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Zainab Y.Shnan Date : 7/6/2012

Attempt four questions only

Q1:- Liquid fuel (CsHy; 36%, CiHy 64% by mole) is burned with 20% excess air. Determine the
height of chimney if the draught is 10mm water, if the temperature of flue gas is 327 °C and the
temperature of air is 23 ’C. (25 mark)

Q2:- A/Determine the adiabatic flame temperature for constant pressure combustion of a
stoichiometric CHsair mixture. Assuming reactant at 298 K. (Include your answer the
assumption to calculate the flame temperature). Enthalpy at 298 K ( kJ/kmole)

[Co; =-39354, CH=-74831, H,0=-241845] .
Cp at 1200 (kJ/kmole.K) for [CO,= 56.21, H,O=43.87, N;=32.71]

B/ The higher heats value of a dry ash. Free bituminous is 12500 Btu/Ibm = 29.050 kJ/kg the cool
containing 70%wt carbon and 5%wt hydrogen on adry ash. Free basis find the enthalpy of
formation of this cool. AH (kJ/kmole) for [CO, =-393520, H,0=-285750]. (25 mark)

Q3:- A/ what is the draught in the furnaces? Explain all the types of draught with the aid of a sketch.

B/ Define the furnace efficiency and state the factors influence on it.

C/ Give the factors which effect on flame temperature. . (25Smark)y il

Q4:- A/ The higher heating value of gaseous methane and air at 25°C is 55.5 MJ/kg. Find the heat of
reaction at constant pressure of a stoichiometric mixture of methane and air if the reactant and
products are at 300 K.

Enthalpy at 500 K (MJ/kgmole) [Co, =831, CH~ 820, H;0 =6.92, N,=5.91, 0,=6.09 ]

Hj, of water at 500 K = 2394 (kJ/kg water) .

B/ propane is burned to completion in a furnace the fuel and air at 77°F. If 5% of the heat is los:
through the walls of the furnace. The combustion product exits the furnaces to the stack at
340°F. What is the useful heat output of the furnace per pound of propane ?

HHV 953,480 Btu/Ibmole Enthalpy at 800°R (kBtu/Ibmole)
[CO; =2.528, H,0=2.142, N,=1.838 ,0,=1.882] Hj, of water =1050 kBtu/Ib. . (25 mark)

Q5:- Decane Cyy Hy, in gas phase is burned to completion in a furnace .the fuel and air at 25C°.There
is no heat lost through the wall of the furnace and the stack gas temperature was 427C’n0
blower was used. The fuel and air inlet the furnace at 25 C° .Calculate the higher heating value
and the operating efficiency of this furnace.

Enthalpy at 298 K ( kJ/kmole) [CO, =-393596 , C;oHy=-249659 H,0=-285857]
Enthalpy of product at 700 K ( k)/kmole) [CO, =5.88x10° , Ny=4.2x10° , H,0=4.9x10" ]

Hj, of water (kJ/kmole) = 1050 . (25 mark)
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University of Technology

Chemical Engineering Department

Subject:Statistics Final Examination Class: third
Branch:bothbranches 201172012 Time: 3 hours

Examiner:EbtisamH, Date : 11 June

Attempt four questions only

Q1/ The following table show corresponding values of three variablesX{,X,, and X; .
Xg: 20 35 45 25 85 105 135
X;: 180 165 105 25 9.0 45 1.5
X3: 27.5 28.0 28.8 29.1 30.0 31.0 32.0
A. Find the Least Square regression equation of X3 on X; andXj. {10 Marks)
B. Find the standard error of estimate of X3 on X4 andX,. (15 Marks)

Q2/ The following data represent the level of happiness and health for a random sample:

Health
Excellent Good Fair Poor
Happiness Very happy 271 261 82 20
Pretty happy 247 567 231 53
Not too happy 33 103 92 36

Test the null hypothesis (H,) at a significance level of 0.05 {Given: xﬁgs =12.6). {25 Marks)

Q3/ tt is known that the soil permeability (x) of type A follows a normal distribution.
fPr{x>7.2)=30% and Pr{x < 5.6 )= 5%.

A. Find the mean and standard deviation of x. (10 Marks)
B. If 40% of the total plot has soil type (A} and 60% has type (B) with mean of 7.5 and
standard deviation of 0.45. For what percentage of the plot is x greater than 7.35. {One

unit in L.S.D. =0.1). (15 Marks)

Q4/ A sample of (11) electric bulbs is drawn every day from those manufactured at a plant .The
probability of finding no defective bulb is 0.57.

A. What is the probability of finding exactly 3 defective bulbs. {10 Marks)
B. What is probability of finding 3 or more defective bulbs. (15 Marks)

Q5/ Explain the following: A. Temperature measurement by electric methods. B. Classification

of measurements. C. Industrial manometer, D. Diaphragm gauge . E.Classification of flow

meters. {25 Marks)

With mny best wishes for success
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University of Technology

Chemical Engineering Department

IK Subject. Environmental Eng Class: Third
Branch: Chem. Processing Eng. 2011/2012 Time. 3 hours
_ Date : 7ilune

Final Examination

Ir Examiner: Dr. Jenan A. Al-Ngjar

Note: Answer only four questions.

il a1 ' 13
1. Define the acid rain. What are the effects of acid rain? Explain the chemical process of acid rain |
Z formation in the atmosphere. N
a,
“i %%/) Acid rain: the present of sulfuric acid or nitric acid in the atmosphere could lower the pH of rain droplets to

value below 5.6 and such rain is considered acidic and it called "acid rain. These acids are mainly caused by
the release of sulfur dioxide (502) and oxide of nitrogen (NOx} during fossil fuel combustion and the use
sulfur coal and oil. When these gases are discharged into atmosphere they react with water, oxygen, and
other gases in the atmosphere to form sulfuric acid, ammonium, and nitric acid. These acids then disperse
over large areas beca/u,ge of wind patterns and fall back to the ground with rainwater as acid rain.
Effects of acid rain ( & .
The harmful effects caused by acid deposition can be categories under many effects:
2 1 Effects on water bodies: acid rain causes acidulation of lack and streams and contributes to damage of
tree at high elevation and much sensitive forest. '
i 2 9. Effect on material: acid rain accelerates the decay of building, bridge, and other structures may by i
corrosion.
. 3- Effect of human health: acid rain caused acidification of air, water and food that damage the human
health. It can also release heavy metals from the pipes of the distribution systems into the potable

' water supply. - i
I Chemical processes of acid formation in atmosphere ("’1 .y 95 (J e
A large part of SO2 in the atmosphere is oxidized to sulfur trioXide SO3: .
280, + 0, —— 280, e et LRI DA
Also SO2 reacted with atmospheric ozone to give sulfur trioxide 503: 0-SKREG =

SO, +0, ——> 80, +0, <~

Sulfur trioxide SO3 is then quickly combined with moisture (water) in the atmosphere to form sulfuric acid '

l" mist: )

SO, + H,0 —— H,80, ey

The overall reaction is:
| 250, + 0, +2H,0 ——>2H,80, <% il
' Nitrogen dioxide reacts with atomic oxygen to give nitrogen trioxide: '

NO , + O —— NO, o

Also NO2 reacted with atmospheric ozone to give nitrogen trioxide NO3: :
NO,+ 0O, —=> NO,+0, o<

NO3 reacted with NO2 forming N20S, which react with moisture {(water) forms nitric acid:
NO, + NO , —— N,0; g

N,O,+H,0 ——>2HNO ,  «'s"
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: Calculate the 50% cut-off diamete; for particles of CaO suspended in an air stream at 100°C and at

2, What are the advantages and disadvantages of the wet scrubbers? Numerate the major types of the _
wet scrubbers.

Wet scrubber is one of the particulate control equipment in which water is used to capture particulate
dust. The resulting the solids are removed from the gas stream by water as slurry. The principle mechanism

involved impact (impingement) of the dust particles and water droplet in order to achieve good contact
time. '

-The advantages of wet scrubbers § L%
1- Simultaneously removal of gases and particulate,
2- Can effectively remove fine particulate, both liquid and solid, ranging from 0.1-20 u from gas
stream. ‘ .
3- Equipment occupies only a moderate amount of space compared to dry collectors such as bag
house. .
-The disadvantages of wet scrubbers @ \ )
1- Reiatively high energy costs. WW%}/Q
2- Problem of wet sludge disposal. ' | x
3- Corrosion problems S
4- The wet sludge causes water pollution and there is need to treatment method to remove particles
from the water.
5- Very small particles (sub-micron sizes) may not captured.

