Question No. (4) (20 Points)
Refrigerant -134a - enters the compressor of a refrigerator as super- heated vapor

at 0.14 MPa and (-10°C) at a rate of 0.12 kg/s. and it leaves at 0.7 MPa and 50°C

The refrigerant is cooled in the condenser to 24°C and 0.65 MPa. And it is

throttled to 0.15 MPa. Disregarding any heat transfer and pressure drops in the
connecting lines between the components, show the cycle on a T-s diagram with
respect to saturation lines, and determine:-
(a) The rate of heat removal from the refrigerated space and the power input to
the compressor.

(b) The adiabatic efficiency of the compressor,
(c) The COP of the refrigerator.

Question No. (5)_ _ . _ _{20 Points)

(A) Consider a simple ideal Rankine cycle with fixed turbine inlet conditions.

What is the effect of lowering the condenser pressure on;

(1) Pump work input:

(a) increases, (b) decreases, (¢) remains the same
(2) Turbine work output:

(a) increases, (b) decreases, (¢) remains the same
(3) Heat added:

(a) increases, (b) decreases, (¢) remains the same
(4) Heat rejected:

(a) increases, (b) decreases, (¢) remains the same
(3) Cycle efficiency:

(a) increases, (b) decreases, (¢) remains the same

(B) A steam power plant operates on a simple ideal Rankine cycle between the

pressure limits of 3 MPa and 50 kPa. The temperature of the steam at the
turbine inlet is 400°C. and the mass flow rate of steam through the cycle is 25
kg/s. Show the cycle on a T-S diagram with respect to saturation lines, and

determine

(a) the thermal efficiency of the cycle and
(b) The net power output of the power plant.

Good Luck
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FIGURE 8-19

P-v diagram for the Otto cycle
discussed in Example 9-2.
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An ideal Otto cycle has a compression ratioc of 8. At the beginning of the
compression process, air 18 al 100 kPa and 17°C, and 800 kJ/kg of heat Is
transferred 1o air during the constant-volume heat-addition process. Account-
ing for the variation of specific heats of air with temperature, determing
(2} the maximum temperature and pressure that occur during the cycle,
(h) the met work output, (¢} the thermal efficiency, and (d) the mean effec-

tive pressire for the cycle.

- O
The Ideal Dtto Cycle

Salutioh An ideal Otio cycle is considered. The maximum temperature and
nressure, the net work outpui, the thermal efficiency, and the mean effective

pressure are to be determined,
Assumptigns 1 The air-standard assumptions are applicable. 2 Kinelic and

potential energy changes are negligible. 3 The variation of specific heats

with temperature is to be accounted for.
Analysis The P-v diagram of the ideal Otio cycle described is shown in

Fig. 9-19. We note that the air contained in the cylinder forms a closed

systam,

() The maximum temperature and pressure in an Ctto cycle occur at the
end of the constant-velume heat-addition process (state 3). But first we need
to determine the temperature and pressure of air at the and of the isentropic

compression process (state 23, using data from Table A-1/:

T, =290K - pp= 20651 klfke
v, = 670.1

Brocess 1-2 (isentropic compression of an ideal gas):

v ¥ v, 16,

P P T U = 22 6751 _ gas1 — T, = 6524 K

1!.-"';.[ g £ r

iy, = 475.11 kl/kg
PZU_I ...... P_ll.llfl'_ iy ]f.'-" _— JH(E)(E)
T T T\
6524 K
= (104) kpﬂ)(“igﬁ_k—')[ﬂ} = 1799.7 kPa i

Process 2-3 {constant-volume heat addition):

oin T 3y T Ha
800D k]/kg iy 41511 k]fkg ’

iy = 127511 kifkg — | T3 = 1575.] K |
v, = 06.108
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(h) The net work output for the cycle is determined either by finding the
boundary (P dV) work involved in each process by integration and adding
them o by finding the net heat transfer that is equivalent to the net wor K
done during the cycle. We take the latter approach. However, first we need

to find the internal energy of the air at state 4:
Procass 3-4 (isentropic expansion of an ideal gas):
= e =y = V= U T {8)(6.108) = 48 804 — T, = 7950 K
rA 3
u, = 588.74 ki/kg

