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01 :Answer brlefly the following questions:

1) Discuss the factors that influence the value of heat transfer coefficient for fluids
flowing under condition of forced convection inside tube?

2) What is the physical meaning of Biot number ?

3) Discuss the cases for temperatures change with Heat Exchanger area ?

4) Define the thermal diffusivity 7 _

'5)What'is meant by the term “Fin Efficiency “ ? -

Qg : Explain an experimental procedure and the way of analyzing the data in order
to determine the values of ¢, m, and n in the general equation:
Nu=¢ Re™ Pr"

03 : Air at 2 atm and 200 ¢° is heated as it flows throngh a tube of a diameter 2.54

—~-cm. at a velocity of T0 w/s . Caléiilte thie heat transfer per unit length-of the- tube-if- -

a constant -heat- flux condition is maintained at wall and the wall temperature is
20 ¢’ above the air temperature along the length of the tube . How much would the
bulk temperature increase over 3 m length of the tube ?

Q4 : A) 1t is desired to heat 230 kg/h of water from 35 to 93 ¢° with oil having an
initial temperature of 175 ¢°. The mass flow of oil is also 230 kg/h Cp of water =
4180 J/kg.c’, Cp of oil =2100J/kg.c’

Two double —pl];e heat exchanger are available:

1) U= 570 W/m".C A—047m

) U=370 W/™.C A=0.94 m*

Which exchanger should be used ?

B) For a solid body suddenly placed in a large volume of liguid with heat flow
either to or from the body show that :
6/6,=EXP (- Bi.Fo) , where =T — T‘ ,T‘ =fluid temp. ,0 = B at timet=0.

Q3 : Derive an expression for the condensation of a vapor on a vertical surface
stating your assumptions :
h=0.943 {2 pg I/ p AT x }*%

'g& : Thé'b'bttoﬁa-of coppen-panrl).hn in diameter is maintained at 391 k byan

electric heater . . -
Estimate the power required to boil water in this pan. What is the evaporation
rate ? Estimate the maximum heat flux,
Given the following at 100 ¢°
Cp=4217 J/kg k , A= 2,257 xlﬂGJlkg p=2.79x10* kglm s, k=0.68Wmk, o=
58.9mN/m , |}—-957 9 kg/m® ,Csf=0,01, p,=0.5955 kg/m® Pl:' =1.76.

Good Luck
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‘Final examination ' Chem. Eng. Dept.
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Subject: Applied Mathematics _ .3 .Class
Lecturer: Dr. Ghanim .M. Alwan : Tl;(l)([}}.73zl(l)ggl‘s

Note : Answer only four questions.

Q1) A tubular chemical reactor of length (I.) m and cross section area (A) m’ is employed to
carry out 1% order chemical reaction 4—%- B . Find the concentration (C,) equation as a
function of distance (X) into reactor under steady state condition .

Where :  U: Velocity , D: Diffusivity , K: reaction rate constant , Ca: concentration of A .
- (20 Marks)

Q2) Find the solution of the following equation:

(1-0)y" ~(51-2)y' =4y =0 &

dy -
where =— =
Y a T

(20 Marks)

(Q3) Obtain the solution of the heat conduction equation:

Which satisfies the boundary conditions : _
T(,)=0 (>0

T(7.0)=f(Z) 0<Z<I
7= (20 Marks)

- Q4) Isolated metal heating tank (continuous process) with cylindrical shape and have thickness
of (Z) m and surface area of (A) m® is used to heat (M) kg of water with initial temperature
of (T,) C° . Electrical heater (Q) watts is used . If the power of heater is increased
madually (Q(t) = 4t). What is the response equation of the water temperature (T} into tank.

(20 Mdl I(b)
Q5) Solve (numerically) by using two methods the following equation:
k] Praty
AW
Yo =) dy
Ify, =w,=1. What is the value of W, when y = 3 . Discuss your results .
(20 Marks)

Good Luck " o | ‘
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Answer Four Questions
Q1 L
A- What are the main considerations that must be applied by the chemical engineer in
- order to select the position (site) of any chemical plant?

