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LAMPIRAN A.
TABEL DATA HASIL PENELITIAN
Tabel 1
Data pengujian pompa sentrifugal dengan mur pengunci impeller normal (tidak dimodifikasi)
oo | Tosse | ringoi
paw ada ompa ke Sl Tinggi volume gelas Volume
pade pomp pompa ke permukaan air | Ukur selama5 Debit Arus [Tegangan | Daya
reservoir ujung keluar detik gelas o S =
Bukaan Katup . tempat dalam e pompa | Listrik listrik Listrik
No. bawah ke pipa pada ukur rata-
! pemasangan manometer (Q) mn (E) (N)
sumbu reservoir rata (V)
manometer (hy)
pompa atas (hs) A V,
(hy) (h2) °
derajat % cm cm cm cm liter liter liter liter/detik| ampere volt watt
1 90 100,0 46 52,5 23 134,5 9,60 9,65 9,63 1,93 3,98 212 830
2 85 94,4 46 52,5 23 143,5 8,60 8,55 8,58 1,72 4,03 212 850
3 80 88,9 46 52,5 23 162,0 8,50 8,55 8,53 1,71 4,11 212 863
4 75 83,3 46 52,5 23 190,0 8,35 8,40 8,38 1,68 3,90 212 817
5 70 77,8 46 52,5 23 238,0 8,35 8,30 8,33 1,67 3,94 212 830
6 65 72,2 46 52,5 23 298,0 8,25 8,25 8,25 1,65 4,06 212 848
7 60 66,7 46 52,5 23 401,0 8,20 8,10 8,15 1,63 4,18 212 879
8 55 61,1 46 52,5 23 549,0 8,00 8,00 8,00 1,60 4,30 213 907
9 50 55,6 46 52,5 23 807,0 7,95 7,80 7,88 1,58 4,35 213 920
10 45 50,0 46 52,5 23 1037,0 7,70 7,50 7,60 1,52 4,24 214 898
11 40 44,4 46 52,5 23 1261,0 6,45 6,15 6,30 1,26 4,19 214 881
12 35 38,9 46 52,5 23 1476,0 5,00 4,80 4,90 0,98 4,08 214 864
13 30 35,3 46 52,5 23 tumpah 3,80 4,25 4,03 0,81 3,98 214 847




Tabel 2

Data pengujian pompa sentrifugal dengan mur pengunci impeller berbentuk tirus 30°
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Tinggi dari

Tinggi dari

ermukaan sumbu VU] e
pair ada ompa ke Sl Tinggi volume gelas Volume

pade pomp pompa ke permukaan air | Ukur selama5 Debit Arus [Tegangan | Daya

reservoir ujung keluar detik gelas o S =
Bukaan Katup . tempat dalam el pompa | Listrik listrik Listrik

No. bawah ke pipa pada ukur rata-
: pemasangan manometer Q) () (E) (N)
sumbu reservoir rata (V)
manometer (hg)
pompa atas (hs) A V,
(hy) (h2)

derajat % cm cm cm cm liter liter liter liter/detik| ampere volt watt

1 90 100,0 46 52,5 23 142 9,80 9,85 9,83 1,97 4,67 212 975

2 85 94,4 46 52,5 23 156 9,80 9,75 9,78 1,96 4,75 212 990
3 80 88,9 46 52,5 23 179 9,70 9,55 9,63 1,93 4,84 212 1007

4 75 83,3 46 52,5 23 212 9,55 9,55 9,55 1,91 4,48 212 930

5 70 77,8 46 52,5 23 253 9,55 9,35 9,45 1,89 4,55 212 942

6 65 72,2 46 52,5 23 319 9,40 9,35 9,38 1,88 4,64 212 962
7 60 66,7 46 52,5 23 452 9,35 9,25 9,30 1,86 4,80 213 1010
8 55 61,1 46 52,5 23 646 9,20 9,30 9,25 1,85 491 213 1020

9 50 55,6 46 52,5 23 835 8,95 8,90 8,93 1,79 4,68 213 980

10 45 50,0 46 52,5 23 1058 8,10 8,05 8,08 1,62 4,59 213 955

11 40 44 4 46 52,5 23 1245 7,00 6,90 6,95 1,39 4,57 213 952

12 35 38,9 46 52,5 23 1515 5,25 5,20 5,23 1,05 4,50 213 945

13 30 35,3 46 52,5 23 tumpah 4,05 4,15 4,10 0,82 4,32 213 908




Tabel 3

Data pengujian pompa sentrifugal dengan mur pengunci impeller peluru y = 1/6 x?
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Tinggi dari

