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Example 1

Determine the required mass and volume flow of cooling water for the nuclear
power plant steam generator, if the required mass flow of saturated steam of
the secondary circuit (thermal cycle) is M, = 470 t/h at pressure pp= 4.6 MPa
and feed water temperature t,, = 222 °C. Refrigerant temperatures are
t; = 301 °C and t, = 268 °C. The minimum temperature drop between heat
transfer media is t;, = 10 °C.

Example 1 - Solution

Energy balance

Saturated steam
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The feed water is first
heated to boiling point Method 1 Qw=20p
(its temperature
changes) and then ‘ M,
evaporated

(temperature does not
By Method2 INPUT = OUTPUT

refrigerant transfers its —
liquid heat. M,




Example 1 - Solution specified parameters: t;=301°C ;= 268°C

Enthalpy and specific volume
of cooling water of the / Vypocet  Body Funkce/ Rozsah

Diagram Tisk

primary circuit of a nuclear
power plant

Feedwater and saturated

steam parameters (dry steam)|

The saturated steam temperature
is determined according to the
saturated steam pressure.

Specified parameter:

x )
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objern Entropie  Entalpie
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0.00141
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Specified parameters: p, = 4,6 MPa

8709
5333
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/ Vypoéet  Body Funk}/ Rozsahy  Diagram Tisk

Suchost Tlak

pary MPa

ér. objem Entropie  Teplota
mikg  kdlkgK «c

Entalpie
kllkg

1

m

¥

Jo.04306

6.0103

258.78

2797308 |

[ Vypotet  Body Funkce Roy»/ Diagram  Tisk

0

tpy = 222°C B
" 4 Suchost  Teplota Mér./odi;/em Tlak Entropie  Entalpie
pary K _m3/kg WPa kJlkgK kJlkg
I el
1 258.87 0.04300 4807 6.0097 2797.261
‘ﬂ 222 ]000119 2409 2.5363 952.900 |
iy =1350k//kg ip =2797 k] /kg
Example 1-Solution , _ 75y o = os3 ik
* Mass flow rate of primary circuit cooling water
M, =
* Volume flow of cooling water of the primary circuit Attention, here Q,,
v, =0.00141m3/kg v, = 0.00130 m3/kg does not mean heat,

but volume flow !!!
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Example 2

* Determine the energy efficiency of the steam boiler and perform its energy
balance if it has a mass output M, = 75 t/h with steam parameters p, = 9 MPa, t,
=480 °C with steam reheating M, = 60 t/h with parameters i, = 3 420 ki/kg and
i’, = 3047 kifkg. The steam generator is of the drum type and the mass flow of
blowdown M,, = 600 kg/h at a pressure p,4 = 10 Mpa is extracted from it. The
mass flow of fuel with calorific value g, = 11 Mi/kg is M, = 22 t/h. Feedwater
temperature t,, = 225 °C.
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Example 2 - Solution

* Boiler efficiency

» Losses in the boiler represent the difference between the heat that enters the boiler in
the form of the calorific value of the fuel and the heat that is supplied to the heat
circuit and removed by blow-off and sludge. Their mutual ratio indicates the efficiency
of the boiler. Q.

Boiler energy balance

Qpat M +Qnv + Qpp = Qoa + Qa + Q'

My, to,Pa

Qpar
Gpat
pal
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Example 2 - Solution

* Boiler energy balance

Specified parameters:
« M,=75t/h p,=9 MPa, t, =480 °C
+ M, =60t/h, i,=3420ki/kg, i’, =3 047 ki/kg
+ M,y =600 kg/h, p,y =10 MPa
* Gpy =11 MI/kg, My =22 t/h
= t,=225°C

m / Vypocet  Body Funkce Rozsahy  Diagram Tisk x\

\«

Pa m3/kg pary kJlkgK kl/kg

G/ Teplota Tlak  Mér.objem Suchost  Entropie  Entalpie
fC: M

[t

[4e0 B 0.03551 1.00000 6.5933 3336.334 |\

/ Tlak

Suchost Mér.objem Teplota  Entropie  Entalpie

MPa pary m3/kg c kJlkgK kilkg
)
Mﬂ 0 0.00145 311.00 3.3603 1407.868 |
s g\
Suchost ~ Teplota Mér.objem  Tlak  Entropie Entalpie |
m pary € m3/kg WPa kikgK  kilkg
G 225 0.00120 2.549 25641 966.838

Example 2 - Solution

* Boiler energy balance
Specified parameters:

+ M, =75t/h, M, =60t/h, i, =3 420 kifkg, i’, = 3 047 ki/kg
+ M,y =600 kg/h, G,y = 11 Mi/kg, M, = 22 t/h
= Values from steam tables:

iy =3336k]/kg ipq = 1408 k] /kg iny =967 kJ kg

Me =




Example 2 - Solution

* Boiler energy balance
Specified parameters: = M, =75 t/h, M', = 60 t/h, i, = 3 420 ki/kg, i, = 3 047 ki/kg
= Myy =600 kg/h, G,y = 11 Mi/kg, My = 22 t/h
= Values from steam tables:
ip=3336kj/kg  loa =1408Kk//kg iny = 967 kJ [kg

* Heat supplied = contained in the fuel

Qa = Qpar = Mpar* Gpar
Qpar =

* Feed water heat
Qny = Myy * iny =
* Heat of superheated steam

Qp=Qa=Mp-iq=
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Example 2 - Solution

* Boiler energy balance
Specified parameters: * Mo =75 t/h, M', = 60 t/h, i, = 3 420 ki/kg, i’, = 3 047 ki/kg
= M,y =600 kg/h, Gpy = 11 Mi/kg, Mg = 22 t/h
= Values from steam tables:
i, =3336k//kg  loa =1408k]/kg iny = 967 kj [kg
* Heat needed to reheat the steam
Qup =M'p - (ip —ip )
Qup =

* Removed heat by mass flow of blowdown

Qoa = Mog " loa =

¢ Losses
Q;=Qa+ Qny = Qp — Qoa — Cmp =
Q=CQu - (1-m)=

Example 3
* Determine the mass flow of blowdown of a steam boiler with an output of
M, = 100 t/h. The permissible salt concentration in steam is a,=0 mg/kg. The
permissible concentration in the feed water is given by the value a, and the
concentration of the boiler water (i.e. the ratio of salts in the boiler water (a,) to
the ratio of salts in the feed water) is Z = 125.
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* The solution is based on the balance equation of the
Examp|e 3 5 S°|Uti°n allowed concentration of salts in the system, ie the
amount of salts inputting must be equal to the amount
of salts outputting:
Specified parameters: a M
k
* a,=0mg/kg,Z=125 Z:a—: 125 M,

n

* Salt concentration balance

My - an = My - ap + Mog - ag
Moot
a

* Mass flow of blowdown

30.06.2021

Example 4

¢ From the drum of the steam boiler, in which the pressure p, = 10 MPa, the
exhaust with the mass flow M, = 3 t/h is discharged. Exhaust heat recovery is
performed by a two-stage exhaust expander. In the first expander the pressure is
p, =5 MPa and in the second p;= 1 MPa. The permitted salt concentration in
the effluent (boiler water) is a; = 120 mg/kg. Calculate the heat and mass
balance.

Tx]

In EXPANDERS, the
water pressure
decreases,
whereby part of
the water
(blowdown)
evaporates in the
form of saturated
steam.
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Next exercise

Combined heat and power
generation — CHP (Cogeneration)
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