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1 et This Manual Is designed by presenting the criteria for
the Centrifugal Pump Minimum Flow Bypass Standardization
1.1 S= objective and an optimized design for this purpose.
2 Manual2 Centrifugal Pump2| Minimum Flow Bypass0l st && JIZ&=2 MAISC2 M & H
H2&Es & zAE=E dHE ot=0 22H0| UL
Coverage
12 mauol Thebasisof this principleapplyto SamsundengineeringenvironmentaWaterMinimum Flow Bypassdesigr
o 217 O team%elcglctedopglrfo;rpwjiqn JEh_egﬁroAQessé)lf (;ejrg}rifugalP/tJmp\p%rt;s._ Centrifugal P o Mini
ARR25 Savery !fﬁgjei’?lpl“oy‘@@)a(dl laﬁgﬂp%ci‘é’léﬂtlé}ri_agﬂear(% RS Midygah faymp=l Minimum
Flow Bypass && 0 &2 J|&E2 H&S6HCH & A FIF HAlste SEI(F0] /U2 d=0le 2
Manual0fl <& &tCh.
14 23 24 Relateddocument
- Environmental Technical Team Hydraulic Calculation Basis
- ANSI/HI 1.3-2000 Centrifugal Pumps for Design and Application
- Cameron Hydraulic Data, C.C.Heald (Eighteenth Edition)
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Minimum Flow & &f

Jl2x o2 Pump Vendor(fl 2|5t ZXREICt. Vendor A& 0|X 0 Planning SHHol AHE Q&
Minimum Flow S22 3488 ZHIIE EZF= "Environmental Technical Team Hydraulic
Calculation Basis"0ll Al Pump rated capa. 2| 25%=2 A °|atd UL Min. flow 22 PumpOtCh
Ct21 25% 0l& D= 3R ULS=Z oF st=2 aiHAtu- et tdsae2 H et & = Ut
2% BHatol HE minimum flow RS HAGIH HLgS 01800 ZESt= 201 2 RS

ol
ol

Temperature Rise 2! Minimum Flow Calculation
2.3.1 Temperature Rise Calculation
Pumpo| power loss= S0HXIZ2 Mt

1, PumpE Stote ®RHM2 22 &SAIII
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= Ol M, 2= &dsS JHdtote A2 Ottt 20

H 1

At = (_ = )

10.4 x Cp\n
Where,
AT = temperature rise through the pump, °C
H = total developed head at flow being considered, m
Cp = specific heat of the liquid at pumpage temperature, kd/kg °C
n = efficiency of the pump at flow being considered, expressed as a decimal

2.3.2 Minimum Flow Calculation

dutN o=z PumpliMe R 2% &S&S2 & 8°CZ HStECH &5 A2 25t 8°cY [
Q5 Minimum Flow S22 Ot AlQ2 HAHSHCH
433P, the tlud temperature rise In the Pumpis limited to
~ Cpxp about 8 [

Where,

Q = minimum flow rate, m3/h

Pp = input power at the minimum flow, kW

Cp = specific heat, kd/kg°C

p = density, kg/m3

(Pp 2+ shut-off power & 79 248) PP values are almost similar to the shut-
off power

(=]

FQk, maximum allowable temperature rise gt &30 JUCHH, 0| I Minimum Flow S&2
orgy Aoz Hatstgy, T you know the maximum allowable temperature rse

r

values
_ 3600 x PE
ATx Cpxp

Where,
Q = minimum flow rate, m3/h
Pp = input power at the minimum flow, kW
AT = temperature rise through the pump, °C
Cp = specific heat, kd/kg°C
p = density, kg/m3


user
Typewritten Text
the fluid temperature rise in the Pump is limited to about 8 ℃