Wet scrubbers HH

The major types of wet scrubbers are: (¢} } ;“ [ 5 X3
1- Spray scrubbers ’
2- centrifugal scrubbers . ‘}* 1,4
3- Venture scrubbers FJ .

atmospheric pressure for a gravitational settling chamber of 8m long and 2 m height, when the gas

velocity in the collector is 1.2 m/s. The CaO particle density is 3310 kg/m? and the air density 1.2 kg/m®
. . 5 .

and viscosity 2,17x10™ kg/m s.
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s Flr‘ Q3: Answer the following: i T .4,
1. Define the solid waste and what are the classifications of solid wastes? 2.7

\,1 Solid waste is that material which arises from various human activities and which is normally discharged as | :
Il

useless or unwanted. It consists:
¢ Highly heterogeneous mass of discharged materials from the urban commuriity.
“I e The more homogeneous accumulation of agricultural, industrial and mining waste.

Classification of solid wastes
Solid wastes may be classified based party on content and party on moisture and heating value. A typlcal

classification is as follows:
¢ ,_(i (a) Garbage {4ixidll 4ulaill): Refers to the putrescible solid waste constituents (Gal) alEh ad ol sl

produced during the preparation or storage of meat, fruit, vegetables etc. These wastes have a
m " moisture content of about 70% and heating value of about 6x10°1/kg. - 4

_ (b) Rubbish {4ixidi e 4elall): Refers to non-putrescible solids waste constituents, either combustible
¢ (1 or non-combustible. Combustible wastes would include paper, wood scrap, rubber, leather etc. .
Non-combustible wastes are metals, glass, ceramics etc. These wastes contain a moisture content

of about 25% and heating value of the waste is around 15x10° J/kg. 4

o hC;l {¢} Pathological wastes (4= !t <Uiiill): Dead animals, human waste, etc. The moisture content is 85%
' and there are 5% non-combustible solids. The heating value is around 2.5 x 10° J/Kg. ¢~ ]

(d) Industrial wastes {webiall <Ulid): Chemicals, paints, sand, metal ore processing, fly ash, sewage
2 treatment sludge etc. J o 2

III e ,C’] (e) Agricultural wastes (4=, 3 <Jail): Farm animal manure {sedl), crop residues etc.
2. Explam the oxygen sag curves with sketch and drlve tﬁe ‘equation of:
1.” The oxygen deficit Dintimet. 2
2. The critical oxygen deficit e #

Oxygen sag curves

The discharge of waste into a body of water results in the depletion of dissolved oxygen level
(deoxygenation) as the wastes oxidized by bacteria. Opposite of this drop in dissolved oxygen (depletion} is
reaeration which replaces oxygen through the surface of water, at a rate which is proportional to the rate
of depletion of oxygen below the saturation value. The simulations action of deoxygenation and reaeration
produces a typical pattern in the dissolved oxygen concentration of aquatic system. This pattern is known
as the dissolved-oxygen sag and the typical curve is shown in the figure below

Point of waste discharge
e & .
Saturation value

FIJ

Do

|
f
;
]
|
|

Distance downstream {or time}

t Fig.1 Oxygen sag curve
| Page 3 of 9 ;
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The following conclusion can be seen from oxygen sag curve:
1. Initially the sag curve drops as the waste deplete the oxygen faster than it can be replaced.
2. At the point where the dissolved oxygen (DO) is a minimum, the rate of reaeration becomes equal
- to the rate of deoxygenation. This point is the critical point.
3. Beyond the critical point, the rate of reaeration exceeds the rate of deoxygenation and dissolved
oxygen levels {DO) begin to increase and eventually return to normal.
4,
1. The oxygen deficit D in time t.
The simultaneous action of deoxygenation and reaeration can be described by the equation:

a;—? =k L-k,D (1)
where

D = dissolved oxygen deficit, mg/l or kg/m’

L = concentration of organic material {the BOD remaining in time t), mg/l or kg/m*
ki, =deoxygenation constant, day™

k, = reaeration constant, day-1

L can be expressed in terms of ultimate BOD, Lu as:

L=1Le ™

Substituting Eq.2 into Eg.1 and integrating we gate:

- kL, (3) -

= (e —e )+ De™
bk,

2. The critical oxygen deficit Dc
The critical dissolved oxygen deficit Dc, where the rate of oxygen utilized for waste material decomposition
equals to the rate of atmosphere reag:r_ation, and this can be evaluated by simply setting dD/dt =0 in Eq.1
and D=Do, as: :
kL-k,D =0
L=Le™

and #
then
k2Dc' = le = kILu exp(ikltc) (6)

Dc = ﬁ Lu exp(fkltc) (7)
kZ

-~ .. » L s L& e o Mo
P, f/’aﬁa}544)29'&*QQL‘C?!L‘”’Ly A .
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Q4:
a. A town discharges 21600 m>/day of sewage into a nearby stream. The stream is with depth of 2m and a
velocity of 4km/h and has flow of 0.5m?/s. Other information are:

Temp. (°C) DO (mg/1) BODs (mg/1)
Stream 22 > ' 7
sewage 28 2 180

The deoxygenation constant (k,) evaluated at 20 °C is 0.4 day™. The saturation concentration of

dissolved oxygen at average temperature is given by:
M ‘\K\ha

DO =14.6-0.394 T +0.007714 T2 - 0.000064 T’

Determine the critical oxygen deficit, Dc and its location, xc.

SO\\.&&\BV\ N
m3 99 , Jw
d"’; 2ilw- 3 690

(& SQW(}-S(_ g\O\L) — Qse - iiéod

\
el I A MS/S
S%mw{)\ow = 9 W3/3 = Qs.L

( sbve—* St-""“'?cj = T
25 ( 28+ o5 ( 7‘2

2§ + o S

X .‘_‘Jﬂw ' a/f fev waXuin 3
\ -T"M - @Sc TS% + Cbs +
‘[275@ - ©§ ¢

Ts

[
4 g

= 24 ¢

¥ | DO a,mev haiXy = DIAW )
GXe Dq. + @Yi DOy _ 0-25(CZ) 405 ( 5

d?sc -t @st s+ o5
= U wmg/)d

i E&D)_. ucd YFM ajl-@«- quw--j
\ > !

7 QJ& \/5. . C(?SJ. yS,S‘L G5 (’30) + 09 (7)

5)“"\ = . #e - o 2 .
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DO, = M6~ o394 T +s-0oof T4 —2 o ek T
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= v 87 = 1 wg U
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b. The BOD results given below are observed on a sample of wastewater at 20°C:

t (days) 0 1 2 4 6 8 10
Y (BOD, mg/1) 0 65 11 18 22 24 % g

1. Plot BOD curve,
2. Calculate the parameters 4 and Lu

Solution
t (days) 1 2 4 6 8 10
T | 0.54 0.57 061  0.65  0.69 0.73 \
\
0.75 -
0.7 4 .
0.6 - . \
iy y=0.0212x + 0.5202
055 1
0.5 ; e
0 2 4 6 8 10 12
' ? q,
Slop= b =0.0212
Intercept =a =0.5202
b
kl =2.61— 2
a
k| =2.61 00212 _ 106day™
0.5202
o1 2L
“23ka
1
L = ~=29mg /1
2.3(0.106)(0.5202)
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Cyclone efficiency, %

Q5:

100
o0
&0
70
60

40
30

Design a high efficiency cyclone to recover solids from a process gas stream The particle size
distribution in the inlet gas is given below. | : " The density of
the particles is 2500 kg/m? , and the gas is initially nitrogen at 150 °C The stream volumetric flow
rate is 4000 m*/h and the operation is at atmospheric pressure. An 80 percent recovery of the solids
is required.

