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ABSTRACT

This research is aimed to analyze the effects of different blade design factors
on the performance of centrifugal water pump in order to obtain the optimum
design to the blades. The velocity field of the working fluid and the performance
curve of the numerical model established by CAD are calculated by using CFD
software ADINA. In the simulation, the efficiencies of centrifugal water pump
with different blade inlet angle, blade outlet angles, and blade number are also
obtained and analyzed.

The analysis shows that the blade outlet angles is the most significant factor
related to the maximum flow rate and lift performance of centrifugal water
pump rather than the factors of blade number and the blade inlet angles.

The result of this research also shows that the performance of optimized
impeller blades is higher than that of the initial design by 6.29% in the
maximum flow rate of centrifugal water pump, and higher by 4.6% in the
operation range of centrifugal water pump, and higher by 6.29% in the head of

centrifugal water pump
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DA AR TR B A S e
KT~ B R E 2R 2 2 CFDacRADINAR = iTzip » & 1 A2 B 4c
Wk Y WA T2 AR o
CAREHAREBIIAEREE AP R TAE Y Sy
~%Lﬁ¢ﬂ%m%$’a@@—ﬁ%&ﬁyﬁﬁ%%ﬁwm,
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9.1 #w NIl & Sk
o N E R B Sl TSR
(1) m B (Q:Ffchin g 55§ opbp 20 WA ¥ &5 m'/min &

I/min % 7+ °

(2) HFa): maFFL v e h o aw AR FokE) > i
ARA G TR BEE RN ZRE HEne

(3) #d (\) ¢ §Tf it 3 R PRAEE B oot @ik on® ¥
RPN chggid 0 B % r/mln o

ORI il ~ O ke i

Pl e kB4 (ARG Redsme F 1)

(5) %/z":*"(n) : ?I“ﬁ‘ e 3 L SR S i W SO vl e 5

(6) # (el @ it d REX-VRlEF L o ft > RH LT P Fin g™
I f;;:ﬁ%lb,,,;ggmﬁggg_, Firavmz2* > =% Pa-l/min g
m-1/min (£F FR&) -

2.2 AAnIEMG
221 #rEF2 ¥ 250

ok E ¥ 2 a1 4258 Bernoul 11 Equation) &k & it eff 2 ¥ 5p
A EA B0E ] B A T H M GAe(2-1) 5N e B2-1 55T o

2
H = 144p+—+y—const
y 2g
144 ¢’ _ 144
AL R ES Pry & 4 (2-1)
Y 2g Y Zg

2
HpmEE L :%:ﬁ‘%% ¥z ;’g%&%ﬁ’y:% R A



o mmn s, |

B 2-1 4p% 11 =R

2.2.2 mIFEEH

PoFEN-FATERR(w)EER > MHEPIRZ T E ro2 @ R
"EEEE S oA - KER L g E T "f?ﬂ*’&«f LN 2 pp¥iE R
§ 5 F 0 SPRIRAACR - R 2 FIR o AL5 %415 (Forced Vortex) o
S RE T R Y o) %W;L*‘Wﬁ’ Lot TR AE e g
S 2 B om ok dleE ¥ 2 ARoeiF (Natural Vortex) s fEi- % %
/fa (Potential Vortex) S Ao P IRBEIR A 2 A i i A A
WEEFE IR 2 FH o

e R2-247F 0§ - @*5? 61T S BT N ad Rl £
A AR ARER SR & %1 300 o0 18R &P%ﬁ-*@%ﬁijmé*i tRAES 2
A s o AT A A R AR S o ATl i g 2 FIERS 4 R 0
AR tL o PPN 2R G ) S - R e RI2-34T7 0 e RIL Y SR IR
Al o FREARE o Pl A AR S B A enffRqp e AR oA JIFE
Badg o R g AL RAER RERALF R E- 3 RO ER
PEREIFIYEFIZF R EHRAAL > ERITTHI BEARY SE 0 A
ERTA SRS I




B 2-3 # 6 b 8 4

2.3 Ao REB
2.3.1 o2 nHmye

BV R 2 P IR A e RI2 AT 0 0~ 0, b RE R
AT AREFE R 2R R ERTME v R 2 e
ZR¥ERE S uE u, BT RER(GHER)EFE 3w T LAz
0B I E v, BY BELFERATEN T REYPER R kT
VEFRI R By ~ % u, 7R AR o

Bl 2-4 Egp 20t
(54 78 - SRR ARD

d @R E 2% EHESArE 24 w0 u(2-2)58 &7 2 o

M :@(sz2 cosa, — R,v, cosa,) (2-2)
g

FPQEFFIAE ORER FEHZ AT E DT LT
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AL B2 BAFAREH, 0 R

OH,, = Mo =£(u2v2 cosa, —u,v, cosa, )
g
UyV, COSQL, — UV, COSAL
-, = (e ) (2-3)

— BT ERE Y AT M 2 B HERETARL L e
#1120 @, =90" = cosa, =0

fl] )N (2—3);\ = B E]IJ

g =¥ C08%, (2-4)

tho

- A A

Q-5 BT EHBETFELS > P EF2F RN BFE S
B B R PR E B PRI A2 B o RS EBE S #5104

%‘iﬁéﬁ”iffuiﬁ%*’gé_iiﬁ‘}ﬁiﬂ‘/%@’é&? RIL A AL, € L H,,

R T EE E
h%ﬁaa%%ﬁﬁéﬂ%ﬁaﬁb’hﬂ&”%ﬁ??&”ﬁ%%
Fesmor F A AP oA ER g RFAE o Ak NP AR el G
B o N AR B R M GS AT o

P, -P v2-v?
d s+h + d s

€

y 2g
H, =H, +H (2-6)
HP H ZAFEmM H, 2 F%HF2 (2 r ka2t kaz L33

Boim) s H 3 FEFEm) ~ Hib 7 %EHFEm) ~ P, 5wk 4
(kg/em®) ~ P a3~ v B4 (kg/em®) ~ vy 5 v H”F," ook (m/s) > v, B Br
BpornidE(m/s) h,m o BRAGGF2 28 iR ~ v &R E (kgm’) o
233”Lﬁ

i# % (Specific Speed) &2+ 2 L &5 1 - f& %fﬁﬂj,%‘#pfuﬁﬂﬁf
oo He 45 ]t Aaddpvy ‘lﬁsalﬁlm /min 2_7n & A 4 Imdf AZPF 97 5
g o e (2-T)50 -

H; =

v =0 (2-7)

FPN G F o HAEm) - Qi E (m’/min) > N3 E ¥ ¢ (rpm) ©
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2.4 FFricx EME
- BAFEHRA TP L S0 ?’T"Jf“‘%’iz\'? P ERIE(d,)
Emmpis (d,) ~Ewmr»viE2 (D) ~EFF»vEiE (D) ~EF
R () ~E R (2) ””Wrﬁ)i(b) g
wie) (D) ””*Fié(&)‘ﬁ¥ﬂfﬁﬁ(z)i’%@%5
Ak oo R o B AiEE W AR AR E S HE R B e aE s Y
AETE S AR ;;tj'\ﬂ' F 1#L}'@»ir£ﬁﬂ>‘éﬁ;c}%ﬁ' ER = ]
B

