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SECTION A 
Answer all questions 

QUESTION Al 

a. A tank containing 20 kg of water at 293.15 K (20°C) is fitted with a stirrer that delivers work to 

the water at the rate of 0.25 kW. How long does it take for the temperature of the water to rise to 

303.15 K (30°C) if no heat is lost from the water? For water, Cp = 4.18 kJ kg-1°C-1• [3] 

b. Propane gas at 1 bar and 308.15 K (35°C) is compressed to a final state of 135 bar and 468.15 

K (195°C). Estimate the molar volume of the propane in the fmal state and the enthalpy and entropy 

changes for the process. In its initial state, propane may be assumed an ideal gas. [ 1 0] 

T 
c 
_P dT= 
R 

B C D 
A+ -

2 
T0 (r + 1) + -

3 
TJ(r2 + r + 1) + 2 rT0 

To 

!J.S 

R 

T . 
cl9 dT p 

R T 
To 

A+ B T0 + 
r+1 

2 

(T- T0 ) 

r-1 

In r 
ln r 

c. Steam at 6 MPa and 500°C enters a two-stage adiabatic turbine at a rate of 15 kg/s. 10 percent 

of the steam is extracted at the end of the first stage at a pressure of 1.2 MPa for other use. The 

remainder of the steam is further expanded in the second stage and leaves the turbine at 20 kPa. 

Determine the power output of the turbine, assuming (i) the process is reversible and (ii) the turbine 

has an isentropic efficiency of 85%. [1 0] 

11 MPo 

1 
I~ ~ LPo 

d. A heat engine that pumps water out of an underground mine accepts 700 kJ of heat and produces 

250 kJ of work. How much heat does it reject, in kJ? [2] 

QUESTION A2 

ai. What are the characteristics of all heat engines? [2] 

ii. What is the Kelvin- Planck expression of the second law of thermodynamics? [2] 
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iii. Is it possible for a heat engine to operate without rejecting any waste heat to a low-temperature 

reservoir? Explain. [2] 

iv. What is the difference between a refrigerator and a heat pump? [2] 

v. What is the difference between a refrigerator and an air conditioner? [2] 

b. Detennine the COP of a refrigerator that removes heat from the food compartment at a rate of 

5040 kJ/h for each kW of power it consumes. Also, determine the rate of heat rejection to the 

outside air. [5] 

c. A gas-turbine engine with a compression ratio of Ps/PA = 6 operates with air entering the 

compressor at 298.15 K. if the maximum permissible temperature in the turbine is 1033.15 K, 

detennine: 

i. The efficiency, 11 of the ideal air cycle for the conditions ify = 1.14. [2] 

ii. The thermal efficiency of an air cycle for the given conditions if the compressor and turbine 

operate adiabatically but irreversibly with efficiencies llc = 0.83 and llt = 0.86 [8] 

(y-1)/Y 

SECTION B 

Answer any 2 questions 

QUESTION Bl 

a. A 40 kg steel casting of Cp = 0.5 kJ/kg at a temperature of 450°C is quenched in 150 kg of oil 

of Cp = 2.5 kJ/kg at 25°C. If there are no heat losses, what is the change in entropy of; 

(i) the casting, (ii) the oil, and (iii) both condensed together? [7] 

b. i. What is throttling? Define the 1 oule-Thomson Coefficient. [3] 

ii. Given that Jl = 1.1 1 K atm- l for carbon dioxide, calculate the value of its isothern1al Joule­

Thomson coefficient. Calculate the energy that must be supplied as heat to maintain constant 
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temperature when 12 mol of C02 flows through a throttle in an isothermal Joule-Thomson 

experiment and the pressure drop is 55 atm. [ 5] 

c. Steam enters an adiabatic nozzle at 2 MPa and 350°C with a velocity of 55 m/s and exits at 0.8 

MPa and 390 m/s. If the nozzle has an inlet area of 7.5 cm2, determine 

i. the exit temperature and (ii) the rate of entropy generation for this process. [ 10] 

QUESTION B2 

a. Steam generated in a power plant at a pressure of 8 600 kPa and a temperature of 773.15 K is 

fed to a turbine of rated capacity 56 400 kW. Exhaust from the turbine enters a condenser at 10 

kPa, where it is condensed to a saturated liquid, which is then pumped into a boiler. 

