iversi | = Subject: Fluid Flow >
:wer::ly;: Tg:: nology Final Exam./ 1" attempt ' @ Tinile: 3 hour

cond Class 2010/2011 M2/ Lecturer: Dr. Salah S. Ibrahim
Second Class " ecturer: Dr. .

Note: Answer only four guestions.

Q1/

A- A vertical cylinder of diameter 180 mm rotates concentrically inside another cylinder
of diameter 181.2 mm. Both the cylinders are 300 mm high. The space between the
cylinders is filled with a liquid whose viscosity is unknown. Determine the viscosity of
the fluid if 2 torque of 20 Nm is required to rotate the inner cylinder at 120 rpm.

_’-S-mark!

| B- Anthracite coal, density 1506 kg/m3, is to be fluidized with air at 1.379 bar and 450°C
in a vessel 3.048 m ID. 15 tons of powder coal of an average diameter 200 microns, are
placed in the vessel, which is filled to a height of 2.13 m. Compute (a) the static void
fraction e,, (b) the minimum void fraction enr and bed height for fluidization Lur, (¢)
the minimum velocity for fluidization, (d) the minimum pressure drop for fluidization,
(¢) the minimum velocity for particle transport. Take that ¢, = 1—0.356[(1ogd},)-—1],

m,

dp in microns, The dynamic viscosity of air at 450°C is 3.431 x10”° Pa.s.

. Q2/
. A- The power developed by water turbine P depends upon the following variables:
- Working head (H) - impeller diameter (D) - rotational speed (N}
- Width of mover (B) - Fluid density (p) - Fluid dynamic viscosity (p)
- acceleration of gravity (g) _
From a dimensional analysis, use appropriate method; obtain a relation between the
Power and these variables.

B- A reservoir 100 m long and 100 m wide is provided with a rectangular notch 2m long.
Find the time required to lower the water level in the reservoir from 2 m to 1 m above
the base of the notch. Cd = 0.6.

Q3/ |

A- For power-law fluids, flow through a circular pipe, the relation between shear stress

(1,.) and shear rate (7) is: Trx = k(-7 )" = k (-du,/dr)" show that: u, = une{1-(/R)"],

where Uy, is the velocity at the centerline upa=n/(nt+1) R™M [(- AP) / (2KL)] ¥n and

k: flow consistency coefficient, n: flow behavior index, u,: velocity at r in x-direction, r:

distance from the centerline, R: radius of the pipe, (-AP)s;: pressure drop due to skin

. friction, and L: pipe length.

B- 0il of viscosity 10 mNs/m® and specific gravity 0.90, flows through 60 m of 100 mm

: diameter pipe and the pressure drop is 13.8 kN/m?®. What will be the pressure drop for

. a second oil of viscosity 30 mNs/m* and specific gravity 0.95 flowing at the same rate

: through the pipe? Assume the pipe wall to be smooth.
Q4/

A- Begin from velocity distribution of Newtonian fluid in laminar flow through circular

Pipe Us=times[1-(/R)’], show that f <16/Re, where umu:= [(-APr, 4*)/(16 L w)}.
B- A centrifugal pump used to take water from reservoir to another through 800 m length
and 0.15 m i.d. if the difference in level of the two tanks is 8 m, calculate the flow rate of

the water and the power required, assume f=0.004.
Q(m3/h) 0 23 46 69 92 115
Ah (m) 17 16 135 105 66 2.0
1 0 0495 0.61 0.63 053 0.1

Follow L)




Q5/
A- Explain how the power of Froude number (y) in liquid mixing could be determined
experimentally, _ -
B- A flow of 50 m’/s methane, measured at 288 K and 101.3 kPa has to be delivered along a 0.6
m diameter line, 3km long a relative roughness ¢ = 0.0001 m linking a compressor and a
processing unit. The methane is to be discharged at the plant at 288 K and 170 kPa, and it
leaves the compressor at 297 K. What pressure must be developed at the compressor in
order to achieve this flow rate? Take that pcus 203k = 0.01 X 107 Pa.s
R7.5-markﬂ
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Subject : Properties materials
Time  : three hour
Lecturer: Dr., Anaam A.S

Final Exam./ 1 attempt
14/6/2011

PART (A)

Q1- Fill in the blank (Answer Ten only ):-
1. Macroscopic defects are called
2. Atoms have higher diffusion coefficient in ----- iron than in -----—- iron.
3. e hardness can be related to strength of metals and alloys.
4. Interfacial imperfections occur over -----w—---re-mmeeeee-
5. The mass of an atom which has atomic weight of 52amu, is equal t0-=--v-=men-x
6
7
3
9

hemical Eng. Dept.

