National Exams May 2018
04-Agric-A3, Heat Engineering

3 hours duration

NOTES:

1. If doubt exists as to the interpretation of any question, the candidate is urged
to submit with the answer paper, a clear statement of any assumptions made.

2. This is an OPEN BOOK EXAM.
Any non-communicating calculator is permitted.

3. Four (4) questions constitute a complete exam paper.
The first four questions as they appear in the answer book will be marked.

4. Each question is of equal value.

5. All questions require calculation.
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Problem 1 (25 points)

Refrigerant 134a is the working fluid in an ideal vapor-compression refrigeration
cycle that communicates thermally with a cold region at 0°C and a warm region at
26°C. Saturated vapor enters the compressor at 0°C and saturated liquid leaves the
condenser at 26°C. The mass flow rate of the refrigerant is 0.08 kg/s. Determine (a)
the compressor power, in kW, (b) the coefficient of performance,
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Problem 2 (25 points)

The heat flux, q, is 6000 W/m? at the surface of an electrical heater. The heater
temperature is 120°C when it is cooled by air at 70°C. What is the average
convective heat transfer coefficient,h? What will the heater temperature be if
the power is reduced so that q is 2000 W/m??
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Problem 3 (25 points)

Air at 27°C blows over a flat surface with a sharp leading edge at 1.5 m/s.
Find the boundary layer thickness 0.5 m from the leading edge.

The dynamic and kinematic viscosities are p=1.853x107 kg/m.s and
v=1.566x10" m?/s.

Table 6.1 Exact velocity profile in the boundary layer on a flat
surface with no pressure gradient

YU/ VX U U VX[ VU
n fn) S (n) nf =12 S
0.00 0.00000 0.00000 0.00000 0.33206
0.20 0.00664 0.06641 0.00332 0.33199
0.40 0.02656 0.13277 0.01322 0.33147
0.60 0.05974 0.19894 0.02981 0.33008
0.80 0.10611 0.26471 0.05283 0.32739
1.00 0.16557 0.32979 0.08211 0.32301
2.00 0.65003 0.62977 0.30476 0.26675
3.00 1.39682 0.84605 0.57067 0.16136
4.00 2.30576 0.95552 0.75816 0.06424
4.918 3.20169 0.95000 0.83344 0.01837
6.00 4.27964 0.99898 0.85712 0.00240
8.00 6.27923 1.00000~ (.86039 0.00001
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Problem 4 (25 points)

A heater (h) as shown below radiates to the partially conical shield(s) that
surrounds it. If the heater and shield are black, calculate the net heat transfer
from the heater to the shield. Boltzmann constant ¢ =5.67x10® W/m?* K.

‘-—. 20cm ‘——1

.f'; T~ Shield (s}, open at
the top, at Ts = 100°C

Heater (h) at Ty, = 1200°C
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Equation

Configuration
L. et X = 38 T = 5 eI
: i’ 7|_f Let X = a/c and Y = b/c. Then
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2 Let H = h/f and W = w/{. Then:
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Let Ry =7 /k, Re =r2/h, and X = 1+ (1 +R3) /R}. Then:

Fra =[x - a0

Concentric spheres:
Fooy = (nir2)%,  Fan=1-(ri/r)?

Fr =1,
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R-134a

Temp.

