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= Ph.D. in Chemical Engineering from IIT Guwahati (2013-2017).

= Industrial Experience: Indian Oil Corporation Limited (5 Yrs. +)

> Areas of Interest:
Separation Processes
Thermodynamics
Molecular Simulation
Optimization

Process Design.



WHAT IS CHEMICAL ENGINEERING?

Chemical engineering is all about changing raw materials into useful products we use everyday on
an industrial scale in a safe and cost effective way.

Chemical engineers are concerned with PROCESSES and PRODUCTS.

Processes:

v' Making chemicals and pharmaceuticals
v’ Processing polymers and foodstuffs

v' Energy generation

v' Wastewater treatment

v Environmental clean-up

Products:

v' Chemicals - petrol, ammonia, methanol

v’ Polymers - polythene, PVC, synthetic fibres
v' Consumer products - shampoo

v' Foodstuffs - ice cream, chocolate, beer

v' Pharmaceuticals - paracetamol, penicillin

Process Design:

v' Inventing a new process

v Designing the equipment for a process
v' Operating a process

v Improving a process

Product Design:

v Choosing a product for an application
v Designing the product
v Improving the product
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Computer Science & Engineering
Bioengineering

Computer Systems Engineering
Electrical and Computer Engineering
Aeronautical Engineering
Electrical Power Engineering
Cognitivr Science

Geophysics

Economics and Mathematics
Marine Engineering

Chemical Engineering

Nuclear Engineering

Actuarial Science

Actuarial Mathematics

Petroleum Engineering

STUDY CHEMICAL ENGINEERING?
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CHEMICAL ENGINEERS THAT SHAPED OUR WORLD



GEORGE E DAVIS

= ‘Founding Father’ of Chemical Engineering.

= Coined the term ‘Chemical Engineering’.

= Delivered first chemical engineering course at the University
of Manchester in 1887 in the form of 12 lectures covering

various aspects of industrial chemical practice.




CARL BOSCH

= Haber-Bosch process was developed by industrial chemist Fritz Haber,

and scaled up by chemical engineer Carl Bosch.
= It takes nitrogen from the air and converts it to ammonia.

= This work made it possible to produce synthetic fertilizers and thus

produce enough food for the Earth’s growing population. Without it, we

would only be able to produce two-thirds the amount of food we do

today.

= Nobel Prize in Chemistry 1931 "in recognition of their contributions to

the invention and development of chemical high pressure methods"
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MARGARET HUTCHINSON ROUSSEAU

= First women to receive a chemical engineering doctorate

from MIT.

= Margaret developed the process of deep-tank
fermentation which enabled large-scale production of

penicillin.

= Mass production of penicillin was a key moment in history;

not only for the billions of lives it saved (and still saves

today) but for the chemical engineering involved.
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JOHN H. PERRY

= Perry’s is the go to handbook for chemical engineers.

Edited its first edition — published in 1934.

= John went on to edit two more editions of Perry’s, until his
son, Robert H. Perry, took over the family tradition for the

fourth edition in 1963, until his death.

= John was a physical chemist and chemical engineer and
was known for his development of improved catalysts for

sulfuric acid production.

= However, it is his book that truly shaped the world and has

been the key source of knowledge for chemical

engineers for over 70 years. @



JACK WELCH

= Masters and PhD in chemical engineering from

University of Illinois at Urbana-Champaign.

» Chairman and CEO of General Electric

between 1981 and 2001.

= During his tenure at GE, the company's value

rose 4,000%.



ANDREW GROVE

'\H\ (}I I][l 1]' AR

= Ph.D. in chemical engineering from the University of
California, Berkeley in 1963.

= After completing his Ph.D., worked for Fairchild
Semiconductor, hired by and working under Gordon
Moore.

= When Moore and Noyce left Fairchild to start Intel,
Grove was Intel's third employee, the first person to be
hired by company founders Gordon Moore and Robert
Noyce.

President: 1979 - 1997 and CEO: 1987 - 1998.

Chairman of the board of Intel Corporation from 1997
to 20065.

