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University of Technology
Chemical Engineering Department

Rt Final Examination
Subject: Thermodynamics 2011/2012 Class: Second
Branch:Both Branchs Time: 3 hours
i Date : 4/June
Examiner:Dr.Shurooq

Attempt four questions only

describe the vapor / liquid equilibrium states of this system as P1 =21490 kPa and P2 =28.07 kPa , determine P and x
for t=70°C and y,=0.08. (7. Smark)

b/ Draw linde liquefaction process, then, pure methane is liquefied in a linde process. Compression is to (60bar) an

QI : @/ For the system n-pentane (1) / n-heptane (2), the vapor pressures of the pure species are given by Raoult's law to ~|

precooling is to (300K).The separation is maintained at a pressure of (1bar), and liquefied gas at this pressure leaves th

S cooler at 295K. What fraction of the gas is liquefied in the process, and what is the temperature of the high pressure gas

(7.5mark)

P ——te—

entering the throttle valve?

T(K) P(bar) H(kJ/kg) P(bar) H'(kJ/kg) H'(kJ/kg)
i 206.5 60 769.2 1 285.4 796.9
295.0 1 1188.9 60 663.2 925.5 L
I 295.0 60 1221.4 - - - “
300.0 1 1090.0 - - -
300.0 60 1140.0 - - - L 1

Q2: ¢/ For an ideal gas with constant heat capacities undergoing a reversible adiabatic process, drive the relation between

temperature and volume. (7.5mark)
b/ From the first law of thermodynamics derive The entropy change of an ideal gas with constant heat capacity,

—

L (7.5mark)!

———
—

Q3: @/ A block of copper weighing (0.2Kg) has an initial temperature of (400K); (4 Kg) of water initially at (300K)
is contained in a perfectly insulated tank, also made of copper and weighing (0.5Kg). The copper Block is immersed "l

ve—
.
—

in the water and allowed to come to equilibrium. What is the change in internal energy of the block copper and of
the water 7 What is the change in ¢nergy of the entire system including the tank? Assume that the specific heats are
| constant at 4.184 J/gm. K for water and 0.380 J/gm. K for copper. (5 mark) : m

ar—
T —

b7/ One mole of an ideal gas, cp=(7/2)R ,CV=(5/2)R ,expands from P =10bar and Vl =0.005m’ to P. ,=1bar by each of

the following paths:

w 1)Constant volume. ’
2) Constant temperature.

h 3)Adiabatically.

Assuming mechanical reversibility, calculate W, Q, AU, and AH for cach process. Sketch each path on a single PV

digram, (10 mark)
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Q4: Chlorine is produced by the reaction:

4HCL , +O, (j———— 2H,0,, +2CL,
The feed stream to the reactor consists of 67mole percent HCL, 30 mole percent O2 , and 3 mole percent N2 and it
enters the reactor at 500 “C. If the conversion of HCL is 75 percent and if the process is isothermal, how much heat

must be transferred from the reactor per mole of the entering gas mixture?

Substance AH’ c2090d Cp,,.(J/mol.X)
HCL -923'.7 30.1954
H,O0 -241818 34.826
02 0 29.389
crL, 0 33.7132 I

(1S mark)

Q5: a//Explain stages formation of steam and sketch T-H diagram,

d o (7.5mark)

b// A system initially containing 3 mole CO,, 5 mole H,, and 1 mole H,0 undergoes the following reactions: "
COyy + 3 Hyy————» CH,OH, + H,0,, ’
COyg + Hyy ————> CO, + 0, '
Develop expressions for the mole fractions of the reaction species as functions of the reaction coordmates for the two
reactions.

i (7.5mark)

R=8.314 J / mol. K = 83.14 bar. cm /mol. K
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University of Technology

Chemical Engineering Department

. Final Examination i ucillav2]
Subject:Human Rights 2011/2012 Class: second
Branch: Time: 3 hours
Examiner:Dr.Bushra Date: /may
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University of Technology

Chemical Engineering Department

Subject. Mathematic 1 Final Examination . Class: Second

Branch: Chemical process Eng. 2011/2012 ' Time: 3 hours

Examiner:Dr Sahar abdul Hadi Date : 27 /imay
Attempt four (4) questions only

Q:a) If Z = f(x,y) = 9¢**, show that, f,,, = 8Z(y + xy?). (10 marks

<
B) Evaluate, I = fooox— dx, (Hint: ¢* = e¥Ine) (15 marks)

Cx
Q2: A)Which point on the line y = Zx + 5, closest to the origin? (1smarks)
) 1 3,2
B) Evaluate the double integral fo | f3y e’ dxdy. (10 marks)
Q3:4) Solve the Ordinarydiff.Eq.: xdy - (2y + x3e¥)dx = 0.
(15 marks)

w If Z = -2+ 2i,then express Z as a function of (7,0). (10 marks)

1

—x2

o4:4) Evaluate [ .z dx, by series (use Maclurian series). (10 marks)

B) find Cartesian equation for the line in which the two planes

3x —6y—2z=15,and 2x+ y—22z =05, intersect . (15 marks)
Qs: A) By using the definition of I'(x) = fooo t*"1e~t dt, prove that
F(x + 1) = XF(X). _ - ' (10 marks}
6 -2 2
By Find eigen values and eigen vectors forA=|0 5 ol
O 0 7
(15 marks}
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University of Technology
Chemical Engineering Department

U Final examination 2011/2012
Subject : Physical Chemistry Class : Second year
Branch: For Both branches Time: 3 hours
Examiner: Amel Al- Hilaly Date : 6/6/2012
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University of Technology
Chemical Engineering Department
' . . . I!
Subject:  Material Science & Engineering Final Examination Class: Second P
I Branch:  For Both Branches 2011/2012 Time: 3 hours
Examiner: Assist Prof. Dr. Anaam. A.Sabri Date : 31 /may

Attempt All questions

Ql/ |

A. Determine the freezing range, the composition of the first solid to form during solidification, and I
the composition of the last liquid to solidify, for a Cu-40% Ni alloy. (3marks)

B. Sketch the microstructure of a Cu-40% Ni alloy showing the composition of the phases at
1320C°, 1250C°, and 1200C". (5marks)

C. How many grams of Nickel must be added to 500 grams of Copper to produce an alloy that has a
liquidus temperature of 1350C"? (2marks) .

Q2/

A. Zinc is moving into Copper which has FCC structure. At point X there are 2.5x10"7 Zn/mm’.
What concentration is required at point Y (2mm from X) to diffuse 60 Zn atoms/mm?>.min at 300 l

Copper=63.54 amu, atomic weight of Zinc=65.38 amu, radius of Copper atom=0.1278nm.,
D,=2.4x10"m?%/sec, Q¢=189KJ/mol
B. Answer Two of the following:
a) Write the eutectoid reaction for iron-carbon system.
b) What is necking? How does it lead to reduction in engineering stress as true stress increases?
¢) What are the characteristics of a phase?

' | C° (Y to X)? What is the weight percent of Zinc in the Copper at point X? Hint: atomic weight of

(10marks)

Q3/ Answer Two of the following:

A. A force of 100000N is applied to 10mmx>20mm iron bar having a yield strength of 400MPa and
a tensile strength of 480MPa. Determine whether the bar will plastically deform, and whether the
bar will experience necking.

B. Determine the net (attractive+ repulsive) energy for a Na'-CI ion pair in NaCl compound if the I
equilibrium distance between Na™ ion and CI fon is 0.28nm? b for NaCl=10"%Im’.

C. Calculate the equilibrium number of vacancies per cubic meter for copper at 1000C°. The energy
for vacancy formation is 20000cal/mol, the atomic weight and density for copper are 63.5 g/mol
and 8.4g/cm3 , respectively.

(10marks)

Q4/

A. Sketch HCP crystal structure and what are the characteristics of it. Then show that the atomic

packing factor for HCP is 0.74.
B. Define two of the following:- Flexural modulus, Slip process, a liquid crystal material.
(10marks)
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Q5/
A. Fill in the blank (answer Five only). *ﬁ!
Coordination number is controlled by and
Iron has -----ne---- structure below 912C°. “
Pearlite is a lamellar two phase mixture of =----e--- 11Te SR - .
The maximum solubility of carbon in austenite is -——--nee-- at --=e-eeeee C®

NN~

Brinell hardness is related to

Materials with covalent bonds are hard,

-------------- of metals and alloys.
The copper-nickel system is termed Isomorphous because of -
and

B. Answer (Five only) Yes or No, and Correct the wrong:-

1.

