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Select the correct answer from the given choices. Attempt all the questions.

(1) Convert 100 caV(g mol)(K) to Btu/(lb mol)("R) if 1 Btu :252 cal.
(a) 0.0005 (b) 100.1 (c) 180.2 (d) 63s6000

(2) The reference material or time selected to use in making the calculations in a problem is
called:
(a) standard (b) limiting component (c) tie component (d) basis

(3) Which of the following is correct in SI units?
(a) MN/m2 (b)'R/M/s (c) Ghz (d) kJ/sec

(4) The pressure gauge on a tank of gas reads 62.5 psi and the barometer reads 33.0 in. Hg. What
is the absolute pressure in the tank in psia?
(a) 63.0 (b) 63.4 (c) 76.3 (d) es.s

(5) When you f,rnd the percentages of constituents of a mixture of two liquids, what basis is used
by default?
(a) volume (b) mole (c) molecules (d) mass

(6) Which of the following will you use to express concentration of extremely dilute solutions in
water?
(a) gmol/m' (b) ppb by volume (c) gmol/L (d) ppb by mass

(7) Areactor is fed with 23 kilograms of Nz gas and 23 kilograms of Hz gas to form ammonia.
What is the limitingreactant?
(a) NH: (b) Hz (c) Oz (d) Nz

(8) What is the amount of product generated per amount of the reactant fed?
(a) limiting reactant (b) conversion (c) selectivity (d) yield

(9) Excess air is calculated under the condition of:
(a) partial combustion (b) complete combustion
(c) rapid combustion (d) slow combustion

(10) Limiting reactant is defined as the reactant that is
(a) present in the smallest stoichiometric amount
(b) consumed completely in the reaction
(c) supplied in limited amount
(d) present in the largest stoichiometric amount

(1 1) If a system produces two or more outputs of same composition as the input entering the
system, the system is called:
(a) mixer (b) splitter (c) distillation (d) separator

@

-r0



(12) Which of the following is an extensive property?
(a) density (b) enthalpy (c) specific volume (d) pressure

(13) From the following processes select the closed system.
(a) the water cycle of the earth (b) the water cycle of a lake
(c) the motor engine of car (d) the carbon cycle of soil

(14) In an experiment, air is saturated with water vapor. What will be the state of the water vapor
and the air if the mixture is heated at constant pressure?
(a) both liquid @) both gas
(c) some liquid water, and the rest is gas (d) unknown state

(15) In a test, 20kg of propane (C:Hs) is burned with 400 kg of air to produce 44kgof CO2 and 12
kg of CO. What is the required oxygen in kg mol?
(a) 0.0e1 (b) 0.4s (c)2.27 (d) 176.0

(16) The mass of water vapor per mass of bone-dry air is:
(a) molal humidity (b) absolute humidity (c) humidity (d) relative humidity

(17) When will the general energy balance reduce to Q : -W for a closed system?
(a) AKE:O (b) APE:0 (c) AU:0 (d) AKE:O, ApE=0, AU=0

(18) What is the corrected or normalized conditions of temperature, pressure and volume,
normalized by their respective critical conditions?
(a) reduced variables (b) pseudocriticar variables
(c) real critical variables (d) compressibility factor

(19) In the reaction 2 H(g) ---,Hz(g) the heat transfer is Q: - 436 kJ. What is rhe standard heat of
formation of H2(g)?
(a)zero (b)-436 kJ (c) 436 kJ (d) 218 kJ

(20) If a liquid chemical is frozen in a container of fixed volume, the simplified energy balance will
be:
(a)AU=Q @)AU:e+W(c)AU=Q+W-AH (d) AE=q+W
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SECTION "B"

Answer ALL the questions. The data or information not given in the questions should be assumed
properly.

(1) Phosphoric acid is a colorless deliquescent acid used in the manufacture of fertilizers and as a
flavoring agent in drinks. For a givln l0 wt % phosphoric acid (M.W.: 97.g7)solution (in
water) having specific gravity 1.10, determine:
(a) the mol fraction composition of this mixture. pl
(b) the volume (in gallons) of this solution which would contain 1 g mol H:pOa. 12)(c) the concentration of phosphoric acid in ppm. p)

(2) In a plant, ammonia is produced by the reaction: Nz + 3 Hz - 2 NHl. After feeding 1900 kgftr
of nitrogen a.ya !!6kglht of hydrogen, 1384 kg/lr of ammonia is produced.
(a) Find the limiting reactant. 

t3l(b) Find the percentage of the excess reactant. pl
(c) Find the percent conversion based on the limiting reactant. pl

(3) Find the molar volume (in cm3 /g mol) ofpropane at375 K and 2l atm.
(a) assuming propane (MW:44.1) to be an ideal gas,
(b) using the

J

*

compressibility factor
057 (cm')(atm)/(g molUse R: 82
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Figure: Generalized compressibility chart.

