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Core-Plenum Interaction Experiments
- Investigation on Onset Condition and Depth of Penetration Flow -

J. Kobayashi*, H. Ohshima*, H. Kamide*, Y. Ieda*

Abstract

In the case that the Direct Reactor Auxiliary Cooling System (DRACS) is

adapted as a decay heat removal system of FBR, cold fluid coming from the heat

exchangers immersed directly in the hot plenum may penetrate into some

subassemblies under a certain natural circulation condition. This phenomenon is

important from the viewpoint of the coolability of the core, because it affects the

temperature distribution in the subassemblies and the natural circulation head in a

primary cooling system. The objective of this study is to obtain the fundamental

understanding of the penetration phenomenon with water experiments.

The test section is composed of a plenum, a cooled wall and a vetical

channel, which simulate the hot plenum, the heat exchanger and lower power

subassembly, respectively. The inlet temperature of water is kept constant during

a run of experiments.

The velocity and temperature fields in the vetical channel are measured

simultaneously with two instruments: Ultrasonic Velocity Profile monitor

(UVP)"for an axial profile of the vertical velocity components and T-type

(copper-constantan) thermocouples for the temperature fields.

Inlet temperature and flow rate are selected as experimental parameters.

Results of the tests are follows:

(1) The transient axial profiles of velocity in the vertical channel were
compared with those of temperature under the condition that the
penetration flow was observed. The trend of temperature profiles
agreed well with that of velocity profiles. It was, therefore, considered
that the depth of the penetration flow could be estimated with the
temperature data as well as the velocity data.
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(2) The penetraion depth is determined based on buoyancy, inertia,
conduction and entrainment effects. With dimensional analy\sis, Gr/Re’
and Pr number were derived as relevant parameters for the depth of
penetration flow, z:
z = f(Gr/Re’, Pr).
In our experiments, the depth of penetration flow could be correlated
with Gr/Re’ as follows:
z [m] = 220(Gr/Re’).

*Reactor Engineering Section, Safety Engineering Division,
O-zrai Engineering Center, PNC
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WNAKIREDHRNT A =712, PB L UG/RSTHBZ Ldibh ot T4
bt D IARIR S 2L,

z = f(Gr/Re’, Pr)
ELTHETIENTE, KERTIE,
z [m] = 220(Gr/Re?)
LFEEINL,

3. FLZEITTEML TWACCTL-CFRIABRICBWTHELTV F AMBEEHCET 5
RPN TFESNTE Y, AKRBHRARTHEONFERORY M ERFTETFET
H5b,
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KBV TIREZ W ERFER, RRICSIMEN L T 2k Ih R ERE B o B
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Table 1 Test Parameter Matrix of Report 17

Temperature Temperature Velocity at Channel Inlet (cm/sec)
at Channel Inlet of feed water
of Cooling box 2.5 275 3 4 5 6 7
50 12.5 XX YY 'A% 0] J K EE
45 _ Q RR DD
40 _ 0 0] PP BB CcC
35 . NN T Z AA
30 _ MM U Y
25 - w \%
20 _ X
50 16.0 SS FF
- 20.0 TT GG
- 25.0 UU HH

* XX is a run name of each test case.
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Table 2 Test Parameter Matrix of Report 2

Temperature Temperature of feed Velocity at Channel Inlet
at Channel Inlet water of Cooling box [cm/sec]
[C] [C]
Case - 1 50 12.5 2.5
Case - 2 50 12.5 2.75
Case - 3 50 12.5 3.0
Case - 4 50 12.5 4.0

B . S
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Test Section
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Main Flow Penetration Flow
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Fig. 10 Trend of velocity fields of penetration flow
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Ri = Gr/Re?
Fig. 16 Maximum Penetration Depth by temperature data
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Fig. 17 Maximum Penetration Depth related to Ri and Re Number
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Plenum

Entrainment
Penetration Depth z
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Y
Penetration depth : z
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. Buoyancy force : b
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| Density : p
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oL Tow Specific heat : cp

z/De = F(Pr, Gr/Re3)

Fig. 18 Physical Mechanism of Penetration Flow
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Al BB WG ESANER TR/ ST 4 — %

(1) Starting depth
b v AFa—HHKEDEFMNT BB L DR, FHURIGAIE %34, B
MR rI VAF2—=F2RETHILICE 2 THANTE S N BFULE & Dfti %
T D LI E > THERT AT AT E B,

(2) Channel distance
F v v A VIGEM. RGO E S, COEEMBIEL T, FHIL Y V&4
5o

(3) Sound velocity
WARDFERNC & 5, BRI —EKMICRESEICETEEINLY, FEN 12D
iz 52 Twh, COMERMDIST A =5 2HETIROERGLEME 22,
KERLDHEEMERATIEEOEY 225X 2LEND B, KOBFEI
AMH 1480 [mfs] 12ty b5,

(4) Maximum depth
AR E O RKENE & BFik/A— X MEB DV X BB M3 E 1%
LTwd, @K & 2 L2 5HMECE UL TRES €%,

(5) Storing interval
WA T — 5 DA 25 =Ny 1 DOFEDT — & OFF BRI EE
ThHBEW, AEVIEAINDE TS BRTETH D, it s b a ¢
AT EMTE D,

(6) RF gain factor
KeERLDHELZENT 256, BEEOBMBERRL —&HICIER2 5, HIF
DHBOTHOAEL, THEDLZEIBET LI LNTE S,

(7) US emission voltage
PG VAP 2 —HICE5E R LEEME. BEDMEE LTINS O REHEDREEIE L
T, Bl 774513610585 TBET S,

(8) Channel width
FrrAVIRREMIEEEEL, BETHH ., KDBEI120.75mmTH 5,
COERERKELUTORNTE L 605,

w=c*1(usec)/?2

A 2. HEEBTHSANEEE DM
(1) Mo LEtIL Y
EMSMEIEF Y Y AVBICELL, UToRICL - THREE NS,

T,=c*1(usec)/2
CHIEF vV RUVEMICREHZEBRRL TR, F+ X VEEHEE 2 2DFH



PNC TN9410 94-277

HOMMTH B, BHITIROE S X F v VA VEEE2 L THH S 02 pt, 2
M5 eI B R L 2 VR HIC—ETH D,

(2) BEINSMEAE
1 DOWHES A & 3T BERONFHSMEIE, 57— & ORI & » T
SN, ENEF, (BERN—Z MEFO/SVARBUBER) HKIET 50 B
FTORITRY & )02, FHIBRKRES 3t LT T 2,