R2 (D2}

RE

CSL
®l

(1) FiFsrrciz(d)
Figzmrr@vd mg2Q(m’ /min)id-2 > - B EQ(m’/min )& v jT
d(mm) 2 B 7% 40 (2-8) 5% »

d =145.5\/§ (2-8)
\%

VEI AT ez i o - KR v=153m/sE R B 2 JF R
IR LS5m/s o B S 2 FTF BT 3ms o
(2) Efdniz(d,)

%%%u(ﬁ/# L) 2 K RT R BEH Y R R o F i 5 N
Aght o FiEr# A4 SROPOF > Lk 2 w4 25T Bl

I'xw T 27Z'N
75 75 60

i

R=

(2-9)
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T:71260%(kg—m) (2-10)

A Fhic B S 5 d (em) o (E* 33 ghendr 4 L ¢ (kg/om®) 0 B

T=71260% = F a4 ;
N 16

N

16T R B
_ /m _KXXE (2-11)

- ﬁ;ﬁ%%}i% TRRHE BHPREE AT KX fiﬁa:\aﬁ;&& AHkA4 i
* 2SR FRIERBCE > BSENTFE Y g P PIRRG FIEL ®
K EHR - BRI FRREEN SR S BT 4‘4_:)3?. o H 781Kz &gk
Ao ol
r=130kg/cm® BF > RK=14
r=210kg/cm’ P& > P]K=12
T =360kg/cm” & > RK=10
(3) E#thiiic (d,)
Emmp A2 EPE PR BT X AN LR - &
P BT T Fde(2-12)5
d, =d, +(15mm ~50mm) (2—12>
(4) Ewmr v 22 (D,)
i SN o dp PR E ~ Bl EehE T4 F - B T et
i v, A F EAFNE v Ve & - Bh - B3y =1.5~3m/s> @ D, &y
M a4o(2-13) 3¢ o

T ’
Zux”wu6n=Q+%=Q

R N . S (2-13)

,\\f‘l Q 1x§3§:&.%7 7}\—9- ’ qp;}f:‘! /” EQ4C p/% J\_El y —q:]_'? K?r‘(/%’ki
F i £F s - gt 5Q22%15% -

0'=0+q,=(1.02~1.150 (2-14)
(5) g#»v 2 (D)
P rr B EDEH R 5 ENEMA T EED N FDYE S - B

F|t D, & D, Ap ¥ Tide ™™
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D, =(0.90 ~ 0.95)D, (2-15)
6) £ r»0 & (5)

FUBEBEHZ KT LR Ehr v R AR > 4oB2-6¢

F2-6477 » B¢

AL THR0A T E N E Y2 B L TRIA T IEE N E Y2 rﬁ_’ﬂl
%ﬁ‘#%‘"’i’E'Jvléﬁ%‘%‘?#B*ﬂ?ﬁ%iﬁé’%‘ﬁﬁa\wl%#% v AR ¥
#R-H u1=nw=% %V PP - Ky =(1L10~120, 0 BIEF AT 4

in
il :tanflM (2—16)
u, —v, cosa,

EIRE . 20 Zﬁaﬁ-u%‘ﬁ%"l\7?a§‘]’<§}§\‘}u)"’fa'bh"l

.‘_,{ *E]-— _-P( ° EIIJ
ay=a,=90" > #7121 (2-16) 58 ¥ st 5 T A2 B A5
~ B :tan’lﬁ:tan’lﬂ (2—17)
u, DN

(D gF > %A (b)

;,‘mg,’,:f\gf»?“»riljﬁf%‘%rj C - RI0T R 0
ﬁ%f& *@Eﬂ%g SR L W T A 4 R A B % ,@Wu%f
& g fﬁ’gtifﬁ'% » B el 3‘2‘3# gx% it B

’ !
v, =V, sina, =2=L

7D, b,
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b =2 (2-18)

@) Frhri (5)
Frde b g s B R EAY 4 d (-0 2 i R AE
2-T¥ 4& v
Hﬂm:uzv2 cosa, _u,(u, —,cos ) (2-19)
4 g

Fuy b R RIH,, B9 f A EFRKE R AT -

Ao % B=90°FF > w,cosB, 300 H, B %

B. % £,<=90°FF > wcosp, 30> H,, ERFIEHfem o o

C. % B0 FF > wcosp, | *00 H,, EFRFIEH4vm 4 o

Beih B QA TR AR ’#fﬁiH%\»*v??“Eﬁ » B H, %2 4oB)2-847 T 2 =
FER O FAEEFYER S - UFE Ao PlH, AR S e d g AR
BFood BI2-TV or > B4t B, 8% > Uﬁ"«i@ip ke 4k R4 P ARG T
A ez, g S e AR RN A L A e, fR S E

BRE o BHFL R Ly - R o - BATRY

‘v ARG B,=157~507 0 EEIEE 5,=207~30° pF {TF e S BdF o

B
-Fq’\

(m o

Rk
g3

T
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o
ﬁg'—: 90u
s, < 9p-
H
KEITTTT T B> 90
- - R
l:::%.‘ \“\ |'92= 90
= Bz <90
J !
KERQ
Bl 2-8 £H v sy
(33 7 R ARD)

Et - ﬂ"'/\/zg—H%uﬁ%;«&? L 1\41 o T
J_ (2-20)
fﬂ%ﬁ““ﬁﬁMéiﬁiﬁi’%%%h

e 2-1 N Bk B 54

N, k,,

100~150 0.95~1.00
150~300 1.00~1.10
300~500 1.05~1.15
500~750 1.10~1. 25
750~1000 1.20~1. 30

- Bk, EFRRE G P2 AR 0 MBI2-95 B > Stepanof f % 3t

<

’

CAR G225 EWHATT SRS o wd (2-20)58 2w, 0 £ 4 (2-21)50
FHERHNC B
60u, 19.1u
D, =2 2 2-21
N N ( )
Pz P s e B ek R g B A A ek <]
o HEBREE e TRES Lo AT d v B84 T RG22 EE -
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2 3.0 7

< 25 N

i VN

e /1A

@ ] Kerx10/] 1
../’}?,,2

_.-"'"'f

1 1.52 3 45678101215 21x100
Hi# i (m?/min ,m , rpm , % {1)
Bl 2-9 F % H¥kciE
(10) £* v iRk (b))
IeB2-TorF » - HES N TR LZEEES A A 2 (2-18)4 4
oo or B RN e (2-22) 50

B S o (2-22)

- 7D,v, sina, - D,v,,,
Vap =k x328H (2-23)
— B2k, BArA2-2 .

