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Flow Analysis in a Tank Agitated by
Pitched-Blade Impellers

Student - Jian-Ren Chou Advisor : Dr. Yeng-Yung Tsui

Institute of Mechanical Engineering
National Chiao Tung University

ABSTRACT

This thesis is mainly aimed the flow in a tank agitated by pitched-blade impellers.
The SIMPLE algorithm were applied to numerical simulation. Assuming that the flow
is quasi-steady. I calculate both inside and outside turbulent flow of the impeller
swept region in 3-D. Turbulent model is High-Reynolds k—& model. wall function is
used to calculate the flow near wall. T calculate.the‘inside and outside flows of the
impeller region by means of rotative and stationary frame of reference individually.
Because the sizes and shapes of the blades in a stirred tank are the same and the flow
cycles, I select a suitable calculation fafige as €ycliec boundary to reduce the amount
of the calculation. Unstructured'and no staggered meshes are adopted in our
calculation.

This research is mainly to change four kinds of parameters (1) an oblique angle o of
the blade,(2)The clearance C of between centre of the blade and bottoms of the
tank,(3) Diameter of the blade D,(4) Rotational speed of the blade Q -

When oblique angle a of blade increase to critical angle, The flow change from
axial-flow to radial-flow, and power number increase rapidly, but pumping number
decrease rapidly. When the clearance C is larger, and the a increase to critical angle,
the phenomenon of flow change from axial-flow to radial-flow will be unobvious, and
the increase number of power number are cut down, and pumping number is decrease.
After increase the diameter of the blade, the phenomenon of flow change from
axial-flow to radial flow will be unobvious, and the increase numbers of power

number are cut down, and the decrease numbers of pumping are larger.
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Hr&RErSH P =—p(UU )

j. oU; |au.
oU, {au, ,}au, 010

+
6xj OX; 0% | OX,
48 Launder and Spalding[15]
Coml445 Com1925 0.=1.00 : o, =1.30

2.2.3 GgEvA ;R o S i H AR S

i BB~ IR QX - [P L Q5

NEE A5,

S w Ly (2.22)
X

[ AT B ey L 2 Efﬁf”i’ﬁ% JI(body force) » “HikRLE] X

s Frrl E hE| J%E#“(Z 11);& e EIEI;M;

FrEI A o, o ox o, ox

J

5[p(Ui—Ugi)(Uj—Ugj)] 6p l: [a(ui—Ugi)+a(UJ_Ugj)j_%pk5}
37

= PEmi L (EpgnQ pXq) + 2P0 AU, -U ) (2.23)
HHIQ RV plE > BE= AR5 YL - pgniQm(€pgnQpX%g) T

2/05mniQm(Un _Ugn) °

PRI B AR 2 F [ g kel e HAHZNQ2.12)Z2.13) I fords sy



k_.f_J%E;_r.‘C (3[,0(U i _Ugj)k] _ a (/’leff ﬂ]'ﬁ‘ P _pg (2.24)
]

0X; ox; | o, axj
— pU . -U._ 2
e HHE [P(é ] 0 [ M 0 ) 0 Ep_c L8 (225)
X; ox; | o, 0x k k

2.3 @R
RGOS R [ PR e A g

FOPZERRET T M R T JPRBIEEEE > 22V AR EEERITE W e D
REETE! -
24.1 PR R

Ao R] B e N R AN S R B R P U
BRI PIE-EV 4 (PR AR SR TN 2.2) - iy A
U G > T Ol A I 3 Y SR -
2.4.2 BER R

PRE T | Bl A %pfrfk['at ROLEE - ) SRR - B PR A I
BEF o PR P Rk — e P B g B RS R e
TR R A -
(1) BiaeE

W KB A REE S TR e g U =0
(2) FEpEFp

DA B S - Bl U =Qxr o r SRR A SR

[FiIFIE! -
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B> Bl

FHET Fiposiag bR ~ Navier-Stokes HAY ~ k L e HAZ RIS T

frospi=:

V-[p(U —Ug)¢}=v-(rv¢)+q¢ 3.1)

