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Fundamental concepts
and definitions
closed, open and
isolated system

intensive and Fundamental concepts
extensive properties - and definitions
path and state
functions - reversible
and irreversible
process.
internal energy-
enthalpy - heat
capacity - first law for
cyclic
non-flow and flow
processes

Jsy)

applications -P-V-T First law of
behavior of pure fluids Thermodynamic

ideal gases and ideal
gas processes

principle of
corresponding states -

critical and pseudo
critical properties

vander Waals
equation, Redlich-

Kwong equation,
Virial equation

Equations of state

Compressibility charts

Gibbs free energy, work Thermodynamic
function properties of pure
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Clapeyron equation -
entropy-heat capacity
relationships

fluids
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equations for entropy,
internal energy and
enthalpy in terms of
measurable quantities -
effect of temperature
and pressure on U, H and
S
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relationship between CP
and CV - effect of
pressure and volume on
heat capacities - Joule-
Thomson coefficient -
Gibbs - Helmholtz
equation - method of
Jacobians -
thermodynamic
diagrams

Second law of
Thermodynamic
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selection of standard
state - determination of
fugacity of pure gases
and liquids
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effect of temperature
and pressure on fugacity
and activity.

Fugacity and activity of
pure fluids
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relationships among
the thermodynamic
properties for systems
of variable
composition
partial molar
properties; fugacity Solution
and fugacity thermodynamics:
coefficients
fugacities in ideal
solutions; property
changes of mixing;
activity and activity
coefficients;
nature and criteria of
equilibrium; phase
rule and Duhems
theorem
vapor-liquid
equilibrium
calculations for Phase equilibria:
miscible systems;
Gibbs-Duhem
equation.
Chemical reaction
equilibria: the
reaction coordinate

effect of temperature
on equilibrium
constants; phase rule
and Duhems theorem
for reacting systems
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conservation of mass
and energy;
mechanical energy
balances; maximum
velocity in pipe flow
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criteria of equilibrium
for chemical reactions;
equilibrium constant

Thermodynamics of
flow processes
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metering and
throttling processes;
nozzles; compressors;
ejectors.
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Clapeyron equation -
entropy-heat capacity
relationships

Thermodynamic
properties of pure
fluids
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Carnot refrigeration
cycle; air-refrigeration
cycle; vapor-
compression cycles;

Aﬁﬁ‘)ﬁ()&“

Lﬁ).l'ai'&)ﬁa\;.«

comparison of
refrigeration cycles
absorption refrigeration,
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heat pump
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liquefaction processes.

Refrigeration
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2-Gases (hydrogen sulfides,
carbon dioxide, ammonia,
nitrogen, helium, oxy.

i g Ailaa s
DA L?_"a\l PEPRRYY

e

Sulphur (sulphur dioxide, SO3,

5 pualadll Rt sulphuric acid

e bl &) palsa 4-Nitrogen and phosphoric

i g Ailaa o g fertilizers industry, nitric acid,
B A daws phosphoric acid (phosphorous

5_jualaall BT compounds, natural
continuous method, Den,

method, tri-super phosphates,
wet method to prepare
phosphoric acid, fertilizers,
uses of phosphorous
compounds, urea. Nitric acid,
preparation and
concentration).

5-Soap and detergents, soap
manufacture, chemical
detergents, their composition,
types, sodium and calcium
hypo chlorates

6-Calcium compounds (salts,
porcelain, calcium oxide
manufacture




7-Magnesium compounds
(preparation of magnesium by
different methods from sea
water, salts.

8-Ceramic industries and
thermal industries, (bricks,
resistant bricks, properties of
bricks, tests)

9-Cement (types, composition,
method of preparation,
hardness, tests)

10-Glass industry (types, raw
materials, chemical reactions)

11-Paper and celliluse
(different methods for
preparation and treatment of
raw selliluis materials.