user
Typewritten Text
Pp values are almost similar to the shut-off power

user
Typewritten Text
If you know the maximum allowable temperature rise values

user
Highlight


SPDO087KRE

PS5 un il DESIGN INSTRUCTION
ENGINEERING
REV. : 1
PUMP MINIMUM FLOW BYPASS SYSTEM
DATE: 2014. 9. 29 PAGE 3 OF 6
(R.O and Manual Valve) Minimum Flow capacity must be added to the design flow
required by the process
2.4 Minimum Flow Bypass System & &

merit

Disadvantage

Application

Minimum Flow Bypass 220l 25X 2= Bypass ot= 20t 2H
Bypass o= 2t210| QICt. Restriction Orifice &= Manual Valve € A X|ot= 2RIt H=
BypassOll oH& 0| &I Ct. PumpOllAl 72 &= Minimum Flow 20| &4 Bypass T &

Pump2| Minimum FlowE 2 &6tH &0 240 2t&6tD X HIE0l &2 &0

Pumpel 20| HEW Ot S8 A2IF SItotl 2&H|IIJF SItote S&E0| JUCH Pumpel &X|
22U TZNA A ZRE AH S0 Minimum Flow JF 8 40k 8tCt. Automatic Re-circulation
Valve(ARV) £ = Control ValveE &X|ot= & <= Automatic Bypass0l oS0l = Ct. Pump

Discharge 2 20| 28 S& Olotz &2

Bypass &2 &M Pumpll Minimum FlowE &256tH &ICh 0] f Pumpll X S22 ZZAHA A
Zest dilsgl s2ottt. RO £= Manual valve(il HIGH0d Valve & |SEH S2 40l
AUEcZ SO, 8X HI80l =2 S&E0I JAKXISH Pump X E0| S0tg 2RIt 8leB=
=38 A2 Y 24MUI0F AA0 Hliol AUHELZ Z2 HEO0| UL
2.4.1 Minimum Flow Bypass System H|1)
Minimum Flow Bypass System X& J|ES Ot 201 HMAISHRUCE Otel JIE=2
222 F=Fots JIELZ F JHAl 0142 System0] 2 Jtsd 3<R0l= ZHME
HWE Soli &&8dct= 20l EtEGHL.
22 Restriction Orifice Manual Valve ARV Control Valve
stable
cheapest low cost moderate 1) Min. Flow QX ROl |control
&E |Orifice X8 M Manual Valve& X|H| & AXH S 3E 2) HEOl SAs sTES
os no sudden change| In pump
£l
1) dMS Sizeo| RO &% 1) Trouble point)t = 2 9 o
o= “afél‘ztﬂo"\‘l’v%;ég =9 oo moigl e me 2. can be a negative
5 - ) 5= 7S S = e= oo z = high Installatjon
P8 | S ¥ yhavailable HxH 2 52 =)} 2) OO Boh ek B0 £xi6l =8 cogst
2) BZ | B0t0l ©E|flows power =28 2 B3I LM It
BZ ZXHl 2 53 30t increases S8&. On/Off according | to flow change is ppssible
oo e installation cost 1) 140kg/cm2G 0|50l =
increases
) ; < blow 140 kg/cm2
installation cost S
. 1) Orifice 8 M & Jisdt 2) 2==20 g2 Ao
1; ZI0F 23 =40 AS 50kg/cm2G 0|5t0 =& g 0dE (VendorOlA |-
7 |2) 50kglem2G 01810 HE | piow 50 kglemz | ®TOHE  EE  pump
blow 50 kg/cm2 suction filter mesh size=
0.3~ 0.5mmgl) Difficulty N applying the fluid
containing the 1mpurities (the standard
required by the pump suction filter mesh
2.4.2 Minimum Flow Bypass System && J|= size is 0.3 ~ 0.5mm Vendor Im)
O T AN O O, = AL = o,
=2 T — — 7T — 1L oo o B=EK=) [ Y —— =
i = N o o =
= L1l TT O —_/ — —

(1) Pump Rated CapacityD} 15m3/h 0|6t = Power 18.5kW 0|5t Z2R=
Restriction Orifice(RO) €= Manual ValveE & & &tC}.