Process 4-1 (constant-volume heat rejection): ] Calerl
RO ¢ PR = T Hay —> f.lrnul = H4 - H! : t,

G = 8874 — 20691 = 381.83 ki/kg
Thus,

e = g = o — o = 800 — 38183 F 41807 ki/kg |

(¢) The thermal efficiency of the cycle is determined from its definition:
 Wha 418.17 kl/kg
T T LT 800 kI ke

Under the cold-air-standard assumptions (constant specific heat values at . o B i
room temperature), the thermal efficiency would be (Eq. 9-8) g

{0523 0 sz.a:a%] | R

L ke ) (8)1 = 0.565 or 56.5%

Yihona = P
which is considerably different from the value obtained above. Therefore, :' G L
care should be exercised in utilizing the cold-air-standard assumptions. | L
(d) The mean effective pressure is determined from its definition, Eq. S-4: . PR ,,

Wit Wt - Wt

MEDP = = =
Vi Wy UI_UI./" u|(1"1/r]

where
RT 0287 kPa-m kg - K){290 K
L = ( ks - KN - —}~={].832 m' kg

U : : - AT e i .
- : ; L e
. T S S AP

Thus, : . S
: . ik i s "“.-:}-,\w{-

418.17 ki/k — e

MR = ' - (1 S )‘\: 574 kﬂ - Rt
osotpgl —Pt T 7R o

piscussion Note that a constant pressure of 574 kPa during the power : et
stroke would produce the same net work output as the entire cycle. , SR
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dard assumptions becomes
Wiet Q'nut- T;I '— Ti ] Tj (TMETI _ ])

=:] = 1 =
Hin {in T3 — Tj I’Z’,(T?XTZ — 1)

Mo =

Processes 1-2 and 3-4 are isentropic, and v, = V3 and v, = v,. Thus,

T VO S LA T |
O e
15 Vi Va T3

Substituting these equations into the thermal efficiency relation and stmpli-
fying give |
i

Thione — 1= T (8-8}
¥
where
Vo, V vV
= nil i . _i (9_9}
Vinin Vs Vs

1s the compression ratio and £ is the specific heat ratio c,/c,

Equation 9-8 shows that under the cold-air-standard assumptions, the
thermal efficiency of an ideal Otto cycle depends on the compression ratio
of the engine and the specific heat ratio of the working fluid. The thermal
efficiency of the ideal Otto cycle increases with both the compression ratio
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al ‘gas with' constant specif ﬁnwwnﬂ at Toom -
and C, = 0.718 kI/kg K, and E ~ 1.4, The zinism
13 and the maximum pressure is Pi1. Thenm,

by E?-s\w

L = (20 kpay[1000 K)1.4/0.4 [T

L,  p

2 1352 kPa
i T P.- ~(0.,287 kJ/kg.K) ....hu.moo *Pa

..G.ommom kI/kg K
Qo = 2Ty (s, ™~ 5,) = (0.004 kg) (1000 K)(0.08205 kJ/kg.K) =~ 0.328 kj

| 300 K | X
Bep = 1 = T, = 1 - 1000 & — ua.o#_ . |
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(a) Air at mwmnm.mwmm nuu&ﬂum.uuu can be treated s -
{ ideal gas with constant mﬁmnﬁmu.n heats. Hﬁoﬂa

T, FL? B _ (300 1) (12)0-4/2-4 - wﬁ 2\

. & : T, ﬂu_ﬁ#-pu\w - (1000 K) {5 _a AT nw 3001 3 e

I.._I_.....!...... s
hy, - hy =€, (T,, - T;) = (1.005 kJ/kg.K)(610.2 - 300)K = 811.75 ﬂ._ﬁm.r