B- Write the name of the following equipment symbols:

SN N
o ouf
o~ |n | g
- +Out 4{:5 A RED
| ""I"\,"— ! * Lﬁj—‘; - In
‘a b : c d e

Q2 In petroleum refining process it is required to design a bubble cap try that used as an
internal in the distillation column. The following information are given in this case:

The material is Benzene, molecular weight= 0.7%

Pressure is atmospheric, Liquid density = 50 Ib/fY, vapoure density = 0.17 Ib/ft

Liquid load = 600 gal /min, Vapour load 400 ﬁ3/sec Take Cs=0.74

Q3 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.

Q4 Design liquid surge drum holding reduced crude (RC). It is located between two
distillation column (atmos;ahenc & vaccum distillation). The drum dlameter is (2 m) and
the operating pressure is (53 bar ) and operating temperature 200°C . Calculate the
following:-
.-The design and test pressures of the drum.
2-The cost of the surge drum of new volume (Twice (two-folds) of the original one in m®)
knowing that, the cost of original drum capacity was 0.1 mllhon $
3- Tthkl’leSS of the material of construction, f= 1400 kg/- m?.

QS A feed mixture containing two liquids (nght hqu_ld "A" of 63 wt%) and (heavy
liquid "B" of 37 wt%). Therefore, it is required to design horizontal liquid-liquid
separator using the following information.

-The two liquids mixture having a flow rate of 2000 kg/hr

-The operating temperature is 30°C , The operating pressure is 25 bar

-Liquid A : density =800 kg/m® and Viscosity p =0.55 centipoise

-Liquid B : density =1000 kg/m’ and Viscosity py=0.72 centipoise

-k;=0.05,and (A/A)=0.2

Good Luck
10-6-2008
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"8) standard bubble cap design for trapezo:dai siols v...h Cs =0.74 |

. matcrial : carbon stecl
nominal size 3 4% 6 inch
no. of slots 100 26 39

s slotheight 1 125 1S 3
siol area 5 812 14.64 incnz
cap area 7.5 13.15 29 inch2
slot to cap ratio 067 062 05

b) bubble capsize and slot area .
ratjo of slot/al!ocaled cap area

=05
0.27
0.25

0.20

nominal cap sizeinch =025,  =03125 =0.375
3¢ - Q.39 . 035 0.32
4¢ 0.36 Q.33 0.30
6F 0.29 0.26 0.24
c) tray type selection min
estimated tower range of liquid
dia ft LTEVERETING
3 0.30 30-200
4 0.40 40-300
6 0.50 50400 400-700
8 0.50 50-500 500-800
10 0.50 50-500 500
- 12 0.50 50-500 500-1000
15 0.50 - 50500  500-1100
0.50 50-500 - 500-1100

20

d) distribution of area 2s % of tower area _
© towerdia - : ti area

ft - cross flow doublepass cross flow . doﬁbre-pass

- 3 - 10-20 10-25
4 10-20 8-20 _
6 10-20 - 20-30 5-12 15-20
8 - 10-20 18.27 4-10 12-16
10 10-20 16-24 - 3-8 9-13
12 10-20 14.21 3-6 - 811
15 10 20 12.18 2-5 6-9
20 ' 10-15 5-7
) tray dcsngn standard '
nominal size for -
2.5-5 fitower 3inch
. 4-15  fttower 4 inch
10-200 fttower  Ginch

capacity gpmi '
éﬁﬁ'ﬁm Ydouble pass\ M

1100-1800
1100-2000

cascade double%

pass 1030
' 7-22
5-18
4.15
20-30 3-12
- 15-25 3-10
12-20 2.8
-9-15

-2-6




-~Q2) The probortion'fof ‘males-is0,52; Find the probability that a sampleof 50 people -~

e - _'___1
‘U of  Technology - Statistics & Measurements - Date: 12/6/2008 |

Chem. Eng. Dept. . Final Exam Time: -three hours

1B Sc. tk:rd eqr . . 200772008 _ By: Ebtisam H. M.

) [. _Answer four questions only _ l

Q.1) The strength of bars is normally distributed with mean 28.4 and standard
deviation of 2.95. To ensure safety, a customer requires at least 95% of the bars to be
greater than 24.0. . .

