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Lampiran 1 . Koefisien

Friction Losses in Pipe Fittings
Resistance Coefficient K {use in formula hf = Kv¥/2
\mmm
[ Kwvamwe ]

| Angle Valve |[ 55 [1.48][1.38][1 27)[1.21][1.16][1.05|[0.99 j0.94][0.83][0.77][ 0.72 ][ 066 |
| Angle Valve |[150][4.05][3.75][3.45][3.30][3.15][2.85|[ 2.70][2.55][2.25][2.10] 1.95 ][ 1.80]
| Ball Valve |[ 3 ][o.08][o.08]jo.07]fo.07]j0.06]j0.06|[ 0.05 jo.05][0.05|[o.04] 0.04 ][ 0.04 |
Butterfly Valve HE Jlo-s6][0.81]fo.77][0.e8]jo.63] 0.35 ][ 030

Gate Valve [ & Jjo22)fo.20][o1]fo.rsfo. ) s[04 o 4o 2o ][ oo (00

Gilobe Valve Fad[oz|[ss][7a][7s][7a][es] 61 ][5 ][50 ][a5][ 44 ][40

Plug Valve Branch Flow _|[90][2.43].25][2.07][1o&|[1_s9][1-71][1.62][1.53][1 35][r.26] 107 ][ 108

Flug Valve Straighiaway |18 |[o.48][o.45][o.41)fo-a0]fo.38]p34][0.32]p.31][o-27][0.25][ 0.23 ][ 022
Plug Valve 3-Way Thru-Flow][ 30 [o.81])[0.75][0.69]fo.66]f0.63][p57][0.54]o.51][0.45][0.42][ 0.39 ][036

[ oo |[z0][osi]fo.s]o.so)p.ss]jo.s3]jo57][0.54]fo.s1]f0.45][p.a2] 039 036
o Ilelospwfosibssfesipenlprfozdooa Jon)

—_—

'““5 radivs o I 0.43 |n 37(j0. 35||u 29|jo. ??||u 22 0.19

m-m----------
— [t |0 Josufosofosefpatfo o sfoselp sosofoas]oze o1

(] sofisfis2fi2g1a]10s]fcezfosofosa o]0
rd=2__ |[12][o.32]fo.30]fo_2s]o.26]j0.25]jo23][0.22 o 20]fe18]f0.17] 016 [ 014
rd=3__|[12][o32]fo.30]jo-28]o.26]j0.25]jo23][0.22 o 20]fe18][0.1 7] 0.16 014
rd=4__ |[14][038]jo.35]jp-32]o3 1]jo.29]jp27][0.25 o 24)fe-21][o.20] 0.18 [ 017

ﬂl

Standard Elbow

90 Bends, rd=6__|[17][0.46]j0.43]jp-29]p37]j036]jp32][0.31]fo.29]f0-26][0.24][ 0.22 ][ 020
Pipe Bends, rid=8 __ |[24][0.65]jo.60]fo_s3]fo.53]j0.50]jp.46][0.43 ]o.41]fo36][0.34] 031 J[0.20
Buit-Welded |__ra=10_ |[30][o.1]fo.75]jo.69]o.s6]j0.63]jp57][0.54]o.51]f0.45][p.42] 039 J[036

Elbows rd=12_ |[34][o.92jo.85]jo.78]fo.75]j0.71]jo65][0.61 )fo.58]jo.51][o.48][ 0.44 J[0.41

rd=14_|[38][1.03]j0.95][o-27]fo.84]j0.80]p-72][0.68 ]fo.65]j0.57][0.53][ 0.49 | 046

rd=16_|[42][1.13][1.05][p-97)fo.92]j0.88][ps0][0.76]fo.71][0.63][0.59][ 0.55 ] 0-50
vd=18  |[45 |[1.24]1.15][1.06][1.01]jo.97]jo.87][0.83 |fo.78]j0.69][0.64[ 0.60 || 0.55

