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Pump designations and descriptions:
1- OH1-0H2 ... OH6
2- BB1 -BB2 ... BB5
3-VS1-VS2 .. VS7
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The centerline support structure of OH2 pump is designed to eliminate the effects of
thermal expansion under high-temperature operating conditions.
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4223 Pump type OH3

Vertical, in-line, single-stage overhung pumps with separate bearing brackets shall be designated pump
type OH3. They have a bearing housing integral with the pump to absorb all pump loads. The driver is usually
mounted on a support integral to the pump. The pumps and their drivers are flexibly coupled.

Y 3,00

Figure 3 — Pump type OH3

4224 Pump type OH4

Rigidly coupled, vertical, in-line, single-stage overhung pumps shall be designated pump type OH4. Rigidly
coupled pumps have their shaft rigidly coupled to the driver shaft. (This type does not meet all the
requirements of this International Standard; see Table 3.)
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Figure 4 — Pump type OH4
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API OH5 Centrifugal Pump

The API OH5 pump is a vertical inline, single stage,
overhung pump that is close-coupled with the
motor. In the close-coupled design, the pump
impeller is mounted directly to the motor shaft
(the motor shaft is designed to be extra-long), and
the C-face of the motor is mounted directly to the

pump housing.

£ a3 8,90
API OH6 Centrifugal Pump
The API OH6 is a horizontal or vertical, single-stage,
overhung, high-speed pump that has an integral
gearbox mounted to the pump housing. The
gearbox is driven by the motor with a flexible
coupling, and the pump impeller is mounted
directly to the high-speed shaft of the gearbox.
Pump type Orientation :zg:
Foot-mounted OH1
Horizontal Centreline-
Flexibly coupled supported Oz
g Vertlcgl in-line with _ OH3
€ bearing bracket
[
5 Rigidly coupled Vertical in-line — OH4
o P ) 3 0 Vertical in-line —_ OH5
Close-coupled High-speed integrally _ OH6
= geared
Q. 73 7
£ g Axially split —_ BB1
5 2 1- and 2-stage - -
= & Radially split — BB2
g )
= X Axially split = BB3
5 [
S g Multistage Single casing BB4
3] ] Radially split
o Double casing BB5
Diffuser V§1
59 Discharge through
[
bl i Volute VS2
:'%’_ Single casing Axial flow VS3
a Line shaft VS4
> Separate discharge
S Cantilever VS5
g Diffuser — VS6
> Double casing
Volute — VS7
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Centrifugal Pumps

API-610
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VS £.58 (a clalls (A g it b i) ¢ olll aa Jasi
VS: vertically suspended
(T a8 8 5ma) IS aginr G5 cand ) ilaalls LS Laida (50
1- VS1 pumps: single-casing diffuser pumps, column of pump is used as discharge
from the pump.
2- VS2 is like VS1 but with volute casing design
3- VS3is axial flow, and single casing, pump column is used as discharge from the
pump
4- VS4 has a separate discharge column, and the vertically suspended shaft can be
supported through intermediate bearings.
5- VS5 is like VS4 but with no intermediate bearings. shaft is a cantilever and
supported by a top bearing.
6- VS6 pump has a double casing. It is also known as a can pump. This design is used
to increase NPSH in some cases by installing a pump underground.
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a) Closed, single-entry impeller
b) Open, single-entry impeller
c) Closed, double-entry impeller Y 0)9&0
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Blank Stage asgda -¥

2aliudl 3 (6. Basic design) s s (& )5S 03 adadall

Pumps shall be capable of at least a 5 % head increase at rated conditions by replacement
of the

impeller(s) with one(s) of larger diameter or different hydraulic design, variable-speed
capability or use of a blank stage.
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NPSH margin -¢