Tinggi dari

permukaan sumbu Tinggit:jari Volume gelas
. sumbu Ay ukur selama 5
ar padg pompa - pompa ke Tinggl . detik Vel Debit Arus [Tegangan | Daya
reservoir ujung keluar permukaan air gelas o S =
Bukaan Katup : tempat pompa | Listrik listrik Listrik
No. bawah ke pipa pada emasangan dalam ukur rata- Q) () (E) (N)
sumbu reservoir pmanomegt]er manometer (h,) rata (V)
ompa atas
ik () (o) A
derajat % cm cm cm cm liter liter liter liter/detik| ampere volt watt
1 90 100,0 46 52,5 23 143,0 10,05 | 10,00 10,03 2,01 3,95 210 817
2 85 94,4 46 52,5 23 155,0 9,95 9,85 9,90 1,98 3,97 210 822
3 80 88,9 46 52,5 23 177,5 9,80 9,80 9,80 1,96 4,01 211 831
4 75 83,3 46 52,5 23 210,0 9,70 9,80 9,75 1,95 4,04 210 836
5 70 77,8 46 52,5 23 258,0 9,70 9,65 9,68 1,94 4,10 210 847
6 65 72,2 46 52,5 23 324,0 9,65 9,60 9,63 1,93 4,14 210 858
7 60 66,7 46 52,5 23 454,0 9,70 9,50 9,60 1,92 4,26 211 880
8 55 61,1 46 52,5 23 642,0 9,55 9,45 9,50 1,90 4,35 210 895
9 50 55,6 46 52,5 23 855,0 9,20 9,40 9,30 1,86 4,27 210 885
10 45 50,0 46 52,5 23 1065,0 8,70 8,40 8,55 1,71 4,16 210 860
11 40 44,4 46 52,5 23 1311,0 7,00 6,75 6,88 1,38 4,11 210 850
12 35 38,9 46 52,5 23 tumpah 5,50 5,65 5,58 1,12 4,05 210 839
13 30 35,3 46 52,5 23 tumpah 4,10 4,15 4,13 0,83 3,94 210 815
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Tabel 4
Data pengujian pompa sentrifugal dengan mur pengunci impeller berbentuk peluru y = 1/8 x*
Vg CETT TIATEN S Tinggi dari Volume gelas
permukaan sumbu
. sumbu N ukur selama 5
air pada pompa ke Tinggi : Volume .
; ! pompa ke ] detik Debit Arus [Tegangan | Daya
reservoir ujung keluar permukaan air gelas o S =
Bukaan Katup : tempat pompa | Listrik listrik Listrik
No. bawah ke pipa pada emasangan dalam ukur rata- Q) () (E) (N)
sumbu reservoir P 9 manometer (h,) rata (V)
pompa atas mancr:meter v v
() () " N
derajat % cm cm cm cm liter liter liter liter/detik| ampere volt watt
1 90 100,0 46 52,5 23 1415 10,10 9,90 10,00 2,00 4,15 210 860
2 85 94,4 46 52,5 23 156,0 9,90 9,85 9,88 1,98 4,18 210 868
3 80 88,9 46 52,5 23 175,0 9,75 9,65 9,70 1,94 4,23 210 877
4 75 83,3 46 52,5 23 202,0 9,60 9,55 9,58 1,92 4,25 210 880
5 70 77,8 46 52,5 23 247,0 9,55 9,40 9,48 1,90 4,29 210 888
6 65 72,2 46 52,5 23 313,0 9,40 9,35 9,38 1,88 4,32 210 897
7 60 66,7 46 52,5 23 438,0 9,25 9,25 9,25 1,85 4,52 210 937
8 55 61,1 46 52,5 23 625,0 9,20 9,25 9,23 1,85 4,67 210 965
9 50 55,6 46 52,5 23 861,0 9,10 9,20 9,15 1,83 4,48 210 935
10 45 50,0 46 52,5 23 1062,0 8,15 8,05 8,10 1,62 4,44 210 912
11 40 44,4 46 52,5 23 1250,0 7,00 6,90 6,95 1,39 4,39 210 900
12 35 38,9 46 52,5 23 tumpah 5,30 5,20 5,25 1,05 4,27 210 880
13 30 35,3 46 52,5 23 tumpah 3,80 3,95 3,88 0,78 4,25 210 876
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Tabel 5
Data pengujian pompa sentrifugal dengan mur pengunci impeller berbentuk peluru y = 1/10 x?
Vg CETT TIATEN S Tinggi dari Volume gelas
permukaan sumbu
. sumbu N ukur selama 5
air pada pompa ke Tinggi : Volume .
; ! pompa ke ] detik Debit Arus [Tegangan | Daya
reservoir ujung keluar permukaan air gelas o S =
Bukaan Katup : tempat pompa | Listrik listrik Listrik
No. bawah ke pipa pada emasangan dalam ukur rata- Q) () (E) (N)
sumbu reservoir P 9 manometer (h,) rata (V)
pompa atas mancr:meter v v
() (hy) (b ' i
derajat % cm cm cm cm liter liter liter liter/detik| ampere volt watt
1 90 100,0 46 52,5 23 142,0 9,90 10,00 9,95 1,99 3,84 215 810
2 85 94,4 46 52,5 23 151,0 9,95 9,95 9,95 1,99 3,86 215 820
3 80 88,9 46 52,5 23 171,0 9,90 9,85 9,88 1,98 3,88 215 828
4 75 83,3 46 52,5 23 195,0 9,80 9,85 9,83 1,97 3,92 215 832
5 70 77,8 46 52,5 23 237,0 9,80 9,70 9,75 1,95 3,98 215 839
6 65 72,2 46 52,5 23 312,0 9,65 9,55 9,60 1,92 4,03 213 850
7 60 66,7 46 52,5 23 432,0 9,50 9,55 9,53 1,91 4,17 213 868
8 55 61,1 46 52,5 23 568,0 9,45 9,50 9,48 1,90 4,26 213 890
9 50 55,6 46 52,5 23 861,0 9,35 9,25 9,30 1,86 4,28 213 898
10 45 50,0 46 52,5 23 1060,0 8,70 8,55 8,63 1,73 4,21 212 888
11 40 44,4 46 52,5 23 1307,0 7,15 6,70 6,93 1,39 4,12 213 873
12 35 38,9 46 52,5 23 tumpah 5,80 5,65 573 1,15 4,07 213 851
13 30 35,3 46 52,5 23 tumpah 4,10 4,00 4,05 0,81 3,98 211 830
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LAMPIRAN B
TABEL HASIL PERHITUNGAN
Tabel 1
Hasil perhitungan pompa sentrifugal dengan mur pengunci impeller tidak dimodifikasi (normal)
Tinggi dari Tinggi dari
Diameter Luas |Volume gelas \SE:JurTaetgre;?as Kecepatan | Massa permukaan air | sumbu pompa
. penampang [ukur selama 5 Debit pompa cepata .| pada reservoir ke tempat
No | Dalam Pipa : detik selama selang Aliran Air | Jenis Air
pipa : (Q) bawah ke sumbu| pemasangan
(D) waktu 5 detik V) (p)

(A) V) pompa manometer
Vi |V, (hy) (hs)
inch m m’ liter | liter liter liter/s | m’/s m/s kg/m® cm cm
1 | 1,25 ]0,03175| 0,000791 | 9,60 | 9,65 9,625 1,9250| 0,00193 2,4326 996,7 46 23
2 | 1,25 |0,03175| 0,000791 | 8,60 | 8,55 8,575 1,7150]| 0,00172 2,1672 996,7 46 23
3 | 1,25 |0,03175| 0,000791 | 8,50 | 8,55 8,525 1,7050| 0,00171 2,1546 996,7 46 23
4 | 1,25 |0,03175| 0,000791 | 8,35 | 8,40 8,375 1,6750| 0,00168 2,1167 996,7 46 23
5 | 1,25 |0,03175| 0,000791 | 8,35 | 8,30 8,325 1,6650 | 0,00167 2,1041 996,7 46 23
6 | 1,25 |0,03175| 0,000791 | 8,25 | 8,25 8,250 1,6500| 0,00165| 2,0851 996,7 46 23
7 |1,25]0,03175| 0,000791 | 8,20 | 8,10 8,150 1,6300| 0,00163| 2,0598 996,7 46 23
8 | 1,25 0,03175| 0,000791 | 8,00 | 8,00 8,000 1,6000| 0,00160 | 2,0219 996,7 46 23
9 | 1,25]0,03175| 0,000791 | 7,95 | 7,80 7,875 1,5750| 0,00158 | 11,9903 996,7 46 23
10 | 1,25 | 0,03175| 0,000791 | 7,70 | 7,50 7,600 1,5200| 0,00152 | 1,9208 996,7 46 23
11 | 1,25 | 0,03175| 0,000791 | 6,45 | 6,15 6,300 1,2600 | 0,00126 | 11,5923 996,7 46 23
12 | 1,25 | 0,03175| 0,000791 | 5,00 | 4,80 4,900 0,9800 | 0,00098 1,2384 996,7 46 23




Lanjutan tabel 1
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Tinggi air dalam
manometer

Head static cairan/selang ukur Mayor Minor Total Head Total | Daya Input | Daya Hidrolik Efisiensi
(Zs= hy + hy) losses YKL losses losses Pompa Pompa Pompa Pompa
! ! s h _ ( P2 - Pl j (hL,mayor) (hL,minor) (hL,totaI) (H) (Nin) (Nf) (r]p)