199N 1k M4

N, k,,
100~150 0.09~0. 11
150~300 0.10~0.14
300~500 0.13~0.19
500~750 0.18~0. 25
750~1000 0.22~0. 30

(11) ¥ * ¥ (2)
YoBl2-10577 s ER2ZFIE(FEE) 2B P8 S, A EFER P
D D s DD Bt B (2-24)
D.-D

t
1 - ‘
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B 2-10 £ v
(%5 74 BRI URD

Erlz d WivE 2 AR FART 4 S pd FREG S
VR ERACA2-3

2 2-3 5 v pRE T Bk
! R

4w PR R R Y ik
i< e
1A E % 4~6
¢ A 6~8
<Al E® 8~12

f”lﬁ':,ﬁ,fpﬂ;”)“’"D‘D‘b‘b‘ﬂliﬂzéﬁgﬁﬁ
2 AR @ DR BT R RE R E R pr 2 B
&R 2 %w& R ER o mER R o - R
iw¥@ﬁiﬂm9’lﬁ’ ng\:ﬁﬁé‘%?%ﬁﬁﬂﬁﬁ
@é%&%ﬁéﬁ,az¢¢a£%*%w&@$mﬁﬁioiéa%zﬁ
SRS FRE S B E e RI2-11
A.—gi%».*‘%‘»riﬁ\ﬁml%#w ED 2% -
B. s % 2 —2Ber ¥ w20 2RO EF ~ v & & 5 F IIBPAR
C. &BPB % t 2 T - BP% ¥ % F95BC -
D. d *FFl+ 2 =3 BAL TAO -
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B, 5- #AOSE Y Aic & 5,2 2 HAQ -

F. Q% ¢ % — F58ACEBC pid 2 o

G. % 7 ACH REBCH R4 Pl @ Al > QB- 23 & APz 2 £ 8
]’ o

B 2-11 = F3%2

2.0 *FEF T 2RI L

ARG 2 s VR H R B2 CAD ~ @ R4 5
dAS P H/E, By Hhz F8 2 X a2 lkd 1T TRZ DA g e 142
3N ERDEE B LI ke T
(1) §igp#E (N) 1750 (RPM)-—-
(2) v & ik (2-12)57% ¢ N, =165.5 -
(3) Zrvro @ i d A3 E23D4 > £ Ed=80 (mm) -
(4) E#dnic(d ) 1 d A2 P E2 3D > ERliEd =20.64 (mm) o
(5) Emtndiz £ /5 (d,) 194 A @ & &2 3D > £ RlEd,=38.41 (mm) -
() E#hr»r 22/ (D,) 1 d AP H 2 3D £ ED,=67.25(mm) -
(T)EF»v 22 (D) td A7 #E23D8 £#ED=74.38 (mm) -
(8) E¥ r»r & & () "d A>T HE23DF,» EiplE =23 -
() EHFr»vH5 R (b)) 'dAPHEZ3DR > £REH=20.13 (mm) -
(10) E5# (z) " dA>PHE23D8 0 F 5 #,z=6 -
(11) Eddiv 28 (D,) *d A>T/ E2 3D £RIED, =212 (mm) -
(12) £ M a8 (4,) "dAPHE2 DM BRIEL=20" -
(13) EH Mo &R (b,) 'dAPHE23DFE > £iREH=13.23 (mm) -
(14) £ ER (S) ‘d AP HE2 3D £RES=3 (mm) -
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¥ F ke

%%*%ﬁﬁﬁﬁﬂ#&ﬁ%%z%ﬁﬁwnam@%ﬁﬁﬁﬁ%ﬁ%
EE 'ﬁé'ﬁiﬁ’L?mP R o d TR JMtﬂ/FL?i;% NP e~ ]
P FF 5 FIER o @ 5 &Eﬁﬁéspiﬁwﬁﬁﬁﬁ%W%m%m—ﬁ
TR AR E K F ARSI ERp SR E R
oo gd AEF I B B ]S g AR IR R e

- BB R AT T ‘Q;b%iz (F1n1te Element Method) ~ ¥
LR %2 (Finite Volume Method) # 5 *¥ 4 4 ;2 (Finite Difference Method)

=

4

i%ﬁomiP“w%¥LﬂmﬁWéMmkAMM%%¥ﬁ%%%%%¢
YA R G UM R KRB RS 525 (Governing

Equation) » @ #ciE > 2 A BT b > 3 AR F 72 /aJZif fe it g & e
Prac j 2x3t B Bdear A 5 U2 Al T BRI B G RiE D
oo A ORI R R

3.1 AXEBEXK
R G 21 A B ok v s R R st B e s SRR 1T

T iR

(1) 7x48 5 2 ¥ R 457 # (Incompressible Fluid) » # % & o & T -

(2) 485 248 (Newtonian Fluid) °

(3) 48 & AkAF M (Viscous Fluid) °

(4) ¥ 5 2 (Steady State) & i o

(5) imH ARAMER Dl HER L F YL 2 7 R (No-slip Boundary
Condition) °

(6) &wE4 254 X

(D BvHREFrAREERFZ -

(8) R A2 E VBN X ES PR W F RITFHBE P -

3.2 FfE fgsl

AT HREEHINERE LR E PR A RN ET S 4
ﬁﬁ*ﬁﬁ’a@éﬁiﬁm%?% SRS B Rt o S R
AR R SR RS R T R ) g R R A
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FOAEHET R R SN A F heT

(D 5= A58
L (puy)=0 (3-1)
X

AP paBAE SRR x5 BffghZ v o w5 7w PG HER
(2)& & > f25¢

0 0 0 0
a(/’u) + 8—X(Puu) + 5(,0"11) + E(PWU)

_o%, 0 ou 0 Ou 0 Ou _
- ax+ax('u8x) ( ) ( aZ)+s (3-2)

0 0 0 0
5(/7\’) +8—X(PHV) +5(,0VV) +§(PWV)

B, 20 00 00 ]
s ( ) (ﬂéy)+az(ﬂaz)+sv (3-3)

0 0 0 0
2 (ow) + a—X(PUW) + E(WW) Yk (oww)

R R R b et (3-4)

.
é%omu)+ggj(pﬁﬂu-rﬁ)=-g§%+si (3-5)
- zi ' (3-6)
b2 (3-7)

J
Afurvowa XV 727 e & x5+ S RRG=EL2,3) 0 w5 il B
GG HE R u e R R R HE R PR A Y R
4 3 & ~ 5, % Momentum Source Terms - Jg & Metric Tensor 5, & Kronecker
delta~ s, 5 T R%F%®E -
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3.3 #iE™2
3.2.1 47z P

