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ANSI/AP1610-1995 - Centrifugal Pumps for General Refinery Service
DIN ENISO 5199 - Technical specifications for centrifugal pumps

ASME B73.1-2001 - Specification for Horizontal End Suction Centrifugal
Pumps for Chemical Process

ASME B73.2-2003 - Specifications for Vertical In-Line Centrifugal Pumps
for Chemical Process

BS 5257:1975 - Specification for horizontal end -suction centrifugal pumps
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Factors responsible for cavitation

High impeller speed

Small diameter of suction pipe and inlet of impeller
. Too high specific speed

Required NPSH > Available NPSH
High temperature of flowing fluid

The harmful effects of cavitation are:-
Pitting and erosion of surface
Sudden drop in head, efficiency

. Noise and vibration.
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ANSI Valve Standards:An Overview of American National Standards
Institute - ANSI - valve standards

API Valve Standards:An overview of the American Petroleum Institute -
API -valves standards

BS -British Standard Valves :An overview of British - BS -valve standards.
Chinese Valve Standards:Chinese standards for steel, cast iron and metal
valves.

ISO 5752 -DN 3202. metal valves for use in flanged pipe systems.
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Globe valve
Needle valve
Piston valve
Diaphragm valve
Pinch valve

Butterfly valve
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BS10 (British /Australian) Specification for flanges and bolting for pipes,
valves, and fittings

ASME B16.5 Standard Pipe Flanges up to and including 24 inches nominal
ASME B16.47 Standard Pipe Flanges above 24 inches

ASME Section II (Materials), Part A — Ferrous Material Specifications
ASME B16.47 Standard Pipe Flanges

PN /DIN (European) Dimensions, Sizes and Specification of DIN Flange &
DIN Standard Flanges

ASME /ANSI B16.20 - 1998 - Metallic Gaskets for Pipe Flanges-Ring -
Joint, Spiral-Would, and Jacketed

BS EN 1092 Circular flanges for pipes, valves, fittings and accessories,PN
designated Part 1 Steel flanges Part 2 Cast iron flanges

BS 4504 Flanges and bolting for pipes,valves, and fittings metric series (for
copper alloy flanges only)

ANSIB16.1 Cast Iron pipe flanges and flanged fittings.

ANSI B16.5 Steel pipe flanges and flanged fittings.

ANSI B16.24 Bronze flanges and flanged fittings.

BS10 Flanges and bolting for pipes,valves and fittings
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Metal Polymer Hybrid
— Pyrophyllite Graphite/Teflon

= Graphite | o Polytetrafluoroethylene ™ Diamond,/Rhenium
' o Potassium Titanate e Silicone-rubber § Stainless steel/Graphite
Lo IR

EETIA Nitrile-butadiene Ethylene-propylene(EPDM) I8 Stainless steel/Rubber

o |nconel am Vermiculite+Steatite liaad Fluoroelastomer Rubber/Asbestos
- a  Non-asbestos M= Polyethylene § HDPE/Polyaniline

o Cork | = Polypropylene B Glass filled PTFE
o Boron nitride = Chloroprene M Stainless
steel/asbestos
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Manufactured to
ASME B16,20

Outer
(centering)
Ring

Inner Ring

Diameter
and
Pressure class

Manufactuer's
Name

Inner Ring material
stamped on Inner Ring
when other than
Outer Ring material Carbon Steel or PTFE
(when other than
Carbon Steel)
Winding material
and Filler material

Sealing Element
(Spiral winding)
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Weld-Neck Slip-On Socket weld Lap-Joint Threaded Blind
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NFPA 20 : Standard for Installation of Stationary Pumps for Fire Protection
NFPA 110 : Standard for Emergency and Standby Power Systems

NFPA 70:National Electrical Code

NEMA MG 1 -safety, testing, and construction and manufacture of ac and dc
motors and generators
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NFPA 110 ,Standard for Emergency and Standby Power Systems

NFPA 70, National Electrical Code ® , 2005 edition.