"Man of the Year (1997)", for being ''the person
most responsible for the amazing growth in the
power and the innovative potential of microchips."
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THERMODYNAMIC SYSTEM

v'A thermodynamic system is defined as a quantity of matter or a region in space on which we focus our

attention for thermodynamic analysis.
v'Everything external to the system is called the surroundings or the environment.
v' A system and its surroundings together comprise a universe.
v' The system is separated from the surroundings by the system boundary.
v The boundary enclosing the system may be real or imaginary.
v' The system boundary may be rigid or may change its shape as well as size during a given process.

Boundary

Surroundings

)

A thermodynamic system



TYPES OF THERMODYNAMIC SYSTEM

Boundary
Energy out

Surroundings

Energy in
No mass transfer

Energyin  — Boundary

» Mass out
4
System
A Surroundings

b

Mass in Energy out

Closed System

Open System

Surroundings

No mass or energy transfer

Isolated System
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PHASE, HOMOGENEOUS AND HETEROGENEOUS SYSTEM

v'A quantity of matter homogeneous throughout in chemical composition and

physical structure is called a phase.

v'A system consisting of a single phase is called a homogeneous system.

v A system consisting of more than one phase is known as a heterogeneous

system.
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THERMODYNAMIC PROPERTIES

v'Every system has certain characteristics by which its physical condition may be

described. Such characteristics are called properties of the system.

v'These are all macroscopic in nature.

v'When all the properties of a system have definite values, the system is said to exist

at a definite state.

v'Properties are the coordinates to describe the state of a system.
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INTENSIVE AND EXTENSIVE PROPERTIES

v Intensive properties are those that are independent of the mass of the system.

v’ Example of Intensive properties: Temperature, Pressure, Density.

v Extensive properties are those that are dependent on the mass of the system.

v Example of Extensive properties: Mass, Volume.

v'Extensive properties per unit mass are Intensive properties.

v’ Example: Specific volume, Specific energy.
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STATE, PROCESS, CYCLE

v'Any operation in which one or more of the properties of a system changes is

called a change of state.

v'The succession of states passed through during a change of state is called the

path of the change of state.
v'When the path is completely specified, the change of state is called a process.

v'A thermodynamic cycle is defined as a series of state changes such that the final

state is identical with the initial state. @



STATE, PROCESS, CYCLE

State 2 (P2, V2)

1->2 Process
2->1 Process
1->2->1 Cycle

Process path

State 1 (P1, V1)




VARIOUS THERMODYNAMIC PROCESSES

vIsothermal Process: Temperature of the system remains constant.

v Isobaric Process: Pressure remains constant.

vIsochoric Process: Volume remains constant.

v'Adiabatic Process: No heat transfer occurs across the system boundary.

=)



GIBBS PHASE RULE (FOR NON-REACTIVE SYSTEM)

F=C-P+2
Where,

F = Number of degree of freedom, C= Number of components, P = Number of co-existing

phases.

The phase rule determines the number of independent variables that must be specified to

establish the intensive state of any system at equilibrium.

()



GIBBS PHASE RULE (FOR NON-REACTIVE SYSTEM)

v'The intensive state of a system at equilibrium is established when its temperature,

pressure, and the compositions of all phases are fixed.

vThese are therefore, regarded as phase-rule variables; but they are not all

independent.

v'The degrees of freedom derivable from the phase rule gives the number of variables
which must be specified to fix all other remaining phase-rule variables. Thus, F
means the number of intensive properties (such as temperature or pressure),

which are independent of other intensive variables.

(1)



GIBBS PHASE RULE (FOR NON-REACTIVE SYSTEM)

v'For example, for a pure component gaseous system, phase rule yields two degrees
of freedom. This implies that if one specifies temperature and pressure, all other

intensive properties are then uniquely determined from these two variables.

v'Similarly for a biphasic system of a pure component - say water and steam - there
is only one degree of freedom, i.e., either temperature or pressure may be specified

to fix all other intensive properties of the system.

©
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a_m ac/i:mj'_cﬂlly_biuezrb:iﬂe_ﬁr 0(esS.

