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Study on Method of Piant Simulation under Distributed Cooperative Calculation

Tsuyoshi YONEKAWA", Shinji YOSHIKAWA™,
Yoshiichi SEYA™

Abstract

A new algorithm has been proposed for one-dimensional liquid dynamics has
been proposed, which is indispensable in design and estimation of complex and large-
scale fluid circulation systems like nuclear power plants. This algorithm, with no
need for matrix calculation in the contrast with the conventional approach, has been
validated on an equipment piping configuration to a FBR secondary heat fransport
system, to demonstrate that increase of CPU load due to iterative process in hydraulic
calculation to reach convergence in each time step is enough small to retain the
inherent advantage of this algorithm such as capability to follow dynamic
configuration change of the piping network.

This approach enables to easily build whole plant model capable to handle
incontinuous configuration changes such as piping ruptures and isolations, to suggest
potential in enhancing plant simulation flexibility.

“‘Beam Technology Development Group, System Engineering TechnologyDivision,
Oarai Engineering Center, Japan Nuclear Cycle Development Institute

*?Nuclear Energy System Inc.
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unit WinCOMP;
interface

uses
Windows, Messages, SysUtils, Classes, Graphies, Controls, Forms, Dialogs;

const
NumdJuncEntry= 4; {Junc: FrAEEe L}
NumProfile = 1000; { Pipe: B KStepi }
NumDivHX = 20; {HX:BRa88)}
NumSide= 2; {3k —F 2 haKKH}
¢lStatusl = clLime; {InitlF A7 —}
clStatus2 = clAqua; {Steadyl§ 25—}
clStatusd = clTeal; { Transientf¢ A 5 —}
clStatusd = clYellow; {Connectedi§ 45—}

var
deltaT: Single; { mefaRI A }
RefFlow: Single; { Bt M (kgfsec) }
Max_Err: array{1..3] of Single; { el ingat R A AT )
ErrLimit; array[1..3] of Single; {FB ZEAT R 22 )
clErrLevel: array[1..7] of TColor; { Bt E R EColor }
DTempScale: array[1..2] of Single; {RTHBRE A r— N RAMRME )
ioFile: TFileStream; { Al hHFileStream }
MoveFlag,MoveX MoveY: Integer; {Componenti¥ 81/ }

type

COMPType = (aHX, aPipe, aPump, aValve, aJunc);

ShapeType = (adumyl, adumy2);

ExeStatus = (sNone, sInit, sSteady, sTransient, sConnected, sDisconnect,sCaption, sProperty,
sMisc);

COMPSide = (none, Prim, Secnd});

DispType = (dpError, dpData);

TWinCOMP = class(T'GraphicControl)
private
{Private HE }
protected
{ PrFPen: TPen;
FBrush: TBrush;
FShape: ShapeType;
FGap,FGap2: Integer;
FStatus: ExeStatus; ItEe—x
FNoSide: Integer; HaAYEkR =22 bORECL2R
FCn: array[1..NumSide] of TWinCOMP; IEFE LR —F v MR

{TCustomControl}

FInertia: array[1..NumSide] of Single; J7biidr 316k

FRefDP: array(1..NumSidel of Single; IR {R(kg/m2)

Fract: array[1..NumSide,1..2] of Single; HRER A 1, EHHFHE 0
dFlowdt: array[1..NumSide] of Single; IRZEL

D_Press: array[1..NumSide] of Single; HEAH%

DP_Fixed: array[1..NumSide] of Boslean; HE B LEIEFlag

function GetRefDP(Index: Integer): Single;
function GetNoSide: Integer;

procedure Paint; override;

procedure DrawCaption;

procedure SetPen(Value: TPen);

procedure SetBrush(Value: TBrush);
procedure SetShape(Value: ShapeType);
procedure SetGap(Value: Integer);
procedure SetGap2(Value: Integer);

procedure SetFCn(Index: Integer; Value: TWinCOMP);

procedure SetRefDP(Index: Integer; Value: Single);

public
{Public E=}
Flow: array[1..NumSide,1,.2] of Single;

