Chem. Eng. Dept. 2007-2008 Time: 3 Hours

Univ. of Technology Final Exam. / 1", Attempt  Subject: Oil & Gas Technology
| Fourth Year- Unit Operation ' Lecturer ;: Dr. Neran. K. Ibrahim

NOTE: Answer Four Questions

QI:-A furnace is to be designed for a heat duty of 30x10° Btu/hr and 75% efficiency. The
furnace is fired with 17 Ib air/Ib fuel ( NHV=17000 Btw/Ib).The tubes are arranged in two
rows and are of 5 in OD, 40 ft length, and 20D spacing. Heat rate of 35000 Btu/hr.ft’ of
projected area is available. Calculate: 1- Furnace projected area, 2- % heat absorbed in
radiation section.

02:- 1200 BPD of 37 °API crude oil at 650 °F is fed to an atmospheric distillation column.
Steam at a rate of 600 Ib/hr and 580 °F is used. The fractions obtained were 3400 Ib/hr
gasoline (MW=110, A = 120) at 310 °F, 2800 Ib/hr kerosene (MW=185, L =108) at 420 °F
_ ,1500 1b/hr gas oil (MW=250, A = 95) at 510 °F .The residue is withdrawn at 515 °F . Assume
' CpL=0.7, Cpv= 0.6 Btu/lb °F .. Calculate the diameter of the tower if hot reflux system is
being used , pL=42.6 Ib/f°, K=735, P Top = 780 mmHg,. .

(03:- A; Compare between five of the followings; L

1- FCC and Hydro-Cracking b s
2- Oil and Natural gas formation QY
3- Visbreaking and Coking ; k)ﬂ(;/q?‘b
. S B; Draw a flow Diagram for fwe of the followmgs processes B/ o
. _ 1- Desalting of crude oil. @,‘f‘ﬂ'
- 2- Catalytic Reforming. 0% oY

3- Light Ends Recovery Unit. \A

'\ @4:~ On processing 5000 BPD of 22 ° API catalytic cracker feed stock at 450 °F and 1050
mmHg, the followings products were obtained;

o

PR 4

. ~ | products %wt | Mw | °API \3

i (Gases 15 |32 --- / L
Cs gasoline S0 [110 |63 <
Cycle oil 30 {260 |85 ' ~—
Coke 5 12 i sce

L - o L

Calculate, 1- Mass of catalyst 2- % Efficlency 3- diameter & height of reactor
Given: WHSV=0.7 h"!, P caalys= 420 kg/m vapor linear velocity = 0.3 m/s

05:- Calculate the length of time between regeneration of catalyst in a reformer operating at
the following conditions; LHSV"IZ 84 h *', Feed rate = 5000 BPD , Feed gravity = 55° API,
Catalyst bulk density = 50 Ib/f® , No. of reactors =3, Catalyst deactlvates after processing 80
barrel of feed per pound of catalyst The catalyst bed is 6 ft. deep in each reactor, what are the
reactors inside diameters? Assume an equal volume of catalyst in each reactor.

11t’ =7.48 gal.

K
(I.} .
Va Good Luck
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University of Technology Optimization Date: 9/06/2008
Chemical Engineering Dept. Final Exam Time: 2.5 hrs.
BSc. Fourth Year 2007 — 2008 Dr. Nidhal Al-Azzawi

Q1) Wyndor Glass Company makes two products doors and glass windows.
Producing a batch of doors or windows requires resources from multiple plants,
The profit per batch of doors is $5000 and of windows is $3000. Wyndor wants to
decide the number of batches of each product per week to maximize its profit. The
resources consump thﬂS are shown in table below.

PRODUCT 1| PRODUCT 2| PRODUCT TIME
(DOORS) | (WINDOWS) | AVAILABLE hrs/week

Formulate the objective functmn and the constramts and solve graphically.