= =
Y

cm m cm m m - m m m watt watt %

69 0,690 134,5 1,345 0 2,28 0,6877 0,6877 2,71227 830 51,2717 6,1773
69 0,690 143,5 1,435 0 2,28 0,5458 0,5458 2,6708 850 44,7860 5,2689
69 0,690 162,0 1,620 0 2,28 0,5395 0,5395 2,8495 863 47,5032 5,5044
69 0,690 190,0 1,900 0 2,28 0,5207 0,5207 3,1107 817 50,9449 6,2356
69 0,690 238,0 2,380 0 2,28 0,5145 0,5145 3,5845 830 58,3541 7,0306
69 0,690 298,0 2,980 0 2,28 0,5052 0,5052 4,1752 848 67,3593 7,9433
69 0,690 401,0 4,010 0 2,28 0,4931 0,4931 5,1931 879 82,7645 9,4158
69 0,690 549,0 5,490 0 2,28 0,4751 0,4751 6,6551 907 104,1133 11,4789
69 0,690 807,0 8,070 0 2,28 0,4603 0,4603 9,2203 920 141,9911 15,4338
69 0,690 | 1037,0 10,370 0 2,28 0,4288 0,4288 11,4888 898 170,7458 19,0140
69 0,690 | 1261,0 12,610 0 2,28 0,2946 0,2946 13,5946 881 167,4831 19,0106
69 0,690 | 1476,0 14,760 0 2,28 0,1782 0,1782 15,6282 864 149,7508 17,3323




Tabel 2
Hasil perhitungan pompa sentrifugal dengan mur pengunci impeller berbentuk tirus 30°
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Tinggi dari Tinggi dari
: Luas Volume gelas| Volume Gelas permukaan air | sumbu pompa
Diameter ukur selama 5| ukur rata-rata , Kecepatan | Massa .
: penampang : Debit pompa . ; .. | pada reservoir ke tempat
No Dalam Pipa . detik selama selang Aliran Air | Jenis Air
pipa ) (Q) bawah ke sumbu| pemasangan
(D) waktu 5 detik V) (p)

(A) V) pompa manometer
Vi |V, (hy) (ha)
inch m m? liter | liter liter liter/s | m’s m/s kg/m?® cm cm
1 | 1,25 ]0,03175|0,00079133| 9,80 | 9,85 9,825 1,9650| 0,00197 | 2,4832 996,7 46 23
2 | 1,25 ]0,03175|0,00079133| 9,80 | 9,75 9,775 1,9550| 0,00196 | 2,4705 996,7 46 23
3 | 1,25 ]0,03175|0,00079133| 9,70 | 9,55 9,625 1,9250| 0,00193 | 2,4326 996,7 46 23
4 | 1,25 |0,03175/0,00079133| 9,55 | 9,55 9,550 1,9100| 0,00191 | 2,4137 996,7 46 23
5 | 1,25 | 0,03175|0,00079133| 9,55 | 9,35 9,450 1,8900| 0,00189 | 2,3884 996,7 46 23
6 | 1,25 |0,03175|0,00079133| 9,40 | 9,35 9,375 1,8750| 0,00188 | 2,3694 996,7 46 23
7 | 1,25 ]0,03175|0,00079133| 9,35 | 9,25 9,300 1,8600| 0,00186 | 2,3505 996,7 46 23
8 | 1,25 |0,03175|0,00079133| 9,20 | 9,30 9,250 1,8500| 0,00185| 2,3378 996,7 46 23
9 | 1,25 ]0,03175|0,00079133| 8,95 | 8,90 8,925 1,7850| 0,00179 | 2,2557 996,7 46 23
10 | 1,25 | 0,03175 |0,00079133| 8,10 | 8,05 8,075 1,6150| 0,00162 | 2,0409 996,7 46 23
11 | 1,25 | 0,03175 |0,00079133| 7,00 | 6,90 6,950 1,3900| 0,00139| 1,7565 996,7 46 23
12 | 1,25 | 0,03175 |0,00079133| 5,00 | 4,80 4,900 0,9800| 0,00098 | 1,2384 996,7 46 23




Lanjutan tabel 2

Tinggi air dalam
manometer

Head static cairan/selang ukur Mayor Minor Total Head Total | Daya Input | Daya Hidrolik Efisiensi

_ osses L osses osses ompa ompa ompa ompa
(zs= hy + hy) I YK I I P P P P

! ! s h _ ( P2 - Pl J (hL,mayor) (hL,minor) (hL,totaI) (H) (Nin) (Nf) (r]p)

, =
Y

cm m cm m m - m m m watt watt %
69 0,690 142,0 1,420 0 2,28 0,7166 0,7166 2,8266 975 54,3066 5,5699
69 0,690 156,0 1,560 0 2,28 0,7093 0,7093 2,9593 990 56,5673 5,7139
69 0,690 179,0 1,790 0 2,28 0,6877 0,6877 3,1677 1007 59,6218 5,9207
69 0,690 212,0 2,120 0 2,28 0,6770 0,6770 3,4870 930 65,1206 7,0022
69 0,690 253,0 2,530 0 2,28 0,6629 0,6629 3,8829 942 71,7548 7,6173
69 0,690 319,0 3,190 0 2,28 0,6524 0,6524 4,5324 962 83,0930 8,6375
69 0,690 452,0 4,520 0 2,28 0,6420 0,6420 5,8520 1010 106,4271 10,5373
69 0,690 646,0 6,460 0 2,28 0,6351 0,6351 7,7851 1020 140,8222 13,8061
69 0,690 835,0 8,350 0 2,28 0,5913 0,5913 9,6313 980 168,0955 17,1526
69 0,690 | 1058,0 10,580 0 2,28 0,4840 0,4840 11,7540 955 185,6062 19,4352
69 0,690 | 12450 12,450 0 2,28 0,3586 0,3586 13,4986 952 183,4575 19,2707
69 0,690 | 1515,0 15,150 0 2,28 0,1782 0,1782 16,0182 945 153,4878 16,2421




Tabel 3
Hasil perhitungan pompa sentrifugal dengan mur pengunci impeller berbentuk peluru y = 1/6 x*
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Tinggi dari Tinggi dari
: Luas Volume gelas| Volume Gelas permukaan air | sumbu pompa
Diameter ukur selama 5| ukur rata-rata , Kecepatan | Massa .
: penampang : Debit pompa . ; .. | pada reservoir ke tempat
No Dalam Pipa . detik selama selang Aliran Air | Jenis Air
pipa ) (Q) bawah ke sumbu| pemasangan
(D) waktu 5 detik V) (p)