2
3.
4

o

Inclusions and vacancies are Microscopic defects.

. In cubic crystal, a direction that has the same indices as a

Thermoplastic polymer is a brittle material.

. The bonds between the molecules that allow slidin

bonds.

The diffusion coefficient of Cu in Al is more than the diffusion coefficient of Cu in Cu

because of the higher melting point of Cu.
Fiber glass is a polymer material.

plane, is parallel to that plane. TLL

g and rupture to occur are called metallic

(10marks)
Composition {at% NI
0 20 40 50 80 150
e B e S
| ‘ | — 2800
1500 | st s .n:i.,nw. » _— —
' Liquid ; . 1453°¢ 1]
' 2600
1400 - ; :
|
t , o
g Liqgfémg finn ’ 5400 g
§ 1200 - Vi e -§
g - , :
1200 ‘;3‘ . BRI 4% 4 4
HB5°C
1000 } f L L Py ? ;
0 20 40 ] 60 80 100
() Cemposition (wi% Ni} NGy
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University of Technology

Chemical Engineering Department

i i

Subject:  Fluid Flow Final Examination Class. Second '
Branch:  For both branches 2011/2012 Time: 3 hours F
Examiner: Dr.Salgh 8. Ibrahim Date ; 22 /may

Attempt Four questions only
Q1/
A. A fluid has an absolute viscosity of 0.048 Pa.s and sp.gr. of 0.913. For flow of such a fluid over a solid
surface, the velocity at a point 75 mm away from the surface is 1.125 m/s. Calculate the shear stress at them
solid boundary and also at points 25 mm, 50 mm, and 75 mm away from the surface in nermal direction, if
t the velocity distribution across the surface is (i) linear, (i) parabolic with vertex at the point 75 mm away
j F from the surface. (S-ma'rkﬂ_
B. A bed of activated alumina catalyst of size 400 microns is to be fluidized in liquid of viscosity 10 ¢P and
density 929 kg/m"'. The height and void fraction of the static bed are 1.524 m and 0.38, respectively. The;ﬂ
density of the catalyst is 4 g/em’. Calculate (a) Ly, (b) pressure drop, (c) velocity at the minimum of
fluidization and (d) transport velocity. {€) What type of fluidization takes place in this case?
i Takethate,, =1-0 356[(10gd )- l] dP in microns
mf . P ' .

The Shear stress t of a fluid flowing in a rough pipe depends upon the following variables: m
- Fluid velocity {u) - Pipe diameter {d) - Pipe roughness (e)
- Fluid density {p) - Fluid dynamic viscosity ()

F“ From a dimensional analysis, use appropriate method; obtain a relation between the Shear stress and

these variables. |

B. Two similar rectangular tanks 3 m long and 1.5 m wide are provided with sharp-edge 90° V-notch in the
side of one tank and 15 cm length rectangular notch in the side of the another. Estimate which tank ism
faster to reduce the height of water from 30 cm to 7.5 em. Cd = 0.62. (7.5-mark

A nozzle of cross-sectional area (A;) is discharging to the atmosphere and is located in the side of a large
tank, in which the open surface of liquid in the tank is (H) above the centerline of the nozzle. Express the
velocity {u,) in the nozzle and the volumetric rate of discharge if no friction losses are assumed and the
flow is turbulent.

J B. The effective viscosity of a non-Newtonian fluid can be expressed by the relationship:
(1,)p = Kp(du, ! dr)

where, (),)p is the apparent viscosity, and (du,/dr) is the velocity gradient normal to the direction off

motion. Show that the volumetric flow rate of this fluid in a horizontal pipe of radius a under isothermal

laminar flow conditions with a pressure gradient (-AP/L) is:
142
2 - APy i
0= R 8 (7.5-mark
7 2K, L

From the velocity distribution of Newtonian fluid in turbulent flow u,(=uma,([1-(r/R)]1", show that the
average velocity is {0.82) of the centerline (maximum) velocity. -

B. A vacuum distillation plant operating at 7 kPa pressure at top has a boil-up rate of 0.125 kg/s of xylene.I"
Calculate the pressure drop along a 150 mm bore vapor pipe used to connect the column to the
condenser. And also calculate the maximum flow rate if L = 6 m, e = 0.0003 m, Mwt = 106 kg/kmol, p = 10

P“ uPa.s, T=338 K. (7.5-mark
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i Define and explain the importance of both Froude Number (Fr), and Weber Number (We)y, in liquid
" mixing. Determine the cases at which (Fr), does not effected on power consumption, where Power

number equal to Power function ® = Np.

B. A centrifugal pump used to take water from reservoir to another through 800 m length and 0.15 m i.d. ifm
the difference in level of the two tanks is 8 m, calculate the flow rate of the water and the power required,
i assume £=0.004.
i _MI
Q@m*h) 0 23 46 69 92 115
Ah(m) 17 16 135 105 66 2.0 I
n 0 0495 0.61 063 053 0.1

1.E+12
1.E+11
1.E+10

1.E+9

1.E+8

1.E+7

1.E+6 -
' r“ 1.E+5
1.e+4
1.E+3
1.E+2
1.E+1
m 1.E+0
1.E-1
1.E-2

ve2 gl 0 DL T I

1.E-4 1.E3 1E-2 1.E1 1.E+0 1.E+1 1.E+2 1.E+3 L1E+4 1.E+5

Ga

(Re}p

I GOOD LueK
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Ql/A
(i} If the velocity distribution is linear the velocity gradient is constant within the boundary
layer and is equal to du/dy = 1.125 / 0.075 = 15 s
The shear stress is constant for all location and T = p du/dy = 0.048 (15) = 0.72 Pa

(i) For parabolic velocity distribution, let the velocity profile be u = ay’+by+c
du/dy=2ay+b
BC1 u=0aty=0->c=0
BC2 u=1.125m/saty=0.075m
21.125=5.625x10" a + 0.075 b OOV, |

BC3 du/dy=0aty=0.075m
2 0=0.15a+b  eeaesssssases 2
From equation 1 & 2 a=-200 b=30
y {m) 0 0.025 0.05 0.075
du/dys™ 30 20 10 )
T 1.44 0.096 0.48 0
Q1/B
('AP)mf = (I'emf) (p p— P ) g me
e,r =1-0.356¢[(logd, )-1]= 0.4297
L= (1- €,) Ly / (1-ep,¢) = (1-0.38)1.524 / (1-0.4297) = 1.657 m
(-AP)ps = (1-0.4297) (4000-929) 9.81 1.657 = 28469.16 Pa
1 — el
Ga = 150(—f’i2Remf+l—';§Reif
emf mt -
- d> _ -5
P, 2p)g » _ 929(4000 929)9.§ 1(2400>< 10°)  _ 17012
J7, (10x107)
Ga=17.912=1078.198 Re,,; +22.0568 Resz either by trial & error
Remf 1 0.1 0.01 0.02 0.015 0.016 0.017 0.0165 0.0166
Ga | 1101.255 108.1404 | 10.79419 | 21.59278 | 16.19293 | 17.27281 | 18.35274 | 17.81277 | 17.92076
S5l gl o
—b++/b* —4dac
X =
2a
Rey,s=0.0166
Upe = 0.0166 x 10x107 /(929 x 400x10°°) = 4.469x10™* m/s
-ped
Ga= w =17.912
u
Ga =18(Re}, + 2.7(Re):;687 either by trial & error
Rep 1 0.1 0.8 0.85 0.87 0.88 0.875 0.877 0.876
Ga 20.7 1.855509 | 16.253 | 17.35255 | 17.79468 | 18.01624 | 17.90542 | 17.94974 | 17.92757
=  (Re),=0876 =  u,=0.0235m/s

Or from Figure (Re), =0.876 =

up = 0.0235 m/s




Q2/A

Shear stress () Pa = [ML'IT o

Fluid velocity (u) m/s = [LT'l_]

Pipe diameter (d) m =[L]

Pipe roughness (€) m =[L]

Viscosity () kg/m.s =[ML"' T
Density (p) kg/m’ =[ML™]

t=k(u,d, e, 1, p) f(r,u,d, e, u,p)=0

n=6m=3, = I[I=n-m=6-3=3

No. of repeating variables = m = 3; The selected repeating variables is (u, d, p)

=utd plr e (1)
L=u2d?p?e oo )
G=u2d?p®p e (3)

For IT, equation (1)  [M°L°T% = [LT'T* [L]"'[ML7]"'[ML" T?]