SRV

SEP(3. 1)l 2 SRR 55 k5L 7 B [R2 li?é%ffﬁlgh[ﬁfﬁhéﬁfrﬁliwﬁﬁﬁl
fi-fi = B e 9 21 - PR A PRRRER M - AR PRSI
ML FE T S A I S IR R SR
RV RIS R AR R e ?EJ}I?]’ Al IS E Bﬂfﬁ'ﬁ’ﬁ“ﬂﬁ?ﬁ ' Fl

B S DR PR S PV RN e B%“f”"p‘fz LB
ST (PR 53120 o T ST ARl ~ S M TR d it

3.1.1 #Fi(Convection term)
1y 2% L Gauss divergence theorem) + JEJEIA ) BB E A1 53
PV - (pvg)dv =jsj<p6¢)-d§ (32)
| PHREED SR iod [ B0 37
[[[p(0-U,)p]-d5~ X[ p(U-U,)g] s, =Zr{qf¢f :ZF;’ (3.3)

S f

E AR f R IR - DR
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m : #VEIR SR (mass flow rate)
Fo oo SRR El (flux)

R ARAOYEPR L SR SERASFIAVRCES - LR |- R T (Lst order UD)YA!
= P RS 55 (2nd order UD). /iﬁi S (R YIUFRC O P RAR B
a7 [l R Iy

FfC:qu)f :mf((DfUD+7/V(DfUD'5F) (3.4)

B @ H W R T R L

Vi 0 1L o, HE T | R R
VR S AL 06
FIFHEIG A

m,®; = max(m;,0)®7=max(—m,,0)P

. 2 , -~ (3.5)
+y [max(mf ,0)VD, -0r —max(—m,;,0)VD,_. ~5r}

i Hl ‘J_‘]x FVFE[F{ P R 7}:_?' ’ PF I E‘Vﬁﬁﬁ] [T _' p)J— ’FI , ng‘ﬁ—}‘fq
[ J;I/’FJEIJFW@@,FJH[ .

3.1.2 ??ﬁr “El(Diffusion term)
RS S B S RS R

® (diffusion flux) i I'J =1 £

FP =T, (V§),-S, (3.6)
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S =d+(S, -d) (3.7)
ffi '] over-relaxed approach ¥ (Wﬁ%\‘ 3.

= IS( =~ IS -
d=~ﬁed— ——Or (3.8)
e, e or-S;

S

G~ GO GO

T IS f
5r-S,

FP = (e —4)+T V4, (S, —d) (3.9)

A RS BT I SO e R -
3.1.3 YREi(Source term)
JRVRITE 0 1B S 5 A T
0 = Jy GodV = (0,AV); (3.10)
PYR SR TENRE T T R
B RYE I i et R R

1 —

:_j”vpdv_—jjpd8~—v P S, (.11

o 1 ppvos B

op 1 op 1 - 1 _ 1 _
— = —dV=— Vp-e)dV =—— ei-dS~— S .
o AVIAVc?xi AV-[AV( P-&) Avjsp szpf i (3.12)

SPEEG P HVES]) p, o FPIT GIE ER
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p.—P,=Vp,-Sr 3.13)

HHIor fra F‘%HDTH B a B R P 3.2 ) T ESTRLE Vi, A

PN SR SR ] R L )

1

1 — 1
VppzN AVVpdV:NLpS_ prSf:—(pa a+2pfoJ (3.14)

AV f #b

}{ﬁ’(3.14)?“ GBI FQIHJ%Z?E'J/ P HERE B VES]IER

P, = e (3.15)

e S s
j

VOX, ITAV

ox. AV

]

U, 1 [ oU I o~
| [ dV.= — [ U -dS :WzUﬁsfj (3.16)
f

PhgtEE =R Sy R
B LV_%iQn(gpqng%)qu :[_Iac’l‘mign(gpqnglp)ﬁ)Avl (3.17)
B [ 20800 U, ~Ug )V =] 206 QnU, U )AV | (3.18)

s Hlé'mmi’g*[ mni B3 PEERERIET T (1 123) > B g FVfES 1 #if mmi FL I

BEFIESE T (51320) 0 H G FUIEE-1 0 FPIFIRE g (OIS O
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3.14 F&' R