/fnormarized i fit, now/next

Templn: array(1. NumSide] of Single; HBRE NTTHER
TempEx: array[1..NumSide] of Single; IR s R
constructor Create(AOwner: TComponent}); override;

destructor Destroy; override;

function GetFCn{Index: Integer): TWinCOMP; { SEhEi RS )}
function Getlnertia{Index: Integer): Single; { InertiafgHR{% }
function GetFract(Index,Index2: Integer): Single;{ [i[H s il g
function GetdFlowdt(Index: Integer): Single; {FRZ LR}
function GetD_Press(Index; Integer): Single; { EAR%HUS)
procedure DisConnect; {1EHERR )
procedure SetFStatus(Value: ExeStatus); {&—b" Bz}

procedure SetFract(Index,Index2; Integer;Value: Single);{ Al 4 Ho A E }

procedure SetDP_Fixed(Index: Integer; Value: Boolean); { FIEHISET}
procedure Pressure_Drop; virtual; {EAREHL )
procedure CdFlowdt({Side: COMPSide; DeltaPress: Single); virtual; { FERZ LA }

procedure AdjustFlow(MEupper, MEdown: Single);  {#iBZ(LHE }
procedure SetNewFlow; {BEHMRE )

procedure Init; { #HA{k 4LE }

procedure Steady_Pre; { %57 B i AL EE }

procedure Transient_Pre; { B A ¥ Hi R )

procedure HeatCale; {{=EARTEL )

procedure MouseMove(Sender: TObject; Shift: TShiftState; X, Y; Integer);

procedure MouseUp(Sender: TObject; Button: TMouseButton; Shift: TShiftState; X, ¥: Integer);

procedure MouseDown(Sender: TObject; Button: TMouseButton; Shift: TShiftState; X, ¥:
Integer);

property Shape: ShapeType read FShape write SetShape;

Fig. A-2 WinCOMPY — A 1) A b (##e-1/4)
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published
{Published & }
el B e

constructor TWinCOMP.Create(AQwner: TComponent);
begin
inherited Create(AOwner);
Width: = 32; Height: = 24; FGap:= 4; FGap2: = 16;
FPen:= TPen.Create;
FPen.OnChange: = StyleChanged;
FBrush: = TBrush.Create;
FBrush.OnChange: = StyleChanged;
ShowHint: = True;
FNoSide:= 1;
OnMouseMove: = MouseMove;
OnMouseUp := MouseUp;
OnMouseDown: = MouseDown;
end;

destructor TWinCOMP Destroy;
begin

FPen.Free;

FBrush.Free;

inherited Destroy;
end;

P - -

function TWinCOMP.GetFCn(Index: Integer): TWinCOMP;
begin

Result:= FCn[Index];
end;

procedure TWinCOMP .SetFCn(Index: Integer; Value: TWinCOMP);
var

indx,i: Integer;

xJunc: TWindune;

aMsg: string;
begin

if (csLoading in ComponentState) then

FCnl[Index]:= Value

else Mg dtorEFE-F

begin;

if {{(Fen{Index] < >Value)and(Value is TWindunc))or(Value = nil) then

begin  AEIEFHEIZTWinduncD#A
JESE Ok SE ¥ OLink fRERGHT)

if FCn[Index] < >nil then
begin
xdunc: = FCn{Index] as TWindJunc;
fori:= 1 to NumJuncEntry do
if xdune.GetJnNode(i) < >nil then
if xJunc.GetInNode{i). Name = Self. Name then indx: = i;
aMsg: = 'Disconnect to "+ xjunc.name +'.In[' + IntToStr(indx) + T'#13#13;
xJune.BetdnNode2(indx,nil);
xJunc.SetdnSide(indx,none);
end;
IR & OLink#E
if Value < > nil then /HEHESE L OLink3iE
begin
xJunc: = Value as TWinJunc;
indx ;= 0;
for i:= NumJuncEntry downto 1 do
if xJunec.GetJnNode(i)=nil then indx: = i;
if indx < >0 then
begin
ShowMessage{aMsg + 'Connect to ' +xjunc.name +".Jn['+IntToStr(indx) + 1'%
xJunc.SetdnNode2(indx,Self); /HEHEE X DOLink3E
if Index =1 then xJune.SetdnSide(indx,Prim};
if Index =2 then xJunc.SetInSide(indx,Secnd);