(A) V) pompa manometer
Vi |V, (hy) (ha)
inch m m? liter | liter liter liter/s | m’s m/s kg/m?® cm cm
1 | 1,25 ]0,03175 |0,00079133|10,05| 10,00 10,025 2,0050| 0,00201 | 2,5337 996,7 46 23
2 | 1,25 ]0,03175|0,00079133| 9,95 | 9,85 9,900 1,9800| 0,00198 | 2,5021 996,7 46 23
3 | 1,25 ]0,03175|0,00079133| 9,80 | 9,80 9,800 1,9600| 0,00196 | 2,4768 996,7 46 23
4 | 1,25 |0,03175/0,00079133| 9,70 | 9,80 9,750 1,9500| 0,00195| 2,4642 996,7 46 23
5 | 1,25 | 0,03175|0,00079133| 9,70 | 9,65 9,675 1,9350| 0,00194 | 2,4453 996,7 46 23
6 | 1,25 |0,03175|0,00079133| 9,65 | 9,60 9,625 1,9250| 0,00193 | 2,4326 996,7 46 23
7 | 1,25 ]0,03175|0,00079133| 9,70 | 9,50 9,600 1,9200| 0,00192 | 2,4263 996,7 46 23
8 | 1,25 |0,03175|0,00079133| 9,55 | 9,45 9,500 1,9000| 0,00190| 2,4010 996,7 46 23
9 | 1,25 ]0,03175|0,00079133| 9,20 | 9,40 9,300 1,8600| 0,00186 | 2,3505 996,7 46 23
10 | 1,25 | 0,03175 |0,00079133| 8,70 | 8,40 8,550 1,7100| 0,00171| 2,1609 996,7 46 23
11 | 1,25 | 0,03175 |0,00079133| 7,00 | 6,75 6,875 1,3750| 0,00138| 1,7376 996,7 46 23
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Lanjutan tabel 3

Tinggi air dalam
manometer

Head static cairan/selang ukur Mayor Minor Total Head Total | Daya Input | Daya Hidrolik Efisiensi
(zs= hy + hy) losses YKL losses losses Pompa Pompa Pompa Pompa

h, (Pz - PlJ (N mayor) (himinor) | (ML ora) (H) (Nin) (N9 (Ne)

Y

cm m cm m m - m m m watt watt %
69 0,690 143,0 1,430 0 2,28 0,7460 0,7460 2,8660 817 56,1859 6,8771
69 0,690 155,0 1,550 0 2,28 0,7275 0,7275 2,9675 822 57,4505 6,9891
69 0,690 177,5 1,775 0 2,28 0,7129 0,7129 3,1779 831 60,9019 7,3287
69 0,690 210,0 2,100 0 2,28 0,7057 0,7057 3,4957 836 66,6494 7,9724
69 0,690 258,0 2,580 0 2,28 0,6948 0,6948 3,9648 847 75,0136 8,8564
69 0,690 324,0 3,240 0 2,28 0,6877 0,6877 4,6177 858 86,9136 10,1298
69 0,690 454.,0 4,540 0 2,28 0,6841 0,6841 5,9141 880 111,0258 12,6166
69 0,690 642,0 6,420 0 2,28 0,6699 0,6699 7,7799 895 144,5316 16,1488
69 0,690 855,0 8,550 0 2,28 0,6420 0,6420 9,8820 885 179,7182 20,3071
69 0,690 1065,0 10,650 0 2,28 0,5426 0,5426 11,8826 860 198,6747 23,1017
69 0,690 1311,0 13,110 0 2,28 0,3509 0,3509 14,1509 850 190,2474 22,3821




Tabel 4
Hasil perhitungan pompa sentrifugal dengan mur pengunci impeller berbentuk peluru y = 1/8 x*
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Tinggi dari Tinggi dari
: Luas Volume gelas| Volume Gelas permukaan air | sumbu pompa
Diameter ukur selama 5| ukur rata-rata , Kecepatan | Massa .
: penampang : Debit pompa . ; .. | pada reservoir ke tempat
No Dalam Pipa . detik selama selang Aliran Air | Jenis Air
pipa ) (Q) bawah ke sumbu| pemasangan
(D) waktu 5 detik V) (p)

(A) V) pompa manometer
Vi |V, (hy) (ha)
inch m m? liter | liter liter liter/s | m’s m/s kg/m?® cm cm
1 | 1,25 ]0,03175|0,00079133|10,10| 9,90 10,000 2,0000| 0,00200| 2,5274 996,7 46 23
2 | 1,25 ]0,03175|0,00079133| 9,90 | 9,85 9,875 1,9750| 0,00198 | 2,4958 996,7 46 23
3 | 1,25 |0,03175|0,00079133| 9,75 | 9,65 9,700 1,9400| 0,00194 | 2,4516 996,7 46 23
4 | 1,25 |0,03175/0,00079133| 9,60 | 9,55 9,575 1,9150| 0,00192 | 2,4200 996,7 46 23
5 | 1,25 | 0,03175|0,00079133| 9,55 | 9,40 9,475 1,8950| 0,00190 | 2,3947 996,7 46 23
6 | 1,25 |0,03175|0,00079133| 9,40 | 9,35 9,375 1,8750| 0,00188 | 2,3694 996,7 46 23
7 | 1,25 ]0,03175|0,00079133| 9,25 | 9,25 9,250 1,8500| 0,00185| 2,3378 996,7 46 23
8 | 1,25 |0,03175|0,00079133| 9,20 | 9,25 9,225 1,8450| 0,00185| 2,3315 996,7 46 23
9 | 1,25 ]0,03175|0,00079133| 9,10 | 9,20 9,150 1,8300| 0,00183 | 2,3126 996,7 46 23
10 | 1,25 | 0,03175 |0,00079133| 8,15 | 8,05 8,100 1,6200| 0,00162 | 2,0472 996,7 46 23
11 | 1,25 | 0,03175 |0,00079133| 7,00 | 6,90 6,950 1,3900| 0,00139| 1,7565 996,7 46 23




Lanjutan tabel 4
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Tinggi air dalam
manometer

Head static cairan/selang ukur Mayor Minor Total Head Total | Daya Input | Daya Hidrolik Efisiensi
(zs= hy + hy) losses YKL losses losses Pompa Pompa Pompa Pompa

! ! s h _ ( P2 - PlJ (hL,mayor) (hL,minor) (hL,totaI) (H) (Nin) (Nf) (r]p)

, =
Y

cm m cm m m - m m m watt watt %
69 0,690 | 1415 1,415 0 2,28 0,7423 0,7423 2,8473 860 55,6797 6,4744
69 0,690 | 156,0 1,560 0 2,28 0,7239 0,7239 2,9739 868 57,4277 6,6161
69 0,690 | 175,0 1,750 0 2,28 0,6984 0,6984 3,1384 877 59,5317 6,7881
69 0,690 | 202,0 2,020 0 2,28 0,6805 0,6805 3,3905 880 63,4852 7,2142
69 0,690 | 247,0 2,470 0 2,28 0,6664 0,6664 3,8264 888 70,8980 7,9840
69 0,690 | 313,0 3,130 0 2,28 0,6524 0,6524 4,4724 897 81,9930 9,1408
69 0,690 | 438,0 4,380 0 2,28 0,6351 0,6351 5,7051 937 103,1979 11,0137
69 0,690 | 625,0 6,250 0 2,28 0,6317 0,6317 7,5717 965 136,5915 14,1546
69 0,690 | 861,0 8,610 0 2,28 0,6215 0,6215 9,9215 935 177,5255 18,9867
69 0,690 | 1062,0 10,620 0 2,28 0,4870 0,4870 11,7970 912 186,8620 20,4893
69 0,690 | 1250,0 12,500 0 2,28 0,3586 0,3586 13,5486 900 184,1370 20,4597