Maximum Depth Time Resolution
95mm 16.4msec

189mm 32.8msec

375mm 65.5msec

758mm 131.1msec

RAEL BADOP (RFHIRS . BHOF ) S LTk, ko
S (0—6 3F >~ al) D LEDHEMOSMIETHN &, £OWBEAEISH
Pratd, tEoT, BRRE OEBMIBAE LEOETH 245, BT &%
D7 — 7 ORI OB B ZESEET 5,

(3) FTiymeRs
Al & N B WERAT DB 2 1 BRI 1 R OB RISRAE & & L v,
L2L, ERRTHF - I E 7~ RRETL D 12012, 7— 5 05D
LLODMBORERIVLETH 2D, 2070, FAIBMEUTOZIRT LS I,
T—SORIGETF— S D OBERIC L o TEHT 50 7= 5 DS LB I
Bt 7= DARFCHOTMEEL TS, L L, 2hEPAOEESMEEE
5 ORETIEENEV0, 1 %KiETH S,

Maximum Depth Average measuring Time
95mm 37.2msec

189mm 37.2msec

375mm 69.8msec

758mm 135.3msec

(4) v 7YV v raE—-F
REIFRDTT — 9 DMMERAX Y 7T 22 EHYTE (Storing interval
parameter ; m) | M SN FHESAH T — & OBMEBERIRY Y 7Y v XAV — F
CHEMTH D, o T, BHRENDF—IDF Y TY Y FIA¥ = FIIARIT L -
TEtH N5,
Tamp = (m + 1) * Measuring Time

A3. BEBEREDHNESEET -5 7 7 4 L OREREE
TRTDF—F RN F ) F—5ThHAID, N{FY)F— FTH—-T T 20EH
H5bo
1. Parameter Block 00 00 00 ..........
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2. Data Block 00 00 00 ..........
....................... (1024 * 128 bytes) [profile data]
(Total 131,584 Bytes)
(1) "o A= TOY s
NIA=8 7= RUTOENTEALND, FNEFRDF—~ 512284 M &

AT %0
00-01 Version number of the machine software
02-03 Channel distance (micron)
04-05 Position of the first channel
06-07 Window-end position
08-09 Sound velocity (m/sec)
0A-0B Storing interval
0C-0D 0 = OFF, 1 = ON (Trigger mode]
0E-OF 0 = OFF, 1 = Floppy, 2 = Sefial
10-11 (internal use)
12-13 (internal use)
14-15 (internal use)
16-17 (internal use)
18-19 Basic frequency of ultrasound (kHz)
1A-1B Fprf (Hz)
1C-1D US emission voltage (V)
1E-1F (internal use)
20-21 (internal use)
22-23 (internal use)
24-25 (internal use)
26-27 Screen scale factor

(2) =9 7092
TOT77ANTF—5 R 1 BDF—=5H1) 154 VEFT S, 7— & 0o,
F—4 70y s OEFEIFENHEERD SO 7 7L Ve B, FRLEEIEE
N\ SN T 5,

A4, BEBRRESMNEEET - 48y -V (UDP. EXE)
CDVT7 TV —=WiE, UVPILLoTEONF—5 774V TERRL,
BF—5 T XAMT77ANVCEERAA, NOT7 TV 5r—=var7uss ACFETE
5 &) RN THAT D480 130, FIHMEME, Bk BURTHIT X A v Ho v —
VTHb, COEVAIEAT. UDP. EXEV—=XYJ R MMt LTe LBRDOF—
5774 NVDOHEEICTEN, ALV EY2—-VDUDP. C® open_profile() T/$F X — %
AR M, read_file() TAENIF = #HRARAFBREUIA 2T o T b,
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AS5. FNAKRIREDKEING A — & 12T 2 1340
AMEW T, AR RIOXANT A -7 3GUREB L UPHE & LTV B, &
DR EIFD F TIABOM D AR T BERELFFo 12D T, {14k ET 2,

(1) MEMNEDERAFANEDT FOI 2L HER

BHIL TR T 05 FINLRSEC S B ARAFFHT 1T bt B L B
THHM D | Py YR A MEENE . BT B0 DR, BRI
L BFS) BEEWC RIZTEAMN EH X B, S OWHLE 7V &Fig. ALCTT .
BETICUE W THE, BETIISE W E C A3 Y, A DO FERREREIZ IS %
Ho WAED/NS VIV A v M HBEE & BACBIT 2 &, BEH LG Lilg
THOOWARR 2L, FAENIL AV PEFUEEICEZSL I ET R, oD
BT, KEHFEOMT) & S8 H 18 OB ik B M IcE 2 % e &
BVDT, KEFMERBEHRMD2ODNBEREWNLEL L L, FAEOLL 2
Y POHBEEM, MHFEEa, KFEHFBORESEL, BHARES ¥z, FHEKODT
% o, KFEHONIEHLEN IS BT 5 EHMESEDEA, ZLA Y
PAKFEFNBERELE T T 2 DIcES 5M AL L, T XRTAFTH B, T
VXA Y MOAXERIC L ZEEFEOAHBEE 2B O EMTRT &