. Q2) Answer TWO of the following:
' A- Find the optimum point of the function below using sequential method -
with three experiments. Perform only 5 cycles.
y=xt—6x+2 0<x<10
B- Use Dichotomous search to locate the minimum of the function
y = 4% + 5¢* Subjected to  2r+3t=6
for 0<r<1.2 take 8=10.01
C- Find the locatlon and the nature of the stationary points of the following
1- y= -3x + 12x - 20
2- y=x* - 8x°+ 24x* — 32x + 16

Q3) Locate the maximum of the functlon using simplex method w1th a=10.1
¥Y¥= 100 - (10 X]) - (5 - Xz)
Start with the point (10.1744, 4.5184)

Q4) Answer ONE of the following:

A- Investlgate the stationary points of the following functions
1- ¥=xu “33;322
2- y= 3)&1 + XZ + 3X|X2 + 3X22

B- Find the global maximum and minimum values of the function
y=x2— 3‘12
subjected to g=1-x2-x2=0

O OD N G~




University of Technology Environmental Eng. Time 3 hr.
Chem. Eng. Dept Final Exam By:Dr R. 8. ALMukhtar
. Fourth Year 2007-2008 11-6-_2008

Jakb A A ) o ciad Adada

: Ql Correct the followmg phrases
1- The three (T s) in controlling gaseous poilutants by combust1on means
Team, Training and Transport :
. 2- Nitrogen and phosphorus enter the water boches du‘ectly from oil
refineries - _ o
3- Our earth surrounded by a layer of hydrogen a bout 15-40 km ,which
keeps about 95% of the sun harmful U.V. radiation.
4- The common equipment used of removing partlculate are combustmn,
distillation and drying :
5- Acid rain refers to the presence to the organic acid such as citric acid

Q2 Answer two of the followmg :
1- Numerate the equipments used to remove the gaseous pollutants
from air and explain one of them in details
2-Draw a sketch for the waste cycle in industrialized society
3-What are the types of water pollutants and their effects

Q3:- Calculate the per cent recovery of the solid inlet to the settling chamber

with 7 m long, 2 m width and 1.5 m height, The size distribution given
below

Particle size um >100 100-80 80-60 60-40 40-20 20-0

% wt. per cent 20 15 15 15 15 20

The density of air 1.1 kg/m3 ,particle density 1350 kg/m3 , air viscosity 2.2
E-5 kg/m s ,air velocity 1.6 m/s ? Check your answer by K factor

Q4: Specific town discharge 0.4 cubic meter per hour of sewage into a near
by river .The stream has flow of 0.7 cubic meter per hour swater depth 2m
and the river velocity 6 km/h ,other information are :-




~ Temp (c) - DO(mg/l) ‘BOD( mg/l)
Stream 21 5.0 5.0

Sewage 26 2.0 150

The saturation concentration of dissolved oxygen at average temperature 9.0
mg/l and K1 at 20 C = 0.37. Determine the oxygen deficits and its location

Q5 A chimney with a design stack height of 100 m is emitting sulphur
dioxide at a rate of 500g/s ,the stack diameter is 2 m ,the sulphur dioxide
Exit velocity is 13.5 m/s and the gas tcmperature of the exit is 145 C
,ambient temperature 30 C :

1- Calculate the ground level concentration on the plume concentratlon
at-the down wind distance of 1000m

2-Calculate the ground level concentration on the plume concentration at
the cross wind distance of 100m

DATA | |

Wind velocity 6m/s  Lapse rate 15 C/km

Sy =151 m 5z= 108 m
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Answer four questions only:
Q/1:3000 BPD of (35 ° API ) crude oil having the given TBP data is available.

% vol, Distilled TBP (°F) API %S
20 200 40 0.1 -
40 o 280 35 0.18
60 330 . 30 0.25
80 _ 410 _ 26 0.42
90 500 ' 25 0.68
95 520 - 20 0.8

A) Draw an assay curve.
B) Evaluate the given crude; TMABP=TVABP- 140 (* F) |
C) Select TBP cut temperature for the products to be obtained from distilling

this crude and estimate their yields.
S : . (25) marks

Q/2: Calculate the length of time between regeneration of catalyst in a reformer
operation at the following conditions:
Liguid hourly space velocity (LHSV) = 2.84 v/hr/v
Feed rate = 5000 BPSD -
Feed gravity = 55 "API o
Catalyst bulk density = 50 Ib / ft’
No. of reactors = 3 _
Catalyst deactivates after processing 80 bbl of feed per pound of catalyst. If the
catalyst bed is 6 ft deep in each reactor. What are the reactors inside diameters?
Assume an equal volume of catalyst in each reactor.
11t =7.48 gal.
(25) marks

Q/3: Compare between (answer five only) (draw sketches if available):

A) Ceking and visbreaking.