_ giversigy of Technology g
Class:2" year

- + The Fe-Fe3C eutectoid temperature is -------.The Fe-Fe;C eutectoid compostition is -----% C.
. The -=emeeeeeeme strength is the stress calculated as maximum load per unit of ------ area.
. In steels,-----mnnu- is FCC and ----eeemmmeees is Bee.
. A crystal direction and its multiple are
B is larger than its corresponding atom.
| 3 P — is a lamellar mixture of
12. A material having large bounding energy have high-—--e-eerce. . (20marks)

Q2- Answer Two of the following:-
1. List and sketch the types of point defects.
2. Define and give an example of Two of the following:- Composite materials, Close-packed
direction, Allotropic material
3. What are the types of solid solution and what are the difference between them. (20marks)

Q3- Consider a Cu-40% Ag alloy. Determine:-
1. If the alloy is hypoeutectic or hypereutectic.
2. The composition of the first solid to form during solidification.
3. The amounts and compositions of each phase at 780°C. e
S_— 4.--The amounts and compositions of each phase at 778°C.
5. The amounts of eutectic and primary « at 778°C,
.+ (20marks)

PART (B) Answer Two of the following questions

Q4-What temperature is required to obtain 0.5% C at a distance of 0.5mm beneath the surface of a
0.2% C steel in 2 hour, when 1.1% C is present at the surface? Assume that the iron is FCC.
Dy=0.23 cm?/sec and Q¢=32900 cal/moie. (20marks)

Q5- A cylindrical specimen of steel having an original diameter of 12.8mm is tensil tested to
fracture and found to have an engineering fracture strength of 460Mpa. If its cross-sectional
diameter at fracture is 10.7mm, determine:-

a-The ductility in term of reduction in area, 4

b-The true stress and true strain at fractuge. ' (20marks)

Q6- Above 882°C, titanium has a BCC crystal structure, with a=0.332nm. Below this temperature
titanium has a HCP structure (Hexagond close-packed structure) with a=0.2978nm and
¢=0.4735nm. Determine:-
a- The percent volume change when BCC titanium transforms to HCP titanium. Is this a
contraction or expansion. _
b- The percent density change when BCC titanium transforms to HCP titanium.
Atomic weight of titanium=47.88 g/mole, (20marks)

Good-Luck
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Subject :Thermodynamic
Time :3hour
Lecturer;Dr. Shurooq Talib

University of Technology
Chemical Eng. Dept.
Second Class

Final Exam./ 1" attempt
6/6/2011

Note: Answer four questions only.

Q1: The following reaction reaches equilibrium at 600°C and atmospheric pressure:
Ny(g) + C;Hy(g) ———» 2HCN(g) '
If the system initially is an equimolar mixture of nitrogen and acetylene.
1)What is the equilibrium constant of the reaction?
2) what is the composition of the system at equilibrium? Assume ideal gases.

component A 10°B 10°D AHs 08 AGyaoos
(J/mol) (J/mol)
N, 3.28 0.593 0.04 - -
C,H, 1.952 0.557 -1.299 227480 209970
HCN 1.359 0.422 -0.725 135100 124700
(15mark)
Q2: From the first law of thermodynamics derive:
a) 1Qu!l Ty (7.5 mark)
1 Qc! T¢
b) T, _ [.E_Z ] -1/ y
T, P; (7.5 mark)

Q3: A/ Steam at (475 Kpa )and (200 °C) expands at constant enthalpy (as in throttling
process) to (350 Kpa). What is the temperature of the steam in its final state and what
is its entropy change?. cp’ =2.1 kJ/ k.

