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Summary

The pressure drop test was performed to verify the hydraulic
performance of hybrid type spacer grid. And also, for the comparison of
the hydraulic performance of the hybrid type spacer grid, the pressure
drop tests were performed for the splitted wvane type spacer grid
(FOCUS) which had been developed in KWU and the reference spacer
grid which has no vanes. The tests were conducted at the hydraulic test
loop facility, Cold Test Loop-I. Three spacer grids are installed on the
5x5 fuel assembly for the tests. The differential pressure drops are
measured for the spacer grids and the fuel rods. The loop flow rate,
system pressure and temperatures are measured and controlled for the
test conditions. The pressure loss coefficient of the plain spacer grid is
lowest. The pressure loss coefficient of the Hybrid spacer grid is 7 ~ 10
9% higher than the plain spacer grid due to the mixing vane resistance.
The friction loss coefficients of the fuel rods are different from upper and
lower part. There is need to correct the locations of the pressure taps to

avold the local unstable region due to the spacer grids.
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Cold Test Loop -1 A X ZHEFE e,

Wz Adwa =9

Al g2

dE Al A2 (XS Volts, Y KPa) o,
Test Section®] 7|32 ALY e
Test Section (5x5 Fuel Rod ASSEmMDLY) ooveoveoeeeeieeeeeeeeeeeen,
SPACET GIIA (TFOCUS) oottt
Spacer Grid (FLYDIIA) .ovoveeeeeeeeeeeeeeeeeee et
SPACET GIIA (PLAIN) vttt
FT-115"7) FZA A9 Data Sampling .....ococeeeeeeeeeereereenn.

(Test Case : DP-VFA-Hybrid-1.5)

Aol Aol FIHA A A A 2H(DP-3) Data Sampling ..........

(Test Case : DP-VFA-Hybrid-1.5)

Aol e Loop =%=(TC-1) Data Sampling .......cccceeveueee.e.

(Test Case : DP-VFA-Hybrid-1.5)

FT-1(3.07) fZA A2 Data Sampling ....ccoeeeeeeeeeeeerrnnn.

(Test Case : DP-VFA-Hybrid-3.0)

Ao A TR A AR 24H(DP-3) Data Sampling ..........

(Test Case : DP-VFA-Hybrid-3.0)

Ao A2 Loop &% (TC-1) Data Sampling .......ceoeveeene...

(Test Case : DP-VFA-Hybrid-3.0)

Z7F A AR W ¢, =T A AR FHEAE

z}o] H]al (Test Case : DP-VFA-Hybrid)

Ao ey vaEde Y kg gAnge] AL

-

zo] W]l (Test Case : DP-VFA-Hybrid)
AR AR} AAgy FHEA s S vl

H 71w

(DP-6, DP-3+DP-4)

AR A ALl B 2D AT BIIL e,
ANl B O] mFEEAL AT BT e,
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2.1 Test Loop

A H A (Cold Test Loop-1)+&= Wz A% 8 A (water storage tank),
H 3 (circulation pump), A& (test rig) L& 3L loop FAE FHA 3=
|, &%, 4= AA som FAE Utk e Wi AR Al =
£ AA2ER SF7] 98] heater®t cooler’t F2E ol glo
S AlAst7] $138Fe] heater controller$} flow control valveZ} A %] %]
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7}. Water Storage Tank

Wz Agaae] P42 AHdsd(AA 750, =o] 1950 mm)o] ™
AA -GS 900 liter, A4S 700~800 literd =olt}, &9 3lcto] F
THjFH(4)o] LF] FEF ey AT FE Sio] fgulidr)e]
Axol v BAaliels dasE 287l fste cooler’t A4 587, F
2ol 6 mel tubert mAFFo = WFH ol Atk wal Wrre] SRS x
o]7] 9Jste] ¥= shwtel] 10 KW & %9 heater 2705 F&stqich 2 9 =
Aol A2 v AFYS oo gon "] M mWd g 2.1-2
o vt A

- B3 g sl s Aok E 4R F9]5H(27ball valve), demi-water

AT (1/2), 9 =4 % over flow #j# (1-1/27)
H

=z
T
EERTE

- e A 40), 235 W =9 (3/40)
- ®A 3 S 254 (1/2)

- B stdk S 23 WA 4 (3/47)

- WA st of W L Wz &9 (47), heater AT 271 (27),



drain ®j & (17)

1}, Heater & Cooler

/\E];:q! % o
ek o] 52 WS AR Uil R W 220 A4 A
425 Hlaskal heaters} 2245 W4 FHEEHE O Aojdl ofsto] AEH

Heater®] Ao} Al~" G4

- Heater : 10kWxZ2ea

N

A3F : AC 220 Volt

-

— Controller : AC Zero Crossing & A|o] Unit (WYU-PHI50T, ©<3)

Flow Control Valve Ao} A]~® A
- Valve : Globe Valve
— Actuator : Diaphragm, Pneumatic

- Controller : Motoyama, E/T603

t}. Circulation Pump

o} Loop9 &2 Hxo 3AS%

=t eS|
+ inverterE AFg3%tth HiZ9] 7|& ALY oflof .

- 2% : 2 m’/min, 75HP

o
O

4 100 m

)
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2}. Loop Instrument

2.2 Test Section

7}. Test Channel

Test channel 5x5 AR the] F2d F JEEF AL ALEF G

ol AL ofaHUS AFE3ISTE Test channel®] Zoli:= dgho Aol

a9 Ao EFEHE HAxE 7] Yste] sty Aw A ARE A
stal T3kol AAAAE womA F F1Ee] spand §F, =7 X

- &
o A z3kdth. #A 8 test channel®] AFSFS 1™ 2.2-1, 29 YEFY At}
1. Spacer Grid

AEo ALgH A A AR (spacer grid)x= tHE9 Al FFolw 7]& st

=
4 Ae ® 22-1% 2k

T

E23 9 AAZAA (Focus)

0.

a9 22-3 #F%




Y 22-5 #%

t}. Instruments
Test section®l A ] XA AA 9 dAx o] =8 He S HAS3)
71 fste] FE dEAstE FA-StooF o ol& fd AFTIE 6719

AGEH7E AERAY o5 FHIE AeARe E 2119 vehy

rlo

o]
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2.3 Data Acquisition System

o ARAE 95

218 Z loop%t test section®] AAZRE WA= i " &
o] A& 2= signal conditionerS 7 data acquisition unit (Agilent
34670A)° A A2l "t} o] 59 7EA Y-S o o)

Signal Conditioner

Model : M8BS-16U0 (Dual Output Signal Conditioner, Pico-M
— Capacity : 16 Positions

- Power : AC 100~240 Volt, DC 24 Volt

Response Time @ < 0.5 sec. (typical), 25 mS (optional)

Agilent 34970A
- 6-1/2 multimeter accuracy
— up to 60 channels per instrument
— Scanning rate : 250 channels per second
- GPIB, RS-232 interface
- HP 34901A 20 ch. Multiplexer A}-&

o 28R S

Data logger2H-¥8 Azld A5 = PCo RUY o #AIHIL
gdz2 Ao PCe A4 &S a4 data loggere] driverE PColl