LF s L iny
il A PR .ﬂ_ u..,.
4\.\\H.M_H.rwu. ~h, =C_ (T3 - T;, )=~ (1.005 ki/kg.RK)(1000 - &491.7)K ~'-510.84 kI/kg\

d‘ﬁ\n\Wi x H.unn *Ws,c,tn ™ 510.84 - 311, u.w I__mww 09 kI -
F A

V..t _ 30,000 ki/s
~ 199.09 kl/kg

(b) m_.,MmEE..ﬂm Te = ny = 80%,

Wy ..H...ﬂ

.ﬂ....l ;e t lﬂluﬂ-nﬁn = ﬂl.-n...wu - ﬂ.hﬂ.n + I joud = h-ﬁ.uwﬂ.\an

- 0.80x510.84 - 311.75/0.80 - 18.98 kJ/kg

Wiet 30,000 kJ/s
@uﬁ.uz = 718.98 kijkg/  D°L ke/s
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(A) Consider a simple ideal Rankine cycle with fixed turbine inlet conditions.

What is the effect of lowering the condenser pressure on:
(1) Pump work E@Mﬁ ,

(a) increases, (b) decreases; (c) remains the same
(2) Turbine work output:

(a) increases, (b) decreases, (c) remains the same
(3) Heat added:

(a) increases, (b) decreases, (c) remains the same
(4) Heat rejected:

(a) increases, (b) decreases, (c) remains the same
(5) Cycle eftficiency:

(a) increases, (b) decreases, (c) remains the same

- o ) -l




: % (a) From the steam tables, ¥ B

(2

>

e

g
i

H_HI

P, = 3 MPa 1 h, = 3230.9 ki/kg
T, = 400°C | s, = 6.9212 kI/kg.K | . ]

rn @ 50 kpa = 340.49 kl/kg
vy = ¥ @50 kPa — 0.001030 n3/kg

ﬂwmwu = m.uv

(0.00103 m3/kg) (3000 - 50 kPa) F LE
3.04 kI/kg |

h, + W,

k,

,—..—_.H - ._m..—M
.W-.b_ - H.-H

,in

1 T H

- 340.49 + 3.04 = 343.53 ki/kg

S. - S, §.9212 - 1.0910 [/ .
- H.o.mmmw‘.h

F T Se, 6.5029

- h, + x.hy, = 340.49 + 0.8966x2305.4
- 2407.5 kI/kg

~ 3230.9 - 343.53 = 2887.37 kJ/kg
= 2407.5 - 340.49 = 2067.01 kJ/kg

Qin - Qous = 2887.37 - 2067.01 = 820.36 kl/kg

Jou
.ﬁ—wﬂ

1 -

L

m .ﬂunn

£ _ 1 . 2067.01
2887.73

- (25 kg/s)(820.36 kI/kg) = 20.5 MW

- 28 4%

(B) U N &l
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Answer the Following Questions

Question No. (1) (20 Points)

An ideal Otto cycle has a compression ratio of 8. At the beginning of the compression

process, the air is at 100 kpa and 17°C, and 800 kJ/ kg of heat is transferred to air
during the constant volume heat addition process. Account for the variation of
specific heats of air with temperature, Determine:-

1) The maximum temperature and pressure which occur during the cycle.

2) The net work output.

3) The thermal efficiency.

4) The mean effective pressure of the cycle.

Question No. (2) _ — —
(a) Prove that Otto efficiency = 1- (1 /(r "))

{20 Points)

(b) Draw the Carnot gas power cycle in (P-V) and (T-S) diagrams

(¢) Consider a Carnot cycle executed in a closed system with 0.004 kg of air. The
temperature limits of the cycle are 300 and 1000 K. and the minimum and
maximum pressure that occur during the cycle are 20 and 1800 kPa. Assuming

constant specific heats, determine the net work output per cycle.

Question No. (3) (20 Points)

Airs used the working fluid in a simple Brayton cycle which has a pressure ratio

12, a compressor inlet temperature of 300K, and a turbine inlet temperature of

1000 K. Determine the required mass flow rate of air for a net power output of 30

MW. Assuming both the compressor and the turbine has an isentropic efficiency

of 80 percent.

| :
“ Assume constant specific heals at room temperature
!




	0N 001
	0N 002
	0N 003
	0N 004
	0N 005
	0N 006
	0N 007
	0N 008
	0N 009
	0N 010
	0N

