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SUMMARY

I . Project Title

Evaluation on Thermal-hydraulic Characteristics for Passive Safety Device of
APR1400

Il. Objective and Important of the Project

In the design of APR1400(Advanced Pressurized Water Reactor), the capacity of
reactor is enlarged and various passive safety facilities are adopted to enhance
efficiency and safety. It is necessary to investigate thermal-hydraulic characteristics
of fuel rod bundie, reactor vessel and fluidic device in order to verify performance
and confirm safety.

Thermal-hydraulic behaviors in the non-circular cross-section of nuclear fuel rod
bundle are different from those found in common circular tube. And complex three
dimensional flow including secondary and vortex flow, is formed around the
bundies. So, it is needed to examine how geometry and flow conditions affect heat
transfer in fuel rod bundle.

Until recently, thermal-hydraulic characteristics for reactor vessel has been
studied by 1-D computational code, and experimental data are scarcely found.
Moreover, the Korea next generation reactor is the first prototype in the world, and
any hot-loop tests have never been performed. It is very important to obtain
detailed data on fluid flow and heat transfer for the successful design of reactor
vessel.

Fluidic device is adopted in APR1400 to control passively the flow rate of
cooling water from the safety-injection-tank. Even though model test for fluidic
device has been performed at KAERIi(Korea Atomic Energy Research Institute), it is
necessary to estabilish independent evaluation guideline for the flow characteristics

of fluidic device in order to secure safety.
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Il. Contents and Results of the Preject

To establish evaluation and verification guideline for the APR1400(Advanced

PWR), thermal-hydraulic characteristics for fuel rod bundle, reactor vessel and

fluidic device is analyzed using FLUENT. Scope and major results of research are

as follows :

1) Thermal-hydraulic characteristics for nuclear fuel rod bundle : Design data for

nuclear fuel rod bundle and structure are surveyed, and 3X3 sub-channel
model is adopted to investigate the fluid flow and heat transfer characteristics
in fuel rod bundle. Computational results are compared with the heat transfer
data measured by naphthalene sublimation method, and numerical analysis
and evaluation are performed at various design conditions and flow
conditions.

Thermal-hydraulic characteristics for reactor vessel : Reactor vessel design
data are surveyed to develop numerical model. Porous media model is
applied for fuel rod bundle, and full-scale, three dimensional simulation is
performed at actual operating conditions. Distributions of velocity, pressure
and temperature are discussed.

Flow characteristics for fluidic device : Three dimensional numerical model
for fluidic device is developed, and numerical results are compared with
experimental data obtained at KAERI in order to verify numerical simulation.
In addition, variation of flow rate is investigated at various elapsed times after
valve operating, and flow characteristics is analyzed at low and high flow

rate conditions, respectively.
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oU; __ 1 oP | R — -
Uk dx, o Ox; ax,,( ax w Uy ) (1-2)
O oyd=] g4
oT _ 4 , 0T _— i
Uk ax axk(u axk Uy 0)+ ,OCp (1 3)

E dRoHE EF k- 2P ¥ BNG k—e 24, Reynolds Stress EH
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p—e2lo] thdt U8 SEoluR| k& GHF E5UA AEE o th3t R

Uk =1 (vt o4k 14 P+G—e (1-4)
UE =521 (ot o) 32 14+ 5GP+ 0~ Go) (1-5)
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olom, RNG o]& o] Adol=R4 He} compressibility T3/t ZFE o
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U, PP uS e+ 21, av; o1, (1-6)
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ot 27 o =E2A7 F A& UF ZolE &Fdte I3ttt
A1(1-18)3 (1-20) .8 HE Z4 FEAAYASLE th3t Lol ALtgict
p, = LsbtAr (1-21)
pv,w )

A (12)2%H 78 FELAYASE Y4 Shervood+2 EA|s T
&3} 2tk

Sh = h,d/D (1-22)