.__AQM&iﬂMh&fm@“

x f —,é(g_pmc@‘_acw_iﬁ_cﬂm@}_ia 0 Jume,
the Work /S Lero.
_ ghus, &N (3), Zedutes fo=

dq:dmw

or

Q: NAU ?\5',

\IA_\LS,__fAL_/)ea _'D'M.S‘ltémo, [N a Inz{‘.{an /‘Cn/,(}l 'D’ZYC'J'&"/Z/@;
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iﬂ,__@m}@{;vn/ﬂmgw_t_Clo&o[;sy&km_I&Meéf__e?ﬁaIAJ&__
fm_{eznd_—_en_ezay_cbﬁni_e_of_ﬁz sysiem.

N

E

f&hﬁl‘m 1’— f,'zegggz'e P{_o CesSs *

From E_?mu ¢3)
7

7

dq = d(nuv) + pd(nv)

-~ d(nu)+d(mnpV)

- d['ﬂU'}"nPV]

= Jd[n(vtpPV)]
7T

)

H ( En%/;allpy U=+ pV

) = U
Y= i

2

1df = d(nH) 5(3) L

- v

I'm‘zymj‘-/on yields

6’{ = NOH ) 5 (3)

o JLMAALAMJ__h_@_&][w@L_iD_LmuAmZ@ﬂy

kmyﬂﬁblg_cpn_ﬁgﬂ_l;}bﬂz&arei closed - syslem protess

— equds nﬂ»dgy%a_o_f_ﬂz_syi/m- I

\Bﬁcmu_a_urﬁgﬂd_v_are_aﬂ_&/n&funcﬁhns,_'ﬁ_o&) Lnelby
\eq”’_-cﬂ_[s_aﬁa_a._&h{a_ﬁmgﬁo n.
|
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H_ﬁjjgf»—e_ voli{{g?zn.ﬁal_-]{or_m_e_f_égﬂ’,_(_gj) g

—

dH=du4d(PV) 5 (9)
U‘Poa')_/'_i):/_e g raton,
AH=4U+ A(PY) 5 (10).

Heq -I" (‘zL_lDaUeé/

_ Heat capcily of consfomt volume: (g7
The m@@@&maﬁmﬁm,&a’ufy_aﬂa_&égﬁmg,_

js definedl as-

CV :/ﬁBU \ >£jﬂj
LT Jy

_A/ﬁg_uab_ﬁjs oefinition makes mo Tefevence -0
_an\_y_Pam_ce_Sifi_f_'D'ela fes in QN _espec/ally e/mp /e
__w,ay_«{m_a,_cms -~ nfmzjvm@s ina C[QSEO(_‘S):SH!QJL__
__efnra'_ﬁ_w&fc/t (’:'7/2 C11) /Day_éz Wiz, +fen

U = Cv ol] > (12)

Scanned by CamScanner



\j/__JDJLZ(?z:aJ{on% fe kls:

N : ¢, | .- __C\/&ol_r > (43
N T

_ This wesult with £ (5) .)écu'_a_.__m‘ec/xan /cally

] I /

_.r__‘ateiezs_:blef _Co,néj[gnf;lo lume Pa:o.CQs_(?j_{es :
Ta

Q=mAU= 'nJ[ CydT s, (14)

1y

ea- __Gopaddya L@n&émzt_;pnssum

The Constont- pressire heat capaidy s olefrired as-

l&’k 2T /P 7
d H'.'-' CIDdT .___?_CLC)
T2
6r,  AH= chpd_r 5 (1)

'
Fo La_aaamih/@,_@m wa r ’Q_Ioﬁz“_éi?i@ﬂ_ma‘y be

_ (ombned uith Eq_'LC g )7,_
5

@ = NAH= ’nJ/CPdT _5(18)

1]

Scanned by CamScanner



_ Imgplied Propesly Relations fos an ideal gas:

_;__—i']‘.};e_&c’tuﬂjlﬂin_@_f‘&bie :
py=RT_ (ideal ga3) (190

In ieﬂml__enm(y_i_/s__a_fmcﬁmg_f_ﬁuy paguie

iny.‘.