BS 5000 Specification for rotating electrical machines of particular types or
for particular applications. Generators to be driven by reciprocating internal
combustion engines

BS 5514 ISO 3046 Reciprocating internal combustion engines.
Performance. Standard reference conditions, declarations of power, fuel and
lubricating oil consumptions and test methods

BS 5486 IEC439 Low-voltage switchgear and controlgear assemblies.
Specification for type-tested and partially type-tested assemblies (general
requirements)

BS 4999 IEC 34-1 General requirements for rotating electrical machines.
Specification for rating and performance
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Class Minimum Time

Class 0.083 0.083 hr (5 min)

Class 0.25 0.25 hr (15 min)

Class 2 2 hr

Class 6 6 hr

Class 48 48 hr

Class X Other time, in hours, as required

by the application, code, or user
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Designation Power Restoration

Type U Basically uninterruptible (UPS
systems)

Type 10 10 sec

Type 60 60 sec

Type 120 120 sec

Type M Manual stationary or nonautomatic

— no time limit
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Starting Equipment Requirements Level 1 Level 2
(a) Bafttery unit X X
(b) Battery certification X NA
(c) Cycle cranking XorO 0]
(d) Cranking limiter time-outs

Cycle crank (3 cycles) 75 sec 75 sec

Continuous crank 45 sec 45 sec
(e) Float-type battery charger X X

1. dc ammeter X X

2. dc voltmeter X X
D Recharge time 24 hr 36 hr
(2) Low battery voltage alarm X X

confacts

X: Required. O: Optional. NA: Not applicable.
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Discharge q
Battery type Charge temperature T Charge advisory
Charge at 0.3C or
. —20°C to 50°C —20°C to 50°C lessbelow freezing.
Lead acid . o " o
(—4°F to 122°F) (—4°F to 122°F) Lower V-threshold by
3mV/*C when hot.
Charge at 0.1C between
—18°C and 0°C.
0°C to 45°C _20°C to 65°C Charge at 0.3C between
NiCd, NiMH (32°F to 113°F) (~4°F to 149°F) 0°C and 5°C.
Charge acceptance at
45°C is 70%. Charge
acceptance at 60°C is
45%
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Tank Sizing Example

You are required to size a fuel diesel tank fora  C3500 D6e

C3500 D6e installed inside a building with the Fuel consumption :;;:':"x)
following requirements: Ratings 3500 (4375)
) : Ratings without fan' 3606 (4508)
= Standby application Load 14 |12 ‘am Full
. US gph 77 130 183 236
- Outage duration Lihr 291 432|693 |8e3

= Rule of thumb plus 10%
= NFPA 110 (max. of 660 gal inside a building)

Power Outages by month

Z6
(236ghp * 6hrs) + 10% = 1558 gallons gj
3s
Ez
_.__Pay Tank &’
& @@6 @@w\

0

; § &
{ ' ||l558 Gal LR AV
:
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Day Tank _Supply Line
_RetunLine
660 Gal
Bulk Tank

* NFPA 110 (660 gallons) - 1,558 Gal
+ 24 hours © 5,664 Gal 898 Gal

48 h - 11,328 Gal 5,004 Gal
o * ) 10,668 Gal
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Length Pressure (continued)
Meters x 3281 =Fest Atmosphere % 339  =Feet of Water
Centimeters x 0394 =Inches Psl X 231 =Feat of Water
Millimeters x  0.03% =Inches Inches of Ho. % 113 =Feet of Water
Mass Flow
Kilograms x 22 =Lbs. Lbs. Of Water/Hour  x 0002 =GPM
Gallons Of Water x 83  =lbs. Lbs. Of FluidHour — x 0002 =GPM
Cubic Feefof Water  x 624  =Lbs. Specitic Gravity
Pounds x 0454  =Kilograms CGu. Meter/Hour x 44 =GPM

Kg. Of Water/Minute  x 0264 =GPM
Volume Liters/Minute x 0264 =GPM
Liter x 0264 =Gallon GPM % 3785 =Lliters/Minute
Cubic Feet x 748  =Gallon
Lbs. Of Water x 0419 =Gallon Power o
Imperial Gallon Liquid HP = GPM x Head ft. x Specific Gravity
(British) x 12 =gGallon (US) 3960
U.5. Gallon x 3785 =Liter