An environmental engineer measures the rale atwhich waste gases are being discharged from
a stack. The gases entering the stack contain 3.2Yo sulfur dioxide (Mry:64):pure SO2 is fed
into the bottom of the stack at a rate of 8.0 kg per minute. The engine., -.urrr.s the discharge
of gases leaving the stack, and finds the concentration of Soz to be 5.Bo/0. What is the flow rate
of the waste gases coming into the stack in kgmol/minute? Use all the step of mass balance. [6]
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(s) Aproduct contains only two components: X and Y. In a given sample of the product,Y is75oh.
It is sent for processing, where 135 kg of Y is removed from the product. It is then found that
the product has25%o of Y. Calculate the weight of the original product using the necessary

steps of mass balance. t5l

(6) Moist hydrogen containing 4.8 mole percent water is burnt completely in a furnace with 45o

excess air. The reaction is H2 + 0.5 Oz * HzO.
(a) What is the amount of entering air? t3l
(b) Calculate the Orsat analysis of the resulting flue gas. t6]

(7) In a city, the percent absolute humidity was found to be l8%. The temperature of air was 35 oC

and the total pressure was 102 kPa. Under these conditions, find the following:
(a) the partial pressure of the water vapor in the air 121
(b) the percent relative humidity tll
(c) the humidity. 12)
(d) What is the dew point of the air? tll

(8) Steam at the rute of 32 kg per second is used in a turbine rated at 4.5 MW. The inlet conditions
for the steam are 2800 kPa and 500 oC. The outlet has saturated vapor at 600 kPa. The inlet
steam has velocity of 285 m/s and the outlet has velocity of 33 m/s. Using steam table, find the

heat transfer if the turbine is taken as the system. l7l

Write the simplified energy balance equations for the following conditions:
(a) closed system
(b) no accumulation, no mass transfer
(c) no accumulation, but with mass flow
(d) no accumulation, no heat transfer and no work done.
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fable 4. Properties of Saturated Water and Steam (Temperature)
Iemp.
r("c)

0.001

21.019

42.021

62.984

83.920

2500.9

2510 1

2519.2

2528.4

2537.5

2591 .3

2600 1

2608 8

2617 5

2626 1

2634.6

2643.0
lb5t J

26sS 5

2667 6

2675 6

2683.4

2691.1

2638 6

2705.9

27727
2777 2

2781 4

2785.3

2t88.9

2t92.1

2794 9

2797.4

2799 4

2801 1

9 1555

9.0249

8 8998

8 7804

8 6661

6 8370

67926
6 7491

6 7066

6 6649

6 4303

6 3932

6 3565

63202
62842

Ienp.
t ('c)

0.01
5

10
15
20

175
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185
'I S0
't95

25
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55
60
65
70

75
80
85
90
95

0.01
5

10
15
2B
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55
60
65
70
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80
85
s0
95