Tabel 5
Hasil perhitungan pompa sentrifugal dengan mur pengunci impeller berbentuk peluru y = 1/10 x?
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Tinggi dari Tinggi dari
: Luas Volume gelas| Volume Gelas permukaan air | sumbu pompa
Diameter ukur selama 5| ukur rata-rata , Kecepatan | Massa .
: penampang : Debit pompa . ; .. | pada reservoir ke tempat
No Dalam Pipa . detik selama selang Aliran Air | Jenis Air
pipa ) (Q) bawah ke sumbu| pemasangan
(D) waktu 5 detik V) (p)

(A) V) pompa manometer
Vi |V, (hy) (ha)
inch m m? liter | liter liter liter/s | m’s m/s kg/m?® cm cm
1 | 1,25 ]0,03175 |0,00079133| 9,90 | 10,00 9,950 1,9900| 0,00199 | 2,5148 996,7 46 23
2 | 1,25 ]0,03175|0,00079133| 9,95 | 9,95 9,950 1,9900| 0,00199 | 2,5148 996,7 46 23
3 | 1,25 ]0,03175|0,00079133| 9,90 | 9,85 9,875 1,9750| 0,00198 | 2,4958 996,7 46 23
4 | 1,25 |0,03175/0,00079133| 9,80 | 9,85 9,825 1,9650| 0,00197 | 2,4832 996,7 46 23
5 | 1,25 | 0,03175|0,00079133| 9,80 | 9,70 9,750 1,9500| 0,00195| 2,4642 996,7 46 23
6 | 1,25 |0,03175|0,00079133| 9,65 | 9,55 9,600 1,9200| 0,00192 | 2,4263 996,7 46 23
7 | 1,25 ]0,03175|0,00079133| 9,50 | 9,55 9,525 1,9050| 0,00191 | 2,4073 996,7 46 23
8 | 1,25 |0,03175|0,00079133| 9,45 | 9,50 9,475 1,8950| 0,00190 | 2,3947 996,7 46 23
9 | 1,25 ]0,03175|0,00079133| 9,35 | 9,25 9,300 1,8600| 0,00186 | 2,3505 996,7 46 23
10 | 1,25 | 0,03175 |0,00079133| 8,70 | 8,55 8,625 1,7250| 0,00173| 2,1799 996,7 46 23
11 | 1,25 | 0,03175 |0,00079133| 7,15 | 6,70 6,925 1,3850| 0,00139| 1,7502 996,7 46 23




Lanjutan tabel 5
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Tinggi air dalam
manometer

Head static cairan/selang ukur Mayor Minor Total Head Total | Daya Input | Daya Hidrolik Efisiensi
(zs= hy + hy) losses YKL losses losses Pompa Pompa Pompa Pompa

! ! s h _ ( P2 - PlJ (hL,mayor) (hL,minor) (hL,totaI) (H) (Nin) (Nf) (r]p)

, =
Y

cm m cm m m - m m m watt watt %
69 0,690 | 142,0 1,420 0 2,28 0,7349 0,7349 2,8449 810 55,3546 6,8339
69 0,690 | 151,0 1,510 0 2,28 0,7349 0,7349 2,9349 820 57,1057 6,9641
69 0,690 | 171,0 1,710 0 2,28 0,7239 0,7239 3,1239 828 60,3243 7,2855
69 0,690 | 195,0 1,950 0 2,28 0,7166 0,7166 3,3566 832 64,4895 7,7511
69 0,690 | 237,0 2,370 0 2,28 0,7057 0,7057 3,7657 839 71,7973 8,5575
69 0,690 | 312,0 3,120 0 2,28 0,6841 0,6841 4,4941 850 84,3681 9,9257
69 0,690 | 432,0 4,320 0 2,28 0,6735 0,6735 5,6835 868 105,8623 12,1961
69 0,690 | 568,0 5,680 0 2,28 0,6664 0,6664 7,0364 890 130,3748 14,6489
69 0,690 | 861,0 8,610 0 2,28 0,6420 0,6420 9,9420 898 180,8094 20,1347
69 0,690 | 1060,0 10,600 0 2,28 0,5522 0,5522 11,8422 888 199,7354 22,4927
69 0,690 | 1307,0 13,070 0 2,28 0,3560 0,3560 14,1160 873 191,1587 21,8968




85

Tabel 6
Daftar Jenis Sambungan Pipa Yang Digunakan Serta Koefisien Kerugian
Minor (K.)
Jenis Sambungan (Fitting) Jflthrtr:rI]agh Nlilfli JurlzLIah
- Elbow 90° 1,25 inch 1 bh 0,90 0,90
- Shock drat 1,25 inch (ekspansi tiba-tiba) 1 bh 0,31 0,31
- Shock drat 1,5 inch (kontraksi tiba-tiba) 1 bh 0,15 0,15
- Reducer 1,25 - 1,5 inch 1 bh 0,07 0,07
- Katup kaki 1,25 inch 1 bh 0,80 0,80
- Katup Bola 1,25 inch terbuka penuh 1 bh 0,05 0,05
S K, 2.28

Sumber : Yunus A. Cengel (2006); Igor J. Karassik (2001)




Tabel 7
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Head total (H) pada debit (Q) yang sama untuk pompa sentrifugal dengan beberapa jenis
mur pengunci impeller

HEAD TOTAL (H)

DEBIT (Q) _ Peluru Peluru Peluru
NO Normal Tirus 30° y =1y y=1y2 y = L2
6 8 10
L/s m m m m m
1. 1,90 2,75 3,70 7,80 3,75 6,50
2. 1,85 2,70 7,80 10,10 9,00 10,20
3. 1,80 2,70 9,35 10,90 10,35 11,10
4. 1,75 2,65 10,20 11,50 10,80 11,60
5. 1,70 2,90 10,80 12,00 11,20 12,05
6. 1,65 4,25 11,40 12,35 11,60 12,45
7. 1,60 6,70 11,90 12,70 11,95 12,75
8. 1,55 10,90 12,34 13,02 12,36 13,08
9. 1,50 11,75 12,75 13,35 12,76 13,40
10. 1,45 12,20 13,10 13,65 13,10 13,70
11 1,40 12,60 13,45 13,98 13,50 14,02




Tabel 8
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Efisiensi (np) pada debit (Q) yang sama untuk pompa sentrifugal dengan beberapa jenis mur
pengunci impeller

