qor by afdilracdly dnsorperotles
8¢ fee tho opoeifle Doat caleng.

 fopwmtien § 40 An 34ro wiGh (o voval pocelics fop
commgdes eul gush osdynio.

Comeadicn An Beth cootfng o £old 09 Cocezihz]
by Porpficn¥o geooedd pootholio £2a0 eandeatisn comtlans
20 Q88 cucaldnl oomtden of Deal Ficy &n o hemeperovss
Aestrople colfd 408

TS N .
%ga’égqéﬁeg@ coo {302)

(")




IO

Zuo colution of ¢hin cquention givos Soowpomburo A4stptm
DINAE 40 S0 coatin ond ol tello. A oot of SnAtanl
= bovrlosy ealitGiossy shaudd Bo ap20ificd ¢ dogirs

W3 podbica.

atfscog Pmmcwazmﬂcs ‘3‘39@ ]
Gep Q}o?)
Pez cold 130 Eaﬂm J

29 £ o peaneiohio coprealfnnficn Go Chn 4ndtint
Agtopknes Lcporotino Seilerdny rothedn oo uocds

%m«mwmﬁmmsmmﬁmmwo

&a pon Ppofs RoDy Wlﬁﬁ?‘g

| f
N etttk oA s
| Mo |

RD)(.____ﬁ)__Jr

Faned Lotool Vol connifenca vban
calowinGirs tho &dGind cez.ﬂ/
oot} oloofeeo ©

G (hool coorny eoindrsd o (0o o508 4o

e st Mt Vs

$IHO0C 020 o8y



~00s

Nier ¢ oyolea Co e AAnhaticnily ¢ cpiRBelvn.

o 48000 oInErntien 40 Bocaedio ofEes 0o 8 < Os
uatover Eanpens €o €0 oyoten 40 coormcd € Bapsen Snotontlye
BA£Dp DY C29090den 62 Chfo S0A0IAL corifitiliony £ Bont

§203 koo ol Been cotchilekdp Bo2eo 0o oot 4 Ceipaforped
$o 00 §700 I cyoten vhted 8o ¢1ach0tdo By Cofinition.

firzo 080 eo [ocofdlo £Irad otates for o oyotsn 0oncle
853 e Gho polatdve volend € Do Gpnp Opo S0 Bpq ol @00
et of froten of $ho Cotale

Cors B8 ot R i iR refdniinn
Bgestdeg thoe thoecd ooy 40 opotes Andtdnlly
fo bt 40 tho oyote oo cquidddbeics gloidn

238506, Ber? Oopofer) © $90L Do)

0L 8.2 0 E. 9
o% S0 < Wﬂ_..&a‘:;g gzl ove {B03)

opn” Yo

Gha poeportics ¢f OO0 co2f o ooy dn O oeentae 020 of
Ugn €28 G0 {040EnMY cooidng o Wleo Loz Ugo ¢oho (o

cord o oot peesoeticn feo tho Cememienlop of 0o Uy

e23 €alerInto o £y Opp Chon coxdirmo (0D £0ontlcl, T

£220 8Gcnolivo poecces £ot dlco Bo eccd ez Cooeg X2 o XXX,

Croo Z28 [SA_SA 0 _ral8 0
IENe R tersme lone v e R i one ol R van R iR s tar B o bal.lfe Tod)
0 (3 emdeP o Cor)




Ceoacpenlien oF Cronny yaadin

GO Fer® OopoFao? © HPRNPLET,)
o «Z;Jamw CHT IR

eoo (Lel)

o ¢ ﬁ&ncﬂ'; -

Cooo ZERS [On A pnsfifniigy rtf0Rien

& b Mgafdes o2l celddun of o DRSSy oyoted o0
cgppeniealicd by oteafght Ainaop o fraotlan of digedd
nommmg 09 0 fezotlon of Scoporatuno oo bo cm,uw
£

o © Froothes DMALEAS © oD < Erﬁin e @)
“op”e
UROZ0p
© Eggdp0
B o {9} leat)

6 = £ apo ¢ ooadco Botoea tho Aonfdun oot codfdus
CZh o Looliinste

e nsnro0, Do}

7, o i
o ‘%%‘29 {0}

Lol Coommnd cxcogy Anhn oyoticn Ladeidcidly ¢o ot &a
¢l opate of cqudkibric picddad



om0 R Opfon) ¢ M DAL (6an)

0%

¢ {éaéa) Gpac 0 93) bs LY X (b&?’

In ¢ acnefunter ¢f carabien (e0) i e of Gy

S0 forsd by Oohdr b tolnhecd avogeno of (8o 1dgeta ootal
Gm ot gni} oo _0 o] E’ﬁ vACD peopsel € (;3:3 fenetion
poRLANRAT.

o Aotordrs vhideh cqualien chandd Do vacd o
ealominto tho SRAGAnl Rpepgrco Soenottroy &0 40 Roacdoe
ooy Oo canms o St ototo for (o ool {3fquid, oonhg
¢z co) o woo B approprinto centlien Co eolevico Uge
ox ebock to £ BHES oo colleninted @y Lol uithin €1
Uemprarieitizs ol rnmg{ol it ST b b Ayl ol stwcsme I

Ten oo 208080 Coperpatnze ¢f 883 cootisr cameor padop Gho
CTomt8ezn 00 Covtlopsd AR an oralozeats Deonor oo oo

nt] toled

e
o coilmaf?‘*c;:g&;* 000
no O ‘SLQ’ Mﬁfw ove é{;‘ﬁg)

oo i



ose (3.10)

Foréinl celfa808cnliens N
,, ) DCi0%er® OrPorfer® c':%-:—;hg}ocpnﬁ,‘ ‘

ees {Hodd)

©
s

o :
CEET

Tacng O SnA88aY AnmSopfoce terpovaturo dp ¢ho oolution of
I Lollcuisn gqurfealie cqmticss

(2-0)Do53 = CO-DIRPI® 0T 20D F0gen |
¢ 8 B0 AT © 0 vee (5e22)

o Do (Oﬂcmwocm)

0 © (00000 Per?

Uo7 c2onon relop ogmtion (.12) fo ¢ho oon Bovovowy



..:::P
2o okl of Seade Qoo ko onRonRation of antopfees $roposte
Cumo €9 P00 PRoBs ReDePdlo a&;;mc& &3 piven 4n EﬂCpaa

(a iV RVIR o §

808003y Commoraleno of Antorfoe fo CCcoaopotoo of oolink
co &6 calepn ¥ rally Gcn

93 o Q@ coo %om)

EﬁqMﬂa?i? Ay 1R

56 £ich upld .00 coTWole AoSorgnes hont 4o
oot by conveotion ol scdldntiens Tod 4n ¢ prcocmt opdyofioe
8¢ o Been foorsd (a0 foo @b perled of colfdification tho
£lonlz Undl omporatiwe feCo coWole Ssterfnoe (Comeraturo
pesdps o oDRCDS CCTeeERtnECs

bofd Lraffr oo :

@9 eatirs ololntzd 80 0 369 4o €03 ) coiemo bow
Crmsrel ¢ o8 0f2co By 3657 fn (02 £0) o2 00200l ol oo
cerd dn 1725536 L0 c2oling o ¢f ouffdoficl 2cpla (it
E2a0 Seanficn of (ho Bifedcrath plems do ¢ansbdndly o
Qfronfell, UTolen cyooloyo (hlo comomo enenoepctlinn €20
o Cooapiaed eanetoly Dy o cootin ciw = An Pleedye MRco
ooon o gl 4o o canleaden opolen ¢2 kxdos Udich oon bo
CoCOACEC] e o erenceceatiens




e

b ———

Yes




81 4, aulyat

L] \h;/ :..",':'Irw.l plrse

Fly.3- £ xferr'meﬂlaf bar casi‘r’ny-

[ ' F’as’«'
an 0 Ay / sall

@ (2,2) T f (2,21 @

B :

‘ 1

vx . . . . Ce . . e . . f
@ (660 N - - - e, 2 @
. ‘ . .

SAND . |} U

¥ !

@ (10, 10) L (20

Diagonal | S Syiametry
plane ¥ plase
@ s, — - b (4,210 (B
@ (15,150 N (15,20 @)
\.  METAL |
(17,17) L (nen O
" ey

@ (19,19) L (19,21) @

.y (22 (O

Fig. 4. I1lusiraéizc gord J’:amrj‘ piresentation of Casz‘r'ng' a iivold

6i'zow;‘n_q s]mr,./et‘fy or half Jquaa/f’aﬂ{ for cafiz’my of bai’.



«tFo
u..Q sodend pocuacs ef o va&ﬁﬂﬁi?ﬁcaﬁzw fevodvd
coveoal oy crorles {3 &9 ctstcﬂ an Bo13) cotcorts
des (o eeabieg poeccoo d oflce Co georrdato o kong
Oeatien Coficd 40 o fetn oustoNio for prmoofend omAthon.

oS 121 B RaA R Y UG- ARG T 48 .
U0 cezfeatien .corntlen oo o Gioafeznd bodt
2177 40 glue by

Bo gl %’o%} voo (o2

Gﬁ:ﬂﬁﬁw o geoazad £3do G0 chers

'.5‘4";:}
» - F . |
et T ey A% Do ol
Gl Jed) eger 3 . .
' ' , %ﬁ%ﬂ’&»
4(_43,:;
PRPAN S

In corntiza (hedly) o 00 8500 Condualivo ¢F Commerstone vath
gecad o G0 o (B ucsimted teley o Lol Qigocoerss
attiiod I ot S ksio J viovnend Goa.sc:x&'ca ol Ceroornlooo Gilh

00 €0 Qfstarzo Ao oppoeafented uolen o ecsboal JI8ferteso

Lol

u&!\ e m ,_P ] W
13 DGy ﬁ;eﬁrpm Cac20g” Tapgen” “acger” 5]

@ Yo fﬂgy’ &,‘) Caon05° Yaea08% Capgen® Snpsen bﬁﬂf?ﬂ



o2

Cortien (15.39) coppeocon Obo Sutiwo Seoparntipo of Rofo 4pd
an Costo 08 o pecoset Soopopalmro of pofto &pf o2fl tho
preacsd Scoporaturo of tho seprotnadng pedesp 031 of Uhich

Candine cquatdons eam bo dovolencd fov o opeeiailocd
pefong Por ooonples cmﬁc;wsmﬂomt&wcom“os%&o
A
conting ohoomd oo

Pige 6% Lorpwy Ernpilen Jedn
Tho Lollovisn opo heemd

Voluz) of cowld  © éﬂﬂ‘?;;
Voliro o2 oot © fas®

Tot gado cﬁ’ " z T
e et M ecve o (i Q)(O cpo) ‘lﬁ;‘i‘j
mm:aao m ccm

@’ E&""&W o G 06 i’%%&ﬂ

fmmpeono an oot

o on 5 e —— am Qc,v :
Lot 40 o, DealCad

focn r2lo Ledpd
I )

o L2067 o gy TGRS o g oy Aef2hod
Gmwr:m...:z 62 €283y %3130
@7—’ E“a%& §° B® B gen |
omm%ﬁx& “ﬁoﬂ “80d soe (o25)



ol
Coonm, poenetion of o tatepdnln opo ool Co bo ¢heco
coopeooanling e oo preacst teoporottno ¢f 2330 Lod.

Coo=i8ers €2 033 0 poden opo omnefieed holes
Lo [T O R

o © %f‘”" Ao [Bapgor® Baogea® Taoned® Saongg ey ]
¢ fi’ﬂ 03 vee Upd?)

