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LAMPIRAN 

Lampiran 1  Tabel hasil pengamatan pengujian debit aliran dan tekanan pada 

pipa PVC 

Pipa PVC 

Pengambilan 

Data ke - 

PK 

(◦) 

Debit 

aliran 

(m3/s) 

Belokan 1 Belokan 2 Belokan 3 

Teka

nan 

di 

titik  

1 

(Psi) 

Teka

nan 

di 

titik 

2 

(Psi) 

Teka

nan 

di 

titik 

3 

(Psi) 

Teka

nan 

di 

titik 

4 

(Psi) 

Teka

nan 

di 

titik 

5 

(Psi) 

Teka

nan 

di 

titik 

6 

(Psi) 

1 

50 0.00027 3.6 3.5 2.9 2.8 2.3 2.1 

60 0.00035 3.9 3.7 3.3 2.9 2.5 2.3 

70 0.00039 4 3.8 3.4 3 2.7 2.5 

80 0.00042 4.2 3.9 3.6 3.3 2.8 2.4 

90 0.00045 4.4 4.1 3.6 3.4 3.1 2.7 

2 

50 0.00026 3.4 3.3 2.9 2.8 2.3 2.1 

60 0.00034 3.8 3.6 3.2 3 2.4 2.2 

70 0.00038 3.9 3.7 3.3 3.1 2.6 2.3 

80 0.00041 4.2 3.8 3.6 3.2 2.7 2.3 

90 0.00048 4.6 4.1 3.7 3.3 2.9 2.5 

3 

50 0.00026 3.5 3.4 2.7 2.6 2.2 2 

60 0.00032 3.6 3.5 3.2 3 2.3 2.1 

70 0.00035 4.1 3.9 3.3 3.1 2.4 2.2 

80 0.0004 4.2 4 3.4 3.1 2.8 2.4 

90 0.00043 4.3 3.9 3.5 3.2 3 2.6 

4 

50 0.00025 3.5 3.4 2.7 2.6 2.3 2.1 

60 0.00033 3.7 3.5 3.2 3 2.4 2.2 

70 0.00038 4 3.8 3.3 3.1 2.6 2.4 

80 0.00041 4.2 3.9 3.5 3.2 2.8 2.4 

90 0.00046 4.5 4.1 3.6 3.2 2.9 2.5 

5 

50 0.00027 3.6 3.4 2.8 2.7 2.3 2 

60 0.00035 3.8 3.6 3.2 3.1 2.5 2.3 

70 0.00039 4 3.8 3.4 3.2 2.7 2.4 

80 0.00042 4.2 3.9 3.6 3.4 2.7 2.4 

90 0.00047 4.6 4.2 3.7 3.4 3 2.6 

6 

50 0.00025 3.4 3.1 2.7 2.6 2.3 2.2 

60 0.00033 3.6 3.4 3.2 3 2.3 2.2 

70 0.00038 4 3.8 3.3 3.1 2.6 2.3 

80 0.00042 4.2 3.9 3.6 3.1 2.8 2.5 

90 0.00046 4.5 4 3.7 3.4 2.9 2.5 
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7 