Lampiran 1. 1 koefisien pipa Galvanis

|
|
|
|
Flanged Elbows, I
|
|
|
|
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Minimum Nominal Pipe Size
Velocity for
Fitting wp|| Full Dise Lift [ % [ % || 1 J[va[va]] 2 [lws] 4 | 6 [8-10]12-16][18-24]
(General ||Water
ft/sec ||ft/sec K Value
) 100][ 35w [ 4.40 |[2.70][2.50][ 2.30 |[2.20][2.10][1.90][ 1.80|[1.70][1.50][1.40][ 1.30 | 1.20
Swing Check Valve
50 |[ 487 |[ 6.06 ][1.40][1.30][ 1.20][1.10][1.10][1.00][ 0.90]0.90][0.75][0.70][ 0.65 ][ 0.60
_ 600][ 40v% ]['5.06 |[16.2][15.0][13.08|[13.2][12.6][11.4][ 10.8][10.2][9.0][8.4 ][ 7.8 |[ 7.2
Lift Check Valve
55 | 140\ [ 17.7 ][1.50][1.40][ 1.30][1.20][120][1.10][ 1.00][0.94][0.83][0.77][ 0.72 ][ 0.66
o 5 |[ 80w |[10.13 I | Jlo-76][ 0.72][0.68][0.60][0.56][ 0.39 ]| 0.24
Tilting Disc Check Valve
15 || 307 || 3.80 230 2.20[2.00][1.80][1.70[| 120 || 0.72
Foot Valve with Strainer | 1| 5y |1 199 [[11.3]/10.5[| 9.70 ||9.30|[3.80][s.00{ 7.60 ?_10”6_30 5.90[| .50 5.0
Poppet Disc
Foot Valve with Strainer | ¢ || 35y |1 4 43 |[2.00([1.90 1.70 ||1.70[|1.70]{1 40| 1.40[1.30]|1.10{|1.10[| 1.00 || 0.90
Hinged Disc

Lampiran 1. 3 koefisien pipa Galvanis

: K values given below are for making estimates of friction loss in cases not covered in the previous tal

Type of Fitting | K Value
Disk or Wobble Meter 34-10
Rotary Meter (Star or Cog-Wheel Piston) 10
Reciprocating Piston Meter 15
Turbine Wheel (Double-Flow) Meter 5-75
Bends w/Corrugated Inner Radius 1.3 - 1.6 times value for smooth bend

Example: Determine L (friction loss 1n pipe fittings in terms of equivalent length
in feet of straight pipe).

Assume a 6" angle valve for Schedule 40 pipe size.

Select the appropriate K value for such and select D and f for Schedule 40 pipe
from the table below where K is the pipe diameter in feet.

Pipe Size D Pipe Size D Pipe Size D Pipe Size D

Inches f f Inches feet f Inches feet f Inches feet f

Sch. 40 | et Sch. 40 || 'e© Sch. 40 || €€ Sch. 40 || €€
Y 0.0518(|0.027 2% 0.20585(0.018 10 0.8350(|0.014 24 1.8857|10.012
3 0.0687||0.025 3 0.2557(|0.018 12 0.9948(|0.013 30 2.3333]|0.011
1 0.0874||0.023 4 0.3355(]0.017 14 1.0937)(0.013 36 2.8333)|0.011
1Ya 0.1150(|0.022 5 0.4206(0.016 16 1.250 (|0.013 42 3.3333)|0.010]
12 0.1342)|0.021 6 0.5054(0.015 18 1.4063)(0.012 48 3.8333||0.010]
2 0.1723]|0.019 8 0.6651(0.014 20 1.5678|(0.012