FR T b SR jﬂ?ﬁw Fi YRICE F‘Iﬁ:H o

aP¢P = Z ac(éc + ch (3.19)
S
a. = M+max( mf 0) (3.20)
0-S,
Hi3 =2 8
C

Q, = Z—)/ [max(mf ,0)V®D,, - 51 —max(—m,,0)VD, .5F]
f
(3.21)

+> TV, (S, —d)+(@,AV),
f

0 fplh PR AR > B T - RIS o (under-relaxation factor) » SfEE

Ol T ST e

Be @, =S ad " 4 Q, + (1- ) D, (3.22)
122 C (229
Eph AR+ D) PSR - ()P i i
AJZ =a) {4 % B[ FE STV EhE g R
(o]
@, " =>"a. 0. " +Q, +(1-a,)a,d," (3.23)
C

A IR Y a, ﬂ%ﬁ 0.5~0.75 » K= e Ve, fgf%g 0.1

3.2 FHETFILERE g :
EDI RLHAT A o SRR R Sg o G2 i BT TR
o A 2 AR R
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UFWP—LﬂJ vp, (3.24)
ap )
A S
Ui=H —(ﬂ] vp, (3.25)
a, ),

e Hi=Uq +(Aavj Vp, (3.26)
P/t

B0 T G2

Ufzﬁf—(i\/j (Vp, -Vp.) 327)
P
s

FR T A 2 TR B CARRIT R > we
IREST (weightingfactor) e Y0 Hr=s

r=w,Uc+(1=w,)Up

] 2] e
dp ; ap c a o

P

(3.28)

(3.29)

Vp, =w, Vp,+(1-w,)Vp, 530
GPETE AT F S

\\\\\ VA

, L L AV _
mfzpf(Uf—Ugf)'Sf=pf(Uf_Ugf)'Sf_pf(a_] (fo—fo)‘Sf
f

P
= e (W _
~ P (Uf_Ugf)'Sf_pf (a_] (Vp; =Vp,)-d
P

f

ST-S, I:(pc_pp)_v_pf'é?} (3.31)

HHU g DRl 2 VAR S ) d Y ERIIG.)T. -
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3.3 ExufiEr-=v

FUgPatankar i AUSIMPLEE [1]] > }{ﬁ’ AR VSR > (T EARE

(3.22)=1 » l“’F‘EﬁPJﬁ”ﬁﬁi > RS ] gy Ly A
%‘ b

SN Fﬁ:ﬂ TS ST B Jt'g,V bP » Al Pantankar.! /@F

HUs (S TR R B S TR R S T plﬁ%l,l -
U, :_[ﬂ] vp, (332)
P /oy

HIP'=P," -P,
U, =Uy U,
[R5 T2

U =07 -0, =—[2—Vj vp! (333)
f

P

I B ST TRk

o gk L% —' s o % AV ' e
My :mf"‘prf'Sf:mf_Pf(a_j Vp§ St
P/t

AV , AV , o= T
pf[ J Vp; -d- pf[ ] Vp: (St —d)
a ), 3 ),

AV ) S , AV e
pf( j JF‘§ (P — pp)_pf[gjfvpf'(sf_d) (3.34)
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ST AR A -
Yme =0 (3.35)
i S PSR

=Y AP'+Sp, +5p, (3.36)
C

L

) S EST R P R PSS Y S TR Y o m,

[N(.36)H 1SefIl 180 FAI P i I P 3R {2 T (successive correction) 2T

i
5y GRS - WY ST p )
APp,D = Z APpLY +5S,, (3.37)
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ﬁ
g
|

7 Q3T (OB S TBL O FHRTSoH0 31 5V ST

;(2) ZAC pé(Z) +S, (1) (3.38)