50 0.00024 3.3 3.2 2.6 2.5 2.1 1.9 

60 0.00034 3.7 3.6 3.2 3.1 2.4 2.2 

70 0.00038 4 3.8 3.2 3.1 2.5 2.2 

80 0.0004 4.2 3.9 3.6 3.2 2.8 2.4 

90 0.00047 4.6 4.2 3.7 3.2 2.9 2.4 

8 

50 0.00028 3.7 3.5 2.9 2.6 2.2 2 

60 0.00035 3.8 3.6 3 2.9 2.3 2.1 

70 0.0004 4.2 3.8 3.4 3.2 2.5 2.3 

80 0.00045 4.4 4.1 3.8 3.2 2.7 2.4 

90 0.00048 4.7 4.2 3.8 3.3 3 2.4 

9 

50 0.00027 3.5 3.4 2.8 2.6 2.2 2.1 

60 0.00035 3.8 3.7 3.3 3.1 2.4 2.2 

70 0.00039 4 3.8 3.4 3.2 2.6 2.3 

80 0.00042 4.2 4 3.6 3.3 2.8 2.4 

90 0.00047 4.6 4.1 3.7 3.3 2.9 2.6 

10 

50 0.00026 3.5 3.4 2.7 2.6 2.3 2.1 

60 0.00033 3.6 3.5 3.2 3 2.4 2.3 

70 0.00037 4.2 3.9 3.5 3 2.7 2.3 

80 0.00044 4.4 4.2 3.7 3.1 2.8 2.4 

90 0.00048 4.8 4.3 3.8 3.4 3.1 2.8 

11 

50 0.00029 3.8 3.7 2.8 2.6 2.2 2.1 

60 0.00035 3.9 3.8 3.3 3 2.3 2.2 

70 0.00038 4.2 4 3.5 3.1 2.6 2.3 

80 0.00043 4.4 4.1 3.6 3.3 2.8 2.4 

90 0.00048 4.7 4.3 3.7 3.5 3.1 2.6 

12 

50 0.00027 3.7 3.6 2.8 2.6 2.3 2.2 

60 0.00034 3.8 3.6 3.2 2.9 2.5 2.3 

70 0.00038 4.2 4 3.3 3 2.6 2.3 

80 0.00043 4.4 4.1 3.6 3.1 2.9 2.5 

90 0.00047 4.6 4.2 3.9 3.3 3 2.4 

13 

50 0.00028 3.6 3.5 2.8 2.7 2.4 2.3 

60 0.00035 3.8 3.6 3.2 2.9 2.5 2.4 

70 0.00039 4 3.8 3.4 2.9 2.6 2.4 

80 0.00042 4.2 4 3.5 3.3 2.8 2.4 

90 0.00045 4.5 4 3.6 3.3 2.9 2.7 

14 

50 0.00026 3.6 3.5 2.7 2.6 2.2 2.1 

60 0.00034 3.8 3.7 3.2 2.9 2.3 2.2 

70 0.00038 4.2 4 3.3 3 2.7 2.4 

80 0.00043 4.4 4.1 3.5 3.1 2.8 2.5 

90 0.00049 4.8 4.2 3.8 3.4 3.1 2.6 

15 

50 0.00027 3.7 3.6 2.8 2.6 2.1 2 

60 0.00035 3.8 3.7 3.2 2.8 2.3 2.1 

70 0.00039 4 3.8 3.3 3.2 2.5 2.3 

80 0.00042 4.2 4 3.4 3.3 2.8 2.4 
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90 0.00047 4.7 4.3 3.9 3.4 3.1 2.6 

 

Lampiran 2 Tabel hasil pengamatan pengujian debit aliran dan tekanan pada pipa 

galvanis 

Pipa galvanis 

Pengambilan 

Data ke - 

PK 

(◦) 

Debit 

aliran 

(m3/s) 

Belokan 1 Belokan 2 Belokan 3 

Teka

nan 

di 

titik 

1 

(Psi) 

Teka

nan 

di 

titik 

2 

(Psi) 

Teka

nan 

di 

titik 

3 

(Psi) 

Teka

nan 

di 

titik 

4 

(Psi) 

Teka

nan 

di 

titik 

5 

(Psi) 

Teka

nan 

di 

titik 

6 

(Psi) 