(7.5 mark)
(TEMPERATURE: T kehdns)
{TEMPERATURE: "¢
P&Pﬁ sat. sat. 433.16 44816 47315 40315 513.15 533,15 6318 573.15
FEK 0 fig. vap. {150 175) (200) (E20) (a0} {260 (P60} (300
v o 52400 54068 £76:90 231 GADAR 687,75 HO5.00 72297 748.53
259 U s&iesr 25482 2567.1 20083 26466 26804 2712.0 27434 27TAL 2s.2
4te0oifasmyy M S840 mt&- 27583 2109 FHEEO 26458 2845.7 26887 BOETA 30684
: s 17279 69362 8.9062 7202 72086 Foazds 7.4048 7428 75561 78907
Vo 488t 49140 s03.28 54746 570,60 5065 62062 64002 B7A.64 SOH.04
875 4 58433 25306 25654 206071 2647.7 26738 2713 27428 27743 29057
SHABI4LEY K BDATIF ATBLT 27844 28088 . ZBELT 20084 2944.8 TOBEH 30678
5 17526 G.A160 89824 7407 T2RT 72641 75713 74409 T.525¢ 75081
v 1,084 452,22 A70.06 50283 G 55685 583,14 [er o B31.09 5405
. 400 U 64237 2552.7 ¥ 268056 26467 26788 27108 27422 2737 RS9
LEI7(MA6ZF H  BKEND brppXid 2i520 b irE] FH60.4 023 20428 Pash 1 soend aBer.a
k! 17764 68843 69205 7.0 7.9708 1.2576 73402 7.4180 T 7.5675
¥ 1086 43581 44185 47247 502 12 H265.06 548,30 S7i40 563,54 §15.95
a8 U 813687 25548 25E20 204 5 M4BT~ MIED 2704.9 27416 27132 28049
ABGHI5E8 M 614128 7403 405 2805.3 ZRERY 2601.2 20420 2984.3 S0E5.6
] 17850 68738 6 7.0233% 7407 72200 3108 7.3899 TA4E? 7.
v 1988 4189 416.24 445 .36 47355 49559 S17.5% 530.83 550,17 581.37
) 450 U 62872 i 2560.3 2608.2 844.7 X775 272 e e - r g Red A
SMLOTIAZET. M E2SIED  ZTARD 27427 2B0G.7 7.8 2600.2 20421 29035 Fe4a 30660
£ §.8204 68547 6 69348 Faun 11859 72831 73524 74384 75118
v 1081 327 99331 421,14 £4T.57 458.95 459,52 SIS 530,50 55043
475 U osmdgi 25588 25586 26019 243.7 26763 Zes 2740.4 ey 28935
42071402 H 631812 27453 PSS . 2020 28555 28941 PO4YY . 27 3024,1 30654
& 12408 68385 &.8388 1.0850 74738 72657 73363 T2 74858




B// : Arigid vessel of (0.05m’ ) volume contains an ideal gas, Cv=(5/2)R at 500K
and 1 bar. If heat in the amount of (12000J) is transferred to the gas, determine its
entropy change.

(7.5 mark)

Q4: Chlorine is produced by the reaction:
4HCL(g) + Ox(g) — 2H;0 (g) + 2CL; (g)

The feed stream to the reactor consists of (67mole percent HCL, 30 mole percent Oy,
and (3mole percent N,) and it enters the reactor at 500 °C. If the conversion of HCL
is 75percent and if the process is isothermal, how much heat must be transferred from
the reactor per mole of the entering gas mixture?

component AH® £ 208(J/mol) Cpmn (J/mol.K) .
HCL -923.7 30.1954
0O, — 29.389
HO -241818 34.702
CL, | = - 33.7132
(15mark)

Q5: 4/ Water flows over a waterfall (100m) in hight.Take (1Kg) of the water as the
system, and assume that it does not exchange energy with its surroundings.
a) What is the potential energy of the water at the top of the falls with respect to
the base of the falls?
b) What is the kinetic energy of the water just before it strikes bottom?
c) After the (1Kg) of water enters the stream below the falls, what change has
occurred in its state? Cp water =4184 J/ Kg.°C. _
(7.5 mark) .

B// : Five kilograms of liquid carbon tetrachloride undergo a mechanically reversible
isobaric change of state at (1bar) during which the temperature changes from (0 to
20) °C. Determine{ AV , W, Q , AH & AU }. The following properties for liquid
carbon tetrachloride at (1bar &0 °C) may be assumed independent of temperature:
B=1.2*10° K" ,Cp=0.84 kJ/Kg K .The density at (0°C) & (1bar) is (1590 Kg/m®).

(7.5 mark)

R=8.314 J / mol. K = 83.14 bar. cm*/mol. K

GOOD tuck




Subject : Comp. Programming
Time :3hour
Lecturer: Dr. Z. M. Shakoor

University of Technology
Chemical Eng. Dept.
2" Class

Final Exam./ 1* attempt
16/6/2011

k3

Note: Answer 4 questions only

Visual Basic

Q1 A: Answer by True or False only:
The option value take either true or false.
In Visual Basic programs, users can only input numbers, not text.
- Textboxes are used only to receive input from the user.
The scrollbar can be used for values from 0 to 255 only.
If then Else statement can be written in the form of a While loop to achieve the same
logic and output.
The ReDim statement in Visual Basic can be used to change the size of an array.
The caption property used to display information in a text box.
The first element of a Visual Basic array has zero as its index value.
The command Val(n) Converts a string value to a number.
The answer to 8 - 4 * 9 is 36. 10 Marks

o0 op

e

| e Q1 B: Write a program (design and code) which can be used as information source for Atomic
ights of chemical elements with the following list of information.

H He Na Al Cl 0 Cr Fe
| 1.008 | 4.003 | 22.990 ] 26.982 | 35.453 | 15.999 | 51.996 | 55.847
Note: Use Inputbox to enter the chemical element symbol. 15 Marks

Q2: Write a program (design and code) to calculate the bubble point for a mixture of six
components. The vapor pressures of these components are calculated by the following Antoine
equations:  pe — exp(d— 2
9 = expld - )
The constants of Antoine equation is gi

16.9481 | 2132.50
15.9008 | 2788.51 -52.36
16.6513 | 2940.46 | -35.93
18.5875 | 3626.55 | -34.29
18.9119 | 3803.98 | -41.68
18.3036 | 3816.44 | -46.13

K=P Oi P , P=760 mm hg s  Yi =K;*x;
Knowing at Bubble point: Y yi=) Kixxi =1

Note: use six textboxes to enter the mixture composition.

