365F

') vl

2 vl i) 't

YNy

B oo Ml Sl 2gu Mot SELLIL S

g (o)) haes alel

Sl el ) s
S0y DaE e 4y

3358 _pigel e Sla

l 1Y00 05w youly (giigo 45 gone I

[ 1P Sl S 10 awguil ol yf wlid I 5100 598 (59939 90T ]

AL TP ol Gue A1 TR || SWIIN TS
- : = . e
YT 8 3lend g dlisi ¢ Jiloxial 3lg0 ylgis
aylowi U | alewd 31 | Jlaaw dani Sl dse o,

v. \ . s g ogee 0y | )
o \A ¥e Oyl gy iy Jyol s yads s | ¥
5 ) 0 e Ol | Y
- < \( (Cujguols — Sty ogua¥l) yadly 5390955 | F
we | Y. ok St g Sa oIy g Wyac Sajed o | B
AL " Yo (2 - Syl - Shglyy) JUI glaonsy | 7
b+ X3 Y. Wl Sl g (5 pody sl 3 S8 | v

[ IFAY Jlo ole oy ]

! V) &y 515l t),‘)i b"-’.l




11-
12-
13-
14-

Y axao 365F M‘ 9 (PPN Ol")

Part A: Vocabulary

Directions: Choose the word or the phrase (1), (2), (3), or (4) that best completes each

sentence. Then mark your answer sheet.

Mrs. Harding herself was thin and frail but her son was a sixteen-year-old.

1) unbearable 2) verbose 3) sturdy 4) lethargic

Some tribes still the more remote mountains and jungles of the country.

1) forego 2) inhabit 3) ensue 4) aggravate

The of coffee brought Christine into the small cafe.

1) aroma 2) fragility 3) whim 4) badge

The client our proposal because they found our presentation banal and

unimpressive.

1) recognized 2) emulated 3) hailed 4) rejected

Immediately overcome by for the wrong he had done, I lowered him to the floor

and tried to apologize.

1) remorse 2) charity 3) stubbornness 4) esteem

A health inspector gave instructions on how to correct the problem; we all found

out how to handle the situation.

1) perpetual 2) rudimentary 3) explicit 4) trivial

| the cold I was getting by taking plenty of vitamin C pills and wearing a scarf.

1) vanished 2 )squandered 3) forestalled 4) penetrated

Why would lan want to claim his inheritance and then give all his money away? It was a
to me.

1) riddle 2) peril 3) glory 4) fragment

He was later accused of writing loan and deposit records, found guilty and

sentenced to three years of imprisonment.

1) essential 2) fraudulent 3) vulgar 4) witty

The question of how the murderer had gained entry to the house the police for

several weeks.
1) exhilarated 2) assailed 3) countered 4) perplexed

Part B: Cloze Passage

Directions: Read the following passage and decide which choice (1), (2), (3), or (4) best fits
cach space. Then mark your answer sheet.

Scuba divingis a form of underwater diving in which a diver uses a self-contained
underwater breathing apparatus (scuba) to breathe underwater,

Unlike other modes of diving. (11) _rely either on breath-hold or on air pumped from
the surface, scuba divers carry their own source of breathing gas. (usually compressed air),
(12) greater freedom of movement than with an air line or diver’s umbilical and longer
underwater endurance than breath-hold. Scuba equipment may be open circuit. in which
exhaled gas (13)_ ~ the surroundings, or closed or semi-closed circuit, (14)
is scrubbed to remove carbon dioxide. and (15) replenished from a supply of feed gas
before being re-breathed.

1) that 2) on which they 3) which 4) they

1) allowing them 2) they allow 3) allowed them 4) 1o allow

1) exhausts 2) is exhausted to 3) exhausting 4) be exhausted
1) where the gas breathing 2) which breathes the gas

3) the breathing gas which 4) in which the breathing gas

1) the oxygen is used 2) the oxygen used is

3) uses the oxygen to be 4) used is the oxygen
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| PART C: Reading comprehension

Directions: Read the following passages and answer the questions by choosing
the best choice (1), (2), (3), or (4). Then mark the correct choice on your
answer sheet.

Passage 1:

Long-term. irreversible degradation of polymers at elevated temperatures may be due to one or
more of the following: oxidation (to be distinguished from chemical attack by atmospheric
ozone): loss of volatile ingredients. such as plasticizers: gradual breakdown of the polymer due
to higher rates of creep or lowered resistance to fatigue; and chemical deterioration initiated at
inherent weak points in some polymeric structures. which then become self-propagating
because of thermal activation. These weak points are points of attack by oxygen, ozone.
moisture, or by radiation of various Kinds, or simply by thermal activation. Weak points, in this
sense, are found in side branches. double bonds (unsaturation), initiator fragments left over
from polymerization, reactive hydrogen atoms, or unstable chain ends. The result of thermal
degradation. whatever the cause. is almost always a reduction in average MW of the sample.
Reduction in MW can occur because polymer chains have been ruptured (chain scission) at
random points, or because some chains have been depolymerized (unzippered) starting at their
ends in a reverse of polymerization. The lower the initial molecular weight in a polymer that
tends to thermal Depolymerization, the greater the number of end groups. and the poorer the
thermal stability.

According to the above text, thermal degradation is due to -----==----

1) chain ends that are stable

2) strong points in polymeric structure

3) residual initiator from polymerization process

4) gradual breakdown of the polymer due to high rates of creep

In thermal degradation, chain scission occurs =-----------—-

1) The chain scission is not random 2) the chain break can occur at any point

3) the chain rupture occurs in ordered points  4) the chain ruptures at stable end points

Read the above text. Which one of the following statements is correct?

1) Degradation is a temporary process on a polymer at elevated temperature

2) Degradation is a process that can be carried several times on a polymeric article

3) Degradation is not a temporary process on a polymer at elevated temperature and it is only
due to oxidation

4) Degradation is not a process that can be repeated time and time again on a polymeric article
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Passage 2:

The problems encountered during the development of new composite materials are often
attributed to the lack of interactions between the substrate and the polymer matrix, an
insufficient dispersion of the substrate, or a poor wetting of the particle by the polymer phase.
Any of the aforementioned deficiencies will have a negative impact on the mechanical
properties of the end-product. For thermoset materials, undesirable components adsorbed into
the solid phase. such as water, may also hinder the satisfactorily completion of the
polymerization reaction. Moreover, for some substrate of high specific surface, early oxidation
and degradation may be a serious problem. While there exists no single solution to all these
problems, the polymerization compounding (PC) technique has been found to bring a
significant improvement of the overall chemical and mechanical properties of selected
composite materials. It is seen that for the fibers where an in-situ polymerization have been
conducted the matrix and substrate is so good that the layer of polymer survives the breaking
process. To achieve the growth of polymer chains from the surface of the fibers. an in-situ
polymerization process is carried out using Ziegler-Natta chemistry. By this approach,
hydroxy! functional groups on the outer surface of the substrates are used to anchor the
polymerization catalyst. The improvements in tensile and impact tests at various fiber contents
were observed. More importantly, as SEM observations revealed, the enhancements in
adhesion and dispersion of fibers bring about new composites at high concentrations and the
possibility of achieving Kevlar pulp polyethylene composites at high fiber contents.

This is under investigation in our group as the preliminary experiments showed us fiber
loadings as high as 38% can be achieved. The process can also be used on ultra fine metal
powders to protect them from oxidation.

According to the text:

1) Weak matrixes cause lower mechanical properties

2) Wetting of the particles is not a crucial factor in properties

3) particle type and size has great effect on mechanical properties

4) Poor adhesion between matrix and particles leads to lower mechanical properties
Some of the problems which causes poor properties of composites are as follow:
1) absorbtion of foreign. material into matrix. degradation and oxidation

2) use of solid matrixes and materials with high specific surfaces

3) use of soft substrates and degradation of matrix

4) use of undesirable components in the polymerization reaction

The method for incorporation of high content of fiber in the composites, is as follow:
1) In-situ polymerization of matrix

2) polymerization compounding

3) use of hydroxyl functional groups on the matrix

4) activation of fibre surfaces by Ziegler —Natta catalysts
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Passage 3:
Economics

The injection of thermoset materials. On the type of machine described. produces mouldings in
a far more economical manner than the transfer process described earlier. Whilst the injection
technique still produces waste elements in the form of a sprue and runners, the waste element is
reduced in that no disc is formed at the bottom of the pot. The largest benefit from this process.
however, comes with the reduction of the over-all cycle time. and this, dependent upon the
product part. Can give time saving of between 40 %. and 60 % when compared with normal
transfer or compression-moulding of equivalent parts.

Whilst the overhead element of cost incurred due to the higher purchase price of the machine
and tooling must be considered. the over-all saving. in labour time and the better quality of
moulding .s ensures that the economies of the process are considerable.

The principles of operation for injection moulding thermosets are basically the same as those of
the previously described original transfer method. However, with the further sophistications of
the machinery. one is able to apply. in additon to the operating pressures and temperatures,
additional pressures which ensure a clamping of the tool Faces thus avoiding the problem of
back pressure splitting the tools and causing excesvive flashing as was always possibility in the
transfer method machine also allows for semi-automatic or fully automative. running. as
distinct from the manual operation of the earlier process.

The machinery for Injection moulding of thermosets. because of the additional built — in
facilities. is considerably more expensive than the conventional hydrulic process. However,
advantages occur with the more precise and constant temperature controls and operating cycle
which could be achieved with this machine.