FCn[Index]:= Value; IHEHEE L ekt
SetFStatus(sConnected); BRI~
end
else ShowMessage{'Connect Fulll!'y; /434 fed unc D HeFEM Aifullll
end
else HHEESE & OLink & Value =nil
begin

FCniIndex}:= nil;

if (FCn[1]=niland(FCn[2]=nil) then

begin
SetFStatus(sNone); /EEAMBATES
ShowMessage{aMsag + 'Now No Connection');

end;

end;
end;
end;
end;

procedure TWinCOMP.DisConnect;
begin

SetFCn(1,nil); SetFCn(2,nil);
end;

Fig. A-2 WinCOMPY — A J A b (##-2/4)
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function TWinCOMP.GetInertia(Index: Integer): Single;
begin

Result:= FInertia[Index];
end;

function TWinCOMP.GetRefDP(Index: Integer): Single;
begin

Result: = FRefDP{Index]*1.0e-4;
end;

function TWinCOMP,GetNoSide: Integer;
begin

Result: = FNoSide;
end;

procedure TWinCOMP.SetRefDP(Index: Integer; Value: Single);
begin

FRefDP[Index]:= Value*1.0e+4;
end;

function TWinCOMP.GetFract(Index,Index2: Integer): Single;
begin

Result: = Fract[Index,Index2);
end;

procedure TWinCOMP.SetFract(Index,Index2: Integer;Value: Single);
begin

Fract[Index,Index2]: = Value;
end;

function TWinCOMP.GetdFlowdt{Index: Integer): Single;
begin

Result: = dFlowdt{Index];
end;

function TWinCOMP.GetD_Press(Index: Integer): Single;
begin

Result:= D_Press[Index];
end;

procedure TWinCOMP.Pressure_Drop;
var
i: Integer;
begin
fori:=1 to GetNoSide do
D_Presslil: = FRefDP[i]*(Flowli,1]1+ Flowli,2])

*Abe(Flow[i, 1]+ Flow(i,2]/4
+ dFlowdt{i]*FInertiafi]*RefFlow;
end;

procedure TWinCOMP.SetDP_Fixed(Index: Integer; Value: Boolean);
begin

DP_Fixed[Index]: = Value:
end;

procedure TWinCOMP.CdFlowdt(Side: COMPSide; DeltaPress: Single);
var

i: Integer;
begin MEHZELVTBRELERL

i:= Ord(Side);

if (not DP_Fixed(iDand(FInertialil< >0) then

dFlowdt[il: = ( DeltaPress - FRefDP[i]*(Flow(i, 1]+ Flow[i,2])
*Abs(Flow[i, 11+ Flow(i,2])/4 }(FInertiali]*RefFlow);

end;

procedure TWinCOMP.AdjustFlow(MEupper, MEdown: Single);
var
i: Integer;
begin
for i: =1 to GetNoSide do
begin
dFlowdt[il: = dFlowdtfi]l 4+ Fract(i,1FMEupper/2 - Fract{i,2|*MEdown/2;
AT w7 ORBRFH
Flowl[i,2]: = Flowli, 1]+ dFlowdt[i]*deltaT;
AR RE{LROBS
if Max_Err(2] <Abs(dFlowdt[i]) then Max_Err{2]:= Abs(dFlowdt[il};
end;
end;

WAL HREEREED G AE

procedure TWinCOMP.SetNewFlow;
var
i: Integer;
begin
for i:=1 to GetNoSide do
Flowli,1]:= Flow[i,2];
end;

HE B % Currentfi i

procedure TWinCOMP.Init;

var
i: Infeger;

begin RS R AT 5
SetFStatus(sInit);