If Pump Rated Capacity is = or less 15m3 / h or equal to or less than the selected
Power 18.5kW Restriction —Ogifice (RO) or Manual Valve.
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>15 m3/hr or 18 KW, Use ARV or Control Valve

(2) Pump Rated CapacityJt 15m3/h 0|4t L= Power 18.5kW 0| &t 2= ARV
(Automatic Re-circulation Valve) &£= Control ValveE & & &tC}.

More than 10 kg/cm2 (3) 1) o] H<L, BT 24X 0| 10 kg/cm2G 0| A2 Z 2= Restriction OrificeE ~ & 5tC}.
Less than 10 kg/cm2 (4) 1) o] A, WI 2AX(0| 10 kg/cm2G 0]5t2 B<R= Manual ValveE S XSt}
No impurities (5) 2) of &<, Pumping St =0 2= ARVE HZEHCH
impurities (6) 2) 2 &=, =2=20| gRE FM(E=, &4 S)2 <= Control ValveE & &
StCH.
Céirpa.EEéSmS/h NO
Power < 18.5kW

Containing  impurities

Head

YES YES
26H < 10 kg/cm2G
Restriction
o Manual Valve ARV Control Valve
Orifice

2.4.3 Restriction Orifice
Pump Discharge 2227} Return T|= Tank/Vessel?| 2&etad x10|2t2 Orifice il A
Z L E 0{OF 8tCt. OrificeOfi A 220l SHAHIDE U2E= (S& =IO 10kg/cm2) 1D SystemOf|
OrificeE &XlotHAMH CH2Z OrificeE A X|oll0F &tCh Orifice= © I 2| Bypass Return line
0l &XI%l 1, Restriction Orificedil A H&tst K2+0| bypass TlJ|= & ES 2 Manual ValveZ
SN EXIotH R T&ES ot= 20|l £C}. Typical P&ID= Appendix.IIE€ & 1 &HCH.
& T o| Design Capacity= Pump2| Return Minimum FlowE JAHGHOF SHCY.

Design Pump Capacity = Rated Pump Capacity + Pump Minimum Flow

Orifice Sizing 282 Appendix.| £ &8t}

2.4.4 Manual Valve
Pump Discharge 2227} Return T|= Tank/Vessel?] &t 10|82 Manual Valve0l Al
22t O OF StCH Orifice?t 20| ValveOl M & 220l SHAHIDE /A2 22 (54 =0 10kg/cm2)

=

-

_4_
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12 System0l Manual ValveE =250 foldeE 222292 OrificeE FIIEo2 41X
oHOFSICE. 0l B2= 9l Orifice Xlote B2k S2& System0| ECh MetAd, 2 &=
2.3.32] Manual Valve= 2.3. 101l HMAISH J1=10 201 10kg/cm2G Olotoll MEol= A=
Xl 2 &tC}. Typical P&ID= Appendix.lIS & 1D SHCT.
I T O| Design Capacity= Pump®l Return Minimum FlowE D Aol OF SHC.
Design Pump Capacity = Rated Pump Capacity + Pump Minimum Flow

2.4.,5 Automatic Re-circulation Valve (ARV)
ARViE= Bypass Flow control, 2fef & 9&J 91X JIsS JHXD /AL, HES| EE S
(Ctet On-Off bypass control0| =ICt. BEZ Ol E&2F0| Min. Flow 0|al2 Z O XIS ARV
Bypass)t ISXHOZ2 Zell), BZo £&E0| Min. Flow 0|&42=2 3= & Bypass=
NE=XOZ HAHEICH CIE2 Systemdt 0t&JFXIZ2 Pump Discharge €421t Return &=
Tank/Vessel2| 2X2ted xt0/2+2 ARVOIA 22T 00k 6t=0, ARVE 220 stAl= 8lCh.
ARV 2= Al0ll Process DataE & =t5| HMIAlIGHZ=2, Vendor(il Al =& St valveE & A GHA
SICH B Zstol L6t 286tCH ARV XHAI0I Check valve D150 [N Y E9
check valve &Xl= Z L giCt Typical P&ID= Appendix.lIS & &L
& T o| Design Capacity= Pump Rated Capacity?t < 2 5}tCt.