#-F TR

- U —/% ’ ./u ‘;ﬂ"
\/_8 (\/_p(p)+d1v(purq) -I' gradpr=s,

Vv

P A A S N | T
(3-8)
BNl LA A
ijp(pdv+j(pﬁr(p—l“¢grad¢r Is dv (3-9)
Vv N Vv
J—;E‘I/;J—_E? ;U% e A ﬁi;\‘éﬁ'gf{ L, ¥ 1§
—jp¢dv+2j(pﬁr¢-F grador-dS Js dv
Vp is;
YoB)3-1%777 > F }\c’ }‘1%{5 N
s

1‘ 5] } u
PEARORBE LG -
b

(3-10)
Ve S A B AT &G e
I & m b 5N
T3 » 4B 3-2%77 )F A W] 4 7

fi‘%&u';& _§—\;I§Ti=}ﬁ:

ETTRS A"\

< (oV); - (PV)y

A0k R e
> A28 (T ~ T24e
51 (3-11)
T, =Y (pi,g-S);- > (T,grad¢ :S),=>.C{-> D,
j j ’ (3_12)
T, = §\-S,0p (3-13)

B 3-1 Ap it @ o BhT & B

23



Bl 3-2 il 1 & B

3.2.2 Y h £ i

Flb b A A E A HCRIDG 5 AA#H D #71 ffEEuler{rNavier-Stokes
TARNEE O MHREF LS T e R AT L E R F £
Ak R EET BB o H T AT

cyDEF{“’P’ ;=0 (3-14)
oy r o ;>0

¢ = ¢ (3-15)
D, = T, 1f ! (py-0, )+ \grady - S gradp: d (o0, )} ] (3-16)

A F=(pu,-S), » L& g7 & denfER 05 (Mass Flux) » d, B~ £P&N
FBE2 R B oo 1 N Tl s T240T3 8 » 1 (3-10)¢ » 7 #dpicid

B Rt
LY 4 Y =0 (3-17)

Bisigd Pl R M E RS > B N BN HE B
A4~ o fe & 2 4258 1§ =2 (Power-Law Scheme) Rl | 7 # 3
R 2L A H k4T

Appy =D A0, + 5+ Bopy (3-18)

Ay =D A, +s,+B, (3-19)
0

5 A, 5 #7 (Convection) # 4 #e(Diffusion) s % » » 5, =L0
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3.4 FEWIHP

- Hen AR F R 2 G UM AR L CFDHcREE * BciE = 2 fRIN P A
n‘f’/@‘@ﬁ@ﬁ@@’E?Pfi&ﬁﬁ'?*if?“?w walg El s eRAe - F
RFER T R AR FE L2 BRI AR T o A F P

A1 EERAIE R

gcté.mmd RAZ EREHA A B3-S B3-447 0 @ E AL
PESERERENES S WBSH-B3-THE o AT Y 2 FHHA Y 0 &
S EEE I 2_CADH-A| 7 &% > ¥z ;:%;:_ BN e i B
Al pE > 2 r@t’?ei%remp\m# LB FE R AT A NE YT &2
S gE

B 3-3 & A&
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B 3-4 £

B 3-5 EwmAZ

B 3-6 Ewmt &



B 3-T £wmE

Rl B mCADﬁ % 5 Solid Edge » 4 ¥ #4]% » ¢ g
AT B (D) BAlir B E(D,) CERACT AR (B) ~ER AT
Pk (B) ‘ﬁ’?‘/\‘-‘i’}i () ~EHr iR (b)) 2 EH#p (2%
Sdc o LT E FCADPF > g s it s 3R 2 (T2 > F A2 E YAk
T S e R A K& S S CERTE VLR e

FRpHBH G RN ESER RS EP BRI TG S A NIE
REY QG TR - FHPFZES feﬁi—‘# Bl 2R ?é?' | * Solid Edge s i
PEH R TENEY 23R EJ R EUESH AR g hE Y

&’iﬁ-%’f'*%/{(ﬂﬁffﬁi'ﬁ NEENE B TRLG AFAL R > 4o
BT A E PN s RS AR R R R FETEREL S TR
=~ E e o

TR bR E R RIS I S AR R e
TZCADHH e W IF A A 2B P> WAL LAY A
St > TV LATE S AR 4 F PN @ ARRP UM TR
BHED 0 W3IBS o f RS E D T ERE S TR L
BB o



@ 21200 45D
QS B(_}O ("._') 87
0°
|
127 4
i
@ 1B00
B 3-8 F 5w miir
BI3-9% Ah > A St Bl F @ A 472 i el > d F 5 Sl

Bde o 3 E# -~ R pCADECAIH (- ADINA%&%&:@J%‘] » ~ CFD# ’}‘r {8k

3@%#\'@’-{1;{’ ia)\r:‘%ﬂll*iliﬂﬁﬁ’#%‘;ﬁﬁio

pump. idb
cap. par
L& SEaA
—
becap. par impeller. par
TA E3 . _
: pump. X_ pump. in
vane. par . ADINA CFD—» L
E3i pump-water. par Fauy . e ADINA
e E i Post-Processing
ATRE
] pump. dat
FEBH 2EBH ES TRl
3331 REET pump- Dot
YT INENRE: R S
R ABATO [#HA | -
Eoooofg s oo Bl sk b8
EEEE B| | AA |
248 EE
/—\'\ Tecplot
‘\\_\_\_//x

Bl 3-9 AR E
3.4.2 e etz
Solid Edge= = #& 2 #4] & e b 4] %-H #& & parasolid#g » 2K ts =



