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Numerical and Experimental analysis of Blade pass frequency interaction with

Volute natural frequencies in a centrifugal pump OH2-25-200L
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Modal Analysis

The following example illustrates performing a modal analysis in Simulation.

1. Open the model in Simulation and set up a modal analysis.

* ANSYS
> Blade pass frequency
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e Open the file Beam.dsdb from one of the following locations:
= Windows platform:

...\Program Files\ANSYS Inc\v110\AISOL\Samples\Simulation

Unix platform: .../ansys _inc/v11l0/aisol/Samples/Simulation
e Choose New Analysis> Modal from the toolbar.

Project

= [El Model
----- B Geometry
- Mesh

"] Modal
- /720 Tritial Candition
e g Bnalysis Settings

- Solution

~i 4] Solution Information

2. Specify 12 modes to extract.
e Analysis Settings Details View: Set Max Modes to Find = 12.

- Modal
- /T8 Tnitial Condition
e s Bnalysis Settings

= Solution

e ] selution Infarmation

Details of "Analysis Settings"
[=]{ Dptions
Max Mades ta Find

Limit Search bo Range | Mo

[=l| Solver Controls

Solver Tvpe Program Controlled
Output Controls

Analysis Data Management

+

3. Apply a fixed support to one end of the beam.

o Select the end face, then choose Supports> Fixed Support from the toolbar.
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Project
B Model
- /B Geametry
_}% Mesh
E| Modal

. /7= Iritial Condition

------- v Zﬂ Analysis Settings

e ,,Eiﬂ Fixed Support

(= :‘;ﬁ Solution

;Ij] Salution Information

4. Solve the analysis without results.

e Choose Solve from the toolbar.

Project
o Model
----- B Geometry

....... .’% Mesh

= I] Modal

/728 Tnitial Condition

ﬂQ_{ Analysis Setkings

- M, Fixed Support

= Solution

- Solution Information

5. View a bar chart of frequencies.

» Highlight Solution object folder. Bar chart is displayed in Timeline window.

12.

mode [[v Frequency [Hz
1265 i 17.173
2 |z 84.19

1000 — 3 |a 107.33 |
| 4 |4, 248,
750, 5 |s. 299,54
500, — 6 |6 493,95
7 |7 584,41
250, 8 [8. |749.05
g, - 9 |9, lss0.71
1010, 1054,
1 2z 3 4 5 & 7 8 9 o111z i s
12 |12, 12684
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6. Create modal shape results for all frequencies or a subset of the frequencies.
o Drag the mouse to highlight frequencies of interest in the Timeline window or
multi-select the frequencies in the Tabular Data window, then click the right

mouse button and choose Create Mode Shape Results.

Tahular Data
Made |[v Frequency [Hz

Timeline

1.032
126G [ | 17.173
z |2 4,19
1000 Create Mode Shape Resuls 3 (3 107.33
4 |4 248
30, Select Al 5 |5 29054
500, 5 |6 493,958
Zoom To Range 7 |7 584,41
250, & |2, (749.05
o 2 |2, %8071
' 10 (10, 1054,
1 2 3 4 5 & F & 9 10 11 12 111, 12640
12 |12, 1268.4
Project
= (] Model
----- AR Geometry
....... “% Mesh
B n Modal

- /720 Tritial Condition

T Analysis Settings
Jﬁf‘]ﬁ, Fixed Support

B Solution

- 4] Solution Information

//ﬁ Total Deformation

//ﬁ Total Deformation 2
_//ﬁ Total Deformation 3
//ﬁ Total Deformation 4
- ;ﬁ Total Deformation S

7. Evaluate results at each selected frequency.
« Highlight the Solution object folder, then click the right mouse button and choose
Evaluate All Results.
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Project

= [gh] Model
----- ﬁ Geomekry
....... '{% Mezh
= n Mudal

«T_,@ Initial Condition
it Analysis Settings
Jil Fixed Support:

....... & 1 ] Clean
e

gk Rename

,,{1-| Solution Information
- A Total Defarmation

------- ‘,ﬁ Total Deformation 2
------- ‘,ﬁ Total Deformation 3
------- ‘,ﬁ Total Deformation ¢
- ,,ﬁ Total Deformation 5

8. Rename each result object to display associated frequency.
Highlight all result objects, then click the right mouse button and choose Rename

Based on Definition.