Economically two advantages of Injection moulding over transfer moulding are:
1) Availability of machinery and lower price

2) cheaper machinery and lower energy consumption

3) Shorter time of production, superior quality and flatness

4) Higher speed of production and better properties

According to the text, the problem of excessive flashing can be over come by:

1) Better moulds 2) Higher temperatures

3) additional hydraulic pressures 4) use of exact amount of material
Machinery for the Injection moulding of thermosets are more expensive, because:
1) of additional facilities 2) of better hydraulic system

3) of more expensive moulds 4) of more component materials used
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Passage 4:

In some cases. poor thermal stability can be traced back to slight differences in the
polymerization process: e.g., traces of oxygen in polymerization of PS can lead to weak bonds
in parts of the chains. Cross-linking is also a possible mode of degradation. Each different type
of polymer degrades preferentially by one mechanism, but most can degrade under the right
conditions by any of the mentioned mechanisms.

The degradation process can be studied by weight loss measurements in a thermogravimetric
analysis or TGA test apparatus in which weight loss or gain is continuously measured as a
small sample is heated at a constant rate. The degradation products are frequently volatile or
gaseous and can be chemically analyzed to understand the degradation processes more fully.
As an example, if a TGA test is run on PVC in an inert atmosphere or in a vacuum, the first
degradation product is gaseous HCI at about 275°C . At higher temperatures, the mixture that is
created by the degradation comprises unsaturated C=C backbone chains and unchanged PVC
chars, and degrades to small fragments. While valuable in understanding the degradation
processes, TGA and other thermal analysis tests are still only short-term tests and cannot
produce usable long-term temperature resistance values by themselves. However, these tests
are invaluable in research into ways of protecting polymers, and as quality control tests to
check that protective additives. such as antioxidants. are actually working as planned.

Because of the many factors involved in thermal degradation of polymers, as well as added
complications when the effects of mechanical stresses are superimposed, choice of a suitable
polymer for high continuous operating temperature is not a simple matter. If the product is not
subjected to appreciable mechanical stresses in service. a no-load continuous safe rated
operating temperature can be found in some handbooks.

Read the above text. Which one of the following statements is correct?

1) cross linking is not a type of degradation

2) All of the polymers do not degrade by one mechanism

3) All of the polymers degrade preferentially by one mechanism

4) presence of oxygen in ploymerization of styrene do not lead to weak bonds in parts of chain
In a thermogravimetric analysis --------=---

1) weight addition and weight loss is measured

2) only weight loss or weight gain continuosly measured in a big sample,

3) process of weight loss or weight gain measured at two point at constant rate

4) process of weight loss or weight gain is only at one single point at constant rate

In thermogravimetric analysis:

1) the by products of degradation are volatile or gasous

2) the products of degradation are volatile or gasous

3) test apparatus for TGA measures weight loss or gain in single point at constant rate

4) The degradation products are frequently volatile or gasous and can be physically analyzed to
understand degradation

Thermogravimetric analysis is -------eee-

1) A test that provides data for long term resistance of material to heat

2) A short term test and can provide usable long term temperature resistance values by
themselves

3) A short term test and can not provide data on resistance behaviour of material on long term
basis

4) A test that provides data for long term resistance of materials like PVC to heat which can be
used long term resistance
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Passage 5 :

Plastic sheets are manufactured by the main processes of press moulding. casting or by
extrusion. In general, the very thick gauges of sheets continue to be press moulded. but by far
the greatest proportion are produced by the continuous extrusion process. Maximum widths
have for some years been limited to (1219-1422 mm) but extruded sheets are now available up
to (2030mm) wide, and new extrusion plant will shortly. Be in operation. capable of producing
sheets up 1o (3040mm) wide. A valve switching system enables air to be pumped in to the
vacuum box to pre-strech the sheet in to a bubble prior to the mould table rising. This facility
lessens the possibility of the hot sheet thinning out at the sharper or higher parts of male
moulds in particular. And makes for a more uniform cross section. This arrangement is
particularly useful when forming some of the more difficult materials such as polypropylene.

According to the text:

1) soon sheets of over 3 meter width could be formed

2) Thin sheets are formed mainly by press moulding

3) Extrusions are used only in production of thin sheets

4) Greatest proportion of sheets are formed by coating

Pumping Air into vacuum box to pre-stretch the sheet lessens:

1) the amount of vacuum required 2) uniformity of cross- section
3) cycle time of production 4) Hot — sheet thinning out

Oganl 32 30l cwdige Jguol g podls connd

Yogus g0 Jool> (g paads £95 dx gy dnS| P9l (ygunsl 3 pads 51

Lo Sus a4 pl L (F ssal> gL (v ol b (7 b Sl Gk O
adlion 315 G T HET 51 Sy pIaS Conl JUad (el 5ol g ol Jamo 93 38 3 45 (5T (Gigail (ygmasl 31 pauy 50
el e digs (F ey JoegeS (V e Jgm (¥ e Ja ()

syl 413 55 seg,S plas o Jgils slaf 5

Wl dsi sl sl ()

el b v e 2 g0 (T

g S g e o JSy i ST (F

G5 xsp ol eilie 5 susS ote DS 5ty slaanl (F

1l Gl imsiliie JIS3 01y ygmanl 2 pouly 55 [MF]

\
’kd \ fkd v
H[” (v k_t[M] Q

\
kd v I"d Y
K, [M]" f K, (1" o
T8 5 o0 At (9 42 & > (o) ol aiilo b slopp bl L

by ol g el o ISl s, (Y Vb slea 5 jLas o glas plie g ()
s jaasl Yoo g W10 %C 5 adas JIGol) b, (F b Mad g ol sles o JIGl, g, (T

=¥

Y

-yr

-Yo



A axivo 365F Ol yoddy (i Jypol s oy (pomed

foaliligo 25 s yogige T3 5 Splas WOl )S (b oains S5 b yogige

layal (50 5 lalimgil oo (Y A 2 e 52 O
Wy sl Sl 8 N g 2425V 15" (F b imel (63 5 o (T
Ol IS 00y o iy (5B ile (B YIS 5) (pLdd s (gl pouy 50

Fsl) So g SeslS g2 (Y el g Lzt ()

ol 99 5 Jusl, Su el S (F F, S g gl oS sl g (Y

00,08 sgamilyzsoals 3 (5505 Az iy 4y JUE STy Sl g IS0 (ygaat i pesly 50
Sptee Jud Fe 28 G ol O

Seaea Ji Al el gools Al Sad gl el ey (F

Dydies yack Gud @lasll g JoSha o2 rals Sl (F

Sa g pands ol ) a3 13 g oo e W] lae] Sl (F

TS g0 guwy w98z 1 pouy Ll £l Jalono 51 o jauly 32 @ e3ar (20 Ligms 30

RS o ey 5085 slald gla ey ()

S p gy 5395 S Jeee p o L sle ey (Y

g oo (Jomm 5 093 S a5 (Jelge o2 b sl ey (7

2l sy Sl 5 AT e g e b e el den (F

S oo ooliiwl (og) 4z 3 SN Juug (b g sl

S o gy | Sl Ly Gl ()

S o s st SUL ST L pins gLl 1Y

2 jg) oe s wy SO S e L (gt 3 0 I (Y

gl o S 4 IS oty (SIS0 e (g s ey 1 (F

A diily ialyl 4 g0 53 10l 0l Jho i je @58 QUG By (95 & geel  poaly peean S

Ay (=53 Bwgin Wbl oS 5 £ g 5l pls] sla i1y g WAL 1= g 2y (B) gty posky a3 )0 basgio

Youal plas o gl 32 ponls
Ycocoo (Y \ooooo ()
Jovoow (f Yooocoo (Y'

=y aiges (il (JeKge (359 L bagic aziliz Cal (5)lie (5 pandy Wigei S0 J9Sge ()3 e 32 @9 Sk
ks Wigi o 5 o plaS Wigad (] (Jefga ()9 5308 Lamwgin WALV B 00

Yocoo (Y Vdooo ()

Yoooce (Ff Yhooo (Y

ol 532 90 8 Ggaal 2 yody 4350 20598 gl ol 5150wy (JeSdae 19 b peadigen 92 5l (233 90 balie SO 0
Ppe ez ol ) @ F (Jao o by o5 olis bglie FoiSly (adli S 0 s Cal s 22590 5] Byl
Sl 9100 Jolei slp Sammil i yonls 4250 go0s lawgio Yowsl puGa3p p)5 slade plad 4 Al alls 3929 bylie
fullgn Yoo pga sy

\‘, od (Y A4

Y/ (F W o

-y

-y

YA

—¥.