2 I 'mmq
% ° 53;;3 ﬁe‘"@mg& - 42y Jo %109 oo {1:30)

Jo PR IAneR _Pyr s
gaé B g &E@t&ﬂ» J<a ¢ ﬁﬁ.ﬁlpg ® wgvg ]@393 eon {£039)
Be [ jBnn

B © ﬁg}""&w E“aoac-&" B0<258% Baedpg © b”‘"ﬁoﬂ 008
voo (1320)

g o 1“‘*\-“-’1_3" nﬁm&\}

“flog © 5 [3 05987 Sg0503% “gen 1‘;3 503 OQ”E:’"" 03:]
ug 0d eo0o{lofR)

Go L3
IPALa W SQUA
3R og Snpg © LI CCDETNTO © GO0 0 TV oeo (0622)



8
A -ra.n«r~»~m*-~@m

Pyg © '5';:}“ o LRy g0® By g = W9 }’ By seo @e2D)

8o LA IRron STniest
Sog 13’05’;3 A LR 93«-293"%93] R 2

- 0

%@ 0P0e208% Brfaenes® Bo'Bn?Bg,00

B Y A L SRR I j |
& 9&93 * 22 (&)of*;)

g UoVtlp

7o, E“aﬁ'mags (R0 009 gn= (503500 8y J
< Eﬁﬁs oo (bo%’

1 ; @;3 o 5 110 T YO
bt ° TV aﬁgEﬁ%iﬁf "Pgon09® ST 0508
AEITy g | €Ty ere (e2D

O coomenetng 020 223 fop Gho eodulisn of Lond eexireling

rroern YO pamamy
C\lh JJUCv-.Jo

§0) I rrn Pl it Anrrneet
—e s AN

NoCc 0 Coetmmeles Qo S.?C:}
eI o non B abeials! ‘L.’t:'gm

defewioco pslen B o B Pg 0o colovindsd gecn
b LORE



(0) U Lommennty
H$ 0o Do coptlng meldes B8 8,

Dow toxl) xdon ﬁm&*@
Yoo fzbangneo osleo 85 8

Cha $0A0807T COmpoRtene of otewy redo ooy 40 opselficd.
Uiz cquntiezs 8e17) Go (4:87) ¢ eocopennduro of caoh
£rdo of Cico ® 40 oo Do endon®nlclds Lacn 033 Ghe ppio
Coopnpatimen 6 0400 © AT w0 Deon Cotertnzdy Coopemaiewo
oS 400 8 A% booorco 0 presc2s Goeoponnfuves o oslo
Sermosaturo of 64 © OAG eon o calonintcds Ginflanly medo
Coroonateres bo eoleninted Co oty 040 © pAG vhope

8BS 1o8p3peves o

- Pier ehm2t 2 londe Sor o (e dincesicsd koot
Soamngor eecpuler PoRaseso foz B tvo oppronckoo (Frof.ReDs
Poliho o2 £28888c30-800 00 LB 8o gAUCH 48 PAg.7. Coputor
poeanoren for SEOMMN cyoten oz (o (Yo amppocabon b.223
£.272 opo In gATsd &0 [roclin ERX oo Loposidn BV oncetivodye

3 ST OBV 6 R O TR

S N caleilng] c&:m vos Ceodnesd vt ¢bo segrdreman
Coo0 0 costlng chonid to ordlolin oo criey olmrintin
UELD O £000oiR0 cornetsy Chsr piondinTsy chondd protilo
CTTACTI/ACH hizh oro rorally poeocal o Ledtatelnd eontarso
Cill eQC? O CiMARCuo o Lo BaaC Sowmafer olomintien, (M






=30
o6 ¢2o8e] £o2eatl o eapeinot® onl compntor oinwdots
822 20 obe 4n DAgelp Piged oo PAgeR0, Lleldcrozbo eduien
£2220™ teo cooegcd to Goolgn €80 elnpo 6F tho caotinge
[ (o8dnzn (0o cR804888enton cedodin of o oootien of o
ceatdng oo (0o ralfie of ¢ volery of ¢ho ctotien ¢o Cho
coolig ooen cf et poetfede S0 olnpo 40 Geoldarsd gueh Ghag
tho ocotficn FxOKBA Sroncasco fren Cootden X Covnsdn tho piocks

S0 CODCRICTID Arenes Gt cootlen EX 40 aapdic of £osiainy

£cotien 3o Loodfen 25X &9 copchlo of £ccifes Ecoticn 3E
et €50 plocp vhich £oclds cootien SEX vALL colfddsy
leote Sho 0004gD 68 P00 oX) oprus 85 00 paw Vi’ omd
£y boopor e Doooini?s @i cbapo cloo provides oo
orDortEnity to cmley Shmeo brat teamafor compubor

piouinGlow. Darlioroorop the pocoches of ootorl ool dmGoppad

cfzos ol ceEnoroy ASGRCETTd Gypon ¢ onefieon provilfo (o
comnlendtions vihich cxo Wiy pocoent 4o Aulesteiod cootinae
cyd ¢y eCfor 0 cinliczae Go Gho Boal Geionlfcn oloninGlen.
Fipeeo 30 40 o eaptonben cyoten of m2icn tXlchi cam e
CotRRAnhed ea (Y aronse=0catiens oo plymlical decerintion
e o col8alGRcalden rrocone foxolved segrdres povorald
B¢ cooeptiens (ao otated 40 4ed3) ecoooeafies OBo enatdng
poccins & eloo ¢ forsinte a Lot cofreflon nelad &n o
Gerny om0 fon Coulond oolehiess

bre DD [Nt an_prefemfn

Coah ¢ BesQien cgentlen el ¢hoco Qdnrmdsn g




- plowt 9 buigong \mm&mt\m&mq@m 40 uoigoznasasd pus0d prag 244203257117 Gl 51y

) I " N‘B S A T , Zs . . e
P.
- §h - L m " m -
: r ﬂ
4 Q | .
" 1 i @ ¢ wt
, 2r. : |
! TVLIN : w -
I ®
wl 4 { © /A
a‘.
\M AMrﬁ I - !
. [~ ” ¢ -
\\% \\\
1 : ¥
7
H\ . ” N - -
¥ -
;
T -
g anN7’s

< ‘“\“_

1

r»;.&:\J\. N.-?n.\nmhaw‘o\.ﬂﬂ ' _.l

i
s A . h Y PR —— — —— - —— . EILL



o ————
—_— e —

e e @

,L - | 1 .

V4 I y//8
—~ 2!/ + . 2” + 2” -

F1q.8- Plan view of sound ex/aerr'men{a/ casé/'ﬂy sbawmy sprue and gate.

~ - Thepmo couple

e 11 copper {ubing

i I W o -
1} RE —
f < f ; |
: ,1»,‘ ‘“ ]
1 1t i1 :
11k : ) l |
RE h} ]
11 {1 )]
8} i U | l
1t 1 -~ 2" - 5 !
‘r 1 ] i\h \ '
S ! ! | '
I." '31 !,'I :‘ ! H
2rting line ‘*:J - 2" i N 1t |
- KB - -7 4444 - ¥ l\;J .
ity [ s I
i '
' P 7” ij\.:
7 =""I X
27 it ~ -JJ
11! L)
L s+ 4 y METAL CASTING [_]

£ =

Fig.3. Cross - section elevaiion view of sound cas?r'ﬂy .

7!1



Gt Qg
R A
{}/&c ﬁﬁ;(é};g oﬁ?”%éﬁ, e (5 20)

Tolrg omplach £00ito @ASRopcano mathd celmon ¢80 §dwal
CoRdvTMCo o Coporatrso LACH peopeet Co U8mn 4o oopmasioated
20 €0 ferand QAERCHCeno Eop € O £oce COnATatens
c? Cooomnbrmo Uith soopoot O Gstento do orpnesfoatsd tadeg
0 coxtvod ddfgcoeneo oothale @ ogratfien (.E3) vl Do

° @i‘gﬂ@mm Faonoges” Faogene”

Bpgeacn® Paegemn® Sap90m0n OB 0»3

Toges ® T2 Spolfaonsgen® Saoneaen® Saogaes® Bpgeacs
‘ , one OF O Do ,
By gt Bogervn Fagges I° Shoges
X2 &.‘)02’9)
Eorn®len (5.8 capocoesa (8o Sutrnd 8coomateme of 060 S05cS
A Semon of 90 precend Geomoentese o 220 fede o1 ¢
DoCacss ¢oononalt ef 8o coppctdfng ceficnp 023 of udioh
opo Il Lopatlenn o add (80 £330 auo &ov gro=infacd Tolews

v LV oV TNy
Qo OO oA

G .
P4 4, O (B 17 (02 ¢ 0 2 g rane 39
o33 © a0 bl oot Toosoaes® Fraen Fagged

¢ oIUG Eao30905” Baogeacs
©3 9y 10 \ 8 .
S o5eeE “’239325).1 EREFYI
eoo €L530)



8 Do N

b

“logen ® 7 &55"@"6 Y ""E‘omﬂﬁﬂas & FogereEn g

QRS URT (By 591B0e1,09
Bgogeass” Fogern g )]

PP
. eeo (Bo2)

osge > DTV P s aonoge® Shagasta™ Faog )
o T T BE s g0® Ty gen gt

Byp50a e’ Togera” Bpged 3
L ’&3335;!‘3. ' oop ((}035’)

“Fogc WLW:‘ %E”h“%wxam" Cap3e?® Bollucn o
"dﬁ 3 M)¢ Gégg%¢%’ﬁéﬂgnﬂn ¥ 63 93% Cﬁ

g p3em02” "'303&'393"‘"“’“&93 3
“ﬂ-&&cﬁ 0o0 W}D)

Qo S ety

, 0
“logess © ‘f'»%“{g“gé?z%ﬁmnhw o3ots” “ogeadiaoge c_~¢a°3°aoaon’
Weg%“m’@am 395502608

g 0928800919 37 Ba g n
oo Q&o@\})



)0

3
Uogen ® T e BotBactog e Bassacs Fagg

SRRy 55 1% goa
TSNS ORISR WESR
© gﬁggd‘_g : - ovo (053)

o Ao e e 0g
0G0 G B g 08 gl
OBy 302 e 03 o1 T 8 1192
“9’?8@31;3) 3@393 CE-: su e (faoﬁf))

oy ) SN A3 & ~ ,
Moy CTTITE, . 200880000 Tpgxa-Foger)

B 505 o or 0853 308
coe 15e3D)

9o DAY UL

&y O
R O ool ey ‘C:“‘w > ) e & 0. ) 0
codes Y o%fs*“"a%:ozﬁfaﬂc“ﬂeSQE‘w S¢S0l gsen o090

G TN B9 P8 084850902 F0g 0



o

\\,f

4Ce [ n.)"‘mﬂr;g

Boges ® VIR " Do agena s FolFogper-Taoge)

gy | < Qog%‘?—’ )&dﬁpzogw ua,o,lgacﬁ; ugoaﬂ&
dﬂo{)@Z "%393913)3 égnaw coo 50300

o Franfin PAnel =R
o ® ?f{i}w@ Ds?m"féaﬁu%sm 28 g trea™ g g )

'i‘-@og%(:%) @u&e@o& QQ*QEQSO{: uﬂoﬁﬁlg’l
%93 C‘k"&%ﬂ pd 923) j 0 pd gl oo (Mﬂ)

“Boger "9"6""&7"6; waBa%nsezgu‘“agw)m 5y gengr
=519 O TR Cn g nemoget
CroeetFaos ot ot 1) I g

cue (De0d)
13s B LA ThRnpaI Ry
' O
‘ RN S v bt S0V R }
Totes ® T o e et ot Baap ot Bog

QoI E Iy o Spempget

Zognes Todea oo %0
| cos Oots?)



i
Wiy ot $ o 0
Doo caoliny melen . @o 9@:1
Yoo t-dloe} 2928,

Por Eaovgoeo tolca . Be 8yo O

2 Lo0080d Compomntne of oty redo o3 4o oBocdficd. Thlng
corttons e30) Co (hoh)p o Cormesatwe of coeh medo

ot 4400 B 4% con Bo eallerdoteds B ol $h £lo ¢rrmsoalerco
ol Ao 8 AC oo beon dotomndesdy Comenateses of ¢irn 0 AS
beaemos G0 prescnt Sopomatnres o2 mﬂq'ﬁ::@ém{mcﬁ oo
8o © PAS eom Do eallemRatcds GANARNDIY T30 -Gerooradines
Do ealouRoted o oy 04no © pAS vhopo B 0 202p3secess

Teo et Sor dende for tho fhpeo Alocofend Bont Gropagor
coomutior poosees—=o 4o 0o 80 DAg.X3 o2 compalce poojsio
Qoo 3B0AY oyoten fa afven &n fopedss Us -

boly FErur _Brencnpinn £R2 I 0 nfnin

Eho rothed eS8l ohoto secfisrs (NG o o
propontics fovelucd bo lrom oo Suatfiens ef Semgenttunde
W fepemalnzo doponlenso of o (el eatlestivilsy and
ppecisio oot of et fo veld cot! 2392'79239
Dogeacnecd (Ao opo eonmenlrnted by o cenfen of otenlanh
i e W s ognentis IRTR LT I sl ComeBt'e M ca Vel seapetoriitineli xe yuiined]
o enlorinto (ool poopeotics ¢ ooalenfnto o CASPuey

 { !