BHP = GPM x Head it. x Specific Gravity
Pressure 3960 x Pump Efficiency
Feet of Water x 0433 =PSl . .
Inches of Hy. x 0431 =PSl \flscps!ty .
Atmosphere x 147 =PSI Centipoise = Centistokes
Meters of Water x 142 =PS| Specific Gravity
Kilograms/sg.
Centimeter x 1422 =PS| Centistokes x 464  =5SU (Approx)
Bar x 147  =PSl

Temperature

(1.8X°C)+32 =°F

555 (°F - 32¢) =

Degrees Kelvin — 273.2 = Degrees Centigrade



YV | e sl Lal o eoliwl syge b ligzsb  Slisl et ol

Y Aowowo

4

(05> 9y D) 99 il ST Joud

Unit

Name of Unit Abbreviation Conversion Factor
Meter(s) im 1 fi=0.3048 m
Foot (feet) ft 1m=23.281ft
Millimeter(s) min 1in. =25.4 mm
Inch(es) in. 1 mm = 0.03937 in.
Liter(s) L 1 gal=3.785 L
Gallon(s) (U.S.) gal 1L =0.2642 gal
Cubic dm?® 1 gal = 3.785 dm®

decimeter(s)
Cubic meter(s) m® 1 ft* = 0.0283 m?
Cubic foot (feet) ft? 1 m® =35.31 ft*
Pascal(s) Pa 1 psi = 6894.757 Pa;

1 bar = 10° Pa

Pound(s) per psi 1 Pa =0.000145 psi;

square inch 1 bar = 14.5 psi
Bar bar 1 Pa=10"° bar;

1 psi = 0.0689 bar
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Minimum Pipe Sizes (Nominal) (in.)

Number and Hose

Pump Rating Relief Valve Size of Hose Header

(gpm) Suction®*' Discharge* Relief Valve Discharge Meter Device Valves Supply
25 1 1 ¥ 1 1% I— 1% 1

50 1% 1v4 1% 1% 2 I— 1% 1%

100 2 2 1% 2 24 1—2% 24

150 214 2% 2 25 3 1—2v 21

200 3 3 2 214 3 1—2% 2145
250 3% 3 2 21 3% 1— 2% 3
300 4 4 214 514 8% 1—2% 3
400 4 4 3 5 4 2—2% 4
450 5 5 3 5 4 2— 2% 4
500 5 5 3 5 5 2—2% 4
750 6 6 4 ] 5 3—2% 6
1000 8 6 4 8 6 4— 2% 6
1250 8 8 6 8 6 6— 2% 8
1500 8 8 6 8 8 6—2% 8
2000 10 10 6 10 8 6—2% 8
2500 10 10 6 10 8 8 — 214 10
3000 12 12 8 12 8 12— 2% 10
3500 12 12 8 12 10 12— 2% 12
4000 14 12 8 14 10 16 — 21 12
4500 16 14 8 14 10 16 — 21 12
5000 16 14 8 14 10 20 —2% 12
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Cast Iron-125#

Nominal Outside Thick Dia. of Dia. of
Pipe Dia. of 'ETEESS Bolt Circle | No. of | Bolt Holes
Size Flange “O.D“ “Bcu HOIeS “D”

qn 4 g 3" 4 %"
115" 5" %ig" 374" 4 %"
o 6" 5" 43" 4 %"
21" 7 11/g" 51" 4 "
3" 7" 3" 6" 4 Ya"
31" 815" 1945 7 8 %"
4 o 154" 715" 8 %"
5" 10" 15/46" 812" 8 78"
6" .11" 1|I 91/2" 8 7,/8"
a8" 1314" 17" 1134" 8 778"
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Cast Iron-250#

Nominal Outside . Dia. of Dia. of
Pipe Dia. of Th'ﬁ'}[‘,ess Bolt Circle | No. of | Bolt Holes
Size | Flange “0.D” “BC” Holes “p”

1" 474" 116" 312" 4 "
112" 618" 134" 415" 4 75"
2" 612" 78" 5" 8 3"
21" 71" 1" 578" 8 775"
3" 814" 18" 6%s" 8 78"
31e" 9" 1%46" TVa" 8 775"
4" 10" 1Va" 778" 8 7"
5" 11" 135" 914" 8 78"
6" 125" 1746" 10%" 12 78"
8" 15" 194" 13" 12 1"
Forged Steel — 150#