-FA

-FY

-FY



\ ando 365F Ogel 2 yoy (i Jyeol 5 yody (sonnd

Slaslxe jud 9 579505 dolas lawgi o o yol lal> 0 Gygauili poady S0 )0 J5 000y a0 e Glp Jiod s FF
Sl S5 4l 38 plaS @ Sl Jsod pu 2ily jlade .Cuwl odel Camwday o, AFY 50 AYY cuijia &bl

.:.!q (Y :v/A \
5 ekl g s Wesls 1l L (F o8 (F
mol . ;
3' \ Q (—'—" ) 6&;,' cdals b '&S"t""' )’HUU UL’QS )O 9 6}:0,.;,:‘&‘ hg_"-:: )é U‘h’ ‘sld;,.. O,‘:‘”"ﬂ)“"‘! \S._t' )é -¥b

lit
dl el (0 t0am o V000 plp Cel 10 ST jl o el poudy 4350 (5008 fawgie dbouias SiSTg il plus o
9 8 o) o el )3 (ygmasl yonls 433 G3E Braugio 935 (5 )lake (0,8 GLSI L LS b b ailiio Shels
Tansl 0392 iz oo ablil 59 UL Clilé 39 o

deo (Y Yoo (A
o/uo(f uv/\ i\

B 0033 A0 (ylime U sl a0 AD (] Lol pumi) & oigdd slad Ll Jolgs ClBLE G a5 giigm jorlseS G -FF
Sl P yaaly o33l (T L sl ARBIS b sy Slole d (51 yagige
\Ya¥ (v VAYE ()
YFYY (f ¥ 0A (¥

S 2 4 AL Caf o i 52 AR JIS01; 9,5l Sy iy Jlaiol ST 15T IS0l (gl ey oKy p0 —FY
faat p105 g 85 gl 2yl 4259 (5308 Byt 1y ¥ iawlitol pagend’ (32 )10 4 L3S St v Sl 29
4 (7 % ()
V#0 (F VEQ (F

SHLET g5l uiis g g5h 51,800 00 ©jgee S 5 305 & L4 LS| Aig b IS0 gl 32 oy pimasns S0 33 ~FA
SIS D el gamil pody a2 )0 | prer g0 Jawgin Jly oyl plas | JUT sla 4iSTs GLE 50 adl STy

(ol 0SS £ g
= [M]_P = [M], P
X >=_—\ (Y <X >= — ()
N ([, -1, N, - 1,)
_ [M] P _ [M] P
2 — — (f <X >=—
n kg ([, -1, nT kg (1, 11,

Fomd a0 50 5 s Sl o) YO ()i 4 jogiae Aundld @) S ponds Al (gl poads (SS9 5150 31 -F4
€33, 0 3Lt 315 9,1g 31 KeplaS b (slo & Conmsd 0T 9,0 CALE Sl o 0,

¥ -kt
—[e "d (v —[1.e
[ Y

%lll,_e_kdt ¢ -‘}moe"‘d‘ "



Yoionkio 365F . .
09wl 3 yods cwdize Jgol g podds coms

y =0 LA )3 paaly g8 glaliad w0y S (P w1 P52 99 JI00N) Bgaal el oF e S 0 ailiy
s Tt s (321 3390 33 435 plaS b 0 B gV iy £ =0

ol g8 3] s (gl 1S e ()

PR g T ESCHIGTIN NSO = PRORY X 4 ¢

g anlys ol o8 el &) Sund jadsS glaland G 3 S 5 o (T

ety Sl sl pal s dme ot sl a4 Bl sla pagise al allal ot 00 s (F



Sllone plout Joxo

1) axico 365F e Sl

e y9d s 38 B Dy oy B YTD gl 0 900 wsliaf(X) mb 51

f(x)= a<,+2(an cosnx + b, sinnx) Yol au;S plas

k=)
\ P - T :
—I f(x)sinnxdx (r J f(x)sin nxdx ¢\
nd-n -n
\ T .y T 2
— f(x)sin nxdx (f f(x)sinnxdx (r
nd-n -m
dy

Y] 4 35 plus xd‘ +y =,{xy Jonil pis & Alolae  poges il

\
;‘X+C (Y X+¢ ()

) Y \ Y

—(=x+c) (f —X+c¢) (¥
< ) ( (FXx+c) (
ol IS o 4038w &ilgd oy j0

lim Y (x)== (v lim K (x) === (\
X— X—

lim Y, (x) = +oo (f lim K_(X) = +oo (¥
X—> X3

1535 sled 2590 e

T(x,t)= 2 Fn:—‘m(—\)" cos(Yn+ \)me_u}‘;'
n=o

Tadl wWlei oo Sl 5 Alolao plus & alaio

e Yore
1 ax 4
JT
a—— =o &T=2o XxX=¢,0
T,
_‘?_Izad_r..[:o T:\
ot ox" \
=0 xX=0 &T=0 x=)
aT _ 9" i
—él-:aﬁ.(:” F=4
ox x
T=e x=Y&T=e¢ x=¥
- Y
%I-_— ?—I_[:oT:u
dt Jx ¢

=0 X=\&T=c x=0cp

-8

Al

-or

i



Slwilxe ol Jxo

WY aio 365F e Sl

k‘=\

Ke=\ .
2951, oE=0 LA PB—T—C b iy 51y
B oclils o 3¥ slus sed o plnil t=0 = A=), B=0 L aueul

E dB
J==> g 008l cmr v 1, ﬁ Pebeanly) faas o il ) A cdilé s p

(oS
A(lnA+Y) (v -A(InA+Y)
AlnA (f ~AlInA ¢

Ry Hasm glad g Ry (ols glad b gVob dgd S )3 )h0k slos a5
&y ey au K g LY, J) S0l Wilg g0 438 plas QT Ly Gpae b
(Wi )l vpg 1290« Jgl E9 S

K., Jarcss(Y Yo s Jo b w55 00

J. (f [

w9y 3l = IS azmdo 30 g 90 sl e oé”i G a3 el 51
Sl PS03 Wlgs 4 al ¥ plal g solinwl (o) b pitn S8

SN
x
0 0

|

X

0
1< LI

T =sinnxsinhmy (v T= Zsin nmx sinhnmy ()

n=\

; sinh 7ty < . sinh 7ty

T =sinmx — (f T=Zsmmtx - = (Y
sinhm sinhnm

n=\

4

~ay



lawlbxe plou! Jxo

Wi 365F iden Sl

Aol sled & 598 il piy o dlolae b Jolca ((glakaii alolee) Loli alolee
., W

Ay =0/ BAX Sl 4y 38 plas Q('—‘;‘) Loy oy b azio SO 40
m

Ta

N > Od)lh:ii
Y o> DJJ')Mj

o

Ti+\._j + Ti-\,j + "Ti.j'*\ + *Ti.j—\ -\o Tin = -

e L o e o qAxY
G j+ Ticaj + Ty + Ty oy = ¥T ===
gAXx

Ti*\‘j +T s+ ?Ti.j‘r\ +fT|. —\a TI‘J = k

1-\] i

_ L 9Ax|
= K

Ti+\.j + Ti-\._i + Ti.j+\ + Ti.j-\ - fTi (f

E
A=) :
23 Jsaz slaosls g9, =T, RTY"™ i it ot 5 50

a6 S o0liiwl Sl ye JBlas By 3 51 (curve fitting) sod ous;ly
Tl @iy 35 plaS 29 05 pguw ygaw

Y To i (k+1)
T, T k
T Z $L o
n Mo Nk Tl
k
In?i r
1=
I
2 T ¢

-0A

-04



Sl plil oo

W axio 365F o Slusly

Litf(1)} ‘ol a3 plus t(L) o50Y Jus Jol>
e F(s) O

_E .
ds(

sF(s)—f(2) ¢r
S5 LY b el s pé o jle (F

\ ¥
p— | A_.g; plas — Ry T D) 31 eotail bl slads I= J‘u xrdx

r
Ax =\
VYA (Y 1Y ()
Y (F FF (T

saliiwl g5 sl 03 olao J> ¢l w (improved Eular) Heun g, ;!

d:
X=1 0y ke AX =) Qd—‘:(:\"xf‘—y y X=0 Y=Y Copd e
('\;-JA.Q;AJ
(Y Yo
Y0 (f (v

aalaio) Jloygiyl [04T] 25b 50 pj sloai 35 58 oad sols aily 31 S plus

fodia (Jlo
i . Y . G,
sinkx . sinmx (Y ‘JE sinkx . "E sinmx ()
T . | T X Y %
—sinkx . —sinmx (f —sinkx , —sinmx (v
Y A\ T T

1 39 g0 o0liianl (yigns b3 3 X =€ T8 o s yu Wolee Jo sl
flamwl yuadar Xy o9 E9pd X, =0 adyl o b

(Y ¥

—
-

=¥

¥

-\

-FY

Al



Slalxe plol fxo

e Olusl

W
PL"‘"—T »',,q' Sl b alald S cwle @ glande o G v
m

Sgieme gl fdli a8 jlodla il Ly X =0 30 g0 byl 0,05 0

e e

Fewal a 38 slas (finite differences)

=0

N

UcL

%=1

-5



B 365F (0 j00l8 — Sty — sogis¥l) podks (55909585

SVl afin g Jlw O lane a5 USClow ol JL3 51 39 00y Yo gal> (BR) o) g0l L poaxu¥l jl slaigas
O adoly aailin ol oudh S| alidl> S5 salo wigei wiiu ] bL 5 Cuwl sad 031 518 b w yliee S Cod
il 9 g0 4 digai GE) Jaoo 2l g udsl 3 Gilei dlixd 50 (Y ) )5 (O Joud el 225

o =G(t)y
sl oz Jhw (2! sl 43S plas

25 oo auld oy 0 Jhe Ceaglie (2als del anTd glas iul53l ()