i. What is the thermal efficiency of a Rankine cycle operating at these conditions? [6] 

ii. What is the thermal efficiency of a practical cycle operating at these conditions if the turbine 

efficiency and pump efficiency are both 0.75? [5] 

iii. If the rating of the power cycle is 80 000 KW, what is the steam rate, and what are the heat 

transfer rates in the boiler and condenser? [ 6] 

b. A 1.5 m3 tank contains 500 kg of liquid water in equilibrium with pure water vapour which fills 

the remainder of the tank. The temperature and pressure are 373.15 K and 101.33 kPa. From a 

water line at a constant temperature of 342. 15 K and a constant pressure somewhat above 101 .33 

kPa, 750 kg of liquid is bled into the tank. If the temperature and pressure in the tank are not to 

change as a result of the process, how much energy as heat must be transferred to the tank? [8] 

QUESTION B3 

a. Water at 301 .15 K flows in a straight horizontal pipe in which there is no exchange of either 

heat or work with the surroundings. Its velocity is 14 m s-1 in a pipe with an internal diameter of 

2.5 em until it flows into a section where the pipe diameter abruptly increases. 

i. What is the temperature change of the water if the downstream diameter is 3.8 em? [5] 

ii. If it is 7.5 em, What is the maximum temperature change for an enlargement in the pipe? [3] 
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b. Natural gas (which is assumed as pure CH4) is liquefied in a Claude process. Compression is at 

60 bar and precooling is to 300 K. The expander and throttle exhaust to a pressure of 1 bar. Recycle 

methane at this pressure leaves the exchanger system (point 15, Figure QB2a) at 295 K. Assume 

no heat leaks into the system from the surroundings, an expander efficiency of 75%, and an 

expander exhaust of saturated vapour. For a draw-off to the expander of 25% of the methane 

entering the exchanger system (x = 0.25), 

i) What fraction, z of CH4 is liquefi ed? [8] 

ii) What is the temperature of the high pressure stream entering the throttle valve? [9] 

The data of CH4 are given in the Tables at the end of the Question paper. 
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Figure QB2a: Claude liquefaction process 
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TABLE 2-281 Saturated M ethane • 

TK 
' 

P. har er. m1/k~ c m 1/k<r 
~· ... "!· kjlkg h~. kJikg !.J· kjl(k~· K) s~. kjl(kg- K) c11. kj/(kg K) J.li. 1 o • r JoS k1. \V/(m· K ) 

90.7' 0. 117 2.215.-3 3.976 2 16.4 759.9 4.23 L 10.225 3.:2~S :2.0:2 0 'H,') 

95 0. 19'> 2.2+l.-3 2.46.'3 232.5 769.0 4.-106 10.03-1 3.315 1.71 0.215 
100 0.3-~ :) ,,- ., 3 -·- ' .-. 1.419 :!-16.3 116.9 -1 .:5.56 9 .86:2 3.369 1.56 0.206 
105 0 .. '56.5 2.3 16.- 3 0.940 263.2 78.5.1 -1.719 9.7 10 3.42.5 1.3.'3 0.191 
11 0 o.sq._1 2.3..5.'3. -3 0.62.'5 2'>0.1 79-1.5 -1.8&2 9.5.5'i 3.47 1.22 O. IS9 

115 1.32.'5 2.300.-3 0.-130 297.7 802 .. ') .'5.03.'5 9.436 3 .. '525 1.09 0. 18 1 
120 1.9 19 2.-13S.-3 0.300 31-5.3 SlOA 5. I 9.3 14 3.570 0.9S 0. 173 
1:25 2.693 ·) -1 '>- 3 - · '.- 0.223 3.'33.5 17.3 5.332 9.06:2 3.620 0.%1 0.155 
130 3 .6'> I 2.536.- 3 0. 167 3..5 1.7 82-4. 1 5.-176 S.S IO 3.679 0. <;I 0.158 
135 -1.912 :2.59-t.-3 O. l:l/ 370.6 829 .• '5 5 .61-1 8. 71 3.755 0.13 0.150 

1-10 6.-1:2:2 2.6.'52.-3 0.09 3'>9.5 S3-I.S 5.751 .932 J .S-19 0 .00 O. l-l-3 
1-15 S.2-16 :2.7:22.-3 0.077 -109.5 S-1-1.-1 5.~<;5 s. 9 1 3.96.5 0.61 0.136 
150 10..4 I ·) 79·> - 3 - · -· 0.061 -129.-1 S53.9 6.019 .S-19 -1.101 0.56 0.129 
15.'5 1:2.97 2.832.-3 0.0-19 4.50.') S-48.5 6. 151 .7~ 4 .,-·- 1 0 .. '51 0. 122 
160 15.9-1 2.971.-3 0.039 -172. 1 S-13.0 6.2&3 .601 -1 .-17 0.-16 0.1 15 