API 610 23l (s (6.1.10) 5 i

The purchaser should consider an appropriate NPSH margin in addition to the NPSH3
specified. An NPSH margin is the NPSH that exists in excess of the pump’s NPSH3. It is
usually desirable to have an operating NPSH margin that is sufficient at all flows (from
minimum continuous stable flow to maximum expected operating flow) to protect the
pump from damage caused by flow recirculation, separation and cavitation. The vendor
should be consulted about recommended NPSH margins for the specific pump type and
intended service.
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NPSH margin = NPSHa / NPSHr
0o el bl Sle Bilas o 3¥ bl )0 )Y )Y e 7555 Hydraulic institute 8 2 4l
2 stlaall
NPSHr < NOPSHa
Leale Jaidta duallll L‘;l\ Ol il I NPSH margin UALUJSMM‘;QLEBJ?JY ) C..;'AJ:\.;CL-;M\}

(e (e Led sha 65 ) 5085 gyl Al & NPSH Ua il US

https://Inkd.in/dgn2p8ZW :Js¥! cousall el

https://Inkd.in/djkm5]4G :(NPSH Lual @ ,k) @Bl cosall el

https://Inkd.in/dV]eN7mT :(igSall Julsil 3ok V) &l sl el

AHMED SAMIR SULAYMAN

Pumps Technical Engineer

o 0128 0917488

¢ ahmd.sammir@gmail.com



-14 -

o_paidhy 433 Ciliial o & Gl 5l s minimum continuous stable flow lhias adsiall & S il

MCSF

YMCSF = 3 salal) 43

(e Gisas @l 3l yial Jaee & s e Bl G pad o clzidl ol oo jdsi 5afi dpalhall (o juai JBI g

2SS Gl e a

) iniall B e ad )l hady ol adaiie Tady duallall elol inie e g0 Ahdl) | gaiia sy Cpriiadll sy b

NPSH

(RENETRA 48,4 (faie (e ¥ @B )3 ) g

Il Cungddl
API 610 (o Wlaksido dludw

NPSH margin

10)900

Figure 3. Variation of NPSH-R and NPSH-A with capacity (discharge flow)
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Q.

RENETRA

Performance curve

PUMP UNIT MANUFACTURER
Pump unit: CD 125-450 I1 Speed: 1.480 1/min | Impeller: 431,9 mm
Quotation no.: Position: Date: 2021-06-23
Medium: Water Density: 998,3 kg/m?| Viscosity: 1,005 cSt
Flow Head Efficiency Power NPSH
300,0 m*/h 60,0 m 83,9 % 54,7 kW 21m
Water parameters: 0,0 kW -

Unless otherwise specified in the contract, pump acceptance tests are performed in accordance with ISO 9906 1B, water 20 ° C.

For calculation will be use these viscosity correction factors:

cQ

1

cH 1

1

Him Head
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specific speed »9¢ia -©

NPSH (= peady cild ) (6.1.10) 3380 b ae (nlaSa

In establishing NPSHA, purchaser and vendor should recognize relationship between
minimum continuous stable flow and pump’s suction-specific speed. In general, MCSF
increases as suction-specific speed increases.

minimum continuous stable flow (MCSF) gllhias cild Il o gl 8 L e
fsuction specific speed 4! (A i i (e 3 gl

5 connlhan Gn G (paline JsY)
- Pump specific speed (Ns)
- Suction specific speed (Nss)
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Tad o cdtio DAL Calid g A g sall g 5303 (e cia g gl pracaly 283le 40 (Ns) ellce W L s 5 5
axial 4x5all 0S8 1V e @l Sl radial g5l (e s sal) O5SG £+ e BT NS
Ns < 40 : radial impeller
Ns > 175 : axial impeller
(Y) 3,5 & axial s radial ds sl (0 G4
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Nss < 120 : cavitation
Nss > 210 : pump wear, high maintenance need, high vibrations and reduced operating

range
suction specific speed J dmlic iad o Laliall |5l slay Loy cilaadlall (pmivan oS lie
API 610 (o Wlahide dlulw
Formulas for Ng and Ngg
N x ‘Q>050
Specific Speed formula Ns = (|-|)o.75

N x (Q)O.S

Suction Specific Speed formula Nss = (NPSHR)75
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Specific speed (S| units)