EFISIENSI (n)
DEBIT (Q) _ o Peluru Peluru Peluru
NO. Normal Tirus 30 9 e Al v o Al PR (I
6 8 10
L/s % % % % %
1. 1,90 6,10 7,30 16,20 7,75 13,70
2. 1,85 5,85 13,80 20,70 17,00 20,60
3. 1,80 5,60 16,75 22,10 19,55 21,90
4, 1,75 5,40 17,90 22,80 20,00 22,35
5. 1,70 5,65 18,65 23,15 20,20 22,55
6. 1,65 8,00 19,20 23,20 20,40 22,55
7. 1,60 11,50 19,50 23,10 20,55 22,45
8. 1,55 18,30 19,65 22,95 20,60 22,35
9. 1,50 19,20 19,65 22,75 20,55 22,20
10. 1,45 19,35 19,55 22,60 20,50 22,05
11. 1,40 19,35 19,35 22,45 20,45 21,90
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Tabel 9

Efisiensi maksimum pompa sentrifugal dengan beberapa jenis mur
pengunci impeller

. Efisiensi Terjadi pada
Bentuk mur pengunci .
No. rrrscliE maksimum Debit (L/ Head total
(%) ebit (L/s) .
Konvensional (normal) 19,0140 1,5200 11,4888
Tirus 30° 19,4352 1,6150 11,7540
Peluruy = 1/6 X 23,1017 1,7100 11,8826
Peluruy = 1/8 x* 20,4893 1,6200 11,7970

Peluru y = 1/10 x? 22,4927 1,7250 11,8422
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LAMPIRAN C

GRAFIK HASIL PERHITUNGAN
1. Grafik Karakteristik Masing-Masing Pompa Sentrifugal Dengan
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Gambar 1. Grafik hubungan antara head total (H), efisiensi (n,) dengan debit (Q)
untuk pompa sentrifugal dengan mur pengunci impeller tanpa
modifikasi (normal).
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Gambar 2. Grafik hubungan antara head total (H), efisiensi (n,) dengan debit (Q)
untuk pompa sentrifugal dengan mur pengunci impeller berbentuk

tirus 30°
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Gambar 3 Grafik hubungan antara head total (H), efisiensi (n,) dengan debit (Q)
untuk pompa sentrifugal dengan mur pengunci impeller berbentuk
peluruy = 1/6 x*
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Gambar 4 Grafik hubungan antara head total (H), efisiensi (n,) dengan debit (Q)
untuk pompa sentrifugal yang menggunakan mur pengunci impeller
berbentuk peluruy = 1/8 x?
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Gambar 5 Grafik hubungan antara head total (H), efisiensi (n,) dengan debit (Q)
untuk pompa sentrifugal yang menggunakan mur pengunci impeller
berbentuk peluru y = 1/10 x*



2. Grafik Karakteristik Gabungan
Beberapa Bentuk Mur Pengunci Impeller
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Pompa Sentrifugal Dengan
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Gambar 6 Grafik hubungan antara head total (H) dengan debit (Q) untuk pompa
sentrifugal dengan beberapa jenis mur pengunci impeller
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Gambar 7 Grafik hubungan antara head (H) dengan debit (Q) pada nilai debit
yang sama untuk pompa sentrifugal dengan beberapa jenis mur
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Gambar 8 Grafik hubungan antara efisiensi (n) dengan debit (Q) untuk pompa
sentrifugal dengan beberapa jenis mur pengunci impeller
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Gambar 9 Grafik hubungan antara efisiensi (n,) dengan debit (Q) pada nilai
debit yang sama untuk pompa sentrifugal dengan beberapa jenis mur
pengunci impeller



Physical Properties of Water (BG Units)*

SIFAT-SIFAT FISIK AIR

LAMPIRAN D

Specific Dynamic Kinematic Surface Vapor Speed of
Density, Weighth, Viscosity, Viscosity, Tension®, Pressure, Sound?,
Temperature ] Y I v o Py c

(°F) (slugs/ft’) (Ib/ft3) (Ib-s/ft?) (ft*/s) (Ib/ft) [Ib/in%(abs)] (ft/s)
32 1.940 62.42 3732 E—5 1.924 E — 5 518 E—3 8854 E-—2 4603
40 1.940 62.43 3228 E—5 l.e64 E — 5 513 E—3 1.217 E—-1 4672
50 1.940 62.41 2730 E—5 1.407 E—5 509 E—3 1.781 E—1 4748
60 1.938 62.37 2344 E—5 1.210 E—-5 503 E—3 2563 E—-1 4814
70 1.936 62.30 2037 E-—5 1.052 E-—5 497 E—3 3631 E—1 4871
80 1.934 62.22 1.791 E—35 9262 E—6 491 E—3 5060 E—1 4819
90 1.931 62.11 1.500 E—35 8233 E—6 486 E —3 6979 E—-1 4960
100 1.927 62.00 1423 E-— 35 7383 E-—6 479 E —3 9493 E — 1 4995
120 1.918 61.71 1.164 E — 5 6.067 E—6 467 E—3 1.692 E+ 0 5049
140 1.908 61.38 0743 E— 6 5106 E—6 453 E—3 2888 E+ 0 5091
160 1.896 61.00 8315 E—6 4385 E-—-6 440 E—3 4736 E+ 0 5101
180 1.883 60.58 7207 E—6 3827 E—6 426 E—3 7507 E+0 5195
200 1.869 60.12 6342 E—6 3393 E—6 412 E—3 1.152 E+ 1 5089
212 1.860 59.83 5886 E—6 3165 E—6 404 E—3 1469 E + 1 5062

“Based on data from Handbook of Chemistry and Physics, 69th Ed., CRC Press, 1988. Where necessary, values obtained by interpolation.

"Density and specific weight are related through the equation ¥ = pg. For this table, g = 32.174 ft/s".

“In contact with air.

“From R. D. Blevins, Applied Fluid Dynamics Handbook, Van Nostrand Reinhold Co., Inc., New York, 1984,
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Physical Properties of Water (SI Units)*
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Specific Dynamic Kinematic Surface Vapor Speed of
Density, Weight", Viscosity, Viscosity, Tension®, Pressure, Sound?,
Temperature p 0% 1 v a P c

°C) (kg/m%)  (kN/m?) (N-s/m?) (m*/s) (N/m) [N/m’(abs)] (m/s)
0 999.9 9.806 1.787 E—3 1.787 E —6 756 E —2 6.105 E+ 2 1403
5 1000.0 0.807 1.519 E—3 1.519 E—6 749 E —2 8722 E+ 2 1427
10 999.7 9.804 1.307 E—3 1.307 E—6 742 E -2 1228 E+ 3 1447
20 998.2 0.789 1.002 E—3 1.004 E —6 728 E —2 2338 E+ 3 1481
30 995.7 9.765 7975 E—4 8.009 E—7 712 E -2 4243 E+ 3 1507
40 992.2 9.731 6.529 E —4 6.580 E —7 696 E —2 7376 E+ 3 1526
50 988.1 9.690 5468 E — 4 5534 E—-7 6.79 E -2 1233 E+ 4 1541
60 983.2 0.642 4665 E —4 4745 E —7 6.62 E—2 1992 E+ 4 1552
70 977.8 9.589 4042 E—4 4134 E—7 644 E —2 3116 E+ 4 1555
80 971.8 0.530 3547 E—4 3650 E —7 6.26 E — 2 4734 E+ 4 1555
90 965.3 9.467 3147 E-—4 3260 E —7 6.08 E—2 7010 E+ 4 1550
100 958.4 0.399 2818 E—4 2940 E—7 589 E -2 1013 E+ 35 1543

|
“Based on data from Handbook of Chemistry and Physics, 69th Ed., CRC Press, 1988,

"Density and specific weight are related through the equation ¥ = pg. For this table, g = 9.807 m/s%.

