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SECTION “A”
[20 Q. x 0.5 = 10 marks]

Encircle the most appropriate alternative from the given set of choices

1. A semi-batch process differs from an open process in
a. Input b. Output ¢. Generation d. Consumption

2. Which one is the correct relation?
a. Cp+Cv=0 b. Cp=[+Ra‘(Cv C. Cp=R+Cv d. Cpf‘Cv=l

3. For a mono atomic ideal gas, Cy is
a. 15R b. 2.5R ¢. 3.5R d. 4.5R

4, Boiling occurs at temperature and pressure, the process appears as a
point in diagram.
a. Constant, constant, P-T b. Variable, constant, P-T
¢. Constant, variable, V-T d. Variable, vanable, V-T

5. Moist air is cooled along the line of constant , when it is passed over a cold and
drying coil, such that no condensation occurs.
a. Relative humidity b. Enthalpy
¢. Dew point temperature d. Wet bulb temperature

6. For heat exchangers, the general energy balance equation reduces to
a. AH=0 b. Q=0 c. AE=Q+W d AE=Q+W-AH

7. What is the degree of freedom of a system with ice, water and neon?
a 1 b. 2 c. 3 d 4

8. is always endothermic. :

' a. Buming b. Boiling ¢. Condensing d. Freezing

9. A stream is a stream bled off from the process to remove an accumulation of
inerts or unwanted material.
a. Recycle b. Bypass ¢. Purge d. Mixing

10.  The Reynolds number is a dimensionless number given by equation R = D*v*p/. If D has
units of m, v has units of m/s and p has units of kg/m?, what is the unit of u?
a. No units b. my/s’ c. kg.m/s d. kg/ms




11.

12.

13.

14.

15.

16.

17.

18.

19.

20. -

Which of the following in NOT an intensive vanable?
a. Temperature b. Density c. Specific volume d. Volume

If the partial pressure of a vapor in equilibrium with a gas mixture containing a single
condensable component is equal to the vapor pressure of the pure component at system T,
any attempt to increase the partial pressure will lead to .

a. Sublimation b. Boiling ¢. Condensation d. Saturation

Law is often applied to solutions of non-condensable gases.
a. Raoult’s b. Henry’s c. Hess’s d. Antoine’s

A solution of dye in water has a specific gravity of 1.05 at 25 C. The concentration of dye
is 1 g/L of solution. What is the PPM of dye in solution?
a. 760 b. 820 c. 950 d. 1030

For problem described in question 14, what is the mass of water in the solution assuming
a basis of 100 g solution?
a. 96.97 b. 97.98 ¢c. 99.90 d. 100

1000 kg of wet solids are to be dried from 30% to 20% moisture by weight. The mass of
moisture to be removed in Kg is .
a. 125 b. 250 c. 256 d. 320

From the definition of relative humidity, as air is cooled, the relative humidity

since the partial pressure of the water vapor is while the vapor pressure of water
with temperature.

a. Increases, constant, decreases b. Decreases, decreases, constant

¢. Increases, decreases, constant d. Constant, increases, decreases

The standard heat of combustion of ethane (C:He) vapor is -2500 kJ/mol. Assuming
reactants and products are all at 25 C, what is the enthalpy change of the combustion
reaction if 10 mole/s of CO:z is produced in the reaction,

a. -5000kl/s b. -6250 kJ/s c. -10750 k/s d. -12500 kJ/s

100 mol/h of ethane (C:Hs) is burmed with 50% excess air in a combustion reactor.
Calculate the stoichiometric amount of air required for the combustion process?
a. 350 mol/h b. 400 mol/h ¢. 525 mol/h d. 550 mol’h

For the problem described in question 19, what is the flow rate of air fed to the reactor?
a. 1266 mol/h b. 1666 mol'h ¢. 2499 mol/h  d. 3499 mol'h
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SECTION “B”
Attempt ALL questions
From the figure below and assuming P is 20% by weight of F,
a. Calculate the average molecular weight of F and P. 2]
b. Calculate P in kg mole. [2]
¢. Calculate the composition of W in kg mole. [2]
F=100 kgmovmin_ [~o Wkgmoly cH,  8qy,
o He 0y,
e 030 'P(ks mol) -
1.00 CH, 0.50
He 050
1.00

A gas containing 70% CHa, 5% C3Hz, 15% CO, 5%0:2 and 5% N is burned in the flare

with air to give flue gas with a composition of 7.73% COz, 12.35% H20 and the balance

O; and Na.

a. Calculate the moles of air sent to the flare and the composition of Oz and N2 in the
flue gas. (3]

b. Calculate the percent excess air sent to the flare. 3]

The single pass conversion of SO to SO; in stage 1 and stage 2 is 75 and 65%
respectively. Exit gas is recycled from stage 2 to boost overall SO conversion to 95% as
shown in the figure below.

