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DEPARTMENT OF CIVIL AND ENVIRONMENTAL ENGINEERING
First Semester 2019 /2020 Session
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Question 1 (40 marks)

Methodology and results (Table Q1) of a research study are as presented as follows

Carbon resin electrodes were developed from used dry cells. Discarded dry cells (size D R20 UM-1)
were collected from different locations in Nigeria. The cells were sectioned; graphite (carbon) were
removed from them and pulverised. Powdered graphite was sieved into different particle sizes. A
known mass of the powdered graphite was mixed with an organic binder, mould into 2.5 cm diameter,
10-cm long electrode using locally-fabricated extruder and plunger and a compaction machine.
Details and properties of the electrodes were presented in another paper (Oke et al., 2007). An
electrolysing equipment was developed from local materials (Oke and Ogedengbe, 2007). Synthetic
(simulated) wastewaters were prepared using procedures and methods specified in Standard Methods
for Water and Wastewater Examination (APHA, 1998). Analytical Sodium Chloride (24.6 grams) was
dissolved in 1000ml of distilled water as a stock solution and working synthetic wastewaters were
prepared from the stock. A standard 2* factorial matrix was developed and 2* factorial experiments
were utilized at random to determine influence of selected factors (separation distance between the
electrodes, volume of the wastewater used, applied current and contact surface area of the electrode
used) and interactions on efficiency of electrochemical process. The choice of the parameters to be
studied was done on the basis of the theoretical data about several factors that determine the efficiency
of an electrochemical method and the scarce knowledge concerning carbon-resin / aluminium
electrodes. An electrochemical treatment plant on a laboratory scale was setup. From the results of the
factorial experiments, a mathematical model was developed using Yates’ algorithms. The factors with
significant effects (identified through the use of hypothesis tests) from the results of the factorial
experiments were then optimised using steepest ascent method and analysed using least squares
method; the optimised parameters were confirmed by further experimental studies. Efficiency of the
process was based mainly on chloride removal (Y,%), which was computed using equation. The
choice of chloride removal for efficiency determination was done on the basis of literature

(Holderness and Lambert, 1978), which stated that removal of chloride ion from aqueous solution



=

clectrochemically can be achieved by using carbon electrode as anode. Chloride determination in both

raw and treated wastewaters was carried out using argenotometric method specified in APHA (1998).
a. Prepare a typical abstract from the methodology and results. (15 marks)
b. Perform analysis of variance on the result (Table Q1). (15 marks)
c. Identify and write single, two and more than two authors from the methodology. (5 marks)

1lc and list five references (one author, two authors, three authors, and four authors).
' (5 marks)

Demonstrate your knowledge of literature citing and listing

Table Q1: Selected results of the factorial experiment

(Samplc Performance 1| Performance 2 | Performance 3 Performance 4
Description
Experiment A 18.9 18.5 14.0 14.6
Experiment B 11.6 12.0 14.8 17.2
Experiment C 18.0 12.5 12.5 12.0

rExperiment D 12.1 18.5 14.4 14.1

l Experiment E 12.7 19.0 15.0 14.0

Question 2 (10 marks)
a. Write a short note on engineering seminars and presentations (5 marks)
b. Prepare a typical letter of transmittal of an engineering report. (5 marks)
Question 3 (10 marks)
(a) Enumerate the outline of a typical engineering report. (5 marks)

(b)  Compute the standard deviation of these parameters. (5 marks)

Question 4 (10 marks)

Table QI presents a typical result of experiments conducted.

a) Present statistical summary (mean, standard deviation and coefficient of variation) of the

performance. (5 marks)
b) Provide result section of abstract in line with 4 (a). (5 marks)
Question 5 (10 marks)

Evaluate effect of experiments on the Table Q1 at 95 % confidence level

Question 6 (10 marks)
Establish if there is a significant difference between the performance of the experiments (Table Q1) at