“In contact with air.

“From R. D. Blevins, Applied Fluid Dynamics Handbook, Van Nostrand Reinhold Co., Inc.. New York, 1984,

Tabel sifat-sifat fisik air
Sumber : Bruce R. Munson (2003)



LAMPIRAN E
DIAGRAM MOODY
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Diagram Moody untuk menentukan nilai faktor gesek (f) berdasarkan pada nilai kekasaran relatif (¢/D) dan bilangan Reynold (Re)
Sumber : Bruce R. Munson (2003)



LAMPIRAN F
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NILAI KEKASARAN EKIVALEN

PIPA KOMERSIAL BARU

Equivalent roughness values for

new commercial pipes™

Roughness, &

Material ft mm
Glass, plastic O (smooth)
Concrete 0.003-0.03 0.9-9
Wood stave 0.0016 0.5
Rubber,

smoothed 0.000033 0.01
Copper or

brass tubing 0.000005 0.0015
Cast iron 0.00085 0.26
Galvanized

iron 0.0005 0.15
Wrought iron 0.00015 0.046
Stainless steel O.000007/7 0.002
Commercial

steel 0.00015 0.045

*The uncertainty in these values can be as much

as =60 percent.

Tabel 1. Nilai kekasaran ekivalen pipa komersial baru
Sumber : Yunus A. Cengel (2006)



Equivalent Roughness for New Pipes [From Moody
(Ref. 7) and Colebrook (Ref. 8)]

Equivalent Roughness, ¢

Pipe Feet Millimeters
Riveted steel 0.003-0.03 0.9-9.0
Concrete 0.001-0.01 0.3-3.0
Wood stave 0.0006-0.003 0.18-0.9
Cast iron 0.00085 0.26
Galvanized iron 0.0005 0.15
Commercial steel

or wrought iron 0.00015 0.045
Drawn tubing 0.000005 0.0015
Plastic, glass 0.0 (smooth) 0.0 (smooth)

Tabel 2. Nilai kekasaran ekivalen pipa komersial baru
Sumber : Bruce R. Munson (2003)
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LAMPIRAN G

FAKTOR GESEK
PADA BEBERAPA NILAI KEKASARAN RELATIF

Relative Friction
Roughness, Factor,
e/D f
0.0* 0.0119
0.00001 0.0119
0.0001 0.0134
0.0005 0.0172
0.001 0.0199
0.005 0.0305
0.01 0.0380
0.05 0.0716
*Smooth surface. All values are for Re = 1068,
and are calculated from Colebrook equation.

The friction factor 1s

minimum for a smooth pipe
and increases with roughness.
Sumber : Yunus A. Cengel (2006)
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LAMPIRAN H
NILAI KOEFISIEN KERUGIAN MINOR (K. ) PADA BERBAGAI
JENIS PERALATAN PIPA

100

TABLE 14-4

Loss coefficients K, of various pipe components for turbulent flow

(for use in the relation h, = K, V3/(2g) where V" is the mean velocity in the pipe that contains the component)*
Pipe Entrance

Reentrant: K, = 0.80
(t<< Dand /|~ 0.1D)

— D

——

—

t

Sharp-edged: K, = 0.50

Well-roun

(see Fig.

Slightly rounded (/D = 0.1): K, = 0.12

L

ded (/D = 0.2): K, = 0.03

14-36)

D

Pipe Exit
Reentrant: K, = 1.0

Sharp-edged: K, = 1.0

—

Rounded: K, = 1.0

L

Sudden Expansion and Contraction (based on the velocity in the smaller-diameter pipe)

) ar2 2
Sudden expansion: K, = (1 7?)

— | d

it

Sudden contraction: See chart.

d —)

¥

0.6

0.4

02

\\
\ — K for sudden
\inmcllon
‘\\
0 02 04 0.6 0.8 1.0

&D?

Gradual Expansion and Contraction (based on the velocity in the smaller-diameter pipe)

Expansion:

K, = 0.02 for g = 20°
K, = 0.04 for # = 45°
K, = 0.07 for 8 = 60°

Contraction (for = 20°):
K, =10.30for d/D = 0.2
K, = 0.25fordiD = 0.4
K. = 0.15ford/D = 0.6
K. = 0.10 for d/D = 0.8

I -

D e

L=

d —
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Bends and Branches
9(r smooth bend:
Flanged: K, = 0.3
Threaded: K, = 0.9

Vi

[

9P miter bend
(without vanes): K, = 1.1

90° miter bend
(with vanes): K, = 0.2

V-

=,

45° threaded elbow:
K, =04

180CF return bend:
Flanged: K; = 0.2
Threaded: K, = 1.5

N

L

Tee (branch flow):
Flanged: K, = 1.0
Threaded: K; = 2.0

Tee (line flow):
Flanged: K, = 0.2
Threaded: K, = 0.9

=l

Threaded union:
K, =0.08

V"

Valves
Globe valve, fully open: K, =
Angle valve, fully open: K, =

Swing check valve: K, = 2

10
5

Ball valve, fully open: K, = 0.05

Gate valve, fully open: K; = 0.2

;Closed: K, =03
lzclosed: K =21
Zclosed: K, =17

*These are representative values for loss coefficients. Actual values strongly depend on the design and manufacture of the components and may differ from the
given values considerably (especially for valves). Actual manufacturer's data should be used in the final design.

Tabel 1. Daftar Nilai koefisien kerugian minor (K.)
pada berbagai jenis peralatan pipa

Sumber : Yunus A. Cengel (2006)
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2
Loss Coefficients for Pipe Components (}:_;_ =K, %) {Data from Refs. 5, 10, 27)
Component K,

a. Elbows
Regular 907, flanged 0.3 Vo=
Regular 90°, threaded 15 ‘r}

Long radius 90°, flanged 0.2 {

Long radius 907, threaded 0.7

Long radius 45°, flanged 0.2

Regular 45°, threaded 0.4 v "'“_I\\
_m\\

b. 180° return bends e
1807 retumn bend, flanged 0.2
1807 return bend, threaded 1.5 :D

——

c. Tees 1 L
Line flow, flanged 0.2 | i
Line flow, threaded 0.9 Vo
Branch flow, flanged 1.0 !
Branch flow, threaded 20 4k

| 1
v o= J
d. Union, threaded 0.08
—_—

“e. Valves Vo= -
Globe, fully open 10
Angle, fully open 2
Gate, fully open (.15
Gate, § closed 0.26
Gate, 1 closed 2.1
Gate, § closed 17
Swing check, forward flow 2
Swing check, backward flow %

Ball valve, fully open (.05
Ball valve,% closed 5.5
Ball valve,  closed 210

*See Fig. 8.3 for typical valve geometry
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m FIGURE 8.26
Loss coefficient for a sud-
den contraction (Ref. 10).