U = (1) Clloleaj gs) A;QO)—_____

i inition_of Aeat capacty at_contant Volume,
_Lmd_sﬂ&J#aﬂ_szgL(?‘oz_-ﬁ_#e_a@cJ@bﬁJAa
Ly_/s_a_eﬁncﬁog_of_ﬂ‘_gmpaaﬁze_my ;

/v . dulm) _
CA"LJ(ST)\_, T AT - = CV(DCQ,)

_The_dlefining -equation fox enthal py appliedd fo_an
[ole d_dw,_ie_gds_—fo_ﬂn e Conclusion _that ‘H' also js
_a fn ncHion of -./omfmaf/_u_te_o_‘nyj

H= O+PV= ULT)+ RT=H(T)
5 (22)
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/S

_,———‘T.AL_‘banl'_aaPnoHy_a_f_c_w&-fanf_,omsmm_é}_, L ke
CV_,_/.S_a;ﬁmc-Ho n_o.f__{e_mp.a’g/gl’e*a_n/.y;

/

g

7.

Cp=/OH\ - dH(T) - ¢ (CT)
] P~ (aTﬁp AT P

>(A3)

N A_UX‘e{ul_ﬂEfmlioL&fween_CP_md_Cv_{ oY an _/fole_a[___
\ gas—comes fxom oliffewemtiakon of E9% (22):

LID: g—([.)‘_’LR = Gy IR

C[D - C‘V’ = R — %,C_Q‘q,)

#—Jhis_equation cloes mof_imply that Cp and Cy
are___themsees @p&{aﬂiqu_aﬂ_ﬂedﬁﬁurlzd_méf__
that +/)e_y Vary b Jempesadure in Qq_cA_a_&lq:y__

Shat theiv o(x';ﬁ[em(‘e /'ST_ei].U,a/io_R i

Fox any ch ange nf State 31[ Qaiolngw,_f_megu;ﬂo[[ess_

of the K/nd
cl = C\'ICIT ,5_(\'35) ﬂf;PJIQCQS‘_Sj
9N § '
A A= {“C\'IOIT > CR_G)
dH= CpdT 5 (2F)
6r
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N

E_ P Y0CeSS Ca ./r.ula‘/ianS_PruLo!.eﬁ_wgJﬁ_ano/_Aenguaméﬁa;

——

_/,,__lbe_w 0rK é)f Q_weVersib Ze_c[aseol;sy.sle»_/oaa sS
is g iven & (fov a unit-mass ox a mole)

oA W=~ Pd V
For an Jdeql gm_z_m closed - & J,Lﬂ_/lu'
N e ess,
Fhe .3[:‘1'811‘ Law e ten fox a uaH_mf;S_m_q_)_nA/_ej

leV—#olw: Cyd T

0'6‘/. O[Q—' PC’VT- C\_/OlT

oy, Jdlf = Pdv+ CydT

o1, {olf= RTQY 4 (‘VolT'{ (29
2 olw=—- RT dV 5 (30)
v 7O 7

InLith CID -Gy =K EL?m- (29) 4 Q?n- (80) becomes.

o= RTAV, (Cp-R)AT
3 N I

d@_ Z RTOO/,,:. C’DC(T" R T
With MT Pv=RT

T pol v +velp = Rl T
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o= RTAV | CpdT — RAT
/R'T]p' P

= Pdv + CPQIT—- R T

= CodT —Volp
il |
_j]jiq- CpdT- RTSP] o ¢a1)
i
olW= — PdV

= = (vt RAT = Volp)

m—

-~ — RJT + Volp

oIW = = RlT+ RT%f 5

#Jbzwﬁhas_my_ég_%a&dqéf_ﬂmlnqma_

4o Var/ous Kinds of pante.ses. The ossumméons
lmb,b cjt I ther o/emvaf;on are that 7%2 S‘vs-‘lem

/S c/n sod amnd the Pro&ss /S TeVers: ble.,
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W/-.__I&Oibzzm.a.L_me (T= censt.)

By Egs. (26) and (28),

_ AU=-AH=0

— By Eys.(29) and (30),

A= RTIn V2 - _RTInb
L vl Pl

— By Eg5.(30) and (32),

W=-RTIn V2 - RTIm 12

Y/ P

From lﬁaﬁgyﬂ_ai_{ﬁmoo@mm /cs,

Q+W:AU=D

= 0 =-W
/ L
T hese-tore,
|
Q'J—-W:‘ RTID V2 ':—-RT/TJ_}}
VI F/]
>(33)
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By Egs. (26) andl (28),

A= J[C‘V’OLI ano/ AH :Jfo)dT

By Egs. (31) and (32),

Q= (CpdT  and Inr=—R(To~T1)