Project

= @ Model
l ----- ﬁ Geomekry
: ....... '/% Mesh
= [I Mudal

....... ST 7= Iritial Condition
....... v ﬂ Analysis Settings
- J:fl Fixed Support

o ,/. Solution

-------- ,/[Il Solution Information

7] Clean
< Delete
ﬂ Rename Based on Definition
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- Solution

— ./[E Solution Information
Total Deformation - 84,19 Hz - all Bodies

,/ﬁ Total Deformation - 107,33 Hz - All Bodies

------- ,/ﬁ Total Deformation - 248, Hz - All Bodies

------- ,/ﬁ Total Deformation - 299,54 Hz - all Bodies

- ,/ﬁ Total Deformation - 493,98 Hz - all Bodies

9. View result contours.
« Highlight any result object. The associated result contour is displayed in the

Geometry window.

Type: Total Deformation
Frequency: 84,19 Hz
Unit: in

12/4/2006 4:45 PM

4.054 Max

3.6035 ‘
3.1531

2.7026

2.2522
1.8018
1.3513

0.90058
0.45044
0 Min
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(1) (55,2) MATLAB ;s 00l aslxe (uilS)8 (55,2) ANSYS ;5 onls acwle uilS )8 S0 0l
VLYY VAYY \
JARRTN 14.4Y 14.40 Y
JARRTN 14.4Y 14.40 Y
1oAY YY.£f YY.£4 ¥
ARG yy.ay Yv.ag A
JARRNG yy.ay Yv.ag e
/ARt AR ARRAIN v
JARA ¢4 Y-y Yevo A
JARA R Y. f Yvaf i
JARA R Y. f AR \-
JARRA R Yf... Yfa- ARl
1o+ X¥ YAy YO.-0 \Y
1. X¥ YAy YO.-0 'Y
ARG ya.x. Ya.ov V¥
ARG va.f. Ya.av VO
AR R fe.v f.rf \#
JARRA R fe.v f-v0 \V
ARG 1.FA AAFZN YA
AR Y. fryy '4
JARNA foyy FO.0A Y.
JARNA FO.50 fo.v-. !
/. v.¥ f7AY fo.v) Y
AR fv.ye fYay Y
1o+ 2 \AAd FY.AY Yf
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4)|5M| g_i) Lgb.g &_«JM " )|).9‘ PPy W) My oS
function Exact cylinder (c,nmode,Lr,Lz)

%$| In this function the a exact eigen-wave numbers of a cylinder |

are computed. |

% Inputs:
nmode=30;% --> Number of the required modes
Lr = 5; %--> Radius of the cylinder

Lz =15; %--> Length of the cylinder

c =340;% --> Speed of Sound
% Outputs:
$'exact.txt' --> this file contains the squre of exact mode
% eigen-wave numbers
% \ Author:

o\°

abbas gholinejad

nexact = 1;
klmn = zeros(150,4) ;

k _temp = zeros(150,1);

klmn final = zeros(150,4);
alpha = [ 0.000 1.220 2.333 3.238 4.241
0.586 1.697 2.717 3.726 4.731
0.972 2.135 3.173 4.192 5.204
1.337 2.551 3.612 4.643 5.662
1.693 2.995 4.037 5.082 6.110];
for le = 0:5
for me = 1:5
for ne = 1:5
klmn (nexact,1) = (pi”2)*((alpha(ne,me)/Lr)”*2 + (le/Lz)"2);

\Y- QLQ’S)WL’)]U|)§W
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klmn (nexact,2) = le;
klmn (nexact,3) = ne-1;
klmn (nexact,4) = me-1;
nexact = nexact + 1;
end
end
end
k temp = klmn(:,1);
k_temp = sort(k_temp);
for 1=1:150
ex = 0;
for j=1:150
if ((k_temp(i) == klmn(j,1))&(ex == 0))
klmn final(i,:) = klmn(3,:);
klmn(j,:) = -0.1;
ex = 1;

end
end

end

fid = fopen('exact cylinder.txt', 'w');
for i=1:nmode
fprintf (fid, 'L') ;
fprintf (£id, '$1.0f"',klmn final(i,2));
fprintf (£id,'T");
fprintf (£fid, '$1.0f',klmn final (i, 3));
fprintf (fid, 'R") ;
fprintf (£id, '$1.0f"',klmn final(i,4));
fprintf (£fid,' -------

—
~.