1 

50 0.00023 3.5 3.4 2.5 2.2 1.7 1.5 

60 0.00034 4 3.9 3.2 2.9 2.3 2.1 

70 0.00038 4.2 4 3.3 2.9 2.6 2.3 

80 0.0004 4.4 4.1 3.6 3.2 2.8 2.5 

90 0.00047 4.6 4.3 3.8 3.3 3 2.6 

2 

50 0.00022 3.5 3.4 2.5 2.2 1.7 1.5 

60 0.00033 4 3.8 3 2.7 2.1 1.9 

70 0.00037 4.1 3.9 3.2 2.8 2.5 2.2 

80 0.00042 4.3 4 3.6 3.1 2.7 2.4 

90 0.00046 4.5 4.2 3.7 3.2 2.9 2.5 

3 

50 0.00029 4 3.9 3 2.6 2.2 2 

60 0.00036 4.1 3.9 3.2 2.8 2.2 2 

70 0.0004 4.2 4 3.4 3 2.6 2.3 

80 0.00042 4.5 4.1 3.8 3.2 2.8 2.5 

90 0.00043 4.8 4.3 3.9 3.4 3 2.6 

4 

50 0.00024 3.5 3.4 2.6 2.3 1.8 1.6 

60 0.00031 3.9 3.8 3 2.6 2 1.8 

70 0.00035 4.1 3.8 3.3 2.8 2.2 2 

80 0.0004 4.3 4.1 3.4 3.1 2.7 2.4 

90 0.00045 4.5 4.2 3.7 3.2 2.9 2.5 

5 

50 0.00025 3.4 3.3 2.6 2.3 1.8 1.6 

60 0.00033 3.7 3.6 2.8 2.4 2 1.6 

70 0.00036 4 3.8 3.1 2.7 2.4 2.2 

80 0.00041 4.5 4.1 3.7 3.2 2.9 2.6 

90 0.00047 4.6 4.3 3.8 3.3 3 2.6 

6 

50 0.00024 3.4 3.3 2.4 1.9 1.6 1.4 

60 0.00032 3.9 3.7 3 2.4 2.1 1.8 

70 0.00037 4.2 4 3.3 2.9 2.6 2.3 

80 0.0004 4.5 4.2 3.5 3.3 2.9 2.4 

90 0.00048 4.6 4.3 3.8 3.3 3 2.6 

7 50 0.00027 3.9 3.8 2.9 2.6 2.1 1.9 
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60 0.00036 4.1 3.9 3.2 2.8 2.2 2 

70 0.00037 4.2 4 3.3 2.9 2.6 2.3 

80 0.00041 4.4 4 3.7 3 2.8 2.4 

90 0.00048 4.7 4.4 3.9 3.4 3.1 2.7 

8 

50 0.00025 3.5 3.4 2.9 2.3 1.9 1.6 

60 0.00035 4 3.8 3 2.6 2.1 1.8 

70 0.0004 4.2 3.8 3.3 2.7 2.4 2.1 

80 0.00041 4.4 3.9 3.8 3.2 2.7 2.4 

90 0.00047 4.6 4.2 3.8 3.4 3 2.5 

9 

50 0.00022 3.5 3.4 2.5 2.2 1.7 1.5 

60 0.00033 4 3.8 3.1 2.7 2.1 1.9 

70 0.00036 4.1 3.9 3.2 2.8 2.5 2.2 

80 0.00041 4.3 4.1 3.6 3.1 2.7 2.4 

90 0.00046 4.5 4.2 3.7 3.2 2.9 2.5 

10 

50 0.00024 3.8 3.7 2.9 2.6 2.1 1.9 

60 0.00033 4 3.8 3.1 2.6 2.1 1.8 

70 0.00037 4.2 3.9 3.3 2.8 2.5 2.2 

80 0.00041 4.4 4.1 3.5 3 2.8 2.4 

90 0.00048 4.6 4.4 3.8 3.2 3 2.6 

11 

50 0.00023 3.8 3.7 2.8 2.4 2 1.7 

60 0.00034 4.1 3.9 3.2 2.8 2.2 2 

70 0.00036 4.2 4 3.3 2.9 2.6 2.3 

80 0.00043 4.4 4.2 3.5 3.1 2.8 2.5 

90 0.00046 4.6 4.3 3.8 3.3 3 2.6 

12 

50 0.00024 3.8 3.6 2.9 2.6 2.1 1.9 

60 0.00034 4.1 3.8 3.2 2.8 2.2 2 

70 0.00038 4.2 4 3.3 2.9 2.6 2.3 

80 0.00042 4.4 4.2 3.5 3.1 2.8 2.5 

90 0.00046 4.6 4.3 3.8 3.3 3 2.6 

13 

50 0.00024 3.8 3.7 2.9 2.6 2.1 1.9 

60 0.00034 4.1 3.8 3.2 2.8 2.2 2 

70 0.00036 4.2 4 3.3 2.9 2.6 2.3 

80 0.00041 4.4 4.2 3.5 3.1 2.8 2.5 

90 0.00046 4.6 4.3 3.8 3.3 3 2.6 

14 

50 0.00024 3.8 3.7 2.9 2.6 2.1 1.9 

60 0.00034 4.1 3.8 3.2 2.8 2.2 2 

70 0.00038 4.2 4 3.3 2.9 2.6 2.3 

80 0.00041 4.4 4.2 3.5 3.1 2.8 2.5 

90 0.00046 4.6 4.3 3.8 3.3 3 2.6 

15 

50 0.0002 3.2 3.1 2.5 2.1 1.9 1.4 

60 0.00029 3.8 3.6 3 2.7 2.2 1.8 

70 0.00036 4.1 3.9 3.2 2.9 2.3 2 

80 0.00041 4.3 4 3.3 3 2.7 2.3 

90 0.00046 4.5 4.2 3.8 3.2 2.9 2.7 
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Lampiran 3  Tabel hasil perhitungan pengujian perbandingan kerugian aliran pada pipa galvanis dan PVC 