B) Salts dryers and sand coagulators.

C) Hydrotreating and hydrocracking.

D) Simple and complex refinery.

E) Kinds of refluxes used in distillation unit.

¥) Primary and secondary processes.

' {25) marks

Q/4: A) State the main processes used in lubricating oil manufacturing and the
function of each process?

(7) marks




B) Consider the following gasoline blending streams are available from the
various units. 1): Calculate the amount of n- butane needed for producing a 9.5
psi RVP gasoline?

2): Calculate the octane number of the fi nal blend?

Component BPSD MON RON RVP | VPBI

LSR gasoline 5100 61.6 66.4 11.1 20.3

Light hydrocrackate 3000 82.4 82.8 12.9 24.4
Alkylate 4250 95.9 97.3 4.6 6.7

Heavy hydrocrackate 10280 67.3 67.6 1.1 1.24

Cs FCC gasoline 14500 77.1 921 44 6.4
Reformate 14500 86.5 98.0 2.2 2.7
Polymer gasoline 2500 84 96.9 8.7 ] 14.9 i

Given: For n- butane VPBI =138, MON=92 and RON=93
For 9.5 psi RVP, (VPB]} , = 17.6

| (18) marks

Q/5: On processing 1200 BPD of 32 °API crude oil, the following products were
obtained in the presence of 567 Ib/hr steam

Volume, |Lb/hr {Lb/gal | Mw [ CP,. CP, T °F)

Percent (Btu/lb) | Btu/Ib°F | Btu/1b°F
Gasoline [ 26.8 3415 6.06 119 | 120 0.615 0.59 1286
Naphtha | 5.63 754 639 - l155 1113 0,604 0.58 338
Kerosene | 19.8 2765 6.65 183 | 100 0.604 0.60 420
Gas oil 10.6 1530 6.89 240 |90 0.615 0.63 510
Reduced | 36.97 2610 7.24 0.74 N 3T
crude -
| Crude 160.00 14170 1 6.75 576
ISteam' ] . 1567 .| ' 0.5 535

A) Calculate the amount of Cold, and Hot refluxs assume storage tank at 80 "F?
B) Calculate the top tower temperature if hot reflux is used, the dew pomt of
gasoline 296 °F, the pressure at the top plate is 780 mm Hg,

(25) marks ®

Good luck
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1Q.1 Consider the stirred-tank reactor shown in Figure (1), where

C;— initial concentration moles/volume (constant)

C- final concentration moles/volume (variable)

F- feed rate volume/time (variable)

V- volume of mixture in reactor SR _

Assuming constant density and constant velume derlve the transfer functlon

relating the concentration to the feed rate.

F, C;

 Figure (1) . (12 Marks)

Q2

A. A\ mercury thermometer bulb is 1/2 in. long by 1/8 in. diameter. The glass envelope is
very thin. Calculate the time constaht in’ water flowing at 10 ft/sec at a temperature of
160 °F, giving that p=62.34 Ib/ft 3, Cp=4.174 kJ/kg. °C and h=2000 Btwhr. ft~. Pop,
(Note: to convert from Btu/hr. ft 3 °F to J/kg, °C multiply by 5.678).

B, A proportional controller is used to control temperature within the range of 30 to

1/85°C The controller is adjusted so that the output pressure goes from 3-15 psi as the
measured temperature goes from 240-265 °K with the set pomt held constant.
~ 1. Find the gain and the proportional band. S
2. Find the gain and the temperature change necessary to cause a. vaive to go. from
* fully open to fully closed when the proportional band is 65%. '
(12 Marks)

The location of a load change in a control loop may affect the system response. In

the block diagram shown in Figure (2), a unit-step change in load enters at either

location 1 or location 2.

a. What is the frequency of thé transient response when the load enters at location 1
and when the load enters at location 2?
b. What is the offset when the load enters at location 1 and when it enters at location 2?