Check valve function there is no need for ARV itself is a separate check valve installed.
Design Pump Capacity = Rated Pump Capacity

2.4.6 Control Valve

HO €& |2 2t0l et Bypass linefll £ Xl=l Control Valvel| JHEE &I EZ
Min. flowE BZ5i3== 2+ 0|Ct. Control Valve(fl 9o T IZO| E=20| 2A0t5HH MO E 2
SHS0 (12 I Damagelt 2A = Ch Pump Discharge 22 1}
Return &= Tank/Vesselo] 27&otad 0|22 Manual ValveOl M 2t2HE 00k 5tCt. Orifice
2! Manual Valveet 2t0| ValveOlM S 2T 0l SAHIIE 222 (4 =0 10kg/cm2) 1D Ef
System0fl 510 QA= 2LA2OZ OrificeE =M 02 & X|6H0FEHC}. Typical P&ID=
Appendix.IIE & 1 &tCH.
o T 9| Design Capacity= Pump Rated Capacity?t < 2 5}tCt.

g, 829 =4

o

Design Pump Capacity = Rated Pump Capacity
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Check valve function there is no need for ARV itself is a separate check valve installed.
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Appendix ] Restriction Orifice Size
SPDO0087KRE
REV. NO.: 1
PAGE 1 OF 2
1. Restriction Orifice &3 |SgF H At
= 2 4 d,
Q = 19.636 Cd.*Vh 1- (-——- ) where — is greater than 0.3
dg dg )
Q = 19.636 Cd,*Vk where %1 s less than 0.3
. 2
Q = flow, in gpm
d1= dia of orifice or nozzle opening, inches
h = differential head at orifice, in feed of liquid.
d2 = dia of pipe in which orifice is placed, inches
C = discharge coefficient (typical values below for water)
REENTRANT | SHARP = SQUARE RE~ENTRANT 500,4.#5 WELL
TUBRE EDGED EDGED TU8E EDGED ROUNDED
|
| ) L | d U
——_C —___ | | -
([P
| 1 ;
LEWITH r1 /2 tas DA, nnmm.mlm LENGTH £ 3-4/2 DIA, | mmm{
C=.52 C= .61 C=.61 C=.183 C=.82 C=.98

Table on next page shows flow using a value of C = 1.00. These flows
values may be multiplied by the C value for a particular discharge
to obtain actual flow.
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2. Restriction Orifice Size Table

APPENDIX
SPD0087KRE
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Flow Data—Nozzles
Theoretical Discharge of Nozzles inU S Gallons Per Minute