°C

—40
-36
-32
-28
-26

24
-22
20
-1y
-16
=12
-8
—4
0

4

8
12
16
20
24

26
28
30
32
3
36
38
40
42
44

48
52
56
60

70
80
90
100

Tables In Sl Units

Properties of Saturaled Refrigerant 134a (Liquid-Vapor): Temperature Table

Press.
bar

0.5164
0.6332
0.7704
0.9305
1.0199

1.1160
1.2192
1.3299
1.4483
1.5748

1.8540
21704
2.5274
29282
3.3765

3.8756
44794
5.0416
5.7160
6.4566

6.8530
7.2675
7.7006
§.1528
8.6247

9.1168

9.6298
10.164
10.720
11.299

12.526
13.851
15.278
16.813

21.162
26.324
32435
39.742

Specilic Volume

mkg

Sat.
Liquid
v s 107

0.7055
0.7113
0772
0.7233
0.7265

0.7296
0.7328
0.7361
0.7395
0.7428

0.7498
0.7569
0.7644
0.7721
0.7801

0.7884
0.7971
0.8062
0.8157
0.8257

0.8309
0.8362
0.8417
0.8473
0.8530

0.8590
0.8651
0.8714
0.8780
0.8847

0.8989
0.9142
0.9308
0.9488

1.0027
1.0766
1.1949
[.5443

Sat.
Vapor

l)g

0.3569
0.2947
0.2451
0.2052
0.1882

0.1728
0.1590
0.1464
0.1350
0.1247

0.1068
0.0919
0.0794
0.0689
0,0600

0.0525
0.0460
0.0405
0.0353
0.0317

0,0298
0.0281
0.0265
0.0250
0.0236

0.0223
0.0210
0.0199
0.0188
0.0177

0.0159
0.0142
0.0127
0.0114

0.0086
0.0064
0.0046
0.0027

Internal Energy

RIkg
Sat. Sat.
Liquid Vapor
1 ",
—0.04 20445
4.68 200.73
2.47 209.01
14.31 211.29
1675 21243
19.21 213.57
21.68 21470
24,17 215.84
26.67 216.97
29.18 218.10
34,25 220.36
39.38 222.60
44,56 | 224.84
49.79 227.06
55.08 229.27
60.43 231 .46
65.83 233.63
71.29 235.78
76.80 237.91
82.37 240.01
85.18 241.05
88.00 | 242.08
90.84 243.10
93,70 244.12
96.58 245.12
99.47 24611
102.38 247.09
105.30 | 248.06
108.25 249.02
111.22 | 249,96
117.22 | 251.79
123.31 253.55
129.51 255.23
135.82 256.81
152,22 260.15
169.88 26214
189.82 | 261.34
218.60 248.49

Sat.
Liquid
e

0.00
4.73
9.52
14.37
16.82

19.29
2177
24.26
26,77
29,30

34.39
39.54
44.75
50.02
55.35

60.73
66,18
71.69
77.26
82.90

85.75
88.61
9149
94.39
97.31

100.25
103.21
106.19
109.19
11222

11835
124.58
130.93
13742

154.34
17271
193.69
224.74

Enthalpy
kl/kg

Evap.
hyg

222.88
220.67
218.37
216.01
214.80

213.57
21232
211.05
200.76
208.45

205.77
203.00
200.15
197.21
194.19

191.07
[87.85
184.52
181.09
177.55

175.73
173.89
172,00
170.09
168.14

166.15
164.12
162.05
159.94
15779

153.33
[48.66
143.75
138.57

124.08
106.41
82.63
3440

Sat
Vapor
by

222.88
22540
221.90
230.38
231.62

232.85
234.08
23531
23653
237.74

240.15
242.54
244.90
247.23
249.53

251.80
254.03
256.22
258.36
26045

261.48
262.50
263.50
264.48
26545

26640
267.33
268.24
209.14
270.01

271.68
273.24
274.68
27599

27843
279.12
27632
259.13

Entropy
kl/kg - K
Sat. Sat.
Liquid Vapuot
8 S

0.0000 | 0.9560
0.0201 | 0.9506
0.0401 0.9456
0.0600 | 0.9411
0.0699 | 0.9390
0.0798 | 0.9370
0.0897 | 0.9351
0.0996 | 0.9332
0.1094 | 09315
0.1192 | 09298
0.1388 | 0.9267
0.1583 | 0.9239
0.1777 | 09213
0.1970 | 09190
0.2162 | 0.9169
0.2354 | 09150
0.2545 | 09132
0.2735 | 09116
0.2924 | 09102
03113 | 0.9089
0.3208 | 0.9082
03302 | 0.9076
0.3396 | 0.9070
03490 | 0.9064
0.3584 | 0.9058
0.3678 | 0.9053
0.3772 | 0.9047
0.3866 | 0.9041
0.3960 | 0.9035
0.4054 | 09030
0.4243 | 0.9017
0.4432 | 0.9004
04622 | 0.8990
04814 | 0.8973
0.5302 | 0.8918
0.5814 | 0.8827
0.6380 | 0.8655
07196 | 08117

Temp.

~40
-36
-32
-26

—1

8
12
16
20
24

26
28
30
32
3

36
33
40
42
44

48
52
560
60
70
80
90
100

Source: Tables A-10 through A-12 aee calculated based ou equations from D, P. Wilson and R. S, Basu, “Thennodynamic Properties ol a New

Strutospherically Safe Working Fluid -—Refrigerant 134a." ASHRAE Trans,, Vol. 94, Pt. 2, 1988. pp. 2005-2118.
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