A

THoH0b, INLOMAFRE I LD TIEMNFisEEES &

2
F; = pZzLZ(-a—u—

oL

ZE R

1) {LF—ERE HRUEROMER LG P211-214  (BR) HEREHIK

2) H.Chuang and J. E. Cermak, "Similarity of thermally stratified shear flows in the
laboratory and atomosphere, " The Physics of Fluids, Supplement Pt. 2, Vol. 10, 1967,
pp. S255-S258
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—F5. JAMOBEE L T L AV b OWIED R

dp
Ap =—
oL

LA DT, {PFIFbIE

Fp = Apz2Lg
= gzsz?.B.
oL
TICRETT & o (BB < R5MESIFvId
Fy =pzu

WU =N OGE M ESBEEELTE Y,

E 2T I BOMRE—FT 5,
I, BDRAARIRINODIZNNST VR (BED=BH+¥MSH) L

2
’ pLZ(QE) - nga—p\zLuuz:O
|l T e

D LL, CnEZIDNTHEL E

Hu

auf apl,
p(aL) gaLfL
b, LL, ARRTREEOKEF DGR E KDL LT ET. ¥
EDOKFEH/MOAEERDLD SbEFETH B2, TOHEIC Lo Tizikh A
ARSI ERDTVE W,

(2) WMETT 7 74 VOBBELD S AT DGR TERT D HiE
UVPR Lo THRONDBHEOTWEDA L, ¥ 1 AHEIE R 723548 12 1EFig. A2
R &) IS EFR» O TRIECET AMENELET 2, CONEBELH B —
FEDHANETVTH LD (0FLRBBORET, Z2OMBL VBV IEICS
WT3 AL EEDHEIERL TVEE) | FORBFIZEBI CLICL o TH
NRAADEWRDTE 2 FERTIHETH D, F v ¥R IVADFEFHEA3.0
[em/sec]. B & U'4.0 [cm/sec] Do — A 2DV T DEEF % Fig. A3(A), A3(B), Ad(A),
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BWHLIODTHD, #DARDBIMITE S IRND DEBEAM N ALIRE & L
T, % (Right&Left) #ILIRT % &, Rightd FSE D RAATWE A, &
DO EHANIRF AR LIS BV T TR DL LTV A2 1T LD 280
HI:OTHbB, €o T, OB IAATWAALEERIghtDHFIZHN L,
Right? 53K 2R S & AXBTHWAIEDH M & B ORE % 3 4 1 i %
EBHLEEIIT B LIZIZF UARE 2 o 72 (Table Al) o CDJFikIE. WY
BEBREITIHE. WNARRSOBHEDOWEM L KL E L LT VWFI LA H
BN, TRTDTy —ADERIMThbN TV nizd, S OFED, S ILERHE
bhTwiwn,

(3) /787 =AY P IC & B HE
UVPIRLoTHOND FED DS, EME DL DOEMELE 7 — ) =22
WMTBZLILL2THNT =ZARY PV ERDI, ) ALIEEICREL, £
LTIRCHEN ALy — AT, 7V AERTETKELRE—-2 5050398,
FHUSB DT — S —F TH A 720, )AL DHESS LW — 2 TiRY —
SEHEAT B L HITEFOIBLE VA RS FUAF v 2 NVADCHE D> TIE
CHAL T Bo #J % Fig. A5, A6, AT, ABIZRT e S D& ICEMEMICIZIED
RABR BT DI EDTEDN, FEEMLHER, BIAKMBRSICHEU
AT ENREETH B 720, EELRWL 7,
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Table A1 Maximum Penetration Depth

From Averaging Data From Time Series Data
Case - 1 342 [mm] 340 [mm)]
Case - 2 223 [mm] 220 [mm]
Case - 3 103 [mm) 94 [mm]
Case - 4 67 [mm] 62 [mm]
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Fig. A1 Physical Mechanism of Penetration Flow
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Case-3 (3.0 cm/sec) [Left]
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Fig. A3(A)  Time series of the Edge of Penetration Flow for Case-3 (Left)
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A7, UDP. EXEv—=2XY &}

M%%%Eﬁﬁ%ﬁ%ﬂ?~9ﬂmv—»@@Wﬁ&&ﬁv—xUzb%ﬁTom%
@ﬂmm:va94V?®i775Vﬁﬁ?ﬁaéo%#7>aymﬁ%uy—xu
AMRTIT R o TWVD, & AR TIEBEE 27T,

(fE i 1)
REM 1. ¥ — # FjR
UDP /P COPIES.001 > B:¥UDP¥_P.DAT
UDP /1 COPIES.001 B:¥UDP¥_I1.DAT B:¥UDP¥_I2.DAT
UDP /D COPIES.001 > B:¥UDP¥_D.DAT
UDP/TV 64 COPIES.001 > B:¥UDPY_TV.DAT
UDP/PV 512 COPIES.001 > B:YUDP¥_PV.DAT
REM 2. T3 i1 4L R
UDP /A COPIES.001 > B:¥UDP¥_A.DAT
UDP /Z COPIES.001 > B:¥UDP¥_Z.DAT
UDP /O COPIES.001 > B:YUDP¥_O.DAT
REM 3. Bk B s b
UDP/T 64 COPIES.001 > B:YUDP¥_T.DAT
UDP/TM 64 COPIES.0C! > B:¥UDP¥_TM.DAT
UDP /TN 64 COPIES.001 > B:YUDP¥_TN.DAT
UDP/S 512 COPIES.001 > B:¥UDPY_S.DAT
UDP /SM 512 COPIES.001 > B:¥UDP¥_SM.DAT
UDP /SN 512 COPIES.001 > B:¥UDP¥_SN.DAT
UDP/T 128 COPIES.001 > B:¥UDP¥_T128.DAT
UDP /S 1024 COPIES.001 > B:¥UDP¥_S1024.DAT
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,lﬁ“#tt‘"ﬁ’ll“‘ll‘*lﬁi"'#“‘lﬁt‘i##!l‘lt"*llll'i'llltll‘titt#*‘l‘.#*‘*‘**‘#*t‘*‘**‘#