ForM 0O=cl+1 = cl=-1
ForT 0=-al-2 = al=-2
For L 0=al +bl—-3cl-1 => b1 =0

T
pu’

I =u’p'e = II, =
For I, equation (2)  [M°L® T% = [LT"] [L]2IML*1?[L]

ForM 0=c2 = c2=0
ForT 0=—-2a2 = a2=>0
ForL 0=2a2+b2—-3c2+1 = b2=-1

1'[2=d'1e - H2=§

For IT; equation (3)  [M°L°T% = [LT'T® [L]P[ML|®[ML" T']

ForM 0=c3+1 = c3=-1
For T 0=—-a3-1 = a3=-1
For L 0=a3+b3—-3c3-1 = b3i=-1
L=u'd"p'p = 11, = ad

pud

£ (0, I, T5)=0 = fi(—,%,—£-)=0
pud pud

e
T= pusz(E’;g_d)




Q2/B

Let, at some instant, the height of the liquid above the apex or the length of the
notch be (h) and a small volume of the liquid (dV) flow over the notch in a small
interval of time (dt), reducing the liquid level by an amount (dh) in the tank.

dV =- Ar dh, A=3x15=45m’
tank (1) Q=-dV/dt = %cd 2g tan(6/ )" = -Ar dh/dt

H,

,
—A4;
= |dt = 32 dh
! 8/15)C, 2 tan(B/Z)I;‘:

15 -4 p "
8 C,\2gan(9/2)| -3/2],

5 4 11 | 5 45 1 1 .
== —_—— = — —=— | = §7sec = 1min,27 sec
4C\2g1an@/2)| JHT 1P | 40.6242x9810) Vo.075° 0.3’

tank 2) Q=dV/dt= %cdb@h” = -Ar dh/dt

T s 3 -4, Bl P
= | dt = ~*dh T== L
?[ (2/3)C bd ga I 2C,b2g {—I/ZL
34 3x4.5 1 1
- =159.83sec
C b2g ,/ 1/ H, T 062001542 %981 | 0.075 0.3
Tank 2 is faster

Q3/A
Since A, is very large compared to A; (=u; = 0).
The pressure P, is greater than atmosphere

pressure by the head of fluid H.
The pressure P, which is at nozzle exit, is at

atmospheric pressure .

P u;f’ 9’/ P, ul o

—+ + + =—=+——+g%, +

p 2o, % op 2a, Z/E’
}2(1’1—1’2)

Duzz T

but, (P,-P3) = Hpg =

u, = 2Hg = Q= A, 2Hg

Or the solution could be as following

2 P 2 /
e &
2 3




Q3/B
— AP,
7. (2mL) =—AP_Y(727~2) =7, =—éL—jr - - -(1)
(#,)p = =(#,)p
dr
1
du -AP; 2 1 —~ AP
Eq.(1)=Eq. (2 L= 2 2 = -
a.(1)=Eq.2) % [2L ] ~, (2L

372
B.C.2atr=0 Uy = U= 4, =2, [l—(i) } ;
Q=uA=u(@R)
szuX dA ux :umax|:]‘—(R
=dQ = Uy [1«/RY*?*] 20 r dr

| ~
e
=
fov)
| I |

5;‘2

de 2w U, I(r rEE —)dr=2mu_ |—

2 (7/2)R" .

:szumax(ﬂR )

From eqgs. (3) and (4) Su==u__
P B zg[—APﬁ ] 2 ot gy - 2_:rRm[—APﬁ ]
7 7\ 2LK 3 7 2LK
Q4/A
(@ RV W — (1)
dQ =u, dA where u; = Upa [141/R)]", and dA = 2z r dr

= dQ = Upa [1- (/R)]"" 27 r dr
frdQ —2nu, Jra- %)”7 dr
0

Let M=(1-1/R) dM = (~1/R) dr
or r=R(1-M) dr =—R dM
at r=0 M=1

at r=R M=0

Rearranging the integration

Q= u,, 2% sz(l— MM (-aM) = u,,, 21 R’j(M"’ - M7y dM

1 1

_ 2|Ms.f7 ~ M15/7| _ 2 7 "|
€ o2 B 7~ A5 77, ~ e 2 R Ls 15
=Q = 49/60 Upay (1T R?) ==mmmmme e (5)

By equalization of equations (1) and (5)
0= 49/60 Upa = 0.82 Uy | ==nmmmmemee average velocity in turbulent flow




Q4/B
P (P-P} L _,

G’ 1«(F:J+—2’~;M—‘)+4¢EG =0

G =0.125/ [n/4 (0.15)°] = 7.074 kg/m*.s

P, =7kPa, P, = Pressure at condenser
RT 8314 (Pa.m’/kmol.K) 338K
Mwt 106 kg/kmol

=26510.68 (J/kg=m?/s?)

Re=Gd/u=7.074(0.15)/0.01 x 10> =1.06 x 10°

,e/d=0.002 = & =0.003 (Figure)

| n('/ x10°
a3
P,

Py, =

6
]+ 3.769x 107 [P? - (7x 10°)?]+ 4(0.003) — = 0

0.15
In(7x10° / P,)+0.48 ' : In(7x10°/P,)+0.48
P =(71x10°) - 2 P:\/'] 10°) — 2
= B ={x10’) 3.769 10" = 7x10°) 3.769 10~
Solution by trial and error
P, Assumed 5% 10° 6.8435 x 10° 6.904 x 10° 6.9057 x 10°

P; Calculated 6.8435 x 10° 6.904 x 10° 6.9057 x 10° 6.9058 x 10°

= P;=6.9058x 10°Pa
—AP =P; — P> =(7—-6.9058) x 10° = 94.2Pa
| [(P1~P2)/ Pq] % =0.665 % we can neglect the K.E. term in this problem

For maximum flow rate calculations
m,, =AP,1/Pv, = G, =P, f1/Pv,
To estimate P,

LA ﬁ}’ L_

ln[Pw] +1—(Pw +8¢d_0

Let X = (P,/P,,)

= In(X)+1-X+8dL/A=0= X=1.96+In(X)

Solution by trial and error
X Assumed 1.2 2.14 2.72 2.96 3.074 3.086 3.087
X Calculated 2.14 2.72 2.96 3.074 3.086 3.087 3.087

= X=3.087=@ /P =  Py=Py/((3.087)"°=3984Pa
This system did not reached maximum velocity

= Gax = 3984/ (26510.68)"° = 24.47 kg/m’.s

Q5/A
1- The Froude Number (Fr),,
This number related to fluid surface [related to vortex system in mixing]

(Fr) - Inertial Force F, pDiN?
"'m = Gravity Force ~F, pDlg
N'D
= (Fr)m = 4
g




2- The Weber Number (We),,
This number related to multiphase fluids [or fluid flow with interfacial forces]

Inertial Force F, pDiN?
(We),, = . =—t=
Surface Tension Force F, oD,
N2D3
= (We)m = P Za
c

The Weber number of mixing (We),, is only of importance when separate physical phases are
present in the liquid mixing system as in liquid-liquid extraction.

The Froude number (Fr)y, is usually important only in situations where gross vortexing, Since

vortexing is a gravitational effect, the (Fr)y, is not required to describe

1. a baffled liquid mixing systems.
2. When (Re),< 300
In these cases the exponent of (Fr),, (i.e. y) is zero and [CD = Np].

0Q5/B
AP Aut
Al = AZ+E+ 2z +[(k,,)d +(kp)s]
u=Q/A=56.59Q
s _
(h;),,, =4 fgé‘—g = 4(0.004)(800/0.15)(56.59 Q(1/3600 s) }*/2g

=1.0747 X 107 Q% wommmemme e (Q in m’/h)

= Ah =8+ 1.0747 x 107 @Q?
To draw the system curve
Q(m’h) 0 20 40 60 80
Ah(m) 8.0 843 9.72 11.87 14.88

From Figure 20— N ' i 1
Q=60 m’h S o 708
Ah=11.8m 18 -7 ' 08
n=0.64 T " Pump A ‘ 07
. E 12 ool s . 06
210 ; f | \ -—+ 05

8 o MS}’Stemi \ k 4 \ O 4:

6 - / e : \.\\ \ 0.3
Power required Ay A : : ™ 02
_QAipg 2 V | e - - 0.1

for pump - o/ i 0

0 20 40 60 ,80 100 120
Q (m’/h)

= (60) (1h/3600s) (11.8) (1000) (9.81)/ 0.64
=3.014 kW
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University of Technology

Chemical Engineering Department

Subject:  Fluid Flow Final Examination Class: Second
Branch:  For both branches 2011/2012 Time: 3 hours
Examiner: Dr.Salgh S. Ibrahim Date : 4/september

Q1/
A.