Wiyl g JEnn Sl 45 505y ol g bed 1 JEie a5 (G() = s S aliile (Y

SlpaaSs L2, Glls Jls las 4 S (5330 s (ol an S Hgy Al JG(1) =g SV aladl> (T
GlyeaS L, sl Jhu o an cor i mls ey 4 s (53500 b5 SG(t) = s Sz alasl> (F
P Y SR ORI ) S — s by oy gle Sladd 0 ((PF) JIgmw 3O Z 9 pmmiine pogin¥! 5 sldiges
sS.,i—.Nl ,S.—._D., &’5 j‘ 06)" “.2.‘.3 ‘:"u&_ﬂ) Jm » JL‘:—J (.ﬁ“ )Li.i, Aail.ia' G I W - -X| R J"i 'Yn ----- Yf ‘YY‘YY "Y\
e o0 0018 HLES 5 ke, 510 plus b JUw 30 093 90 a0 jlade o Jloj alizd 0 0000 oS

t
0‘(1')=I G(t+S‘)%ds o

o(t) = GO[¥, + ¥y +¥¢ +o¥n] @
o(t) =G(ty —t,)) + Gty =ty )Yy +. Gty =ty )Yy 7
5)91

ds (F
ds

mm
($lod 53 B 00— ak jus b (GBS (5900 S S (NR) s 592 915 a0 31t S5 &0 0kl gl glankad
min

Sl Gz 30 el | Jgbo pindi e 3o Al 0 AlTiRe goi 31 G blio )0 aSiul jlidy .ol 0o 0315 Hl 3 Culi

¢
St b GRS (a3 kel o2 (R =) 09bien B8 plp 3T 4 Y S 98 )0 ankid Slul puaii g Ay =7

$h Gl il (ASN ) askad 95T punis jlide g 0018 LIS N b 4Kl 0490 Jae slacinSu JS slaai 81 .adl 0
\
ASx =-;NK(h{ +AY +A;—T)

el gamo ASN 1y 5 slaaiy 35 51 S plas

Gx ;
A \ (R 1
. lz_—N —"'—“T' \
ASy : K([Y ; ) (
s i
J ASy =—1NK(;+i—r) (¥
lo Z A\l ( [Y
= ¢ 0
ASy =—NK(—-—) (r
l ¥ £ gt
6
A1

| o
ASy =—NK( -2y ¢
Al 6. £

a4

-FY

-FA



W axio 365F

(05900l — Sawbly - yogiuall) yods (5590955

Dyg0 43 (Sull (955T) Soyg Tyl bty 53 3 Job g 50 il (s 50 (PA) Jloun 33 2900 axhid (glod Sl s
39y dealad (lond ki (l5ne 115 S0y 3 51 S plaS 09 (28 Cp askid )l ol oy 26 510l 0 )
(R =238 Coli) amo o i L Foo Jab oL

—~
x
< A
3’ Cp oT "
e aT T ¢ ¢ ]
—); =+—| NR(——=—) | (¥
s +cp{ A A
T [ v
Q] E N m e NR =22y | ¢
(af)s Cp (( f‘) (
aT [ ¢ vy ]
Saiack. m— NR Lan WOPRL IR '] (f
+ ’ . " - (E)f )s Cp ([Y (r)
o \wo Yoo Vou Yoo = =

Asb > byt o>

4y il aa o paal (Vg 2> Y )Yp b 5590 Sd 95 S bsgs Yy b 5551 b (5 pogiaitl (g ey
e b AY =Yy~

Sy aales oty L /el interface cus g i, Wetting e ()

Dy aalss 2aS Lé/ .l interface cul g i wetting o (¥

g asler 2aS L3 1 el iNterface Sul g a8 Welting o . (F

g oh e et 8 dagd pegt VI Jgde Su sl 5 99l oo a8 h8 N3 (5g) p eVl sla oy D0 (F

g il ailols S0 Lawgi 9 oo g Juin =¥ 3 ) ogenil ) gS0B 10 salo o 53Uy b pegiT aily p sl sl
i o (1A 0 el 31 (51 g ] AT, Canwd (3are CLD 5 @ 9 00l (1S 180 °C gl ;0 6,59 £
95 g IV S L3) tAN O ol pdi g 0l 0310 1,8 Cilicke gly ils )3 g ©)F wild b Seslind 2lS sliwa S
2903 Y 31 gl 3Rl ey (331l el ol 15 S 43 TOTC (sled 55 (il )3 4y o (Sias|
iasl albg o a5 S59l9d 590 (3 Sl g 53 pegrn¥l (pf LS

tank

VA
W Veomlln(Ha)
D9 oa dnkad ns Zecen (al38 5 VU (glalS 6 atand Sy Jlas! ()
23 g0 a2kt e e ol g a8 slauilS 4 tan & K Jlas! (Y
Sl oo dadad 2L Ol > palS Jtand Syl pie S K2y ek Sl (F
Sgdige SYL glalS 3 4 tan S S JUDl 5 aud SMSeD skl 2iy e mos @St T slas ialS (F

54

Ve

-\



WA axio 365F (05900l — Sawbly - yogiuall) yods (5590955

0 S 53 gt ya a5l a5 (5 9k a5 Consl 0 (SIASD (G Ty (gl il g dilols G By (g o gia¥! peuly SO
ol Affine g9 51 JTodms! Sl ply jLdy 395 51 (F) oielS 5o Jilio j5 (=V00°C JI +100°C) slos
i jlie Sl 00w o Jab 3L 31 0 4 g 0l sullS (X jeo) Jab S (0 5Ll (pl 4 by o axkal uas
Tt i) Slpa 3 51 G pluS ALl o du g ds (dA (55 @ askd 315 o550 g 95T 9 S ST 6550

ol
dp =du-Tds ¢
e - dA Y Os
== (a{)Tv T(_){)
0A
(~é—l')Tv ——T(af)T (r
(—a-‘i*-m-f (a“)w—l(?-f)r F

at

Al ) (50 pegige S g Ghugp ol @l p peal i LSl 1)l (Jeigen; sl S IEPDM e gan¥l
18l yosin¥l ol 3 GHSLE a2 38 3 Jab il bl cilia sl Jab b asld gl aly oo bl SlbcuinSas
335 o Vg (sl ) Ul g5 el a5 g RelS ()

238 o s N glidl Jgel Cuaglie galS ( daus 2L )58 (Y

238 e Vg5 sla ) Al ol g o 18, 5 S el el (T

335 oo G puais P sgng ol Cuaglin (1531 pensl 5l ot s 531 (F

Ol dayl i 53 5 0w dugd BN 5 BUM by yhad b 0393 wasd i 49 53l> SBR poga¥l gl p B A oal 50
IOU F SE AP UPY BNCIRT] B0 PRISVR I T POVLT 51 PR U U] PR R JE SN PYCIN { JCH) B JOF 5

el iy B oojael (gl an1 3 o o Sl San adail> Sl sl (

On aala: ol 5l me Sl s st Jl (Sad e Sl g iy SO JLS, 5T A 0’v~°i 41

)LJ)) '_. o.x_...‘_g’s.i._.guhs,oo,.. )-),}}J ).-.,g Yy»l JLS) ,)“"‘"’\5{")5"}") uu\d;’ AJL..J |A D»A Y
Sy aaly> 1595 2a8 payn effect

F ol s Gl D dalad 5 0ng; 10,05 1 2aF (D) s 058 liee 5 a8 (Kjelst; Gigea¥ oS o il 1A o3l (F
2y anlys 130 o payn effect L3,

A 0 jmnal 4S5 y9mb ds Casl 00t dngd By A Sigliie ojmel 93 T =100°C oo b s jLislo b jogiaVl S 5
8 L b len 1 G557 02 salo B ojuel g8 jlislu g YOUM lawgio Jhad b 59,5 Hld S 51 (559 7Y0 sl
Ol daut s ;o milling Lo 95 o] 3 o alads Yo Do s 0ol 9 58 0l oo )30 jbsle g VoM fawgie
i 3 ey Ay T 58 By ] s Aol 0 el 93 (0 53 e LB LYl aliSls Jloj ab azilis Wlasd 8 1 )3
ol o 3 s 31 S plas i G(t) g, G(t)

iy o A ojeal ) iy Bopal Siialen; ciam¥sT p (S B iis A il Dld s G 4 > GG O
il e A ) 22 B Va5 68, e A ) 2y B alails Szl e JG(E) g > Gt A (Y

.L..'L‘roA DN'MB o)....o' A.‘:.’l} st’—J' \.A‘)-I-B )‘ AOJ..A‘ wx,b’-—l )LJ) 'G(t)B —"G(l)A (‘.

)L_:j) j' B G}—:A“ . B }‘ ;’_-._.g A alasl> JN.&:—-:' Ca&;.n P &L.Sa g2 & 40 ,e,:....\ﬂ &,.'v J'!j -()(t)‘,\ =(l(t)B (?

ol 133931 w3 (e 33 5 ey Sy g

-vy

V¥



Sl oot Jxo

4 axio  365F

(22 900 — Sty — pogiaaVl) yodls (5ol

22drag b ye pwais Sob &5 4y ST 09 | 5 sl b ol 41,3

Job s B=ax107T em’ ;L5 oy sl g B=To €M iy a0

& (slit die) JS& 5,19 (5l SO 3l oslinnl b il L=YF om iovs 4l

s ol =k iys W=Yoom, H=0,8em,Lj =Yoem sl
m

Gl 10 Ll Al jaSun g 9 lows Lol J1.00 3 wlei \/Ym Al ot

3 AP ol Sygee o] 50 adil L= YOO PASS ply g ol ool ools

b og aalys (N gy 52 a0y

F\frpm,vyyatm (v YArpm.yvatm ¢\

Yy Frpmof, Faim (f YArpm.\ ¥, Fatm (r

3 Jpame slamio 510 4 om0 539 | by pled 0y w3 S5 4o 51

ol 30 @8 S h Oyl JEl cu o s Ty oo blgn b polad 50 Gyb g0

Canliinds O ) il grameo Slazuil Jas adly sly ) buly) 3 S plas O jae

Ol damils P osls jl 295 Wline slod T, 1olid A ca pus U 1pld

(il oy 0319 (lo)S byl €y

Extruder

IIK;:T[Z)?B . B:p(‘:Ub‘ 0
)=z , B2
ln(;—_llf’; )=Pz . B:p (;:LB o
REN T

-vz

Yy



wlwlxe plif Jxo

Y+ axino 365F (S jguels’ — Sadly ~ yogiatll) poddy (53909350

M (kgh)