Sherwoods== Ao A2] NusseltFo] Agdhe FALFEAN FEZ0] d= &
thite] AS $¥AAL AMEstR, 1,2 A¥AA 73 OF EZALATIH,
L LpIERS] 27 oA EAFAAGTEA thEI T Chod] 4HAE o]

|3t Tt
Dna,latm = 8.17708 x 10 -7 T1'983 (1'23)

APAE dolg AHa Z2ade] o) AEHm, deoly Az Z2IHLS
og RZE =Zgaug o]gste UZgAZr|et, Schmidt4*, Prandtls

Reynolds%®, Sherwood4>, Nusselt$ S5 AlAtgict
5. AA|A Azt @ 3

Fig, 1-12 3x3 2rhde] sfg=24, 3x3 Brhdd Ydg JHAA AP
Aoz Ueht: U H4Z(interior sub-channel), @A FE(wall
sub-channel) & 2A]2] ¥-<=F(corner sub-channel)7} ZE o] gt FAZH
Adel g W) Zoli 108 mmo] 2, Frhig A 8o A2 30 m, Zo|
= 1nold, B3 2 alo]g] K2 AL 6 ol HEZ B Alo]e] §E 34
& 3 mo|th. Brhi volMel B Fo R4 2ozt AZRAde] HE F2
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O dFolAe] ZAAxA
u=49 mls, T=20C, T.I=05%

O & ZHAAY ZAzA
u=00m/ls, T=50T

O Azt Erelde AAZA

u = 0.0 mls, ¢g=0

Fig. 1-2= 3x3 2thd ddg JgAe AAAAE vehd 2oz A8 3
AL X-Y 2AZE ZFAZ AU FRE JIKEE AA YAE JPAY
1747+ Bt o, Aite] FHAHL H3 47 F42F At A= o
2Fe AAERLE Ush=F wEgich dE883 fA7 s dRddds
Aoyl dRE F9o] ZAxE WIANZALH, EF tfFdALATE UTolA
FASHA Wt ETBLE A4E st HIERE FUYPORE UTFH
Azg WA ZTh

Fig. 1-32 3x3 2thd #dg Aol drfEol 4.9 wsd of 7=
B 0.2 m "ojd x]83} 0.8 n Wold x| FelMe] RNG k—e model& AHE3te]
Ak Ewer 2 o|th Azde dFolA FYE 37t E7FE A
Pat|A Alzbgdel Rzt Augel nhdel s HEAA J7kE X £E
Ax Zolmi i 242 Foddde &x7t B Frbstd AAZS
gith. Fig. 1-3(b)gh o] AAZol 43 WLH FolMe SERTE
zEdo] 7bg T Uy B4R =7 7P 2A dehia, ¥R R4E
Ml $4ze A2 &7 W EXE Rold, I F¥R Fig 1-3(a)
FoliA 0.2 m oj & FofAe] EXHTE F3tA Uehdrh

i

f do o 1ir

1454
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Fig. 1-4= 3x3 Brhd Jddg AP olA o|Xfi-5(secondary flow)d] &&=
HEE Roli glth, Aztalde] BA2RE LT o|AMEE ARES LR
EdA 4271 FU15le] d8E3} Azdad HE AlolollA UAAT o] ARt 7
UA "l o] £ olx5e A58 d8E AR JMEE] B0 M |
2 Uy 2528 SUEEA S50 ZAaEA shede] d88 ZAC tirtrbd
A Ax} A"AC} o] o]x{H-E Fig. 1-4(b)ol Uehd upe} o] A3 Ut
5ol HdA 2 Z7]E nf$ ZopA|A Hrot

2% 20 CTE F¢E A= A88(50 C)3}e A 3 AA 71d
go] &332 wiRUstA "ch Fig 1-5(a)& BE 7oA 0.2 m Eol B+

-

50| 9as] Wtk Raigly] mEo] ARy 49 LEE wAT R ¥
sz o3 BAe $4Ee] B, dEga el Wold gt ¥W 2=
o 2ot WWE YFLES AXF Atk AFol VA WYY A9 L=y
28 29 duPosvy F23 @AWl ofFolAM YTEEE 0.2 0 Yol
Agurt 498 we REE Hola Yok