10 20 310 410 SIO 610 710 810 190 1510 ZCIDO 3(?0

Radial Mixed flow Axial

{ £ ¢

Impeller design

Figure 1. Typical Suction Speed values for various impeller designs (units used are rpm, m*/s, m)
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shut off head dsellall 88 4adi .1

6.1.13 Pumps that have stable head/flowrate curves are preferred for all applications
and are required if parallel operation is specified.
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POWER
(KW)
i} ﬁ overloading
(Kw) (KwW)
non-overloading
Capacity > Capacity >

Power curve for Axial flow pump Power curve for Radial flow pump
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Pumps shall have a (preferred operating region) of 70 % to 120 % of best efficiency
flowrate of the pump as furnished. Rated flow shall be within the region of 80 % to 110 %
of best efficiency flowrate of the pump as furnished.

elal Juadl d s 02 5 Best Efficiency Point (BEP) ddadi (pe <y 8 dallall Jads Ll 03 2SN (e a2l
8 Ol | Y ana 5 Asallall

SBEP ¢ iy i) dgathl) of Juana 4
il ddais e daallall ey Lo S5 A8l jon 5 2lie b ()5S 36 LS Juadl Adas aie Alled a5 daallall s
) el Jara g8 ) jad J gty (625 yagall ALl anaa JSLE Lale 3 hu g 5SS (g0 JSLEW) BEP 3eliS

5l et o) s BEP 3eUS (aadl ddai (e apay Jaidi dpallall W oanty I JSLEW) a5y ¥ 0855 ) 50c2)
(el Jla

-5_,841 dlags

It is recognized that very low-specific-speed pumps might not be able to reach flowrates
beyond 105 % to 110 % of BEP.
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The “end of curve flow” is defined as 120 % of the BEP flowrate.
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Performance Curve

Best efficiency point

flowatB=flowatA*1.2
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SPL vs SWL -A

APl 610 2 ailiv (g lidaiaa

Edition 11: 6.1.14 If specified, the vendor shall provide both maximum sound pressure
and sound power level data for the equipment.

sipalliaa 525 84N & Ua B
- Sound pressure level (SPL)
- Sound power level (SWL)
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Edition 12: 6.1.19 The vendor shall provide maximum expected A-weighted sound
pressure level (SPL) for the equipment.
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6.3.1 The maximum discharge pressure shall be the maximum suction pressure plus the
maximum differential pressure.
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6.3.10 The pressure casing shall be designed with a corrosion allowance minimum 3 mm.
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threaded holes -\

6.3.18 The use of threaded holes in pressure parts shall be minimized. To prevent
leakage in pressure sections of casings, metal, equal in thickness to at least half the
nominal bolt or stud diameter, plus the allowance for corrosion, shall be left around and
below the bottom of drilled and threaded holes.
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solid and cored hubs -\ ¥

APl 610 2,3l (e ilikiie aa (plaSa

6.6.5 Impellers shall have solid hubs. Impellers may have cored hubs if the core is
completely filled with a suitable metal that has a melting point of not less than 1000 °F
(540 °C).
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solid hub impeller is characterized by having a continuous and solid central hub, which
extends from the eye (inlet) to the shroud (outer diameter).
Cored hub impeller has central core, closed off at the eye of the impeller side.
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6.6.9 Shafts shall be single-piece construction, machined, and finished throughout their
length so that the total indicated runout (TIR) is not more than 0.001 in.

rod adallall gl (Y4 YY) AL VY lual) Jlua) JAT g
Shafts constructed of multiple pieces assembled together, such as stub shaft extensions
to drive lube oil pumps, shall require purchaser’s approval.
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6.7.1 Impeller pump-out vanes or close axial clearances shall not be used to balance
axial thrust.
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6.8.2 seal cartridge shall be removable without disturbing the driver
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6.6.1 Impellers shall be of the fully enclosed, semi-open or open type.