Ea= S 3l ool Lo g doen ST j0g ST S 3l a0l b ol H1 3

m
29905 )5V.09,% el o Sl VO Catyun b (lebayt (gogf Sasdlygo i

108l jad § e e SLOCAE pav 3O j09 BT A 4l dazls
Wriaild g A 598t g fgo )8 glod 53 g all g5 IS O jae @ (510 aaniio

Sl ) a5 phas il ‘/"—g7 3 WYoo0opass b ply cuwiy & lis
cm

LUl oo g (AP) Fllas ;L3 5 (N) gy S y2 s pou

l "™

60 _n-vuvolmR‘ l 6 mm |
1 wereo A S50 .;l }:
T L7~ | [
40 R r— £ .1'5_1”3'—__—‘: 3
L - | \é % %;:::%E:—'
e i
20 - — o3 a2t
1 | * .
| ' { | |
o ‘ 1mm

0 100 200 300 400 500
AP (bar}

Yeovbar . Aorpm (A
YYobar ., \Yorpm (r
vasbar . \Forpm (v
rvybar . YAarpm (¥

)l kil g Yoom oo Jhad a ol o6 b pded plad adgi 013 S 5o

9 |J.=°°°°'.Y—°,°pa.s .pmc" =Aco l_gua_u—n’ "0/ Acm

m'
Gy L "°°% (78 o 3N a3 Ty orjg =27 MPa
) i oSl iy 4] (511 51 i Jobo adl e Yoo bar gls
fouwl yio il oz 22

A YA ()

FY (F BA (T

-Ya



Sl plil foxo

Y\ axiwo 365F (carjg0els ~ Sl ~ yogaa¥l) yodds (5359550

Ol it Sl L )10y 4y S 509 ST Syl 020l L
4ol Jsbo s B=0X107T em® g )d ol i 6L O T Y €m' 5
ot K = ¥,0%107T em” cub b oghtT s oS 0 50 L=Yo em ioiaw
A5 e g il ST 09 hn 50,8 Mae Lyly 5100 5 e ady LT Y

a2 el it M= °/7°mv-s sN=VAcrpm g,

r
100 e O
/ VA ()
10 ———e
a L YE (Y
Wi |
_/ Fo (¥
: | VAo (F
0.1 | G -4} 10 100

Jsmama 105 Sty B S5 300 51 9 34555 uld S 1 s3likasl b a3
By 551 (0Bl o S gS sl B il T 855 sl B pa) 03,5 Wy
el o easa 28 b aaldl (Circular) 5,8 g0 1 el g g Olie
Al oo oo e £lad @ Job S g1y 0 Salg) 51 S0 plas

Lpg Lpe Loy

BE _.BC |

3V 0
." Rf Rf RET‘
Lpg _fLix HLG ¥
Rhz R Rer
AQ)

Lee _ Lec  Lor

| 1 T s O
Rpz  Rpe  Rer
L
BE _ lac la
v 3V RBE RBC RCF

SN0 plp 7 S e &5 sladidoe 93 B S @ pb 3l g @y 1SS 0
9 2lp byl Jgb (Circular) 5 5 g5 51 blae 51,00 )5 0 Ay Jgame 1w
Sl bl o plad Connd )2l fow oo 253 L wdigd g (ylojed aldize g0

1Al i s =0T L0k U8, b Olie S5 5 (gel Dlie Sy

V5 o AR
NEER $ .5 o

A+

~A\

~AY



Slwlxe plil Joxo

YY axio 365F (s jguals — Sl ~ yogiu¥l) yoks 53909585

u:.a_.'.—u Al ) fmm o JYomm '."“"'" ,hibk;l%& )é,,’i.mf'
A0 % g b Sidl g0 5 slodls (59 T Jls 50 Worpm gt olie

' i AL
b il A Olie i b Job 51000 0 “"v°°°7(\) L

s
g_..l.‘x..ag‘*a;uA,:I.i,o”l:.&f5!;»,:&,;.:;?@,1;.&&&,&“*“!
fogd g0 )1y g slo 9 @
Yie (Y VFo (A
\YPoo (F Aco (Y

s ratrae (510 2397 096 50 alos plas
Al e iolzdl PDI it L (A

o I Jse o B L (Y
U PR LI VO W SRV AL PR

s o=l Jabe 8 L (T

-AY

~AY



TY axio 365F (s jguals’ — SRl - yogiastll) pouds (5550550

(MINOT) (=52) £33 Hawlay Comd .Cunl Sg290 p cldools Al U —dlwan adod BLII solo> o jamald SO 30

il plaS S 3 auols

SW Jsae =Ef =Vo GPa

B o> yuS=d07,

(matrix) wue) Jsao=E =¥,6 GPa

We guilg Comni =V =0/ F

BLI oy gaily o=V =0,¥
o, oYY (Y o0 Y ()
o, c0f (F o;oFY (Y

(MAtrix) ( g azue; Lo (Hand Lay up) Gews g laFay wiol 3 51 oolinn b oo jamels ankd o el sl

€94 g0 00linm] S 32l (3255 (512 Logas 5 (Hardners) slo saiis o 31 S plas « o g3/
235355 < gyl (Y ot )
Sosleg, ! (slo el A (F Sl laal b (7

3 = (oS T 00T £ g gLl pd il L (MALriX) (m) aus) gal> 0 5amols dalad o5 Colu gl 0
a8 sloed Sl e ol 51! (3t S S0 (S5 4 Ayl ] B (gl el gled R o )Lite

€2l Lyge 259,090 3 S0 plaS gluw 5 Wlyi oo

3 \
S Sl SO jee des e sled Sgu ples (Y Sl kick -off gles — Sga>  plas ()
T

5 \
bS] aB3S S ses e slaj glod 5l SYL obes (F 251, kick -off sles ; Sga>  oles (¥

Sgmt oz jand g (Bl Sz 33 anildS) (6510550 1A lasS d )l Cow diger SO -oligs S 53l slacy jemls o
(Matrix) wuw) > g

.............. (Load transfer Length) ,b JES! Jsb 4l b SLI g 10 3 )b ol 45 S ofgi 0

A5 cad i (Y el oo 58 (A

i ot o B (F b o 2l (T

-AD

~AF

-AY

~AA



YF axio 365F (Cujarels — Sy — yoginVl) youls (55909585

99 310 plas  Jlow cexs a5l yieS OLI caxs pd le b g A OO —dugn GUI gal> sl jemals 510
wled ol 1) (2 aCw el iz (5 - A LS, Wilgi oo 25 JS

Stress Stress
Fiber Fiber
“sl S;l
Composite (l", <V, m) Composite ('./ < '/m)
~ &
Su _ + Matrix S il Matrix
4 i >
I /E Y oo
H Strain Strain
+ . + -
e e, ey e,

(N (<)

S S o LI gl Cangllie :s:\

LS b G (MALKX) dise) Canglia 1S
m
RV S OV RE K [OMR S-SR :e’;‘

M)hédﬁﬁﬁjw&’s?e"'
m

el D990 325 Dygee 4 LSS Hgo £ g oo puT b Cu il £ 90

Gy S5 -oligS SLII gglo (I

S S g9l

Lo gamo glymt ) Sla sl 510 plaS Gl (padS 51 S Cansl LSy S jaasls £593 90 52 30 o2 SUI Jgb
GUHr S p ogas Y WSLIIL S o8 ) i(omgip3) puglly ol g

E,>E;>E; (¢ Ei>Ev>E (v E,>E,>E, (v E,>Ey>E, ¢

-A4

-4,



YO axio 365F  Wpody (SilSe g (K058 (olgs 9 W pesly 0508 (ond

?M‘Wmﬂ’kh&’h—s:)bqi,shd,‘ewﬂu)m,l&ég‘]»g&)éﬂg”@jéhﬂ

;-alwl;la(“"a) o,;dguj,ﬁ,.e‘b?’kb(v Cau'wuaab,sdu_‘_’j,sj,af’?,kla(\

I [ £ (\+a) o,bﬂau."g,a 2= ’(k +\) L(f ] canilise @ o,:" & uJ’SJ,oa}.?’ (k+\) l.a(T
aPPiPP PVC sk s slapads ol a4l aia (o1)10 (Gyamml 3 oy 42 30) DP 020 )8 s o Tg i
fadl o

Y (Y v

¥ (F Yo

0,10 (rgSae Camnd 1) 1o yalyly 51 ORI L gl w23 50 Lo)gh wl) Cu ps (el ()95 (bl

&8s ol (Y el ua (A

Gs¥ Lo o8 > g5l Jlad 555! (F 5255 5 CH L glausly sl (7

.O,&ua Q”“ ............. aolee )' ealaswl b )l’ v ‘stbﬂlotw » OUAAS p," bé"}" ) U’*""')-’-M,f “sjtm 3L_J'f }ﬂ
sl (F Ogm (¥ sl (¥ oS

O o= 0,8 JLK> g 0 i PV IPCPO T [ S SR ey Slal  pady S Adatdin S 1591 b
A.glg_u.c ............

