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Part A: Vocabulary and Grammar

Directions: Choose the number of the answer (1), (2), (3), or (4) that best completes the sentence.
Then mark your choice on your answer sheet.

She's not very ---—--—- in the way she treats her children; they may be punished today for
something they were rewarded for yesterday!

1) dominant 2) restrictive 3 ) consistent 4) proportional

She has the -----en-- - of being one of the few people to have received an honorary degree from
the university this year.

1) extraction 2) detection 3) distinction 4) simulation

Financial ---------- on the company are preventing them from employing new staff.

1) resolutions 2) deductions 3) approaches 4) constraints

The pattern --------e- from our analysis of the accident data shows that bad roads are
responshible for the majority of accidents.

1) occurring 2) assuming 3) identifying 4) emerging

The changes to the national health system will be ---------- next year; people won't have to
worry about long waiting lists for hospitals anymore.

1) converted 2) intervened 3) accompanied 4) implemented

The course is essentially theoretical in---------- , but you'll need some practical work experience
before you can apply for the job.

1) process 2) function 3) orientation 4) exploitation

The report suggests that there has only been a(n) ~—-——-—-- improvement in women's pay over
the past few years.

1) ultimate 2) eventual 3) marginal 4) enormous

She gave me this jumper, which she had ~—------—-- herself.

1) knitted 2) knitted it 3) been knitted 4) been knitted it

The teacher suggested that Ali ---------- the lesson at least twice before taking the test.

1) reviews 2) review 3) reviewed 4) reviewing

He was in such bad shape and asked for my help. It was impossible to -------—- :

1) refuse 2) refusing 3) refused 4) be refused

Part B: Cloze Test

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

Hurricane Floyd, one of the most powerful storms ever (11) ---------- in the Atlantic, has pounded
the Central Bahamas and set its sights (12) ---=====-- Florida. The storm brought heavy rains and
strong winds of up to 200 kph., (13) ------—---—- residents sought refuge in boarded up homes.
Forecasters say Floyd is capable of (14) --—-----—- destruction and the states of Florida and Georgia
have ordered more than two million people (15) ---------- the Atlantic shoreline.

1) recoding 2) to record 3) recorded 4) was recorded

1) to 2) on 3)in 4) from

1) as 2) that 3) whose 4) which

1) mass 2) a mass 3) the mass 4) that mass

1) evacuated 2) to evacuate 3) for evacuation 4) evacuating




Part C, Reading Cmprehensinn

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

16-

17-

18-

19-

20-

21-

22-

23-

PASSAGE I

Natural gas sweetening by use of alkanolamines is one of the most frequent and widespread
techniques in gas processing in industry. According to the diversity of amines and their inherent
advantages and disadvantages there are different designs for each specific case. Main utilization of
sweetening process is in absorption and stripping columns. So, precise and logical design of the
required elements according to the chosen amines, process conditions, corrosion problems and other
design parameters have very serious effects on proper performance of the process and long duration
of equipment. One of the major topics under study is through designing of stripping column in order
to segregate acidic gases from amine stream. According to the corrosion problems and hard
operational conditions that are present in the stripping column, and by taking into account that this
part has a very vital effect on other parts, its proper design either internal structure or external
structure can effect the whole plant. One of the design parameters is related to the internal structure
of the column, and that is whether to use trays or packed bed. This can influence the plant from

different views like reduction in reboiler duties, quality and quantity of stripped amine, ratio and
also problems due to corrosion.

The underlined "This' refers to -------—-
1) tray

3) the design parameter

We understand from the passage that a major
1) the stripping column 2) the amine used

3) the corrosion problem 4) separation technique

The_ word "segregate' as used in this passage is closest in meaning to -——--
1) displace 2) differentiate 3) replace

We conclude from the passage that the higher the corrosion rate, the
the equipment,

1) longer 2) shorter 3) more constant
We understand from the passage that the desi
mainly on ——--—-—-

1) advantages and disadvantages of the technique 2) diversity of the techniques
3) the sulfur content 4) the type of amine used

2) packed bed
4) the internal structure of the column
constituent of the sweetening plant is

S e

4) substitute
------- the duration of

4) more variable
gn of the gas processing technique depends

PASSAGE II:

Prior to taking samples, all sample containers should be properly cleaned. They should be placed in
a vertical position with the bottom valve opened to drain all free liquid. They then should be
thoroughly steamed out or washed with distillate, gasoline or cleaning solvent. If a solvent is used,
the washing should continue until no color is shown on draining. Following a solvent rinse, fresh,

clean water should be flowed upward through the cylinder and allowed to overflow out the top until
the fluorescent oil film disappears.

The underlined phrase "prior to" here means ------—--

1) as 2) after 3) before 4) when

The word "overflow" as used in the text is closest in meaning to ---e—-m—-,

1) edge away 2) flow out 3) inundate 4) reach

From the text, it can be inferred that the fluorescent oil film disappears providing that -----—-

1) a solvent rinse takes place properly
2) clean water flows over the top of the cylinder

3) no color is shown on draining
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4) washing should continue upward through the cylinder

PASSAGE III:

Absorption is a separation process involving the transfer of a substance from a gaseous phase to a
liquid phase through the phase boundary. Absorption is defined as the process of taking molecules
of one substance directly into another substance.

Absorption may be either a physical or a chemical process. Physical absorption depends on the
solubility of the substance absorbed, and chemical absorption involves chemical reactions between
the absorbed substance and the absorbing medium.

Absorption into liquid agent, either physical absorption or absorption into a solution of a chemical
base, 1s the most commonly used approach. These types of process are used almost for bulk
removal of acidic contaminants. Bulk removal means removal of the majority of the acid gas
present in high concentration down to a level such as 0.1-2% in the treated gas. For removal of the

last traces of acidic impurities from gases, adsorption onto a solid chemical and conversion to
another compound is used extensively.

Absorption in gas processing only occurs at --——------ .

1) the gaseous phase

2) the liquid phase

3) the direct shift from one state to another

4) the boundary between the gaseous and the liquid phases

We infer from the text that the degree of contamination depends mainly on ---------- 1

1) absorption 2) conversion 3) impurity 4) solubility

It can be inferred from the text that gases may have a(an) ------—-—-- content of less than two
percent.

1) contaminant 2) base 3) impurity 4) acid

We know from the text that acidic contaminants are removed in bulks by being absorbed into
a(an) —-----=ee- ;

1) aﬂ:;diﬂ solution 2) chemical base 3) gaseous agent 4) liquid substance

The chief difference between the physical absorption and the chemical absorption is in the
involvement of the absorbed substance and the ----—--—--.

1) agent 2) medium

3) reaction 4) solubility of the substance

PASSAGE 1V:

Regardless of the process used, any simulation can proceed only from a knowledge of the quantity
and composition of the entering stream. The problem is to find a size to meet all contractual
requirements without excess capital investment. An oversized system, whose capacity is seldom
utilized, results in excess capitalization charges. The problems of the undersized system are
obvious. The real problem — how can one best accommodate the frequency and amplitude of the
fluctuations as they are likely to occur? No mortal man can predict exactly when and to what degree
a given fluctuation will occur. But .... With reasonable data, supplemented by reasonable judgment,
one can predict the likely extreme conditions and the possible frequency of the intermediate
conditions. Normal simulation, conditioned by the stochastic input, summarizes the procedure.

The underlined word proceed here means:

1) arise 2) begin 3) obtain 4) sustain
The phrase "excess capitalization charges" here refers to ——--—----- ;
1) additional costs of investment 2) excessive fluctuations

3) extreme costs of simulation 4) indispensable charges involved in investement




I:LEJJ..F — dﬂﬁjw l.:.'rl-_l_-nﬂ'i-_l‘} ;J:...-.\.ﬂ_,.ﬁ.la CJYJLI.&} i:ll-:n&l[-?_J

(Wit o2lasdd culi Slusl A 5 0 ) el ¥ = A cos(ot — §) P Jasedl o s dlolas plof  ogos wlg=

i X
YV - y=o (Y }’"+{=}T}’=¢'H
] o
y =y =of V' 40y =o (¥
(X" =DY" =YXy + VY =0 feud pli cogas Llga 3gdih 3 Alales 3 stls= Y=X 51
y=cX+ ff (¥ y=cx4 < S
X"+ X —\
y=cX+c (x"+1) (f y=cx+c¢,(x" =) (v
5l Casl Oyt YX' Y +OXY FY = 0 Juwilyiss dilae cagac Llse
C c
y(:-:)=—‘+c,.J; (Y y(X)=cx+—+- (
X Jx
F(?‘I)=ﬂ+ o (¥ y(x)=cX+c Jx (v
x \l‘{; \ T

fogdon Joad Sl il b b alsles a5 juino yud¥ plaf b Y(FX — 1) y" + YUFX =)y FIAY = 0 ol i alslas

1_ !
X =\+e' (¥ X=\+e " (@

Yx=\—e (f x=1—e" @

SF G Sype 4 Ablw Olr 1 Cal  Beyke (YXT +AX)Y" + (X=X )Y + 0+ X)Y =0 S ailybs  dolxe

o
o Consl 2l 5300 (il Rod glad 095 (23 Y(X) = D A X"

m=o
\
)€Y —: Y
Y
plaSocn (F (Culys )00 (Y

feasl o X' (X=Y)Y" +¥ = XY =0 Juuailyiss alolae 5580 30 4235 plas’
el plazals 35400 alall SO X =Y g plats 0,000 abadl G X =0 ()

st @ laze 5828 alads G X =Y g planal 5,400 alals K X =0 (Y

Al pliieli g o iis bl X =V g X =0 (T

Ames pliie g0, blal X =Y g X =0 (F

Tudb K ad yo 51 jlaily glales wiz Py (X) a5 289 cowl plus F1xtg1PT“_1{x}dx Juol>

fL!
bt

o (¥
i

1.'.