fprintf (£id, '$12.8f \n',sgrt(klmn final(i,1))*c/(2*pi));

end

fclose (£fid) ;

[)

% In this Subroutine the exact eigen wave number of

'Y QLQ’*S)WL’)]J;W



ASK R&D

% cylinder is computed

% R=1.0;

$ L =1.0;

% alpha = [ 0.000 1.220 2.333 3.238 4.241
% 0.586 1.697 2.717 3.726 4.731
% 0.972 2.135 3.173 4.192 5.204
% 1.337 2.551 3.612 4.643 5.662
% 1.963 2.995 4.037 5.082 6.110];
% count = 1.0;

% wave = zeros(1,300) ;

% for m=1:5

% for n=1:5

% for g=0:5

% kk = pi*sgrt((alpha(m,n)/R)*2 + (q/L)*2);
% if (kk>=KAa) & (kk<=KB)

% wave (count) = kk;

% count = count + 1;

% end

% end

% end

% end

% wave2 = sort (wave) ;

% disp('Exact wave numbers are:')

% for i=1:300

% if (wave2 (i) >0)

% disp(wave2 (1)) ;
% end

% end

GpSams -
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gl b uilS 15 dlno Lidoxi bgy .Y

&MS‘SA oolawl BE3) UWY}AJB )| 44‘9»..»‘ L_i: b_i..,...;?_f—l 6[&&}4 00)51 Cewdo 6‘)“

ipe)ld Do Sy g poiiage oy dolas

Mass: pHV.(PV)=0 M
Momentum: p(DV/Dt)+Vp=0 ——> PAV.VHDP/DY=0
Speed of sound: (Dp/Dt)-32(Dp/Dt)=0

ol gan ¥ adls s SoeS lows Slilugi 5,3 L

3 ¥
P=Pa-p ™
P=p=p
) W= V.= W.=0
a=a.+a T T
~ p.p. A UV, W <<
u=u..tu
V=V, +V

W=W,.+W

(Pa(us+vy W) +pi=0 ®
Pe Utp=0

Px Vitp=0

P Wtp,=0

M

:rg..g.)‘.) @L..: WS)J 9 WZt 9 Uyt suxt- dd.?' L:

Global coordinate system ‘ Cylindrical coordinate system ®)
Pr=ax"(Pxx + Pyy +Pzz) ‘ Pr=2u (Pt Pr/T+Pes/T*+Pzz)

:rg..g.)‘.) =

p(r,8,2,1)=R(1)O(6)Z(z) T(1) ®)

ol Wyt plaz b,

Separation of variables: (T/a..T)=(Z/Z)+(RR)+1/1(R/R)+1/1*(6/@) )
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T+\2a,.2T=0 )
7+027=0 Dol e
b "-: .__'_ L
G+y20=0 A= o

r’R+rR+(c?r2- v2)R=0

:Ql K as
q ' Q)
A=/
c=u/R
p=</

Sllwg el aasin & (R = Telats 1o Jow b 4t )@ «lblogs (uilS 8 Weews 5 @ GauwVge,8 10 3990 slo il b

T+A2a..2T=0 ()
Z+9*Z=0
O+y20=0
r2R+rR+(c2r2- v2)R=0
S
' 9
T(D=Aexp(iot)+A-exp(iot) ov)
Z(z)=Asexp(i&z/L)+Aexp(iZz/L)
@ (0)=Asexp(1v0)+Asexp(1v6)
R()=A-Ja(0r/R)+AsYu(ar/R)
S
(0/a.. ) =(a/R)y*HEL) oY)

els pedlym oo Lyl Jlesl b
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d/ dr[R(1)],=r =0 —  R(@O=AT,(ur/R) aH

9/ 0z[Z(2)]=0 =0 o
&aﬂZ&HFL#}} —*  Z(@7Bcos(ZzL)

aS
{0=T0 yn } )
1&=nq;
:M)la =
R(r=ATL(T0 pn 1/R) (V%)
Z(z)=Bcos(nqz/L)
PR b as
{U0=mo yn } \Y)
{&=nq}
{=2nf}
(ly puply> £ aloles
p(r.6,z.t)=); [Jn (m;:nr) cos (%)] [1\-—-[ cos(n@+mt-61) +N cos(n@-cot-éz)] a»

bls palem> VY dloles 5l g

p p (\Q)
Ay o - q.-
fm__n__q_ T\/(%) +(£ )

