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Thermodynamics | Class 2011-1 Final Exam 2

2. An air standard Otto cycle 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
900K, determine

(a) Write the name of the 4 processes (2 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, (2 mark)
(e) the thermal efficiency and (2 mark)
(f) the mean effective pressure. (2 mark)

mahnuiiduszun Seudesuazazern (2 mark)

Process Process hame P-v diagram T-s diagram

1-2 Isentropic Cowmpressiov

2-3 Constant Volume Heat Addition

3-4 Isentropic Expansion
4-1 Constant Volume Heat Rejection Vo=V vi=v, VY 5,5, s=s, S
Solution

Assumption: Air Standard Otto cycle, constant sp.ht.at 900K
Given: P,=80 kPa, T1=30°C, r,=9; gy =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,*Y=21294 and r,=19.1647
To determine Temperature at each state point:
Process 1-2 Isentropic Expansion of ideal gas:

Pv€=const. and Tv*!=const. therefore
TovtD = Ty vy
T2 = Tl (Vl/ Vg)(k_l) = Tl I’V(k_l)
= (303K)(9.0)** = 645.2 K

Process 2-3 Constant VVolume Heat Addition: (+qgy = 1,000 kJ/kg)
Apply 1% law for a closed system

3 = Wzt (Us-Up) where ,w; = 0 because v = constant
Therefore, g = 203 = Ug-Ux = Cu(Tz-T))
T3 = T,+,04/C,

= (645.2)K + (1,000kJ/kg)/ (0.834kJ/kgK) =1,844.3 K
Process 3-4 Isentropic Expansion of ideal gas: Pv=const. and Tv*! = const.
T, =TyJ/r*Y = (1,844.3K)/(9.00*  =866.1K
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Process 4-1 Constant Volume Heat Rejection
Apply 1% law for a closed system

At = Wu+ (Up—Uy) where ;w, = 0 because v = constant
Therefore, 401 = Cy(T1-T4) = (0.834kJ/kgK)(303 — 866.1)K= -469.6 kJ/kg
(c) The amount of heat rejected per cycle, q. = | 40| = 469.6 kd/kg Answer
(d) To determine the net work per cycle, apply 1* law for a cycle
Whet = Onet
The net work per cycle, Wpet = Qgn-0QL

= (1,000 - 469.6)kJ/kg = 530.4 kJ/kg Answer
(e) TheThermal Efficiency, N = Wpe/gn * 100%
= (530.4 kJ/kg)/(1,000kJ/kg)*100
= 53.04 % Answer
(f) Mean effective pressure, MEP = W/ (V1 - V>)
State 1: ideal gas equation: vy = RT,/P, = (0.287 kJ/kgK)(303K)/(80kPa)
= 1.08701 m*/kg

therefore, Vo =vi/r= 0.12078 m*/kg
MEP = (530.4 kJ/kg)/( 1.08701- 0.12078) m*/kg = 548.9 kPa
The Mean Effective Pressure of the cycle, MEP is 548.9 kPa Answer

Somwmadr Pripremv
13 September 2011



Thermodynamics | Class 2011-1 Final Exam 4

4) Consider a steam power plant which operates on a simple ideal Rankine cycle, as
the figure shown below. Steam enters the turbine at 4 MPa and 400°C with a mass flow
rate of 125 kg/s. After that it is cooled in the condenser at a pressure of 10 kPa. In the
given block, write the 4-processes and show the cycle on a T-s diagram with respect
to saturation lines, state any assumption made, and determine (a) the quality of the
steam at the turbine exit, (b) the net power output of the power plant in MW, (c) the
rate of heat input to the boiler in MW, and (d) the thermal efficiency of the cycle.
(10 Marks)

P, =4 MPa Processes:
T,=400°C T4
m= 125 kg/s 12
0
o W; 2-3
Qs
B, = 10 kPa 34
) AL oo
b s
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