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Exercises of today
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Divide in groups of 5:

• you will solve the exercises in group 

• we will correct them together at the board

5.1 Pressurizer in PWR

5.2 Power of a PWR main circulation pump

5.3 Energy balance on condenser

LWR PLANTS



A typical PWR plant
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https://www.energyencyclopedia.com/en/free-downloads/online-3d/npp-pwr-1


1. Pressurizer in PWR
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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 T0=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 p0=1bar and an initial 
temperature T0=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 p0=1bar 
and an initial temperature T0=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) 𝛥𝑃 = 52𝑏𝑎𝑟𝑠 (c) 𝛥𝑃 = 0.012𝑏𝑎𝑟𝑠 
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▪ Given 𝑣 as specific volume, i.e. 𝑣 =
𝑉

𝑀
=

1

𝜌
[𝑚3/𝑘𝑔]

▪ Definition of isobaric thermal expansion

𝛽 =
1

𝑣

𝜕𝑣

𝜕𝑇
𝑝

= −
1

𝜌

𝜕𝜌

𝜕𝑇
𝑝

▪ Definition of isothermal compressibility

𝑘 = −
1

𝑣

𝜕𝑣

𝜕𝑝
𝑇

=
1

𝜌

𝜕𝜌

𝜕𝑝
𝑇

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

1. Pressurizer in PWR
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▪ What kind of transformation is (a)?

ISOBARIC 𝛽 =
1

𝑣

𝜕𝑣

𝜕𝑇 𝑝
= −

1

𝜌

𝜕𝜌

𝜕𝑇 𝑝

𝛽 = 4.57e − 4 𝐾−1 at 1bar and 50C for water

▪ Then 𝛥𝑉 = 𝑉0𝛽𝛥𝑇 and 
𝛥𝑉

𝐴
= 𝛥ℎ =

𝑉0

𝐴
𝛽𝛥𝑇 and finally 

𝛥ℎ

ℎ0
= 𝛽𝛥𝑇 = 0.00285

1. Pressurizer in PWR
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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 T0=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 p0=1bar and an initial 
temperature T0=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 p0=1bar 
and an initial temperature T0=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) 𝛥𝑃 = 52𝑏𝑎𝑟𝑠 (c) 𝛥𝑃 = 0.012𝑏𝑎𝑟𝑠 

 



▪ What kind of transformation is (b)?

ISOCHORE

𝜅 = 0.44𝑒 − 6 𝑃𝑎−1 at 1bar and 50C for water

▪ 𝑑𝑣 = ቚ
𝜕𝑣

𝜕𝑇 𝑃
𝑑𝑇 + ቚ

𝜕𝑣

𝜕𝑝 𝑇
𝑑𝑝 = 𝑣𝛽𝛥𝑇 − 𝑣𝜅𝛥𝑝

▪ V is constant so 𝛥𝑣 = 𝑉0 𝛽𝛥𝑇 − 𝜅𝛥𝑝 = 0

▪ 𝛥𝑝 = 𝛽
𝛥𝑇

𝜅
= 52𝑏𝑎𝑟𝑠!
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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 T0=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 p0=1bar and an initial 
temperature T0=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 p0=1bar 
and an initial temperature T0=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) 𝛥𝑃 = 52𝑏𝑎𝑟𝑠 (c) 𝛥𝑃 = 0.012𝑏𝑎𝑟𝑠 

 



▪ What kind of transformation is (c)?

ISOCHORE

for steam at 150 C, 𝛽 = 2452.4𝑒 − 6 𝐾−1 and 𝜅 = 10086𝑒 − 6 𝑃𝑎−1

▪ 𝛥𝑝 = 𝛽
𝛥𝑇

𝜅
= 0.012𝑏𝑎𝑟𝑠
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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 T0=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 p0=1bar and an initial 
temperature T0=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 p0=1bar 
and an initial temperature T0=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) 𝛥𝑃 = 52𝑏𝑎𝑟𝑠 (c) 𝛥𝑃 = 0.012𝑏𝑎𝑟𝑠 

 



▪ What kind of transformation is more representative of a pressurizer?

(C)

▪ So 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.

𝛥𝑝 = 𝛽
𝛥𝑇

𝜅
= 0.012𝑏𝑎𝑟𝑠
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2. Power of a PWR main circulation pump
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2. Power of a PWR main circulation pump
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Exercise description:  

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%. 