A R]soF sttt PCEHE Adxts IdE/A8E& EA4 87 ¥3lA HP-VEE
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) A8 W AAAAG e AAny £
D37 AAAR 1A 44 L sl
2) A4 Ao B x9
CREES

3) ofad Atz Ado F ot
) A& o] Test Section 2
1) A& ol 5x5 Test SectionE %9

2) 4 8el

48 e

7} Loop Valve 7H# Z=4/2H<l
1) AF83F Loop & Loop Valve Setting

}) Storage Tank, Loop &I
1) Storage Tank W7t zb=F Q1) skt Valve Close <1
- FAA Al Ho A Tank FHF A4 FHEA By A3 2 H5

ST AN

2) =94 P2 A Demi-water &3 Valve Open
3) 9% Loop =4 &l
- Pump @A drain ¥ vent valve 7f#H = k<2l
4) Tank2} €% Loop 992 Valve 7
5 9% Loop empty Al
- 2] X Loop Drain Valve Close
- 2]F Loop Vent 2 A] % Vent Valve Close
6) = % Loop Vent A A

7) Storage Tank AAFA7FA F4 F Demi-water 3+ Valve Close

o W7s

Z] EZxAHA THE
1) Heater Main Power ON



2) Cooler Valve, Heater Controller Power ON
3) Cooler =% Valve Open
4) €% Controller 25 T Setting

Z}) Pump 75
1) Pump Control Panel W4 Main Power ON
2) Pump Control Panel Power ON
3) Pump 3 & Switch ON (front)
~ Pump 7]& 3 #1410 Hz)=Z 7}s A%}
4) I & Al Potentiometer= Pump RPM Z=#

n}) Loop DAS 7}
D AS7] v gl
2) DAS PC ON
3) Al=7] Main Power ON
4) Distributer ON 22l
5) HP-Vee S/W 7}5
6) HP Data Logger ON

H}) Pressure Transmitter Vent
1) AZol A& = PT, DP &<l
2) 2t AlZ719l dske] tubingel %1 AF-E Vent A
- Common valve Open
- A¥=, 11¢= Vent Open 71¥E Al A

, L
- Vent 53] AA & Vent, Common Valve Close

AP A ]
1) Loop Data Acquisition 2 A]
2) Loop W2+ AA == &9l (25 C)
3) Pump RPM Setting

o, 95

ol

A&
=

Ard 4



7h) wi, vid g/l
D AFHAZ aA157) HAg
- 37w A el A 157 i § 37 w3 Close
2) Multiplexer Y82} ©d2 (CH-12 for 1.5” Flowmeter)
- Data Logger Off & ®jAl H3$t
) A% Setting
1) Pump Speed Setting
2) Bypass valve 7l # %4
3) 1.5 7 vl & Valve 7|9 %A
t}) Data Acquisition 2 A]
1) Agzx4d ol
2) Data A7 AA|

)
A A

|k}

7h) wj#, wjd A gh/gkel
) 2FFAZ a#@E7) A
- 157w A Aeold 37 /i & 157 v Close
2) Multiplexer ¢ = a2} d2 (CH-11 for 3" Flowmeter)
- Data Logger Off & ®jA 3t
W) A& Setting
1) Pump Speed Setting
2) Bypass Valve 7149 %4
3) 37 8# Valve /Hd =4
t}) Data Acquisition A A|
D Agxn g

2) Data A% 2 A

7 Pump A A
1) Pump RPM # A 74 (10 Hz)
2) Pump 34 Switch OFF (stop)
3) Pump Control Panel Power OFF
4) Pump Control Panel W% Main Power OFF



W) §7ts ewzdga 4
1) Cooler Valve, Heater Controller Power OFF
2) Heater Main Power OFF

3) Cooler =% Valve Close

thH Loop DAS A A
1) HP-Vee S/W A X]
2) HP Data Logger OFF
3) DAS PC OFF
4) A=7] Main Power ON

3.2 Test Matrix

A A A2Le] s AP A= viep Zol Al ZRA| o tiste] 43
stk ZF AR AALe] A $-(test case)ol Wi += ¥ 32-13 #Zo]
S A7ty dEEAS AT A S (test case)d] WAL dE
=9 "DP-VFA-Hybrid-15"2 3t9< 45, 494t DP)AdS 4 5x5
HAZ o test section(VFA)Ol A Hybrid®d A A ZAAE A6t 157 %
AE AFgste] F 32-19 1~10H Ao s =3 Agds st
=
FHE A 35S gLsa obest 2k

Flow Range

Test Case Run No. S/G Type Date
(kg/s)

DP-VFA-Hybrid-1.5 1~10 2.554~7.193
Hybrid 2002. 2. 28.

DP-VFA-Hybrid-3.0 10~21 7.216~25.565

DP-VFA-Plain-1.5 1~10 2.543~7.223
Plain 2002. 3. 2.

DP-VFA-Plain-3.0 10~21 7.223~25.605

DP-VFA-Focus-15 1~10 2.553~7.208
Focus 2002. 3. 4.

DP-VFA-Focus-3.0 10~21 7.209~25.514

_10_



Al 7R A A Az W dEAEEd S BdaE AXAA
(Hybrid)oll o3+ A& (test case: DP-VFA-Hybrid-1.5, 3.0)o thale] A3}
A v 2k Test section®] =3 B AAGA 7hE Zdel daiM = o
A 71sE vkel 2o ARGl oM AFw AIFH A Fsidn A
Adage & 25 kg/s FF= 471 HAstA AF=A wW#HA57) H A
WA (CH-12)2 AdEsta Fx2 H A3 [0 Hz) 18] bypass WHEE
2 9il loop WEE FEAoR @Utt HA fFEolA s =ole W
o7 Joop WHE Ax IAWHA 45 kg/s7tA Ail bypass WEHE o}
kg/s7HAl @A olFel= HE IAFE = AFZA SAHIAT2 ke/s,
inverter = 13.8 Hz)7HA AdS FdtATh 2t test rundl A& 3 2 &
o 2L=gkel oA e 10071°] dataE  samplingst Atk f @A S 9
sampling?l = 1% 4.1-1 (a)olA Hi= vle} o] FH A /o =
Aol AN oY FAF et B ASE AAT FHFS EF
Azx7F Hd 074 % A== YEwri(a2E 41-1 (b). =3 s F
HA A A Az FH Akl AR HA 243 %(LE 4
WA 2= Hu Z-EA7E 03 % (OH 41-IHAEZ YEPRT AfF
Aol SAFHF AP Fole= FEEEE HAR 3 oA FFA wias
= Aom AZ7] wiHdE CH-112 A€ s,
Aol Hu ol A FE A Aste] RS SFEA A
f 6 kg/sE 471 9% loop 712 bypass WH
WE AN Bl HEZ £ 298 Hzl o f3ds 4
F1 A7) 95t X £ E 104 Hz7bA &< 9.0
oA (10 Hz)2 3}l bypass ¥
- AEA R
, %E%koﬂ el A tHeF 100

ru
7Nel datas samphngO}MD} FHEHA S samplingol A+ 18 4.1-4 (a)ol] A]