99 % confidence level.
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Question 1
a) List five (5) types of Refrigeration cycles, and briefly discuss any two (2).
[42 Marks]
b) Define the following:
L Ton of Refrigeration
il. Carnot Heat Pump [2 Marks]

c) With the aid of schematic and temperature-entropy diagrams, describe the
ideal vapour compression refrigeration cycle. [4 Marks]

d) Arefrigerator uses refrigerant-134a as the working fluid and operates on an ideal
vapour compression refrigeration cycle between 0.16 and 0.7 MPa. If the mass
flow rate of the refrigerant is 0.02 kg/s, determine: :

i Rate of heat removal from the refrigerated space and the power input
into the compressor.
ii. Rate of heat rejection to the environment, and
iii. COP of the refrigerator. [4% Marks]
Question 2
a) Wit the aid of well labelled diagram, explain absorption refrigeration cycle.
[4 Marks]
b) List three (3) energy sources used in absorption refrigeration system. [3 Marks]
c) How does absorption refrigeration system differ from a vapour compression

d)

refrigeration system? [4 Marks]
An absorption refrigeration system that receives heat from a source at 130 °C
and maintains the refrigerated space at -5 °C is claimed to have a COP of 2. If

the environment temperature is 27 °C, can this claim be valid? Justify your

answer. [4 Marks]
Question 3
a) With the aid of a well labelled diagram, state the similarity and difference
between a refrigerator and a heat pump. [3 Marks]
~b) List and explain briefly ten (10) properties of an ideal refrigerant. [S Marks]
c) What are the functions of the rectifier and the generator in an absorption
refrigeration system? [2 Marks]
Question 4
a) When selecting a refrigerant for a certain application, state six (6) qualities you
would look for in the refrigerant. [3 Marks]
b) Differentiate between the three (3) types of leak detection method in
refrigeration system. [4% Marks]
¢) A refrigerant-134a refrigerator is to maintain the refrigerated space at -10 °C.
Would you recommend an evaporator pressure of 0.12 or 0.14 MPa for this
system? Why? [2% Marks]
Question 5
a) List four (4) phase-out refrigerants, application and alternative. [4 Marks]
b) Refrigerants are majorly classified into two (2). Discuss the two classifications
with examples. [2 Marks]
c) List and discuss briefly any four (4) factors to consider when designing a
sustainable refrigeration system. [4 Marks]
Question 6
a) According to American Society of Heating, Refrigerating and Air-conditioning
Engineer (ASHRAE), write the chemical name and formula for the following
refrigerants:
i. R-11 ii. R-113 iii. R-22 iv.R-744 v. R-134a  [5 Marks]
b) What is the function of a throttling device? [2% Marks]
c) List four (4) types of throttling device used in refrigeration system. [2% Marks]
Question 7
a) What is the function of a compressor in refrigeration system? List six (6) types
of compressor. [4 Marks]
b) Differentiate between ideal and actual vapour compression refrigeration cycles.
[3 Marks]
¢) How does the COP of a cascade refrigeration system compare to the COP of a

simple vapour-compression cycle operating between the same pressure limits?
[3 Marks]
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ature table o

refrigerant-134a~1}'~§vﬁ1~9é}

ed
Specific volume,
m3/kg
Sat. Sat. Sat.
Tecr,np'y press., IIQUId, Vapor,

-40 51,25 0.0007054 0.36081
-38 56.86 0.0007083 0.32732
-36 62.95 0.0007112 0.29751
=34 6956  0.0007142 0.27090
=32 7671 - 0.0007172 0.24711
-30 84.43 0.0007203 0.22580
—-28 92.76 0.0007234 0.20666
—-26 101.73 0.0007265 0.18946
—-24 111.37 0.0007297 0.17395
—-22 121.72 0.0007329 0.15995
—20 132.82 0.0007362 0.14729
—18 144.69 0.0007396 0.13583
—16 157.38 0.0007430 0.12542
—-14 170.93 0.0007464 0.11597
—12 185.37 0.0007499 0.10736