3%

Somrooateoes o 03cs begarso OO0 A8 oy cleco Co otrdnhS
L4rn ooaroslo. G0 thoroal eelro(ivaty o=l opcaifie hend
6l puwo Rl tocd An prondond ofouintfion of solddifice.
$dem two oReun A0 FARe32 23 DAnedde BB oron vlop (o cﬁﬂ
crevo ooty (B8g Boco Moo Gm Dotzesn o Aendden ol
colfdry tompooatero do ormonfocily cqual €n (0o bt o2
fralzne B exllop 0 cocor fon W koot of funlen fo o
Coo2e O 0PDAGrAly ooilp Bub neGifloldoky Qoccalsy 0530
80 tM38008 for pRso fe B Conolly o poxo ME M ¢ohen
to Bo 29 WD (2.7 /oo T2 opcofific B0 of
£olA853 eordl 4o pol 0 ofpezy Smotfen ¢F (o R & ooxlp
Prosta0dss of peosinge Dotsop 00 opcedfic koato of oolldm
cosdo do 2ot othidA o geeat deol ¢f cenGice o8 oot Do FAG
reooonrhly 403l by o 0doplo aurvo oo A PAnedhe Soorod csnle
taGIvity of toldins cordy o O othae kondy Qo otvenly
Gezoiest o peeocoolss o po—ing m&cb&o%a Ver Chio
peccen poperted Short® cenieativiticn ef ooddary ool oy
0 VEQo centeons o Ghroocal ccZAuslivity of ¢ poeltlcning
ra48es oo voed foo ¢ velS Qo oo L0 DIge20e T G2y

2os ocdl 85 eempelcr pReSrarots Gor estorlald pranTrelded
Co0 pATCD £ 083620 021 £95008a 8 seopcatisslye



S

k(BT he Fg °F )

- '_.~:77'.. NASER YL L VI

1 _,_‘E.!k'__.L_?J._L_ ,f,.
Temperatui-c,*F
Fiy.12. Data é functioial relationship foi* themmal conductivity of aluminiurm.

16.39 L300

0.52
—
X1/ Cp=9. 280200 (T- 114 8)+0. 280
[PA 20000275 (T- 540)00.27
822 cp 2 33RT-1IM*D. 308
-~ [ &)
& 2zl (2~ 0.0000607T "
:g +0.21} sk
Ny Cp Dosbh TRAE T,
= b 2 +2.313
S 9.22
& 75
9.20 <8R I ETUlTY
ol
MJ: ~L 7‘53 - 'é%o“'+ 13153 + nlno -
Temperaturc,'f
Fig. 13- Deda & fupctional melationships for specific heat of alusiiniusi, including latent
082 heat df?}f’axima{foﬂ-
- zef R H
6-30 ~- ° 4
Y o — % e
A s A
0.20 - v A A
A A
A A&
9.26*
N .
“a L2b
=
3
{5 022"
Q
0.18
- R BTN
\ R N R L1l i !
ERY The Y e 1208 tes g 2460 2000

Yoraporalut-2,°F
Figy. % Lcifie tivad rith Paictoiel polationship of diy molding send .

1.2

L CBTY in Fg 57 )
7
/
\

a-a! - | A T S N |
L &‘5? L- laa 4 1209 1230 2000
Fiaperatme,'F



b7

e s—— - __-._..d'

Yes

[




Yo moonmeo o optpd o Qhosoacornicn ot opoolificd
Looatiorna for ¢ho cenpioto colddification Gy M o
pbeoped A oontdrn 4 Aoy Cale Opoofnonind oot 1
ot eamniot ofd |

i t*ucﬂca pGtosng plocnp opaed 020 o o0l o8,

2 Choamoinf3endl Coormoncupion protnetsd by aornle
bexln ol ploecd An ernpny Qu:nzsc WP PEODCS e
i danky Lo Y

3o Ualties fueaeo of 20200 3609°Ce
Lo Awdnlden of coomanofnll rwedlye

¥e Gnorhico aseofD2o £9eiD er ol

W0 p2SGoryp PAocr 2] oot oo oo &2 dadhr varte
W2 C2olra o2 Chono oo 8 03 [oF mﬁ el Dofen loooce o
E:,«w—-"‘)f 9
e Al

AL r;,:ii CZo =] fer W pacd pet, IS 2o dh wiis |
€2 (20 QORECTInT Cam5o00ies |




O
G330 oozl * 30 Iz
tntae 3 5% § 1eJ 1o

DeotemdCo 8 4% s 2.2 I

Sho pond 0ds voo Seoled oo pov 88 Donsdacd 803053975 for
s Loldcviny propartics ool ¢ha ealens oo mpqeﬁcﬂ:
- {78 coob - 8 0@
‘ 4]
Gpeon Coppeonivo  § Q.40 /e
S‘{;ac:n
~ ‘Gpron Basdeeop 0 8 W00,
1680 depAns for £ bowmo ob 190°Cs
Borotty 8 266 cracP (100 I/ow.sD)
' Dry Dnwtmoon 8 C0o
#
) 74 4 F @ sHAve) 8 18 fot
fof e S

T cepanitden ofd pocooritcn €2 ool it vopo Cafeninsg
goz ool DE:J¢ |

Comd 0024 veso preidecd by Dol soroisg 4 AGRiOtegissiy
o2 Apdch g O Rsarde

Coconlaldr=oR Chooocoenlen o 30 AWG o ¢oten
e poceatcd by ccoeta dexl Fer Aroninbien. Eey ves
oeed 4o eaopee OhArgs Gen compedl poonltfendrs da ¢ oole /

o CO3AbEatien ¢ Chooo hroosoelea von oonnlsld et
8y I 230 baths



w3
ol (SHIB TIRAESFOEAT,

uAnden veo ond to pognlecd basca e ploecd 4n
o Coarhito corofd30 ro.32. Dicotrle Mmtnco too voch Lom
raltdes this chnenoe 1okt ealfty 40 D £ Aceotnd
copzet fon (hn preduoticn of cond coolinge @ £oin footawo
‘eotral3isy £odl qualdty arcd cozod cluled of ooltnd
alegoy 6loendsg 6f rolS fren Remenotliie Snnivafens
erd hworah Aoonnodndy CERestive gradh pofindnsy pootocticn
covopis of ColGp ovald Crmiricneoy obvded Soopematio
econbrol Quoins CoAIrsp Oa82os0 of &og Laliders oy ol
uso of m7r>ow&m teoporatino o2 prases pOTSEEs

proetless

Sho Lolleyinz o0opg vueno follcyct for roltdes ool
Sormosatups pocosddn for MR ooatiss Ao duy oond roidal

3o Prchont ooroiblos
2, Firzo okapgo €3.9 1) 40 ¢ opusiBlo.

36 mog'mmtwa of 8 Geopnee ob P61
aoameaco 46 ©o 02078 Jrat 20 irtes belena
POTDAR 6

Lo Too clinfemm B3 8.

Be Coomnnt (hososcompicn of 2eontizrg 2Yp (0 o2
(8) Co palehe—torts |

(o Conn2ondien palteleatnsoe



A2

e oo ot Sha ebarpo L5650 Suoreoy cim
tho ebarpo viddo pornitde

0o Form a% cSout 736% (40 oX3 oroon) 4o B0
eold covilyp caro o CChen 00 ovodd fhen
Goo0usdosa0e 000 Coloalseoly £o¥d cosolon ¢lde

Qo 8o pornles 880 Ao Dot odnfr rooedbio 4 ko
Pescsd ¢ooo 46 v oS I corelae T So
Cha 4800 ARGl £F Soopoentnmo Qdetrlontien
& ¢k eelfn ot AAGETCHss JocntCinrae

310; Loropso Oclefo GUERUL LY SolcTticolons 68 an
Axgooval of 30 sceosdo fop Imentlemn (1), €2)
5 {3)s

L0%or colidyn enotdngo vero oootiersd 021 ot (o Bo
cotdofoctory.



o

.

£ xjoef'imem’ai Casfr'nj with Sprz)e arnd Riser




God SIS TRCTIS LT TRARRY]

Ceooulen odminlicn Boocd o capiieds 24nts AACCcocsso
£l (o o cqeaisss decopihing o Afnonfe? eoleate
96 bont Coomofon 0o feo |

o RoDePchidRo oppoocedy
2s [124424¢] coprocnh,

ven ecppicd ot oz o ogtawo bop (PAg.8) . B ocputon
poassoren for oyoten SO0 oo Aoted 4o Ippesdin BAR

ael fppenddn IV soopoobively. Ginmintien oipul too fn Oko
g ¢ geld £3lo Semzoratuo ob CArD fosiool e CLIOR ko
§CeZ3 cosede Sepomalupo clery opmoolry PIomd ozl oien
frsend fo2 @ goap 20 coop 72 0c2p 33 oce WD 0026y

220 £coe 80 ceog oo 780 £cte ool Cno GATSD 80 $0504 1 O
Lohio § 62 Delh o copmeachons

Gol STxxr e\ ommPrny nforinfiem

Cooolen ofmintiien wnp beacd e copldeds findto a8t
o dew ol BeARed B Ve ReSeNequawiiionel Loolerid I ngIWSw ool - aemmns  ron!
caolralicn Doal Cecozler on por ooAdBicd eooanch Sra OO
o803 02300 o3 9o Do 03l poesesT™o 48 08U 0
L2282 Vs




Hi
Londns A0 Chio ¢os0 ofrminGisn eutpes Tog An $hn
feon of (efd pefo Seeralmen 08 G4m0 Anenenst of
0.€3%2 booe 0,30 pcaede Scopomoltimes 06 Jocaliem (1)
£2) o1 €3) 5.9 =3 20) Se2 0 ccdep 35 0o3p 72 ooy
1€ 003p YN o0y ILO £06p 3€0 0¢Bep 0 0o o5l
723 ocoe Co0 0ATCD A0 €030 Do |
Qol STV, MORSTYIRCAQRON JURIIT T N,
Scopematures 06 oo Seaafans (1)g €2)o o3 (D)
(P45.0 o2 0) o6 o0 frdoreal of 39 cocetln teto e¢adnnd
by CondGaning Oho o0l of Ghoesdle=esl Chonrzecinlon
e o AR contisan 80 o Goy £l 0930, Seonomabuno
owiots %0 Tepordcd da tehRo 6 emd e |