Attempt Four questions only

A square metal plate 1.8 m side and 1.8 mm thick weighing 61.2 kg is to be lifted through a vertical gap of
3 mm of infinite extent, The oil in the gap has a specific gravity of 0.95 and viscosity 30 poise. If the metal
plate is to be lifted at a constant speed of 12 cm/s, find the force required. Take 1.0 c.poise = 10° Pa.s

[(5-mark]|
A packed bed consisting of uniform spherical particles d, = 3mm p, = 4200 kg/m3 is fluidized by means of a
liquid p = 1 mPa.s, p = 1100 kg/m?>. Using Ergun’s equation for (-AP) through a bed height (H) and Viodage
(e) as a function of velocity. Calculate the minimum fluidizing velocity for e = 0.48 in terms of the settling
velocity up of the particles in the bed. ](7.5-mark)

T he discharge of a Centrifugal pump (Q) depends upon the following variables:

- Diameter of impeller (D) - Speed of pump (rpm) (N} - Fluid density {p)

- Fluid dynamic viscosity (i) - Gravitational acceleration (g) - Manometric head (H)
From a dimensional analysis, use Buckingham’s (N-theorem) method; obtain a relation between the

discharge (Q) and these variables.
The flow rate of a fluid in a pipe is measured using a Pitot tube, which gives a pressure differential
equivalent to 40 mm of water when situated at the center line of the pipe and 22.5 mm of water when
midway between the axis and the wall. Show that these readings are consistent with streamline flow in

the pipe and also show that these readings are not consistent with turbulent flow. (7.5-mark)

fFor power-law fluids, flow through a circular pipe, the relation between shear stress {7, ) and shear rate
(7)is: T = k(-7)" = k (-du,/dr)” show that: u, = Umad 1-(r/R)™Y"], where uma is the velocity at the
centerline u.,=n/{n+1) R™Y" [{- AP), / (2kL)}*", 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);:
drop due to skin friction, and L: pipe length. ‘
Water at 4.4°C is to flow through a harizontal commercial steel pipe having a length of 305 m at the rate of
150 gal/min. A head of water of 6.1 m is available to overcome the skin friction losses (hF;). Calculate the
pipe diameter. Given that, p = 1000 kg/m®, p= 1.55 x10” Pa.s, e = 4.6 x10° m, 1.0 m* = 264 gal.

E*]
=
o
173
(%]
c
=
1]

(7.5-mark

State the assumptions and drive the Euler’s equation of motion and Bernoulli’s equation from it.

Air at a pressure of 10 M Pa and a temperature of 290 K, flows from a reservoir through a pipe of 12 mm
1.D. and 36 m long into a second reservoir at pressure P,. Evaluate P, if the mass flux of air is (i) 0,{ii) 2000,
and (iii) 3000 kg/m’. Neglect any effects attributable to differences in level and assume an adiabatic
expansion of the air. Taken that p=0.018x10" Pa.s, y=1.36, Mwt =29 g/gmol.

A petroleum product is pumped at a rate of 2,525 x 10 m*/s from a reservoir under atmospheric pressure
to 1.83 m height. If the pump 1.32 m height from the reservoir, the discharge line diameter is 4 cm and the
pressure drop along its length 3.45 kPa. The gauge pressure reading at the end of the discharge line 345
kPa. The pressure dfop along suction line is 3.45 kPa and pump efficiency n=0.6. Calculate:-
(i) The total head of the system Ah. (ii) The power required for pump. (iii) Define and calculate the NPSH

Page 1 of2
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D

Take that: the density of this petroleum product p=879 kg/m3, the dynamic viscosity p=6.47 x 10* Pa.s; |
and the vapor pressure Pv= 24.15 kPa.

(i)
(i)

(i)

Page 2 of 2

{5-mark

Define with sketch the standard tank configuration for liquid mixing. |
Define with sketch the power curves for standard tank configuration with and without haffles for
liquid mixing and give the reasons for the differences between them.
Numerate with examples the types of agitators that used in liquid mixing.

(7.5-mark

DORe’ = (-AP/L)(pd*/ap?) __-oos0
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Solution of final examination second attempt 2011/2012

Q1/A
=« p (du/dy) = p (Bu/By)
n = 30 poise = 3000 cp = 3 Pa.s
Ay=(3-18)/2=0.6mm
t=3(0.12 / 0.0006) = 600 Pa
The shear stress forces is = 600 * (1.8*1.8) *2 =3888 N
The total forces required is = 3888 + 61.2%9.81 = 4488.372 N
Q1/B
- AP (1-e)’ pu (1-e) pu’ .
— =150 —+175——=——,— E ’ t
0 .3 : + o d rgun’s equation
But in fluidized bed— AP/ H = (1—e}p, — P)g
(-e,, )2 wi,,, (1-e,) p";.f
= (- - =150 1.7 _—
( emf)(pp Pg e:‘f d; +1.75 e'snf dp
(1-e,,) pu, pU,,
= (p,-P)g= 150—-—3——’“——(1%+ 1.75—_,,—7’-
mf ’ Cnr p
1—0.48) 1x107)a,, 1100u.,
=  (4200-—1100)9.891 =150 (-9 ) ), R L T
0.48° (3x107%) 0.48°(3x107°)
= 3.04=7.84 up+ 580 Uni’
= either upe= 0.066 or umt = - 0.079 neglect
(1-e,) 1.75
Or using | = Ga = 150—— " Re,, +—5 Rel, & |, = ;l_pT)Re'"f
mf mf P
p(p, — P)gd, 1
Ga= ——"—p—z-——i = 9032069.7 . Ga = E(Re); =>(Re), = 1646.09  =>u, = 0.5 m/s
= up/ums= 0.5 /0.066 =17.58
Q2/A
Discharge (Q) m’/s = [L*T"]
Pump speed (N) r.p.m. =[T"]
Diameter of impeller (D) m ={L]
Acceleration of gravity (g) m/ 5 =[LT7]
Head of manometer (H) m = [L]
Viscosity (p) kg/m.s =ML T
Density (p) kg/m’ = ML)

Q=k(N,D, g 1,4 p)
f(Q,N,D, g, H,p,p)=0
n=7,m=3, >M=n-m=7-3=4
No. of repeating variables =m =3
The selected repeating variables is (N, D, P)

s T S LI o S (1)




For I1; equation (1)
[MO LO T()] — [T-l]al [L]bI[ML-s]Cl [L3 T-l]

ForM 0=cl = cl=0
ForT 0=-—al-1 = al=-1
ForL 0=bl-3cl+3 = bl=-3
Mm=N"D"Q = =
For Il; equation (2)
[MO LO TO] — [T-l]aZ [L]bZ[ML-3]C2[LT-2]
ForM 0=¢2 = c2=0
ForT 0=-a2-2 = a2=-2
For L 0=0b2-3c2+1 = p2=-1
H2 = N'2 D'] g et HZ = AfD
For I1; equation (3)
[MO LO TO] — [T-l]a3 [L]b3[ML-3]C3 [L]
ForM 0=c3 = c3=0
ForT 0=-a3 = a3=0
ForL 0=b3-3c3+1 = b3=-1
- H
H3 = D ! H = H3 = B
For I14 equation (4)

[MO LO TO] — [T-l]a4 [L]IJ4[ML-3]C4[ML-|T-1]
ForM O0=c4+1 = cd=-1
ForT 0=-—a4-1 = ad=-1
For L 0=b4-3c4-1 = bd4=-

RS e __H
[L=N"D"p p :>H4_ND2p
£, (T4, I3, T15, 1) =0 R Al
i 1s 2s 3» 4 1 D3 3N2D D Nsz
H 4
- Q=ND' g 21) D NDZp)




Q2/B
u, = CpJ2ghh = KN/AR

At center (r = 0) Uy = Unax = Cp (2 ) (Ah)’® =K 1) pi— (1)
At midway between the axis and the wall
ieat(r=R2)  u,=Cp2g" (AN =K (225" -~ 2)