\ (F

slste (i==1),(1) = € mb LY Joos

W+ 18 " m =+ 18 o
s+ s' —'
g -+ ja S+ 1M
Y ¥ (¥ ¥ Y 4
S' — @ S 4+

gy

-y’

YA




& d=io

(goue — (50,18 ©lusl ¢ il yi 5 SYolae) Slusly,

o \—cost
AT o oY Jras Z(E) 5 () =——

Z(f)zllnw’s"nﬂ (¥ Z() =Inys' +1 O
S

: %\
plaSaen (F Z(f) = L (E_

]dz (¥
N

1 o ylee T(1) = SINE] 26 (30Y Jooud

ot | 41
T ! ¥ \+e } Q
— —-ns .Y
Yo BT ek \—& ™ 87 49
V™ g " \+e™ s z
{ 7=
\—a"™ g +1 D L

)
bl on 1 g0 4 Aol p 598l (P 0l () W Ao (51

v
¥ = \
Xnww =220~ (¥ Xnn =Xt .
nh T e T Th}{; ¥ YAX!
¥ YA _¥ 2
Xney =" %n " ¢ (¥ Lna Xn +'_"r_ ¥
Y Xn Xn
\+ X
T
1—X
X = \ ()
X ==\ (¥ v
% =vi¥ X=
oyl ypandly 573 gy 38 21 Red 4uF yo JBlas ity T(X) = 0 dlolas eolu aly, 0 51
g (Y S ()
.nl..iipft:-ﬂr {T' ds (V

n : IR = i3 ; : :
Cuib o X = — alaiii Sy33 0 f(x) =sinx 2 onisS 5,9l p Yy =ax+b abbga jl guolie az <5l
S

. 5,

a= b———{\+?} (¥ = [—-—} ()
ﬁ 7, . Y Ay, om :ﬁ
a=—;(ﬁ+?}-,b=—7-qf = (v T),b : (v
L ST jﬂﬂ 1?1:[.:.'15_}.:: &!*55 LTS &3'53 3 nj.g_'ﬂ..b.ff BT’ =1 ) rakail s t_n;'l_:..g-
¥
(x-D& - _x-nET-Y
L(x) = i (¥ L(x) =
- = X—-DE-VE-Y)
L{x)=—{" T)(ET}(E Y) 5 L(x)=( - i
3

-¥4

R

-F)

-FY

-7

—Pf

-Fb&




§ amio (goue — (g9 7,5 ©ludly ;) (ol yas 0 OYolre) GBSl

Y & —f.]
51 oyl T U s g ool atil | © B o | Gujilesgs lade A=) 51 -FF
.7 =
el (¥ V(Y
-—T— LT_.
= -
o| (¢ Al By
2 L2
’ f(x—h)—f(x _ i
e P S C R P R
2 f(x+h)—f(x—h _ ; ) f(x+h)—-1(x)
T 5105 45 sy ot )2 DR 550 s T () =
d 0(h) 45,0 5 (Y sl ofh’™) 4530
slaSonn (F ot 0(h") asye sl
b~ m \ i
:L;mlﬁlﬁms-ﬁmu.ma.,ubuh=—;5=? qud!a.as_-,,a*_;m]=?f[cnsTx+1}{11 JLRE0 jluie —FA
4]
.
(i) © (¥ e k<
n —¥ i -
—1o ") (% —(1o ) (¥
\F{ ) A
) -
(K lad g Olain el 35y 4 0,5) 131 Cond e aly 0,5 3950 T(X,Y,2) = . oSl ~F4
Y& +y +2)
F.
E (Y — Y
# T
J (f £ (r

X \ Y0 o F |
¥ | Bl | B SRt el Cilas o o yinS gy 30 ) Jeuar slredls glp Jloy SYle -0
Yy | I i

f
. Y
(et ol 30 030 555 P9y Jso F(a,b) = ) (@axy +b—y3)")
k=1
Yoy Yoa—Ab=YV/50 {Tﬂ; Yoa +A,0b=r1Y,50 .
(
Arda+th =1¥ A Aba —¥b=1Y)
Yo, Yba +A0b =YY,F0 ’ {hﬂ:}a +1V b =YY 50 .
(
Aba +Fb =1Y)) Wpha+Abb=Ye, Yo




Y azxdio Vol (oo (owiipn Soaliyoge i

pobad wa b dels 95 pul (Jloj Tl jl ey it o85> o )0 ;0es Wl Cya j dle Bl mhu S5 59 550 alf 40
ol gz Gjlie plaf (i (38w Sl &g poliad 1 alals 1S5 a0 Azl 0iiS

Bgyes ol edlglf aie o3 31 (Y wile oo Colb laalgls” Asls o405 ()

D9l oo B8g7s vl ol 5] 5 8 25 o (F B3 oo LalS BAJolS cazas LSt S5 OIS = (Y

s 101 KPa hyxe bylyh coi lsn ggl> 0/0F M ko b 4 100 KG pyz 1 st ey joilow o blie J£3 gollas
o5 il 2lod 4z G 1y Ten 1315 51,8 wilouud wuad joidows (315 00z )0 45 08 U 93 (g9 (st oole sl 50 .ol 0 YY °C

m
[g=‘l!h T] TS 338, YU & £ 93D (gimnny a5l U puis
S€C

Yo 2 i)
VWY S (Y
B el 5
bo °C (¥

foww! e O le plus

S5 o iS5 LT eyt b diy s S5 (9,40 ()

Spds pladl 1, (Reversible) ,d,eds oSablol ol 3 ol o Wb o 28l Ly ponns S g3l (Y

;o (Irreversible) pibesf , snip oF » ab o 8l (Isolated system; W =10,Q =0) 500 ans pis K g3 (V
Spdy pladl ]

D (Ko e (5 9 gl GBI ) Wy s S (9,7 oS (F

HE sled ai Ty opl (b sl e hals iladgl jlade el 4y SWST jab & @il il S 3l Heee plan Jlows] 515 Sy jLES

W3S ped paais (V by e Al ()

s o bl b rals” LaS JaReisass L (F e hals (Y

PV =C aly Gab y coli glod 5o (SKwdl 4y 93,00 51,8 Y B Bno d et 45 e il 50100 °C 480 KPS ;50

{Er Hfﬂ) ?l.,','.-.,..ﬂlnt..'lf kJi_u.-...’!-JJnJ.:a F'Juijwéﬁlsnp:h-ﬁﬂ‘l MI"a L'?:Lt': JL:.-JU
— ¥y (F —Foo (Y —YTheoe (Y —Yoe (}

w]s .}5,.-.'::‘:4 J.nJr.J L.IT i ‘_,._'-'-.u.mi J.::u.n J0as oA bl _ﬂ.-f: ) j‘ YPY A oyg mju.li Licoo kPa JLHH - 1) {:.l'...n- I-.JT

kg

k.J 4 . ; W x .
s hy =FIV/D e o33 Gl b i i 4 0l jbu g mle 0l 5l (Pelie 1l 5l (2955 ol ileee Sub wiul2 (b ol (LB

St anled puiid zilo Ol oy Wiz Wil 18 ol b .oubl 0 hg =YFYO/D E

AYIY (Y 7 (Y VeolF (Y YO (Y

T A%

fwwl Bole (%‘) &l abuly plof o o5 solazul
T

au) (au} (au] [au] N
—_— =0 (f —— =R ¥ 1 =P ¥ ¢ =— ()
[as T 98 ) 8S ). oS J; R

~&)

=1

-oF

-OF

-08

WY

-aY




A dsdia Vg (oo (omwiddign Saolis0go y5

Pl ly Jlyme pigcddy ol jla 5l JSize (Sualisge 5 (Cyele) 45,2 K (Ideal) JTowsl 56 o late Jilie S8 Gl

Ablise J23 Z0h 4 a8 s asily U glo 8 g 43358 ploul 15 ans s
w” =#%¥0o k-] 3 E'VTT =H8fc kw] ) er =¥bho I{J 3 QTT‘ =IVa ]'hJ

fwsl plas ply 4 2 (Thermal Efficiency) 1> ey’
AR 4
/Yo (¥
AN SAY
1¥e (¥

ibss JoSid 5 (Hlgne g caliSp glaanT b 5l cawl (Ideal) JTowsl J o7 Jlow &5 (Saaliydge s 45,2 5
(Isothermal) Jlo gl o515 :() - ¥) a7,