Fig. A-2 WinCOMPY — 2 ) & | (HkkE-3/4)
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fori:=1 to GetNoSide do
begin
Flowl[i,1]: = 0; Flowli,2):= 0;
dFlowdt[i]:= 0;
SetDP_Fixed(i, False);
end;
end;

procedure TWinCOMP.Steady_Pre; IR R B R LR
var
i: Integer;
begin
SetFStatus(sSteady);
for i: =1 to GetNoSide do SetDP_Fixed(i, False);
end;

procedure TWinCOMP Transient_pre; /8#dt 3 ai4LE
var
i: Integer;
begin
SetF3tatus(sTransient);
for i: =1 to GetNoSide do SetDP_Fixed(i, False);
end;

procedure TWinCOMP HeatCale; HBR &N
var
i: Integer;
begin
for i: =1 to GetNoSide do
begin
if FCrlil< >nil then
begin
Templnlil: = FCnl[il.TempEx[1];
TempEx[i]: = TemplIn(i];
end;
end;
end;

procedure TWinCOMP.MouseMove(Sender: TObject;

Shift: TShiftState; X, Y: Integer); #32 >7R" —3 > MBI

begin
if (ssShift in Shift)and(MoveFlag =1) then
begin
Self. Top:= Y + MoveY;
 Self Left: = X + MoveX;
MoveY := Self.Top;

MoveX := Self.Left;
end;
end;

procedure TWinCOMP . MouseUp(Sender: TObject; Button: TMouseButton;
Shift: TShiftState; X, Y: Integer), /224" — 3 hB##ET
begin
if 588hift in Shift then
begin
MoveFlag:= 0;
Sereen.Cursor : = crDefault;
end;
end;

procedure TWinCOMP.MouseDown(Sender: TObject; Button; TMouseButton;
Shift: TShiftState; X, Y: Integer); #27R° —3% I MNEdpA4A
begin
if gsShift in Shift then
begin
MoveY : = Self. Top;
MoveX : = Self Left;

MoveFlag:=1;
Sereen.Cursor: = erDrag;
end;
end;
end.

Fig. A-2 WinCOMPY — A U A s (#h#E-4/4)
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Table A-1 WinCOMP{L &

R LR

AL TP A& function AR procedure RE property ok
{FPen TPen Canvasfi~t {2 GetRefDP HEHEF J74A G Paint 3 vR—3 v MMHE Pen Canvas -t
[FBrush TBrush Canvasfl 75 {8 GetNoSide JviR—4 v MEFEE |DrawCaption FyrSvayv Brush Canvasfl 75 /8
i)
IFShape ShapeType* [ai—3 > ki GetFCn 2R3 MEFHE  |SetPen Canvas~\ V% Gap J =& MR
B4
Cap Integer IV—4 v MUETHE  |Getlnertia AT S ik e SetBrush Canvas 7 7 /8L Gap2 IVFE—2 Y AT
IFGap2 Integer JvH—3 v MEE  |GetFiract FRARE R0 RS SetShape Jvii—-3 v bkaE®  |Caption g b B S R
ral

FStatus EXEStatus awh—3 2 hORE GetD_Press |ERIHEHRE SetGap JvHE—3 2 MERSHE  |Color IvH—H A
FNoSide Integer 3 =3 MESEE SetGap2 dvkR—a Y Mkt JVisible 32 K—3 > b FiFon/ofl
FCnl] TWinCOMP* |2 #—3 > bR Set¥Cn EHEMREE ShowHint Hint# T HfiEon/off
Flnertiall Single Wikt SetRefDP U SRR Hint Hint# 73 FER
[FRefDP(] SIngle SEHETE F14R52(100% 1K) DisConnect RN ARER OnMouseMove |MouseMovef A2 b
lFract[] Single HRAERHE |SetFStatus RAEBE OnMouseUp MouseUp-f < b
dFlowdt[] Single mEE{LE lSetFract HiERE s i ERRE OnMouseDown |MouseDown o <2/ b
DP_Fixed[] Single EHAKEEF]ag SetDP_Fixed EHiRkEEFlagE Staus k-4 hikhg
IFlow[,2] Single i [Normarized) Pressure_Drop i kit el enlNode 1 et
Templnl] Single pN=}:Y::o CdFlawdt piai g g
TempEx(] Single HORs AdjustFlow WRELRBEE

