ROSE-HUUWNAN Institute of Technology
Department of Mechanical Engineeting

ME 301 Thermodynamics 11

Example

An (almost) ideal Rankine cycle is modified to include reheat and
regeneration using an open feedwater heater. The mass flow rate of
steam through the boiler is 1.25 kg/s. The boiler operates at 10
MPa, the open feedwater heater operates at 6 MPa, and the
condenser operates at 10 kPa. The water enters both pumps as a
saturated liquid. The temperature of the steam entering both
turbines is 700°C.

a) Sketch the cycle on a 1= diagram. \.
b) Find the power or heat transfer rate in/out of each device.

(Hint: Start with an analysis of the open feedwater heater.) ©
c) Find the cycle efficiency. (Hint: Careful with W and Qu vs.

Wi and Gan.)

(3) ‘\

T

CONS, £ MASS
_.éc i) ® 1 ”’:’W - zmaur
dt

O

-
JR 2
i
3

~ (1)




CONS, f ENERGY
d -" 5 y T . €
JEC e %ﬂﬁ.-‘ﬂé/ﬂw + Z rlhe.) -ZmM Ehs
o (=] a3 .

-2

O= Mciﬁs) + /)4.‘1(,%?) o r;,a('ﬁg,) c2)

\-’-'3/\:3

l—-S.

v’
hox HF  x=0) = __1213

En )

s A as ) 7 | Ce e K3/
Lol s adeal Sl NGl leq- K

’ﬁs'ﬂ' /7(%”)/9-"0-;)’ 197. D Kl/eq
a,~a A=0) = D, 439 KT/mj.lc;

(1) 2 C2) GWE m, = 0.983[ K3/S

n»'?,= 03069 Kqls
CONTINUE w/ CoNS.  ENERGY # PROPERTY RELAT ONS
Fop. BACH COMPOMENT AROUMD COvCLE. RESULTS FouLpwd.




Given

Pecnda = 10 [kPa]
Puoii = 10000 [kPa]
Preneat = 6000 [kPa]
T3 = 700

ms = 1.25 [kg/s]

Pump 1 energy

Wi = mg - [hy — hy]

hy = h['Steam',P =Pgpea ,x=0]
sy = s['Steam',P =Prepeat , X =0 ]
h, = h['Steam',P =Ppy ,s =51 ]
Boiler energy

Qg = mg - [hs - hz]

hs

h ['Steam' , T=T3, P =Py |

S3 s ['Steam' , T=T3,P =Py |
HP Turbine energy

WHPT = r;TB ' [h3 - h4]

hy, = h['Steam',P =Peneat ,S =53 |
Reheater energy

éreheat = rhc ’ [hs - h4]

hs = h['Steam' ,T=Ts3,P =Preneat |

LP turbine energy

WLPT = T;TC : [hs - hs]

S5 s ['Steam’' , T=T;3, P =Proheat |

he

h ['Steam' , P =Pgong , S =85 |
Condensor energy

éc = f.nc ) [he - h7]

h; = h['Steam' ,P =P ,x=0]

Pump 2 energy



S7

hs

Wp,2 = r;]C : [hs - h7]

s ['Steam' , P =Pona , x=0 ]

h ['Steam’ , P =Preheat , S =S7 ]

Open feedwater heater

Mass

0 = mg +mg — Mg

Energy

0 =mg-hy +mg - hg — mg - hy

Cycle efficiency. Notice that we use power and rate of heat tranfer (big W and Q, not little w and q) because the mass flow rates

are different through different components.

WHPT + WLPT - V.Vp,1 - Wp,z

1 éB + C.)reheat
SOLUTION

Unit Settings: SI C kPa kJ mass deg
n =0.4581

h2 =1219 [kJ/kg]

hs =3658 [kJ/kg]

he =2352 [kJ/kg]

hs =197.9 [kJ/kg]

ms = 1.25 [kg/s]
Pboil = 10000 [kPa]
Preheat = 6000 [kPa]

Qc = 1908 [kW]

s1 = 3.027 [kJ/kg-K]
s5 = 7.423 [kJ/kg-K]
Ts =700 [C]
Wipt = 1361 [KW]
Wp2 =5.338 [kW]

No unit problems were detected.

h1 =1213 [kJ/kg]
hs =3869 [kJ/kg]

hs =3894 [kJ/kg]

h7 =191.8 [kJ/kg]
mo = 0.3669 [kg/s]
mc =0.8831 [kg/s]
Pcond = 10 [kPa]

Qs = 3313 [kW]
Qreheat = 208.2 [kW]
3= 7.167 [kJ/kg-K]
s7=0.6493 [kJ/kg-K]
WHPT = 263.9 [KW]
Wp1 = 6.579 [kW]
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