a. Calculate the composition of the product gas 2]
b. Calculate the value of the recycle R. (4]
SO, 100% ¢ S0,

0, 9.0% 1 o 2 . $0,

N, 81.0% 0,

N;

R (kg mol)




Methane and air enter a combustion chamber at 25 °C. 20% excess air is supplied If the
product gases exit the chamber at 500 °C,

a. Calculate the standard heat of reaction for the combustion reaction. (2]
b. Calculate the total enthalpy change of the process. [4]

Air enters a dryer having a dry bulb temperature of 34 °C and a wet-bulb temperature of
17 °C. The moist air flows at the rate of 4500 m>/hr. The air exits at 34 °C dry bulb and
21 °C wet bulb temperature. In the dryer, wet wood enters at 34 °C with a moisture content
of 80% and exits with 50% moisture content.

a. How much water is evaporated from the wood per hour? i2]
b. What is the enthalpy change in kJ/hour of the air inlet to exut? [2]
¢. How many kilograms of the entering wet wood are dried per hour? [2}

The analysis of a gas mixture showed 30% Oz, 40%Na2, 10% CO: and 20% CHa. The gas
mixture is at 8 MPa and 15 °C and flows through a 2 cm diameter pipe at a speed of 3 m/s.

Calculate the mass flow rate of the gas. [6]
Components T (K) P, (atm)
O 1544 49.7
Nz 126.2 33.5
CO; 304.2 729
CHa 190.7 ‘1 45.8

A feed of chlorine gas F is sent through an adiabatic heat exchanger to obtain liquid
chlorine P (R + D) as shown in the figure below. R is the amount of liquid chlorine
vaporized back to gas which is recycled back to heat exchanger at 0 °F instead. The normal
boiling point of chlorine is -30 °F. The heat capacity of liquid Cl: is 8.1 Btu/ (Ib mol.°F).
Taking MW of Cl2 as 71 1b/Ibmole.

a. Determine the energy lost by the feed chlorine gas to turn to liquid chlorine. [2]
b. Ifthe heat of vaporization is 123.45 Btu/lb Cl, determine the heat energy lost or gained
in going from -30 °F Cl2 vapor to 0 °F Cl; vapor. 4]
R
l 2.5 T/day, O°F
F——> Ryp

———— ' IR

100 T/day, 8°F
100 T/day, -30°F
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Table C.1: Heat Capacities of Gases in the Ideal-Gas State’
Constants in equation C/R w A + BT + CT? + DT~ for T(K) from 298 K to T,

Chemical species Taan CrulR A L tohC oo

Alenes:
Mcthane CH, 1500 +.217 L7702 9.081 -2164 L.....
Ethane Caly, 1500 6169 1131 1928 ~5%61  ......
Propane CyHy 1500 9.0t) 1213 28788 -5 ...
n-Butane CHy,o 1500 11928 1935 36,915 -11.402  .....
izo-Butase CHpo 1500 11901 1.677 37.853 -1 L.
n-Penians CsH,2 1500 14.731 2464 45.351 -t Ll
a-Hexane [ n P 1500 }7.550 3o2s 5371 1679 ......
n-Heptane Gy 1500 20361 1570 62127 -19.486  ......
a-Octane CeHia 1500 31 4.108 70.567 Lo | S

Miscellangous inorgonics: .
Ade 2000 3,309 3255 05715 ... 0016 .
Ammonia NH, 1800 4.269 1518 X1 . ) I =), 86
Browmine Bry 3000 4337 4493 1% 1 =0.154
Carbrn myponaide <o 2500 3507 337 0.557 25 i . =0.031
Carbon dioxide (o s 7Y 000 4.467 5457 [+ = . S =-1.157
Carbon disulfade CS» 1300 5532 631 0RO .. ..., =096
Chlorine Chs 3000 4082 4442 008 .. ... =034
Hydrogen H; 3o0D 3468 3249 042 o 0.083
Hydrogen sutfale HsS 2 4114 143t 1.490 —— ={).232
Hydrogen chioride HCI 2000 352 kNS 0.623 R 0151
Hyliwgen cyanide HCN 2500 +.32% 4.736 LA ... -0.728
Nitrogen Mz 2000 350 3.M0 0.593 S 0.040
Nitrous oxide NO 2000 4.646 5328 [ 194 7 =098
Nitric onide NO 2000 1590 a7 0.629 A . 0.014
Nitrogen dranide NOy 2000 4447 4942 1.19% sl ~0.792
Dhoitrogen wetraidke N0y 2000 9198 11,660 2257 L -3 787
Oxypen O 3000 X535 31639 0 506 -0.227
Sulfur divxsk: 50, 000 4 M0 5 0801 =1018
Sulfur moude S0, it} 3] & et 2 W) 1 0%k -203%