12-Sugar industry (sucrose,
glucose, fructose, mono
sacarides, di sacarides, poly
sacarides starch)

13-Fermintation industries
(bacteria, mold, yeast, alcohol,
lemon)

14-Fats and vegetable oils (fat
extraction, preparation of oils,
tests)




15-Pharmatic industry
(fundamentals, different
chemical industries, ensolin,
ampiceline, paracetol,
hormones, valium, vitamins,
drugs, erythromycin
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il Ayl | adelidg |l St § sumsall ol /325l and cleldl | g sl
.y e Convection Free convection: concept; Analysis of
F ot el | (o BT pmlae free convection in hotpvertical}ll)late 4 Y
Convection | Corrections of free convection over
g Jalal | (g ki s jualas simple cylinder, sphere etc. 4 Sl
condensation Heat transfer of fluids with phase
change: Introduction; Dropwise and
a3 ladal | (g ki3 palaa film-type condensation; Film 4 Cull
condensation on vertical surface,
Nusselt equation;
Condensatio Condensation outside horizontal and
.. e n and boilin vertical tube bank; Heat transfer to
gt el | g oRIE sl ‘ boiling liquid, Analysis of boiling curve, 4 S
Nucleate boiling mechanism
. . Convection | Experimental relations of heat transfer i
Gt el | g i nlae by forced convection inside pipes 4 ol
P, e Convection | Flow through cylindrical and spherical
gt Ol | g oRiE e bodies, Flo%v thi*,ough bundle o?tubes 4 ol
Radiation Radiation heat transfer: Introduction;
Black body radiation, Plank’s
Sl (il | (s ks palaa distribution law, Monochromatic 4 )
emissive power; Wein’s displacement
law
Radiation Kirchoff’s Law; Emissivity of Solids,
Gl ladal | (ki3 palas Concept of gray body; Radiation 4 el
between surfaces
Radiation Concept of View Factor, Radiation
a3 ladal | (g ki3 palaa shield; Absorption and emission in a 4 el
gaseous medium.
Heat Heat Exchanger: Classification;
a3 oladal | (g ki3 palas | Exchanger Construction of shell and tube heat 4 sl
exchanger
a3 olatl | (5l s sl Exglzeltltger LMTD and NTU method 4 e gaal
.. e Heat correction factor, Dirt factor, Individual . s
F Rt el | 5B sl Exchanger and overall heat transfer coefficient 4 e G
gt el | g ki s pnlae Heat Design procedure of shell and tube heat 4 e &)
i i Exchanger exchanger.
Evaporation | Evaporation: Classification; Capacity,
Gl plalal | (5 5kai3 pualaa Steam economy; Boiling point elevation 4 e aal )l
(Duhring rule)
Evaporation Material and energy balance of single |
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components, minimum process
number of plates, minimum
reflux ratio , binary flash
distillation design.
A8l g dlul | gyse+ i | McCade-Thicle method, Distillation 4 Sl
Lewis—Sorel method to design process
the rectifying distillation
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s types, side stream, two feed process
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RN VPR A1 | Multicomponent distillation: Multicomponent 4 e\i]\
bubble and dew point distillation: o
calculations for
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simplified methods for
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rectification, key components,
minimum number of plates
minimum reflux ratio for
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Production of
the basic
materials for
the
petrochemical
industry
(olefins and
aromatics

Petrochemicals
from methane

Ethylene
derivatives

Propylene
derivatives

Petrochemicals
from butylene

Understand
how basic
petrochemicals
like olefins and
aromatics are
produced.
Learn the
conversion of

methane into
useful

chemicals.
Know the main

derivatives of
ethylene,

propylene, and
butylene and




their industrial
importance.

High molecular
weight olefins
derivatives

Petrochemicals
from benzene
and zylenes

Petrochemicals
from phenol

Petrochemicals
from styrene
and toluene

Petrochemicals
from benzene
and zylenes

explains the
derivation of
petrochemicals
from high
molecular
weight olefins
and aromatic
compounds
like benzene,
xylenes,
phenol,
styrene, and
toluene, along
with their
industrial
applications in
producing
polymers and

valuable
chemical
products.