125
130
135
140
't 45

200
205
210
2',15

220

t41.15

763 19

78532

125
130
135
140
145

200
205
z',t0
215
220

0.00061 1 7

0.0008726

0.001228

0.001 706

0.002339

0.23222

0 27026

0 31 320

0 361 50

0 41563

0.4761 0

0 54342

0.61814

0.70082

0 7s205

0 00r0121

0 0010145

0 00101 71

0 001 01 99

0 001 0228

0 0010258

0 0010290

0 0010324

0 0010359

0 0010396

0 0010435
0 001 0474

0 0010516

0.0010559

0.0010603

0.0010649

0.0010697

0 0010747

0 001 0798

0 0010850

0 0010905

0 0010962

0 001 1 020

0 001 1080

00011143

0,0011207

00011274
0 001 r343

00011414

0 001 14BB

0 0011565

0.001 1 645

00011727

0 0011813

0 001 1 902

12.028

9.5649

7 6677

6.1 938

5.0397

10484

125.75

146 64

1 67.54

1 88.44

525.06

546 39

567.77

58S 20

610 69

63225
653 88

675 57

697 35

719.21

0 /038
0 7680

0 8312

0 8935

0 95s0

1 .0156

1 0754
1.1344

1.1927

1 2502

1 .3070

1 3632

1 4187

1 4735

1 5218

1.5815

1 6346

1.6872

1 73S3

1 /909

1 8420
1 8926

1 9428
1 9926

20419

2 0s09

2 1395

2 18tB
22358
22834

0.0010002

0 0010001

0 0010003

0 0010009

0.0010018

206.00
147.02

106.31

77 881

57.761

0 0000

0 0763

0 1511

02245
0.2965

0 0031 70

0.004247

0.005629

0 007384

0.009594

0 0010030

0.0010044

0.0010060
0 00100is
0 001009s

43 341

32.882

25.208
19 51i
15.253

2546.5

2555.6

2564 6

2573 5

2582.5

0 3673

0.4368

0 5052

05724
0 6386

8.5568

8 4521

83518
82557
8.1 634

0 012351

0 0r5761

0 019946

0.025041

0 031201

209 34

23024
251.1 5

21208
293.02

8 0749

7 9899
7.9482

7 8296
7.7540

(3-
0.038595

0 047415

0.057867

0 070182

0 084609

4.1291

3 4053

2.8259

2 3591

1.9806

313.97

334 35

355 95

376 97

398.02

7 6812
7.61 10

t.5434
7 .4781

7 4150

100
105
110
1'15

120

010142
0 12090

0 14338

0 16918

0.1 9867

1 6719
1.4185

1 2094

1.0359

0 89130

419 10

44021

461 36

482 55

503.78

7.3541

1 2951

7 2380
7.1827

7.1291

100
r05
110

115
120

0.77011

0.66808

0 58180

0 50852

0 44602

2t13 1

2720.1

2726.9

2733 4

2735 B

1.0770

7 0264
69772
6 9293

6.8826

150
155
160
165
170

2745.9

2751.8

2757.4

2762 8

2167 9

150
155
160

165

170

0 39250

0 34650

0 30682

0.27246

0.24262

0 21 660

0 19386

0 1 7392

0 15638

0 14091

0 12722

0.1 1 509

0 10430

0 094689

0 086101

175
180
185
190
195

0.89245
1 .0026

1.1233
1 .2550

1 .3986

66241
6 5841

6.5447

6 5060

6 4679

(:)
807 57

82S.92

1.5547

1.7240

1 9074

2.1055

2 3193

852 39

874 99

8S7 73

920 61

943 64

2 3308

23779
2 4248

2 4714

2 5178

Pressure
MPa

Volume, m3lkg
Yt- Yv

Enthalpy, kJlkg

4- h,
Entropy, kJl(kg.K)
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Table 5. Properties of Saturated Water and Steam (Pressure)
Press.

