NATIONAL EXAMINATIONS DECEMBER 2019

16—Mec-Al Applied Thermodynamics and Heat Transfer

3 Hours Duration

Notes :

If doubt exists concerning the interpretation of any guestion, the
candidate is urged to make assumptions and clearly explain what has
been assumed along with the answer to the question.

The examination is open book. As a consequence, candidates are
permitted to make use of any textbooks, references or notes.

Any non-communicating calculator is permitted. However, candidates
must indicate the type of calculator(s) that they have used by
writing the name and model designation of the calculator(s) on the
inside of the cover of the first examination book.

It is expected that each candidate will have copies of both a
thermodynamics text and a heat transfer text in order to make use
of the information presented in the tables and graphs contained.

The answers to five questions, gither three questions from Part A
and two questions from Part B or two questions from Part A and
three questions from Part B, comprise a complete examination.

Candidates must indicate the answers that they wish to have graded
on the cover of the first examination book. Otherwise the answers
will be graded in the order in which they appear in the examination
book(s) up to a maximum of three answers per section .

The answer to any question carries the same value in the grading .
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PART A — TEERHODYH‘AE[CS

i(a) A cylinder filled with 50 gnm of air at 1 atmosphere pressure
and a temperature of 20°C 1is adiabatically put irreversibly

established, the final temperature is found to be 320 C-. Determine

pv = constant gescribing the jrreversible compression process ? Plot
the reversible and _u':reVersible processes on p—Vv and T-s diagramsS-

(b) & refrigeration unit,whose‘VOlumg is 0.050 o is evacuated and
then slowly charged with Freon 12. The effect of different charging
processes are to be considered. The temperature of the refriqeration
unit may be assumed to be 50°C for each of the questions posed below.

what would the mass of the Freon 12 in the refrigeration unit be
if the system pressure were 250 kPa [4

Wwhat would the mase of the Freon 12 in the refrigeration unit be
if it were filled with saturated Freon 12 7

what would the mass fractions of vapour and 1liquid in the
refrigeration unit be if it contained 5.0 kg of Freon 12

How much heat would have to be removed if the 5.0 kg of Freon 12
in the refrigeration anit entered at 0.60 MPa and 30°C ?

. saturated water at 300 kPa enters
a flash chamnbeX at the rate of 100

kg/s- gaturated liguid at 150 kPa
exits from the bpbottom of the flash

gtate operation:, negligible heat
+ransfer with the surroundings and
insignificant kinetic and potential
energy effects;, determine the power
produced by the turbine. gketch the
processes On a Ts diagranl-
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3. An air compressor having a 75 1B pore and 100 mn stroke operates
at 800 revolutions per ninute. The compressor receives air at
atmospheric pressure and & temperature of 27°C and delivers it at
a pressure of 412 kPa. The yolumetric efficiency of the compressor
is 80%. aAssuming the thermal officiency of the compression process
to be 90%, determine the power required to drive the compyessor .«

4. A vapour-compression system.having Freon 12 as the working fluid
is to be used aS a heat pump to extract 23.5 kw from the ambient
air outside a house at 2 temperature of 0°C in order to transfer
it to the air circulating inside of the house at 25°C. There is a
difference of 10C petween the evaporator temperature and the
outside air temperature as well as @ difference of 7.5 C between
the condenser temperature and the jnside air temperature. ror the
purposes of the analysis, assume that the wvapour entering the
compressor is saturated, that the efficiency of the compression
process is 88% and that the 1igquid at the jnlet of the expansion

valve is saturated. petermine the coefficient of performance and

the saving to be realized from the use of the heat pump if
electricity is available at 4.5 cents per kilowatt hour.