3

.
CoUETRT &%
‘ , °cc3 cgh
(e€350 (G262 (02R)Ch (OFOTEET (ZED)GIRT (OMOYPEBT (DEONATBT (CLOYEEst nnomm w.dﬁa
Cﬂ.waD 6
°CCT ¢
(c3320 (CSMLEY  (WRRMTN (CEoBomet  (CLNGEET (0593e38t (Tem)Bat (T)ast ¢ o= &9 -
| e | ‘ S Oaw,w
(£300% (€e3e0t  (cutdoet {e0de3st (R)EeeR (EOp)iasr (Bicoet (Eeuissat °0 °4
- eCC3 %
(£304 (£3}60 (LT (ECINGEBT (MBeT (SoD)TERT (SE0MEEET (£07)ETaT ¢ e musw Y
. (°cco 4N
(£3328 (202 (IT0T (EOD¥EBT  (E0DIC3ET (ACIHEEET (E50DEEsT (CLopeseR ﬁwmw °5
X ‘ _ °cS) CF
(€345 (2322 (zEtet (UOHC33T (SoDYIteT (GIdElat (CoOMEse (C)atet ¢ €51 % ow °Q
: | . (oo a4,
(235 (£2)2% (€3346  (C2930€8T (CoDINEBT (2A0)CESE (WAOPCR3E (RAOPA3T  °C &ow °¢
(cco
(3945 (£302% (€2 (v B (0 29) 14 nmmmum»m.m (CL93BESE (ECDITERT (BTINCT3 < mmww °3
(£3044, (£33 (£2)2s (CEOh08T (BRADR nwﬁmgmmm (tAJoLsy nmﬁmwmhm.m C=0°0 °%
IS Y ! ) R X oo H ] oL 5
S ea IR 1 IR M3 gy T > i BV% =
g : _ 220 AN,
R | ) | wPom | gman) (e | (@D | (e . oL

'swyp 009 = 3



o{le

(eics
(€2)20
(62108
1514 YA
{228 YA S
“(e2I8L
(cthas
(s2)es
(YLl

codao

tie’zy

- ———— -

N e e L hwh e e e wdem e —_—— -

(OLISLT  (SDEILLD (480)812T (ISOIOTRT  {C5P)01ek
{DG)CET = (STZICTO (GTOIOTRY (SODIMREY  (1SD)ILLLE
(GSIzoT  (IONIBLE (109)gEer (9D)LZET  ({500)SZEE
{330 (CDYL0T (9DO)0BST (900)0ITT  (B09I0EEY
(3124 YT A (GOICTT (OTDYA3EE (LOOIBERY (COUIL3eR
©erLe (BCIGBT (£0D)2CET (0ODIGERET (Y ADICSRY
cerss (CTLG  (24D)R0CF (D AOIOLRY ©eo)EseY
Gzaa (423003 (CCDIGuZT (2GOMEnEBE  (GOL)OCTY
sgree (cehd. (BELICICY ©ELIO5CT ©CAIAZEY
| ©o)do {solgo ) Mu%«h_ T olle 7 ol
' qeo) t¥e "c1) rrkwem@,,mwﬁw az'st) | ®e*an)

C3Y §Q3.°0 © 3 N

>09)08eY
FAVY} ] 47414
{scoyieet

1193} Retorid §
(2g0)ceex
a.n £930HEX
(¥eolaset

Casicey
EELIOIER

{eodio .
. _(E8°0T)

(Ui Teeed
(ECON02ER
Coo)czey

LEC0ICIBY
(GLojceet
2 £O03TC3T

(2c0) E3T
(62632CIg
BELICIET

; L2) P

N S S N A S Yt 3 oV
LACe3Cy E3TERN ¢ G0PY FOTPC JOITKIOp TCUSIOUDSIG O 08 OTD

e 14

. et pmm e - w e

co2DITA By
("eo0 g4
Onua Nﬂu
€°cCo C5)
ciIQ GY®2
(=0 308)
c3Q 1o
{°T2C Cox)
iga Q.er

°Zo0 outd
.ga gﬂo
{°e=0 oot}

cag ¢gu4*o

{°e=o gad
c3Q 20
{°c=o og)
c3Q 0

‘03q g2°o

°G
"0
e
9
°s
°Q
°c

°g
X

) ﬂ&u.&mﬁm

OTTyR

. =0T



=8

CoQnTER m.“
eZ0 az&
Geres L {exd 29 (36)COZ  (IGONPT2Y (0SO)CMZY (C50)DT2E (0go)ater (Coo)oiet *C3QY 0 °0
COIEA G
(°c0 oUB)
(6€) LL {L&No (La)osr  @OOICTY (C50)8Y2T (C5O)0EBT (Xoo)IBBY  (1990)2Bex 02Q §1°0 0
BOIBU O
_ , (*e=c acg)
ceyee s2y0L (€G)A2T  (OS9IEWT {285)06%¥CT (1O0ICBET ©OOIOBET  (CCOYCZeEx *Gag xTo ¢
CoOTT ¢
. {°==0 eo1)
(23 TN (6eyLL t€)0s (CSOITIZY (GS9IGTEY ($O0):BeY (L0D)BERT  (LCD)IGERY *C3Q 90°0 9
°S5 901)
LT3 AN ceYae {celzge (CSOIETBY (90DITBBE {(900)CIBY €OCO)UEER  {LOO)GEER *03g 9O0°0 °¢
. (*=0 Co1)
74 T H (15 T XA {(2ice {CSO)ETEY (WOvIBERT {499)86ET (GOOIC3RT  (GODDLGEE C3Q €90 °¢
{°e=3gL)
(ce)ee | (514 TA A (GEILL  (USO)ISIRY (€OD)CBET (BOO)CTEY (0L0)CIEBY  (RL40)CHeR 0zxQ gO°0 *g
{°s=0 ¢¢)
ce)ad GeyaL cerie LegILITT (O0O)IETY (DADICTEY {009)CseT  (200)ocet 02qQ o*o °g
{3 YA (sg)ee cTiLe @SUIST0 (ECAIOSET ©CL)OSET (BELIGIEY (RELIOSCE ‘c3q 0°0 °t
vy opTl
$20Mo | ©oMo | ©olag | ©ole | ©oMg | lgMe | tgdag | oMo : wmwwo
R . — LT pYy | “BIC
%y {9'9) {01 °0T1) | o=omzcaaE| (s1'sT) L TAGTA Y ) {CT °G1) (RE °Ie ) | GIPIB=3
£3Q I039°0 = Ay ol sy Fallh geiels Siohi N Il wen g
Qeleadly oYIYOa SUOPATILITC JoINCTECo [OGLVEOCTRD X ¢ CECC



st

[

. o a9y
(o328 (ODXSD  (E5)CTB (BEISOTT  (SEOHTERT (CHIOTBE (600 (egdos B °6

. 5 gy
(£2544 U2YE0  (24304% (CLOICeET (AOOMVEBR (059308aT (B0odEaet (&00y3at oY &80 °0

, : °CI0 €0
D (I SHET EDTIET (CEITET (SIIERT (o) L30T (GNETT e (b o2

(s g

. °ela ¢

@NL @I O COINEE  (EDIEEE IS (CRNET (CRgEt | O 95 9

| (ecco <X
(SN2 (@WL (030 (CEITEET  (ESINIZE (CroINERT UCOMOST (IO O 3% g

oLTTa .,
(D B (SO (CENCTEE  (IETE (GGOMERT (UOMRST (IOVRTE  o0eT (B350 °q

. occa g4,
(B3 (N D NS (ST (UNGTE (CONAER (BTt 0o 6959 o€

| ocose
L €2t (L (BRI (EOIETT (ELIETEE (CONEEE (WCamEe  og 50 o
(2L (€333 (294 (BEL)0LEE  (SEAIOLET (BEAJOLEY (BE2J0LEE (BE250LST °CZJ 0°0 °%
el ] (2o)s | Do)y w ()| (Badlo Hlumuauma GW%MQ aﬂ.;.,wﬂ; ::n,,ﬂxwwmg&.wm
2| (| (orony GEam | eon] UeLm | (e | (&0 | ooweesr

°Ca3 TC80°0 © 97

CIOUBTIRE

CIr2d QVIC3TEC T

—ooslET GOTSTUST ¢ PR I 3u3nt2cp IOCIBUEIIR &% O CRG



Lo

o

(€2 gL

{3CYISTIL (§5ET (2)Cozt *TOT €32 © & 03°0 °06
. £33
(TEIEREX (oyerst {oLor8iat omda oA 2. 0S7 8890 °0
| : (ce 9 |
(eE9P0sYE (osoEst (=99)x62t204 °0I8 €8 8 OZ E°0 °4
, (ca €3

() Ty 8 4 (CEyCTaR {ENT3BE °LCO ¢k oS (%0 °0
(o) Toutsq (eoo)¥33t (CoKEeE °CC3 (T o 827 0°0 °8%
] i vrecny ﬁm&wﬁ% (US3R °TO0 (3T o &7 %0 R
L (F9%) 90244 SIHR3T {georesee °TIT @A o €7 3% °¢
(CIDHCcsE (Coaycese (€22)50EE °C03 €T o707 W0 °8
(3CLIOLER (CTLI0LET (BEL)0E5T *2C0 00 © 00T %0 °%
m ) = . h .ﬂ S » ﬂOHHme = »
L SOTD

(004 ” L€ 2Y 7228 | M (2538, oo Moﬁ%m,.

GOEBCIT TORRUERTRY £o0nltsg TETDPCTCT/D COSD =5 OUG0



ats = TEe66% = 9°02
68C = TE4005 = 0°T2
845 = Ttsi2S = B*' 12
895 = TtaiES = 2722
985 = TEH458 = 0 ¢
165 = 1E2096 = 2°¢2
985 = IEaS5S = W'Ee
£09 = Tells = Lo°C2
0Ty = TEs6LE = 0%
LT9 = TEe90E = £
429 x TE+£65 = 9™
£E9 = IE209 = 0°R2
0% = TE+609 = €52
LY = TEWLY = 9°52
459 = TE+E29 = 692
499 = TE+£CY = €02
99 = TE4SEH = €992
499 = TEeLEY = €702

T 9E9 = Te9 = T

8t9 = Ttel09 = 2K
O = TEe609 = £°52
9 = TEIT9 = ° 52
e » TENTY = S°52
L9 = TEe9TY =2 9°52
049 = Tte619 = 4°Q
259 = 1129 = B°RC
C59 = TReT2Y = §°62
459 = TEeE2Y » 6°2
459 = Tte929 = 0°52

} 659 = TEe029 = T2

799 = Ttw0E9 = 2"
199 = TEe0E9 = 2°%2
T9% = TEs0tY = 262
199 = Tta0E9 = 2792
T99 = TEe0E9 » 2
WY = TE0%9 = 9°0R

AN — il

9 = TEZTO = 4°52 () 008 oG *6T
Sh9 = TENT9 = §°62  °eB 0T °BT
299 = TE49T9 = 952 () ees ofh LT
059 = L8619 = [°S2 *a08 04% *9T
059 = TEET9 = L° R (L)°9e8 oTh °ST
299 = TEeIZ9 = 8°&2 *208 04 *4T
059 = TE+E29 = 6°5C (9)"908 08F €1
299 = TE9C9 = 0°%2 *288 ott 2T
659 = L1829 = T°® (5)*9e8 00f *T1
99 = IE40E9 = 292 o8 42 “01
T99 = TCs0C9 = 2°92 (V)°ses A2 *6
99 = Tt:0L9 = 2% "398 012 8
T99 = TE0E9 = 2°G2 (E)*oe8 08T 4
T99 = TE4089 = 2°92 908 4 *9
199 = TE+0t9 = 292 (2)*oe8 02T *$

199 = TE+059 = 2°92 308 Of %

999 = TE+5E9 = 4792 (T)*9e8 09 *¢

U9 = 16449 = 8°92 I8 OF *2

T .08 g *Y

- Jl'l'g

3 e T ~SoTITP

~3To8

0o0W83 & “T°T 40, = AN 03T L He0, = AR | 00T = I B4, w AN ﬁlll

Dolf = dwmy wooy MIISYD ISTIL
BETINED TV JO WORISTITPIION JO SJUGWSINSUeY TeIuewTiedxy 9 OTENE



ot

IR o

255 © 68ct25 o 0°B
05 v cfe3ts c 0°g2
&8 ' Cests © 0%z
TS5 e efoWS © Q22
A'UNum b2+ Qﬂ@& o mvowmw
LY o 0BeTES o 0z
mﬂ\:w o Qmom\-mm o QBQ
20 o GEolss o g2
&l © 0Le2sS © A°Ce
€29 o GERRLS v 03
00 o ol ZS o €53
£30 = cCofls o 4%X2
g8to « oto3dD o oo