Fig. 1-6& Z7zte] <182 A, B, Col tis] ¢4FE5E 0.8 n GolZ A HeA
K40] 4.9 w/s 9 15 w/s F9 A8E ¥R gAY A4E vehd Zojth
Zupare] Ztm 124] Wako A A 2sle] A ALY LE FolrbdEA UEtylch &
25 A HdE AP FYo gl Ao dRE dES M= 07, 9
0° , 180° , 270° F9loN HujFog fFAFo| ZhAd FHo] aslo ut
& dAY ASLEZE Ro|a glon, fFHAC] HolAA K=t eAe W
B oHAE 2N gAY AlSTt B4 UElUa Yl d8% BE HE IR
Bl Abzkag o] whbs 0° Rold fE5EF] JPE Fa fhol M W
7] WEo] dALYASE AvjFes s Y2 e Holn, dEEI dEFOl
s 90° , 180° , 270° BZolAE dRE A AR AW AFEEE B
ol3 gitlt. BAe H4zel QA = d8E o ZFS A5 A
Hmo] gt 0° & 270° F9lolA 7MY W dFEAY A4S vehia g2
o, dEE C 9A A58 dFEo] whtes 90° &} 180° FHloA= ABF A
o} §Alg BXE Holx glth. &%} 15 w/sdd B9et 4.9 n/sd BEE vl
s AAHQA A AL vl S2I1 15 wsd B9t 4.9 w/sd BF
Bl A4 Uepua olch

Fig. 1-7¢ dugel AAZdo] 50 T2 UBY 249 dRBolNg FA=
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AL BT d9S(heat flux)RALE AR AE vjz2g Zeolt} o uje
dR4e dFRE A A gdEAsd yE ARREEESY AE
FaA e gk Abgsteich AAFHA EXE BA HIke] vEiude AT
HAztol Uehte AM L dB2E FAZRAY vsd F¥E Bolx gt I
xRt 43 RS BAZRAAE oJARE FVLE dBE FHY 2E=EE
dzugron 27 sk Fyo|l UehIEEZ INHA XA Hugat HA

Zke] xtole zpolx|:= BWEIF ZFE vt glch

Fig. 1-82 ¥2& k—e 23} RNG k—e B, Reynolds Stress R&-& AM&-31
o A4tgt AIE MY JgZTo|tt, BE k- BPY EFE BW AU
HA gkl xtolzt b ZA Uehta glem, RNG k—e EWolM I A7 o3
Zo]lE3 gltl Reynolds Stress 2We] B¢ swirl 53 o|A-f-5o] =|ujxel
FSol AR ETI Yol FAE AN o|xHtEE EHFY 4 U
2o o] xHFFol o5t dAYASL Hugtat HAEY ozt s HA U
Eldt 2o g zmichH

Fig. 1-9% ¢312HE &371x9 ¢™¥3stE Uehd 2oz F

A

452
£ ojEy FREE QU] BiEol YHASE YTEHE BT/ Yww FH
Rolx glom, M YYste o 67 Paolth

Fig. 1-10& 217}e) Q2% Ere] dAwA+E dFuswes Hed UL &
wete g Urhd 2eolth, AR A B C BF dAWASI 1Y &S U7
=2y FAsA Rasith 9ds WY A5 ol2HA A AT Zeoz
A8t glon), AvtoziE GAYALST Pasts AL FEol WA o

o 7 A|Z(thermal boundary layer)7} FAQX]7| wjEo|tt.
Fig, 1-11€ UEQA23h0S ol8stel 3x3 A=Yl FHeA+
2e&o] 7.6 m/sS} 4.9 m/sY wiE w2 JYZo|ct dAEE AE EH
AbelA Azbel mpsiaE d883} dEgo] 'k 0°, 90°, 1807, 270°
flolN AR oes fEHEAe] st F&o] Aaste W AFY ArE
Bolz glon, §EHF] Yol {ZIt et uF P2 IA
dAY A47t B4 Uehta ot d848 Bet dE8E ¢ g Aatsiy 2
2o} npRziA| 2 §E5HEAo] Zaste dddoie W ALASFE Holi, #
Zd o] golxls ddoME 2 dAYASTE Bolil gtk fHo] 7.6 w/s
al

o
—
ol A9} 4.9 /s BEE ul . o] ke

)