' Figure (2) 2 Mk
arks




Q4
A. For the following transfer function, sketch only the Amplitude Ratio (AR) versus
" frequency asymptotic Bode diagram and find the actual values of AR for individual

components.

s -1
G(s) =
® (0.1s + 1X10s + 1)
- (12 Marks)
B. Draw only one scheme represents the control devices of a jacketed CSTR.
(2 Marks)
@ Answer one section only.
A. A control system has the transfer functions
G, () =10 05 +1 (PI controller)
s
1
G,(6) = tirred tank
) = 5 (stirred tank)
H=1 (measuring element without lag)

Determine if the system is stable by:-
1. Finding the roots of characteristic equation.
. 2. Routh test.

* B. A step change of magnitude 4 is introduced into a system having the transfer function

Y(s) = G(s) = ' 10
X(s) s°+1,65+4
Determine
1. Percent overshoot
2, Rise time
3. Maximum value of Y(t)
4. Period of oscillation

(12 Marks)

Good Luck




University of Technology
Chemical Engineering Department

Final Exam /First Attempt Dr.Farah Talib
Class: 4t year Data: 5- 6- 08
Subject: Transport Phenomena Time: 3 hour

Answer Four Question Only

Q-1 Answer two of the following from question one.

A- Drive the viscosity relation in a molecular diffusion.

B- Calculate the thickness of the boundaty layer, point shear stress at distance of 150 mm from'.
the leading adge of a sutface over which oil of viscosity 50 mNs/m? and density 990 kg/m?,
flows with a velocity of 0.3 m/sec .The transiion from streamline to turbulent ﬂow in the

- boundaty layer occurs when Reynolds number =105, : :

C- Air at 300 K flows at 12 m/sec through a pipe ( 50mm i.d) 2m long maintained at 400 ¥
~ The temperature rise along the pipe is 55 K.What will be the corresponding pressure dre.
along the pipe.

Q-2 Warm water at 45 °C is to be cooled to 30 °C by counter-current contact packed tower. The
" -inlet air has a dry bulb temperatite of 31°C and wef bulb témperature of 22 °C: The mass flow
rate of water is 6000 kg/m2h and that of air is 3270.kg/mzh .The individual gas phase mass
transfer coefficient is 6000 kg/m3.h .Calculate the height of packed tower. Given that the rado

of hy/hp p is 11.4, CL=4.18 ,Ca=1.005 and Cw=1.88 KJ /kg. K A=2500 KJ /kg

Q-3 Answer one of the following from question three.

Al A smglc effect evaporator is used to concentrate 3 kg/sec of a soluuon from 10 to 50 wt%.
Steam is available at 199.95 KIN/m? and evaporation takes place at'13.5 KN/m? if the.
overall heat transfer coefficient is 3 KW/m2K. Calculate the heating surface required and
the amount of steam used if the feed to the evaporator is at 294K. The boiling point rise of
50 wt% solution=15K. Given that: - The specific heat of 10 wt% solution =3.76 kJ/kg.k,
specific heat of 50 wt% solution =3.14 KJ/kg.K, specific heat of vapor =1.88 KJ /kg.K.

B. 1- A certain material was dried under constant drying conditions and it was found that 3
hout are required to reduce the free moisture concentration from 0.25 to 0.1 kg 120/kg day
solid- How much longer would be required to reduce the Eree moxsture to 0.06 kg m20/kg ary
solid.. Assume no constant rate petiod is encountered. ;

B.--Z-.Dnvc_ the telation between cake thickness and volume of filtrate

Q-4 2500 kg/h of solution containing 18% of dioxane in water is to be extracted with benzene
 raffinate. Dcncrrmnc -

1- The number of theoretical stages reqmred for counter-current operation if 2000kg/h of
benzene is used.

2- The minimum benzene required.

3- If cross-current operaton is considered, how many the number of theoretical stages .
required,assume that the equilibrium data is steaight line. |

Equilibrium data are:- _

Wt % dioxane in water 0 5 15 23.1

Wt % dioxane in benzene |0 84 |18.7 | 28.57




Q-5 slurry is filtered in a plate and frame press containing 12 frames, each 0.3 *0.3 m and 25 mm
thick. During the first 200sec the pressure difference is raised slowly to the final value of
398.7KN/m? , and during this pedod the rate of filtration is mentioned constant. After the
initial period , fileration is carried out at constant pressure and the cakes are completely formed
after further 900 sec .The cakes are then washed at 375 KIN/m? for 600 sec using through
washing .What is the volume of filtrate collected per cycle and how much wash water is used .
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