* A e MUy A e e ] 7 — & MLER - *
* --- UVP Data Processing tool --- *
. uDP.C Ver1.0 "
B ettt asesesashat -, a. e aan N aeennn ... -, " e NS e e, —nm. . n o e e e ne . an *
w1, 57— % KR -
* (1)/P [INPUT]} -> CON N T A= 774 VHA *
* (2)/1 [INPUT) [OUTPUTI] [QUTPUT?] : %37~ 1K) *
* (3)/D [INPUT]-> CON AT~ & IR *
* (4)/TV (0..127) (INPUT] -> CON : {51 B D¢ e ZE{LIE H *
* (5)/PV (0..1023) (INPUT] -> CON : {T: 0% 1) o0 [ 1) e 3 43+t 1 *
* 2. RHMMAL *
* (1)/A [INPUT] -> CON : ALL Data *
* (2) /Z [INPUT] -> CON : Zero Supressed *
* (3) /O {INPUT] -> CON : Only +- (Zero Supressed) *
* 3. BT .
* (1)/T (0..127) [INPUT] ->CON: /87— AR 2 bV - SRR - LR *
* (2)/TM (0..127) [INPUT} ->CON: N3 Y /'R *
* (3)/TN(0..127) [INPUT] ->CON: N= ¥ &R ‘ *
*(4)/S (0..1023) [INPUT] ->CON: Z AN FARY b )b - SEFLE - BRI *
*(5)/SM (0..1023) (INPUT] ->CON: NI Y &R *
* (6) /SN (0..1023) INPUT] ->CON: N= v I 7% »
* (7)/Option (128, 1024) [INPUT] -> CON : ALL Data *
B et tcenmeeamaceeee e —ee e . ... ———.———— oo . e meamaedseceeeceememsesmamemen-messcseanse L]
* BEIE . CICLBBPHMENE (B2 ORERM5IBF F TM) *
* [ e e e~ om——————— - a———. e a.————-—a—a. et .. .. ————men e ane——..— L]
* MAIN MODULE : UDP.C *
*SUB1  :DISP.C *
*SUB2 :AVEC .
*SUB3  :FFT.C *
* INCLUDE FILE : FFT.H *
* ERRORFILE : ERROR.DAT *
B e dcereeemenemememe e em————aesenoo.o. . - ————————— .- m .S e .- ——————————— oo oo e *
*  CL.EXE/AC /Od /W2 /F 2000 UDP.C DISP.C AVE.C FFT.C *

####**l‘l#i*l‘l#l‘l‘l‘l*#**t#*‘t##tlt‘l&tt"*#lllt#*lll*#**‘#t‘**‘t'*‘t##******#*tt#lﬁ/

#include <stdio.h>
#include <stdlib.h>
#include <math.h>
#include <malloc.h>
#include <string.h>

extern int f_dispO(struct parameter *);

extern int f_displ(char *, char *);

extern int f_disp2(struct parameter *);

extern int f_disp3(struct parameter *, char *, int);
extern int {_ave(struct parameter *, char *);
extern int f_ffi(struct parameter *, char ¥, int);
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struct parameter (
char fprof[40]; /* Data File Name */
double ch_distance; /* Channel Distance */

double start_ch; /* Position of 1st Channel */
double end_ch; /* Window End Position */
int fprf; * Fprf ¥/

int s_velocity; /* Sound Velocity */

int s_interval; /* Storing Interval */

char t_mode[4]; /* Trigger Mode */

char ar_mode[7]; /* Auto Record Mode */
int e_volt; /* US Emission Voltage */
int rf_gain; /* RF Gain Start Value */
double d_coef; /* Doppler Cocfficient */
double s_coel; /* Speed Coefficient */
double vel_conv; /* Velocity Conv. */

I

int huge *prof; /* Pointer for profile data */
FILE *fp; /* Profile Data File */

int p_error(void)

{
FILE *fo;
int c;

if (NULL == (fo = fopen("ERROR.DAT", "r"))) {
fputs("ERROR.DAT NOT EXIST.", stderr);
exit(l);

while (EOF |= (c = fgetc(fo))) (
putc(c, stderr);

fclose(fo); return 0;

int open_profile(struct parameter *prm)

{
int buf{256];
int wkl, wk2;

if (NULL == (fp = fopen(prm->fprof, "rb"))) {

fprintf(stderr, “%s Open Failed.¥n", prm->fprof);
exit(l);

fread(buf, 1, 512, fp);
wkl = buf[1]; /* win_int ¥/
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wk2 = buf[4]); /* vit_son %/
pmi->ch_distance = (double)(wkl + 1)*(double)wk2*0.001/2.0;

wkl = buf[2]; /* win_dcp */
prm->start_ch = (double)wkl;

wkl = buf{3}; /* win_fin */
prm->end_ch = (double)wk;

wkl = buf{13]); /* frq_prf */
prm->fprf = wkl;

prm->s_velocity = wk2;

wkl = buf[5]); /*sto_int*/
prm->s_interval = wkl;

wk] = buff6]; /* trig_mod ¥/

if (0 == wk1)
strepy(prm->t_mode, "OFF");

if (1 == wkl)
strepy(prm->t_mode, "ON");

wkl = buf(7]; /* rec_mod */
if (0 == wkl)
strepy(prm->ar_mode, "OFF");
if (1 == wkl)
strepy(prm->ar_mode, "DISK");
if (2 == wkl)
strepy(prm->ar_mode, "SERIAL");

wkl = buf{14j; /* val_tens */

prm->e_volt = wkl;

wkl = buf[11]; /* val_tgc */
prm->rf_gain = wkl;

wk1 = buf[8] & OxO0FF; /* val_prf */
if (wkl==0) wk2=7812;

if (wkl == 0x40) wk2 = 3915;

if (wkl == 0x80) wk2 = 1953;

if (wkl == 0xC0) wk2 = 976;

prm->d_coef = (double)wk?2/(2.0*128.0);
prm->s_coef = (double)prm->s_velocity*1000.0/(2.0*4.0E+06);
prm->vel_conv = prm->d_coef*prm->s_coef;

/* Display Parameter */

fprintf(stderr, " DATA FILE --- %s --- ¥n", prm->fprof);
fprintf(stderr, " Channel Distance = %6.2f [mm]¥n", prm->ch_distance);
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fprintf(stderr, "
fprintf(stderr, *  Window End Position
fprintf(stderr, " Fprl = %6d [Hz]¥n", prm->(prf);
fprintf(stderr, *  Sound Veloctiy
fprintf(stderr, " Storing Interval
Trigger Mode
Auto Record Mode
US Emission Voltage