-
Eo

Mo e o

fr o

R

i
A,
2
X,
[ 4
oY, Ul
ot
flo
R
W
3
rL'.l
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7.6 w/sQ Zfoll dALA L HE o] ZA Yeh

Fig. 1-12= 3Xx3 dEEcrhto]A Reynolds stress WS ARE-35to] AATgE 4
et UZesissy S o| &3t 73t dAdAsY EXE vyt JeZolth
AA 3N #5 A4S FET olxFFol o3l dALATY X7 FHu
3 Ak 2 Aol glol TYd BXE Holax ot AN E Tt F
gt A} o|xXTE WA TEA BRI w ol gkt HH gk Aol
7} A Jepda glch a8z|gt cjekael Bk AR Azel AE Z3
7} fARRE 22 YEeha gloh

Fig. 1-132 16X 16 APR1400 Brhde] Mu=2A FALZE 2ide & He 2
ol 202.5 mmo| 3, BThEE FASHE § AZBL 9.7 mn, Zol= 4089.23 um,
23 B xold §E 7142 3.15 mo|3 HHEI} F AlY /&2 TFHS 1.575
mm©] T},

16x16 Erid ANE 2wlasle] Hatsfrsir|d T2/ UF S34517] dE
of @ A4ARE Lo = BT HxjY FRFEHEE Frt et uetd
A8 Erhdo] 7Ixle URHE, HHbsE, BAYTZE ¥FY 4 A=
3x3 Hrhuz =Yg gtEdr) o] R sj=st Fig. 1-149] Ueht gle
o, 2o BAR3} B3 BApolY] {FEZHF, HHI} Balold FETAHS 16X
16 APR1400 Brhie] 72 IoiE Abg3tgon, FWaty Zols €43 Wttt
85o] H 4 = YA 208171 E& 0.5 nE AHE3tA T

AZAEe] TN 4B 259 Eo] FUYU 4= FUEL A dR
2 43 {508 {AEHH, Abzajde] HHE d8 &Y e ¢E
olgtal 7HEste] HAtsiAd & stdct. o] o *}Ziﬁﬂ‘éi FUE= =4
A2 2] ALH|OE {YUSE 2EE AMEAL, G5 A2BA F
B LAY FHoE A {45 33 S AREsiden, AR
U =49 B dFEE AHSSHTh

Fig. 1-15= 16X16 2thd #d g AA e 3x3 2o thdt AAARE Lt
el Zo|t}h 3x3 Hrhidzl npEsiRE Aate] ZEAEE 3l A4 FeEE
ety M2 A AERZE YelUsE e, A58z A7 ThitA
HHEAYS dovle d8E Fod AxE EAARoH, T fREAEA
= Ao FASA Wity E7FSE ZA4F UysiA HsRE SUY

2 2E 4FFo HxE UHA

(r

R& & 4 drh

° rb
flo W W
o fqr or IN

N
A

fo d2 M oo

B
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Fig. 1-16& 16x16 Erhd A g AP ZrdolM YFZFE 0.1 o Ho|
AA32} 0.4 mw olZ A HoA2] RNG k—e model & AH&3to] Alatgt Hwpay
=E23olt}t, Fig. 1-16(a)E HE 47 ZAAME d8E3} ¥do] Thts 2
oMt =7t 23, 2zt Ef2ode AY 4T EXE HArh AAld
AToA §UH Bo] &1Foe APStAA Alztaide] HHE} AR upH
of 2siH WA J7te e &xE Hal FolEE ubH L2 FotolA
L &ert AA F718t BASE ¥y A& Fig. 1-16(b)olA & 5 glrh
3x3 dEgrhuz vjastd dsge Ivld viEl dEF} dRE Aol
16x16 dERrholAE d883 ARE AlojdME HEs] & =71 e
793, EANEES4RY 27 YRRssu RS20 4] Foke R
= Qlth

