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Abstract — The effect of compensated feedwater (FW) pump control on a nuclear steam supply system with 
a significant reduction of baseload electricity demand as a common-cause failure could result in temperature 
elevation of the reactor coolant system and corresponding pressure increases in the pressurizer and steam 
generators above the set points. The shutting and opening of the pressure relief valve causes the fluid flow rate 
to transition from laminar to turbulence flow, where a sudden burst, chaotic movement, and inertial forces and 
weight of the fluid have the potential to cause a break in pipelines leading to a loss-of-coolant accident. This 
study employs the Fourier transform to simulate the impact of force as the power spectral density (in dBm/Hz) 
measured in 1 to 99 label harmonics over a specified time window using MATLAB/Simulink library tools. The 
experimental results show that compensated FW pump control could significantly reduce the effect of 
turbulence and reveal a perturbation settlement state prior to steady-state laminar flow.

Keywords — Nuclear steam supply system, FW pump control, water hammer, power spectral density, 
compensated drive control.  

Note — Some figures may be in color only in the electronic version. 

I. INTRODUCTION

A significant reduction of baseload electricity 
demand for domestic and industrial applications may 
cause the temperature of the reactor coolant system 
(RCS) to increase as well as corresponding pressure 
increases in the pressurizer and steam generators 
(SGs). The short fall in terms of electricity demand 

triggers the integrated plant control system of the 
nuclear steam supply system (NSSS) instrumentation 
and control (I&C) into action. Feedwater (FW) pump 
control involves the fluid flow and control signal (infor
mation flow). The two manipulated variables involved 
are (1) motor speed control and (2) the safety and 
pressure control valve since the amount of heat release 
from the nuclear chain reaction must be proportional to 
the amount of heat taken away for the production of 
electrical energy.

The main FW pump control system1 takes suction 
from the condenser (reservoir) and transfers water 
through a pressure relief valve and a network of pipelines 
to the SG. The process involves shutting and opening the 
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pressure relief valve, which causes the fluid flow rate to 
transition from laminar to turbulence flow as water ham
mer, a phenomenon in the water supply piping system.2,3

The dynamic changes in the mass flow rate, the 
pressure changes of the inflow fluid into the SG, the 
kinetic energy of the fluid, and the dynamic friction,4 

with loading on pipes,5 particularly the high-pressure 
pipes in the nuclear application,6 result in water hammer. 
In longer pipes, the effect of valve shut or open for a few 
milliseconds triggers water hammer.7 The analysis of 
turbulence flow is very complex, and the parameters 
that affect the flow regime depend on the Reynolds 
number.8

A break or leakage could result in elevated tempera
tures in the RCS of the primary cooling system.9 

Reduction of coolant flow or total loss of cooling is 
a recipe for a loss-of-coolant accident (LOCA) in the 
nuclear power plant10 (NPP). The follow-up condition 
could ignite core spraying,11 leading to emergency shut
down of the nuclear reactor. A blowdown period of 0 to 
30s due to a large break in the primary circuit must be 
expelled rapidly to avoid a worst-case scenario, a period 
that occurs between 30 and 40s following the start of 
LOCA (Ref. 12). The injection of the emergency core 
cooling system into action for a small break is determined 
by the interplay between the core power level, axial 
power shape, break size, high head safety, and the pres
sure at which injection begins. For the Westinghouse 
pressurized water reactor (PWR), a typical break should 
be between 2 to 4 in. (5.08 to 10.16 cm) (Ref. 1).

Earlier investigation of steam condensation induced 
water hammer (CIWH), performed in the PMK-2 facility 
of the full-pressure thermohydraulic model on NPP 
(Ref. 13), concluded that a water hammer pressure peak 
at a specific pressure range, where the steam bubble is 
shown to be “only formed” and shows a “nervous” shiver 
motion, is a challenge that should be addressed.