A) Do the bars meet the specification?
B) The manufacturer can make the bars more uniform (decrease the standard
deviation). What value of standard deviation will just meet the specification?

will contain at least 29 males but no more than 34 males. Using:
A) Binomial distribution,
B) Normal distribution approximation to binomial. . .

Q.3) It is required to fit the following equation y = to the data:

a+bx

e _}?_3T__72 T 12.6 164202 T I T T LT
x:_ 100 200 300 400 500 '

A} Use the least square method to derive an expression for the constants,
B) Transform the equation to a straight line form and thus determine the -
constants.

0.4) The following data shows the number of days (F) in a 50 days ﬁcriod during
whichi (X) automobile accidents occurred in a city. Determine the goodncss of fit of
poisson distribution at a significance lcvel of 0.05.

F: 20 18 7 3 1
X: 0 1 2 3 4 Given that:

- °
Xoog: 384 599 781 949 1L |
V. 1 2 3 4 5
0.5)

A. Calculate the maximum eror in q for the following formula ¢ =C (I — 0.2H )"’
C =3.33£3% L =80%0.1  H=4

" B: Explain the following: - - B .

1) The instruments of temperatliré'rheasurcmcnt which depend on solid expansion.
2) The instruments of pressure measurement by balancing the force produced ona -
known area against the stress inan elastlc medlum
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Mass Transfer ~ Time 3hrms.
“Final .Examination - Lect Dr.AurobaN.A |

-Answer (A) or (B) - BT amioa

(A) I- From the first principles , derive an expression for pressure gradlent with -

distance using Maxwell theory for non-diffusing gas state aiy assumptmns used and -

identify the ( Drift factor)? o
2- Calculate the rate of dlffusmg of llquld (A) a cross a film of Non-lefusmg

liquid (B) 1 mm thick at 17°C, when the conc". on opposite sides of the film are (8) and’”

(2) wt% respeetlvely Taking: - A—60 03 Myp=18.02 P=1012kg/m at 8%

P=1003.2 kg/m’ at 2% D1=0.96 x10” m?/sec.

{B) 1- Derive an expressnon for the tlme required to drep the level of llquld toa certau.
height for EMD?2 » e

2- For the. dlffusmn 0f a gas’ (A) from a dilute mlxtnre flowing ata rate of 2.2 m!sec
into water , using a wetted wall celumn with (25 mm ‘id ) at 335K ,the followmg data
were used ;- - o0 -
pg=1.22 kg/m®’ ].l.g—l .78*10°° N.sec/m’ 1)AB (NPT) =0. 122Cm2/Sec. e
Find the gas film Coeff; ( K. Hky kg )'? -~ B

o2

(A) Answer (i) or (ii).

(1) Find the relation between overall and individual M.T Coeff for gas and llquld
phases in an absorption tower. '

(ii) For a gas flowing at a rate of 75Kmol/hr besides a llquld ﬂow at 102 Kmol/hr’ .

a certain analyzmg to the (n-th ) tray in a tray tower , it was found that x=0.078 , x,, '

= 0.06 and'y,.; = 0.12 with a slope of the equil™. Relatlon equal to (1.09). S
- 1- Calculate (Eyc ) for a well mixed liquid. - e it s
“2-Find (EMG) for a plug flow, lfky a.z=10.03 kmol/m S e s

@

The equili® solubility of SO, in Water at 30°C is gi‘?en by Sherwood as:

Psor (mmHg) [ 0.6] 17| 47] 81 11.8] 197 38| 52] 10]

gmSO; [0.02] 005 01015 | 02| 03| 05| 07| 1.0

100 gm H,0

WL s
Daawd T




In absorptlon Column operating at (4. 5) bar, the bulk conc”. Of gas and liquid are ~

(x=0.0014 y=0.02), kx =80 kmol/m’ hr.Ax ky 15 kmol/m’.hr.Ay Calculate -

1- The interfacial Conc". at a certam point .
2- Overall M.T. Coeff. and the rate of absorption in terms of Ay .
3-kx' and ky/ (Where M.wt of SO, =64 gm /mol..)

