Thermodynamics
Professor Anand TN C
Department of Mechanical Engineering
Indian Institute of Technology Madras
Lecture 55
Tutorial Problem (3 Numbers).
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Steam enters an adiabatic turbine at a rate of 10 kg/s at 3.5 MPa, 350 6
“C. At a point where the steam is at 1 MPa, 250 °C, 15% of the total NPTEL
mass is extracted and used to preheat water entering a boiler. The
remainder of the steam is expanded further and exhausted from the
turbine at 30 kPa with a quality of 90%. Determine the power output

of the turbine. i
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Figure 1.
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Solution of the problem in Fig. 1:

Kk
hy 10Tg,p1 — 3.5 MPa, T, = 350 °C,

kg

mz = 0.15ﬁl1 = 1.5?,}72 = 1MPa,T2 = 250 OC,

p3; = 30 kPa,x; = 0.9

A schematic of the turbine is shown in Fig. 1.



The turbine is our control volume. The first law for a control volume,

dE

E: ch_ M/cv+2mi(hi+

N |-

= 2 . 152
V' +92;) - S (he + 30 + gZ.)...(1)
The process is adiabatic (Q = 0). We assume that the process is steady (% = 0). Since we are

not given any information regarding the velocities and heights at inlet and outlets, we will
assume that the changes in kinetic and potential energy are negligible. Hence, equation (1)

implies,

W = 1 hy — mhyhy — 1ishs....(2)

Now, 1y = mi, +1it; — 1t = 0.851 = 8.5
We will obtain values of hy, h,, h; from steam tables.

At the inlet, at 350 °C, the saturation pressure pg,:=16 MPa. Since pg,; > 3.5 MPa, the steam is

in superheated zone. From the tables for superheated steam, h; = 3104.8 :—;.

At the outlet 2, at 250 °C, ps,: = 4 MPa. Since ps,: > 1 MPa, the steam is in superheated zone.

From the tables for superheated steam, h, = 2943.1 :_;'

Atthe outlet 3, hy = [hy + x3(hy,)]

23914
30 kPa kg

(2) implies W = 10 x 3104.8 + 1.5 x 2943.1 + 8.5 x 2391 = 6.3 MW.
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®
generator, as shown in the figure. Heat losses from the turbine and T
the compressor as well as KE and PE changes can be neglected.

Determine the power available to drive the generator,
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Solution of the problem in Fig. 2:

Conditions at the inlet and the outlet of the air compressor and the turbine are shown in Fig. 1.
The control volume includes both, the air compressor and the turbine.

The first law for a control volume

dE

. . . 152 . 12
= Qey = Wy + Xy (hy +3V" + 92;) = T (he + 30" + gZe)...(1)



Heat losses from the control volume and the changes in kinetic and potential energy can be

neglected. Assume steady state conditions. Hence, equation (1) reduces to

W: Zmlhl— Zmehe

. dm . . .
For the compressor and the turbine, - = 0. The air and steam do not mix. Hence, m; . =
Theair = mair and misteam = mesteam = mSteam
Hence,

W = mair(hiair - heair) + mSteam(histeam - hesteam)' (2)

Now, at the inlet of turbine, at 10 MPa, Ty, = 300 °C. Since 500 °C > T,,¢, the state is in

lsteam

superheated zone. From the tables for superheated steam, h; = 3375.1 I’:—;.

At the exit of turbine, x, = 0.92. ke, = [y + %2(Rrg)], ) 1 po = 2416.5:—;

Assuming air an ideal gas and C, is constant, h; = C,T; and h, = C,T,. Cp = ;/—_Rl =

1.4x288

= 1008 ,(;7 (y = 1.4 assuming air to be a diatomic gas)

(2) implies W =10 x 1008 x (295 — 550) + 25(3375.1 — 2416.5) = —2570 + 23966 =
21395 kW = 21.4 MW.

The turbine produces 23966 kW of power. The compressor consumes 2570 kW. 21395 kW is

available for the generator.
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Steam enters the condenser of a steam power plant at 20 kPa, 95% with a mass flow
rate of 20,000 kg/hour. It is to be cooled by water from a nearby river by circulating NPTEL
the water through the tubes of the condenser. To prevent thermal poliution, the river
water s not allowed to experience a temperature rise above 10 *C. If the steam is to
leave the condenser as a saturated liquid at 20 kPa, determine the mass flow rate of
the cooling water required. Asmunmmmlomm«mwum
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Solution of the problem in Fig. 3:

Out control volume includes the condenser (heat exchanger). A schematic is drawn in Fig. 3. It
has two inlets (1 and 3) and two outlets (2 and 4).

T, — T; = 10 °C.
Assume that the operation is at steady state conditions. The river water and the steam do not mix.
Hence, m, = m, and m; = m,.

The first law for a control volume,

dE . H . 152 . 152
Ez ch_ Vl/cv‘l'zmi(hi-l'zvi +gzi)_2me(he +EVe +gze)---(1)
For a heat exchanger, Q., = W,, = 0. Since the operation is at steady state conditions, % =0.

Also, the changes in the kinetic and potential energy are negligible. Hence,

Zmihi - Zme hy —  thyhy +1ighy = Tinhy + 1k,

mq(hy—hq) — mass

Since, my =m, and mz =my, mz(h; —hy) =my(h; —hy) > mz= (ha—ha)

flow rate of the cooling water.



Now, hy = [hy + 21 (hyg)], ), e = 2491 1>

kJ
ha = sy ipa = 25145

k

Hence, m; = 298.3 kTg = mass flow rate of the cooling water.