MPa

i,IAIi I B 2O1B

ft?se.
MPa

0.001

0.002
0.003
0.004
0.005

0.001
0.002
0.003
0.004
0.005

0.012
0.014
0.016
0.018
0.020

0 001 0064

0 001 00/5
0.001 0085

0.001 0094
0 0010'103

0 00101r9

0.0010133

0 0010147

0.001 01 60

0 001 01 71

0 001 01 98

0.0010222
0 0010244

0 0010264

0 0010282

0 001 02s9

0 0010331

0 0010359

0 0010385

0 0010409

0 0010605

0 001 0672

0 0010732

0 0010786

0 0010836

0 0010882

0 001 0926

0 0010967

0 001 r 006

0 001 1044

0 001 1 080

0 001 1 148

0.0011212

0.0011272

0 0011330

23 734

20.525

18.099

16.200

14.6t1

12 359

10.691

9.4309

8.4433

t.6482

29.298
1a tat

'r00.99

121 40

137 n

151 49

16337

17385

183 26

191 81

206 91

21S 99

231 55

241.95

251.40

271 93

2BS 23

304 25

31t 51

329 55

340.48

359 84

376 68

39r 64

405 13

41t.44

439.30

458 3/
47534

490 6/

504 68

535 35

561.46

584.31

604 t2

69/ 14

121 02

742.t2

76268
781 20

25667
2571 B

25762
2580 3

2583.9

2611 4

2624 6

2630 /
2636 1

2640 9

0 520s

0 5591

0 5925
U \IIJ
0 6492

0 6963

0 7366

0.7t20
0 8035

0 8320

0 8931

0 943S

0 9876
1 0259
1 0601

1 0910

1 1452

1 191I
1.2328

1.2694

1 5301

1 60t2
1 6/18
1 7275

1 7766

1 8206

1 8606
1 89/2
1 9311

1 9626

1 9921

20460
2 0944

2 1384

2.1789

8 3291

82146
82274
8.1859

8.1489

B,O85O

8.0312
7.9847

7.9437

7 9072

t 8302
t 7675
7 7146

7 6690
7 6288

/.5930
75311

7 4790

7.4339

7.3942

7 3588
7 2976
7 2460

7 2014
7 1620

7.1269

7 0524

6 9916

6.9401

6 8954

6 8560

6 8206

6 /885
6 1592

6 7321

6.t070
b.bb r5

6 6212

6 5850

6 5s20

49.42

55 31

57.80

60 06

81 32

85 93

89 93

93.49

96 69

99.61

104 78

109 29

11330
116.91

120.21

127.41

133 53

138 B6

143 61

'164 95

170 41

175.36

17989
184 07

697
17 50

24.08

28.96

32 88

2513t
25329
2544.9

25531
2560.8

0 1059

0 2606

0 3543

0 4224

0 4763

8 9749

8.7227

8.5766

I 4735

8.3939

0 001 0001 129 18

0 001 001 4 66 990

0 001 0028 45.655

0.001 0041 34 792

0 0010053 28 186

0.006
0.007
0.008
0.009
0.01 0

36.16

39.00
41 5l
43.76

45 81

0.006
0.007
0.008
0.009
0.010

2590.3

2595.8

2600 7

260s 0

2608 9

0.012
0.0 t4
0.016
0.018
0.020

G
0.025
0.030
0.035
0.040
0.045

62034
5.2286
4.5252

3.9931

3 5761

32401
2.7318

2.3649

2.0872

1.8695

1.6940

1.4284
1 2366

1 0914

0 9/753

0.025
0.030
0.035
0.040
0.045

64.96

69.1 0
72.68

75 86

tB71

0.05
0.06
0.07
0.08
0.09

90

00

10

0.
1.
1.

2645.2

26529
2659 4

zbb) z

2670.3

0.05
0.06
0.07
0.08
0.09

0.10
0.12
0.14
0.16
0.18

0 001 0431

0 001 0473

0 0010510

0 00r0544

0 0010576

1 3026
1 3608
1 4109

1 4549

1 4944

2674.9

2683 1

2690 0

2696 0

2101 4

27062
2t165
21249
2732.0

2738 1

2743.4

2748.1

27523
2756 1

2i59 6

27627
21683
27730
2777 1

2780 7

0.10
0.12
0.14
0.16
0.18

-rs

0.20
0.25
0.30
0.3s
0.40

0.45
0.50
0.55
0.60
0.65

0.20
0.25
0.30
0.35
0.40

0.45
0.50
0.55
0.60
0.65

0,70
0.80

147 91
'151 84

15546
,158,83

161 99

6?322

640 19

65s 88

6/0 50

684.22

0 88574

0 71Bio

0.60579

0.52420

0 46239

0.41390

0 3/480
0 34259

0 3155B

0 292s8

0 27276

0 24033

0.21481

0 1s435

0 17t44

0.70
0.80
0.90
1.00
1.10

Temp.

t(r)
Volume, m3lkg

vL

Enthalpy, kJlkg
hL ltt

Entropy, kJl(kg.K)
q
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Table 6. Superheated Steam - Sl Units
Pressure

MPa Celsius

2.2 v 0.0931
(21t.26) h n24.5

s 6 3531

0 1004

2894.5

6.4903

0.0/65

2866 5

6 3365

0 0706

2856.5

6 2833

0.1 134

3018.5

6.7168

01034

3012.6

6.6688

0.0948

3006 6

6.6238

0.0875

3000 5

6 5814

0 0812

2994 3

6 5412

0 0756

2988 0

6 5029

0.0707

2981.6

6 4662

0 0663

2975 1

6 4309

0 0624

2968.4

6 3968

0 0589

2961.7

6 3638

0 1255

3133.4

6 9091

0 1053

31248
6.8216

0 0974

3120.5

6 /821

0 1371

3244 9

7.0813

0 1484

3355 4

7.2396

450

0.1357

33527

7.1967

0.12s0

3350 0

7.15/0

0.1595 01704 01813
3465.9 357/0 3689.1

LU73 t5266 76588

01921 0.2028
38024 391/ 1

/ 7850 7.9059

750

02136 02242
4033 1 4150.1

8.0222 8.1344

0.1957 0 2055

4$21 4149.8

79813 8 0936

0 1805 0.1896

4031.1 4148.9

7 9435 8 0559

2.4 v 0.0842 009fi
(22180) h 2812j 28855

s 62926 64365

0.1146 0 1253

3129 1 3241.6

6.8638 7 037s

0 1760 0.18s8
3801 1 3915 S

7.743/ 7 8648

0.145S

3463 7

7.3450

0.1560

3575.2

7 4848

0 0668

3546 0

7.0751

0 1660

3687 6
7 6173

2.6
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v=specilicvolume,m3/k0 h=enthalpy,kJ/kg s=enkopy,U(kg.K)
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