AV .
HsH =2 py (Kfo(Dj (5S¢ —d)
f f

B[ PR RRRE > I A - BN, o BT WEESTD WSS TR

A VIET I

57— _H_.I%. . ag! p;)(l)(m—l) — Z acp p(/:(l)(n+l) + Qpl (339)
c
;‘jﬂ HjII% . a p’p(z)(”*'l) Z acp p(’:(z)(m']) Ly sz (3.40)
c
rab
s al =—+
ap

A e, R ET 09~0.93

i E ST B o ISR o IR ST e py

r (1)

Py =p; +p," +p,” (3.41)

BT A Vil b

U**zﬁ’;_(“’} (vp," +vp ) (3.42)
ap ;
RN (ST 1B 3OREH R RS T
S
5?4 -H;‘]I%“'_‘ mf :m? [ } F § (p!(l) !(1)) (343)
_ — . A r(2) c g
2y WS- m; = Pf( j Vp; (Sf _d) (3.44)
P Js



34 BRI
3.4.1 EEMEE P T
PR BRSSPI P T R PR K S A AR 5 o Pl e S
sSARE A - Y APEIRLY | [ AR A IR0 TG FTRLE A R AR ST A R
VL S R A AR B BT A SRR R
o (I RGBT 3’31‘5?]@[ e ElﬁF%’fiﬁﬁEw’ﬁfoﬁ‘ JAE AR
-l

53 WIIFEPE R A0 B ] B

AR OBHOES] S ks e SRORIPERE S mﬁ;ﬁmaﬂ¢¢a¢ggd,t[%i
?ﬁﬁF'%ﬁﬁiﬁﬁéﬁﬁ‘V?FﬁiV*Eﬁ“fﬂ(ﬁﬂ2%

h=¢h > &=9 (3.45)

FUED © R e i AR (R 5B Y
= e VR it ISR R R S rE 0 V5
B (5 PR R R e (y,0) R
LRI O R P S A o B e >
PSS A B - SRR P 0 R e LY
R - A 2 A A 1 R

OGRS o0 g R i s £

B =0, €0 =(Byi+4,, ] +6,K)-(cosd +sing k) =g, cos) +4, sin6 (3.46)
¢91 = Ebl : _é'gl = (¢XIT+ ¢y1] + ¢zl R) : (COS 01 R _Sin 01 _j) = ¢zl Cos 91 _¢y1 Sin91 (347)
(2)}{);]/ Fﬁ#‘l;ﬂjj\ oY [(3.45: ¢, =49, Por = Py (3.48)

(3) & I&FJ}lﬁj’?ﬁf}ﬁ‘, U pp B PCIEAS AR o R R AR
¢y1' = ¢r1 cos ‘91’ _¢.91 sin ‘91' (3.49)

@,y =@, 8In6, + ¢, cos b, (3.50)
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E e 0 Y f R > o - (iR @ HILRLIMpIE D 5
SRR 1 AR 21 PR O
3.4.2 EIEEE B B X

(a) E*Fr{Bi(wall-function)

AP R - SRR AR ke B LR
PRI AR IO PP R ko e MBI T - 18 %ﬁiﬁ@'lﬁ%’
5 PR S T D A OB e T e e 7B

M B ) | 9O logarithmic law o BEP 1T ] - £5 -

Sw

/ueff

1

oU

Tw =

on

7, for y" <1163

EE[1e = + 3.51
f o =1 fror 30 S 63 G2

u
%k%é’n
P (3.52)
i
" =L in(Ey") (3.53)
K

Von-Karmon™ s Flf@'r k=0.4187 » E =9.793 -
M) k-& A AR EE AR T R IR« B Bk
Eﬁﬁ‘:pfj%ﬁﬁ?? RYEERY I T € %%EJI%I::‘

3 3
(:ﬂZk2
& = W (3.54)

G ﬁ%@fg?‘ﬁgﬁfﬁﬁ > pEips Eﬁl’%ﬁ?“ﬂfj’ Ve RS o BT k RSPV E BYIEP
ERCH pe %TE‘E&@ ° FARCRPY e et BTG5 SHAY T Sl €
Cﬂpk2