Sl pax> o Lo S @do (Y - ¥) iyl 8

Jloig il Bludl (¥ - F) usl 3

Call paxs 50 Loyf Lol 1(F - 1) uyT 58

Tumd oo fuled Cowyo |y as o (logai 3 JISS1 51 S5 plas

P P
©), @ '0)
@ 0 |
«V (¥ @ (
Vv
T |® )
P ©
3 — \ : .
@ v/ (F O @ v (v
" 3(PV) ]
Sl aolae 5l a5 318 bas sled 95d o0 e lim ﬁ?[i} =0 all, by (Boyle Temperature) Ty b sleo
P—o v
L AT
PO (e AL | =1 -
$3 L st I = =
’ ¥Y=b Jrv’
o b\ ; A1
(b o[z - (Raby)" _[a)
TB = (RH} (F -.[B ( R] (Y TE- (Rab) (Y TE [Rh] ()

kol ol ppl Camd AT e 5 TL =yyoC 3 T" =Yy Spee g Loyf clracs cloo g O (Heat Eﬂgiﬂﬂ} u.;Ln)f jod g0 S0
x|y o) arke glod pamd Aol381 TP 1y jaige (B3l madles aziliz .cuul ol ()l 805k pa3lo 150 yaige Tyl 203l

Tadl o b byl oo o] (205L a3l UF 0 led yaige B33l ASI b py s YU Sl
FFOOC (¥ YAE7E VAL (¥ Va4 °C ()

~&A

-09

-




Qamio Vg ) ooad (ootign Sl dgo 3

S s e s 350 45 gyab &y wiS 0 )W AT =Ty =Ty, =¥ 0°C oles alold 5 (Refrigeration Cycle) w15 43 2 5
—g e 35 Lo gl soliz.yl (Heat Pump} Lﬁ..:_LnJﬁ' s (gl oled alold Hles 33 45 3> o FUCES{VES il o 1) r.::j {CUPL“HK

Tl plaS plpr (2lo)S ooy &byl

Y (F Vo (Yt £ (Y & ()

; . k
guis co 03lizwl Yo KW 5pae ©jud b laa jow s S 5100 'fé o3z ol FhaFookPa i3 booyld gler ad sl

T3 g o0 L yuane 5 | 5 al i el jo p3¥ 15 Bl ogdle lga s ols U o oyl 4 Lol ;I jlaie 4o ! LY D g gyt 2330

kJ kJ kJ kJ
e ——(¥ == W =}
kg kg kg ke
kg _
b as cal YA = yaulais 30 38 oy by F 5 0l e oS ol by (Condenser) jgumilass S po (R-12) 1Y = 98,8 36

- kl kJ
aSisl 4 azai b aCaul yooC jailass jo ol gleo T LI PRESLApES SER AR k_g o5g il b g o0 3,y Feo !-{E o3y G

Ol oy ol £y il (Steady) colepsy oy g5 ead euislis Wols' eyl @ile pllas U jpedlals g

kJ
foy; anlys poiz (Cp =F/¥ e

k kg k k
\YfF —E (t Yia — (¥ Y —E 41 \[¥ i (Y
sec sec sec

SeC

JLid 53 780 CadaS b gb e ol Jlo Sjsee 41 g 9 o0 Silbal opoyei SS9 350y Y0:e°C sles o ¥ MPa ;L3 0 £lo ol b

. kdJ r :
sy b o gl oy (g TVO kg o9 bty 3 1y sl ohs Il OF 4l Jglax 20,50 2515 oof j1 Ve KbPa

= kJ kJ
8! —k—g- wiz gl ol adgh 5 wdblAC ot (2Ol azilis aBd oo Cawd & hy = Yb) E ihg =YFio T{E

MF (¥ AFY (Y YV (Y

WF ()
& 5399 gl 2 Glod WS co wdgi Yo ©

OC cles o ¥ MPa jLas ,5 gl ol jl Fhoo kg ceclu 5o 5o (Boiler) s K3 S

9,5 )l oy Wl g By =TT 0 ke S S0 & 60339 Bl 53 mle T og I DT Hl Jgla ol 06°C

kJ , kJ "
sl e Yhooo *k—g' Bl WS paan S g (py= alg 4o J.lrl.n)! lade] u.T_;.iJ:- 1..;’.'!}1 S o S Ay h5=TDTTE Iy ol po

L= TR

¢l F‘" ROE _:,.:1_3.3 e gt n_i‘,....:..n-u.l.-.'-'.rh'.l"."l"ﬂ 3l gf.l-r_.:l 4,;.-'“'"331-' d-.-gu'l...:;-
r

1900 (F Wy (v vaq (Y YVa ()

S 35 ol (gl gl p Jloyignl Jod S5 bl oo Lo s b B gl 5o oS ablb o Z =1+ BP ©)0 430 S o dole

O el
P oy TN P

plaSzs (f (\+BP)In—- (v BRTIn=- (v RT In—== ()
Py Py Py

r] PPX STt Jldincdhrml_,a.:-.w!amﬁ_ﬂ Yy bar Li3 4 ra®C dLﬂa‘l;ﬁ-m‘_‘:-"_Lﬁl-T’T 3 Imrp:}u-d.!d.hm.!:u-__-]mujin:_f.'t

AY S ‘ op 1=|”“F‘I;I:nar oV _u_fﬂcmr

foawl alus ol ﬁ - CannS | ot AT jladle (Higl o0 0012 aT s < 3P ’ ~ —-hill'

_A/veem K 'bar ' (f vfvem K7 (f o /vy bar'K 'em ™ (¥ —v/ve Kem™ ()

-FY

-FY

-5

-

-57

~F A




T V) oot oo Sl ogo i

. RT
6 oal il oy §l paf Cull polie b g A ol j0 AT Cunl oud 0als P=ﬂ——% S yaee 4 88 38 S0 Sl Aol
S5en mile & Jeod e slas il Fomly e ol glales 10 ()

) :
sl L 0 e S pieSly we e (V

Syl Sl alaiis (¥

i Sl abaiis (F

oo px> ¥, (M) JhansiT coms 0 5lid o1 0 a5 058 000l V=V, [\ =aT=b(P-1)] )50 a4 b S gl p cdl> dobw
139 Wl a 30 S0 ojluil @ auole (sled Coll pxs jo amilis (i Culi polio b ga g (Y atm,o°C) o, lailiw! )yl 5o

_ a phi 2 4 y ol
g acdgl s plp {E] 2l L (Y Sybie gl L3 Sl (a+D) e L0

. a : HiES (g
Dad s adlal adql Lid & Al (H_EJ ojhadl ay (F g5 o 00938l adgl L5 4 a5l (—E) o3l & (Y

b gl 5 OVolas 3l SO plas ool coll Hlade O O ol 30 aF ol ouds sald t‘=P+uPT alee b Lol 558 S5 anwlfyd

fowl pamme L g plupSly
oP o' P oP o'P

== Y Z=\+ X Z=\4 (\
v+ aP B - \+aP : \+ P { v+ aP

! D oyl 1§ Dy & Lol T Db g0 ejmel SO 5l
H = x\xy + Xy +TX,

Sl plaS Xy =0/ 8 Jas yuf 30 Hy 5 Hy 52 Joo ples S & 90 0l 53
g 1 VIVS (Y Y (Y o f& (A
:HJhTMﬁhaJaéHBJWJ{LﬂJ{

P =\/¢ bar , P§™ =o/f bar , ¥y =F/A, ¥y =/

Tl e 5 slaaiy 38 51 S plas

il et e cpsrgi] el Lane i ()

ol oy Sl L3 g 5851 sl laz> o (¥

bl ged g i3] gl e (¥

i atetis 0 0813 Sledbl b o] £45 I3 0951 g iahs) (611 e (F

boplp (X4 ) aobe U 30 sy (U5 jlid az cod T glad 50wl o) A g B o 30 balso ;0 B osle &5 comd A sola oyl 551

PE‘“ =Yoo mmHg iy B ol glul jli lad s Ky =Ydoo mmHg ylp A ool gy <ol o T slos ;o 391 walys o /)

il o0

oo mmHg (f 6Ye mmHg (v YAe mmHg (¥ fAo mmHg (

Candlxd Cas s &l alos olos J..wau st {VHII Laar} B} a4 Oeld 31 a5 (V) s (V) Badjlw g0 3l JSice | Saeluoge )i pieaw R pY
X\ X

.IET =\+ TI\ ?m!w{‘ihg
G~
RT

=L = 4 vx =Y
H.-. .'-":1 s TK\] :[ 'I-)

=] yp— = \+—— Iny, =[\v+—| Iny, =\ +—| O
Iny, (1'_!_1'}{7] (FiiEny, ( *rxf) (¥ I8 ( Xy r X+

-9

-¥Y\

-¥Y

-YY

~-¥¥




TETL PONE ) [P PR PR | PO P SRR B - R LS TR U TP VIPOWE I 51 [P %) [PPICVE S SN DTN JYCOU I
o

Alad g 5l (T 3eetnd (V olans (¥ Sale (Y

Tl pul38l (BB 5 G2 b 5l Suplas 4 A0 Oyl JIESH (Brdeo 0,55 S (215 50

o ot Jol BB 25 o 3 X g 5970 Sl 5355 o5 O

0,85 A3 o lpo sl 2l a5 o o el (F 0,85 A3 sylao sla ol Sl Ly o al581(Y

S a0 15 3135 IS S Gy 51005l 531 51t weOs0 18 e338is 38 (sarl S U 45 (510398 50 1 o

pedd SnlS | 0,95 g0 L23 (Y petd 2l 0,98 oladl ()

dgb salinal S g g Al slaa (F a0 alidl]y 0,65 a5 Lia (Y

g 0Bl Aline LT (Kol lwguSiurg oLl b Jlow 90 (a3 (plys plod (Jy90 50 S amio S5 935 1 Jbew 98 o)l gy 5o