Head" Velocity | Diameter of nozzie in inches
of disch 1— —
psi|feet™| ft/sec 1/16 | 1/8 | 3/16 1/4 3/8 1/2 5/8 3/4 7/8 138
10| 23.1 38.86 0.37 | 1.48 3.32] 5.81|13.3 23.6{1 36.9| 53.1 72.4]| 179
15| 34.6 47.25 | 0.45]|181| 4.06| 7.24|16.3| 28.9| 45.2| 65.0| BaS5 219
20] 46.2 5465 | 0.52]|2.09| 4689| 8.35|188 | 33.4| 52.2| 75.1]102. 253
25( 57.7 61.0 0.58 | 2.34 525| 934|210 37.3| 58.3| B4.0{114.. 283
30)] 69.3 66.85 | 0.64 | 2.56| 5.75|10.2 |23.0| 40.9| &63.9| 92.0|125. 309
35| 80.8 72.2 0691 277| 6.21]11.1 24.8| 44.2| €9.0| 99.5{135. 334
40| 92.4 77.2 074|296} 664|118 [|266 | 47.3| 73.8| 106. |145. 357
45(103.9 81.8 0.78 | 3.13 7.03|125 28.2 50.1 78.21113. 183. 379
50(115.5 86.25 | 0.83 | 3.30} 7.41]13.2 [ 29.7| 52.8] B2.5]119, |162. 399
55|127.0 90.5 087|346 7.77]13.8 |31.1]| 55.3] B6.4|125. |168. 418
60|138.6 94.5 080|362 8.12{145 (325 57.8| 90.4]130. {177. 438
6571150.1 98.3 0.94 | 3.77| B.45] 15.1 3381 60.2] 94.0|136. |[184. 455
70|161.7] 102.1 098}391] 8.78]15.7 }35.2) 62.5| 97.7|141. |191. 473
75{173.2| 105.7 1.0t {4.05| 9.08|16.2 [{36.4 64.7{101. | 146 198. 489
80(184.8] 109.1 1.05|4.18) 9.39|16.7 | 376 66.8}104. | 150. |205. 505
B85|196.3] 112.5 1.08 | 4.31 9.67{17.3 388 68.9| 108. |[1585. {211, 521
90 |207.9] 115.8 1.11 ] 4.43 9.95(17.7 39.9 70.8(111. 160. [217. 538
951219.4| 119.0 1.14 1 4.56 { 10.2 18.2 41.0 72.8{114. 164. | 223. 551
100}230.8) 122.0 1.17 467 | 105 (18.2 (421 | 74.7{117. {168, [228. 565
105 [242.4| 1250 1204791108 19.2 43.1 76.51 120. 172, {234. 579
110{254.0f 128.0 1.23 | 490 11.0 196 |44.1 | 78.41122. | 176, {240. 593
115}(265.5|{ 130.9 1251501} 11.2 {1200 45.1 80.1}125. 180. 245. 606
120[277.1] 133.7 1.28 | 5.12|11.5 |20.5 |46.0} 81.8[128. | 184. |251. 619
1303002 138.1 1.331 533120 21.3 48.0 85.21 133. 192. | 261. 645
14Q1{323.3| 144.3 1.381 5531124 (221 |48.8 ] B8.4|138. |189. |271. 668
1501346.4]| 149.5 1.43 | 5721129 |229 |516 | 91.5|143. | 206. |280. 692
175|404.1] 161.4 1.55]16.18|13.9 |24.7 (556 | 98.8|154. |222. j302. 747
200(461.9] 172.6 1.65|6.61[14.8 [26.4 }59.5|[106. |165. |238. |323. 799
2501577.4] 193.0 1.85(7.39]116.6 29.86 66.5 [118. 185. 266. | 362. 894
300(692.8) 211.2 202)|8.08}18.2 {324 |728 |129. |202. }291. |396. 977
11/2§1 3/4 2 21/4 |21/2]|2 3/4 3 31/2 4 6
10| 23.1{ 38.6 213] 289 378 479 | 591| 714] 851} 1158 | 1510 3405
15| 34.6 47.25 260 354f 463} 585 | 723] 874 1041 | 1418 § 1850 4165
201 48.2 54,55 | 301| 408| 535 676 | 8351009 ] 1203 ]| 1638 | 2135 4810
25| &7.7 61.0 336| 458 598 756 | 9341|1128} 1345 | 183D | 2385 5380
30§ 69.3 66.85 368] S01| 655} B28 [1023| 1236 | 1473 | 2005 | 2615 5895
35| 80.8 72.2 398} 541} 708} B95 |[1106) 1335 1591 | 2168 | 2825 8370