SetNewFlow HRA

Init A L

Steady_Pre MR AT A

Transient_Pre B at WA

HeatCalc {=BARHEE

MouseMove 3 7 AMove-f /<2 hLER

MouseUp T AUp-f A ML

MouseDown ¥ 7 ADownf ~3 b ALEL

StyleChanged IFE—3 2 MBREH

*A—V g, (NIEFERT
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Table A-2 WinHXer{1-4#%

AR TRR HE function k= procedure HE property NS
Templ,,] Single PERERE GetmLength |{&ELEXHUS SetmLength EBMRIHE hx1_SpecHeat |1:R{E:Eh
Coefl,] Single ITRFREL GetMark biiRr AT AL CoefSet_8S BESE AR AR E hx1_Area 1R R At
IRsidef] Single TR HRE CoefSet_T bk 5y el Lo hx1_Density 1R U e T A7
Triag(] Single ITRIAMAR Former_Half 17320 hx1_Inertia EER U AAIHE
Area[2] Single I E At Latter_Half TR hx1_RefDP LR USE R FE A S
[Alphal2] Single AR BRE Revice_Matrix Erpilpa | hx2_SpecHeat |27{t:Eh '
Cpl2] Single i) Move_Mark HHRRE N hx2_Area 2ERANI TET#
Rho[2) Single LAY Steady B hx2_Density 2 I s T S
Htr Single YL Transient it i g hx2_Inertia 2R g HArE
ImLength Single EEhRE Paint a2 K—% v MEE hx2_RefDP QU M IE 740
dTempdt Single BEE{LR Display F—AERR hx_Length fmEhFe X
TempGapStep |Single HeatCale {ashatZE hx_HeatTransfer |3 FTifis#
dTempdtStep |Single TurnDrawMode F-ARRE—-FEH cn?Node L lrE iR %
[FMark{2] Single e A OnDblClickProc TN o LR
[FDrawMode |DrawMode® F—aFRE— K DialogOpen A 70 RR LR
SaveFile IVE-F Y RF—2D
R
LoadFile A B S 40
FEiA

*2— 4 5
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Table A-3 WinPipe{t4#

AVNEE | EHRER HE function N procedure HE property )
Profi,] Single B RE GetStep REREF— % AiE  [Steady BEHE pp_Vol B fRE
Step Integer BEEET—2 55 GetMark Pk S Transient b ) pp_Inertia B T AL
perk Single AR Paint JvH—4> i@ Jop RefDP BB ST 1R
IFVol Single [ EQL N Display F—RFR enTrend BlERNR
[FTrend TrendType* |MhoK[A HeatCale REEHE
OnDblClickProc HINEY o iEnE
DialogOpen 4705 HRILE
SaveFile AVE—F U NF—420
e
LoadFile IVFR—3 Y RTF—AD
FaA A
* i — R R
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Table A-4 WinPump{its
AV TR | TypeZEHR A function RE procedure [ E=S property HE
Rev Single iz PumpHead |4 EHFE Paint 3 vH—3 v M pm_HeadMax  [fAMHES
HeadMax Single RAM:HE 5 GetValue [a) & £ S Pressure_Drop EMARHE pm_HeadRef EEHent HE
HeadRef Single EEEM I SetValue G EGLE pm_RefQ HEHE
RefQ Single HEHERERY Display F-aRR pm_Rev A7 R
Init ML
CdFlowdt EE LRI
OnDblClickProc TN )y 7N
DialogOpen 470 rRRNE
SaveFile AVR—2YbF—42®
17
LoadFile aviE—2>vh5F—420
FEiA A
*1— R
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Table A-5 WinValvit &

