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Appendix A.1 Temperature profiles for the NCL#2
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Appendix A.2 Differential pressure across the heater for the NCL#2
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Appendix B.1 MATLAB code for FFT

load Pressure.txt
t = Pressure(:,1)"; % Time (s)
temp = Pressure(:,2)"; % Heat flux = 8.0 KW/m”
%temp = Pressure(;,3)'; % Heat flux = 10.5 KW/m’
%temp = Pressure(:,4)'; % Heat flux = 12.5 KW/m’
%temp = Pressure(:,5)"; % Heat flux = 15.0 KW/m®
%temp = Pressure(:,6)'; % Heat flux = 18.0 KW/m”
n = length(temp); %Number of samples
c = polyfit(t,temp,1);
trend = polyval(c,t);
subplot(2,2,1);
plot(t,[temp;trend],'r—',t,temp,'k",'linewidth',2)
grid on; %Turn on grid lines for this plot
set(gca,'’XLim',[400 800]);
set(gca,'XTickLabeI',{400:100:800},...
'FontName','times',...
'FontSize', 14);
set(get(gca,'XLabel'),'String’,'Time (s)',...
'FontName','times’, ...
'FontSize',14);
set(get(gca,'YLabel'),'String','Differential Pressure (kPa)',...
‘FontName','times’, ...

'FontSize',14);

set(get(gca,'TitIe'),'String‘,'Differential pressure across the heater with linear trend',...

'FontName','times',...
'FontSize',14);

y = temp - trend;

Y = fft(y); %Finite Fourier Transform

Fs=1; %Sample rate
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f=(1:n/2)*Fs/n; %Nyquist frequency (n/2)*(Fs/n) = Fs/2

power = abs(Y(1:floor(n/2))).” 2;

subplot(2,2,2);

plot(f,power, 'k-','linewidth’,2)

grid on;

set(gca,'XLim',[0 0.5]));

set(gca,'XTickLabel',{0:0.1:0.5},...
'FontName','times", ...
'FontSize',14);

set(get(gca,'XLabel"),'String','Frequency (Hz)',...
'FontName','times',...
‘FontSize',14);

set(get(gca,'YLabel'),'String','Power’,...
'FontName','times’,...
‘FontSize',14);

set(get(gca,'Title'),'String','Periodogram'’,...
'FontName','times',...
'FontSize',14);

text(0.25,4.2e3,'{Heat Flux = 8.0 kW/m}~{2}',...
'VerticalAlignment','bottom’,....

'‘HorizontalAlignment','left',...
'FontSize',14,...

'EdgeColor','black’,...
'‘BackgroundColor',[1 1 1]);

period=1./f;

subplot(2,2,3);

plot(period,power,'k-",'linewidth",2)

%axis([0 50 0 5e3]);

grid on;

set(gca,'XLim',[0 50));

set(gca,'XTickLabel',{0:10:50},...
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'FontName','times", ..
'FontSize',14);
set(get(gca,' XLabel'),'String’,'Period (s)',...
'FontName','times’,...
'FontSize',14);
set(get(gca,'YLabel'),'String','Power’,...
'FontName','times',...

'FontSize',1 4);

set(get(gca,'Title'),'String’,'Short Oscillation Period',...

'FontName','times’,...
'FontSize', 14);
subplot(2,2,4);
plot(period,power, k-, linewidth',2)
axis([50 300 0 5e3]);
grid on;
set(gca,'XLim',[50 300]);
set(gca,'XTickLabel',{50:50:300},...
'FontName','times', ...
'FontSize',14);
set(get(gca, XLabel'),'String",'Period (s)',...
'FontName','times’, ...
'FontSize',14);
set(get(gca,'YLabel'),'String','Power’,...
'FontName','times',...

'FontSize',14);

set(get(gca,'Title'),'String’,'Long Oscillation Period',...

‘FontName','times',...

‘FontSize', 14);
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Appendix B.2 FFT profiles of temperature at the heater outlet for the NCL#2
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Temperature at the heater outlet with linear trend
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Temperature at the heater outlet with linear trend
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Appendix B.3 FFT profiles of temperature at the condenser outlet for the

NCL#2
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Temperature at the condenser outlet with linear trend
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Appendix B.4 FFT profiles of differential pressure across the heater for the

Differential pressure across the heater with linear trend Periodogram
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Differential pressure across the heater with linear trend Periodogram
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Differential pressure across the heater with linear trend
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Fig. B4.5 FFT profile of differential pressure across the heater at 18.0 KW/m’ heat flux
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Appendix C Input file for the computer simulation

Detail of input file (Input.txt) used for computer simulation

Simulation of startup transient in Two-Phase flow | Text (indicated as (1) in Fig. C.1)
&ISET I'Information about initial setup
IB=60, I Number of mesh cell
FLB=1, FLT=1, | Bottom and top boundary condition
I 1 = continuous boundary (rectangular loop)
I 2 = reflective boundary
I 3 = gradient free flow boundary
I'4 = constant pressure boundary
ITMAX=200, I Maximum iteration
THSTAR=0.5, | Void fraction for separate flow pattern
EPSL=1E-5, EPSG=3E-3, EPSD=0.5,EPSI=0.5,EPSP=0.5, ! Convergent criteria
THFLAG=.01,ETH=.1 &