Y
o

|z
e
e
2
~J
o
=~
|
L
%)
X
A
- o
Ho
ot
=
=
ol
o
£
o X
o
mlo
o::
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HE vhe} o] AFZF(run No. 10, 1104 Bt s A5 7F o 7A=Y
o wabA oxrr & EokA AdxgeE BT AASYGr B s

AAG FHEHFE TFHx7 HY 111 % ZQEE el th(2d 41-4 (b)),

%(1d 41 loop ¥zt 25&9 Hdj E—i‘*f{ii}ﬂ 036 % (1" 4.1-6)4
=2 YEREY
42 A A

7} test caseol Wieh st A HAFAE = A A AR thsto] Al T}
A(DP-1(Y4 ), DP-3(%7h), DP-5(&7)), AdAxE Tzt digte] F+ 744
(DP-2(3te), DP-4(wh)) re]a b AAAze} ot ddzs 3k

o= 7sHDP-6=DP-3+DP-4) 5 67]°ltt. oA A= 3 test matrixel <

ELEEE Mt 35 1 hebt ¢ u} AAAR Y gEget ARARE
(@)

t}. Test section Y7 %L =7 XX A=A}
:__I_L

= %

et F0 AR AR e&az}w R
=
=

i
2
T
<
o
3.
[N
X
ﬁ
gi
1o
o
N
I
o
N
N\
R
N3
>,
f
rir
]
=
)
US)

4.2-2(Hybrid A A A #}Fe] 4% )Oﬂ/ﬂ He vkel 2ol & F7HDP-2, DP-4)
A | o]zt YA gtk =47+ DP-6%= DP-39} DP-4¢] =437t
S g3 Ftolng FAHZE F Y SATS g ge 2 yEldof s
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owAgsgth ol fuA 24 #A 99 RaelA et AAE A3
% §3A9 bias7t BFHOE A§she] 4 Ao BTk o2 A

Test sectiond F&EHAE v}y 2o}
A = Aris = Arods
= 68%68 - 25%(3.14/4%9.5%)
= 2852 mm’
P = Prs — Proas

= 4%68 + 25%(3.14%9.5)

= 1018 mm
Dy = 4%A/P
= 4x2852/1018
= 11.2 mm
71 A,

A ot fEUH mm®

Dy, 927, m

P 4ol m

folE= = test section W o fFEUANR FHAGS EYE )

ol A (13} 2ol Aol=rt,
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(1)

VD,
v

Re

i g,

AAIF = 1 bar 25ColA

3|
=

=
(]

1714

v = 0.8933 x 10°% m%/s

0 = 997.2 kg/m’

o171A,

Re

SAEE, kg/m’

)

<)

B oAgiA AFHoE A

4

(2)

195+ A3dA5+= DP-1. DP-3, DP-59]

9|

o714 aPpel

4]
Y

(3)

o171 A,

kS, bar

AP
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f nf &= A A 4=
K e =M A
1 npzkZd ol m

o] 7|14 APo| d|FEE AAAEE DP-2, DP-49] ZAzko|t}.

9] gelell oJste] AEH 7 AAAAEY] GHEAAFE 19

(b), (c)ell vEb Atk 29l A Wi wkel 2ol Plain AAAAFe] b &4

o] 7} A9 ov Plain A X AR E4% IS A23 Hybrid A A
gl

A= Plain A A 2 2}ol] 1] 3

ekt b Focus A A A A= A Re(2000074 =)ol A= Hybrid A A 4
kb Hlszgk e EAS 20U Re S7tel whet A8 EAAFTE =9
E0°] 3 Res=(100000°] ol M= Plain A A Ao =dA 59 =3 4&
Zk= Ao R YWt 4, S =79 AAAA g pEEAAT A
ol= ¢, =7 FA AAAATL v Gl o3 dFgFow T A XA A
P ELAAFERY A YEhue o2 ®Held

a9 4.2-5 (a), (b= AA5E A, ottt vpEEAASTY BF s HEdH A
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E 21-1 A7) 71/

. . Calibration
Location| Tag Name |Variable Model Error
Range
L HOX3-40-650-T-1
FT-1(3.0 m 0~40.899 kg/s +0.32 %
( ) (RPM51S)X-F1SS-CE & °
" HO11/2X11/2-8-130-T-1
FT-1(1.5 m 0~8.188 kg/s +0.31 %
( ) (RPM51S)X-F1SS-CE & °
Loop
PT-1 P Rosemount 3051CG 0~600 KPa +0.05 %
TE-1 T Watlow, T-type, Unground 0~200 C 0.4 %
DP-1 P Rosemount 3051CD 0~60 KPa +0.05 %
DP-2 P Rosemount 3051CD 0~60 KPa +0.05 %
Test DP-3 P Rosemount 3051CD 0~60 KPa +0.05 %
Section DP-4 P Rosemount 3051CD 0~60 KPa £0.05 %
DP-5 P Rosemount 3051CD 0~60 KPa +0.05 %
DP-6 P Rosemount 3051CD 0~150 KPa +0.05 %
® 21-2 A G
Flowmeter Mass Flow
Type Voltage Hertz GPM (Ka/s)
1.248 354 8.044 0.506
1.463 60.81 15.033 0.946
1.782 102.72 25.416 1.599
2.084 142.56 35.243 2.217
FT-1 2.376 180.86 44.713 2.813
1.5", SN95181 2.707 223.91 55.47 3.489
3186 286.82 71.005 4.468
3.756 360.51 89.568 5.634
4.366 439.93 109.39 6.881
5.005 523.25 130.161 8,188
1.247 31.47 39.998 2.516
1.559 71.37 90.729 5.707
1.867 110.62 140.652 8.848
2,182 150.6 191.893 12.071
FT-1 2,504 191.53 244,199 15.362
3", SN95182 3112 268.45 342.991 21.577
3,752 349.86 247.014 28.120
4,352 425.9 544,517 34.254
4.608 458.51 586.336 36.885
5 508.31 650.154 40.899
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Pressure PT-1 DP—1 DP-2 DP-3 DP-4 DP-5 DP-6
(KPa) (Volt) (Volt) (Volt) (Volt) (Volt) (Volt) (Volt)
0 1 1.001 1.001 1 1.001 1 0.999
10 — 1.669 1.6695 1.6685 1.6705 -
20 - 2.336 2.3375 2.3355 2.3385 2.3385 -
30 - 3.004 3.0055 3.0015 3.0065 3.006 1.8005
40 - 3.6725 3.6735 3.6685 3.6755 3.6745 -
50 - 4.341 4.342 4.3355 4.3445 4,343 -
60 - 5.009 5.01 5.003 5.0135 5.0105 2.603
%0 - - - - - 3.404
120 - - - - - 4.2065
150 - - 2 X - 5.009
200 2.334 - - - - -
300 3.0005 - - - - -
400 3.667 - - - - -
500 4.334 - - - - -
600 5.0005 - - - - -
£ 22-1 AX AR A ekeA
Dimension (mm) Hybrid Plain Focus
Rod Array 5x5 5x5 5x5
Rod Diameter 95 95 95
Rod Pitch 12.8 12.8 12.6
Strap Thickness 0.48 0.48 0.43
Strap Width 66.6 66.6 65.86
Vane Angle (°) 35 - 22
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3E 3.2-1 AAAA 54 E Test Matrix