A NEH pLig g Zak= function AE procedure RE property AR
FOpen Single FrBAE Qfune AR SetRefDPV BEFhiBRHE . |Shape Ik
IFReEDPV Single M JA %k GetRefDPV  |EH#TE HiR %S Paint 3R —F b HEE vv_RefDP FraLT i %
FProf ValveProf* # T8t Flag GetValue RS SetShape Bk E vv_Open frE
FShape ShapeType aviR—3v bE SetValue g E vv_Prof I SRS
Diaplay F—RFRR
OnDbIClickProc ATV 7 A
DialogOgen A7 O S ERNLE
SaveFile AVHE-A v F—2D
RE
LoadFile AVE—F b T—ED
A
-
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Table A-6 WinJuncitik

AUNnZE| TR HnE function ] procedure A property Rz
FBTYpe BoundaryType* |$5/R® GetJnNode &8 — KEE Distiribute Ao He T JType Junction!
Cnll ConnType* EREE GetdnSide S — RS Paint 3 R— A W M bdType Rl
Pressure Single Eh GetFJType JunctionBHL{E SetShape 3 vH—3 v MERRE  JbdPres JE R
IP_Bound Single B RE GetFBType [HHABIEG Disconnect EE-3 Ay Ei Ideemp B RE
T_Bound Single 1R B A GetPressure  |EA{EH{S SetdnNode B — R cn1Node M LOER X
P_Fixed Boolean [ENEEFag GetP_Bound |E 4R {HAERS SetdnNode2 EHE ./ — FRE(HE) en2Node EREH2 DR
M_Error  |Single Pkt GetT Bound | sfta [Setdnside i) — RIARE en3Node BRI O
FShape ShapeType avii—&2 MR GetMError ARMAZEG ResetdnNode L — F IR AR cndNode BHI4DEEE
SetFdType Junction®I g cnlSide BRI O IR S
SetFBType SRR E cn2Side e T DA e
SetP_Bound E S R AR endSide R O 1 e o
SetT_Bound B B FE I E cn4dSide RN BRI
ShowBoundary HEREJuncFR
ShowUnConnect | FRiEHiJunc#r
SetPumpHead A T E R E
Propagate sopaRreeridiik il
ResetP_Fixed JFE ) 18 72 i
Mass_Balance PR

NPressure_Drop
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Table A-6 WinJunciti®
AVNRER| EERR = function HE procedure RE property 5
HeatCalc {=EhaHE
OnDbIClickProc ) TRV IETR N RS
DialogOpen A 70 R ALE
SaveFile AVHE—=F I TF—ED
7
LoadFile QYRR NF—4D
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Table A-7 WinPlantt:k

AV | TR HE function HE procedure AN property AR
[FTime Single E g tindi| GetnCOMP  |FHEZEFHHNG ISetErrLimit R RS B EEHRE Interval BALTA 22— N
IFdeItaT Single RADATY T GetErrLimit | AB%E 3 (ELAG SetInterval A TA T —NNBE  |DTimeStep RALLATFYT
IFCount Integer FrEm GetInterval |#4 94 2 ¥—/UVEIE |SetFdelataT KA LAT Y TRE Ref_Flow et
IFRefFlow Single HAEF R GetFCount FHE E S TimerProc &1 T ErrMaxl TANG AR RRE
InBJ Integer HR Juncil GetFdeltaT KA LATy THE Init R ErrMax2 it E e B EE b
IiBJ Integer HHJuncHH Steady_Pre B AT FL LR ErrMax3 [RERATFERF A R
facomp Interger LB Transient_Pre ikt pTLaE TScaleMax BE A A — b R
xCOMP TWinCOMP* |EHREKS Steady BEIE TSealeMin BB A — WM
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xPipe TWinPipe* Al ERLE |Suspend A F gy LblEnT - {ZE 3 H 112 FRLabel
HXer TWinHXer® |#h3zifds RIS Resume i LblStts R fE# R Label
xValv TWinValv* FFERILS Display F—2ER
Pump TWinPump* {R» 7EHRHEE ShowBoundary HERJuncF R
[DispMode DispType* RRE—F ShowUnConnect FeiBfiJunciR
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ICntl Integer [ #[=]8% PumpCreate By TERER
bCancel Boolean &+ 2 NFlag ValvCreate FERLEM
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