Nominal Outside i Dia. of Dia. of
Pipe Dia. of | Thickness |ggt Circle| No. of | Bolt Holes
Size |Flange “0.D”| T’ «gc” | Holes | «p~

2" 31" 716" 2%5" 4 8"
" 37" a" 294" 4 "
1" 414" 16" 3" 4 %"
112" 5" 4g" 374" 4 5"
2" 6" %" 484" 4 "
215" 7" 7/a" 515" 4 4"
3" 7" 1%46" 6" 4 34"
315" 815" %16" 7" 8 34"
4" 9" 1%6" 712" 8 "
5" 10" %6" g1a" 8 78"
6" 11" 1" 915" 8 78"
8" 132" 18" 1134" 8 78"
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Forged Steel — 300#

Nominal Qutside . Dia. of Dia. of
Pipe Dia. of | Thickness |got Circle| No- of |Bolt Holes
Size |Flange “0.D.”| T" “gc” | Holes | «p~

" 3%" %" 25" 4 %"
¥s" 45" %" 34" 4 94"
1" 47" 46" 31" 4 2
175" 6%" 136" 45" 4 %"
2" 614" %" 5" 8 %"
275" 71" 1" 57" 8 7"
3" 8v4" 174" 6%"" 8 %"
31" 9" 136" 74" 8 %"
4" 10" 14" 77" 8 7"
5" 11" 1%" 9Ys" 8 %"
6" 121" 176" 109" 12 7"
8" 15" 1%" 13" 12 1"
Forged Steel — 600#

Nominal OQutside . Dia. of Dia. of
Pipe Dia. of | Thickness|pgjt Circle| NO- of | Bolt Holes
Size |Flange “0.D.”| T~ “gc” | Holes “D”

" 39" %s" 2%" 4 %"
" 455" %" 314" 4 s
1" 47%" 113" 35" 4 s
115" 64" %" 415" 4 7"
2" 614" 1" 5" 8 5"
215" 7" 1" 574" 8 %"
3" 874" 14" 6%" 8 %"
31" 9" 1%6" 74" 8 1"
4" 10%" 19" 814" 8 1"
5" 13" 19" 107" 8 1%"
6" 14" 17" 115" 12 14"
8" 167%" 2%46" 13%4" 12 174"
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Forged Steel — 900#

Nominal OQutside . Dia. of Dia. of
Pipe Dia. of | Thickness|g,t Circle| No- of | Bolt Holes
Size |Flange “0.D."| T “gc” | Holes “D”

1" 434" 7" 314" 4 %"
%" 54" 1" 31" 4 %"
1" 57" 174" 4" 4 1"
115" 7" 115" 47" 4 114"
2" 814" 114" 67" 8 1"
215" 9%" 194" 7" 8 114"
3" 915" 17" 72" 8 1"
4" 1114" 194" 94" 8 114"
5" 13%" 2" 11" 8 14"
6" 15" 2%6" 121" 12 14"
8" 1815" 215" 151" 12 115"
Forged Steel — 1500#

Nominal OQutside . Dia. of Dia. of
Pipe Dia. of | Thickness |pjt Circle| No- of | Bolt Holes
Size |Flange “0.D.”| T’ «gc” | Holes “D”

vy 434" 7" 314" 4 7"
4" 514" 1" 315" 4 7"
1" 574" 174" 4" 4 1"
115" 7" 14" 47" 4 174"
2" 814" 115" 615" 8 1"
215" 9%" 194" 7" 8 174"
3" 107" 174" 8" 8 14"
4" 1274" 21" 91" 8 1%"
5" 14%4" 27" 117%" 8 1%"
6" 157" 314" 12%5" 12 175"
8" 19" 3%" 15%" 12 194"
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Forged Steel — 2500#

Nominal Qutside . Dia. of Dia. of
Pipe Dia. of | Thickness|ggt Circle| No- of [ Bolt Holes
Size |Flange “0.D0.”| T’ “gc” | Holes “D”
1" 5Y4" 1%6" 31" 4 7"
%" 5%" 174" 39" 4 %"
1" 674" 1%" 4v" 4 1"
115" 8" 1%4" 59" 4 114"
2" 94" 2" 634" 8 114"
215" 101" 214" 794" 8 174"
3" 12" 254" 9" 8 13"
4" 14" 3" 10%4" 8 15"
5" 161%" 3%" 129" 8 17"
6" 19" 4" 141" 8 214"
8" 219" 5" 17%4" 12 214"
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Cast Iron Pipe—ASA Standard

i . Class 50 Class 100 Class 150 Class 200 Class 250 Class 300 Class 350
Pipe Pipe 50 PSIG 100 PSIG 150 PSIG 200 PSIG 250 PSIG 300 PSIG 350 PSIG
Size OD- TWarL] o, [WALL] 1D, |WALL] 1. |WALL] 1.0. |WALL] 1. |WALL] 0. |WALL] ID.