Size range, dp, pm >50 - 50-40 40-30 30-20 20-10 10-5 5-0

Weight percent, w% 10 15 10 10 25 20 10
- d ( J Ql #2
Dy Qz Ap 2 My

Standard conditions: Dc1 =303 mm, Q1= 223 m3/h, Ap1 = 2000 kg/m3, y, = 0.018 mN.s/m>. The

optimum velocity is 15 m/s ,./u( A Neek 1coe = 0023 wN- S ) me
050,
T i L‘
/ R 0sDx0 2 |
I \ o
50 P R —
,,,, By K50

20
10
¢]

0 5 10 15 20 25 30 35 40 45 50 55 60 85 Y0 75

Particle size, pm

25D
{a}High efficieney gyclone C,mmemg )
Spzesve K/w Gametr
_— e Ve AN
SIE T
Lj( o . /M \\t N
(«\, Z. UL‘—UO ¥ it
. Noarsn,
" Se K“”& \ﬂ'&_“ l/\ High efficiency cyclone
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Chemical Engineering Department

| b i . . C, s -

| | Subject: Equipment Design F lnal Examination Class: Third
Branch: Chemical processing 2 011 /2 0 ] ) Time: 3 hours
Examiner: Zagingb Y.Shnan Date : 5/6/2012

FI

Attempt four questions only
Q1:- A/ Draw sketches symbology of six of the following:

1) Reverses flow bubble cap tray 2) Trapezoidal slot 3) One way valve
4) Pressure controller  5) Packed bed 6) spherical storage tank 7) Rotary kiln

B/ Explain the general design steps of Distillation Column that used for separation of a binary liquid feed mixture
(Pentane "of low boiling point" & Heptane) ; with drawing of all required figures in your answer.
(25 mark)

Q2:- A/ Define and give requirement for piping and instrumentation diagram (PID).
B/ write the steps of complete design procedure for shell and tube heat exchanger .assuming that the

hot fluid is liquid benzene and the cold fluid is water .and write all necessary design equations.

Q3:- A/Explain the general steps in designing of bubble cap trays.
B- What are the main principle requirements that determine the selection of site for a chemical

plant.
(25mark)
Q4:- A mixture of three components with the following specification:
Stream Mass flow rate (kg/hr) Density (kg/ m’) Viscosity, (cp) -
Gas W, = 166799 Py =12 - '
Hexane W, = 6440 p=200 p=0.6
Water W, =520 P=990 pe=0.7

The mixture was fed into a vapor-liquid-separator. The operating pressure was 50 bar and operating
temperature of 47 OC. The vessel should have an extra surge time of (25min) for the hexane.
Take : Liquid-liquid separation constant = 0.026
Vapor-liquid separation constant = 0.106
Then calculate all design parameters of this unit under such conditions.
(25mark)

Q5:- Three liquid surge drums constructed from carbon steel and holding heavy naphtha.

e The 1* drum diameter is (1 m) with operating pressure (2 bar ), located as a reflex drum in
distillation column.

¢ The?2" drum diameter is (2 m) and the operating pressure is (15 bar ) located between two
distiflation column.

e The3™ drum diameter is (2.5 m) and the operating pressure is (70 bar ) located as a feeding
reactor

Then, calculate:

1- The design and test pressures of each drum.
2- Thickness of material of construction for each drum, =950 kgf’cm2 for carbon steel.
3- Make equipment summary (Date sheet) for the drums.

(25mark)

(25mark)
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| University of Technology ”l
Chemical Engineering Department i
||| Subyect: Equipment Design : - Final Examination A ‘
. O d : Class: Third
Branch: it and gas refinery eng. 2011/2012 Time- 3 hours
Examiner: Dr.R.5. AL mukhtar Date : f

Attempt four guestions only

ALY psan (Ao g gl 45 5 ga cila ) i
Q1 Correct the following phrases

1. Liquid drums usually are placed vertically and gas-liquid separators horizontal Il

2. Double pipe heat exchanger is one of complex and costly type of heat exchanger

3. The space between the jacket and the vessel wall typically a range from 1000 i

li to 5000 mm

4. Codes used in United States are a- BSI b- European Committee for
standardization c- DN Iii

1 5. The first trial in sieve tray design ,downcomer area may take 80%of the total
column area

Q2 A- Explain types of packing's used in column

B- A Explain the advantages and disadvantages of plate heat exchangers

| Q3 Numerates the information included in process flow diagram ,and draw
il[ symbols of Centrifugal pump ,open vessels, absorption vessel , COMpressor Il

B- Explain three types of valves used in chemical factories
Q4 A- Discuss factors effect on site selection and explain in details m

Q5 It is need to design a cylindrical vessel ( diam. 2 m)for lubricant oil at 250 C
and 8 bar (absolute ) the material of construction will be carbon steel ,weld will be
m fully radio graphed ,corrosion allowance should be used ,estimate m

1- The thickness of the cylindrical wall

2- the thickness of the hemispherical bottom head ,
i

3- the flat top head m
Note: 10 N/mm? = | bar
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Tensile
strength,

Materigl Pesign

stress al temperatore "C (N/mm#)

Qro 5 163 150

200

250

300

s 400

Carbon stect

(semi-killed or

silicon killed) 3ok i35 125 115
Carbon-manganese steel

(serni-kitled or

silicon killed) 450 P20 170 50
Carbon-rolybdénum

steel, (.5

per cent Mo 45 180 | LU %
Low alloy steel

(Ni, Cr, Mo, V) 550 240 240 240
Stainless steel

18C 8N

unstabilised (304) 510 165 45 1M
Stainless steel

18CHENI

Ti stabilised (321} 540k 63 10 140
Stainless stoel

FRCHENI

Mo 2% per cent

{316} 324 175 150 133

140

140
240

13

133

120

130

130
240

119

130

H15

185

130

HO

80

ias

119
230

160

05

TO

120

103

190 170

95 90

120 115

100 95
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Subject:Democraties
Branch:Both Branch
Examiner:Dr.Bushra

University of Technology
Chemical Engineering
Department
Final Examination
201172012

Class: Third
Time: 3 hours
Date: /may
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University of Technology
Chemical Engineering Department
Final Examination

2011/2012 Class: Third

Time: 3 hours

Subject: Reactor Design

Examiner: Dr. Mohammad Fadhil & Dr. Amer Aziz

Attempt (4) questions only

“ Q1) The homogenous gas phase reaction A —p 3R using system of PFR, follows 2 second

order kinetics. For 2 feed rate of 1 m>/h of pure A at 3 atm and 300° C, an experimental

reactor consisting of a 30 cm inside diameter pipe and 3 m long gives 60% conversion of

feed. Estimate the half life time of the reaction. ey (15 marks)

Q2) A gas-pbase reaction A me——— R+S is carried out in a batch reactor with initial

| conditions of To= 300 K, total pressure = 5 atm. and a constant volume of 0.5 m’. The '

l feed contains 70 mole% A and the balance inert material. The reaction rate constant is:
{ k =10" exp (-16000/T) L. The heat of reaction is (—1500) kecal/kmol

And the heat capacity of A, R and S are 40, 35, and 30 keal/kmol.K réspectively. {
a) Compute the time required for isothermal conditions if the conversion is 70%.

b) Compute the time required for adiabatic conditions if the copversion is 70%.

reaneesssrsnenne (15 marks)

e ——
e r—

Q3) The production of methyl bromide (C) is an irreversible liquid phase reaction which is

first order with respect to methylamine (A): A + B —  C+D,this reaction is carried

out in a semi batch reactor. Methylamine (A) at a concentration of 0.025 mol/dm’ is to be

fed at a rate of 0.05 dm>/s to an aqueous solution of bromine cyanide (B) contained in a

glass lined reactor. The specific rate constant is K=0.01 ¢! The initial volume of fluid in

the reactor to be 3 dm’. The initial moles of (A) in feed Nao™ 0.01 moles. Determine the

conversion of A, assume time increment (At) = 0.5 min. cavnecans ceevaas (15 marks)

Page 10of 2 Foliow O
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be carried out in an isothermal PFR at 5.0

gas-phase reaction A+2B mep 2D is to
0.5 and

Q4) The
and 55 C temperature. The mole fractions of the feed streams are: A=0.2, B=

atm
3 .
m°/ min,

the activation energy 1.25 keal/mol

inerts = 0.3. The volumetric feed rate iss0d

and the rate law at 75° C is:

(-r3)=25Ca"” Cn (kmol/m’.h)
10 m length packed with a catalyst,

of 2.5 cm inside diameter pipes,
(15 marks)

How many numbers

are necessary to achieve 80 % conversion of A? e

Q5) The liquid phase reversible reaction A ?ﬁ B is carried out in a 120 liter CSTR.

one containing 2.5 mol AlJliter and the other containing 1.5 mol Alliter, P

Two feed streams,
¢ introduced in equal volumetric flow rate int

um conversion is obtained. Assume a constant density throughout and given

are to b o the reactor, and 50% of the

equilibri

k=7 liter/mol.min, k=3 liter/mol.min:
a- What should be the flow rate of each stream?

o another CSTR where the irreversible }

ulate the volume of CSTR needed to
(15 marks)

b- If the effluent from the first reactor is charged t

reaction A — B takes place with k=3 min"'. Calc

----------------

obtain 90% conversion of A.