A 3¥ plad Jlow 90 opl 2ol Copd 3500 0 Sy ol 30 Bl Uy = THy 80 Jlow plp a0 Jlow Sl s aliwgSiung Cond

AT . SE

hy=hy v hy > h, (1

25,5 Glgises e s balal )3 (gl a1 (F hy >hy (¥
CaBS 0 Fy S A2 )3 oabge Sl due Jluie mas 35Le «glailginl Blybl azabl b 2 o

obyr ki 4l o (F O alads (g o ()

| i S ol ) S0 &y (S (F sl & ol gl 5l 58 4l o (F

uﬂULuleq_régMHHELJ\J:#,J{ELE-}TTgT\ﬂ:é;:&;aﬁw'r_}ﬂjfﬂd{@{ﬁ#ﬁﬁ@ijmﬁg;ls{ﬂéjﬁh&&ijﬁr

(oo X =0 50 LoyS udei £5  0) Cowl pj a3 5l SoplaS g usly 55 (5551 walsi aluly Wil ol Hlges Job )0
T-T,

=C,+C X" +C X"

T, T, y Ly Y
q° =q.+fek(Ty—Tx (¥ q =g, +fcrkx ()
q° = qq+Ferk(Ty —Tx (f q° = qo +#eck(T, —-Tox" (v

Sl au38 olaf odl o ¥ =F(X) = X Sjge @ ol cwain S0 Aol a5 JS5 by yde oy j0 Oyl JUES g o5l dolee
0=T—Tow wiloos bl curdk g Sl lomler cupd b (Wblio 0l 5500 4 05 ahaio Fhaw)

d'6 th
_T-EB =a (}
dx
n: 'F{I.}:—I Lt
.\'jI1 xfﬂ+t‘xﬁ—fﬁ(£)xﬂ=¢ (v
d;.;T d?{. k
Y
'\La- ﬁ{i’fm‘dj x-c-l-ﬁﬂ-fﬂ?-— Tﬂxlf.i:a 4%
dKT dx k
Y
:{fd—{i-r'fxﬁ-ﬂr-—ﬁﬂ:ﬂ (¥
dx’ X

ol euelB Ay Cannd ol o 50w b Wbl By = 0)V0 laacl S5 o po #1108 e Yem Gl gl o ¥ em dilgiuwl jlas
h=%m d=Yom fowl juis alsuwl

o [TV ()

: o fth (Y

3 olFd (f

-YF

-YY

-YA

-¥4

-AY

-AT




IV d=xio fj\hll;lFJﬁlil

- # w -
ol Jiee peplsin Flicesl Boo- o P Senlie (28,5 I 50 a5 e S w b lllg) 90 Tyl Jose K 6l
m -c
¢ m"l’uc
wlos WS g Ly @)l JED (6l o2 o0 15 40 AX V0 L Jol (g Cunglie 08 (2lyb Cigay bulyd (ol 1,
W
Tl a3 plus ©d )8 15y sl a5 LS Tl dus 33 ylade LSy
[Fo (f 1FS (¥ Y8 (Y e ()
3,0 (lsF b 0590 a0 LS 5 culd i J il Calan y po
dT dT dT
—=f(x) (¥ — = gl sae (Y —— =00 (Y EI:ﬂ{\
dx dx dx dx
faml plas Joles 5yl culun ol odd LSld oLass calses L i.{rg. Ky &)l eulun b ilideo uio 99 3l S 50 05la30 SO
vk, k k,+k
podobe et (BT ¥ ky+ky (¥ ky k¢ O
ky +ky Ky ky

Mo gl & wisan Ky =Ya,ky =Ya, ky =a J)ls colus cu i s wuiy o Ol alifie plaw g Cuolid b o508 0ylg00 aw
Youwl iL-.!_J: FL.I:LI lé'.'"h"“ Lﬁnjlﬂﬂ- d'.m:l ! l..'.u-_-...-.uj-' |||_§5La.u.n I.I:-JIF
ol B e EA L \ATAN 4y MYIY (Y VAN ()

193 ,5 g0 Sl Jowo

ol = sl (F eels —  aaldl (¥ als —  2als (Y Bl —  gals ()
fogdien plp 99 Loyl Glbl 4 B9 5l Lo 5 JUGI £ 55 25 bl 1 Soplas 33 .38 o 0,5 1) (Slol glen 45 s a8y 15 55 1) (559
- g ﬁiﬁ 53 jb}.::ah..;{r o3 g “,.ﬂﬁj.:n Il_E,|.1.:.-41 slaa ()
Ded plp gaeax gl JSb Sluls ol ez wu i ST D¢l plp g3 el o laz 05 Culas u o (Y
& W T
ey g To7C glod 4 o 10 (go9a8 Ojpeo 4 390wy ] 310 000 p 2l il sleem ol Cuwlks a5 (g5l
m
(284 B8 o U Lo 8 JIEST JF1) cCosl gl do 10 Wi e ol - ghiw clos | 423 ,5 1.3 h=1\e Z ICT e
m C
1Y (¥ Yoo (Y Ao (Y Yo ()

AB=AD Ay =odm" sl 1y 555 o0 a3 azdly Jsil elo;? jlids

W

kg =V0o tkg=Yotk,=0otkp =Yo
m-c
va kw ()

Vi Fkw (v

o QR NP 7= ¢ —
D

slig @ bulpd pur ol gy 1058 ol SUS 4 £9,0 B padd oo )18 Jlw 1953 53 wlossT 50 6955 #5531 w1 (5955 e
Sl 25 a3 plas b Joleo Ly &5 0,8 prdaw los <l ol bl F 430 Lus (Biot number) g o ;yaus sus 45 ably
25l i (giled @l Sype 4 Lad (¥ S35 ez P e sles ()

plaSoen (F (Bulk temperature of fluid) Jlw a5 slas (Y

-A¥

-AD

- A3

<N

-3

-]y




VY amio Y51 oyl Jlasl

Jlw S s a8y 13T Wgd U515 pub a0 33 2 SFTedadioo o8 Conl i Los cod 3] o)les 45 (glalgd 515 53 U ey b o

39l o0 plp iz Sl ol yo (lle Oyl JUSH G 38 000 00l (P98 by w2 peS oo 2l 90 )

et go plp ¥V Dl JEl cu pi (V W2 ol s 2l L) o 25 ()
wyder gl VYT &l JEl o (F g oo plp ¥ Ol JESl coya (7

foanl gom g slucl az @b ol (@bl ol 30 Oyl JUS oo o
Gr ¢Re gpr(f Gr ¢ Bi (v pr s Gr (v Re ;pr ()
slod Ll 020 50 ::J.I G20 4 T 90 53) auds LAS KD 0 sl el LS bl glod e p ) Ao gl p (635 o adali gleo

(ol &3lg h plul co s T

Pinn = BiTeo+(Tm,n—+Tm +Ln).+(Tm,n+\+Trn—\,n} i
Y + Bi
EiTm+l(Tm,n +1+Tm=yn)+(Tmin—1+Tm +\n)
Tm,n = Y - (Y
Y + Bi
EiTm+lme,n—‘|+Tm+\,n}+(Tm,n +\V+Tm -\, n)
Tm,n = Y 1 ' (¥
\+ Bi

BiTm+1{Tm,n—‘|+Tm+\,n)+(’Tm,n +1+Tm—=\n)
Tm,n = 1 : (F
Y+ Bi

3,10 3gmg  ald an jLL3 BMES g Lo Lol F Sy SWE] oy
A g gl |y 551 las s 3 (S plS e ()

Al 0S5 b sl sl Selite slaasly fyee (V

wihis el d witee Sglite sdody A & bgape 92 (T

attes Sl S gl g o)l JUH(S 2SI 48 e (9500 e 7 4 (T

g kil 0 YO

2 Alp Ol JES) bgie w30 0,10 gl s aly] O 500 4 Geige Jlw S T O Jab ay S5 axio g9y
m LS E’

{ Wﬁ}?iﬂ';uﬁgmlﬁﬁpﬂdﬂlj&ﬁjfkjﬁﬂ

m'.°¢c

Yoo (F fo (Y YoV Yo ()
olaf Wil By, 8y, Ty, Ty s Aps Ay il o i 4 Wil 385 o pd g oo oo bus 5 Wil oo (il (Sl ()l 45 (55lg0 axio 3
Sewoled] o SOl glosS Sisled ) alolxe

-
H Avo(Ty —Ty) v

q=" q=AAG(TY -T)) @
Ay Ay,
& &y
¥
AG(T) —T:) B Ao(Ty -Ty) v
q= (f 0= (
i ¥ A5 A
AR s W

gy &y g, Ay &y

_qy

-Af

45

-4A




\F amivo Y o) eyl Jtsl

Joee (Gl pan 50 81 0idl o S8l a0 Ao slos Comi ) 6,8 GLLI slre S S 10 i oold olid duls e S 49