—-10 200.74 0.0007535 0.099516

-8 217.08 0.0007571 0.092352

—6 234.44 0.0007608 0.085802

-4 252.85 0.0007646 0.079804

—2 272.36 . 0.0007684 0.074304

0 293.01 0.0007723 0.069255

2 314.84 0.0007763 0.064612

4 337.90 0.0007804 0.060338

6 362.23 0.0007845 0.056398

8 387.88 0.0007887 0.052762

10 414.89 0.0007930 0.049403

12 443.31 0.0007975 0.046295

14 473.19 0.0008020 0.043417

16 504.58 0.0008066 0.040748

18 537.52 0.0008113 0.038271

Internal energy,

Sat.
liquid,
Us

—-0.036
2.475
4.992
7.517

10.05

12.59
15.13
17.69
20.25
22.82

25.39
27.98
30.57
33.17
35.78

38.40
41.03
43.66
46.31
48.96

51.63
54.30
56.99
59.68
62.39

65.10
67.83
70.57
73.32
76.08

kJ/kg

Evap.,
Ugg

Sat.
vapor,

Ye

kJ/kg

Enthalpy,

Entropy,
kJ/kg-K

Sat.
liquid,
hy

Evap.,
hye

Sat.
vapor,

hg

Sat.
liquid,
St

Evap.,
S

Sat.
vapor,

Sg

207.40
206.04
204.67
203.29
201.91

200.52
199.12
197.72
196.30
194.88

193.45
192.01
190.56
189.09
187.62

186.14
184.64
183.13
181.61
180.08

178.53
176.97
175.39
173.80
172.19

170.56
168.92
167.26
165.58
163.88

207.37
208.51
209.66
210.81
211.96

213.11
214.25
215.40
216.55
217.70

218.84
219.98
221.13
222.27
223.40

224.54
225.67
226.80
227.92
229.04

230.16
231.27
232.38
233.48
234.58

235.67
236.75
237.83
238.90
239.96

0.000
2.515
5.037
7.566
10.10

12.65
15.20
17.76
20.33
22.91

25.49
28.09
30.69
33.30
35.92

38.55
41.19
43.84
46.50
49.17

51.86
54.55
57.25
59.97
62.69

65.43
68.18
70.95
73.73
76.52

225.86
224.61
223.35
222.09

220.81:

219.52

218.22-
216.92.

215.59
214.26

212.91
211.55
210.18
208.79
207.38,

205.96
204.52
203.07
201.60
200.11

198.60
197.07
195.51
193.94
192.35

190.73,
189.09

187.42°

185.73
184.01

225.86
227.12
228.39
229.65
230.91

232.17
233.43
234.68
235.92
s237.17

238.41
239.64
240.87
242.09
243.30

244,51
245.72
246.91
248.10
249.28

250.45
251.61
252.77
253.91
255.04

256.16
257.27
258.37
259.46
260.53

0.00000
0.01072
0.02138
0.03199
0.04253

0.05301
0.06344
0.07382
0.08414
0.09441

0.10463
0.11481
0.12493
0.13501
0.14504

0.15504
0.16498
0.17489
0.18476
0.19459

0.20439
0.21415
0.22387
0.23356
0.24323

0.25286
0.26246
0.27204
0.28159
0.29112

0.96866
0.95511
0.94176
0.92859
0.91560

0.90278
0.89012
0.87762
0.86527
0.85307

0.84101
0.82908
0.81729
0.80561
0.79406

0.78263
0.77130
0.76008
0.74896
0.73794

0.72701
0.71616
0.70540
0.69471
0.68410

0.67356
0.66308
0.65266
0.64230
0.63198

0.96866
0.96584
0.96315
0.96058
0.95813

0.95579
0.95356
0.95144
0.94941
0.94748

0.94564
0.94389
0.94222
0.94063
0.93911

0.93766
0.93629
0.93497
0.93372
0.93253

0.93139
0.93031
0.92927
0.92828
0.92733

0.92641
0.92554
0.92470
0.92389
0.92310
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TABLEA-12
Saturated refrigerant-134a—Pressure table tropy
Cntropy
Specific volume, Internal energy, Enthalpy, iJ/kg'K —
m3/kg kJ/kg __,/Mg’/ ’—"/’IS’;
Sat. Sat. Sat. Sat. Sat. Sat. Sat. Sat._ va 'Or
Press., temp., liquid, vapor, liquid, Evap., vapor liquid, Evap-r . vapor, liquid, Evap.. : p
PkPa TSE{ OC Vf Vg Uf u{g ng h[ h/g .8 Sf % = 6441
79 0.01634 0.94807 0.9
223.95 227.7 0.96042