Fig. 1-172 16x16 Bthid 8 JgA E@oM o|Al{-5(secondary flow)
8] £E=WEE Hojal gl o359 Z-¢ AAFA BAHES 3Ix3 sried
799} His=stA T AR B3 wHalol Az, dgvgt AREAIY ATt 16
X16 AgErhie] Aol o 37 " olxiEE d & £=& UEhia &
=3

Fig. 1-182 |
HolA 7 dAgo] AL olFofR|x] gty wfEe] AEF EHE AT o
HE ddofx JFLEF FAIBIAL glth 5ol B3] UL oA 0.4
n ol 7L LEEXE H AREOoTHE FE3] gAY olFAAA
ATL2XRE 0.1 n Yol FRETE 4T3 & XE Ho|a drh

Fig. 1-19% 16x16 YA YN 2 A8F A, B, Cof ti3] YFEH¥E 0.4
n GolA A HoH A EH dAY A4E Uehd Zojth. d8F A= ¥
A8 APYA Fodo & s d5gI ARFo] Ue 00, 90°, 180° ,
270° F9olA AR es fE5HEC] L3I fdo] LAl 2 dHY A
$EILE Ho|x glon, fEHA0] YA &=7t Welxle R F4=2 2
Ao gAY Agrt A4 Vel 7282 3x3 dAdvgdiAe] Fed e
U A8z deatels] Agsl Auides gyl wEed w8 St o
A5 Z71E dAYASL £ 3x39 FLET} AA Uehdrh d4EF BY

A

i

k
f

o
1od
¥2

(o}
o,

A% 9i AR AZAY Hdo] whibe 07 2ol fFEHl A FXL
S0l 7% W7l WEel RYASE YHHOE s W U Holn, A=
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ki

B3} dgFo]l gt 90° , 180° , 270° o ARE A FAIRE EAd
$EIXE Hole 7YYL 3x3 FyAgAPA e} HiRIA T HJrjFes dgsH
il N &E7l TA FAFRE 3x3 d88e] ALHL & 2
=1 B8 CcY APolx ANFHU FPYL 3x3 AREI Hx3HA|
g A es £t 3A A 0° 8 2700 FodA Y dALArE A

e X

Fig. 1-202 16X16 APR1400 dE-gcrhyd 2o L 2HE &7712Y U=H%
32 Ueld 2o o] YA F/5S WIdle oudt FREE 7] wiel
gt st YFERE EF7HA] B G Bo|a gdlon, AANFHA UFH
3l= ¢ 5530 Pao|C}.

Fig. 1-21-& 16X16 APR1400 QERchy muwle] ztzte] IRl ¥me gag
A4-E dFUgos FIY S SYFLE Uehd JfZTo|tt. AREF A, B,

BEE dAYAEI MR B2 FEREH FHSA Zasieirt 9—}73_6] Wb
W%Cﬂl o2 dZAZol FAAA AY 4T P2 AL

Fig. 1-22& 43¢ uiAl7l EY Z-¢¢ 371¢ B& vag 71
©.9] Reynolds & 7|&LCE & Reynolds oA Z7]8 ¢
o FAAzALE F3 A4 Zelch AAAHA FPFZ Y EH9+ 3714
Ut BXE Hola gon, EA ZF97t @AY A gkol F71Y wiicot
o =ZA viepa glct

Fig. 1-23& 3x3 dsEchy mwlal 16X16 APRI400 A EBchy 2ede] oA
YA EIXE vag Zolth. JFUFOE Mgt HAghe]l vehle A=
3X3 dEBrhdat 16X16 AEFrhd BF 27 Uehtal o AN BR=
Bl AR5 Fv|et AlAide FZ7] AREI dEEAtelY A
AN A Abo]Z7t 16X16 HAE AAY] Z-27t o 27] wiEo] AAFHA F
PAALZ AF ALY AR JALAST EY 3X3 YAE AFPA R A
LIERLESL QLT