PART B — HEAT TRANSFER

5. An evacuated thick walled cylindrical tube 2 CH inside diameter
by 5 cm outside diameter surrounds 2 concentrically jocated high
temperature radiant heater W ich produces 2 10° W/m? heat flux at
the inner surface. The'temperature of the outer surface of the tube,
which is cooled by 2 flowing f£luid at 300 K, is 633 K. The thermal
conductivity of the tube material is 2.2 W/m’C. petermine

(a) The rate of heat transfer per unit length of cylindrical tube.
(b) The neat transfer coefficient at the outer surface of the tube.
(c) The temperature of the inneXx surface of the cylindical tube.
prove that the temperature of the inner gurface of the cylindrical
tube would decrease if 1 cm of material with thermal conductivity
k=05 Ww/m C were applied at the outer surface of the tube.

6. Heat is generated in a 75 mm diameter cylindrical electrical
conductor made of a material having & thermal conductivity of 70
W/m"C which is 1ocated in 2 fluid having & tegperature of 27°C. The
surface heat transfer coefficient is 568 W/m? C and the tenperature
pust not exceed 540°C anywhere in the cylinder.

(a) petermine the waximum heat generation rate per unit length.

(b) petermine the surface temperature under thesé conditions.
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7. During aluminum arc welding, molten metal droplets are ejected.
wWnile some of these droplets might be hot enough to ignite and
purn, most droplets simply cool down. Suppose that a particular
molten droplet has 2 diameter D = 0.5 mm, an jnitial temperature
T, = 1700 K and an jnitial velocity V = 1 m/S. Determine the rate
at which it cools in air at T. = 300 K due to the 1oss of heat by
convection and radiation. The properties of the molten droplet are
estimated to be p = 2100 kg/m’, C = 1100 J/kgK and € = 0.20.

g. Hot 0il ( & = 5200 J/%g°C ) is to be cooled py water ( & = 4180
J/kg’C ) in a 2 shell-pass 12 tube—pass heat exchanger. The tubes
are thin walled and made of coppeTr with internal diameter of
1.8 cm. The 1ength of each tube pass in the heat exchanger is 3 m
and the overall heat transfer coefficient is 340 W/m?°C. The water
flows through the tubes at 0.1 kg/s and the oil flows through the
<hell at 0.2 kg/s- The water and the oil enter at 18°C and 160°C
respectively. Determine the rate of heat transfer and the
temperatures at which the water and the oil exit the heat exchanger .

The End
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Temp. v & T2 N "8 J & s
< - kg ygng KAgK mikg yhg gk w'fkg yng kikgk
0.05 MFPa . 000 MPa 0.16 MP2

—200 0341857 181042 0912  0.167701 170861 0.7401 .

—100 0856227 186757 oslss  0.175222 185707 07628 0114716 184619 07818

00 0SWS0B 192567 08350 0.182647 191622 07849  0.119 866 190.660 0.7543
100 038£716 198471 08562 0.189994 197628 08064 0.124932 196.962  0.7763
200 -0.S98865 204469 08770 0197277 208707 08275 Q.I29930 202227 01977
300 0412959 210557 08974 0204506 209.866 08482 0154878  203.160 0.8186
400 0427012 2U6YSS Q9175 0211691 2AGI04  0.8684 0139763 215463 08390
500 0441080 222997 09872 0218839 222421 0.8883 0144625 221835  0.8591
600 0455017 229844 09565 0.295955 228815 0.9078 0.140 450 208877  0.8787
700 0458 978 8574 09755 0283 044 285285 09269 0.154 247 234789  0.8980
800 0482917 242.282 09942 0240 111 241829 09457 0159020 241371 0.9169
000 0496838 248.868 1.01% 0247159 248446 09642 0165 774 248020 09354

0.20 MPa ) 0.25 MPa 0.30 MPa

00 0083608 189.669 07320 0069752 188644 07183 0057150 181683 0.6984
100 0092550 195878 04548  0.073024 194969 078366  0.059 964 1940548  0.7216
200 0096418 202156 7760  0.076 218 201322 0.7587  0.062 734 200490  0.7440
500 0100228 208446 07972 0079350 - 207.715 07801  0.065 418 206969 -0.7658
400 0103989 2ULSM Q8178  0.087 431 214158. 08010  0.068 049 218480  0.7869