Another investigation of the steam CIWH phenom
enon of full-pressure thermodynamics of the VVER-440/ 
312 type of NPP of a scaled-down model, where the 
experimental and theoretical modes of the dynamics of 
the pressure wave propagation of the vapor void fraction 
along the pipeline “steam bubble collapse,” confirms the 
six conditions of Griffith of screening of the steam/water 
piping system.14,15

An experimental and theoretical investigation was 
conducted on multiple events of condensation of induced 
water hammer of the VVER-440/312 thermal-hydraulic 
model of the NPP, where the effect of the thermal- 
hydraulic model of water hammer on a fully powered 
NPP located in Atomic Energy Research Institute, 

Budapest, Hungary, was studied. A similar investigation 
was also conducted in the Rig of Safety Assessment 
(ROSA) facility in Japan on two-phase flow.16 The inves
tigations concluded, “full time numerical simulation of 
the ROSA could not be carried out”; however, the inves
tigations provided a clearer insight into the happenings of 
the physical phenomena. Investigation in nuclear applica
tion is vital for the purposes of safety and the likelihood 
of a major break in the piping network leading to LOCA 
(Ref. 16).

The steam CIWH phenomenon experiment of the 
VVER-440/312 NPP provided a planned large database 
of upper and lower flooding mass flow rates of different 
pipe geometries.17 The WAHA3 code describes super
sonic two-phase flow transients in pipelines, while further 
studies are required in other physical parameters, part of 
which this study seeks to analyze.

II. THEORIES

In fluid dynamics,18 the total pressure in NSSS of the 
thermal liquid domain of the piping network connected to 
the SG is equal to the static pressure plus the system 
dynamic. This principle forms the basis of Bernoulli’s 
equation in fluid dynamics, mathematically expressed as

dm
dt
¼

·min þ
·mout ; ð1Þ

where ṁin and ṁout are the mass flow in and mass flow 
out of the piping network.

In nuclear application, the accumulation of fluid in 
SG is expressed as

Acc ¼ In � Out þ Gen � Con: ð2Þ

The principles obey the laws of conservation of mass and 
energy, where the balance accumulation is equal to the 
intake minus the outlet plus generation minus 
consumption.

The FW pump is driven by an electrical motor, and 
the positive threshold speed of the motor shaft is

ω ¼
� ωTh;

1 � λð ÞωTh
ωInj j;

þ λ ωInj j;

ωIn� < 0
ωIn� < ωTh
ωIn� � ωTh

; ð3Þ

where 

ω = shaft speed

Th = threshold values
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In = input value

ϵ = mechanical orientation of the pump

(+1), (−1) = positive and negative, respectively.

The term λ determines the width of the transition 
region and is defined as

λ ¼ 3
ωIn

ωTh�

� �2

� 2
ωIn

ωTh�

� �3

: ð4Þ

The characteristics of the pump parameterization are 
determined by two variables: the head of the pump (ori
fice) and the capacity in terms of volumetric flow rate. 
The conversion between the pump head and the pressure 
is expressed as

ΔH ¼
ΔP
ρg

; ð5Þ

where 

∆H = pump head

∆P = static pressure

ρ, g = density and acceleration due to gravity, 
respectively.

The conversion of the flow capacity and that of the 
mass flow rate is given by

Q ¼
·m
ρ
; ð6Þ

where Q is the flow capacity of the pump and ṁ is the 
mass flow rate.

The flow capacity of the pump is determined by

QR

Q
¼

ωR

ω
; ð7Þ

where the subscript R is the reference value.
The impact of the pump rotational speed change is 

governed by the affinity law, and the flow capacity is 
determined by

QR

Q
¼

ωR

ρ
; ð8Þ

where ω is the saturated shaft speed and R is the refer
ence value. Hence, QR is expressed as

QR ¼
ωR

ω

·m
ρ
: ð9Þ

In a lookup table, the value of flow capacity employs the 
reference pump head and brake power.

The flow capacity is also determined by

QR

Q
¼

ωR

ω
: ð10Þ

The pressure rise of the pump head is determined by

ΔHR

ΔH
¼

ω2
R

ω2 : ð11Þ

Affinity laws are employed in relation to the pump capa
city, head, and power, where one-dimensional (1-D) para
meterization of the reference pump is

ΔHR ¼ ΔH QRð Þ : ð12Þ

And, two-dimensional (2-D) parameterization is the flow 
capacity and shaft speed:

ΔHR ¼ ΔH Q;ωð Þ : ð13Þ

The expression of ∆H during pressure rise is

ΔP ¼
ω2

ω2
R

ρgΔHR : ð14Þ

The reduction in shaft speed of 2-D parameterization is

ΔP ¼ ρgΔHR : ð15Þ

The torque of the shaft is determined by

PR

P
¼

ω3
RρR

ω2ρ
; ð16Þ

where PR is the reference brake power and P is the brake 
power in 1-D parameterization:

PR ¼ P QRð Þ : ð17Þ

The 2-D parameterization of the instantaneous shaft 
speed and flow capacity is

PR ¼ P Q;ωð Þ : ð18Þ

The shaft torque and the brake power are expressed as
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P ¼ Tω ; ð19Þ

where T is the torque. The instantaneous shaft torque is 
given as

T ¼
ω2

ω3
R

ρ
ρR

PR : ð20Þ

The reduced shaft speed ratio in 2-D parameterization is

T ¼
1

ωR

ρ
ρR

PR: ð21Þ

The rotational dynamics of the centrifugal pump generate 
pressure rise at the outlet of the pump (pumps differ in 
their characteristics).

The pressure relief valve is the second variable para
meter of the study in addition to the FW pump. The 
equation for the valve is given as

q ¼ Cvf lð Þ

ffiffiffiffiffiffiffiffi
ΔPv

gs

s

; ð22Þ

where the flow rate q, through the value is equal to a constant 
Cv, which is the coefficient of the valve, the lift function f(l) 
times the square root of ∆Pv across the value dividing specific 
gravity gs. The valve has installed and noninstalled 
characteristics.

The mass balance of the flow rate of the inlet port 
A and outlet port B of the valve is given as

O ¼ ·mA þ
·mB : ð23Þ

The momentum of the differential pressure is given as

Δp ¼
1
2ρ

1 �
S2

R
S2

� �

vR

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

v2
R þ v2

Rc

q

; ð24Þ

where the fluid velocity restriction vR and the critical 
velocity restriction vRC are given as

vR ¼

·mA

CdρSR

and

vRc ¼
Recμ

CdρSR

ffiffiffiffiffiffiffiffi
π

4SR

r

;

ð25Þ

where 

∆p = pressure differential

ρ = liquid density

μ = liquid dynamic viscosity

Ѕ = cross-sectional area at ports A and B

SR = cross-sectional area of pump restriction

vR = fluid velocity restriction

vRc = critical velocity restriction

Rec = critical Reynolds number

Cd = discharge coefficient.

When the compensated pressure recovery is Off,

PA � PB ¼ ΔP ; ð26Þ

where PA is the pressure at port A and PB is the pressure 
at port B.

When the compensated pressure recovery was 
turned On,

PA � PB ¼ ΔP

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

1 � SR
S
� �2 1 � C2

d
� �

q

� Cd
SR
S

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

1 � SR
S
� �2 1 � C2

d
� �

q

þ Cd
SR
S

: ð27Þ

With compensated pressure recovery, the slowdown of 
fluid velocity increases the pressure locally, accompanied 
by an increase in turbulence flow with thermal heat fric
tion in the fluid.

III. RESULTS AND DISCUSSION

The network loop consists of the condenser, FW 
pump, FW pump controller, pressure control valve, SG 
level controller, SG, steam sensors S1 and S3, and fluid 
sensors S2 and S4 (Fig. 1). The sensors fulfill the system 
requirements of verification and validation,19 of integra
tion of existing analogue technology and digital technol
ogy of the nuclear I&C system.

The equations and the modules used for the analysis 
employed MATLAB/Simulink library tools. The conden
sation of steam forms the pool of water as a condenser 
(reservoir) that serves as the infinite supply of fluid to the 
SG (Fig. 2). The experiment model provided FW pump 
control without a compensator and the second model with 
a compensator.

The flow rate and pressure signals were monitored on an 
oscilloscope while the perturbation response was monitored 
on a spectrum analyzer, where the response depicted the 
actual behavioral activities (turbulent activities) of the fluid 
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within the pipes without a compensator (Fig. 3). Other simu
lations carried out used a different compensated drive control 
signal.

For a typical PWR SG, the design pressure is 172 bars, 
and the operating pressure is 155 bars. The full load pressure 
is between 63 to 69 bars depending on the number of plant 
loops. The plot of Fig. 3 shows the pressure of 1 bar (for the 
purposes of simulation). The waveform is complex to ana
lyze due to the nature of the components involved. The 
cumulative effects of perturbation of both the positive and 
the negative sides of the waveform have a stronger impact 
on the piping and its fittings.

Other inputs applied included sine wave to observe 
the effect of lead or lag compensation, which had no 
significant effect on compensation due to the presence 
of noise perturbations. In addition, a pump speed input 

signal was applied, as well as an input step response 
(Fig. 4). The use of a variety of signal sources was for 
the generation of the desired velocity variation profile.