Fig. 1-24& 3X3 dEFthd 2Wo|rM2 Reynolds £& 7|€2E2 ¢
Reynolds 4ol 4] 16X 16 APR1400 @EEThi Zwle] R4S Hatsto] A
Z2& Ay adlelrt. FY FAzANME 16X16 APRI400 dE-gThd RHo]
3x3 dgEchy ruwct 3771 27| dfEel dAEAI ZAA vehr| Rt &
ol Reynolds 4+ ZZAoA 16X16 APRI400 AFEFrhd BHlo] ¢ &2 FALA

—[J

JP)

mlo
°,

e

>

3‘-’4

ol
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4 BEE Bolx grh oA AR} &3} B3 1AY v[7 3X3 A8E
thad mwHc} 16X16 APRI400 ¢l EXchi 2elo] o I7] wlEe Zes wiehd

=2

- 18 -




: ]
/" Fuel Rod \"-/

C

108

36

18

1000

/—— Fuel Rod

Fig. 1-1 Schematic of 3X3 rod bundle model
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(a) 1/4 section

(b) X-Y plane

Fig. 1-2 Schematic of grid for 3X3 rod bundle model
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Fig. 1-3 Axial velocity contour in 3X3 rod bundle model
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Fig. 1-4 Velocity vector of secondary flow in 3X3 rod bundle model
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Fig. 1-5 Temperature contour in 3X3 rod bundle medel
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Fig. 1-6 Comparison of heat transfer coefficient at different inlet
velocity
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1-7 Comparison of heat transfer coefficient for UWT(Uniform Wall
Temperature) and UHF(Uniform Heat Flux)

Fig.
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Fig. 1-8 Comparison of heat transfer coefficient for each turbulent model
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Fig. 1-9 Pressure drop along axial direction in 3X3 model
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Fig. 1-10 Heat transfer coefficient along axial direction in 3X3 model
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Fig. 1-16 Axial velocity contour in APR1400 rod bundle model

- 34 -




3.11e02

2.66e-02

2.21e-02
1.760-02
& 1.31e-02
8.64e-03
4.036-03

-4 86e-04

-5.00e-03 "
sy
g

951e-03 | ’
X

-1.40e-02

3.11e-02

2.68e-02

2.21e-02

1.760-02
_ 1.31e.02
8.54e-03
4.03-03

-4 86e-04

-5.00e-03

-9.51e-03 1_
X

-1.40e-02

(b) 2=0.4nm
Fig. 1-17 Velocity vector of secondary flow in APR1400 rod bundle model

- 35 -




6.70e+02
5.69e+02
i 5.67e+02

5.65e+02 L
X

5.84e+02

5.80e+02

5.78e+02

5.75e+02
L 5.73e+02
5.72e+02
6.70e+02
6.69e+02
5.67e+02

5.65e+02
X

5.64e+02

(b) z=0.4m
Fig. 1-18 Temperature contour in APR1400 rod bundle model

- 36 -




.
.,
.,

: §F @

(4 W/AA) 1UsIOW8CO JjSUE JEBH

15000

360

270

Degree

(a) rod A

.
i-‘
-un.q.-
C.
-
-h-!
C
S,
3
¢
-.-.-:-I-Iul-l-l

(M1 W/A) B0 JBISUE} JeaH

15000

270

180
Degree

(b) rod B

e
e
.nh\.\-\.\.
n.....,
.’ ’
.

Ol W/A) usilya00 Jajsues jesH

15000

270

180

Degree

(c) rod C

1-19 Circumferential distribution of heat transfer coefficient for

Fig.

each rod in APR1400 rod bundle model

- 37 -




-5000

-6000

Pressure (Pa)
&
o
o
o
1

0.0

0.2

0.4

0.6

0.8

1.0

Fig. 1-20 Pressure drop along axial direction in APR1400 model

- 38 -




L ]
oo |
< "
E
= 40000 \-
€
g \\
£ 35000 — .
8 T
5 T
% 30000
g
T 25000 -
I
m T T T T
0.0 02 04 06 08 10
2L
(a) rod A
50000
»
]
r?é =
]
IR
& 35000 ~a
§ \l\
5 B
2 30000 - \.\
5 —
T 25000 4
T
20000 T T u T
0.0 02 04 06 08 10
2L
(b) rod B
50000
. 45000 \
% B\
2 4000 ®
H \
% 35000 a
§ \-
13 30000 \_
g \I\
T 25000
T
m T T T T
00 02 04 06 08 10
zL
(c) rod C