(il i 81,8 il 455 uslg 30 ) 0, cloo wiil Yo o wles vy Ax = Ay = dem Sg Sl | UTAQ
m-c
m
Te=105 ﬂ:’}_ W/im! & Vi ()
9 : Yo (Y
G oiia w/ide YA (v
&
o h._.& Yo (f

g 39 3 9kl YBOOC (slod caxd 33 5 5510 1uSy 15 )3 1, VO ol 4y puix o 51 6305 xSl Sy 5 Vem b5 4 5308 6,5
25 a3 ¥ 51 Sualad WSl ol 3w F 55 9,90 33 il Loy cawl Yo O glod b a5 | Jlw gglo 5 ) ado S g0 1) g0y alixd
.J.:aLgu.nﬂh jiﬁﬁﬂdﬂdb:&ﬁ;é?ﬂm!ﬁg&ﬂ

l;udlﬁJs.J1£_‘__Jt_ﬂj£.nuJ‘J|}J+-}DJ(T

ol cmSin 3l 2B 05 il 0w (Y

D35 0,5 5l ol gm0l 5w 5 Sl fen o aloule b 4 (K codd 6T 5] RAL LS pae a5l cle & (F
Slcwlleoo K sbo caxi B amio gYooo K gled Cond A o icuwl oud M3 Ll o gglas pid w3 U (B g A) dio g0

il oo A dmio jUS ;0 4T glaxmio slod 39d oolo 1,8 axio 90 ol o sl B g A u@“@@iﬂﬂﬁﬁﬂamm

Sl yaiiz Lo 47 K anly 4o

VAY o (F \FYo (¥ \dde (Y \ae ()
T-T (2
stlst 9 JWs dae Pr &5 ﬁ= V=€ Y e Tl e a3 L meT AT e o)l ol (slxie (g (b
o W
m’ m
S sl azhao 51 9908 Stz ¥ 3 YKV — iy Pl (Soilodns GinmrguSasy V¥ — il g Sl 35T ot Uiy <0 /¥
sec sec
kw ’ g oy g W
! juio — dly yo dzdio 31 Tyl 5L all YY7C Jlow glas g FVTC axio glod 00 ¥ —— Jlow Sulud v s
m m°c
\Y (F Vo (¥ % (x A ()

Slabl el 40) o5k Gyl Jols b b ol3T JSlouls @ yb 1 Conl phueil S jLAS ¢ YYOC o] glod aF oo 30 0,5 dxio
+eunssesnenanes Jgl Sl &y Cannad bummo & Tyl Jola 5 w0eb 00l 51,3 bl Yatm (LES Js YYOC len boo aF Jauxe 30 axieo (pans
aile oo Bl =uli (Y ab o EalS ()

b ol b el ol S 5585 518 Sl @ (S (F Hlgn a3l (F

& L : .
aS5] 3l am ol Yoo s il o b glyls A alio aileuds Laze £18 4lad S0 4 b Gl ok aloli b ghad o g 0jludl p alis 40

€9y Lo peod Sl 10 0°C plp g oud azd 8 o310l A alio (g9 oo 3laed jlVoem jo awy o bl Sl 4 alis 90 0 50 Lo mo e
w
f ol J-.J-.E_*:- =T JJ]};JH dJ.i.n‘:h_Ll.h ot g wianls & €M alold 3 (B) Fg.}ﬁl..r.n
m-c
\do (f VYo (Y &do (Y Yo O

—1+¥

) f



adse maliid b O 23,3 Lo Gulejl 99 33 3,08 by OF S50 (Jaym Al 10 5 ©f (Sl Wad 13 5500 oo slaaly) (Fyly> Jome Sy 50
Al 93 52 53 Canllly = YUy Ol Gae s pgd iales] 15 g Uy OF s s Jol el 5o ol sud andlunSs ol jl (b= ol

h "
h_T =7 Jol cdlo @ pgd cdl> g louls wu pd S il co ply1U O 000 4 U =
i

¥ (¥ o VYE (Y V()

=l




¥ azio oy Jis

Tl s pjo,le plas .oels o Jizie RgE}'ﬁjJ@.ﬂ A;Rhﬁﬁwnjur.mh;ajﬁng&q Tx Sy

Sl Jols | ot sy WS Las g Rd.__-Ejh-]LE:Jl»;.&.?{T BLIE Jobed gote (VL IS Lt g R G E ) el ey (0
el Jolad omta ool 5 Las ¢ E 4R 1 il cps (F ool Pl e (VL 8 sy E 4 R 51 JEl ey (7
(w2ligo J9fdge 0359 M 5 @Gllas gloo T) iy Jodsns bauma ;3 A (ysaidgi 3o g s dadi o b

~:-1WL::-«{—T~TM (f ol L-;..iw 3l S i L3 ey T
. M A ] o M oy Coennd 328 (Y Bk LA e S L35 ()
foml Jole plas’ oy JUasil glaucaTy8 a8ly 5 20 g9 50
STV L f PR U o L0 wtleond il (F L25 GO L Les Gidls! (Y cbile s ()
? sl pts Yoo (Froude Number) 34,3 sus 3,40 plas jo
Mot gl Fad g (F P el g (T o p e gt (Y 0} g Sy, ()
foul gaa dlal) @laS .0 035 oo @j90 B (o5 o5l 4Y )0 A cjo 39k
F=kyPy (f F=k.Ppy F=kGFEE (¥ F=kyPpp

S i a5 mlodls 51,5 O (593ma 5 )3 (ud Bgyb S S5 10 501y € (Jgo ananilo b R, iyl glad ay g piuimnl dals alglf S

* -
090 Sl (golod U A5 o0 Job jodar wlibC g O oy9)0 dpul gLl clile g 0l K pily p e JUisl o y6 51 D9 o8 03] pdd Gy pod

Souds Jo T

kC; GR, R y
= = (v = KCA

o kCya kCa faR,
Flawl plaf o dl5 = galan alis

Y ¥ X

Ju =Jp =Sh.Re.Sc (¥ JH=Jp=ShS8c™ * jg=ip =StD.Sc’F (¥ 1 =Ip =Re.Sc¥ ()

Tl yicawlio 15 9,80 plas 3o pls Jus

B (g g e b s S (5 008k (Y 05 (kP (S 5 Sy b @y LS g pdydshi ()

oy S P S b S LS (g pdydeis (F 05 kP (Fash g e b S LS g pdidei (¥
buglo g 010 0) (2955 y0 g 0f 0¥ Slyss 53 Jud Jo 52 (oo juS 3 pdy 0 g0 I Qi ke 1Y LIl ay sud  grs S 5
Fouul jodar JUsl ooy Sy gli 0l 0 00 oYY Clild BT ot )8 g0y

N (F #IA (¥ B (Y VO ()
WS S g oadi ooy OledMbla dsgi L1 P 0 °C clos _,,:.{:__JT&EJQJ.:.&J,LMJ.: A oolo (g 0s3gdi Cu s
i}
VoFx o b Y00C e 53 0T 35 A (5dydehi cu
Voo xye™" % L pln Yo OC slos o O an jeSuny
-y kg o T

of/FofFxlo HLEJ‘JJ‘. FoC sloo 30 Wl a3y jeFung

¥ Y Y Y

—a M —q IMN —q IMN —q IM
¥/oox\o "—s—{f \/ DY x )0 "—é—ﬁ' V¥a%)o q‘?ﬁ' Vofxio™ — ()

s

To9 00 Cgummo puiitans oy JUE Slilos ¢ 32 5 Al )8 plas

ey ez Ogelilln S (T Gligs jl dala oyged 2L3 (Y Siamd (V B d ()
Silyon gy Cens @ yely 31 God Jo o3 Sedi Cua R 3 50 @B OT UL 1) NayCOp —Yo HyO  Jliwy 5 culbl>
el guome Jliwy ;5 SLLI 56 @Y 1 55 o)l plas

el 035 ol b ged g g5 o &y Do 3585 (F el 0355 bl b gan i 5 0900 Cemns & D> 3 ()

il 0355 oloulr U goon 5 50 Coams 4 Dl 3585 (F ol 0098 oloula b geed paf 5 3o s & (O) Il S0 (F

Al

-\-Y

=1+A

)44

-1

-1

-y

-1y

-1\F

-114

-Y\F

=Y




VWY axiaw P JLas!