&% o CI) o 0°¢3
£E0 © Clofsy o ¥oes
£0 o Qﬂﬁhﬂ@ o T3
2E0 © CofnD o 8°¢3
8 o OGSy o €0
& © B3 o V3
O & CTLOW © §oLs
880 o 0fessD o 6oL
G © 69 © &°f7

B B ED v 0006
€0 o Onn.mww.uw o G2
0L a CUsI3) 0 6°C2

TP o 30 2 X

£ o eCofn) u T2
&0 o CCelD U Boen
& o ctlsy o C°%3
&0 © a%ITW = Iz
GO © 08T = 5°63
G5 v GBIt w 00
P © OfSLY o 4°02
T © D o 0o

2TICTY

,UO\,M. o..\hmm
(6o

Neg CTH
(CYcan

Qe OLR 0273
YR

°eo2 SLC

) °c2a €58

€L 8 6L © 6°r3
C50 o ClelE0 2 03
L0 o ClliZl = v%3
€y © CTo & B°C3

CECY © CBELD o €¢2

°CT3 CLE

E-L et 3\}1
Neeend

*°00 922

L£H=cCo &3

455

W
°c3
°CE
© &N
D@AW
°5T
3
°Y
2T
°%T
°CY
°G

mﬂo o ol © 8°£3 5P © €808 2 8%3 € =ttty o €%3 °TTC 613 °g
ﬂwﬁ 5 D = 6o .3 o €8l v 8%¢3 €00 & Gy © €3 (YT O0R o
WD = 080D © Q°F3 8D o eLoTED - €3 €0 © CTEly = €702 CIC GET
CL2 © CBLl30 o 108 . €80 = cETTD o €5¢3 . €8P o T o €3 {29°cC3 03T °4
£52 © eCofD o €903 (20 o cC:000 o €3 | €00 © CATy « €2 T S °Q
£ o ottty o €23 50 © cTolEy £ L B o eTeLy o Qg2 {Cyocce €9 °¢
€D o omomﬂ@.o €03 (2D o ¢tolty o g0z 849 © 6D © 0% °cC3 of °g
= ) = . o’ . OCT3 ¢ °F
- = 0N P — e — e
e 7
. € ¢ € <=3t8
Do°e—0 8 AT 0dp © L 0603 5°3°Telp B LD | 00603 © 81 0 05 © £J R <CLo
O30 <00
= P TR e hﬂﬂvl}ﬂxﬁiﬂlﬂiﬂl\'ﬁ .ﬂl o e
o o ey (')HA. \J.OMNW
8o CC o o= Wil ooy oooeso
CIp0CTh o CORST O CLUITIInITI] T oTC2




4. .0
Juicyrae?

>
| —y R.D.Pehlke appioach
?4 —O—oO— hiodrficd dpproach
;
puv™ |
[
!
> |
s A50
§
N
2
R 209H
=

1% 12m08s.
tL125:ds.

£h 72 8¢ce

! — e
¥ = O -— O
i (r,1) (17,517 (7,41 {f].‘ ¢19,:1) ¢521) ‘.,
{ ' L 1 L A | R
Gor,s i’ I 73 37 A7

Ihatanes | /?i'm";y Sy;,v;;;iez’;y plane

vaph 1 | Solidificalion profiles aloig Symimetry plane ioi bav castiig-



T Qe
O\O Location @

\\ ~Ow _ _ _*Aacaww;: T

\ Location@

|

|

|



T48( -

Simulated

®
1

0000 Eyerimen?al casting I

X X X *fxperr’men?a/ castmg I

700

Temfera{ure o¢

650}

§20L [ . o
0 10 15

Time (minutes)

th—

Graph3 (‘oa/{ny curye for location(l) for ex}:erimenz‘d casirng -



7407 ) )

| 0 Lo ——o—— Simulated
. @ 5}

O O O Experimental casting !

{
;'. X X x 2 32 I
A
|
Loy
-
700" - '
;
B
\
*
v
L |
S |
g |
5
;:!
1o
X
X X X
000U x
O «x
o T~

§£50 E’ - 5 E\

be 2 ‘g. 10 13
Trme (minutes)

Graph 4 : Cooling curve For location @) for experimental casting



@ $ L = — [P — SI.M.’J/ﬂfed
i
| @ ‘3 | |
- : @_J 0O O ofxpemmen{a/casﬁng[
" X X X ” 1 ﬂ'
1 |
!
.
700 "
»
o
}f
3
My
]
A
QJ )
AN
b
,3 |
9 O
X
X
X
A7/ A
C\\
N
X
% C
L7 ‘ 1 | _|'
7 I 10 15

Titme (rinutes)

Graph 5 Coaling carve for hcation () for experimental casting .



FoX SADPT T TR_OOIITRLR TRATEON

Ccoirn ofminticn fez oo Qdrczndoral eexdration boat
toomfeo €0 cooetcd e 6o pen (3) DBoDe Bl cppmesch
e €0) Pea80na eoprerale S0 Comomatvo oleny oyomtny
porsn OB3 €oalins CReo oF U 0oeoiricd Socatdena {of Oho
cooo of €anling (S2p2) ol ooaw U conen o (35:29) oxo
Pt Sn gsoph X o] geogh 8X Lo Both OIo copsenehons

//zt; &0 29%cl Spen geoph B 00 chowo fo o Scoporatuno
G85fozcnen of Sho colop of EY° to £7°C fren (N ooted/rna
actengneo Co B0 ccotvo of B0 cootiss fe 85 peoxfn colddge
flentden proplos Dtoihey fov 72 ocoonlo colfdiffentien preilop
thy QasgeEcEno of teopeonburo 40 o2 o aoden 82 ey 6%
¢t 23°C fron tho ootnl/oal A2csfnso & 4 eontino oF o
canlisge Lhilo o o220 (0o ¥2 cooznd colfAfficatlen meliicoy
Cho dagfeacseo dn O (oomenatures oo d&ggeaczso ocatien fren
Cotol/odd Aodorfoco €0 OB eonlbro of 0 candliss fo Juod
£°5 ¢ %8 clye 26 80 olioo £003 808 prooticadly Shemo do
£3 CAGCerno &8 Coopenalones of AAPeoert doaaticna & Mo
coc) 0084 £32 00 eDicts colANBACRIen 06mte o

oo U0 88D €020 AC fo 2l €0 peoled of et W2
CToazop vizno oo o o QAGRCrorse of Connnatunea €6 QLGRS

/09669
CENTRAL LIBRARY UNIVERSITY GF ROORKEE

D e



ﬁguw
78 cooenlo 8 ©opy R In oommonfood Co U eodicto
coAMAgAcaten O4ma ¢ 82 0 1T ciaben.

o0 46 7 DO pofened et Ot o moacﬂm o
CROIRANET AEnenfneo (ormneratooco vocd fn Frege Bohito
oorrsnel fp 025 vosy 04rpRop oo S0 eoxtaflly vovy AASRLeuaS
Rez copR8eatd eoatingo. ¥ (o pdAgield copreneh oo
Cemintiesy oo £50% peqedned o 4 cO0AGAES esrDrtor CAo o
oo cavclle Doneower (Mda C04868e=R coiafioo of cloninding
dpteafeon (ocoalomo 40 29 toy deneven Sho peondln foo
tho Dador IS oF colfAseteatien porlede |

oy 40 4o conaleded GG fweical Vsl od B in tem 0 ce)
Sempanatesen utmga Bo by S2A08nR oo%ed Coomosatteo o 4G
ceteos b 0adle

5 4o ocon Spen Ghy soomllo OENG O oretntlen of (e
S cad/ofn S500TRe00 Loenaliso 00 O ComEorattTo
in gov 0 ¢oooloto codlifgdcatlen Simne

Yol ST X STREI W _EV T

Cotiop ofrfntlen fon (hneo dfronnlerd cneadfan
Lo Goomsden oo caopdcd onl ¢o pop o288 oopmanshie
Coadm Cves €2 e0o28g0ed Reatfoms () €6 o1 (D)
€702:0 20 9) oo O By 0280 10 €l ¢ e
cIulo pinod of 0200 102008csne L0 CoTolnn ot



T

o)X
c=0 crpoeinontolily 0ainsd Coomorolune (laloihediens o6
So 2 ¢4 3 oo pietlcd 40 graph Jp groph b ool groshr §
geoncativeiy.

T cenliry orpves Lo locntfen 89 2 ¢4 3 oo
2400 vACH rornld fomporitupe profilics for pemo oofnl ool
cormare ooClelentssidy vath ¢ aonoelosata} coollns
CUSTCIe

30 koo bezn adoozesd St O0 4o QAET8enRE 0 nonewwo
U thopreeoimlo outpxt fop Jecotom I boeouno of font
pavO of Co0LAr] €2 Shn Coald CRESCerCaticDs

T3 ARPTORZNT 00 L ETN L0
B folleiry toplen oo ormcatsld for Susthan
oty Loy Whned Ginesalend comuter plrnlation.

1o D ooigodo €2 o Boad (nosnfen afioR crmatfens
2 ¢ femGien o ol oo bDotuesn ¢80 2g
e potnke

2 & oty 02 tho cffcat €2 CLfRcneny ol oatae
£ ¢ (00 neRMAARACAATD profiles Dy corawice

~ ;
OIS\ lemP

Jo EC00o8mn08en o2 000 copacsl ales o9 chago o
c2dlRo by coopaton olorleiiene



eslian iR

2o Indtind raend/oozd fotestnae Coaporatens ohen®d Do
oo AnAGaeR polnd Coozonatunc oo AC cotorn I 0odd.

o G520 clicdl $084Co QA0PcTcrno approninlenn Co (ho
QREReoeotdnl cquatiens Coaopibisg Choea Qinemwdesnl eolests
Son bt gxafor poovido on oocrtalo ootleld ef dote?
Corenoturo Glnteddedlen o0 QARG 1etatdons of AL80enet
t4rco 2 O cohisane

3o o eorpntor ploniatlen eon forconnd vtk 0 €8
o vill godfdily ulth chnlsficrs Cogeots oo £330 ©ing o
toamiqra alnanca oon Bo odo & o eqotlss Confen Co
provido cn opticm prptsgenin £o0 preleatisn o o fod
eoobimse -

be XG40 peosidio o S0 hoeml gpceTt o ¢h enolfes
by comier plouintiony vblich cominoln Cbo olrmafioe oF el

O pronm
',1 ¢

T Loflninotany Capeomsl ton abtniesd botucon (hs
C200 Eooateronta 2 €0 coldNAAT et ol ¢
CLReD ofmnnticen ©ofen &lencsirotiy Colonnfend opzifie
et Noout B committueit il iy S ol avlaws witen N aind I cavnt ™



Ro CLTDEA Do 008 JAEIRG JoCop  9Cc2Arallon o8 D20t

Ce

Be

S

6

2 8

o

-2

=3

o

in Lo000p0y el Tfivopodty Pocosy C5060dy Loglond
(29730 | |

DDOEZp thibp 0600 coREAMSCaRAED 0f €olitio®y &0
Fradasuialen o Usiiog 12000835797 o

LIZ0%y 9.0, o] BOWNEADG Jeg  *0enonican of Collandsled
ool Uoosoadd BoRfA88cotien Faltonts 4o o Topicly «f
Sr30d Condirinten Soeme 70p T0ReTp 50505 DoLO2-0700

PERIIR20 L. Cep 9003848000000 Procconlesfy [2ind

ommep lelp £3805 Co0:39Td0 PP 2AET-E2 N0

PEIUTTO, (LCop 500840000008 Drecconies®p LsOsey
Eﬁllg Ek@h‘ﬁ@ﬁ%)#

Wﬂﬂm oa £93lA8rfcationg by Covlers ovthaen

2porge D05 Toel(Dp 35800 50ellT=000 B70-LeL0E00T

FERTp Dollog MDrmforenindln €2 Toted Costirg®y 0000t
Uoaloyp LomlenlaS03)e

CINTDS, Dovcog  YPfrafoles € CoREQARICaNiendy Jain
Ay 621 £20y E%eg LeDe (300N

Erleng Dovep 028 BCERTS doep RO PeCoyp
VL2fonfoten of Lot Cooliog® €000 Daa0Ac) e Bclory LA,
- S::lv Q?ﬁf”f