By dividing eq.(2) / €q.(1)
o Uy /U = (22.5 1 40)° =%

For laminar flow [, / Umex = [1—(r/Rﬂ is the velocity distribution (profile) in laminar
flow

Butat (r=R/2) U/ Umax= [1-— (R/Z/R)z] = Uy / Upax = 74

= The Pitot tube readings are consistent with streamline flow in the pipe

For turbulent flow [y / Umew = [1—(r/R)]”] is the velocity distribution (profile) in
turbulent flow

At (r=R/2) = us/ Upax = [1-(R/2/R)]" =(.1428

— The Pitot tube readings are not consistent with turbulent flow in the pipe

Q3/A
- AP,
7, QmL)=-AP(m?) =7, =_—2L—f‘r (1)
du Y
= K| -Z= (2
( dr] @)
du. —AP,
Eq(1)=Eq(2) 7, =K| - == | =—F
AP LIS AP 11,
du, _ [ Z2s nr5:>ux=—~_———'ff~nrn +C
dr 2LK 2L l+1

E.C.l atr=R ux=q
1

Q3B

h, =df(Lid)]u*i2g| =6.1m

Q = 150 gal/min (f"/ 7.481gal)(min/60s) (m/3.28 ft)* = 9.64 x10° m’/s
u=Q/A = (9.64 X107 m*/s)/(n/4 d°) = u=0.01204 d2.

= 6.1 =4 f (305/d)(0.01204 d?)/(2 x9.81)




o £=676.73 d° = d=(f/676.73)" )
Re = (1000 X (0.01204 d*) x d/ 1.55x10° =7769.74d" - (2)
e/d=4.6 x10" d" (3)
Solution by trial and error

Eq(l) Eq(2) Fa. (3) Figure
f d Re e/ld [f=20

Assumed ———»
0.00378} 0.089 | 8.73 x10* 0.00052 0.0052

0.0052 0.095 8.176 x10* 0.000484 0.0051

0.0051 0.0945 8.22x10* 0.00049 0.0051
= d =0.0945 m.

Q4/A
The Euler’s equation for steady state flow of an ideal fluid along a

streamline is based on the Newton’s second law of motion. The integration of the
equation gives Bernoulli’s equation in the form of energy per unit mass of the

flowing fluid.
Consider a steady flow of an ideal fluid along a streamline. Now consider a
small element of the flowing fluid as shown below,
Let: V
dA: cross-sectional area of the fluid element, p

dL: Length of the fluid element’
dW: Weight of the fluid element’
u: Velocity of the fluid element’
P: Pressure of the fluid element’

N

The Euler’s equation of motion is based
on the following assumption: -
1- The fluid is non-viscous (the frictional
losses are zero).
2. The fluid is homogenous and
Incompressible (the density of fluid

is constant). Flow
3- The flow is continuous, steady,
and along the streamline (laminar).

4- The velocity of flow is uniform over the section.
5. No energy or force except gravity and pressure forces is involved in the flow.
The forces on the cylindrical fluid element are,
1- Pressure force acting on the direction of flow (PdA)
7. Pressure force acting on the opposite direction of flow [(P+dP)dA]
3- A component of gravity force acting on the opposite direction of flow
(dW sin 0)
- The pressure force in the direction of low




Fp = PdA — (P+dP) dA =—dPdA
- The gravity force in the direction of flow

F,=—-dWsin® {W=mg=pdAdL g}
=—pgdAdLsin® {sin@=dz/dL}
=_pgdAdz

- The net force in the direction of flow
F=ma {m=pdAdL}
du du dL du
=pdAdLa o=~ a="ar’
=pdAudu
We have
FX - (Fg)x + (FP)X
pdAudu=dedAwpgdAdz {+~pdA}
= dP/p + du’/2+dzg= m --------- Euler’s equation of motion

Bernoulli’s equation could be obtain by integration the Euler’s equation
JdP/ p + [du?/2 + Jdz g = constant

= P/ p+u’/2 +z g = constant

= AP/p+ A2 +Azg=0 ----omm- Bernoulli’s equation
Q4/B

y+1 (o) fy-t _1.’__(“) [
, | u,j“LL > +DIG{ —1J+8¢ =0

RT, 8314 (Pa.m’/kmol.K) 290K
P, Mwt  10x10° Pa(29 kg/kmol)

v [ 12028x10° 1(8.314x107 Y 1
= 1.7351 [—-—J——) 0.132 [ ] —1[+240006 =0
SInl g3 Tat0 ) T 132 I +240009

v, = =8.314x107°m’ 1 kg

G’ v,
1.7351 ( P———) 4000
___>(8.314x10'3]2_1 " aataxios )00
T 1.2028 x 10°
> 0.1324+ S
G
8.314x107°
>, = -~ - (1)
173511\(M j 24000
s314x 10 )7 210008
1.2028 x 10°
0132+ —
GA-
Re=Gd/ p=555.6 G eeen(2)
y G’ y G’ y Y G’
y—lPu‘ +ﬂ—2—ul = Y_leuz +—2—u§ :>A-——7*1qu2 =———1/_1P‘u1 +—2—(uf —vl)
Pv, y-1G’
= P, =1t +——(0/ —
27 v, 2y v, (0} - v3)
83140 G*
= P =———+0132 - (6911075 —vl) - (3)

2 2
i, G=0 atP,=P;=10x10°Pa




eq.(2) Figure
At G=2000kg/m%s = Re=1.11x10° = ®=0.0028

Solution by trial and error
vy Assumed 10x 107 9.44 x 107
v, Calculated eq.(1) ~ 9.44x10° 944X 107

= v1,=944x10"m’kg=>  P,=88X 10° Pa

5 AtG=3000kg/m%s = Re=1.6x10° = @ =0.0028

Solution by trial and error
v, Assumed 10 x 10° 11.8x 107
vy Calculated eq.(1)  11.8x10°  11.81X 107

= vy=11.84%10° m'/kg >  P,=7.013x10°Pa
Q5/A E——
M +(p,,_ps}r e PR
=(24— %) pg [(re)y (’F)s]+2ga
u,=0
w=Q/A=2m/s
Req = pud/p = 1.087 x 107

The pressure drop in suction line 3.45kPa
= (hg), = 3.45x10°/(879 x 9.81) = 0.4 m

And also(APg)4 =3.45 kPa = (hp)g =0.4 m
The kinetic energy term = 2%/(2x9.81)=0.2m
The absolute pressure at point (d) = gauge + atm. Press. = 345 + 101.325= 446.325
kPa
The difference in pressure head between discharge and suction points

= (446.325 — 101.325) X 10° /(879 x 9.81) =40 m

= Ah=1.83 m+40m+04m+04m+02m=42.83m

(i)
p- Qﬁp - QA’; PE_ 1(2,525x10° m¥/s)(42.83 m)(879 kg/m’)(9.81 m/s")}/0.6

= P=1.555kW

i
(2
NPSH =z, + —(h,),
PE
— (- 1.32) + (1.01325 x 10° - 24150)/ (879 X 9.81)—0.4m=7.23 m

Q5/B

(i)  Standard Tank Configuration




Driving Shaft

A turbine agitator of
diameter (D,) in a cylindrical
Tank
which are located immediately
adjacent to the wall, have a

tank of diameter (Dy) filled _ | b . Baffle :q

with liquid to a height (Hi). g ;

The agitator is located at a |
height (Ha) from the bottom AR E
of the tank and the baffles,

width (b). The agitator has a :

blade width (a) and a blade
length (r) and the blades are
mounted on a central disc of
diameter (s). A typical turbine
mixing system is the standard
configuration defined by the

following geometrical : H.
relationships: - 6-blade flat :
‘ blade turbine

1- a 6-blade flat blade turbine ﬁ i :

agitator. : ' o
2- DA = DT/ 3 ? —
3-Hy  =Di/3
4-a =D/ 5 ‘ N
5-r =D;/8 | Dy — | H,
6- s = DT/ 4 %
7- HL = DT %
8- 4 symmetrical baffles 2
9-b = DT/ 10

Dr g

Figure of Standard Tank Configuration

(i) A power curve is a plot of the power function (@) or the power number (Np) against the
Reynolds number of mixing (Re)m on log-log coordinates.
It is clear from figures below that the two curves have the same behavior at low (Re)m till point
C where at point C on the power curve, for the standard tank configuration, enough energy is
being transferred to the liquid for vortexing to start. However the baffles in the tank prevent
this. In another words the power curve for the baffled system is identical with that for the
unbaffled system up to point C where [(Re),, = 300]. As the (Re)n increases beyond point (C) in
the unbaffied system, vortexing increases and the power falls sharply as shown in the above
Figure.
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Figure (1): Power Curve for the Standard Tank Configuration with Baffles
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Figure (2): Power Curve for the Standard Tank Configuration without Baffles

(iii)

In general, agitators can be classified into the following two types: -

1- Agitators with a small blade area, which rotate at high speeds. These include
turbines and marine type propellers.

