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Thermodynamics and energetics I: Exercise 11

1. Rankine cycle with reheat

p [bar] T [°C] x[-] Process
1 100 480 1-2 Tishpt = 0.8
2 7 2-3 isobaric
3 7 480 3-4 Mis1pt = 0.8
4 0.06 4-5 isobaric
5 0.06 0 5-6 Mis,comp = 0.8
6 100 6-1 isobaric
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(b) specific enthalpy at each point 1 - 6.

Point 1: From CoolProp database:

Point 2: s = 51 = 6.531 kJ/(kg - K)
From CoolProp database: hog(pa, x2s) = 2685.7 kJ /kg
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hi — hs
Mis,hpt = m =0.8

hg = hl — T/is,hpt(hl - hgs) = 2813.1 kJ/kg

Point 3: From CoolProp database:
hs(Ts, p3) = 3439.3kJ /kg
s3(T5,p3) = 7.875 kJ / (kg - K)

Point 4: s, = s3 = 7.875 kJ/(kg - K)
h4s<p4, LU4S) = 2426.3 kJ/kg

‘ _ h3—hy

Tlis,Ilpt = hg _ h4s

hy = hs — Misipt (3 — has) = 2628.9 kJ /kg

Point 5: From CoolProp database:

Point 6: sg, = 55 = 0.5208 kJ/(kg K)
From CoolProp database: hgs(ps, s¢s) = 161.51 kJ/kg.

Ts,comp = ';fﬁ_ :: =038
he = hs + fos =5 _ 164,02 kJ/kg
Mis,comp
Summary:
h [kJ/kg] p [bar]

1 3323.0 100
2 2813.1 7
3 3439.3 7
4 2628.9 0.06
5 151.48 0.06
6 164.02 100

ful output
(c) Thermal efficiency has the definition: 7, = m
inpu

I
“11
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(d)

If the pump is driven by the turbine output (or the pump/compressor is on the
same shaft as the turbine which is often the case in gas cycles) - means the pump

work would be a part of the output. Then, thermal efficiency formula is:

Whpt + Wipt + Whump _ (h1 — ha) + (hg — hq) + (hs — hg) 0.345
Qin (h1 — he) + (hs — h2) .

Note that here the pump work subtracts from the turbine output (Wpyum, < 0 and

Wturbines >0 )

Then, 9w =

If the pump is driven by external electricity - which means the pump work would

be a part of the input, thermal efficiency formula is:

T = Whpt+m/lpt _ (hl _h2)+<h3_h4> — (0.348
' Qin — Woump (h1 — he) + (hg — ha) — (hs — he) .

Note that the pump work adds to the heat input (Wyymp < 0 and @y, > 0) which

is why the negative sign in the denominator

Note: Be careful of the signs. Make sure you are subtracting from the turbine
output and adding to the heat input in the two cases. If nothing is specified, both
definitions are fine unless the pump/compressor is on the same shaft as the turbine
in the question/diagram. Also, the two thermal efficiencies are very close as the

pump work is very small compared to the heat in and turbine output

Specific heat extracted during the condensation.

Qout

m

= hs — hy = —2.48 M.J/kg

2. Diesel cycle

p [bar] T [K]
1 0.95 300
2
3 72 2150
4

(a)

Draw the Diesel cycle in the p-v and T-s diagram and label the processes either

isochoric, isobaric or isentropic.
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P

a b ) b & 4
Process
1-2 isentropic
2-3 isobaric
3-4 isentropic
4-1 isochoric

(b) Compression factor

Vi
r=—
Va
Process 1-2 is isentropic: PiV] = PV,
Defining the volume ratio as the compression ratio r = %,
Py
we get: 7 = —
Py=D

Taking the }/ power of both sides, we obtain the compression ratio:

r= P,
c

Because ¢, = 25R, ¢, =c¢,+ R, v=-"L=14
1

Vi /(P> [7.2x 105\ T -—
Ty (P1> (95 X 103) (75.79)
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(c) Cutoff ratio
I E _ RT5p, _ E
© Vo RDps Tp

T2 ‘/1 i v—1
_— _— =T
T Va

Ty =T, -1 =300-22.01%*1 =1033.16 K

15 2150
== == = 2.08
T, 1033.16

Te

(d) Thermal efficiency of the cycle.
- Wnet o Q23 B Q41 o Qin
Meh = = =1-—=—
Qin Q23 Qout

Here we use:

. 11 [(r—1
Tth = yrr=t \r.—1
71 =22.01%* = 3.44
rl =2.08" =279

Substitute the values:
1 279 -1
344 1.4-(2.08—-1)
Nen = 66%

= (0.66

Nen = 1

3. Solar heat exchanger

(a)

X = — Q _ Qsola‘r - Qlost _ 0.5QS01M —05

(ideal @solar Qsolar
(b) Flow exergy between inlet and outlet neglecting kinetic and potential energy changes:
bous — bin = houws — hin — Tp - (Sout - Sin)
We use : h = CpT
The change in enthalpy is given by:
Ah = hout - hin = Cp(Tout - Ti )
Given:

C,=C,+R=25R+R=35R
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Ah =35R - (To — Tin)

dE ) . . w? . w2

dfv = Qcv — Wov + D 1y, - (hin + = gZin) = 2 Tlout - (h‘)“t = gzom)
\/—'0 0
Q =1m- (hout - hin) =0.5- Qizlar : Areceiver

5 - Qiz)llar : Areceiver
hout = hin + .
D m

in = ——— = 1.245 kg/m?

P = R, = 1200 e/

Moyt = Min = 11 = Pin * Ajn s wiyy = 0.1245 kg/s
hons = 300.209 kJ /ke

Tow = Thn + ;6 = 280 + gromaaiymss = 900.01 kJ/kg
Tout Pout
As = CplnT—in — Rln P

Assumption: No pressure loss
Pout Pll’l = In P]Sut =
Thus: As = O In 222 = (8.314/29) - 3.5) - In 25 = 0.069k.T/ (kg - K)

AB = by, — by = Ah —TyAs = Cyp(Tows — Tin) — ToAs = (8.314/29) - 3.5 - (300.01 —
280) — 280 - 0.069 = 676 J /kg

(c¢) Exergy destruction on the heat exchanger.

From an exergy balance (7, = 300 K):

T 'soar
B=[(1-22 -0.5-Q1 + Aveceiver — W + m(biy — bout) = 80.57 W
Ty A

Alternatively you can use:

. 0.5 - lear : Areceiver
B=Ty-c=1Ty | — T +m-As | =80.57TW
b

(d) Exergetic efficiency of the heat exchanger.
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When calculating the exergetic efficiency we have to analyze our system. In the

present case we have the following exergy flows:

T . solar
Exergy available: <1 — Ti) : @ Al * Apeceiver

Useful exergy: m + (bows — bin)

Exergy destroyed within the system: By

T ‘ solar
Exergy lost due to heat transfer 0.5- [ 1 — 2. (el * Areceiver
T, A
ful n - bou - bin
_ useful exergy 1+ (bout )  0.956

1—— : Areceiver
A

available exergy N To Qsolar
)