*******************************************************

Rg = 0.082 atm.lit/mol. K = 1.987 cal/mol.K=8.314 J/mol.K

GOOD LUCK
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University of Technology

i Chemical Engineering
Subject:Appliedmathematics ) ) )
Branch:Gas & Oil Refinary and Flnal Examination Class:3rd
Unit Operations Time: 3hours
, ; 201172012 fme: Ao
Examiner: Dr Ghanim Alwan Date:

Attempt four guestions only

Q1) Two CSTRs are connected in series carried out first order chemical reaction (A —k B). If

the inlet concentration (C;) of reactor {1) is changed by unit step .find the response equation of
concentration into reactor (2) as function of time, i.e. , ¢3=f{(t)

(20 marks)
Q2) Find the solution of the following equation:
d2y dy
— 4 - —_— - =
dez (X 1) dx Y 0
(20 marks )
Q3) Obtain the solution of the mass diffusion equation :
a2¢ _oc
axz  dy
With B.cs of: C (0, y) =C (2, y) =0 y>0
C(x, 0) =f(x) 0<xs2
(20 marks)

Q4) Solve {(numerically) the following equation:
X dy =(X* - y) dx
If Xo= yo=1 ,find the value of y at x=3 . Discuss your results. What is the value of % error.

(20 marks)
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Q5) Consider a fluid is flowing with linear velocity (V) along a pipe of length (L) and diameter (D).
Find the temperature distribution of the fluid as a function of time and distance T(x,t).

Where:

A: surface area of pipe, cp: specific heat

w: mass rate of flow . u T Ta .
: > e ——
h: over all heat transfer coeff. fluid

T: Temperature of fluid

Ta: ambient temperature

(20 marks)
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University of Technology

Chemical Engineering Department

s
a8 SV Kuat scetatls

. nd . .
Subject:  Biochem. Eng. 2" attempt Examination

Class: 3rd
Branch:  Chemical Processing Eng. 20]11/2012 Time: 3 howurs
Examiner: Lecturer Nagham A.A. Date : 3/September

Note :Answer four questions only

Q.1 Achemostat study was performed with yeast .The medium flow rate was varied and the
steady state concentration of glucose in fermenter were measured and recorded. The inlet
concentration of glucose was set at (C,, = 100 gm/L) .

The volume of the fermenter contents was (500 ml).The inlet stream was sterile
Flow rate F , (ml/hr): 31 50 71 91 200
Substrate con. C,, (gm/L): 0.5 1.0 2.0 4.0 100

Find the rate equation for cell growth .

(15Smarks)
Q.2 A specific enzyme acts as catalyst in the enzyme reaction of substrate (A) as the
reactant .At a given enzyme concentration in the aqueous feed stream (25 L/min),find the
volume of mixed flow reactor (CSTR) needed for 95% conversion of reactant A, (CA¢y=2
mol/L) .The kinetic of the enzyme reaction at this enzyme concentration is given by :

A—,B -ra= (0.1 C4) /(1+0.5 C,) mol/(Lit .min)
(15marks)
Q.3 Define the following terms:-

1- Activation energy 2- Continuous sterilization
3- Inhibitor 4- Damkohler number

5- Transition state theory

(15marks)

Q.4 What are the most common aerobic biological treatment processes? Explain

them with sketch.

(15marks)
Q.5 A) Derive the relationship show how the substrate concentration is changing
with respect to time in batch bioreactor,

B) What are the methods of heat transfer in biological reactors? (15marks)
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Subject:
Branch:
[Examiner:

University of Technology

Chemical Engineering Department

Combustion Engineering F lnal Exam ination’ Class: Third
Oil &Gas Refinery Engineering 2 0 ] ] /2 0 7 2 Time: 3 hours
zainab Y.Shnan Date : 7/6/2012

Attempt four questions only

QI:- A natural gas with the composition by volume CH, =98% and N;-2% burnt with 200 % by
volume excess air. If 80% from methane change to CO, and 15% to CO and 5% not burned
determine;-

1. Composition of flue gas.

2. The operating air fuel ratio.

3. The height of chimney if the draught is 15 mm water and the temperature of flue gases is
300°C and the temperature of air is 20"C. (25 mark)

Q2 :- Stack gas analysis of a natural gas-fired furnaces gave the following analysis 4%0,, 10%

CO3, 17% H;0 ,86%N; all a dry basis the fuel was 75% C2Hg , 25% C3Hg by volume and the higher
heating value was 23.3 Btu/Ibm the fuel and air entered the furnace at 77°F and the stack gas
temperature was 340 "F. No blower was used and heat losses were negligible what the operating
efficiency of this furnaces is and what is the excess air? (25 mark)

Enthalpy at 340° F ( kBtu/Ibmole)
[Co, =2.528, H;0=2.142, N,=1.838 , 0,=1.882], Hy, of water = 1050 kBtu/Ib

-Q3:- A/ what i5 the flammability limits (with details).

B/In a flow calorimeter 36 mg/s of graphite particulate reacts completely with oxygen initially at
25C" to form carbon dioxide at 1 atm and 25 C.the rate of heat absorbed by the calorimeter water is
420 W. Find the heat of formation of CO, , (25 mark)

Q4:- A/Determine the upper and lower heating values at 298 K of gaseous n-decane C¢Hz; per kmole
of fuel and per kg of fuel. The molecular weight of n-decane is 142.28.

B/ If the enthalpy of vaporization of n-decane is 359 kJ/kg fuel at 298 K.what are the upper and lower
heating values of liquid n-decane. (25 mark)

Enthalpy at 298 K ( kJ/kmole)
CO, =-393,596, C;Hy=-249,659, H,0 =-241,847, Hj, of H,O = -285,857 kJ/kmole
Q5:-A/ Calculate the adiabatic flame temperature using the approximate equation. For bituminous

coal is burned to completion with 50% excess air. The as received ultimate analysis of the coal is 70%

wt carbon, 5% hydrogen , 15% oxygen , 5% moisture and 5% ash.

LHV=10100 kl/kg Cp=1.17 kJ/ kg.k.

B/ Explain the effect of reactant pressure and temperature on laminar burning velocity and how can
calculate the critical velocity for any gas at any temperature. (25 mark)
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University of Technology

Chemical Engineering Department

2 dusilliaa 2
. . . a3 UG Wt kot K
Subject: Environmental Eng Final Examination Class: Third
Branch: Chem. Processing Eng. 2011/2012 Time: 3 hours
Examiner: Dr. Jenan A. Al-Najar
Date ;9 Sep

Attempt four (4) questions only

Q1: Answer the following: ‘
1. Define the global warming. What are the effects of global warming? How can control
the global warming?
2. What are the types of water pollutants and their effects? 25 Mark

Q.2: Answer the following:
1. Derive the terminal velocity equation and the terminal velocity in stocks region.
2. What are the factors that must be determined to choice the collection equipment for
air pollution? 25 Mark

Q3: A gravity settling chamber in a small heating plat that uses a travelling grate stocks. You are
requested to determine the overall collection efficiency of the settling chamber given the
following operating conditions, chamber dimensions and particle size distribution data:
Chamber: width = 10.8 ft, height = 2.46 ft and length = 15 ft. The actual volumetric flow
rate of contaminated air streams is 130 ft*/s. Particles specific gravity = 2.65. Particles size
distribution data are given below:

Size range, dp, pm 0-20 20-30 30-40 4050 50-60 60-70 70-80 80-94 +94

Weight percent, w% 3 7 6.9 9.4 10.5 10.5 9.5 7 9.5 34

Assuming the actual terminal velocity is one-half the stock law velocity. The air viscosity is
1.75x10” Ib/ft.s. 35 Mark

Q4: Specific town discharges 0.4 m>/s of sewage into a nearby river. The river has flow rate of
0.7 m3/s with depth of 2 m and velocity of 6 km/h. Other information is:

Temp. (0oC) DO (mg/l) BODS (mg/l)

Stream 21 5.0 5.0
sewage 26 2.0 150

The deoxygenating constant (k;) evaluated at 20 °C is 0.37 day™. The saturation
concentration of dissolved oxygen at average temperature is 9 mg/l. Determine the critical
oxygen deficit, Dc and its location, xc.