£ & = (3.55)
:u eff
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&J//
Yoo

B R (3.56)

(b) B¥F 1) (shear stress)

AL VA 25 IR R By DN 3.3 A o PP AL
BEELY 2 Tﬁ&ﬁ W ERBE > S EREER E I B PRI iU £ Up » BP0
LU o B i Ng= e Einty

S8, iS5,k
Su

>

(3.57)

TFBHETCY = AP R w e 2
oU =Up-Uyw (3.58)
g S 5 Y

5UL:(5U'H)F]_5US +5‘V§S‘+5WS S, I+S‘gyj‘+5 k

[5u32 +6VS,,S,, + WS, S ] i

WX~ Wz

8US,, S, +VS,, +SWS,, S
al ]

wy Cwz

[S—

\s

[5us S. +6VS. S +5w52] k (3.59)

WX =~ Wz wy ~wz
e

w

P = l#ﬂrﬁ:P[ l/ﬁ@; EHED :
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sU' =sU-60"

[5u(Sy, +82,)-6VS,,S,, +owS,,S,, |

wx = wy

_ 1
S

+\s ‘ -[-6uS,,S,, +6V(S), +S,)-owS, S, | ]
B ‘ ~[-6uS,,S,, +06VS,,S,, —oW(S;, +S7,) | k (3.60)
Sy
Bl BV gL 0 7, = ef;_nsw‘gg” (3.61)

o0 15 PR B W LS

3.5 e T - AR

B TR AL B R o il T RAT S A
AR iy SR S5y o LR 1A A e AT S Y KR
Y o PN G AR A R R -
FETRTP A O v B A o 1 COTTR 3.4()) » LS RRARERUR - i AR R Cs
ST R A PRSI Cs SUE ELAEERUR o BT RORERED B e
TR Qo Tl Tel (5150

% =Qu-acUa (3.62)

HHl Ug Eﬁfﬁﬁ‘[@ fr Ao
ﬁlji[ Hﬁ%ﬁ%ﬁ’ v[[c” ’ Cf2 ’ Cr3ﬁﬁﬁjj‘/\jﬁj@5k@fjj T ]‘ILIITL_
EAEATR OG0 T L 34000 » 5% SRS - B
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Cr S BRAAR % o PIAHRO AR Cr e EVAEERUS » Rofishid 7 ol
Fl FIQ(D FZ’I] /_L#E'IIQ(D
Q, =Qp +acUg (3.63)

s AT UG, » C > Co JIFEROBL-H AR » PP 4T -

3.6 R
F %J;[Fﬁ GBI p? L KOO W Y“zﬁﬁrﬂt
Eﬁi *JE I HE Uﬁﬁgu

SFFITTEIik m o B ST p

4[ _Lgﬁﬁﬁ N E» J_}VT@TEIY)L .< s {;JTUU** N **—}Sv/m**

SHERKE e R WEIKES . SRR 4
O FFTIf =R K I - o AR 25 5 il PG at -
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AP A ERR

B Y WAL 1 (S E PRSI IAR T 21 R A A PR
FE S (YR 4.1 B ) > iy SHARTE & EE T=300 mm ~ "% H=300 mm  f#iP5 0% B=30
mm > F PR T (R 4.2) 7 A 8RR L TR > = HREE R P W=30

m > URL AR
AR 2 YrhL:
(DB H IR a
FFFF RS pl- =RV LY BRI C
QSRR APV & D
(HYFFF AP Q -

H SRS ([P P PR 3 ETIGE LR (R AR I - 5 SR B
Fij— B TR PO R Y (D LI 2.2), polhyTahIss 53 1% 40 flal | Brdp - [0)7s B -
180 SPAFT VFJ RIS PR 1S S LI 4.3) - 484 521 indirect addressing 19
FH T ST A ERE00) (41T RIF T 30432 -
60096 ~ 116208 ~ 207520 =15 1 IRV | - ELAERIARARLLE ! 2300 T gy
VRS ARCE TN EORY R EERLEVERORTEE > FORLE | 116208 fRiiHs 2. it

o F B PRI R YT k- e AN 0 T B [ o =4SSR N E A, 1
i 100mm(C=T/3) - FF BT E[FY 0 ~row 7= AP [l [l Ui s 4 5 E\RANADE
and DOMMETI(1996)[ 111 ¥ HIF 8 BRI TR LA 4.4) > 1 Viip RLIER