1.0

1.0

0.8 Ay fAz h =K, V_%
e 2

0.6

KL
0.4
0.2
0 B FIGURE 8.27
0 02 0.4 0.6 08 Loss coefficient for a sudden

AylAy expansion (Ref. 10).

Tabel 2. Daftar Nilai koefisien kerugian minor (K.)
pada berbagai jenis peralatan pipa
Sumber : Bruce R. Munson (2003)



TABLE 5A RHesistance coefficients for K for valves and fittings
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=
BELL - MOUTH REGULAR  Oud bty
IMLET OR REDUCER SCREWED O3 S
K= 05 A5%ELL -:1% L
p 0305 T 4
63
LOMG Hﬁz
SOUAKE EDGED INLET Rapis W =
KeD.5 : F'—““mm
"5'E"LD'= z 46 10 20
TIT
s
IFFWERD PROJECT ING PIPE SCREWED g
KD RETURM . e
BEND o .
1
] %.3 05 1 2 &
04 H =
k! -
WOTE: K DECREASES WITH FLANGED g2 ™ N
IMCHEASING WALL THICKMESS OF RETLIRM LONG T
FIFE 4KD ROUINDING OF EDGES sEno "o, [ | FADILS =
D v 2 4 & 10 g0
b 11
> s !
REGULAR K K
SCREWED : - LNE, 0B !
0% ELL = e T
: B3OS 1 2 4
o%%aos 1 2 4
0.8 = E?E‘EED ) 3
0.6 BRANCH
LONG K H—h] FLOow K 2
RADILS -4 1T
e o2 ; b3oz -
L B B . 1 =
o™ %308 1 o 4 ¢ -
ng - LINE o2 2 i
REGULAR =7 - - K =
FLanGED 0 =1 1; FLBW “q4 e
a0 ELL EIE ! } 0.08
[ T T T o1 2 4§ D 20
1 FLaNGED I L1
03 1
LONG 2 - TEE 1 - T
RAapiUs - ?RANCH a6
FLANGED e Low
8 gpeE L O == O i
n 1 2 45 10 20 b 1z 486 i0 20
'|'I#
Bk 5 FEET (METERS) CF FLUID

NOTE: I = nominsl iron pipe size in inches (in x 25.4 = mm). (Hydraulic Institute Engineer-
ing Data Book, Reference 5)



TABLE 5B Resistance coefficients K for valves and fittings
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AY IS L)
1L
2 48 W N
1l llHl" [
“
GLOBE F]
ED 2 46 W0 N
FLANG D
. . h =
e
1
3 . "% W ~
BUTTERFLY VALVE ,
FULL OPEN KM
? i f -N;
1] “ " Ll
3 2 ‘Jp—‘ || 24
- r"" 08 2
COUPLINGS b
4 6 W0 AND UNIONS o T W 2 .4
REDUCING BUSHING
AND COUPLING
v‘ ld?
_u'-“ wegos.30
X B i A
T _[T=77] SUDDEN ENLARGEMENT
% u-ﬁl.ﬁfmum
SEL ALSO EGUATION 18
$age  BOTHAT vy =
aoo 10 -.%ﬂmum

NOTE: D = nominal iron pipe size in inches (in % 25.4 = mm). For velocities below 15 ft/s (4.6 my/s), check

valves and foot valves will be only partially open and will exhibit higher values of K than shown.



TABLE 5C Approximate variation for K listed in Tables 5a and 5h

Fitting Range of variation, %
907 elbow Regular screwed +20 above 2-in size®
Regular screwed +40 below 2-in size
Long radius, screwed +25
Regular flanged =35
Long radius, flanged =30
457 elbow Regular screwed *10
Long radius, flanged =10
1807 bend Regular screwed +25
Regular flanged +35
Long radius, flanged =30
T Screwed, line or branch flow =25
Flanged, line or branch flow =35
Globe valve Screwed =25
Flanged +25
Gate valve Serewed +25
Flanged =50
Check valve® Screwead +30
Flanged +200
—50
Sleeve check valve _ Multiply flanged values by 0.2
to 0.5
Tilting check valve _ Multiply flanged values by 0.13
to 0.19
Drainage gate check —— Multiply flanged values by 0.03
to 0.07
Angle valve Serewed +=20
Flanged =50
Basket strainer _ =50
Foot valve® _ =50
Couplings _ =50
Unions _ =50
Reducers _ =50
#In 3 254 = mm.

*For velocities below 15 ftfs (4.6 mv's), check valves and foot valves will be only partially open and
will exhibit hagher values of K than shown.

Source: Reference 9.

Tabel 3. Daftar Nilai koefisien kerugian minor (K.)

pada berbagai jenis peralatan pipa

Sumber : Igor J Karassik (2003)
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LAMPIRAN |
GAMBAR DAN SPESIFIKASI POMPA SENTRIFUGAL

Gambar pompa sentrifugal tipe aliran radial

- Type : AQUA 401 A

- Suction head © 8m

- Discharge head : 125m

- Total head . 20,5

- Power . 400 watt

- Max capacity ;340 L/minute

- Pipe diameter . 1% x 1% inch
- Putaran 2850 rpm

- V/Hz/Ph : 220/50/1

Spesifikasi pompa sentrifugal tipe aliran radial
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LAMPIRAN J

SPESIFIKASI WATT METER

I —

AC WATT (true power)

Range Accuracy Resolution
2000 W +(1%+1d) 1w
6000 W +(1%+1d) 10W

e Input Voltage : 0 to 600 ACV
e Input Current : 0 to 10 ACA
e Frequency Characteristic : 45 Hz — 65 Hz

AC VOLTAGE

Range Accuracy Resolution
200V +(0,8 % + 1d) 0,1V

600 V +(0,8% + 1d) 1V

e Frequency Characteristic : 45 Hz — 65 Hz
e Input Impedance : 1 Mega ohm

AC CURRENT
Range Accuracy Resolution
10 A +(1%+1d) 10 mA

e Max. Input Current: 10 A
e Voltage drop (in case of full scale) : 200 AC mV
e Frequency Characteristic : 45 Hz — 65 Hz

DC VOLTAGE

Range Accuracy Resolution
200V + (0,8 % + 1 d) 0,1V

600 V +(0,8 % +1d) 1V

e Input Impedance : 1 Mega ohm

DC CURRENT

Range Accuracy Resolution
10 A + (1% + 1d) 10 mA

e Voltage drop (in case of full scale) : 200 DC mV
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LAMPIRAN K
FOTO-FOTO PENELITIAN

Gambar 1. Pembuatan instalasi
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Gambar 2. Reparasi pompa
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Gambar 3. Rumah keong (volute casing), impeller pompa sentrifugal jenis semi-open impeller, dan mur pengunci

impeller (locknut impeller)
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Gambar 4. Pemasangan instalasi pompa
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Gambar 5. Setting alat pengujian
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Gambar 6. Pengukuran debit
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Gambar 7. Manometer Cairan (Selang Ukur)
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Gambar 8. Rangkaian alat ukur daya (wattmeter)