REPSt Reynolds Flow Rate Average Velocity

Number (kg/s) (m/s)
1 10000 2.5521 0.896
2 11220 2.8635 1.006
3 12589 3.2128 1.128
4 14125 3.6049 1.266
5 15849 4.0447 1.421
6 17783 4.5383 1,594
7 19953 5.0920 1.788
8 22387 5.7133 2.007
9 25119 6.4105 2.252
10 28184 7.1927 2.526
11 31623 8.0703 2.835
12 35481 9.0550 3.180
13 39811 10.1599 3.568
14 44668 11.3996 4.004
15 50119 12.7906 4.492
16 56234 14.3511 5.041
17 63096 16.1024 5.656
18 70795 18.0672 6.346
19 79433 20.2717 7.120
20 89125 22.7452 7.989
21 100000 25.5205 8.963
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Mass Flowrate (kg/s)
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19 2.2-2 Test Section (5x5 Fuel Rod Assembly)
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19 2.2-3 Spacer Grid (Focus)
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19 2.2-4 Spacer Grid (Hybrid)
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19 2.2-5 Spacer Grid (Plain)
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Summary of Test Results
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Summary of Test Results for 5x5 FA Pressure Drop Test
Test Case : DP-VFA-Hybrid-1.5 (2002-02-28)

{1) Geometric Data

T/S (WxD) = 68mm x 68mm
Rod Dia. =9.5mm
Pitch =12.6 mm

A = At/s — Arods
= 68%68 — 25%(3.14/4*9.5%*2)
= 2852 mm?2

P =Pt/s +Prods
= 4%68 + 25%(3.14+9.5)
=1018 mm

Dh = 4xA/P

= 4%2852/1018
=11.2 mm

{2) Test Loop Conditions

Runi sampling{Mass Flow Rate Loop Pressure (PT-1) |Loop Temperature |Water Properties Avg. Vel. | Reynolds
# Avg. (Kg/s) Std. | Avg. (Kpa) _ Std. Avg. ('C) Std. | Viscosity(Kg/m/s)ve3 Density(kg/m3)] _ (m/s) Number
1 99 2.554 0.019 27.419 0.037 24.154 0.072 0.9082 997.4 0.898 11043
2| 100 2.874 0.017 28.506 0.038 25.437 0.040 0.8819 9971 1.0M1 12797
3] 100 3.214 0.013 29.825 0.034 25.454 0.048 0.8816 997 1 1.130 14315
41 100 3.596 0.012 31.469 0.065 25.111 0.044 0.8885 997 .1 1.264 15892
51 100 4.029 0.014 33.503 0.038 24.703 0.062 0.8968 997.3 1.416 17641
61 100 4.533 0.018 36.073 0.067 24.429 0.056 0.8025 997.3 1.584 19722
71 100 5.007 0.012 38.614 0.058 25.140 0.058 0.8879 997 .1 1.761 22144
8| 100 5.686 0.013 42.740Q 0.044 25.340 0.063 0.8839 997 .4 1.999 25261
91| 101 6.412 0.017 47.641 0.057 24.918 0.045 0.8924 997.2 2.255 28217
101 99 7.193 0.011 53.533 0.049 24.444 0.055 0.9022 997.83 2.529 31308

(3) Pressure Drop Informations

1) Pressure Loss for Spacer Grids

Run] sampling] 15t S/G (DP-1) 2nd S/G (DP-3) 3rd 8/G (DP-5) Form Loss Coefficient (K)

# Avg. (Kpa) Std. | Avg. (Kpa)  Std. | Avg. (Kpa)  Std. K1 (DP-1) K3 (DP-3) K5 (DP-5)
1 99 0.708 0.007 0.667 0.005 0.671 0.004 1.763 1.659 1.670
21 100 0.860 0.011 0.819 0.011 0.831 0.007 1.689 1.608 1.631
31 100 1.043 0.018 0.998 0.020 1.016 0.006 1.638 1.568 1.596
4 1 100 1.274 0.021 1.225 0.030 1.259 0.011 1.589 1.637 1.580
51 100 1.660 0.019 1.510 0.030 1.559 0.009 1.560 1.509 1.558
61 100 1.935 0.015 1.873 0.024 1.942 0.008 1.528 1.479 1.534
71 100 2.296 0.014 2.238 0.018 2.326 0.007 1.486 1.448 1.505
8 100 2.875 0.022 2.801 0.028 2.934 0.010 1.443 1.408 1.472
g1 101 3.566 0.023 3.496 0.032 3.668 0.011 1.407 1.379 1.447
10] 99 4.398 0.026 4.314 0.039 4.548 0.012 1.379 1.353 1.426
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DP-VFA-Hybrid-1.5
2) Pressure Loss for Rod Bundles

Run| samping |15t Section (DP~2)  |2nd Section (DP-4) Friction Loss Coefficient (f)
# Avg. (Kpa) Std. | Avg. (Kpa)  Std. 2 (DP-2) 14 (DP—4)
1 99 0.582 0.007 0.610 0.008 0.03119 0.03269
2 100 0.720 0.007 0.747 0.010 0.03044 0.03158
31 100 0.886 0.012 0.914 0.022 0.02908  0.03090
4 100 1.005 0.021 1.117 0.027 0.02960 0.03018
51 100 1.354 0.027 1.376 0.027 0.02916 0.02963
6} 100 1.689 0.015 1.703 0.020 0.02872 0.02897
71 100 2.018 0.011 2.021 0.015 0.02812 0.02817
8 100 2.647 0.019 2.546 0.027 0.02752  0.02752
9 101 3.190 0.019 3.176 0.027 0.02711  0.02699
10§ 99 3.965 0.032 3.931 0.037 0.02678 0.02655
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Summary of Test Results for 5x5 FA Pressure Drop Test
Test Case : DP-VFA-Hybrid—3.0 (2002-02-28)

(1) Geometric Data

T/S (WxD) = 68mm x 68mm
Rod Dia. =9.5mm
Pitch =12.6 mm

A = At/s — Arods
68+68 ~ 25*(3.14/4%9.5xx2)
2852 mm?2
P =Pt/s +Prods
= 4*68 + 25%(3.14%9.5)
=1018 mm
Dh = 4*A/P
= 4%2852/1018
=11.2 mm