165 19.39 3.09,'5.-3 0.032 -195.4 S-10.0 6.-l 17 8.5 13 -1.75 0.42 0. 1 OS 
170 23.8 1 3.2 18.-3 0.0:26 5 1 • . 6 837.0 6.551 .-124 5. 16 0.3S 0.10 I 
175 :27.6 1 3.-1 19.- 3 0.0:20 5-1.'5.S :27.6 6.697 8.315 5.59 0.3-1 0.09-1 
180 3:2.S6 3.619.-3 0.016 572.9 1 .1 6.8-13 s. "().'5 7.21 0.30 o.oss 
1<)5 3<).59 3.979.- 3 0.0 I :2 605.-1 797.7 7.017 S.0-19 I I. I 0.25 0.055 

190 -t-.5.20 -1 .900.-3 0.00'> 661.6 7.50. 7 7.293 - - 6) I . i :... 70. 0.19 0.090 
190.6< 4-5.99 6.233.-3 0.006 70.1.-l 70-1.-1 7.5 16 7.516 00 0.17 00 

-\·alues reproduced or c:onverted from Goodwin. ~ BS Tech. Note 553. 197-1 . t =triple point; c =cri tical point. The notation 2.:215.- 3 signifies 2.215 x 10 . 

Page 6 of 7 

TCE 2104 CHEMICAL ENGINEERING THERMODYNAMICS lA 



I 

• .. 
I .. 

TABLE 2-282 Superheated Methane· 

Tl.'mpemhtrt•, K 

P. bar 100 !50 I ::wo 2.50 300 350 400 450 :soo 
0 O.D0-2:2S 0.7661 1.0'299 1.2915 1.55"21 l.Sl:22 2.0119 2.3669 2.5911 

I h :UG..I l-.19.0 9'>-1.3 1090.-1 1199.'> 131-l.b l-137..1 1:>6'>.5 I 70'l.9 
s -1.555 10.152 I 0.7~1 11.230 11.6-29 I 1.9')3 12.310 12.6 1 s 12.91-1 

c 0.002:2.'> 0. 1434 0 :!000 0.:1~9 0.30<;.1 0.3611 0.4136 0.40.~1 0.~1'>1 

5 ,, 2-17 ,(} b65.0 076. 1 I OS-1.7 .119.'5..5 1311.5 1-134.7 1566.6 1706.9 
s -1 .~ 9.:2.'56 9.'>96 10.3'>1 10.7&5 11.1-12 11.·17 I I I. 78 I 12.000 

c O.OO:N7 O.<XHJ 0 ()lJ6'> 0.12S4 0. 1 ~2'> 0.179'> 0.2063 0.:1121 0.:1590 
10 , 2-t7.'i S-13.6 {)6.').5 1077.9 11 90.6 1307.9 143:2.0 1-'56-1. I 17().'}.3 

~ -1 .5-19 8 - 9-
• I ' 9 .'50 I 10 DO-l 10.-11-1 10.775 11.1 06 I 1.4 17 11.715 

1,; 0.00227 0 ()():7--. _ r f O.O+tti 0.0006 0.0751 0.0591 0. 10'21 0 1162 0.129() 
20 , 2·19.·1 -129.8 !-.1-11 .9 1063.6 11 Fl0.7 1300.6 1-126.5 1-~.3 1702.1 

~ -1 .5-1.2 G.00'3 9 0.59 9.603 !O.Cl30 10..!00 10.736 11.0.50 11.3-19 

c 0.00:226 0.0027-1 0 tH /{1 0.0'.1'> 1 0.0.'363 0.1)-J.J<; 00510 O.O:S79 O.O&I'i 
40 h 2.'52.5 -130.8 ., -g " l . . .) 1032.9 11 60."5 12.86.0 1415.7 I 5-52. I 1600.0 

s 4 . .'52'> .'5.973 'i 40.~ 9.13:5 9.621 10.00'> 1 0.3.~ 10.674 10.97& 

0 O.OO'J26 0.0027 1 0 .00615 0.0173 0.0'2.'34 0.0'.287 0.0338 0.03'>6 0.0-132 
60 , :1.'5-5.7 -13.2.2 734.0 ~J9.8 1140.0 1271.7 14~.1 15-t-1 .2 1690.0 

s 4 . .'51~ .'5.9-16 7 .6:1'3 'l. ').t 7 9.3.59 9.76.'5 I 0.121 I 0 ·1·10 I 0.1:56 