After a series of comparisons and simulations, with 
the difference between the random numbers and the 
band-limited white noise of perturbations of the randomly 
distributed waveform, the observation produced an output 
at a specific sampling rate related to correlation of the 
noise. The introduction of band-limited white noise as an 
input signal compensator provided randomly distributed 
numbers suitable in continuous and hybrid systems 
(Fig. 5).

The velocity source was employed as an ideal angu
lar velocity to generate differential velocity proportional 
to the physical input signal. The mechanical rotation of 
physical ports R and C drive the applied source, such that 

Fig. 1. Block diagram of FW pump control. 

Fig. 2. Pressure recovery compensated FW pump control. 
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the relative velocity w can be determined as 
w ¼ wR � wC, where wR and wC are the angular veloci
ties of R and C.

The effect of hammering shown as a periodogram is 
due to the pump head and the turbulence of water within 
the confined walls of the transporting pipes forming the 

thermal fluid network. The sequence of correlation time 
of the noise has the sampling frequency rate of 625 Hz 
with resolution bandwidth as high as 305.18 mHz 
(Fig. 6). In theory, continuous white noise has 
a correlation time of zero, with a flat power spectral 
density (PSD) of the total energy.

Fig. 3. Effect of turbulence without compensator. 

Fig. 4. Pump speed as input signal source. 

Fig. 5. Compensated band-limited white noise input signal. 
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The simulation results illustrate the effect of the 
white noise random sequence with correlation time 
being smaller than the shortest time constant of the sys
tem. The dynamics of the system operation is much 
faster, with fmax representing the bandwidth of the sys
tem in rads per second (Fig. 7). The value of a constant 
(mdot0) as the Reynolds number (ratio of inertial forces 
and viscous forces) is above unity, which was 5.003; any 
increment in the constant has no significant effect in the 
correlation sequence.

The relative mass flow perturbation and relative pres
sure perturbation is −1, where the mass flow perturbation 
is zero, after reaching the set point. With a negative 
Reynolds value, the hammering effect was reduced, sug
gesting that the compensated pressure control in the FW 
pump control system was efficient.

The introduction of an input source signal to the 
velocity source of the FW pump control I&C system to 

serve as a countereffect of the eddy’s high oscillation is 
to neutralize chaotic turbulence that could lead to 
LOCA.

III.A. Analysis of PSD

The perturbations of the randomly distributed signal 
analyzed were to determine the PSD of the power present 
in the signal as a function of frequency due to the water 
hammer effect. The shape of the frequency spectrum as 
a functional variation of the amplitude spectral density is 
proportional to the variation of the signal voltage level. 
The energy concentration was calculated within a finite 
time interval by the integration of x2(t) using Parseval’s 
theorem, while in accordance with Fourier analysis, the 
physical signals decomposed into a number of discrete 
frequencies.

Fig. 6. Effect of water hammering. 

Fig. 7. Perturbations randomly distributed. 
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The energy E according to Parsevel’s theorem is20

E ¼ ò
1

� 1
x tð Þj j

2dt : ð28Þ

The Fourier transform x(t) of frequency f(Hz) with energy 
spectral density is defined as

Sxx fð Þ ¼ bx fð Þj j
2
; ð29Þ

where the function Sxx is the autocorrelation of x(t), 
a complex random process of the Fourier transform,21 

and the density function contained in the signal is bx fð Þj j
2.

The turbulence in pipelines over a given frequency 
band is calculated based on the average power density in 
the perturbation over a particular frequency band. For 
a single time series, the estimated PSD over a 
specified time window is –N ≤ n ≤ N. The PSD for 
a discrete time variable xn = x (nΔt) for a total 
measurement period T = (2N + 1) Δt is given as