Il

(2) Test Loop Conditions

Run} samplingfMass Flow Rate Loop Pressure (PT-1) |Loop Temperature |Water Properties Avg. Vel. | Reynoids
# Avg. (Kg/s) Std. | Avg. (Kpa)  Std. Avg. ('C) Std. | Viscosity(Ka/m/s)}e3 Density(kg/m3)]  (m/s) Num ber
10] 86 7.216 0.045 53.303 0.074 24.135 0.046 0.9086 997.4 2.537 31187
11] 90 8.088 0.090 60.242 0.085 25.647 0.069 0.8797 997 2.844 36104
12] 99 9.040 0.028 68.988 0.112 25.689 0.019 0.8769 997 3.179 40485
131 100 10.130 0.029 80.120 0.106 25.201 0.068 0.8867 997.1 3.562 44863
141 100 11.367 0.030 93.832 0.138 24.782 0.089 0.8952 997.3 3.996 49863
15| 100 12.785 0.028 | 111.574  0.147 24.248 0.055 0.9062 997.4 4.494 55403
161 100 14.359 0.026 { 133.304 0.170 24.285 0.048 0.9055 997.4 5.048 62271
17] 100 16.103 0.036 | 159.739  0.278 24.693 0.041 0.8970 997.3 5.661 70498
181 100 18.007 0.033 192.076 0.352 25.023 0.064 0.8902 997.2 6.331 79436
18] 100 20.291 0.035 235.112 0.493 25.397 0.064 0.8827 997.2 7.134 90271
201 100 22.759 0.048 | 286.295 0.607 25.672 0.031 0.8772 997 1 8.003 101890
21] 100 25.565 0.044 | 351.841 0.625 25.798 0.020 0.8747 997.1 8.990 114779

(3) Pressure Drop informations

1) Pressure Loss for Spacer Grids

Run] sampling] st S/G (DP-1) 2nd 8/G (DP-3) 3rd 8/G (DP-5) Form Loss Coefficient (K)

# Avg. (Kpa)  Std. | Avg. (Kpa) Std. | Avg. (Kpa) Std. K1 (DP—1) K3 (DP-3) K5 (DP-5)
10] 86 4.370 0.035 4,292 0.049 4.526 0.017 1.362 1.337 1.411
11 90 5.337 0.037 5.236 0.038 5.556 0.018 1.323 1.298 1.378
121 99 6.551 0.046 6.447 0.053 6.865 0.021 1.300 1.280 1.362
131 100 8.113 0.057 7.980 0.062 8.523 0.022 1.283 1.261 1.347
141 100 10.024 0.064 9.830 0.077 10.543 0.032 1.259 1.234 1.324
151 100 12.466 0.072 12.289 0.094 13.154 0.037 1.238 1.220 1.306
161 100 15.470 0.063 15.245 0.089 16.339 0.030 1.218 1.200 1.286
171 100 19.160 0.061 18.876 0.082 20.289 0.045 1.199 1.181 1.269
18] 100 23.615 0.059 23.280 0.072 25,106 0.040 1.181 1.165 1.256
19| 100 29.525 0.065 29.124 0.076 31.597 0.042 1.163 1.148 1.245
201 100 36.603 0.063 36.005 0.085 39.276 0.061 1.146 1.127 1.230
211 100 45.684 0.079 44,930 0.088 49.254 0.077 1.134 1.115 1.222




2) Pressure Loss for Rod Bundles

Run| sampiing] 15t Section (DP-2)  |2nd Section (DP—-4)
# Avg. (Kpa)  Std. | Avg. (Kpa)  Std.
101 86 3.943 0.040 3.921 0.046
11 90 4.848 0.033 4.804 0.042
12| 99 5,984 0.049 5.921 0.054
13| 100 7.431 0.063 7.376 0.066
141 100 9.220 0.074 9.132 0.076
15] 100 11.499 0.091 11.388 0.079
16| 100 14.282 0.092 14124 0.081
171 100 17.634 0.090 17.462 0.086
18| 100 21.693 0.096 21.455 0.079
19} 100 27.104 0.097 26.739 0.077
20] 100 33.536 0.094 32.989 0.079
21| 100 41.558 0.111 40.819 0.083
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Summary of Test Results for 5x5 FA Pressure Drop Test
Test Case : DP-VFA-Plain-1.5 (2002-03-02)

(1) Geometric Data

T/S (WxD) = 68mm X 68mm
Rod Dia. =9.5mm
Pitch =12.6 mm

A = At/s — Arods
= 68*68 — 25%(3.14/4+%9.5%%2)
= 2852 mm?2

P =Pt/s + Prods
= 4*68 + 25%(3.14%9.5)
=1018 mm

Dh = 4*A/P

= 4%2852/1018
=11.2 mm

(2) Test Loop Conditions

Run| sampling]Mass Flow Rate Loop Pressure (PT-1) |Loop Temperature |Water Prapetties Avg. Vel. | Reynolds
# Avg. (Kg/s) Std. | Avg. (Kpa)  Std. Avg. ('C) Std. | Viscosity(Kg/m/s)+e3 Densitytkgim3)]  (m/s) Number
1 102 2.543 0.017 27.091 0.035 25.691 0.015 0.8769 997 0.894 11387
2 98 2.862 0.017 28.128 0.032 25.682 0.014 0.8770 997 1.007 12817
3] 100 3.231 0.013 29.528 0.048 25.659 0.008 0.8776 997 1.136 14457
41 200 3.609 0.011 31.045 0.031 25.583 0.017 0.8790 997 1.269 16122
51 100 4,044 0.016 32.944 0.048 25.366 0.042 0.8834 997 1 1.422 17979
6] 100 4.535 0.015 35.342 0.047 24.737 0.052 0.8961 997.2 1.594 19872
71 100 5.090 0.014 38.261 0.057 24.265 0.062 0.9059 997.4 1.789 22065
8| 100 5.741 0.013 42.003 0.067 24.201 0.088 0.9072 997.4 2.018 24850
91 100 6.420 0.014 46.249 0.044 24.708 0.083 0.8967 997.3 2.257 28114
101 100 7.223 0.012 51.790 0.071 25.550 0.028 0.8797 997 2.540 32244

(3) Pressure Drop Informations

1) Pressure Loss for Spacer Grids

Run| sampling|1st S/G (DP-1) 2nd S/G (DP-3) 3rd 8/G (DP-5) Form Loss Coefficient (K)

# Avg. (Kpa) Std. | Avg. (Kpa)  Sid. | Avg. (Kpa)  Std. K1 (DP-1) K3 (DP-3) K5 (DP-5)
1 102 0.649 0.007 0.594 0.006 0.601 0.004 1.629 1.490 1.607
2 98 0.795 0.009 0.735 0.007 0.746 0.005 1.574 1.456 1.477
3] 100 0.280 0.021 0.910 0.021 0.931 0.005 1.623 1.413 1.446
41 200 1.186 0.028 1.115 0.029 1.138 0.008 1.477 1.389 1.418
51 100 1.4565 0.023 1.374 0.031 1.410 0.012 1.443 1.362 1.399
81 100 1.792 0.017 1.694 0.020 1.747 0.008 1.414 1.336 1.378
71 100 2.206 0.013 2.094 0.017 2.163 0.009 1.381 1.311 1.355
8} 100 2.734 0.020 2.598 0.023 2.697 0.010 1.346 1.279 1.328
91 100 3.342 0.025 3.176 0.027 3.311 0.011 1.316 1.250 1.303
10| 100 4.138 0.029 3.926 0.033 4.109 0.012 1.286 1.221 1.278