Joe 31 YL 50 7 BB Caend 10 plikels Sl b g g8 0uiST s S Ygome 518 5 o led S 0uiST (glag jlostinal jo —11A
Tally oo az i ol 9,01 1 Bas 33,5 o0 annd male 22597 9 299
e i ezass U 1 0 enls mle DS UL (T Ol oaay (Jlatal £98g jl s o5 5l ()
g3l zed B Clli g pby 59,5 e O kol 0351 iy fael o 8 o 4 5 5 Tyl (T

}" =X D yges ﬂ.}dbw (AT alales Teuwl PN {EME) 31.3' Jﬁu.!l.nilll ¥ LEJEJ}Q a'.m.h.ilj 9 CLEF I LR W aala &L.':u al> vo I.SIJ'-' -1

ety g
daye VO ()
s Ba(Y
duoya Fo (Y
dee 3 FY (T
= 0,49
= £L60
Ay = 0.
T -
wals YFo o : s 0529 b ST Al o ¥omm B 4 gayd iy E,b%ﬂﬁﬂﬁﬁﬁg{?ﬂﬂkﬂd} PN I RCRE TR | £
m
?Ew!phﬁgaﬁ-nfawﬁhjhgdéhgﬁjd_ﬁ-ﬁ
Y (Y V& (Y Y Y Y6 (A
Tl pass akail, alas all aly Lol gl ylo Jold bas g 2 J s zale 38 bwgi g JES ol aF g o =T
\ y \
= = = = = Y . =+ \
Ky =Ky =ky (F Ky=ky+ky( Ky =Ky =ky ( K, Kk Ky (

Tl ypaome p) 5 090 50 a8 51 S plas <TY

—
R b X

ol 1y el mdge o glles e ez las g el gupd 2f g Gilge Sllos axly 3,5 0 D90 R & E 365l ez Jezi ()
AR, oo

] rBge Jolai it Sy Gzl 5 Sl 5ind g (Silae (Slebes W1y 3,5 o0 D3 R &4E ;6 3l e Juxt (¥

ol bgn lilae imia Sy ez e 5 Sl s e 5 (SSlye (Slelas 91y 2 g Sy9e R & E 6l Jusi OF

e by JoS e SRl el 9 s yeb 3. 5ilge silelas azly 05 o0 Syp0 R 4 B J6 5l oy JEI (F




YA dxio

ez Jul

Oghst JoSAT 35 gl Sy b g s Jsb 8 C G 55 STy b g sedie B 5e,5 wels @lid Gl cpes 3yly A

Sl Gl @yl s 31 adio alaiie S5 50 A i W5 dolae FA(g)+ B(s) - C(g)
\ T T

Ny =—Fln——— (v Ngp==Fln—— ¢
T F-Ty, AN ey,
i f ¥ !
Nﬁ =—FIn (¥t N4 ==FlIn
Y f—vy, A vty , K
el oo odliinl (pgad (pl 53 5 alaily azdlgo G Gh3r, Jlo 50 gl plad 4y 318 5 51 0 Jlsl
oC a'Cc, a%€
“x'__“ﬁ; =Dup e

oz’ ox'
a5 GBS Wb O pl 50 (el o 1) 398 dlaly a5 T 90 50
Sl 00l MBS e Z gz 10 sk JlEs 0 X Sy 0 shos o5 > 510
ool Jaidie Z Cua 0 JeSlge Saii b anslis o Z S o shodgi &8 o 51 (Y
wanl 00 RIS 0 Z g o ghedg o5 > Blis o Z gz jo 5 Sea 5l (Y
el 03 BB 0 X Sz 0 hegT S o b denlie 0 X s 0 JeSge dei SHCE
§0,5 W 1 Blgiis0 (g 43 ) () wad 309 Sae

Pr Pe Re D
L, =— (f =D =— =—
¢ =5 ( L, PeH (r L e (Y LE-.G (\

Yy

-\TF

Y4




Wi Valusls Olles

moles

whuly plas b M (JoSg0 py2 9 P cali anpuilo b Ny — 5 s lyen 510,00 513 ey 695 2 65l @le sl Y S
m .
dz N,.M. d :
=—A £ (f "—EZNP“M.FI (¥ dzzw"ﬁ"m (Y dZ:NA.[} (
dt \i dt dt P dt M

patd i LE3 a5ls 41,3 _rn-u.n.ﬁ S Gl gV o o K clos ;00,Ym Jab @ dgd S ;5 (B) 59,500 9 (A) pgala I8 51 T E

3 —¢m’ m'.P,
VATM =1x1e” Pa , Dpg =o/A¥IX1o " — (R=AVVo 1ol
s Kg molL K
e | o -
Bx\o F ETQ (¥ Fx\o o Kgmﬂl (Y T xlo ? Kng] (¥ TH\ﬂ-ﬂ Kgmﬂl ()
m'S m'S m'S m'S
foaul plos Lo )7 s Silale yo 9 3 50 (Se) cundl v 900 das 03 9o
oo Ghe 5la0 0 o) jl(Y Voo Yo 5laV o 5i()
Voooo FYoo 5lg¥V 5o l(F boo liteo 5la0 L0 5I(Y
st i 3981 kot 308 Cannnad (S€) Condl By g9y 30 S0 jud pogde
P9ge S8z 4 pRiega (T PPse 3e8 o 4 (Il = ()
piiege S9ii (i pb 4 JoSge (F ol 358l 4 (JeSdga (Y
fowl &30 4z & (B) cub selectivity b alo - aile zl,500! gt )0 Jola alayl,
X X X X
Y = P (F y= P (¥ Y= (¥ Y= ()
-+ (B-1X V+(B-x B—(B-vx B—-(B-0X

4 03)9 ghotl yo a5 (g0 ;0 Conl ad Sl I )0 dlgy (FSAS Sy )0 &F gbye digad S gl Oyly> Ao Judey
C ] & ygue 4 41 il B SolS 4T 2955 58 5 wob o MolS s S SES

-
T\_)_ "

(¥ (\
3 T d F_Ead.b
- T
f 3 _':-5..____
(f ] (r
s SIS Yok
B s 3 gl (9] (5l JOlaT Smie g o0 0310 HLAS Y = X (Jae sl e g R S slp JOl (S
Tagd oo pylu "':'Ef-’-."»' G{!Y} e
5 vX axX X
= ¥ oy = i ¥= (Y Y = 0\
¥ b—FX ( b=%X { y—¥FX \—FX

a0 p3o al>yo 5l 29,5 5 Jol Al o 4y (63959 oole slacdild wud )i &5 Yy 9 Y, glacdile 3 ¥y (Jlw RIS o 4l
ViCaawl !nl..ﬁ'

Y, =lnY, Y, (f Y, =Y. Y, (v Y, = (¥ Y, =Y, ()

e

=-\TF

-1y

-1YA

-1¥4

¥

=17

-\¥Y

-YY

—



Y+ dxio Y a)uslg wllec

ply g cull ;_-j 30 Cushy wals ol 50 a5 0gd oo cublin g aid 8 418 0,5 SiS :J:'ﬂ"'“ﬂ S g pe dele diged S

dx .
oligls Sld pehaw dll ———=0,F 4 o) AKZ digei cpl @ b S Ml sl gy AT T a0 y0 0l o n;‘i—kg"'

?Cﬂ.ﬂll Jn.lj_'?;
fm' (f \Fm' (F o fm' (¥ o/ v#m’ ()

§438,5 )18 (i plame Jos )90 Conl HiylhE 3 (Jee b0 Joldh &5 jlou &ja0 4 (Ji 90 bolia S5 3l Jae B0 &5 (g 0
sagde ;o) Tud ublgs juds ouwiledl ;o Jeams ;8 50508 52 Jeo e 00,5 Jol> mle Jeame Joo Yo Joc clysil 5o
(2,5 o jo ¥ =YX Sygea olef oy Jolad adul; solisnwl 5,50 clale

o AY (F o ¥R (¥ o 50 (Y o X0 ()
ey 03 A1y 38 Qb b Slaad oL 1 (Pulsed column) gla s g9 5 mbo - ol zl5cwl glagz p o
Seh g0 Gladily als Sl (Y WS oSS 8 g0 el 4 ()
e L B =T ™ h'j 38 ol zlyal LB |_|-T booad wde e B8] cawl i v culi ma b otk wds et S0 Ll
W3yl Sz il i St
YU Els Sl o 0 (F YU fls Ol e (T Seals £l 5l o 5 (Y ok Els LT s (0
+|..klfu.q P o TR L 39l ,5'.::; & sessrsnarerssanns J.jl-g: ?5—4—'—4
EhlE LBl il szl Al i o WS, 5 s icalslas® ()
sl Y 33 i 31 i 651 9 Coglin cuveeinninins GO 6l cygaanl yalad a4 4o
e g Lt Sl duliaSl s (F ol o JLtS 2l o i daSTys (F JLas il p b ST 5 (Y SLad 2l 30815 ()
oled oo dlolae plof @ dagi L) 29 ola Sow dload  Blas Gl sall eolazwl sudilliss S0 9 oF O Olpedd pudalli 70 S0 0
":'JJ: l..rJL.._'t-
L B X w X Yo
log— D 1 * ]ﬂg\ D L
- — X X
Np +V= D =W v Ny #1=———2—W
]ﬂg{uﬁﬂ:w) Iﬂgﬂu\aw
\—X X X L (. S
log D ; L IDg\ D W
X -X -Xp X%
Ny +t=—B W ¢ N, +1= A
log /ou,ctyy log(ctyotyy )

-J.-..u-;.‘.‘-"l"ﬁ r_ﬁjl ol PP Y ﬁhﬁﬁﬁqaﬁwrﬁglﬁujﬁudﬁhwﬁﬂ G.Ig.n desys YO EIJIJEE j.A .'Ela]_':'u
LTI FLLS' al.n 318 Jﬁﬁ.;jarnlﬁ.ugjﬁ{jﬁ Jalfﬁﬂjj}ﬁﬁ}ﬂ_-ﬁﬁhl:aﬁdlqh bl o d..:.l_gll_‘:hg:;l_]f

¥Yp =ob— Xy (F yp =V— Xy (Y Yp =1—VXy (¥ Yyp =V—Xy O

37 90 Joke 7 1 0) Tiuwl ruamo pj @ )le plaS Z 5 0nl 8590 50 Bl oo (il Jpame Sy 9 STheS 90 Gl bl E Sy
(39 g0 yalaZs