Node that g =AH,

'7’/19'3'974 ¢ 7~

| 58 - AH:TCPO(T

2’4
™~
3)
o
—

ISncAon‘c Ccons#m-/- V) JProCeSS )

Egs. (Q6) and (28) 4 ain apply :

A= J(C\,/olT andl AH:’J[CIDOI‘T

W:-J/,:Dolv—n and/ Q“f w:Auémes

Q=AU [CydT [ r35)

-
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,,,,,mc_Aea':é 'f_ﬂ?s‘fc_bﬁweef) z%e S}QAZ’" andl 7 *ts
L armm&fys* le, =0

(. Keversible )

,,H_Aobméwc_caazpmaon oLzz%zmm’m_f/
o— o2} o/ea/‘ﬁﬁs .

[ !
L P J Jf

, ( = ; = '
,,,___._F_VE:'_CQ_'B:)L ; 7T Ve == (nmj P ! YTT:AM%_,_

- w/)ea’c,, Y= CID/ L?@g)
Syl (3'5“)

Eor fo[_ecc/_&axeg/ 1he Wwork of any aolj‘a:éa,é'c,.
- Q}z&:&mjbf_ow /S C?n@n by

oW +df = oV
~

0

= dw= dU= CyolT

co/_\g_fanf CV/. W zAUE C\'/ A7 > (32

—f —~—'-\(———:.' CJ = Cut R = /.—;l- R 7 Thus,
L R Cv =2V Cy /W:: RAT
[ -1
— => Y-1= K l
L ' CJ
L c,=_R
g -/
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gink,  RT =PV, and RT, = BVs, |

L

e

E—

= R —RT = PoVo - 5V
X -/ -/

— —

(39)
z=

—

L_,_—J_C.:?l’S‘CB_Q 2) anol__(39)__ar. _MQ/MJEC———
___Cprzessiog_aud_ezng@bﬂ.Pms:eLZD_@_CLQ&d_&ﬁ%ﬁ%f—

tohe Fher weverws Jble o 1_71031
(sinCe ...V,?,A/:skwkwalé un Knewn). h

-lim7 on_o:_l_ Fr eqg J 1¢c36) |
__Ebm f_vz_fgm #M&%gzg_)

l\(f F\‘f’
EV/ - P)_VZ

> Y= v F
FPa
! /.
! Vo = vV, /B |~
U’z/
i LA/ PoVo— PV _ Y RV, ]
. 2, =l L ™,
i - PV [ B/ ]
-1 | F\ 2 j
- —/
i . Vi [ /P2 ]
2 RS {'ﬁ) ]
D | - -/
- = 1Y /?2) - RU /RN T
Y-1 L\7A IS
' —> (%)
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betoeen) P and jen by Eq" (36) /s wWeol
_of_fﬁe_fﬂfzg}mﬁo n___In = —d/, Pt V.

Ey"-_CﬁJ):ZS_v_mﬁd_on/__y__ﬂzvic/_e,o_c/  aSes i
ns_’;lﬂfhb_egi@;gq a’ﬁ'@J_04&Ma£:Jﬂe@ﬁéle/
zo/LE)LSblsm‘fJ_cme.sseS :

F‘or_m_om-@c(?m'es,
T = /€ 77'/

D/ atfomic Fa3 3,
U
V=

,8_1:11)/7l6 jQD/TY—d—ﬁ mjc & as QLCDQT,ELO,?%A_@,_CL@)_J

Y = /-3

<

EO Z_';lleOﬁ [oc 7/'97"0(2 SSs'!

B QDZ; ,_ﬁp/'c_PTDCQSS' ‘g/u(/pagk a /?')pg/e/o 0;[ —80_/_728.\_
Ney E ab LN \nith 8§ O DOI?S‘y_lﬂ!?Jj ._/'_f_/_S‘c/_e_ﬁ:/:;_go/_\
as_a ID_[OLZéSﬂ,DQ@m:éGo/J_y f/fe,,e_mfgk/‘cd/ eatadon,

PV contert
fov_an e gas, i ~ _
f TV > = ¢0 h&'/'

)
;_fgg\\

/2 7%= concd-
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RT, [/ ]

W= KT, |/ FP2)& (43)
5~ |\ P/ ' o
/]
3, 6=0
N ?
\

N
\ \,g:l
No5:1

Szob

rd
V
Podhs Y Po/v -/nmc processes

QAamr/pfanJ Az Slppo.lic valye af 5

_kpvl&oﬁﬁlic [DmCQS’S‘, S-o0.