2- Agitators with a large blade area, which rotate at low speeds. These include

anchors, and Paddles, and helical screws.




University of Technology

Chemical Engineering‘Department

Subject:  Material Science & Engineering Final Examination
Branch:  For Both Branches 2011/2012
Examiner: Assist Prof, Dr. Anaam. A.Sabri ,

Class: Second
Time: 3 hours
Date :31 /may.

Attempt All questions

Q1/Consider a Pb-Sn alloy, determine:-
1-The solubility of Sn in a solid Pb at 100 °C.
2-The maximum solubility of Pb in a solid Sn.
3-The amounts and compositions of each phase at 182°C for a Pb-35%8Sn alloy.
4-the amounts and compositions of each phase at 184° Cfor a Pb-35%Sn alloy.
5-The amount of B that forms if a Pb-35%Sn alloy is cooled to 0°C.
(15Marks) |
Q2/ A-Sketch Twe of the following planes and directions within a cubic uﬁit cell:-
[111],[101},(111)
B-Define Two of the following:-
Closed-packed direction, Austenite, Toughness
(10Marks)
Q3/A-A thermosetting polymer is required to deflect 0.5 mm when a force of 500 N is applied. The
polymer is 2 cm wide,0.5 cm thick, and 10 cm long. If the flexural modulus is 6.9 Gpa, determine the
minimum distance between the supports?
B-Compare between Twao of the following:-
1-Edge dislocation and screw dislocation.
2-Eutectic reaction and eutectoid reaction in Fe-C system.
3-Ionic bonding and metallic bonding, (10Marks)

Q4/A 0.2 mm thick wafer of silicon (Si) is treated so that a uniform concentration gradient of
Antimony (Sb) is Produced. One surface contains 1Sb atom per 10® Si atoms and the other surface
Contains 500 Sb atoms per 10%Si atoms. The lattice parameter for Si is 5 .40\;A°.Calculate the
concentration Gradient in :-

1-Atomic percent Sb per cm. 2-Sb atom /em®. (Si has Fec structure). (5Marks)
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) Q5/Fill in the blank (answer Ten only):-
1-Two measures of ductility are ------------ and --------------- .

P process is an example of non steady- state diffusion.

3-Point defects within crystals include --------=s=msmmmmmmmmwrmommemmoooae

4-Fe-C solution is an example of --------------- solid solution.

5-The maximum solubility of carbon in ferrite is -------- -

6- -----mmmemm - is a lamellar mixture of ferrite and carbide.

7-The charge per electron is -----------=---- A.s.

8-The element which can have more than one crystal structure is called ----------=-------
9-The modulus of elasticity for a metal is 100000 Mpa .therefore it takes astress of----------

to introduce 0.1% elastic strain.

10-Fiber glass is ---------==-=-- material.
11-Coordination number is controlled by --~------=----- and -------------- .
12-Diffusivity is the coefficient relating flux to ------------------- . (10Marks)
Composition {at% Sm
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University of Technology

Chemical Engineering Department

Subject: Mathematic 11 Final Examination Class- Secomd
Branch: Chemical process eng.

2011/2012 Time: 3 hours

Date : 27 /may

Examiner; Dr Sahar abdil Hadi

Attempt four (4) questions only

. 2w 2 w
QL: A) If W= f(x,t) = cos (2x + 2ct), verify 2= 5o {10 marks)

B) Evaluate, [= | Om('x +1)% e dx, (15 marks)

Q2: A) Find extreme values of f(x, y) = xy,
x*+4y? =8,

when subject to a constranit

{15 marks)
B) Evaluate the double integral [[(x? + y*)3/2d4. ¢ < y<x &

1 <x<2. {10 marks)

Q3:A) Solve the Ordinary diff.Eq: xdy+ y(1 - *yS)dx = 0. (15 marks)
q Y

B If Z =re® express Z as a function of (x,¥),if r=2V2, 9 = ;. (10 marks)

Q4:4) find Fourier series for the function f(x) = [0 —2<x<0

¥ 0<x<? ] (15 marks)

B) find an equation for the plane through the origin that contain the

] x-1  y+1 z
line - = —=-=Ut, {10 marks)
2 3 4

Q5: A)Determine the volume of the solid below the surface f(x,y) = 4 — x? — y2
»above the xy — plane over the region bounded by x* +y? =1,&x%*+y% =4,
(10 marks)

B)Solve the Ordinary diff.Eq.: yy" + (y + 1)y = 0.

(15 marks)
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University of Technology
Chemical Engineering Department
Final examination 2011/2012

Class : Second year
Time: 3 hours
Date : 6/6/2012

Subject : Physical Chemistry
Branch: For Both Branches
Examiner: Amel Al- Hilaly

158 Adind) dad (F AdaY ; Adiada

Ai g A S g Jiladl S 5 o A8 Gl -l /10
CEWLY:Y |
725 Aoyt g 153 (5 sl L3l AT il sgal) e o) a3 -

Zn/ Zn*? || Fe*®, Fe*?/Pt
Alall L Jeliill y UadY) clelis (iS) -1
Adall Al 5 el 28N Gl -2

(3+6)
ol g e NpOs st il Jiay I Jgaadl /200

t/(s) 0 100 200 300 400 500
Conc.N,0s/M | 0.0200 0.0169 0.0142 0.0120 0.0101 0.0086

_M‘ﬁ;&lﬁ]‘&sﬁ&gﬁwgﬂ;\)&uﬂ‘@Jd;ﬁ\
(>0 10)

. JBe xa acbsall Jaladl lesiss Al 300
(A 4)
ssad) baall )5 Ladie 2795 da )y S B3 ey Sk w5l OS5 O 3 38 -
%55 e abiill ol 5 singy 3 ale 634 (5 sk Ax ol @l e oLl jlay bk 5 21744
* O Al el 5t O Al (e B
(206)

2718 Rty S Qi i) il pgad gl 30558 580 58 i Biay () (gl /4

C/mol Cm’ 10™ 107 10°® 10”7

-1 2_ -1
A/ Cm’eq 73.7 83.4 87.8 89.2

. a)_.}..\}..aﬂ AQJ_}XSJJ.\;A@L@_!N\ u;\s.;ﬂ‘ JJCL;\SA.“ d_.nua‘,ﬂ‘ cuanl
(4>.210)

1 page 2 Follow




_bU.J‘ dj.l;.“
[s)/moldm™ | 0.1000 0.0250 0.0125 0.0050 0.0010
%[zf—] Jdm>min™ 18.2 14.3 11.2 6.7 1.8

¢ VsJ K a““:.é ‘)2‘}‘
S

(=2 10)

T/°K 556 629 666 700 781

K/M?1st 3.5x107 | 3.1x10° | 2.2x10* | 1.2x10° | 3.9x1072
(R=8.3Jmol"K") ¢ Wle Lyl dilla Cusal

(4>,10)

GOOD LUCK

2 page 2




(8- r”"»’ (;)jdﬂ) ——l Mﬂy o) L)

e e i T i e
/\_/

‘,7 @);/gy\@ww N_)L L,éL_, c_),)x SR f‘/,u\u\ P
SN T 3 a5 e T Nl s PKO MJ»,\N\JJ
s O O ele Al O\WU,AWM SIVIN

/\S\J\J_@(»L}JJ}}\A
BT ><£3

o

v
]

l;y o
W)
e e

é‘\ K
L
-2

.. /OP,XA Arf ng .A..‘,u,\_,JM\),\,J,w u)(»\;