40| 92.4 77.2 425 57Bf 756§ 957 |1182] 1428 1701 | 2315 | 3020 6810
45{103.9 81.8 451} 613| BOt1 { 1015 [1252]| 1512} 1802 | 2455 ; 3200 7120
50{115.5 86.25 475( 647] 845 | 1070 |1320| 1595} 1 900 | 2590 | 3375 7600
55(127.0 90.4 498| 678| BB6 | 1121 |1385) 1671} 1991 | 2710 | 3540 7970
60}138.6 94.5 §21{ 708] 926 | 1172 |1447| 1748 | 2085 | 2835 | 3700 . 8330
65}150.1 98.3 542 737} 964 | 1220 |1506| 1819 | 2165 | 2850.| 3850 8670
70(181.7| 102.1 s63| 765| 1001 | 1267 |1565] 1888 | 2250 | 3065 { 4000 9000
751173.2] 105.7 s582| 792| 1037 | 1310 §1619] 1955 | 2330 | 3170 | 4135 9320
801184.8] 109.1 602| 818| 1070 | 1354 {1672} 2020 | 2405 | 3280 | 4270 9630
B85]/196.3| 112.5 | .620| 844| 1103 | 1395 |1723{ 2080 | 2480 | 3375 | 4400 8920
90{207.9| 1158 638| 868{ 1136 | 1436 [|1773| 2140 | 2550 | 3475 | 4530 10210
95({219.4| 119.0 656| 892| 1168 | 1476 {1824 | 2200 | 2625 | 3570 | 4655 10500
100{230.9] 122.0 672| 915} 1196 | 1512 |1870| 2255 | 2690 | 3660 | 4775 10770
105 |242.4] 125.0 689) 937| 1226 | 1550 {1916( 2312 | 2755 | 3750 | 4890 11020
110/254.0] 128.0 | ‘705| 960| 1255 | 1588 {1961 | 2366 | 2820 | 3840 | 5010 2 11300
115}265.5| 130.9° 720 | -9801] 1282 | 1621 {2005} 2420 | 2885 | 3930 | 5120 | - 6490| 8010| 968011550
120|277.1| 133.7 73611002 1310 | 1659 [2050| 2470-f 2945 | 4015 { 5225 | 6630) 8180 990011800
130 [300.2{ 139.1 767 11043| 1365 | 1726 |2132| 2575°| 3070 | 4175 | 5450 | 6900} 8530} 10300 | 12290
140(323.3| 144.3 795)11082| 1415 | 1790 |2212| 2650 | 3180 | 4330 | 5650 | 7160 8850] 10690 | 12730
150{346.4] 149.5 82411120]| 1466 | 1853 (2290 | 2760 | 3295 | 4485 | 5850 | 7410} 9150} 11070 | 13200
175{404.1| 161.4 89011210| 1582 | 2000 [2473 | 2885 | 3560 | 4840 | 6310 | 8000 | 9890 | 11940| 14250
200{461.2| 172.6 950 1294| 1691 | 2140 |2645| 3190 | 3800 | 5175 | 6760 | 8550| 10580 | 12770°] 15220
25Q|577.4| 193.0 1063 §1447| 1891 | 2392 [ 2955 | 3570 | 4250-| 5795 | 7550 | 9570 11820 14290 | 17020
300(692.8] 211.2 1163 |1582| 2070 | 2615 |3235| 3900 | 4650 | 6330 | 8260 | 10480 | 12940 | 15620 | 18610

The actual quantity discharged by a
may be assumed to give 97 to 99% ot the values in the tables.
* Where there is both an-upstream. and downstream pressure,

nozzle will be lass

** Head in feet basis water at approx. 60°F.

_2_

than above table. A well tapered smbot'ﬁ ﬁozzle

the head is a differential head.
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3. Automatic Re-circulation Valve

— 1 - - e
CrNT

X-303 l
— ) _-@FH
]
1r S b4 .
@
s sy sy .
P-301A/B
4. Control Valve
-G
P
) | Q=
. ! b
o
|H>|
' | R (-r"-\\
\ J s SFR \_'J’
L | PN
LR =
[n] L
e S T £
d @ h‘-i'lré
% T-301 {o——FE] = )
— L
= ) ~F
Pt »l o
“x 1
@— P-302A/8
e
sy
=


user
Highlight

user
Highlight




