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Analysis of the flow agitated by disc turbines
with pitched blades

Student: Shih-Jhen Shen Advisor: Dr. Yeng-Yung Tsui

Institute of Mechanical Engineering
National Chiao Tung University

ABSTRACT

This research is concerned about a complex 3-D turbulent flow agitated by disc
turbine with pitched-blade impellers in a tank. The flow is assumed to be quasi-steady
and computed by High Reynolds k—& model, and wall function is used to calculate
the flow near the wall. The inside and ‘outside flows of the impeller region are
computed by rotational and stationary.frames, ‘respectively. Due to the tank is
geometrically symmetric, an appropriate ‘calculation range is selected as cyclic
boundary to reduce the amount of the calculation and unstructured and no staggered
meshes are used in this simulation.

Four parameters changed for the stirred tank are: an oblique angle a of the blade,
the clearance C of between center of the blade and bottom of the tank, diameter of the
impeller D and disc diameter d.

The result shows that once the oblique angle a of blade reach to a critical angle, the
flow type will be changed from axial flow to radial flow and the power number
decreased rapidly and the pumping number increased. The phenomenon of flow type
changed from axial flow to radial flow will be more obvious by decreasing the
clearance C, and the decrease of power number also changed rapidly. With increasing
the diameter of the impellers, the phenomenon of flow changed from the axial type to
the radial type will be unobvious. Again, the decrease of the power numbers also

unapparent.
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—

V-[p(U —Ug)¢}=v-(rv¢)+q¢, 3.1

11T S -
PP 53 IRl ~ Se-p S et
3.1.1 ERRFi(Convection term)

ST T L (Gauss divergence theorem) » S PRI 53 EUEL

73 FJJ‘JHI%W&EE R EARST (R 5T

bV - (pvp)av = [[ (pVg)-dS (3.2)

H[P(U—Ug)¢]'d§zzf:[p(lj—Ug)¢l S, =§f:r}n¢f =3 F; 33)

S
HEr g f o %ﬁ@ﬁjﬂﬁ%ﬁﬁy = E'IJ—;_I/HI%![‘
m : PR (mass flow rate) » Ff + Sfkp[E! (flux)
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P IR P et -

FE=m®, =m (@, + VD, 5r) (3.4)

Hfr: @ 8- [ R TREE
Vb SRS OZE L STV 5T 1 0 e T
Y HRE ST "&%?“Hlyﬂl%%gfi 0.9 -

EOFIEZRIG A

m;®; =max(m;,0)P, —max(-m;,0)D_

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

AR BRI ORI 1S S L
PJ;ICEJEU?W@‘FITFJH[ o

3.1.2 ]’Eﬁ'ﬁ?(Diffusion term)
[P Pl e <RI BRdR 55 vt 53 0 R gt ) i = )

HEtis o BT HVSY Y PR E F (diffusion flux) i’ I'J = 4% -

Fo=T,(Vg),-S, 3.6)

—_— —_—

g S, =d+(S, —d) (3.7)
ffi*'] over-relaxed approach ¥ (Wﬁ%\‘ 3.
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S
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(¢c ¢P)+Ffv¢f (g_a) (3-9)
or-S

Bl &%[ D PR s AR Ty %o i SRy YR
3.1.3 YEZEi(Source term)
SEPOVFIE Qg T B 35 S BEM T i
Qo = [, dudV ~ (G, AV); (3.10)
PIT R T R
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:_mvpdv __jj PdS ~L P.S, Gl
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— St-0
pp+AV;pf f r
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1-—Sa-or
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S R 7
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]
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>y max(-=m:,0) (3.20)
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HE &% =28 a, -
Cc

Q, = 2—7 [max(rﬁf ,0)VD, - 51 —max(-m,,0)Vd, .5F]
f
S _ 4 (3.2D)
+> TV, (S, -d)+(q,AV),
f

£l FOEREEARE > I~ BN o, (under-relaxation factor) » AEE!