W atcr H:0 2} 401 L4 (R U121




Table C.4: Standard Enthalpies and Gibbs Energies of Formation

at 298.15 K*
Joules per mole of the substance formed

State AH, AGg,,
Chemical species {Note 2) Note 1) (Note I}
Alkanes:
Methane CH, ® -74520 ~50.460
Ethane CiHs &) —83,820 -31.855
Propane CyH; ) — 104,680 -24.290
n-Butane CHyp @& —125,790 -16.570
n-Pentane CeH)» () - 146,760 -8.650
n-Hexane CHis @ -166,920 150
n-Heptane C+H) () -187,780 8.260
n-Octane CsHs ) =208.750 16.260
1-Alkenes:
Ethylene CaH, ® 52510 68.460
Propylene CiHg &) 19,710 62.205
1-Butene CHy ® ~540 70,340
1-Pentene CeH;o (&) -21.280 78.410
1-Hexene CeH)2 8 —41.950 86,830
1-Heptene C:Hyy ) -62,760
Miscellaneous organics:
Acetaldehyde C.H O ) -166,190 —128.860
Acetic acid C-H 0, ()] ~484.500 —389,900
Acetylene C.H» ) 227,480 209,970
Benzene CeH, ) 82930 129,665
Benzene CgHg ) 49080 124,520
1,3-Butadiene C4Hs ® 109.240 149,795
Cyclohexane CeH )2 3] -123,140 31,920
Cycichexane CeH12 ()] -156,230 26,850
1,2-Ethanediol C,H 0O, ()] —454,800 ~323,080
Ethanol CsHO (g) -235.100 — 168,490
Ethanol C,HO () -271.690 —5§74,780
Ethylbenzene CyHyo & 29920 130.890
Ethylene oxide CHO {2) ~52.630 -13,010
Formaldehyde CH:O @ -108.570 =102530
Methanol - CH,O ® -200,660 -161.960
Methanol CH,0 )] -238.660 -166.270
Methylcyclohexane CiHys 8 ~154,770 27480
Methylcyclohexane iy 4 -190,160 20,560
Sl)’l'ﬂle CgHg (g) 147,360 213,900
Toluene CiH; ) 50.170 122.050
Toluene CaHy Q] 12,180 113.630
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Table C.4 {Continued)
State AH;, AGj,,
Chemical species {Note 2) {(Note 1) {Note 1)
Miscellaneous inorganics: :
Ammonia NH; &) —46.110 -16,400
Ammonia NH; (aq) -26,500
Calcium carbide CaC; ] —59.800 -64,900
Calcium casbonate CaCO; (s) -1.206,920 —1.128,7%¢
Calcium chloride CaCl» (s) -795.800 -748,100
Calcium chloride CaCl, {aq) -8,101.900
Calcium chloride CaCl+6H,0 (s) -2,607,900
Calcium hydrogide Ca(OH)» (s} -986,090 -§98.490
Calcium hydroxide Ca(OH), (aq) -868.070
Calciom oxide CaO (s) -635.090 604,030
Carbon dioxide CO, @ -393.509 -394.359
Carbon monoxide Co 73] -§10.525 -137.169
Hydrochloric acid . HCl ® =92.307 =95.299
Hydrogen cyanide HCN @ 135,100 124,700
Hydrogen sulfide H»S ) =20.630 -33,560
Tron oxide FeO (s) -272.000
lron oxide (hemnatite) Fe;04 ) —824,200 -742.200
Iron oxide (magnetite) FesOy () -1,118,400 —1,015,400
Iron sulfide (pyritc) FeS, (s) -178.200 166,900
Lithium chloride LiCl ') ~-408,610
Lithium chioride LiCLHYO {s) ~712.580
Lithium chloride LiC)-2H,0 () -1,012,650
Lithium chloride LiCI-:3H0 (s -1.311.300
Nitric acid HNO, 0 =174,100 -80,710
Nitric acid HNO; {ag} -111,250
Nitrogen oxides NO @ 90,250 86.550
NO, ®) 33,180 51,310
N-O @ 82.050 104,200
NyO, @ 9.160 97.540
Sodium carbonate Na:200, (s) -1,130.680 —1.044,440
Sodium carbonate NayCO;y-10H,O (s) -4,081.320
Sodium chloride NaCl (s) -411,153 -384,138
Sodium chloride NaCl (aq) =393,133
Sodium hydroxide NaOH (s) —425.609 -379.4%4
Sodivm hydroxide NaOH (aq) -419.150
Sulfur dioxide SO, 7)) -296.830 -~300,194
. Suifur trioxide o ® -395.720 -371.060
Sulfur trioxide S04 (1] —441.040
Sulfuric acid H,S0, )] ~813.989 =690,003
Sulfuric acid H2S04 {aq) -744,530
Water HO ® -241.818 =228572
Water H:0 0 ~285.830 -237.129
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Figure 7.8b. Generalized compressibility chart for higher values of p,
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