25 Marks

Matlab

Q3 A: Given the Matrix A=2797;3156; 81 2 5], explain the results of the following

commands:
1. size(A) 6. A(1,).¥AQ2,)
2. sum(A) - 7. A(L)+AQ,)
3. mean(A) 8. find(A>5)
4. A(,1:3) 9. sort(A)
5. A(2:3,3:-1:1) 10. min(min(A)) 10 Marks




Q3 B: Data for the viscosity of molten solid as a function of temperature are given below table.

200 300 430 550
e 5.4 4.5 3.9 3.4
Write a program which uses the above data to determine the coefficient A, and B of the equation:
B
p=A exp(?) 15 Marks
f;f: Cpdr

Q4 A: The average values of a function can be determined by Cpmn= -
z7 8

Write Matlab code to verity the average value of specific heat of dry air in the range from 300 K to
450 K, Cp KJ/(Kg K), to temperature (K):
Cp=0.99403 +1.617x10*1+9.7215x10*1% - 9.5838 x 10" T + 1.9520 x 104 1* 10 Marks

Q4 B: write a program to calculate the flow rates of streams W, P, C, R and T in the following flow
diagram using matrix inverse method.
25 wt % solid + .

75 wt % water

1000 kg/hr
*_ched (F Mixer (r)y Centrifuge ) Filter
81 Wt % water l 40 wt % water
Product (P)
Water (W) 95 wt % solid
p 5 wt % water 15 Marks

Q5 A: Rotameter ca ibration data (flow rate versus Rotameter reading) are as follows:
: 20 | 52.1 [84.6118.3] 151
10 30 50 70 90

Write a Matlab code to:

a. plot a calibration curve of rotameter reading versus flow rate. _

b. Use interpolation commands to calculate the flow rate that corresponds to a rotameter .,
reading of 36. 10 Marks

Q3 B: The molar volume of a certain component at different pressures and temperatures are given

in the table below:

0.031 0.03265 | 0.03499 | 0.03525 | 0.03623
i 0.03066 | 0.03215 | 0.03421 | 0.03678 | 0.04112
0.03009 | 0.03139 | 0.03300 | 0.03484 | 0.03730
0.02966 | 0.03079 | 0.03212 | 0.03370 | 0.03529

Write a program to ot the results in three dimensional surface for molar volume versus
temperature and pressure.
Note: add x-axis, y-axis, z-axis, and title labels to the figure.

15 Marks

GoOoD Luek




iversity of Technology . Subject :Fuel Technology
hemical Eng. Dept. Final Exam./ 1* attempt Time :3hours

Class:2™ Year 2/June/2011

Lecturer:Dr. Intisar Hussain.
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Subject: Mathematic I1
Time: 3 hour
Lecturer: Dr.Sahar Abdul Hadi

University of Technology . .
Chemical Eng. Dept. Final Exain./ 1* attempt

Class: 2™ year Y¥/ 2011

Note: Answer 4 questions only.

QU-If f(x,y,2) =0, find L gi 9 | then show that (—)z(ay)x(ax)y ~1

(25 mark)

Q2:- Find six dif ferent iterated triple integrals for the inte gration

I'=[ff, zdv,where D is the region bounded by z = 0 z=x,and

. y? = 4 — 2x . Evaluate one of the integrals.
A ‘ {25 mark)

Q3:-A) Prove that y = ¢, cos 3x + ¢, sin 3x, is asolution of the dif ferential
equation y" + 9y = 0,and then find c;&c,,if y(0) =1,y (-?25) = —
(15 mark)
7 -5
B) Evaluate f (5 -2—) ? (10 mark)
Q4-A)Ifz=x+1iy,andw = u + iv,wherew = z° + iz% Express u & v
interms of x &y, and show that if the functionw = f (z)satisfy
the Cauchy — Rieman conditions or not?

(10 mark)
. BYIfA=i—-j+2k,B=2i+j+k,and C =i+ 2j—k, three vectors
i Provethat (AXB)XC=(A.C)B—(B.C)A.