3 396 | 032 | 302| 082| a3z 02| 232| 032| 02| 0s2| 42| 0s2| ssz2| 0sz| sa2
4 480 | 035 | 410| 035| 410] o03s| 410| oas| 410| 03s| 210| 035| 410] 03s] 410
6 690 | 038 | 614| 038| 614| o038| 14| 038]| 64| 038| 614| 038| c14| 038] 614
8 905 | 01| 823]| oa1] s23] oa41] s23| o41] 23| 041| 23| 041]| s23] o41] 823

0 1110 | 044 | 1022| 044 1022| 044 1022 044| 1022] 044 | 1022] 048| 10.14| 0521006

12 1320 | 048 | 1224| 048] 1224 048] 1224| 048] 1224| os52|1218| 051| 1216] 056] 1208

14 1530 | 048 | 1234 | o51| 1428] o051] 1228| os5| 1220| ose| 1212| o59| 1a42| oba]i1402

Cast Iron Pipe—~AWWA Standard

; Class A Class B Class C Class D
Pipe 100 Ft. 43 PSIG 200 Ft. 86 PSIG 300 Ft. 130 PSIG 400 Ft. 173 PSIG
Size oD | WALL | ID. op. | waLL | 1p. op. [ waLL | ip. oD | WALL | iD.

3 3.80 039 | 302 396 | o042 312 | 396 045 306 | 396 | 048 | 300
1 480 042 | 3es 500 | o045 110 | 500 048 204 | 500 | o052 | 396
6 6.90 041 | s02 710 | o048 614 | 710 051 608 | 710 | o055 | 600
8 9.05 046 | 813 205 | o5 303 | 930 0.56 813 | 930 [ oe0 | 810
10 1110 050 | 1010 | w10 | o057 996 | 1140 062 | 1016 | 1140 | 068 | 1004
12 13.20 054 | 1212 | 1320 | o062 | 1196 | 1350 068 | 1214 | 1350 | 075 | 1200
14 15.30 os7 | 1416 | 1530 | o6 | 1398 | 1565 074 | 1447 | 1585 | o082 | 1401
16 17.40 060 | 1620 | 1740 | o070 | 1600 | 1780 080 | 1620 | 1780 | o089 [ 1602
18 19.50 064 | 1822 | 1950 | 075 | 1800 | 1982 087 | 1818 | 1992 | 096 | 18.00
20 21.60 067 | 2026 | 2160 | o080 | 2000 | 2208 092 | 2022 | 2206 103 | 20.00
21 25.80 076 | 2428 | 2580 | o089 | 2402 | 2632 104 | 2422 | 2632 116 | 24.00
30 31.74 088 | 2098 | 3200 | 103 | 2904 | 3240 120 | 3000 | 3274 137_| 30.00
36 37.96 099 | 3598 | 3830 | 115 | 3600 | 3870 136 | 3998 | 39.16 158 | 36.00
2 4420 110 | 4200 | 4450 | 128 | 4194 | 510 154 | 4202 | 45588 178 | 42.02
18 50.50 126 | 4798 | s080 | 142 | 4798 | 5140 171 | 4798 | 5108 196 | 48.06
54 56.66 135 | 5396 | 5710 | 155 | 5400 | 5780 190 | 5400 | 5840 | 223 | 5304
50 62.80 139 | 6002 | 6340 | 167 | 6006 | 6420 200 | 6020 | o482 | 238 | 60.06
72 75.34 162 | 7210 | 7500 | 195 | 72710 | 7688 239 | 7210 | - - -
84 87.54 172 | 8410 | sesa | 222 | 8410 | - - - - - -