Lampiran 1. 2 koefisien pipa Galvanis




Table 9.1 Friction loss of water in pipe fittings in terms of equivalent length (L), feet of straight pipe
Gate Long | Sud Sud Swing | Angle | Globe
Valve radius | tee lee check valve | valve o weldi
Pipe | Approx - 90%or | - - Close valve - - 90 er:j:mg Miter bend
size, | inside | Friction | full 90° | 457 std | thru | branch | retumn — Full Full | Butterfly
in. | diam, in. [ factor | open | Elbow | elbow | flow | flow | bend | Fullopen | open | open valve |pd=1|ed=2| 45° | 90°
0.5 0.622 0,027 | 0.41 1.55 0.83 104 | 301 2.59 518 7.78 17.6
0.75 0.824 0.025 0.55 2.06 110 137 | 4.2 343 6.86 10.3 233
1 1.049 0.023 0.70 2.62 1.40 1L.75 5.25 4.37 874 13.1 297 - - - - -
1.25 1.380 0.022 0.92 345 1.84 2.30 6.50 5.75 11.5 17.3 EA
1.5 1.610 0.021 1.07 4.03 2.15 2.68 8.05 6.71 13.4 20.1 45.6
2| 2067 | oo [ 138 | 507 | 276 | 345 | 103 | 86l 17.2 258 | 586 1.75 345 | 207 | 258|103
25 2469 0018 1.65 617 329 412 123 103 2045 ing 0.0 .26 412 247 | 308|123
3 3.068 0018 | 2.04 7.67 4.09 511 153 12.8 255 384 86.9 115 511 307 | 384|153
41 4026 0017 | 2.68 10.1 537 | &7l 20.1 16.8 336 50.3 114 15.1 6.71 403 | 503 | 20.1
5| 5.047 0016 | 3.36 12.6 6.73 B.41 252 21.0 421 63.1 143 189 541 505 | 631|252
6| 6.065 0015 | 4.04 15.2 8.09 10.1 30.3 253 50.5 758 172 27 10.1 6.07 | 758 | 303
3| 7.981 0014 | 532 | 200 10.6 133 39.9 333 333 99.3 226 299 133 798 | 998 | 199
10 10,02 0.014 6.68 251 134 16.7 50.1 41.8 418 125 284 292 16.7 10.0 12.5 | 50.1
12| 11.538 0.013 7.96 298 159 19.9 59.7 49.7 49.7 149 338 348 199 11.9 149 | 597
14 | 13.124 0.013 B.75 328 17.5 218 65.6 54.7 547 164 372 38.3 21.8 13.1 16.4 | 65.6
16 15.00 0.013 10.0 375 20.0 250 75.0 62.5 625 188 425 313 250 15.0 18.8 | 75.0
18 | 16.876 0.012 169 422 225 28.1 244 70.3 T0.3 210 478 352 28.1 169 | 211 | 844
20| 18814 0012 | 125 | 470 251 34| 941 T84 T84 235 533 392 il4 188 | 23.5 | 941
24| 22.628 0012 ] 151 j6.6 3z | 37T 113 4.3 943 283 41 47.1 3T 26 | 283 113
30 28 0.011 18.7 70 373 | 467 140 117 - - - - 46.7 8 35 140
36 34 0011 | 227 85 453 6.7 170 142 56.7 34 43 170
42 40 0.010 26.7 100 533 66.7 200 167 - - - - 66.7 40 50| 200
48 46 0.010 30.7 115 61.3 76.7 230 192 76.7 46 58| 230
05w 6
LD s |30 | 16 | 20| e | so | 1% ys0 | 340 - 0 [ 12 |15 60
2810 48
= 50

el 2.17  Koefisien kerugian bagian pipa dengan pangecilan penampang secara tiba-

Lampiran 1. 5 koefisien pipa pvc

——

8 09 |
7 U.IJIl 0

tiba.
T
. el ]
| rf?,_ﬂ,_r! 0 | 0. (9.2{ 0.3 0.4' 05 06| 07 | 0,
| ) ' ] [
| s s | 048 | 0.451 0,41 u,se[ 029 021 ] 0,13 | o,

neter pipa besar

—r———

Lampiran 1. 4 Koefisien Reducer

1.0
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1°C plgn® (s’

T.°F p,slogh® g (lb-s)fi?

v, mfs v, [tYs
0 1000 ‘1788E-3 1788E-6 32 1940 373 E-5 1925E-$
10 1000 1307E-3 1307E-6 350 1940 273 E-5 1407E-5
20 098  1003E-3 100SE-6 68 1937 209 E-5 1082E-§
0 9% 079E-3 0S02E-6 86 1932 167 E-5 0S64E-$
40 992 0657E-3 0662E-6 104 1925 137 E-5 OTMIE-S
0 988 OS48E-3.0555E-6 122 - 1917 114 E-5 0597E-$
60 983 O46TE—-3 047SE-6 140 1908 0975E-5 0511E-S
0 918 040SE-3 0414E-6 158 1897 O846F-5 0446FE-$
80 92 03SSE-3 036SE-6 176 1386 0741E-5 0393E-$
5 - 955 O316E-3 0327E-6 194 1§13 0660E-5 03S2E-$
10 9% 023E-3 025E-6 212 1839 0318 E-5

0591 E-$

Lampiran 1. 7 Koefisien massa fluida

Material £ (mm)
Concrete, coarse 0.25
Concrete, new smooth 0.025
Drawn tubing 00025
(ilass, Plastic Perspex 0.0025
Iron, cast 015
Sewers, old 3.0
Steel, mortar lined 0.1 [~
Stew], rusted 0.5 -
Steel, structural or forged | 0,025

Water mains, old

1.1

Lampiran 1. 6 Koefisien kekasaran pipa
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[@ Pipe Flow Expert vB.16
File Edit Units Fluid
B b E e O f':".l ‘EI{-IIS.SI HE,Re.un:.sneet”ERsunsmF |||_|_5howLug ‘

