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Thermodynamics | Class 2010-1 Final Exam 2

2. An air standard Otto engine has a compression ratio of 9.0. The state of air at the
beginning of the compression process is 80 kPa and 30°C. The heat input during the
heat addition process is 1,000 kJ/kg. Calculates by using constant specific heats at 900
K, determine

(a) Write the name of the 4 processes (1 mark)
(b) draw the P-v and T-s diagram, (2 mark)
(c) the amount of heat rejected per cycle, (3 mark)
(d) the net work per cycle, (1 mark)
(e) the thermal efficiency and (1 mark)
(f) the mean effective pressure. (2 mark)

myhanfifuszun Seudevunzazen (1 mark)

Process Process hame P-v diagram T-s diagram

1-2 | Isentropic Compression |

2-3 Constant VVolume Heat Addition

3-4 Isentropic Expansion

4-1 Constant Volume Heat Rejection

Solution
Assumption: Air Standard Otto cycle, constant sp.ht.at 900K
Given: P,=80 kPa, T1=30°C, r,=9; gn = 1,000 kJ/kg

Constants:  Table A-1: R = 0.287 kJ/kgK; Table A-2(b): C, = 0.834 kJ/kgK, k = 1.344
therefore:  k-1=0.344; r,6Y=21294 and r*=19.1647
Process 1-2 Isentropic Expansion Pv¥ = const. and Tv¥! = const.

P, =Py = (80kPa)(9.0)M34 = 1,533.2 kPa

T, =T,r&? = (303K)(9.0)003* = 6452 K
Process 2-3 Constant Volume Heat Addition

aH =203 =U3- U = Cu(T3-Ty)

T3 =T, +,03/Cy = (645.2)K + (1,000kJ/kg)/ (0.834kJ/kgK) = 1,844.3 K
Process 3-4 Isentropic Expansion Pv* = const. and TV = const.

T, =TyJr,*Y = (K)/(9.0)*34 = 866.1 K

Process 4-1 Constant VVolume Heat Rejection

Wi =Cy(Ti-Ta) = (0.834kI/kgK)(303 — 866.1)K -469.6 ki/kg
(c) The amount of heat rejected per cycle, q. = |401= 469.6 kJ/kg Answer
(d) The net work per cycle, Wnet= gu-qu = (1,000 - 469.6)kd/kg = 530.4 kJ/kg Answer
(e) TheThermal Efficiency, N = Wpe/Qn * 100%
(530.4 kJ/kg)/(1,000kd/kg)*100 = 53.04 % Answer
(f) Mean effective pressure, MEP = Whye (V1 -V2)

vi = RT1/P; = 1.08701 m%/kg, therefore, v, = vi/r, = 0.12078 m%kg

MEP = (530.4 kJ/kg)/( 1.08701- 0.12078) m*/kg = 548.9 kPa Answer

Somwmads Pripremv
10 September 2010




Thermodynamics | Class 2010-1 Final Exam 3

3. An air standard Brayton cycle has a pressure ratio of 14. The air at the compressor
inlet is at 27 °C and 100 kPa. The temperature at the turbine inlet is 1200 K.
Calculates by using constant specific heats at 900 K, Determine

(a) Write the name of the 4 processes (1 mark) Gin
(b) draw the P-v and T-s diagram, (2 mark)
(c) the net work, (4 mark)
(d) the heat input, (2 mark)
(e) the cycle thermal efficiency. (1 mark)

Heat
Exchanger

mahnuiiduszun Seudesnazazern (2 mark) @
Jout
Process Process name P-v diagram T-s diagram
1.2 | Isentropic Compressio Rl
P 2 3 pressure ratio, P

= P./P,
2-3 Constant pressure heat added

3-4 Isentropic expansion

4-1 Constant pressure heat rejection | » ’ g

1
5575, S

v, (A v V 5175,

Solution
Assumption: Air Standard Brayton cycle, constant sp.ht. at 900K
Given: P,=100 kPa, T1=27°C, r,=14; T3=1,200K

Constants:  Table A-1: R = 0.287 kJ/kgK; Table A-2(b): C, = 1.121 kJ/kgK, k = 1.344
therefore:  (k-1)/k = 0.2560; and r,*“* = 1.9650

Process 1-2 Isentropic Compression T/P &% = const  (determine T,)
T, =Tyxr,&k= 300K * 1.9650 = 589.5 K

Process 3-4 Isentropic Expansion T/p &V =const  (determine Ts)
T, =Tar,®Vk = 1200K / 1.9650 = 610.7 K

To determine wc: CV compressor : (2

1% Law: Open System, SSSF,q=0 > q+h; =w+hy
W = h]_ - h2 = Cp(Tl - T2)

1.005kJ/kgK(300-589.5)K =  -324.5 kilkg @_'[

W, |w] = 324.5 kJ/kg

To determine we: CV Turbine : 1% Law: Open System, SSSF, q=0-> q+hz=w +hy
® w = hg-hy = Cp(Ts-Ta)

M 1.121kJ/kgK(1200-610.7)K = 660.6 ki/kg
" Wi = |w| 660.6 kJ/kg
@

(c) Net work, Whpet = Wi - We = (660.6 — 324.5)kJ/kg = 336.1 kJ/kg Answer
(d) the heat input, gn: CV. HE +q : 1st Law: Open System, SSSF, w=0-> q+h,=w + h3

q = h3 - hz = Cp(T3 - Tz)
© = 1.121kJ/kgK(1200-589.5)K = 684.4 kJ/kg

heat input, qu = |q = 684.4 kJ/kg Answer
(e) TheThermal Efficiency, Nth = Wne/Qu * 100%

Sommai Priprem = (336.1 kJ/kg/684.4kJ/kg)*100 = 49.11 % Answer
14 September 2010
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5. An ideal vapor compression refrigeration cycle that uses R-12 as its
working fluid maintains a condenser at 1000 kPa and the evaporator at 4
°C.

Determine:

a) Draw T-s diagram of this refrigeration cycle and label all
parameters: Q, W, P, T and directions of refrigerant flow with
respect to the saturation line.

b) The quality of the refrigerant at the evaporator inlet.

c) The cooling capacity.

d) The COP of this refrigerator.

Compressor | -




Solution:

a) T-s diagram

+ ( 1 T
3 2
Compressor | [ W,
4 1
Ev
Q
T,=T1=4°C

P4=P1=?

P; =P, =1000 kPa
T3=Ty= ?

Step 1 — 2 is Isentropic : S3 =S4
Step 3 -4 is Isenthalpic : hy = hy



b) Quality of refrigerant

h; =y @ioooea =76.26 kI /kg
Table A-11

hgeawc =149.47  kJ/kg

ht @ac =39.76  kJ /kg

Isenthalpic h,=h,
T,=4°C

h4 = hf @ 4°C + X(hfg@4°C)

_ h4 - hf @4°C
hfg@4°C
. 16.23-39.76

149.47

=0.244

c) The cooling capacity

QL:hl_hA

Table A-11
h =Ny gsc =189.23  kJ/kg

Q,=h —h, =189.23-76.26
Q =112.97  kJ/kg



d) The COP of this refrigerator.

COP, = V(\?/—L
in

W.

in

=h, —h,
Isentropic compression:s, =S,

S; =Sg@ec =0.6946  kJ/kg.K
Table A-11

P, =1000kPa

s, =0.6946  kJ/kg.K
Table A-13

T, =50°C

h, =210.32  kJ/kg

W, =h, —h, =210.32-189.23
W, =21.09  kJ/kg

cop, = Q 11297
W, 2109

n

COP, =5.36