25 Mark
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Q5- A particulate sample in an air stream has the following weight percent distribution:

particle Size, dp, pm 1 10 50 100 200
Weight percent, w% 10 20 40 20 10

A cyclone separator is employed in the basis of the following data inlet:
Cyclone width = 0.3 m, effective number =5, inlet gas velocity = 6 m/s, particle density = 1.6
g/cm?, gas density = 1.2 kg/m’, gas viscosity = 0.018 mN.s/m?, using the figure below to
estimate the percentage of the total weight, that would be removed in the cyclone.

25 Mark

1.0 ———
M 0 - 8
3
w 0.6
| )
&
faa /|

0.4
i /
3 7
b
(]
0.2
E .
L /f

.1 ' v

0.4 0.60.81 2 4 6 8 10
d/dsg
Cyclone efficiency versus particle-size ratio
Good luck
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University of Technology

Chemical Engineering Department

E 1 %0 B S ke

Subject.‘ Environmental Eng Final Examination Class.: Third
Branch: Chem. Processing FEng. 2011/2012 Time: 3 hours
Examiner: Dr, Jenan A. Al-Najar Date 7 June

Note: Answer only four questions.

Q1: Answer the following:
1. Define the global Wf*rrnmg What are the effects of global werming? How can control the global
warming?

Global warming is increase in global average temperature near the Earth's surface as a result of
increasing in concentration of greenhouse gases in the atmosphere from human sources. If more
greenhouse gases are added to the atmosphere from human activities, they will absorb more of infrared
radiation reflected by the Earth's surface. The surface and the lower atmosphere will warm further. This
extra warming is called the enhanced greenhouse effect.

Effects of global warming .
The following effects will results from the global warming (rising temperature}:

1- - Thermal expansion of the water and melting of polar ice caps would cause sea level to rise.

2- Could lead to changes in regional wind systems which would influence global rainfall distribution and lead
to redistribution and frequently of flood, draught, and forest fires.

3. Climate change would create favorable conditions for growth in insect population, which this have bad
effect on agriculture and human health.

4- Disrupts the Water supply and draughts would be more common.

Controlling global warming
1- Reduce deforestation and develop way to sustainable agriculture.
2- Use of technologies to absorb CO2 from emission.
3- Increased absorption of CO2 by planting more trees.
 4- Sequester CO2 in deep Ocean.
5- Increased dependence on renewable energy source.
6- Change and more environmentally complete life style. L

2. What are the types of water pollutants and their effects? ' ' i
The main pollutants in water are:

1. Oxygen demanding wastes:

a- Dissolved oxygen, DO:
Dissolved oxygen is the amount of oxygen dissolved in water to sustain the plant and animal life in any
aguatic system.

b- Biochemical oxygen demand, BOD:
BOD is the measurement of the amount of oxygen utilized by microorganisms during oxidation of organic
material. It is the most widely known measurement for assessing the water pollution by a given organic
waste.

2. pathogens:
Pathogens are a disease causing agents. Water is a potential carrier of pathogenic microorganisms. These
pathogens are carried into the water bodies by sewage and waste from farms and various industries.

3. Refractory organic compounds:

These include pesticides, herbicides, phenols, synthetic organic chemical and detergents. These compounds

in contrast to the organic waste are not biodegradable and may persist for a long periods.

Page 10f 9




4 Nutrients:
Nutrients are the chemical material required to growth of aquatic life, Such as nitrogen and phosphorus.
Nitrogen and phosphorus enter the water bodies directly from the manufacture and use of fertilizers and
from the processing of biological material such as food and textiles. When large concentrations of nutrient
are present in water, an excess growth of algae known as algae bloom appears. This produces an un5|ghtly
green slime layer over the surface of water body lead to eutrophication,

5. Inorganic chemical and minerals:
These include inorganic salts, mineral acids, and heavy metal compounds. Most of these are toxic and are
capable of killing living arganisms in the water bodies.

6. sediments:
These include soil, sand, and mineral particles or pulverized coal ash. Their effects increasing turbidity and
consequently of reducing the amount of sunlight available to water plants.

7. Radioactive substances:
The refining of uranium is the most important source of radicactive waste producing radium, bismuth, etc.
Radioactive substances can enter human with food and water and accumulated in blood, liver, muscular
tissues (4lcaxlt 45.u3¥1) causing to serious of health problem to human kinds.

8. Thermal pollution
Power plant and industry use large quantities of water for cooling purpose. This could results in increase or
decrease in the temperature of the water bodies and causing in the change in the percentage of dissolved
oxygen in the aquatic media and decreases in the saturation percentage.

9. OQils:
Oils are important commodity and virtual for every human activity now. Oil wastes enter rivers and other
water bodies from several sources like industrial effluents, oil refineries, storage tank, automobile waste
oil, and petrochemical plants. Oil insoluble in water so it floats and spread rapidly into a thin layer. The
lighter low molecular-weight elements, which are most toxic to organism, evaporate at slow rate effects on
life in the water.

Q.2: Answer the following:

1. Derive the terminal velocity equation and the terminal velocity in stocks regian.[_i 33

2. If the particle is settling in a fluid at its terminal velocity, three forces acting on it: drag, buoyancy,
gravity force, as shown in Fig.8. The terminal settling velocity of the particles is found from forces balance
as:

F,=F,+F, o, 2
where
Fg = gravity force (secondary Newton law)= mg
FD =dragforce= g _ P L AC AC

D 2 ]
FB = buoyancy force = Fp=m, L g
Pp
m, = mass of particle = #»" »
g = gravitational acceleration, m?/s
p, = particle density, kg/m’
pe = gas density, kg/m’
= drag coefficient

V, = terminal velocity, m/s
A = frontal cross sectional area, m”
V, = volume of particle, m’ .

Substituting the overall balance then*becomes

Fig.10. the forces acting on a particle in
Page 2 of 9 a fluid




mpg

_PVIAC, [P,
2 Py

The general solution to the equation, in term of Vi, is

y o |2m8(P,=P)
pppgACD

for spherical particle the terminal velocity:

- dgd (p,— P,)
! 3Cng

(1)

where ‘

_ T s _
Vp_'gdp’ A"_4_dp’ m=p,V,
where

dp = particle diameter, m
Eq.1 is the general equation for the terminal settling velocity
where CD is the drag coefficient which is related to the particles Reynolds number,

_ prd,
He

Re

4

Where
The general drag coefficient for spherical particles may be represented by three relationships.

In Stocks law region, laminar flow around the particle
24
> Re »
Substituting Eq.(2) into Eq,(1), we can calculate the terminal settling velocity in the Stokes region: .

gd;(pp—pg)

_—_ =L

184,

t

3. What are the factors that must be determined to choice the collection equipment for air
pollution? -

A number of factors must be determined before a proper choice of collection equipment can be made.
Among the most important data required are the following:
The physical and chemical properties of the particulates.
The range of volumetric flow rate of the gas stream.
The particulate size and concentration in gas stream.
The temperature and pressure of the flow stream.
The humidity.
The collection efficiency that required for outlet stream.