RF Gain Start Value

fprintf(stderr, "
fprinif(stderr, "
fprintf(stderr, "
fprintf(stderr, "

fprintf(stderr, *  Doppler Cocfficient
Speed Coefficient

Velocity Conv.,

fprintf(stderr, "
fprinu(stderr, "

return 0;

int read_file()

(
int huge *pind;
char dat[128];
int i, j;

Position of 1st Channel = %6.2f [mm[¥n", prm->start_ch);
= %6.2f [mm]¥n", prm->end_ch);

= %6d [m/s]¥n", prm->s_velocity);
= %6d¥n", prm->s_interval);
= %6s¥n", prm->t_mode);
= %6s¥n", prm->ar_mode);
= %6d [V]¥n", prm->e_volt);
= %6d¥n¥n", prm->rf_gain);

= %6.2(¥n", prm->d_coef);
= %6.2f¥n", prm->s_coef);
= %6.2[¥n¥n", prm->vel_conv);

if (NULL == (prof = (int huge *)halloc(128L*1024L, sizeof(int)))) {

fputs("Memory Allocation Failed.", stderr);
exit(l);

for (i = 0;1 < 1024; i++) {
fread(dat, 1, 128, fp);
for (j=0;j < 128; j++) {
pind = prof + 128L*i + j;
*pind = (int)dat(j];

return 0;

int main(int arge, char *argv(})
{

struct parameter prm;

char opt[3]}; /* Option */

char pn; /* Process Number */

int ch;

if (argc == 1 1l arge == 2) {
p_error(); exit(1);

)

if (arge > 5) {
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p_error(); exil(l);

)

strepy(opt, argv(1]); /* Option */
if (0 == stremp(opt, "/P")) {

if 3 !=arge) (
p_error(); exit(1);
)
pn=0;
) else if (0 == stremp(opt,
if (5 1= argce) {
p_error(); exit(1);
}
pn=1;
) else if (0 == stremp(opt,
if (3 I=arge) {
p_error(); exit(1);
)
pn=2;
} else if (0 == stremp(opt,
if (4 1= arge) {
p_error(); exit(1);
}
pn=3;

} else if (0 == stremp(opt,

if (3 !=arge) {
p_error(); exit(1);
)
pn=4
} else if (0 == strcmp(opt,
if (4 1= arge) {
p_error(); exit(1);
)
pn=5;
} else if (0 == stremp(opt,
if (4 1= arge) {
p._error(); exit(1);
)
pn=S5;
} else if (0 == strcmp(opt,
if (4 1= arge) {
p_error(); exit(l);
}
pn=3$;
) else {

‘) |

"MD" {

"[TV") i 0 == stremp(opt, "/PV™)) {

“/A") i 0 == stremp(opt, “/Z") i 0 == strcmp(opt, "/0")) |

“/T") 0 == stremp(opt, "/TM")) {

“fTN") il 0 == stremp(opt, "/S")) {

“/SM") i 0 == stremp(opt, "/SN")) {

fputs("F 7 a Y ORBIR D HH Y T, ", stdem);

exit(1);

/* Input File */
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if (3 ==pnil5==pn)(
sucpy(prm.fprof, argv(3]);  /* Input File Name */
ch = atoi(argv(2)); /* Channel */

) else {
strepy(prm.fprof, argv(2]);  /* Input File Name */

/* Open Data File and Read Parameter Block */
open_profile(&prm);

switch (pn) {
case
f_disp0{&prm);
break;
case 1:
read_file();
f_displ(argv(3], argv(4]); /* No Need Parameter Value */
break;
case 2;
read_file();
f_disp2(&prm);
case 3:
read_file();
f_disp3(&prm, opt, ch);
break;
casc4:;
read_file();
f_ave(&prm, opt);
break;
case 5:
read_file();
f_ffu(&prm, opt, ch);
break;
)
hfree((char *)prof); fclose(fp); retumn O;
)
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/‘#t**t*‘*t‘#*‘*‘#*“‘t#t‘t‘t‘##‘tt#ttt‘*#

* AE GRS R W T~ 2 Y - .

L= RRREN -y .
* f_disp0(), f_disp1(), f_disp2() "
* DISP.C o

##t‘*#*‘*t*“tt‘ﬁ*‘##tt‘##‘*i‘#*#**ﬁltt**/

#include <stdioh>

struct parameter |

|5

char fprof[40};

/* Data File Namc */

double ch_distance;  /* Channel Distance */

double start_ch;

double end_ch;
int fprf;

int s_velocity;
int s_interval;
char t_mode[4]};

char ar_mode[7];

int e_volt;
int rf_gain;
double d_coef;
double s_coef:

/* Position of 1st Channel */
/* Window End Position */

/* Fprf ¥/

/* Sound Velocity */
/* Storing Interval */
/* Trigger Mode */
/* Auto Record Mode */
/* US Emission Voltage */
/* RF Gain Start Value */
/* Doppler Coefficient */
/* Speed Coefficient */

double vel_conv; /* Velocity Conv. */

extern int huge *prof;

extern struct parameter *prm;

/* Parameter for "/P" */

int f_dispO(struct parameter *prm)

{

/* Display Parameter */

fprintf(stdout, *

DATA FILE --- %s --- ¥n", prm->fprof);

fprintf(stdout, * Channel Distance = %6.2f [mm]¥n", prm->ch_distance);
fprintf(stdout, " Position of Ist Channel = %6.2f [mm]¥n", prm->start_ch);
fprintf(stdout, © Window End Position = %6.2f [mm]¥n", prm->end_ch);
fprintf(stdout, * Fprf = %6d [Hz]¥n", prm->fprf);

fprintf(stdout, " Sound Velocliy = %6d [m/s]¥n", prm->s_velocity);
fprintf(stdout, *  Storing Interval = %6d¥n", prm->s_interval);
fprintf(stdout, " Trigger Mode = %6s¥n", prm->t_mode);

fprintf(stdout, " Auto Record Mode = %6s¥n", prm->ar_mode);
fprintf(stdout, " US Emission Voltage = %6d [V]¥n", prm->e_volt);

fprintf(stdout, "

fprintf(stdout, "
fprintf(stdout, "
fprintf(stdout, "