60 —36.95 0.0007098 0.31121 3798 205.32 209.12  3.841
. ' ' 2730 222.00 229.73 0.03267 0.92775
0.04711 0.90999 0.95710

;8 _gf'” 0.0007144 0.26929  7.680 203.20 210.88 Lo

~31.13 0.0007185 0.23753  11.15 201.30 212.46 11.21 220.25 ;
. : ' ' 427

90 —-28.65 0.0007223 0.21263  14.31 199.57 213.88 14.37 218.65 233.02 0.06008 0.89412 8'32183

100 —-26.37 0.0007259 0.19254  17.21 197.98 215.19 17.208 217.16 23444 0.07188 0.87995 0

120 -22.32 0.0007324 0.16212 22.40 195.11 217.51 22,49 214.48 236.97 0.09275 0.85503 0.94779

212,08 239.16 0.11087 0.83368 0.94456

140 —18.77 00007383 0.14014 26.98 192.57 219.54 27.08 94190
160 —15.60 0.0007437 0.12348  31.09 19027 22135 3121 209.90 241.11 0.12693 0.81496 0.
: 0.79826 0.93965

180 —12.73 00007487 0.11041 34.83 188.16 222.99 3497 207.90 242.86 0.14139
200 -10.09 0.0007533 0.099867 38.28 18621 224.48 38.43 206.03 244.46 0.15457 0.78316 0.93773
040 538 00007620 0083897 44.48 18267 227.14 44.66 002.62 247.28 0.17794 0.75664 0.93458
280 125 00007699 0.072352 49.97 179.50 229.46 50.18 199.54 249.72 0.19829 0.7338l 0.93210
320 246 00007772 0.063604 54.92 17661 23152 55.16 l96.71 251.88 0.21637 0.71369 0.93006
360 582 00007841 0.056738 59.44 173.94 233.38 59.72 194.08 253.81 0.23270 0.69566 0.92836
200 891 00007907 0051201 6362 17145 23507 63.94 191.62 255.55 0.24761 0.67929 0.92691

450 12.46 0.0007985 0.045619 68.45 168.54 237.00 68.81 188.71 257.53 0.26465 0.66069 0.92535
500 15.71° 0.0008059 0.041118 72.93 165.82 238.75 73.33 259.30 0.28023 0.64377 0.92400

185.98.
550 18.73 0.0008130 0.037408 77.10 163.25 240.35 77.54 183.38.260.92 0.29461 0.62821 0.92282
600 21.55 0.0008199 .0.034295 81.02 160.81 241.83 81.51 180.90 262.40 0.30799 0.61378 0.92177
650 24.20 0.0008266 0.031646 84.72 158.48 243.20 85.26 178.51 263.77

0.32051 0.60030 0.92081
700 26.69 0.0008331 0.029361 88.24 156.24 044.48 88.82 176.21 265.03 0.33230 0.58763 0.91994
750 29.06 0.0008395 0.027371 91.59 154.08 245.67 92.22 173.98 266.20 0.34345 0.57567

0.91912
800 31.31 0.0008458 0.025621 94.79 152.00 246.79 95.47 171.82 267.29 0.35404 0.56431 0.91835
850 33.45 0.0008520 0.024069 97.87 149.98 247.85 98.60 169.71 268.31 0.36413 0.55349 0.91762
900  35.51. 0.0008580 0.022683 100.83 148.01 248.85 101.61 167.66. 269.26 0.37377 0.54315 0.91692
950 37.48 0.0008641 0.021438 103.69 146.10 249.79 104.51 165.64 270.15 0.38301 0.53323 0.91624
1000 39.37 0.0008700 1 0.020313 106.45 144.23 250.68 107.32 163.67 270.99 0.39189 0.52368 0.91558

1200 46.29 0.0008934 0.016715 116.70 137.11 253.81 117.77 156.10 273.87 0.42441 0.48863 0.91303
256.37 127.22 148.90 276.12 0.45315 0.45734 0.91050