- A5 -



DP~VFA-Plain—1.5
2) Pressure Loss for Rod Bundies

Run{ sampling{ 15t Section (DP-2)  12nd Section (DP-4) Friction Loss Coefficient (f)
# Avg. (Kpa) Std. | Avg. (Kpa)  Std. i2 (DP-2) {4 (DP-4)
1| 102 0.560  0.007 0.585  0.006 0.03027 0.03158
2| 98 0.702 0.005 0.723 0.067 0.02991  0.03082
31 100 0.880  0.019 | 0.903  0.019 0.02045  0.03023
4| 200 1.083  0.020 1.101 0.029 0.029006  0.02954
5 100 1.345  0.024 | 1.357  0.030 0.02872  0.02899
6 100 1.656  0.017 | 1.666  0.022 0.02815 0.02832
7| 100 2.046  0.013 | 2.046 0.020 0.02760  0.02760
8| 100 2536  0.019 | 25537  0.021 0.02689  0.02691
9| 100 ] 3103 0024 | 3.000  0.029 0.02631  0.02620
10| 100 3.821 0.027 | 3.784  0.037 0.02558  0.02533
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Summary of Test Results for 5x5 FA Pressure Drop Test
Test Case : DP-VFA-Plain-3.0  (2002-03-02)

(1) Geometric Data

T/S (WxD) = 68mm x 68mm
Rod Dia. =9.5mm
Pitch =12.6 mm

A = At/s — Arods
= 68%868 — 25%(3.14/4%9.5%*2)
= 2852 mm2

P =Pt/s + Prods
= 4*68 + 25%(3.14%9.5)
=1018 mm

Dh =4+A/P

= 4*2852/1018
=11.2 mm

(2) Test Loop Conditions

Run| sampiing|Mass Flow Rate Loop Pressure (PT-1) JLoop Temperature Water Properties Avg. Vel. | Reynolds
# Avg. (Kg/s) Std. | Avg. (Kpa)  Std. Avg. ('C) Std. | Viscosity(Kafm/s)se3 Densitylkgim3)]  (m/s) Number
10] 86 7.223 0.037 51.562 0.073 24.719 0.015 0.8965 997.3 2.539 31640
11| 90 8.099 0.038 58.279 0.104 24.729 0.019 0.8963 997.3 2.847 35485
12| 99 9.044 0.031 66.291 0.118 24 491 0.026 0.9012 997.3 3.180 38412
13| 100 10.109 0.033 76.358 0.101 24.372 0.015 0.9037 997.4 3.554 43927
14} 100 11.391 0.023 89.560 0.100 24.381 0.019 0.9035 997.4 4.004 | 49510
15] 100 12.759 0.026 105.349 0.153 24.479 0.024 0.9014 997.3 4.486 55588
16| 100 14.420 0.028 126.573 0.171 24.617 0.015 0.8986 997.3 5.070 63020
17| 100 16.108 0.037 150.527  0.206 24.588 0.018 0.8992 997.3 5.663 70346
18] 100 18.048 0.035 181.011 0.283 24.516 0.025 0.9006 997 .4 6.345 78697
18] 100 20.294 0.040 220.266 0.321 24.443 0.018 0.9021 997.4 7.134 88344
20} 100 22.776 0.040 268.138 0.470 24.437 0.011 0.9023 997 .4 8.007 99128
211 100 25.605 0.052 329.363 0.503 24.516 0.010 0.9006 997.4 9.001 111650

(3) Pressure Drop Informations

1) Pressure Loss for Spacer Grids

Run} sampling| 15t $/G (DP-1) 2nd S/G (DP-3) 3rd 8/G (DP-5) Form Loss Coefficient (K)

# Avg. (Kpa) Std. { Avg. (Kpa) Std. | Avg. (Kpa) _ Std. K1 (DP-1) K3 (DP-3) K5 (DP-5)
10| 86 4106 0.033 3.880 0.037 4.071 0.014 1.277 1.210 1.266
11 20 5.060 0.035 4,792 0.034 5.038 0.019 1.252 1.185 1.246
12| 99 6.200 0.050 5.864 0.052 6.191 0.023 1.230 1.168 1.228
13{ 100 7.627 0.048 7.217 0.065 7.637 0.022 1.211 1.146 1.213
141 100 9.487 0.052 9.011 0.067 9.629 0.027 1.186 1.127 1.192
151 100 11.759 0.061 11.115 0.076 11.806 0.032 1.172 1.108 1.176
16] 100 14.777 0.057 14.010 0.082 14.880 0.034 1,183 1.093 1.161
171 100 18.220 0.047 17.210 0.082 18.336 0.036 1.139 1.076 1.147
18| 100 22.591 0.053 21.345 0.075 22.765 0.038 1.126 1.063 1.134
19] 100 28.197 0.061 26.672 0.077 28.477 0.045 1111 1.051 1.122
20 100 34.983 0.065 33.158 0.084 35.488 0.043 1.094 1.037 1.110
211 100 43.747 0.082 41.560 0.097 44.436 0.058 1.083 1.029 1.100
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2) Pressure Loss for Rod Bundies

Run
#

10
1
12
13
14
15
16
17
18
19
20

21

Sampiing| 1st Section (DP-2)  |2nd Section (DP-4)
| Avg. (Kpa) _ Std. | Avg. (Kpa)  Std.
86 | 3.791 0037 | 3762  0.037
90 4.658 0.031 4.612 0.033
99 5.708 0.048 5.631 0.0565
100 7.008 0.056 6.887 0.068
100 8.643 0.062 8.499 0.068
100 10.654 0.076 10.418 0.078
100 13.255 0.076 12.942 0.072
100 16.193 0.083 15.782 0.076
100 19.872 0.080 19.353 0.074
100 24.614 0.096 23.930 0.077
100 30.303 0.103 29.431 0.074
100 37.499 0.111 36.367 0.080

- AB —

DP-VFA-Plain-3.0

Friction Loss Coefficient (f)
12 (DP-2) 4 (DP-4)

0.02539
0.02481
0.02438
0.02397
0.02328
0.02287
0.02227
0.02181
0.02132
0.02089
0.02041
0.01999

0.02520
0.02457
0.02405
0.02355
0.02289
0.02236
0.02175
0.02126
0.02076
0.02031
0.01983
0.01939




Summary of Test Results for 5x5 FA Pressure Drop Test
Test Case : DP-VFA-Focus—1.5 (2002-03-04)