(15 mark)
Q5:-A) Find Fourier Series for f(x) =x2, for —n<x<m.
(10 mark)
1 0 0
B) Find eigen value & eigen vector for A = [2 3 1].
0 2 4
N (15 mark)

GOOD LUCK
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iversi Subject : Properties materials
Unnversnt)Z‘of Technology Final Exam./ 2™ attempt Tim e iree hour
» " Chemical Eng. Dept. 1912011
R Class:2™ year Lecturer: Dr. Anaam A.S

ANSWER ONLY FIVE QUESTIONS

Q1-A cylindrical rod 100mm long and having a diameter of 10mm is to be deformed
: using a tensile load of 27500N. It must not experience either plastic deformation or
diameter reduction of more than 7.5*10”mm. Which of the materials in the following

table may be used ? Why?

material Modulus of | Yield (MPa) | Poisson's Ratio
Elasticity (GPa) strength

Aluminium alloy 70 200 0.33

Brass alloy 101 300 0.35

Steel alloy 207 400 0.27

(20Marks)
Q2-Consider the Cu-Ni system, then:-

a-What is the solubility limit of copper in solid a at 1300°C?

b-What is the solubility limit of nickel in the liquid at 1300°C?

c-How many grams of nickel must be added to 500grams of copper to produce an
! alloy that contains 50w/o « at 1260°C?
. d-A 65w/o Cu-35w/o Ni alloy is slowly cooled from 1300°C to 1150°C, At what
temperature does the liquid solidify? What is the composition of this last remaining
liquid phase? (20Marks)
Q3-A BCC iron structure is to be manufactured that will allow no more than 50gram
of hydrogen to be lost per year through each square centimeter of the iron at 400°C. If .
the concentration of hydrogen at one surface is 0.05 H atom per unit cell and is 0.001
H atom per unit cell at the second surface, determine the minimum thickness of the

iron.
Hint:-Q4=3600 cal/mole, D,=0.0012cm?/sec, radius of iron atom=0.1241nm.
(20Marks)
Q4- (A)-Sketch the following planes and directions:- Within a cubic unit cell:-
(111), [i11], (020)
(B)-Answer the following:
1-Classified the materials.
2- Write the eutectic reaction for iron-carbon system.
: _ (20Marks})
. Q5- Ten grams of nickel are to be electroplated on a steel surface with an area of
0.8953m>. The electrolyte contains Ni*? ions.

-a-How thick will the nickel plate be?
b-How many amperes are required if this is to be accomplished in 60minutes?
The density of Ni=8.9g/cm3, atomic weight of Ni=58.71g/mole. (20Marks) .
Q6-Answer {eight only) YES or NO, Correct the wrong: .
1. For substitutional solid solution, the solute and solvent atoms must have
similar atomic diameter.
The burgers vector of screw dislocation is parallel to the dislocation line.
each water molecule in steam has along-range atomic arrangement.
There are (14) types of Bravais lattices, grouped in seven crystal systems.
The maximum solubility of carbon in BCC iron is 0.03w/o C.
Microscopic defects are called bulk defect.
The tensile strength is the stress required to initiate plastic deformation.
The diffusion coefficient is greater when the packing factor is lower.
Interfacial imperfections are larger than line imperfections and occur over
two dimensional area. (20Marks)
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e Subject : Comp. Programming
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14/9/2011

Note: Answer four questions only
Visual Basic

Q1 A: Short Answer
1. What is the difference between a text box and input box (give an example)?

2. What is the difference between a checkbox and OptionButton (give an example)?
[12.5}

Q1 B: Liquid methanol is to be burned with an excess air. The engincer must

calculate the highest temperature that the furnace walls will have to withstand so that

an appropriate material of construction can be chosen. The methanol is assumed to be

fed at 25°C and the air enters at 100°C. The energy balance calculations show that the

adiabatic flame temperature of the furnace is given by:

7.535 X107*T*~ 1.393 X 10°T’ - 4.913 X 10°T” - 0.4738T + 681.7 = 0

Write a program (design and code) to solve the resulted equation for the adiabatic

flame temperature. [12.5]

Q2: Write a program (design and code) which can be used as database for Critical

properties of chemical components in the table below.

Compound name | Formula | Tc(K) | Pc(MPa) ! Zc
Methane CHA4 190.6 | 4.604 | 0.288
Ethane C2H6 | 3054 | 4.88 0.284

e | Propane C3H8 | 369.8 | 4.249.1 0281
Butane C4HI10 | 4252 | 3.797 | 0.274
Pentane C5H12 | 469.7 | 3.369 | 0.269

Note: Use inputbox to enter the chemical component name. [25]
Matlab

- Q3 A: if you have the following two matrixes
A=12797;3156;8125]
B=[2184;6288;13093], explain the results of the following commands:
1.C=A.*B
2. C=A(,3)+B(, D
3.C=2*A-B
4. C=min(A)+max(B) ,
5. C=[A;B] [12.5]

Q3 B: Write MATLAB code to solve the following system of linear algebraic
equations:

2x1 +4x2 —x3+x4=6

-X1+2x2 +x3 —x4+x5=8

—X2-x3 +2x4+x5=-12

4x1 +x2+x3+x4+2x5=-2

6x1 + 2x3 —4x4 — 2x5 =4 [12.5]




Q4 A: The experimental velocity of an incompressible fluid in a pipe of radius 1 m is
tabulated as below:

rim) | 00 | 01 {02 ] 03] 041051 0¢ 0.7 1 08 1091 10
m/s) | 1.0 109910961091 (08410751 0.64 1051 0361019 00

Where r is the distance from the centre of the pipe and u is the velocity of the fluid.
Write a computer program to:-
1. Fit the experimental velocity to the following function:

u=a+br+cr’

2. Calculate volumetric flow rate according to equation given by:

Q=j2m‘udr [125]

Q4 B: Use one loop with the aid of interpl command in MATLAB program to plot
Txy diagram for benzene/toluene system. Knowing that the vapor pressures for these
two components are calculated by:

: 3740
P =exp(10.4—
Beraene = €XP( T+ 5.8)

3500
T+10

P;ohm = exp(9'0_

Where:-

CKEPSPe
P=1 atm

yi=Kixxi

At Bubble point 2yi=) Kixxi =]

Q5 A: Write MATLAB code to:
1. Graph . yt,3,45-1 forx in the range [-4 4] and y in the range [-10, 10].
2. Graph three dimensional plot of the following system of equation:
y=t
x = exp(sin(r)) For t in the range of [-50, 50].
Z =cos(f)

Note: add x, y and z axis labels and title for each graph. [12.5]

Q5 B: Rotameter calibration data (flow rate versus Rotameter reading) are as

follows:
Flow rate V(L/min) 20 52.1 84.6 118.3 151

Rotameter Reading R 10 30 50 70 90

Write a code to:
a. Draw a calibration curve and add the required lapels.
b. Calculate the flow rate that corresponds to a Rotameter reading of 36.

GOOD LUeK
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University of Technology Final Examination Subji-:ct: Fluid Flow
Chem. Eng. Dept. 2" attempt. Time: 3 hour
- Second Class 6/9/2011 Lecturer: Dr. Salah S. Ibrahim

Note: Answer only four questions.

Q1/

A- A vertical gap 2.2 cm wide of infinite extent contains a fluid of viscosity 2 Pa.s and sp.gr. 0.9..A

metallic plate (1.2 m X 1.2 m X 0.2 cm) and weigh 5 kg is to be lifted upfwith constan; vello:tltyt

of 0.15 m/s through the gap. If the plate is in middle of the gap, find the force required to lift i

up.
B- A catalyst having spherical particles of dp =50 microns and pp=1.65 glcm3 is to be used to
contact a hydrocarbon vapor in a fluidized reactor at 482 °C, 1.0 atm. At rest, the bed has a
porosity of 0.35 and height of 1.0 m. At operating conditions, the fluid viscosity is 0.02 c.p. and
its density is 3.364 kg/m>. Determine upg transportation velocity, and extent of the bed
expansion at the onset fluidization (L. What the type of fluidization occurs?

- Take that for these pickingse,, =1- 0.83[(log d ,,) - 1], dp in microns.
Q2/

A- The resistance (F) of falling spherical particle depends upon the following variables:
- Diameter of particle (D) - Speed of particle (u) - Fluid density (p)

- Fluid dynamic viscosity () - Gravitational acceleration (g)
From a dimensional analysis, use an appropriate method; obtain a relation between the force

(F) and these variables.

B- A rotameter tube of 0.3 m long with an internal diameter of 25 mm at the top and 20 mm at the
bottom. The diameter of float is 20 mm, its sp.gr. is 4.8 and its volume is 6 cm®. If the

coefficient of discharge is 0.7, what will be the flow rate water when the float is half way up the
tube?

Q3/ _ S

A- The velocity distribution in laminar flow through a circular pipe for non-Newtonian power-law
liquids in steady-state flow is: .
3 ( 8u3n+ 1)
« \dA 4n

B h{sﬁn . (H)(“W how that -+ - T
=M d SRR Yy =T, 4
2

where u,: is the velocity at r in x-direction, r : is the distance from the centreline, d: is the
diameter of the pipe, u: is the mean linear velocity, #: is the flow behavior index, and Yyt is

the shear rate at walls. :

* B- Water in a tank flows through an outlet 25 m below the water level into 2 0.15 m LD. e =
0.0015m horizontal pipe 30 m long, with 90° elbow at the end leading to vertical pipe of the
same diameter 15 m long. This is connected to a second 90° elbow, which leads to a horizontal
pipe of the same diameter, 60 m long, containing a fully open globe valve and discharge to
atmosphere 10 m below the level of the water in the tank. Calculate the initial Slow rate. Take
that, Le/d = 40 for elbow and = 250 for valve. and the fanning friction factor could be estimated

from (f)™° =4.06log(d/e)+2.16
Q4/

A- From the velocity distribution of Newtonian fluid in laminar flow u,.=u_, [l ~{r/ R)z], sho

that the average velocity is half the centerline (maximum) velocity. | (5-marks)