&GRID I Information about mesh cell (indicated as (2) in Fig. C.1)
DXI(1)=0.1, NDX(1)=60, ! Delta X (m)

ARIY(1)=0.0004, NARIY(1)=60, | Area (m°) in Y axis
ARIX(1)=0.0004, NARIX(1)=60, | Area (m’) in X axis
ARJ(1)=0.0004, NARJ(1)=60 & ! Area (mz) at junction

&INIT ! Information about initial conditions

UGO(1)=0.00, NUG(1)=60, I Vapor velocity (m/s)
ULO(1)=0.00, NUL(1)=60, | Liquid velocity (m/s)
PO(1)=1.2e5, NPO(1)=60, I Pressure (Pa)

THO(1)=0.0, NTH(1)=60, 'Void fraction

TLO(1)=303., NTL(1)=60, I Liquid temperature (K)
TGO(1)=373., NTG(1)=60, | Vapor temperature (K)
GRAVO(1)=9.8, NGRAV(1)=20, | Gravity for vertical tube (upward flow)
GRAVO(2)=0.0, NGRAV(2)=10, | Gravity (m/sz) for horizontal tube

GRAVO(3)=-9.8, - NGRAV(3)=20, | Gravity for vertical tube (downward flow)
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GRAVO(4)=0.0, NGRAV(4)=10, | Gravity (m/sz) for horizontal tube
TWO(1)=323., NTW(1)=60 & I Wall temperature (K)

&BOUND I Information for constant pressure boundary

PIN=1e5, | Pressure (Pa) at inlet

THOUT=0.0, ! Void fraction at outlet

POUT=1e5 & | Pressure (Pa) at outlet

&RUNTIM ! Information about run time

TMAX=2000.0, I Maximum of run time

DT=1D-4, | Normal time step (s)

DTMAX=1D-1, DTMIN=1D-9 & I Maximum and minimum time step (s)

&OUTPUT | Position of each gauge that used to display value on each graph
(indicated as (2) and (3) in Fig. C.1)

IPR(1)=61,IPR(2)=61,IPR(3)=10,IPR(4)=10,

IPR(5)=21,IPR(6)=32,IPR(7)=42, IPR(8)=31 &

&CONST I Constant value used in computer program

c(18)=0.79, c(20)=0.5, c(21)=1., C(29)=3., C(30)=1., C(31)=20., C(32)=0.45,
C(33)=0., G4 =0C8)=1.,B(36)=T., C(37)=0.-&(88)=1., C(881=1,C40)=1.,
C(41)=0.1,C(42)=1D-4,C(43)=1.,C(44)=1.,C(45)=0.1 ,C(46)=0.,C(47)=1D-3,
C(48)=1., C(49)=0.1093, C(50)=-0.0785, C(51)=1.0, C(52)=0.246, C(53)=0., C(54)=1.,
C(55)=0., C(56)=1.0, C(57)=0., C(58)=0.,C(59)=0., C(60)=0.,

C(61)=1.0, | Time for display value in screen

C(62)=0.0, C(63)=2000.0, !Minimum and maximum time for each graph
C(64)=0.0, C(65)=6.0, | Min and max height (indicated as (4) in Fig. C.1)
C(66)=2, C(67)=0, C(68)=0.10, C(69)=0.15, !1 =void fraction

C(70)=4, C(71)=0, C(72)=20.0, C(73)=120.0, !2 = pressure (MPa)
C(74)=4, C(75)=0, C(76)=20.0, C(77)=120.0, ! 3 = vapor temperature (C)
C(78)=2, C(79)=0, C(80)=0.1, C(81)=0.15, I 4 = liquid temperature (C)
C(82)=4, C(83)=0, C(84)=20.0, (C(85)=120.0,

C(86)=4, C(87)=0, C(88)=20.0, C(89)=120.0,

C(90)=4, C(91)=0, C(92)=20.0, C(93)=120.0,

C(94)=1, C(95)=0, C(96)=0.0, C(97)=0.1,
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C(98)=0., C(100) = 0.0, C(191) = 0.0, C(102) = 0.05, C(103) = 3.083E8,
C(104) = 151.0, C(105) = 91.22, C(106) = 2.0, C(107) = 1, C(119) = 1000.3D6,
C(120) = 1000.3D6, C(131) = 0.0000134, C(132) = 0.285, C(133) = 14600.,
C(134) = 5710000., C(135) = 400.0, C(136) = 0.0, C(141) = 0.01, C(142) = 0.3,
C(143) = 1.0e6, c(145)=39.848 &
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Fig. C.1 Computer program
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