RF Gain Start Value = %6d¥n¥n", prm->rf_gain);
Doppler Coefficient = %6.2(¥n", prm->d_coef);

Speed Coefficient = %6.2f¥n", prm->s_coef);
Velocity Conv. = %6.2{¥n¥n", prm->vel_conv);
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return 0;

/* Parameter for */1" %/
int {_displ(char *p3, char *pd)
(

FILE *fo;

inti, j;

int huge *pind;

/* Output File VOL.1 ¥/

if (NULL == (fo = fopen(p3, "w"))) {
fprintf(stderr, "%s Open Failed.¥n", *p3);
exit(l);

for (i=0; i< 128; i++) (
for G=0;j<512; j++) (
pind = prof + i + 128L*j;
if (*pind != 0) fprintf(fo, "%4d¥t", *pind);
else fprintf(fo, "%4d¥t", 256);
)
fprintf(fo, "¥n"),
}

fclose(fo);

/* Output File VOL.2 */
if (NULL == (fo = fopen(p4, “w"))) (
fprintf(stderr, “%s Open Failed.¥n", *p4);
exit(1);

for (i=0; i < 128; i++) {
for (j = 512; j < 1024; j++) {
pind = prof + i + 128L*j;
if (*pind != 0) fprintf(fo, "%4d¥t", *pind);

else fprintf(fo, "%4d¥t", 256);
)
fprintf(fo, "¥n"),
)
fclose(fo);
return 0;

/* Parameter for “/D" (Velocity Data Output) */
int f_disp2(struct parameter *prm)
{

int i, j;

int huge *pind;
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int idat;
double dat;

for (i=0; i< 1024; i++) {
for (j=0; j < 128; j++) (
pind = prof + 128L*i + j;
idat = (int)(*pind);
dat = (double)idat*(prm->vel_conv);
fprintf(stdout, "%8.41¥1", dat);
]
fprintf(stdout, "¥n");
)

return O;

/* Parameter for "/TV" and "/PV" */
int f_disp3(struct parameter *prm, char *opt. int ch)
{

int i;

int huge *pind;

int idat;

double dat;

double position;

double time;

il (0 == stremp(opt, */TV")) { /* Time - Velocity */
if(ch<Olich>127) {
fpus("ILB DB R > TV 3T, ", siderr);
exit(1);
}
if (7812 == prm->fprl)  time= 37.2E-03;
else if (3906 == prm->fprf) time = 37.2E-03;
else if (1953 == prm->fprf) time = 69.8E-03;
else if ( 976 == prm->{prf) time = 135.3E-03;
else {
fputs("Value of Fprf is incorrect.”, siderr);
exiy(1);
}
fprintf(stdout, " Ch¥t  Time¥t Velocity¥n");
for (i=0;i<10249; i++) {
pind = prof + 128L*(long)i + (long)ch;
idat = (int)(*pind);
dat = (double)idat*prm->vel_conv;
fprintf(stdout, "%6d¥1%9.4(¥1%9.4f¥n", i, (double)i*time, dat);
)
} else { /* Position - Velocity */
if ch <0 @ ch> 1023) {
fputs("REM DI|EL IR > TV £ ¥, *, stderr);
exit(1);
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fprintf(stdout, " Ch¥1 Position¥t Velocity¥n");
for (i=0; i < 128; i++) {
pind = prof + (long)i + 128L*(long)ch;
idat = (int)(*pind);
dat = (double)idat*pm->vel_conv;
position = (prm->start_ch) + (double)i®*(prm->ch_distance);
(printf(stdout, "%6d¥1%9.4{¥19%:9.4{¥n", i, position, dat);

)

return ();
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/*0"0“t#“t‘t*‘#‘#‘"‘U‘ltit‘t“t“!‘*.t

O EB A AT I P~ 5 Y~ .

¢ 2. FHMMBN - F v *
* f_ave() *
. AVEC *

‘#*‘#‘#““‘t“‘itt0*‘0‘!&#.“‘*“*.“.**,

#include <stdio.h>
flinclude <malloc.h>
#include <math.h>

struct parameter {
char fprof{40}; /* Data File Nnme */
double ch_distance;  /* Channel Distance ¥/

double start_ch; /* Position of 1st Channel */
double end_ch; /* Window End Position */
int fprf; /* Fprf ¥/

int s_velocity; /* Sound Velocity */

int s_interval; /* Storing Interval */

char t_mode([4]; /* Trigger Mode */
char ar_mode[7]; /* Auto Record Mode */

int e_volt; /* US Emission Voltage */
int rf_gain; /* RF Gain Start Value */
double d_coef; /* Doppler Coefficient */
double s_coef; /* Speed Coefficient */
double vel_conv; /* Velocity Conv. */

b

extern int huge *prof;
extern struct parameter *prm;

int f_state(double *dat, double *ave, double *sd, int n)
(

int i;

double wk1, wk2;

double *p;

p=dat;

wkl = 0.0;

for(i=0;i<n;i++) {
wkl = wkl + *p;
P+

}

*ave = wkl/(double)n;

p = dai;
wk2 =0.0;
for(i=0;i<n;i++) (
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wkl = *p - *ave;
wkl = wk1*wkl;
wk2 = wk2 + wkl;
p++;
)
*sd = sqri(wk2/(double)(n - 1));

return 0;

int {_ave(struct parameter *prm, char *opt)
(

int huge *pind;

int i, j

double position;

int idat;

double p_ave{128), p_sd[128]; /* for (+) Data ¥/
double *dat;

double *p;

double ave, :d;

int ct;

double m_ave[128], m_sd[128]; /* for (-) Data */
double *dat2;

double *p2;

int ct2;

if (NULL == (dat = (double *)malloc(1024*sizeof(double)))) {
fputs("Memory Allocation Failed.", stderr);
exit(1);