B- It is required to pump cooling water from storage pond to a condenser in a process plant
situated 10 m above the Ievel of the pond. 200 m of 74.2 mm i.d. pipe is available and the pump
has the characteristics given below. The head loss in the condenser is equivalent to 16 velocity
heads based on the flow in the 74.2 mm pipe. If the friction factor @ = 0.003, estimate the rate

=

of flow and the power to be supplied to the pump assuming 1 = 0.5 (7.5-marks)

Q (m3/s) 0.0028 0.0039 0.005 0.0056 0.0059
Ah(m) 232 213 189 152 110

Follow i? |




Qs/

A- Numerate the types of agitators that used in liquid mixing and give an example of each type.
Then calculate the theoretical power in Watt for a 0.1 m diameter 6-blade fiat blade turbine
agitator running at 16 rev/s in a tank system without baffles and conforming to the standard
tank configuration. The liquid in the tank has a dynamic viscosity of 0.08 kg/m.s and a liquid
density of 900 kg/m®. Take that the power function (® = 2.2),

B- Air enters at a pressure of 3.5 MPa and a temperature of 500°C to a converging-diverging
nozzle. The air flow rate through the nozzle is 1.3 kg/s and it leaves the nozzle at a pressure of
0.7 MPa. The expansion of air may be considered adiabatic. Calculate the area of throat and
the exit area. Takey=1.4.
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Subject :Thermodynamic
Time :3hour
Lecturer:Dr. Shurooq Talib

niversity of Technology
IChemical Eng. Dept.
Second Class

Final Exam./‘tt attempt
8/9/2011

Note: Answer four questions only.

Q1: An ideal gas undergoes the following sequence of mechanically reversible process:
@/ From an initial state of 70°C and lbar it is compressed adiabatically to 150 °C.

b /1t is then cooled from 150 °C to 70°C at constant pressure.

€/ Finally ,it is expanded isothermally to its original state.

Calculate W,Q,AU and AH for each three processes and for the total cycle.Take

Cv=(3/2)R and Cp=(5/2)R.
(15mark)

Q2: @/ One mole of an ideal gas with constant heat capacities undergoes an arbitrary
mechanically reversible process, from the first law of thermodynamics show that :

AU=[1/(x-1)]A (P.V). | (7.5 mark)

b/ Calculate “Z” and ” V” for isopropanol vapor at 200°C and 10 bar using Virial
equation with two terms, where Virial coefficient of isopropanol vapor is (-388

cm’/mole).

(7.5 mark)

- Q3:_a/Air at (1bar)-and-(25C)-entersa compressor at low velocity, discharges at
(3bar), and enters a nozzle in which it expands to a final velocity of (600m/sec) at the
initial conditions of pressure and temperature. If the work of compression is (240KJ/
Kg) of air, how much heat must be removed during compression?

(5 mark)

b/ The binarysystem acetonitrile(1)/nitromethane(2) conforms closely to Rault s law.
Vapor pressure for the pure species are given by the following Antonine eqations:

InP,* /Kpa= 14.2724 —[2945.47 / (T/°C -224.0)]
In P,* /Kpa= 14.2043 -[2972.64 / (T/C -209.0)]

Prepare a graph showing P vs. x; and P vs. y1 for a temperature of (75°C).
(10 mark)

Q4: A conventional vapor —compression refrigeration system operates on the cycle
with throttling valve. For the following operating conditions, determine the
circulation rate of the refrigerant, the heat transfer rate in the condenser, the power
requirement, the coefficient of performance of the cycle; and the coefficient of
performance of a Carnot refrigeration cycle operating between the same temperature

levels.

Follow
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Refrigerant is water: evaporation t=44.56 ( °F ) ; condensation t =178.43 (°F);
N (compressor) =0.75 ; refrigeration rate =1500 Btu /sec.