] _,_L&D.ﬂelnnl_}zzmw: &=1
. Adiabetic proas:. 5=,

va— cord /-

,'_‘J__S O;_d‘__O.___ W.C‘F iLO_W/'
ya UH Al

oV 2V TV =0

T e I
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ceriv -.,€n:r_lew7_&‘}b@ : osch-sy&&m_meer

-foa:j;iesﬂggsa . Howe yev,_ﬁQXe_e?_LaéLem‘M_'
,_ﬂjyﬁﬁloj‘ﬂf.ez—é/_danfes- oIU/o/H,. AH, AU — are
— Valid " 1 rases AE[/&SLO.]F_&L@_PTOM'
; gpeelle .
They QPPI)’ y 1b_oreverss/ble andl rreversmbl
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,____7116_1/_\/.0_7'_&_0_#40 i’ 'b_"bj‘gyzgg@"_‘é_/e_)ogo (ess _/'_S‘_Cafwlé’é'/-
f)-)l Q :»Lmo- 8-/e71> [mro@qlu e,

Firs4d, w /s claZ@mjAeo’__ﬁI _a Teversibl prolest
_ Fhat ac@ﬁfl&éajm_cémya_af state

as the getual iryevers,ble /Darocess.
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M,%ingﬁejmwwonyﬁﬁefzo@_
P [Dmhlu (L3 _w_crk,_ﬁé’_aiéﬁldfz_vw_e_ﬁ]_ﬁie_@:exmﬁé Je
| ‘_cmij,fgo_lmzﬁe_mp/_m_wz‘“ée_ multipled by
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_-—_ﬁb—ﬂL)&lﬁﬁzSSe&,_iL%%ﬂ_m_mwﬂM&&oé—_.
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. Measuyses of ,J[_Iowz

-

open S}/s-;lems are c/mma/e vizeol b_)/_ﬁo@i/_bri Stzeans;

_thege are ﬁu; Commoh _/m eadyres Of 7['/”3;

e Mass —f/&wm-/e,. m 9 fk i
> MeasuresS © uan 477y pPer

| o Mooy .;[/%Lm'jt} vs I 7 .,L;?me. i

| . Volumetwic .lfluo m—/el, v J o

e VelodH, u

L Jhe _m emu_m_af_,]ﬁt&aze_Lafev welated! :

-

m = M7 Onol @:u/},,,

[

.. v

Moplar mass.

;‘JEFOJ@_-/_/X,_MS‘)‘ ano/ mo/ar ﬁowrafes M

. yelocity:

. 2 )
cvpSS-Sechonal ared

—_—

p=UAf ]

n=uasf S8 " 1

_ wheve /'LsPe.dﬁc_Gf mo/av clensry.
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 When fheve /S but a E;'n(;/r/e entvance an ./ a*s*/i%;r‘@'i
_exffjjlegﬂ,_ﬂ&__mﬁ&s_?ﬁow rafe m ;s Ao Same . ﬁL
both Stream ; Hhen,

% U2 /4’? - P/L'(/_A/_:

67,

Il.),:_COflé‘/'_';_g_LUg 4 9 :.;f; u, A/ . A

Scanned by CamScannér



L ..;.B;ec(tusgﬁafze_oi]ﬁg Voluwe /s Mo_J’Q&;Dmca[ GJ[ n&fl&é/7_

S - U A Us Ao - WA o (2 ) '
L \/, VZ \/ g !
/e cture- 9

TJhe gemg@gg Balonce -

E— S4ean®
—_— T

S d
E Pl N -
— — / A.g-}em \ m@({t

s B — s out

iy SHEEPIN /
\ /

s 0
i
out

,,______7_7’_2 __e_ﬂea:gy Jm&m@ ,-,[m an O/ﬁz'o S;/S/em Con7[a;’/zs* al/ e
Jevms assodafed ieith an _energy balmmce for a clows
| 7_»_75_7{5_ m",jmi‘ we must alio accrunt 745’ the enegoqa;\
 change_|p the _syskm aSSociakd toith Fhe Stream Llewny
ndo __@cij_af# e s‘)/&,,@~

dd look at the contothution 2o the emevgy bolore
- __—f.zmm._ﬂ\ei vlet Stoean i@é&[&L&ﬁMMM
Closec ,;Sy_Sfe@ aﬂafyﬂ?ﬁ, Hewe are ¥ ,,"ﬁ_aclgl_&ygloﬂﬁ_[__& 7