Polymers
production
techniques

Thermoplastic

Thermosit

Industrial
fibers

Industrial
rubber

To learn how
polymers are
made, how
thermoplastics
can be
reshaped by
heating, while
thermosets
harden
permanently.
You'll also
understand
the production
of strong
industrial
fibers and
durable
industrial
rubber used in
many
.products
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Solution of . .
i Jatl Siet b pnlae Nonlinear Bisection method, Newton-Raphson ) J
’ . method, Secant method,
equations
. Modified Newton-Raphson method 2+2
Solution of for multiple roots, Finding of multiple
oo pladal | pfidet 3 palae Nonlinear p » FInding ot P Sl
" . roots of a polynomial, Solution of a -
equations . .
set of non-linear equations
it B pualaa Solution of Application in thermodynamic property 2+2
SRS pladal Nonlinear calculation, bubble point and dew point <l
equations calculation.
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Al el ’ = sisn(ﬁlli‘:;(r)lléc())lfs Gauss elimination Method, Gauss- 212 )
RO i . Jordon Method &
inear equations
pidat 3 palaa i . . +
6 a3 (laial ’ = Siﬁ:ﬁgﬁgg& Iterative method - Jacobi iteration, 212 2]
2RI . . Gauss-Seidel Method. SOR method, o
linear equations
3 - n
S i ’ e sisn(ﬁlli‘:;(r)lléc())lfs Application in chemical engineering 242 el
. . example
linear equations
5 ol | 2t b palaa Numerical Euler's Method, 242 Ll
RO Solution of ODE | Euler’s 2nd and fourth order methods &
- it 3 jpualas Numerical . 242 X
Jaia) | el
SN Solution of ODE Implicit Euler e
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4 el AT A= .Numer}cql Taylo's series Runge-Kutta Method 212 .
SR differentiation () i
and integration
Ofitet B palaa Numerical 2+2
Sorad ladal differentiation Runge-Kutta Method (3%, 4 il
and integration
Ottt B palaa Numerical 2+2
S a3 el differentiation Heun’ method BRCRPAEN|
and integration
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a3 (el differentiation Finite Difference method e S
and integration
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S a3 (el differentiation interpolation e &GN
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Pumps, Pump selection,
Pressure drop in
pipelines, Power
requirements for
pumping liquids.
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Characteristic curves
for centrifugal pumps,
System curve
(operating line) Net
positive suction Head
(NPSH), Pump and
other shaft seals.
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Pumps
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Continuous distillation:
process description,
Reflux considerations
,Feed-point location
Selection of column
pressure.
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Selection of column
pressure, Continuous
distillation: basic
principles, Stage
equations

Dew points and bubble
points.
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Equilibrium flash
calculations
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Multicomponent
distillation: short-cut
methods for stage and
reflux requirements .
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Types of packing,
Packed-bed height,
Prediction of the height
of a transfer unit (HTU)
and

Column diameter

Sl
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Continuous distillation
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Heat-exchanger
standards and codes
Tubes, Shells Tube-

sheet layout (tube
count),
Shell types
(passes)Baffles,

Heat-exchanger
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Support plates and tie
rods, Tube sheets
(plates)

Shell and header
nozzles
(branches),Flow-
induced tube vibrations
Mean temperature
difference (temperature
driving force),Shell and
tube exchangers:
general design
considerations
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Two phase gas oil
separations,
Introduction, Factor
affecting separation,
Description of
Equipment.
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Two phase gas oil
separations,
Introduction, Horizontal
Separator, Vertical
Separator, Spherical
Separator..
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Two phase gas oil
separations, separations
Sizing, Horizontal
Separator, Vertical
Separator,
Procedure for Sizing
Horizontal & Vertical
Separators.

Two phase gas oil
separations
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Fired Heaters, Type and
classification, the
principle objectives, the
components of a
furnace, Furnaces
Performance, Fired
Heaters and their
applications in high
temperature industries,
Physical processing,
Chemical processing,
Issues in Furnace
design, Discussion to
Solve Examples about
Furnace.

Fired Heaters
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Equipment Design
Tanks, &Drums ,Vessel
Mechanical Design
Requirements for
Sizing and
Specification ,Basic
Mechanical Details,
Liquid Storage tanks .

Equipment Design
Tanks, &Drums
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General Design
considerations of
Pressure Vessels, The
Design of Thin Walled

Equipment Design
Tanks, &Drums
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Vessels Under Internal
Pressure, Vessels
Supports. Discussion to
Solve Examples about
Mechanical Design
Process Structure,
Introduction, The
Anatomy of Chemical
Manufacturing Process,
Process Flow Sheeting,
Materials of
Construction, Corrosion
Resistance.

Process Structure
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Catalytical Reactions Heterogeneous
Steps: processes; Catalysis and

adsorption

Catalysts and Catalysis Classification and
reparation of
catalysts;
Promoters and

inhibitors,

Catalytic Reactions Rate equations of fluid-
Mechanism and Rate solid catalytic reactions;
Equations Hougen-Watson and

power law models

Derive a Rate Law for Procurement and
Catalytic Reactions analysis of kinetic data;

Internal Diffusion Reaction and diffusion in
Phenomena porous catalysts.