Note: 1Btu =1055 J
H = spECIFIC ENTHALPY( kJ kg)
S = SPECIFIC ENTROPY ( kJ kg-' K-')
TEMPERATURE: T ketvins
(TEMPERATURE:t°C)
FiPa sat st 573,15 62315 67315 2315 775 82315 87315 82345
TRRE™ 0 fiq. g (300) (350} [400) £450) {5003 556) (€00 &508
v 1000 129200 264500, 267560, 30650, 333799 10, X 402980,
1 U 2033 posey 28128 28899 29001 3049.9 3134 AN6T 33026 5
BEONB(EE H 20338 25144 For X _rs anir 43838 34892 3596.5 3056 33164
- 0. 1060 g 105450 105133 106711 108200 109612 110857 112243 11,3476
v 1440 14870 20440, ‘BBTED,. F1080. 33370, 5670, 47980, 290, 42600,
] HF U 101822 24300 g;éa 26658 20850 30449.8 1323 33188 %a X093
SESBAsLT H 151832 2882R 3 ELFesy Ev Ty 3583 5 e : 37055 3163
5 06403 8511 Q2020 04504 a.608s e7EmR 28964 10,6528 01678 102849
m. b omas BB O B O Om O T R
sWEBOG; H  Z51458  2004Y 2764 377 32794 33634 3409.0 95064 706 26162
s 08321 79054 BO618 94303 92082 9.4372 95764 BTR0 98416 .
v 122 A2R0) 86108 53818 0350, 1¥320, 13840, 126000, 12450, 14190,
x 28821 24GE.8 20118 25805 DORRT 9.6 s8> IN6H w25 3390.2
J2AGEIE] H 2BEIOZ 26254 3078y 3Eg 87743 33 . 3754 INGR
g8 cosdi 77655 B714L 8.5420 91016 92499 Cy b £8.5257 96544 O7T7E
. 4 1037 39834 08065 71046 ras 8340.1 ea17.8 89040 10070, 10640,
o 4 afr.eos PATTA 2/11.6 6604 20656 3495 It320 3210.4 3302 4 2300t
30047500 H 17650 26565 8758 g axres 29631 4888 37055 W68
s 10981 THR as13 BB1OY 80680 Gi170 92589 6.3920 95216 Bl
¥ 108¢  3ed02 82899 srasy 6209,1 6671 4 71238 75855 80674 8519.2
50 U 340513 24540 28115 2664.2 2008.5 3004 31320 T3 23023 0.1
AS4581.36) H  9H0.E64 DedED BTET 2766 22194 /L0 34807 2596.1 ang2 184
s 106812 75047 #5380 &7088 g 8.0138 91552 92458 94185 L5419
_ v 1037 22169 BAS 28204 A138.0 44454 ATSLT 50628 53709 55788
- 25 L. LT, .. DARGT. -2RI10. R TTY - O . TN - T SRR - WO. . -2 S Y-
JGLPNHBTEY M 384A5T 2653.0 BB ETY K 32786 23827 34884 BEGS ANED AB154
s 12431 74570 83502 BE19% BETTS BEES 8.8678 6.1025 2312 3546
v 1.043 1688.7 2838.7 £570.8 02 g&n 35653 5 40877 42585
100 U 417406 25061 2010.6 2388 Y] 149.0 31316 32160 3902.0 3389.8
Irere(seny H 417511 26754 IS HT5E 32182 33424 A 35056 I8 38457
& 1.X027 7 s2ite 8 BH4H42 234 B.B3:A BEAOS 0852 8217
(15mark)

Q5:_The gas stream from a sulfur burner consists of 15 mol% SO, , 20 mol% O,
,and 65 mol% N, .The gas stream at atmospheric pressure and 500 °C enters a ;
converter where 86 mol% of the SO, is further oxidized to SOs;. On the basis of
1mol of gas entering, how much heat must be removed from the converter so that

product gases leave at 500 °C?

Substance AH® pos() Cp(J/mol.K)
SO2 -296830 39.87
02 0 29.389
SO3 -395720 50.665

(15mark)

R=8.314 J / mol. K = 83.14 bar. cm’/mol. K
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Subject: Mathematic 1T
Time: 3 hour
Lecturer: Dr.Sahar Abdul Hadi

niversity of Technology
Chemical Eng. Dep.
Class : 2™ year

Final Exam./ 2"! attempt
2010/2011

Note: Answer 4 questions only.

Ql:- Find a) (Z—‘;,")x . b) (g—;ﬂ)z at the point (w,x,y,z) = (4,2,1,-1)
if w=x2%y? +;y‘2:—lz3, and x*+ y? 4+ 22 = ¢,
ke T (25 mark)

e

Q2:- Solve the 2nd order defferential equation: —
y'—y' —6y=e"*—7cosx.
(25 mark)

Q3:-A) Integrate the function f(x,y) = 3 over the region in the first

quadrant bounded by the lines y =x, y = 2x,x = 1and x = 2.
(15 mark)

‘B) Evaluate [ = fooo Vze#'dz. (10 mark)

Q4:- AYIf z = re', evaluate $ z~* dz , around a circule with it'scenter at
the origin.

(10 mark)
B) Find the distance d between the point P(2,—3,4) and the plane
X+2y+2z=13.

- (15 mark)
Q5:-A) Find Fourier Series for f(x) =x, for —1<x<1.
(10 mark)
2 3 -4
B) Find A™! using row reduction method forA= [1 2 3 }
3 -1 -1
(15 mark)

¢ GOOD tUCK







