Thermodynamics (ES 340) Final Exam June 18, 2004

Name:

Answer ONLY two of the following problems. Good Luck!

Problem 1 (25 points)

h3=1855.5 kJ/kg
w=1373.24 kl/kg
h4=895.11 kJ/kg
u4=646.8 kl/kg
h1=295.17 kJ/kg
u1=210.49 kJ/kg

1=V3/V2=2

r=V1/V2=15.5
T1=295 K
Pi= 1 bar = 10° N/m?
Vi=0.02 m’

Vv

In the air-standard Diesel cycle above, the compression ratio is r = —-= 15.5, the cutoff ratio is rc
2

¥ 2, and the initial (state 1) temperature, pressure and volume are T1= 295 K, p1=1 bar and
2

V1=0.02 m’. Additional specific enthalpy and specific heat data are provided above (note that not all
this data is needed to answer the questions below).

(a) (8 points) Assuming process 1-2 is isentropic, find the temperature at state 2 using
(1) air tables
(i1) isentropic process relations

(b) (7 points) Compute the heat added to the system.

(c) (7 points) What is the net work of the cycle?

(d) (3 points) Find the thermal efficiency of the cycle.

Problem 2 (25 points)
A solar driven Rankine-cycle, power plant uses water as the working fluid. During daytime
operation, the turbine inlet state is 100°C at 50kPa. The air cooled condenser operates at a pressure
of 5 kPa. The pump is assumed to be isentropic and the turbine has an efficiency of 0.80. The work
output is 75kW when the solar collector input is 650W/ m”. The water leaves the condenser as a
saturated liquid.

a) (10 points) Determine the thermal efficiency of the cycle.

b) (6 points) Determine the mass flow rate of the working fluid, [kg/s].

¢) (6 points) Determine the required collector surface area, [m?].

d) (3 points) Give three thermodynamic advantages and disadvantages of this type of

system.
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Problem 3 (25 points)
A vortex tube is a steady-state device that splits a high pressure gas stream into two streams, one

warm and one cool. During a test, air entered the tube at 19.3°C and 0.52MPa. The warm air left the
tube at 26.5°C and the cool air left at —21.8°C. Both exit streams were at 0.10135MPa. The ratio of
the mass flow rate of the warm air to that of the cool air was 5.39. There was no work transfer. The
temperature of the surroundings was 20°C. Is this process viable? (Hint: does the process violate the
second law) Assume air is an ideal gas with Cp = 1.005 kJ/kg - K.
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Problem 1

Solution:
.. . : Va W _
a) If the process is isentropic, then Eq. 6.44 applies and —=— = = =i
Vr2 V? 2
1% :
From the supplied table at 295 K, v,; = 647.9,s0 v,, = i 611—7: =41.8, s0
r 5.5

from the supplied table, T, = 840 K.

b) In the Diesel cycle, heat is added during the constant pressure process 2-3.
From the first law, AU = O -, but since work is being done at constant

3
pressure, WV, = Ipa’V = p(V3 —1/2)= m-p(v3 —Vg)

So 0,, = m(u3 —ug)+m-p(v3 —Vg_]z m[(n3 +pv3)—(u2 +pv2)], buth=u+pv
by definition, so

0,; = 1:1(1;3 —h, )

From the ideal gas equation of state,
N Y \
(1.»:105 —,)(o.ozmﬂ
= )24 _ m-
RT 3
8314 T Noosk)
2897 kg-K

Therefore O, = 0,, = 0.0236k2(1855.5—866.08 )/ / kg = 23.35k]

=0.0236k¢g

¢) The net work of any cycle is equal to the net heat transfer, so
W =0 — O = Ors — 0,y . From a first law analysis with no work, since

process 4-1 is at constant volume, Q,, = m(;u —u,).
Therefore W, = 23.35kJ —0.0236kg(646.48 — 210.49)kJ / kg = 13.06k]

cycle

Woee 13.06

= =0.559 =55.9%
0, 2335

d) The thermal efficiency of the cycle is 7 =



Problem 2.
Check to see 15 state point 2s 18 inside the dome. We know that

83, = 8 = T.06947 EJ/kg - K

and at a pressure of & kFPa the entropy of the saturated vapour is 85 = 8.3951 kJ/kg- K.

Therefore state point 2= 15 mside the dome.

