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NUMERICAL AND EXPERIMENTAL ANALYSIS OF BLADE PASS
FREQUENCY INTERACTION WITH VOLUTE NATURAL
FREQUENCIES IN A CENTRIFUGAL PUMP OH2-25-200L

Abstract

The noise of industrial equipments should be sympathetic with
the international standards. The centrifugal pumps shall be
designed to minimize the generation of noise and shall not
exceed noise limits given in IPS-M-PM-105(Iranian Petroleum
standard). Its limitations are 85 dB for pumps and 90 dB for
pump and driver (it is necessary to be considered that these
criterions are for sound pressure level and the condition
without back ground noise and reflection). Thus the prediction
of generated noise and prevention of high noise level is the
requirement of standard pump design. One of the noise
sources is the interaction between blade pass frequency and
volute natural frequencies that this interaction leads to
resonance phenomena that creates undesired noises and
vibrations. In this paper, at first we have done the volute modal
analysis and we have determined the first 50 natural modes of
the volute, then we have conducted an experimental method
for validating these frequencies. At the end of this paper, we
have discussed about prevention of resonance phenomenon
due to interaction between volute natural frequencies and
blade pass frequency.

Keywords: centrifugal pump, natural frequency, blade pass
frequency, resonance, modal analysis
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Analytical Methods for measuring pump noise
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Octave band center frequency, Hz

63 125 250 500 1,000 2,000 4,000 8.000

Ly. dB 735 715 715 69.5 61.5 575 545 485
TL. dB 15 21 39 40 40 40

Ly(housing), given 58.5 50.5 50365 225 175 145 8.5
L (octave band), dB 41.1 33.1 27.1 19.1 51 0.1 29 -89
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=36.5+3—-20log3—-10.9 =19.1dB
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Octave band center frequency, Hz
Blade tone,

Fan type Br,dB 63 125 250 500 1,000 2,000 4,000 8.000
Centrifugal fans:
Airfoil blade 3 35 35 34 32 31 26 18 10
BCB 3 35 35 34 32 31 26 18 10
Radial blade 5-8 48 45 45 43 38 33 30 29
FCB 2 40 38 38 34 28 24 21 15
Tubular 46 46 43 43 38 37 32 28 25
Vaneaxial 6-8 42 39 41 42 40 37 35 25
Tubeaxial 6-8 4 42 46 4 42 40 37 30
Propellor 57 51 48 49 47 45 45 43 31
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1hp to 250 hp, Ly=L,A)+11 (yy)

251hpto 300 hp, L, =L,(A)+12 (yy)

301hp to 400 hp, L, =L,(A) +13  (yy)

401hp to 450 hp, Ly =L,(A+15 (v¥)

451hp and larger, Ly =Ly(D+17  (vy)
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Octave band center frequency, Hz
Motor Size 63 125 250 300 1,000 2,000 4,000 5,000
1 to 250 hp 6 12 8 4 4 8 12 16
300 to 400 hp 21 15 9 3 3 8 15 22
450 hp and above 19 13 7 3 3 8 14 22
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Radial Thrust Calculator
Radial Thrust : Frz KyxKx Hx 56 x Dax Byyygz

Enter the required data in the bighlighted ceiix. If you do not know the pump
specific speed wee the Hs calculstor below.
facual) in m3fh 3
o FEUEY In o3/ = ARvA SEPEHR KayHAN
Thrust Factod (Between 0.3 and 0.35) 0.35)
Theust Facies (Kq) (2 flow point 0.460225
Head (H} per Stage @ fow polet in meter 10
Specific Gravity (5.6) 1
Impelier Diameter (D2} in Cm 18.235)
Impeiler Width [b2) & discharge in Cm 2.5
Fiy [Unbalanced Radial Thrust in kilograms of force) 7]

Radial Thrust Factor
Single Volute

Pump Specific Speed: Ns=NJQ /HO-T
Enter the required ds1a in the bighlighted cells

Purn RPM [H)
Flow (0) @BEP | 35
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Radial Thrust Calculator
Radial Thrust: Faz K xKxHx 56 x Dapx By

Enter the required data in the highlighted cells. If you do not know the pump
speciic speed e the MNi caloubstor below.,