Xe o Pa XA ‘r‘/@ Xg;







o AQ;&LA\@\;‘—’!P /L._
.14Jéx;\éﬂa»:~¢eaqvggxuif\,,,g)\)\¢,¢>c%aj3)&yrg3\
;\A,J C—\H[ﬂ/\c SV WL U B NI f:)xf& oD v)a@,&},ajﬁi
BEVS W B NELR c::»\)\-—u\).u L N\P Lo e ’JTVL,.:/‘/SJ( (_/ﬂ_:\.m‘ca P
v.d_iljjgv/l,v___);r('/%.))ﬂ)_ﬁ&”)a J(L/\_/)/L\J‘Q)
) ﬂ\,)//u 5 FAES 0\5—4-’)) ;u.__,.:/{).{;c,,&__f;x &..__SL R c__u,\jz.
- /wk—*—f//xa_{/\ el \—F_) C/J_/&-S\ i e r—*e———*t’)” N»/WQ
22 AR x—-«f)/i e i By L) DN R
- /"ﬂ;{/k&ff«—j/% ,_)_;\., @«1)}\-9 C-f‘-c://ﬂv/\) J\@/’J\ e
e WS s res VUL W U U T O Vf—) ESDRE W
e S L Q:J S TSV, SN TP APPSR Y / L) lenr ot i
\uc’ T e bt e B i A A o8
' @vjz\__-/u q)ﬂJ /\y\__&\a})\&)if—%ﬂ PTUDR TSR ——vs“!-'u/\\)‘
‘)\jh @.J\yn,c.x)\/;(j/(fu; L;’,p) Nm;,.(_,.. Vo N
15),__;\ /J\_,__&\Q-A\.&J]f’ V. sy 1 B S W S g.,?x,a_nz))\\pl U/J
=\ «)UM‘W 1___;/1_(, -l D é,h,uc; \—«_{\ ‘ ;

- Pa . Wa Mebe
Pa o We Mk

(yu-63) | 55 w8
ke 2o E | e
e84 e xmba

ks o Mew 3y




A +3-7 234 ga. .
r= - 37-8 - B9-7

v C o 0«0./ B o..003 . ‘.o,\__ool'_ O_A‘G(;Qg‘ _




260
255
250
245
240
235
230
225
220
&

210
205
200
193
190
185
180
HE
170

spn

(X0
160
155
150
145
140
135
136
125
120
115
"o
105
100

95

an

: ! T
T : 21 -
. T d ;
T
¢ L : 5 B S :
+ ; ! rma
ANER A o ! a
:
! T
T : L
+ T T
i = S5l
T
B i I T ¢
s RN
SEZREAn YA s
HPEN T :
o ity K
T
] N
X £ -
X i
A i
AT T T
i 1 ]
¥
¥ c 3
e
- T
i |
" @ ?
ERELS pH
LE h
)
T
1
t
) -
i it
1
o
I
T 1
- ] T+
S 3
)
T
: i
. T
T 1
i : : :
i : {imhi ¥ i
1 i ¢
L > !
1
i SN
i
Ep ! SEEy
T
I T
e : T .
o ! N it
; T
ERE \ ﬁ
r 53 l
T
L TR =
LT o :
fesig : s =
i : :
¥ wam
I | *
; ; t
i T ;
Tt i " i :
T e
¥ I ) i
i W anannk] i L ;
LA e e T )




el

Lt

$3

49

1

€

o 6)8

/

ol

Sy

oo

HT

R E

il

HOH

T

sags

EARRY S50

i

i

Eeanmuaa

L

Tt

A RAEES

T

-1

ga

jaict

E

1
rjl

e A
HodT

T

T

T
Saasses it

T
b

HHH HHH ,
T o ;HHH,: i
T my
i m ; I HA
fiEadnnsul] S e e
Scoissas gizse seticenca :
-+T ﬂ, ﬂ ,» T w L

- ! ? :

i TN Sy
Exmgsnacis dnmy ] A P e N tee, dEEF)
1 L i T AN WAl i T i HM
BENNED ] T2 e
T H 1

T
T

Al
s
- ,
’ TR 3
H ; = 1 i T
THEH jeseiczasabasis R -
I T 3 H N 1 SUREE IAWEE R
! T H
. - { Seat! ! _ =
! R i fiaaipcia _ At
H 1 IS FHH T 17 P
s ; n saRa i e e s et =
tH HH H T aa el
: i Ext RECAEHRHH Semmint sy SN a5
, - H
H ] H

s

140 T

135




eroelfo 4 QD[Q . o-ooltg

L —3-6fe  —2936 —l-y4od

i I
AT i S : T O =
T T g T 1 i
s : 3T S ki
Fn e e (o . : ue £
py 2 ] - T .
i b A i e 3
=S . 43 1 I I -,
i 0 4
i T

0

=

i+
e iaa.

I %#

o
T

¥
 ui
| i

1 T o
H . P T

20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 10511011512&1251?31&5—1‘%‘\'&5150155160 165’17017518018519019520

0

:00Lall

.__-—'/




University of Technology
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r

Chemical Engineering Department

Subject: Thermodynamics Final Examination : Class: Second

Branch:Both Branchs ' 2011/2012 Time: 3 hours
Examiner:Dr.Shurooq Daie :

e A G T A T

T

crmar 7

Attempt four questions only

i~

Q1: The following reaction reaches equilibrium at 600°C and atmospheric pressure:

Ny + Gl — y ZHCN
What is the equilibrium constant of the reaction?
Compgnent A 1033 IO-SD AIIf ZQS(J/mOI) AGf29g (J/mol)
N2 3.28 0.593 0.04 - -
C2H2 1.952 0.557 -1.299 227480 209970
: HCN 1.359 0.422 -0.725 135100 124700
o J AB AC AD
M0 — — AT +—. T +—. T ——.
R R 2 3 T
AGT _ (/R AB AC .y AD
TS T {AA.lnT+2.T+6."I +2.T2+l}

(15mark)

Q2: a //: 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 OC) may be assumed independent of temperature:

9= 1.2%10° K, Cp=0.84 kI/Kg K .The density at (0 °C) & (1bar) is (1590 Kg/m’).

(7.5 mark)
b// : A rigid vessel of (O.OSm3 ) 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)

Q3: Hydrogen is produced by the reaction:
CO{g) +H20(g) ~ — > CO2 (g) + H2(g) AH = -41166 T

If feed stream to the reactor is composed of (40 mol %) CO and {60 mol %) steam, and it enters the reactor at 150 OC and
il atmospheric pressure, if (60%) of H,O converted to H, and if product leaves the reactor at 450 OC, how much heat must be

transferred from the reactor?
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Cp mean for : CO =30.0 J/moL.K .

H,0=34.7 I/mol.K

(15 mark)
CO, =43.1 J/mol.K
H,=29.0 J/molK
Q4: From the first law of thermodynamics derive:
lQg! [Tyl
iQCI = ITC' (7.5 mark)
Lz (Yiyor-1)
by —=(—) 7.
T, Vz) (7.5 mark)

4]
Q5: &/ The acetone (1), acetonitrile (2), nitromethane (3) at 80 Cand 110 kPa has the overail composition, Z1=0.45,
4]
22=0.35, 73=0.2. Determine ( L, xi and yi Jwhere V=0.7364 mole. The vapors pressure of the pure species at 80 C are:
(PL ™ =195.75 ,P2™=97.84 ,P3 ™ =50.32] kpa.

(7.5 mark)

b/ Draw the linde liquefaction process, then, pure methane is liquefied in a linde process. Compression is to (60bar) and
precooling is to (300K).The separation is maintained at a pressure of (1bar), and liquefied gas at this pressure leaves the

cooler at 295K. What fraction of the gas is liquefied in the process, and what is the temperature of the high pressure gas

entering the throttle valve? (7.5mark)
. From Superheated Methane Tables' - From Saturated Methane Tables.

