NAME:
STUDENT NUMBER:

MCG2130: Thermodynamics I
Quiz 10
Instructions: 110 minutes. Closed book. Non-programmable calculators allowed. 
Use methodology shown in class for full marks.
Q1 (Short Answer) (2 marks):
(a) Write out the second law of thermodynamics for open systems and identify all of the components. 1MARK

[image: ]
(b) What is the general simplified equation for work for a reversible steady state process (such as a pump, compressor, or turbine)? 0.5 MARKS
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(c) What is the equation for work for reversible pump? 0.5 MARKS
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[bookmark: _GoBack]Q2 (2 Marks):
An industrial process requires a steady 0.75 kg/s supply of compressed air at 500 kPa at a maximum temperature of 30°C. This air is to be supplied by installing a compressor and an after cooler. Local ambient conditions are 100 kPa, 20°C. 
Using a reversible compressor, determine:
(a) The power required to drive the compressor 
(b) The rate of heat rejection in the after cooler.
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Subtract 0.5 per mistake. 

Q3 (4 marks): 
A steam power plant (shown below) has P1 = P4 = 20 kPa, T1 = 40°C and P2 = P3 = 15MPa, T3 = 600°C. 
(a) Draw a T-s diagram of the cycle.
(b) Find the specific work and exit state for the pump.
(c) Find the specific work and exit state for the turbine.
(d) Find the specific heat transfer in the boiler.
(e) Find the specific heat transfer in the condenser.  
(f) What is the cycle’s efficiency?
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Subtract 0.5 per mistake. 

Q4 (2 marks): Two flows of air are both at 200 kPa; one has 2 kg/s at 400 K, and the other has 1 kg/s at 290 K. The two flows are mixed together in an insulated box to produce a single exit flow at 200 kPa. 
(a) Find the exit temperature of the air.
(b) Find the total rate of entropy generation.
[image: ]
Subtract 0.5 per mistake. 
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Solution:

Boiler

Turbine P, =P3=15MPa
T3 =600 °C

Py =P4=20kPa
T, =40°C

State 1:  h; = 167.54 kl/kg, s,=0.5724 kJ/kgK, v, =0.001008 m¥/kg
State 3:  h3 =3582.3, 53 = 6.6775 kJ/kgK
CV: Pump
Energyeq.: O=h;+w-h, => wp=hy-h
Entropyeq.: 0=s,+0/T-s,+0 => s,=5,
State2: P,,s, TableB.1.4 h,=182.656
wp =hy - h) = 182,656 - 167.54 = 15.12 kl/kg
C.V.Turbine: wp= hy-hy ; s4=s3
Energyeq: O=h3—wp -hy => wp=hy-—hy
Entropy eq.: 0=s3+0/T—s4+0 => s4=s3
State 4: P4, s4 Table B.1.2
S4=53=6.6775=0.8319 + x4 (7.0766) => x4=0.82605
=> hy =251.38 + 0.82605 (2358.33) = 2199.5 kl/kg
wr =3582.3 -2199.5=1382.8 ki/kg
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CV: Boiler
Energyeq::  0=hy+qpoiter =Ny => dpoiter =h3 -
Entropy eq.: 0=s,+ [ dq/T - 83+ Sgen
State2: P,,s,=s; Table B.1.4 h,=182.656 ki/kg
State3:  hy=3582.3kl/kg, s3=6.6775kJ/kgK
The heat transfer in the boiler is from energy Eq.4.13
Gpoiler = N3 - hy = 3582.3 - 182.656 = 3399.6 kl/kg
CV Condenser
Energyeq.: O=hg+q -h, => gq =hy-h;
Entropy eq.: 0=s4—Jdq;/T—s, +s,
State4: P4, s4 Table B.1.2
54=53=6.6775=0.8319 + x4 (7.0766) => x4=0.82605
=> hy =251.38 + 0.82605 (2358.33) = 2199.5 kl/kg

gen

State 1:  h; = 167.54 kl/kg, s, =0.5724 kJ/kgK, v, =0.001008 m3/kg
qp =hg-h; =2199.5-167.54 = 2031.96 kl/kg
3399.6 - 2031.96

NTH = Waet/Avoiter = (boiter = 1)/ Dboiter = 33996 - 040
Boiler .
Turbine Py=P3=15MPa
T3 =600 °C
P, =P,=20kPa

T, =40°C
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Solution:
Continuity Eq.4.9: 2

my+my=my=2+1=3kg/s

Energy Eq.4.10:

myhy + myhy = mshy
Entropy Eq.7.7: rhls, + I;1252 + égen . rh353

Using constant specific heats from A.5 and Eq.6.16 for s change.

Divide the energy equation with 1;13Cp0

Ty = (my/m3)T; + (my/m3)T, = % x 400 + % x 290 =363.33 K

égen =tiy(s3-5)) + ";12(53 -$))

*[1><10041n( )+2><1004ln( )]kg/ska/kg-K

400 290

=0.356 kW/K
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Air Table A.5: R=0.287 ki/kg-K, C,=1004kI/kgK, k=14

State 1: Ty =T, =20°C, P; =P, =100kPa, m=0.5kg/s

State 2: P, = P3 =500 kPa

State 3: T3 = 30°C, P3 = 500 kPa

Compressor: Assume Isentropic (adiabatic q =0 and reversible sye; =0 ) From
entropy equation Eq.7.9 this gives constant s which is expressed for an ideal gas in
Eq.6.23

k-1
T, =T, (P,/P}) K =293.15 K (500/100)*%57 = 464.6 K

Energy Eq.4.13: qcthp=hy +wgs qc =0,

assume constant specific heat from Table A.5
we = Cp(T) — T5) = 1.004 kI/kgK (293.15 - 464.6) K = -172.0 ki/kg

We =mwe =-129 kW
Aftercooler Energy Eq.4.13: q+hy=hy+w; w=0,
assume constant specific heat

Q =g = Cy(T; - Ty) = 0.75 ke/s x1.004 kI/kg-K (303.15 - 464.6) K
= 1216 kW

-We

Compressor section Aftercooler section