I o RLPERATE U [ BERHEER T -l R o g
PR iy LRI o EE PSR R T R, (R
KEFTF > TR EY s RS - 2 M R — B
L TR ISR R RRRE - IR PRI DS R FRRRR - SRR
AN R A
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b9 RANADE and DOMMETI(1996)[ 111 H[f e £13HI Lol e 1%
I e LSS B SRR R > o TR O = IR
FrE R EpAH N+ ﬁ’ﬁ i

[} YIANNESKIS and WHITELAW(1993)[ 1615 [l HEZ(] - 360 "4 #a[* | 7

FIENIEIR A ERENR Il SRR L AL AR Y] 400% 0 1) 5
FRIEFVBRERL SRR Bl |5 — R LR R 2R RSN 'ﬁ‘j %‘"ﬂ:fg' ’
ol R AR B e PR R A SRR TR BRI
I R  AT R

PIIE R RLRG R PRt o) SRR [ Y PRV
ﬁ/&ﬁ\ , 71 fg%?%@éﬁfﬂﬁﬁﬂﬁ@& | e %"r’ﬁ??ﬂ J% By Sy 1 w*F*_'? @P‘ﬁfF

(R « U T S [ RO R RS, -
SRR T R I B g

4.1 S5 PR SR By

[l L AN 081 £ 100mm(C=TY3) » oAt A (7 o - 7530 B ] 90 14 {4
Ll G R R AR 4.5) » [T O ER-30 M U=
HlFET (O F 2 HIH 2.1 RLERT 57 R ORI 0% » (P ARGS # I
SRR E PR ELED) > LI E R 75 R » 76 " 1 BRL i s -
WIFRL 75 M FUT6 M |12 = i )% SR BITE 0 R 5 [ 38 =

PO R R )R 5T B FRRS] T (R 4.6) > DA R e

o B P TR A W R R SRR D PR PR A SR
;[ggﬁ ,qg;[lw%‘g—i 75 @F’Uﬁfl"ﬁ@?"ﬁ{ 153 wip@aﬁkw (A ac“rlﬁ' )
FERRN Il *ﬁ‘J([EWF}% N )R 76 7 PILRL P T R F B TR
o 7S VTR P (R JPERLZERAY =70 99 - 76 L AYT]
U RL BT [VESE SRAES]RLE T SR (ERLR A PR AR KT
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(RS SR B S > I LR ) B, PR IR FpEp T Il -

BT B ORI 4.7) 75 PO FICE B ) & B
M E)E - G SRS RO TR FTRC R BT A
B )T U RS B IR ) 76 P IR R R R R A
PR o [y fRASE S TR o ) SR T PR T6 7
PR R A )= 75 R PVF TR P A DR R (LS T
SRR POV RN T SR [ B CIORL 7S S 76 U i
PR & JE0E | FIREARY T IR -

F1o3 BIRT RIS 1% =)= B power number ) N, %5 44 [ 8 ( pumping
number ) N,

TEREUERLLN | = 22 N 7 4N D TN H i%”%‘éﬁﬁ D RRRA I TR
acEaenp 2 LUl RV I Sliag Rl UCSRT: 362001 B ey LAY Sy B AR S P I VRS
WY RE R i SR R o ate ek RO R » R
TR > Tl A T 99% Ry B pug Al 0.9%
ozt o = FETT RS 0.1 %Rl By > BT PSS m o 1

ARSI RLEYA s Bt PP S o FORLES PR R AIIEREON, o T (R
PR HIf= BN -

FFFRAVEARII NG =Q, /ND® » N ERE A fllg - Qu RLIEHF I ™ TR

H OB o B TR R T B TRV o o I B AR
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