Al e a Jobs Lok 3lass g 90 Joalis UG olowd (F  ally o ez Jobs bglas slass g ez Jobis blas slas ()

il o 93 Jols byl sluss 5 au Jolis bl ol (f sl gn s Job5 oghas olus g e Jualis blis slass (¥

Cd 50 s Oljlaas 9 cogae Souzd il 8 jo (tie line) cows bghas [,

el cai o JelS jakas onigd o gz Sl (gl (¥ ol Sl al ey yo ajls cdale a5l (gl ()

it &ilgs wo b JobS g Jolad (gla sove Sl ol (F ool (K 5l0 g0 58 10 0uisd o e Sdale a5 sl (V

A Jos e3> 51 ol =T pluwau onl lp g au0)0 80 SThas 0 A Yl e B g A (052 99 balie O (haadlpns yebadi 5
Cogr ables jade wlali 3l Jol> oud ()9l @azr Oyl 13 A (ge 552 buwgio D95 )0 T ply pubilli B85 eilasdly 50

o N¥ (f o N0 (F o FY (¥ o BY ()

Y

-7

=P

-\YY

=17 A

-1Y4

~\¥+

-1F

-\FY

SVFY

-\FT



I I Ir”'1I

T\ dAxow Y g J:ng:dfln:

pdiee pelS S 6l B Pl S w A o € Joloe 51C mb glpsiwl Oldas jo

2,00 39y Jlye Slasi g P (Frae Jlade o (ol ()

Dy g0 Bran Pl (5565 Jhade el i e ol az e (Y

Sgge B pan Pl 6 50 jlle 09 iy Sl e sl 4z e (T

3505 (5 5 Jol e Slaas 355 o Blgs g0 Pl Jlaie Jilas 4 a2 g L1, P s ras ylode (F
Yl zaze (coOling tower) Gl SaS 4 ouiiS SUS Z 9 S 050 50 9§ OMlas 1 Suplas
3,105 0gg  Sudgamme gy il glod (gl ()

wanil (695,8 (glan St gled g5 Wl (gles JElas (Y

ol (39,5 slgn sk e los s ozgy Sl slos Jilae (T

8l S (63555 lor sk e oo Sl el K s ozg B ol gles JHlas (F

SRlS s 4t 5058 e Culis g ol3T Cagby slads B cunl euiaS S oyT Cagb, Sebi cogbse dal> Ly 0,5 iS40

00,5 vales pudi Sijgeo da A 140 45 LS F 0 cligd sl

.JJS -..'l-.nhiﬁ.':u L_g_,.:._-.t.‘i I:? "'."5':"1..5"' J.fl_;,.: JLE"?-' Y .J_g.:r‘_j.q- J.;lﬁ g3 (Y .q.'ﬁg.:.lsq waas ()
Ol a1 3 plaS S5b Led Jilie 15900

o _j\f (Gas Absorption) ;I8 wis ()

y (Gas stripping) ;I8 xs (¥

= (Adsorption)  daw wis (¥

(Humidification) 138l cush, (F

Eyring ;55 wlol 52 g &le (F52 99 bolke Sy 10 A e3> 398 v o

35ls paiiane o Loo L ada ()

213 S S Jolome A% 5eSg b g o S Lo L (Y

Sl gn e Joloes 425950 g 3 Led il g Sl Jolowa i jeSiny 5l (oauli Jadd (V
Sl S S Joloms 4% jeSes b 5 pafts o byl Jgo g Lea L (T

Wl 0dls 0010y ) polie dale mlaw Oiljlgay lgs o 5> L Convective o buls ©ypa b o dole 40,5 LS fas 4o

coli was N, =o,¥Ib/h.ft"
Btu
h.ft" .°F

b glod 30 O pded s @)1= li=1°fﬂﬂl::'

Syl JES ey b h, =1

s slos ti=VYoe°F
fowwl juds> t lam 3047 sloo
YYeENOF (F \WEYOF (Y \YY,EOF (Y ##,Y°F (\

-\¥&

-\FF

~\FY

-\FA

V¥4

A&



YY di Y e S8

“JL_IJ:‘- ‘:,.1_5,'51‘?.3545.-; I 5ol ﬂ}ﬂﬂj‘JJF J..‘r,...:l..;rl.h:n "rr'n"'ﬂj} 15# U.IE.-'; .JJL‘:

m
= obrr g yo e e e gl

. N
fudl oo (:“—T} &0y R g o dgdeslax poyly by AT Bl 00 Y Ul

T;f If'f' h‘r {"E” D-]:T (T ﬂ;'r {1|

i R S
sl b g a a5 =X 4y ) s v=2 . w=b :éual oud nélﬂﬁjﬂ;wQﬁ]j&ﬁEJL’-_‘u@{ﬂﬁ ek g 53]

fasd co LAV 25 puove 500 4 35 slus wiies
V=-Yaxy +c (f =-fay +¢ (¥ v=—Yaxb+c (¥ V=-Yaxy (\

m"l"

8
P!y d.]g]ﬁﬂ|ﬁd..'~_";f AN

ﬁtmh‘id,!_,a-flmrﬂ ﬁfﬁfkdahngflc}wdljlafﬂajjayiﬂiﬁlfﬁ1ﬁ .bn}r;‘:n\ -d.lgj n.‘l_;fgr"?

o> 20 b

L

:

. \
ol ,L v ¢
T—— D, :'{*r
o ¥

Wil 450 ) o e VT yhs @2 (69959 (5190 (20 9 o Sy iy yhad ST iblgn © F Cull s o (sl (8) Sl

?W!QUHP%M{JEJ‘LJ‘”Pg‘jHMﬂ

Yo (f Vo (Y O (Y Vb (Y
A
Towwl 4y 38 plas b @allae Coe s 2 597 . Camnl 00D 0013 'l.[,f=?llll:1r +}'T} S ygeas by Al
Ay A A
VS Wy= r}r‘r{v b ‘r}ff Y= = Q
X' +y X' +y x'+y' T x4y
AX A
V== W= Y }'T & Y= TAF 5 Ny Ax (¥
x' +y X' +y x'+y X' +y'

. . s L= & B = C _
?-..L-.ul..!u-u JLE oo J..r'l_,.:r de.! l_!gl‘l a:-lg ¥ JL.-.E cadl J'[uu'.n +-}J|¢ gl{ﬁ Adem J.EB ot L,....HET ﬂ.'rgj Sa e T;-ﬂl—m Dl L "7'1
5

v

tg=w~=f§mmm T ilo) (V=10 S T gl Sl 45055

o A7 (¥ o ¥ (¥ o XY(Y o VF ()

JUIS 01500 4y 03y 3T .30 oyl 32 YAt Jolas jLoS i b Yo o fit Job 4 VEIE daimo 9 \YIET adaic b b JUIS S50 51 O
(FYF =0l gl 7 ) adl o (:.t—hr} L

Y\F (F YOF (% VVE (Y o VE ()

bl oo Ol olS aiz o1 5L 3590 oylei waad (ful3dl Ao o kpa Iy OT jLaS dwali cnl ST .canl 1V 0 Jilie JS3 anali 055

Ybe ()

Dy= A tm T (Y

D.:ftm > fo,00 (Y

> > BY,F5 (F

Vl = ‘(L Iﬂ/‘s '

-4

-1a%

=147

-\&F

-144

-1bF

-1oY

-1boA




Trd.:lr.&.m

Y b S5

T35 BB g oo gy G g wilesd sl (3% lers g3y ¢ Ry g Dy Jeolsd 4 aF aijg) 90 51 JSB Ballae (Jlw 104
segliyl g hy g hy glacu 5,50 jo ubly 42810 2929 (6551 QAL &Sl (558 b wiyls (X pa b gl 5o &ijs) 90 (0]
Yol ummo 513 458 plas’ (3O
hy y, =hy ¥y ()
hy ¥y =hy yy (¥
3 h* hy hy =y, yy (¥

hibo—9 vy, (F

1 55 bl s Lo HalS Al i 31 sag® 5 claser i 1 (Sl Algh e o8R0 53 1, Lol 30 bS5 9 Jgbo a3 Ly 499 9 =R
35 onl 30 &5 Sl pgad 35 a3 alaS Cal pluSy Caz 3l g sla3y9 g dlg) 90 SR 5 ST oz &5 8)l8 pliy o dlgd 9
sl LSy dlg) g0 0 50 (65 <l ()
...:....ul_;,:..i.:.f,jj_,ﬂ Rt | d.::n,':.l_,a:éﬁ Jales C.-S'J:-J:..i-.:.-c.-s-ﬂl.nu'.f__,:r el Bls glasd e e (T
il o e algd ol 5 (650 Sl 4z o ol 2a8 Slhas! ool Wila glac.s gl oz (F

5l g spa iy ol ordse gUacdl 5l &Sl (2 b ogdee Jaa B p3ke 4 A e 5l S0 Gilhe seny by W1 =17
Y

i'd}]' J,Jo_gt.l.-m.g nf':"lﬁtﬁﬁﬁjlﬂﬁhﬁ d-]j] 83§ 33 J‘J.h;‘hulhrlﬂt‘ﬂ Y #_;.Ln..-:r 3-‘55 e S Bl j'r E.:;I.i i Jélﬂ.ﬁ