Jenis 

pipa 

PK 

(◦) 

Perubahan Tekanan (ΔP) (Pa) Kecepatan 

rata-rata 

aliran 

(m/s) 

Bilangan 

Reynold 

Laju 

aliran 

massa 

(kg/s) 
Belokan 1 Belokan 2 Belokan 3 

PVC 

50 873.34 965.27 1103.16 0.9363 21140 0.2642 

60 1057.20 1608.78 1149.13 1.2045 27195 0.3399 

70 1516.85 1838.60 1838.60 1.3480 30435 0.3804 

80 1884.57 2482.11 2574.04 1.4868 33569 0.4195 

90 3079.66 2620.01 2941.76 1.6491 37234 0.4653 

Galvanis 

50 735.44 2436.15 1608.78 0.8469 19122 0.2390 

60 1378.95 2757.90 1700.71 1.1786 26611 0.3326 

70 1562.81 2895.80 1976.50 1.3103 29585 0.3697 

80 2022.46 3079.66 2298.25 1.4539 32825 0.4102 

90 2160.36 3493.34 2711.94 1.6350 36915 0.4613 
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Jenis 

Pipa 
PK (◦) 

Serghides (1) (1984) Haaland 

(1983) 

Vatankah & Kouchak 

(2008) 

A B C f S f 

PVC 

50 6.45980 6.20659 6.24036 0.0212 0.0255 9.38651 0.0257 

51 6.66960 6.39184 6.42752 0.0218 0.0240 9.69766 0.0242 

52 6.76261 6.47456 6.51095 0.0220 0.0234 9.84194 0.0236 

53 6.84316 6.54653 6.58345 0.0222 0.0229 9.97062 0.0231 

54 6.92783 6.62253 6.65993 0.0224 0.0223 10.11012 0.0226 

Galvanis 

50 5.10888 5.09557 5.09611 0.0520 0.0384 28.04781 0.0385 

60 5.16569 5.15370 5.15407 0.0489 0.0376 35.80768 0.0376 

70 5.18089 5.16948 5.16981 0.0476 0.0373 38.86431 0.0374 

80 5.19454 5.18374 5.18402 0.0462 0.0371 42.18236 0.0372 

90 5.20857 5.19847 5.19871 0.0445 0.0369 46.35695 0.0370 
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Minor losses pada fittings 

Pipa PVC 

Fittings PK (◦) Jumlah Koefisien Minor losses (m) 

Elbow 90◦ 

50 8 0.3 0.10724 

60 8 0.3 0.17747 

70 8 0.3 0.22227 

80 8 0.3 0.27040 

90 8 0.3 0.33267 

 

 

Jenis pipa 
PK 

(◦) 

Buzzelli (2008) Ghanbar

i, (2011) 

Rata-

rata 

faktor 

gesek 

Colebrook-

White 

α β f 

PVC 

50 5.92989 0.87435 0.0079 0.0259 0.0212 0.0254 

60 6.11511 0.99072 0.0081 0.0244 0.0205 0.0239 

70 6.19788 1.05438 0.0083 0.0238 0.0202 0.0232 

80 6.26995 1.11659 0.0084 0.0232 0.0200 0.0227 

90 6.34615 1.18998 0.0085 0.0227 0.0197 0.0222 

Galvanis 

50 5.29914 41.81760 0.0346 0.0388 0.0405 0.0263 

60 5.51907 57.99176 0.0348 0.0379 0.0394 0.0243 

70 5.58958 64.41730 0.0348 0.0376 0.0390 0.0236 

80 5.65873 71.41732 0.0349 0.0374 0.0386 0.0232 

90 5.73687 80.25428 0.0349 0.0372 0.0381 0.0225 
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Minor losses pada fittings 

Pipa galvanis 

Fittings PK (◦) Jumlah Koefisien Minor losses (m) 

Elbow 90◦ 

50 8 0.3 0.0877 

60 8 0.3 0.1699 

70 8 0.3 0.2100 

80 8 0.3 0.2586 

90 8 0.3 0.3270 

 

Jenis pipa 
PK 

(◦) 