ADINAz # » K% > parasolid ™ 5 #oil i ARz  Bh e & & 0 %A H ke
AT T2 € A A E v > &R iRypE R 2 FHRE REP 82
it o
BCFDeigsd ¥ R R EFELL - TR FL & - R T F
ﬁ%%ﬁ%,w%&a~@4\& B AT et Ak 2 ) ¥t
HREFFRG STRE S Tl BRETOREY > 2 BB FIEN K
g B H IR B ERE Dl al s Flt e R OH T2 RN
HECFD? ¥ Ldhin— TR o — 4@ 3 > 2F PR EE L S F 4 1™ & gk
(1) 445 - $- > 2 87 ¢ 2= pif( Mapping ) -
(2) ¥eBba G 3T - @& H i B g3k e o
(3) #M(6rid Line)§ 7 24Faugr 2| -
(4) #+3% 3% % & (Grid Clustering) Sn#cz # it o
(5) i vAh ¥ PELH SN e lip o
- AEF Z 2 RROAFHAFFTLLD BRI RIZ P 2(Setup
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S BE (//min ) (m) (Pa*1/min) %)
1 118015b5 1220 2.43% 30.06 -1.37% 460923523 | 1.59%
2 118015b6 1211 1.67% 30.94 1.51% 463027813 | 2.06%
3 118015b7 1189 -0.14% 32.40 6.29% 461741222 | 1.77%
4 118020b5 1242 4.31% 31.12 2.10% 466060928 | 4.60%
5 118020b6 1215 1.97% 31.10 2.02% 469086070 | 2.55%
6 118020b7 1216 2.11% 30.06 -1.37% 456147238 | 3.26%
7 118025bb 1228 3.11% 30.47 -0.05% 465251678 | 2.57%
8 118025b6 1215 1.99% 30.69 0.68% 462002639 | 1.67%
9 118025b7 1210 1.57% 32.04 5.12% 450228040 | 3.24%
10 | i23015bb 1218 2.30% 30.75 0.88% 474560799 | 2.72%
11 123015b6 1219 2:37% 31.86 4.54% 469747110 | 3.54%
12 | 123015b7 1190 -0.08% 31.14 2.18% 468494427 | 0.54%
13 123020bb 1218 2.30% 30.80 1.04% 465922409 | 2.69%
14 | 123020b6 1191 0.00% 30.48 0.00% 453698209 | 0.00%
15 123020b7 1204 1.09% 31.38 2.94% 462054488 | 1.84%
16 123025bb 1218 2.27% 30.38 -0.33% 470800260 | 2.17%
17 | 123025b6 1208 1.46% 31.13 2.13% 455259145 | 1.90%
18 | 123025b7 1200 0.77% 31.64 3.80% 455223351 | 1.86%
19 | 128015bb 1213 1.83% 30.90 1.37% 465377254 | 2.55%
20 | 128015b6 1198 0.60% 31.25 2.52% 461294180 | 1.83%
21 | 128015b7 1175 -1.36% 30.88 1.30% 468415473 |-0.76%
22 | 128020b5 1224 2.79% 31.29 2.67% 463528399 | 3.77%
23 128020b6 1187 -0.36% 30.87 1.28% 462298180 | 0.34%
24 128020b7 1185 -0.53% 31.29 2.67% 462146415 | 0.34%
25 | 128025bb 1220 2.43% 30.97 1.61% 466906781 | 2.91%
26 | 128025b6 1190 -0.06% 30.75 0.89% 455482670 | 0.39%
27 | 128025b7 1189 -0.20% 31.40 3.02% 458058606 | 0.96%
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W4k — ~ ADINA #cfd 2% %

*

* Command file created from session file information stored within AUI database
*

*--- Database created 15 May 2009, 00:00:00 ---*

*--- by ADINA: AUI version 8.5.3 ---*

*

DATABASE NEW SAVE=NO PROMPT=NO

FEPROGRAM ADINA

CONTROL FILEVERSION=V85

*

FEPROGRAM PROGRAM=ADINA-F

*

LOADSOLID PARTFILE='F:\NCTU\SOLID:EDGE\980226\water-im3-980407.x_t',
BODYNAME=1 XORIGIN=0.00000000000000 YORIGIN=0.00000000000000,
ZORIGIN=0.00000000000000 A X=1.00000000000000 AY=0.00000000000000,
AZ=0.00000000000000 BX=0.00000000000000 BY=1.00000000000000,
BZ=0.00000000000000 PCOINCID=NO PCTOLERA=1.00000000000000E-05,
MANIFOLD=NO FORMAT=TEXT OLD-UNIT=METER NEW-UNIT=METER

SYSTEM=0,

REPAIR=NO REDEFINE=NO RATIO=0.100000000000000

*

TIMEFUNCTION NAME=1

@CLEAR

0.00000000000000 0.00000000000000

1.00000000000000 1.00000000000000

@

*

TIMESTEP NAME=DEFAULT
@CLEAR
1 0.00200000000000000
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1 0.00400000000000000
1 0.00800000000000000
1 0.0160000000000000
1 0.0300000000000000
1 0.0400000000000000
1 0.100000000000000

1 0.100000000000000

1 0.100000000000000

1 0.100000000000000

1 0.100000000000000

1 0.100000000000000

1 0.100000000000000

1 0.100000000000000

1 0.100000000000000

@

*

MASTER ANALYSIS=STEADY-STATE MODEX=EXECUTE
TSTART=0.00000000000000,
IDOF=0 TURBULEN=NO HYDRO=YES STREAM=YES TRACTB=DEFAULT,
IRINT=DEFAULT AUTOMATI=NO SOLVER=DEFAULT COMPRESS=NO
FSINTERA=NO,
NMASS=0 MASSCOUP=NO MAP-OUTP=NONE MAP-FORM=NO
NONDIMEN=YES,
MAXSOLME=0 MTOTM=2 RECL=3000 ALE=NO THERMAL-=NO,
UPWINDIN=CONTROL-VOLUME MESHUPDA=CURRENT MESHADAP=FULL,
COUPLING=ITERATIVE POROUS-C=NO CELL-BCD=YES VOF=NO FCBI=YES,
TURB-ITE=COUPLED EM-MODEL=NO ALE-CURV=YES ENSIGHT-=NO
k
NONDIMENSION INPUT=YES OUTPUT=NO L=0.00200000000000000,
XREF=0.00000000000000 YREF=0.00000000000000,
ZREF=0.00000000000000 V=1.00000000000000 D=1.00000000000000,
CP=1.00000000000000 T=1.00000000000000 TREF=0.00000000000000
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*

ITERATION METHOD=NEWTON MAX-ITER=30 ITM-SPEC=1

*

MASTER ANALYSIS=STEADY-STATE MODEX=EXECUTE

TSTART=0.00000000000000,

IDOF=1 TURBULEN=NO HYDRO=NO STREAM=NO TRACTB=YES

IRINT=DEFAULT,

AUTOMATI=NO SOLVER=DEFAULT COMPRESS=NO FSINTERA=NO

NMASS=0,

MASSCOUP=NO MAP-OUTP=NONE MAP-FORM=NO NONDIMEN=YES

MAXSOLME=0,

MTOTM=2 RECL=3000 ALE=NO THERMAL-=NO

UPWINDIN=CONTROL-VOLUME,

MESHUPDA=CURRENT MESHADAP=FULL COUPLING=ITERATIVE

POROUS-C=NO,

CELL-BCD=YES VOF=NO FCBI=YES TURB-ITE=COUPLED EM-MODEL=NO,
ALE-CURV=YES ENSIGHT-=NO

*

MATERIAL CONSTF NAME=1 XMU=0.000894000000000000 CP=0.00000000000000,
XKCON=0.00000000000000 BETA=0.00000000000000 QB=0.00000000000000,
RHO=1000.00000000000 TREF=0.00000000000000,
GRAV-X=0.00000000000000 GR AV-Y=0.00000000000000,
GRAV-Z=0.00000000000000 SIGMA=0.00000000000000,
KAPPA=1.00000000000000E+20 CV=0.00000000000000 MDESCRIP=NONE'

*

EGROUP THREEDFLUID NAME=1 MATERIAL=1 RSINT=3 TINT=3

RESULTS=STRESSES,

DISSP=NO SOLID=NO UPWINDIN=DEFAULT OPTION=NONE

FLOWTYPE=DEFAULT,

VOF-MATE=1 DESCRIPT="NONE'