ORI ST A

a_Pq)P(n+1) :zacq)c(ml) +Qq> +(1_a¢))a_P(DP(n) (322)
Ug C QA
EH AN+ 1) PR AFT > (MBI Rf]— o i -

a 7 — Bl A r— [, = 7N B2 R
4 a—P: ay (¢ Q22 HAIIST-V AR R AR

(]

/@, = a ) 1 QuEr - ay)a, @, (3.23)
Cc

AR R Y oy, fgf%t 0.5~0.75 + k=2 eV a, fg[%t 0.1°

3.2 FHETEI_FETEI
BT mﬂﬁggﬁﬁg Ao SRR Y U o RS SR JF[}E%“;
U ,% I »gk[i[ ]ﬁii‘j\{ﬁpl I—F[ Jﬁﬁﬁ&a@t JFIJ[}J] T, F' —j\ﬂjrrﬁﬁ_—f”rﬁiwb ,
1322078 1. M VB RFIF T O RS g S 0
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A EE LS e
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a
f

JH(B.26) % (B2S)IZRI

Upii{}Vij ~Vp,)
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e g

(3.20)

(3.27)

=" A AP A LY CARSBIT T W, £
IR (weighting factor) © Y1 B

=w,Uc+(1-w,)Up (3.28)

[ﬂj (_vj +<1_WP)(ﬂj (3.29)
a ) 3 Jo a ),

Vpy =w, Vp, + (1 - w)Vp,

(3.30)
T IR
m, = p; (Uf_Ugf)‘gf (Uf—Ugf) Sf T L (Aa_\/] (fo_v_pf)'gf
P/t
R _ AV -
~ P, (Uf—Ugf)-Sf—pf (a—J (Vp; —=Vp;)-d
P/t
_ (ﬁ U ).g (A mz [(p.=p,)-Vp, -o7] (3.31)
IR A Y AT TR L |
110 SR VAT OIS - [y d  ERIIG -
3.3 Bx)I ST
f24BE Patankar Sy SIMPLE 3 H[| » SR % fRpulis]s Py 87 gl
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. Y
U, = —[—j vp! (3.32)
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p
HiIP'=P,~ —P,
Up=Up-Up
R A1 g 5T
U -U2U0; = (AV] Vg, (3.33)
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I R S0 B ERs

o skok o —' S ok AV r o
My :mf"‘prf'Sf:mf_pf[a_J Vpi St
P/t

AV) o AV Lo
=M — py Vpi-d—pi | —| Vp;-(S1—d)
& ) A )

P

pf( jg‘ Lf(pc p;)—pf{%ijp'f~(§f—6) (3.34)
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[K(3.36)f1 Smr‘ﬁfllcuﬁ P! P - iR
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[ 2o\ Qv | G-

f

b i FOEREARE > ZS S - BN o 0 BT HEESTT RIS A

AV
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axy: ‘H;‘],'%_L : ap! r(2)(n+l) za pé<2)(n+1)+Qp2 (340)
ap
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p ap

A e RLEET 0.9~0.92

ST o o EPERL piegt ST e py
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(ST s U™ s
UZ*ZUZ_(a_V] (Vo + V) 042
P Jp
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— ok * AV S ! !
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a, ), or-Sg
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ST WS mT =ml - p, (a—] vp;®-(S, -d) (3.44)
P/t

22



34 B p R
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b= ¢ =9, (3.45)
[LEEil EE O
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?eym@>HW%ﬁwﬁﬁwi¢V@tﬁﬁ%@ffg19‘

S
N2

B (105 PR R R S A (xy,2) » T AR

GRS 9 o IR, 8 o B B PR >

;[gn;[rfszﬁ_qﬂj[ﬂiﬁ e i SR }qﬁj’ £ hEE anF[I NS
AR - TS 2 AR AR 1R

W

COFGARIES 1 R - A R 7

ar'