é
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Q3: A gravity settling chamber in a small heating plat that uses a travelling grate stocks. You are req_uestedm' '
to determine the overall collection efficiency of the settling chamber given the following operating,
conditions chamber dimensions and particle size distribution data: The cocd u.d?
Chamber: width = 10.8 ft, height = 2.46 ft and length = 15 ft. ﬂolumetric flow rate of contaminated air
streams is 7r(§f6 ft'/s. Particles specific gravity = 2.65. Particles size distribution data are given below:

<

Size range, 0-20 20-30 3040 40-50 50-60 60-70 70-80 80-94 +94

Weight 27 69 9.4 105 10.5 9.5 7 95 34
Assuming the actual terminal velocity is one-half the stock law velocity. The air
- viscosity $72 %16 Ib/ft.s.
I 68 25 Mark
SO\.W\ {U {n

W= jo-2 1) / \ "
L:'V: jz-%ﬂ Ig‘”

L = Isf o

Q=136 /s~
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. Y. __70)
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Q4: Spesific town discharges 0.4 m?/s of sewage into a nearby river. The river has flow rate of 0.7 m*/s
with depth of 2 m and velocity of 6 km/h. Other information is:

Temp. (°C) DO (mg/l) BODs (mg/)
Stream 21 5.0 5.0
sewage 26 2.0 150

The deoxygenation constant (k,) evaluated at 20 °C is 0.37 day™. The saturation concentration of
dissolved oxygen at average temperature is 9 mg/l. Determine the critical oxygen deficit, Dcand its

location, xc.

Soelulltown

QSC = oA W\(g/j

3@«-‘@9{ ﬂ/UW
o J W3/

;r( \J e\ J:[uuu = CQ’fQ

H

H= 2w L (006 ¢q /s
d N T

vV = 6 — " 3¢oo

® /\/\(X\\A‘a (_‘—ﬁw‘? = o 5y CZ_G)"{' o7 CZ\)
g aani SO
w = T 7

. oA +o A
COSQ *t'(pp

% D0
vl /\/\;y}m (w -:} M
y @ DO, 4 @i POV "M)%

T T e ket wld

- 272- QQ

/) - 5"~ v
Gse + D,

0 ‘ '\"w\
% M(X\V g /5, >+a-dC5>:

- o (o
Qc?ﬁi{&» ‘TQV\’ Vs _
= — . o “$o 4
YQW\ = “’/—'ZQ>Q+G2‘/: 57’7
<= 7 cLa T = L=
/C Qoc - 3 ‘0
?LC( - L(‘ — = L;?o Cl Ogé.)
a& TVV‘ - ) wn — 20 \

2z2-8-% __ . d
Page 6 of 9 Z o7 C /,Ugé) = \13 0




A D‘,_., = 005 - PO = T4 = C5‘""j (A
le v U»é'ﬁﬁ »
® L;w:sq e = %-9 \_4_:[70] AGO
H ) °
f — 2o
A kL/’LZ,g = U O%?)
28-3R

g [k (o ..”i_..._ |

L(L-L("f - L(f‘
j 2o -
= — flo 2 —= (=5 “1—-.:3\13 1_#
2~ ~eoH? —_ 3 « 43 (65- 3’))
::0576 q{ﬁ-:}
D<_ = L<‘ Lu\ R CE‘ Y ‘NL)

l .
"‘\)"3 o “e.‘_ A
223 (€503 exg (Fhets o-F6)

- 993 wy/l

X = V e te

Page 7 of 9

/"
24 W ;
{ o % A 4o 26 don”

A 2

,QC]AU\V{ \<w~




Q5- A particulate sample in an air stream has the following weight percent distribution:

Particle Size, dp, um 1 10 50 100 200
Weight percent, w% » 10 20 40 20 10

A cyclone separator is employed in the basis of the following data inlet:

Cyclone width = 0.3 m, effective number = 5, inlet gas velocity = 6 m/s, particle density = 1.6 g/cm®, gas
density = 1.2 kg/m°, gas viscosity = 0.018 mN.s/m’, using the figure below to estimate the percentage
of the total weight, that would be removed in the cyclone.

1.0
0.8

0.6

FRACTIONAL EFFICIENCY
Y

0.4 ¢.£0.81 2 % 6 8 10
d/dgo

Cyclone efficiency versus particle-size ratio
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University of Technology

Chemical Engineering Department

Subject: Equipment Design F lnal Examination Class: Third
Branch: Chemical processing 2 0 11 /2 012 Time: 3 hours
Examiner:  Zainab Y.shnan Date : 6/9/2012

Attempt four questions only

Q1:- A/ Explain with details and sketch the mechanism of liquid—liquid separation equipment,

B/ Define of the following:-
1) Model 2) Man-hour 3) cost index 4) utility diagram
(25 mark)

Q2:- In a process plant cracked gas containing hydrocarbon gas and water is cooled to 43 °C and the liquid
phases are to be recovered in a vertical drum. The vessel should have an extra surge time of (22 min) for the
hydrocarbon phase. Given the following information:

Stream Mass flow rate Density ( kg/ m”) Viscosity ( CP)
(kg/hr)
Cracked gas Wv = 188636 Py=11.1 -
Hydrocarbon WL = 7500 p1=858 e =0.63
Water Wh =591 p,=988 n=0.76

Liquid-liguid separation constant (Stokes Constant) =0.026
Vapour-liquid separation constant = 0.106
Design the vapour-two-liquid separator in this case ? (25 mark)

Q3:- Explain with detail the term Data Sheet, and then make data sheet for the following:

1) Center fugal pump 2) Shell and tube heat exchanger 3) Spherical storage tank.
(25 mark)
Q4:- A/ Select site location for a chemical plant based on safety (layout).
B/ Explain the complete Design Procedure Steps with details for Liquid Surge Drum. (25 mark)

Q5:- In a separation process by using a distillation column, it is required to design a bubble cap tray given the
following information:-

materials | Mwt | pressure | Tempressure | Liquid | Vapour | Maximum Maximum
density | density | liquid load liquid
load
Paraffin's [ 80 [2atm | 90C° 48 0.3 350 280 ft*/sec
Ivie | Ibiae gpm(gal/min)

Use trapezoidal slots Cs=0.74

Use the formation in the table of the next page:

Page 1 of 2




Table of Bullle Cap Wag Desin

| a) Standard bubble cap designifor traipeioi’ciéﬁi. slots with Cs=0,74

Material carbon steel

Nominal size 3 4 5 inch

No. Of slots tho 1026 39

Slot height 1 125 1.5

Slot area 5 812 1464 inch?
Cap area 7.5 13.15 29  inch2
Slot to cap ratio ¢.67 062 0S5

b) Bubble cap size and slot area
Ratio of a slot/ allocated cap area

Nominal cap size inch =(),25 =0.3125 =0.375 =0.5
3 0.39 0.35 0.32 0.27
4 0.36 0.33 0.30 0.25
6 0.29 0.26 0.24 0.20
¢} Tray type selection
Estimated tower range of liquid capacity gpm
dia ft reverse flow cross flow double pass cascade double pass
3 0.30 30-200
4 0.49 40-300
6 0.59 50-400 400-700
8 0.50 50-500 500-800
10 0.50 50-500 500-900 900-1400
- 12 0.59 50-500 500-1000 1000-1600
15 0.59 50-500 500-1100 1100-1800
20 050 50-500 500-1100 1100-2000

d) Distribution of area as % of tower area

Tower dia  down flow area liquid distribution area - , end and
ft  crossflow double pass cross flow double pass cascade double wastage

3 10-20 10-25 : ~ pass . 10-30

4 1020 820 ‘ 7-22

6 10-20 20-30- 5-12 15-20 - 5-18

8 10-20 1827 4-10 . 12-16 ‘ B 4-15
10 - 10-20 16-24 - 3-8 9-13 20-30 . 3-12
12 10-20 14-21 3-6° 8-11 15-25 3-100
15 10-20 12-18 2-5 6-9 - 12-20 2-8
20 10-15 : 5-7 915 . 26

e) Tray design standard
Nominal size for
2.5-5 fttower 3inch
4-15 fitower 4 inch
1020 fttower 6inch
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i i Subject: Heat Transfer
U““’"Ts“y of Technology Final Exam./2™ attempt Time : 3 hour
Chemical Eng. Dept. /2012 :
Third Class 12/0 Lecturer: Dr. Jamal Manee

Answer four Questions Only
Q1: A heat exchanger is to be designed to condense an organic vapour at a rate of
500 kg/ min which is available at its saturation temperature 355 K. Cooling water
at 286 K is available at a flow rate of 60 kg/s. The overall heat transfer coefficient
is 475 W/m?.K. Latent heat of condensation of the organic vapour is 600kJ/kg.
Calculate: :
1- The number of tubes required , if 25 mm outer diameter , 2 mm thick and
4.87 m long tubes are available, and
2- The number of tube passes, if the cooling water velocity (tube side) should
not exceed 2 m/s. (Cp for water=4180 J/kg.K)

(25 Marks)
Q2:A) Calculate the heat loss per 10m pipe length which has an outside diameter
of 0.15m and an inside diameter of 0.13m (k=1.2 W/m.k). This pipe has 0.06m
thick lagging (k=0.3 W/m.k) and 0.04m asbestos insulation (k=0.2 W/m.k). The
inside and out side surfaces temperatures are 500k and 350k respectively. Find
also the temperatures at the interfaces surfaces? (20 Marks)
B) What are the types of flow in heat exchanger?