*

SUBDIVIDE BODY NAME=1 MODE=LENGTH SIZE=0.00500000000000000,
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MAX-SIZE=0.00000000000000
@CLEAR
1

@

*

SUBDIVIDE FACE NAME=1 BODY=1 MODE=LENGTH SIZE=0.00300000000000000,
MAX-SIZE=0.00000000000000

@CLEAR
24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47
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48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69

@

*

GBODY NODES=4 NCOINCID=BOUNDARIES NCTOLERA=1.00000000000000E-05,
SUBSTRUC=0 GROUP=1 PREFSHAP=AUTOMATIC COLLAPSE=NO

SIZE-FUN=0,
DELETE-S=NO ANGLE-MI=5.00000000000000 MIDNODES=CURVED,
METHOD=DELAUNAY PATTERN=0 MESHING=FREE-FORM DEGENERA=YES,
BOUNDARY=ADVFRONT DEG-EDGE=0 GEO-ERRO=0.00000000000000,
SAMPLING=20 MIN-SIZE=0.00000000000000 NLAYER=1 NLTABL=0,
AUTO-GRA=NO SIMULATE=NO PYRAMIDS=NO
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DANGMAXB=80.0000000000000,

DANGMAXC=60.0000000000000 DANGMA XD=80.0000000000000
HEXALAYE=NO,

AUTO-REF=YES EVEN=SUM DENSITY=1.80000000000000 MIDFACEN=TRIA
@CLEAR
10

@

*

BOUNDARY-CON WALL NAME=1 GTYPE=FACES SLIPC=0.00000000000000

MOVING=NO,
BODY=1 VTYPE=ROTATE VT=183.260000000000 NCURVT=1,
DX=0.00000000000000 DY=0.00000000000000 DZ=0.00000000000000,
X0=0.00000000000000 Y0=1.00000000000000 Z0=0.00000000000000,
ALL-EXT=NO THERMAL=HEAT-FLUX TVALUE=0.00000000000000 NCURT=0

@CLEAR

10

20

30

40

50

60

70

80

110

120

130

14 0

150

16 0

170

18 0

190
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200
210
220
230

@

*

BOUNDARY-CON WALL NAME=2 GTYPE=FACES SLIPC=0.00000000000000

MOVING=NO,
BODY=1 VTYPE=CONVENTIONAL VT=0.00000000000000 NCURVT=0,
DX=1.00000000000000 DY=0.00000000000000 DZ=0.00000000000000,
X0=0.00000000000000 Y 0=0.00000000000000 Z0=0.00000000000000,
ALL-EXT=NO THERMAL=HEAT-FLUX TVALUE=0.00000000000000 NCURT=0

@CLEAR

240

250

26 0

270

280

290

300

310

320

330

340

350

360

370

380

390

400

410

420
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430
440
450
46 0
470
480
490
500
510
520
530
540
550
560
570
580
590
60 0
610
620
630
640
650
66 0
670
680
69 0

@

*

LOAD VELOCITY NAME=1 VX=0.00000000000000 VY=-5.53000000000000,
VZ=0.00000000000000
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APPLY-LOAD BODY=1

@CLEAR

1 'VELOCITY'1 'FACE' 100 1 0.00000000000000 0 0.00000000000000,
0.00000000000000 1

@

*

APPLY-LOAD BODY=1

@CLEAR

1 'VELOCITY'1 'FACE' 100 1 0.00000000000000 0 0.00000000000000,
0.00000000000000 1

@

*

LOAD NORMAL-TRACTION NAME=1 MAGNITUD=0.00000000000000

*

APPLY-LOAD BODY=1

@CLEAR

1 'VELOCITY'1 'FACE'10 0 10.00000000000000 0 0.00000000000000,
0.00000000000000 1

2 NORMAL-TRACTION'1 'FACE'9 0 1 0.00000000000000 0,
0.00000000000000 0.00000000000000 1

3 'NORMAL-TRACTION'1 'FACE' 100 1 0.00000000000000 0,
0.00000000000000 0.00000000000000 1

@

*

LOAD CENTRIFUGAL NAME=1 OMEGA=183.260000000000 AX=0.00000000000000,
AY=0.00000000000000 AZ=0.00000000000000 BX=1.00000000000000,
BY=1.00000000000000 BZ=0.00000000000000 NCURDX=0 NCURDY=0,
NCURDZ=0 NCURAX=0 NCURAY=0 NCURAZ=0 ALPHA=0.00000000000000

*

APPLY-LOAD BODY=1

@CLEAR

1 'VELOCITY'1 'FACE'10 0 1 0.00000000000000 0 0.00000000000000,
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2

3

@

*

0.00000000000000 1
'NORMAL-TRACTION'1 'FACE'9 0 1 0.00000000000000 0,
0.00000000000000 0.00000000000000 1
'NORMAL-TRACTION'1 'FACE'10 0 1 0.00000000000000 0,
0.00000000000000 0.00000000000000 1

APPLY-LOAD BODY=1
@CLEAR

1

@

*

'VELOCITY'1 'FACE'100 1 0.00000000000000 0 0.00000000000000,
0.00000000000000 1

'NORMAL-TRACTION'1 'FACE'9 0 1 0.00000000000000 0,
0.00000000000000 0.00000000000000 1

'NORMAL-TRACTION'1 'FACE'10 01 0.00000000000000 0,
0.00000000000000 0.00000000000000 1

'CENTRIFUGAL'1 'MODEL®0.0 1 0.00000000000000 0 0.00000000000000,
0.00000000000000 0

APPLY-LOAD BODY=1
@CLEAR

1

'VELOCITY'1 'FACE' 100 1 0.00000000000000 0 0.00000000000000,
0.00000000000000 1

'NORMAL-TRACTION'1 'FACE'9 0 1 0.00000000000000 0,
0.00000000000000 0.00000000000000 1

'NORMAL-TRACTION'1 'FACE'10 0 1 0.00000000000000 0,
0.00000000000000 0.00000000000000 1

'CENTRIFUGAL'1 "™ODEL'0 0 1 0.00000000000000 0 0.00000000000000,
0.00000000000000 0
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W4 = ~ ADINA #ith sk
[ ADINA 8.5.3 Verification & Validation]

COMPUTER HARDWARE VERIFICATION SUMMARY
Title of Program: ADINA
Revision/Version: 8.5.3
Origin of Program:

ADINA was developed and marketed by ADINA, Inc.

Brief Description of Program:
The ADINA computer program is a large-scale general purpose Finite Element computer
program for the solution of several classes of engineering analyses that include: static,

dynamic, structure-related-thermal analyses.

Tested for Which Application:

The code was verified for its structural, structure-related-thermal analysis capabilities.

Method Used to Verify Program:

Test problems were selected from the ADINA Version 8.5.3 Verification Manual and run on
ASUS computers operating on Microsoft Windows XP. Results were compared to ADINA
results in the ADINA Verification Manual.