Mayor losses (m) 
Total head losses (m) 

Metode 

Hazen-

Williams 

Metode Darcy-Weisbach 

Halaand  Serghides  
Vatankah & 

Kouchak  
Buzelli Ghanbari  

Rata-Rata 

Metode 

Darcy-

Weisbach 

Hazen-

Williams 

Darcy-

Weisbach 

PVC 

50 50 0.1365 0.4573 0.3796 0.4608 0.1413 0.4633 0.3805 0.2438 

60 60 0.2260 0.7123 0.6466 0.7189 0.2417 0.7230 0.6085 0.4034 

70 70 0.2830 0.8690 0.8186 0.8775 0.3076 0.8826 0.7510 0.5053 

80 80 0.3443 1.0335 1.0041 1.0441 0.3797 1.0504 0.9023 0.6147 

90 90 0.4236 1.2418 1.2448 1.2552 0.4746 1.2629 1.0959 0.7562 

Galvanis 

50 50 0.1745 0.5630 0.7631 0.5646 0.5080 0.5682 0.5933 0.2623 

60 60 0.3380 1.0666 1.3885 1.0689 0.9880 1.0754 1.1175 0.5079 

70 70 0.4178 1.3107 1.6699 1.3132 1.2226 1.3210 1.3675 0.6278 

80 80 0.5143 1.6051 1.9956 1.6077 1.5065 1.6171 1.6664 0.7729 

90 90 0.6504 2.0190 2.4339 2.0217 1.9072 2.0332 2.0830 0.9774 
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Jenis 

Pipa 

PK 

(◦) 

Total head losses (m) 

Metode 

HW 

Metode Darcy-Weisbach 

Halaand  Serghides  

Vatankah 

& 

Kouchak  

Buzelli  Ghanbari 

PVC 

50 0.2438 0.5646 0.4868 0.5681 0.2486 0.5705 

60 0.4034 0.8898 0.8241 0.8964 0.4191 0.9005 

70 0.5053 1.0912 1.0409 1.0997 0.5299 1.1049 

80 0.6147 1.3039 1.2745 1.3145 0.6501 1.3208 

90 0.7562 1.5745 1.5775 1.5878 0.8073 1.5956 

Galvanis 

50 0.2623 0.6507 0.4673 0.6523 0.5957 0.6559 

60 0.5079 1.2366 0.8166 1.2388 1.1579 1.2454 

70 0.6278 1.5208 1.0286 1.5232 1.4326 1.5311 

80 0.7729 1.8636 1.2626 1.8662 1.7651 1.8756 

90 0.9774 2.3460 1.5718 2.3487 2.2342 2.3602 

 

Jenis pipa 
PK 

(◦) 

Persentasi kesalahan faktor gesek 

Metode Darcy-Weisbach 

Halaand Serghides 

Vatankah 

& 

Kouchak 

Buzelli Ghanbari 

PVC 

50 0.473 16.604 1.246 68.949 1.790 

60 0.629 8.650 1.556 65.860 2.135 

70 0.666 5.169 1.653 64.363 2.250 

80 0.712 2.154 1.747 62.995 2.359 

90 0.807 1.049 1.890 61.474 2.521 

Galvanis 

50 46.110 98.045 46.535 31.834 47.461 

60 54.586 101.238 54.915 43.188 55.862 

70 58.242 101.602 58.537 47.599 59.487 

80 60.265 99.263 60.523 50.423 61.462 

90 64.002 97.700 64.219 54.918 65.150 
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Lampiran 4 Tabel Persentasi Kenaikan pada Tiap Data 

Jenis pipa 
PK 

(◦) 

Debit 

aliran 

(m3/s) 

Mayor losses (%) 

Minor 

losses 

Total head 

losses (%) 

Metode 

Hazen-

Williams 

Metode 

Darcy-

Weisbach 

HW DW 

PVC 

50 0.00027 0 0 0 0 0 

60 0.00034 40 37 40 40 38 

70 0.00038 52 49 52 52 50 

80 0.00042 60 58 60 60 58 

90 0.00047 68 65 68 68 66 

Galvanis 

50 0.00024 0 0 0 0 0 

60 0.00033 48 47 48 48 47 

70 0.00037 60 58 60 60 59 

80 0.00041 69 67 69 69 68 

90 0.00046 76 75 76 76 75 

 

Jenis 

Pipa 

PK 

(◦) 

Debit 

Aliran 

(m3/s) 