Sxx fð Þ ¼ lim
N!1

Δtð Þ2

T
XN

n¼� N
xne� i2πfnΔt

�
�
�
�
�

�
�
�
�
�

2

: ð30Þ

The total power of the signal is contained in the one-sided 
PSD of the frequency interval from the direct-current 
(DC) component to half of the Nyquist rate. The signal 
consists of frequency f, and additional noise N, at 
a sampling frequency with the signal length in the 

samples. The default setting requiring a random number 
generator is

Sxx fð Þ ¼ lim
N!1

Δtð Þ2

T
bx fð Þj j

2
; ð31Þ

where Sxx(f) is the power spectrum of the time series x(t).
The distortion measurement of harmonics is mea

sured based on frequency (in Hz) and PSD (in dBm), 
where dBm or dBmW (decibel-milliwatts) is the power 
level expressed in decibels with reference to 1-mW 
experience as in every impact of water hammer, where 
the distortions are measured in 1 to 99 label harmonics as 
shown in Fig. 8. The power spectral Sxx(f) of the water 
hammer in a time series x(f) describes the distribution of 
power into frequency components composed of the tur
bulent effect due to eddies into a number of discrete 
spectral frequencies over a continuous range.

The summation for the period of 1 to 99 in Table I of the 
tabulated PSD, with the delta provided for the frequency 
range of 1.01725 to 103.963 Hz and the total PSD of 
−2488.47 dBm.

The total value of −2.48847 decibel is the single esti
mated PSD obtained from a finite number of samplings. Any 
harmonics that are outside the frequency span of the spectrum 
analyzer are not included and labeled as (-)Inf in the tabulated 
data. The PSD is achieved when the additional noise N (and 
thus T) approaches infinity and the expected value is formally 
applied.

The total power of the signal is contained in one-sided 
PSD of the frequency interval from the DC component to half 

Fig. 8. PSD of specific window. 
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of the Nyquist rate, where the signal consists of frequency 
f and additional noise N at a sampling frequency with the 
signal length in the samples. The default setting requires 
a random number generator.

The highest-order term reaches

A0 ¼ Sxx fð Þ : ð32Þ

However, the unknown values are ε1A1 and ε2A2:

A ¼ Sxx fð Þ þ ε1Sxx fð Þ1 þ ε2Sxx fð Þ2 þ . . . ; ð33Þ

where

A ¼ A0 þ εA1 þ ε2 0ð Þ ð34Þ

and
ε2 0ð Þ ¼ Apss ¼ 0a ; ð35Þ

where Apss is the perturbation settlement state (PSS) and 
is equal to quasi steady state 0a:

A ¼ lim
N!1

Δtð Þ2

T
XN

n¼� N
xne� i2πfnΔt

�
�
�
�
�

�
�
�
�
�

2

þ ε1 lim
N!1

Δtð Þ2

T
XN

n¼� N
xne� i2πfnΔt

�
�
�
�
�

�
�
�
�
�

2

1

þ ε2A lim
N!1

Δtð Þ2

T
XN

n¼� N
xne� i2πfnΔt

�
�
�
�
�

�
�
�
�
�

2

pss

: ð36Þ

TABLE I 

Estimated PSD 

Number
Frequency 

(Hz)
Power 
(dBm) Number

Frequency 
(Hz)

Power 
(dBm) Number

Frequency 
(Hz)

Power 
(dBm)

1 1.01725 −143.06 34 35.4004 −24.83 67 70.5973 −39.01
2 2.03451 −3.28 35 36.8245 −21.97 68 71.4111 −39.49
3 2.84831 −0.05 36 37.6383 −26.52 69 72.6219 −30.08
4 4.06901 −2.87 37 39.0625 −32.92 70 73.6491 −27.43
5 5.28971 −7.09 38 40.0798 −39.24 71 74.6663 −28.13
6 6.10352 −5.26 39 40.8936 −30.02 72 72.2767 −28.68
7 7.12077 −8.04 40 41.9108 −29.89 73 76.4974 −29.65
8 8.13802 −16.24 41 42.9281 −21.7 74 77.5146 −40.13
9 9.15527 −19.85 42 43.9453 −19.35 75 78.5319 −37.93