oals g8 I (F al3dt a0 ol (Y Sels iSuay e (Y ot o SGa s e ()

AT R Jolme Sl ol g s JUyg ped i pd  sp0aly a8 Johono G 50 SN CodS S5upp b
als - nals (F sl el (Y oeals o 8l (Y ol o alssl ()

9 2> 3 xa o gl 4 J3) 5138 S Caldle daiie Gl g 5138 35 gl el 4350 b ey 99 5T
— U] I I — 318 il az 0 TV (slad y0 Jao p wafa o ilwloe pomiy o

X<Xp ot X>Xe g (f X<Xp wsy X>Xe S0

Ioazme VL (glalod 5 5 o (530 99 (g el JLiD 53 lod Salzdl b §pie c32 51 F3n Y0 Galo (g poals SLIT U
el s iz ailobus | Saali 3907 Hlid) (39 o 51 S5

LCST &, UCST (¥ UCST ,, LCST (v

UV PR — JUCS SR R PO PO N Slatnds JUH slod (ol SLiS 40 901 loj Gl b
als L aals (F bl L als (v oS o 8l (Y Salid o sl

CASS o (5 ek 43 039 (399381 b g Cammn Bk (St yoly S K poadi  SKralin 2907 Candle
‘c.....l..g?.ll:.ii.}),o,o)n)a(\' .\:.uuls.i.-g’):ﬂs;),&"})k)d(\

S3dse pSes sl epdgl agidl L 5 ol SIS (Y Sy gn FS Il b 05 5 Sl (F

Kkinetic theory of rubber like elasticity jl ool ! Lo ousd ad F )13 455 Cog a5 | 5 0l (slaalad jo 455
(adbge Fomm o ol JobaYoom gply dskad adgl Job) Soul do s ain

do (Y v ()

\oo (f Yo (¥

L 3 00 angd (S gladigai 3 38 3 3 33,5 OTIENTE S 39 33 1503 5b g g S 50 HUSy 1 pouly S aziliz
R GrSiu 00le palud alali 45 Dl oo Al (W0 HF A lio 00l g S Cu s sladigal

ol 550 Wiasi 33 o Jamaie d 00l (Y Wl Slen 500 Waed g 5l sauis ()

ol i Ko wined 90 1 gz g0 0 0al (F Wl i R0 sl 50 1 g SO 0 0al (Y

-1)

-4y

-ay

-a¥

-1q

Noe

1)



T axio 365F  Wpody (SilSe g (K058 (olgs 9 W pesly 0508 (ond

Sl pone (Toughness) Sosi> 0350 30 g3 I3yl 31 Soplas

by s Reyir 058 o Djpe (Fo)l 33,5 o0 A ol Sl IS i Co digad (35 0855 i bl OO
Sybige S SeIN S A Jogai ) arle

by ety 28 e Dppe Tosls 50T e 8 (enly Sl SS i Sod (B w6 e bl (Y
Sy (§ S0 P55 - A el ) Sl

i 9,8 Sge Fols Sal pn 308 o 5B g0l Sl K8 o oo digad By e85 i Ul (Y
Syt SyeSelal NS 45 ogal ) Cobs by

S 8,8 Do (Foly S0l (g 8 o )8 (g0l SRt JSE ponks S Ligas Ty 5l i bl (F
Sydge S pSejlal G5 - 25 e g Sl day

sl Tg ahadi YL b poudy 30 o glasld

D385 0 AP S el L Rl (Y e g0 poads (O 55 St g Sl 331 ()
2 B e (595 500 (F Sgaga yorly )3 AP Dt GalS (F

Claml A0S a0 3310 i S s YMPa i )0 spealy sl (compliance) wildees

o, Y (Y 0,00 ()

Y (f e, 8

G,Q,Luy| s 0 5 ‘SIM.S.,.: Lv A Lo PL) .l.i)h J.ol.‘ aw JL‘F' Lls ol..bln.i:l.u 3 a5 6,&,.7..»Y| w30 3 ‘S‘DM
:GS'JL) s&i)'-) ‘Aﬂl‘ )"R JL&' Lla Qu,l;"lﬂ Jn) a5

A o VL B plae (T Wi (5 YL Gy s2olia ()
Aty o W Gt &8 (F S o WY Jgde (T
founl plas Yo MPa A0 25100 g a0 8 R, 30 sreals 1y Saias oliwe

Vo (Y o Y8 ()

\do (f Yo (r

........ S iuleT 3l iy o 1y youls 33 balie (39 1 5l

D59l oty (Soalisd (Y 2,5 dnalsa 40 ()
el S . SRS (T 3590 Comay 85 gl (F

o solBiulo;l 5)luilint 3 (LOT) o5mms Jilao asld ;3031 90 (Flammabililty) g pdy Jwidl cw)p sl
= 3 (PPO) sl ol oy 9 11 510 oSy )51 jady jlar (595 20 ouid planil (9031 10,034 g0 planil (ULO4)
Al o105 Fatnue Sjlas 250 1) 205 T e Bl Sl ol edare

LOI /for: Acrylic /Y4« NylomV) 7 va&: PPO ya«PP v
Al o Sl ST 31w 55 5Tl 50 PP caglan (0
bl ge V) sbl 5| 2aS (LOT) (503 3t sslind b 5,8 25T 4t 50 PPO coaglia (Y
il oo VY Gabl e (LOT) 0031 3 snlindd U (6,08 5T Al 50 PPO coglia (Y
iy oo PPO 3 2y (LOT) gge5l 5 oalinil U (6,8 25T Sty 50 UL ST Coglise (F

-\r

-\¥

-\+d

-\

~\+A



TY anieo 365F  Wjeddy (Sile g (K58 (ol 9 W ponky U5l pomd

ooy U ges ol Gl -
e Al s A5 nMLE (0
30 (Ko Ayl P g digal o3 et e (¥
Olej iz g2 3 A by ol elite 53 255 (T
w00l Jlas! osle a4y M3 o5 Sl Sla 2o blas (0 sola STy 3l o oal Jlael 25 Blaa jo oole 25Ty (F



Sllone ploit Joxo

YA axivo 365F (o - @)l - Sigley) JUST shesusy

3yls T Jolomo i i alS ~ Cugg Jowo wile Seow¥lsfm g Jow <O @ )1
g Simmas loj Ay Sl oo Cawts 5 &olae plas 51 yle b o (B0 gab

b, o o —l
TRIETR TG
L % i
A /=
J(e TT)Av J (e +1)
ity )
J.(e Ay —\) (f J.(\—-e L )

Ol s> A a0 30 Sy alao Sy & LEkS by Jlasl ai] )8 50
S Gl it g s Wi b (planar) ;UM O )0 4 ouls Jles!

fog winlys o
(Y A4
Y (f 7

- a . - o . . ’ . - "ae .
oo BLG 1 o bl Jlgi 938 50l wowil I g Jled el il n 51
oy o Gy a3 il p1aS 51 aBl S5 @b 0 &S Gyse ey 0

4

7 s .o Yo +) o
(anl Ty = MYy 5 Yy = Ta( ) 9959 ily i )

’y \ dn,
n=n/(\—-— )) O
4\ dinty
fn"  dn’
n=n"/(\=——( ) (¥
rn"+\ dinty
yn'  dn’
n=n"/(\=-—— )
rn'+\ dint,,
oo+ dn
n=n"/(\=——( ) (F
fn° dint,

argly L yogaigfyh) S jlosliianl b gyeal lie S glp 2 SleMb!

Al R=Y0 mm ol & A o Sedls B, =Y

) rad

= Jloy A S O jgeo ol j0 Q=0 ¥ — , F=9,FN
sec

Foml oIS oz g ol 3l i i 'Y( - Sy ey s Ny(Pa) Jof

sec

(t=Y)

WY 6 YYEF (Y YA CYYEF Q0

VWYY ¢ deo (F f/f ¢ Boe (¥

Coged o (55 dolas 3l s 1) OS5 > dlolae lgh oo b a0
Sl dayl b g Sae Jhw 5 By b (O
. 0 et RV 24 4 o 2 sn O
WSl 4598 g ) Jaie Sam e gy Lais (Y
Kbl bl g Sy ol F

P Jw g o ol (F

-

-\

-1\

-1\¥

-1a



wlwlbxo plod! o

¥4 axico 365F (o2 - &yl - si9l9)) JUS slmos

Aol JoSlo 59 ! Pl L ool by by o g ek Wlhe SO sl
TASES o0yt W98 i Y sl M ST, Jeig

oals o eals o ilsel (A

Ul rels o aal 58 (Y

3,00 Y0k 1 gy, 5,8k o 2alS L als (F

S0 Y50k N g5, (5, o tals il 81 (F

S B U=(X=y 0, —2) sloj glace 3 Jlw S ails
Gl ol Lty o Sy 3l i i g € S Sty g F Gy a
b

(AR FA A (AR AR

VA © YN (F VALY (T

-\\#

-1y



Y anio 365F (o2 = &)l - Si90)) JUS slaony

Lo 208 o 51,8 150 50 & pod 5> JUH (5 y20 53 LS a5 @il 13T 000 adgl glod )3 (irs s pua>  —V1A
foal OC wia JS5 50 oud 00ld oyLds alaii 5o Lod 5 gbasls 3 ool