12

How much of the electrical output of a PWR is needed for the recirculation pumps?



▪ Given 𝑃𝑡ℎ = 3817 𝑀𝑊, 𝑃𝑒𝑙 = 1300 𝑀𝑊, 𝑇𝑖𝑛 = 290°𝐶, 𝑇𝑜𝑢𝑡 = 320°𝐶

▪ 𝑁𝑙𝑜𝑜𝑝 = 4, 𝑐𝑝 = 4.1 × 103
𝑘𝐽

𝑘𝑔⋅𝐾

▪ The mechanical power of the pump 

𝑃𝑚,𝑝𝑢𝑚𝑝 = 𝜂 𝑃𝑒,𝑝𝑢𝑚𝑝 =
ሶ𝑚

𝜌
𝜌𝑔Δ𝐻 + ΔPp

▪ We can compute the core flowrate as follows

ሶ𝑚𝑐𝑜𝑟𝑒 =
𝑃𝑡ℎ
𝑐𝑝Δ𝑇

= 31000 𝑘𝑔/𝑠

ሶ𝑚𝑙𝑜𝑜𝑝 =
ሶ𝑚𝑐𝑜𝑟𝑒

𝑁𝑙𝑜𝑜𝑝
= 7758 𝑘𝑔/𝑠

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

𝑃𝑒,𝑝𝑢𝑚𝑝 =
ሶ𝑚𝑙𝑜𝑜𝑝ΔPp

𝜂𝜌
= 7.76 𝑀𝑊

▪ In total, the 4 circulation pumps require 2% of the electrical power of a PWR (i.e. 31 MW).

2. Power of a PWR main circulation pump
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Gravitational pressure change is zero in this case



3. Energy balance on condenser
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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. 

 
 

𝑸𝒊𝒏

𝑸𝒊𝒏

𝑸𝒐𝒖𝒕

𝑾



3. Energy balance on condenser
E

x
e
rc

is
e
 S

e
s
s
io

n
 5

15

E
x
e
rc

is
e
 S

e
s
s
io

n
 5



▪ Given 𝑃𝑒𝑙 = 900 𝑀𝑊𝑒, 𝜂𝑝𝑙𝑎𝑛𝑡 = 30% , 𝜂𝑐𝑦𝑐𝑙𝑒 = 30%, 𝑐𝑝 = 4.2 × 103
𝑘𝐽

𝑘𝑔⋅𝐾
, Δ𝑇 = 10 K

▪ We can compute the thermal power of the reactor:

𝑃𝑡ℎ = 𝑃𝑒𝑙/𝜂𝑝𝑙𝑎𝑛𝑡

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

efficiency as follows. 𝑄𝐻 is the thermal power of the reactor (= 𝑃𝑡ℎ), 𝑄𝐶 is the power dumped in 

the condenser.

𝜂𝑐𝑦𝑐𝑙𝑒 =
𝑊

𝑄𝐻
=
𝑄𝐻 − 𝑄𝐶

𝑄𝐻
= 1 − 𝑸𝑪/𝑄𝐻

▪ 𝑸𝒄 is the energy dumped in the condenser, 70% of the reactor power

ሶ𝑚𝑠𝑒𝑐 =
𝑃𝑡ℎ ∗ (1 − 𝜂𝑐𝑦𝑐𝑙𝑒)

𝑐𝑝Δ𝑇
= 50000 𝑘𝑔/𝑠

3. Energy balance on condenser
E

x
e
rc

is
e
 S

e
s
s
io

n
 5

E
x
e
rc

is
e
 S

e
s
s
io

n
 5

16


	Slide 1: Physics of Nuclear Reactors
	Slide 2: Exercises of today
	Slide 3: A typical PWR plant
	Slide 4: 1. Pressurizer in PWR 
	Slide 5: 1. Pressurizer in PWR 
	Slide 6: 1. Pressurizer in PWR 
	Slide 7: 1. Pressurizer in PWR 
	Slide 8: 1. Pressurizer in PWR 
	Slide 9: 1. Pressurizer in PWR 
	Slide 10: 1. Pressurizer in PWR  
	Slide 11: 2. Power of a PWR main circulation pump
	Slide 12: 2. Power of a PWR main circulation pump
	Slide 13: 2. Power of a PWR main circulation pump
	Slide 14: 3. Energy balance on condenser
	Slide 15: 3. Energy balance on condenser
	Slide 16: 3. Energy balance on condenser