LotioWlur 30

CRCTEI IV Dy Clonzescflp 3030p Dol Tieille

I QLT Ry DeGeg ¥Ccooiin Dpeldo0len € Seopooaliio
wiSBA300 o o Gisezo 8o CDANGRentAen ¢ L te

L7 Uleatniont fonRestog LeoReltoge L1ley Tale¥y Lol
I3 80Wyg DeFieile
-




22

3G,

29

28

1o

S
ORTp Lolls 21 BCTDg Top EPC2C oF Deooldly Chrnso
ORI g IELIRAIt 4 s ﬁs,..:x c:? L@.Ecvn'p derel o oot
Commnfeop Tormde €2 A0 Th3eD2p PAde3S¥0) Doele200

Tadly Tolls o} GG C“hr:;;g Q&Beg E::lﬁ Sooeafen LTESD&Q
cf? CbD &0888cccn €2 o bm"? cscelic Syotes
Joustal, ¢f [208 SoolnloTy Thege of L5y Yauamﬁ f
2595’?0 Toel; ;“-’c.::f&@ v,

TETp Helo 00 Cilliing Gulep &5 tf40ncetierl colle
AlClcaticn ef o BTy eutcetls cyeton Uit o tince
Qoprsinrl ormgons oo ¥y Jotmr R 6F Iont Soneaficny
wange €2 L0 Tl FcBe2$C0p ppettedle

PNy Uele 024 EAIDEDg Dy Ormopfond ond Doeliss
Codudles ¢2 Sorsnleat Eaf Cordivetden Lh.,bm Loraive
43 IR o Dpeontinaty Sonde ©F A0 Dol Iz
20700 ppo2Cie31P,

IRy Jop  VScIemOdtmo Pidd A o Uold Dunfey Coadian
o 80RfM8CRcoticn ¢f £8coRty Ialcorzationsy Ceot [inls
Jourad Lowoh 2040s St 0R3g £opte $0700

\

-

LL3TADg Beldeg w::mmmg Delle 00 (Rep PACNFI00R
colitdony Go tho Loaf Spornfor fn il Uolip Aol
CAAMNAR e 2 Loty L0080 Gopt [iotnlg Donennehy -
donrtnlg Lopch 30%%s Ded0adi¥e

L0000 Relleg LTI 0p Je0op £ FEIT, DeDop  Slmenicn}
CEfletion 68 CoMAM0ntacYp b B B2 Garlen O3
Callnney Comd EE Low Cern SUeol B Chonosy 70 Cnsh
LoU0n Coaneh Jentooly Peoedfi0p Dellls Do De

iFﬂﬂJlO en N ol »o&fﬁﬁ’&cm&.n c” C.J E:so [ ey Con 1"‘MO
{53 €ool otllo wnzcopeh deminly ToRelpdinn ¥0pmetine



7,
= 1=
£00 BEIRg Ledop LD PIWMMp DoDe 9DcLosrnlifon f Ia0orind,
et Poonentics volns Cooptog Uoalndonsty Soomde
{53p VoRolp 30730 {;30522;:’5 )

Mo STy LoDeg DATCISp ReDogy BERp Hedop 08 CLLI) Dedoy
0D rnfend, Srmintden o Eon0fng Sl teslent o
Oocste L70p Wke0p I97p 5eT37-5E00

8D THUDLSLNy fog O FUVTg DeDeg  2Genliny Becln Ly
Crovlrs¥y Tromde 155p VelolNe 30T 1o olltoliO,

e SCWUTLE 5 Dop €A TS DeDop  W0e—poics GARion
¢o CRMESRetica ¢f o Conling Tolng o GIdA%y Cooiss L8y
AR oCbQ 23339 E)DOCQ?QC)LO

e L X‘ap 0DAECatinr R £aRfNAGlceton of Coenl onte
80209y Fememen Facoog Cgerd £3650%0

Fe Contie Dootnn Do &:::e&e& Lo8ioty foo Lc%awaﬁw‘;ﬁ'%

£8e BCINg Dellep Ep @ugwa e BEE Y Pele 00Dl Gaflivate
SCAy €8 Cadeatad atonioin? p E8e Buoeen €8 Cuialing
CY20p 05 068 . .

o i:‘(:f:,“.,ﬁ“‘""‘"“?g Solieg POy Bollag i:»gcgymg ond I T/ SN
Jicnnapiys Vaa. W kregetiloel ol leﬂﬂ% e oA Is:i?g
r*73/1:'5.';&._:3 Derfeﬁ @:m)a

23 WNTIOTRENp Bollop 00 DUy Dellop toRowrzalasfon?
Doeooooilon o Foopoolicaty Tolelp LozafGio Eoointy
L,&/.m(:'::'i uam@f)lv °




o X s TN o ]

100
101

20}
292

209
206

20%
200

au7
200

200

501
102

909

1¢0
10

241
233

203
204

auo
200

aoy
200

209
210

211

00g
102

000

o0 COMPUTER  PROGRAN ©0C

CONDUCTIVITY KETAL
CRUTEH/ TEEP /CIS

CORT INVE

READ1OYs TEKP

FORMAT(F2060)
IP4TCHP ) 990920X4201
IPITERP=1804 120202020208
€120, 0300 COTENPE13645
$LOT0501
IP(TCIP=610412049204+209
Criim0 013030 (180o~TERPI1400
GOT0901

IPLTCHP=11074 120642060307
Cre0 022630 (610e=TERPI*1300
GOT0901}
IPETENP=1202,120052000209
Criiole 53002197, =TENP) #2321 07
coTos01

Ci4000 00 TT40 { TEMP=12620 145249
GOT0501

PUNCH102 o TEKP CiiHd

FORMAT (2F20, 0%

GOYT0100

sT0P

00

ot CONPUTER  PROGRAM ono

SPECIPICHMEAT METAL

CPATERZ TEMPICPY

CONTINUE

PORMAT(F2040)

AEADLO 1+ TERP

IFLTENP 19994203201
IP(TEHP~960,)20222020200

o0+ 00006070 TEKPe06 212000
GOT0501
1PLTENP=1140,)200602000209
CP10060UD10 TR (TEIP=0404 14042700950
GoT0901

IFLTCNP=310T4) 20602069207
CP:ic0, 80020200 (TERP=11006 } 4002391550
COT0901
IPLTCNP=1210606)20002005209
CP:icle DDGOL TENP=11970 )40+ 303072
COTO501
IFITCP=12024121002109211
CPiinle D00 (1262, ~TEED 1904 51D
GOT0902

CPic0e OA3

CoT0901

PUNCIH102 s TEHP s CPY
FORUAT { 2F2040)

GUTOL00

STCP

END

APPERDIX 2



X a N &)

aed  CONPUTER PROGRANH oov

SPECIFICHIAT SARD

C CPOTEW/ ICUPICPS 17 B0 Ko T o C
DIACNEIUNTLACIeC i 20)
READ10 1o LIAK

103 POIIATLLS)
READ1ICG2: (T J) o JolpndHiAX)

102 FCRAATICF1044)
QCADLO3 e (CLJ) e ol o JHIAKY

109 FOUIATIOF1060)

100 CONTINUE
READLQ4» TELP

106 TONATLP306D)
aPLTENP=T(2)1009026025001

601 Jhel

00E JAsdled
IPATELP=TIURYIO0200029003

022 SLOPCotCUIRI=CLULIIZ{TLIRI=-TL4L) )
CPOoCl JLICSLCPEQLTEIP=TLJIL))
COT00UL

005 JLoJLeld
1PUIL=JPAR) 00200099990

G031 PUNCHI0Z e TCIPeCPS

202 PORIIAT L 2P 2040)

¢010100
000 8TQP
£
i}
Qe 300, 500¢ 7000 0000 13000 1500¢ 200
170 o222 0 &40 2255 6 2H6 o212 0276

poo  COMPUTER PROGRAN oo

CONDUCTYIVEITY SApD
€ CRSTEM/ZTER2 /SN2 AR e T oC
DRSNS ICH T820),(20)
READLGY e 3N
103 PEANTL15)
READRG s (VL J)rdol e ditAX)
103 FOANAVLTFL0eQ)
RCADLIGD o tCt J) o JolsJlAN)
109 FOINATEVP1000)
100 CONTINVY
RCZAD10G e TENP
166 FOIIATIF30L01}
IFATCHP=T{3) 1909006014001
60} i)
002 Jcdled
IPATCI2=TLJR) 1002260290600
002 SLOPColCIII=ClUL)I/ZETIJR)=TLJL))
CSoCl JLIPOLEPEO L TEIP=T{4L) )
GOTOL0)
CU9 JioJheld
CN1 PUICKHEIZ2 o TERPCLG
202 FORMATLEF2060)
COTOLGO
090 LYOP
EAD
?
Qo 3000 7000 1060, 1060. 16800 10000
PHD] 0060 Dol 0cb5% 00528 0068 0,00



s N2 o

12

43 §

21
a2

23
&2

26
2d
&0

49

a7

N
9

o0 CUNPUTER PROGRAN @o0

IITIAL INTENFACE TEMPERATURE
TINTG

DIMCNSTIONTCPSE20) 2 CCPEL20)Y

HEADLIE s RONHM s ROHS sEHF o YSTRH TR IN
FORMAT(OF10,0)

READL L » TEII49 TEHSeACRE

READLI2»JCPS

READIL e { TCPSLJ) ¢ Jo19JCPS)

READLL» {CCPSEJ) el e dCPS)
FQQIAT(10615)

CPUMePCPUT L TEMM)

CALL CPSTITEME» JCPSoeTCPSHCCPSHCPSSI)
ASRORARCPHINOTERMSRONSCCPESOTENS
ToOLD=TSTR

CPUIIeFCPUYETOLD)

CALL CPOTLTOLD» JCPHLTCPSCCPSCPSTI
TREH=AZ { ROHKOCPH I +ROHEOCP ST )
TREYoAZ LOORNOCPH I4RONS50IPST
PUICHL L » TNEY s TOLD
IFATHEY=TSTRIZ23p3202)

IFLADSF{ TREU=TOLD)=ACRC) DL ¢S 2022
TOLDoTHEY

COTo6}

BeROHICDNE

TOLDeTPIN o
CPHIsPCRMTLTOLD)

CALL CPSTLTOLD» JCPE2TLPSCCPHoCPSL )
TNEHal A+D )/ { ROHMOCPHT ROKSOCPST )
PUNCHL L TREYsTOLD
IFCTNCH=TFIN)26420226
IPLADBSFATNEN-TOLDI=ACRC)IS51 05120
TOLD=T MY

c0T062

Cof{TSTRODIZLTSTR-TFIND

DB/ ITSTR=-TFIN)

TOLD={ TOTReTFINY /20
CPUIBaRCPITITOLD)

CALL CPOTITOLD» JCPBTCPS»CAPSHCPEL)
TRGU= ¢ A¢C)/ LROKYPCPNI+ROHSECP S +D)
IPLADSF I THEW-TOL D)=ACRC)SZ 251427
PUNCHLL o TREY2TOLD