8 6
(e_i)platc\ =5 ('e—i)pme‘- =08
9 8
(9_)semi—inﬁnite solid = °/A (G—)C_\'Iinder =o,¥
i i

b o baazo slod=T,, = ¥0°C

AVY (O
AD (Y
EAFASKAS
Yoy ¥ (F
o e X
7 | I\‘

Sty Al 8 (5 gty 1§ jkd LT 53l : S0l Lilitho 50lo £ 95 e 31 LSS Caolitd b aiile adjg pana Jle -1
9
s o plaa! il all 0 q[—v] Ol @ Fle asls slhlo plus ja a5 wileuds axsle (Gl sl o)
m

0313 (a5 LA S 53 plaF 5b slod @597 (e A0 1S wlie 5550 @yl JU Bl 2 yre 50 g 5lb
Al 5 peabs ojlos @ Blaie Wilgh o pgual plas adload

A~

) (<) () (=)

< (F o (v o (¥ &l ()



¥ axio 365F (2 = @)l = 5909)) JUST slaessy

plas ;0 Nup =f(Rey ,Gry ,Pr) clig olei oo wiil anulic BB o Lol s g ol51 Cdpen Ol flas G j0 1Y
Vo8 e bl cd e S5l ple o 2 05lge 51 S0

3 Gr, Gy Gr,
(’r& =\ (f L<y v —L 5> (v —';<<\(\
RCL RCL RCL RCL
28y lade e sle yeuds Olie (Prandtl No.) Lily oo -1
Rpbges A Sl sa g el slaclie sl (F Al S 5 e (T

) slredld a axgi b Lwilaid ) 415 S e laabl Ol JEST paxe jo Yo Om glal b plas 2 £ dJelS )L 1YY
w—wlio cdo L g (Lumped Heat Capacity) Galil glo cud b sy il solinwl b olei e 1) 4y 38 plas

Fals 51,8 anllas 3,90
W w Al w
K=vyo — , h=00 (v K=Ao - . h=yo [}
m.°C m".°C m.°C m'.cC
w w w
K =1%o . h=\oo (f K=Yy e * h=¢so v
m.°C m".°C m.°C m".°C

L g 59 o3 2389 05390 lip 0310 153 pa gy JUESH oyt 39 o G515 4 gl 38 315 50 99 s 1YY
AX = AY e gy dd 30 Yl i § 9l 1 S oIS MIN 0,8 1y 0,5 Aolro v gous Jo g 31 ooliswl

A

Interior comer with convection boundary

BT+ T\ + Tinsyn + (Tnns + Tnn ) /Y

=L r+Bi
_ BiTe + Ty nsy + Tn—vn + (Tinsvn # T /Y v
mo r+Bi
T = BiT, + Tyt Tm,n-\ +(Tne + Tnoan) /Y #
e r+ Bi
BiTe + Tyt + Tmin=y + Tenrvn + T ) /Y
m,n = i\

T + Bi



YY axio 365F (2 = @)l = 5909)) JUST slaessy

4.5',.2.0' ‘_;Ylg v &Ln c.hu !l Yo ¢m )hi & 6‘“";“" S .pﬂ&.’&ﬁ.ﬂ) \_J 5] JS.& & jL_v,J Sl ) o
S plas 0,10 41,3 7. FO (ormi Cugby g ) bar LS g ¥10°K sled )0 bae lap o) aloli Y m
——1: el Z J" Jaas ui PlET “.l’.n S (&

! Z 3 S 1,0 uJ,,o PN Ovi PRy PN E P ui BLAPY ;' (o
AR | St ;3 KP g «al» ()

Z 1wc"r‘ .@'@;JU«?""@)J«&”»(‘
weal ey K P ,CA-:):U w2l » (Y

-Q--l' ;«.AJ.)L; «%J » 3 K‘éﬂ » (f

A

7777
77 g-,%
LA 4
” A
Y 206m

ks 39 ol b el I ol Canglie iy B JU! 50 ol pled Cueglie 51 dar T S g
TS (g0 ok JARZ DA Cas pow S il 90 |y e phed Csliud )51 Lyl 5
el e (F Sydsn g3 (¥ g g i (Y Reen e S ()

Lol sad A1l ¥ 00 gles 10 (a3 @ sl dlg) O o2 515 05190 51 Oyl JESI gl w5 alail

pUL )°/*

N:oo\b
u_ / ("

Dl el Ol A8l dg) pl 255 0)le00 3l ey ANl cu e

% o pU Y/ —o/A y pUL Y’/
l\c—c‘, 'JTDAB( i ] L /¢ l\e_gf V\ODAB[T 0
—o, ¥ \O A
e ALY T/ pU Y /" =e,¥
F e AL L g ;

-\Y¥

A

-\v#



YT amio 365F (2 = @)l = 5909)) JUST slaessy

0,5 rdaw (53) 9 80,5 3adi 0,5 g3 o alold 31 A oolo 3yl 41,8 RY Elal a6, F o i o) JIo

WS o0 7y p) Jol Az pe STy 55
d
Aga) ™ Dsolid S o

ol ps o alolre Jluly bl 30 08 o gy dela pld Ojge @ J3l a2y STy SO byl A o

¥, IC,
.i l'(, A= (¥ i rY(_—A =0 (\
dr{  dr ar ar
I y9C, ) ., 9Cy 3 «9€, 0C,
Ay Ay A R i O ot
ar[r or | tar ¢ ar ar ar |

2 (goed Clale ol Yatm (LS 5 Y0 gled 0 R | 9 Ry (2515 9 (310 glad 4 (S 9 S

sz (S gl G s e el Dy g Sl o T Sk e g C) | Blpd

Feaw!

Ri*Ro b ¢y —C
="7t—- 2 ( > - ) (\

P g vo AB'“A TUVAL

s R; xR - '
Y g=tn Dpp(Ca ~Ca ) O

3 ~ — R;-R, ‘ i
Ha. A g=¥n 3 DAB((A‘—LA‘_)(\'

R.R )Y
g=wt( Lo

—L 0 _p,n(Cy —C4 ) F
w AB{A CAl

W5 K ol 0l by P> o 3508 0 318 T I S0 b oled 53 og4d Slyd (S )yl (1
151 ol 5l (6550 oyl 3o 10 50 R gl 4y glo S Jolao 1y 0948
at r=R.CA =CAR ir=o .CA =o (Y at r=R,CA =CAR ir— oo ‘CA =e ()

dC dC dCA

atar=R,C, =C :r=:'.——-‘5—=rsv(f at r=R. Azo;r—)oo. =o (Y
A AR - dr dr © o dr

-\ry

-1YA

-4



s 365F (o2 = &)l - Gis)) JUS! slaony

P 905,519 5115 A o3le By JI 50 ped ol 30y JB 50 3905 01920 80 | @ale 3L kb T
S |y el (g e Ll o VS il il 0 qule Sa e 03000 (o 1 J3l 4250 ATy S
at Y=o CA =C1\i
at Z=o CA :CAi Q\

\/ alZ=6 C."\:C
N
2 L; at Y=c CA=-:
/ at:-Z=s QG =03
P Vo+ f "J‘j) d(:‘i\ Al
/ '—'.’ at Z =39 —A:U
‘6 P
’ : e / ot Vme: €=l
9 F’ ; ) d(‘A
Gl f at Z=o —a—zc r
/ o= .
A Z=5"C, =C4;
\;C(Z'\“ A Ai
£ at Y=o (‘A=CAi
!" & —-l atZ=o C,=C,: (f
dCA

at Z=2o




Slaloxe plot oo

Pt 30 a3 AlaS .Cul LS| LU 90 3 JSlio il 3 Sy gy K& 1YY

‘.'c...slc..a.og:“:—d‘ ’El_@, Slr e ool jl ey a bad aly as 0
=y Cld Cld - v - . - v ) . . .

las o Jol a0 ()
9! A3ryia et Az

Jil a0 ey a0 (Y

P32 47,0 pgd 42,3 (¥

p30 43,3 ool a3 (F

B P I PSS e L S TS B RE VR0 o e |
Cogr anlys yudx (0ff-set) JEuile glas S yis L= Yu(t)

=Y ()

L (

o (Y

R 4 + 2 1 C (Y
k., <3

Ee s(2s+1) Y

»lp Grain margin ;6 Al J 08 alas gl w3 IS0 J508 g 30 -IYY

QCM‘O’AG
L
R 4 G 1 1 E
. 9 (s+1)25+1)
1
(0.25 +1)
G \'Iv\+‘ Y G v{:w\ By \
= —— — — = NS
2 as( g 1 ds (

Gy =x(f G =v(\+os) (v



Sl plbif Jxo

Y5 axio 365F OVl Suilke 5 5 y0uls sbain b J 8

Yol

e (v \ \

S+ S+ (

\ \
. — (f —_
(S+VN(Ss+Y)s+Y) (S+)s+Y)
S{ROWE OB IPIUEH JERE PRy PRV
G= 8=
(sT+Ys+8)s+1)

31 0olii! Ly 03 ymo ole) 0N & Jol a3 50 Joe b 1) aiul 3 opl putles g0
Cad aslys jads wiul @ LI Slej Cull oS solu oyy9) Ko s yis

o 8 ()

\ (Y

Y

=) ey 03,0 Bloj odle 4 Syl 4z )3 b Gl i 1) @i (! (F
1 el &yl s GBS a6

dkee™

G=
(s" +Ys+1)(Vos+1)

G!.:—n:l s> ‘5')'0 Bode J'Q,M )O laaisls h'.a._-—-i )'.)’ﬁ‘i W — o J» \f-;h.ﬁ

Fouw!
-y (f -Y (r

13 Gl Sl s S 3L alls baS AU

kc
(SHIYs+ e, ¥s+))