1400 52.40 0.0009166 0.014107 125.34 130.43
1600 57.88 0.0009400 0.012123 134.43 108,04 258.47 13593 141,93 277.86 047911 0.42873 0.90784
1800 62.87 0.0009639 0.010559 142.33 117.83 260.17 144.07 135.11 279.17 050294 0.40204 0.50498
2000 67.45 0.0009886 0.009288 149.78 11173 261.51 151.76 128.33 280.09 0.52509 0.37675 0.90184

0006936 166.99 96.47 263.45 169.63 111.16. 280.79 0.57531 0.31695 0.89226

2500 77.54 0.0010566
0.25776 0.87894

3000 86.16- 0.0011406 0.005275 183.04 80.22 263.26 186.46 92.63 279.09 0.62118

»
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| TABLE A-13
Superheated refrigerant-134a (Continueq)
OT v u h s v u h s v u h s
C_mikg kg kikg kikgK | mikg  kikg kikg  kikgK | m¥kg  kikg  kikg klkgK
P = 0.50 MPa (T, = 15.71°C) P - 0.60 MPa (T, = 21.55°C) P = 0.70 MPa (7., = 26.69°C)
Sat. 0041118 23875 259,30 0.9240 | 0.034295 241,83 26240 09218 | 0029361 244.48 265.03 0.9199
20  0.042115 242.40 263.46 0.9383
30 0044338 25084 273.01 0.9703 | 0.035984 249.22 270.81 0.9499 | 0029966 247.48 26845 0.9313
40 0.046456 25926 282.48 1.0011 | 0.037865 257.86 280.58 0.9816 | 0.031696 256.39 278.57 0.9641
50 0.048499 26772 291.96 1.0309 | 0.039659 26648 290.28 1.0121 | 0033322 265.20 288.53 0.9954
60 0.050485 276.25 301.50 1.0599 | 0.041389 276.15 299.98 10417 | 0034876 274.01 298.42 1.0256
70 0052427 284.89 311.10 1.0883 | 0.043069 283.89 309.73 1.0705 | 0.036373 282.87 308.33 1.0549
80 0054331 29364 320.80 1.1162 | 0044710 292.73 319.55 10987 | 0037829 291.80 31828 1.0835
90 0056205 302.51 330.61 1.1436 | 0.046318 301.67 329.46 1.1264 | 0039250 300.82 32829 L1114
100 0.058053 311.50 340.53 1.1705 | 0.047900 310.73 339.47 1.1536 | 0.040642 309.95 338.40 1.1389
110 0059880 320.63 350.57 1.1971 | 0.049458 319.91 349.59 1.1803 | 0.042010 319.19 348.60 1.1658
120 0.061687 329.89 360.73 1.2233 | 0.050997 329.23 359.82 1.2067 | 0.043358 328.55 358.90 1.1924
130 0.063479 339.29 371.03 1.2491 | 0.052519 338.67 370.18 1.2327 | 0.044688 338.04 369.32 1.2186
140 0.065256 348.83 381.46 1.2747 | 0.054027 348.25 380.66 1.2584 | 0.046004 347.66 379.86 1.2444
150 0.067021 358.51 392.02 1.2999 | 0.055522 357.96 391.27 1.2838 | 0.047306 357.41 390.52 1.2699
160  0.068775 368.33 402.72 1.3249 | 0.057006 367.81 402.01 1.3088 | 0.048597 367.29 401.31 1.2951
P = 0.80 MPa (T, = 31.31°C) P = 0.90 MPa (T,, = 35.51°C) P = 1.00 MPa (T, = 39.37°C)
Sat.  0.025621 246.79 267.29 0.9183 | 0.022683 248.85 269.26 0.9169 | 0.020313 250.68 270.99 0.9156
40  0.027035 254.82 276.45 0.9480 | 0.023375 253.13 274.17 0.9327 | 0.020406 251.30 271.71 0.9179
50  0.028547 263.86 286.69 0.9802 | 0.024809 262.44 284.77 0.9660 | 0.021796 260.94 282.74 0.9525