Belokan 1 Belokan 2 Belokan 3 

Teka

nan 

di 

titik 

1(%) 

Teka

nan 

di 

titik 

2 (%) 

Teka

nan 

di 

titik 

3 (%) 

Teka

nan 

di 

titik 

4 (%) 

Teka

nan 

di 

titik 

5 (%) 

Teka

nan 

di 

titik 

6 (%) 

PVC 

50 0.00027 0 0 0 0 0 0 

60 0.00034 5 5 14 11 6 6 

70 0.00038 12 11 17 15 13 10 

80 0.00042 17 14 22 18 19 14 

90 0.00047 22 17 25 21 25 19 

Galvanis 

50 0.00024 0 0 0 0 0 0 

60 0.00033 9 7 12 12 11 11 

70 0.00037 13 11 17 17 23 24 

80 0.00041 17 14 24 24 31 31 

90 0.00046 21 18 28 28 36 35 
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Jenis 

pipa 

PK 

(◦) 

Debit 

Aliran 

(m3/s) 

Perubahan tekanan (%) 

Bilangan 

Reynold 

(%) 
Belokan 

1 

Belokan 

2 

Belokan 

3 

PVC 

50 0.00027 0 0 0 0 

60 0.00034 17 40 4 22 

70 0.00038 42 48 40 31 

80 0.00042 54 61 57 37 

90 0.00047 72 63 63 43 

Galvanis 

50 0.00024 0 0 0 0 

60 0.00033 47 12 5 28 

70 0.00037 53 16 19 35 

80 0.00041 64 21 30 42 

90 0.00046 66 30 41 48 
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Jenis 

pipa 

PK 

(◦) 

Bilangan 

Reynold 

(%) 

Rata-

rata 

faktor 

gesek 

(%) 

PVC 

50 0 7 

60 22 4 

70 31 3 

80 37 1 

90 43 0 

Galvanis 

50 0 6 

60 28 3 

70 35 2 

80 42 1 

90 48 0 
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Jenis 

pipa 

PK 

(◦) 

Bilangan 

Reynold 

Belokan 1 Belokan 2 Belokan 3 

Tekanan 

di titik 1 

(%) 

Tekanan 

di titik 2 

(%) 

Tekanan 

di titik 3 

(%) 

Tekanan 

di titik 4 

(%) 

Tekanan 

di titik 5 

(%) 

Tekanan 

di titik 6 

(%) 

PVC 

50 0 0 0 0 0 0 0 

60 22 5 5 14 11 6 6 

70 31 12 11 17 15 13 10 

80 37 17 14 22 18 19 14 

90 43 22 17 25 21 25 19 

Galvanis 

50 0 0 0 0 0 0 0 

60 28 9 7 12 12 11 11 

70 35 13 11 17 17 23 24 

80 42 17 14 24 24 31 31 

90 48 21 18 28 28 36 35 
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Jenis 

pipa 

PK 

(◦) 

Mayor losses(%) Perubahan tekanan (%) 

Metode 

Hazen-

Williams 

Metode 

Darcy-

Weisbach 

Belokan 

1 

Belokan 

2 
Belokan 3 

PVC 

50 0 0 0 0 0 

60 40 37 17 40 4 

70 52 49 42 48 40 

80 60 58 54 61 57 

90 68 65 72 63 63 

Galvanis 

50 0 0 0 0 0 

60 48 47 47 12 5 

70 60 58 53 16 19 

80 69 67 64 21 30 

90 76 75 66 30 41 

 

 

 

 

 

Jenis 

pipa 

PK 

(◦) 

Debit 

aliran 

(m3/s) 

Mayor losses 

Metode 

Darcy-

Weisbach 

Metode 

Hazen-

Williams 

PVC 

50 0.00027 0 0 

60 0.00034 37 40 

70 0.00038 49 52 

80 0.00042 58 60 

90 0.00047 65 10 

Galvanis 

50 0.00024 0 0 

60 0.00033 47 48 

70 0.00037 57 58 

80 0.00041 64 66 

90 0.00046 72 73 
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Jenis 

pipa 

PK 

(◦) 

Debit 

Aliran 

(m3/s) 

Perubahan tekanan (%) 

