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Exercises of today

LWR PLANTS

5.1 Pressurizer in PWR

5.2 Power of a PWR main circulation pump
5.3 Energy balance on condenser

Divide in groups of 5:

you will solve the exercises in group
we will correct them together at the board
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=P7L A typical PWR plant
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https://www.energyencyclopedia.com/en/free-downloads/online-3d/npp-pwr-1
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=PrL 1, Pressurizerin PWR

Exercise description:

Using the definition of isobaric thermal expansion and isothermal compressibility, explain
why in a system completely filled with an incompressible fluid (e.g. water) subject to
temperature  variation there is a need for a pressurizer? Please use
https://link.springer.com/chapter/10.1007/978-3-662-53219-5 5 for the numerical data.

(a) A vessel having a cross-section A is filled with water at To=323K. The vessel is open. By
means of a heater, the water temperature is increased by 5K. Estimate the variation of the water
level in the vessel.

(b) A closed vessel is filled with water at an initial pressure of po=1bar and an initial
temperature To=323K. By means of a heater, the water temperature is increased by 5K. Estimate
the variation of pressure in the vessel.

(c) A closed vessel is filled with a mixture of steam and water at an initial pressure of po=1bar
and an initial temperature To=423K. By means of a heater, the water temperature is increased
by 5K. Estimate the variation of the pressure in the vessel.

Expected results: (a)0.00229 (b) AP = 52bars (¢) AP = 0.012bars
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PrL 1. Pressurizerin PWR

Exercise Session 5

STEAM GENERATOR

o]

‘ PRESSURIZER SYSTEM

Pressure in the primary circuit is maintained by a
pressurizer. The pressurizer is partially filled with water
which Is heated to the saturation temperature (boiling
point) by submerged electrical heaters for the desired
pressure.
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1. Pressurizerin PWR

. . . |74 1
* Given v as specific volume, i.e. v = — = p [m3/kg]

= Definition of isobaric thermal expansion
g = 1 (fovy  1/0dp
v \aT) ~ pl\oT
p p
= Definition of isothermal compressibility

1(617) 1<6p>
k=——|=—] =—|=—
v \dp/. p\dp/,

Let’s do the exercises first and then comment on why we need the
pressurizer.



=PrL 1, Pressurizerin PWR

= What kind of transformation is (a)?

(a) A vessel having a cross-section A is filled with water at To=323K. The vessel is open. By
means of a heater, the water temperature is increased by 5K. Estimate the variation of the water
level in the vessel.

ISOBARIC § = (g—;’,)p = —%(Z—i)p

f = 4.57e — 4 K~ at 1bar and 50C for water

= Then AV = V,BAT and % = Ah = — BAT and finally ar BAT = 0.00285
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1. Pressurizerin PWR

= What kind of transformation is (b)?

(b) A closed vessel is filled with water at an initial pressure of po=1lbar and an initial
temperature To=323K. By means of a heater, the water temperature is increased by 5K. Estimate

the variation of pressure in the vessel.

ISOCHORE
k = 0.44e — 6 Pa~! at 1bar and 50C for water

ov
dv-a—T

dv
. dT + ol dp = vpAT — vkAp

= Vis constant so Av = V,(BAT — kdp) =0
= Ap = [)’A?T = 52bars!
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=PrL 1, Pressurizerin PWR

= What kind of transformation is (c)?

(c) A closed vessel is filled with a mixture of steam and water at an initial pressure of po=1bar
and an initial temperature To=423K. By means of a heater, the water temperature is increased
by 5K. Estimate the variation of the pressure in the vessel.

ISOCHORE
for steam at 150 C, f = 2452.4e — 6 K~ and k = 10086e — 6 Pa™*

» Ap = f=- = 0.012bars
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1. Pressurizerin PWR

= What kind of transformation is more representative of a pressurizer?
(C)

= SO0 why do we need a pressurizer?

To avoid large pressure changes in the system in case of temperature

rise, a pressurizer, e.g. a closed volume connected to the primary coolant
look, is needed.

AT
Ap = ,87 = 0.012bars

=
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2. Power of a PWR main circ

MAIN CIRCULATION PUMP

Circulates the primary circuit coolant - the so-called
transport of generated heat from the reactor into the
steam generators.

- —

ulation pump
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=PrL 2. Power of a PWR main circulation pump

Exercise description:

B Exercise Session 5

Consider a typical 1300 MWe PWR at 155 bar, with thermal power of 3817 MWth, with
temperature in cold leg and hot leg of TCL = 290 oC and THL = 320 oC respectively. Knowing
that there are 4 main loops and therefore 4 main circulation pumps and considering that the

pressure drop across a loop is of 8 bar, compute the power needed to operate one main
circulation pump. Assume a pump efficiency of 80%.

\

How much of the electrical output of a PWR is needed for the recirculation pumps?
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2. Power of a PWR main circulation pump

= Given Py, = 3817 MW, P,, = 1300 MW, T;, = 290°C, T,y = 320°C

" Nipop = 4, cp = 4.1 X 103;(%

= The mechanical power of the pump ‘
m
Pm,Pump =1 Pe,pump = ; (,0 H+ APp)

Gravitational pressure change is zero in this case

= We can compute the core flowrate as follows

. Pep,
Meore = m = 31000 kg/S

p

mcore

ml;,op = m = 7758 kg/S

= We can use the loop flowrate to get the electrical power of the pump

Moo AP
Py iy = % =7.76 MW

= |n total, the 4 circulation pumps require 2% of the electrical power of a PWR (i.e. 31 MW).
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=P7- 3. Energy balance on condenser

Exercise description:

Consider a 900 MWe reactor with a Rankine cycle efficiency of about 30%. Knowing that, for
environmental reasons, the temperature increase on the secondary side of the condenser
cannot exceed 10 K, compute the mass flow-rate needed for the secondary side of the
condenser.

Generator

Condenser §*
4 )
2 1

Feed water pump ,
200 : ll: i 1 2
Steam generator or BWR 0 4
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3.En

rgy balanoe on condenser

CONDENSER

The steam from the turbine’s output is condensed inside
the condenser. The condenser is a kind of heat-exchanger.
The condensed steam is then fed through a system of
regeneration heat-exchangers back to the steam generator
(the secondary circuit is also closed). Heated cooling water
from the condenser is cooled in the cooling tower.
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3. Energy balance on condenser

Given P,; = 900 MWe, Nyiane = 30% ,Teyere = 30%, cp = 4.2 X 103%, AT = 10K

We can compute the thermal power of the reactor:

Py, = Pel/nplant

We can compute the flowrate of the secondary side, considering the definition of cycle

efficiency as follows. Qy is the thermal power of the reactor (= P;;,), Q. is the power dumped in
the condenser.

W _Qu—0Q

Neycle = Q_H On =1 - QC/QH

Q. is the energy dumped in the condenser, 70% of the reactor power

m . Pth * (1 - ncycle)
sec CpAT

= 50000 kg/s

[y
o
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