. wohich —energ ) Can be _#ﬂmifzﬁﬂL”fM—MLﬂﬂWlﬁ%& :

Scanned by CamScanner




L ..;.B;ec(tusgﬁafze_oi]ﬁg Voluwe /s Mo_J’Q&;Dmca[ GJ[ n&fl&é/7_

S - U A Us Ao - WA o (2 ) '
L \/, VZ \/ g !
/e cture- 9

TJhe gemg@gg Balonce -

E— S4ean®
—_— T

S d
E Pl N -
— — / A.g-}em \ m@({t

s B — s out

iy SHEEPIN /
\ /

s 0
i
out

,,______7_7’_2 __e_ﬂea:gy Jm&m@ ,-,[m an O/ﬁz'o S;/S/em Con7[a;’/zs* al/ e
Jevms assodafed ieith an _energy balmmce for a clows
| 7_»_75_7{5_ m",jmi‘ we must alio accrunt 745’ the enegoqa;\
 change_|p the _syskm aSSociakd toith Fhe Stream Llewny
ndo __@cij_af# e s‘)/&,,@~

dd look at the contothution 2o the emevgy bolore
- __—f.zmm._ﬂ\ei vlet Stoean i@é&[&L&ﬁMMM
Closec ,;Sy_Sfe@ aﬂafyﬂ?ﬁ, Hewe are ¥ ,,"ﬁ_aclgl_&ygloﬂﬁ_[__& 7

. wohich —energ ) Can be _#ﬂmifzﬁﬂL”fM—MLﬂﬂWlﬁ%& :

Scanned by CamScanner




E_ )?ﬂ_ﬁl 'Hve h’)o/e(u/ps ,,[:/DJOJ_ __/mlo j%? SCVC/PW) ('a?nl

- _—H\m_ngLmézy, Fy P;cdgi% /'?)MA?Z_.LZDZDLA@%;]Q_L@_OF.

e'o‘)ea’gd' S dhe ._CJ_ _JmJJ_e_/rcLen . D [Jcnl AL
L - Jow_b Ny Cﬁcn qjla AQ_Q_ _QIZE(;QT;CGIQLCJK/M% €
— “emezﬁ—:l_ (ek%%amd4ojmﬁd_% ngy{l_f) ;.33712.530.0411[&9(———
_ pith Fhom

__~_L$Cc_ﬂ1cli the inlet Stwcan ao/d,s_em_zzgyjm-/o e sv&ém
b y‘Sgﬂdy Work fhe £0- called i %L&ZK__ﬂéd.D_BZCEC—————
Il s %b_warjcﬁ_ﬁ'@_f.m]ef ﬁwfj must olo on He &v&‘w 15
ﬁoUJsPlaée_ Liwicl  psithin +he gy&#em S0 that It e
R%E[O.LO_LD_D_IK Q% any Jn ket SfJﬂzzQﬂ)_zS{L@)_AyAﬁgJ[_m___—

E P\))f'n.
i Fimilasly, {icw work @‘f_amy_oii‘/gl- Stze am s 5 jve0 by
| ','__(_P G)nti_t

e (a» wrife the '7[07Ltt/ emquy "I[D’(Tﬂcféa' ol.ap-k) Worh
i ke 5}/519»2 in 4erms of ,gAaff wort, We amd
ﬂflow toork, as follews:

e+ 2 ”’mf P\l)m+ Z_@oup(ngij

B . - 5(8)

The S/vaffé work /S o LZ@SM JnJLzVch__v‘/»e caef Vi WO?r,C
thet IS Obhnep/_ﬁ Tem gh Sy&bﬂ_ﬂe_?[_‘/ouo oo k. Q‘Oea

QIOjL )soviele @ S<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>