Gop(s)=

Sl jada ol JBlae Ko jlade ol bialy ) ol%e 59y —F 51
F (Y L4
Yv,o (f YA (Y

-\YF

-1rd

-\y#

vy



Srlwloxo ploxit Joxo YV anio 365F ¥l Suilso g (6 youls (lbais] b J S

b aw JI S Sloj ol (51 00gumo plaS glil A 3 ) I PSS pinw 30 -1YTA
Yoo anles dgxg als ) s )0 Sl

R 4 I C
43 (s+1X2s +1)
1
(0.25+1)
1< <Y (Y T <) ()
r<T (f T<T|<T(T
Gl Sl Oyl J RS gl SO 5L adl> Lo U 1YY
vk
Gop= - =
(8" +Ys+Y)s+))
LD i (3l QAT s 3 et aly Fly K ) s 3lake 4z 1l &
Lo g0 Sl Loils gty
V(Y o ()
Ve (F a(r
doly aly Cyge0 4 53958 T .Can! (;(s)=}ls—ﬁ PETUURIRE S PRV P PR |

ol yuds t 00 ALl Lt=c 0zl GOS0 ks
\
——\ (Y 2o ()
T 5,

\
= (f \ (Y
T {

Al YO MM Gl S gl °=°/°V% ople ol (aw SlS -F)
Yol Pa sl Gl (g0 9 310 jLES DS
fo (¥ d ()
Vo (F Yo (Y




rlalons plovit Joxo

YA axio 365F ¥l Suile g 550y glaain b J 8

"Cﬁd')dﬁ?\.’)b\.ﬂf}'P‘G’ﬁhﬁ-ﬂ_}ﬁ)é

18

-

__Kﬂf\,-—w A
S

.
I m E v @
—> g

¢' Y

"w'é.:au))"..o.\.eui u,u.a,loolgggiild,lo”ovi ‘ﬂ_jﬁ)é

Vo (A

-7 Y/Y (Y
—_— . o (Y
—I ¥ (f

_Io,ﬁ”

=l

Cgu g iz ol (0 139 il (3] ylad g oile Cul 533 ST Jauds il yaey

(Y (4]

\ .
3

S)l gl oYM Jig Voom b a dlyd 3 Vol ey b e S
olosza0,0Y Sllaol e s 308 )18 K=V U o9l; G aly) Loy
Sl atm wiz B g A alai jLis G| abl o Y 92597 Mels

g=\oﬂr .p=\000—k%— datm =Yoo kPa
m

S
.B Fi0 ()
8.0 (¥
Jem e &
#(f
A

-\FY

-\FY

-\¥F

-\¥o



ol pli! Jxo

Y4 axio 365F ¥l Suile g 550y glaain b J 8

sD ;—’ﬂ’% Jab ooty il @ lid SOl Wibge dlg) Sl 295 (200
ol Zl 3l BB oy (ol sl g o0 Wiz 310 (S [ 4y j9Sm g

Y (Y o ()

Y (F Y

O e (53 g 36 13510 Gy (A Ay S 19y lo S
Fudly wilgi go ks 3¥ Al b )2 we3) el L=V, 0 Y

(2o b ish) ci¥y e (Y (WY b ol leed (A

2l gz plgi cad DAVl (L (F SV 5 kel e )35 (Y

ity =100t DL L dyb g sl pgSw Jlo 10 555 S5 50 ple S
S

€9 g0 sk Ly 5 oo o131 e o 050 5 >

' ()

Y r

'-:-'\21(. ay, XAz
)6/‘( ‘—* o (?

Bl esf oas £90 S0 Y (o Sy i T G i o
Jlm il (pgma> )3 a3 plas .l by U awas IS Jgf wb lel ol

ol Sy (¥ ol pleSi ()
il S g3 g (F woal caSYLS (F

At

AP (e e s s
T=\° = Sl Sl o A8l Wyl a0 Jiew pole U

w595y g R=100m ady) £lad 0,00 ol axdl anwgi NS’ &y90
S sl Al 1 320 i @ols (2] Jauwgia Cak pu oanal L =107 paS

Vo (Y V()

o AYD (F YD

-\¥#

~\FY

-\FA

-1¥4

-\



AV Jlu 2l s IS G ga ) Y g add ) 0K

93

93

ol wl @83 18 Gusiow Olojlw culw Sey 1 Vg adsl aulS b, o 1393 Jlw auiyl csawlicin) S wgosl s 0auS @S i uldbogls gMbl @
b Al zhsiwl ldbgls aol,S Ul Gwlwl 5 s g WVlgw (sulps 2ulS Ohk wslo o Oldbgls whlh @dl,s 51 gy wowl sbicwl JuB jue adsl 1S
@ G Gawles)s 9 Jlwl piwsw  (§b 31 www.sanjesh.org iuseiiw Uloslw wulw @ as=>lo L 92/12/8 &0, U Sl swles o Jolod w)go 5>
Sloo @ g At Adlgs wdl,s oyl b sl has oldbgls whbs caowl 5S35 @ 03V amlos pladl cowl 0135, oslol Wl ¢l Wil Sly aS (0,8 JuoSs
b 20l S )Sos b sl bl

Page 1 of 2

aza93 €90 oilosial Q) pU wilosial Qb 2
F 2ouly (swdipo acgaxo 1255
0, loui LY 0, loui S 0, loui S o, louis WS 0,y loui S 0, loui LY
Jlguw Suo Jlguw Quo Jlguw e Jlguw Suo Jlguw e Jlguw Suo
1 3 31 1 61 3 91 2 121 3 151 dadaw
2 2 32 2 62 3 92 3 122 1 152 dadaw
3 1 33 4 63 1 93 1 123 2 153 dadaw
4 4 34 4 64 2 94 1 124 4 154 dadaw
5 1 35 2 65 4 95 4 125 2 155 dadaw
6 3 36 1 66 3 96 2 126 3 156 dadaw
7 3 37 4 67 4 97 2 127 1 157 dadaw
8 1 38 3 68 1 98 4 128 2 158 dadaw
9 2 39 2 69 4 99 3 129 1 159 dadaw
10 4 40 4 70 2 100 3 130 4 160 dabaw
11 3 41 3 71 2 101 1 131 3 161 dadaw
12 1 42 4 72 3 102 3 132 1 162 dadaw
13 2 43 3 73 3 103 4 133 4 163 dadaw
14 4 44 2 74 4 104 2 134 2 164 dabaw
15 2 45 3 75 1 105 1 135 4 165 dadaw
16 3 46 1 76 4 106 2 136 2 166 abaw
17 2 47 3 77 1 107 1 137 3 167 abaw
18 3 48 1 78 2 108 2 138 1 168 b
19 4 49 4 79 2 109 3 139 3 169 abaw
20 1 50 1 80 2 110 4 140 2 170 Aabw
21 2 51 2 81 1 111 3 141 2 171 b
22 3 52 4 82 3 112 4 142 4 172 dubw
23 3 53 3 83 3 113 1 143 1 173 Adaw
24 1 54 1 84 4 114 3 144 3 174 b
25 2 55 3 85 4 115 2 145 1 175 Aabw
26 1 56 2 86 3 116 4 146 2 176 Aabw
27 2 57 4 87 2 117 1 147 2 177 dubw
28 3 58 1 88 1 118 4 148 3 178 daw
29 1 59 4 89 3 119 1 149 1 179 Aabw
30 4 60 2 90 4 120 2 150 3 180 daw
o,loi S o, louis LY o, loui S o) louis WS o) louis S
Jlgaw Qw0 Jlguw w0 Jlgaw Quxo Jlgaw w0 g w0
181 b 211 Subw 241 b 271 EW W) 301 b
182 b 212 Subw 242 b 272 BV W) 302 b
183 Abaw 213 dbaw 243 b 273 Axdw 303 v
184 b 214 Subw 244 b 274 BV W) 304 b
185 Abaw 215 dbaw 245 VW 275 Axdw 305 v
186 Jabw 216 Aadaw 246 adaw 276 Eveaw 306 Aadaw
187 dudw 217 S 247 Sudaw 277 b 307 S
188 Jabw 218 Aadaw 248 adaw 278 EVeaw 308 Aadaw
189 Jabw 219 Aadaw 249 adaw 279 Eveaw 309 Aadaw
190 abaw 220 Aadaw 250 adaw 280 Eveaw 310 Aadaw
191 dudw 221 S 251 Sudaw 281 b 311 S
192 dudw 222 S 252 Sudaw 282 b 312 S
193 abaw 223 Aadaw 253 adaw 283 Eveaw 313 Aadaw
194 S 224 Sadw 254 Sadw 284 Qb 314 b
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195 Ve 225 255 b 285 Aabow 315
196 Ve 226 256 b 286 Aabow 316
197 b 227 257 b 287 Aadow 317
198 b 228 258 b 288 Aadow 318
199 Jbw 229 259 VW 289 b 319
200 pvesw) 230 260 fvesw 290 b 320
201 b 231 261 Jabw 291 VeIV 321
202 Jbw 232 262 Jabw 292 VeIV 322
203 pvesw 233 263 b 293 Aabw 323
204 Jabw 234 264 b 294 VeIV 324
205 b 235 265 b 295 Aabw 325
206 b 236 266 fvesw 296 Aabw 326
207 Jabw 237 267 b 297 VW) 327
208 b 238 268 fvesw 298 Aabw 328
209 b 239 269 b 299 VW) 329
210 abaw 240 270 b 300 Eveaw 330
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