if (0 == stremp(opt, "/A")) {
for (i=0; i < 128; i++) {
p =dat;
for (j = 0; j < 1024; j++) {
pind = prof + (long)i + 128L*(long);;
idat = (int)(*pind);
*p++ = (double)idat*(prm->vel_conv);
}
f_state(dat, &ave, &sd, 1024);
p_ave[i] = ave;
_sd[i] = sd;
)
free((char *)dat);
) else if (0 == stremp(opt, "/Z")) {
for (i=0;i < 128; i++) {
p =dat;
ct=0;
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for (j = 0; j < 1024; j++) {
pind = prof + (long)i + 128L*(long)j;
idat = (int)(*pind);
if (idat 1= 0) {
*p++ = (double)idat* (prm->vel_conv);
Cli-+;
)
)
if (0 ==ct) {
p_ave(i] =0.0;
p.sdli] = 0.0;
} else {
{_swte(dat, &ave, &sd, ct);
p_ave[i) = ave;
p.sd[i] = sd;
}
}
free((char *)dat);
} else il (0 == stremp(opt, "/0")) {
if (NULL == (dat2 = (double *)malloc(1024*sizeof(double)))) (
fputs("Memory Allocation Failed.”, stderr);
exit(1);

for (1=0;i<128; i++) {
p=dat;ct =0,
p2 =da2; c2 = 0;
for j =0; j < 1024; j++) {
pind = prof + (long)i + 128L*(long)j;
idat = (int)(*pind);
if (idat > 0) {
*p-++ = (double)idat*(prm->vel_conv);
Cl+;
) else if (idat < Q) {
*p2++ = (double)idat*(prm->vel _conv);
Cl24+;
}
}
if(0==c) |
p_ave[i] = 0.0;
psd[i] =0.0;
} else {
f_state(dat, &ave, &sd, ct);
p.ave[i] = ave;
p_sd(i] = sd;
)
if (0 =c12) {
m_ave[i] = 0.0;
m_sd[i] = 0.0;
} else {

- 64 -
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f_state(dat, &ave, &sd, c12);
m_aveli] = ave;
m_sd[i] = sd;

)

)
free((char *)dat); free((char *)dat2);

/* Output ¥/
if (0 == stremp(opt, "/A") ii O == strcmp(opt, "/Z")) {
fprintf(stdout, " Ch¥t");
fprintf(stdout, " Position¥t");
fprintf(stdout, " Average¥t");
fprintf(stdout, " S.D¥n");
for (i=0; i< 128; i++) {

position = (prm->start_ch) + (prm->ch_distance)*(double)i;

fprintf(stdout, “%dd¥L", i);
fprintf(stdout, "%9.4(¥1", position);
fprintf(stdout, "%9.4[¥t", p_ave{i]);
fprintf(stdout, "%9.4(¥n", p_sd[i]);

}

} else {

fprintf(stdout, " Ch¥t");
fprintf(stdout, " Position¥t");
fprintf(stdout, * Average(+)¥t");
fprintf(stdout, " S.D(+)¥t");
fprintf(stdout, " Average(-)¥t");
fprintf(stdout, " S.D(-)¥n");
for (1=0;i<128; i++) |

position = (prm->start_ch) + (prm->ch_distance)*(double)i;

fprintf(stdout, "%edd¥t”, i);
fprintf(stdout, "%11.4f¥t", position);
fprintf(stdout, "%11.4f¥1", p_aveli]);
fprintf(stdout, "%11.4f¥t", p_sd[i]);
fprintf(stdout, “%11.4f¥1", m_ave[i]);
tprintf(stdout, "%11.4f¥n", m_sd[i});

return 0;
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" f_ff) *
* 2ero_y(), ipow2(), inv2pow(), f1t() *
. hann(), hamm(); *
* FFT.C .

‘t*t‘tt‘**#**‘*t*!t#*##‘#tt*#"t.“t‘..t‘/

#include <stdio.h>
#include <math.h>
#include <malloc.h>
#include "ffL.h"

struct parameter {
char fprof{40); /* Data File Name %/
double ch_distance; /* Channel Distance */
double start_ch; /* Position of 1st Channcl */

double end_ch; /* Window End Position */
int fprf; /* Fprf */

int s_velocity; /* Sound Velocity */

int s_interval; /* Storing Interval */

char t_mode[4]; /* Trigger Mode */

char ar_mode(7]; /* Auto Record Mode */
int e_volt; /* US Emission Voltage */
int rf_gain; /* RF Gain Start Value */
double d_coef; /* Doppler Coefficient */
double s_coef; /* Speed Coefficient ¥/
double vel_conv; /* Velocity Conv. ¥/

)i

extern int huge *prof;
extern struct parameter *prm;

int f_{ft(struct parameter *prm, char *opt, int ch)
{
inti, j;
int huge *pind;
int idat;
double *x, *y; /* x : Real Part, y : Imaginary Part */
double *px, *py;
double dat;
double time;
double b_frequency; /* Basic Frequency */
double w_number; /* Wave Number */
double wkx, wky;

if (0 == sremp(opt, "/T") ! 0 == stremp(opt, "/TM") !} 0 == stremp(opt, “/TN")) {
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if(ch<Olich>128) (
pus("{ W DA Mo T E T, *, stderr);
exit(1);

if (NULL == (x = (double *)malloc(1024*sizeof(doublc)))) (
fputs("Memory Allocation Failed.”, stderr);
exit(1);
)
il (NULL == (y = (double *)malloc(1024*sizeof(double)))) (
fputs("Memory Allocation Failed.", stderr);
exit(1);

if (128 I=ch) {
px=x;
for (i = 0;i < 1024; i++) {
pind = prof + 128L*(long)i + (long)ch;
idat = (int)(*pind);
*px+-+ = (double)idat*prm->vel_conv;

if (0 == stremp(opt, "/TM"))
hamm(x, 1024);

else if (0 == stremp(opt, "/TN"))
hann(x, 1024);

zero_y(y, 1024);
ffi(x, y, 10, -1.0);

if (7812 == prm->fprf)  time = 37.2E-03;
else if (3906 == prm->fprf) time = 37.2E-03;
else if (1953 == prm->fprf) time = 69.8E-03;
else if (976 == prm->fprf) time = 135.3E-03;
else {
fputs("Value of Fprf is incorrect.”, stderr);
exit(1);

px=xpy=y,
b_frequency = 1.0/(1024.0*time*(prm->s_interval + 1));
fprintf(stdout, " No.¥tFrequency¥t Power¥n");
for(i=0;i<512;i++) {
fprintf(stdout, "%d4d¥1%9.4(¥t", i, b_frequency*(double)i);
wkx = *px; wky = *py;
dat = sqrt(wkx*wkx + wky*wky);
fprintf(stdout, "%9.4(¥n", dat);
PXt+; py++;