. 500 0107710 221.243 08381  0.085470 $30642 08214 0070635 220030 08075
600 OlI1%97 (227785 08578 0.088474 297185 O84S 0078185 296627 08276
700 OHS055 284201 o872 0091448 38985 08608 0075 705 298975 0547
800 O©.I1I2630 240910 08062 0.094398 40448 0.8800 0.078200 239971 08665 -
900 0122304 247593 09129 0.097327° 247160 08987  0.080 673 246725 08855
1000 O.I2590F 254339 noss2 _ 0300238 258936 09171 0085 127 253530  0.90%8
1100 - 01¥3488  261.147 09512 ~ 0.103134 260.770 09352  0.085 566 260.301 _  0.9220

040 MPa o - 0,50 MP2 ? 0.50 MPa

20.0 004583  198.762 0035646 196935 0.6939

212095
500 0052072 218779

0.76%9
0.7849
0.8054
200 00s50M4 232380 0.8253
800 0057941 239012 Mm 0045374 238031 08275 0087653 257,027 08129
0.8825
0.9187
0.9364

1000 0061751 252707
1100 0UG3G00  259.624
1206 .0.065455 266.590
1300 0.067298 273605

500 00W100 24745 0378 0024068 218290 O.7248

700 0030632 228951 07799  0.026380 207766  0.7682
200 0081843 235997 08002 0.0%7477 234941 (.7888
900 0035027 243,066 08lgy 00285485 242101 0.8088
1000 0034189 250.146 Q8392 0.029588 240260 08283
1100 0U35352 257247 08579 00350612 %6428 0B4T2
1200 0096458 264374 08763 0081619 268618  0.8657
270820 0.8838

0.9016

0.9189

L
i

1300 008757 %71.581 gpo4s 0032612

1500 009764 25946 00202 0084563 285320
' 100MPa ) 1.20°'MPa e : 149 MPa

T

600 0019410 217810 07254 0016463 2W4B05 07060. 0012579 211457 Q687
700 009397 225319 07476 0016368 222687 07298 . 0013448  219.822 071238
80.0. Q02841 252739 07689 - 0017221 230398 07514 0014247 ~ 77891 0.7355

900 0022251 240101 ° 07895 0018052 237.995 07727 0014997 ;E766 0.71575
1000 0028133 247430 08094 0013812 245518 07981 0015710 243512 0.7785
1100 0023938 254743 08287 0.019567 252938 05129 0016893 251170 0.7988
1200 00M 835 262058 08475 0020301 260441 08820 0.01705% 258.770 0.8183
1500 005661 269.369 08659 0021018 - 267875 ©0.8507 0017635 266884 0837
1400 00474 276699 08839 -0.021721 #75307 08689 0018321 713877 - 08558
1500 - 0027275 2WAON 05015 0022412 282745 0.8867 ~ 0018934 ;Mmi411 08788
1600 0028068 201419 09187 0023093 200195 09041 0019535 288946 08914

1.60 MPa 180 MPa 2.08 MPa
700 0011208 26650 06959 218049  0.6794
200 001198 206177 QT4 0010187 202108  0.7057 0008 04 18859  0.6309
900 - 00I2 658 _ o¥4S3 0010884 280835 406 23WO056 0166
1000 0015866 241397 -0.7651 0011526 2V0.M55  O.T624 0010035 2I6.760
1100 0016000 249264 07859 0012 126  2ET.E654 9 _ 0010615 245154 0.762¢
1200 0016608 257035 08059 0012697 255228  0.704% 0011 169 263841 07835
1300 O©0I5195 264742  0.826° o018 244 263094 - 0s8l€1 001l 676 261.884
1400 QOIST65 272406  0.8440 .00ISTI? 20801 0835z Q012 172 %0827 Q8282
1500 0OI6S520 280.044 ~0.8623 0014284 2yBG42 08518 . 00IZENL 277201 08420