(5 Marks)
Q3:A) Derive an expression for the critical thickness of insulation for a cylinder
of radius r; ? (20 Marks)

B) Consider an insulated pipe exposed to the atmosphere. Will the critical

radius of insulation be greater on calm days or on windy days? Why?
(5 Marks)

Q4: A thermocouple junction, which may be approximated as a sphere, is to be
used for temperature measurement in a gas stream, h=400 W/m*.k, k=20 W/m.k,
Cp =400 J/kg.k, p =8500 kg/m°. Determine the Junction diameter needed for the
thermocouple to have a time constant () of (1) sec. If the junction is at 25 ¢° and
is placed in a gas stream that is at 200 ¢°, how long will it take for the junction to
reach 199 ¢®? (25 Marks)

Q35:A) Derive an expression for the thickness of the hydrodynamic boundary
layer on a flat plate for a laminar flow of a Newtonian incompressible fluid

starting from Van-Karman momentum equation? (20 Marks)
B) Write the form of thermal resistance for Plane, Cylindrical and Spherical
layer? (5 Marks)

Q6: Water at atmospheric pressure is to be boiled in polished copper pan. The
~ diameter of the pan is 350mm and is kept at 115 °C. Calculate the following:
1) Power of the burner.
2) Rate of evaporation in kg/h. (25 Marks)
3) Critical heat flux for these conditions. The physical properties of water at

100°C are: C,=4220 J/kg k , .= 2257 kJ/kg , i = 279 x10°° kg/m.s , k = 0.68 W/m k ,
¢ =58.9mN/m , p; =957.9 kg/m’ , Csf=0.013, p, =0.5955 kg/m’ , Pr =1.76.

Good Luck
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University of Technology

Chemical Engineering Department

Subject:Mass Final Examination Class: Third

Branch:Both 20112012 Time: 3 hours
Examiner: Dr.Orooba Date : 10/Sep.

WNote: Attempt only five guestions |, 70 marks for cach one

Q A small diameter tube closed at one end was filled with acetone to within 18
mm from the top, maintained at 298 K and 99.75 kN/m’ with a gentle stream of
air blowing across the top. After about [Sksec the liquid level had fallen to 27.5
mm. Calculate the diffusivity of acetone in air? Given that:-

P acetone = 790 kg /m”, Mwt=58 and P.°=21.95kN/m’

Q2 In a mass exchange apparatus operating at a pressure of 3.1 atm, the

A S|

individual mass transfer coefficients have the following values :-

kx =22.0 kmol / m* .hr.mol fraction = ky = 1.07 kmol / m* .hr.mol fraction

The equilibrium relation P=0.08.10°x , determine:-

I- Overall mass transfer coefficient for both gas and liquid phases?
Z- Mass flux, if the average gas mole fraction is (0.25) and (0.00295) for liquid?

@ A single stage batch still is used to separate a mixture of two components (A
and B) at a rate of 1000 kg / hr, containing 60 % of (A). After distillation the
remaining liquid contains 5 % mol of (A). Find the amount of the liquid

remained and the distillate composition?
Where Mwt = (78 and 92) for both (A and B) respectively and o =2.4

@@ A continuous distillation column designed to separate a mixture containing
14 % of A at 290 K into overhead product of 95 % (A) and a waste of 97 %
(B®).Assume plate efficiency 70 % and R=3.16 determine ;-

I- All leaving streams flow rates.
2- Rmin, Nmin and Nact.
3- Condenser and reboiler duties.

Latent heat = 25900 kJ / kmol ~ Cp qeq = 1.7 kJ / kg .K  liquid quality =1.4
Mwt (A) =76 , Mwt (B) =142

Page 1 of 2 Follow D




Equilibrium data:-

X003 0.06 0.1 0.14 1026033 053 033 0.86 |
LY 0.09 [0.06_ 027 033 05 063 075 1082 1093

. S ——

Q:: An absorption process using a mixture of ( NH; + Air) containing 5 mol %
of NHj at a rate of 1000kg/hr.m® to recover at least 95 % of NH, susing fresh
water for absorption at a rate 50 % more than the minimum .Find the water
flow rate and the height of the packing? given that :-

K. =22 kmol/hr.m’.atm K. =102.22 kmol /hr.m%mol NH;/mol H,0

Pu=095y |, p (inatm ).
99 A gaseous mixture of CS; = N;)at24°C, has a partial pressure of

C5,=50 mmHeg, is to be blown into packed absorber at I atm pressure at a rate
of 0.4 m'/s -pure hydrocarbon oil is used for absorption ( Mwt = 180 )to reduce
the €S, concentration to 0.5%, by volume A height of 4.73 m of packing will be
required . The vapor pressure of CS; is 346 mmHg and the system obeys
Raoult's law .For column diameter = 0.725 m determine :-

I- The overall mass transfer coefficient?
2- If a tray column is used, how many trays must be provided?
MwitofCS, =76 Mwtof N, =28 R =0.082

Best Wiskes To Al
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University of Technology
Chemical Engineering Department
Final Examination

2011/2012 ‘ Class: Third
Time: 3 hours

Subject: Reactorr Design

Il Examiner: Dr. Mochammad Fadhil & Dr Amer Aziz

Attempt (4) questions only

Q1) The homogenous gas phase reaction A = 3R follows a sccond order kinetics. For a feed

rate of 4 m*/h of pure A at 5 atm and 350° C, an experimental reactor consisting of a 2.5 cm

inside diameter pipe and 2m long gives 60% conversion of feed.

A commercial plant is to treat 320 m® /h of feed, consisting of 70% A, 30% inerts at 25 atm
and 400° C. Assume plug flow in the pipe, negligible pressure drop and ideal gas behavior

Estimate the space velocity and the volume of PFR required to obtain 80% conversion, the
(15 marks)

activation energy 2 keal/moe.

' Q2} An endothermic liquid-phase reaction 3A __;2B+C is carried out in a batch reactor. The
reaction mixture is heated up till 400° C and the reaction then proceeds hdiab.atically.
During the heating up period, 8 mol % of A is converted. From this instant on , what is the
time required to reach a conversion of 80 % of A .The specific heat and mass of the
reaction mixture are 0.59 kecal / kg.K and 950 kg . The volume of the reaction mixture is

constant (1 5m ) and the number of mols of A initially is 12.0 kmol. The heat of reaction

being 25000 kecal / kmol .The variation of the rate constant with temperature is:

Lnk=(-10000/RT +5) [kin (m*/mol)®/s]  oereeeoeeeenn, (15 marks)

Q3) An irreversible liquid phase reaction: A + D — P, this reaction is carried out in a semi
batch reactor. Reactant (A) at a concentration of 0.03 g.molllit» is to be fed at a rate of 0 48
lit/s to an aqueous solution of (D) contained in a reactﬂr The rate constant is K= 0.02 5!
The initial volume of fluid in the reactor to be 6 lit. The initial moles of (A) in feed

Nao= 0.08 moles. Determine the conver_smn of A as a function of time. Take n =0 to 1 and

time increment (At) = 0.3 min. T e .. (15 marks)
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Q4) Two hundred m’/h of gaseous mixture containing 80% acetylene and 20% inerts
measured at 550° C and 20 atm y are to be fed to a tube furnace having any where up to

100 tubes in series , each tube is 3.5 m long and 5 cm inside diameter , all kept at 550° C .

At this temperature acetylene polymerizes as follows:
4C2H2 — (C2H2),
The rate constant (at 400° C) = 0.6 m*/kmolh

Neglecting pressure drop through the tubes, find how many tubes are needed for 60%

conversion of acetylene to tetramer complex? The activation energy (E) =500 cal/gmole.