[

Drawing Teols License Documentation Help

uid_[Zone 1: Water [998,000000 ko/r at 0 0bar.g, 20°C) | No Name x No Name Ho Name No Name

AUEAB Y GADLRBR LS| RE Y x| >

Join Foint o | (5] Pipe Flow Expert - Results - o x
File  Units
Elevation of Joi " =
m'“”ﬂ“r': Heo&l &6
Ppss  Pumps  FCVs FRVs  BFVs  Components MNodes  Energy  Factors  FluidZomes  FipeMaterisl  PipeFitings  AllResulls
Demands in
0 misec < Ppeld! PipeName I Fluid Zone 1 Material 1 Inner Diameter 3 Length 1 MassFlow 1 Vol Flow T velocity 1 FrictionLoss 1 EntryFitt Loss? ExitFitt, ~
and Notes mm m ka/sec m3fsec mfsec m.hd mhd mhd
Demands Out
Water (20°C 5t0 90 mm Steel (ANS 89,000 54,000 1,3972 0,0014 0,225 0,0% 0,000 0,001
o
misec Water (20°C at0 90 mm Steel (ANS 89,000 8,000 1,372 0,0014 0,225 0,007 0,014 0,001
Notes. Water (20°C 5t0 90 mm Steel (ANS 89,000 5,500 1,3972 0,0014 0,225 0,005 0,000 0,002
v
< >

Pipe: 2 v@ Pz

Length
8,000/ m

Diameter
89,000 mm

iam?

P1,1=00014

Roughness
0,150000| mm [ Makerial

| More. i v

Notes.
< >

Results Mode Grid X=315 Y=163 Non-Compressible Flow [Accurate] with Darcy-Weisbach Equation (Colebrook-White Friction Factors).

Lampiran 2. 1 Analisa Sistem Pemipaan Menggunakan Pipe Flow pipa 1

Material Galvanis

18] Pipe Flow Expert v8.16 — O X
p p

File Edit Units Fluid Drawing Tools License Documentation Help

EEdHe® S R | Sreesion || ResutsSteet| B ResutsFF | Stowlop |

[ Fud[zone 1:ister b 000000 kg st 0.targ 20| No Name o Name X No Name No Name
Ompersl @Meric €, & BRI mee o 0 B ox|oo
. ipe: Velocity i e
Join Point @
18 ipe Flow Expert - Resutts - O X
Elevation of Join
File  Units
im
HE OB E£d| &
Demands
0 mésec b/ Edt Pipes  Pumps FCVs PRWs  BPYs Components MNodes  Energy  Factors  FlidZones  FPipelMaterisls  PipeFitings  AlResulis
Demands Ot Ppeld] PpeName | Fudzone 1 Mateisl  { InnerDiameter Length 1 MessFlow I VolFw I Vebdty 1 Friconloss 1 EnfryFitt.Loss ExitFitt. A
0 msee | E and Notes mm m kgfeec m3fsec mjsec m.hd mhd m.hd
[ e Viater (20°C at0 80 mmPVC (ANSI 74,000 3900 1,972 00014 03% 0,007 0,000 0,003
ok
o e Vizter (20°C 5t0 80 mm Steel Sch. 74,000 15,100 1,872 0,004 0,3% 0,027 0,000 0,003
e Wizter (20°Cat0 80 mm Steel Sch. 74,000 1,000 1,387 0,004 0,3% 0,002 0,000 0,003
e Viater (20°C at0 80 mm SteelSch, 74,000 9,200 1,972 00014 03% 0,017 0,000 0,003
5 Wiater (20°Cat0 80 mm Steel Sch. 74,000 12,100 1,387 10,0014 0,3% 0,022 0,000 0,005
v
J— il 71| < >
Results Mode Grid X=324 Y=163 Pipe 1, P1, dP 0,0031 bar (0,031 m.hd Fluid) at Flow 0,0014 m’/sec @ 998,000000 kg/m! (1,3972 kg/sec), Velocity 0,326 m/sec

Lampiran 2. 2 Analisa Sistem Pemipaan Menggunakan Pipe Flow Pipa 2 material
PVC
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Lampiran 2. 3 Analisa Sistem Pemipaan Menggunakan Pipe Flow Pipa 2

Menggunakan Galvanis
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Lampiran 2. 4 Analisa Sistem Pemipaan Menggunakan Pipe Flow pipa 1
menggunakan PVC
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Lampiran 3 1 sistem pemipaan
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