Belokan 

1 

Belokan 

2 
Belokan 3 

PVC 

50 0.00027 0 0 0 

60 0.00034 17 40 4 

70 0.00038 42 48 40 

80 0.00042 54 61 57 

90 0.00047 72 63 63 

Galvanis 

50 0.00024 0 0 0 

60 0.00033 47 12 5 

70 0.00037 53 16 19 

80 0.00041 64 21 30 

90 0.00046 66 30 41 
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Jenis 

pipa 

PK 

(◦) 

Minor 

losses 

(%) 

Belokan 1 Belokan 2 Belokan 3 

Tekanan 

di titik 1 

(%) 

Tekanan 

di titik 2 

(%) 

Tekanan 

di titik 3 

(%) 

Tekanan 

di titik 4 

(%) 

Tekanan 

di titik 5 

(%) 

Tekanan 

di titik 6 

(%) 

PVC 

50 0 0 0 0 0 0 0 

60 40 5 5 14 11 6 6 

70 52 12 11 17 15 13 10 

80 60 17 14 22 18 19 14 

90 68 22 17 25 21 25 19 

Galvanis 

50 0 0 0 0 0 0 0 

60 48 9 7 12 12 11 11 

70 58 13 11 17 17 23 24 

80 66 17 14 24 24 31 31 

90 73 21 18 28 28 36 35 
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Jenis Pipa 
PK 

(o) 

Laju 

aliran 

massa 

(kg/s) 

Faktor gesek 

Halaand  Serghides  

Vatankah 

& 

Kouchak  

Buzelli  Ghanbari  

PVC 

50 0 12 0 12 0 12 

60 22 7 3 7 3 7 

70 31 5 4 4 5 4 

80 37 2 4.7 2 6 2 

90 43 0 5.4 0 8 0 

Galvanis 

50 0 4 14 4 0 4 

60 28 2 9 2 0 2 

70 35 1.1 6 1.1 0.5 1.1 

80 42 0.5 4 0.6 0.6 0.6 

90 48 0 0 0 0.7 0 
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Jenis 

pipa 

PK 

(◦) 

Mayor losses pada persen peningkatan (%) Perubahan tekanan 

(%) 

Metode 

Hazen-

Williams 

Metode Darcy-Weisbach 

Halaand  Serghides 

Vatankah 

& 

Kouchak  

Buzelli  Ghanbari  

Belo

kan 

1 

Belo

kan 2 

Belo

kan 3 

PVC 

50 0 0 0 0 0 0 0 0 0 

60 40 36 41 36 42 36 17 40 4 

70 52 47 54 47 54 48 42 48 40 

80 60 56 62 56 63 56 54 61 57 

90 68 63 70 63 70 63 72 63 63 

Galvanis 

50 0 0 0 0 0 0 0 0 0 

60 48 47 45 47 49 47 47 12 5 

70 58 57 54 57 58 57 53 16 19 

80 66 65 62 65 66 65 64 21 30 

90 73 72 69 72 73 72 66 30 41 
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Jenis 

pipa 

PK 

(◦) 

Metode perhitungan mayor losses (%) 

Kecepatan 

rata-rata 

aliran (%) 
Hazen-

Williams 
Halaand  Serghides  

Vatankah 

& 

Kouchak  

Buzelli  Ghanbari  

PVC 

50 0 0 0 0 0 0 0 

60 40 36 41 36 42 36 22 

70 52 47 54 47 54 48 31 

80 60 56 62 56 63 56 37 

90 68 63 70 63 70 63 43 

Galvanis 

50 0 0 0 0 0 0 0 

60 48 47 45 47 49 47 28 

70 58 57 54 57 58 57 35 

80 66 65 62 65 66 65 42 

90 73 72 69 72 73 72 48 
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Lampiran 5  Tabel Sifat Air Berdasarkan Temperatur (Fundamental of Fluid 

Mechanics 7th Edition by Munson, 1994) 

 

Lampiran 6 Koefisien Minor Losses pada Sambungan (Fittings) (Hafiz, 2019) 

 

Lampiran 7 Koefisien Hazen-Williams pada Beberapa Jenis Pipa (Hafiz, 2019) 
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Lampiran 8 Nilai Kekasaran Permukaan pada Beberapa Jenis Pipa (Chaurette, 

2003) 

 

Lampiran 9 Dokumentasi Pembuatan Instalasi Pipa PVC dan Galvanis 
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Lampiran 10 Dokumentasi Pengambilan Data pada Pipa PVC dan Galvanis di 

Laboratorium Mesin Fluida 
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