References/Documents to Support Verification/Validation:

ADINA Revision 8.5.3 Verification Manual.

Title of User's Manual:

ADINA Revision 8.5.3 Users Manual.

Description of Benchmark Tests/Alternate Calculations:
Tests are performed from test cases in the ADINA Verification Manual. In general, the
processes of benchmark follow steps being conducted by XXX for the similar benchmark,

which is in compliance with the requirement of NUREG/CR-6608.
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F.1 General Couette flow (2-D and 3-D elements)

Objective

To verify the behavior of the two- and three-dimensional quadratic fluid flow elements.

Physical problem

The problem of the general Couette flow is considered, see Fig. F.1. The bottom surface is
fixed and the top surface is moving at a constant velocity. There is also a pressure gradient
applied in the flow direction. The flow is assumed to be a fully developed laminar flow and

the velocity profile is to be found.

Finite element model
This problem is solved using two separate two- and three-dimensional models in the same
analysis. In each model three quadratic elements are used normal to the flow direction. A

steady-state flow condition is assumed.

|V [«

dp
ZT dy
4 -
A A S ;S y
dp _ -1
dy
V = 60,
h = 3.
p = 1L
w = 0.01
Figure F.1
References

[1] Schlichting, H., Boundary-Layer Theory, Tth edition, McGraw-Hill Company, New York,

1979.
[2]Potter, M.C. and Foss, J.F., Fluid Mechanics, The Ronald Press Company, 1975.
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Results Comparison

2-D
Target ADINA Ratio

velocity z=0 0 0 1
z=1 120 120 1

7=2 140 140 1

z=3 60 60 1

shear stress 7z=0 1.7 1.7 1
z=1 0.7 0.7 1

z=2 -0.3 -0.3 1

z=3 -1.3 -1.3 1

3-D
Target ADINA Ratio

velocity z=0 0 0 1
z=1 120 120 1

z=2 140 140 1

7z=3 60 60 1

shear stress z=0 1.7 1.7 1
z=1 0.7 0.7 1

7=2 -0.3 -0.3 1

z=3 -1.3 -1.3 1
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F.2 Flow in a pipe (axisymmetric elements)

Objective

To verify the behavior of the 4-node axisymmetric FCBI elements.

Physical problem
The problem of a fully developed flow in a pipe is considered, see Fig. F.2. A pressure

gradient is applied in the axial direction, and the velocity profile is to be found.

Finite element model
The finite element model consists of 4-node axisymmetric FCBI elements. The pressure
gradient is imposed by applying a uniform pressure of 10 on the left face and no pressure on the

right face. A steady-state flow condition is assumed.

Reference
[1]Potter, M.C. and Foss, J.F., Fluid Mechanics, The Ronald Press Company, 1975.

VA A A A A A A A S A A S A A A S A A A 4
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Eos e
t2 |

oo

Figure F.2
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Results Comparison

Target ADINA Ratio
velocity z=-2 0 0 1
z=-1 3.75 3.75 1
z=0 5 5 1
z=1 3.75 3.75 1
z=2 0 0 1
shear stress z=-2 1 0.9688 1.0322
z=-1 0.5 0.4667 1.0735
z=0 0 0.03122 1
z=1 -0.5 -0.4667 1.0735

-1
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F.5 Laminar flow between rotating cylinders

Objective

To verify the behavior of the 4-node two-dimensional FCBI elements.

Physical problem
The problem of a fully developed flow between concentrically rotating cylinders is considered,

as shown in Fig. F.5. Body force effects are ignored.

Finite element model
The finite element model consists of 4-node 2-D FCBI elements.
The inner and outer rotating cylinders are modeled with an angular velocity boundary condition.

The pressure at one point on the inner cylinder is set to zero.

Reference

[1]Potter, M.C. and Foss, J.F., Fluid-Mechanics; The Ronald Press Company, 1975.

Figure F.5
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Results Comparison

Target ADINA Ratio
velocity =1.0 1 1 1.0000
r=1.2 1.6888 1.67544 0.9921
=14 2.314 2.29219 0.9906
r=1.6 2.899 2.87513 0.9918
r=1.8 3.45925 3.4404 0.9946
r=2.0 4 4 1.0000
shear stress r=1.0 2.66 2.64530E+00 0.9945
r=1.2 1.85185 1.8727 1.0113
=14 1.360544 1.37492E+00 1.0106
=1.6 1.04167 1.05459E+00 1.0124
=1.8 0.823045 8.38376E-01 1.0186
r=2.0 0.75 7.12536E-01 0.9500
pressure r=1.0 0 6.46164E-13 =
r=1.2 0.33493 3.29469E-01 0.9837
r=1.4 0.955102 9.48788E-01 0.9934
=1.6 1.863866 1.85584E+00 0.9957
r=1.8 3.05497 3.04495E+00 0.9967
=2.0 4.5266 4.46264E+00 0.9859
vorticity =1.0 -4.66667 -4.64745E+00 1.0041
r=1.2 -4.66667 -4.65796E+00 1.0019
r=1.4 -4.66667 -4.66847E+00 0.9996
r=1.6 -4.66667 -4.67898E+00 0.9974
r=1.8 -4.66667 -4.68949E+00 0.9951
=2.0 -4.66667 -4.70000E+00 0.9929
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F.7 Non-Newtonian flow between two parallel plates (2-D and
3-Delements)

Objective

To verify the fluid power law material model for the quadratic 2-D and 3-D fluid elements.

Physical problem
The laminar steady flow of a non-Newtonian fluid between two parallel plates is considered, see
Fig. F.7. A pressure gradient is applied in the flow direction. The velocity profile is to be

found.

Finite element model

This problem is solved using two separate two-and three-dimensional models in the same
analysis. Due to symmetry, only one half of the fluid flow is considered. The finite element
model consists of 9-node 2-D elements-and 27-node 3-D elements, with five elements in the z

direction. The power law fluid model is used to represent the non-Newtonian fluid.

Reference
[1]Crochet, M.J., Davies, A.R. and Walters, K., Numerical Simulation of Non-Newtonian Flow,
Elsevier, New York and Amsterdam, 1983.

AT A A A A A A A A A A A A A A A

dp
dy h

v(z)
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Results Comparison

Target ADINA Ratio
velocity z=0 0 0.00000E+00 1
7z=0.1 1.4856E-03 1.48162E-03 1.0026
z=0.2 2.0379E-03 2.03262E-03 1.0026
7z=0.3 2.18708E-03 2.18153E-03 1.0025
7z=0.4 2.20900E-03 2.20521E-03 1.0017
7z=0.5 2.20970E-03 2.21021E-03 0.99977
shear stress z=0 0.5 4.96012E-01 1.008
z=0.1 0.4 3.96134E-01 1.0097
z=0.2 0.3 2.95234E-01 1.016
7z=0.3 0.2 1.93568E-01 1.033
7z=0.4 0.1 8.55853E-02 1.167
7z=0.5 0 0.00000E+00 1
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F.9 No flow test

Objective
To verify the behavior of the 4-node 2-D FCBI elements when subjected to gravity loading.