Dsttual] im mifh 3
0w &t BEP is midfis 3.5
Thrust Factor (Berween 0.3 and 0.35) 035
Thrust Facice (Keq) (@ fow poing 0,460225
Head [H) per Stage @@ Now point in meter 10
Specific Gravity (3.6] 1
Impeiier Diameter (D3] in Cm 18235
Impefier Widts (b2) @ dischaege in Cm 25
F;ﬁ [Unbalanted Radial Thrust i kilogdsmd of focce) 7

Pump Specific Speed: Ms= MG/ HE-TS
Enter the required data in the highlighted cells

Purnp RPM (M) 2900
Flow [Q) @ BEP | 15
Head [H) @ BEP 10
N5 = | o
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Balance
Quality
Grade

Product of the
Relationship
By X 1) M0

mm/s

Rotor Types - General Examples

G 4 000

G 1600
G 630

G 250
G 100

G 40

G 63

4 000

Crankshaft/drives™ of rigidly mounted slow marine cliesel engines with uneven number of cylinders®

1600

Crankshaft/drives of ngicly mounted large two-cycle engines

4630

Crankshaft/drives of ngidly mounted large four-cycle engines
Crankshaft/drives of elastically mounted marine diesel engines

250

Crankshaft/drives of rigicly mounted fast four-cylinder diesel enginest

100

Crankshaft/drives of fast diesel engines with six cr mere cylincers™
Complete engines {gascline or diesel for cars, trucks and locomotives™

40

Car wheels, wheel rims, wheal sets, drive shaftz
Crankshaft/drives of elastically mounted fast feur-cyde engines with six of more cylinderst*
Crankshaft/drives of engines of cars, trucks and locomatives

Drive shafts {propeller shafts, cardan shafts) with special requirements

Parts of erushing machines

Parts of agriculiural machinery

Individual components of engines (gassline or diesel) for cars, trucks and lecomaotives
Crankshaft/drives of engines with six or more eylinders under special requirements

&3

Parts of process plant machines

e Nos sisy 03 Wil ColeS 42,0 G ol 0 &S

Centrifuge drums
Fans

Flywheels
Purnp inpellers

special requirements

Marirve main turbine gears (merchant service)

Pager machinery rolls; print rolls

Aszernbled aircraft gas turbine rotors

IMachine-tool and general machinery parts

Meclium and large electric armatures (of electric mators having at least 80 mm shaft height) without
Small electric armatures, often mass produced, in vibration insensitive applications and/or with

vibration-izolating mountings
Indivicual components of engines under special requirements

G25 2.5

Turbzo-comprassors
Machine-tool drives

Turbine-driven pumps

Gas and steam turbines, including marine main turbines (merchant service)
Rigicl turbo-generator rotors
Computer memory drums and discs

Medium and large electric armatures with special requirermnents
Small electric armatures not qualifying for one or both of the conditions specified for small electric
armatures of balance quality grade G 6.3

G1 1

Tape recorder and phonograph igramophene) drives
Grinding-machine drives
Small electric armatures with spedal requirements

G004 0.4

Gyroscopes

Spindles, discs and armatures of precision grinders
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COMPARING APL ISO & MIL-STD-167-1

BALANCE TOLERANCES

1000 —
m]i ; Uper = Fermissible residual unbalancs FOR EACH CORRECTIOM PLANE in ounce inches. [axin)
800 —: W = Rotor Weight In Pounds. W = 1000 Ibs. for oll axamples shown
= N o= Maximum Conlinuous Dp.ruﬂr:a RPMA,
- 600 I G = |50 Balance Gludlity Grode Mumbsar, |.e. 4.3, 2.5, 1.0 efc.
g 400 - F < 10% Joumal Static Load U.., = 56.347 x Journal Static Load W/Z2)
- N
' ; 150 U_ =G x6015xW/2
200 N
\ MIL-STD-167-1  U_ =0.177 W (0 to 150 REM)
] = 4000 W / N {150 to 1000 RPM]
100 =4W/N {fscave 1000 RPWY
E | _‘-. W = Total Rotor Weight
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Couple Unbalance i
Principal Incrtia Axis - a line about which the rofor's weight
is equally diszibuted. The Center of Gravity is always on

principle inertia axis.
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Static unbalance - the unbalance is in the planc of the center of gravity.
Or altz ively, oqual unbal. at equal distance from the C.G.
The principle inertia axis is displaced to the shaft axis.
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Dynamic unbalance - is 2 combimation of eomic and couple unbalance.
This is the type of unbalasce usually found.
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