Q3]

(A) A feed mixture containing 38.5% benzene , 34.5% Toluene and 27% Cumene

(in mol %) to be fractionated to recover about 96% of Benzene in the distillate and

- 95.8% of Toluene as the bottom product. .
The feed is at dew point and the reflux at bubble point . Calculate using the

U.G) method:-
min . 2- Rmin. 3- No. ofideal stages and feed position .
4- Amount of Vapoure returned from the reboiler. :
Given that :-
1+ 544 X X~-1
Y=1-Exp{( ) ( -.........._.0..........)]_
11+1172 X x *°
Uapr= 255 .  Qzpp= 225 . dcept = 0.254 O¢py = 0.31

A binary solution of 60 mol% of ( A) 40 mol% of ( B) is to be separated . _
feed is a tow-phase mixture containing 72% liquid. Determine graphically Ryn
and Ny, Show the Pinch Point position in the plot .
The (V.L. E) given as:-

x| 0)0.05] 0.1]0.15] 0.2 0.25] 0.3 [0.4 0.5 0.6] 07| 08]09]

yi 01007 F.M 0.21} 6.3 [).39 0.55 0.75 10.86 10.93 10.96 [0.98 0.99

Don LUG)




[ vor  FinahYear Exam.  _  Subject: Reactor Design |

! Chem.Eng.Dept . June- 2008 Time: 3 hours
| 1™attempt  Third Year Class ___Daté: 16 /6/2008

Note : Answer Four questions only

Q1- Two handred m*%h of gaseous mixture contammg 80%

acetylene and 20% inerts measured at 550-C and 20 atm

, are to be fed to a tube furnace having anywhere 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)4

The rate constant (at 400 C ) = 0.6 m*/kmol.s |

~ Neglecting pressure drop through the tubes , find how N

many tubes are needed for 60% conversion of acetylene

to tetramer co_mplex The activation energy(E)=500 cal/gmol K -

Q2- The liquid phase reversible reaction A &=—==2 Bis
carried out in a 120 liter CSTR . Two feed streams , one.
containing 2.5 mol A/liter and the other contdining 1.5
mol Alliter , are to be introduced in equal volumetric =

flow rate into the reactor , and 50% of the equilibrium
conversion is obtained . Assume a constant densnty
throughout and given k,=7 liter/mol. min
k;=3 liter/mol.min |
a- What should be the flow rate of each stream .
b- If the effluent from the 1% reactor is charged to
another CSTR where the irreversible reaction A — B
takes place with k=3 min™ . Calculate the

volume of CSTR needed to obtain 90% conversion of A .

Q3- A gas-phase reaction A — R is carried out in a batch
reactor with initial conditions of To = 127 C , total
pressure = 4 atm and constant volume of 0.5 m’ .The

initial composition of reaction mixture is 80 mol%A and
the balance inert material. The reaction rate constant is :

o, e AT




k = 10"% exp(-10000/T) h™".The heat of reaction is -1500
keal/kmol and the heat capacity of A and R are 30 and 25

kcal/kmol.K respectively .
Compute the time required for 90% conversmn of A, if an

adiabatic condition is applied .

Q4- The gas-phase reaction A — B is conducted at 500 C
and 3 atm m'a tubular flow reactor The feed (_;pntams '
rate is 50 gmole/h . The rate constant is 0. 2 min™'
What volume of reactor is needed for 95% conversmn" .

Q5 — The production of methylbromide ( C)is an
irreversible liquid phase reaction which is first order with
respect to methylamine (A): A+ B — C+ D, this reaction 6
is carried out in a semibatch reactor Methylamme(A) at a
concentration of 0.025 gmol/dm is to be fed at a rate of -

0.5 dm’/s to an aqueous solution of bromine cyanide (B)
contained i ina glass lined reactor . The specific rate constant
isk=0.01 s . The initial volume of fluid in the reactor to be
5 dm_ . The initial moles of A in feed Npg =0.1 moles .
Determine the conversion of A as a function of time .

Rg = 0.082 atm.lit/gmol K = 1.987 cal/gmol.K