Fig. 1-21 Heat transfer coefficient along axial direction in APR1400 model

-39 -




—u— Water

—e—Air

200

360

270

Degree

(a) rod A

—a— Water

.\.\uhu...w.\

-

200

270

Degree

(b) rod B

—=— Water

—e— Air

500 ~

200

270 360

180
Degree

(c) rod C

for water and air

n

Fig. 1-22 Comparison of Nu/Pr

- 40 -




360

270

—a—Modet

—e~— APR1400
~

.\l

A

}

SN

—a—Model

—eo— APR1400
",
J Y
]
]
!
]
]
;
LN

270

—=—Model
—e—APR1400
s
J
{
/.1

360

180
Degree

(a) rod A

e
& A.
e, 'a,
%,
ln/\“iv
I\l
T
N ¢
-/./-/-/....-

Degree
(b) rod B

(3 L/AN) UaIDIYa00 Jojsuen jesH

QQE\E JUADYJR00 Jajsuel) jedaH

(W) 1uaI0YJa0D JajSuRl) 1BaH

270

Degree

(c) rod C
- 41

1-23 Comparison of heat transfer coefficient at same inlet velocity
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Fig. 3-1




(b) minimum flowrate

(a) maximum flowrate

Fig. 3-2 Schematic of flow pattern in fluidic device
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Table 3-1

Comparison of computational stability for each grid number

Grid Discharge
Case o flowrate |[continuity| X-vel | Y-vel | Z-vel k £
number 3
(m°/hr)
case 1{91,360 | 188.26 3.76e-3 |3.8le-5(4.26e-5|4.86e-5|2.42e-5| 4.9e-5
case 2{209,266| 170.69 8.15e-4 |4.19e-6|2.51e-6{1.23e-5/1.01e-5|1.63e-5
case 3|165,529| 225.34 8.76e-3 |1.67e-4{2.02e-4|1.52e-4|2.57e-4|5.1e-4

Table 3-2 Comparison of discharge port flowrate for each turbulent model

and experimental data

Discharge port flowrate Discharge port flowrate
Turbulent (maximum flowrate) (mninimum flowrate)
model .
Experiment|Computation| error |Experiment|Computation| error
(m’/hr) (m’/hr) (%) (n/hr) (m’/hr) (%)
k— ¢ 274.26 20. 64 155.13 99. 54
RNG k—¢ 227.35 225.34 0.89 77.74 133.54 71.78
RSM Diverse - Diverse -
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Fig. 3-4 Comparison of discharge flowrate for computational data and
experimental data
Table 3-3 Comparison of each port flowrate for experimental and
computational data
Time
80 sec | 100 sec | 115 sec | 260 sec
Supply port
3 130. 74 132.15 -3.0 -3.84
flowrate(m’/hr)
Experimental Control port
3 132.22 129. 41 80.77 67.64
data flowrate(m’/hr)
Discharge port 227.35 | 240.70 -5.08 -6.78
flowrate(m’/hr) (254.8) | (263.5) | (78.78) | (64.81)
Supply port
PPLY Pe 68.13 | 136.99 | 0 0
flowrate(m’/hr)
Computational Control port
3 151.15 60. 99 133.53 116.08
data flowrate(m"/hr)
Discharge port
3 225.34 197.98 133. 54 116.09
flowrate(m"/hr)

% AEAU ()e) £AHs MBS 71K 2L CALS Data 4.
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Table 3-4 Comparison of head, time, discharge port flowrate at each point

1 2 3 4 5 6

Head
9.5 8.5 7.5 6.7 4.5 2.5

(m)

Time
76 94 108 136 225 375

(sec)

Discharge port

flowrate 246. 89 491.91 478, 37 131.80 117.68 106.16
(m*/hr)
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