N Class E Class F Class G Class H
Pipe 500 Ft. 217 PSIG 600 Ft. 260 PSIG 700 Ft. 304 PSIG 800 Ft. 347 PSIG
a

ze 0D. | WALL | ID. oD | waLL | 1p. | op. | waLL | L. oD. | WALL | ID.
6 722 058 | 606 722 | o6l 600 | 738 0.65 6.08 | 736 069 | 600
8 9.42 066 | 810 942 | o7 800 | 960 075 810 | 960 080 | 800

10 11.60 074 | 1042 | 1160 | o080 | 1000 | 1184 086 | 1012 | 1184 02 | 10,00

12 1378 082 | 1214 | 1378 | o089 | 1200 | 1408 097 | 1212 | 1408 104 | 12.00

4 15.98 090 | 1418 | 1598 | 099 | 1400 | 1632 107 | 1418 | 1642 716 | 14.00

16 18.16 098 | 1620 | 1816 | 108 | 1600 | 1854 118 | 1618 | 1854 127 | 16.00

18 20.34 107 | 1320 | 2034 | 147 | 1800 | 2078 128 | 1822 | 2078 139 | 18.00

20 2254 115 | 2024 | 2054 | 127 [ 2000 | 2302 130 | 2024 | 2302 1.51_| 20.00

24 26.90 131 | 2428 | 2090 | 145 | 2400 | 27.76 175 | 2420 | 27.70 188 | 24.00

30 33.10 155 | 3000 | 3346 | 173 | 3000 | - - - - - -

36 39.60 180 | 3600 | 4004 | 202 | seo0 | - - - - - -
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KW=\, vf\: HP
HP =), YV KW
KVA =.,A :KW
KW=1o,A*KVA
KVA =\, ff:A
A=), fF*KVA



YYA | s slayLil yo oolisl 8yge 18 clyapmil bl g dl>

&0 g &l

WAR- bl ohlasil= 550y 551 5lea 9 oop (los 9 (sole sloial,
WAS - sl ad g 5 lejlos wlylacsl— saio 25 Ayl w
Syl coor (93l (53l i 0Ly G v ot (ol Wl g allie
WAP - ghb pii— obassysop S (nio lopd Ol

WAL oo ol olas ol Ll loay 5 Groy ozl s (250 553,55
(www.ebara.ir) bl coos &S ol w

gl 5 b caaro olKails ale cid g Sloy § oo g0 e 4T edige w
Olpl e e <833 (53550

Olyrog =S8 (590l 9 (38 4225

Ol e laygilyis Jroo cotlagSS g y0ns m

WAT= g 25— Gyl i 9o Sl — Slas il el Jool

Ey29o b laire g ooy ool g m

» API Standard 653, Tank Inspection, Repair, Alteration, and Reconstruction, second
edition. 1995. Washington, DC: API.

= APl Standard 2000, Venting Atmospheric and Low-Pressure Storage Tanks
(Nonrefrigerated and Refrigerated), fifth edition. 1998. Washington, DC: API.

= SIKICH G.W, “Emergency Management Planning Handbook”, USA, 1996

= KingR.,HirstR.,Evans G., “King Safety in the Process Industries ” Great Britain, 1998
“EMERGENCY MANAGEMENT PROGRAM”

» Ferry, R.L., Documentation Of Rim Seal Loss Factors For The Manual Of Petroleum
MeasurementStandards: Chapter 19--Evaporative Loss Measurement: Section
2--Evaporative Loss From FloatingRoof Tanks, preliminary draft, American

Petroleum Institute, April 5,1995.
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Use Of Variable Vapor Space Systems To Reduce Evaporation Loss, Bulletin No. 2520,
AmericanPetroleum Institute, New York,NY, 1964.

Written communication from A. Parker, Midwest Research Institute, to D. Beauregard,
U. S.Environmental Protection Agency, Final Deck Fitting Loss Factors for AP-
42 Section 7.1,February 23, 1996.20. Courtesy of R. Ferry, TGB Partnership,
Hillsborough,NC.

Evaporative Loss from Storage Tank Floating Roof Landings, Technical Report 2567,
AmericanPetroleum Institute, Washington, D.C.., April 2005.
www.dieselserviceandsupply .com

http:/ /www .engineeringtoolbox .com /pump -fan -efficiency -d_633 .html
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