YOLDeTHEY

LOTCHD

PULICHR Y o TREY

s70p

Gl

APPCRDIK 2



APPENDIR D
C oo COMPUTER  PROGRAHR o0

C TUO DIMCNSIONAL SOLIDIFICATION R D PEHLKE APPROACH
275GARG 40D sRUITBY K015650»00
JIRITRAN EXEC FORTRAN{BCDIHNAP)
¢ ¢ HEAT TRARSFER TuO DINENSIONAL SOLIDIFICATION
DINCENSION TGI21e21)eThE21+21)0¥CPS{20)+CCPSLZ0)»TCNSL20)oCCNEL20)
CONON ROHMpRONS sDHF e TSTR TP INs AGRG
CONNON JCPSeTCPSoCCPS
3003 FORNATIOFA040)
3002 FORMATI1GIS)
0001 FORMATLON TIHE 15sF10e5}
NEADICOL +RORM e IONSsDHF s TSTRe TFINS TGTR
READIVO19DT »DX o TEI TENSs ACRC » THAX
READIOO029J1AX s 1 SAN»JCP S JCNS
READIVOY e { TCOS 11k alie) 9 JCPS)
READIVO1 e (CCPEI) ohicd »JCPS)
READIOOL e ( TCHS ) slinl o JCNS )
READIOCL« (CCNS (1) sliod o JENS D
YIMEﬂO ™
TBEGSTETR
DroDX/ Lde
0030011031540
003G0Y Jule itian
3001 TotlisJ)CTENS
003002101 8ANs INAX
, 003002Jfe AR
3403 TGUIsJ)oTERY
CaLl TINTETERMeYEMS»TREY)
DO3COD J= ISANTHAR
5009 TG(IS5ANeJ)oTNEY
ROHS0B ¢ CROME
GALL TINTLTERMeTENSoTNEY)
(TGS 15AN 1SANY=TNEY
ROMS=RONES Do
PRINTCOOOLsTINE
PRINTION1eTGE2192)) e TGEID 02330 TGILT 022 )0 TGE100Z1)sTGI2002200T0(10y
1221 e TGL G2 19TG(23021)
PRINTI00LeTGI23021)0TGl10020) o TGILTe)T)eTOL20915)eTGE1R26146)aTGE10s
110} o TG00 ) 0 TG 22)
xPR!ﬁYIOUlc'GI!?eI??:?G(15017!»76(lﬁol?lafG(lOn!?)aTG(Ool?ioIG(Ztl?
)
TRRcDTLLDRODN)
5003 TINLoTINGeDY
000801 I3 e 0NN
COGC0LJo ) e FiAX
F1JoTGlivd)
i IPL1=110000,2802020212
12023 IFt1=15AN)20229202093020
2432 IPtI=119700,200902025 ¢
2020 1PtJ=113AR) 2602 0300060099
2U80 IP14=1109090,201022020
aL256 IFLJ=INAR) 2000202013 090990
2036 IPtI=-111AK12027s200009990
2027 1FtJ~3309094200702020
2020 IPtJ=101AK)20000200009999



2031 €Ak CPOTITISeJCPSe TCLECCPHCPSEG)
CALl. CROTETIJoJeliSe TCHS»CCNO o CNSGS
UDATa{CNSOETRAR ) 21ACHSOCPE0)
CATDoTG e el 1oTGE sd=1)oTGIE429J)2TG ImLpJ)=ayeT]J
€0 T0 oU0}
2002 UDRT=0.
BRTDelo
CO YO 4001
2008 CALL CPSTITIUsJCPSaTCPSCCPSLP5G)
CALL CHSTITI o JCNSe TCNS»CCHSoCHNEG)
UORTo{ CREGOTRY ZIROHSRCPSG)
BRTD2200TG( I o0} )1 02e0TG IR od ) =0oT}d
GO T0 4001
2908 CALL CPOTETI e JCPS»TCREICCPOWCPEG)
CALL CHSTETI o JCHNSe TCRSsCONS o CIISGY
UJRTo (CNSGETRAD 7 LROHSOCPSG)
ORTDo2e0TGE10=1 101Gl 102000 0TG i fmlsd)»bo 0T
GO YO 6001
2099 CPUGFCPUSITIVY
CLoigeFCRETITLY)
VORTo f QNG TR ) 28 ROMIDCPIG)
DRTDeTG I 0Je1)0TCE L od=L)2TGUlE41sJ)¢YC Sl odinbo0T LY
GO TO 400}
2000 CPUG=FCPUSITLY)
CIAGFCRUTITIN)
UBRTa{ CRNIGO THX ) 7 LROHSOCPNG )
BRYID2G. TG =l y)=000T1d
GO YO 400}
2007 CPHGeFCPNSITLIY)
CUNGeFCIATITIVN
UBRTo { CHMGR TXX) 2EROHNLPMG)
ORTDo260TGL 1 o1 00260 TG I lod )=tV 4
GO YO 4001 .
2030 CPAGRFCPHUSITIN
CRMGoPERATITIN
GARTot CHNGO TR ) 2 LEOHEOCPNG)
UATDo24 0 TG Lo d=1 3oTGU 100 )oTGlI=20J)=800T Y
GO 10 6001
2009 COUGOPFCPUSITIN
CILIGoFCIuTITE S
CALL CPOT (T JCPSoTCPS2CCPSWCPE0)
CALL CHBY (TIJe JCHEeTCHS CCHEWCNEGH
UCRT=aTXAZ Q0N POGOROHRCEIG)
QRTDo2e YCNSCOTGL 1104002 OCHILOTOLI9L 0 J) L CHNEGOCREBIOTC o d=l) 0
LICNOCOCHN0IOTOL Y s W0 ) =4, OLCNSCOCIAOINT Y
C3 T0 600}
2020 CPIGRPCHENSITEL
QLGP CRUTATI I
Cant. CPST (T1JegCPBeTCPGCCPSCPEG)
ChAl CLOT (TIJSeCSe TCNSsCCNOCNEG)
UORTol Qe OTANY /€D e CRCNSOCPSGHIONIOCPNG)
2gf$8288c3360761l~zodl¢(CﬂaG¢c HGICTOEE 003 )= (GILIGODLOCNSGICTEY
2011 CPIGePCHIStTId
CLoGolPClaTIvIJY
CALL COBY (T1JegCPSeTCPIsCCPSeCPECE
CALL CHOT (T1Je JCNEeTCNS o CCHB 2 CRUG)
UORTol 2 0THA ) 2 EROMERCPSGOROHIACCPIG)
lgﬂTDwggicﬁTGtl*[aJl#C&ﬁGOTGlloLaJ)olCNSG&CﬁnGIQTG(lpd*AJ-zoO!Cﬂﬁﬁé
20) J



6031 TRt 1eJISUDATOURTDCTIY
EC LT IME=TOEGIG00806001 20002

6002 CONTINVE
PRINTO0GR,TBEG

600) TDEGTBIGSTETR
PAINTIOUIeTGL21,21)0Y0(10s20)9TGILT232)0TGI15021)0TG(14+22)0TGL{10
121)oTGEGo21)eTG(2021)
PRINTIO03eTGE21,2300TGI2D01D) s TGIAT o1 7)oTG(3562509TG{14514)9T7GL10
1103 o TGL G200 TCL202)
PRINTIO0 e TGILTe1T)o TG00 T e TCI18427)oTCLA00 2T oTGIOe)T)sT0(2017
1) :

6003 CONTINUE
002004 el s BIAN
PO30DGJ2 J e 1NIAN

5606 YGlled)aTiIleJd)
CATINC«THARI SO0 9999900909

9000 STOP
€np

SUSROUTINE TIAT(TCMNe TENS o THE])
DINENSI0NITCPOE20) o CCPST20)
COen ROMIeRONGsDHF 2 TSTR 2 TF INWACRG
COI0N JCPSeTCPSaCCPS
CPI e PCPATETELY)
CaLL CPOTETIG e JCPOsTCPEs CLPSeC P55}
AsROHLOCPEOTELNSROHSOLPSSC TENS
TOLDeTHTR
&) CEREoFCPUTLTICLDY
CALL CPOTITOLDs JCPS2TCPSeCCPSHCPSL)
T AZ L ROHNCCP 1 +RONGOIPEL
ICITCH-TSTRIZ2De 21021
21 IPEADS (TREU=TCLDI=-AORCID105L9022
2z TOLDoTHGY
GOTO0Y
29 CeROKolrs
TOLO=FF RN
62 TEN1eFCPETETCLD)
CALL CPOTITOLD e JCPSsTCPSCCPEHLPET)
THEUol AeD)Z ARQHMOCPH L IOHSOCPS] )
IFLTNCY=TPIN) 20920920
25 PLADD (TNCH-TOLDI=AGRCIDI 992435
29 TonDeTHEY
cov0s82
206 CotlISTRODIZC(TOIR-TF LN}
SolL{VETL=-TP 1IN}
TOLDSLTOSTNOTIP LN/ 26
63 CEALeFCRITLIICLD)Y
CaLk CPOTITOLOe JCPSo TCPLoCCPS o PO Y
TREUSEAGC) 2 RONMOCPI oRECHEOCP B 00)
IPCADSL{ TREU=TOLD §=ACRCI 51952027
27 TOLD=THEY
COTQLD
01 CONTINUE
F.2TuUn
LD

FUNCTION FOPRTUTERP)
IC(TCRP 190902014200

803 IFITCIP=0004)230202020200
202 CPHo0o CLUVOUTOTERPV215000



403
204

2J9
2ao

211

501
0990

00}
802

602

008
999

01
bo2

eo2

603
099

29
222

203
200

2oy
800

307
aeg

&oy
ax0

aun
59}
909

cgv0501

IPITERP=11004)200020065205

CPAle QUULOTSOUTERP=D004 1004270050
COT705401

IPATENP=1202,1200602000211
(P:c0e00020200(JEHP~11000 1000291550
coT050 1)

Criicle 333

FCPIT oV

RETURR

Cib

SUBROUTINE CPSTITENP»JHARTHCoCPS)
DIHENS TONTL 201 sC§20)
IPCTERP=T(1))999+602+00}

JLod .

JReJle)

IP(TEEP=TIJR) 160256029603
ILOPECICIJRY=CLILIIZETHIJIRI=TLIILY)
CPSOC JL1SSLCPE JITELP=T(JL) )
GOT0999

JLodLeld

IP{JL=JHAK) 80205990900

RETURM

END

SUBROVUTINE CHST(TELP»JHAK»TeCaCNG)
OIMERSION T{20),C120)

IPLTENP=T{ 113999900k e000

Jhoel

JRoJiel

IF(TERP=TIJR) 16020602400

SLOPEB{ CLJR)=CIJLIIZ{THIRI=TIJLI}
CHEoCl JLI+SLOPECITERP-T UL )}

G9 10 999

JAedied

IP(JL=JiIIARIC0200P090D9

CONTINUE

RECTURN

GRO

FUNCTION PCPRSIRELP)

IFLTERP 9902007202
JPLTCIP=0004920202020209

CProc0o 000060 TOTENP 06213000
CoT0S0}

ICITCP=23006)206023060208

Cllelo CUVRO TSN YELP=000, )00 270050
Gav0501L

IPLTCIP=23076120602000207

CPMele GIVEBRCO L TENDP=11000 1000201550
COT0901
ICITCNC=1220600)20002009200

Cllio0e D60 TENPwI1DT s 100,309072
COTQ50)

IPIVERP=22026)230628002212

CPliola 3060 (12424~TERP )90 833
Q70501

CClcfe 818

FCP{ISoCEN

CONTINVE



RETURN
END

FUNCTION FCNMT(TEMP)
IE(TENP)999+201,201 .