10 10.7829 −21.32 43 45.3695 −22.74 76 79.9561 −41.11
11 11.8001 −23.25 44 46.1833 −20.43 77 80.9733 −34.34
12 12.8174 −13.17 45 47.2005 −20.47 78 81.9906 −30.78
13 13.8346 −12.21 46 48.0143 (-)Inf 79 83.0078 −27.98
14 14.8519 −16.04 47 49.235 −30.41 80 84.0251 −26.49
15 15.8691 −16.46 48 50.6592 −33.15 81 85.0423 −21.97
16 17.0898 −15.33 49 51.473 −28.83 82 86.0596 −24.98
17 17.9036 −21.32 50 52.6937 −19.79 83 86.8734 −28.41
18 19.1243 −25.43 51 53.7109 −16.97 84 87.8906 −28
19 19.7347 (-)Inf 52 54.7282 −18.1 85 89.1113 −31.73
20 20.752 −28.18 53 55.3385 −16.81 86 90.332 −37.14
21 21.9727 −25.48 54 56.9661 −14.85 87 91.3493 −35.93
22 22.9899 −18.57 55 57.5765 −16.86 88 92.3665 −34.56
23 24.0072 −16.96 56 59.0007 −16.13 89 93.5872 −31.56
24 25.2279 −20.69 57 60.0179 −4.84 90 94.6045 −33.52
25 26.0417 −17.95 58 60.8319 −12.08 91 95.8252 −31.58
26 27.0589 −19.1 59 61.6455 −21.05 92 96.8424 −30.75
27 28.0762 −23.96 60 62.8662 −13.46 93 97.8597 −32.75
28 29.0934 −28.19 61 63.8835 −15.73 94 98.877 −33.48
29 30.721 −32.63 62 65.3076 −19.81 95 99.6908 −38.64
30 31.5248 −29.63 63 66.1214 −18.51 96 100.911 −38.36
31 32.7555 −20.3 64 67.1387 −21.52 97 101.522 −37.91
32 33.7728 −19.71 65 68.3594 −33.46 98 102.743 −32.58
33 34.79 −25.17 66 69.1732 −32.08 99 103.963 −32.08
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The simulation illustrates the distortion measurement 
from the spectrum analyzer that displays the harmonics 
distortion and intermodulation distortion measurement of 
the perturbation state (Fig. 9).

The PSS is a state where turbulence seems to have 
settled into a quasi state as the signal follows a regular 
pattern. From perturbation theory, the approximate solu
tion has a power series of a small parameter ε.

With one-half of the frequency spectrum, the more 
positive the figure of the PSD (in dBm/Hz) is, the more 

the effect of the water hammer on the piping system is 
(Fig. 10).

The mathematical formula of the perturbation 
expressed as PSD (in dBM/Hz) of one-half of the frequency 
spectrum indicates that the more negative the cumulative 
sum is, the lesser the effect of the water hammer is. 
Additionally, a state where turbulence seems to have settled, 
otherwise known as PSS, where a second unknown para
meter is to be known as the quasi perturbation state, indi
cates a repeated pattern of the quasi-settlement state.

Fig. 9. Perturbation settlement state. 

Fig. 10. Quasi perturbation state. 
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IV. CONCLUSIONS

Whereas the SG level control also provided comple
mentary signal information from the sensors (S1 and S3) 
as the sensor load, the fluid flow sensors (S2 and S4) 
provided information and the control signal of the mass 
flow rate of the fluid (signal conditioner). The feedback 
signal provided the actuator signal to regulate the speed 
of the FW pump, based on the signal information from 
the SG level control, FW pump control, motor speed 
control, and valve actuator control. This study indicated 
the following:

1. The results from the analysis reveal considerable 
reduction of turbulence due to the introduction of drive 
signal and velocity vector as compensator.

2. The relative mass flow rate perturbation and 
pressure sensor provided relative pressure perturbation 
with constant Reynolds number, where the constant dis
charge coefficient of momentum of the deferential pres
sure depends on the critical velocity restriction of the 
valve.

3. The spectrum analyzer provided the plot of noise 
PSD (in dBm/Hz) that illustrated the peak as finder and 
distortion measurement, which provides the opportunity 
to reduce the impact of noise in order to improve the 
performance of the I&C system.

In this paper, the turbulent effect of water hammer 
in NSSS was analyzed. The introduction of modern 
digital control sensors provided information on the 
fluid flow rate entering the SG and the steam flow rate 
driving the steam turbine. The relative mass flow per
turbation of the FW pump depends on the Reynolds 
number. The constant discharge coefficient as the 
momentum of the deferential pressure depends on the 
critical velocity restriction of the shutting and opening 
of the pressure relief valve. The average finite measure
ment of the total PSD (in dBm/Hz) over a specific 
period was measured using the Fourier transform. The 
programmable voltage driver responds to signals from 
the sensors to regulate the speed of the pump, which 
shows the potential of significantly reducing the impact 
of water hammer that could lead to a break and the 
resultant effect of LOCA.
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