Effectiveness Factor Isothermal and non-
isothermal effectiveness
factors

Estimation of Diffusion- | Effect of intra-phase
and Reaction-Limited transport
Regimes




The Weisz—Prater
criterion

effect of external mass
transfer

The Overall
Effectiveness Factor

Global reaction rate

Mears’ Criterion for
External Mass Transfer

Design of catalytic
reactors

Fixed-bed Reactors
Design

Isothermal and adiabatic
fixed bed reactors

Second Order Reaction
in PBR

Multiphase reactor
design

Catalyst Deactivation

Catalyst Deactivation

Kinetics of catalyst
deactivation and
regeneration

Poisoning Fouling
Sintering transformation

Determination of
Deactivation Kinetic
Parameters

Determination of
Deactivation Kinetic
Parameters
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ed. Prentice-Hall.

2- Levenspiel, 0. 1999. Chemical
reaction engineering. 3rd ed.
Wiley & Sons, Inc,,

1- Levenspiel, O. 1999. Chemical

reaction engineering. 3rd ed. Wiley

& Sons, Inc.,

2-Froment, G.F.; Bischoff, K.B.;
De Wilde, J. 2011.

Chemical reactor analysis and design.
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1-Nelson, W.L., “Petroleum refining
engineering”, McGraw-Hill Book Co. 2.
Bhaskara Rao, B.K., Modern Petroleum
Refining Processes”, Oxford-1BH
Publishing Co.
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Gean Koples, transport phenomena and

unit operations
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Boundary Layer
Characteristics, Boundary
layer theory

Boundary Layer Structure
and Thickness on a Flat Plate

Turbulent Boundary Layer
Flow

Boundary layer displacement
thickness

Boundary layer
calculations

Friction drag coefficient for a
flat plate

Calculate the CD over
flat plate

laminar and turbulent
boundary layer , Transition
from Laminar to Turbulent
Flow

Thermal boundary layer

Calculate the thickness
of boundary layer

Reynolds Analogy and
transport phenomen

Reynolds Analogy and
transport phenomena, laminar
and turbulent boundary layer

Simple form of analogy
between momentum, heat and
mass transfer

Calculate the values of
transport parameters

humidification processes and
transport phenomena

Heat and mass transfer in
humidification processes

Application of Reynolds
analogy in
humidification
processes

Drying processes and
transport phenomena

Heat and mass transfer in
drying vessel

Application of Reynolds
analogy in drying
processes

Mixing processes and
transport phenomena

Application of Reynolds
analogy in mixin

processes




oAl aul ]
3 bl Glilee
DA 3y 2
CHEA404
) / Juadll 3
Al e ) Sl
Coa gl 1A dlae) 5 4

2025/9/10
Jalial) ) geaal) JIKEf 0
Sy elgd
(o) i sl 33 /() Fand ) el e 1
e Aol 305 g kideln 60
wed.ghanim@uobasrah.edu.iq :JsY)

Ao ) okl alaa)

oaliad aal L Tilag) 138 el Ciuay i
Lgidas llall e Gad gl alaill Cils Ay il
e (e (5 salll BalELY) 38a 28 S 1Y) Lee Lia
Cuas (my in bl ge ¥y dalidl aladll

¢ eyl

alal) 5 audeill Claas il 9

) gkl e dlazeYlg BUSII d>g) pluscinls dalaedl gyl (oyall daylo @
Bolel) ‘_?.a.e).JJJ‘ Zlewdl w9 Eau 9al) (13Ladg
iS) Gkl Je slaiedlg (data show) Slg plasiul Gl poyall dasb
Bolel) gyl Zleedl w9 Eo0 9al) (139
daliza)l (aSlasdl el Aol o3V plusuiwly izl (oyall diy b
Aoyl Cod ooleld

Dadlas 10
il Ayl | el Ay ke & 3 pall 5 s sl audd | A slladl abeil) cla i e L) | g pu¥)




S
Al 5 45503 5 dae ) LAY 5 gl panil) Jie Ul Ly alSall aledd) 335 Ao 100 (e Aaodl s
G ol A el

oul pladll jolias 12
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Development of closed
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Closed loop system
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Proportional integral
g his palas and proportional
derivative

s hi3 palaa PID controller

s his palae Routh test
stability

S hIb Ziegler -Nichol method Optimum controller

setting
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Process control loops
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Feedback plus feed
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Ratio control
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Ratio control
Cascade control and split
range control

e