201 IF(TEMP=1804)2022202+203

282 CNMnO,O30S8#TEMPE134,5

203 JF(TEMP=6104)2049204+208

204 CNMw0401161%(180+=~TENP) 140,
607050 )

205 IFATEMP=1197,)206+206+207

206 CNM®040%263%(610+~TEMP) +135,
GOT0%0 1

207 IF(TEMP=1242,) 20892082209

208 CNM® 145381197 =TENP) 412147

GOTO301
209 CNMu0 00 TTARITENP=12420)4524%
GOTOS501
501 FCNMT=(RM
P99 CONTINUE
fETURN
END
/%
77 EXEC WLNREDTIMAP)
7%
/4 EXEC
169s 100, 170, 1242, 1197« +«000%
«0001 25 13504 TYe 1le 25
21 16 8 7
Qs 3004 500, 700, 900e 1100+ 1500, 280!
0370 0222 +240 v£35 . e2b6 «272 «276
O 3800, 700, 1000, 1300, 1600, 1800
0595 0edd Oeé2 Oead% 0e52 Qebd Qe84
e



APPEHDIR @
< oeo CONMPUTER PROGRAL e

C THO DIAERSIONAL SOLIOIFICATION HUDIFICD APPROACH
/145GARG JOD 2WRU2T0UK9 1995000

735 TRAN CXEC FORTRAN(DCD »IAP)
C € HIAT TRANSPCR Tu) DINCHSICHAL SHLIDIFICATION
DIMENSION TGE21,21 e TNEZ1o20)oTEPS20)oCCPE(20) 2 TCHELZ0) 2CERE(20)
1001 FORMATIOF1040)
1002 FORMAT(161D)
0001 FORMATLONM TIME 185eF10eD}
READIOO I sROKE I IOMSsDHF o TSTRWTFINS TETR
READLOOY oD ToDX s TEN A TCHI+AGRC » THAX
RECADIOO02+ IAX s IQAN e JCPS s JCUS
QACADLIUOL o TCPS () o lim 0 JCPS)
RCADKOOY 2 1CCPSL) o) H»JCPS)
IEADLI00R e A TCRS {11 ) o500 ) 4 JCHS)
QEADLOO L+ LCQUS i ol s JCNGY
T1iiCole
{DEGeTETR
DXoDX7124
0030011011 SAN
PO3UOLJ= el HAX
2091 TGLloJIOTENS
803GI21=15AN IIAY .
£03G02 9 f v 1 HAN .
D02 TOileJ)uTERH
PRINTOO00LTINE
PRINTLIODLo¥GH21021) e TGLI9 0240 TOLL T2 )0 TG(1502 ) 0 TGL1021)eTGL 10,
121)07GLt 621 )9 TGL 2021310
PRINTIO00LeTGE23921) 070029020 0TO L Tol T eTG19025)0TG114514809TGIL0Y
110)eTGC 00 TG 2+2)
Pﬂlﬁ!lOOla?G!!?ol?loTGi15017!ﬁTGilﬁ;l?iﬂ!G‘lﬂ»l?}t?G‘bol?l»?G!&tl?
1}
TRART 7EDX0DNR)
Suul TIACoTIMESDY
V0400 1ol e 1A
£0400L Ut lInnl
T1J4oTGt 1 d)
1F{1-1)9009,2C0002021
4023 IFLI~15AaN920230202392026
2022 IWPlI=1)99900200902025
2050 IPLI=11AK) 2001 0260400909
2329 IFtJ=3100000201092020
2u25 IFLJ=IRANI2CUD0208109090
2026 FFPLE=~RIAR)202732000+96090
2027 IPLJ=1)9000¢800702020
2020 IF(J=ERANDY2CU09200020090
2001 CALL CPSTUTIIoJCP O TCPLACCP S CPSG)
CALL CNvTC?lJchNSoTCNooCCRSoCNSGi
UORT =L CREGOTRRY 2LLOHE0CPSG)
CRTIDoTCt JeJdod o761 o =) )oTCLI02 s Jd)0TOL wdod)=0s0T 14
CO TO quy)



202 udAT=le
t070=0e
9 TO 400}
2633 CALL CPSTUTEJeJCPScTCPSoCCPBoCPEG)
CALL CHETLTRJUsJCBe TCNHS o CONE 9 CIIH0)
UDATo{ CNSGOTAX ) 2 {ROHSOCPSG) )
ORTDo20CT6( 1 9d0]1)02eCTG LI v o oY)
¢o 70 400}
2uib CALL CPRETITIJoJCPBaTCRS 1 CCPELCPSG)
CALL CROTLITIJJCHSaTCHNE o CLIIB$CIER)
UDRT o CNSGOTAR ) 7 (ROHSRCPSG)
CRTDD249TC(LoJ=1)0TGEI0Lod)¢TGL =)o) =80T 1Y
GO YO 4001
2009 CLMG=FCPNELITIJ)
ChnGaPCRMTLIT I
VORTo L CRINGO T ) £ { ROKMOCPHG )
DATOoTOL Lede3d¢TG 0=l }oT0I03sJ)¢TC ) wloJ)=4,40T) )
GO0 YO 600}
2UU0 CRAGEPCPIMNStIYLJ)
AGORCHATET V)
VRATe { CHAGOTXX ) 7 RONISCPHG)
GRTDS4e@TOLI=10 ) =000T1J
CO TO 400}
2007 GENGRFCPMEEITLY)
CRAGRFCRATIY LYY
UDRTal CRMGOTXX ) 7 LROMNSCPAG)
CRIDc2e 016G 19J¢) 02t TGlI=1sJ)=beThd
GO TO 400}
2000 CPGorCPUStITLY)
CRAGCFCHHTIT IV
UARTe { CitMGR T XX} 7 L ROMIOCPHG)
RRTDSZotTGI T oJd=110TG 1420 J)0TGT I=2rdi=040TL)
¢Q 70 400}
2000 CPuGsFCPNSITLY)
CSBePCRETITIL)
CALL CPBT (T1JeJgClBeTCPS1LCPSeLPEG)
CALL CHBT (T1Js JCNSeTCHS»CCRE$CNSG)
VORTo TR A/ LRONSCEPSGHROHIIOCENG)
BRTDCE o OCNEGOTOL =l vJ ) 024 FCNNGOTOI L) 00 ) e LCHSGOCNIGICTCI Ted=2 ]+
MCHSGECHUG) OTG ] ool ) =0 OLCHSGOCRNGINTLY
9 10 4001
2010 CPNCOFCRISETIY)
CEGeF CImTE TV
CALL COST (T1JrCPSeTCPOCCPLICPOGE
CALL ClOT (T1Je JCNS»TCNG 2 CCNS 2 CNOG)
VaNTol 0o ®THA) /13 e PRONSOCP SGOIONEPLPNG)
CRY00269CHSGOTGII=10J )¢t CNOCOCHNGIDTGI 0 d o) ={CINIG0De O CHISG)ET Y
GO YO 4VU}
2011 CPUGePCPMOITIJ)
NNGeP CIATIT )
CALL CRST (T1JoJCPSeTCPGCCP O P00)
CALL QST (T1Je gCnSe TCHSCCNSoCAST)
UCQTo (2,07 ) 7 (ROHGOCPSGOROHIOCPIG]
LATUSCNSCOTGL I 0 J ) CRAGOTOLI 01 eI OICROGACIIGIOTU I o) J =20 CHCNECR
ACNCIeTEY
4401 T 1eJICUDRTOORYDET IV
IPATINE=TUECI600D0600) 06002
6u02 CONTINUE



PRINTO0ODLL TDEG

6C0) TOCCoTDECHTETIR
PRINTICO0L0T70E21021)eTGLLO922)oTGE1T022)eTGL15+2500TGE10921297G(10y
121) o TGL G022 207G 2021)
PRINTA00LeTGI21022 0 TGI100A0oTGERTolTeTGI25425)0TGLL5e1400T6L10s
LL0)eTGECoGIoTG(202)
PRIGTRIO0L o TGULT AT ) o TOL L0 ok THoTGI3 00 T o TG00 T)eTC(021T)eTGE2007
1)

6000 CORTINUVE
D0300L =2 o J1IAX
003004 Jo e I1HAX

2094 TOlledyaTNiLeJ}
IF(TIHE=THAX) 5009999900099

000D STOP
ERD

SUBROUYINE CPSTLTCUP o JBAReToCoCPS)
DIMENSIONTYL20) o 120)
IPATENP=TL1119900060160])

069} JLol

002 HinJdléed
ICLTCHP=TIJRYI6020602000D

002 SLOPER{CIJRI=CILINZITIIRI=TEHN)
CPEBCLJLIOSLGPE JETENP-TIJL))
e7) £s 121+ 0]

603 JLoJiel
IFLJIL=JBAN) 00209900000

000 RETURN
CND

SUBROUTINE CHST(TENP s JNAXoTsCeCiS)
DIRENSION T(20},CC20)
IPATERP=T{1}19992601000)

001 JiLe}

002 JioJdiL+l
IPATEMP=TLJIR) 160206029003

002 SLOPCEotCIJRI-CIJLIIZITIIRI=TII N
CROoCL JLIOSLOPCOLTENP=TIJL) )
CO YO 999

009 JLoJdled
IPEJL~JIAR) 002900V 990

990 CONTIRUG
AETURN
END

FUNCTICH PCPMGLTERD)
174TLE0 ) 0909201201

208 IFATCIP=0004 024202020209

202 CPHIc0¢000060T70T1P+04215000
€OT0501

209 ICLTEEP=11600120052049200

260 CPie0600010750 (TEHP=0000 1404270050
€OT080)

200 IP(TCED=13070)20682069207

200 CRlicUs 00020200 (TELP=11600 190029 3590
€OT0501

207 IP(VCHP=1219464)20002009209

200 CPio0o93060 ¢ TENP=L19T0 1900305072
GOT0901

CE?.'TG.‘.[ LIBRA™Y 1rryenerry ar maao



209
210

21}
501
099

20}
202
200
236
409
2006

aa7
2C0

200

501
U9

]

JPITENP=12024)21002)092110
CPiIo0e 9542 ¢ 1202, =TENP 1904012
GOTO301

CPHicle313

FCPIs=CPH

CONTINYE

goruan

cno

FUNCTION FCNNTITERP)
IFLTCHPIDID201,20]
IF(TCHP=160,)1802+3025203
Cloie0o 03080 TENDOLDG T
JPLTEHP=610e 120492044205
Ciliate031020(100e~TEIIPI 140
¢oT0501

IPUTENP=3L9T 402002060207
Ciils0o02269210610e~TELP IS D00
¢or0901
1IPUYEHP~123420)20092000209
Cllivle 530 {1107 sTENPY 212 o7
GOT0501

CUlioUe COTTAR ITEUP=12424 ) ¢524P
coT0s801

FCNMTeCRA

COATIRUE

RETURRA

END

f CREC WNKEDY (HAP)

d
' EX
169

2l
0

0

o
)

v

EC

. 103 i78. 1202 1197
oQu01 25 1350, T7s le

146 8 7

» 300, 500« 100, 980,
o170 0222 240 0285 0200
» 3060, 700, 1600, 1300,
»959 Ue 4l Qed2 (O3 Qe52

»0009
*25

1100,
o272
16004
0060

1500,
o276
10000
0e06

2000,
«293



<
C

7/8eARG JOO

oo COMPUTER PROGRAN

APPLRDIX O

fodade]

THREE DINEHSIONAL SOLIDIFICATION EXPERIMENTAL CASTING

sRUZT78JK935050000

J/7KZTRAN CREC FORTRAN(BCD#HAP)
€ ¢ HEAY TRANSFER THREE DIRERSIONAL SOLIDIFICATION

DIMENSLION TOLDI20931027 ) TNEM(Z2003192 7 sROHI2) 2 JIS13)s8E4D)
DINCASION TCPSI20)+CCPS(20) 2 TCHSE2002CANS(20)

icoy
1692
1009

1004

31009
31000

FOQRMATE1010)

FORNATLOF10,45)

FORMAT{ 1HOs0OH TIHE 15F10e5)
FORMATELIN 91%e25F701)
FORNAT(1Xs1906{1560)
FORMATIDF 2040}

RCADICOL sl oY o2 oldpdls 20 B8 00K e ll2 oKD eblPell]
PRIGTIOU1sNRoNY oo il odlnJEv B e O ekl a2 oD olP okl

READIODL o {JELNS) o KSING) oNS2 L))
PRINTIOOL o (UBING) e KOANE ) vli55103)
READIOVL»JCPSe S
PRINTICOL S JCPS s JCNS
READ1O02»TSANCTHEY

PRINTIOO20 TSANITHMEY
READIOOG DV o DKo fHAX
PRINTLO0GoDT oDATTHAX
RCADIQO2+4TCPSIN) slicl s 4CPS)
PIRINTIOG23{ TCPS (i) olinl s JCPS)
READIOOZ2 o {CCPS () slin e PS5}
PRINT1002(CCPSIN) olin) o JCPS)
READIOOZ25 L TCHNS (1) slin 0 NS
PRINYLO02e L TCHS (M) sMel s JCND )
READICOOZ o {CCRS I olic) v JCNS)
PRINTIOOZ24(CCNS (M) el o JCNS)
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