} else (
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for (j=0; j < 128; j++) (
pX =X;
for (i= 0; i < 1024; i++) {
pind = prof + 128L*(long)i -+ (long)j;
idat = (int)(*pind);
*px-++ = (double)idat*prm->vel_conv;

if (0 == stremp(opt, "/TM"))
hamm(x, 1024);

else if (0 == stremp(opt, "/TN"))
hann(x, 1024);

zero_y(y, 1024),
ffi(x, y, 10, -1.0);

PX=Xxpy=y,
for (i=0;i<512; i++) {
wkx = *px; wky = *py;
dat = sqri(wkx*wkx + wky*wky);
fprintf(stdout, "%9.4[¥t", dat);
PX-++; py++;
}
fprintf(stdout, "¥n");
]
)
free((char *)x); free((char *)y);
) else { /* opt == "/S" Il opt == "/SM" !\ opt == "SN" ¥/
if (ch< 0 ch>1024) {
fputsC"BRM DI/ AR 5> TV E T, ", stderr);
exit(1);

if (NULL == (x = (double *)malloc(128*sizeof(double)))) (
fputs("Memory Allocation Failed.”, stderr);
exit(l);
)
if (NULL == (y = (double *)malloc(128*sizeof(double)))) {
fputs("Memory Allocation Failed.”, stderr);
exit(1);

if (1024 1=ch) {
pX=x;
for (i=0; i< 128; i++) {
pind = prof + (long)i + 128L*(long)ch;
idat = (int)(*pind);
*px++ = (double)idat*prm->vel_conv;
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if (0 == stremp(opt, "/SM"))
hamm(x, 128);

else if (0 == stremp(opt, "/SN"))
hann(x, 128);

zero_y(y, 128);
ffi(x, y, 7, -1.0);

pX=X,py =Yy,
w_number = 1.0/(128.0*prm->ch_distance*1.0E-03);
fprintf(stdout, * No.¥tWave Number¥t Encrgy¥n");
for (i=0;1<64; i++) (
fprintf(stdout, "%4d¥1%11.4(¥1", i, w_number*(double)i);
wkx = *px; wky = *py;
dat = sqrt(wkx*wkx + wky*wky);
fprintf(stdout, "%9.4{¥n", dat);
pX-++; py++:
)
) else {
for (j = 0; j < 1024; j++) {
pX=X;
for(i=0;i<128;i++) {
pind = prof + (long)i + 128L*(long)ch;
idat = (int)(*pind);
*px+-+ = (double)idat*prm->vel_conv;

if (0 == stremp(opt, "/SM"))
hamm(x, 128);

else if (0 == strcmp(opt, "/SN"))
hann(x, 128);

zero_y(y, 128);
fi(x,y,7,-1.0);

pPX=Xpy=Yy,
for(i=0;i<64; i++) {
wkx = *px; wky = *py;
dat = sqrt(wkx*wkx + wky*wky);
fprintf(stdout, "%9.4[¥t", dat);
PX++; py++;
)
fprintf(stdout, "¥n");
)
)
free((char *)x); free((char *)y);
)

return 0;

}
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* zero_y(), ipow2(), inv2pow(), fft() *
* FFT.H *
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#include <math.h>

#define Pl 3.1415926536

int zero_y(double *y, int n)
(
while (n 1= 0) {
*y++ = 0.0;
n--;
)

return 0;

int ipow2(int 1)
{
intn=1;
while (1 {= 0) {

n*=2

int inv2pow(int n)
{
intl=-1;
while (n 1= 0) {
n/=2;

int hann(double *x, int n)

{
int 1;
double sc;

sc = 2,0*Pl/(double)n;

for (i = 0; i < n; i++)
x[i] = x[i]*(0.50 - 0.50*cos(sc*(double)i));
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return O;

)

int hamm(double *x, int n)
(

int i;

double sc;

s¢ = 2.0*PI/(double)n;
for (i=0;i < n; i++)

x[i] = x[i]*(0.54 - 0.46*cos(sc*(double)i));

return 0;

int ffti(double *x, double *y, int |, double f)
{

int i, ix, j, j1, j2, 10, li, Im, mx, n, k;
int ipow2();
double s, c, sc, t, tx, ty, arg;

n = ipow2(l);
mx =n;
s¢ = 2*PI/(double)n;

for (10 =0; 10 < I; 104++) {
ix=mx-1;
mx /=2;
arg = 0.0;
for (Im = 0; Im < mx; Im ++) {
¢ = cos(arg);
s = sin(f*arg);
arg += sc;
for (li = ix; li < n; 1i += (ix + 1)) {
jl=Ml-ix +1m;
j2=jl+mx;
x=x[j1] - x[j2;; ty =yl[j1) - y(j2)
x(j11 = x[j1] + x(2): y(1) = y[1] + y(52);
x[j2] = c*tx + s*ty;  y[j2] = c*ty - s*ix;

sc*=2.0;

if (f < 0.0) {
for(i=0;i<n; i++) |
x[i] /= (double)n;
yli] /= (double)n;

- 71 -



PNC TN9410 94-277

)

i=0;
for(i=0;i<n-1;i++) {
if (i <=j) (
v=x[i]; x[i) = x(j}; x[jl = 4
v=ylil; ylil = ylili yljl = 4
]
k =n/2;
while (k <=j) {
i=j-k
k/=2
)
i=j+k
)
return 0;

)
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