Physical problem
The fluid in the domain shown in Fig. F.9 is subjected to gravity loading. Zero velocities are
imposed on the fluid boundaries, and the solution should of course give zero velocities

everywhere and a hydrostatic pressure distribution.

Finite element model
The finite element model consists of 72 4-node 2-D FCBI elements. The pressure is

assumed to be zero at one node on the top surface (z = 0) and gravity loading is applied.

Reference
[1] Fortin, M. and Fortin, A., "Expetiments with Several Elements for Viscous

Incompressible Flows," Int. J. for Numerical Methods in Fluids, Vol. 5, pp. 911-928,1985.
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Results Comparison

Target ADINA Ratio

velocity z=0 0 0.00000E+00 1
z=-5 0 0.00000E+00 1

z=-10 0 0.00000E+00 1

z=-15 0 0.00000E+00 1

z=-20 0 0.00000E+00 1

pressure z=0 0 0.00000E+00 1
z=-5 50 5.00000E+01 1

z=-10 100 1.00000E+02 1

z=-15 150 1.50000E+02 1

z=-20 200 2.00000E+02 1
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F.33 Sinusoidal oscillation of a flat plate supporting a fluid

Objective
To verify the use of the restart option and the assignment of initial conditions in transient

analysis using 4-node 2-D FCBI elements.

Physical problem
An infinite flat plate is supporting a fluid and oscillating sinusoidally, see Fig. F.33. The velocity

profile of the fluid is to be determined.

Finite element model

The finite element model consists of forty 4-node 2-D FCBI elements. The Euler backward
time integration method with a time increment /\t =2n/80 is used for a total of 80 time steps.
Two consecutive runs are made. The first run consists of 40 time steps which correspond to the
time span 0 to m.  The second run using the restart option consists of another 40 time steps
which correspond to the time span from to

2n. Initial velocities obtained from the analytical solution are assigned to all nodes for the first

run.
Fluid
/ ARV / / /! ;,r / ;For S /
) V cos ot !
n=1
p=1
v=1
w =1
Figure F.33
Reference

[1] Potter, M.C.and Foss, J.F., Fluid Mechanics, The Ronald Press Company, New York, p. 289,
1975
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Results Comparison

Target ADINA Ratio
velocity z=0 1 1.00000E+00 1
7= 00 0 0.00000E+00 1
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F.35 Heat generated in laminar flow between two rotating cylinders (2- D
elements)

Objective
To verify the behavior of the 4-node axisymmetric FCBI elements, in particular the calculation of

viscous dissipation.

Physical problem

The problem of a fully developed flow between two concentrically rotating cylinders is
considered. The same problem is also considered in Example F.5 but without viscous
dissipation. Here 81 =0, 62 =1 and k = 0.2, corresponding to a Brinkman number of 5, see

below.

Finite element model
The finite element model is the same as.in"Example F.5, except that viscous dissipation is

considered.

Reference
[1] White, F.M., Viscous Fluid Flow, McGraw-Hill Book Company, New York, p. 117,1974.

Figure F.5
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Results Comparison

Target ADINA Ratio

velocity =1.0 1 1 1.00
r=1.2 1.6888 1.67544 0.99

=14 2314 2.29219 0.99

r=1.6 2.899 2.87513 0.99

r=1.8 3.45925 3.4404 0.99

r=2.0 4 4 1.00

temperature r=1.0 0 2.64530E+00 0.99
r=1.2 1.38895 1.01

=14 1.7456 1.01

r=1.6 1.65894 1.01

r=1.8 1.37343 1.02

r=2.0 0.95
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F.37 Free-convection flow between two vertical plates (2-D elements)

Objective
To verify the behavior of the 4-node two-dimensional FCBI element in ADINA-F when

subjected to a buoyancy force.

Physical problem
A fluid between two vertical plates of different temperatures rises near the hot plate and falls
near the cold plate due to buoyancy effects, see Fig. F.37. The flow field is to be considered in

steady state conditions.

Finite element model
The finite element model consists of twenty 4-node 2-D FCBI elements. Only one layer of
elements is used in the vertical direction. The temperature is prescribed at the nodes along the

two vertical plates.

-~ l -~
- 24 |~
P P h=1
g=1
-~ - -
p=1
-~ - Cc.= |_
H H: 1 \1_, |~ H H] ](pz I
] |~ p=1
- |~
-~ |~
d'd I .-',‘.
= - 1
h h
- |~
- |
Figure F.37

Reference

[1]White, F.M., Viscous Fluid Flow, McGraw Hill Book Company, New York, p. 115,1974.
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Results Comparison

Target ADINA Ratio
velocity y=-1.0 0 0.00000E+00 1.00
y=-0.8 0.048 4.80000E-02 1.00
y=-0.6 0.064 6.40000E-02 1.00
y=-0.4 0.056 5.60000E-02 1.00
y=-0.2 0.032 3.20000E-02 1.00
y=0 0 0 1.00
y=0.2 -0.032 3.20000E-02 1.00
y=0.4 -0.056 5.60000E-02 1.00
y=0.6 -0.064 6.40000E-02 1.00
y=0.8 -0.048 4.80000E-02 1.00
y=1.0 0 0.00000E+00 1.00
temperature y=-1.0 0 0.00000E+00 1.00
y=-0.8 0.2 2.00000E-01 1.00
y=-0.6 0.4 4.00000E-01 1.00
y=-0.4 0.6 6.00000E-01 1.00
y=-0.2 0.8 8.00000E-01 1.00
y=0 1 1.00000E+00 1.00
y=0.2 1.2 1.20000E+00 1.00
y=0.4 1.4 1.40000E+00 1.00
y=0.6 1.6 1.60000E+00 1.00
y=0.8 1.8 1.80000E+00 1.00
y=1.0 2.0 2.00000E+00 1.00

109




F.39 Viscous dissipation in pipe flow (axisymmetric elements)

Objective
To verify the behavior of the 4-node axisymmetric FCBI elements, in particular the capability to

include viscous dissipation.

Physical problem
Same as Example F.2, except that viscous dissipation is included. The temperature at the pipe

wall is prescribed to be zero.

Finite element model
The finite element model consists of 4-node 2-D axisymmetric FCBI elements. A

steady state flow condition is assumed.

Reference

[1] White, EM., Viscous Fluid Flow; McGraw-Hill Book Company, New York, p. 130,1974.
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Results Comparison

Target ADINA Ratio
velocity z=-2 0 0 1
z=-1 3.75 3.75 1
z=0 5 5 1
z=1 3.75 3.75 1
z=2 0 0 1
shear stress z=-2 1 0.9688 1.0322
z=-1 0.5 0.4667 1.0735
z=0 0 0.03122 1
z=1 -0.5 -0.4667 1.0735
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