60  0.029973 272.83 296.81 1.0110 | 0.026146 271.60 295.13 0.9976 | 0.023068 270.32 293.38 0.9850
70  0.031340 281.81 306.88 1.0408 | 0.027413 280.72 305.39 1.0280 | 0.024261 279.59 303.85 1.0160
80  0.032659 290.84 316.97 1.0698 | 0.028630 289.86 315.63 1.0574 | 0.025398 288.86 314.25 1.0458
90  0.033941 299.95 327.10 1.0981 | 0.029806 299.06 325.89 1.0860 | 0.026492 298.15 324.64 1.0748
100  0.035193 309.15 337.30 1.1258 | 0.030951 308.34 336.19 1.1140 | 0.027552 307.51 335.06 1.1031
110  0.036420 318.45 347.59 1.1530 | 0.032068 317.70 346.56 1.1414 | 0.028584 316.94 34553 1.1308
120  0.037625 327.87 357.97 1.1798 | 0.033164 327.18 357.02 1.1684 | 0.029592 326.47 356.06 1.1580
130  0.038813 337.40 368.45 1.2061 | 0.034241 336.76 367.58 1.1949 | 0.030581 336.11 366.69 1.1846
140  0.039985 347.06 379.05 1.2321 | 0.035302 346.46 378.23 1.2210 | 0.031554 34585 377.40 1.2109
150 0.041143 356.85 389.76 1.2577 | 0.036349 356.28 389.00 1.2467 | 0.032512 355.71 388.22 1.2368
160  0.042290 366.76 400.59 1.2830 | 0.037384 366.23 399.88 112721 | 0.033457 36570 399.15 1.2623
170  0.043427 376.81 411.55 1.3080 | 0.038408 376.31 410.88 1.2972 | 0.034392 375.81 410.20 1.2875
180 0.044554 386.99 422.64 1.3327 | 0.039423 386.52 422.00 13221 | 0.035317 386.04 421.36 1.3124
P = 1.20 MPa (T, = 46.29°C) P = 1.40 MPa (T,, = 52.40°C) P = 1.60 MPa (T, = 57.88°C)
sat.  0.016715 253.81 273.87 0.9130 | 0.014107 256.37 276.12 0.9105 | 0.012123 268.47 277.86 0.9078
50 0.017201 257.63 278.27 0.9267 .
60 0.018404 267.56 289.64 0.9614 | 0.015005 264.46 285.47 0.9389 | 0012372 260.89 280.69 0.9163
70 0.019502 277.21 300.61 0.9938 | 0.016060 274.62 297.10 0.9733 | 0.013430 271.76 293.25 0.9535
80  0.020529 286.75 311.39 1.0248 | 0.017023 284.51 308.34 10056 | 0014362 282.09 305.07 0.9875
90 0021506 296.26 322,07 1.0546 | 0.017923 294.28 319.37 1.0364 | 0.015215 292.17 316.52 1.0194
100  0.022442 305.80 332.73 1.0836 | 0.018778 304.01 330.30 1.0661 | 0016014 302.14 327.76 1.0500
110 0.023348 31538 343.40 1.1118 | 0.019597 313,76 341.19 10949 | 0016773 312,07 33891 1.0795
120 0024228 32603 354,11 1.1394 | 0020388 323,55 35209 11230 | 0017500 322,02 350.02 1.1081
130 0025086 334.77 364.88 1.1664 | 00211556 33341 363.02 11504 | 0018201 33200 361.12 1.1360
140 0025927 344.61 37572 11930 | 0.021904 34334 37401 11773 | 0018882 342,05 372.26 1.1632
150 0026753 354.56 386.66 1.2192 | 0.022636 353.37 38507 1.2038 | 0019545 35217 383.44 1.1900
160 0027566 364.61 397.69 12449 | 0023355 363.51 39620 12298 | 0020194 36238 394.69 12163
170 0028367 374.78 408.82 1.2703 | 0.024061 373.75 40743 1.2554 | 0020830 372,69 406.02 1.2421
180 0029158 38508 420.07 1.2954 | 0.024757 384.10 41876 1.2807 | 0021456 383.11 417.44 1.2676