:M)lo VA dolrs o oS

M, N arbitrary amplitude
8; .0, arbitrary phase number

1f M=N ——» 0;=0> . Standing tangential wave
if M#N| ——— not simple
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D9 o0 drmolme 5 Joaz Gl A VY Jseyd gl aS

.. @l polie =Y Jgo

m

O ilizes olas
o | 1| 2] 3 | 4
0 | 0 | 1.22 |2.333|3.238] 4.241
1 | 0.586] 1.697 | 2.717 | 3.726 | 4.731
2 | 0.972] 2.135 | 3.173 | 4.192 | 5.204
3| 1.337] 2.551 | 3.612 | 4.643 | 5.662
I | 1.693 ] 2.905 | 4.037 | 5.082 | 6.1

"\'USLS" oo live Lﬁu—l OJ.HSUQM u,..u..\.v‘ l) ‘) s_)sl.a...o L5>Lw5) LSLQQ?.A ) Jj..\? 5o

Slog 090
(Radial) eless

(Tangential) _.lee

(Axial) 5,90
(Combination) .5 5

3|o|o|3]|3
S| O S| O >
o|lao|o|ole

WJKSA MI&AGLJJUCJLul)‘) o..\.o—‘ Cowdy G:Lujd...wl.?m L)"M‘ )‘)3‘ r:)a)o).:) Ja.").wla‘) 6;\5 44‘9....»‘ Jl}

Lo Sl b
kg
_ p=12—
T_ 300k m® ond R = 1157.5 mm and L = 5400 mm
P =100 Kpa m
c= 340?

w0 Ol )18l A 5 390 2 sl I
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{ [mR0MgL)
3148148 | B00.1
62.96296 0.0.2
36.06479 0.1.0
0164187 0.1,1
0444444 0.0.3
106.63716 0.1.2
125.92593 0.0.4
127.77677 0.1.3
14275504 0.2.0
146.18508 0.2.1
152.52701 0.1.4
156.02433 0.2.2
171169580 023
17917927 1.0.0

Job Jol 090 -F JS2

f | mR).u(T)ql)
348148 00,1
6296296 | 40,0,
8606479 0,10
9164187 01,1
04 44444 0.0.3
106.63716] 0,12
12592593 0,04
7m0
142755040 020
1461858 0.2.1
125001 0,14
16.02433) 0,22
171169540 023
179.07927) 1,00

Fsb pge 090 —0 S5
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f  |mR)nT).qlL)
348148 001
6296296 0.2
§6.06479 | 40,10
9164187 011
04 44444 0,03
106.63716]  0.1.2
12592593  0.0.4
176 013
14275594 020
146.18598] 02,1
18252701 014
196.02433| 0.2
17116954 023
179.07927] 100

olos gl 330 -5 IS5

f  |mR)nT).qlL)
348148 001
6296296 | 002
§6.06479 | 0,10
9164187 011
04 44444 0,03
106.63716] 0,12
125.02503] 0,04
76| 013
14275504 0.20
146.18598] 0.1
152.52701 0,14
156.02433] 022
17116954 023
17907927 1,00
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i |nRaDaL)
3818|001
629696 0.2
860649 0.1,0
9164187 | S0.1.1
0444444 0.0.3
10663716 0,12
12592593 0,04
277677 013
14275504 020
146.18598] 02,1
1250001 014
156.02433| 022
17116954 023
7927 1,00

olos sl g (Jobo ol 090 -A S5

f [nRaDaqL)
3148148 0.0.1
62.96206 0,02
36.06479 01,0
9164187 | 0.1
0444444 0.0.3
106.63716 0.1.2
12592593 0,04
767 013
4275594 020
146.18598) 02,1
125001 0,14
156.02433 0.2.2
171.16954 023
179.17927 1,00

sloe Jsl g (Job Jgl 090 -1 S5
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f | m{R).n(T)q(L)
348148 | 00,1
6296206 0.0,
8606479 01,0
0164187 0,11
0444444 | 8003
106.63716] 0,12
1259253 0,04
277677 0,13
14275594 020
146.18598)  0.2.1
1525701 0,14
156.00433) 0.2
17116954 02,3
179.07927] 1,00

S o 050 -V ¢ IS

f | m{R).n(T)q(L)
348148 00,1
6296206 00,2
8606479 0,10
9164187 0,11
od444d | 003
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