(1) Geometric Data

T/S {(WxD) = 68mm x 68mm
Rod Dia. =9.5mm
Pitch =12.6 mm

A = At/s — Arads
= 68+68 — 25+(3.14/4%9.5+%2)
= 2852 mm?2

P =Pt/s + Prods
= 4*68 + 25%(3.14%9.5)
= 1018 mm

Dh = 4%A/P

= 4%2852/1018
=11.2mm

(2) Test Loop Conditions

Run| sampling|Mass Flow Rate Loop Pressure (PT-1) |Loop Temperature |{Water Properties Avg. Vel. | Reynolds
# Avg. (Kg/s) Std. | Avg. (Kpa)  Std. Avg. ('C) Std. | Viscosity(Kofmis)+e3 Densitytkg/m3)|  (m/s) Number
1| 100 2.553 0.018 27.513 0.031 25.247 0.028 0.8857 997.1 0.898 11320
21 100 2.850 0.016 28.503 0.034 25.206 0.0189 0.8866 9971 1.002 12622
3 100 3.220 0.014 29.913 0.038 25.113 0.034 0.8885 997.1 1.132 14232
41 100 3.603 0.011 31.510 0.041 25.056 0.032 0.889¢ 997.2 1.267 15906
51 100 4.053 0.013 33.563 0.047 25.021 0.024 0.8903 997.2 1.425 | 17877
61 101 4.534 0.017 36.004 0.038 24.951 0.016 0.8917 997.2 1.594 19966
7 99 5.079 0.012 38.985 0.058 24.840 0.019 0.8940 997.2 1.786 22311
8| 100 5.673 0.011 42.575 0.053 24.752 0.027 0.8958 997.2 1.995 24867
91 100 6.422 0.017 47.537 0.059 24.756 0.040 0.8957 997.2 2.258 28158
101 100 7.208 0.013 53.305 0.080 24.717 0.033 0.8965 997.3 2.534 31574

(3) Pressure Drop Informations

1) Pressure Loss for Spacer Grids

Run| sampling}1st S/G (DP-1) 2nd S/G (DP-3) 3rd S/G (DP-5) Form Loss Coefficient (K)

# Avg. (Kpa) Std. | Avg. (Kpa)  Std. | Avg. (Kpa)  Std. K1 (DP-1) K3 {DP-3) K5 (DP-5)
1 100 0.709 0.008 0.666 0.005 0.685 0.005 1.764 1.656 1.705
2 100 0.853 0.008 0.806 0.006 0.838 0.004 1.705 1.609 1.674
3 100 1.055 0.016 1.000 0.018 1.041 0.005 1.651 1.565 1.629
41 100 1.281 0.022 1.224 0.023 1.280 0.006 1.601 1.530 1.599
51 100 1.574 0.019 1.511 0.019 1.586 0.006 1.654 1.492 1.666
6] 101 1.918 0.021 1.844 0.021 1.950 0.007 1.514 1.456 1.539
7 99 2.337 0.018 2.263 0.016 2.396 0.007 1.470 1.423 1.507
8 100 2.839 0.021 2.748 0.023 1 2.928 0.008 1.431 1.385 1.476
9 100 3.540 0.025 3.427 0.031 3.670 0.010 1.392 1.348 1.443
101 100 4.356 0.034 4.220 0.040 4,538 0.014 1.360 1.318 1.417
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DP-VFA-Focus~1.5
2) Pressure Loss for Rod Bundles

Run| sampling| 15t Section (DP-2)  |2nd Section (DP-4) Friction Loss Coefficient (f)
# Avg. (Kpa) Std. | Avg. (Kpa)  Std. f2 (DP-2) f4 (DP-4)
11 100 0.582 0.009 0.606 0.009 0.03120 0.03248
21 100 0.720 0.009 0.743 0.009 0.03099 0.03197
3] 100 0.901 0.017 0.925 0.020 0.03035 0.03116
41 100 1.118 0.022 1.130 0.029 0.0300¢ 0.03042
51 100 1.304 0.018 1.398 0.019 0.02066 0.02974
61 101 1.717 0.014 1.714 0.025 0.02919 0.02914
71 99 2112 0.013 2.097 0.020 0.02861 0.02840
81 100 2.588 0.018 2.560 0.029 0.02810 0.02780
9| 100 3.244 0.025 3.199 0.028 0.02748 0.02710
101 100 4,018 0.037 3.940 0.040 0.02702  0.02650
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Summary of Test Results for 5x5 FA Pressure Drop Test
Test Case : DP-VFA-Focus—3.0 (2002-03-04)

(1) Geometric Data

T/S (WxD}) = 68mm x 68mm
Rod Dia. =9.5mm
Pitch =12.6 mm

A = At/s - Arods
= 68*68 — 25%(3.14/4%9.5%+2)
= 2852 mm?2

P =Pt/s +Prods
= 468 + 25+(3.14%9.5)
=1018 mm

Dh =4=*A/P

= 4*2852/1018
=11.2mm

(2} Test Loop Conditions

Run| sampling|Mass Flow Rate Loop Pressure (PT~1) [Loop Temperature [Water Properties Avg. Vel. | Reynolds
# Avg. (Kg/s} _Std. | Avg. (Kpa) Std. | Avg. ('C}  Std. | ViscositylKalmis)«e3 Densitylkaim3) (m/s) | Number
0] 78 45.209 0.041 52.967 0.069 24.269 0.050 0.9058 997.4 2.534 312564
11 93 8.083 0.042 59.868 0.094 24.866 0.044 0.8935 997.2 2.842 35526
121 94 9.054 0.024 68.357 0.087 25.648 0.056 0.8777 997 3.184 40509
13] 100 10.192 0.029 79.594 0. 117 25.950 0.042 0.8718 996.9 3.5685 45910
141 100 11.412 0.028 92.519 0.136 26.228 0.017 0.8663 996.9 4.014 7| 51733
151 100 12.739 0.023 108.207 0.143 26.215 0.011 0.8666 996.9 4.480 57726
161 100 14.391 0.026 129.894 0171 26.165 0.009 0.8675 996.9 5.062 65147
171 100 16.143 0.033 1565.459 0.234 26.085 0.013 0.8691 996.9 5.678 72944
181 100 18.014 0.034 185.415 0.286 25.967 0.015 0.8714 997 6.335 81180
18} 100 20.261 0.036 225.336 0.451 25.704 0.027 0.8766 997.1 7125 90765
201 100 22.701 0.038 273.443 0.472 25.465 0.033 0.8813 997.2 7.982 101154
21] 100 25.514 0.051 334.806 0.588 25.007 0.090 0.8905 997.3 8.970 112516

(3) Pressure Drop Informations

1) Pressure Loss for Spacer Grids

Run{ sampfing{ 15t $/G (DP-1) 2nd 8/G {DP-3) 3rd S/G (DP-5) Form Loss Coefficient (K)