NOTE: Enclosed (closed) impellers are less sensitive to axial position and, therefore,
preferable for long shaft assemblies where axial displacement due to thermal
expansion/contraction or to thrust can be substantial. Semi-open impellers can offer a
higher efficiency, due to the elimination of disc friction from one shroud.
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flow passages of semi-open impellers have gap with casing, which cause irregular flow
and leakage. So semi-open impellers generally have lower hydraulic efficiency.
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IMPELLER TYPES

* Open
» Semi-open
* Closed
- Single suction
- Double suction
» Non-clogging
 Axial flow
* Mixed flow

Centrifugal Pumps
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6.9.3.1 Impellers, balancing drums, and similar major rotating components shall be
dynamically balanced. mass of the arbor used for balancing shall not exceed the mass of
the

component being balanced. Shafts are not required to be balanced.

For single-stage BB1 and BB2 pump rotors with interference fit components, the vendor
may choose to balance the assembled rotor instead of balancing major rotating
components individually.
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6.9.4.1 Centrifugal pump vibration varies with flow, usually being a minimum in vicinity
of BEP flowrate and increasing as flow is increased or decreased. In general, the change in
vibration increases with increasing energy density, higher specific speed, and higher
suction-specific speed.
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7.2.2 distance between the pump and driver shaft ends shall be greater than the seal
cartridge length for all pumps other than OH type or at least 5 in. (125 mm)
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DBSE dimension usually corresponds to nominal spacer length.
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6.9.4.2 During performance test, overall vibration measurements over a frequency range
of 5 Hz to 1000 Hz and discrete vibration measurements using fast Fourier transform (FFT)
spectra shall be made at a minimum of five test points.
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8.3.1..3 Mechanical seals shall not be used during the hydrostatic test but shall be used
during all running or performance tests.
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8.3.4.2..2 If specified, the pump shall be mechanically run at the rated flow for 4 h.
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(6.9.4.2) During the performance test, overall vibration measurements over a range of 5
Hz to 1 000 Hz and a Fast Fourier Transform (FFT) spectrum shall be made at each test
point except shutoff.
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Out of (preferred operating region), vibration level shall not be more than 30% of above
mentioned limits.
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Table 8—YVibration Limits for Overhung and Between-bearings Pumps
Location of Vibration Measurement
Bearing housing Pump shaft
(see Figure 32 and Figure 34) (adjacent to bearing)
Sritere Pump Bearing Type
All Hydrodynamic journal bearings
Vibration at Any Flowrate Within the Pump’s Preferred Operating Region
Overall For pumps running at up to 3600 r/min | A, < (8000/x)%5 mils peak-to-peak
and absorbing up to 400 hp (300 kW) (5.2 x 10%/1)°5 um peak-to-peak
per stage:
v, <0.12in/s RMS e
y 2.0 mil k-t k
(3.0 mm/s RMS) A, < mils peak-to-pea
50 um peak-to-peak
Discrete frequencies For pumps running at up to 3600 r/min
and absorbing up to 400 hp (300 kW)
per stage: for f<n: 45 < 0.334,
v <0.08in./s RMS
(2.0 mm/s RMS)
Allowable increase in vibration at
flows outside the preferred operating
region but within the allowable SO Sk
operating region
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Table 9—Vibration Limits for Vertically Suspended Pumps

Location of Vibration Measurement
Pump thrust bearing housing or
motor mounting flange (a d'az:nmtg:rl‘)::rin )
(see Figure 33) ) 9
Crtene Pump Bearing Type
Hydrodynamic guide bearing adjacent
All . A
to accessible region of shaft
Vibration at Any Flow Within the Pump’s Preferred Operating Region

Overall v, < 0.20 in./s RMS Ay < (10,000/7)%5 mils peak-to-peak

(5.0 mm/s RMS) < (6.2 x 10%/1)%-5 ym peak-to-peak

Not to exceed:
A, < 4.0 mils peak-to-peak
(100 pm peak-to-peak)

Discrete frequencies v <0.13in./s RMS .

(3.4 mm/s RMS) For f<n: 41 <0.334,
Allowable increase in vibration at
flows outside the preferred operating
region but within the allowable 30 % 30 %
operating region
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