................ (15 marks)

Q5) It is desired to produce 10° tonn/year of ethylene glycol (C) using a system of CSTR which
is operated isothermally. A 1 kmol/m® solution of ethylene oxide (A) in water is fed to the

reactor together with an equal volumetric solution of water (B). The reaction is:

A+ B ey C

The reaction rate constant is 0.3 min”’, and the molecular weights are: Mwt (A) =44; Mwt

(B) =18; Mwt(C) =62
a) Estimate the volume of a single CSTR to achieve §0% conversion of A.

b) If two equally sized CSTRs (each 51 m’) are arranged in parallel and using the same

volumetric flow rate in (a), what would be the conversion of A at the outlet?
¢) If the two reactors in (b) are arranged in series, detenﬁine the final conversion.
................ (15 marks)
*********=|=*********************************************

Rg = 0.082 atm.lit/mol.K = 1.987 cal/mol.K=8.314 J/mol.K

GOOD Luek
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Subject : Storage and Transportation
Time : 3 hours

niversity of Technology .
Chemical Eng. Dept. Final Exam
Lecturer:Dr.Mohamed M.Darwish

Third Class 2012/2011

Answer 5 questions only, including question No.1

Q1l:
: XB BC
X Sm—— B € Pziomp £
T L=8km , £216 ki ¢ = %“f) i
Well head §— e o : km J "
Q=7 D=10cm D=20 ¢m s,
: ? Qz? Q=96.3*10 m fd
P= 6= =656
G=? AB
D10 cm
1=8.5 kimt
6= 71

A » F,=2.233 mP, abs.

The system shown above to be designed for gathering gas from well

and X; then through B to be‘delivered to C. The average line temp. is
25°C. B |

a) Find the flow rate of line XB. (14 ma

b) Find the well head press. of well X. (14 ma

Q2:

If Pis initial press. of gas in pipeline and P, is the final press of it at™
end of the pipeline.




a) When P, equivalent horizontal press. become less than P, and
wh\/; show it mathematically and by words (explain concisely).
(10 marks)
b) When a valve is closed on a line a press. surge occurs. Why? And
when become more series? (8 marks})

Q3:
Grid (net of lines) transporting natural gas (gas and lig. phases) to the
consumers in the city.

a) If 10% »of the gas from main line enters the branch; how much

liquid éhtérs with it? ' (5 marks)
b) Instead of 10% in (a) 36%:; " ~w much liquid continue to flow in
main line. (8 marks)
¢} When gas flow rate shows Lad transfer in the pipeline. What
measure will be taken to improve it? (5 marks)
Q4.
a} Increasing pipeline capacity cfuring design can be accomplished.
How? - (8 marks)

b) Draw piezometric press. head diagram of pipeline (Head vs.
Distance) showing:
(b1) Press. profile of liquid ;:cide the pipe.
(b2) Eievati;ﬁn profile.
(b3) AcAt-uaI'Iine press.
(b4) Contrdl point. (10 marks)

Page | 2




Qs:
a) Write down rule-of-thumb estimating total storage losses.
S ' (6 marks)

ure can take

b) Under certain loading conditions failure of struct
place not through grossyielding or plastic; by what? (6 marks)

¢) When this mode of failure will occur? (6 marks)
Q6:
Given that:
_odw L Px3 x C;
=" T D16 2 «x
a) Find “w” as function of x. (8 marks)
(10 marks)

b) State the boundary conditiors. Find Gy, Ca, -

Page | 3
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5.5 Pipdines:

s Pipelines

Y@ A large part of new pipeline construction in the United States in 1966 was for
"% products, although crude-oil linés still dominate the total mileage of existing systems.

e 10 western Eurepe, however, the pattern is the reverse. Refineries are being built in
) major market areas, and cride lines will connect/ithem to ocean ports, to which the oil
twill come by tanker from the Middle Last and! Africa.

@ A crude-oil pipcline system starts with the network of pipes in the field, the gather-

ing system, which generally uses 2-in.-diameter pipe.  Spur} or feeder, lines connect
one or more ficld systems to the main, or trunk, line.  Trunk lines range up to 30 in.

{or more, occasionally) and transport oil directly to refincries or to marine terminals
for transfer to tankers.

Line pipe is made of steel to standard specifications.  Wall thickness varies between -
14 and 3§ in., seldom exceeding 7{¢ in. Pipe is seamless or welded. Sections are o
conneceted by welding throughout; fittings and valves are also welded.

& Oil Hows by pump or gravity or a combination of the two. Virtually all pumps are
diesel-engine- or electric-motor-driven centrifugals. Larly pipelines used steam-
driven reciprocating pumps, and these are sometimes still used for very high viscosity
oils, Pressures of about 1,200 psi are used for Jines up to 12 in. For 24- to 30-in.
pipe, pressures of 500 to 800 psi are more common. Among the largest pumps built
for this service are those on the Trans-Arabian line, nominally 30 in., each driven by a
6,000-hp turbine and pumping up to 340,000 B/ at 800 psi. Long pipelines reguire
frequent hooster stations to restore pressure lost to line friction or gradient variations.
A hooster is usually instelled wherever the line pressure dreps to about 50 psi.

o Lconomics determincs choice of pipe diameter and number of pumping stations,
A given throughput can be attained with a small-diameter line and high head loss or
with a large-diameter line and low head loss. Normally, capital cost will be lower

e

for the small diameter, but operating costs will ‘be greater because more punips and
horsepower will be needed.

@ Pipelines are usually underground in most inhabited regions but are laid on the
surface (on concrete hlocks or metal supports) in remote areas, such as deserts,

o Underground pipe requires protection against external corrosion (mostly obtained by
coatings and for cathodic protection), whereas surface lines normally need only paint. |
On the other hand, underground pipe has no problem of expansion and contraction
whereas surface lines do. and allowance for this movement must be made in designing
and setting the supports.

e Good practice is to design a line to allow for raising its capacity as growth in supply
or demand requires. This can be accomplished by starting operations with reduced &
pump heads at all stations and adding series pumps later or by looping new sections o
of line into the system later, -

¢ Heavy, viscous oils arc transported by reducing their viscosity. A variety of
methods are used: (1) heating the oil at the input terminal and, as needed, at stations
along the line; (2) thermally insulating the line; (3) emulsifving the oil with water and >
disposing of the water at the outlet terminal; (4) diluting the oil with a solvent, which .
is separated and returned to the input station through a small line. ‘

o  Underwater lines are starting to find increased use with the growth offshore 5~ ol -
production and the rising use of large tankers which cannot tie up at shore berths. = v
Such lines are eoated and wrapped as is buried pipe and then covered with a few N
inches of concrete, which not only protects the pipe but also provides weight needed
to anchor it against tidal currents. - ' .
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University of Technology

Chemical Engineering Department

Subject:Statistics ' | Final Examination Time: 3hre
Branch:both branches 20112012 Class; third
Examiner:EbtisamI, Date:
Attempt four questions only
Q.1) Given the following:
- Class limit | 0.0- 4.1
frequency 9 12 24 |© 23 15 7
Obtain the following: (25 Marks) e

A. Complete the frequency distribution.  B. Calculate the arithmetic mean of standard score (Z).
Q.2) It is required to fit the following equation: y=ax + bx to the data:

xx 1 2 3 4 5

y: 1.8 51 89 14.1 19.8

A. Transform the equation to straight line form, and then determine the constants.(10 Marks)
B. For a straight linc relation, use a Least squares method to derive an expression for the
centroidal point (X, 7). (15 Marks)

Q.3) If 3% of the plastic parts made by an injection molding machine are defective. If a
sample 0f 30 parts is taken at random. Calculate:

A. Probability that at most 3 parts will be defective. (10 Marks)
B. Probability that at least 3 parts will be defective. (15 Marks)
Using: 1) Binomial distribution. 2} Normal approximation to Binomial.

Q.4) Each automobile leaving a certain motor company plant is equipped with 5 tires; the
tires on each 100 automobiles were examined for defects with the following results:

No. of tires A | 1 2 3 4 5

No. of automobiles: 75 18 4 2 0 1 (25 Marks)

Determine the goodness of fit of Poisson distribution at a significant level of 0.05. (x395) = 9.49

Q.5) Explain the following:

e

A, An instrument used to measure very low pressure. B. Types of an elastic medium in pressure
measurement. C. Manometric thermometers. D. Flow measurement with a variable differential
pressure. (25 Marks)

With My Best Wishes for Success
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