# Avg. (Kpa)  Std. | Avg. (Kpa)  Std. | Avg. (Kpa)  Std. K1 (DP=1) K3 (DP-3) K5 (DP-5)
10) 78 4,299 0.030 4171 0.039 4.498 0.018 1.342 1.302 1.404
11 83 5.268 0.038 5117 0.045 5.534 0.018 1.308 1.271 1.374
i2] 94 6.435 0.038 6.260 0.049 6.799 0.019 1.273 1.239 1.345
131 100 7.995 0.049 7.771 0.050 8.480 0.025 1.248 1.213 1.324
141 100 9.766 0.047 9.493 0.054 10.396 0.025 1.216 1.182 1.294
15{ 100 11.933 0.048 11.587 0.061 12.722 0.028 1.193 1.168 1.271
16{ 100 14.916 (0.045 14.460 0.075 156.928 0.031 1.168 1.132 1.247
171 100 18.416 0.046 17.844 0.070 19.706 0.035 1.146 1.110 1.226
181 100 22.498 0.057 21.780 0.077 24,125 0.042 1.125 1.089 1,206
19t 100 27.913 0.070 27.027 0.070 30.027 0.045 1.103 1.068 1.187
201 100 34.370 0.069 33.283 0.078 37.108 0.056 1.082 1.048 1.168
21y 100 42.633 0.073 41.233 0.085 46.163 0.069 1.063 1.028 1.151
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2) Pressure Loss for Rod Bundles

Run) sampling] 15t Section {DP-2)  |2nd Section (DP—4)
# Avg. (Kpa)  Std. | Avg. (Kpa)  Std.
10| 78 3.985 0.043 3.930 0.040
11 93 4.884 0.036 4.805 0.044
12| 94 6.002 0.047 5.875 0.050
13| 100 7.459 0.049 7.301 0.054
14] 100 9,129 0.068 8.903 0.061
151 100 11.158 0.066 10.870 0.058
16| 100 13.957 0.070 13.549 0.069
17] 100 17.212 0.076 16.706 0.065
18} 100 21.008 0.086 20.380 0.078
19| 100 26.052 0.103 25,263 0.079
20} 100 32.105 0.108 31111 0.076
211 100 39.809 0.109 38.586 0.075

~A12 -

DP-VFA-Focus—3.0

Friction Loss Coefficient (f)

f2 (DP-2) 4 (DP-4)

0.02680
0.02612
0.02558
0.02508
0.02448
0.02402
0.02354
0.02307
0.02262
0.02217
0.02177
0.02137

0.02643
0.02570
0.02504
0.02455
0.02388
0.02340
0.02285
0.02239
0.02194
0.02150
0.02109
0.02071




FHINBRIAHS | JEVBRIAHS EFRIANHSE INIS FA 7=

KAERI/TR-2229/2002

A5 A 5x5 ETH A A AL HA

FAA R A
(AR, TR A FAAH

ATA D PAY | ARE, AAY (GFEARATY)

zaA | Wa | wanw FFAAL AT 3 | 2002
7 o] 7 58 p. T % U= 0), A= ) 2 7] Cm.
F AL

MR ﬁ@;ﬁ;jmﬂm< ” HAMERF 714 B 1A
SEEERE: At W5

% 2 (1520 &)

E3rE @7 AAAAHHybrid type)o] ¥ A5 A ko] dHAAAS FHsATh
EF, AAARY] geHlag flste] A KWUOlA 7ias 2219 27] A4 4 2HFocus) 9t
Hybrid®d AAZAzAA &S AAL AAAA(PlainEdl g ¢354 435

FPsraTh Ade A2, A FEAEFA A Cold Test Loop-1olA F=383tA . 24+ XA AA&
of digk FHAAE $38te] test sectiond 5x5 AT kol tiste] 3] AAAAE FAFES
st FAWMFE AAAR 9 gAnE A i AgS FAsA e loopd] dFEUE
dAEA BrF7] 98t F¥, 2k a2 dEES SAHUA dPxAow Aotk

AA AR & EAASE Plain AA A7 744 wron] Hybrid A A AAEe] E£4A 55 Gl
Agow At ow 7~10 % EA UEtwth A8 npRELASTE test section A, dhdte]
ME aelE Hol b SARE AA AR o7 A fFEud o9& Bojd 4" #F
AHS "k Ao a7H AT

FARIAE

oo <))




BIBLIOGRAPHIC

INFORMATION SHEET

Performing Org.

Sponsoring Org.

Stamdard Report No.

INIS Subject Code

Report No. Report No.

KAERI/TR-2229/2002

Pressure Drop Test of the Spacer Grids

Title / Subtitle on 5x5 Fuel Rod Bundles

Project Manager . .
S. K. Chang (Thermal-hydraulic Safety Analysis Team)
and Department

Researcher and . . .
B. D. Kim, S. Y. Chun (Thermal-hydraulic Safety Analysis Team)

Department

Publication . . Publication

Taejon Publisher KAERI 2002
Place Date
Page 58 p. Ill. & Tab. Yes( O ), No ( ) Size Cm.
Note
Classified Open( O ), Restricted( ), .

Report Type Technical Report
___ Class Document

Sponsoring Org. Contract No.

Abstract (15-20 Lines)

The pressure drop test was performed to verify the hydraulic performance of hybrid type
spacer grid. And also, for the comparison of the hydraulic performance of the hybrid type
spacer grid, the pressure drop tests were performed for the splitted vane type spacer grid
(FOCUS) which had been developed in KWU and the reference spacer grid which has no
vanes. The tests were conducted at the hydraulic test loop facility, Cold Test Loop-I. Three
spacer grids are installed on the 5xb fuel assembly for the tests. The differential pressure
drops are measured for the spacer grids and the fuel rods. The loop flow rate, system pressure
and temperatures are measured and controlled for the test conditions. The pressure loss
coefficient of the plain spacer grid is lowest. The pressure loss coefficient of the Hybrid spacer
grid is 7 ~ 10 % higher than the plain spacer grid due to the mixing vane resistance. The
friction loss coefficients of the fuel rods are different from upper and lower part. There is need
to correct the locations of the pressure taps to avoid the local unstable region due to the
spacer grids.

Subject Keywords
(About 10 words)

Fuel rod subchannel, Turbulence mixing, Spacer grid,

Turbulence mixing vane, Pressure loss, Friction loss




	표제지
	제출문
	요약
	Summary
	목차
	표목차
	그림목차
	1. 서론
	2. 실험장치
	2.1 Test Loop
	가. Water Storage Tank
	나. Heater & Cooler
	다. Circulation Pump
	라. Loop Instrument

	2.2 Test Section
	가. Test Channel
	나. Spacer Grid
	다. Instruments

	2.3 Data Acquisition System
	가. 실험자료 획득
	나. 실험자료 수집


	3. 실험방법 및 절차
	3.1 실험절차
	가. 실험대 조립
	나. 실험장치 가동
	다. 실험수행
	라. 실험장치 가동 종료

	3.2 Test Matrix

	4. 실험결과
	4.1 실험수행예
	4.2 실험결과 분석

	5. 결론
	부록 : Summary of Test Results

	qqq: 