We can find the quality of state point 22 as follows:

s sf(l —x) + 85 -
7.6947 = 0.4764(1 — =) + 8.3951=x

Therefore @ = 0.912.
The enthalpy at 25 1= given as

hge = 137.82(1 — 0.912) + 2561.5 - (0.912) = 2348.2 kJ/ kg

We can now find the enthalpy at state point 2 using the isentropic efficiency
turhine.
_ hy—hy  2682.5 — hy
" hy— hy, 26825 — 23482

0.8

Therefore he = 2415.1 kJ /kg.

Part a)
FPerforming an energy balance over the turbine we get
1—,1 =hy — hy = 206825 — 2415.1 = 267.4 kJ ko
The work input to the pump s
The waork input of the pump can be determined as

1 kJfm?
1 kPa

W,
P wa(Py— P3) = (0.001005% m? /kg){50 — 5) kPa

0.045 kJ/kg
Therefore
hye = 137.87 kJ/kg
The heat input at the collector is given as
Qac

— = hy — hy, = 26825 — 137.87 = 2644.63 kJ /kag
Tit

The first. law efficiency 15 given as

W/ — Wy /v 267.4 — 0.045
_ = = 0.105
Qae,/ 110 2544.63

'I‘h =

of the



Part b)
The mass flow rate of the working fluid 15 given as

W, 75 W
T Wi 2674 kJ (kg

T = 0.28 kg /=

Part ¢) The required collector area is

ti X Quefmin _ 0.28 kg /s x 2544.63 kJ/kg

— 2
% 0.65 kW, m? = 10961 m

Aac =

Part d)

Advantages include:

1. low cost source of energy input

2. low operating temperatures, especially at the collector, mean heat is transferred across
a. small AT and therefore the production of entropy is low

3. since heat losses in the system are proportional to whe, AT, the low AT between the
system and the surroundings means heat losses are low (but this is offset somewhat by
the high o, of water)

Disadvantages include:
1. day time operation only, means restricted operation

2. the low efficiency of the energy conversion process means a large surface area of col-
lectors is required to give a moderate ensrgy output at the turbine

3. the low systemn operating pressure (less than the ambient) means that every device in
the system must be sealed very tight to prevent air entrainment and loss of efficiency

T,
4. sinee 5o 1 — T_L the small temperature difference betwesn the collectors and the

H
condenser means the efficiency will never be high



Problem 3.

Since we do not know the actual mass flow rate, we need to find the relative flow rates
normalized with respect to the total mass flow rate in the system. Therefore, from a mass
halance we can write

i1 = ritz + rha
or normalized with respect to ity

'il‘i"ti 'I"F'Lg 'il‘i"tg 1

'il’i"ti 'I"F't-i 'il’i"ti

But we know that mg = 5.39 meg, therefore

e TR
Tty 6.39
g 1
vy, 639

Given the normalized mass flow rates, we can now set up an energy balance over the
vortex tube to determine the heat transfer to or from the tube. If we assume the heat
transfer is out of the tube we get

{j‘:ﬁt1-h1—ﬁ13-h:—ﬁta-ha

of normalized with respect to ey

Q Tig

g
— = M ——xha—— ¥ hg
w4 Ty Ty
= h h+—1 h —1 h
- TR g3 30 ¢

1
— (hy — hy) — ——(hy — h
(hy = ha) = g=g(ha = ha)

1
= Cp[Ti C Tg::l C mﬂp[Tg C T:g::l

— 1005 — (19.3 — 26.5) o — L (1.008 2T ((—21.8) — 26.5) °C
kg - =C 6.39 kg - °C

= 0.361 kJ /kg

Now that we know we have heat transfer out of the vortex tube, we can set up an entropy
halance equation.

iy sy + P, = ritgsy + 1igsy + —
Ty

Apain we can normalize with respect to riey.



P, Ty T Q /1y
= —&+—=—5+
iy ity

rhi i Tl:l
1 1 Q7
= sp———s+—s3— 8 +
T 6a0 T ea0 YT
1 €} fring
= —8) — — =)+
(s2—81) — Gggloa— )+ —¢

Since we know

83— 8 = oOp ]n[ng-’Ti] — R I.lll:ngu‘er_:]

kJ kJ
= 1.005 In(299.65/292.45) — 0,286 In(0.10135/0.52)
kg K kg - K
— 0.492
kg K

gz — a3 = opln(Te/Th) — Rin( P/ Fs)
= 1.005 i (299.65/251.35) — 0.286

In(0.10135,/0,10135)

1
kg K kg - K

Therefore the entropy production can be written as

Pe _ p.a02 &7 U oapr BT 0361RIRg ) g *T

Yy kg-K  6.39 "kg-K ' 20315 K

Since production of entropy is positive, the second law is not violated and the process is
possible.