T(K) P(bar) H(kJ/kg) P(bar) H(kJ/kg) H'(kJ/kg)
206.5 60 769.2 1 2854 796.9
295.0 1 1188.9 60 063.2 925.5
295.0 60 1221.4 - - -
300.0 1 1090.0 - - -
300.0 60 1140.0 - - -

R=8.314 J /mol. K = 83.14 bar. cm /mol. K
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University of Technology
Chemical Engineering Department
Subject: Computer programming Final Examination Class: 2 nd
Branch:  Chemical processing and petrolewm refinery .
Examiner: Zaidoon Molisin Shakoor 201172012 gme' 3 hours
ate .
{ Note: Answer four questions only
II Visual Basic
E Q 1) A: Short Answer
, 1. What is the difference between an input box and a message box?
2. What is the difference between a checkbox and OptionButton? ‘
3. What is the difference between Backcolor and Forecolor? [12.5 Marks|
" Q1) B: Write a computer program (design and code) to decide the flow type in a pipe. Laminar for Re.
No. less than 2000 and Turbulent for Re. No. larger or equal to 2000.
Knowing that:Re.No = pxuxd
M
Note: 1. Use Msgbox to show the flow type laminar or furbulent.
" 2. Use Four textbox to enter the values of Density (p), Velocity (u), diameter (d) and viscosity (p).
{12.5 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: |
B .
P’ = A—— -
7 =expld - 7))
The constants of Antoine equation is given in table below

Ammonia | 169481 | 2132.50 -32.98
" Benzene | 15.9008 | 2788.51 -52.36

~Acetope - | 16,6513 | 294046 | -35.93
Methanol | 18.5875 | 3626.55 | -34.29
" Ethamol | 18.9119 | 3803.98 | -41.68

Water | 18.3036 3816.44 -46.13
K= P°/P; , P=760 mm hg , ¥y:i=Kxx
Knowing at Bubble point: ) yi=} Kixxi =1 (25 Marks]

Note: use six textboxes to enter the mixture composition.

Matlab

Q3 A: if you have the following two matrixes

A=[3185;3579;2428]

B=[56343;4759;1874], explain the results of the following commands:

C=A.*B+4

C=A+2*B [12.5 Marks]
C=A(1,:)-B(2,)

C=max(max(A))

C=A(1:2,?)

DR

Q3 B: Write a required code to solve the following system of equations. |
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’ 1) I(x3~5x2+x+4)dx

2) I (2cos(2x)-3 exp{x)sin(3x))dx

3) lim
=9 x — 9

|

4) Solve 5x+2p+dz = §, -3x 42z =-7, 2xty+z = 3 for X, yand g,

5) Solve yz-x2+xy-y+x =8 for x [12.5 Marks]

Q4 A: For the following figure write a program to calculate the values of the unknown flow rates F1,
F2,F3, F4 and F5 by using matrix inverse method.

F5=?
A 0.983 ajr 4

0.017 water
F=? p F,=7 R F.,=? F:=100 ;@le
0.96 air 0.977 air 0.983 air 0.983 air
0.04 water 0.023 water 0.017 water 0.017 water

F42?
l 1.0 water [2.5 Marks]

Q4 B: The laminar velocity profile in a pipe, can be given in equation
Y =Unmar(1-(2*r/di)?),Where:

r: distance from pipe center

di: Inner diameter of pipe (di=0.2 m)

Upax? maximum velocity in pipe (U,,,=2 m)

" Write a program: to plot the velocity profile in a pipe? 1125 Marks]

QS A: The experimental data tabulated below are suggested to be correlated by the equation,
y=Axexp(Bxx)

_ 0.1 0.2 ) 0.3 f 0.4 | 0.5 0.6
cey o] 182212 201375 | 222554 | 2.4596 | 271828 3.0047
Write a program to determine the optimum values of A and B. [12.5 Marks]

Q5 B: If a chemical reaction A>RB was taken place in batch reactor and the following result for the
conversion of A component was predicted with time at different temperatures,

Note: add x-axis, y-axis, z-axis, and title Iabels to the figure. [12.5 Marksj

Good Luck
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“r Subject:  Computer programming 3
Branch: Chemical processing and petrofeum refinery 5

o Examiner: Zaidoon Mohsin Shakoor . L.

N Solution of final examination 2011-2012

“ - - _ : Visual Basic - :

Ql A:
1) Inputbox could be use to enter the data (text or value) to program while mesagebox could be

4
WA

use to show the results (text and value)
\ 2) Chackbox is a selection device could be use to select one or more choice from multi-choice
:f;‘j while optionbutton could be use to select only one from multi.

L 3) Forecolor is a property to change the text color while the backcolor is a property to change
: the back ground color of visual basic items

Commﬁnd'l

Pm ﬁte ‘au‘b C‘mmmn(ll Cliclad)
[U = IllpllfBO‘{l"*—ﬁ y | i_,s:.,..u” N PR FL PN L EN J.aa.u) ,."ij = BRERLE "")

D= IllplltBOXf”“—“‘-‘-' S R L R ells danig &}u) P \—lLe&" "
F = Illl)llfBOX("‘*ﬁ‘-ﬁ-" e__:-:-»-‘il” M i Ala dlani 3 d..ga.n»; ,j) L "") '
M = InputBox("aa 3y Sadi'r, 7ol adi slla dlasiy Lige ;28 SRR
Re=(U*D*P) /M

If Re < 2000 Then

MagBox " i 38 Jbali & 3 0, 7o adi A sl g g ) a3 ) et

ks Elze m g
B MigBox "o ylas 32 U ad & 51, 0, "okl M iy gy by e

A End If k
% \ | T | T I T D ey
| v T m—————
E k3 1-  six labels for the components compositions and two labels for the bubble point value. i
E 2-  Six textboxes for composition values.
; k4 3-  One command to run the program.

NS The code

Pivate sub command1_click

For T=273.15 to 500 step 0.1

: P1=exp(16.9481-2132.5/(T-32.98)) ;
= 2—exp(15 9008-2788. 51I(T -52. 36)} .

K1=P1/760
K2=P2/760
RS Y1=K2*val(text1.text)
S Y2=K2*val(text2.text)

% SEY1+Y2+Y3+Y4+Y5+Y6
if $>= 1 then

exit for
: end if
x next
X label8=T
End sub

Matlab




; ?.:?:g g:ﬁrp::g:lr l;:‘:aimnfnd petroleum refinery
3 Buaminer:  Zaldoon Mokin Shatoor Solution of final examination 2011-2012 \
19 10 28 24 3)C= -1 -6 3 -4
S o1npC= 16 39 39 8 . 4)C= 9
. 6 36 18 36 5= 3 1 8 5 ;
13 13 14 13 35
Soo2c= 1119 17 27 5
5 4 20 18 16

e

A i TN
R P e P AR e

1) int("xA3-5*x*2+x+4',0,7)

2) int(2*cos(2*x_-3*exp(x)*sin(3*x)’)

3) syms x; limit({2"x+3)/(x-9), x, 9}

4) [xy,z]=solve('’5*x+2*y+4*2 = §', " -3*x+y+2*z =-T', ' 2'x+y+z = 3')
5) x=solve('y*2-x*2+x*y-y+x=8')

'Y

5 Q4 A
\ A=[1,0,0,-1,0;1,-1,0,0,1;0,1,-1,-1,0;0,0,1,0-1;0.96,0,0,0,0]

o B=[100;0;0;0;0;98.3]

o X=A\B
F1=x(1),F2=x(2), F3=x(3),F4=x(4), F5=x(5)

A Q4 B: Write the following code
s di=.2; Vmax=2
K r=-.1:.001:.1
Vx=Vmax*(1-({2*r}/di).*2)
plot(Vx,r)

Y xlabel("Velocity (m/s)’)

ylabel{'Distance from pipe center {m)’)

X Q5 A: by taken In for the equation the equation wil be as follow:-

:»\ In(y)=In(A)+B*x i
s code: s
2 x=[0.1:0.1:0.6]
o y=[1.82212, 2.01375, 2.22554, 2.71828, 3.0047]

< Y=log(y)

% X=x
A Poly=polyfit(X,Y)

\ B=poly(1)

: A=exp(poly(2))
N Q5 B:
= Time=[1,2,3,4,5,6]
Temp=[50,60,70,80]
oy [X.Y]=meshgrid(TimenTemp);
kS Z=[45.65, 53.80, 57.23, 59.645, 61.36, 62.52

= 54.72, 64.56, 68.64, 71.52, 73.56, 75.33
< 59.28, 69.94, 74.36, 77.48, 79.69, 81.25
\ 62.92, 74.24 , 78.93, 82.24, 84.59, 86.25]
o surf(X,Y,2);

b xlabel(’ Time (hr)) 4
o ylabel(' Temperature {C)’)
n zlabel("% A Conversicn ') o




University of Technology
Chemical Engineering Department
e Final Examination
Subject: Fuel Technology Class: Second
Branch: General . 201172012 Time: 3 hours
Examiner :Dr. Intisar H, Khalaf Date ! 10/June
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