YDg
ay UK wcansl y2a B0 yye 90 5,1 OS] Canl jai ¥ ojled Ayl Jyb g (hp) sy Jolao U1 3L e B0 0 Noyled

.
B
Ne- ¥

g Fem ol bl gy YOF alg Job 51 Ceal 51555 Re=YAe Al julliy due a5 ol gooiy alg J21a 5o Jlow S by VY
Y

& *f = & - —& m 1 - .
o Sg dblgs e daz Jolus dlg) Jab 50 855l <l aaly Txde m oo (55 Lo e 39

o ¥7 (F o ¥\F (Y o XF (Y o VP (N

| el sa S | ulide
o Vo 00 X o)l alg) Job oy hy =Yom ()
oz V0o o Y oLl aly) Jsb g hp =Adm (¥
ool ga¥o o0 ¥ ojlad dg Job g hy=Yom (¥
wastl joe Yo 00 o Lot alg) Jobo g hpzmhm (f

~Ne. |

b 'ﬂ
N

|

SRR




YF daxio u"h'L:.-.u l._f-_gl.';.n

nu‘u an af® - a ¥ * - 3 - A L.
ol e pw LA Coluns 4 S50 B9 I el el PN TIIE SR Fppev -3 il o R asy jlhdﬂhqﬁﬁjlngﬁﬁjd =\FY

S5t Ol o)l 51 SuplaS b (5,9 5 o Jilie 3 F Cunglie (55500 a3 98 e 0undS S0 G2lae
Vi A
h
FVL A
h
Vi A
th
TV A
h

()

1

(Y

(f

45 gl oo Py el BJ;HQTJLE&&);J!,E gl v 4 A-A abio b 5l g axdils 5158 a8l amie o u) Jh alad -\FF

o By WP
plas ylp Ry jlade ) +'r_g =H padl 42805 )51 0u00 00 ulei Ry b1 Jol B> Cur pylio (59, 9 o, (55,1 Sl

:
YA, cosO(H - %} ()
c VAl
U; ) vA, cosO(H +-Ti-) (v
A gr
|I YA, cos O(H - T—;) (v
| Ve
U) i YA, cos O(H + —1) (¥
| g
|
| y
{
|

A R_H

v £ b ¥
Wl oslz ITEM Lol 33 Jlow cas pos slaie 315 o2 Vo O b 4y slalg! 53 0,0 YT Lt s ot 4y sl o] 5y <150

m
Py {—:I d.._:.i'.? e de
5
¥ (F &% (v A (v YiY (3

T oaw] ‘J! .l:l.-ug.‘-‘.-: Cnﬂj-ﬂl.!lﬁl_hl JL:..-A I:.q.ﬂj.ul ;dej ;J.n ji 514.1..:.-&1:;_,-3 uJ..-.'.".u!.: jlﬁﬁ !nTJ.T 01.;__,.1: ,Lgld.‘r,] P ;T =\rF

A r \
Jr R .Jy R v : R v o

=
R




VR s O b Suilse

039 45 2ylo 41,8 phne paade nig W cmle 930 30 Il Wy A e SO O e SO Sl 4 ABCD azu 0 suldi sals JS8 0

N
So p oly Siliwlyyaan (g9,00 51 (AU ST (—— wely 50) Y(Y) =VopocoHIV ooy uiS oo und pj alaly 5l alo pguacio
m

) Tl oo jluds 4 Nom usly)0 AB o¥ol Jao a2 ;0 G5k

; YVo o ()
D /W] A (
— AR fho o (Y
¥ e o (Y
8o o (¥

¢ &

Oledbl & azgi b ond o0 L 1) X alowg 3l o g Ju5 5LAS YT pagile awl Jl5p 3ke 30 om Of gl Kb Gl
oo Culi Lo yhad Cowl whio fyaay S0 fun] zrmo Waal 35 51 SupluS by Sy g X alwg 3,30 30 S gy ol sols gous
ol 438 )5 515 (350 G5 Gl Toul alawg g

il gy S5 55550 alg 5009 B s 4 A 5l 02 e ()
ol iy S5 59500 alg g o0 A o 4B ) L2 2 (Y

ol a5 S5 S50 )00 aleg g 039 B cos 4 A 5l b2 g (F
Cﬂﬂ‘.}:ﬁjﬁégjﬂ*%}““lﬂﬁj”jﬂﬁ':-M‘-"-‘B_ﬂ.,_}l-t;-""';'-ﬁ-"'{f

Sl ) B il s (=0 0 Y8) algf s Sy 50 (K=10) g7 yud Ko Jolao Job

Ao o (F Yoo (Y Yoo (Y Voo ()
vy P 50 415 50 HLAS 0ol NS o WAL AL 51 LT

Silee Oghom o 0l (2 ) S (Y sl (g 3 L23 Jilae- ()

Syl (s CewdVl 35 prlas 5l als glas ) 4 dai (Y il B i sl 0 ete Jabe 5l JRRess (V

Z ) 5 . i G .
ax (39 oy, 55109 o0 ooliiul = JOL eiulajl Juo S 51 ol 3950 5ol @16 S 59y » T ye (5a5e8 axliae o

F ul. u'
f‘r g i Alcs gyl
pu'L v gL

Wl Iy gie o a2 (hulejl Jow S €55 O (59y0 4l 3 e Vo Sty b 3215 5 009

(4sill g 330 e ) Tudils azlsls
Yoo (F b & LA iYL ()

1Syl Ayl J2 10 50 Jlow widl prden ol (Swgn @9 5l Jlow (Fdianz 59500 o2
g0 YU (¥ sl omb O
J{TLE#LJ'-"lL-J.- ‘_}L:..-.r{_fﬁda_.ru‘ ‘{L -1'"nﬂl TP h:”.b 'J'.:....r d__._:...-.-.il-hl.:l._*...ll._._'.'-..n{r

-\#Y

-\FA

-

-\¥Y




Y# amio Y e Sl

il yidon cdl> plus yo (mass flow rate)m oz -\YY

§i o P, =18atm Jsl cdl> (my)
- :':“,‘-" i _ - o
e L"L'Ah#')“-?j,b;u PV Pr'f =1yeatm pgs SJl= (my)
- | . P, =o Aatm pgw cdl> (my)
UJS’x\g " 4
D
.—___,h_

My >my >m, ()

o ?*ﬁt / My =m;=my (¥

my >my > my (¥

o & =]
My =My =My, (F

T8 Ol b jganibul 51 ol 00 Log gy Lad 90 (e cnl ol 3 Vb & 2000 )18 jauaili] oS5 50 OF (gamoxe et o3ke —IVF
el H jLES g pFo5lil BLE ALold 5 7 Jlow o2 (39 S0as ablgs yuds Py — Py JDLS 05 o5 > Crt b o 4

—-vH ()

_— -vyH (Y
(0F

- yH (¥

3; -—- ryH (f

|

50

a4

J3U o515 43 O yusoil) Sansl geamas 15 Sty 31 KaplaS (J36) 0500 3 30 Knpg il irgeo Fa3le ydaaSlys iy Sy 4o IV

(Al oo bogiye
A A p.. Td0 A Y, A _p,
=Beteyr =Py g =2« et
A, p T Ma A, p T Ma A, ¥V A, p
JLaS alswg (nl oo 155 i algd S by onl a0 STl by Ve ? ey b Yo OU (glod g jhumedl S HLAS L 19 -1V
Pailas g |) T jie oo Wi
AL mm (f £ mm (¥ ¥ mm (¥ V¥ mm (3
W sy 51 Suplas d9org a8 5> 58 a1 5y b Culid (g5lge 4o 99 om PA <PB B 9 A gliiel BB 2 5 la g0 WYY

Flaml S0e ok 325

il s Sle shls Jlow Y 93 2 Casp JolBg ()

Dgdien pdly I e Jad 59, Ol perSL B (Jy S paaSle gl A Y ilg ) (F

Sydisn gy S nta ad 9 ol periTle A @Y (Jy S s pou Sl Ll B 4l by (F

352 990 90 (F
faul o Al dus 50 Wi aule dindls . patd o ]38l FMPa ojloil w1y (K=Y, oxie" Pa) ulo p oyl ,LAE YA
e L g ¥ =
de Yo 5 A

) , litr o nema
j]u-};_,hlj)ﬂhdﬁﬁtjuﬁkﬁhr#q&jbé{fbjlﬁnﬁﬂhﬂb J.h..'ld.flf‘:.n.i.u_‘lfﬁ“'s— L‘.?":'I'*IF'L"'"'E."""’! ! =1YR

(Yooeo = gTd.‘L_n.n-a.ih}?d#d.:ﬂLmuhajﬁ;quLu|JjUﬁfdf‘5153ﬂimH5¢Jlﬁumﬂ

m
Yo e N (F fAvy N (v fosV N (Y Yafe N (A




YY axio T TIIE < [

fcansl 5152 (P) 5Ltd 9 (M) 2o e oyut 303 bl 31 Ssplas Lok (3 y S 38 JTowsl ey dySTy5 Jlows S slyy ~1A-

ﬂzi (f E=E (¥ My =i (Y MM. =V V. ()
My Vy My W, My Vy