0 0.00'2:1'5 0.00'20.'> 0 .00-1 11 0.01 19 0.0 171 0.0'2 13 0.02.52 0.02.'>9 0.0324 
so ,, 2.'58.9 -133.8 600 .. '5 OCl-1..1 I 11 9.7 12.'57.7 139-1.9 1536.6 16~ .-1 

~ 4.50"1 .'5.9'20 7 209 'lA'590 9. 1.5'> 9.5S.J 9.951 10.2')3 10..595 

0 0.00·)0,.1 0.00200 0.00'375 o.oos.ss 0.0 133 0.0109 0.0201 0.0231 0.0'200 
100 " 262. 1 -13,'),.'5 0+1.5 9'28.~ 1099.6 12+1.2 135.'5.2 1.'529.-1 1679.0 

t -I ..IS9 5.S97 7090 -~ 'i.991 9.-137 9.8 l-1 10 1:5.3 10.-169 

t: 0.002:11 0.002fi I 0 .00.137 0.~ O.OO'l52 0.0 II I 0.0 13-1 0.0 1:5.5 0.017:5 
1.'50 " :,-o ·7 -. ·- 4-10.7 (1.10.:2 1i60.0 I 05-t . I 1:213. 1 IJ62.S 1.'51 3.0 166i.O 

5 .j . -~-~·; 5.54-3 o9.'30 1.9.'53 5.66-1 9.15.'5 9S>.5 9 .907 I 0..:23.3 

v 0.00121 0.002.'56 0 00:1 11> 0.00-14 7 0.()06.14 O.OOS3i 0.0 101 0.011'> 0.0133 
200 " :!7 .:3 -1-16.5 026 . .') "2.~.0 1019.'> II S7.2 1343.8 I-19S.9 I (1.'56.9 

s -1 .-1:.'19 .'5. 196 0 '>29 1.719 SA26 <;,9-1-1 9.36:2 9 i2i 10.060 

c 0.00218 0.002-19 0.00:296 0.00369 0.00.174 0.~93 0.0070S 0.00'> 18 O,()()IJ:!-1 
300 II 29-1.7 -1.'59.6 6:29.2 '>0-1.4 9'>2.9 11.'53.6 1316.'> I-I "i <, .• '5 1642.2 

' -1 .373 .~ 71-t llf)(.)() 7.471 5.122 S.G-19 9.0S.'5 9 40.'5 9}>1 I 

v 0.002·1-t 0.00:2'>2 0.00336 0.00-106 0.004&6 0.00569 0 ()().56() 0.00729 
-100 h 473.S 6.17.7 SQ-2-1 970.1 1137.5 1303.0 1467.1 163-1.7 

' 5.6-1,5 6.5'>') 7.323 i .9l'5 'l.-1.51 ~.sro 9.2-<,0 9.633 

c 000239 0.()():21:2 0.003 1.'5 0.0036.~ 0.00-I!Y.> 0.00-19:2 0.00~ 0.00616 
:500 II ·IS'l.'> 04'>.9 '>07.7 969.0 1132 . ., l297.S l-164.2 1633:2 

~ .'5.&'H 6 .. '507 7.21.'5 - SO:) 
I. - '>.307 '>. 7 +S 9. 139 9.-196 

. · convcrlcd and rounded ofT from tlw l!thlcs of CocKh\in. :-JBS Tech. Note 65-1, 191-1. o = spcciflc \'Oiume. mVk~: h = sp<.'ciflc l.'nthalpy. kJik~: s = Sp<.'ciflc entropy. 
kj/\kg-K). 

For a tlwnn<K~· uarnic di.tgr.uu fmm 0 I lo -100 h.1r and 6:20"C. ~ t lw 1993 AS II ItA E 1-larulbook-1-'mulmllmlal~ ( I C'CI.). 
Saturation and superheat tahlt's und a clurtto 6000 psi a. O.'>O' f appear in Stewart . n. B .. H. T. Jacobsen. et al .. TIIC'nnod~namtc Propcrtu:. ofiicfrtgcranh. AS II HA E. 

Atl,mta. C A 19'>6 (521 pp. ). For ~pecilk ht•at, thernldl condm:ti\oity. allll \'iS<.'OSil)'. see '11u:ntwphy~k·tlf Proper/ It.'s of llrjrlf!.cranLS. AS II RAE. 1993. SC'C' also F ri(•tu.l. 
D. C , J. F'. E~. et o~l..j P111jS. Cltet1L Hef /)lila. I'>. 2 t l9'>9l :}~63<;. 

(END OF QUESTION PAPER) 
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