¢r1 :_¢1 'érl :(¢XIT+¢y1]+¢21R)'(Cosglj+sm01R):¢y1 COSQI +¢Zl Smgl

(3.46)
by =0, €0 =(B,1+4, ] +6,K)-(cosGk—sin6, j) =, cos 6 — ¢, sing (3.47)
(2)/5{);]/ ;Fﬁﬁilgﬂjm B UNG3AS): Gy =0 0 P =0 (3.48)

OEFEIEE LN =L S TR R S R

P,y =, cos O, — @, sin 6, (3.49)

@, =@, 8In6, + ¢, cosb, (3.50)

EH e AHE R oo 8- [fE > @ HITRLIpE D 5 (5
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3.4.2 HEIEET 8 P I

(2) BB wall-function)

FPIHA RS s ,Fplgr'fw'i[fkk € B (LT S TR
BT (AT s - DD ke LRIl - 15 ﬁ*ﬂ*'ﬁl‘ |
5 IR P R e ST SR 9 T A e e

iﬁil%& iﬁ[‘?j’%ﬁ‘f I PO Togarithmic law o BRI ] i A 4G

Su| _
TW:’ueﬁ—ng//
on
7, for y"<11.63
E - v = , (3.51)
F BT for y 1163
u
K s
- i C1 (3.52)
L

u =L in(Ey) (3.53)
K

Von-Karmon™ s ﬁi’%’r k =0.4187 » E=9.793 -
M k-¢€ ﬂj@?“fiﬁ'ﬁﬁf*]?IF‘LJ?@F‘”J:%E[F‘THJFW%%' TEATHE I’@?%?}’f
FURE R e 2 Sy i I e RS -

3

u k 2
Ké‘—n (3.54)
TEAPBEEE AR - ERPORIE ORI e A o SRS K R i S P

E =

ERERE e TR o FRERIY ¢ T PIG SOBV S i o

g CuPk
b & = (3.55)
H e
&J //
FHRRRErEE . PR, — (3.56)
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(b) BFF 1577 (shear stress)

&ﬁ‘?ﬁﬁfﬁ'lﬂ/ﬁﬁﬁfﬁﬁ > ZY IR R BEE TR (O 3.3 B o PR AAT
BRI '/~7Ff<%# wEREE > Sw EREFR EV P B P R i FUp o BEEL VSR
@tuUw E?E[ﬁjp F[ TQ—J I/i—‘ﬁ—,ﬁ&[’ﬂ t}

Suxl + Sy J + S, K

= Sml *S
S

(3.57)

[AEEEE Y = TQEFPE?EEEIW@@*“ £
oU =Up-Uw (3.58)
O BT

5U" = (50 -y = ous,, -+ 5|\/§SW‘y +OWS,,-S,, 1+ S‘%y]F S,k

2 +3VS,,S,, +OWS,,S ] i

WX =Wz

+——[ 8US,,S,, +0VS;, +wS,,S,, |

_ wx = wy wy ~wz
\s

[—

=~

‘ ——| 6u8,,S,, +6VS,,8,, +OWS,, (3.59)
S

W‘

T LS 5

U =sU—-s0"
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+ﬁ[—5usm wy +OV(S], +50,)—0WS,,S,, | ]
1 _
+‘_ wSuy +0VS,,S,, —OW(S;, +S7) ] K (3.60)
SW
Bl R g0 E, ¢ 7, = e §W‘ g
. ﬂr P:[h_ 7:}];5\}]“\11 C Tw = 5—n5U (361)

Hl1on £ PR BEE 1w b = 1 BEE -

3.5 Gl AR AR SR L

B AR R AR . (P Y AT A A
FOS iy v BH AT S ENBRL I R LA (PR A [ 7 RS
AR PP e AR AR R R IO RCE -
Tﬁ%ﬁP DB o e A5 R 3.4G)) > EUR AT - Ty ASECs
AR LA o NIRRT Cs SR PRSI RRRED B e
TFQ, FRIErEEQ,

Q;, =Q, —a. Uy (3.62)

Bl Uy B3RS 1 o ot
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Cr AP B A [P R Cr s SUATIEEIUE » FYffRicy B ol
TR Qo el (SR Q,
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